PHYSICS
TEST -6

11th physics ,aff gjfs

Ntiy> Mwwy kwWk jwd. -F
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nghUs i ffk
> awgiay
myF 3 ,aff gjifs
mwKFk:

gugQrjjiy css xtnthU nghusSk kww nghUlfSId njhlhG nfh=zlssd.
Fshej njdwy kugJdld njhlhG nfh=zlssd kuk k=zZIld njhlG nfh=zlLssJd.
RUqFff$wd midjJd caudqgqfSk ,awifAld njhluG nfh=zlssd. kww
caudqfs ,awifTAld nfhzlss njhluagtoh kdyj ,dk ,awifAld nfh=zlss
nghluG nfhQrk NtwglljhFk. vnddy kdjj ,dk ,awsf efoTfis Ghed nfh=L
mtwiw mwtiay Kiway tstf KwgLfiwd.

kdjj ,d tuyhwwy kdjjdhy kiFey MhtKIld Nflifggll mwtiay Nfstfs
,agqFk nghUlfisg gwaJd MFk. mit “nghUlfs vtthw ,aqFfdwd?”
“nghUlfs vd ,aqgFfidwd?” vdgd Nghdwit.

Mrrhak vddntdwhy ,ej vsia Nfstfsjhd kdj ,djnj g=zinla ehfuf
fhyjjiyiUed 21 Mk Ewwh=zbd njhoyElg fhyflljjwF tUtjw ikj
nfhLjjJ.

XU nghUs efuf fhuzk xdW mij ,Offwd myyJd jsSTfwd. cjhu=zkhP
GJjfk xdW XaT egiyay cssJ. ntsigbw twir mjd kJ nrayglhjtiaiu mJ
efuhd. RUgFF$wd nghUlfis efu itff Ffllhak mdj kJ xU tir nraygl
Nt=Lk. 2500 MzLFSTF Kddu GFfo ngww jjJItQhdr mu ] Ihlby (Aristotle) ©wir
;affjij vwgLjIfwd vdwW $wdhh. Mthd $wW nghJgGhjyid (Common sense)
mbggilasy mikejUejd. Mdhy mwthay $wWFs vdgd nghdgGhjyid
mbggi layy klLk mukejUff KbahJd. khwhf mwtiay Nrhjidad mbggslay
midtuhYk xgGfnfhssggl Nt=zLk 15 Mk Elwwh=zby> TyiyNah njhlhrraht
Nkwnfh=1 Nrhjidfsd mbggilay ,affk gwa mh ] Ihlbyid $wwiaid kWjjhu.
XU nghUs njhlhed ,agFtjwF tir mtrnakyiy vdW TyyNah xU Gja
TUj jiid Kdnkhoje jhu.

fyiyNah ,affk gwa jJdDil fUjip> XU vsja Nrhj id%yk tisTRdhh
mrNrhj sdaidgb> glk 31 (a) tty fThlbAssgb ged xdW Fwggll Nfh=zKila
rhajsk xdwd NkwGwjjiyiUed cUz=zL fNo tUfwd. Mjd jiruma miuled rwd
Juk cUzL nrdW vjNu css mNjJ Nfh=zKila kwnwhU rhajsjjid toNa
cUz=zL NkNy VWfwd. rhajwgfis edF tOtOgghfia gddh ,rNrhjidia k=zLk
gfojJk Nghd ged Kjy rhajsjjiy vttsT caujjiyiled (L1) cUz=zL fNo
tejNjh mNj cajjwF ,u=zlIhtd rhajsk toahf NkNy cUz=zL fyyyNahtd
rhajsk kwWk ged Nrhjid (a) ,u=zL rhajsqfSk xNu rhaNfh=z]jjiy cssNghd
(b) rhajsgguggd tOtOgGjjdikia mjyfhjj gddu (¢) ,u=zlhtd rhajsjjd
rhaNfh=zjuojf Fiwjj gdgh (d) ,uzlhtd rhajsjjid rhaNfh=jij Roahfhia
gddh nryfwJd (L2). (glk 31) (b)),u=zIhtd rhajsjjid NfFhzjajf FiwjJ (glk
31 (c¢)) mNj tOtOgGld ,rNrhjadia k=zlLk efojJk Nghd ged ,u=zlhtJd
rhajsjjiy rwNw mjf Jjuk cUzL nrdW vttsT caujjiyiUed teNjh mNj
caujij nrdws Ifiwd.

RhaNfh=zjnj RoahfFk Nghd ged finljjsj jiaray vdnwdWk njhlhed
nrdW nfth=Nl ,UfFk (glk 3.1 (d)).
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xU Ntis mu ] lhlbyid ,affk gwa fUjJd c=zikahf ,Uggd> vttsT
tOtOgghd rhajskhf ,UejhYk mejg ged Hiuljjsy jJimray cUz=zL
nrdwUffhd. Vvnddyy> fimljjsjpiray vetjkhd thirAk nraygltiyny.

€] vsia Nrhjid %yk FfyiwyNah ,affk njhlued emlngw ©ir
mtrnakyiy vdW e&gjJf fhlbdhh. VAN t©irnayglhj eiyaYk nghUsidhy
nghlhed ,aqf KbAk.

RUQFF $wd> mu J Ihlby ,afFfjNjhL tiraiid , i=zjjhh Mdhy FypyNah
,affjjind tirayUed jdiNa ghjjghh.

gAllldd tjifs;

TyiyNah nfgsh kwWk NfhguefFf ] Nghdw mwtiay mwQhfsid ,affk gwwa
fUujJdffis gFjJ Muhaed> ,affk gwa Mokhd CGujiy eAlld jdJ %dw
tjifsd tbty VwglLj jidhh.

gAllldd Kjyujr

xU nghUsdkd ntsigw tir xdW nrayglhjtau m3 jJdJ XaT
emyaNyh myyd khwhjjiarNEfjJiYss ruhd ,aff enyalNyh njhlued ,UFfFk
nghUnshdwd. jJhNd ,aqf Kbahjj jdik myyd jdJd ,aff giynaj jhNd
khwwfnfhss ,ayhjjjdikfF eiykk vdW ngau eimykk vdwhNy nghUs jdJ
egiyia khwwtij vjhfFk jdik vdwWw miuoffyhk. ,affr #oYFfF Vwg
eiykjjind %dwW tiffshfg ghffyhk.

(1) Xatd eiykk:

XaT enyaYss NgUed xdW ,aqfjnjhlgFk Nghd mgNgUejly css
gazifs einykjjd Thu=zkhf JBnudW gdNdhffj jJssggLfidwdh. Vnddy
gazjad cly eiykgg=zgd fhuzkhf nyhlued XaT eumyaNyNa ,UFfF Kayfwd.
Mdhy NgUed ,aqfj njhlgFfwd. ,jd fhuzkhfNt gazifsid cly gdNdhffyj
JssgglLtwd.

Xatid eiykgg=zgd fhu=zkhf gazifs gdNdhffiJ jssgglLjy

jdJ XaT enymaj jJhiNd khwwFfnfhss ,ayhj nghUsd jdik Xatd
e nykk vdgglLk.

@ .affijly eiykk

,affjjiyss xU NgUejd jilia (Brake) jiBnudW mO jJIkNghJd> NgUejy
css gazifs eaiykjjid FThuzkhf KdNdhffij jJssggLfidwdu. Vnddy»
gazjayd cly eiykggzgd Ffhu=zkhf njhlued ,aff egiyaNyNa ,UFF
Kayfwd. Mdhy NgUed XaTeayfF tuj njhlgFfiwd.

khwhj piir NEFjJiYss xU nghUs jdJ ,aff eiyiaj jJhiNd khwwfnfhss
,ayhjjdik ,affjjiy enykk vdggLk.

,affjjiy eiykgg=zgd fhu=zkhf ga=zifs KdNdhffij jwwgglLjy

Q) ,affj jiray egiykk
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xUKiday *fy Fflligglh Rowrn ,affjjiyss fyyd faw jBnudW
mwgllhy>y fy njhlued tllgghijay Rww Kbahd mffy ,y ThlbAssthw
tiljjd njhLfNFhllLgghm Jaay nryYk Vnddy ntsgowtisr nrayglhjtiau
nghUsidhy jhNd jdWila ,affjjiaria khwfnfhss ,ayhd.

Rownn ,affjjry ,Uep TFawwylUed mwgll Ffy eiykgg=zgd Fhu=zkhf
nghLNFfhlLgghm jayy nryYjy.

jdJd Laffjjiaraaidj jJhNd khwwfnfhss ,ayhj nghUsid jdik
,affjjiray einykk vdggLk.

nghUnshdwd XaTemy myyJd khwh jJiarNefjjiyss ,aff egiyia
Fwgghak ,dw $wdhy mJ nghUswwjhfitiLk. vdNt ,awgayryy midjJ
,affgfSk Fwgghajij nghUjNj] tiruvaWff Nt=Lk enykfFwghak vdw xU
rwgGF Fwgghaj jwF KILNK eAlldd Kjytjiia gadgLjj KbAk czikay
eAllddd Kjytj) e

e 1 ykF Fwgghaqgfs (Inertial frames)

e nykf FwgghajjiyiUed ghuFFkNghd vttty tirAk nrayglhj xU
nghUshdJ XaT eiyaNyh myyJd khwhjiar Ntfk nfh=zl ruhd ,aff eiyaNyh
Th=zggLk. vdNt eiykfFwgghak vdw xU rwgGF Fwgghajjiy css nghUs vttj

tirAk mjdkJ nrayglhy eiyay khwhjpirNefk nfh=zl ,aff eiyaNyh
myyJ XaT eiyaNyh fh=zggLk. Mdhy XU nghUs tiiria CthpW_]h ,yiyah
vdgij ehk vtthW mwtJd? Gtiaa¥Yss midjJg nghUIFSKk Gtaugé taraad
czUk ,ylna eiyay xU nghUs Gty kwwk gw nghUlIfis ©IL ntFnjhiyty
cssNghd KILNk tarfsww emyia (Free body) milAk. mgnghUSTF eAlldd
Kjytj)i KOirkahfg nghUedk. ntFnjhiytlyy c<ss mggFjiia einykf
Fwgghakhtf fUjyhk. Mdhy erlKiwayy ,J Nghdw eaykf Fwgghak rhjjakwwd.
eilKiwayy Gtaimd ehk xU enykfFwgghakhff fTUjyhk. Vnddy Matjjly
Nkar kJ wmtffggll Gjjfk vgNghdk XaT eimyaNyNa cssjhf fUjgglLfiwd.
mgnghUs vgNghJk hiljjsjjinray KLffkalgjiyny. Vnddy
fuljjsjpiray mjdkd vttojkhd tirAk nrayglLtjiyiy. vd\® midjJd
,awgay MaTfs kwWk FTz=zffLFSTF Matfjjind xU enykfFFwgghakhtf
TfUjyhk.

ehk ,ej Kbit vLff nghUsid Hialjjs ,affjjiid kiLk f=fhy
vLijnfthIhk vnddwhy nghUsidkd i |JJSJ Jiiray vej UirAk
nraygltiyasy. Mdhy ,NJ Kbit vLFF ehk nrgFjJj jJiiray nghUsd
,affgij gFjjhuhaf $IhJ. Vnddy TFoNehfFfir nrayglLk Gtiaugé tiirAk
NkyNehffir nraygLk nrgFjJ tirAk xdiw xdW rkdnrad nghUis
XaTenyay tffidwd.

vaNt eAlldd Kjytj tirfsw nghUsid ,affjij MuhafwNj jJtu
nrygLk tirfsd njhFgad KkjgG Roahf c<css nghUlfsd ,affjij
Muhatjiyiy.

e iykf Fwgghajijg nghUjJd khwhj JiarNefjJild nryYk ,uazy t=b
xdiwffUJf. ,uayt=zbfF ntsiNa eiykfFwgghajijg nghUjJd XaTeimyayYss
nghUs> ,ualy t=zbfF csNs mkuejlUufFFk gazifP ,ualy t=zbiag nghUjJd
khwhy jiar NEFJIId ,aff emyay ,UggdNghdW njhAk. Vnddy ,qF ,uary
t=b enynkf Fwgghakhftf fUjggLfwJ.

midjJ e nykf FwgghagfSk xd 1wg nghujgJd kwnwhdW
khwhy piarNEFJJIId , aqFfwd.
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xU enykf Fwgghajjiy XaT eiyay cssJ NghdW NjhdWk xU nghUs> kwnwhU
e iykf Fwgghajijg nghUjJd khwhj piar NtEFjIld ,aff eiyay ,UggJd
NghdW NjhdWk. jiuvaryy edW nfhzbUFfFk xU egiug nghUjJd> V vdw khwhjiar
NtfFjjid thfdk xdW nrdW nfthzbUffwJd. jiuvayy edW nfhzbUfFk kdjjDk
mtadg nghWjJ khwhj JiarNtFjgry nrdW nfth=zbUfFk thfdk ,u=zLNk enykf
Fwgghagfs MFk.

kdijjd kwwk thfdk ,u=zLk enykfFwgghaqfs

khwh JiarNEFjjiy nrdW nfhzlss ,uay tzbad c<csNs tOtOgghd
Nkair kJ @©tffgglL,ss nghUs xdiwf TUJTF ,uvay t=b jJBnudW
KLffki 1AkNghd vttgjkhd tiarAk nrayglhj esyay Nkir kJss nghUs
vijhjjiiray KLFFkiltJd NghdW NjhdWk. ,J eAlldd Kjy tjfF KwwYk
vjuhf cssJ. Vnddyy> vetj tirAk nrayglhj elmyay nghUs KLFfkr Ifwd.

, Jiyiled ehk GhieJd nfhssNt=ba czik vddntdy» ,uayt=zb
KLffka 1AKkNghd mJ xU e nykf Iprgghak myy. vLjJffrhllhH glk 36 ,y

fhllgglLss jmiumag nghUjd a KLFFjJdld nryYk L,uzlhtd thfdk
e i ykfFwgghak myy. khwhf mJ emykkwwf Fwgghak (Non-inertial frame) MFk.

e i ykkwwf Fwgghak (a KLFFjJJId nryYk thfdk 2)

,ttifahd erykkww FwgghaqfSTfF KLffggll Fwgghaqfs (accelerated

frames of references) vdw ngau. RoYk FwgghagfSk KLFffggll FwgghagfNs
vnddyy> Rowry ,affjjwF KLffk mtnakhFk. ,ffUjjdgh Gt czikay xU
e iykf Fwgghak myy. vnddy GotfF jwRowry kwWk estllr Rowrp vdw ,U
,affgfs cssd

eilKiwagy fh=zggLk ny nghdthd ,affqfSTF Gtad Rownaudhy VwglLk
giwTfisg GwFfziffyhk. cjhuh=khf wvwnghUsid ,affk Matfk xdwy
f=zfhlggL,k jd) Cryidd miyT Neuk Nghdwtwwy GCtiagd jJwRowr) tyisTfsid
Jhffk GwFfziFfjjff mstNyNa fth=zggLk. vdN® ,jjifa NeuTfsy TUjyhk
Mdhy mNj Neuj gy nrawi ffNfhs xdwd ,affk kwwk Gtiasd FThwW NkyLFFr
Rowr) Nghdw efoTfsyy Gtiauid xU enykf Fwgghakhtf fUj ,ayhd. Vnddhy
Guad jwRowr; ,twwd kJ tyiikahd ghffjmj VwgLjJIfwd.

gAilldd ,u=zlhk

xU nghUsid kJ nraygLk tirahdd mejg nghUsid cej khwghlL tjjwF
rkkhFk.

RUgFF S$wd> vgnghOnjyyhk xU nghUsid cejjjiy khwwk  VwgLfwNjh
mgnghOnjhyyhk mgnghUsidkd ©ir nrayglfwJd. nghUs xdwd cejk vd
p=mv tiuaWffggLfwd. nghUlfs ,aqFkNghd ngUkghyhd Neugfslyy mjd emw
khwhky xU khwyiahtNt , UTfwd.

mjjafa efoTfsy NkwfF=l1 rkdghL gdtUk vsja tbtgidg ngWfwd.
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nghUs vgnghOnjhyyhk KLFFka IFfwNjh mgnghOnjyyhk mjdkJ )S.U gir
nraygLfwJd vdw czikia Nkwfzl rkdghL ekfF czujJfwd. ©ir F kwWk
KLffk a ,u=zLk vgnghOJk xNujiarayy nraygLk.

gAlldd ,u=zlhk tj vdgd mu]lihlbyid ,affk gwwa TUjjyiUed
mbgg i laNyNa NtWglljhFk. eAlladg nghwWygtau ,affjjied VwgLjj ©ir
mtriaky 1y. khwhf ,affjjy xU khwwjaj VwgLjjjjhd t©Er Nji§tggLfiwd.
gAlldd ,u=zlhk tjia ehk emykf Fwgghagfs)yy kILNk gadgLjj Nt=Lk
vdgij eidty nfhss Nt=Lk.

KLffggll FwgghagfSTF eAlldd ,u=zlhk tjin ,Njtbtyy gadglLj]j
Kbahd> ny khwwgfs NjmtgglLk

SI myF Kiwayy tiirad myF eAlld. ,jd FwaL N MFk.
1 kg eiwAila nghUsidkd xU tiir nraygll mej tiirad jiirNyNa 1
m s? KLFFjij VwglLjjidhy mttiirad msNt xU eAlld vdgglLk.

rWfhr, nryYk nghUlfs gwwa mu_] 1hlby kwWwk eA:illdd fUjJ:

ghT 31 ,y wtthpffggll rhajsk kwWk ged Nrhjadffhd rhahd
owffjjind eAlldd ,u=zlhk tj togFfwJd. mej Nrhjiday cuhatadf
f=zhy vLjJIFfnTthsSkNghd ged rhajsjjid mbggugaig milejTld rwJd Jluk
cU=zL gdG XaT eiyra milfwd.

,JWFF Thuzk gejd parNtfjjwF vjuhd Jiarayy xU cuhaT tir
nrayglL gejind XaT enyfFf nfth=zLtUfwJd. ,tTuhaT ©irjhd jiarNtfjujg
gbggbahtf FiwjJd mjid Roahffi nghUsd ,affjij ewjJdfwd. Mdhy
mu ] Thibyid fUjJggh> nghUs rhajsjjid mbggugig milej cld rwJ Jluk
cUzL nrdW gddu XaT emyfF tUk Vnddy mgnghUsd kJ vttjkhd
tirAk nraygltiyny.

mbggilaay mu JIhlby nghUsd kJnraygbLk cuhaT tirma KwwyYkhfg
cwff=z)3Jd tlihu

nghUlfsid ,affk gwa mu J Ihliby> fyiryiNah kwwk eAlldd fUjJIffs
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gAlldid %dwhk tjy:

a 1tf fUJf vgnghOnjyyhk xU nghUs (1) ,dndhU nghUsid (2) kJ xU
garsar nrYjJfwNjh (F2)p mgnghOnjyyhk mej ,uzlhtd nghUSk (2)
mtoirfFr rkkhd> vjujiirayy nraygbk xU tiria (Fi2) Kjy nghUsd kJ

nryYjJdk. ,ttuzL bgirfSk ,U nghUlfisAk ,iz=zfFk Nfhlbd toNa
nraygLKk.

ul ul
Fi=-F2

garfs rkkhfTk> vihNrhbfshfTk (opposite pair) NjhdWk vdgij eAlldd
%dwhk ) cWjiggLjIdfwd. jdiyj tir myyJd xNunahU tir vdgd ,awifay
Njhdwegiyiy. eAlldd %dwhk tjiggbh> vegnthU nray tiarfFk (action force)
rkkhd vjih nraytiar (reaction force) c=zL. khwhH nt€tNtW nghUlfsd kJ
nraygLfidwd. VNJDk xU tiria nraytir vdW miojjhy kwnwhdiw
vjurnraytgiar vdW mioff Nt=zLk eAlldd %dwhk tj enmykk kwWk
KLfFoffggll ,ttu=zL FwgghaqfSTFk nghUeJdk.

,rnray - vjhrnray tiirfs fhuzk kwWk tasT (cause and effect) tiffs
myy. vtthnwdy» KjynghUs ,uzlhtd nghUsid kJ xU tiraidr nrYjJk
mNj FzjJiy ,uzlhtd nghUs Kjy nghUsid kJ rkkhd vjutiiriar nryYjJk

gAlldid %dwhk tjfFfhd nraytisffk
(@) Rjjiahy kwwk M=)
(b) Rewwy glL gdNdhff tUk ged
(c) cuhaTld juuvayy eljjy

gAillld tgjifs gwa XU ciuahly;

1. eAlld tgjfs ntflu tjfFshFk F= ma vdgd xU ntflu rkdghL MFk.
mbggilayy ,rrkdghL %dwW JNfyu rkdghLfSfF ,§1=zahdjhFk. fhuBriad
Maf$Wfsid mbggilay ,jid foff=I1thWw vOjyhk

Fi+F,j+Fk=ma,j+mak

,UGWKkK ntflu $SWFis xggLkNghd ekfFf fiolfFk JNFfyu rkdghLfs
gdtUkhW

Fx=max ,gF x mrRjjpiirasy VwgLk KLFFk (ax) tirad x mrRfBwid (Fx)
kILNk rhuej jhFk.

Fy=may ,qQF y mrRjjiiray VwgLk KLffk (ay) tiirad y mrRf $wid (F)
kKILNk rhuej jhFk.

F=ma. ,qF z mrRjjiiray VwgLk KLFffk (a;)) tiirad z mrRf $wid (F)
KILNKk rhuej jhFk.

Nkwf=1 rkdghLfsyiUed ehk mwa Nt=zbad vddntdy vy jiiray
nraygLktiir x jisray VwgLk KLFfFjij vtgjpYk ghjffhd. mNjNghdW F;
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MdJ ay kwWk ax 1 vetgjjiYk ghyffhd. ,ejoGujy Ff=zfFFfisj JhT fth=zgjy
Kffa ggfhwWfwd.

2. XU Fwgglll Neujjiy (tp nghUs milAk KLFffk mNj Neujjy mgnghUsid
kJ nraygLk thirasid KILNKk rhuejJd. meNeuj jwF (t) Kddu nraygll tiinidg
nghUjjJyy. ,Jjid gdtUkhW vOjyhk.

F(t)=ma(t)

nghUsid KLFffk Flejfhy tirmar rhuejjyy. vLjITrhlIhf fufnfl

tirahlby Rowged myyJ ntfgged trrhsuhy trggll ged mthd fujij wIL

tLgll gdG Guaugét twir kwWwk fhwwd cuhaT tir ,itfis kILNk cz=zUk.
,eeiyay gejid KLffk mJd vtthW (vttsT Ntfkhf myyJd nkJthf) trggllJd

vdgijg nghUjjivy.
3. nghdthf nghUsid ,affk tiarad jirayUed khwglL miakayhk. Ry

Neugfsyy tiirad jiiraNyNa nghUs ,aqfidhYk nghdthf ,J cz=zikayy.
mjwfhd ny cjhu=zqgfias fNo fh=zyhk

NeuT (1): ©yirAk ,affKk xNu jiirayy:;

Mggs®> Gtiaid Nehffi ©OkNghd Mggsid ,affj jiirAk (jiir NtFKk)
Mggsid kJ nrayglLk GtkhgG thirAk xNu foNehfha piiray mikedssd. ,J
(@ ,y fhllgglLssJd.

(@ wir kwk ,affk xNu jiiray

NeuT (2) ©hirAk ,affKk nttNtW jarfgy;

eyh Gtiamd Nehfff xU tiria czufwd Mdhy eyh Gtiza xU
estligghijay Rww tUfwJd. ,eefotyy ,affjid jiir tirad jiirayUed
khwglL cssij (b) aayjUed mwayhk.

(b) war kwWk ,affk ntetNtW jjarfsyy (Gtima estligghi jay RwwtUK ejyh)
NeuT (3) iarAk ,affKk vjinugh jinray:

nghUs xdiw nrgFjjhf Nky Nehffi vwAkNghd ,aff jJiir Nky NehfFFAk
nghUsid kJ nraygLk Gtiaugé tiirad jar foNehffAKk nraygLk. ,J (¢) ,Yy
fhllgglLssJd.

(c) wirAk ,affKk vjnujuhf
NeuT (4) Ro efu ©irAk nghUsid ,affk:

NkTjjiyilUed tlLgll kiojJds) xdW ToNehffir nraygLk Gtiaygé tTir
kwwWk Nky Nehffir nraygLk fhwwd ,Otiir ,ttu=zL tirfisAk cz=zhfwd.
kiojJs) fo Nehffi €Uk Nghd fhwwd ,Otar (ghflay tar) mjfhgIT nth=NI
nrdW xU eiyay ToNehffir nraygbLk GtiaugéC tiria rkdnradtlLk.
MTFf=zjjiyiued kiojJds) juuay tOkgtiau khwhjjior NefjJdld tUfwd. vdhNt
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kiojJds Ro efu tarAIDk Mdhy roaw Kwwjjiar NtefjJIDk (terminal
velocity) gauma milfwd. ,J (d) ,y fhllgglLssJd.

(d) Roegfutiair kwWk Rojaww KwWjjiar NeFgJdIld jauia milAKk kKiojJs)

4, gyNeW giurfs

ul

1) El, Ez, Fg,....ulén uirfs xU nghUsid kJ nraygLk Nghd> mgnghUsid kJ
nrygLk efutiir (Fne) jdijjd tifsid ntfFlu $LJYFFr rkkhFk. mej effu
Yir (Fne) NghUsid kJ KLFFjij VwgLjJk

L|J;1'|'L|‘:2:L|‘I:net
,uzL wirfsd ntflu $Ljy

F net=ma
,Jjifa Neutfsy gAlldd ,u=zlhk tjima foff=zI1thW vOjyhk
KLFfjjd jiar efu (net) ©iarad jiiray ,UfFFk
vLjIFFhIL: thy Yk mkGk

bty kwWk mkG-efu thir mkgd kJ cssJ.

2) eAlld ,uzlhk tpia gdtUk tbtiYk vOjyhk VnddEy KLffnkdgJd nghUsid

gl d%ro
,gngaurri ntflud ,u=zlhkgh tifnfO MFk. ga:%+, vdNt nghUsd kJ
e g

nraygLk ©ir gdtUkhW vOjggLfwd.

, rrkdghlbyiUed ehk mwednfthstJd eAllld ,u=zlhk tjahdd mbggrlay xU
,uzlhkgh tEffnfOr rkdghlhFk. vgnghOnjyyhk ,lIgngaurr) ntflud ,u=lhk
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taffinfO Roayyhy Kkjiggad ngWHfwNjh mgnghOnjyyhk nghUsid kJ tir
nraygLfwd. nghUspoII kd vtgjkhd tirAk nrayglhy eriyay eeAlldd
2
,uzlhk T m%:o mjhtd nghUs Kkhwhjjjiar NEFjIld (v=khwy)
,aqFfidwd vdw ekfF czujdfwd. ,jiyiled eAlldd ,uzlhk j;
KjytjiNahL ,ayghfg nghUedtij ehk cz=zuyhk. MdhYk xNu nghUsid kJ vej
YiarAk nrayglhj Nghd eAlldd ,u=zlhk gjahdd Kjy tpahft khwfwd vdw
ehk FUjJFSBIhT. gAlldd Kjy tj kwwk ,u=zlhk tj ,ttu=zlLk xdiwnahdW
rhunj tjfshFk. mit ,ayghf xdWld xdW nghUedfidwd. Mdhy xdwyUeJd

kwnwhd iw jutFf ,ayhJd (cannot derived from each other).

7. eAlldd ,uzlhk ) fuzk kwWk tasT tifrar rhuejJd. ©hir xU fhu=zk
vdyy KLffk mjwfhd ©thissT MFk. kuGggb rkdghlbd ,1Jif gffk tpisuE TtAk

" ur
vOj Nt=zLk vdNt eAlldd ,uzlhk tjad rhhahd tbtk ma=F myyJ (:i—i)F
gAilld tjfsid gadghL:

jdijj nghUsid tiargglk (Free Body Dragram)

jdijj nghUsid tirgglk vdgd eAlld tjfisg gadgLjjy nghUsd
,affjjpid gFjjwag gadgLk xU vsia Kiwahfk. jdijj nghUsid tiirgglj
cUthfFk Nghd fof=zl newKiwfis tuirggb gdgw Nt=Lk mit

1. nghUsid kJ nraygLk tiirfist f=zlwa Nt=Lk

2. nghUis xU Gssjahtft Fwggl Nt=Lk.

3. nghUs kJ nraygLk tirfist FwggLk ntflufis tiua Nt=Lk jdjj
tirgglk tiuAkNghd nghUlfs VwgLjJdk tiarfis gljjyy FwgglLf fhllf$HIhI
vdgijft ftdjj)y nfthssTk

vLjIFFhIL.

m ejiwAss Gjjfk xdW Nkir xdwd kJ XaT eiyay cssJ.

1. GjjfjJd kI nraygLK tirfs ahit?

2. gtk nryYyjJdk twirfs ahit??

3. Gjjfygd targgljnj tuuf

JuT

1) Gjjfjjd kI ,u=zL irfs nraygLfidwd. mit

i. FoNehfHir nraygLk GtihgG twar (mg).

ii. Gjjfjjd kI Nkmerad gqugéG VwgLjJdk nrqgFjJd t©ir (N). ,J3 Nky
Nehffajjiiray nrayglLk.

2) eAllldd %dwhk tjiggb Gjjfk ,u=zL vjhtiarfisj jufwd.

i. GhaugG ©iEr (mg) fF vjuhf Gjjfk Goadkd nrYjJdk tir. ,J NkyNehffr
nrayglLk.

ii. Nkiraad gugGkd> nrgFjJ tiar (N) fF vjuhf Gjjfk nrYjJk tiar. ,tgir
foNehff nraygLKk.
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3. Gjjfygd jdijj nghus timrgglk NkNy css gljjiy fhllgglLssJd.
vLjITFhiL:

25 kg kwwk 100 kg eiwAila ,uzL nghUsfsd kJdk 5 N wgir
nraygLfwJd. xtnthU nghUsid KLffjijf fh=T

JuT

egAlldd ,u=zlhk tjogb (v=zkjigé msty) F=ma
2.5 kg epiwAl la nghUs ngWk KLFfk

Mggis> kuj jiyiUed fNo Ok Nghd mJ Gty <ugé ttiria c=zUk eAlldd

%dwthd tjjggb MggSk ,jwFr rkkhd vjutgiairia GCtad kJ nryjJk

,ttu=zL tirfSk xdWFnfhdW  rkkhf ,UggDk mitfs ngUk KLFffFk
nteNEwhd i €.

Goad eiw Mggsid eswAld xggLkNghd kfTk mjyfk. enwAld
XggiLkNghd kifTk mjifk. vdNt Mggs kf mjf KLFFjijg ngWwfwd. Mdhy Gty
kfTk Fiwthd GwFfzFfjff KLFfjijNa ngWwfwd. vdNtjhd Mggs fNo Ok
Nghd Gty XaT eiyay cssJ NghdW NyphdwWfwd.

vLjITFFhIL.

gljjy fhllgglLss El, Ez, Es %dW tirfsy ngUk ©ir vJ?

JhT

tir xU ntflu xU ntflud vz KkjigG mJ.d esjjhy FwffggLfiwJd. vdNt
nfhLffggll ntflufsy F d esk mjifk vdNt F: ntflu ngUk tiirahFk.

vLjIFFIL.

400 g emaw nfh=l khgtha xdW kujjiy njhgfif nfh=zbUffwd. eAlldid
,uzlhk tijjiag gadgLjj khgfhiaj jhgfAss thkgd ,Otiariaf fh=T

JuT
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FwgG eAllld tjfisg gadgLjJdk Nghd gdtUk fUjJdffis ftdKIld gdgww
Nt=Lk.

1. nghUjjkhd enykfFwgghak xdiwf fUjJ Nt=Lk nghdthf Gtarid xU
e 1 ykFFwgghakhff fUjyhk.

2. eAlld wujfisg gadgLjjj Njitahd miakgagfF fz=lwa Nt=zLk
mttiakgghdd xU nghUs mikgghfNth myyJd XdWFF Nkwgll nghUsfs Nruej
m i kgghfNth , UFFyhk.

3. nghUsid kJ nraygLk nraygLk tgirfist fTz=zlwed mtwiwf nfth=zL
girgglk tiuva Nt=zLk gddu eAlldd ,uzlhk tjiia gadgLjj Nt=Lk
,1ggffk nghUsid; kJ nraygbLk wtirfis ntflu tbtlyy Fwggl Nt=zLk
tyggffk nghUsid emw kwwk mgnghUs KLffk ,twwd ngUffygyisd ntflu
thtyy Fwggl Nt=zLk. Vnddy KLffk xU ntflu msthFk.

4, KLffk nfhLffgglbUggd +tiriaf f=lwayhk. mNj Nghy ©ir
nfhLffgglbUggd nghUsid KLffjijf fh=zyhk

NkNy nfhLffgglLss fTUjJTffsidgb gljjiy fThlbAssthW jruayy xU enykf
Fwgghajnjf fUj Nt=Lk

khgfhad kJ gdtUk ,u=zL tirfs nraygLfidwd.

I. khgfhaad kJ vjihfFw y mrRjjiarayy fo NehfHi nraygLk Gthaugé tiir
NeuFFw) y mrRjjiirayy nraygLk khgfthmaj JhgfiAss Thke khgthad kJ
nryYjJk Nky Nehffia ,Otir. khqfhaad twargglk fNo fhllgglLssJ.

A

Fo=mg(-])=mgi

,QF mg vdgJd Gtiaugé tirad vzkjgs kwwk (—]) vdgd vju Fw vy
mrRjjiaraaf FwfFk XuyFntflu.

~

T =Tj
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,QF T vdgd khgfhad kJ nraygLk ,Otiir kwWk (—]) vdgd NeuFw vy
mrRjpiariaf FwfFk XuyF ntflu

ul

Fra =Fg+T =-mgj+Tj=(T-mg) ]

gAlld ,uzlhk tjiggb Fra = ma ekokgnghUjJd (ermykfFwgghajij nghUjJ)
khgfha XaT eiyay cssJ vdNt mjd KLFFk Ro (a=0)
vAN® Fne = ma=0

(T-mg)j=0
NkNy css rkdghlbd ,uzlLgffqfsd ntflu $WFis xgglLkNghd T-mg=0
vdffn I TRk
vdNt khgfhaf fhkgd ,Otiir T=mg khgfhaid eiw m=400g NkYk g=9.8ms?

vdNt khgfhad kJ nraygLk ,Otimr
T=0.4x9.8=3.92N

vLjITFhiL.

,Urffu thfdgfs)yy jdjjdNa ga=zk nraAk ,Uthpy>l Jiumag nghUujJd
khwh JiarNEF] )y ga=k nrafiwhh. kwnwhUth jauma nghdjJd a vdw KLFffjJdid
gazk nrafwhh. ,ttu=zlL gazifs)yy vejg gaz) eAlldd ,u=zlhk tjiag
gadgLjjyhk?

JhT:

juiumag nghUjJd a vdw KLffjJld gazk nraAk egh eAlld ,u=zlhk
jima gadgLJJ KbahJ. Vnddyy mt e ykfFwgghaj jiy 1%

iuEra nghujgJd vvdw khwhjjplr NtfjJld ga=zk nraAk egh eAlldd uzlhk
tjiiag gadgLjjyhk Vnddyy mth jJrumag nghWjJd enykf prgghajjpy
gazffwhh.

vLjITFhiL.

Jfnshdwd ey ntflu Ir:3tj°+5t2j+7lz. vej Jpiiray ,ej Jfs efu tiria
czufiwJ?

JhT
Jfsd jierNtfk =
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Jfsid KLffk

,qF NeuFw y mrRjjiirasy kILNk Jfs KLFFkilAk. eAlld ,uz=zlhk
tjiggbh efu tirad jiairAk NeuFw y mrrnd jisraNyNa mikAk. NkYk ,jJfs
NeuFw x mrRjjiarayy khwhj parNtfjijg ngwwssJd. Mdhy z mrRjjiaray
vty JiarNtfjijAk ngwtysy. vdN® x myyJd z jiiray vej efu tirAk
nraygltyiy.

vLjIFFhIL.

elnjjdikaw nkyya fawWw xdwy flb njhgftilggll CryF=zL xdiwf fUJT
mjd miyTFfs gljjy fhllgglLssJd.

a) Cry Fzbd kJ nraygLk tiarfs ahit?
b) Cry F=zbd KLffjjiadf fh=F

JuT:
Cry Fzbd kJ gdtUk ,uzL tirfs nraygLfidwd mit

i. fo Nehffir nraygLk Gty <hgG ©yar (mg)

ii. Fzbd kJ E}y nrYjJdk ,Ouimr (T). ,ejJ ,Otiirad jiria CryFz=zbd
eny (Position) jukhdiffwd. mJ gdtUk gljjy fthllgglLssJd.

gljjiy fhlbAssthW CryFz=zL xU tllty ghijay ,agFfwd. vdNt ,J xU
ika NehfF KLFffjijg ngWk. Cry FzL A kwk C Gssifs)y f= Neu Xaty

,ued gddu B Gssima Nehffir nryYkNghd mjd jJiarNtfk mjfufFk vdN®
CryF=zL tlltyghijay xU njhL NFfhlL KLFFfjrjg ngWwk. fNo css gljjy
TfhibAssthW Gtiaugé thiria (mg cosqg, mg sing )vd ,UBWFshfg ghfFfyhk.

vLjIFFlL.

Jsk xdwy ,agFk Jfsid jparNtfk gdtUk gljjry fhllgglLssd. Jfs kJ
nraygLk tirad jisrsaft fth=tT
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JUuT:

Jfsd jJiarNtfk \'/:vxf+vy]+vzk. gljjiy fThllgglLssJd NghdwW Jfs xy
Jsiyy ,aqgFfwd. z mrnyy vttty ,affKk ,yry. vdNt v,=0

JarNefjjid x $W v kwwWk y $W vy vdf. t=0 tidhbayyiUed t=3 ttdhbtiu
css Neu ,1lntsay y mrRjjinray ntflud esk mjfuggn j¥ fh=zyhk. vdNt
y mrRjjiiray JjarNtfjjd $W (vy) Neujijg nghUjd mjyfuffwd. eAlldd
,uzlhk tjoggb y mrrjpisray Jfs xU KLffjjiidg ngWwk. vdNt vy
mrRjjiaray Jfsd kJ xU tir nraygbLk. x mrRjjiaray ntflud esk
khwhkjiggedg ngwssJd. , Jjd%yk Jfs x mrnykhwhj parNtefjJdid ,aqFtijf
fhiLfwd. vdNt x mrry efu ©wir RoahFk.

vLjIFFhILF

Gtigguggy XaT eilyayYss nghUs xdWFfF eAlldd ,uzlhk tjandg
gadgLjjr mjd %yk ngwggLk KbTfis Muhaft.

JUuT:

el ykfFwgghakhtf fUjggLk Gtiiag nghUjJd nghUnshdW XaT einyay
cssJ vdf mgnghUsid kJ gdtUk ,u=zL tirfs nraygLfidwd mit©

i. vjuFFw y mrRjiaraly nraygLk Gtijaugéc tyar (mg)
ii. NeuFFw y mrRjjiray nrayglLk GtiggugG nghUsid kJ nrY jJdk Nky Nehffia
nrgFjJtir (N). nghUsd tiirgglk gdtUKhw.
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njhFgad tir Enet:‘ mgj+ NigMdhy> nghUs vttt KLFFjijAk ngwtiyiy
vdNt a=0.

gAlld ,u=zlhk tjggb

(Enet = mzlal)

, UGWKk rkdghlbd $WFfis xgglLkNghJd
(-mg +N) j=0

-mg +N-0
N=mg

NkwF=1 rkdghlbyjUed ehk mwtJ vddntdy nghUs XaT tiirad vzkjigGk
Gtlaugé wirad vzkjigGk xdWfnthdW rkkhFk.

vLjITFhiL.
2kg e mwArla nghUsidkd gdtUk ,u=zL tirfs nrayglLfidwd. Ll‘:1:5iA+81°+7I2
kwWk bI52=3iA-4J°+3I2. nghUsid KLffjajf fth=T
JUG:
epA+IIdpd uzlhtJ tjogb F o = ma
C]F Fnet - F1+F2

r ul
NkwF=1 rkdghLfsid gb a=lm
m

e =(5+3)1 +(8-4) J+(7+3)k
81 +4]+10K
aeSoA ae4oA aelOo

gﬂ 8215 82

a 4|+2]+5k

vLjIFFhlL:

gljjiy fhlbAss AB kwwk C vdw fdr nrttfjId=zLfsd kJ nrayglLk
girfis th=~

fdrnreefjJ=zL A ad kJ nraygLk tiarfs;
i. Gty VwgLjJIk FoNehffia <ugG ©wir (magQ)
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ii. nghUs B VwgLjJk Nky Nehffia nrqFjJ vjutiir (Ng)
Aad “jdijj nghusd tiarg glk fNo fhllgglLssJ.

nghUs B Kjhd tirfs;

i) FoNehffir nraygLk GtiaugG tjir (msQ)

i) fdrnrttfj J=zL A VwgLjJk foNehfhia twar (Na)
i) fdrnretfjy J=L C VwgLjJk NkyNehffia thar (Nc¢)

Bd kJ nrayglLk tiar

fdrnrtefj J=zL C.,d kJ nraygLk tir:

i) FoNehffir nraygLk GtijaugéG thar (mcQ)

ii. fdrnretfj J=L B VwgLjJk FoNehfhia tiair (Npg)
iii. Nkar VwgLjJk NkyNehffia nrgFJJ tiar (Ntable)

C d kJ nraygLk ©ir

vLjIFFhIL:

t=zbay fTlliggll Fjiau xdawf FUJT. NjhIFFjjiy mfREjiiu xaT eiyay
cssJd. Fpiu Kd Nehffh elffj njhlgFkNghd> t=b KdNehffi xU
KLffjijgngWwk. Fn vdw tirAld Fpiv t=zbia KdNehffy ,OfFk
mNjNeuj gy eAlldd %dwhk tjiggbh t=bAk mjwF rkkhd vjujiaray
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nraygLk (Fc=Fn) vdw tiirAld Fjisurag gdNdhff) ,OfFk. vdNt Fjimu kwWk
t=zb vdw njhFggd tir Roahft ,UggDk Vd Fjiu kwwk t=b KLffkiled
KdNehffi nryfidwd?

JUuT:

, kKKuZz $wWFFT fhu=zk eAlldd ,u=zlhk kwWk %dwhk tjfis jtwhf
gadgLjJdtjwF Kd mikggd (System) jukhdiff Nt=Lk.

,tthW mikggaidf f=lwej gddu mttikggd kJ nraygbk midjJ
virfisAk v jhff f=zlwayhk. ,qF mikgG VwgLjJk tirfist fUjF $IhJ
vdgij endtyy nfhssTk. mikggd kJ VNJDk rkd nraagglhy tirfs
nraygllhy> mikgG njhFgad tiirad jiarayKLffkilAk gdtUk fUjJffis
thirggbh gdgww Fjimu kwwk t=zbad ,affjijg gFgghaT nraayhk.

Fpou kwk t=b ,1t ,uzilAk xdwhf xU mikgG (system) vdw
fUjidhy Fliiw tzbad kJ nrYjJk vjutiiriaAk fUjF $I1hI. khwhf ,ej ,U
tirfisAk mfgierfshff fUj Nt=zLk NkYk eAlldd %dwhk €jiggb
mforrfsid njhFggad Ro. Mit mikggid KLffkilar nraahd. kJ VwgLk
KLffk Gwtisrahy kILNk VwgLk. ehk FUJK ,eefotyy> rhiyahdd mikggd kJ
nrYjJk tir GwtarahFk. Mikggd kJ nraygbk midjJd tiarfisAk fUjhky
Fjimu kwWwk t=zbad njhFgad tiir Ro vdWw fUuJdtJd jtwhFk. rhiyahdd t=b
- Fpiu mikgig KdNdhffij JsSfwd. ntsgw tir xdW mikggd kJ
nraygLk Nghd eAlldid %dwhk tjiag gadgLjjhky ,u=zlhk tgjiag
gadgLjj Nt=zLk gdtUk glk ,jid tisfFfwd.

Fpauma mikgG vdw fUjidhyy mjdkd gdtUk %dW tiarfs nrayglLfidwd.

i) FoNehFfir nraygLk GtiaugG tjar (mnQ)
i) rhey> Fjinvand kJ nrYjJdk bgir (F)
iil) t=zb Fjiivad kJ nrYjJk gdNdhffia tir (F)

, 1t gdtUk gljjiy fhllgglLssJd. Fpinuad kJ nraygLK tiarfs
,aff tjfs (Lawa of motion)

Fr — rhiy Fjinuaad kJ nrYjJdk gir

Fe — €t=zb Fprvad kJ nrYjJk tr

F'- wir Fr ,d nrqfFjJf $W =N

F-bgir Fr ,d Riljjsf $W. (,INt KdNdhfFha ,affjjwFk fhu=zk)

rhiy Fjiivad k3 nrYjJdk tiria Hiljjstfs8Ww kwwk nrgFjJIf $W vd
,uz Ihfgghffyhk. nrqFjJf$wWw FoNehffir nrayglLk Gtiaugé tiiria rkd
nrafwd. KdNdhffia jiiray nrayglk fiiljjsf $W gdNdhffia tir (Fc) |
gl mjfk. vdNt KdNdhfhaj jiray xU njhFgad tir nrayglL Fjiiuma
KdNdhffy , afFfiwd.

t=zbra mikgghtt fUjdhy> mjdkd gdtUk %dW tirfs nraygLfidwd.
i) FoNehffir nraygLk GtiaugG thir (mcQ)
i) rhiy> tzbad kJ nrYjJdk tinr (F)
i) Fppiw t=zbad kJ nrYjJk tiar (Fn)
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,J gdtUk gljpy Fwggll fhllgglLssJd.

rhiy t=zbad kJ nrYjJk tiiria (ulé) ,uzL $WFshfg guffyhk. nrqFjJf
$W> FoNehfFfiauG tairia (meg) rkd nraAk HiljjsTfEW gdNdhffir nrayglLk.
NkYk Fjiiw t=zbad kJ nrYjJk tir (F ) KdNdhffir nrayglLk.

»J gdNdhffir nraygLk fiiljjsf $Siwtl mjfk vdNt. KdNehffiaj jiiray
xU njhFgad tir filfFk ,jd fhu=zkhf t=b KdNdhffi KLffki 1Ak

Fpou kwwk t=b ,uzilAk xU mikgghtf fUjidhy> ,ttikggd kJ ,u=zL
tirfs nraygLk. mit gdtUkhwW

i. FoNehfHir nraygLk GtiaugG twEr (mn+ me)g

ii.rhiy> mikggd kJ nrYjJdk wir (F)
, 1D gdtUk gljjiy fhllgglLssd.

. ,eefottyy’ rhi mi J VwgL3Jk warma (F) ,U $SWFs .
fotyy> rhiy mikggd k gLjJk giria (F) $WFshfgghffyhk

iv. rhiy mikggd kJ nrYjJk thirad rkd nraagglhj fiiljjstfsSW Fjinu
kwWk €t=b mikgé KdNdhffir nrytjwF fhuzkhf mukfwJ.

nrgFjJIfsW GtiahgG tir (mh+mgg ia rkd nraAk
vLjIFFhIL:

y=ut—%gtvdw rkdghL Jfs xdwd emyraf Fwffwd.

a. mjJdfsd kI nraygLk thir kwWk
b. mjdfsid cejjujf fth=TF

JhT
Jfsid kJ nraygLk tiaraaf fh=z mjJdfs milAk KLffjijf f=ffl Nt=Lk.

d?y dv
vadNt KLFfFk a=—- e (myyJd) a—a

,qF

v vdgJd y-mrry Jfsid jjarNtfk

Jfsd cejk =mv=m(u-gt)
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i vjuFw y mrRjjiiray nraygbtiaj vjufw fhlLfwI. NkYk ,nNj t©iErjhd
vwnghUs xdwd kJ nraygLk tjirahFk.

rhajsjjiy. .aqFk nghUsid ,affk

m eiwArila nghUs xdW rha Nfhzk nfh=zl cuhatw rhajsk xdwy
ThibAssthWw rWffir nryfwd vdf. mgnghUsid kJ nrayglk tirfs
gdtutdtwiwj jhkhdifFhidwd.

a. nghUsid KLTffk
b. nghUs jauma milAkNghd mjd Ntfk

nghUsid kJ nraygLk tiarfs

i. FfoNehffir nraygLk GtiaugéG ttar (mg)
ii. rhajsjjwFr nrgFjjhfg nghUsidkd nrayglLk nrgFjJd tiar (N)

rhajsjjiy ,aqFk nghUs

nghUsid jJdig nghUs tiirgglk tiua mgnghUs xU Gssieliwahff fUj Nt=Lk.

glk a ,y fThlbAssgb ,affk rhajsjjiy enlngWwtjhy glk b ,y fThlbathw
rhajsjjwF ,1zahf css xU Ma mrR mikggad NjJhT nraa Nt=Lk

GiaugG ©ir mgl ,u=zL $WFshfg guff Nt=Lk

mgsin g$W rhajsjjwF , izahfTk
mgcos q $W rhajsjjwF nrgFjjhfTk csNehffia nraygLfidwd.

GtlaugG tiEr (mg) rhajsjjid foNehfha nrqFjJdld vwgLjJdk Nfh=zk glk (c)
,Y ThllgglLss rha Nfh=zk (q) twFr rkk.

y mrRjjpiiray vegjkhd ,affKk KLFFKk ,yiy

y mrRjjiaray eAlldd ,u=zlhk tjiiag gadglLj jidhy

—mg cosqj +Nj = 0(KLFFk ,yiy)

rkdghlbd ,UGwKk css $WFis xgglLk Nghd N-mgcos q =0
N = mgcos g

rhajsggugG VwgLjJk nrgFjJ tiirad (N) vzkjigé mgcos q twFr rkk.
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(@) JdignghUs tirgglk (b)mg d Hialjjs kwwk nrgFjIf SWfs

(c) NFh=zk q,qFfFr rkk.

nghUs x mrRjjisray a KLFffjJdld rWffir nryfwd. vdNt x mrRjjiaray
e Alld ,u=zlhk ©jjna gadglLjjidhy

mgsingi = mai

, UGWKK $WFis xgglLkNghJd
mgsing =ma

rWwfFk nghUsid KLTffk
a=gsing

~,gF nghUsd KLffk> rhaNfh=zk qitr rhuejd vdgij Tetdff Nt=zLk
rhaNfh=zk =90 vdiy nghUs (a=g) vdw KLffjJdld nrgfjjhf foNehffi tUk.
nghUs jiuma milAk Nghd mjd Nefjij eAlldd ,affr rkdghLfs nfh=L
mwayhk. ,affk KOirkfFk KLffk xU khwy; MFk.

VZ=u2+2as (x mrRj jJiaray)

KLffk a = gsin q TFfFr. nghUs XaT egiyayUed efujJdtgFkNghd Mukgj
JiarNtfk uRoahFk. NkYk rhajsjjid esk ,gF s MTk

rkdghL (3.3) yijUed jauma mialAk Nghd nghUsid Ntfk (v)
rkjsgouggy xdiaw xdW njhlLf nfh=zbUfFk ,u=zL nghUlfs;

m, kwk m, eliw nfh=zl ,u=zL fdr nreefjI=zLfist fFUIF (m; >m,) mit
,UZLKk cuhatww tOtOgghd rkjsgguggy xdiaw xdW njhlLfnfh=zL cssd.

Fvdw fiiljjs tirmaf nrYjJkNghd ,ttu=zL J=zLFfSk a vdw KLffjJdid
tirad jiiraNyNa ,aqFfHdwd.
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@ m kwk m, emw nfhzl (m > m,) fdr nrttfjJ=zLfist cuhatww
tOtOgghd rkjsgguggy xdaw xdW njhlLf nfh=zLssd.

KLFFk a 1 f=zlwa eAlldd ,u=zlhk tjiiag gadgLjj Nt=Lk
(BIL gdiw m=m, +m,)

ul

F:mé

,U eiwfs nfth=l ,ttikgg Neywap X mrR jiiray ,aqgfidhy rkdghlbd
ntflu $W tbtyy vOjyhk. F=ma vdw rkdghlbd ,u=zL gffqfs)Yk ntflu
$WFis xggl F=ma vd fim IfFk

,gF m=m,+m, MFk.

mikggd KLFfk /7 a= F
m, +m,

eiw m;, jdJd ,affjjid fhu=zkh®t egiw m, ©td kI nrYjJdk tir njhL ©ir
(contact force) (f,) vdggLk. eAlldid %dwhk tjiggb> ejiw m, eliw m, kJ , JwFr
rkkhd vjhpiirasy miked xU vjhtiiria (?21) nry jJk.

m, e iwFfhd tiargglk (b) y fhllgglLssJd.

Fi - f, =mal

(b)m: eyaward Ergglk
rkdghlbd ,UGwKk $WFis xgglLkNghJd

F-f,=ma
f,=F-ma

rkdghL (35) 1 (3.6)y gujial
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& F O
f12:':_ml(} -
em +m, g

e m U
f,=Fal- L
YR mermyg

— sz
f12_—
m, +m,
rkdghL (37) wyUed f, td vzkjigc vjugarsa VwgLjJdk emiw m: 1t
rhhegiUggr j mwayhk. ,qF tiar vjuFw x — mrRjjisray nraygLtij endty
nfhssTk. m: kJ nrayglLk vjutiar ntflu

sz i\
m, +m,
eiw my; Etg nghUjjtrau x mrRjpimray mjdkd m; emw VwgLjJIk XNu xU

tir KILNk filjjsjjiiray nraygbfwd. 314 (c)y eiw m; ttd tirgglk
fhllgglLssJd.

u
Fwalbd gb f,=-

eiw m; twF eAlld ,uzlhk tjjiag gadglLjjidhy f,i=m,ai

rkdghlbd ,UGwKk $WFis xgglLkNghd f, =m,a

(c) emw m; ttd jdijj nghUsid tiargglk (FBD)

rkdghL (35)yiUed KLFffjjied (38) y

Fm,
m, +m,
vdNt njhLtirad vz KjigG

gujjaLkNghd f,, =

— sz

1:21_rr.11_}_m2

»J NeuFFw x mrRjjiirayy nraygLk ntflu Fwalbdgb eaiw mp eagw m, kJ

o -
nryjJdk wir f, = Fm, [
m, +m,

,qF f,=-f, vdgijf fedff. ,J eAlldd %dwhk tjiia cWiggljIfwd.
xdWld xdW gi zffggll nghUlfsid ,affk
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elnj jdrikaw nkyya faw xdwy gizffggll nghUlfsd kI nrqFjJ

myyJd fiiljjskhf myyJd rhajsjjiy tir F xdiw nrYjJk Nghd mJ nkyy@a
fawy xU ,O0 tiria VwgLjJdk ,jd tisthf KLFfjjiy xU Fwggljjff
khwwk VwgLk. ,eefotiid nttNtW NFfh=zqfs)yy gFgghaT nraayhk.

NeuT 1. nrqFjJ ,affk

m, kwwk m, eiw nfh=zl ,uzL fdrnrettfjy J=zLfs (m, > m,) XU nkyy@a

elnjjdikaw faWw xdwy gi=zffgglLssd. ,J fgg xdwd toNa glk 3.15y
ThIbAssthW nghUjjgglLssJd.

fgg xdwy gi=zffgglLss ,u=zL fdrnrttfj J=LFfs

fawd ,Otir T kwWk KLFfFk a vdf. mikggid tLtfFkNghd> ,u=zL
eawfsk ,aqfjdtgFk. m, nrgFjjhf NkyNehffiAk kwWk m; nrgFjjhf
foNehfflAk a vdw rk KLffjJdld ,aqFk m, kJ nraygLk Gtaugé thir mg m,

egiwia NkyNehfha cahjj gadgLfiwd. NkyNehfhHa jiaria y mrR vdffuJdf
glk 316 y ,U eawfSTtfhd thargglk fhllgglLssJd.

m, kwWk m, eawfisd jdijjj nghUsid tiar glk (free body diagram)

T] - ngj = mzai

NkwfF=z1 rkdghlbd ,1J3 §Ff gffk egiw kJ nraygLk nkhjj tirAk tyJd if

gffk eme kwwk y mrRjjiiraay mJd milAk KLFffk ,twwd ngUffwgyDk
mi Ak KLffk ,twwd ngUffwgyDk fhllgglLssd.

,UGwTF SWFiaAk xggl fof=l rkdghL fii I fFk
T-m,g=m,a
,NJ Nghdw ml eumwfFk eAlldd ,uzlhk tjpiag gadLjJkNghd gdtUk

rkdghL fii ITfwd.
Tj -mygj =myaj
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eriw ml foNehffia ,aqFtjhy (j) mjd KLFFKk FfoNehffir (-j) nraygLk.
, UGWKKk $WFisAk xggl

T-mg=ma
mg-T =ma

rkdgghL (3.9) kwwk (3.10p iaf SILF.
m,g-m,g =ma-+m,a
(m -m,)g=(m+m,)a

rkdghL (3.11) yiUed> ,u=zL emwfsid kjhd KLFFk

a—éml_mZE,Jg

-8 f

gm, +m, g

,uzL eiwfFSk rkkhf ,Ueghy (m = m,) ,1kgé Ro KLFFpmjg ngwwWw XaT
eiyay ,UfFk vdgij ,J fhiLfwd.

fawwd kJ nraygbLk ,Otiiriaf fh=z rkdghL (3.12)
rkdghL (39) ,y gujiasl Nt=Lk.

, Y Ccss KLffjip

rkdghL (3.13),d tyggffKss m.g 1 nghdthf ntsiNa vLTFkNghJ

€. m-m,U
T =m,gal+——=
pr +m A
e m, 2 U

- éml"'mz'l'ml_mzfJ
T=mgg " (
e m, +m, u

T = §2mm, U
()
gm, +m,

rkdghL (3.12) KLFffjjid v= Kkjigig KILNk nfhLfFk.

eiw mp d KLFFf ntflu gdtUkhw

Ca foa
a=-3 "M s mNj Nghy eiw m, ,d KLFFntFlu gdtUKhW a= g T2t
gm +m, gm, +m, g

NeuT 2. i ljjs ,affk
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,ettaft ,affjjy egiw m, Nkir xdwd HinljjsgguggYk m; fgg xdwd toNa
glk 317 ,y cssthW njhgftlgglssd. ,qF guggd kJ vttt cuhaT ,yiy
vdf fUJT.

fdr nrttfj J=zLfsd Hiljjs ,affk
elnjjdikaw nkyya fawwy Fliggll ,u=zL eiwfsy m, eiw a KLffjJld

foNehfFAk mNj KLFFjIId m, eiw Filjjsjjivyk ,affjij Nkwnfhsfwd
vdFFUJT,

m, esiwajd kJ nraygLk tiirfs gdtUkhw

i. FoNehffir nraygLk Gtiaugé tiir (m.Q)
ii. NkarggugG VwgLjJk NkyNehffia nrgFjJd tiar (N)
iii. nkyyla faw vwgLjJk fimljjs ,Otinr (1)

> NJNghdW> m; ejiwand kJ nraygLk tiirfs gdtUkhW

i. FoNehffir nraygLk Gtiaugé ©iar (mig)
ii. nkyyia faw VwgLjJk NkyNehffir nraygLk ,Ltiar (T)

gdtuk glk 318 ,u=zL euiwfsd tiarggljujf fhlLfwd.

e iwfs mikwWwk mxtid tiargglk

miejiwfF gAlld ,u=zlhk tjimag gadglLjjdhy

Tj-mgj=-maj(y mrRj Jiiray)

, UGWKKk $WFis xggl
T-mg=-ma

mzeliwfF eAlldd ,u=zlhk tjjiag gadgLjJdf
Ti =m,al (xmrR jiray)

, UGWKKk $WFis xggl

T=ma
Y mrR jiiray eiwfF vttj KLFFKk ,yiy
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Ni - ngj =
, UGWKKk $WFis xggl
N-m,g=0
N =m,g
rkdghL (3.15) I rkdghL (3.14) y gujiaul lhy KLffk a fin IfFk
m,a-mg=-ma
m,a+ma=m.g

m
m, +m,

a=

fawd ,Otunrffhd rkdghlilg ngwyhk rkdghL (3.17) 1 (315 y gupalLtjd
%yk ngwyhk.
T: m1m2 g
m, +m,
,UZL NeuTfsiYk css ,affgfis xggLkNghd finljjs ,affjjiyss fawwd
,Otiirahdd> nrqFjJd ,affjjiYss fawwd ,Otiray ghjiasNt csif
mwayhk.

,KKbT njhoy Jiway Kffag ggfhwwfwd. Hiljjs ,affjjiyss ,aqF
glalay (conveyor belt) gadgLk fawWwfs nrgFjJ ,affjjiYss kdcaujj) (lift)
kwwk viljJ}frfy (crane) , twwy gadgLk fawfistgl ezl MAi1sg ngwUTFk.

xXUika tirfs kwwWk yhkayd Njwwk:

gYNEW tirfs xNu Gssjayy rejfFkhdhyy mtuirfis xUirka tirfs vdw
muoffyhk. glk 319 xUrka tirfist thiLfwd. xUika ©irfs xNu Jsjjiy
mika Ntzba mtnakyiy. khwhf mit xNujsjjiy mikejhy mtuoirfis
xUrka kwwk xUjs tirfs vdW mioffyhk.

xUika tirfs

yhkiagd: Njwwk (Lami’s theorem)

yhki Njwwj jidgb> rkejiyayy ,UfFk %dW xUjs kwWk xUika tirfs nfh=l
mikggy> xtnthU tirad V= kjigGk> kww ,uzL irfSthilggll Nfh=jjid
ird kjoggwF Neujjfoy ,UFFk. ,k%dw tplrfofhd JFTkhwyr rkkhFk.

glk 320 twy fThlbAssgb El,EZ kaWk F: vdw %dW xU Js kwWk xU ika

tirfs o vdw Gssjaly nrayglL mgGssiia rkeayay i1tffidwd vdf. yhkiad
Njwwggb
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O vdw Gssjaly nrayglLk El,EZ kwWk T:I3 vdw %dW xU js kwWk xUika
girfs

u -
‘F1‘¥sma

l'r .
‘Fz‘¥smb

l'r -
‘F3‘¥smg

‘Ll PN PN
Fa| gFod gFsl
vanp =& _U_¢ U

sina sinb sing

girfs nraygll XaTr rkeiyay css nghUsfis gFgghaT nrathy yhkad
Ngwwk kif Kffakhfg gadgLfiwd.

yhky Njhwwj jid gadghL:
vLjIFFlL.
XjjJ ,uzL rgfiy/fshy nraaggll XaT egiyay css xU CQry xdwy Foeij

xdW mkuejiutfwd. mfFoerjad kJ nraygLk giarfist th=T NkYk yhkiaud
Njwwj i jg gadgLjji rgfiyiaad ,Otiariaf f=ffLT.

JhT:

CQryyy mkuejJufFk Foermjia eiw xdW elr
fawfshy flbj njhgftlggll mukgghftf fUjyhk. Fo
nraygLfidwd. mit

jdikaw nkyya ,u=zL
efjad kJ ,u=zL birfs

i. VjuFw y mrRj jiiray nrayglLk foNehffia Gtjaugé tyar (mg)
ii. ,uzL faWwfsid toNa nraygLk ,Otiarfs (T)

,ttu=zL girfSk gljjiy fhlbAssgbh xUjs kwWk xUirka tirfshFk.

yhk) Nywwj jidghb>
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T - -
sin(180-q) sin(180-q) sin(2q)

,qF sin(180-q)=sing kwWk sin(2q)=2sinqcosq

T _ mg
sing 2singcosq

vdN®

, Jiyued xtnthU fawwd ,Otir (T)

gdtUKhW Fh=gglk T=—"9
2c0sq

nkhjj NeufNfhlL cej khwh tj)

khwh tjifs (conservation laws) ,awifay xU Kffakhd mgfjij t©hHffwd. khwh
tjyfisggadglLjy ,aqFk nghUlfsid ,affqfis rnwgghft gFgghaT nraa ,aYk.
,aghayy myyJd vejutiayyy %dW khwh tjifs cssd. mit gdtUkhw

i. Mwwy khwh ©j (law of conservation of energy)
ii. nkhjj NequthL cej khwh tij) (law of conservation of total linear momentum)
kwWk Nfh=z cej khwh trj) (law of conservation of angular momentum.)

gAlldd ,u=zlhk ) kwWk %dwhk tjifis xdwi=jJI> nkhjj NeufNFhIL cej
khwh tijimag ngwyhk.

,uzL Jfsts> xdNwhnlhdW njhluG nfhsSk Nghd> xU Jfs nray vjunray
GhAKkNghd xtnthU JfSk kww Jfsid kJ Favdw girsa nrYjjidhy> mNj

Neujjiy ,uzlhtd Jfs Kjy JfsidkJ Flz vdw rkkhd vjutiarmar nrYjJK.
vdNt eA Ildpd %dwhk tjiggb

i ul
Fa=-Fun

Jfstsid cejqfs mbggilay xtnthU Jfs kJk nraygLk tiarma eAlld
,uzlhk tjandf nfh=zL f=zFfhlyhk

uu

ur
F12 —%kWWk le—ﬁ
dt dt

,gF P, vdgd Kjy Jfsd cejk mJd ,uzlhk Jfs nrYjJk Fr vdw
giradhy khwwkalfisd. mNj Nghy P: vdgd ,uzlhk Jfsid cejk

,tTejkhdd Kjy Jfs ,uzIhtd Jfsd kj nrYjJdk Fa vdw wiradhy
khwwk § 1fwJ.

(rkdghL 321) rkdghL (3.20) ,y gujalLf

dp, _ _dp,

dt dt
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uu uu

db, b, _

dt dt

g,

(Pt P:)=0

, Jiyiled lI‘31+E>z= vgnghOJk khwh ntflu vdgi j mwayhk.

,gF P.+P, vdgd ,uzLk Jfsfsd nkhjj NeufNFhIL cejkhFk.

u

Pu=P.*P, -iJ mikggd nkhjj NeufNFRIL cejk vdwk mioffyhk.
> kKKbtiyilUed nkhjj NeufNThIL cej khwh tjjia gdtUkhW tiuasw nraayhk.
mikggd kJ vttty ntsgew ©iIrAk nrayglhj eiyay> mikggd nkhjj

NeufNfhIL cejk vgnghOJk xU khwh ntfluhFk. NtW tifay $SWNthkhad
miakggid nkhjj NeufNFfhIL cejk Neuj®jg nghUed khwhJ.

,gF P, kwWk P, ty WNjDk khwwk VwglIhYk mikggd nkhjj NeufNFhiL
cejk P:+P; khwhd vdgijg Guednfhss Nt=Lk.

Fio kWk Fz tirfis mikggd mfugirfs vdw mioffyhk. Vnddy ,ttirfs
JfstSfhRilINa klLk nraygLfidwd. Jfsid kJ vttt ntsigéw TirAk
nrayglhj eiyay mikggd tirAk nrayglhj eiyay mikggd nkhjj
NeufNfhIL cejk xU khwh ntFfluhFk.

vLjITHIL
foff=zI1l mikgGfs)yy nraygbk mf kwwk Gw ©arfis fth=*T

a. Ggia klILk jdiahftf nfh=1 murkgG

b. Gty kwwWk #uwad , 1=zej mikgG

c. elfFk kdjd - vdw mikgG

d. ekd cly kwwk Gty , 1=zej mukgG

JuT

a. 6 klLk nfh=z1 mukgG

#uadid <ugéG tiradhy Gty #uaidr RwtUfwJd. Gtiaridj jdijj mikgG

vdffUjidhy> #uadid <ugé thiria Gwtimrahff fUjyhk eyitAk ehk F=zFfhy
vLjIfnfh=zlhy eyTk Gthadd kJ XU Gwtiiriar nrYjJk.

b. G kwwk #had , 1=Zej mikgsc

>,eNeutyy> kwWk #Huad , 1zej mikgG vjurnray tiar Nrhbahf nraygLfidwd.
xdW #Huad Gtiaad kJ nrYjJk <ugé tir kwnwhdW Gt #had GCtad kJ
nrYjJk <ugé gir kwnwhdW Gty #uadid kJ nrYjJk <ugéttmr MFk.
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c. elfFk kdjjd - vdw m i kgG
elfFk Nghd> ehk Goad kJ xU tiirma nrYjJdk mNj Neujjiy GoWAkK

>, JWFrrkkhd vjutgiar xdiw ekkd nrYjJfwd. ekd cliy klILk xU mukgghtf
TUjidhy Gty ekkd nrUjJk vjutiarma Gwtiar vdffujyhk

e. ekd cly kwwk Gty , i=zej mikgc

,eefotyyy ,uzL mf tirfs mikggy cssd. xdW ehk Gtiagd kJ nrYjJk
tir kwnwhdW Gty ekkd nrYjJk rkkhd vjutiar.

ekd cly kwwk Gty , i=zejJ mikgG
cej khwh tjjayd nghUs

1. cej khwh ) xU ntflu tjahFk. ,ttj nkhjj NeufNFhlL cejj
kjigG kwWk jiar khwhyat vdffhiLfwd. ny NeuTfsyy nkhj NeufNFhl

Jjd v=
L cejk
Roy kjigmgAk ngwyhk.

2. nghunshdwd ,affjjindg gFgghaT nraAkNghd eAlldd ,u=zlhk tj myyJd
NeufNThIL cejkhwh tjma ehk gadglLjjyhk eAlldd ,u=zlhtd tgjirag
gadgLjj Nt=zLkhdhy ehk nghUsid kJ nraygLk tiarfist Fwggl Nt=zLk
enlKiwr #oyy ,J fThbdkhFk. Mdhy cej khwh tjpay> ,tthW girfist
RIbffhll Nt=zba mtrnakyiy. vdNt cej khwh tij; gadgLjJdtjwF vs)jikahdJd
kwWk KffiajJtk thaejjhFk.

vLjJdfrhlIhP ,u=L nghUlfs xdWld xdW NkhJdk efotlyy mttu=zL nghUIFfSk
xdwdkd kwnwhdW nrYjJdk wirmaf FwggLtd rwNw FfbdkhFk. Mdhy
NkhjyidNghd cej khwh tgjima gadglLjJtd vs)ikahFk.

vLjIThILTs

1. Jgghff RLk efoT xdawf fUJIF ,gF Jgghth kwwk F=L ,u=zLk NruejJ
XU mikgG MFKk. njhiffjyy Jgghth kwwk F=L Jusz XaT egiyay cssd
vdNt mikggd nkhjj NeufNFhIL cejk RoahFk. P: vdgd Fzbd cejkhfTk

P, vdgJd Jgghffiaad cejkhfTk fUJT. ,qF ,u=zLk XaT eiyay cssd.

l|J:I)1:0,L|:l)2:0.

RLEjwF Kd nkhj cejk Ro El+Ez=0 NeufNfhIL cej motidik Tt
JgghtH RIN1 gdGk nkhjj NeufNFhIL cejk Ro; kjigigg ngw NtE=LKk.

lggb>
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JgghtH RIggLKkNghJ» Jgghffp Kdehffpa Jiiray xU tirma Fzbd kJ
nrYjJk vdNt Fz=zbd cejk Pl ypUeJ P1 TF khwwkllAk NeufNfhL cej khwh
pjp pd Ffhu=khf Jgghffpad cejKk Pztp iUeJd szhWWkI'Ak cej khwh tjiggb

Pi+P,'=0 > Jiyiled P.'=-P,'vd mwayhk. vdNt Jgghffiaed cejk Jgghfhf
Fzbd cejjjwF vjupiray ,UFFk.

,jd Thu=khfjjhd Jgghffi RIgglligd& (—E’z) vdw xU cejjJdild gdNdhff

,agFk. ,jwF ‘gddiaff cejk’ vdW ngau. ,ej ,affk cej khwh tjfF xU
vLjJIT fhlL MFKk.

2. XaT eiyaYss xU nghUs> kwwk mij Nehffia jisray ,aqgFk nghUs Mfa
,uzL nghUulfist fTUJT ,i1t ,uzlLk xdWld xdwW Nkhjp NkhjYTFggd
jddirirahd jisray nryfidwd.

,egfotyyy NkhjYFfF KdG miukggd nkhjj NeufNFhlL cejk ,affjjiYss
nghUlfsid njhl ¥ NeufNfhIL cejjjwFr rkkhFk. NeufNfhIL cej khwh tjiggb
NkhjYTF gdGk miakggd nkhjj NeufNFhIL cejk KdNdhffia jimray nrayglLk.
gdtUk glk ,jrd tisfFfwd.

Nkhj YFF Kd

guT 44 ,y L,kNkhjy gwa tuthd F=zFffLfs togfgglLssd. ,qF gdtUk
fUjijg Gued nfhstd gaDssjhf ,UFFk NkhjYTF KdGk gdGk nkhjj cej
ntflu xXNu jiiray cssJd. ,J nkhjj NeufNFhIL cejk NkhjYFfF KdGk gdGk
xU khwyy ntflu vdgij vsiikaht tistFfidwd. NkhjyidNghd xtnthU nghUSk
kww nghUsid kJ xU tiirsar nrYjJdk ,ttu=zL nghUITisAk xU mikgG
vdffujidhy> ,ttuzl bgirfSk mfugirfshFk. vdNt ,ejJ mfgirfs nkhjj
NeuFNFhIL cejjij khwwhJ.

f=jjhfF:

kf mjif gar kfrFWhRa NeujywF xU nghUsid kJ nraygllhy mttirma
f=zjjhfF ©ir myyd f=jjhfF vdW mioffyhk.

F vdw ©wir kfr FWfia Neu ,ilIntsay (Dt) xU nghUsid kJ nraygllhy
gAlld ,uzlhk tjjasd vz KjigG tbty ,eefotiid gdtUkhW Fwgglyhk.

Fdt=dp

nghl¥F Neuk ti kwWk ,Wj) Neuk tr vdw fhy , ilntsiay ,rrkdghlsl njhifal

f t
gdp = ( Fdt
i t;

ty

P — by = Fdt
§

p. vdgJd tvdw Neujjiy nghusid Mukg cejk
p,vdgJd t,vdw Neujjiy nghUsid ,Wj) cejk
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P;-p, Dpvdgd t,-t =Dt vdw Neu , mlIntsjazy nghusid Vwgll cej khwwkhFk.

t

njhifalL (Fdt=Jvdgd fzjjhfF vdggLk. NkYk ,fFzjjhfF nghUsid cej
t

khwwj jwF rkkhFk.

nfhLFFggll Neu , ilntsjaly tir xU khwh kjigigg ngwUggd

ty t

Fdt=Fydt=F(t, -t)=FDt
t; 5

FDt =Dp
rkdghL (324) fF “f=zjjhfF - cejr rkdghL” vdW ngau

tir xU khwh kjigigg ngwWssNghd> fzjjhfF J=FDt vdf FwgglggLfiwd.
NkYk ,J Dtvdw Neu , mlntsiay nghUs)y vwgLk cej khwwjgwF (Dp) rkk
MFk.

f=zjjhfF xU ntflu msthFk. , Jd myF Ns

XU rwa Neu ,ilntsjay nghUsidkd nrayglLk ruhruy tiriag gdtUkhw
tiualw nraayhk.

rkdghL (3.25)yjUed> Neu , ilnts) kiff FWHRajhf ,Uggd> nghUsidkd nrayglLk
rhuhru ©Er kFf myfkhf ,UFFk nghUsid cejk vgnghOnjyyhk kifNEtFkhf
khwwk 8 IfiwNjh» mgnghOnjyyhk ruhru ©ar kif myFkhf , UFFk.

fzjhfa P ruhru ©araygd mbgge lasYk vOjyhk. Vnddy nghUsd cej khwwk
Dp fzjjhfF (J) rkkhFk. vdNt

J=F,, = Dt

avg
khwh t©iradhy VwgLk fz=zjjhfF kwWk khWk tiradhy VwgLK F=jjhfF
Mfiatwwd tirugl glk 321 ,y nfhLffgglLssJ

Khwhtyir = jjhFFE kwwk kKhwk ©ir f=jjhfF
vLjITFhiLfs

fufnfl tuw NtFfkhftUk gejiid gbfFkNghd mthd Tfugfis ged tUK
imraNyNa gbggbaht jhojJdtjd thu=k vdd?

L
fufnfl tuw gemjggbjy cld jdDila fuqgfis jJhojjhky cldbahf
Wjjidhy ged cldbaht XaTeiyfF tUk mjhtd gejid cejk cldbahf

J
e
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Roahfwd. ,jdhy fugfsid kJ ged nrYjJk ruhruy twar ngUk kjigigg ngWk.
vdNt fufnfl tuwuwd Fugfs NefkhF JhffgglL mth mpf tyjassd Ntfkhf
JhffgglL mth mjf tyiaand c=zuthh. ,jidj jtuggywrhfjjhd mth jdDila
fugfis gbggbaht jhojJfiwhu.

2. Nefkhfr nryYk fhu xdW tigjjwFsshFkNghd mjd cejk kiffFiwej Neujjry
kif Ntfkhf Fiwfwd. ,J gaz/fSTF Nguhgjij wistfFk Vnddy gazifsd
kdJ ,tTej khwwk ngUk wtirasdr nrYjJdk kuzjij VwgLjJdk ,ej
yistyUed gazifaist thff thwwga fgSIld fhufs jwNghd tbtirkffggLfidwd.
,ejf ThwWogigfs gazifsid cej khwwf Thyjij elbjJd mtufs ngUk
arragngWejiyiled jLfwJ.

3. ,U rffu thfdqfsy nghUjjgglLss mjuTjjhgfifs (Shock absorbers):

fhufs)yy css fThwWgigfs NghdNw , s €tAk mjuTghgffsht nrayhwwfidwd.
NkLgssqgfs)yy thfdk nryYk Nghd xU jiBu twirahdd cldbahfthfdjjd kJ
nrYjjggLfwd. ,ttoir gazifis cldbahfj jjhftfthky mjd jhfFjy Neujij
elbff mjuTjjhgffs gadgLfidwd. vdNt ga=zifs ngUk tiiria czutjyiUed
JLFfggLfidwdu. mjuTjjhgqfifs rutu ,aqfhj thfdgfsyy ga=zk nratd ekJ
cliy ghjifFk.

4. kzy eugga jJuuvay Fjggijub fhdful jJiuvayy FjiggJd Nguhgjij

visyfFk. Vnddyr kzy euggggll jiu ekd cly XaT egiyia milAk
Neujij ebjJd cly ngUk thiriag ngWtjiyiled jJLFFk. Mdhy fthdful jsjjy
FjJfFk Nghd cly cldbahf XaT eiyfF ted xU ngUk tiiria c=zUk ,J
Nguhgj 1 j ©EstfFk

vLjIFFhILT

15ms* Ntjjiy ,aqfk 10 kg eiwAid langhUs Rtu kJ NKkhjj

m. 0.03s
M. 10s

Mfia Neu ,mlntgfsy XaTegiyia milfwd. ,ttu=zL Neu ,mlntsfsYk
nghUsid f=zjjhfF kwWk nghUsid kJ nrayglLk ruhruw thair MflatwiawF fh=T.

JuT

nghUsid Mukg cejk

p, =10~ 15 =150kg ms?

nghusid ,Wj cejk p; =0
Dp =150 -0 =150kg ms-1

(m) FzjjhFE J =Dp=150Ns. (NeuT m)
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(M) FzjjhfF J =Dp=150Ns. (NeuT M)

(m) ] = 03 =5000N (NeuT m)

(M) ruhru ©iar F —@—15N (NeuT M)
™10

,UuZzL NeuTfsiYk nghUsid T=zjjhfF rkk. Mdhy nghUsid kJ nrayglLk ruhruy
Tir ntetNtwhd i t.

cuhaT
mwKFk:

Nkir xdwy XaT eiyaYss nghUsd kJ ,Nyrhd tirmar nrYjjdhy
mgnghUs ,aqfthd. , JwFFf fhu=zk NkiradgugGé nghUs efutijj jJLFfFk tifay
mgnghUsid kJ nrYjJk vjutiarahFk ,ej vjutyarfF cuhaT tir vdW ngau.
,tTuhaT tirahdJd nghUs kwWk nghUs #§tffggll gugG , twwwfi INaahd
rhugiaffj nj (relative motion) VjufFk tifay mikAk. nghUsidkd ek nrYjJdk
tirad msit gbggbahft mjfufFk Nghd xU Fwggll tiarfF nghUs efuj
nghlgFk.

cuhaT bir
rhuG ,affk:

nghUs 1tffgglLssjsjjwF ,1=zahf xU tiria nghUsdkd ,izahf xU
tiria nghUsidkd nrYjjidhyy mttiar nghUs stffgglLss jJsjijg nghUjJd
nghues ,aqfitff Kawrffyhk. ,rrhuG ,affjij vjufFk tifay nghUs
itffggllLss gug® ehk nrUjJJK tirfF vjuj jJiiray nghUsid kJ cuhaT
Yirar nryYjJk

cuhaT bir vgnghOJk nghUs #1tffgglLss gugGFF , i zahf mgnghUsid kJ
nrygLKk.

cuhaT ,uzL tifggLk mit
1. XaT euny cuhaT (Static friction)

2. ,aff eny cuhaT (Kinetic friction)

XaT ey cuhaT (Lﬂ)

XaTemy cuhaT xU gugttyy itffgglLss nghUs efuj njhlgFtij vjufFk
tifay mikAk tiirahFk gugé xdwy XaT eiyaYss nghUsd kJ ,u=zL
tirfs nraygbk. mit ToNehffir nrygLk Gtiaugé tir kwWk NkyNehffir
nraygLk. mit foNehffir nraygLk Gtiaugé tir kwWk NkyNehffir nrayglLk
ntqFjJ twir. nghusid kJ nraygLk ,ttu=zL tirfsd njhFgad RoahFk.
,jd tisthf nghUs XaTegiyay ,UFFk

gugG xdwyy XaT eiyayYss nghUsidkd guggwF , izahf ntsigGW tir (Fex)
xdW nraygLkNghJd> mggugG , tntsigW tirfFr rkkhd Vju giria nghUspd kJ
nrYjgp mjd ,affjijj _]L_]J mgnghUis XaT eiyay i1tff KawnfFk.
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., Jiylled ntsgew tiarAk cuhaT tirAk xdWfnfhdW rkk kwWk vjinuguhf
nraygLk vdgmj mwayhk. vdNt gugGFF , izahf vty ,affKk VwglhD

Mdhy nghUsid kJ nrYjjggLk ntsigw tirad msit gbggbahf
m jifufFkNghd> xU Fwgglll vyiyfENky nghUs itffggllss guge nghUsid kJ
nrYjjoggLk ntsgGw wgirmar rkdnraAk mstwkF vju cuhaT tiriag
nghUsidkd nrYjj ,ayhd. vdNt nghUs guggd kJ rWffir nryyjnjhlgFk.
,JNt nghUs itffggILss gugG nghUsid kJ nrYjJdk ngUk XaT emny cuhaT
tir MFk Nrhjad hjjah® ,g nguk XaTeuny cuhaT tiirahdd mDgtjjid
mbgg i layy (empirical formula) ngww foffhZk f=ijj njhluigf nth=I1bUFFk.

of f,EmN

,qF mvdgd XaT emy cuhaTf F=zfk vdggLk. ,J xdiw xdW njhLk ,U
gugGfsid jdiakmar rhuejJUfFFk. N vdgJd nghUs 1tffgglLss gug® nghUsid
kd nrYjJdk nrqFjJd tirahFk. ny Neugfsyy ,rnrgFjJJ thir mg fF rkkhFk.

Mdhy ,3J vgnghOJk mg fF rkkh¥f ,Uff Nt=ba mtrnakyiy vdgij endty
nfhss Nt=zLk.

XaT ey cuhaT tir Ro Kjy m truayyhd vej kjigigAk ngwUFFyhk
vdgi jr rkdghL (3.27) ekfF czujJdfwd

vttj ntsgbw tirAk nrayglhjNghd> XaTelmyaYss nghUs kJ nrayglLk XaT
eiy cuhaT wir f.d kjgGc (f,=0)

XaTemyaYss nghUsidkd> mgnghUs atffgglLss guggwF , i zahf ntsigew
girnahdW guggwF , izahf ntsgéw tHirnahdW nryglLkNghd> nghUs
i tffgglLss guggwF ,E1=zahf ntsgbw tirnahdW nraygLkNghd> nghUs
1 tffgglLss gugG nghUsid kJ nrYjJk XaT eiy cuhaT tir nghUsdkJ
nryjjoggLk ntsigbw tarfFr rkkhFk (f,=F,) ,UggDk fd kjiogG mN 1 ©tlf

Fiwthfjjhd ,UFFk.

nghUshdJ> guggd kJ efuyj njhlgFkNghd> nghUsidkd nraygLk XaT einy
cuhaT birr (f) ngUk kjgrg milAk.

XaT euny cuhaT kwWk gwgFjlasy ehk fwfoUFFk ,aff cuhaT ,ttu=zlLk
nghusid kJ nrYjjggLk nrqFjJJ tirmar rhuejjufFk nghUs> mgnghUs
atffggll gugig vttsT tyiikahf mOjIfwNjh mjwNfwg nghUsd kJ
nraygLk nrgFjJ tirAk mjyfufFk ,jdtiasthfg nghUios efugJdtd NkYk
fodkhFk. ,J3 glgqfs 323 (m) kwwWwk 323 (M) y fhllgglLssJ. NkYk XaT ey
cuhaT tbir nghUs kwWk nghUs @tffgglLss gqugG ,ttu=zlLk njhlL
nfhzbUFfFk guggd msitr rhuejjyy.

XaT eiuy cuhaT tir
vLjIFFIL:

2kg ermwArla nghUnshdW jJsk xdwy XaTeiyay cssJ vdf. nghUs kwWk
JsjywhrlNaahd XaT eiy cuhalTft Fzfk vdy mjjsjjd kI nghUis
efudJtgjwF vetsT tiriar nrYjj Nt=zLk

JuT
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nghUs XaT eiyay cssjhy’ nghUsd kJ nrayglLk Gtiaugé tiir mgnghUs
1tffgglLss jJskhdd nghUsid kJ nrYjJdk nrgFjJd tiradhy rkd
nraagglLk

N=mg

XaT ey cuhaT tirad ngUk kjigé ™ =m,N =mmg

f™ =0.8" 2" 9.8=15.68N

vdN\® nghUisg guggd kI efugdegjwFr nrYjj Nt=zba Gwtir TNo
nfhLTfgglLss ngUk XaT eny cuhaT tiria ©l mjfkhf ,UFF Nt=zLk

Fext > 15.68 N
vLjITFhiL:
50 kg eeiwArla nghUs jJsk xdwy XaTeiyay cssJd. mgnghUsiid efujj
mjd kJ 5 N tir nrYjjggLfiwd. vdiDk nghUs efutiyiy. ,eeilyay nghUs
1 tffgglLss Jsk nghUsid kJ nrYjJdk cuhaT tiriaf f=Lgb.
JuT
nghUs XaT eiyay c<cssNghd nghUsid kJ nrYjjggLk ntsigGW tirAk

nghUs 1tffgglLss jJsk nghUsidkd nrYjJdk cuhaT tirAk xdWfnfthdW rkk
kwWk vjinujuhfr nrayglLk.

,ttU girfsd vz KJig6FSk rkkhFk f = Fext
vdN® nghUsid kJ nraygLk XaT ey cuhaT tir

f=5N.
cuhaT tirad jir ntsigbw tarad jarfF Fex Vuj piaray ,UFFk.
vLjITFhiL:
7 kg kwwk 5 kg ejswArla ,u=z nghUlfs gljjiy fhlbAssthW Nkirad
Kiday nghUjjgglLss fgg xdwd toNa nryYk nkyya fawwd ,u=zL

Kidfsy , 1zffgglLssd. nghUSfTFk nghUs mtffgglLss gugGFFk
, 1 INaahd XaT eiy cuhaTf F=Fjjid KjigG 09 vdiy guggd kJ

1 tffgglbUfFKk 7 kg gawArla m;, vdw nghUs efUkh? mtthW efutyyiy vdy
m, eliwayd vkkjiggwF m: eiw efuj JtqFk?

Jut
gljjry fhlbathW m;, eswad kJ ehdF tirfs nraygLfidwd

m. VjuFFw y mrRj jisrayy foNehffir nraygLk Gtiaugéc tjir (m:g)
M. NeuFFw y mrRjjiaray Nky Nehffir nraygLk Gtiaugé ©ar (N)
.. m, eifiwaidhy NeuFFw x mrRjjisray nraygLk ,Otior
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< vjufFFw pirayy x mrRjjiaray nraygLk cuhaT tir

g eiw m, vtgjkhd nrgFjJ ,affjijAk Nkwnfhsstiyiy. vdNt mig=N

guggd k3 m, eiw efufwjh vdf f=zlwa> m;, eiw §tffgglLss gug® m,
giwadkd nrYjJk ngUk XaTeiy cuhatiidf fh=z Nt=Lk eiw m; kJ
nraygLk ,Otiir ngUk XaT einy cuhaT tiria tl mjFfkhfNth ,Uggd
nghUs efujJdtqFk.

f™ =m,N =mmg
f™=09"7"9.8=61.74N

,Otilr =T=myg=5x9.8=49 N

T< ™
BEriw m; kJ nraygLk ,Otiir XaT eiw cuhait tlf Fiwthf ,Uggjdhy
eiw m; guggd k efuhd.

m, eeiwia efujj T>
_Mmg _

m2_ gl _msml

m, =0.97 7=6.3kg

eliw m, kjigG 6.3 kg wl myfk vdyy> ejiw m; guggd kJ efuj njhlgFk.

max
fS

,qF T =myxg

guggy vttj cuhaTk ,yiy vdy mjhtd tOtOgghd gugéG vdy» eiw m, td
vejnthU kjiggwFk emw m; guggd kJ efued nryYk vdgij ,gF endty
nfhss nt=zLk.

NrhbgnghUlfsid gugGFSThiINaahd XaT eiy cuhaTt Fzfjjd kjige
milti=z 31 ,y ThllgglLss gdifflby JzLfSTthilNaahd XaT ey
cuhaTf F=zfk kffFiwej Kkjigigg ngwssij ,qQF TtdffTk. xU
gdfflbjJd=ual kwnwhU gdfflby Jz=zbdkJd vs)jht efujj KbAk vdgij ,J
RIbFFhilLfwd.

»afFfF cuhaT (kinetic friction)

nghUsid kJ nrYjjggLk Gw tiir XaT eiy cuhaT tirad ngUk Kjigigul
mjFkhf ,UFFkNghd> nghUs guggd kJ efued nryyj JtqFk. mtthW efued
nryYk nghUsid kJ> nghUs efued nryYk gugéG xU cuhaT tiriar nrYjJk
mtTuhaT tirNa ,affeiy cuhaT vdgglLk.

,thaff cuhaT rWfF cuhaT vdWk muEoffggLk. nghUnshdiw ruhd
JiarNefj gy ,afP mgnghUsid kJ nraygbLk ,aff cuhatild vzkjiggwFr
rkkhnfTk mjwF vjujjisraYk xU tiraaidg nghUsidkd nrYjj Nt=Lk

,aff cuhaT

,aff cuhatid vz=zkjigc FoffhZk rkdghlbdgh mika Nt=zLk vdw
Nrhj sdfsid mbggrlay f=zlwagglLssJd.

38| P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




Nrhbg nghUIfSTHia INaahd XaTeny cuhaTf F=fk

Nrhbg nghUsfs

XaTeny cuhaTft

F=Tk

f=z=zhb kwWk f==hb

1.0

gdifflb kwWk gdifflb

0.10

v/F kwWwk v/F

0.75

kufflol kwWk kufflal

0.35

,uggu lau kwwk Fhdful
rhay

1.0

lau kwWk <ukhd

- Uggu
rhay

0.7

,qQF m, vdfF
nghUsid kJ nrYjJk nrgFjJtuiar.

NkYk m, < m,

Jiyued ehk mwed nfhstd vddntdy

,aff cuhaTf F=zTk kwwk N vdgJd nghUs efued nryYk gugG

,agFk nghUs mdiwj njhlued

,agfFitggi jub mgnghUsid ,affjijj njhlgFtJd fbdkhFk.

XaT eiy cuhaTkwWk ,affegiy cuhaT Mfatwd rwgcFEWFs mllti= 32

,Y nfhLffgglLssd.

XaTeny cuhaT kwwk ,aff cuhatd nwgcf $WFs

XaT eny cuhaT

,aff cuhaT

nghUs efujnjhlqFtirj vjufFk

nghUs efUk gugigg nghUjJd nghUsid
rhugaffjmj vjufFk

nghLk guggd mstgrdr
nfhLffggLk tirad
rhuejJ

rhuej Jiymy
vZ kjigmugr

nghLk guggd mstadr rhuejjiyny
Yirad vz kjgigr rhuejjiyny

XaT eny cuhaTf Fzfk mxdmw
xdW njhLk gugG nghUlfsid jdikia
(Nature of materials) rhue JlUFTFK.

,aff cuhaTf Fz=zfk m xdiw xdW

njhLk gugGfsid jdik kwWk gugGfsid
ntggeliy Mfiatwiwr rhuejUFFk

RoayyjUed mN tiu css vej xU
kjiggi dAk ngwwUTFFK.

,J vgnghOJk Ro kjiggadg ngwhd.
NkYk nghUs vej NtfFjjiy ,agfidhYk
-3dkjigG wvgnghdk m FfFr rkkhFk.
(nghUsid Ntfk 10ms* 1l Fiwthf

css Nghd ,J nghUedk vdgij
eidtyy nfhssTk)

fsmax>
ngUk kjigé mjifkhf , UFFk.

f XaTeyiy cuhaT tgirad

,affelny cuhaT Fawthf

, UFFk

gnr

m> mXaTelmy cuhaTf Fz=zfk

mjifkhd kjigigg ngwwUTFkK.

,affeny cuhalT Fz=zfk Frwthd

kjigigg ngwUTFFK.

nghUsid kJ nrYjjggLk Gwtiarayzidg nghUjJd VwgLk XaT emy cuhaTtir
kwwk ,affeny cuhaT tiirad khwghL truglk 3.25 ,y fhllgglLssJ.
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Gwtirasidg nghUjJd XaT eny cuhaT tir kwk ,aff cuhaT tiray
VwgLk KkhwghL

glk 325 yiUed> XaT einy cuhaT tirahdd> xU ngUk kjigig milAktiw
ntsigGjiyived nghUsid kJ nrYjjggbk GwgarNahL NeufNfhiLj njhlugy
myfufFk. nghUs ,aqfj njhlgFkNghd ,affemy cuhaT tir XaT einy
cuhaT tirad ngUk kjigsgtlr rwNw Fawthd kjigigg ngWk. NkYk ,aff
cuhaT tbHir xU khwh kjigigg ngwUggdld mJ nghUsid kJ nrYjjggLk
ntsigéw ©armar rhuejjyy vdgij endty nfthssTk

nghUs xdwid efujj vsjikahd Kiw vJI? mgnghUisj JsStjh? myyJd
- Oggjh?

nghUs xdiw ro Kjy gtiuapyhd xU Fwggll Nfh=zjjiy JsSkNghd> nghUsid

kJ nrYjjggLk Gwtiaria F guggwF , i zahf FsinqvdWk guggwFr nrgFjjhf F
cosq vdwWk ,U $WFshfg guffyhk. ,J glk 326 ,y fhllgglLssJ. nghusid kJ

nraygLk foNehffia nkhjj tiEr mg + Fcosq ,J nghUs kJ nraygLk nrgFjJ
uir myfufFk vdgejf fhiLfwd. ,qF nrqFjJj jJiiray vttgjkhd KLFFKkK
,yiy. vdN®t nghUsid kJ nraygLk nrgFjJduir.

Npush =mg+ Fcosq

nghnshdsw gNfth=zjjy JsSjy
,Jjd tisthf XaT eiy cuhatid ngUk kjigCk gdtUk rkdghbdgb mjfufFk
£ =m,N ., =m, (mg + F cosq)

rkdghL (3.30) yiUed nghUisj jsStjd %yk efujJtjww mjf ©wir NjitgglLk
vdgJd Gydhfwd.

nghUnshdaw Nfh=zjjiy ,LFFkNghd nghUsid kJ ehk nrYjJdk tirasd glk
327 ,y ThlbAssgb ,U $Wfshfg gufFyhk.

nghUsid kjhd nkhjj FONehfF ©ir

Npull =mg - F cosq
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nghUnshdaw g NfFh=zjjy ,Oj13Yy

rkdghL 331 yiUed nghUs kJ nrayglLk nrqFjJ tir Npu ,d Kjigé Npush ,d
kjioig ©tl FiwNt vdgij mwayhk. vdNt 329 kwWk 331 MfiatwwyUed xU
nghUis efujJtjwFj jsStij tl ,0OggNj csia to vdgd Gufwd.

cuhaTf Nfh=zk

nrgFjJ vju tir kwwk ngUk cuhaT ©ir (f™) Mfa ,u=zbd njhFgaDfFk
(R) nrgFjJ vjutbir (NJFFk , iINaahd Nfh=zk cuhaTf Nfh=k vdggLfiwd.

glk 328 yiUeJd njhFgad tiir

R= (™) +N?

max

tang=-
qN

cuhaTf NfFh=k

cuhaTj njhluGFsyyUed ™ =mNMF ,UFFkNghd nghUs rWFfj JtgFk
mjid FfofFfhzZzkhWk vO jyhk.

fngUkk
S =ms
N
rkdghL (3.32) kwWk (3.33) MfiatwwyUed XaTemy cuhaTwfhd F=Tk
m, =tanq

XaTeuny cuhatwfhd Fz=zfTk cuhaTf Nfhzjjd Thdn[dl (tang) kjiggwFr
rkkhf ,UFFk.

rWFFfNFfh=kk (Angle of repose)

glk 329 ,y TfhlbathW nghUnshdW rhajsgguggy atffgglLssJd.
,rrhajsgogugé FiEljjsjdld gNfhzjjiy cssJd. qgtd rwa KkKjocFSTF
rhajsjjiy itffgglLss nghUs efuhd. q tid kjgig gbggbahf cajjJk Nghd
xU Fwggll Kjggw rhajsjjiy @1tffggllss nghUs efujy njhlgFk
mFfFwggll Nfh=zNk rWFfFfNfh=k vdggLk. rhajsjjiy ntffgglLss nghUs
efuy njhlqgFk. mFfFwggll Nfh=Nk rWFFfNfh=k vdggLk. rhajsjjy
1tffgglLlss nghUs fiiljjsg gugGld rhajsk VwgLjJdk viNFhzjjy efuj
nghlgFfwNgh mfNFh=Nk rWFFfNfh=k vdggLk.

rWfF Nfh=k

nghUsidkd nrayglLk gyNtW tiarfisft fUJT Gtaugétiir mg 1 ,U $WFshfg
guffyhk. rhajsgguggwF ,Ei=zahd $W mg sing kwWk rhajsgguggwF vju
nrgFjjhd $W mg cosq MFk
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rhajsgguggwF , i zahfr nrayglLk Gtaugé tiairad $W (mg sing) nghUis
foNehffy efujj KawnfFk. rhajsgguggwF nrgFjjhfr nraygLk Gtiaugé tiirad
$W (mgcosq) nrqFjJI tir (N) 1 rkd nraAk
vdNt N=mgcosq
nghUs efuj njhlqFk Nghd> XaTemy cuhaT twir
f, = £™ =m mgcosq
,eJ XaTeuny cuhatild ngUkkjige gdtUk rkdghl s 1Ak eawT nraAk.
f™ =mgsing
rkdghL (3.36) 1(3.35) My tFFfffiilggd
m, =sinq/cosq = tanq
NkYk cuhaTfNfh=ztiuvarswayUed
tang=m,
,gF vdgJd cuhaT Nfh=zkhFk.
vdNt> rWFFfNfFhzKk cuhaTf NfhzKk xdWfnfhdW  rkkhFk. Mdhy

, twwwH i INaahd NtWghL vddntdy> rWFFfNFh=zjiaj rhajsgguggy KILNK
gadgLjjKbAk. Mdhy cuhaTfNfh=zjij vjifa guggYk gadgLjjyhk.

vLjIFTFhIL.

faljjsjdid 60° Nfh=zjjy rhaedss’ rhajsjjidkd m eiwAss nghUnshdW
1 tffgglLssJd. mgnghUs vdw KLFffjJdld fonehffir rWFH nrdwhy
mgnghUsid ,aff cuhaT F=zfjijf th=F

JuT

nghUs rhajsjjy rWffir nryYkNghd ,aff cuhaT VwgLfwd.

nghUsidkd foff=zl tirfs nraygLfidwd mit jsjjwkF nrqFjjhf nrayglLk.

nrgFjJ tir TfoNehffir nraygLk Gtiaugttiir kwWk jJsjjwkF , i=zahfr
nraygLk ,aff cuhaT tir

X mrRjjiiray
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mgsing - f, =ma
Mdhy a=g/2

mgsin60° - f, =mg /2

Ne

7mg— f,=mg/2

y-mrRjjiiray vttty ,affKk ,yiy. vdNt nrgFjJd tiir (N\p mG cos vdw
$Swdhy rkd nraagglLfwd.

mgcosq=N =mg/2

fe=mN=mmg/2

£/3-10

—, Mg
2,

rWfFf Nfh=jjid gadfs;

1. vWkGFas czthff nfhsSk FsshkGh (Antlion) vdggLk xU tifg Grnadk
k=zw guggy rW nW Fofis VwglLjjaUfFk. mfFoFs nryYk vWgG Nghdwit
Jaggr nryy Kbahd. Foad mbay fhjjUFfFk FsshkGrrp vWkgied clInfhsSk.
Fofsid rhaNfh=zk r'WfFT Nfh=j jJwFr rkkh¥ , UFFkgb Fofs
cuthffgglbUggij glk 330 ,y fh=yhk

Fsshk Grrfsidhy (antlions) cUthffgglbUfFk k=zwFofs

2. Foeijfs MutKIld tisahLk rWfFku thisahlL glk 331 ,y fhllgglLssJd.
rWwfF kujjid rhaNfh=zk mjd rWFFF Nfh=zjij tl mjfkhf cssNghd rWff
tvisahLtd RygkhFk. mNj Neujjry rWFFfNFh=zk kifTk mjifkhf ,Uejhy> rWFf
tisahLk Foenj kf mypf NefjJdld mbggugig milAk ,J FoenjfSTF cly
tyiia VwglLj jroLk.

rWwfFkuk
cUSk cuhaT (Rolling friction)

kdij ehfuf tsurnayy>y rffujjid ggF kfjjhdd. ga=g nglbfsid (Suitcases)
mbayy rffugfisg nghUjjr mtwaw Rked nryyhky ,0Oj3Jr nrytij (Rolling
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Suitcase) ehk mdwhl thotty ghufFfiNwhk. nghUnshdW guggy ,aqFfwd vdy
mbggi laay mgnghUs guggy rWfHAr nryfwd. Mdhy rffugfs cUStjd %yk
guggly ,aqFfidwd.

rffuk guggy ,agFkNghd> rffujjid vgGss) gugigj njhLFwNjh mgGss)
vgnghOJk XaTeiiyay ,UfFk. mjhtd rffujjwFk guggwFk , iINa vttgjkhd
rhugaffKk ,yiy. vdNt cuhaT tirAk kffFswT. mNj Neujjry nghUnshdW
guggdkd rffugfs ,dw nryYkNghd> nghUSTFk guggwFk , iINa xU rhugaffk
VwgLfwd. , jd tiisthf mjf cuhaTgir VwgLfwd. , Jgdhy nghUsiid efujJtJd
fbdkhFk. glk 332 cUSjyd cuhatwFk ,aff cuhatwFk css NtWghlalr
RIbF¥ fhiLfwd.

cUSjyd cuhaT kwWwk ,aff cuhaT

rwffyww cUSK ,affjjiy guggadj njhLkGss) XaTeiyay ,Uggd ,ylna
eiyay KkILNk rhjjiakhFk. Mdhy emlKiway mtthW ,Uggjiyiy. nghulfsd
nefioTjJ jduk (elasticc fhu=zkhf jJiumaj njhLkGss) rwNw jruayy mOjj)
kffFawthd cuhatisd VwgLjJdfwd. ,J glk333 ,y *ThllgglLssJd. vdNt
thfdjjd rffuyjwFk rhiyad guggwFkaINa cuhaTter VwgLfwd. , tTuhaD
,aff cuhait ©l kfTk tyiik FiwejJd MFk.

cuhaitf FiwfFk Kiwfs;
cuhaT enlKiw thofifay edik jJik ,uzilAk VwgLjIdfwd. ny

#oelnyfsy cuhaT kfTk mtriakhdjhFk. Cuhatid fhuzkhfjjhd ekkhy elff
Kbfwd. thfdgfsid rffugfSfFk rhiyad guggwFk , iINa VwgLk cuhaT

tirad fhuzkhfjjhd thfdgfshy ,aqgfKbfiwd.

rffujgal mikgGFsyy (braking systems) cuhaT kf KfhRag ggfhwWwifwd. ehk
KwgFjpiary fwwthW ,u=zL gugcFSTF , iINa rhugaffk efOkNghd mgF cuhaT
tir VwgLfwd.

njhowrhayfs)yy css fduf ,aejuqfsid gugéfs xdWld xdW rhugaffjjy
cssNghd cuhaT VwglL ntgg tbtyy Mwwy ,offggLfwd. ,jdhy fduf
,aejugfsd nray jwd Fiwed tLfwd. ,tthW VwgLk ,aff cuhatid
Fawgggwfhf caT vznzafs (lubricants) vtthW gadgLfidwd vdgij glk 334
tstFfwd.

caTl vznziag gadgLjj ,aff cuhatadf Fiwjjy

ged jhgfi mukgG (Ball bearings) ,aejugfsyy ,aff cuhastf Fiwggjly
ngUkggfhwwiidwd. ,J glk 335 ,y fhllgglLssd. ,u=zL gugGFSTF eLNt geJ
Jjhgfi mikgigg nghUjJdtjd %ykhft ,u=lLgugGfsid rhugaffk enmlngWk
Neutfs)yy ,aff cuhatyid KOtJkhf jLJI cUSjyid cuhaT kILNk ged jhgf
m 1 kggdhy VwgLfwJd. ehk KwgFjlaly fwwthW cUSjyid cuhaT> ,aff cuhait
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tl kff FiwT. vdNt ,aejuqfsid Njakhdjejf FiwjJd ged cUis mikgG
mtwiw ezl fhyjjwfF ,aqf stffwd.

gAlld kwWk FypyiNah thoej ThyFflljjly cuhaT tirahdd> Gtaugé tir
NghdwnjhU ,aws ¥ tir vdW ekggglld. Mdhy ,Ugjhk Elwwhzby mZffs
vyfluhdfs kwwWk GNuhllhdfs Nghdwtwiwg gwwa mwT> cuhaT tir gwwa
Gugaiy khwwaikjd. cuhaT tirahdd czikay rhgaffjjiyss ,u=zL
gugGfsid mZTfFSThi INaahd kdfhejtiirahfk. edF  €OtOgghffggll
gugGFSk KEzZz=zstyy (microscopic level) NkL gssgfisg ngwWssd. ,jid glk
3.36 sTFfwd.

ged jhgqfh mikgigg gadgLjj) ,aff cuhaitf Fiwjjy

cUgngUffggll gljjiy Jsqfsid ruw jdik
vLjITHIL:

nghUnshdW khwhjy piarNEFjJy finljjsg guggy ,aqFfdwd vdf fUJF. ntsyg
cwtisr mgnghUsid kJ nrayglL. mjid khwhy jpierNEfjjy ,affhdhy
mgnghUsid kJ nrayglLk njhFgad tirad Kjiggé vdd?

JuT

nghUs khwhy pierNtEfjjy ,aqFkNghd mgnghUsid KLFffk Ro. eAlldd
,uzZlhk tjiogb nghUsikkd vttjkhd njhFgad tiirAk nraygltiyyiy. ntsigéw
YirahdJd ,aff cuhatidhy rkd nraaggLfwd.

tll ,affjjid ,aff tiraay

KwgFjlary eAilldid tjfisg gadglLjji nghUlfsid NeufNfhiL ,affjij vethw
gFgghaT nratd vdW mwed nfh=NIhk. ,Nj NghdW eAlldd tjfis
tll,affjjwF vethw gadgLjjtJd vdwW mwed nfthstJk mtrakhFk.

vnddy tll ,affk ek thofifay jtuff Kbahj xdwhFk. Gwtiar nraygllhYk
myyJd nrayglhtillhYk xU nghUshdJd NehfNfhIL ,affjij Nkwnfhssyhk.
Mdhy nghUsidkd tiir nraygllhy kILNkK €l ,affjjwf gAlldd Kjy tj)
vdw xdW ,yry. mjhtd nghUsidkd tir nrayghlhky mgnghUsidhy tllI
,affjij Nkwnfhss ,ayhd. nghUsidkd nraygLk tiEr mgnghUsid
JiarNtfjaj %dw tofsyy khwwa i kfFFk.

1. parNefjjd gpiiria khwwhkNyNa mjd vzkjigig klLk khwwtd. ,eefoty
Jfs xNu jinray KLFfFjJdld ,aqFk

VLjIF flLfs
nrgFjjhftf fNo ©Ok nghUs> KLTTjJIld Neuhd rhiyay nryYk thfdk

2. jyarNtfjjid v=zkjigig (Ntfk) khwwhky mjd gpiarma klLk khwwtd. , €tthW
,agFk ,affij ehk ruhd tll ,affk vdW mioffiNwhk.

3. parNefjjid v=zkjigé (NEfk) kwWk jiar ,ttu=zbYk khwwk Vwglhhy €1 1kww
,affk VwgLk (Non circular motion) vLjJffhlLfs
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CQry> jdi Cry es tligghijay #haidr Rw tUk Nfhsfsid ,affk
Nghdwi t.

,ggutid rund €ll ,affk kwWk ruww tll ,affgfisg gw mwayhk.
i kaNehfF ©Qir:

JfnshdW ruhd tlligghi jasy Rww) tUKNghJ tllikaj ij NehffH tlhlgghijad
Muk toahf wkaNehfF KLFfk VwgLk. eAlldd ,u=zlhk wtjggbh KLFFk
Vwgllhy emyinkf Fwgghajijg nghUjJd JfsidkJ xU Yir nraygl Ntz=zLk
mtthW Jfsid kJ nraygLk thirNa mkaNehfF tiar vdgglLk.

myF 2 .,y ehk fwwgb> tllgghajay ,aqFk Jfsid kJ nraygbLk §kaNehfFk

KLTfk =Y MFk. ,KkKLTfk t€tllikajij Nehffir nraygLfwd. eAlldd
r
,uzlhk tijiggb> §1kaNehfF tiur

R, =60R=60"6.4"10°=384"10°m
,gF w§kaNehfF tir vdgjd nghUs> Jfs tllgghijay vqF ,UggDk mjd
KLffk vgNghdk Ekajij NehffiNa ,UfFk vdgijf Fwffwd.

mv? ..

ur
ntflu Fwalbd gb F¢ =- . r

rihd €11 ,afFjjwE Fop = -mwirf

ikajij NehffFf Fwffiwd. NkYk ,JINt iakaNehfF
,Jglk 338 ,y njsithft FwgglLf fhllgglLssJd.

1 kaNehfFoiar

ikaNehfFOIr Gtiaugé ©thir myyJd RUstiy tiir Nghdw xU ,awif tirayy
vdgij ,qF fTtdff Nt=zLk #wkajij Nehffir nraygbk xU tir vdNw
mi IffggLfwd. Gtiaugé ©ir fawd ,Otir cuhaT tir $Yk tir Nghdw
VNJDk xU tharNa mkaNehfF tmrahfr nrayglLfiwd.
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1. nkyyia fawwd xU Kiday flb RowwggLk ¥fyyd ,affjjy> Ffawwd
,OtiarNa i kaNehfF tiErahfr nraygLfwd. nghOJNghfFg Gqfhffsy
,affggLk ,uhlbdk Nghdw Rowrp ,affjjiy> ,uhlbdjujj jJhgfk ,UKGF
fkgfsid ,Otiir ikaNehfF tiria msffwd.

2. Gayidr Rww tUk nrawsff Nfhsd ,affjjiy> Gtp nrawai ¥F Nfhsid kJ
nrYjJdk Gtiaugc tirNa iakaNehfF wtirahfr nraygLfwd. nrawisffNfhs
,affjjwF eAlldd ,u=zlhk gjma fofhZkhW vOjyhk

mv?

F=0GtikugG ©ir = .

,gF r vdgd Gtiaad mkajjiyiled nrawi FiNfhs css njhiyT

Roy ,affg nghUsTs

m — vdgJd nrawi FiNfhsid eimw
v - vdgJd nrawi fF Nfhsid Ntfk

3. fhu xdw tlltbtgghijay nryYk Nghd> mkaNehfF tsrahdJd fhud laUfFk
rhayfFk , 1INa VwgLk cuhaT tiradhy VwgLfwd.

tll tbtgghijay nryYk fhu
,egfotwfhd gAlld ,u=zlhk tjiia FfofFfhZkhWw vOjhyk

mv?

cuhaT bir = .

m - vdgJd fThud ejmw

v - vdgd fhud Ntfk

r — vdgd ghijad tisT Muk

fhutisTg ghijay nryYk Nghdk mkaNehfF tirmag ngWwfwd. fhud laUfFk
rhayfFk , 1INa VwgLk cuhaT taradhy ,kikaNehfF tir VwgLfwd. ,3J glk
341 ,y fhllgglLssJ.

fhud laUfFk rhayfFk ,1lINa VwgLk cuhaT tiradhy VwgLk #§kaNehfF
gir

4, Nfhsfs #Hhaidr Rww tUkKkNghd mit #hadd iskajij Nehfhas xU
i kaNehfF tiriag ngWwfidwd. ,qF Nfhsfsd kjhd #hadid <ugé tip
i kaNehfF tiErahfr nraygLfwd. ,J glk 342,y fhllgglLssJ.

#hadid <ugé tiiradhy #hasdr RwwtUk Nfhsid kJ VwgLk mkaNehfF timr

,eegfotwfhd eAlldd ,u=zlhk tjpma gdtUkhW vOjyhk
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Nfhsfsid kJ #hadid <ugGtir =
[

vLjIFFhilL:

025 kg egiwAila fy xdwW Ffawwd Kiday FligglL 2ms' Ntfjjiy 3m
MuKsla ruhdtell ,affjij Nkwnfhsfwd. fyyid kJ nraygbLk ,Otirandf
f=zLgb

JuT:

vLjITIL

eyh GCtanrd tlligghijfF xjjJ xU ghaijay 273 ehlfs)yy KOirkahfr Rww
tUfwd. Ggaxd Muk 64x10° m vdy eyhtid kJ nrayglLk ikaNehfF KLFFjiajf
Tth=T.

JuT

2

i kaNehfFFKLFfk a = ,F rkdghL ntsiggilahfNt eytid Ntjijr rhuejJd.

r
,eJ Ntfjnj Ff=fiLtd RwWF TFfbdkhFk. vdNt ehk gdtUk rkdghlbidg
gadgL jjyhk.

WR, =a,
,qF a, vdgd Guad <ugé tiraydhy> elyh ngWk Eka NehfF KLFFkhFk.

w vdgd Nfh=zj JierNtfk

R, vdgd GuaylUed eyh tiu css njhiyT. ,J Gaud Mujirjg NghdW 60
klgfhFk.

R, =60R=60"6.4"10°=384"10°m

ehkwe gb Nfh=zj perNtfk W=$

NkYk T =27.3 ehlfs =27.3x24x60x60
=2.358 x 106s

,kkjigGFis KLFFfr rkdghlby gujjaiLk Nghd a_ =w'R_
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(4p?)(384710°)
(2.358710°)

=0.00272ms ™

Goiia Nehffi eyhtid ikaNehfF KLFFfk 0.00272ms®

ry rkkhd tlhlr, rhiyay nryYk thfdk

thfdnkhdW tisTgghijay nryYk Nghd mtthfdjjd kJI 1 kaNehfF tir
nraygLfwd. thfdjjd lau kwwk rhiyad NkwgugG ,twwwhislINaahd cuhaT

tirad fThu=zkhf ,kikaNehfFtgir VwgLfwd. m enwArla thfdnkhdW r

MuKrla tllitbtg ghijay v Ntfjjy ,agFfwd vdy mtthfdjjd kJ %dw
tirfs nraygLfidwd. mit glk 334 ,y fhllgglLssd.

1) foNehffir nraygLk Gtiugétiar (mg)

2) Nky Nehffir nraygLk nrgFjJtior N

3) Rhiyad Hiljjsg guggd toNa csNehffir nrayglLk cuhaT tiar (Fs)
rhiy fuljjskhf ,Uggd> nrgFjJd tirAk Gtiaugé tirAk xdwWfnfhdW rkk
kwWk vjinuguh® ,UfFk. thfdjjd laUfFk rhiyad guggwFk , §lINa VwgLk

cuhaT tiEr Njitahd ikaNehfF t©irma mgffwd. ,kikaNehfF ©ir
tlirrhiyad ikajij Nehffir nraygLfwd.

ruy rkkhd tllgghijay nryYk thfdjjid kJ nraygLk ©irfs

ehk KwgFjiavy fwwgb> emy cuhaTtiir Ro Kjy ngUk kjigé thar tiu vej
kjigigAk ngwyhk. vdNt

,qF ,u=zL egejidfs rhjjpakhfiwd:

a. thfdk rWffhky tistjwfhd

2
egejd mv £m.mg,
r

2
myyJ ms3\r/—g myyJd m.rg 3v

(ghJdfhgght tisjjy)

tisTrrhiyay thfdk tistjwFj Njitahd mkNehfF tirma eiy cuhaT
nfhLffwJd. vdNt thfdjjid lau kwWk rhiyad gugG ,twwwhinrlNaahd einy
cuhaTf Fz=zfk thfdk rWffhky tisTgghijay tistjwfhd ngUKNEFjij
euzaffwd.

b. thfdk rWFFtjwfhd egejid
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2 2

>mmg, myyJ m, < v (rWfFjy)
rg

thfdk tistjwFj Njitahd mkaNehfF tioria eiy cuhaTtuiradhy nfhLfF
,aytyiy vdy thfdk rWFfj njhlgFk

vLjIFFnlL:

Muk 10 m kwWk eumy cuhaTf F=zfk 081 nth=l rurkkhd tlltbtr rhiy
xdiwf FUIF mrrhiyad %dw fhufs (AB kwwk C) KiwNa 7 ms> 8 msb 10
ms* NtFjjiy nryfidwd. ,twWs vej fhu tll tbtrrhiyay nryYk Nghd rWff
YOk? (g=10 ms?)

JuT

ru rkkhd tlhirrhiyay nryYk thfdk rWffhky ,Uffj NJrtahd egejid
thfdjjd Nefk (v) ,d kjigé Jmrg 1 t©lf FiwthfNth myyJd rkkhfNth ,UFF
Nt=Lk.

vE . /mrg

Jm,rg =+/0.81710710 =9ms™

c. fhuidg nghUjjtiau mrg ,d kjigGfhud Nefk v I ©lf FiwT. fhu A kwwk
B ,u=zLk ghdfhgght tisAk Mdhy fhu C ,d Ntfk euzaffggll Ntfjij w©l
(Jmrg ) mjiFkhf cssjhy mJ rWfh gLk

ntstiskG caujjggll rhiay

rurkknd tllr rhiyay thfdqfs rWffi tigjIdfFsshtd rhiyg guggd emy
cuhaTf F=fjij rhuvepjuffwd. ,ej ey cuhaTf F=Tjjid ngUk kjigG guggd
jduknmar rhuejjhFk. , jd fhu=zkhf thfdgfSTF VwgLk tigjjindj jLggIdwfhfr
rhiyad ntstiskG cltw tiskig tl rwNw caujjr miakffgghlbUFfFk. , JwF
ntsitiskkG caujjggll rhay (banking of tracks) vdW ngau. ntstsike
caujjgglbUggjhy ,J xU rhajsk NghdW mikAk. fisljjsg gqugGld ,ejr
rhajsk VwgLjJk Nfh=zk nts) tisikkGF Nfh=zk (banking angle) vdggLk.

thfdgfs rWFfFtijj jtuggjwfhf ntstisikkG rwNw cauj jgglbUFFK rhiy
finljjsjdldg NFh=zj iy css rhiyad gugaigf FUJF nrqFjJdtuir nrqFjJ
mrRId ,NJ qNfh=zjij VwgLjJIk ,rrhaiyay nryYk fThu xdW tisAkNghJd
mjd kJ ,u=zL twirfs nrayglLk.

m. FoNehfHir nraygLk Gtiaugé ©har (mg)

M. rhiyad guggwFr nrgFjjhfr nraygLk nrgFjJ tiar (N)
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nrgFjJd tiir N 1 ,u=zL $Wfshfg guffyhk. , 8t N cosgkwwk N sing MFKk.
, 1t glk 344 ,y ThllgglLssd. N cosq $W> ToNehffir nraygLk GtiaugG
yiria (mg) rkd nrafwd. N sing $W Njitahd ikaNehfF wtiriaf
nfhLFFwJ.

gAlldd ,uzlhk jinag gadglLjj gdtUk rkdghLfis mikffyhk
N cosg = mg

2

Nsinq=mv

2

,ttU rkdghLfisAk tUFFk NghJ tang=-— vdf fi IfFk
rg

v=,/rgtang

nts| tiskGF Nfh=zk kwWk rhayad tisT Muk (r) ,ttu=zlLk tisTr rhiyay

ghdfhgght thfdgfas ,aff Nt=zba Ntfjij (v) jukhdiffidwd. thfdk xdwd
Ntfk euzaffggll Nefjajoul mjf Nefjjiy nryYk Nghd rhiyad
ntsigewjaj NehfH rwffj njhlgFk. Mdhy cuhaT t©ir nrayglL $Ljy
it kaNehfF tiiraadf nfhLjJ ntsigewr rWFFjiyj jJLFFk. mNj Neujjiry fhud
Ntfk euzaffggll Ntfjij t©l Fiwthf ,Uggd fThu clGwjij nrayglL
ikaNehfF wtirmiaf Fiwjd clgwjij Nehffh rWwfFtijj JLFFk ,UggDk
fhud Ntfk kf mjifk vdyy cuhaT tiradhy fhu rwFFtijj jJLFF Kbahd.

vLjIFFhiIL

20 m MuKila tlirrhiyiaf TUJFf mjd ntstiskGF Nfh=zk 15° vdf.
mrrhiyay nryYk thfdk eOty tiohky ghJdfhgghf tistjwFj Njitahd
NEjijf fh=F.

JuT

v=,/(rgtanq) = V207 9.8 tan15°
=42079.870.26 =7.1ms™

rWwff) tohky ghdfhgghft tistjwFj Njitahd Ntdk =7.1ms1

ikatyyfF ©ir

til ,affjij ,UNEtW Fwgghaqfisg nghUjJd MaT nraayhk. mtwWs xdwW
e iykf FwgghakhFk. ,fFwgghak XaTeiy myyJd ruhd ,affeiy ,twWs
VWNJDk xU egmyay ,UfFk. ,qF ,affjjiy css nghUlfs eAlldd ,aff
tujyfSTtrFk flLgglL ,aqFk kwnwhU Fwgghak KLffkilfidw eiykkww
Fwgghakhd Rowrf FwgghakhFk. (rotational frames). il ,affjjid ,ttU
Fwgghagfisg nghUjJd ntetNtw FTz=zNzhlljjry MaT nraayhk. Rowrf
Fwgghaj iy eAlldd Kjy tjp kwwk ,u=zlhk tjiag gadgLjJdk Nghd xU
Nghyiahd tiErma (Pseudo force) NrugJdf TUjJ Nt=Lk ,ejg Nghylahd tirNa
ikatiyfF tirahFk ,jjifa ikatyfF tir Rownff Fwgghajijg nghUjJ
nghUsid kJ nraygLk wskatiyfF tirasdg Gued nfhss fToff=zl tistfk
ngudk Ji= GuAk.
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nkyyia fawwd xU Kiday fllgglL Rowrp ,affjij NkwnfthsSk fy xdawfF
TUINthk. XaTemyayYss eunykf Fwgghajijg nghUgJ fyyid Nfh=zj jisrNtfk
w vdf. w Nfh=zj parNefjjyy fyYIld Nrued Rownp ,affjjiYyss kwnwhU
Fwgghaj jiyived fyyiidg ghuFFkNghd mfFy XaTeiyay ,Uggd Nghdw
NjhdwWk

Rowrf Fwgghajijg nghUjd> tlhlakajij Nehffir nraygbLk mkNehfF t)irahd
-mw’r cld® mjwFr rkkhd vjupirayy ntsNehffir nrayglk +mw’r vdw tiir
fyyd kJ nraygLfwJd. vdNt Rowfy ,affjjiYss Fwgghajijg nghujd fyyd

kJ nraygLk njhFgad tjir RoahFk vdgij ,J fhlLfwd. (-mw’r +mw’r =0)
,gF ntsiNehffir nraygLk +mw’r tirfF ikatyyfF tir vdw ngau.

tkagyfF vdgjd nghUs 1wkajij tlL ntsgNehffir nraygbtJd vdgjhFk.
Rowrff Fwgghajijg nghUjd fTyyd Rownp ,affjij MaT nraAkNghd KkILk
tkagyyftF ©ir fyyid kJ nraygLtjhfy NjhdWk. ,Fffhu=zjjdhy tir vdw
m i offNwhk. ,gNghy)ahd tir vej %yjjyUedk NjhdWtjysy (Et has
origin). ,qF Nghy; ©ar Njhdwegjwfhd fhu=zk ehk fUJk Rowrp Fwgghak xU
e i ykkww Fwgghak vdgjhNy MFk.

enykf Fwgghajijg nghUjd Ffyyd Rowrp ,affjij MaT nraAkNghd
i kaNehfF tir KILNk nraygLk ,kikaNehfF tiar fy FfllgglbUfFk nkyya
fawwd ,Otirahy ngwggLfwJd. Rowry; Fwgghajij nghUjJ Rowr; ,afff
fzfFfisj) jJuT nraa tiauaggbk jdijj nghUsid tiargglgfsy glk 345 ,y
cssthW rkatyfF tiar f=bgghff fhllggl Nt=Lk

ikatyyfF twirAld tiuaggll jdijj nghUsid tiargglk

ika vyfF girad YisTfs

ikatyyfF tir xU Nghyilahd tirahft ,UggDk mjd tiisTfs cz=ikahFk.
fhu xdW tisTgghijay  JiUkGkNghd> fhud <csNs mkuejiUggtu xU
ntsigéwtiiria czuthu mttir mtiu ntsiNehffj JsSk. ,tntsiNehfha
girsaAk skatyfF tir vd\w muaoffyhk fhud ,UFiffFk mkuejiUTFk
egUFfFk ,1lINa css Nghd khd cuhaTtier ,Uejhy mtu ntsiNa jJssgglLtd
Jtuffg gLfwd.

NeufFNfhlLg ghmjayy nrdW nfhzbUFfFk fhu xdW jiBnudW jdghijayUed
ti1sAkNghd> fhud csNs emyahfg nghUjjgglhy nghUs> jimrayy eiykg g=zgd
(Inertia of direction) fhu=zkh¥ NeufNfhlLg ghia jalNyNa njhlued ,aqf KawrfFk.

katyyfF tirad ©isT

,ttaffjuj enykf FwgghajjiyiUed ghufFFk Nghd glk346 ,y ThlbAssthW
NeuNfhIL ,affkhjj njhAk. Mdhy Rowrif Fwgghaj jiyilled ghufFkNghd ,affk
ntsiNehffr nrytJd NghdW Njhdwk.

RoYk Nkmlayy edW nfhz=zbUfFk egu ntsigbw skatyfF tiria cz=zuthhu.
,jd Thu=zkhf NkilayUed mtu ntsNa Jssggl thagét mjyfk. edw
nfthzbUfFk egUfFk NkilfFkhd cuhaTtir ntsiNehffj jJssgglk tarayadr
rkd nraag Nghdkhdjyy. ,jidj jJtuggjwfhf Nkilad ntsigbw tskG rwNw
NkyNehtf caujjgglbUfFk. ,t cauT edW nfh=zbUfFk egud k3 xU nrgFjJ
giarsar nrYjj mtu ntsNa ©gOtijj jJLFFk. ,J glk 347 ,y fhllgglLssJd.
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Gtiayd Rownahy, VwgLk mkatyyfF ©ir

Goaid xU enykfF Fwgghakhff fUjidhYk c=zikay mtthW ,yiy. Gt wvdw
NFh=zj JpiearNefjj)y jd mrnidg nghUjJd  jdiadjjhNd  Rww tUFw.
GtigguggYss vej xU nghUSk (Rowrnf Fwgghajjiy css nghUus) mkatyfF
tiria czUk ,kikatiyfF tir Roy mrrnyUed kifr rhahf vju jaray
nraygLtjhfjy NjhdWk. ,3J glk 348 ,y fThllgglLssJ

Gtigguggy edW nfh=zbUFFk kdijud ikatiyyfF tir F, =mw’r

»,gF r vdgd Roy mrrwFk kdiyDfFk ,1lNa css nrgFjJj njhayT. glk 348
,Y ThllgglLss nrghth=z KfNfh=z]jiyiUed nghiyT r= Rcosq.

,qF R vdgJd Gtad Muk.

NkYk qvdgd kdjd edW nfthz=zbUfFk Gssjaly Gtiasd FWFFT NFhL (latitude)
MFk.

vLjITFrIL

nrdidayYss 60 kg eiwAila kdjjud kJ nraygLk skatyfF tyiriaf fh=f
(nfFhLFFggllat: nrdiday FWFFF NfhL g=13°)

T

ikatyfF tir F, =mw’ Rcosq

Gtiasd Nfh=j JiarNtfk (w) :%I'_p
»,gF T vdgJd Gtiasd muyT Neuk (24 k=ziNeuk)

W= 2p _ 2p
24760760 86400
=7.268 10°rad sec™

Gtaxd Muk R = 6400 km =6400x103m

nrdidad FWFF NfhL (Latitude) =13°

F, =607 (7.268710°)°~ 6400~ 10°

“cos(13°) =1.9678N
60 kg eawArla kdjnuhUtu c=zUk iwkatiyfFtir Njhuakhft 2 eAlldhFk.
Mdhy Gtiasd <ugG twiraxd fthu=zkhf 60 kg eliwAr la mkkdjju c=zUk ©wir =mg
=60x9.8=588N. ,ej wiriatyfF tiria tul kf mjfk

i kaNehfF ©ir kwwk ikatyyfF ©ir - Xu xggL:
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i kaNehfF t©ir kwwk mkatyfF tiir Mfatwy rwgcF $WFs mllti=z 34

.Y XgglLf fhllgglLssd.

1 kaNehfF tir kwwk mkatyfF tiir ,twd rwgcF $WTs

1 kaNehfFtiar

ikatyyfFuimr

Gaugttier
nrqFjJunr
nghUsid kJ
tirahFk

fkgad ,Otinr
Nghdw  Gstiarfsidhy
nryYjjggLk cz=zik

»J Nghyjahd myyJ
tirahFk ,thir GtaugG
,Otuir nrqFjJJ t©ir Nghdw
tirfsidhy Njhdwhd.

nghaahd
ip
Gw

enyk kwwWk enmyk kww
,UZbYK ,tgir nrayglLk

Fwgghaqgfs»

e nykkww RoYk Fwgghagfslyy KkILNk
, EQir nrayglLk

Roy mrrad NehfHir
tllgghij ,affjjy
itkajij NehtH nraygLk

,  mv?
= mw’r = —

nrayglLk
tlijjd

Roy mrnyiUed ntsiNehffir nrayglLk.
NkYk €1l ,affjjiy tllikajjylUed

Muj Jid toNa ntsiNehffr nraygLk

mv?

— 20 —
F. —mwr—T

F
r
,J xU cz i1 kahd

HiIsTFSK czikahdit

Tur. ,jd

»J xU Nghyrtiar.
tisTfs czikahdit

Mdhy ,jd

CcWwNt
tirfF

,uzL nghulfSthiINaahd

(interation) 1 kaNehfTF
mbgg s laht mia kfwJ

XU nghUsid eiykj jdirkNa (inertial
property) 1katyyfF tirfF
mbgg s laht m 1 kfiwJ. ,EUmr
nghUlfSThia INaahd cwthy
(interaction) NyhdwhJ.

e nykf Fwgghak  xdwy
nghUsid eiyk ,affk jha>
Fwgghaj jiy 1katyfF
NjhdWHwd.

,agFk
RowrF
tiarahfj

JjdijjnghUsid
i kaNehfF

Fwgghaj jiy
Tt 1UuAKNghd>
1a Fwggl Nt=Lk.

enykft Fwgghajjry wmkatyfF tir

, Y1y RoYk Fwgghajjy> #1kaNehfF
tir kwk wskatyfFtir ,uzilAk
jdigj nghUsid wirggljjry Fwggl
Nt=Lk.
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NETy> Mwwy, kwWk jwd,
(Work, Energy and Power)

mwKFfk

mdwhl thotyy Ntiay vdw nrhy gyjuggll juz=zqfslyy gadgljjgglLfiwd.
,J cly rhuej Ntiy kwWk kdk rhuey Ntiy MHha ,uzilAk FwfFk
czikay vej xU nrayghLk nghdthf Ntiy vdNw miuoffggLk. Mdhy
,awgayly Ntiy vdw nrhy Jdyyakhd tivaiwiaf nfhzlss xU ,ay
msthff fUjggLfwd. XU nghUsid kJ nraygLjjoggll thir mjad , Ikngaur
nrajhy wtiradhy Ntiy nraaggLbfwd. Ntiy nratjwfhd jwd Mwwy vd
tivaWffggLfwd. vdNt NtiayAk MwwYk Xxjj ogukh=zjijg ngwWssd.
,awgayly Mwwyhdd ,aeju Mwwy> kd Mwwy> ntgg Mwwy> mZFFU Mwwy
Nghdw gyNtW tbtgfsyy c<cssd. gy ,aejuqfs xU tifahd Mwwiy
vLJIfnth=L NtW tifahd Mwwiy ntsigglLjJdfidwd. ,gghlg gFjiasy Kffakhf
,aeju Mwwyd ,U tif Mwwyfshd ,aff Mwwy kwWk eiy Mwwy
MfiatwawF fTh=zNghk. mLjJ tthjffggl ,Uggd Ntiy nraAk tjk myyJ
Mwwy ntsjallggbk tjk MFk. Ntiy nraaggbk tjk jwd vdggLk. fufnfl
tisahlby xU rfjthaey mb vdgJd klslahy genj Ntfkhf mbggn jf Fwifwj.
,€Jg ghlggFjlahdd Ntiy> Mwwy kwWk jwd Mfia %dW ,ay msTfs kwWk
mtwwd KffajJdtk Fwjj XU eyy Gujiy tsufFk Nehffjijf nfh=zLssJ.

Ntay (Work)

xU nghUsid kJ nrayglLk Il: vdw tar mjid dlrvdw , Igngaurr VwgLj ji
efug Itjhff FUINthk.

fzjjtaydgb> nghUsid kJ tiradhy nraaggll Ntiy (W) gdtUkhW
vOjggLfwd.

W:l':.dr

viaradhy nraaggll Ntiy

,qF Ilzdlr ,d ngUffygyd xU JNfyu ngUffy myyJd Gssig ngUffy
MFk. ,U ntflufsid JNfyu ngUffy gyd xU JNFfyu KjigghFk. (gFjr 251 IFf
fh=F). vdNt nraaggll Ntiy xU JNfyu msthFk. ,J vzkjigrg KILK

ngwssJd kwWk jppiirawwd. SI myF Kiway nraaggll Ntiyad myF N m
myyJd [y () MFk. mjd gukh=z thagghL [ML2T-?] MFk.

| W=Fdrcosq |

ul
(a.b =abCOSQvdgjhy). ,qF qvdgJd nghUsid kJ nrayglLjjggll tiarfFk
mejgnghUsid , IgngaurrfFk , iINa css Nfh=zkhFk.

u 1
vyiradhy nraaggll Ntiy vdgd wir (F) ,lIgngaurnn (dr) kwwk
mtwwwi i INa css Nfhizk gMfiatwiw rhuejJd.

fof=zl NeuTfsyy nraaggll Ntiy RoahFk.
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(i) ©ir RoahFk Nghd (F=0)

cjhuzkh cuhatww xU Hiljjsg guggy khwh jiearNtfjjy efUk (cuhaT
,YYhjjhy) xUnghUs njhlued ,aqgfif nfh=zNl ,UfFk (,J xU ,ylna (ideal)
#Hoeuy)

(i) , lgngaurn Ro@ahFk NghJ (dr =0)

cjhu=zkhf Jilkhf css xU Rtud kJ t©ir nrYjjggllhy tiirahdJd vej
>, IgngaurrnmaAk VwgLjjhJ.

(i) garAk , IgngaurrAk xdWfnthdW nrgFjjhf cssNghd (g=90°).
XU nghUshdJd Hiljjsj jJimray efUkNghd Gtaugétiar (mg) nghUsid kJ
Ntiy VIK nraahd> Vnddyy mJd , IgngaurrnfF nrqFjjhf nrayglLfiwd.

tll ,affjjiy css nghUsidkd nraygLk wkaNehfF tharahdd Ntiy
VJk nraahd. Vnddyy mJ vgNghdk , IgngaurrnfF nrgFjjhf cssJ.

nfhLffggll w©wir (F) kwWk ,lIgngaurrn (dr) fF njhFjJssthw
mtwwwh i INa css Nfh=zkg MdJ nraaggll Ntiyad kjgig KbT nrafwd.

tiradhy nraaggLk vjufFw NtayfF gy cjhuzqfs cssd. fhyged
tisahlby> tuu (Goal keeper) mtiu Nehffi tUk geij xU tiriar nrYjJjig
gbffwhu. mttiarahdd gejid ,affjjwF vjupiray ged mtud i1ffsy
XaTenyfF tUk tiu nrYjjggLfiwd. armar nrYjJk Neujjry mtu gejidkd
\#'VpuNthli(y nrafwhu. ,ejg ghlggFjlasy NkYk gy vjuNtayffhd #oenyfs gww
gNghk.

vLjIFFhIL

xU nglb 25 N wiradhy 15 m ,lIgngaurr VwgLkhW
,OffggLfwd. ©irfFk ,IgngaurnfFk ,1lINa css Nfh=zk 30° vdy
tiradhy nraaggll Ntiysaf fh=T.

Jut
©ir F=25N
» Igngaurn dr=15m
Fkwwk dr , 1INa css Nfhzk g=30° nraagghl Ntay W=Fdr

Cos (

V3

W=25><15><C0330°:25><15><7
W =324.76 )

Nfh=zk (q) kwwk Ntiyadik jdik

Nfh=k (q) cosq NEly

q=0° 1 NeufFwp ngUkk

0<qg<90° 0<cosqg<1 NeufFw
(FWNFh=K)

q=90° (nrgNfh=K) 0 Roj

90°<( < 180° -1<cosq<0 JufFw
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‘ q:1800 -1 VijfFVVD> ngUkk

khwh ©iraydhy nraaggll Ntiy

xU nghUsid kJ F vdw khwh tyir nraygLkNghd tiradhy dr vdw nw
, Igngaurnia VwgLjjr nraaggll rw Ntay dWFFfhd njhluG

dW= (F cosq) dr

nghlfF eny i Kjy ,Wj; emy rr tou ,Igngaurry VwgLjj nraagglLk
nkhjj Ntiy

W:(‘)rrf (F cosq)dr =(F cosq)(‘)rrf dr

= (F cosg)(r; - 1)

fo css gugG khwhj tEraxdhy nraaggll Ntayiraf FwffwJd

khwhj tharadhy nraaggll Ntiy

vLjITFIL

egiwAss xU nghUs 5 m caujjiy ,Ued jJiuvay t©Ofwd.
Giaugé tiradhy nghUsidkd nraaggll Ntiy vdd? (fhwwd julmag
GwFf=zFfTk Gtiaugé KLffk g=10ms? vdf nfhs¥T).

JuT
| ,eNeutty nghUsid kJ nraygLk tiir fo Nehffla Gtiaugé timr
mg MFk.,J khwh twarahFk.

Gtiaugéc trradhy nraaggll Ntiy
"W I
W=gFdr
n
Tor
W =(cosqgdr =(mg.cosq)(r; -1,)

h
NkYk nghUshdJd gljjiy TthlbAssthw foNehffla Gtiaugé ©iraud

F mg Jiiray efUufiwd. vdNt mtwwwhis INa css Nfh=zk qg= 0°
cos0° =1 kwWk , Igngaurr) (ri-ri) =5m
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W=mg(rf _r1)
W=2xfx5=F

vdNt nghUsid kJ nraygLk GtiaugéG tiiraidhy nraaggll Ntiy
NeuFFw kjigagg ngWwfwd.

vLjITFiIL

gljjgry ThlbAssthW eiw m = 1lkg nfh=l xU nghUs (=
30°rhaTfNfh=zk nfh=zl 10m esKss cuhatw Jsjjiy NkyiUed
foNehffir r'WwFFfwJd. GtiaugéG twir kwWk nrgFjJ tiradhy nghUsd
kJ nraaggll Ntiymaf f=ffLf GuaugéG KLFfk (g) = 10 ms? vdf
TUJT.

JuT:

rhaTjjsjy nghUs mielAk KLFfFk g¢gsing vd Keirja
ghlggFjlasy f=zfHRlILsNshk.

eAlldd ,u=zlhk tjggb> rhaTjjsjjy nghUsidkd nrayglLk
tir F = mg sing. ,ej tirahdd nghUsid ,affk KOtJk khwhJd
vdgij mwaTk.

GiaugéG tirad rhaTjjsjjd FHiljjst Bwdhy (mgsin q)
nraaggll Ntiy

W = E.d'r: Fdrcosf

,gFfvdgd tir (mg sing) kwWk nghUs nryYk jiarfFk (dr)
, 1INa css NfhzkhFk. ,eNeutyy» tiir (mg sinq) kwWk , Igngaurn
dr Mfilait xNu jiiray cssd. vdNt f=0°kwWk cos f=1

W =F dr=(mgsind) (dr)
(dr=rhajsjjid esk)

W=1" 10 “sin(30°) ~ 10=100'%=50J

mg cosqvdw $W kwWk nrgFjJ tir N Mflait nghUs nryYk
JiirfFr nrgFjjhf cssjhy mit vej NtiyAk nraahd.

vLjITFhIL

NkyNehtH vwaggll 2kg e iwAss xU nghUs 5m caujij miled
gddu jivazy ted ©Ofwd (Fwwjjalmag GwFFzffTk) vdy
gdtutdtwaw f=TFfLT

(@ nghUs 5 m caugij milAkNghd GtiaugG tiirahy nraaggll
Ny
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(b) nghUs k=zLk jruma milAkNghd GtiaugéG tiarahy nraaggll
NEry

(c) GraugG wiraxdhy NkyNehffia kwWk foNehffla ,affjjy
nraaggll nkhjjNtiy kwk Kbtid ,awgay Kffajdtjiujf
FwgglLT.

JuT
nghUs NkyNehffir nryYkNghd , Igngaurrn NkyNehffla jJiiraYk

nghUsid kJ nraygLk GtiaugéG tar FfoNehffia jiiraYk nrayglLfidwd.
vdNt , IgngaurnfFk Gtiaugé ©arfFk , 1INa css Nfh=zk 180° MFk.

(a) Nky Nehffia ,affjjy Gtiaugé twiradhy nraaggll Ntiy
,gF dr=5m kwWk F=mg
W, =Fdr cosq = mgdr cos180°
W,,, =271075" (-1) = -100 joule.

[c0s180° = -1]

(b) nghUs TFToNehff) ©)OkNghd Gtiaugé twir kwWk , Igngaurr; ,u=zLk
xXNu  jinray cssd. ,jd %yk GtaugG tirfFk
, IghgaurnfFk , 1INa css Nfh=zk g =0°vd mwayhk.

W;, = FdrcosQ°

W,, =271075" (1) =100 joule
[cos0° =1]

(c) nghUsd KO gazjjd Nghd (NkyNehffia kwWk Fo Nehffa
,affk) GthahgG twaradhy nraaggll nkhjj Ntiy

W ki = Wiyt W,

=-100J +100J =0

GtiahgG tarahdJd nghUswkF vttty MwwiyAk khwwtyysy vdgij ,J
FwffwJd. nghUs NkyNehffi wvwaggLkNghd GwFfhu=zifshy nghUSTF
Mwwy msiFfggLfiwd. nghUs jJiUkg ted jirualy NkhJkNghd nghUs ngww
MwwyhdJ GtigguggwF khwwggLfwd (J ivaiDs nryfiwJd)

vLjIFTFlL:
(a) xU gS J}fFgth 250 kg ejiwia 5000 N ttirahy 5m caujjwF J}FFfwhh,

(a) gSJIfFFgtuhy nraaggll Ntiy vdd?
(b) GtiahgG tarahy nraaggll Ntiy vdd?
(c) nghUsid kJ nraaggll efu Ntiy vdd?
JhT:
a. gSJIJfFgth eiwiaj J}IfFkNghd tarAk , IgngahrriAk xNu jisrayy cssjhy
mtwwwii i INa css Nfhzk ¢g=0°vdNt gSJ}fFgtuhy nraaggll Ntiy.
W, 35 = Fwhcos 6 = Fwh(cos 0°)
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=5000 x 5 x (1) =25000J =25 kJ

(b)gSI}fFgth eiwiaj J}FFkNghJ GtahgGuir FfoNehTf
nraygLtjhy TirAk , 1gngahrrnAk Vjinujh Jiiray
cssd. vdNt mtwwwfii INa css Nfh=k 6=180°
W, = Fghcos 6 = mgh (cos 180°)
=250 x 10 x 5 (-1)
=-12500J=-12.5kJ

(c) nghUsid kJ nraaggll efu Ntiay (nkhjj Ntry)
Weri = Wy 5+ W,
=25kJj-125k]l=+125Kk]

khwgLk tiaradhy nraaggll Ntiy

khwgLk tir (F) xdwd $W xU nghUsid kJ nraygLk Nghd dr vdw nw
, Igngahrrnia vwgLjj tinradhy nraaggll rWw Ntry (dw) ffhd njhlhG
dw = (F cos) dr
(F cos ovdgJF vdw khWk tiirad $W MFK)
,gPF kwwk oOMfiait khwfs MFKk. njhlff giy riKjy ,Wjeidy rtiu
, Ilgngahrr) VwgLjj nraaggll nkhjj Ntiay

It It

W = (dW =3 Fcosqdr

khWwgLk tpirapdhiy nreilaggll Ntiy tiuglk %yk fh=zgffgglLssJd. tiaugljjid

fo css gugGé khwk tiraydhy nraaggll Ntiyraf Fwiffwd.
vLjIFFhlL:

nghiffjjiy xatly css xU nghUsid kJ F = kx?2 vdw khWk t©ir nraygLfwd.
nghUshdd x =0 m Kjy x =4m tiu ,lIgngahrrn mila tiradhy nraaggll
Ntiyiaf f=zFfLF (khwy) k=1 N m2 vdfFfUJIT)
JhT:
nraaggll Ntiy
i .. _64
W= F(x)dx =kqx dx:?Nm
X; 0

Mwwy, (ENERGY):
Mwwy vdgd Ntiy nraAk jwikNa MFk. mjhtd nraaggll Ntiy vdgJd
Mwwyid nrayghNl MFk. mjdhy jhd Ntiy kwWk Mwwy ,uzLk XxNu
ghkhzj i jf nfh=zLssd(ML?T?).

NtEry U Mwwy
Mwwyid Kfflakhd mkrk ahnjdyy xU jdijj miaikggwF midjJd tiaf Mwwyfsid
$Ljy> mjhtd nkhjj Mwwy vejr nrayghlbYk vttifahd mfkhwwgqfs
VwgllhYk khwhky ,UfFk. ,jd nghUshdJd xU tbtyy kiwAk Mwwy kwnwhU
thty ntsiggLk. ,INt Mwwy khwh €ty vdggLk. ,gghlggFjiasy ehk ,aeju
Mwwy gww kILk FwgNghk.

,eju Mwy ,U tirfgglLk

1. ,aff Mwwy
2. eliy Mwwy
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XU nghUs jdJd ,affjjdhy nfh=zLss Mwwy ,aff Mwwy vdggLk. xU nghUs
JdJ enygghlbdhy nfh=zlLss Mwwy eiy Mwwy MFk.

Mwwyid SI myfhdJ nraaggll Ntiyad myNf MFkmjhtd N m (myyd) L[y
(J). Mwwyid ghhkh=zk nraaggll Ntiyad ghkh=zNk MFk. mjd ghkh=zk (ML?2T?)
MFk. Mwwyid NtW myFfs kwWk mtwwd SI KjogGfs mllti=z .,y
fh=zgffgglLssd.

Mwwyid kww myFFSTFr, rkkhd SI kjigGFs:

myF , 1Zzahd [{y KkjioGFfs
1 VhF (CGS myF) 10-7)
1 vyfluhd Nthyl (eV) 1.6 x 10-19]
1 FNyhh (cal) 4.186 ]
1 fiNyhthl k=] (KWh) 3.6 x1068]

»aFf Mwwy (Kinetic Energy):

,aff Mwy vdgd xU nghUs mjd ,affjjhy ngwss MwwyhFk. midjJ
,agqFk nghUIfSk ,aff Mwwiyf nfh=zlssd. ,affjjiy css xU nghUs
Ntiy nratjwfhd jJwikiag ngwUFFk. cjhuzkhf xU M=zad kJ xaT
giyay 1tffggll xU Rjjay M=zia kujjDs nrYjjhd. mNjrkak glk
fhlbathW mej Rjjiayhy M=zjia mbfFk Nghd mJ M=zjia kujjbDs
nryYjJdfwd. xU nghUs ,aqFkNghd> ,affjjwfhf nraaggbLk Ntiyad msthf
,aff Mwwy mstilggLfwd. ,agqFk nghUsid ,affjjwfhf nraaggll Ntiyad
msT nghUsid eiw kwWk jimrNtfjjid v= kjigé Mflatwiwr rhhejd. ,affjjiy
,YYhj XU nghUs ,aff Mwwiyf nth=zbUTffhJ.

Ntiy - ,aff Mwwy Njwwk:

NEayAk MwwYk rkkhdit ,3 ,aff MwYTFk nghUedk. ,jid e&gff m
eliwAss xU nghUs cuhatww fil Jjsg guggy xaty ,Uggjhff fUJINthk.

(F) vdw khwh thsradhy mNj pisray (s) vdw ,lIgngahrnia VwgLjj nraaggl
Ntry

W =Fs
khwhj t©arffhd rkdghL
F=ma
%dwhtd ,affr rkdghlsl ,tthW vOjyhk.
V2= U2 + 2as
V2 -u?
28
a ,d kjgig rkdghL ,y gujiavl
2 _ U2 0
"o g

rkdghl> gujal
2 Am2 A
W:mgv—sggu—sg
€25 gé2s g

— 1 2 l 2
w = =mv? -=mu
2 2
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,aff MwwYffhd Nfhit:
NkwF=1 rkdghlby E%mvzgvdg\] (v) jiarNefjjy ,agFk (m) eswAss nghUsid
g

,aff Mwiyf FwfFk.

KE = 1mv2
2

nghUsid ,aff Mwwy vgnghOJk NehFw kjigGi lajhFk.
rkdghL kwwWwk ,y ,UeJd

AKE = lmv2 —lmu2
2 2

vdNtW = AKE
rkdghL ,y tyJd gffjjiy css Nfhit nghUsd ,aff Mwwy khWghL (AKE)
MFk.

nghUsid kJ wtiradhy nraaggll Ntiy nghUsd ,aff Mwwiy khwWHwJd
vdgij ,J Fwffwd. ,JINt Ntiy - ,aff Mwwy Njwwk vdggLKk.

Ntry - ,aff Mwwy Njwwkhdd fofh=zgtwiw c=z=zhjJIfwd.

1. nghUsd kJtimradhy nraaggll Ntmay NehfFwahf ,Uejhy mjd ,aff
Mwwy m jifhFfwd.

nghUsid kJ tiradhy nraaggll Ntiy vjhFwahf ,Uejhy mjd ,aff
Mwwy Frwfiwd.

nghUusid kJ tiradhy Ntiy VJKk nraaggltiyiy vdy mjd ,aff
Mwwy khwhd. ,J nghUsid emw khwhj Nghd t©iradhy nghUshdJd khwh
NEFj iy ,agfiad vdgij Fwifwd.

cejk kwwk ,aff Mwy , iINa css njhlhG:

m eliwAss xU nghUs vvdw JarNtefjy ,aqFgyhff FfUINthk. mjd
NehNThIL cejk p=mvkwWk mjd ,aff Mwwy>

KE = 1mv2

KE = 1mv2 = 1m (\7.{/)
2 2
rkdghL ,d gFj) kwwk nghFjima esw m My ngUFF
2 11
KE _1m (v.v)
2[ mI

r r
L my M
2 un u
pp
m

-1
2
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,qQF [ vdgd cejjjid vz KkjigghFk. NehNfhIL cejjjid v= Kkjigmg , tthw

ngwyhk. .
|p|= p=y/2m(KE)
,aff Mwwy kwWk eiw nfhLffggllhy cejjjid vz Kkjgig KILNk f=fhl

,aYk Mdhy cejjjd jiiriaf f=zffl ,ayhd vdgij mwaTk vnddwhy
,aff Mwwy kwWk eiw Mfiait JNFyh msTFshFk.

vLjIFFhiIL
2 kg kwwk 4 kg eiw nfh=l ,U nghUsfs 20 kg m st vdw rk cejjJlid
,agFfdwd.
(@ mit rk ,aff Mwwiyg ngwwUTFkh?
(b) mat rk NtEFfj 1 jg ngwUTFKkh?
JhT:

(@ nghUsid ,aff Mwwy

2

KE= p_
2m

2kg eiwAss nghUsid ,aff Mwwy
_(20)° _

4 kg eggiwAss nghUsid ,aff Mwwy
_(20)> 400 _

KE:TKE2; vd mwaTk. mjhtd ,UnghUlIfSk rk cejjijg ngwwUejhYk mtwwd
,aff Mwwy rkkyy. fTdkhd nghUs ,Nyrhd nghUis tl Fiwthd ,aff
Mwwiyg ngwwssJ. Vnddwhy nfhLffggll cejjjwF ,aff MwwyhdJd emwfF
vjh €thjjy cssJ.

1
(KE “E)
(b) cejk p=mvvdgjhy ,U nghUITSk rk Ntfjijg ngwwUTfhd.

e iy Mwwy (Potential Energy):

XU nghUsid eiy Mwwy vdgJd RwWgGwj i jg nghWjJd mjd emy kwWk miakgegr
rhhejJ. Vnddwhy nghUsid kJ nraygLk gyNetW tirfSk mjd eiy kwWk
mukgugr rhhejNj.

(P vdw Gssjaly css xU nghUsid ey Mwwy vdgd mgnghUis xU njhlff
eiyg Gss) O (njhlIffF egiy) Kjy Gss) P (,Wjelny) tiou khwh JiorNtEfjjy
efhjj Gwtiirahy nraaggll Ntiyad msT vd tiuvaWwffggLfwd). O vdw
nghlffg Gssiay eliy Mwwy Roj vd vLjJIT nfhssyhk.
fz)juayd gb ey Mwwy
U= (‘)Fa.dr

,gF njhafalbd vyiy (limit) njhl fFf eiygtss) O Kjy ,Wj| eiygtss| P tiu
m 1 KAK.

ey Mwy gy tifggLk xtnthU tifAk xU Fwggll tirAld njhihGilad.
CcjhuzkhP

1. GtxhgG iradhy nghUs ngwWss MwwyhdJd <hgé mOjj Mwwy MFK.
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2. RUstyy tir kwk ,J Nghdw , i=zahd tirfsidhy ngwggLk MwwyhdJd
klnaOjj Mwwy MFk.

3. g1y kdday tirahy ngwggLk Mwwy kiddOjj Mwwy MFK.
Mwwy khwwh tyirfisg gww ghlggFji NkYk tihvehff fh=zyhk jwNghd ehk <hgG
mOjj Mwwy kwWk klnaOjj Mwwy gww tivth¥ trthjffyhk.

GtigguggwF mUfly, ejiy Mwwy:

GaylUed h caujjiy <hgéG mOjj Mwwy (U) vdgd nghUis jJiruaylUed h
caujjwF khwh JiarNefjjiy nfh=zL nryyj Njitahd Ntiyad msTFFr
rkkhFk.

(m) e@EwAss xU nghUs jruaylUed h caujjwF Gtiahgé tarfF vjuhf
efhj JoggLtjhfFf FUINthk.

nghUsid kj nrayglLk GtihgG timr (Llég)MdJ LIgg:—mgﬁ (arahdd y jinray

cssjhy myF ntflh ?,qF gadgLjjggLfwd). ,gF vjhFwahdd tir
nrqgFjjhft fToNehff nraygLtijf qupffpwJ. nghuas KLFFk ,dw (khwh
jiirNtfjJid) efhjj> Gt<hgs wir (Fg)fF rkkhd vz KjigigAk vjhjiiriaAk

nfh=1 EanW Gwtbir xdW nghUsid kJ nraygLjjgl Nt=Lk mjhtJ
ul
(Fa:—F ),J Fa:+mg§vdgijf FwffwwJd. NehfFwahdJ nrayglLjjggll t©ir
NkyNehffi nrgFjjhf cssJ vdgijf Fwffwd. vdNt nghUs NkyNehfh
cahjjggLk Nghd mjd jiarNtfk khwhky ,UfFk. mjdhy mjd ,aff MwwYk
khwhd. 'h" caujjiy <hgé mOjj Mwwy (U) vdgd nghUis jiruaylUed (h)
cauj jwF nfh=L nryy Nj itahd Ntiyapd msthFk.
r ur

= OF dr=
0
>, IgngahrrnAk nrayglLjjggll t©irAk mNj NkyNehffpa Jplragy cssjhy
mtwwwi i INa css Nfhzk =0° vdNt cos 0° =1 kwWk Fa =mg, ‘d r‘ dr

h

U =mg(dr
0

U= mg[r]g =mgh
nghus)y NrkiffgglLss enryahwwyhdd Gwtiaradhy nraaggll NehFw KjigGss
Ntiyad %yk tiuvaWffggLfwd vdgij mwaTk. ,ayghf ,J Fwggd ahnjdy
cwtarmar nraygLjdk mikgé nghUSfF Mwwiy khwwfwd kwWk mJ
eliyahwwyhfr NrkffggLfwJd.nghUshdd h caujjiyiUed tOejhy NrkffgglLss
e nyahwwy ,aff Mwwyhf khwwggLfiwd.

xU nghUsid kJ Gwtjir nrayglLk Nghd mgnghUs vtthW Ro KLFffjJdild
(khwh JiarNEFj J1y) , agFk?

nrayglLjjggLk thpl rfF rhaht vyhjiaray kwnwhU tar nraygllhy ,J
rhjjjaNk. mit ,u=zlk rkkhd vzkjgigf nfh=zl xdWFfnfthdw V_]ph
Jinray nraythJhy> nghUsid kJ nraygLk efuthar RoahFk. vdNt
nghUshdJ Roy KLffjJdIld ,aqgFk

ehk emyahwwiy truaiw nraAkNghd nghUshdd vd khwh jiarNEFj Iy
efhjjoggl Nt=zLk? nghUshdd khwh JiarNefjjy efuttysy vdwhy mJ
nghl ff kwwk ,Wj) ernyfsy khwgll gisrNtefgfast nfh=zbUfFk. Ntiy
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- ,aff Mwwy Njwwggb Gwgisrahdd S$Ljyhf ,aff Mwwiyr nrYjJdk
Mdhy ehk eilyahwwiy Gtiahgé tir RUstlyy tir kwwk $Yk tir
Nghdw tiarfSTF tiruaWjJdsNshk. vdNt nghUas njhlff gy Kjy
,Wjeriy tiou efhjjkNghd Gw miukgG (Gw tiEr) vej ,aff MwwiyAk
nryYjjfsihd.

vLjIFFnlL:

2 kg eliwAss nghUs jJruayylUed 5 m caujjwFF nfh=zL nryyggLfwd (g = 10

ms2) vdyy

(a) nghusiDs NrkiffgglLss e1yahwwy ahJd?

(b) ,ej emyahwwy vghUed fialjjJ?

(© nghUuiss mej caujjwF vL3Jr nryy vetsT Gwoir
nraygl Nt=zLk?

(d). nghUshdJ 'h' caujjwF  vLjJJIr nryyggLk  NghJ mjd kJ

_‘thrayng efu ©ir ahd?

JhT:

a egiyahwwy U=mgh=2x10x5=1001J ,qF NehfFwahdJd nghUsiDs Mwwy
NrkifFfgglLssi jt Fwifwd.

b. ,ejJ eiyahwwyhdd> Gw tiria nraygLjJk ntsigéw mikggyUed
nghUSTF khwwgglLssJ.

c. nghuis o m caujjwF vLjJIr nryy nrayglLjjggll Gw thir MdJ (lIJ:Ia)MdJ

F.=- Fg

ul
Fa=-(-mgf)=mg§
%MdJ nrgFjjhf NkyNehffj jiaray nraygLk xuyF ntflh MFk.

d) el yahwwyid tivarwvay , e nghUshdJ khwh §
JiarNefy gy ethjjggl Nt=Lk. vdN© nghUsid kJ
nrayg&k effu ©¢ir Ro MFk.

ul

Fg +Fa.=0
kiln eiy Mwwy, (Elastic Potential Energy):

XU RUstyy elnaimlar nraaggllhy mjDs xU kstiir cUthfwd. RUstiyly
elnfff$ba myyJd mOfff$ba tiradhy RUstyy ngwwss eiy Mwwy Kkin
ey Mwwy vdggLk. ks tirfF vjuhfr nrayglLjjggll tiiradhy nraaggll
Ntiy RUstiyyly ki eliy Mwwyhfr NrkfFfggLfiwd.

XU RUstyy - eiw mikgagf fUJF. fhlbathWw cuhatww fiiljjs Nkiray m
vdw egiw mitfFfgglLssjhf FUJINthk.

,gF x =0vdgJd rkeiyg Gss) MFk. RUstiyyld xU Kid xU jilkhd RthYk
kWKid eiwAlDk , 1 =zffgglLssJd.

RUStpyyh&lJ rkeiiyay ,UfFk tiu mjd eiw Mwwy RoahFk. jwNghd xU
Gwoir (Fa)RUstpy eiw kJ nraygLjjgglL ©irad jJiaray (X) njhayT
elnan 1fiwd.
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RUstyy tiir (Es)vdwioffgng xU kstir RUstiyyyy cuthfi giwia mjd
nghlifF giyfFFf nfh=zLtu KaYfwJd. nraygLjjggll t©ir kwWk EUStLp.y Gir
Mfiast vzkjiggy rkkhfTk vjnugh piiraYk cssd. mjhtd (Fa:_Fs). - F
tjad gb RLIUstp)I/ypy cUthFk kstiir
Fs=-kx

Nkwf=1 rkdghlby css vjhfFwahdd RUstiytiar vgNghdk , Igngahrn (;<)fF
vjhjjisray cssJ vdgijf Fwffwd kwwk k vdgd tiar khwyr MFk vdNt
nraygLjjoggll ©ir lIJ:'a:+k;<. NehFwahdJd nraygLjjggll ©ir ,lIgngahrnaud
Jiiray cssJ vdgijft Fwffwd. RUstyy tiir , Igngahrr X1 rhhe jjUgg jhy
,J khwk tirfF xU vLjIffhllhFk. RUstlyy dx vdw nw InjhinfF

elnanlgghtf fUINthk. RUstiyyid kJ nraygLjjggll timradhy x, Igngahrr
miltjwF nraaggll Ntiy kln eiy Mwwyhf NrkffggLfwd.
w r x_.,r
U=(gFadr=p|Fa dr‘cosq
0

X

=(F.dxcosq
0

nraygLjjoggll tir EakWWk , Igngahrn dr (mjhtd ,gF dx) Mfart XxNu
Jiiray cssd. njhiff giyiar rkeiy myyJd elLeiayahf vLjIfnfh=zlhy x =
0 vdgJd njhafalbd fo vyiyahf cssJ.

U= (‘)kxdx
0

X

7

2\
U:kAX_E
“2U

0

—kx?

2
nghliffelny Roayiy vdy eigwahdd eny xiKjy xreunu efhjjggllhy kilr eny
Mwwy

U :%k(xf —xf)

rkdghL kwWk %yk mwtJ ahnjdy ellggll RUstiyyid eiy Mwwyhdd tir
khwyr k kwWk eln myyJd mKFffk x Mfiatwiwr rhhejJ.

RUstiyyiDs NrkiffgglLss eny Mwwyhd J RUstyYld
, 1ZzTfgglLss eiwiar rhhejjyy.

RUs tiyyd tiar - , Igngahrn tiuglk:
YiarAk ,lIgngahrrnAk F = - kx vdw Nehtifijj njhlhgy cssjhYk kwWk mit
vjinugh parayy ,UggihYk F kwwk x , 1INa css tiuglkhdd fThlbAssthw

,uzL kwWk ehdfhtd thygFjiasy kILNk miakej Neh Nfhihf cssJ. ,J F-x
tiuglk tiugjd %yk kil eiy Mwwiy vs)jjhtf fz=zfhlyhk eoyilggll gugG
(KFNfh=zk) RUstyy tirahy nraaggll Ntiy MFk

qugG :% (mbggffk) (cauk) 2%' (x)” (kx)
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RUstiyyid eiiy Mwwy, - , Igngahrn tiuglk
xU mKFffggll myyJd ellggll RUstly jJdDs Nrkffggll eiy Mwwiy
mjDId , iz=zffggll eiwad ,aff Mwwyhf khwWfwd. eiy Mwwy -
, Igngahrrp tiruglkhdd ThllgglLssd. cuhatww #oyyr MwwyhdJ mikggd
nkhjj Mwwy khwhjthW ,aff Mwwyly ,Ued ey MwwyhfTk kwWk ey
Mwwyy ,Ued ,aff MwwyhfTk k=zLk k=zLk khwwk i 1fwJd rkenyay»
AKE = AU

vLJIFTHIL .
XU RUstyfs A kwwk B ad RUskhwyfs vdwthW cssd. mit rk giarfshy
e;rpai lar nraaggllhy vej RUstiyyid kJ mjif Nty nraaggl Nt=Lk?
JhT:

F = kaxa = KsXs

_F._F

A

RUstiyfs kJ nraaggll Nty RUstiyfsy ey Mwwyhf NrkfFfggLfiwd.

1 1
UA = EkAXi; UB :Eksxé

& 1

k il

- kAXA2 g kA
kBXBZ ®
BG1
e

1
I(B

EO
kAE
F o
ke g

ka> ksFwggJd Ug> UaMFk. vdNt A- 1t ©l B - ,d kJ myFf Ntiy nraaggl
Nt=Lk.

m e iwAss xU nghUs RUstiyYIld , izffggll nrayglLjjgglLk tiiradhy mJ

eLemyay ,Ued 25cm mstwF elrnan 1fiwd.

a. RUsty - emw m 1 kggy Nrkiffggll eny Mww iy T

f=zffLT

b. ,ejJ elnay RUstyy tiirahy nraaggll Ntiy ahd?

C. RUstiyyhdJ mNj 25 cm mstwF mKffggl lhy NrkifFfggLk
eny Mwwy kwWk mK¥TTj jidNghd RUstiy tirahy
nraaggll Nty MfiatwiwF f=zFfLT. (RUstty Khwry =

0.1 nm%)

JhT:
RUstiy khwy) k=0.1 N m?
>, Igngahrrn x=25cm=0.25m
a. RUstiyyly Nrkffggll ey Mwwy

:%kxz =%' 0.17(0.25)*=0.0031J

b. RUstyy ©ir uléMy nraaggll Ntisy W:kjigG
XLI’ r' X '.’
Ws = Fdr=g(-kxF).(dxi)
0 0

67 | P age APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




RUstyy Estpir vjhfFw x mrnd jisrayy nraygbfwd. mNjrkak elrnahdJd
NehfFw x mrrnd jiray nrayglLfiwd.

W, = (-kx) dx =—%kx2
0

W, =- % 0.1 (0.25)% = -0.0031J

ntsigéw miakgghy nraaggll Ntiyad %yk ey Mwwiy tiuvaWffyhk. einy
Mwwyly c©ss NehfFw  Mwwyhdd mikggyiUed nghUSTF  khwwggLta T
Fwffwd. Mdhy ,eNehtty ks wtirahy nraaggll Ntiy vjhfFw kjgGmlad.
Vnddwhy kstiirahdJd , Igngahrnad jiarfF vjhjjisray nraygLfwd.

C. mKffjjid NghJdk nghuspy mNj msT eny Mwwy
NrkrfFfggLfiwJ.

U= %kx2 =0.0031J

mMKTf ggLk Nghd RUstiy ks tyirahy nraaggll Ntiy
Xu" _ X
W, = F=d :@(kx$).(-dx$)

mKFffggLk Nehttyy RUstlyy kstiir NehfFw x mrir Nehffi nraygbfwd kwWk
, IgngahrnahdJ vjhfFw x mrnd piiray cssJ.

Mwwy, khwwh kwWk Mwwy khwWk t)arfs (Conservative force and Non conservative
force)

Mwwy, khwwh © i r (Conservative Force):

XU nghUis efhjJdk Nghd tgiradhy myyd tirfnfjuhf nraaggll Ntiy
nghUsid njhltF kwwWk ,Wj; eisyfis klLk rhhedk nghUsid njhlfFf kwwWk ,Wj)
enyfSTthRilINa nrdw ghijad ,ayigr rhuhkYk ,Uggd; mttiir Mwwy khwwh
©iEr vdgglLk

Goay A vdw Gssjay css xU nghUast fUJINthk. ,Jid h caujjiy css B
vdw kwnwhU GssifF %dW ghi jfs)yy vLjJr nryyyhk.

ghij vtthW ,UggDk nghlff kwwk ,Wji emyfs khwhky ,UFFk tiu GtiahgG
arfnfjuhf nraaggll Ntsy khwhd. ,JINt Gtiahgé tirahdd Mwwy khwwh
tirahft ,UggjwF fhu=zkhFk. Mwwy khwwh tiar eiy Mwwyid vihfFw rhaTfF
rkkhFk.
XU ghkh=z Nehtgy
du

T
kln RUstly tir eiykddiay tir fhejtiir Gtlahgé thir Nghdwit Mwwy
khwwh ©irfSTF cjhu=zqfs MFk.

Mwwy. khwwk tir (Non-Conservative Force)

xU nghUis tiradhy myyJd tirfnfjuhf efhjjr nraaggll Ntiy njhlff
kwwk ,Wji enyfSTthilNa css ghijrar rhhejjUggd mtoir Mwwy khwWk
©ir vdggLk. ,jd nghUs ntetNtW ghijfsyy nraaggll Ntiyad kjigGc khWwglLk
vdgjhFk.

1. cuhaT wgirfs Mwwy khwwWk tirfs MFk. Vnddwhy cuhaTfF vjuhf
nraaggll Ntiy nghUs efhej ghijad njhiyrtr rhhejJ.
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2. fwwjjmlahy VwgLk tir ghfhay tir MHhartAk Mwwy khwWk tiarfs
MFk. ,ttirahy myyJ

Mwwy, khwwh kwWk Mwwy khwWk tiarfis xgglLjy:;

tvz Mwwy, khwwh ©arfs, Mwwy, kwWk tarfs

1. nraaggll Nty ghaijiar |nraaggll Ntiy ghijnar rhhejJd
rihejjyy
2 xU Rwwy nraaggll Ntiy | xU Rwwpy nraaggll NEry
RojahFk Roayy
3. nkhjj Mwwy khwhJ Mwwyhd J ntgg Mwwy> XS]
4

Mwwyhf ntsiggLfwJ

nraaggll Ntiy KOtJk |nraaggll NEry KOtJk
klfgglf $baJd klfgglt $bad myy.

5. tirahdJd eny Mwwyid | mJ Nghdw nghlhG ,yiry

vjhfFw rhaTfF rkkhFk

tirfnfjuhf nraaggll Nty ,affjjd piarNefjujr rhhejd.
Mwwy khwwh kwWk Mwwy khwWk tiirfsid g=zGfs njhFffgglLssd.

vLjITFhiL:
fof=z1 NehTfs)y Gtiahgéc tiiradhy nraaggll Ntiyiaf f=ffLF

JhT:
_ ur
gir F=mg(—§)=—mg§
, Igngahrr) ntflh dlr:dx$+dy§
(,Igngahrrp  ,U ghkh=zjjy cssjhy myF ntflhfs ? kwwk §
gadgL j jggLfwJ)
(@ ,affkhdd nrgFjjhf klILk cssjhy> ,lIgngahrnad HialjjsTfEW dx
RoahFk. vdNt ghij 1 ,d toNa tisradhy nraaggll Ntiy (h njhaytwF)
Bu" r B
Wghijlz(\)F'dr:6(_mg§)'(dy§)
A A
h

=-mg(dy =-mgh

0
ghij 2 ,y nraaggll nkhjj Ntiay
Bor r CSu r Pur Bur
Wyi5.=0F-dr= (oFdr+yFdr+yF.dr
A A Cc D

g

Mdhy

(—mgﬁ).(dxﬂzo

gg.dﬁzg(-mgﬁ).(dyﬁ)

C C
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h

= mg(dy=mgh
0

oNa tiiradhy nraaggll nkhjj Nty
Bur r
OFdr——mgh

ghij2 —
Mwwy  khwwh tpirapdhy nraaggll Ntiy ghijiar rhhejjyy vdgij mwaTk.

vLjIFFhIL
2 kg eliwAss xU nghUs ,aff cuhaTft F=zfk 09 nfh=zlLss xU guggy 20 N
Gwgaragdhy 10 m njhaytwF efhjjgglLeghff FTUIF Gwoier kwWk ,aff
cuhatdhy nraaggll Ntiy vdd? Kbitg gwa FUjijf $WF. (g =10 m s2vdf
nfthsT)
JhT:

m= 2kg,d 10m, Fext =20 N, = ].1k—09
xU nghUs fim Ikl guggy ,agFk Nghd mJd ,U tiarfisg ngWfwd.
a Gw ©ir Fex=20N
b. ,aff cuhaT twir

fk=pxkmg =0.9x (2) x10=18 N

Gwtyirasdhy nraaggll Ntiy
Wext = Fg =20 x 10 = 200 J
,aff cuhaT tiradhy nraaggll Ntiy
Wi = fid = (-18) x 10 =-180J
,gF vjhfFwahdd ,aff cuhaT wir ,Igngahrnad jiarfF vjuhf cssijf
FwffwJd.

nghusid kJ nraaggll nkhjj Ntiy

W total = Wext+Wk—200 180 =201
cuhaT wir xU Mwwy khwWk tir vdgjhy Gwtiarahy nfhLffggll 200J) ,y
190J) ,offggllJd kwwWk ,jud KkInlLff ,ayhd.

Mwwy, khwh tjj) (Law of Conservation of energy):

XU nghUis ehk NkyNehffi vwejhy mjd ,aff Mwwy Fiwed nfh=NI nryfwJd
kwk mjd  eny Mwwy mypfhygIf nfh=zNl nryfwd (FfhwWjg jJrlima
GwFf=zfFkNghJ) nghUshdJd ngUk caujij milAkNghd Mwwy KOtJk ey
MwwyhFk. mJNghdW nghUshdJd ngUk caujjy ,Ued tOejhy mjd ,aff
Mwwy mjifiiFFk kwWk ey Mwwy FiwAk. _]lUla_] njhLkNghd mjd Mwwy
KOtJdk ,aff MwwyhFk. , ilggll Gssifsiyy Mwyhdd ,aff MwwyhfTk ey
Mwwythk , UFFk. nghUshdJ jJiuia milAk Nghd ,aff

,eJ Ccjhu=zjjiy xtnthU GssjarYk eiyahwwy kwWk ,aff Mwwy khwk. vdiDk>
,aff Mwwy kwwk eiy Mwwyid $Ljy mjhtd nkhjj ,aeju Mwwy vgNghJk
khwh3d. ,J nkhjj Mwwy khwhd vdgijf Fwffwd. ,INt Mwwy khwh tpiahFk.

Mwwy khwh t®jaidgbh Mwwiy MTFFNth moffNth ,ayhd. Mwwyhdd xU
tifayUed kwnwhU tiafahf khwfSbad Mdhy xU jdijj mikggd nkhjj
Mwwy khwyraht , UFFk.
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tsTFtJ ahnjdyh caujjiy xatyy css xU nghUsid nkhjj Mwwy KotJdk
e iy Mwy (U=mgh) KILNk. NkYk h caujjiy mjd ,aff Mwy (KE) RoahFk.
nghUs fNo tOkNghd 'y njhiytyy mjd eiyahwwy kwwk ,aff Mwwy
Roahfhd. mNjrkak h caujjiy ,Uej mNj mstiy nkhjj Mwwy khwhky ,UFFK.
nghUs jiumaj njhl neUgFk Nghd eiy Mwwy RoahFk kwWk nkhjj Mwwy
,aff Mwwyhf kILNk ,UTFFk.

vLjIFFhiIL
1kg eiwAss xU nghUs h=10m caujjiyiUed tOfwd.

(@ h=10m caujjiy nghUsid nkhjj Mwwy
(b)h=4m caujjiy nghusid emy Mwwy
(c)h=4m caujjiy nghusid ,aff Mwwy

(d)nghUs jiruayy Nkhdk Ntfk Mhatwiwf f=THLT.
(g =10 ms2vd¥f nfhsT)

JhT:
(@ GuahgG tH©ir Mwwy khwwh t©iErahFk. vdNt ,affk
nkhjj Mwwy khwhky ,UFFK.

h=10m caujjiy nkhjj Mwwy (E) KOtJdk ey MwwyhF
E=U=mgh=1x10x10=1001J
(b)h=4m caujjiy ey Mwwy
U=mgh=1x10%x4=40]

(©) ,affk KOtJk nkhjj Mwwy khwyr  vdgjhy
caujjly ,aff MwwyhdJd
KE =E-U =100 -40=60J

khwhf 4 m caujjiy nghUsid jisrNefjjy ,Uedk ,aff MwwiyFf fh=zyhk. 6 m
toej gwF css jinrNtfjnj ,affr rkdghlbyiled f=zfflyhk

v=42gh=v2"10"6=+120ms™
v2 =120

,aff Mwwy KE :%mvz :%’ 17120=60J

nghUs  jJiuvayy Nkhdk eiyay nkhjj Mwwy KOtJk ,aff
MwwyhFk. NkYk eliy Mwy U=0

E=KE= %mvz =100J

V= \/3 KE :\/%'100 =4/200»14.12ms™*
m

vLjIFFhIL

gljjiy ThlbAssthw 100 kg eiwAss xU nghUs jiruayilUed 10 m caujjwF
,U khwgll tofsy J}ffggLfwd. ,U NehTfsjYk Gtiahgghy nraaggl Ntiy
vdd? rhajsjjid toahf nghUis vL3JIr nrytd vsjhf cssJd vd?
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JhT:
m =100 kg, h=10m
ghij (1) ,d toNa:
nghUis 10 m caujjwkFj J}ffj Njitahd rWk tir Fi ©tir GtahgG girfFr
rkkhf ,UFff Nt=Lk
F1=mg =100 x 10 = 1000 N
ghij (1) ,d toNa efhej nghayT h=10m
ghij (1) ,d toNa nghUsid kJ nraaggll Ntiy
W = Fh = 1000 x 10 = 10,000 J

ghij (2) ,d toNa:

rhajsjjid toNa nghUist nfh=zL nryy nghUsid kJ ehk nrYjJdk rwk tiar
FoMdJ mg- fF rkkhf ,yry> khwhf mg sin6-FF rkkhFk. mg sin6< mg)

vdNt (mgsin 6<mg)

rhajsg ghijad eskhdJd

Ntiy W =F.l =500 % 20 =10,000J
GuahgG arahdd Mwwy khwwh tiir vdgjhy Gtiahgghy nghUsid kJ nraaggll
Ntiy mjad nfh=zL nrdw ghijiar rhhejjyy.

,U ghi JFfsiYk GtiahgG tyirahy nraaggll Ntiy 10000 J MFk.

ghij (1) ,d toNa: Fiwthd njhiyT efhjj GtiahgGFF vjuhf mjifFkhd tir
nrYjj Nt=zbAssJ.

ghij (2) ,d toNa mjfkhd njhayT efhjj GtiahgGFF vjuhf Fiwthd tir
nryYjj Nt=zbAssJ.

rhajsjjid toNa nrYjjggl Nt=zba tir Fiwthf cssjhy rhajsjjid toahf
nghUis vLjJr nrytd vsjjht cssJ.

vLjITFhlL:
m efwAss xU nghUs jJiruayiUed vovdw njhlfF NefjJld VwaggLfwJ. h
caujjry mjd Nefjajf fh=F

JhT:
GoahgG twir Mwwy khwwh tir vdgjhy ,affk KOtJk nkhjj Mwwy
khwhJ.

nJhIFFigy . Wiary

%mvg

0
nkhjj Mwwy 1 1 1
Emvg+0=Emv§ Emv2+mgh

h caujjiy eiy Mwwy> ,aff Mwwy kwWk nkhjj Mwwy Mbatwwd ,Wj;
kjigGfs f=fhlgglLssd.
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Mwwy khwh tjiagd gb nghl fF kwwk ,Wji nkhjj Mwwyfs rkkhFk.
1 2.1

=mv; ==mv* + mgh

2 2 :

V. =v% +2gh

v =V, -2gh

ghlggFy ,y ,afftay rkdghlilg gadgLjji Ezf=)j Kiwggbh ,J Nghdw KbT
ngwgglloj fedffTk vdDk Mwwy khwh tjijaad Kiwggh fzfHLtJd E=zT=)j
Kiwratl kfTk vgjhf cssJ.

xU RUstyYIld ,1z=zffggll 2kg egiwTss xU nghUs mjd rkemyayUed x =
10 m vdw njhayTfF efhjjoggLfwd. RUstlyy khwyr k = 1 N mlkwWk gugG
cuhatwwthff fUJIT.

a. nghushdJd rkeimynaf fITFkNghd mjd Ntefk vdd?

b. nghUshdd rkeiyiafF FfIfFk Nghdkx = =+ 10 m vdw tskG
emyra TITFk Nghdk nghUsid kJ nraygLk thir ahd?

JhT:

RUsty tir xU Mwwy khwwh t©iEr Mifahy nkhjj Mwwy
Khwiy MFk. x = 10m vDkNghJd nkhjj Mwwy KOtJk eny
Mwwyh¥f KILNk ,UFFKk.

E=U :%kxz :%’ (1)~ (10)? =50J
nghUs rkeiyiaf FITFk Nghd (x=0),eiiy MwwyhdJ

:%'1'(O)=OJ

,eegiyay KO MwYk ,aff Mwwyhf KILNk cssJ.
E =KE=%mv2=50J
NEtfk

RUstiyyid kstiir F = - kx vdgjhy nghUshdJd eLenyraf fIfFk Nghd mJ
vtuiraiaAk cz=zuhd. elLeiyay nghUshdd kFf Ntfkhf efUfwd vdgij

mwaTk. nghUshdJdx =+10m (elr) vdw eiyay cssNghd tiir F=-kx

F=-(1) (10)=-10N ,gF vjhFwahdJd tiir eLeiyia Nehffp mjhtd vjh mrir
Nehffi cssijf Fwffiwd. NkYk nghUshdJd

x==x10m (mKffk) vdw eliyay cssNghd mJd c=zUk tir

F=-1) (10) = - 10N ,gF NehfFwahdd tiEr Neh x - mrair Nehffi cssijfT
FwffwJ.

vdw eiyay nghUshdd ,ej ,U tiskG GsisifsiYk ngUk ttiria c=zhejhYk
T=zNeu xaT eunyfF tUfwd.
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nrgFjJ tll ,affk (Motion in avertical circle):

m elwAss xU nghUs erwaw elrj jdikaw E}lyd xU Kirday
, 1 ZTfggLfwJ. NkYk E}lyid kWKidahdJd einyahf ,UFFkhW nghUjjgglLssJd.
mejgnghUs nrqFjJdj jsjjiy mikej tll ,affjij Nkwnfhstjhff gww mwa
deUj nghUsid t)irgglk (Free body dagram) xdawf FfUJINthk. ,gF emyntflh

(r) MdJ nrgFjjhd foNehffia jiirAld NFhzjij ovwgLjjy gljjly cssthw

cldb jiarNtfjujf nfh=zlLssd.
1. fo Nehffi nraygLk GtiahgG tir
2. E}yid toNa nraygLk ,Otiar

nghUsid kJ eAlldd ,u=zlhk tjjsag gadgLjj> njhLNFhiLj] parasy’
mg sin 6 = ma

2dvo

& dt

>, qQF at:% vdgJd njhLNfhiILj jiaray vjh KLffk MFk.

mg sin 6 = -m

Muj Jiaray>

T-mgcosd =m ar
2
T-mgcos 0 =

2

,qF a :VTVng i kaNehfF KLFFk MFK.

,affjij edF GHed nfhsSktifay tlljij A B, C, D vdw ehdF gFjifshfg
ghfFfyhk. NkwF=z1 ,U rkdghLfsy ,Ued foffzlthW ehdF Kffia fUjIfis
Ghed nfhssyhk.

1. nghushdd midjJ 6 kjoGFSTFk (6=0° Jtu) njhLNFfhilLj jiarayy KLFffjij
(g sin ) nfFh=zbUFffwJd. ,ejJ nrgFjJd tll ,affk xU ruhd tll ,affk myy
vdgJd njsithfwd.

. rkdghLfs kwWk ,ued mwed nfhstd vddntdy ,affjjid Nghd
JiarNtfjjid v=z kjigG khwejhyr E}yid ,OtirAk khwfidwd.

2

rkdghL T:mgcosq+mTVRlbffhlLtJ tiljjyd A kwk D gFjifsy (-

%<0<%kak cos ONehfFw) mg cosbvgNghdk Rosatil mjfkhFk. vdNt

JiirNtfk RogahdhYk ,Otiir Roahfhd.

2

rkdghl. V=T -mgcosgNkYk RIbFFIILEI tlljjid B kwwk C gFjifsy
r

(g<q<3?pkWWk cos OvyihfFw) rkdghlbd ,u=zlhtJd gFj; (- mg cos 6) vgNghJdk
Roma tl mpfkhFk. vdNt ,Otir RoahdhYk jiarNtfk Roahfthd.

nrqFjJ tll ,affk njhlhghd f=zfFFfis jJhTth=kNghd Nkwf=zl FTUjIfis
kdjiy nfhs Nt=Lk.
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mbggff Gss) 1 kwWk NkwgffGss) 2 Mfla ,U enyfis klLk ijjpylnfth
NkYk gFgghaT nraNthk. nghUsid jiarNtfkhdd mbggffGss) 1 ,y wivdTk

Nkwgff Gss) 2 ,y v.vdTk NtW vej GssjasYk vvdTk nfhst. jparNtfjjid
Jiir midjJdg GssifsiYk tllggrllijapd nJhLNFhIL] Jiaray cssJ. n:nlbggffg
GssiayiUed Elyid ,Otiirahdd T.vdTk Nkwgff GssaylUed ,Otir T.vdTk

NEW vej GssjarYk ,Ouimr ﬁ" vdTk nfhst. xtnthU GssaYk
,Otiirikagéssjaa Nehffy nraygLfwd. Mwwy khwh tijiiag gadgLjj ,ej ,U
GssifsiYk ,Otirfs kwwk jisrNtefgfis f=fhlyhk

mbggff Gssj (1):

nghUshdJ mbggff Gss) 1 ,y cssNgh GtiahgGé tiar ma nghUsid kJ nrqFjjhf
foNehffi nraygLfwd  kwWk ,otinr %mqujjhf NkyNehff mjhtJd
1 kagGssiia Nehffi nraygLfiwd. rkdghL ,UeJ ehk ngWtJ
2
T,-mg = m
r

2
T = ™ 4 mg

r
Nkwgff Gss) (2): . .
Nkwgff Gss) 2 ,y nghUsid kjhd Gtahgé tiir mgkwwk ,OtiEr T:Mfa
,UZLKk FoNehffi mjhtJ wmkagGssjia Nehffi nraygLfiwd.

2

T,+mg = mv,
[

2
m
T2:_2_mg
r

rkdghLfs kwWk T:> T, vd mwayhk. ,Otiirad NtWghL T: -T> MdJ rkdghL
rkdghL ,UeJd fToggjd %yk ngwggLfwJ.
2 2 .
T,-T,= ™ +mg‘gmvz ‘mgg
r e I 0

T,-T, :?gvf —vzzg +2mg

Gss) 1 kwWk 2 ,y Mwwy khwh tjjiag gadgLjjr §v -vijkiigig vsjjhff
f=FRlyhk.

,OtiirAk nghUs nryYk JiarAk vgNghdk xdWfnfthdW nrgFjjhf
cssjhy ,Otiirahdd nghUsid kJ vttt NtiyAk nraahd.

GoahgG tirahdd nghUsid kJ Ntay nrafwd. NkYk mJd Mwwy Kkhwwh
©ir vdgjhy ,affk KOtJk nghUsid nkhjj Mwwy khwhJ.

Gss) 1 ,y css nkhjj Mwwy (Ei) Gss) 2 ,y css nkhjj Mwwy (E) FTF
rkkhFk.

Ei=E>
Gss) 1l ,y ety Mwy U1 =0(Css) 1 1| FwgGg Gssiaht vLjJdfnfhstjd %yk)
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Gssi 1 ,y ,aff Mwwy KE; = %mvl2

Gssi 1 ,y nkhjj Mwwy E =U,+ KE1:0+%mvf:%mvl2

,JNghdNw Gss| 2 ,y ey Mwwy U, =mg (2r)
(CGss) 1 ,y ,Ued hkjigé 2r MFK)

Gss) 2 ,y ,aff Mwwy KE; = %mvﬁ

Gss) 2 ,y nkhjj Mwwy
E, =U, + KE, = 2mgr +%mv22

rkdghL cssthW Mwwy khwh tjjiggb
L vz = 2mgr s Ly
2 ! 2 ¢
khwwia i kKFF
%m(vl2 -VZ)=2mgr

V) -V =4gr
rkdghL rkdghL gujal

T,-T, = ?[4gr] +2mg

vdNt ,Otuiray khWwghlhdJ
T,-T,=6mg

Nkwgff Gss) (2) .,y nWk Ntfk

nghUshdJd Gss) 2 ,y xU rWk Nefjijf nth=zbUff Nt=zLk ,yiynady Gss|
2 1 milAk Kdght E}yhdj jshTwW mjdhy nghUs tlligghijoia emwT
nraahd. ,ej MWk Nefjajf f=hl rkdghL ,y ,Otiir T, =0vdf nfhsNthk.

mv>

0=—%-mg
r

2 =mg
r

v; =rg
v, =\/gr
nghUshdJd tllgghijayy njhlhej ,aqf Gss) 2 ,y v, 3/ogr vdw Ntfjijf
nfh=zbUTfF Nt=Lk.
mbgGss) (1) ,y rwk Ntfk:
Gss) 2 ,y ,eJ rWk Ntfjijg (v2=\/a)ngw nghUshdJd Gss) 1 Yk xU nwk
NEFj i jf nfFh=zbUFF Nt=Lk.
rkdghL 1g gadgLjji Gss) 1 ,y rWk Ntfjij ehk fh=zyhk.
2 2 _
v, -V, =49r
rkdghL gujial
V2 -gr = 4gr

v/ =5gr
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v, =4/50r

nghUshdJd tlligghijay njhlhed ,aqf Gss) 1 ,y (v,35gr)vdw NeFjijf
nfh=zbUTfF Nt=Lk.

rkdghLfs ,Ued mwtJ vddntdy nghUs tligghijia tlL tyyfhky emwT
nraa mbgéss) 1 ,y Wk NtfkhdJd Nkwgff Css) 2 ,y css Wk Nefjij ol

J5KkIgF ,UFF Ne=Lk.

vLjIFFhIL:
fawwld Tlliggll xU thsjay css eh 05 m MuKss nrgFjJd tlljij Rww
RowwggLfwJd. ,affjjid Nghd euhdd thsjay ,Ued rejhky ,UFF mbgGssay
,UFF Nt=zba rWk jiarNefjajf f=FfLF. (g =10 ms?)
JhT

tlljjid Muk r=05m

NkwgFf Gssiary Nj itahd Ntfk v, =./gr=+/10"05=5ms™

mbggff Gssjay Ntfk v, =,5gr=+5"/gr =57 /5 =5ms"
Jwd (Power):
Jjwdid tiuvaimw:
jwd vdgd vttsT Ntfkhf myyJd nkJthf xU Ntiy nraaggLfwJd vdgjd
msthFk. Ntiy nraaggbk tjk myyd Mwwy ntsiggLk tjk jwd vd
tivawffggLfwd.

_ nraaggl |l Nt

vLj IFnfh= 1 Neuk (1)
W

P=—
t

ruhrhj, jwd;
nraaggll nkhjj NtayfFk vLjJIF nfh=l nkhjj NeugywFk ,1INa css
tufjk ruhrhyyywd (P,.)vd tiuvaWffggLfiwd.

ruhrhy

(P, )= nraaggll nkhj j Ntiy
" vLj IJFnfh= 1 nkhj j Neuk

cldbj jwda:
xU = Neujjiy (Neu ,mlInts) Roma neUqgFk Nghd) ntsiggLk jwd cldbj
jwd (P.,,,)vd tivaWffggLfwd.

dw
P =
( cldb) d

t

Jjwdid myF:

Jwd xU PINFfyh msthFk. mjd ghkh=k (ML2T-3) gwdid SI myF thl (W) vdw
euinty ,aejujnjf F=Lgbjj N[k] thl ngauhy miaoffggLfiwd.

xU tidhbayy xU [y Ntiy nraaggllhy jwd xU thl vd tsuvawWffggLfwd. (1W
= LsT) fiNyhthl (KW), nkfhthl (MW) kwWk [fhthl (GW) Mfait jwdid cah
myFfs MFk.

1 KW = 1000 W = 103thl
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1 MW = 106thl

1 GW =10°thl
Nkhllhhfs> ,aejugfs kwWk ny jhdiagfh thfdgfSfF Fpaujjwd (horse -
power) (hp) vdwioffggLk jwdid gioa myfhdd t=zjfhpjahf ,dDk gadghlby
cssJd. Fpaugjwed (hp) thl (W) vdw myfiy khww

lhp =746 W
midjJd kd rhjdgfsd kIk xU Fwggll jwdd msT mrrlgglL
toqgfggLfidwd. xU 100 thl tistF (bulb) xU tidhbaryy 100 [y kd Mwwiy
Efhfwd. [{y vdw myfthy msffggLk Mwwyid jwid thl vdw myfiYk Neujij

tdhb vdw myfiYk FwggLtjhy 1J=1Wsvd vOjyhk. kd cgfu=zqgfs gy k=
Neuj ywF gadghlby <cssNghd mit mjf mstyhd Mwwiy EfUfidwd. kd
Mwwiy thl tdhb (Ws) vdw rwa myfiy mstiLkNghd ngha vz kjigcFist
1 fahs Nt=zLk vdNt kd Mwwyhdd *FiNyhthl k= (kilowatt hour — kwh) vdw
mythy mstglggLfwd.

1 kd myF (1 Adil) =1 KWh =1 (103W) x 3600 s)
1 kd myF =3600 x103 Ws
1 kkd myF =3.6x106]
1 KWh =3.6106)
kd Mwwy EFhTFF KwWh vdw myfiy kdfll= glbayfs jahhffggLfidwd. 1
myF kd Mwwy vdgJd 1 KWh MFKk.
(FwgG: KWh vdgd Mwwyid myF; jwdid myF myy)

vLjIFFhIL:
xU 75 W kdtirw jJidKk 8 k=) Neuk xU khjjjwF (30 ehlfs) gadglLjjggllhy
I_Ehf_lgggll Mwwiy kd myfiy f=FfLT
JhT:

jwd P=75W

gadghlL Neuk t=8 k= x30 ehlfs =240 k= Efuggll kd Mwwyhd J
Jwd kwWk gadghlL Neuk MHatwwd ngUffy gyd MFk.

kd Mwwy = jwd xgadghlL Neuk =P xt
=75 thl x240 k=
=18000 thl k=
=18 fiNyh thl k=) =18 KWh
1 kd myF =1KWh
kd Mwwy =18 myF

kddino tisfFfs 1000 k=) Neuk xsjtRk. CFL tisfFfs 6000 k=) Neuk

xstRk. Mdhy LED tisfFfs 50000 k=zNeuk xs) tRk (Vwjjho 25 MzLfs
ehnshdWfF 55 k=) Neuk)

jwd kwWk jisrNefk MfiatwWfF , iINa css njhlhG:

Fvdw garadhy drvdw , IgngahrrfF nraaggll Ntiy
W =gFdr

rkdghL ,1J gffjjiy cssij ,tthW vOjyhk.

W =gdw =3 W

(dt - ,y ngUFFTk tFFFfTk nraa)
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r 1 1
JirarNtfk v-%vdgjhy dr=vdt

rkdghL tyJ gffjjpy Ccss ij ,tthw vOj}/hk

g é I _dru
JFdr=§ QF—-dt O(Fv)dt@Qv—Eu

u

rkdghL rkdghL ,y gupal

,€J njhlhghdd dt ,d vej xU jddrirahd KkjoggwFk rhahf cssJ.
mi Ig6FFwFFs css kjigé Roaht ,UFF Nt=zLk vdgrj ,J Fwffiwd. mjhtJd

dw _ =T dw _—=r

— =-Fv=0myyJ —=Fuv

dt 4 dt

vLjITFhilL:

1250 kg eiiwAss xU thfdk xU rkkhd Neh rhiyay 0.2 ms?2 KLFFJld 500 N
vdw vjhfFk Gwtarfnfjuhf ,affggLfwd. thfdjjid parNtfk 30 mslvdy
thfdjjd ,aejuk ntsggLjJk ywadf f=FALF

JhT:

thfdjjd ,aejuk vjhfFk tarfnfjuhf Ntiy nrad thfdjij xU KLffjJdild
,aff Nt=zLk vdNt thfdjjid ,aejuk ntsiggLjJk jwd.

= (VjhFFK Tir +(eiw xKFFK) (i INtFK)
P=FuwuV = (Fresistive * F)V
P= ‘Emt'\l; = (Fresistive + ma)V

= (500 + (1250 x0.2)) (30) = 22.5 kW
NkhjyFs (Collisions):

Nkhjy vdgJd ekikr Rww mttgNghd eidlngwf$ba xU nghdthd efoT MFKk.
cjhu=khf NFfuk> gyyahl > NFhyFF=L Nghdw tisahlLfs ,U
nghUITSTRE INa Nkhjyfshdd njhLjYld myyJd njhLjyidw Vwglyhk.

midjJ Nkhjy nrayKiwfsiYk NehfNfhlL cejk khwhd. ,U nghUlfs
NkhgYwwhy mtwwwfis INa nrayglLk rkkhd fz=zjjhfF tarfs Dtvdw NkhjYWk

Neuj Jiy mtwwd cejqgfsy khwwjsj VwglLjIfiwd. mjhtJ Kjy nghUs ElZVdW
tiria ,uzlhtd nghUsid kJ nrYijEva mNjNghy eAlldd %dwhk tjiggb

,uz1htd nghUshdj Kjy nghUsid kJ Favdw tplrla nrYijp , 1t Kjy

kwwk ,uzlhtd nghUlfsd cejjjiy KiwNa DP. kwWk Dszdw Khwwj i §
ngLijpwJ. -EWN%J.hJ ,Jd njhlhGFis foff=I1thWw vOjyhk

D p, =F1Dt
DLKI)2=E21D'(
rkdghL ,u=z i 1Ak $l1
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u u ul ul u u
DP1+DP2=F1, Dt + FaDt :(F12 + le)Dt

eAlldid %dwhk tjiggh Fr=-Faz
DL|51+DE’2 =0
D(E1+Ez):0

, UGWKK At - My thf>u kWL\‘/Vk vyuiyuAt—>Ovdf nfhss ehk ngwtJd
limbt @ 02(Pt P2) _d(P+Py) _

Dt dt
NkwF=1 rkdghL nkhjj NehfNFhIL cejk xU khwh msT vdgi jf FwFfwd.

FwgG: cejk xU ntflh msthFk. vdNt Nkhjyid Nghd jdijdi nghUlfsd
cejjijf fh= ntflh $Ljy gdgwwggl Nt=Lk.

NkhjyFfsid tiffs;

vej XU Nkhjy nrayKiwarYk nkhjj NehfNFhIL cejKk nkhjj MwwYk vgNghJdk
khwhd. mNjrkak nkhjj ,aff MwwyhdJd vgNghdk khwhky ,UFfFj Njitayiy.
nghlf¥fF ,aff Mwwyid xU gFj) NeEwW trfahd Mwwyhf khwwk s Ifwd. Vnddwhy
Nkhjyfs kwWk Nkhjyfshy VwgLk cUFfFiyT Mflatwwd Jhffk nghdthf
ntggk Xxyp xsi Nghdwtwiw cUthfFfwd. ,ej tiasTfis =y nfh=zL
Nkhjyfis ehk foff=z1thw tirfgglLjjyhkl.

a. kln Nkhjy
b. klnaww Nkhjy

kilrn Nkhjy (Elastic Collision):

XU Nkhjyry nghUlfsid njhlff nkhjj ,aff Mwwyhdd NkhjYTF Kd)
nghUlfsid ,Wj1 nkhjj ,aff MwYFfF (NkhjYFfFg gd) rkkhf ,Uejhy mJ
kIrNkhjy vdggLk. mjhtJd

NkhjYFF Kd nkhjj ,aff Mwwy =NkhjYFfFg gd nkhjj ,aff Mwwy

kilnaww Nkhjy. (Inelastic collision):
XU Nkhjyry nghUlfsid njhlff nkhjy ,aff Mwwyhdd (NkhjYFF Kd)
nghUlfsid ,Wj nkhjj ,aff MwYFF (NkhjYFfFg gd) rkkhf ,yiynady mJ
klraww Nkhjy vdggLk. mjhtJd
NkhjYFF Kd nkhjj ,aff Mwwy 1INkhjYFFg gd nkhjj ,aff Mwwy

Nkhj YfF Kd NkhjY¥fFg gd

nkhyj ,aff Mwwy - nkhjj ,aff Mwwy

= (Nkhjyid Nghd Mwwy ,0gG) =AQ

,aff Mwwy khWk vdiDk nkhjj Mwwy khwhd. vndwhy nkhjj Mwwyhdd ,IFfF
Mwwyid rkdghL kwWk Nkhjyid Nghd Vwgll midjJd ,ogGFisAk cssliffia

rkdghL (AQ) MfiatwiwF nfh=zlLssJ. Nkhjyid Nghd ,affF Mwwyry VwgLk ,ogG
xyp ntggk Nghdw NtW tifahd Mwwyhf khwwkilfwd vdgij mwaTk. NkYk
NkhYWk ,U nghUsfSk NkhjYfFg gd xdwld xdW xIbfnfh=zlhy mttif
Nkhjyfs KO klrawwNkhjy myyJd klraww Nkhjy vdggLk. mttiafahd Nkhjuy
mbffb Th=zyhk. cjhuzkhP<ukhd® xU fsk=z cUzil (myyJd ggsftk) xU
,agFk thfdjjd kJ vwaggllhy mJd ,aqFk thfdjJdld xlbf nfhsfwJ kwwWk
mit rk jyarNtefjJdild ,agFfidwd.

xU ghkh=z kiln Nkhjyfs:
m: kwWk my eiwAss ,U klrg nghUsfs ThlbAssthW xU cuhatww fimljjsg
guggy NehfNfhlby (Neh x-mrnd jiaray) ,aqFtjhff fUJT.
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kin kwwk kilnaww Nkhjyfis xggLjy:

tv= Kl Nkhjy, klnaw cejk khwhJ

1. nkhjj cejk khwhJ nkhjj cejk khwhJ

2. nkhjyj ,aff Mwwy KkhwhJ nkhjj ,aff Mwwy KhWk

3. nghihGila tirfs Mwwy [ nghIhGE la tnrfs Mwwy/
khwwvh tiarfs khwWk tarfs

4, ,aeju Mwwy rimjtalahd ,aeju MwwyhdJd ntggk Xsp
Xy) Nghdwi tahf ntsjggLfiwd.

emw njhlff W]
JIRrNtFk JIErNtfKk
e w mg Ui V1

e w my uz \Z

Nkhjy efo emw mp eaw my 1 ©l Ntfkhf ,aqgFgjhftf fUIF mjhtd up>
w2kl NkhjYTF ,U nghUsfsid nkhjj NehfNFhIL cejk kwWk ,aff Mwwyfs
NkhjYTF KdGk NkhjYTfFg gdGk khwhky XxXNu msthf ,Uff Nt=Lk

eiw mi,d eiw mz,d nkhjj NehfNfhIL
cejk cejk cejk

Nkhj YTfF Kd Pii = miux Pi> = mouy Pi = Pi + Pi2
Pi = miuz + mauo

Nkh3 YFF gd Ps = miva P = mav2 Ps=Psn + P2
P = mivi + mav2

NehfNThIL cej khwh tjpjasy ,Ued NkhjYTF Kd nkhjj cejk (Pi) = NkhjYTFg
gd nkhjj cejk (Py)
MU + MaU2 = M1Vi + MaV2
myyJ
m1(us —vi) = mz (V2 — Uz)
NkYk

eiw mi,d giw my,d ,aff nkhjj ,aff
. aff Mwwy Mwwy/, Mwwy

Nkhj YTE Kd KEi = KEi1 + KEi

KE, = %mlul2 +%m2u22

1 1
KE;, = Emlulz KE;, = Emzuz2

NkhjYFFg gd 5 1 ) KEs = KE# + KEf2

1
KE”:Elel KEf2 :Emzv2 1 1
KE, = Emlvl2 +§m2v22

kI NkhjYFF
NkhjYFF Kd nkhjj ,aff Mwwy KEi= NkhjYFFg gd nkhjj ,aff Mwwy Ker
RUFfia gwF khwwaikff m (u’ -v’)=m, (V5 -u?)
NkwF=1 rkdghlil a2-b2=(a+b)(a-b)
vdw thagghl 1 lg gadglLjji k=zLk vOj

mz(u1+vi) (U1-v1) = mz (V2+uz) (V2 — U2)

rkdghL €tFff fimlggJd
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ml(ul + Vl) (ul - Vl) _m, (Vz + uz) (Vz - uz)
ml(ul - Vl) ) m, (Vz - uz)

Up+vi=v2+ U
khwwa 1 KFF
Ur—u=v2—Vvi

rkdghL , tthW vOjyhk.
Ui — Uz = -(vV1—V2)

,Jd nghUshdJd vej xU Neub klrn NkhjyiYk NkhjYFfFggd ,U klrng nghUsfsid
xgGaik Ntfk NkhjYfF Kd ,UejJ mNj vz KkjgigF nfh=Lk Mdhy
vjphjjpki raYk ,UfFk vdgjhFk. NkYk ,ej KbT eumyiar rhhejjyy vdgij
mwaTk.
Nkwf=z1 rkdghlbyjUed vikwWk v:kjigGFast fth=

Vi=Va+Uu2—U

myyJ

V2=U1+Vi—U2
>WJi JierNefgfs vikwwk v, F=zlwjy:
rkdghL gujalLtjd %yk m: ,d jisrNtfkhdJ

mM1(U1 — V1) = Mz(U1 + V1 — U2 — U2)
M1 (U1— Vi) = mz (U1 +v1 — 2U2)
MiU1 — M1V1 = MaU1 + M2Vi — 2mMaUz
M1U1 — MUz + 2M2U2 = M1V1 + MaVy
(M1 —m2)us + 2mauz = (M1 + M2)V1
em +m, g em +m, g
»J NghdNw rkdghL gujiasl myyJd rkdghL gujial m; ,d ,Wj giarNtefkhdJd
szg 2m, 9u1 LBm, - m, 0
eMm +m,g

nghUsfts xNu eawiaf nfh=zbUejhy mjhtd mi=m;

&2m, 0
rkdghL v, = (O)u, +¢ 2m2 U,

e 2 0
V1= U2

rkdghL Py, = gﬂgul +(0)u,
e 2m1 /]

V2 = U1
rkdghLfs kwWk njhtiggd vddntdy xU ghkh=z klr Nkhjyy rk ejliwAss ,U

nghUsts Nkhyifnfh=lhy NkhjYfFg gd mtwwd jJierNtefqfs  ghkhwf
nfthssggLfidwd.

nghUsts xNu eswiaf nfhz=zbUejhyy mjhtd m: = mx kwwWk ,u=zlhtJd nghUs
(toffkhf ,yfF vd mioffggLtd) xaT eiyay css Nghd (u2=0)
m1 = makwWk (uz =0) vdw kjigGFis rkdghLfs ,y gujpial
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rkdghL PBv, =0

rkdghL Bv, =y,
rkdghL kwWk njhtiggd vddntdy Kjy nghUs NkhjYTfFg gd xaT einyfF
tUKNghd ,u=zlhtd nghUs Kjy nghUsid nghl F jiarNtfj iy ,agFfwd.
Kjy nghUshdJ ,uz IhtJd nghUsid giwia ol Fawthf
,Uejhy>a(§ml << mz,ﬂ«lggpr thjk %»Okak ,YFF xaT eiyay cssNghd

e m, [/} 2

(u2=0) rkdghL ,d njhFj1 kwwWk gFjiia mMy tFfF

& 0

®
¢ _ ¢ 2 -
v, =¢ “u; +¢ _(0)

gml+1j gml+1j
m, g m, g
V:aEQu
1 804_151

Vi=U

m _40
m, '

»J NghdNw
rkdghL njhFj) kwWk gFjima m; - MytFff

eiw Fiwthf css Kjy nghUshdd mNj njhlfF gpiarNefjJdid vjhjjinray
JUKGFwWI (k=znlOfwJd) vdgir jr rkdghL css vjhfFw Fwffiwd. mjif e iwAss
,uzlhtd nghUshdd NkhjYfFg gwFk xaT eiayaNyNa njhlhed ,UFffwJd
vdgijr rkdgh Fwffwd. vLjIFFhllIhP ged xdW eiyahd Rthd kJ
vwaggllhy gejhdd wvwaggll mNj JiarNTFjjNyNa vjhjjiiray Rthy ,UeJd
JIUkg tUKkK.

NehT 4. ,uzlhtd nghUshdJd Kjy nghuistl eiw Fiwthf cssNghd

gmz << ml,&«lg gwF tfjk ™ »0

e m, 0 m,
kwwk ,yfF xaT emyay cssNghd (u2 =0) rkdghL ,d njhFj; kwWk gFjima
m: - My tFfT
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et
V1= U

»J NghdNw
nyhFj) kwwk gFjima m:- My tFff

2 0o @ 7_1
¢ 2 - ¢ m,
v, =¢ u1+';1+ m _(O)

s
m, g m g
&2 20
=c——=U,

§1+07

Vo =2Up

fdkhf css Kjy nghUshdd NkhjYFfFg gwF mNj parNefjJIld njhlhed
,agFfwJd vdgimjr rkdghL FwffwJd. eiw Fawthf css ,u=zlhtd nghUs Kjy
nghUsid njhlff parNefjajg Nghy ,U kilgF jJierNtfjJld ,aqFfiwd
vdgijr rkdghL Fwffwd. eiw Fiwthf css nghUs NkhjYWk GssayUed
NEfkhfr nryfwd.

vLjIFFhIL:

10 m sINEFjjJiy ,agqgFk xU emiw Fiwthd nghUs mjd easwmiag NghdwW ,U
klgF kwWk mjd Ntfjjiy ghjjasT nfh=l mNj jJisray ,aqgFk kwnwhU
nghUsid kJ NkhIfwJd. Nkhjyhdd xU ghkh=z kln Nkhjy vdf fUJT. NkhjYTFg
gwF ,U nghUsfsid Ntfk vdd?

JhT:

Kjy nghUsid eiw m vdH kwWwk mjd njhlfF JiarNtfk u; = 10 msi, vdNt
,UuzZIhtd nghUsid eiaw 2m kwWk mjd njhlfFf jiarNtfk
1 1
u, ==u, ==(10ms™
2 =5 =2 )

rkdghLfs kwWk ,U nghUsfsid ,Wj jinrNtFfgfist f=zfhlyhk

_&m-m,0 & 2m, 0

17¢ T Te e
eMm+m, g - em+m,g

_@m-2mg 22°2mj

=10+
8m+2m

- 05
L8 m+2mg

aelglo ae495_ 10+20:E
"Tes; 3 3

V= 3.33 ms1
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& 2m, 0
V,= U,
em + m, g

anm—m(.)'5
Em+2m;

20+5 25

v2:ae 2m 910+
8m+2mg

220 210
V,=r—:10+~=:5=
*"§35 €35 3 3

v2 =8.33 ms?

vi kwwWk v, Mfla ,U NtFfgfSk NehfFwahf cssjhy mit ,u=zLk KiwNa 3.33
m s1 kwWk 8.33 ms! vdw jJiarNefgfSld NkhjYTF Kd ,aqgfia jiiraNyNa
,agFfdwd.

KO kilnaww Nkhjy (Perfect Inelastic Collision):

KO klnaww Nkhjyry nghUsfs NkhjYTFggwF xU nghdthd jimrNEfj iy ,aqFk
tifay xdwld xdW euejukhf xIbfnfhsfidwd. mikwWk meiw nfh=zl xU
nghUsfs NkhjYfF Kd KiwNa ukwwk uwvdw njhlff perNefqfSid

,agFtjhff nfhsf. KO klrraww NkhjYfFg gwF nghUlfs v vdw nghdthd
JiarNtfjJild xdwhf ,aqFfidwd.
Nkhjyid Nghd NehfNfhlL cejk khwwgglhky cssjhy

JarNtefk NehfNThIL cejk

nghUs

njhIFfk

- Wi

njhIFfk

- Wi

e Ew m

U1

Vv

mzuz

mav

emEw mp

\Y/

mau2

moVv

Uz
nknjjK

miyuz + MaouU2

(mg+my) v

nghdthf JiarNtfjij foff=z1thw f=FfRlyhk

_mlul+m2u2

(m,+m,)
vLjITFhIL:
50 g eiwAss xU Jgghtfi F=zL 450 g eiwAss xU njhgftlggll nghUsd
mbggF jiaryilUeJd RlIggLfwJd. Jgghffi F=zL nghUsiIDs nghjied nghUshdJ 1.8 m
cauj jwF NkyNehffir nryfiwd. Jgghffi F=zbd Ntfjijf f=FfLT.
g =10 ms2vd¥ nfhst.

JhT:
m; =509 =0.05 kg; m, =450 g = 0.45 kg
Jgghffi F=zbd Ntfk uiMFk. ,uzlhtJd nghUs XaT egiyay cssJ (uz = 0)

Jgghtfi F=zL nghUsDs nghjiej gwF Jgghtfi F=zL kwWk nghUs Mhatwwd
nghJdthd jjarNtfk v vdf.
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— mlul + mZUZ
(m, +m,)
_ 0.05u, +(0.45” 0) _0.05
= = u,
(0.05+0.45)  0.50

nghdthd jiarNtfkhdd Jgghffi F=zL kwWwk nghUs Mfia xUgfii=zej mikggd
NkyNehffia nrqFjJd ,affjjwfhd njhlfF JiarNtfk MFk. ,uzlhtd ,affr
rkdghlbyUeJd

VvV = /2gh

v=.2710"1.8=4/36
VvV =6 mst
,jJid Nkwf=1 rkdghlby gujalL U: Kjigaggngw

=——"6=10"6
0.05

KO kilnaww Nkhjwvry, VwgLk ,aff Mwwy, ,o0gG:

KO klnaww Nkhjyid Nghd ,aff Mwwyid ,ogghdd xyp ntggke xs) Nghdw NEW
tifahd Mwwyhf khwwggLfiwd. NkhjYFF Kd nkhjj ,aff Mwwy KEkwWk
NkhjYFfFggd nkhjj ,aff Mwwy EKiwvdf nfhst,

KE, :%mlul2 +%m2u22
NkhjYFFg gd nkhjj ,aff Mwwy
KE, =Z(m +m,)v’

vdNt ,aff Mwwyyy VwgLk ,ogG
AQ = KE; - KE¢

= Zmuf+Zmus - (m, +m,)v

rkdghL rkdghL ,y gujialL (a + b)2 = a2 + b2 + 2ab vdw ,awf=j)j rkdghlulg
gadgLjjp RUFF ehk ngwtd.

kilnasigc F=Tk (e)(Coefficient of restitution):

,U ,uggh ged kwWk xU gsh]bf ged ,uzilAk xNu jsjjiy tornratjhff
nfhsNthk. ,uggh gejhdd gsh]bf geijtul mpjF caujjwF NknyOKGk.
vnddwhy xU klrg g=zGss ,uggh gejwF ,aff Mwwyid ,ogG gsh ]bf gejwF
,aff Mwwyid ,o09G gsh]bf geywfhd ,ogigtil k¥ FiwthFk. nghdthf
NkhjYfFg gwF , U nghUsfsid ,aff Mwwy Kkjiggid klnasigG
F=fk(Coefficient of Restitution - COR) vdggLk xU ghkhzkw v= %ykhT
msejwayhk.

NkhjYTfFg gd css tiyFk pierNtfjjwFk (rhhGy JiarNtfk) NkhjYTF Kd
css neUgFk jiarNtfjjwFk (rhhGy piarNtefk) , iINa css tfjk klnasigG
F=zfk vd truvaWffggLfwd.

mjhtJd
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_ tyFk jisrNtfk (NkhjYTFg gd)

" neUgqFk jiirNtfk (NkhjYFFE gd)
__(v,-v)
(u1_u2)

kin Nkhjyry tiyFk parNtfkhdd neUgFk jgiarNtefjjwF rkk vd Hinlffg
ngwNwhK.

mjhtJd
(ul - uz):(vz _Vl) ®u =l=e

(ul B uz)

kil NkhjYTF klnasigé F=zftk e=1 vdgij ,J Fwffwd. ,ayght NkhjYTFg
gwF ,aff Mwwylyy ,o09G VJIkiyaiy vdgNj ,jd nghUshFk. vdNt nghUshdJ
mNj ,aff MwYIld NknyOkGfwd. ,J toffkhf KO klr vd muoffggLfwd.

vttt cz=zikahd Nkhjy efoTfs)Yk Nkhjyidhy ,aff Mwwyry Vjhtd ,ogG
VwgLk. ,jJjd nghUs e ,d KkjgG vgnghOJdk 1 - 1 wuwlf Fiwthf ,UFfFk
KOi1kahd gsh]bf gejhf ,Uegjhy mJ k=Lk NknyOkghd. M fahy NkhjYTFfFg
gwF mtwwd tyFk jJimrNtfk RoahFk. vdNt klrnasigé F=fjjd kjigG e=0.
nghdth xU nghUsid klrnasigé F=zfk 0<e<lvd ,UfFk.

vLjIFFhlL:

XU klrnaww Nkhjyry XU nghUs eiryahf cssNghd rkeiwfs nfhzl nghUsfsd

JiarNtfgfsid tfjk izl_—evdf ThiLT.

v, 1l+e
JhT:

_ tyFk jiarNtfk (NkhjYTFg gd)
" neUqFk jiirNtfk (NkhjYFF gd)
- = (Vz _Vl) - (Vz _Vl) — (Vz _Vl)
(ul - U2) (ul - O) U
Pv, -v, =ey
NehfNFhIL cejk khwh tjjayiUed
mur =mvi+ mvaP ur=vi+ vz

rkdghL (2) ,y css ui,d kjjgig rkdghL (1) ,y gupal
V2 — Vi = e(Vitvo)

,jidr RUFF

Vl

V2

1-e
1+e
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