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1.1 HkkSfrdh D;k gS\

ekuo dh lnSo vius pkjksa vksj iSQys fo'o osQ ckjs esa tkuus dh ftKklk jgh gSA vukfn dky ls gh
jkf=k osQ vkdk'k esa pedus okys [kxksyh; fi.M mls lEeksfgr djrs jgs gSaA fnu&jkr dh lrr
iqujko`fÙk] ½rqvksa osQ ok£"kd pØ] xzg.k] Tokj&HkkVs] Tokykeq[kh] bUnz/uq"k lnSo gh mlosQ dkSrwgy osQ
lzksr jgs gSaA lalkj esa inkFkks± osQ vk'p;Zpfdr djus okys izdkj rFkk thou ,oa O;ogkj dh
foLe;dkjh fofHkUurk,¡ gSaA izo`Qfr osQ ,sls vk'p;ks± ,oa foLe;ksa osQ izfr ekuo dk dYiuk'khy rFkk
vUos"kh efLr"d fofHkUu izdkj ls viuh izfrfØ;k,¡ O;Dr djrk jgk gSA vkfn dky ls ekuo dh ,d
izdkj dh izfrfØ;k ;g jgh gS fd mlus vius HkkSfrd i;kZoj.k dk lko/kuhiwoZd izs{k.k fd;k gS]
izko`Qfrd ifj?kVukvksa esa vFkZiw.kZ iSVuZ rFkk laca/ [kksts gSa] rFkk izo`Qfr osQ lkFk izfrfØ;k dj ldus osQ
fy, u, vkStkjksa dks cuk;k rFkk mudk mi;ksx fd;k gSA dkykUrj esa ekuo osQ bUgha iz;klksa ls
vk/qfud foKku rFkk izkS|ksfxdh dk ekxZ iz'kLr gqvk gSA



vaxzsth Hkk"kk osQ 'kCn lkb±l (Science) dk mn~Hko ySfVu Hkk"kk osQ 'kCn flafV;k (Scientia) ls gqvk
gS] ftldk vFkZ gS ^tkuuk*A laLo`Qr Hkk"kk dk 'kCn ^foKku* rFkk vjch Hkk"kk dk 'kCn ^bYe* Hkh ;gh
vFkZ O;Dr djrk gS ftldk rkRi;Z gS ¶Kku¸A foLr`r :i esa foKku mruk gh izkphu gS ftruh fd
ekuo tkfr gSA felz] Hkkjr] phu] ;wuku] eSlksiksVkfe;k rFkk lalkj osQ vU; ns'kksa dh izkphu lH;rkvksa
us foKku dh izxfr esa vR;ko';d ;ksxnku fn;k gSA lksygoha 'krkCnh ls ;wjksi esa foKku osQ {ks=k esa
vR;f/d izxfr gqbZA chloha 'krkCnh osQ eè; rd foKku] okLrfod :i esa] ,d egku nzqr dk;Z cu
x;k] ftlosQ varjkZ"Vªh; fodkl osQ fy, vusd lH;rkvksa ,oa ns'kksa us viuk ;ksxnku fn;kA

foKku D;k gS] ,oa rFkkdfFkr oSKkfud fof/ D;k gksrh gS\ foKku izko`Qfrd ifj?kVukvksa dks
;FkklaHko foLr`r ,oa xgurk ls le>us osQ fy, fd, tkus okyk lqO;ofLFkr iz;kl gS] ftlesa bl
izdkj v£tr Kku dk mi;ksx ifj?kVukvksa osQ Hkfo"; dFku] la'kks/u] ,oa fu;a=k.k osQ fy, fd;k tkrk
gSA tks oqQN Hkh ge vius pkjksa vksj ns[krs gSa mlh osQ vk/kj ij vUos"k.k djuk] iz;ksx djuk rFkk
Hkfo";ok.kh djuk foKku gSA lalkj osQ ckjs esa lh[kus dh ftKklk] izo`Qfr osQ jgL;ksa dks lqy>kuk
foKku dh [kkst dh vksj igyk pj.k gSA ^oSKkfud fof esa cgqr ls var%laca/& in % O;ofLFkr izs{k.k]
fu;af=kr iz;ksx] xq.kkRed rFkk ek=kkRed foospuk] xf.krh; izfr:i.k] Hkfo"; dFku] fl¼karksa dk
lR;kiu vFkok vU;Fkkdj.k lfEefyr gksrs gSaA fujk/kj dYiuk rFkk vuqeku yxkus dk Hkh foKku esa
LFkku gS% ijUrq] varr%] fdlh oSKkfud fl¼kar dks Lohdk;Z ;ksX; cukus osQ fy,] mls izklafxd izs{k.kksa
vFkok iz;ksxksa }kjk lR;kfir fd;k tkuk Hkh vko';d gksrk gSA foKku dh izo`Qfr rFkk fof/;ksa osQ ckjs
esa dkiQh nk'kZfud fookn gSa ftuosQ fo"k; esa ;gk¡ ppkZ djuk vko';d ugha gSA

fl¼kar rFkk izs{k.k (vFkok iz;ksx) dk ikjLifjd izHkko foKku dh izxfr dk ewy vk/kj gSA foKku
lnSo xfr'khy gSA foKku esa dksbZ Hkh fl¼kar vafre ugha gS rFkk oSKkfudksa esa dksbZ fu£ookn fo'ks"kK
vFkok lÙkk ugha gSA tSls&tSls izs{k.kksa osQ foLr`r fooj.k rFkk ifj'kq¼rk esa la'kks/u gksrs tkrs gSa] vFkok
iz;ksxksa }kjk u, ifj.kke izkIr gksrs tkrs gSa] oSls ;fn vko';d gks rks mu la'kks/uksa dks lfUufo"V djosQ
fl¼karksa esa mudk Li"Vhdj.k fd;k tkuk pkfg,A dHkh&dHkh ;s la'kks/u izcy u gksdj lqizpfyr
fl¼karksa osQ <kaps esa Hkh gks ldrs gSaA mnkgj.k osQ fy,] tc tksgkUusl osQIyj (1571&1630) us Vkbdks
czkg (1546&1601) }kjk xzg&xfr ls lacaf/r lax`ghr fd, x, foLr`r vkadM+ksa dk ijh{k.k fd;k] rks
fudksyl dksijfudl (1473&1543) }kjk dfYir lw;Z osQUnzh fl¼kar (ftlosQ vuqlkj lw;Z
lkSj&ifjokj osQ osQUnz ij fLFkr gSA) dh o`Ùkkdkj d{kkvksa dks nh?kZo`Ùkh; d{kkvksa }kjk izfrLFkkfir djuk
iM+k] rkfd lax`ghr vkadM+ksa rFkk nh?kZo`Ùkh; d{kkvksa esa vuq:irk gks losQA rFkkfi] ;nk&dnk lqizpfyr



fl¼kar u, izs{k.kksa dk Li"Vhdj.k djus esa vleFkZ gksrs gSaA ;s izs{k.k gh foKku esa egku Økafr dk
dkj.k curs gSaA chloha 'krkCnh osQ vkjaHk esa ;g vuqHko fd;k x;k fd ml le; dk lokZf/d liQy
U;wVuh ;kaf=kdh fl¼kar ijek.oh; ifj?kVukvksa osQ oqQN ewy fof'k"V y{k.kksa dh O;k[;k djus esa
vleFkZ gSA blh izdkj ml le; rd ekU; ¶izdk'k dk rjax fl¼kar¸ Hkh izdk'k fo|qr izHkko dks
Li"V djus esa vliQy jgkA blls ijek.oh; rFkk vkf.od ifj?kVukvksa ij fopkj djus osQ fy,
ewyr% u, fl¼kar (DokUVe ;kaf=kdh) osQ fodkl dk ekxZ iz'kLr gqvkA

ftl izdkj dksbZ u;k iz;ksx fdlh oSdfYid lS¼kafrd fun'kZ (ekWMy) dks izLrkfor dj ldrk gS]
Bhd mlh izdkj fdlh lS¼kafrd izxfr ls ;g Hkh lq>ko fey ldrk gS fd oqQN iz;ksxksa esa D;k izs{k.k
fd, tkus gSaA vusZLV jnjiQksMZ (1871&1937) }kjk o"kZ 1911 esa Lo.kZ i£.kdk ij fd, x, ,sYiQk
d.k izdh.kZu iz;ksx osQ ifj.kke us ijek.kq osQ ukfHkdh; ekWMy dks LFkkfir fd;k] tks fiQj uhy cksj
(1885&1962) }kjk o"kZ 1913 esa izfrikfnr gkbMªkstu ijek.kq osQ fl¼kar dk vk/kj cukA nwljh vksj
ikWy fMjsd (1902&1984) }kjk o"kZ 1930 esa loZizFke lS¼kafrd :i ls izfrd.k dh ladYiuk
izfrikfnr dh xbZ ftls nks o"kZ i'pkr~ dkyZ ,UMjlu us ikWthVªkWu (izfr bysDVªkWu) dh izk;ksfxd [kkst
}kjk izekf.kr fd;kA

izko`Qfrd foKkuksa dh Js.kh dk ,d ewy fo"k; HkkSfrdh gSA blh Js.kh esa vU; fo"k; tSls jlk;u
foKku rFkk tho foKku Hkh lfEefyr gSaA HkkSfrdh dks vaxszth esa Physics dgrs gSa tks xzhd Hkk"kk osQ
,d 'kCn ls O;qRiUu gqvk gS ftldk vFkZ gS ¶izo`Qfr¸A bldk rqY; laLo`Qr 'kCn ^HkkSfrdh* gS ftldk
mi;ksx HkkSfrd txr osQ vè;;u ls lacaf/r gSA bl fo"k; dh ;FkkFkZ ifjHkk"kk nsuk u rks laHko gS vkSj
u gh vko';dA eksVs rkSj ij ge HkkSfrdh dk o.kZu izo`Qfr osQ ewyHkwr fu;eksa dk vè;;u rFkk
fofHkUu izko`Qfrd ifj?kVukvksa esa budh vfHkO;fDr osQ :i esa dj ldrs gSaA vxys vuqHkkx esa HkkSfrdh
osQ dk;Z{ks=k&foLrkj dk laf{kIr o.kZu fn;k x;k gSA ;gk¡ ge HkkSfrdh osQ nks izeq[k fopkjksa&,dhdj.k
rFkk U;wuhdj.k ij gh fVIi.kh djsaxsA

HkkSfrdh osQ varxZr ge fofo/ HkkSfrd ifj?kVukvksa dh O;k[;k oqQN ladYiukvksa ,oa fu;eksa osQ inksa
esa djus dk iz;kl djrs gSaA bldk mís'; fofHkUu izHkko {ks=kksa rFkk ifjfLFkfr;ksa esa HkkSfrd txr dks
oqQN lkoZf=kd fu;eksa dh vfHkO;fDr osQ :i esa ns[kus dk iz;kl gSA mnkgj.k osQ fy,] leku
xq#Rokd"kZ.k dk fu;e (ftls U;wVu us izfrifnr fd;k) i`Foh ij fdlh lsc dk fxjuk] i`Foh osQ
ifjr% pUnzek dh ifjØek rFkk lw;Z osQ ifjr% xzgksa dh xfr tSlh ifj?kVukvksa dh O;k[;k djrk gSA



blh izdkj fo|qr pqEcdRo osQ ewyHkwr fl¼kar (eSDlosy&lehdj.k) lHkh fo|qrh; rFkk pqEcdh;
ifj?kVukvksa dks fu;af=kr djrs gSaA izo`Qfr osQ ewy cyksa dks ,dho`Qr djus osQ iz;kl (vuqHkkx 1-4)
,dhdj.k osQ blh vUos"k.k dks izfrfcfEcr djrs gSaA

fdlh vis{kko`Qr cM+s] vf/d tfVy fudk; osQ xq.kksa dks blosQ vo;oh ljy Hkkxksa dh ikjLifjd
fØ;kvksa rFkk xq.kksa ls O;qRiUu djuk ,d lac¼ iz;kl gksrk gSA bl mixeu dks U;wuhdj.k dgrs gSa
rFkk ;g HkkSfrdh osQ eeZ esa gSA mnkgj.k osQ fy,] mUuhloha 'krkCnh esa fodflr fo"k; Å"ek xfrdh
c`gnkdkj fudk;ksa osQ lkFk rki] vkarfjd ÅtkZ] ,UVªkih vkfn tSlh LFkwy jkf'k;ksa osQ inksa esa O;ogkj
djrk gSA rRi'pkr~ v.kqxfr fl¼kar rFkk lkaf[;dh; ;kaf=kdh fo"k;ksa osQ varxZr bUgha jkf'k;ksa dh
O;k[;k o`gnkdkj fudk;ksa osQ vkf.od vo;oksa osQ xq.kksa osQ inksa esa dh xbZA fo'ks"k :i ls rki dks
fudk; osQ v.kqvksa dh vkSlr xfrt ÅtkZ ls lacaf/r ik;k x;kA

1.2 HkkSfrdh dk iz;kstu rFkk mÙkstuk

HkkSfrdh osQ dk;Z{ks=k foLrkj osQ ckjs esa gesa oqQN cks/ blosQ fofHkUu mifo"k;ksa dks ns[kdj gks ldrk
gSA ewy :i ls blosQ nks #fpdj izHkko {ks=k % LFkwy rFkk lw{e gSaA LFkwy izHkko {ks=k esa iz;ksx'kkyk] ik
£Fko rFkk [kxksyh; Lrj dh ifj?kVuk,¡ lfEefyr gksrh gSaA tcfd lw{e izHkko {ks=k osQ varxZr
ijek.oh;] vkf.od rFkk ukfHkdh; ifj?kVuk,¡* vkrh gSaA fpjlEer HkkSfrdh osQ varxZr eq[; :i ls
LFkwy ifj?kVukvksa ij fopkj fd;k tkrk gS] blesa ;kaf=kdh] oS|qr xfrdh] izdkf'kdh rFkk
Å"ekxfrdh tSls fo"k; lfEefyr gksrs gSaA ;kaf=kdh fo"k; U;wVu osQ xfr osQ fu;eksa rFkk xq#Rokd"kZ.k
osQ fu;e ij vk/kfjr gS rFkk bldk laca/ d.kksa] n`<+ ,oa fo:i.k'khy fi.Mksa] rFkk d.kksa osQ O;kid
fudk;ksa dh xfr (vFkok larqyu) ls gksrk gSA tsV osQ :i esa fu"dkflr xSlksa }kjk jkWosQV&uksnu]
ty&rjaxksa dk lapj.k] ok;q esa èofu rjaxksa dk lapj.k rFkk fdlh cks> osQ v/hu >qdh NM+ dh
lkE;koLFkk ;kaf=kdh ls lacaf/r leL;k,¡ gSaA oS|qr xfrdh vkosf'kr rFkk pqEcfdr oLrqvksa ls lac¼
oS|qr rFkk pqEcdh; ifj?kVuk,¡ gSaA buosQ ewy fu;eksa dks owQykWe] vkWlZVsM] ,sfEi;j rFkk iSQjkMs us
izfrikfnr fd;k rFkk bu fu;eksa dh laiqf"V eSDlosy us vius lehdj.kksa osQ leqPp; }kjk dhA fdlh
èkkjkokgh pkyd dh pqEcdh; {ks=k esa xfr] fdlh fo|qr ifjiFk dh izR;korhZ oksYVrk (flxuy) ls
vuqfØ;k] fdlh ,sUVsuk dh dk;Ziz.kkyh] vk;u e.My esa jsfM;ks rjaxksa dk lapj.k vkfn oS|qr xfrdh
dh leL;k,¡ gSaA izdkf'kdh osQ varxZr izdk'k ij vk/kfjr ifj?kVukvksa ij fopkj fd;k tkrk gSA



nwjchu (nwjn'kZd) rFkk lw{en'khZ dh dk;Zfof/] iryh f>Yyh osQ jax] vkfn izdkf'kdh osQ mifo"k;
gSaA ;kaf=kdh dh rqyuk esa Å"ekxfrdh osQ varxZr oLrqvksa dh lexz xfr ij fopkj ugha fd;k tkrk]
vfirq ;g LFkwy larqyu osQ fudk;ksa ij fopkj djrh gS] rFkk bldk laca/ ckg~; dk;Z rFkk Å"ek
LFkkukarj.k }kjk fudk; dh vkarfjd ÅtkZ] rki] ,sUVªkWih vkfn esa varj ls gksrk gSA Å"ek batu rFkk
iz'khrd dh n{krk] fdlh HkkSfrd vFkok jklk;fud izfØ;k dh fn'kk vkfn] Å"ekxfrdh dh jkspd
leL;k,¡ gSaA

fp=k 1.1 HkkSfrdh esa fl¼kar rFkk iz;ksx lkFk&lkFk pyrs gSa rFkk ,d&nwljs dh izxfr esa lgk;rk djrs gSaA jnjiQksMZ ,sYiQk izdh.kZu

iz;ksx us ijek.kq osQ ukfHkdh; ekWMy dks izfrikfnr fd;kA

* gky gh esa vUos"k.k osQ mÙkstukiw.kZ {ks=k esa ,d u, izHkko {ks=k (ftls eè;kdkj HkkSfrdh dgrs gSa) dk vfoHkkZo gqvk gS tks LFkwy rFkk

lw{e izHkko {ks=kksa dk eè;orhZ gSA blosQ varxZr oqQN nlksa ;k oqQN lSdM+ksa ijek.kqvksa ls O;ogkj fd;k tkrk gSA

HkkSfrdh osQ lw{e izHkko {ks=k osQ varxZr ijek.kqvksa rFkk ukfHkdksa osQ Lrj osQ lw{ere iSekus ij (vkSj
blls Hkh fuEu yEckbZ osQ iSekus ij) nzO; osQ la?kVu ,oa lajpuk rFkk budh fofHkUu vUosf"k;ksa tSls
bysDVªkWu] iQksVkWu rFkk vU; ewy d.kksa ls vU;ksU; fØ;kvksa ij fopkj fd;k tkrk gSA fpjlEer HkkSfrdh
bl izHkko {ks=k ls O;ogkj djus esa l{ke ugha gS rFkk gky gh esa DokUVe fl¼kar dks gh lw{e ifj?
kVukvksa dh O;k[;k djus osQ fy, mfpr <kapk ekuk x;k gSA O;kid :i esa] HkkSfrdh dk izklkn lqUnj
,oa HkO; gS vkSj tSls&tSls vki bl fo"k; esa vkxs c<+saxs bldk egRo vf/dkf/d gksrk tk,xkA



vc vki ;g dYiuk dj ldrs gSa fd HkkSfrdh dk dk;Z{ks=k okLro esa foLr`r gSA ;g yackbZ] nzO;eku]
le;] ÅtkZ vkfn HkkSfrd jkf'k;ksa osQ ifjek.kksa osQ fo'kky ifjlj dk izfriknu djrh gSA ,d vksj

blosQ varxZr bysDVªkWu] izksVkWu] vkfn ls lacaf/r ifj?kVukvksa dk yEckbZ osQ vfr lw{e iSekus (10-14

m vFkok blls Hkh de) ij vè;;u fd;k tkrk gS rFkk blosQ foijhr] nwljh vksj blosQ varxZr
[kxksyh; ifj?kVukvksa dk vè;;u eankfdfu;ksa osQ foLrkjksa] vFkok lEiw.kZ fo'o osQ iSekus] ftldk

foLrkj 1026 m dksfV dk gS] ij fd;k tkrk gSA yEckbZ osQ bu nks iSekuksa esa 1040 vFkok vkSj
vf/d osQ xq.kd dk varj gSA yEckb;ksa osQ iSekus osQ ifjlj dks izdk'k dh pky ls foHkkftr djosQ

le;ksa osQ iSekus dk ifjlj: 10-22 s ls 1018 s izkIr fd;k tk ldrk gSA blh izdkj nzO;ekuksa dk

ifjlj mnkgj.k osQ fy, 10-30 kg (bysDVªkWu osQ nzO;eku) ls 1055 kg (Kkr izsf{kr fo'o osQ
nzO;eku) rd gSA ik£Fko ifj?kVuk,¡ bl ifjlj osQ eè; esa dgha gksrh gSaA

ifjdYiuk,¡] vfHkx`ghr rFkk fun'kZ
fdlh dks ;g ugha le>uk pkfg, fd HkkSfrdh rFkk xf.kr }kjk lc oqQN lR;kfir fd;k tk
ldrk gSA leLr HkkSfrdh] vkSj xf.kr Hkh dYiukvksa (vfHk/kj.kkvksa) ij vk/kfjr gSa] ftuesa ls
izR;sd dks Hkkafr&Hkkafr ls ifjdYiuk] vFkok vfHkx`ghr vFkok fun'kZ dgdj iqdkjk tkrk gSA

mnkgj.k osQ fy,] U;wVu }kjk izfrikfnr xq#Rokd"kZ.k dk lkoZf=kd fu;e ,d vfHk/kj.kk vFkok
ifjdYiuk gS] ftls mUgksaus viuh izoh.krk }kjk izLrkfor fd;k FkkA muls igys] lw;Z osQ ifjr%
xzgksa dh xfr] i`Foh osQ ifjr% pUnzek dh xfr] yksydksa] i`Foh dh vksj fxjrs fi.Mksa vkfn osQ
laca/ esa cgqr ls izs{k.k] iz;ksx rFkk vkadM+s miyC/ FksA buesa izR;sd osQ fy, i`Fkd Li"Vhdj.k
vko';d Fkk tks fd dekscs'k xq.kkRed FkkA xq#Rokd"kZ.k osQ lkoZf=kd fu;e dk tks oqQN dguk
gS] og ;g gS fd ;fn ge ;g dYiuk djsa fd] ¶bl fo'o osQ dksbZ nks fi.M ,d nwljs dks ,d
cy }kjk vkd£"kr djrs gSa tks bu nksuksa fi.Mksa osQ nzO;ekuksa osQ xq.kuiQy osQ vuqØekuqikrh rFkk
buosQ chp dh nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gS¸] rks ge bu lHkh izs{k.kksa dh O;k[;k osQoy
,d gh iz;kl esa dj ldrs gSaA ;g osQoy bu ifj?kVukvksa dh gh O;k[;k ugha djrk] oju~ ;g
Hkfo"; osQ iz;ksxksa osQ ifj.kkeksa osQ Hkfo";dFku dh gesa vuqefr iznku djrk gSA



dksbZ ifjdYiuk ,d ,slk vuqeku gksrk gS ftls mldh lR;rk dh dYiuk osQ fcuk yxk;k tkrk
gSA fdlh ls Hkh xq#Rokd"kZ.k osQ lkoZf=kd fu;e dks izekf.kr djus osQ fy, dguk U;k;laxr ugha
gS] D;ksafd bls izekf.kr ugha fd;k tk ldrkA bls isz{k.kksa rFkk iz;ksxksa }kjk tkapk vkSj fl¼ fd;k
tk ldrk gSA

dksbZ vfHkx`ghr ,d Lo;a fl¼ lR; gksrk gS tcfd dksbZ fun'kZ izsf{kr ifj?kVuk dh O;k[;k osQ
fy, izLrkfor ,d fl¼kar gksrk gSA ijUrq vkidks bl Lrj ij bu 'kCnksa osQ mi;ksx esa vFkZ Hksn
djus osQ fy, fpUrk djus dh dksbZ vko';drk ugha gSA mnkgj.k osQ fy,] vki vxys o"kZ
gkbMªkstu ijek.kq osQ cksj fun'kZ osQ fo"k; esa vè;;u djsaxs ftlesa cksj us ;g dYiuk dh Fkh fd
¶gkbMªkstu ijek.kq esa bysDVªkWu oqQN fu;eksa (vfHkx`ghr) dk ikyu djrs gSa¸A mUgksaus ,slk D;ksa
fd;k Fkk\ muosQ ikl foLr`r ek=kk esa LisDVªeh vkadM+s miyC/ Fks] ftudh dksbZ vU; fl¼kar
O;k[;k ugha dj ldk FkkA vr% cksj us dgk Fkk fd ;fn ge ;g dYiuk dj ysa fd dksbZ
ijek.kq bl&bl <ax ls O;ogkj djrk gS] rks ge rRdky gh bu lHkh ?kVukvksa dh O;k[;k dj
ldrs gSaA

vkbaLVhu dk vkisf{kdrk dk fof'k"V fl¼kar Hkh nks vfHkx`ghrksa& ¶fo|qr pqEcdh; fofdj.kksa dh
pky dh fLFkjrk¸ rFkk ¶lHkh tM+Roh; funsZ'k ra=kksa esa HkkSfrd fu;eksa dk oS/ gksuk¸] ij vk/kfjr
gSA gekjs fy, fdlh ls ;g dguk cqf¼ekuh ugha gksxh fd og izekf.kr djs fd ¶fuokZr esa
izdk'k dh pky fu;r gksrh gS¸] lzksr vFkok izs{kd ij fuHkZj ugha djrhA

xf.kr esa Hkh gesa gj dne ij vfHkx`ghrksa rFkk ifjdYiukvksa dh vko';drk gksrh gSA ;wfDyM
dk ;g izdFku fd lekarj js[kk,¡ dHkh Hkh ugha feyrha] ,d ifjdYiuk gSA bldk ;g vFkZ gS
fd ;fn ge izdFku dks viukysa] rks ge lekarj js[kkvksa osQ cgqr ls xq.kksa rFkk buls cuh nks
vFkok rhu foekvksa dh vko`Qfr;ksa dh O;k[;k dj ldrs gSaA ijUrq ;fn vki bls ugha viukrs] rks
vki ,d fHkUu vfHkx`ghr dk mi;ksx djus osQ fy, Lora=k gSa vkSj ,d uohu T;kfefr izkIr dj
ldrs gSa] tSlkfd okLro esa fiNyh oqQN 'krkfCn;ksa rFkk n'kdksa esa ?kfVr gqvk gSA

HkkSfrdh dbZ izdkj ls mÙkstd gSA oqQN O;fDr blosQ ewy fl¼karksa osQ ykfyR; rFkk O;kidrk ls bl
rF; dks ysdj mÙksftr gks tkrs gSa fd HkkSfrdh dh oqQN ewy ladYiukvksa rFkk fu;eksa }kjk HkkSfrd
jkf'k;ksa osQ fo'kky ifjlj dks izfrikfnr djus okyh ifj?kVukvksa dh O;k[;k dh tk ldrh gSA oqQN



vU; osQ fy, izo`Qfr osQ jgL;ksa ls inkZ gVkus osQ fy, dYiuk'khy uohu iz;ksx djus dh pqukSrh]
fu;eksa dk lR;kiu vFkok fujkdj.k jksekapdkjh gks ldrk gSA vuqiz;qDr HkkSfrdh leku :i ls
egRoiw.kZ gSA HkkSfrd fu;eksa osQ vuqiz;ksx rFkk LokFkZlk/uksa }kjk mi;ksxh ;qfDr;ksa dk fuekZ.k djuk
HkkSfrdh dk vR;ar jkspd rFkk mÙkstukiw.kZ Hkkx gS] ftlosQ fy, vR;f/d izoh.krk rFkk lrr~ iz;klksa
dh vko';drk gksrh gSA

fiNyh oqQN 'krkfCn;ksa esa HkkSfrdh esa gqbZ vlk/kj.k izxfr dk D;k jgL; gS\ fo'kky izxfr izk;% gekjs
ewy vocks/u esa ifjorZuksa ls layXu gksrh gSA igys ;g vuqHko fd;k x;k fd oSKkfud izxfr osQ fy,
osQoy xq.kkRed lksp gksuk] ;|fi fulansg ;g egRoiw.kZ gS] i;kZIr ugha gSA HkkSfrdh] ftlesa izko`Qfrd
fu;eksa dks lqLi"V xf.krh; lehdj.kksa }kjk O;Dr fd;k tk ldrk gS] esa oSKkfud fodkl osQ fy,
ek=kkRed ekiu izeq[k gksuk pkfg,A nwljh vR;ar egRoiw.kZ varnZ`f"V ;g Fkh fd HkkSfrdh osQ ewy fu;e
lkoZf=kd gSa & leku fu;eksa dks O;kid :i ls fofHkUu izlaxksa esa ykxw fd;k tk ldrk gSA var esa
lfUudVu dh ;kstuk vR;ar liQy fl¼ gqbZA nSfud thou dh vf/dka'k izsf{kr ifj?kVuk,¡ ewy fu;eksa
dh tfVy vfHkO;fDr gh gksrh gSaA oSKkfudksa us fdlh ifj?kVuk dh lkjHkwr fo'ks"krkvksa osQ lkj
fudkyus osQ egRo dh igpku ml ifj?kVuk osQ vis{kko`Qr de egRoiw.kZ igyqvksa ls dhA fdlh ifj?
kVuk dh lHkh tfVyrkvksa dks ,d lkFk ,d gh ckj esa Li"V dj ikuk O;kogkfjd ugha gSA ,d vPNh
;qfDr ogh gS fd igys fdlh ifj?kVuk osQ ijeko';d y{k.kksa ij è;ku osQfUnzr djosQ mlosQ ewy
fl¼karksa dks [kkstk tk, vkSj fiQj la'kqf¼;ksa dks lfUufo"V djosQ ml ifj?kVuk osQ fl¼karksa dks vkSj
vf/d ifj'kq¼ cuk;k tk,A mnkgj.k osQ fy,] fdlh iRFkj rFkk ia[k dks leku Å¡pkbZ ls ,d lkFk
fxjkus ij os ,d lkFk i`Foh ij ugha fxjrsA bldk dkj.k ;g gS fd ifj?kVuk osQ vko';d igyw
vFkkZr~ ¶xq#Ro cy osQ v/hu eqDr iru¸ dks ok;q osQ izfrjks/ dh mifLFkfr us tfVy cuk fn;k gSA
xq#Ro cy osQ v/hu eqDr iru dk fu;e izkIr djus osQ fy, ;g Js;Ldj gS fd ,slh ifjfLFkfr
mRiUu dh tk, ftlesa ok;q&izfrjks/ mis{k.kh; gks vkSj ,slk fd;k Hkh tk ldrk gSA mnkgj.k osQ fy,]
iRFkj rFkk ia[k dks fdlh fuokZfrr yach uyh esa ,d lkFk fxjus fn;k tk,A bl izdj.k esa nksuksa fi.M
(iRFkj rFkk ia[k) yxHkx ,d lkFk fxjsaxs ftlls gesa ;g ewy fu;e izkIr gksxk fd xq#Roh; Roj.k
fi.M osQ nzO;eku ij fuHkZj ugha djrkA bl izdkj izkIr fu;e ls ge iqu% ia[k izdj.k ij tk ldrs
gSa] ok;q&izfrjks/ osQ dkj.k la'kqf¼ lfUufo"V dj ldrs gSa] lqizpfyr fl¼kar esa la'kks/u dj ldrs gSa]
rFkk xq#Ro cy osQ v/hu i`Foh ij fxjrs fi.Mksa osQ fy, vf/d ;Fkk£Fkd fl¼kar cukus dk iz;kl
dj ldrs gSaA



1.3 HkkSfrdh] izkS|ksfxdh rFkk lekt

HkkSfrdh] izkS|ksfxdh rFkk lekt osQ chp ikjLifjd laca/ksa dks cgqr ls mnkgj.kksa esa ns[kk tk ldrk gSA
Å"ekxfrdh fo"k; dk mn~Hko Å"ek batuksa dh dk;Ziz.kkyh dks le>us ,oa mlesa lq/kj djus dh
vko';drk osQ dkj.k gqvkA tSlk fd ge tkurs gSa fd Hkki dk batu] baXySaM esa vBkgjoha 'krkCnh esa
gqbZ vkS|ksfxd Økafr] ftlus ekuo lH;rk dks vR;f/d izHkkfor fd;k Fkk] ls vi`FkDdj.kh; gSA dHkh
izkS|ksfxdh uohu HkkSfrdh dks tUe nsrh gS] rks dHkh HkkSfrdh uohu izkS|ksfxdh mRiUu djrh gSaA HkkSfrdh
}kjk uohu izkS|ksfxdh mRiUu djus dk mnkgj.k csrkj lapkj izkS|ksfxdh gS] ftldk fodkl mUuhloha
'krkCnh esa gqbZ fo|qr rFkk pqEcdRo osQ ewy fu;eksa osQ vuqxeu djus ls gqvkA HkkSfrdh osQ vuqiz;ksxksa
dk lnSo iwoZKku j[kuk ljy ugha gSA o"kZ 1933 rd egku HkkSfrd foKkuh vuZLV jnjiQksMZ ijek.kqvksa
ls ÅtkZ fu"dklu dh laHkkouk dks eu ls nwj dj pqosQ FksA ijUrq osQoy oqQN gh o"kks± osQ i'pkr~ o"kZ
1938 esa gsu rFkk ekbVuj us U;wVªkWu izsfjr ;wjsfu;e ukfHkd osQ fo[kaMu ls lacaf/r ifj?kVuk dh [kkst
dh] ftlus vkf.od 'kL=kksa rFkk vkf.od 'kfDr fj,DVjksa osQ vk/kj dh Hkkafr dk;Z fd;kA HkkSfrdh ls
,d uohu izkS|ksfxdh osQ tUe dk ,d vU; mnkgj.k flfydkWu ^fpi* gS] ftlus chloha 'krkCnh osQ
vafre rhu n'kdksa esa dEI;wVj Økafr dks izsfjr fd;kA ,d vR;ar egRoiw.kZ {ks=k ftlesa HkkSfrdh dk
;ksxnku gS vkSj Hkfo"; esa Hkh jgsxk] og gS ¶oSdfYid ÅtkZ lalk/uksa dk fodkl¸A gekjs xzg osQ
thok'eh b±/u Rofjr {kh;eku gSa rFkk uohu ,oa lLrs ÅtkZ lzksrksa dh [kkst vR;ko';d gSA bl fn'kk
esa igys ls gh dkiQh izxfr gks pqdh gS (mnkgj.k osQ fy, lkSj ÅtkZ] Hkw&rkih; ÅtkZ vkfn osQ fo|qr
ÅtkZ esa :ikarj.k osQ :i esa) ijUrq bls vkSj vf/d lEikfnr fd;k tkuk vHkh 'ks"k gSA

lkj.kh 1-1 esa oqQN egku HkkSfrd foKkfu;ksa] muosQ izeq[k ;ksxnkuksa rFkk muosQ ewy ns'kksa dh lwph nh
xbZ gSA blosQ }kjk vki oSKkfud iz;klksa osQ cgq&lkaLo`Qfrd] varjkZ"Vªh; Lo:i dk ewY;kadu djsaxsA
lkj.kh 1-2 esa oqQN egRoiw.kZ izkS|ksfxfd;ksa rFkk HkkSfrdh osQ mu fl¼karksa] ftu ij os vk/kfjr gSa] dh
lwph nh xbZ gSA Li"V gS fd ;s lwfp;k¡ foLr`r ugha gSaA ge vkils vuqjks/ djrs gSa fd vki vius
f'k{kdksa dh lgk;rk] vPNh iqLrdksa rFkk foKku dh osclkbV }kjk bu lkfjf.k;ksa esa cgqr ls uke rFkk
vU; lac¼ tkudkjh fy[kdj bUgsa vkSj O;kid cukus dk iz;kl djsaA vki ;g ik,axs fd ;g vH;kl
cgqr f'k{kkizn rFkk euksjatd gSA gesa iw.kZ fo'okl gS fd ;g lwph dHkh lekIr ugha gksxhA foKku dh
izxfr lrr~ gSA





HkkSfrdh izo`Qfr rFkk izko`Qfrd ifj?kVukvksa dk vè;;u gSA HkkSfrd foKkuh isz{k.kksa] iz;ksxksa rFkk
fo'ys"k.kksa osQ vk/kj ij izo`Qfr esa fØ;kRed fu;eksa dks [kkstus dk iz;kl djrk gSA HkkSfrdh izko`Qfrd
txr dks fu;af=kr djus okys oqQN ewy fu;eksa@fl¼karksa ls lacaf/r gSA HkkSfrd fu;eksa dh D;k izo`Qfr
gS\ vc ge ewy cyksa dh izo`Qfr rFkk bl HkkSfrd txr dks fu;af=kr djus okys fofo/ fu;eksa osQ
fo"k; esa ppkZ djsaxsA



1.4 izo`Qfr esa ewy cy*

*vuqHkkx 1-4 rFkk 1-5 esa ,slh dbZ ladYiuk,¡ gSa ftudks igyh ckj vè;;u djus ij le>us esa vkidks dfBukbZ gks ldrh gSA rFkkfi

ge vkidks ;g ijke'kZ nsrs gSa fd vki budk lko/kuhiwoZd vè;;u djsa rkfd vkiesa HkkSfrdh osQ oqqQN ewy igyqvksa dk cks/ fodflr

gks tk, ftuesa ls oqQN {ks=k ,sls gSa tks orZeku HkkSfrd foKkfu;ksa dks fujarj dk;Z esa yxk, gq, gSaA

ge lHkh esa cy osQ ckjs esa dksbZ lgtkuqHkwr /kj.kk gSA ge lHkh dk ;g vuqHko gS fd oLrqvksa dks
/osQyus] ys tkus vFkok isaQdus] fu:fir djus vFkok mUgsa rksM+us osQ fy, cy dh vko';drk gksrh



gSA ge vius Åij cyksa osQ la?kkr] tSls fdlh xfr'khy oLrq osQ gels Vdjkrs le; vFkok ¶eSjh xks
jkm.M >wys¸ esa xfr djrs le;] vuqHko djrs gSaA bl lgtkuqHkwr /kj.kk ls pydj cy dh lgh
oSKkfud ladYiuk rd igq¡puk lgt dk;Z ugha gSA vk| fopkjdksa tSls vjLrw dh cy osQ fo"k; esa
ladYiuk xyr FkhA cy osQ fo"k; esa gesa lgh /kj.kk U;wVu osQ xfr osQ izfl¼ fu;eksa esa feyhA mUgksaus
nks fi.Mksa osQ chp xq#Rokd"kZ.k cy osQ fy, lqLi"V lw=k Hkh fn;kA vuqorhZ vè;k;ksa eas ge buosQ
fo"k; esa vè;;u djsaxsA

LFkwy txr esa xq#Rokd"kZ.k cy osQ vfrfjDr gekjh HksaV vU; dbZ izdkj osQ cyksa tSls is'kh; cy]
fi.Mksa osQ eè; laLi'kZ cyksa] ?k"kZ.k (;g Hkh Li'kZ djus okys i`"Bksa osQ lekarj laLi'kZ cy gS)]
laihfMr vFkok nh£?kr dekuh rFkk ruh gqbZ jfLl;ksa ,oa Mksfj;ksa (ruko) }kjk vkjksfir cy] tc Bksl
rjyksa osQ lEioZQ esa gksrs gSa rc mRIykodrk ,oa ';kurk osQ cy] fdlh rjy osQ nkc osQ dkj.k cy]
fdlh nzo osQ i`"B ruko osQ dkj.k cy vkfn&vkfnA vkosf'kr rFkk pqEcdh; oLrqvksa osQ dkj.k Hkh
cy gksrs gSaA lw{e izHkko {ks=k esa Hkh gekjs ikl fo|qr rFkk pqEcdh; cy] ukfHkdh; cy ftlesa izksVkWu
o U;wVªkWu lfEefyr gSa] varj ijekf.od ,oa varjkf.od cy vkfn gSaA buesa ls oqQN cyksa ls ge
viuk ifjp; ikB~;Øe osQ ckn okys Hkkx esa djsaxsA

vYcVZ vkbaLVkbu (1879-1955)

o"kZ 1879 esa] mYe] teZuh esa tUes vYcVZ vkbaLVkbu dks vkt
rd osQ lkoZf=kd :i ls egkure ekus tkus okys HkkSfrd
foKkfu;ksa esa ls ,d ekuk tkrk gSA mudk foLe;dkjh oSKkfud
thou muosQ }kjk o"kZ 1905 esa izdkf'kr rhu Økafrdkjh 'kks/i=kksa
ls vkjaHk gqvkA mUgksaus vius izFke 'kks/ i=k esa izdk'k DokaVk
(ftls vc iQksVkWu dgrs gSaA) dh /kj.kk dks izLrkfor fd;k
rFkk bl /kj.kk dk mi;ksx izdk'k oS|qr izHkko osQ ml y{k.k
dh O;k[;k djus esa fd;k ftls fofdj.kksa osQ fpjlEer rjax
fl¼kar }kjk Li"V ugha fd;k tk ldk FkkA vius nwljs 'kks/i=k
esa mUgksaus czkmuh xfr dk fl¼kar fodflr fd;k ftldh
izk;ksfxd iqf"V oqQN o"kZ i'pkr~ gqbZA bl fl¼kar us nzO; osQ

ijekf.od fp=k.k osQ fo'oluh; izek.k izLrqr fd,A muosQ rhljs 'kks/i=k us vkisf{kdrk osQ
fof'k"V fl¼kar dks tUe fn;k ftuls vkbaLVkbu dks muosQ gh thou dky esa ^¯donUrh* cuk



fn;kA vxys n'kd esa mUgksaus vius u, fl¼karksa osQ ifj.kkeksa dk vUos"k.k fd;k ftlesa vU; rF;ksa
osQ lkFk&lkFk nzO;eku&ÅtkZ rqY;rk dks ,d lqizpfyr lehdj.k E = mc2 }kjk izfrLFkkfir fd;k
x;kA mUgksaus vkisf{kdrk dh O;kid O;k[;k (vkisf{kdrk dk O;kid fl¼kar) dh jpuk Hkh dh
tks fd xq#Rokd"kZ.k dk vk/qfud fl¼kar gSA vkbaLVkbu osQ ckn osQ vR;f/d egRoiw.kZ ;ksxnkuksa
esa ls oqQN bl izdkj gS % míhfir mRltZu dh /kj.kk ftls Iykad o`Qf".kdk fofdj.k fu;e dk
oSdfYid O;qRifÙk esa izLrqr fd;k x;k] fo'o dk LFkSfrd fun'kZ ftlus vk/qfud czãk.M&foKku
vkjaHk fd;k] laiqaftr ckslkWu dh xSl dh DokUVe lakf[;dh rFkk DokUVe ;kaf=kdh osQ ewyk/kj dk
vkykspukRed fo'ys"k.kA o"kZ 2005 dks HkkSfrdh osQ varjkZ"Vªh; o"kZ osQ :i ?kksf"kr fd;k x;k FkkA
;g ?kks"k.kk vkbaLVkbu }kjk o"kZ 1905 esa HkkSfrdh esa muosQ fpjLFkk;h ;ksxnku] ftuesa mu
Økafrdkjh oSKkfud ladYiukvksa dk fooj.k gS tks gekjs vk/qfud thou dks izHkkfor djrh jgh
gSa] osQ lEeku esa dh xbZ FkhA

chloha 'krkCnh dh ,d egku varnZ`f"V ;g gS fd fofHkUu lanHkks± esa ik, tkus okys fofo/ cy]
okLro esa] izo`Qfr osQ oqQN ewy cyksa ls gh mRiUu gksrs gSaA mnkgj.k osQ fy, tc dksbZ dekuh nh£?
kr@laihfMr dh tkrh gS rc dekuh osQ fudVorhZ ijek.kqvksa osQ chp mRiUu usV vkd"kZ.k@izfrd"kZ.k
cy osQ dkj.k] izR;kLFk dekuh cy mRiUu gksrk gSA bl usV vkd"kZ.k@izfrd"kZ.k dh [kkst ijek.kqvksa osQ
vkosf'kr vo;oksa osQ chp oS|qr cyksa osQ ;ksx (vlarqfyr) rd dh tk ldrh gSA

fl¼kar :i esa bldk rkRi;Z ;g gS fd O;qRiUu cyksa (tSls dekuh cy] ?k"kZ.k) osQ fu;e izo`Qfr osQ
ewy cyksa osQ fu;eksa ls Lora=k ugha gSA rFkkfi bu O;qRiUu cyksa dk mn~Hko vR;ar tfVy gSA

viuh le> osQ orZeku pj.k ij ge izo`Qfr osQ pkj ewy cyksa dks tkurs gSa] ftudk ;gk¡ la{ksi esa
o.kZu fd;k x;k gS%

1.4.1 xq#Rokd"kZ.k cy

xq#Rokd"kZ.k cy fdUgha nks fi.Mksa osQ chp muosQ nzO;ekuksa osQ dkj.k yxus okyk vkd"kZ.k cy gSA ;g
,d lkoZf=kd cy gSA fo'o esa izR;sd fi.M izR;sd vU; fi.M osQ dkj.k cy dk vuqHko djrk gSA
mnkgj.k osQ fy,] bl i`Foh ij j[kh izR;sd oLrq i`Foh osQ dkj.k xq#Ro cy dk vuqHko djrh gSA
fo'ks"k ckr ;g gS fd i`Foh osQ ifjr% pUnzek rFkk ekuo fu£er mixzgksa dh xfr] lw;Z osQ ifjr% i`Foh
rFkk xzgksa dh xfr vkSj okLro esa] i`Foh ij fxjrs fi.Mksa dh xfr xq#Ro cy }kjk gh fu;af=kr gksrh gSA



fo'o dh c`gr~ Lrj dh ifj?kVukvksa tSls rkjksa] eankfdfu;ksa rFkk eankfduh; xqPNksa osQ cuus rFkk
fodflr gksus esa bl cy dh izeq[k Hkwfedk gksrh gSA

1.4.2 fo|qr pqEcdh; cy

fo|qr pqEcdh; cy vkosf'kr d.kksa osQ chp yxus okyk cy gSA ljy izdj.k esa] tc vkos'k
fojkekoLFkk esa gksrs gSa] rks bl cy dks owQykWe&fu;e }kjk O;Dr fd;k tkrk gS % ¶ltkrh; vkos'kksa esa
izfrd"kZ.k rFkk fotkrh; vkos'kksa esa vkd"kZ.k¸A xfr'khy vkos'k pqEcdh; izHkko mRiUu djrs gSa rFkk
pqEcdh; {ks=k xfr'khy vkos'kksa ij cy vkjksfir djrs gSaA O;kid :i ls] oS|qr rFkk pqEcdh; izHkko
vfoPNsn gSa & blhfy, bl cy dks fo|qr&pqEcdh; cy dgrs gSaA xq#Rokd"kZ.k cy dh Hkkafr fo|qr
pqEcdh; cy Hkh dkiQh yach nwfj;ksa rd dk;Zjr jgrk gS rFkk bls fdlh eè;orhZ ekè;e dh Hkh
vko';drk ugha gksrhA xq#Ro cy dh rqyuk esa ;g cy dgha vf/d izcy gksrk gSA mnkgj.k osQ fy,]
fdlh fuf'pr nwjh osQ fy, nks izksVkWuksa osQ chp dk oS|qr cy muosQ chp yxs xq#Rokd"kZ.k cy dk

1036 xquk gksrk gSA

lR;sUnzukFk cksl (1894-1974)

o"kZ 1894 esa dksydkrk esa tUes lR;sUnz ukFk cksl mu egku
Hkkjrh; HkkSfrd foKkfu;ksa esa ls ,d gSa ftUgksaus chloha 'krkCnh
esa foKku dh mUufr esa ekSfyd ;ksxnku fn;k FkkA HkkSfrdh osQ
vk|ksikar mRo`Q"V fo|kFkhZ jgdj cksl us o"kZ 1916 esa dksydkrk
fo'ofo|ky; esa izkè;kid osQ :i esa viuk lsokdky vkjaHk
fd;k % blosQ ikap o"kZ i'pkr~ os <kdk fo'ofo|ky; pys x,A
;gk¡ o"kZ 1924 esa viuh izfrHkk'kkyh varnZ`f"V ls Iykad fu;e
dh ,d uohu O;qRifÙk izLrqr dh ftlesa mUgksaus fofdj.kksa dks
iQksVkWu dh xSl osQ :i esa ekuk rFkk iQksVkWu voLFkkvksa dh
x.kuk dh uohu lkaf[;dh; fof/;k¡ viuk;haA mUgksaus bl fo"k;
ij ,d 'kks/i=k fy[kdj mls vkbaLVkbu dks Hkstk] ftUgksaus rqjUr
blosQ fo'kky egRo dks igpkurs gq, bldk teZu Hkk"kk esa

vuqokn djosQ izdk'ku osQ fy, vxzlkfjr dj fn;kA fiQj vkbaLVkbu us blh fof/ dk vuqiz;ksx
v.kqvksa dh xSl ij fd;kA cksl osQ dk;Z esa uohu ladYiukRed vo;o dk ewy Hkko ;g Fkk



fd d.kksa dks vfoHks| ekuk x;k tks fd mu dYiukvksa ls ewy :i ls fHkUu Fkh ftUgsa fpjlEer
eSDlosy&cksYV~teku lkaf[;dh osQ vk/kj osQ :i esa tkuk tkrk gSA 'kh?kz gh og vuqHko fd;k
x;k fd cksl&vkbaLVkbu lkaf[;dh dks osQoy iw.kk±d izpØ.k okys d.kksa ij gh ykxw fd;k tk
ldrk gS] vkSj v/Z iw.kk±d izpØ.k okys d.kksa osQ fy, tks ikmyh viotZu fl¼kar dks larq"V
djrs gSa] ,d uohu DokUVe lkaf[;dh (iQehZ fMjSd lkaf[;dh) dh vko';drk gSA iw.kk±d
izpØ.k okys d.kksa dks cksl dks lEeku nsus osQ fy, ckslku dgrs gSaA

cksl vkbaLVkbu lkaf[;dh dk ,d egRoiw.kZ fu"d"kZ ;g gS fd v.kqvksa dh fdlh xSl dk ,d
fuf'pr rki ls de rki ij izkoLFkk laØe.k fdlh ,slh voLFkk esa gksxk ftlesa ijek.kqvksa dk
vf/dka'k Hkkx leku U;wure ÅtkZ voLFkk esa jgrk gSA cksl dh iFk izn'kZd /kj.kk] ftls
vkbaLVkbu us vkxs fodflr fd;k] dk izHkko'kkyh izek.khdj.k yxHkx 70 o"kZ i'pkr ijk'khr
{kkj&ijek.kqvksa dh ruq xSl osQ :i esa nzO; dh uohu voLFkk & cksl&vkbaLVkbu la?kfur osQ
isz{k.k }kjk gqvkA

nzO;] tSlk fd ge tkurs gSa] bysDVªkWu rFkk izksVkWu tSls ewy vkosf'kr vo;oksa ls feydj curk gSA
pwafd fo|qr pqEcdh; cy xq#Rokd"kZ.k cy dh vis{kk dgha vf/d izcy gksrk gS ;g vkf.od rFkk
ijek.oh; iSekus dh lHkh ifj?kVukvksa ij Nk;k jgrk gSA (vU; nks cy] tSlk fd ge vkxs ns[ksaxs]
osQoy ukfHkdh; iSekus ij lfØ; gksrs gSa)A vr% ijek.kq rFkk v.kqvksa dh lajpuk] jklk;fud
vfHkfØ;kvksa dh xfrdh] rFkk oLrqvksa osQ ;kaf=kd] rkih; rFkk vU; xq.kksa dk ifjpkyu eq[;r% fo|qr
pqEcdh; cy }kjk gh gksrk gSA ;g ^ruko*] ^?k"kZ.k*] ^lkekU; cy*] ^dekuh cy* vkfn tSls LFkwy
cyksa osQ ewy esa gksrk gSA

xq#Rokd"kZ.k cy lnSo gh vkd"khZ cy gksrk gS] tcfd fo|qr pqEcdh; cy vkd"khZ vFkok izfrd"khZ
HkhA bldks bl izdkj Hkh dg ldrs gSa fd nzO;eku osQoy ,d gh izdkj (½.kkRed nzO;eku tSlk
oqQN ugha gSA) dk gksrk gS] tcfd vkos'k nks izdkj osQ gksrs gSa % /ukos'k rFkk ½.kkos'kA ;gh bu lHkh
varjksa dk dkj.k gSA nzO; vf/dka'kr% oS|qr mnklhu (usV vkos'k 'kwU; gksrk gS) gksrk gSA bl izdkj
oS|qr cy vf/dka'k :i esa 'kwU; gksrk gS rFkk ik£Fko ifj?kVukvksa esa xq#Rokd"kZ.k cy dk izHkqRo jgrk
gSA oS|qr cy Lo;a okrkoj.k] tgk¡ ijek.kq vk;uho`Qr gksrs gSa] esa izdV gksrk gS vkSj blh osQ dkj.k
rfM+r nedrh gSA

;fn ge FkksM+k fpUru djsa] rks ge vius nSfud thou dh ?kVukvksa esa Lo;a gh Li"V :i esa ;g ik;saxs
fd xq#Ro cy dh rqyuk esa fo|qr pqEcdh; cy vR;f/d 'kfDr'kkyh gSA tc ge fdlh iqLrd dks



gkFk ij j[krs gSa] rc ge vius gkFk }kjk iznku fd, tkus okys ^lkekU; cy* ls i`Foh osQ fo'kky
nzO;eku osQ dkj.k iqLrd ij yxs xq#Rokd"kZ.k cy dks larqfyr djrs gSaA ;g ^lkekU; cy* vkSj oqQN
ugha oju~ lEioZQ&i`"B ij gekjs gkFk rFkk iqLrd osQ vkosf'kr vo;oksa osQ chp yxus okyk usV fo|qr
pqEcdh; cy gh gksrk gSA ;fn fo|qr pqEcdh; cy Lor% :i ls xq#Ro cy ls bruk vf/d izcy u
gks] rks fdlh l'kDr ls l'kDr O;fDr dk gkFk Hkh ,d ia[k osQ Hkkj osQ dkj.k VqdM+s&VqdM+s gksdj
fc[kj tk,xkA okLro esa blls lkeatL; j[krs gq, ,slh ifjfLFkfr;ksa esa ge Lo;a vius Hkkj osQ v/hu
VqdM+s&VqdM+s gksdj fc[kj tkrs!

1.4.3 izcy ukfHkdh; cy
ukfHkd esa izcy ukfHkdh; cy izksVkWuksa rFkk U;wVªkWuksa dks cka/s j[krk gSA Li"V gS fd fcuk fdlh vkd"khZ
cy osQ] izksVkWuksa esa ikjLifjd izfrd"kZ.k gksus osQ dkj.k] dksbZ Hkh ukfHkd vlarqfyr gks tk,xkA pwafd
oS|qr cyksa dh rqyuk esa xq#Ro cy mis{k.kh; gksrk gS] vr% ;g cy xq#Rokd"kZ.k cy ugha gks ldrkA
vr% ,d uohu cy dh ;kstuk cukuk vko';d gSA ;g izcy ukfHkdh; cy lHkh ewy cyksa esa
izcyre gS tksfd izcyrk esa fo|qr&pqEcdh; cy dk yxHkx 100 xquk gSA ;g vkos'k osQ izdkj ij
fuHkZj ugha djrk rFkk izksVkWu&izksVkWu osQ chp] U;wVªkWu&U;wVªkWu osQ chp] rFkk izksVkWu&U;wVªkWu osQ chp leku
:i ls dk;Z djrk gSA rFkkfi bldk ifjlj cgqr de] yxHkx ukfHkd dh foekvksa (10–15m)] dk
gksrk gSA ;g fdlh ukfHkd osQ LFkkf;Ro osQ fy, mÙkjnk;h ekuk tkrk gSA è;ku nhft,] bysDVªkWu bl
cy dk vuqHko ugha djrkA



rFkkfi] gky gh esa gq, fodklksa us ;g lwfpr fd;k gS fd izksVkWu rFkk U;wVªkWu vkSj Hkh dgha vf/d
ewy vo;oksa] ftUgsa ^DokoZQ* dgrs gSa] ls feydj cus gSaA

1.4.4 nqcZy ukfHkdh; cy

nqcZy ukfHkdh; cy osQoy fuf'pr ukfHkdh; izfØ;kvksa] tSls fdlh ukfHkd osQ β-{k; esa izdV gksrs
gSaA β-{k; esa ukfHkd ,d bysDVªkWu rFkk ,d vukosf'kr d.k] ftls U;wfVªuksa dgrs gSa] mRl£tr djrk gSA
nqcZy ukfHkdh; cy xq#Rokd"kZ.k cy ftruk nqcZy ugha gksrk] ijUrq izcy ukfHkdh; rFkk fo|qr
pqEcdh; cyksa ls dkiQh nqcZy gksrk gSA nqcZy ukfHkdh; cy dk ifjlj vR;ar NksVk] 10-16 m dksfV
dk gSA

1.4.5 cyksa osQ ,dhdj.k dh vksj

geus vuqHkkx 1-1 esa ;g fVIi.kh dh gS fd ,dhdj.k HkkSfrdh dh ewyHkwr [kkst gSA HkkSfrdh dh
egRoiw.kZ mUufr izk;% fofHkUu fl¼karksa rFkk izHkko {ks=kksa osQ ,dhdj.k dh vksj ys tkrh gSA U;wVu us ik
£Fko rFkk [kxksyh; izHkko {ks=kksa dks vius xq#Rokd"kZ.k osQ loZekU; fu;e osQ v/hu ,dho`Qr fd;kA
vkWLVsZM rFkk iSQjkMs us izk;ksfxd [kkstksa }kjk n'kkZ;k fd O;kid :i esa oS|qr rFkk pqEcdh; ifj?kVuk,¡
vfoPNs| gSaA eSDlosy dh bl [kkst us] fd izdk'k fo|qr pqEcdh; rjaxsa gSa] fo|qr pqEcdRo rFkk
izdkf'kdh dks ,dho`Qr fd;kA vkbaLVkbu us xq#Ro rFkk fo|qr pqEcdRo dks ,dho`Qr djus dk iz;kl
fd;k ijUrq vius bl lkgfld dk;Z esa liQy u gks losQA ijUrq blls HkkSfrd foKkfu;ksa dh] cyksa osQ
,dhdj.k osQ mís'; osQ fy,] mRlkgiwoZd vkxs c<+us dh izfØ;k #dh ughaA



fiNys oqQN n'kdksa esa bl {ks=k us cgqr izxfr ns[kh gSA fo|qr pqEcdh; rFkk nqcZy ukfHkdh; cy vc
,dho`Qr gks pqosQ gSa rFkk vc bUgsa ,dy ¶fo|qr&nqcZy¸ cy osQ :i esa ns[kk tkrk gSA bl ,dhdj.k
dk okLro esa D;k vFkZ gS bls ;gka Li"V ugha fd;k tk ldrkA fo|qr&nqcZy rFkk izcy cy dks
,dho`Qr djus rFkk ;gk¡ rd fd xq#Rokd"kZ.k dks vU; lHkh cyksa ls ,dho`Qr djus osQ iz;kl fd,
x, gSa (rFkk vc Hkh fd, tk jgs gSa)A cgqr lh ,slh gh /kj.kk,a vHkh Hkh vfuf'pr rFkk vfu.kkZ;d
cuh gqbZ gSaA lkj.kh 1-4 esa izo`Qfr esa ewy cyksa osQ ,dhdj.k dh izxfr dh fn'kk esa oqQN ehy osQ
iRFkjksa dks lkjka'k :i esa n'kkZ;k x;k gSA

1.5 HkkSfrd fu;eksa dh izo`Qfr

HkkSfrd foKkuh fo'o dk vUos"k.k djrs gSaA muosQ vuqla/ku oSKkfud izfØ;kvksa ij vk/kfjr gksrs gSa
rFkk budk ifjlj vkeki esa ijek.kq dh vkeki ls de osQ d.kksa ls ysdj gels vR;f/d nwjh osQ rkjksa
dh vkeki rd gSA izs{k.kksa rFkk iz;ksxksa }kjk rF;ksa dks [kkstus osQ lkFk&lkFk HkkSfrd foKkuh mu fu;eksa
dh [kkst djus dk iz;kl djrs gSa tks bu rF;ksa dk lkj (izk;% xf.krh; lehdj.kksa esa) gksaA

fofHkUu cyksa }kjk fu;af=kr fdlh Hkh HkkSfrd ifj?kVuk esa dbZ jkf'k;k¡ le; osQ lkFk ifjo£rr gks
ldrh gSaA rFkkfi ,d foy{k.k rF; ;g gS fd oqQN fof'k"V HkkSfrd jkf'k;k¡ le; osQ lkFk fu;r
(vpj) jgrh gSaA ;s izo`Qfr dh lajf{kr jkf'k;k¡ gSaA izsf{kr ifj?kVukvksa dh ek=kkRed O;k[;k djus osQ
fy, bu laj{k.k fu;eksa dks le>uk dkiQh egRoiw.kZ gSA



fdlh ckÞ; laj{k.k cy osQ v/hu xfr osQ fy,] oqQy ;kaf=kd ÅtkZ vFkkZr~ xfrt ÅtkZ rFkk fLFkfrt
ÅtkZ dk ;ksx fu;r jgrk gSA xq#Ro osQ v/hu fdlh fi.M dk eqDr iru bldk lqifjfpr mnkgj.k
gSA fdlh fi.M dh xfrt ÅtkZ rFkk mldh fLFkfrt ÅtkZ le; osQ lkFk fujarj ifjo£rr gksrh gS]
ijUrq budk ;ksx fLFkj jgrk gSA ;fn fi.M dks fojkekoLFkk ls eqDr fd;k tkrk gS] rks Hkwfe ls Vdjkus
ls Bhd igys fi.M dh lEiw.kZ fLFkfrt ÅtkZ xfrt ÅtkZ esa ifjo£rr gks tkrh gSA laj{kh cy osQ fy,
izfrcaf/r bl fu;e dks fdlh fo;qDr fudk; osQ fy, O;kid ÅtkZ laj{k.k fu;e (tks Å"ekxfrdh
osQ igys fu;e dk vk/kj gS) ls Hkzfer ugha gksuk pkfg,A

lj lh- oh- jkeu(1888-1970)

pUnz'ks[kj osadVjkeu dk tUe 07 uoEcj] 1888 bZ- dks
fFk:oaukbZDdoy esa gqvk FkkA mUgksaus viuh LowQyh f'k{kk X;kjg o"kZ
dh vk;q esa iwjh djosQ izsflMsUlh dkWyst] enzkl ls Lukrd dh mikf/
xzg.k dhA f'k{kk lekIr djus osQ i'pkr~ mUgksaus Hkkjr ljdkj dh
foÙkh; lsokvksa esa dk;ZHkkj laHkkykA

dksydkrk esa jgrs gq,] lkaè;dky esa mUgksaus MkW- egsUnz yky fljdkj
}kjk LFkkfir bafM;u ,lksfl,'ku iQkWj dYVhos'ku vkWiQ lkbal (Indian
Association for Cultivation of Science) esa viuh #fp osQ {ks=k esa
dk;Z djuk vkjaHk dj fn;kA mudh #fp osQ {ks=k esa dEiu] ok| ;a=kksa
dh fofo/rk] ijkJO; rjaxsa] foorZu] vkfn lfEefyr FksA

o"kZ 1917 esa mUgsa dksydkrk fo'ofo|ky; }kjk izksisQlj dk in fn;k x;kA o"kZ 1924 esa yUnu
dh jkW;y lkslkbVh us budk lkslkbVh osQ iSQyks osQ fy, fuokZpu fd;k rFkk o"kZ 1930 esa buosQ
dk;Z] ftls vc jkeu&izHkko dgrs gSa] osQ fy, bUgsa ukscsy iqjLdkj ls foHkwf"kr fd;k x;kA

jkeu izHkko esa ekè;e osQ v.kqvksa] tc os dEiu ÅtkZ Lrj rd mÙksftr gksrs gSa] }kjk izdk'k osQ
izdh.kZu dh ifj?kVuk ij fopkj fd;k tkrk gSA muosQ bl dk;Z us vkxs vkus okys dbZ o"kks± osQ
fy, vuqla/kuksa dk ,d iw.kZ :i ls uohu ekxZ [kksykA

mUgksaus vius thou osQ vafre o"kZ caxyksj esa igys Hkkjrh; foKku laLFkku] vkSj rRi'pkr~ jkeu
vuqla/ku laLFkku esa O;rhr fd,A

muosQ dk;Z us ;qok Nk=kksa dh ih<+h dks izksRlkfgr fd;k gSA



HkkSfrdh esa ÅtkZ dh ladYiuk izeq[k gksrh gS rFkk izR;sd HkkSfrd fudk; osQ fy, ÅtkZ osQ O;atd
fy[ks tk ldrs gSaA tc ÅtkZ osQ lHkh :iksa] mnkgj.k osQ fy,] Å"ek] ;kaf=kd ÅtkZ] fo|qr ÅtkZ vkfn

dh x.kuk dh tkrh gS] rks ;g fu"d"kZ izkIr gksrk gS fd ÅtkZ lajf{kr jgrh gSA ÅtkZ laj{k.k dk
O;kid fu;e lHkh cyksa rFkk lHkh izdkj osQ ÅtkZ :ikarj.kksa osQ fy, lR; gSA fxjrs fi.M osQ mnkgj.k
esa ;fn vki fxjrs fi.M ij yxus okys ok;q osQ izfrjks/ osQ izHkko dks Hkh lfEefyr dj ysa vkSj fi.M
osQ Hkwfe ij Vdjkus vkSj ogk¡ Bgjus dh fLFkfr;ksa dks ns[ksa rks vki ;g ik,axs fd Li"V :i ls] oqQy
;kaf=kd ÅtkZ lajf{kr ugha gqbZ gSA rFkkfi] ÅtkZ laj{k.k dk O;kid fu;e vHkh Hkh ykxw gksrk gSA iRFkj
dh vkjafHkd fLFkfrt ÅtkZ] dk :ikUrj.k ÅtkZ osQ vU; :iksa % Å"ek rFkk èofu (vUrr%] vo'kksf"kr
gksus osQ i'pkr èofu Hkh Å"ek cu tkrh gS) esa gksrk gSA fo;qDr fudk; (iRFkj rFkk izfros'k) dh

oqQy ÅtkZ vifjo£rr jgrh gSA

ÅtkZ laj{k.k fu;e dks izo`Qfr osQ lHkh izHkko {ks=kksa] lw{e ls LFkwy rd] osQ fy, oS/ ekuk x;k gSA
bl fu;e dk fnup;kZ&vuqiz;ksx ijekf.od] ukfHkdh; rFkk ewy d.k izfØ;kvksa osQ fo'ys"k.kksa esa fd;k
tkrk gSA blosQ foijhr] fo'o esa gj le; gj izdkj dh izp.M ifj?kVuk,¡ gksrh jgrh gSaA fiQj Hkh]
fo'o (;FkklaHko vkn'kZ fo;qDr fudk;!) dh oqQy ÅtkZ vifjorZuh; gS] ;g ekuk tkrk gSA

vkbaLVkbu osQ vkisf{kdrk osQ fl¼kar osQ vkfo"dkj ls iwoZ] nzO; dks vfouk'kh ekuk tkus osQ dkj.k]
nzO;eku laj{k.k fu;e dks izo`Qfr dk ,d vU; ewy laj{k.k fu;e ekuk tkrk FkkA ;g mi;ksx esa gksus
okyk egRoiw.kZ fu;e Fkk (vkSj vkt Hkh gSA)] mnkgj.k osQ fy, jklk;fud vfHkfØ;kvksa osQ fo'ys"k.k
esa bl fu;e dk vuqiz;ksx dkiQh le; ls gks jgk gSA dksbZ jklk;fud vfHkfØ;k ewy :i ls fofHkUu
v.kqvksa esa ijek.kqvksa dh iquO;ZoLFkk gh gksrh gSA ;fn vfHkdeZd v.kqvksa dh oqQy ca/u ÅtkZ mRikfnr
v.kqvksa dh oqQy ca/u ÅtkZ ls de gksrh gS rks ÅtkZ dk ;g varj Å"ek osQ :i esa izdV gksrk gS
vkSj vfHkfØ;k Å"ek{ksih gksrh gSA Å"ek vo'kks"kh vfHkfØ;kvksa esa bldk foykse lR; gSA rFkkfi] pwafd
ijek.kq osQoy iquO;ZofLFkr gh gksrs gSa] u"V ugha gksrs] fdlh jklk;fud vfHkfØ;k esa vfHkdeZdksa dk
oqQy nzO;eku] mRiknksa osQ oqQy nzO;eku osQ cjkcj gksrk gSA ca/u ÅtkZ esa gksus okyk ifjorZu bruk de
gksrk gS fd mls nzO;eku ifjorZu osQ :i esa ekiuk cgqr dfBu gksrk gSA

vkbaLVkbu osQ fl¼kar osQ vuqlkj nzO;eku m ÅtkZ E osQ rqY; gksrk gS ftls laca/ E= mc2, }kjk
O;Dr djrs gSa] ;gk¡ c fuokZr~ esa izdk'k dh pky gSA



ukfHkdh; izfØ;kvksa esa nzO;eku ÅtkZ esa ifjo£rr gks tkrk gS (vFkok foykser% Hkh gksrk gS)A ;g ogh
ÅtkZ gS tks ukfHkdh; 'kfDr tuu rFkk ukfHkdh; foLiQksVksa esa eqDr gksrh gSA

HkkSfrdh esa laj{k.k fu;e

ÅtkZ] laosx] dks.kh; laosx] vkos'k] vkfn laj{k.k dks HkkSfrdh esa ewy fu;e ekuk tkrk gSA orZeku
le; esa bl izdkj osQ dbZ laj{k.k fu;e gSaA mijksDr pkj osQ vfrfjDr vU; laj{k.k fu;eksa osQ
varxZr vf/dka'k :i ls] ukfHkdh; rFkk df.kdh; HkkSfrdh esa izLrkfor HkkSfrd jkf'k;ksa ij fopkj
fd;k tkrk gSA ;g izpØ.k] cSfjvku la[;k] fofp=krk] mPp vkos'k vkfn oqQN vU; lajf{kr
jkf'k;k¡ gSa_ ijUrq vkidks budh fpark ugha djuh pkfg,A

dksbZ laj{k.k fu;e ,d ifjdYiuk] tksfd izs{k.kksa rFkk iz;ksxksa ij vk/kfjr dYiuk gS] gksrk gSA
;gk¡ ;g ;kn j[kuk egRoiw.kZ gS fd fdlh laj{k.k fu;e dks izekf.kr ugha fd;k tk ldrkA bls
iz;ksxksa ls lR;kfir vFkok [akfMr fd;k tk ldrk gSA dksbZ iz;ksx ftlosQ ifj.kke fdlh fu;e osQ
vuq:i gksrs gSa] og ml fu;e dks lR;kfir vFkok mlosQ izek.k izLrqr djrk gS] fu;e dks
izekf.kr ugha djrkA blosQ foijhr] dksbZ ,dy iz;ksx ftlosQ ifj.kke fdlh fu;e osQ fo#¼
izkIr gksrs gSa] og ml fu;e dks [kafMr djus osQ fy, i;kZIr gksrk gSA

fdlh ls Hkh ÅtkZ laj{k.k fu;e dks izekf.kr djus osQ fy, dguk U;k;ksfpr ugha gSA ;g fu;e
gekjs dbZ 'krkfCn;ksa osQ vuqHkoksa dk ifj.kke gS rFkk bls ;kaf=kdh] Å"ekxfrdh] fo|qr pqEcdRo]
izdkf'kdh] ijek.oh; rFkk ukfHkdh; HkkSfrdh vFkok vU; fdlh Hkh {ks=k osQ lHkh iz;ksxksa esa oS/
ik;k x;k gSA

oqQN fo|kFkhZ ,slk vuqHko djrs gSa fd os xq#Ro osQ v/hu eqDr iru djrs fdlh fi.M dh
fdlh fcUnq ij xfrt ÅtkZ rFkk fLFkfrt ÅtkZ dk ;ksx djosQ ;g n'kkZdj fd ÅtkZvksa dk ;g
;ksx vpj jgrk gS] ÅtkZ laj{k.k fu;e dks izekf.kr dj ldrs gSaA tSlk fd igys dgk tk pqdk
gS fd ;g osQoy bl fu;e dk lR;kiu gS] miifÙk ughaA

ÅtkZ ,d vfn'k jkf'k gSA ijUrq lajf{kr gksus okyh lHkh jkf'k;k¡ vfn'k gh gksa ;g vko';d ugha gSA
fdlh fo;qDr fudk; dk oqQy jSf[kd laosx] rFkk oqQy dks.kh; laosx (nksuksa lfn'k) nksuksa Hkh lajf{kr



jkf'k;k¡ gSaA bu fu;eksa dks ;kaf=kdh easa U;wVu osQ xfr osQ fu;eksa ls O;qRiUu fd;k tk ldrk gSA ijUrq
budh oS/rk ;kaf=kdh osQ {ks=k osQ Hkh ckgj gSA ;s gj izHkko {ks=k] ;gk¡ rd fd tgk¡ U;wVu osQ fu;e Hkh
oS/ ugha gSa] esa izo`Qfr osQ ewy laj{k.k fu;e gSaA

budh vR;f/d ljyrk rFkk O;kidrk osQ vfrfjDr izo`Qfr osQ laj{k.k fu;e O;ogkj esa Hkh vR;ar
mi;ksxh gSaA ,slk izk;% gksrk gS fd fofo/ cyksa rFkk d.kksa ls lacaf/r iw.kZ xfrdh dh fdlh tfVy
leL;k dks ge gy ugha dj ikrsA rFkkfi laj{k.k fu;e ,slh ifjfLFkfr;ksa esa Hkh mi;ksxh ifj.kke iznku
dj ldrs gSaA mnkgj.k osQ fy,] nks Lopkfyr okguksa dh VDdjksa dh vof/ esa yxus okys tfVy cyksa
dk gesa Kku ugha gksrk_ fiQj Hkh laosx laj{k.k fu;e gesa bl ;ksX; cukrk gS fd ge tfVyrkvksa ls
ckgj fudy dj] VDdj osQ laHkkfor ifj.kkeksa dk vuqeku yxk,¡ vFkok mUgsa fu;e fo#¼ ?kksf"kr djsaA
ukfHkdh; rFkk ewy d.kksa ls lacaf/r ifj?kVukvksa esa Hkh laj{k.k fu;e fo'ys"k.k osQ mi;ksxh lk/u gksrs
gSaA okLro esa] β&{k; osQ fy, ÅtkZ rFkk laosx laj{k.k fu;eksa dk mi;ksx djosQ oqYiQxsax ikmyh
(1900&1958) us o"kZ 1931 esa bysDVªkWu osQ lkFk mRl£tr ,d uohu d.k (ftls vc U;wfVªuks dgrs
gSaA) osQ vfLrRo dk lgh iwokZuqeku yxk;k FkkA

izo`Qfr dh lefefr;ksa dk laj{k.k fu;eksa ls xgjk laca/ gS ftlosQ fo"k; esa vki HkkSfrdh osQ vf/d
mUur ikB~;Øe esa vUos"k.k djsaxsA mnkgj.k osQ fy,] ;g ,d egRoiw.kZ izs{k.k gS fd izo`Qfr osQ fu;e
le; osQ lkFk ifjo£rr ugha gksrsA ;fn vki vkt viuh iz;ksx'kkyk esa dksbZ iz;ksx djsa rFkk vius mlh
iz;ksx dks (loZle voLFkkvksa esa mUgha fi.Mksa osQ lkFk) ,d o"kZ i'pkr~ nksgjk,¡ rks vkidks leku
ifj.kke izkIr gksuk ,d ckè;rk gSA blls ;g vFkZ fudyrk gS fd le; osQ lkFk LFkkukarj.k (vFkkZr~
foLFkkiu) osQ lkis{k izo`Qfr dh ;g lefefr] ÅtkZ laj{k.k fu;e osQ rqY; gSA blh izdkj] fnd~LFkku
lekaxh gS rFkk fo'o esa (ewyHkwr :i ls) dksbZ vf/er vofLFkfr ugha gSA bls ge bl izdkj Li"V
dj ldrs gSa fd fo'o esa izo`Qfr osQ fu;e gj LFkku ij leku gSa (lko/ku % fofHkUu vofLFkfr;ksa esa
fofHkUu ifjfLFkfr;k¡ gksus osQ dkj.k LFkku ifjorZu osQ lkFk ifj?kVuk,¡ ifjo£rr gks ldrh gSaA mnkgj.k
osQ fy,] pUnzek ij xq#Roh; Roj.k i`Foh ij xq#Roh; Roj.k dk 1@6 Hkkx gksrk gS] ijUrq pUnzek rFkk
i`Foh nksuksa osQ fy, xq#Rokd"kZ.k dk fu;e leku gh gS)A fnd~LFkku esa LFkkukarj.k osQ lkis{k izo`Qfr
osQ fu;eksa dh bl lefefrrk ls jSf[kd laosx laj{k.k fu;e izkIr gksrk gSA blh izdkj fnd~LFkku dh
lenSf'kdrk (fnd~LFkku esa ewyHkwr :i ls dksbZ vf/er fn'kk ugha gSA) dks.kh; laosx laj{k.k fu;e
dk vk/kj gS (vè;k; 7 nsf[k,)A vkos'k laj{k.k fu;e rFkk ewy d.kksa osQ vU; y{k.kksa dks Hkh oqQN
vewrZ lefefr;ksa ls lacaf/r fd;k tk ldrk gSA fnd~dky dh lefefr;k¡ rFkk vU; vewrZ lefefr;k¡



izo`Qfr esa ewy cyksa osQ vk/qfud fl¼karksa esa egRoiw.kZ Hkwfedk fuHkkrh gSaA

lkjka'k

1. HkkSfrdh dk laca/ izo`Qfr osQ ewy fu;eksa rFkk mudh fofHkUu ifj?kVukvksa esa vfHkO;fDr osQ
vè;;u ls gSA HkkSfrdh osQ ewy fu;e lkoZf=kd gSa rFkk budk vuqiz;ksx O;kid :i esa fofo/
lanHkks± ,oa ifjfLFkfr;ksa esa fd;k tkrk gSA

2. HkkSfrdh dk {ks=k foLr`r gS ftlesa HkkSfrd jkf'k;ksa dk vR;ar fo'kky ifjlj iSQyk gSA

3. HkkSfrdh rFkk izkS|ksfxd ijLij lacaf/r gSaA dHkh izkS|ksfxdh uohu HkkSfrdh dks tUe nsrh gS rks
fdlh vU; le; ij HkkSfrdh uohu izkS|ksfxdh dk tuu djrh gSA nksuksa dk lekt ij izR;{k
izHkko gSA

4. izo`Qfr esa pkj ewy cy gSa tks LFkwy rFkk lw{e txr dh fofo/ ifj?kVukvksa dks fu;af=kr djrs
gSaA ;s pkj cy gSa & ^xq#Rokd"kZ.k cy*] ^fo|qr pqEcdh; cy*] ^izcy ukfHkdh; cy* rFkk
^nqcZy ukfHkdh; cy*A izo`Qfr esa fofHkUu cyksa@izHkko {ks=kksa dk ,dhdj.k HkkSfrdh dh ,d ewy
[kkst gSA

5. ,slh HkkSfrd jkf'k;ka tks fdlh izfØ;k esa vifjorhZ gSa] lajf{kr jkf'k;ka dgykrh gSaA izo`Qfr osQ
laj{k.k fu;eksa esa lfEefyr oqQN fu;e&nzO;eku] ÅtkZ] jSf[kd laosx] dks.kh; laosx] vkos'k] iSfjVh
(lerk) laj{k.k fu;e gSaA oqQN laj{k.k fu;e ,d ewy cy osQ fy, rks lgh gksrs gSa ijUrq fdlh
vU; cy osQ fy, lgh ugha gksrsA

6. laj{k.k fu;eksa dk izo`Qfr dh lefefr;ksa osQ lkFk xgjk laca/ gSA fnd~LFkku rFkk dky dh
lefefr;ksa rFkk vU; lefefr;ksa dh izo`Qfr esa ewy cyksa osQ vk/qfud fl¼karksa esa osQUnzh; Hkwfedk
gSA

vH;kl

fo|k£Fk;ksa osQ fy, laosQr



;gka fn, x, vH;klksa dk mís'; vkidks foKku] izkS|ksfxdh rFkk lekt dks ?ksjs j[kus okyh
leL;kvksa ls voxr djkuk rFkk vkidks buosQ fo"k; esa lkspus rFkk vius fopkjksa dk lw=k.k djus
osQ fy, izksRlkfgr djuk gSA bu iz'uksa osQ] gks ldrk gS] lqLi"V ^oLrqfu"V* mÙkj u gksaA

f'k{kdksa osQ fy, laosQr

;gka fn, x, vH;kl fdlh vkSipkfjd ijh{kk osQ fy, ugha gSaA

1.1 foKku dh izo`Qfr ls lacaf/r oqQN vR;ar ikjaxr izdFku vkt rd osQ egkure oSKkfudksa esa
ls ,d vYcVZ vkbaLVkbu }kjk iznku fd, x, gSaA vkiosQ fopkj ls vkbaLVkbu dk ml le; D;k
rkRi;Z Fkk] tc mUgksaus dgk Fkk ¶lalkj osQ ckjs esa lcls vf/d vcks/xE; fo"k; ;g gS fd ;g
cks/xE; gS¸\

1.2 ¶izR;sd egku HkkSfrd fl¼kar vifl¼kar ls vkjaHk gksdj /eZfl¼kar osQ :i esa lekIr gksrk
gS¸A bl rh{.k fVIi.kh dh oS/rk osQ fy, foKku osQ bfrgkl ls oqQN mnkgj.k fyf[k,A

1.3 ¶laHko dh dyk gh jktuhfr gS¸A blh izdkj ¶lek/ku dh dyk gh foKku gS¸A foKku dh
izo`Qfr rFkk O;ogkj ij bl lqUnj lwfDr dh O;k[;k dhft,A

1.4 ;|fi vc Hkkjr esa foKku rFkk izkS|ksfxdh dk foLr`r vk/kj gS rFkk ;g rhozrk ls iSQy Hkh
jgk gS] ijUrq fiQj Hkh bls foKku osQ {ks=k esa fo'o usrk cuus dh viuh {kerk dks dk;kZfUor
djus esa dkiQh nwjh r; djuh gSA ,sls oqQN egRoiw.kZ dkjd fyf[k, tks vkiosQ fopkj ls Hkkjr
esa foKku osQ fodkl esa ck/d jgs gSa\

1.5 fdlh Hkh HkkSfrd foKkuh us bysDVªkWu osQ dHkh Hkh n'kZu ugha fd, gSaA ijUrq fiQj Hkh lHkh
HkkSfrd foKkfu;ksa dk bysDVªkWu osQ vfLrRo esa fo'okl gSA dksbZ cqf¼eku ijUrq va/fo'oklh
O;fDr blh rqY;:irk dks bl roZQ osQ lkFk vkxs c<+krk gS fd ;|fi fdlh us ^ns[kk* ugha gS
ijUrq ^Hkwrksa* dk vfLrRo gSA vki bl roZQ dk [kaMu fdl izdkj djsaxs\

1.6 tkiku osQ ,d fo'ks"k leqnz rVh; {ks=k esa ik, tkus okys osQdM+s osQ dopksa ([kksy) esa ls
vf/dka'k leqjbZ osQ vuqJqr psgjs ls feyrs tqyrs izrhr gksrs gSaA uhps bl izsf{kr rF; dh nks
O;k[;k,a nh xbZ gSaA buesa ls vkidks dkSu&lk oSKkfud Li"Vhdj.k yxrk gS\

(i) dbZ 'krkfCn;ksa iwoZ fdlh Hk;kud leqnzh nq?kZVuk esa ,d ;qok leqjbZ Mwc x;kA mldh cgknqjh



osQ fy, J¼katfy osQ :i esa izo`Qfr us vcks/xE; <axksa }kjk mlosQ psgjs dks osQdM+s osQ dopksa
ij vafdr djosQ mls ml {ks=k esa vej cuk fn;kA

(ii) leqnzh nq?kZVuk osQ i'pkr~ ml {ks=k osQ eNqvkjs vius e`r usrk osQ lEeku esa ln~Hkkouk izn'kZu
osQ fy,] ml gj osQdM+s osQ dop dks ftldh vko`Qfr la;ksxo'k leqjbZ ls feyrh&tqyrh izrhr
gksrh Fkh] mls okil leqn esa isaQd nsrs FksA ifj.kkeLo:i osQdM+s osQ dopksa dh bl izdkj dh
fo'ks"k vko`Qfr;ka
vf/d le; rd fo|eku jgha vkSj blhfy, dkykUrj esa blh vko`Qfr dk vkuqoa'kr% tuu gqvkA
;g o`Qf=ke oj.k }kjk fodkl dk ,d mnkgj.k gSA

(uksV % ;g jkspd mnkgj.k dkyZ lkxu dh iqLrd ¶fn dkWLekWl¸ ls fy;k x;k gSA ;g
bl rF; ij izdk'k Mkyrk gS fd izk;% foy{k.k rFkk vcks/xE; rF; tks izFke n`f"V esa
vykSfdd izrhr gksrs gSa okLro esa lk/kj.k oSKkfud O;k[;kvksa }kjk Li"V gksus ;ksX; cu
tkrs gSaA blh izdkj osQ vU; mnkgj.kksa ij fopkj dhft,)A

1.7 nks 'krkfCn;ksa ls Hkh vf/d le; iwoZ baXyS.M rFkk if'peh ;wjksi esa tks vkS|ksfxd Økafr gqbZ
Fkh mldh ¯pxkjh dk dkj.k oqQN izeq[k oSKkfud rFkk izkS|ksfxd miyfC/;k¡ FkhaA ;s miyfC/;ka
D;k Fkha\

1.8 izk;% ;g dgk tkrk gS fd lalkj vc nwljh vkS|ksfxdh Økafr osQ nkSj ls xqtj jgk gS] tks
lekt esa igyh Økafr dh Hkkafr vkewy ifjorZu yk nsxhA foKku rFkk izkS|ksfxdh osQ mu izeq[k
ledkyhu {ks=kksa dh lwph cukb, tks bl Økafr osQ fy, mÙkjnk;h gSaA

1.9 ckbZloha 'krkCnh osQ foKku rFkk izkS|ksfxdh ij viuh fujk/kj dYiukvksa dks vk/kj ekudj
yxHkx 1000 'kCnksa esa dksbZ dFkk fyf[k,A

1.10 ^foKku osQ O;ogkj* ij vius ^uSfrd* n`f"Vdks.kksa dks jpus dk iz;kl dhft,A dYiuk
dhft, fd vki Lo;a fdlh la;ksxo'k ,slh [kkst esa yxs gSa tks 'kSf{kd n`f"V ls jkspd gS ijUrq
mlosQ ifj.kke fuf'pr :i ls ekuo lekt osQ fy, Hk;adj gksus osQ vfrfjDr oqQN ugha gksaxsA
fiQj Hkh ;fn ,slk gS rks vki bl nqfo/k osQ gy osQ fy, D;k djsaxs\

1.11 fdlh Hkh Kku dh Hkkafr foKku dk mi;ksx Hkh] mi;ksx djus okys ij fuHkZj djrs gq,]
vPNk vFkok cqjk gks ldrk gSA uhps foKku osQ oqQN vuqiz;ksx fn, x, gSaA fo'ks"kdj dkSu lk



vuqiz;ksx vPNk gS] cqjk gS vFkok ,slk gS fd ftls Li"V :i ls oxZc¼ ugha fd;k tk ldrk
blosQ ckjs esa vius n`f"Vdks.kksa dks lwphc¼ dhft,%

(i) vke turk dks pspd osQ VhosQ yxkdj bl jksx dks nckuk vkSj varr% bl jksx ls turk dks
eqfDr fnykukA (Hkkjr esa bls igys gh izfrikfnr fd;k tk pqdk gSA)

(ii) fuj{kjrk dk fouk'k djus rFkk lekpkjksa ,oa /kj.kkvksa osQ tulapkj osQ fy, VsyhfotuA

(iii) tUe ls iwoZ ¯yx fu/kZj.kA

(iv) dk;Zn{krk esa o`f¼ osQ fy, dEI;wVjA

(v) i`Foh osQ ifjr% d{kkvksa esa ekuo&fu£er mixzgksa dh LFkkiukA

(vi ) ukfHkdh; 'kL=kksa dk fodklA

(vii) jklk;fud rFkk tSo ;q¼ dh uohu rFkk 'kfDr'kkyh rduhdksa dk fodklA

(viii) ihus osQ fy, ty dk 'kks/uA

(ix) IykfLVd 'kY; fØ;kA

(x ) Dyks¯uxA

1.12 Hkkjr esa xf.kr] [kxksfydh] Hkk"kk foKku] roZQ rFkk uSfrdrk esa egku fo}Ùkk dh ,d yach
,oa vVwV ijEijk jgh gSA fiQj Hkh blosQ lkFk] ,oa lekUrj] gekjs lekt esa cgqr ls va/fo'oklh
rFkk :f<+oknh n`f"Vdks.k o ijEijk,a iQyh&iwQyh gSa vkSj nqHkkZX;o'k ,slk vHkh Hkh gks jgk gS vkSj
cgqr ls f'kf{kr yksxksa esa O;kIr gSA bu n`f"Vdks.kksa dk fojks/ djus osQ fy, viuh j.kuhfr cukus
esa vki vius foKku osQ Kku dk mi;ksx fdl izdkj djsaxs\

1.13 ;|fi Hkkjr esa L=kh rFkk iq#"kksa dks leku vf/dkj izkIr gSa] fiQj Hkh cgqr ls yksx
efgykvksa dh LokHkkfod izo`Qfr] {kerk] cqf¼eÙkk osQ ckjs esa voSKkfud fopkj j[krs gSa rFkk
O;ogkj esa mUgsa xkS.k egRo rFkk Hkwfedk nsrs gSaA oSKkfud rdks± rFkk foKku ,oa vU; {ks=kksa esa
egku efgykvksa dk mnkgj.k nsdj bu fopkjksa dks /jk'kk;h dfj,_ rFkk vius dks Lo;a] rFkk
nwljksa dks Hkh le>kb, fd leku volj fn, tkus ij efgyk,¡ iq#"kksa osQ led{k gksrh gSaA

1.14 ¶HkkSfrdh osQ lehdj.kksa esa lqUnjrk gksuk mudk iz;ksxksa osQ lkFk lger gksus dh vis{kk



vf/d egRoiw.kZ gSA¸ ;g er egku fczfV'k oSKkfud ih-,-,e- fMjSd dk FkkA bl n`f"Vdks.k dh
leh{kk dhft,A bl iqLrd esa ,sls laca/ksa rFkk lehdj.kksa dks [kksft, tks vkidks lqUnj yxrs gSaA

1.15 ;|fi mijksDr izdFku fooknkLin gks ldrk gS ijUrq vf/dka'k HkkSfrd foKkfu;ksa dk ;g
er gS fd HkkSfrdh osQ egku fu;e ,d gh lkFk ljy ,oa lqUnj gksrs gSaA fMjSd osQ vfrfjDr
ftu lqizfl¼ HkkSfrd foKkfu;ksa us ,slk vuqHko fd;k muesa ls oqQN osQ uke bl izdkj gSa %
vkbaLVkbu] cksj] gkblsuoxZ] pUnz'ks[kj rFkk iQkbueSuA vkils vuqjks/ gS fd vki HkkSfrdh osQ bu
fo}kuksa rFkk vU; egkuk;dksa }kjk jfpr lkekU; iqLrdksa ,oa ys[kksa rd igq¡pus osQ fy, fo'ks"k
iz;kl vo'; djsaA (bl iqLrd osQ var esa nh xbZ xazFk&lwph nsf[k,)A buosQ ys[k lpeqp izsjd
gSaA

1.16 foKku dh ikB~;iqLrosaQ vkiosQ eu esa ;g xyr /kj.kk mRiUu dj ldrh gSa fd foKku
i<+uk 'kq"d rFkk iw.kZr% vR;ar xaHkj gSa ,oa oSKkfud HkqyDdM+] vareZq[kh] dHkh u g¡lus okys
vFkok [khlsa fudkyus okys O;fDr gksrs gSaA foKku rFkk oSKkfudksa dk ;g fp=k.k iw.kZr% vk/kjghu
gSA vU; leqnk; osQ euq";ksa dh Hkkafr oSKkfud Hkh fouksnh gksrs gSa rFkk cgqr ls oSKkfudksa us rks
vius oSKkfud dk;ks± dks xaHkhjrk ls iwjk djrs gq, vR;ar fouksnh izo`Qfr rFkk lkgfld dk;Z
djosQ viuk thou O;rhr fd;k gSA xSeks rFkk iQkbueSu blh 'kSyh osQ nks HkkSfrd foKkuh gSaA xzaFk
lwph esa buosQ }kjk jfpr iqLrdksa dks i<+us esa vkidks vkuUn izkIr gksxkA

 



vè;k; 2

ek=kd ,oa ekiu

2.1 Hkwfedk

2.2 ek=kdksa dh varjkZ"Vªh; iz.kkyh

2.3 yEckbZ dk ekiu

2.4 nzO;eku dk ekiu

2.5 le; dk ekiu

2.6 ;FkkFkZrk] ;a=kksa dh ifj'kq¼rk ,oa ekiu esa =kqfV

2.7 lkFkZd vad

2.8 HkkSfrd jkf'k;ksa dh foek,¡

2.9 foeh; lw=k ,oa foeh; lehdj.ksa

2.10 foeh; fo'ys"k.k ,oa blosQ vuqiz;ksx

lkjka'k

vH;kl

vfrfjDr vH;kl

2.1 Hkwfedk

fdlh HkkSfrd jkf'k dk ekiu] ,d fuf'pr] vk/kjHkwr] ;kn`fPNd :i ls pqus x, ekU;rkizkIr]
lanHkZ&ekud ls bl jkf'k dh rqyuk djuk gSA ;g lanHkZ&ekud ek=kd dgykrk gSA fdlh Hkh HkkSfrd
jkf'k dh eki dks ek=kd osQ vkxs ,d la[;k (vkafdd la[;k) fy[kdj O;Dr fd;k tkrk gSA ;|fi



gekjs }kjk ekih tkus okyh HkkSfrd jkf'k;ksa dh la[;k cgqr vf/d gS] fiQj Hkh] gesa bu lc HkkSfrd
jkf'k;ksa dks O;Dr djus osQ fy,] ek=kdksa dh lhfer la[;k dh gh vko';drk gksrh gS] D;ksafd] ;s
jkf'k;k¡ ,d nwljs ls ijLij lacaf/r gSaA ewy jkf'k;ksa dks O;Dr djus osQ fy, iz;qDr ek=kdksa dks ewy
ek=kd dgrs gSaA buosQ vfrfjDr vU; lHkh HkkSfrd jkf'k;kssa osQ ek=kdksa dks ewy ek=kdksa osQ la;kstu
}kjk O;Dr fd;k tk ldrk gSA bl izdkj izkIr fd, x, O;qRiUu jkf'k;ksa osQ ek=kdksa dks O;qRiUu
ek=kd dgrs gSaA ewy&ek=kdksa vkSj O;qRiUu ek=kdksa osQ lEiw.kZ leqPp; dks ek=kdksa dh iz.kkyh (;k
i¼fr) dgrs gSaA

2.2 ek=kdksa dh varjkZ"Vªh; iz.kkyh

cgqr o"kks± rd ekiu osQ fy,] fofHkUu ns'kksa osQ oSKkfud] vyx&vyx ekiu iz.kkfy;ksa dk mi;ksx
djrs FksA vc ls oqQN le;&iwoZ rd ,slh rhu - CGSiz.kkyh] FPS (;k fczfV'k) iz.kkyh ,oa MKS

iz.kkyh] izeq[krk ls iz;ksx esa ykbZ tkrh FkhaA

bu iz.kkfy;ksa esa yEckbZ] nzO;eku ,oa le; osQ ewy ek=kd Øe'k% bl izdkj gSa %

• CGS iz.kkyh esa] lsUVhehVj] xzke ,oa lsoQUMA

• FPS iz.kkyh esa] iqQV] ikmUM ,oa lsoQUMA

• MKS iz.kkyh esa] ehVj] fdyksxzke ,oa lsoQUMA

vktdy varjkZ"Vªh; Lrj ij ekU; iz.kkyh ¶flLVe bUVjus'kuy fM ;wfuV~l¸ gS (tks izsaQp Hkk"kk esa
¶ek=kdksa dh varjkZ"Vªh; iz.kkyh¸ dguk gS)A bls laosQrk{kj esa SI fy[kk tkrk gSA SI izrhdksa] ek=kdksa
vkSj muosQ laosQrk{kjksa dh ;kstuk 1971 esa] ekirksy osQ egk lEesyu }kjk fodflr dj] oSKkfud]
rduhdh] vkS|ksfxd ,oa O;kikfjd dk;ks± esa varjkZ"Vªh; Lrj ij mi;ksx gsrq vuqeksfnr dh xbZA SI

ek=kdksa dh 10 dh ?kkrksa ij vk/kfjr (nkf'ed) izo`Qfr osQ dkj.k] bl iz.kkyh osQ varxZr :ikarj.k
vR;ar lqxe ,oa lqfo/ktud gSA ge bl iqLrd esa SI ek=kdksa dk gh iz;ksx djsaxsA



* bu ifjHkk"kkvksa esa iz;qDr la[;kvksa osQ eku] u rks ;kn j[kus dh vko';drk gS] u ijh{kk esa iwNs tkus dhA ;s ;gk¡ ij osQoy buosQ

ekiu dh ;FkkFkZrk dh lhek dk laosQr nsus osQ fy, fn, x, gSaA izkS|ksfxdh osQ fodkl osQ lkFk ekiu dh rduhdksa esa Hkh lq/kj gksrk gS]

ifj.kkeLo:i] ekiu vf/d ifj'kq¼rk ls gksrk gSA bl izxfr osQ lkFk rkyesy cuk, j[kus osQ fy, ewy ek=kdksa dks la'kksf/r fd;k tkrk



gSA

SI esa lkr ewy ek=kd gSa] tks lkj.kh 2-1 esa fn, x, gSaA bu lkr ewy ek=kdksa osQ vfrfjDr nks iwjd
ek=kd Hkh gSa ftudks ge bl izdkj ifjHkkf"kr dj ldrs gSa % (i) leryh; dks.k] dθ fp=k 2.1(a) esa

n'kkZ, vuqlkj o`Ùk osQ pki dh yEckbZ ds vkSj bldh f=kT;k r dk vuqikr gksrk gSA rFkk&dks.k] 
fp=k 2.1(b) esa n'kkZ, vuqlkj 'kh"kZ O dks osQUnz dh Hkkafr iz;qDr djosQ mlosQ ifjr% fu£er xksyh;
i`"B osQ vijks/u {ks=k dA rFkk f=kT;k r osQ oxZ dk vuqikr gksrk gSA leryh; dks.k dk ek=kd
jsfM;u gS ftldk izrhd rad gS ,oa ?ku dks.k dk ek=kd LVsjsfM;u gS ftldk izrhd sr gSA ;s nksuksa gh
foekfoghu jkf'k;k¡ gSaA

è;ku nhft,] eksy dk mi;ksx djrs le; ewy lÙkkvksa dk fo'ks"k :i ls mYys[k fd;k tkuk pkfg,A
;s ewy lÙkk,¡ ijek.kq] v.kq] vk;u] bysDVªkWu] vU; dksbZ d.k vFkok blh izdkj osQ d.kksa dk fof'k"V
lewg gks ldrk gSA



ge ,slh HkkSfrd jkf'k;ksa osQ ek=kdksa dk Hkh mi;ksx djrs gSa ftUgsa lkr ewy jkf'k;ksa ls O;qRiUu fd;k
tk ldrk gS (ifjf'k"V A 6)A SI ewy ek=kdksa osQ inksa esa O;Dr oqQN O;qRiUu ek=kd (ifjf'k"V A 6.1)

esa fn, x, gSaA oqQN O;qRiUu SI ek=kdksa dks fof'k"V uke fn, x, gSa (ifjf'k"V A 6.2) vkSj oqQN
O;qRiUu SI ek=kd bu fof'k"V ukeksa okys O;qRiUu ek=kdksa vkSj lkr ewy&ek=kdksa osQ la;kstu ls curs gSa
(ifjf'k"V A 6.3)A vkidks rkRdkfyd lanHkZ rFkk ekxZn'kZu iznku djus osQ fy, bu ek=kdksa dks
ifjf'k"V (A 6.2) ,oa (A 6.3) esa fn;k x;k gSA lkekU; O;ogkj esa vkus okys vU; ek=kd lkj.kh 2-2
esa fn, x, gSaA

SI ek=kdksa osQ lkekU; xq.kt vkSj viorZdksa dks O;Dr djus okys milxZ vkSj muosQ izrhd ifjf'k"V
(A2) esa fn, x, gSaA HkkSfrd jkf'k;ksa] jklk;fud rRoksa vkSj ukfHkdksa osQ laosQrksa osQ mi;ksx laca/h
lkekU; funsZ'k ifjf'k"V (A7) eas fn, x, gSa vkSj vkiosQ ekxZn'kZu rFkk rkRdkfyd lanHkZ osQ fy, SI

ek=kdksa ,oa vU; ek=kdksa laca/h funsZ'k ifjf'k"V (A8) esa fn, x, gSaA

2.3 yEckbZ dk ekiu

yEckbZ ekiu dh oqQN izR;{k fof/;ksa ls vki igys gh ls ifjfpr gSaA mnkgj.k osQ fy,] vki tkurs gSa
fd 10–3m ls 102m rd dh yEckb;k¡ ehVj iSekus dk mi;ksx djosQ Kkr dh tkrh gSaA 10–4m dh
yEckbZ dks ;FkkFkZrk ls ekius osQ fy, ge ofuZ;j oSQfyilZ dk mi;ksx djrs gSaA LowzQ&xst (isapekih)
vkSj xksykbZekih (LisQjksehVj) dk mi;ksx 10–5m rd dh yEckb;ksa dks ekius esa fd;k tkrk gSA bu
ifjljksa ls ckgj dh yEckb;ksa dks ekius osQ fy, gesa oqQN ijks{k fof/;ksa dk lgkjk ysuk gksrk gSA

2.3.1 cM+h nwfj;ksa dk ekiu

cgqr cM+h nwfj;k¡] tSls fdlh xzg vFkok rkjs dh i`Foh ls nwjh] izR;{k&:i ls fdlh ehVj iSekus dh
lgk;rk ls'kkvksa esa egRoiw.kZ fof/ ftls yEcu&fof/ dgrs gSa] dk mi;ksx fd;k tkrk gSA

tc vki fdlh isafly dks vius lkeus idM+rs gSa vkSj i`"BHkwfe (ekuk nhokj) osQ fdlh fof'k"V fcUnq
osQ lkis{k isafly dks igys viuh ck;ha vk¡[k A ls (nk;ha vk¡[k can j[krs gq,) ns[krs gSa] vkSj fiQj
nk;ha vk¡[k B ls (ck;ha vk¡[k can j[krs gq,)] rks vki ikrs gSa] fd nhokj osQ ml fcUnq osQ lkis{k
isafly dh fLFkfr ifjo£rr gksrh izrhr gksrh gSA bls yEcu dgk tkrk gSA nks izs{k.k fcUnqvksa (A ,oa



B) osQ chp dh nwjh dks vk/kjd dgk tkrk gSA bl mnkgj.k esa nksuksa vk¡[kksa osQ chp dh nwjh
vk/kjd gSA

yEcu fof/ }kjk fdlh nwjLFk xzg S dh nwjh D Kkr djus osQ fy,] ge bldks] i`Foh ij nks fofHkUu
fLFkfr;ksa (os/'kkykvksa) A ,oa B ls] ,d gh le; ij ns[krs gSaA A ,oa B osQ chp dh nwjh AB = b

gSA fp=k 2-2 nsf[k,A bu nks fLFkfr;ksa ls xzg dh izs{k.k fn'kkvksa osQ chp dk dks.k eki fy;k tkrk gSA
fp=k 2-2 esa θ }kjk n'kkZ;k x;k ;g dks.k ∠ASB yEcu dks.k ;k yEcfud dks.k dgykrk gSA

D;ksafd] xzg dh i`Foh ls nwjh cgqr vf/d gS  vkSj] blfy,] dks.k  cgqr gh NksVk gSA
,slh n'kk esa ge AB  dks] osQUnz S vkSj f=kT;k D okys o`Ùk dk] yEckbZ b dk pki eku ldrs gSaA 

 f=kT;k AS = BS ∴ AB = b = D θ

tgk¡ θ  jsfM;u esa gSA

vr%  (2.1)

fp=k 2.2 yEcu fof/

D osQ fu/kZj.k osQ i'pkr~ ge blh fof/ }kjk xzg dk vkeki vFkok dks.kh; O;kl Hkh fu/kZfjr dj
ldrs gSaA ;fn d xzg dk O;kl vkSj α  mldk dks.kh; vkeki(d }kjk i`Foh osQ fdlh fcUnq ij
varfjr dks.k) gks] rks 



α  = d/D        (2.2)

dks.k α  dks] i`Foh dh mlh vofLFkfr ls ekik tk ldrk gSA ;g xzg osQ nks O;klr% foijhr (O;kl
osQ foijhr fljksa ij fLFkr) fcUnqvksa dks nwjn'kZd }kjk ns[kus ij izkIr nks fn'kkvksa osQ chp cuk dks.k
gSA D;ksafd D dk eku Kkr gS] vr% xzg osQ O;kl d dk eku lehdj.k (2-2) dh lgk;rk ls Kkr
fd;k tk ldrk gSA

mnkgj.k 2.1 (a) 10 (fMxzh) (b) 1′ (1 vkoZQ feuV) ,oa (c) 1" (1 vkoZQ lsoaQM) osQ dks.kksa osQ eku
jsfM;u esa ifjdfyr dhft, ( 3600 = 2π rad, 10 =60′ ,oa 1′ = 60" yhft,)A

gy (a) gesa Kkr gS 3600 = 2π rad

10 = (π /180) rad = 1.74510–2 rad

(b) 10 = 60′ = 1.74510–2 rad

1′ = 2.90810–4 rad = 2.9110–4 rad

(c) 1′ = 60′′ = 2.90810–4 rad

1′′ = 4.84710–4 rad = 4.8510–6 rad

mnkgj.k 2.2 ,d O;fDr vius ikl dh fdlh ehukj dh vius ls nwjh dk vkdyu djuk pkgrk
gSA og ehukj C osQ lkeus fdlh fcUnq A ij [kM+k gksrk gS vkSj AC dh lh/ esa cgqr nwj fLFkr
fdlh fcUnq O dks ns[krk gSA fiQj og] AC osQ yEcor~ 100m nwj fLFkr fcUnq B rd pyrk gS
vkSj ogk¡ ls O ,oa C dks fiQj ns[krk gSA D;ksafd O cgqr vf/d nwjh ij gS] BO ,oa AOdh
fn'kk,¡ O;kogkfjd :i esa ,d gh gSa] ysfdu og ikrk gS fd Cdh n`f"V js[kk ewy n`f"V js[kk osQ
lkis{k θ = 400 ij ?kwe xbZ gS (θ  dks yEcu dgk tkrk gS)A mldh ewy fLFkfr A ls
ehukj C dh nwjh dk vkdyu dhft,A



nwjLFk oLrq

fp=k 2.3

gy fn;k x;k gS] yEcu dks.k θ =400

fp=k 2.3 ls, AB = AC tan θ

AC = AB/tanθ = 100 m/tan 400

= 100 m/0.8391 = 119 m

mnkgj.k 2.3 i`Foh osQ nks O;klr% foijhr fcUnqvksa A ,oa B ls pUnzek dk izs{k.k fd;k x;kA
izs{k.k dh nks fn'kkvksa osQ chp] pUnzek ij varfjr dks.k θ dh eki 10 54' gSA i`Foh dk O;kl
yxHkx 1.276 × 10 7 m, gSA i`Foh ls pUnzek dh nwjh dk vfHkdyu dhft,A

gy Kkr gS   

θ = 1° 54' = 114'

=(114 x 60)' x (4.85 x 10-6) rad



=3.32  102 rad

pwafd 1" = 4.85 106 rad

vkSj b = AB =1.276 × 107 m

vr% lehdj.k (2-1) osQ vuqlkj i`Foh ,oa pUnzek osQ chp

dh nwjh] D = b/θ

=  1.276 × 107

    3.32 × 10-2

=  3.84 ×108 m

mnkgj.k 2.4 lw;Z osQ dks.kh; O;kl dh eki 1920′′ gSA i`Foh ls lw;Z dh nwjh D, 1.496 x 1011

m gSA lw;Z dk O;kl ifjdfyr dhft,A

gy lw;Z dk dks.kh; O;kl α

= 1920"

= 1920 x 4.85 x 10-6 rad

= 9.31 x 10-3 rad

lw;Z dk O;kl

d = α D

= (9.31 x 10-3) x (1.496 x 1011) m

= 1.39 x 109 m

2.3.2 vfr lw{e nwfj;ksa dk ekiu % v.kq dk vkdkj



v.kq osQ O;kl (10–8 m ls 10–10 m) tSlh vR;ar lw{e nwfj;ksa osQ ekiu osQ fy, gesa fof'k"V
fof/;ksa dk vuqlj.k djuk gksrk gSA buosQ fy, ge isapekih tSls ekid&;a=kksa dk mi;ksx ugha dj
ldrsA ;gk¡ rd fd lw{en'khZ dh Hkh viuh oqQN lhek,¡ gSaaA ,d izdk'kh; lw{en'khZ }kjk fdlh
fudk; dh tk¡p osQ fy, n`';&izdk'k dk mi;ksx fd;k tkrk gSA izdk'k osQ y{k.k rjax tSls gksus osQ
dkj.k] izdk'kh; lw{en'khZ dks] vf/d ls vf/d] iz;qDr izdk'k osQ rjaxnS?;Z osQ cjkcj foHksnu osQ
fy, gh iz;ksx esa yk;k tk ldrk gSA (bl fo"k; esa foLr`r foospu vkidks d{kk XII dh HkkSfrdh dh
ikB~; iqLrd esa feysxk)A n`'; izdk'k dh rjaxnS?;Z dk ifjlj 4000 Ã ls 7000 Ã gSA (1 Ã = 10-10

m)A vr% izdk'kh; lw{en'khZ blls NksVs vkdkj osQ d.kksa dk foHksnu ugha dj ldrkA n`'; izdk'k osQ
LFkku ij ge] bysDVªkWu&iqat dk mi;ksx dj ldrs gSaA bysDVªkWu iqatksa dks mfpr jhfr ls vfHkdfYir
oS|qr ,oa pqEcdh; {ks=kksa }kjk iQksdflr fd;k tk ldrk gSA bl izdkj osQ bysDVªkWu&lw{en'khZ dk
foHksnu Hkh varr% blh rF; }kjk lhfer gksrk gS fd bysDVªkWu Hkh rjaxksa dh rjg O;ogkj dj ldrs gSa
(bl fo"k; esa foLrkj ls vki d{kk XII esa i<+asxs)A fdlh bysDVªkWu dh rjaxnS?;Z 1 Ã osQ va'k osQ
cjkcj de gks ldrh gSA 0.6 Ã foHksnu {kerk rd osQ bysDVªkWu lw{en'khZ fodflr fd, tk pqosQ gSaA
buosQ }kjk] yxHkx] inkFkks± osQ v.kqvksa vkSj ijek.kqvksa dk foHksnu laHko gks x;k gSA gky gh esa
fodflr lqjaxu lw{en£'kdh }kjk Hkh 1Ã ls lw{erj foHksnu izkIr dj fy;k x;k gSA buosQ }kjk vc
v.kqvksa dh vkeki dk vkdyu laHko gSA

vksyhd vEy v.kq osQ lkb”k dk vkdyu djus dh ,d ljy fof/ uhps nh xbZ gSA vksyhd vEy
,d lkcquh nzo gS ftlosQ v.kq dk lkb”k 10–9 m dksfV dk gSA

bl fof/ dk ewy vk/kj] ty osQ i`"B ij vksyhd vEy dh ,d ,dkf.od ijr cukuk gSA

blosQ fy,] igys ge 1 cm3 vksyhd vEy dks ,sYdksgkWy esa ?kksy dj 20 cm3 ?kksy cukrs gSaA bl ?
kksy dk 1 cm3 ysdj ,sYdksgkWy esa iqu% 20 cm3 ?kksy cukrs gSaA vc bl ?kksy dh lkanzrk 



 vksyhd vEy@cm3 ?kksy gqbZA blosQ ckn ,d cM+s ukan esa ikuh ysdj]
mlosQ Ãij yk;dksiksfM;e ikmMj fNM+d dj] ykbdksiksfM;e ikmMj dh ,d iryh fiQYe ty osQ
i`"B osQ Ãij cukrs gSaA fiQj vksyhd vEy osQ igys cuk, x, ?kksy dh ,d cwan blosQ Ãij j[krs gSaA
vksyhd vEy dh ;g cwan ty osQ i`"B osQ Ãij yxHkx o`Ùkkdkj] ,d v.kq eksVkbZ dh fiQYe osQ :i
esa iSQy tkrh gSA bl izdkj cuh ruq fiQYe dk O;kl eki dj bldk {ks=kiQy A Kkr fd;k tk ldrk
gSA ekuk fd geus ty osQ i`"B ij n cwansa vksyhd vEy ?kksy dh MkyhaA ;fn izkjaHk esa gh ge ,d
cwan dk vuqekfur vk;ru (V cm3) Kkr dj ysa]

rks ?kksy dh n cwanksa dk vk;ru = nV cm3

bl ?kksy esa fo|eku vksyhd vEy dk vk;ru  

vksyhd vEy dk ;g ?kksy rsth ls ty osQ i`"B ij iSQy dj t eksVkbZ dh iryh fiQYe cuk ysrk gSA

;fn bl fiQYe dk {ks=kiQy A cm2 gS] rks fiQYe dh eksVkbZ  

        (2.3)

;fn ge ;g eku ysa fd fiQYe ,d ,dkf.od eksVkbZ dh gS rks 't' vksyhd vEy osQ v.kq dh
vkeki vFkok O;kl cu tkrk gSA bl eksVkbZ dk eku 10–9 m dh dksfV dk vkrk gSA

mnkgj.k 2.5 ;fn fdlh ukfHkd dk vkeki (tks okLro esa 10–15 ls 10–14 m osQ ifjlj esa gS)
c<+kdj ,d rh{.k fiu dh uksd (10–5m ls 10–4 m osQ ifjlj esa) osQ cjkcj dj fn;k tk,] rks



ijek.kq dk yxHkx vkeki D;k gS\

gy ukfHkd dh vkeki 10–15 m ls 10–14 m osQ ifjlj esa gS rh{.k fiu dh uksd 10–5 m ls 10–4

m osQ ifjlj esa ys ldrs gSaA bl rjg] geus ukfHkd dh vkeki dks 1010 xq.kk c<+k fn;k gSA ijek.kq
dk lkekU; vkdkj 10–10 m dh dksfV dk gSA vr% mlh vuqikr esa c<+kus ij bldh vkeki 1m gks
tk,xhA vr% fdlh ijek.kq esa ukfHkd vkeki esa mruk gh NksVk gS ftruh NksVh yxHkx 1m O;kl osQ
xksys osQ osQUnz ij j[ks x, rh{.k fiu dh uksd gksrh gSA 

2.3.3 yEckb;ksa dk ifjlj
gesa fo'o esa tks fi.M fn[kkbZ nsrs gSa mu fi.Mksa dh vkekiksa esa varj dk ,d foLr`r ifjlj gSA ftlesa
,d vksj 10–14 m dksfV dh vkeki dk fdlh ijek.kq dk lw{e ukfHkd gS] rks nwljh vksj 1026 m

dksfV dh vkeki dk n`';eku fo'o dk ifjlj gSA lkj.kh 2-3 esa buesa ls oqQN fi.Mksa dh vkekiksa
vkSj nwfj;ksa dh dksfV vkSj ijkl fn, x, gSaA

vR;ar lw{e vkSj cgqr cM+h nwfj;ksa osQ ekiu osQ fy, ge yEckbZ osQ oqQN fof'k"V ek=kd Hkh iz;ksx esa
ykrs gSaA ;s gSa]



1 iQehZ = 1 f = 10–15 m

1 ,aXlVªe = 1 Ã = 10–10 m

1 [kxksyh; ek=kd = 1 AU (lw;Z ls i`Foh dh vkSlr nwjh) = 1.496 × 1011 m

1 izdk'k o"kZ = 1 ly = 9.46 × 1015 m (3 × 108 m s–1 osQ osx ls izdk'k }kjk 1 lsoaQM esa pyh xbZ
nwjh esa 1 o"kZ)

1 ikjlsd = 3.08 × 1016 m

(og nwjh ftl ij i`Foh dh d{kk dh vkSlr f=kT;k 1 vkoZQ lsd.M dk dks.k varfjr djs] 1 ikjlsd
dgykrh gSA)

2.4 æO;eku dk ekiu

nzO;eku inkFkZ dk ,d vk/kjHkwr xq.k gSA ;g fi.M osQ rki] nkc ;k fno~Qdky esa mldh vofLFkfr
ij fuHkZj ugha djrkA nzO;eku dk SI ek=kd fdyksxzke (kg) gSA varjkZ"Vªh; eki&rksy C;wjks }kjk fn, x,
varjkZ"Vªh; ekud fdyksxzke osQ vkfniz:i fofHkUu ns'kksa dh cgqr lh iz;ksx'kkykvksa esa miyC/ gSaA Hkkjr
esa bls u;h fnYyh fLFkr jk"Vªh; HkkSfrdh iz;ksx'kkyk (NPL) esa j[kk x;k gSA

ijek.kqvksa vkSj v.kqvksa osQ nzO;ekuksa osQ laca/ esa fdyksxzke ,d lqfo/ktud ek=kd ugha gSA vr%
v.kqvksa] ijek.kqvksa osQ nzO;eku O;Dr djus osQ fy, nzO;eku osQ ,d egRoiw.kZ ekud ek=kd] ftls
,dho`Qr ijek.kq lagfr ek=kd (u) dgrs gSa, dk iz;ksx djrs gSa] ftldh LFkkiuk ijek.kqvksa osQ
nzO;ekuksa dks bl izdkj] O;Dr djus osQ fy, dh xbZ gS %

1 ,dho`Qr ijek.kq lagfr ek=kd = 1u

= bysDVªkWuksa lfgr] dkcZu&leLFkkfud  osQ ,d ijek.kq osQ nzO;eku dk (1/12) oka Hkkx

= 1.66 × 10–27 kg

lkekU; oLrqvksa osQ nzO;eku ekiu osQ fy, ge mlh rjg dh lkekU; rqyk dk mi;ksx djrs gSa tSlh
ijpwu dh nqdku esa ikbZ tkrh gSA fo'o esa ik, tkus okys fo'kky fi.Mksa tSls xzgksa] rkjksa vkfn osQ
nzO;eku Kkr djus osQ fy, ge U;wVu osQ xq#Rokd"kZ.k osQ fu;e dk mi;ksx djrs gSa (nsf[k, vè;k;



8)A vfr lw{e d.kksa] tSls ijek.kqvksa] voijek.kqd d.kksa vkfn osQ y?kq nzO;ekuksa osQ ekiu osQ fy,
ge nzO;eku&LisDVªeys[kh dk iz;ksx djrs gSa] ftlesa] ,dleku fo|qr ,oa pqEcdh; {ks=k esa xfreku]
vkosf'kr d.kksa osQ iz{ksi&iFk dh f=kT;k ml d.k osQ nzO;eku osQ vuqØekuqikrh gksrh gSA

2.4.1 nzO;ekuksa osQ ijkl

fo'o esa ge tks fi.M ns[krs gSa] muosQ nzO;ekuksa esa varj dk ,d vR;ar foLr`r ifjlj gSA ,d vksj
bysDVªkWu tSlk lw{e d.k gS ftldk nzO;eku 10-30 kg dksfV dk gS] rks nwljh vksj yxHkx 1055 kg dk
Kkr fo'o gSA lkj.kh (2-4) esa fofHkUu nzO;ekuksa osQ dksfV vkSj ijkl fn, x, gSaA

2.5 le; dk ekiu

fdlh Hkh le;&varjky dks ekius osQ fy, gesa ?kM+h dh vko';drk gksrh gSA vc ge le;&ekiu
gsrq le; dk ijek.oh; ekud iz;ksx djrs gSa tks lhf”k;e ijek.kq esa mRiUu vkorZ dEiuksa ij
vk/kfjr gSA ;gh jk"Vªh; ekud osQ :i esa iz;qDr lhf”k;e ?kM+h] ftls ijek.kq ?kM+h Hkh dgrs gSa] dk
vk/kj gSA ,sls ekud vusd iz;ksx'kkykvksa esa miyC/ gSaA lhf”k;e ijek.kq ?kM+h esa ,d lsoQUM]
lhf”k;e&133 ijek.kq osQ fuEure ÃtkZ Lrj osQ nks vfrlw{e Lrjksa osQ eè; laØe.k osQ rnuq:ih



fofdj.kksa osQ 9,192,631,770 dEiuksa osQ fy, vko';d gSA bl lhf”k;e ijek.kq ?kM+h dh le; nj
dks] lhf”k;e ijek.kq osQ dEiu Bhd mlh izdkj fu;af=kr djrs gSa tSls larqyu pØ osQ dEiu lkekU;
dykbZ ?kM+h dks vFkok NksVs DokV~Z”k fØLVy osQ dEiu fdlh DokV~Z”k dykbZ ?kM+h dks djrs gSaA

lhf”k;e ijek.kq ?kfM+;k¡ vR;ar ;FkkFkZ gksrh gSaA fl¼kUrr% os ,d lqcká ekud miyC/ djkrh gSaA pkj
lhf”k;e ijek.kq ?kfM+;ksa osQ ekè;e ls] le;&varjky osQ jk"Vªh; ekud ^lsoQUM* dk vuqj{k.k fd;k
tkrk gSA le; osQ Hkkjrh; ekud osQ vuqj{k.k osQ fy, u;h fnYyh dh jk"Vªh; HkkSfrdh iz;ksx'kkyk esa
,d lhf”k;e ?kM+h yxkbZ xbZ gSA

gekjs ns'k esa] lHkh HkkSfrd ekudksa (ftuesa le; vkSj vko`fÙk vkfn osQ ekud Hkh 'kkfey gSa) osQ
vuqj{k.k vkSj lq/kj dk nkf;Ro NPL dk gSA è;ku nsa fd Hkkjrh; ekud le; (IST), bu pkj ?kfM+;ksa
osQ leqPp; ls tqM+k gSA n{k lhf”k;e ijek.kq ?kfM+;k¡ bruh vf/d ;FkkFkZ gSa fd buosQ }kjk le; cks/
esa vfuf'prrk ± 1 × 10–13, vFkkZr~ 1013 lsoQUM esa ,d lsoQUM ls Hkh de dh =kqfV gksus dh jgrh
gSA ;s ,d o"kZ esa 3 ekbØks lsoaQM ls T;knk b/j&m/j ugha gksrhA le; ekiu dh bl vk'p;Ztud
;FkkFkZrk dks è;ku esa j[kdj gh yEckbZ osQ SSI ek=kd dks izdk'k }kjk (1/299, 792, 458) lsoaQM esa
pfyr nwjh osQ :i esa O;Dr fd;k x;k gS (lkj.kh 2-1)A

fo'o esa gksus okyh ?kVukvksa osQ le;&varjkyksa esa varj dk ifjlj cgqr O;kid gSA lkj.kh 2-5] oqQN
izk:fid le;&varjkyksa osQ ijkl vkSj dksfV n'kkZrh gSA

lkj.kh 2-3 ,oa 2-5 esa n'kkZ;h xbZ la[;kvksa esa vk'p;Ztud vuq:irk gSA budk è;kuiwoZd voyksdu
djus ij vki ns[k ldrs gSa fd gekjs fo'o esa fo'kkyre vkSj y?kqre fi.Mksa dh yEckb;ksa dk vuqikr
yxHkx 1041 gS rFkk ;g Hkh de #fpdj ugha gS fd fo'o dh ?kVukvksa ls lac¼ lcls cM+s vkSj
lcls NksVs le;&varjkyksa dk vuqikr Hkh 1041 gh gSA ;g la[;k 1041, lkj.kh 2-4 esa fiQj ls izdV
gksrh gS] ftlesa oqQN fi.Mksa osQ izk:fid nzO;ekuksa dks lwphc¼ fd;k x;k gSA gekjs fo'o osQ
fo'kkyre ,oa y?kqre fi.Mksa osQ nzO;ekuksa dk vuqikr yxHkx (1041)2 gSA D;k bu fo'kky la[;kvksa
dh ;g vk'p;Ztud] vuq:irk ek=k la;ksx gS\



2.6 ;FkkFkZrk] ;a=kksa dh ifj'kq¼rk ,oa ekiu esa =kqfV

ekiu] leLr izk;ksfxd foKku ,oa izkS|ksfxdh dk ewyk/kj gSA fdlh Hkh ekiu&;a=k osQ lHkh ekiu osQ
ifj.kkeksa esa oqQN u oqQN vfuf'prrk jgrh gh gSA ;g vfuf'prrk gh =kqfV dgykrh gSA izR;sd
ifjdfyr jkf'k] tks ekfir ekuksa ij vk/kfjr gksrh gS] esa Hkh oqQN =kqfV gksrh gSA ;gk¡ ge nks rduhdh
'kCnksa % ;FkkFkZrk vkSj ifj'kq¼rk esa izHksn djsaxsA fdlh eki dh ;FkkFkZrk og eku gS tks gesa ;g crkrk
gS fd fdlh jkf'k dk ekfir eku] mlosQ okLrfod eku osQ fdruk fudV gS tcfd ifj'kq¼rk ;g
crkrh gS fd og jkf'k fdl foHksnu ;k lhek rd ekih xbZ gSA

ekiu dh ;FkkFkZrk dbZ dkjdksa ij fuHkZj dj ldrh gS ftuesa ekid ;a=kksa dk foHksnu ;k lhek Hkh
lfEefyr gSA mnkgj.k osQ fy,] ekuk fd fdlh yEckbZ dk okLrfod eku 3.678 cm gSA ,d iz;ksx
esa 0.1 cm foHksnu dk ekid&;a=k iz;ksx djosQ bldk eku 3.5 cm ekik x;k] tcfd] nwljs iz;ksx esa



vf/d foHksnu okyk (ekuk 0.01 cm) ekid ;a=k iz;ksx djosQ mlh yackbZ dks 3.38 cm ekik x;kA
;gk¡ igyk eki vf/d ;FkkFkZ gS (D;ksafd okLrfod eku osQ fudV gS) ijUrq de ifj'kq¼ gS (D;ksafd
bldk foHksnu osQoy 0.1 cm gSA) tcfd] nwljk eki de ;FkkFkZ ijUrq vf/d ifj'kq¼ gSA vr% ekiu
esa =kqfV;ksa osQ dkj.k gj eki ,d lfUudV eki gSA lkekU;r%] ekiu esa vkbZ =kqfV;ksa dks eq[; :i ls
fuEufyf[kr nks Jsf.k;ksa esa oxhZo`Qr fd;k tk ldrk gS % (a) Øec¼ =kqfV;k¡ ,oa (b) ;kn`fPNd =kqfV;k¡A

Øec¼ =kqfV;k¡ %

Øec¼ =kqfV;k¡ os =kqfV;k¡ gSa tks fdlh ,d fn'kk /ukRed ;k fiQj ½.kkRed esa izo`Ùk gksrh gSaA Øec¼
=kqfV;ksa osQ oqQN lzksr fuEufyf[kr gSa

(a) ;a=kxr =kqfV;k¡ % ;s =kqfV;k¡ ekid ;a=k dh viw.kZ vfHkdYiuk] =kqfViw.kZ va'kkadu ;k 'kwU;kad&=kqfV
vkfn osQ dkj.k gksrh gSaA mnkgj.kkFkZ] gks ldrk gS fd fdlh rkiekih dk va'kkadu Bhd u gqvk gks
(ifj.kkeLo:i ;g STP ij ty dk DoFkukad 100 °C osQ LFkku ij 104 °C i<+rk gks)_ fdlh o
£u;j oSQfyilZ esa nksuksa tcM+s feykus ij o£u;j iSekus dk 'kwU; fpg~u eq[; iSekus osQ 'kwU; fpg~u osQ
laikrh u gkas] ;k fdlh lk/kj.k iSekus dk ,d fljk f?klk gqvk gksA

(b) izk;ksfxd rduhd ;k dk;Zfof/ esa viw.kZrk % ekuo 'kjhj dk rki Kkr djus osQ fy,
;fn vki rkiekih dks cxy esa yxkdj rki Kkr djsaxs rks ;g rki 'kjhj osQ okLrfod rki ls lnSo
gh oqQN de vk,xkA iz;ksx osQ nkSjku cká ifjfLFkfr;k¡ (rki] nkc] ok;q osx] vknzZrk vkfn esa
ifjorZu) ekiu esa Øec¼ =kqfV;k¡ izLrqr dj ldrh gSaA

(c) O;fDrxr =kqfV;k¡ % ;s =kqfV;k¡] izs{kd osQ fdlh iwokZxzg] midj.k osQ leatu esa jg xbZ deh ;k
izs{k.k ysrs le; izs{kd }kjk mfpr lko/kfu;k¡ u cjrus vkfn osQ dkj.k gksrh gSaA mnkgj.k osQ fy,]
izdk'kh; eap ij lqbZ dh fLFkfr dk iSekus ij ikB~;kad ysrs le; ;fn vki LoHkko osQ dkj.k viuk
flj lnSo lgh fLFkfr ls FkksM+k nkb± vksj j[ksasxs] rks ikBu esa yEcu osQ dkj.k =kqfV vk tk,xhA

lq/jh gqbZ izk;ksfxdh rduhdksa osQ mi;ksx] iz;ksx osQ fy, vis{kko`Qr vPNs ekiu ;a=kksa dk p;u ,oa
;FkklaHko O;fDrxr iwokZxzgksa dks nwj djosQ Øec¼ =kqfV;ksa dks de fd;k tk ldrk gSA fdlh Hkh nh
xbZ O;oLFkk osQ fy,] bu =kqfV;ksa dk oqQN fuf'pr lhekvksa rd vkdyu fd;k tk ldrk gS vkSj
ikB~;kadksa dks rnuqlkj la'kksf/r fd;k tk ldrk gSA

;kn`fPNd =kqfV;k¡



ekiu esa vfu;fer :i ls gksus okyh =kqfV;ksa dks ;kn`fPNd =kqfV;k¡ dgrs gSa vkSj blfy, ;s fpg~u vkSj
ifjek.k esa ;kn`fPNd gSaA ;kn`fPNd =kqfV;k¡] izk;ksfxd voLFkkvksa (rki] oksYVrk iznk;] iz;ksx O;oLFkk
osQ ;kaf=kd dEiu vkfn) esa gksus okys ;kn`fPNd rFkk vuuqes; mrkj&p<+ko osQ dkj.k rFkk ikB~;kad
osQ le; isz{kd }kjk dh xbZ (iwokZxzg jfgr) O;fDrxr =kqfV;ksa vkfn osQ dkj.k gksrh gSaA mnkgj.k osQ
fy,] dksbZ O;fDr ,d gh izs{k.k dks ckj&ckj nksgjk;s rks laHko gS fd gj ckj mldk ikB~;kad fHkUu
gksA

vYirekad =kqfV

fdlh ekid ;a=k }kjk ekik tk ldus okyk NksVs ls NksVk eku ml ekid ;a=k dk vYirekad dgykrk
gSA fdlh ekid ;a=k }kjk fy, x, lHkh ikB~;kad ;k ekfir eku mlosQ vYirekad rd gh lgh gksrs
gSaA

vYirekad =kqfV ,d ,slh =kqfV gksrh gS tks ekid ;a=k osQ foHksnu ls lac¼ gksrh gSA mnkgj.k osQ fy,]
fdlh o£u;j oSQfyilZ dk vYirekad 0.01cm gS_ fdlh xksykbZekih dk vYirekad 0.001 cm gks
ldrk gSA vYirekad =kqfV dks ;kn`fPNd =kqfV;ksa dh Js.kh esa ,d lhfer ifjek.k rd gh j[kk tk
ldrk gS_ ;g =kqfV Øec¼ vkSj ;kn`fPNd nksuksa gh osQ lkFk gksrh gSA ;fn ge yackbZ ekius osQ fy,
ehVj LosQy dk mi;ksx djrs gSa rks ehVj LosQy esa vadu 1 mm varjky ij gksrk gSA

vf/d ifj'kq¼ ekiu ;a=kksa osQ iz;ksx djosQ] izk;ksfxd rduhdksa esa lq/kj] vkfn osQ }kjk] ge
vYirekad =kqfV dks de dj ldrs gSaA izs{k.kksa dks dbZ ckj nksgjkus ij izkIr lHkh izs{k.kksa osQ ekuksa dk
vkSlr izkIr gksrk gSA ;g ekè; eku ekfir jkf'k osQ okLrfod eku osQ vR;f/d fudV gksxkA

2.6.1 fujis{k =kqfV] vkisf{kd =kqfV ,oa izfr'kr =kqfV

(a) ekuk fd fdlh jkf'k osQ dbZ ekiuksa osQ eku a1, a2, a3...., an gSaA izk;ksfxd ifjfLFkfr;ksa esa] bl
jkf'k dk lokZf/d laHko eku] bu lHkh ekuksa osQ lekarj ekè; dks ekuk tk ldrk gSA

aekè; = (a1+a2+a3+...+an ) / n             (2.4)

;k] aekè;  ai / n ( 2.5)

D;ksafd tSlk igys Li"V fd;k tk pqdk gS fd ;g ekuuk ;qfDrlaxr gS fd fdlh jkf'k dh O;f"Vxr
eki ml jkf'k osQ okLrfod eku ls mruh gh vf/vkdfyr gks ldrh gS] ftruh mlosQ vovkdfyr



gksus dh laHkkouk gksrh gSA

jkf'k osQ O;f"Vxr vkSj okLrfod eki osQ chp osQ varj osQ ifjek.k dks ekiu dh fujis{k =kqfV dgrs
gSaA bldks |∆a | }kjk fu£n"V fd;k tkrk gSA D;ksafd] gesa fdlh jkf'k dk okLrfod eku Kkr djus dh
dksbZ fof/ irk ugha gS] blfy, ge lekarj ekè; dks gh jkf'k dk okLrfod eku Lohdkj dj ysrs gSaA
rc gekjh O;f"Vxr eki esa okLrfod eki ls fujis{k =kqfV;k¡ bl izdkj gSa]

∆a1 = a1 – aekè;,

∆a2 = a2– aekè;,

.... .... ....

.... .... ....

∆a n = an – aekè;

Ãij ifjdfyr ∆a dk eku oqQN izdj.kksa osQ fy, /ukRed gks ldrk gS tcfd nwljs oqQN vU;
izdj.kksa osQ fy, ;g ½.kkRed gks ldrk gSA ijUrq fujis{k =kqfV |∆a |  lnSo gh /ukRed gksxhA

(b) HkkSfrd jkf'k dh fujis{k =kqfV;ksa osQ ifjek.kksa osQ lekarj ekè; dks HkkSfrd jkf'k a osQ eku dh
vafre ;k ekè; fujis{k =kqfV dgk tkrk gSA bldks ∆aekè; ls fu:fir djrs gSaA

vr%] ∆aekè; = (|∆a1|+|∆a2 |+|∆a3|+...+ |∆an|)/n           (2.6)

 |∆ai| / n         (2.7)

;fn ge dksbZ ,dy eki ysa] rks gesa bldk eku aekè; ± ∆aekè; osQ ifjlj esa dgha izkIr gksxkA

vFkkZr~ a = aekè; ± ∆aekè;

;k]

bldk vFkZ ;g gqvk fd HkkSfrd jkf'k dh fdlh eki a dk eku (aekè; + ∆aekè;) rFkk

(aekè; - ∆aekè;) osQ chp gksus dh laHkkouk gSA



(c) fujis{k =kqfV osQ LFkku ij] ge izk;% vkisf{kd =kqfV ;k izfr'kr =kqfV (δa) dk iz;ksx djrs gSaA
vkisf{kd =kqfV] ekfir jkf'k dh ekè; fujis{k =kqfV ∆aekè; ,oa blosQ ekè; eku aekè; dk vuqikr

gSA

vkisf{kd =kqfV = ∆aekè;/aekè;   (2.9)

tc vkisf{kd =kqfV dks izfr'kr esa O;Dr djrs gSa] rks bls izfr'kr =kqfV dgk tkrk gSA

vr% izfr'kr =kqfV] δa = (∆aekè;/aekè;) × 100% (2.10)

vkb;s] vc ge ,d mnkgj.k ij fopkj djrs gSaA

;fn vki dksbZ ,slk iz;ksx dj jgs gksa ftlosQ fy, vkidks ifj'kq¼ le; varjky ekiu dh
vko';drk gS] rks buesa ls vki fdl ?kM+h dks ojh;rk nsaxs\ D;ksa\

gy-  lkr fnu osQ ?kM+h 1 osQ izs{k.kksa esa varj dk ifjlj 162s gS tcfd ?kM+h 2 esa ;g ifjlj 31s dk
gSA ?kM+h 1 }kjk fy, x, le; osQ ikB~;kad] ?kM+h 2 }kjk fy, x, le; osQ ikB~;kadksa dh rqyuk esa]
ekud le; osQ vf/d fudV gSA egRoiw.kZ ckr ;g gS fd ?kM+h dh 'kwU;kad =kqfV] ifj'kq¼ dk;Z osQ
fy, mruh egRoiw.kZ ugha gS ftruk blosQ le; esa gksus okyk ifjorZu gS] D;ksafd] 'kwU;kad =kqfV dks rks



dHkh Hkh ljyrk ls nwj fd;k tk ldrk gSA vr% ?kM+h 1 dh rqyuk esa ?kM+h 2 dks ojh;rk nh tk,xhA
t

mnkgj.k 2.7 ge ,d ljy yksyd dk nksyu&dky Kkr djrs gSaA iz;ksx osQ Øfed ekiuksa esa fy,
x, ikB~;kad gSa % 2.63 s, 2.56 s, 2.42 s, 2.71s ,oa 2.80 s A fujis{k =kqfV] lkis{k =kqfV ,oa izfr'kr
=kqfV ifjdfyr dhft,A

gy yksyd dk vkSlr nksyu dky]

= 

= 2.624 s

= 2.62 s

D;ksafd] lHkh dky 0.01 s osQ foHksnu rd ekis x, gSa] blfy, le; dh lHkh ekisa nwljs n'keyo
LFkku rd gSaA bl vkSlr dky dks Hkh nwljs n'keyo LFkku rd fy[kuk mfpr gSA

ekiu esa =kqfV;k¡ gSa %

2.63 s – 2.62 s = 0.01 s

2.56 s – 2.62 s = – 0.06 s

2.42 s – 2.62 s = – 0.20 s

2.71 s – 2.62 s = 0.09 s

2.80 s – 2.62 s = 0.18 s

è;ku nhft,] =kqfV;ksa osQ Hkh ogh ek=kd gSa tks ekih tkus okyh jkf'k;ksa osQ gSaA

lHkh fujis{k =kqfV;ksa dk lekarj ekè; (lekarj ekè; osQ fy, ge osQoy ifjek.k ysrs gSa) gSa %



∆Τekè; = [(0.01+ 0.06+0.20+0.09+0.18)s]/5

= 0.54 s/5

= 0.11 s

bldk vFkZ gS fd ljy yksyd dk nksyu dky (2.62 ± 0.11) s gSA vFkkZr~ bldk eku (2.62 + 0.11)

s ,oa (2.62 – 0.11) s, vFkok 2.73 s ,oa 2.51 s osQ chp gSA D;ksafd lHkh fujis{k =kqfV;ksa dk lekarj
ekè; 0.11 s gS] vr% bl eku esa lsoaQM osQ nlosa va'k esa igys ls gh =kqfV gSA blfy, nksyu dky
dk eku lsoaQM osQ lkSosa Hkkx rd O;Dr djus dk dksbZ vFkZ ugha gSA bldks O;Dr djus dk vf/d
lgh <ax bl izdkj gS %

T = 2.6 ± 0.1 s

è;ku nhft,] vafre la[;kad 6 fo'oluh; ugha gS] D;ksafd ;g 5 ,oa 7 osQ chp oqQN Hkh gks ldrk
gSA bl rF; dks laosQr osQ :i esa ge bl izdkj dgrs gSa fd eki esa nks lkFkZd vad gSaA bl izdj.k
esa nks lkFkZd vad 2 rFkk 6 gSa ftuesa 2 fo'oluh; gS vkSj 6 esa =kqfV lac¼ gSA vuqHkkx 2-7 esa vki
lkFkZd vadksa osQ fo"k; esa vkSj foLrkj ls lh[ksaxsA

bl mnkgj.k esa vkisf{kd =kqfV vFkok izfr'kr =kqfV gS&

fdlh js[kk dh yackbZ vki oSQls ekisaxs\

vki dg ldrs gSa] bl Lrj roQ vkus osQ ckn ;g oSQlk vViVk iz'u gS\ ysfdu tjk lksfp, fd
;fn ;g js[kk ljy&js[kk u gks] rks\ viuh vH;kl iqfLrdk esa ;k ';ke&iV ij ,d Vs<+h&es<+h
js[kk [khafp,A Bhd gS] bldh yackbZ ekiuk Hkh dksbZ cgqr dfBu dk;Z ugha gSA vki ,d /kxk
ysaxs] bls js[kk osQ Ãij lko/kuhiwoZd j[ksaxs] fiQj /kxs dks iSQyk dj bldh yackbZ eki ysaxsA

vc dYiuk dhft, fd vkidks jk"Vªh; jktekxZ dh ;k fdlh unh dh] ;k nks jsyos LVs'kuksa osQ
chp jsy dh iVfj;ksa dh] ;k nks jkT;ksa vFkok ns'kksa osQ chp dh lhek js[kk dh yackbZ ekiuh gSA



rks blosQ fy,] ;fn vki 1m ;k 100m dh jLlh ysa] bls js[kk osQ vuqfn'k j[ksa] ckj&ckj bldh
fLFkfr cny dj vkxs ys tk,a] rks blesa tks ekuoh; Je] le; vkSj [kpZ vk,xk og miyfC/
osQ vuqikr esa cgqr vf/d gksxkA blosQ vfrfjDr bl egRdk;Z esa =kqfV;k¡ vo';eso vk tk,axhA
bl flyflys esa ,d jkspd rF; vkidks crk,¡A izQkal vkSj csfYt;e dh mHk;fu"B varjkZ"Vªh;
lhek js[kk gSA nksuksa ns'kksa osQ jktdh; nLrkostksa esa ntZ mldh yackbZ esa cgqr varj gSA

,d dne vkSj vkxs c<+sa vkSj leqnz dh rV js[kk vFkkZr~ og js[kk ftl ij leqnz vkSj tehu ,d
nwljs ls feyrs gSa] osQ ckjs esa fopkj djsaA bldh rqyuk esa rks lM+dksa vkSj ufn;ksa esa dkiQh gyosQ
eksM+ gksrs gSaA bl lcosQ ckotwn] lHkh nLrkostksa esa] ftuesa gekjh LowQy dh iqLrosaQ Hkh 'kkfey gSa]
xqtjkr ;k vka/zizns'k osQ leqnz rV dh yackbZ ;k nks jkT;ksa osQ chp dh lhek js[kk dh yackbZ vkfn
osQ ckjs esa lwpuk,a ntZ gSaA jsy osQ fVdVksa ij LVs'kuksa osQ lkFk] muosQ chp dh nwjh Hkh Nih jgrh
gSA vkius lM+dksa osQ fdukjs&fdukjs yxs ehy osQ iRFkj ns[ks gksaxsA ;s fofHkUu 'kgjksa dh nwfj;k¡
crkrs gSaaA vkf[kj] ;g lc fd;k oSQls tkrk gS\

vkidks ;g r; djuk gksrk gS fd fdl lhek rd =kqfV lgu dh tk ldrh gS vkSj ekius osQ
izØe ij vf/dre [kpZ fdruk djuk gSA vxj vkidks de =kqfV;k¡ pkfg, rks blosQ fy, mPp
rduhdh vkSj vf/d [kpZ dh vko';drk gksxhA ;g dguk i;kZIr gksxk fd blosQ fy, dkiQh
mPp Lrj dh HkkSfrdh] xf.kr] vfHk;kaf=kdh vkSj izkS|ksfxdh dh vko';drk gksxhA bldk laca/
izsQDVyksa (Fractals) osQ {ks=k ls gS tks lS¼kafrd HkkSfrdh esa oqQN le; ls dkiQh yksdfiz; gSA bl
lcosQ ckotwn tks vkadM+s izkIr gksrs gSa mu ij fdruk fo'okl fd;k tk, ;g dguk dfBu gksrk
gS tSlk izQkal vkSj csfYt;e osQ n`"Vkar ls Li"V gh gSA ckr py jgh gS rks vkidks crk nsa fd
csfYt;e vkSj izQkal dh ;g folaxfr] izsQDVyksa (Fractals) ,oa osQvkWl (Chaos) fo"k; ls lacaf/r
mPp HkkSfrdh dh ,d iqLrd osQ izFke i`"B ij izLrqr dh xbZ gSA

2.6.2 =kqfV;ksa dk la;kstu

;fn ge dksbZ ,slk iz;ksx djsa ftlesa dbZ eki lfEefyr gksa] rks gesa ;g Hkh tkuuk pkfg, fd bu
ekiuksa esa =kqfV;k¡ fdl izdkj la;ksftr gksrh gSaA mnkgj.k osQ fy,] fdlh inkFkZ dk ?kuRo mlosQ
nzO;eku vkSj vk;ru osQ vuqikr }kjk izkIr fd;k tkrk gSA ;fn ge fdlh oLrq osQ nzO;eku vkSj
mldh vkekiksa ;k foekvksa osQ ekius esa =kqfV djrs gSa rks gesa ;g Kkr gksuk pkfg, fd ml oLrq osQ



inkFkZ osQ ?kuRo esa Hkh =kqfV vk,xhA ;g vkdyu djus osQ fy, fd ;g =kqfV fdruh gksxh gesa ;g
lh[kuk gksxk fd fofHkUu xf.krh; lafØ;kvksa esa =kqfV;k¡ fdl izdkj la;ksftr gksrh gSaA blosQ fy, ge
fuEufyf[kr dk;Zfof/ dk vuqlj.k djrs gSaA

(a) fdlh ladyu ;k O;odyu dh =kqfV

eku yhft,] fd nks HkkSfrd jkf'k;ksa A ,oa B osQ ekfir eku Øe'k% A ± ∆A, B ± ∆B gSaA tgk¡] ∆A

,oa ∆B Øe'k% bu jkf'k;ksa dh fujis{k =kqfV;k¡ gSaA ge ladyu Z = A + B esa =kqfV ∆Z Kkr djuk
pkgrs gSaA ladfyr djus ij

Z ± ∆Z = (A ± ∆A) + (B ± ∆B)

Z esa vf/dre laHkkfor =kqfV

∆Z = ∆A + ∆B

O;dfyr djus ij Z = A – B osQ fy, gesas izkIr gksrk gS

Z ± ∆ Z = (A ± ∆A) – (B ± ∆B)

= (A – B) ± ∆A ± ∆B

vFkok ± ∆Z = ± ∆A ± ∆B

;gk¡ fiQj vf/dre laHkkfor =kqfV ∆Z = ∆A ± ∆B

vr%] fu;e ;g gS % tc nks jkf'k;ksa dks ladfyr ;k O;odfyr fd;k tkrk gS] rks vafre
ifj.kke esa fujis{k =kqfV mu jkf'k;ksa dh fujis{k =kqfV;ksa osQ ;ksx osQ cjkcj gksrh gSA







mnkgj.k 2.11 ;fn Z = A4B1/3 / CD3/2 gks rks Z dh vkisf{kd =kqfV Kkr dhft,A

gy Z esa vkisf{kd =kqfV ∆Z/Z = 4(∆A/A) +(1/3)

(∆B/B) + (∆C/C) + (3/2) (∆D/D) 

mnkgj.k 2.12 fdlh ljy yksyd dk nksyudky T= 2p √L/G gksrk gSA ;fn L dk ekfir eku 20.0

cm gS ftlesa 1 mm rd dh ;FkkFkZrk gS vkSj le; dks 1s foHksnu okyh dykbZ ?kM+h ls ekius ij
;g ik;k tkrk gS fd yksyd osQ 100 nksyuksa dk le; 90 s gS rks ;gk¡ g osQ fu/kZfjr eku dh
;FkkFkZrk D;k gS\



2.7 lkFkZd vad

tSlk fd Ãij o.kZu fd;k tk pqdk gS] gj ekiu esa =kqfV;k¡ lfEefyr gksrh gSaA vr% ekiu osQ ifj.kkeksa
dks bl izdkj izLrqr fd;k tkuk pkfg, fd ekiu dh ifj'kq¼rk Li"V gks tk,A lk/kj.kr%] ekiu osQ
ifj.kkeksa dks ,d la[;k osQ :i esa izLrqr djrs gSa ftlesa og lHkh vad lfEefyr gksrs gSa tks
fo'oluh; gSa] rFkk og izFke vad Hkh lfEefyr fd;k tkrk gS tks vfuf'pr gSA fo'oluh; vadksa
vkSj igys vfuf'pr vad dks la[;k osQ lkFkZd&vad ekuk tkrk gSA ;fn ge dgsa fd fdlh ljy
yksyd dk nksyu dky 1-62 s gS] rks blesa vad 1 ,oa 6 rks fo'oluh; ,oa fuf'pr gSa] tcfd vad
2 vfuf'pr gS_ bl izdkj ekfir eku esa 3 lkFkZd vad gSaA ;fn ekiu osQ ckn fdlh oLrq dh
yEckbZ] 287-5 cm O;Dr dh tk, rks blesa pkj lkFkZd vad gSa] ftuesa 2] 8] 7 rks fuf'pr gSa ijUrq
vad 5 vfuf'pr gSA vr% jkf'k osQ ekiu osQ ifj.kke esa lkFkZd vadksa ls vf/d vad fy[kuk
vuko';d ,oa Hkzked gksxk] D;ksafd] ;g eki dh ifj'kq¼rk osQ fo"k; esa xyr /kj.kk nsxkA

fdlh la[;k esa lkFkZd vadksa dh la[;k Kkr djus osQ fu;e fuEufyf[kr mnkgj.kksa }kjk le>s tk
ldrs gSaA tSlk igys o.kZu fd;k tk pqdk gS fd lkFkZd vad ekiu dh ifj'kq¼rk bafxr djrs gSa tks
ekid ;a=k osQ vYirekad ij fuHkZj djrh gSA fdlh ekiu esa fofHkUu ek=kdksa osQ ifjorZu osQ p;u ls
lkFkZd vadksa dh la[;k ifjo£rr ugha gksrhA ;g egRoiw.kZ fVIi.kh fuEufyf[kr esa ls vf/d izs{k.kksa



dks Li"V dj nsrh gS %

(1) mnkgj.k osQ fy,] yEckbZ 2.308 cm esa pkj lkFkZd vad gSaA ijUrq fofHkUu ek=kdksa esa blh yEckbZ
dks ge 0.02308 m ;k 23.08 mm ;k 23080 µm Hkh fy[k ldrs gSaA

bu lHkh la[;kvksa esa lkFkZd vadksa dh la[;k ogh vFkkZr pkj (vad 2, 3, 0, 8) gSA ;g n'kkZrk gS fd
lkFkZd vadksa dh la[;k fu/kZfjr djus esa] n'keyo dgk¡ yxk gS bldk dksbZ egRo ugha gksrkA mijksDr
mnkgj.k ls fuEufyf[kr fu;e izkIr gksrs gSa %

• lHkh 'kwU;srj vad lkFkZd vad gksrs gSaA

• ;fn fdlh la[;k esa n'keyo fcUnq gS] rks mldh fLFkfr dk è;ku j[ks fcuk] fdUgha nks 'kwU;srj vadksa
osQ chp osQ lHkh 'kwU; lkFkZd vad gksrs gSaA

• ;fn dksbZ la[;k 1 ls NksVh gS rks os 'kwU; tks n'keyo osQ nkb± vksj ij izFke 'kwU;srj vad osQ ckb±
vksj gksa] lkFkZd vad ugha gksrsA ( 0.00 2308 esa v/ksjs[kkafdr 'kwU; lkFkZd vad ugha gSa)A

• ,slh la[;k ftlesa n'keyo ugha gS osQ vafre vFkok vuqxkeh 'kwU; lkFkZd vad ugha gksrsA

(vr% 123 m = 12300 cm = 123000 mm esa rhu gh lkFkZd vad gSa] la[;k esa vuqxkeh 'kwU; lkFkZd
vad ugha gSa)A rFkkfi] vki vxys izs{k.k ij Hkh è;ku ns ldrs gSaA

• ,d ,slh la[;k] ftlesa n'keyo fcUnq gks] osQ vuqxkeh 'kwU; lkFkZd vad gksrs gSaA

(la[;k 3.500 ;k 0.06900 esa pkj lkFkZd vad gSa)A

(2) vuqxkeh 'kwU; lkFkZd vad gSa ;k ugha bl fo"k; esa Hkzkafr gks ldrh gSA eku yhft, fdlh oLrq
dh yEckbZ 4.700 m fy[kh xbZ gSA bl izs{k.k ls ;g Li"V gS fd ;gk¡ 'kwU;ksa dk mís'; eki dh
ifj'kq¼rk dks crykuk gS vr% ;gk¡ lHkh 'kwU; lkFkZd vad gSaA (;fn ;s lkFkZd u gksrs rks budks Li"V
:i ls fy[kus dh vko';drk u gksrhA rc lh/s&lh/s ge viuh eki dks 4.7 m  fy[k ldrs FksA)
vc eku yhft, ge viuk ek=kd cny ysrs gSa rks 4.700 m = 470.0 cm = 0.004700 km = 4700

mm

D;ksafd] vafre la[;k esa nks 'kwU;] fcuk n'keyo okyh la[;k esa vuqxkeh 'kwU; gSa] vr% izs{k.k (1) osQ
vuqlkj ge bl xyr fu"d"kZ ij igq¡p ldrs gSa fd bl la[;k esa 2 lkFkZd vad gSa tcfd okLro esa



blesa pkj lkFkZd vad gSa] ek=k ek=kdksa osQ ifjorZu ls lkFkZd vadksa dh la[;k esa ifjorZu ugha gksrkA

(3) lkFkZd vadksa osQ fu/kZj.k esa bl izdkj dh lafnX/rk dks nwj djus osQ fy, loksZÙke mik; ;g gS
fd izR;sd eki dks oSKkfud laosQr (10 dh ?kkrksa osQ :i esa) eas izLrqr fd;k tk,A bl laosQr i¼fr
esa izR;sd la[;k dks a × 10b osQ :i esa fy[kk tkrk gS] tgk¡ a, 1 ls 10 osQ chp dh dksbZ la[;k gS
vkSj b, 10 dh dksbZ /ukRed ;k ½.kkRed ?kkr gSA la[;k dh lfUudV vo/kj.kk cukus osQ fy, ge

bldk iw.kk±du dj ldrs gSa] ;kfu (a 5) gksus ij bls 1 vkSj (5< a 10) gksus ij 10 eku ldrs
gSaA rc] bl la[;k dks yxHkx 10b osQ :i esa O;Dr dj ldrs gSa ftlesa 10 dh ?kkr b HkkSfrd jkf'k
osQ ifjek.k dh dksfV dgykrh gSA tc osQoy ,d vuqeku dh vko';drk gks rks ;g dgus ls dke
pysxk fd jkf'k 10b dh dksfV dh gSA mnkgj.k osQ fy, i`Foh dk O;kl (1.28×107m), 107m dh
dksfV dk gS] blosQ ifjek.k dh dksfV 7 gSA gkbMªkstu ijek.kq dk O;kl (1.06×10–10m), 10–10m dh
dksfV dk gSA blosQ ifjek.k dh dksfV –10 gSA vr%] i`Foh dk O;kl] gkbMªkstu ijek.kq osQ O;kl ls
17 ifjek.k dksfV cM+k gSA

izk;% ,d vad osQ ckn n'keyo yxkus dh izFkk gSA blls Ãij izs{k.k (a) eas mfYyf[kr Hkzkafr yqIr gks
tkrk gS %

4.700 m = 4.700 × 102 cm = 4.700 × 103 mm = 4.700 × 10–3 km

;gk¡ lkFkZd vadksa dh la[;k Kkr djus esa 10 dh ?kkr vlaxr gSA rFkkfi] oSKkfud laosQr esa vk/kj
la[;k osQ lHkh 'kwU; lkFkZd vad gksrs gSaA bl izdj.k esa lHkh la[;kvksa esa 4 lkFkZd vad gSaA

bl izdkj] oSKkfud laosQr esa vk/kj la[;k a osQ vuqxkeh 'kwU;ksa osQ ckjs esa dksbZ Hkzkafr ugha jg tkrhA os
lnSo lkFkZd vad gksrs gSaA

(4) fdlh Hkh ekiu osQ izLrqfrdj.k dh oSKkfud laosQr fof/ ,d vkn'kZ fof/ gSA ijUrq ;fn ;g
fof/ ugha viuk;h tkrh] rks ge iwoZxkeh mnkgj.k eas mfYyf[kr fu;eksa dk ikyu djrs gSa %

• ,d ls cM+h] fcuk n'keyo okyh la[;k osQ fy,] vuqxkeh 'kwU; lkFkZd&vad ugha gSaA

• n'keyo okyh la[;k osQ fy, vuqxkeh 'kwU; lkFkZd vad gSaA

(5) 1 ls NksVh la[;k esa] ikjLifjd :i ls] n'keyo osQ ckb± vksj fy[kk 'kwU; (tSls 0.1250) dHkh
Hkh lkFkZd vad ugha gksrkA rFkkfi] fdlh eki esa ,slh la[;k osQ var esa vkus okys 'kwU; lkFkZd vad



gksrs gSaA

(6) xq.kd ;k foHkkth dkjd tks u rks iw.kk±fdr la[;k,¡ gksrh gSa vkSj u gh fdlh ekfir eku dks

fu:fir djrh gSa] ;FkkFkZ gksrh gSa vkSj muesa vuUr lkFkZd&vad gksrs gSaA mnkgj.k osQ fy,  vFkok
s = 2πr esa xq.kkad 2 ,d ;FkkFkZ la[;k gS vkSj bls 2.0, 2.00 ;k 2.0000, tks Hkh vko';d gks fy[kk

tk ldrk gSA blh izdkj] , esa n ,d iw.kk±d gSA

2.7.1 lkFkZd vadksa ls lacaf/r vadh; lafØ;kvksa aosQ fu;e

fdlh ifjdyu dk ifj.kke] ftlesa jkf'k;ksa osQ lfUudV ekis x, eku lfEefyr gSa (vFkkZr~ os eku
ftuesa lkFkZd vadksa dh la[;k lhfer gS) O;Dr djrs le;] ewy :i ls ekis x, ekuksa dh
vfuf'prrk Hkh izfrfcfEcr gksuh pkfg,A ;g ifj.kke] mu ekfir ekuksa ls vf/d ;FkkFkZ ugha gks
ldrk ftu ij ;g vk/kfjr gSA vr%] O;kid :i ls] fdlh Hkh ifj.kke esa lkFkZd vadksa dh la[;k]
mu ewy vkadM+ksa ls vf/d ugha gks ldrh ftuls bls izkIr fd;k x;k gSA bl izdkj] ;fn fdlh fi.M
dk ekfir nzO;eku eku yhft, 4.237 g gS (4 lkFkZd vad)] vkSj bldk ekfir vk;ru 2.51 cm3

gS] rks ek=k vadh; foHkktu }kjk bldk ?kuRo n'keyo osQ 11 LFkkuksa rd 1.68804780876 g/cm3

vkrk gSA Li"Vr% ?kuRo osQ bl ifjdfyr eku dks bruh ifj'kq¼rk osQ lkFk fy[kuk iw.kZr% gkL;kLin
rFkk vlaxr gksxk] D;ksafd ftu ekiksa ij ;g eku vk/kfjr gS mudh ifj'kq¼rk dkiQh de gSA lkFkZd
vadksa osQ lkFk vadh; lafØ;kvksa osQ fuEufyf[kr fu;e ;g lqfuf'pr djrs gSa fd fdlh ifjdyu dk
vafre ifj.kke mruh gh ifj'kq¼rk osQ lkFk n'kkZ;k tkrk gS tks fuosf'kr ekfir ekuksa dh ifj'kq¼rk osQ
laxr gks %

(1) la[;kvksa dks xq.kk ;k Hkkx djus ls izkIr ifj.kke esa osQoy mrus gh lkFkZd vad jgus nsuk pkfg,
ftrus fd lcls de lkFkZd vadksa okyh ewy la[;k esa gSA

vr% mijksDr mnkgj.k esa ?kuRo dks rhu lkFkZd vadksa rd gh fy[kk tkuk pkfg,]

blh izdkj] ;fn nh xbZ izdk'k dh pky 3.00 × 108 m s-1 (rhu lkFkZd vad) vkSj ,d o"kZ (1 y =

365.25 d) esa 3.1557 × 107 s (ikap lkFkZd vad) gksa] rks ,d izdk'k o"kZ esa 9.47 × 1015 m (rhu



lkFkZd vad) gksaxsA

(2) la[;kvksa osQ ladyu vFkok O;odyu ls izkIr vafre ifj.kke esa n'keyo osQ ckn mrus gh
lkFkZd vad jgus nsus pkfg, ftrus fd ladfyr ;k O;odfyr dh tkus okyh fdlh jkf'k esa n'keyo
osQ ckn de ls de gSaA

mnkgj.kkFkZ] la[;kvksa 436.32 g, 227.2 g ,oa 0.301 g dk ;ksx 663.821 g gSA nh xbZ la[;kvksa esa
lcls de ifj'kq¼ (227.2 g) eki n'keyo osQ ,d LFkku rd gh ;FkkFkZ gSA blfy,] vafre ifj.kke
dks 663.8 g rd iw.kk±fdr dj fn;k tkuk pkfg,A

blh izdkj] yEckb;ksa esa varj dks fuEu izdkj ls O;Dr dj ldrs gSa]

0.307 m – 0.304 m = 0.003 m = 3 × 10–3 m

è;ku nhft,] gesa fu;e (1) tks xq.kk vkSj Hkkx osQ fy, ykxw gksrk gS] mls ladyu (;ksx) osQ
mnkgj.k esa iz;ksx djosQ ifj.kke dks 664 g ugha fy[kuk pkfg, vkSj O;odyu osQ mnkgj.k esa 3.s00

× 10–3 m ugha fy[kuk pkfg,A ;s eki dh ifj'kq¼rk dks mfpr :i ls O;Dr ugha djrs gSaA ladyu
vkSj O;odyu osQ fy, ;g fu;e n'keyo LFkku osQ inksa esa gSA

2.7.2 vfuf'pr vadksa dk iw.kk±du

ftu la[;kvksa esa ,d ls vf/d vfuf'pr vad gksrs gSa] muosQ vfHkdyu osQ ifj.kke dk iw.kk±du
fd;k tkuk pkfg,A
vf/dka'k izdj.kksa esa] la[;kvksa dks mfpr lkFkZd vadksa rd iw.kk±fdr djus osQ fu;e Li"V gh gSaA
la[;k 2.746 dks rhu lkFkZd vadksa rd iw.kk±fdr djus ij 2.75 izkIr gksrk gS] tcfd 2.743 osQ iw.kk
±du ls 2.74 feyrk gSA ifjikVh osQ vuqlkj fu;e ;g gS fd ;fn mis{k.kh; vad (iwoksZDr la[;k esa
v/ksjs[kkafdr vad) 5 ls vf/d gS rks iwoZorhZ vad esa ,d dh o`f¼ dj nh tkrh gS] vkSj ;fn ;g
mis{k.kh; vad 5 ls de gksrk gS] rks iwoZorhZ vad vifjo£rr j[kk tkrk gSA ysfdu ;fn la[;k 2.745

gS] ftlesa mis{k.kh; vad 5 gS] rks D;k gksrk gS\ ;gk¡ ifjikVh ;g gS fd ;fn iwoZorhZ vad le gS rks
mis{k.kh; vad dks NksM+ fn;k tkrk gS vkSj ;fn ;g fo"ke gS] rks iwoZorhZ vad esa 1 dh o`f¼ dj nsrs
gSaA rc la[;k 2.745, rhu lkFkZd vadksa rd iw.kk±du djus ij 2.74 gks tkrh gSA nwljh vksj] la[;k
2.735 rhu lkFkZd vadksa rd iw.kk±fdr djus osQ i'pkr~ 2.74 gks tkrh gS] D;ksafd iwoZorhZ vad fo"ke



gSA

fdlh Hkh my>u okys vFkok cgqinh tfVy ifjdyu esa] eè;orhZ inksa esa lkFkZd vadksa ls ,d vad
vf/d jgus nsuk pkfg,] ftls ifjdyu osQ var esa mfpr lkFkZd vadksa rd iw.kk±fdr dj nsuk pkfg,A
blh izdkj] ,d la[;k tks dbZ lkFkZd vadksa rd Kkr gS] tSls fuokZr esa izdk'k dk osx] ftlosQ fy,]
izk;% 2.99792458 × 108 m/s dks lfUudV eku 3 × 108 m/s esa iw.kk±fdr dj ifjdyuksa esa mi;ksx

djrs gSaA var esa è;ku jf[k;s fd lw=kksa esa mi;ksx gksus okyh ;FkkFkZ la[;k,a] tSls  esa
2 π , esa lkFkZd vadksa dh la[;k vR;f/d (vuUr) gSA π = 3.1415926.... dk eku cgqr vf/d
lkFkZd vadksa rd Kkr gS ysfdu vke ekfir jkf'k;ksa esa ifj'kqf¼ osQ vk/kj ij π dk eku 3.142 ;k

3.14 Hkh ysuk roZQ lEer gSA

mnkgj.k 2.13 fdlh ?ku dh izR;sd Hkqtk dh eki 7.203 m gSA mfpr lkFkZd vadksa rd ?ku dk oqQy
i`"B {ks=kiQy ,oa vk;ru Kkr dhft,A

gy ekih xbZ yEckbZ esa lkFkZd vadksa dh la[;k 4 gSA blfy,] ifjdfyr {ks=kiQy ,oa vk;ru osQ
ekuksa dks Hkh 4 lkFkZd vadksa rd iw.kk±fdr fd;k tkuk pkfg,A

?ku dk i`"B {ks=kiQy = 6(7.203)2 m2

= 311.299254 m2

= 311.3 m2

?ku dk vk;ru = (7.203)3 m3

= 373.714754 m3

= 373.7 m3

mnkgj.k 2.14 fdlh inkFkZ osQ 5.74 g dk vk;ru 1.2 cm3 gSA lkFkZd vadksa dks è;ku esa j[krs gq,
bldk ?kuRo O;Dr dhft,A

gy- nzO;eku esa 3 lkFkZd vad gSa] tcfd vk;ru osQ ekfir eku esa osQoy nks lkFkZd vad gSaA vr%
?kuRo dks osQoy nks lkFkZd vadksa rd O;Dr fd;k tkuk pkfg,A



= 4.8 g cm-3 

2.7.3 vadxf.krh; ifjdyuksa osQ ifj.kkeksa esa vfuf'prrk fu/kZfjr djus osQ fu;e

vadh; lafØ;kvksa esa la[;kvksa@ ekfir jkf'k;ksa esa vfuf'prrk ;k =kqfV fu/kZfjr djus laca/h fu;eksa dks
fuEufyf[kr mnkgj.kksa osQ }kjk le>k tk ldrk gSA

(1) ;fn fdlh iryh] vk;rkdkj 'khV dh yEckbZ vkSj pkSM+kbZ] fdlh ehVj iSekus ls ekius ij
Øe'k% 16.2 cm ,oa 10.1 cm gSa] rks ;gk¡ izR;sd eki esa rhu lkFkZd vad gSaA bldk vFkZ gS fd
yEckbZ dks ge bl izdkj fy[k ldrs gSa

l = 16.2 ± 0.1 cm

= 16.2 cm ± 0.6 %.

blh izdkj] pkSM+kbZ dks bl izdkj fy[kk tk ldrk gS

b = 10.1 ± 0.1 cm

= 10.1 cm ± 1 %

rc] =kqfV la;kstu osQ fu;e dk mi;ksx djus ij] nks (;k vf/d) izk;ksfxd ekiksa osQ xq.kuiQy dh
=kqfV

lb = 163.62 cm2 + 1.6%

= 163.62 + 2.6 cm2

bl mnkgj.k osQ vuqlkj ge vafre ifj.kke dks bl izdkj fy[ksaxs

l b = 164 + 3 cm2

;gk¡] 3 cm2 vk;rkdkj 'khV osQ {ks=kiQy osQ vkdyu esa dh xbZ =kqfV vFkok vfuf'prrk gSA

(2) ;fn fdlh izk;ksfxd vkadM+s osQ leqPp; esa n lkFkZd vadksa dk mYys[k gS] rks vkadM+s osQ



la;kstu ls izkIr ifj.kke Hkh n lkFkZd vadksa rd oS/ gksxkA

rFkkfi] ;fn vkadM+s ?kVk;s tkrs gSa rks lkFkZd vadksa dh la[;k de dh tk ldrh gSA mnkgj.kkFkZ] 12.9

g – 7.06 g nksuksa rhu lkFkZd vadksa rd fofu£n"V gSa] ijUrq bls 5.84 g osQ :i eas ewY;kafdr ugha
fd;k tk ldrk gS cfYd osQoy 5.8 g fy[kk tk,xk] D;ksafd ladyu ;k O;odyu esa vfuf'prrk,¡
,d fHkUu izdkj ls la;ksftr gksrh gSaA (ladfyr ;k O;odfyr dh tkus okyh la[;kvksa esa n'keyo osQ
ckn de ls de vadksa okyh la[;k u fd de ls de lkFkZd vadksa okyh la[;k fu.kZ; dk vk/kj
gksrh gSA)

(3) fdlh la[;k osQ eku esa vkisf{kd =kqfV] tks fofu£n"V lkFkZd vadksa rd nh xbZ gS] u osQoy n
ij] oju] nh xbZ la[;k ij Hkh fuHkZj djrh gSA

mnkgj.kkFkZ] nzO;eku 1.02 g osQ ekiu esa ;FkkFkZrk ± 0.01 g gS] tcfd nwljh eki 9.89 g Hkh ± 0.01

g rd gh ;FkkFkZ gSA

1.02 esa vkisf{kd =kqfV

= (± 0.01/1.02) × 100 %

= ± 1%

blh izdkj 9.89 g esa vkisf{kd =kqfV

= (± 0.01/9.89) × 100 %

= ± 0.1 %

var esa] ;kn jf[k, fd cgqinh; vfHkdyu osQ eè;orhZ ifj.kke dks ifjdfyr djus esa izR;sd eki
dks] vYire ifj'kq¼ eki ls ,d lkFkZd vad vf/d j[kuk pkfg,A vkadM+ksa osQ vuqlkj bls roZQlaxr
djus osQ ckn gh budh vadh; lafØ;k,¡ djuk pkfg, vU;Fkk iw.kk±du dh =kqfV;k¡ mRiUu gks tk,axhA
mnkgj.kkFkZ] 9.58 osQ O;qRØe dk rhu lkFkZd vadksa rd iw.kk±du djus ij eku 0.104 gS] ijUrq 0.104
dk O;qRØe djus ij rhu lkFkZd vadksa rd izkIr eku 9.62 gSA ij ;fn geus 1/9.58 = 0.1044 fy[kk
gksrk rks mlosQ O;qRØe dks rhu lkFkZd vadksa rd iw.kk±fdr djus ij gesa ewy eku 9.58 izkIr gksxkA

mijksDr mnkgj.k] tfVy cgqinh ifjdyu osQ eè;orhZ inksa esa (de ls de ifj'kq¼ eki esa vadksa dh



la[;k dh vis{kk) ,d vfrfjDr vad j[kus dh /kj.kk dks U;k;laxr Bgjkrk gS] ftlls fd la[;kvksa
dh iw.kk±du izfØ;k esa vfrfjDr =kqfV ls cpk tk losQA

2.8 HkkSfrd jkf'k;ksa dh foek,¡

fdlh HkkSfrd jkf'k dh izo`Qfr dh O;k[;k mldh foekvksa }kjk dh tkrh gSA O;qRiUu ek=kdksa }kjk
O;Dr gksus okyh lHkh HkkSfrd jkf'k;k¡] lkr ewy jkf'k;ksa osQ la;kstu osQ inksa esa izLrqr dh tk ldrh
gSaA bu ewy jkf'k;ksa dks ge HkkSfrd lalkj dh lkr foek,¡ dg ldrs gSa vkSj bUgsa xq# dks"Bd osQ lkFk
fu£n"V fd;k tkrk gSA bl izdkj] yEckbZ dh foek [L], fo|qr /kjk dh [A], Ã"ekxfrdh; rki dh
[K], T;ksfr rhozrk dh [cd], vkSj inkFkZ dh ek=kk dh [mol] gSA fdlh HkkSfrd jkf'k dh foek,¡
mu ?kkrksa (;k ?kkrkadksa) dks dgrs gSa] ftUgsa ml jkf'k dks O;Dr djus osQ fy, ewy jkf'k;ksa ij p<+kuk
iM+rk gSA è;ku nhft, fdlh jkf'k dks xq# dks"Bd [ ] ls ?ksjus dk ;g vFkZ gS fd ge ml jkf'k dh
foek ij fopkj dj jgs gSaA

;kaf=kdh esa] lHkh HkkSfrd jkf'k;ksa dks foekvksa [L], [M] vkSj [T] osQ inksa esa O;Dr fd;k tk ldrk gSA
mnkgj.kkFkZ] fdlh oLrq }kjk ?ksjk x;k vk;ru mldh yEckbZ] pkSM+kbZ vkSj Ã¡pkbZ vFkok rhu yEckb;ksa
osQ xq.ku }kjk O;Dr fd;k tkrk gSA blfy,] vk;ru dk foeh; lw=k = [L] × [L] × [L] = [L]3 = [L3]A
D;ksafd] vk;ru] nzO;eku vkSj le; ij fuHkZj ugha djrk] blfy, ;g dgk tkrk gS fd vk;ru esa
nzO;eku dh 'kwU; foek] [M°], le; dh 'kwU; foek [T°] rFkk yEckbZ dh 3 foek,¡ [L3] gSaA

blh izdkj] cy dks nzO;eku vkSj Roj.k osQ xq.kuiQy osQ :i esa bl izdkj O;Dr dj ldrs gSa]

cy = nzO;eku × Roj.k = nzO;eku × (yEckbZ)/(le;)2

cy dh foek,¡ [M] [L]/[T]2 = [M L T–2] gSa A vr% cy esa] nzO;eku dh 1, yEckbZ dh 1 vkSj le;
dh –2 foek,¡ gSaA ;gk¡ vU; lHkh ewy jkf'k;ksa dh foek,¡ 'kwU; gSaA

è;ku nhft,] bl izdkj osQ izLrqrhdj.k esa ifjek.kksa ij fopkj ugha fd;k tkrkA blesa HkkSfrd jkf'k;ksa
osQ izdkj dh xq.krk dk lekos'k gksrk gSA bl izdkj] bl lanHkZ esa osx ifjorZu] izkjafHkd osx] vkSlr
osx] vafre osx vkSj pky] ;s lHkh rqY; jkf'k;k¡ gSa] D;ksafd ;s lHkh jkf'k;k¡ yEckbZ@le; osQ :i esa
O;Dr dh tk ldrh gSa vkSj budh foek,¡ [L]/[T] ;k [L T–1] gSaA

2.9 foeh; lw=k ,oa foeh; lehdj.ksa



fdlh nh gqbZ HkkSfrd jkf'k dk foeh; lw=k og O;atd gS tks ;g n'kkZrk gS fd fdlh HkkSfrd jkf'k esa
fdl ewy jkf'k dh fdruh foek,¡ gSaA mnkgj.kkFkZ] vk;ru dk foeh; lw=k [M° L3 T°] vkSj osx ;k
pky dk [M° L T-1] gSA blh izdkj] [M° L T–2], Roj.k dk rFkk [M L–3 T°] nzO;eku ?kuRo dk foeh;
lw=k gSA

fdlh HkkSfrd jkf'k dks mlosQ foeh; lw=k osQ cjkcj fy[kus ij izkIr lehdj.k dks ml jkf'k dk
foeh; lehdj.k dgrs gSaA vr% foeh; lehdj.k og lehdj.k gS ftlesa fdlh HkkSfrd jkf'k dks ewy
jkf'k;ksa vkSj mudh foekvksa osQ inksa esa fu:fir fd;k tkrk gSA mnkgj.k osQ fy,] vk;ru [V], pky
[v], cy [F] vkSj nzO;eku ?kuRo [ρ] dh foeh; lehdj.k dks bl izdkj O;Dr fd;k tk ldrk gS
%

[V] = [M0 L3 T0]

[v] = [M0 L T–1]

[F] = [M L T–2]

[ρ] = [M L–3 T0]

HkkSfrd jkf'k;ksa osQ chp laca/ fu:fir djus okys lehdj.k osQ vk/kj ij foeh; lehdj.k] O;qRiUu
dh tk ldrh gSA fofo/ izdkj dh cgqr lh HkkSfrd jkf'k;ksa osQ foeh; lw=k] ftUgsa vU; HkkSfrd
jkf'k;ksa osQ eè; laca/ksa dks fu:fir djus okys lehdj.kksa ls O;qRiUu rFkk ewy jkf'k;ksa osQ inksa esa
O;Dr fd;k x;k gS] vkiosQ ekxZn'kZu ,oa rkRdkfyd lanHkZ osQ fy, ifjf'k"V&9 esa fn, x, gSaA

2.10 foeh; fo'ys"k.k ,oa blosQ vuqiz;ksx

foekvksa dh ladYiuk dh Loho`Qfr] tks HkkSfrd O;ogkj osQ o.kZu esa ekxZn'kZu djrh gS] viuk ,d
vk/kfjd egRo j[krh gS D;ksafd blosQ vuqlkj osQoy ogh HkkSfrd jkf'k;k¡ ladfyr ;k O;odfyr dh
tk ldrh gSa ftudh foek,¡ leku gSaA foeh; fo'ys"k.k dk O;kid Kku] fofHkUu HkkSfrd jkf'k;ksa osQ
chp laca/ksa osQ fuxeu esa lgk;rk djrk gS vkSj fofHkUu xf.krh; O;atdksa dh O;qRifÙk] ;FkkFkZrk rFkk
foeh; laxrrk dh tk¡p djus esa lgk;d gSA tc nks ;k vf/d HkkSfrd jkf'k;ksa osQ ifjek.kksa dks xq.kk
(;k Hkkx) fd;k tkrk gS] rks muosQ ek=kdksa osQ lkFk ml izdkj dk O;ogkj fd;k tkuk pkfg, tSlk
ge lkekU; cht&xf.krh; izrhdksa osQ lkFk djrs gSaA va'k vkSj gj ls loZle ek=kdksa dks ge fujflr



dj ldrs gSaA ;gh ckr HkkSfrd jkf'k dh foekvksa osQ lkFk Hkh ykxw gksrh gSA blh izdkj] fdlh
xf.krh; lehdj.k esa i{kksa esa izrhdksa }kjk fu:fir HkkSfrd jkf'k;ksa dh foek,¡ leku gksuh pkfg,A

2.10.1 lehdj.kksa dh foeh; laxfr dh tk¡p

HkkSfrd jkf'k;ksa osQ ifjek.k osQoy rHkh ladfyr ;k O;odfyr fd, tk ldrs gSa ;fn mudh foek,¡
leku gksaA nwljs 'kCnksa esa] ge osQoy ,d gh izdkj dh jkf'k;ksa dk ladyu ;k O;odyu dj ldrs
gSaA vr% cy dks osx osQ lkFk ladfyr ;k Ã"ek xfrd rki esa ls fo|qr /kjk dks O;odfyr ugha
fd;k tk ldrkA bl ljy fl¼kar dks foekvksa dh le?kkrrk fl¼kar dgrs gSa vkSj bldh lgk;rk ls
fdlh lehdj.k dh la'kqf¼ dh tk¡p dj ldrs gSaA ;fn fdlh lehdj.k osQ lHkh inksa dh foek,¡
leku ugha gSa rks og lehdj.k xyr gksrh gSA vr% ;fn ge fdlh fi.M dh yEckbZ (;k nwjh) osQ
fy, O;atd O;qRiUu djsa] rks pkgs mlesa lfEefyr izrhd oqQN Hkh gksa] mudh foekvksa dks ljy djus
ij var esa izR;sd in esa yEckbZ dh foek gh 'ks"k jguh pkfg,A blh izdkj] ;fn ge pky osQ fy,
lehdj.k O;qRiUu djsa] rks blosQ nksuksa i{kksa osQ inksa dk foeh;&lw=k ljyhdj.k osQ ckn [L T–1] gh
ik;k tkuk pkfg,A

;fn fdlh lehdj.k dh la'kqf¼ esa lansg gks rks ml lehdj.k dh laxfr dh izkFkfed tkap osQ fy,
ekU; izFkk osQ vuqlkj foekvksa dk mi;ksx fd;k tkrk gSA fdUrq] foeh; laxfr fdlh lehdj.k osQ
lgh gksus dh xkjaVh ugha gSA ;g vfoe jkf'k;ksa ;k iQyuksa dh vfuf'prrk lhek rd vfuf'pr gksrh
gSA f=kdks.kferh;] y?kqx.kdh; vkSj pj?kkrkadh iQyuksa tSls fof'k"V iQyuksa osQ dks.kkad vfoe gksus
pkfg,A ,d 'kq¼ la[;k] leku HkkSfrd jkf'k;ksa dk vuqikr] tSls vuqikr osQ :i esa dks.k
(yEckbZ@yEckbZ)] vuqikr osQ :i esa viorZukad (fuokZr esa izdk'k dk osx@ekè;e esa izdk'k dk osx)
vkfn dh dksbZ foek,¡ ugha gksrhaA

vc] ge fuEufyf[kr lehdj.k dh foeh; laxfr ;k lekaxrk dh tk¡p dj ldrs gSa

tgk¡ x fdlh d.k vFkok fi.M }kjk t lsoaQM esa pfyr og nwjh gS] tks d.k ;k fi.M le; t = 0
ij fLFkfr x0 ls izkjafHkd osx v0 ls vkjEHk djosQ r; djrk gS] vkSj bldk xfr dh fn'kk esa
,dleku Roj.k a jgrk gSA

izR;sd in osQ fy, foeh; lehdj.k fy[kus ij]



[x] = [L]

[x0 ] = [L]

[v0 t] = [L T–1] [T] = [L]

[1/2 a t2] = [L T–2] [T2] = [L]

D;ksafd bl lehdj.k osQ lHkh inksa dh foek,¡ leku (yEckbZ dh) gSa] blfy, ;g foeh; n`f"V ls
laxr lehdj.k gSA

;gk¡ è;ku nsus ;ksX; rF; ;g gS] fd foeh; laxfr ijh{k.k] ek=kdksa dh laxfr ls de ;k vf/d oqQN
ugha crkrkA ysfdu] bldk ykHk ;g gS fd ge ek=kdksa osQ fdlh fo'ks"k p;u osQ fy, ckè; ugha gSa
vkSj u gh gesa ek=kdksa osQ ikjLifjd xq.ktksa ;k viorZdksa esa :ikarj.k dh fpUrk djus dh vko';drk
gSA ;g ckr Hkh gesa Li"V djuh pkfg, fd ;fn dksbZ lehdj.k laxfr ijh{k.k esa vliQy gks tkrh gS
rks og xyr fl¼ gks tkrh gS] ijUrq ;fn og ijh{k.k esa liQy gks tkrh gS rks blls og lgh fl¼
ugha gks tkrhA bl izdkj dksbZ foeh; :i ls lgh lehdj.k vko';d :i ls ;FkkFkZ (lgh)
lehdj.k ugha gksrh] tcfd foeh; :i ls xyr ;k vlaxr lehdj.k xyr gksuh pkfg,A

mnkgj.k 2.15 vkb, fuEufyf[kr lehdj.k ij fopkj djsa

;gk¡ m oLrq dk nzO;eku] v bldk osx gS] g xq#Roh; Roj.k vkSj h Ã¡pkbZ gSA tk¡fp, fd D;k ;g
lehdj.k foeh; n`f"V ls lgh gSA

gy ;gk¡ oke i{k dh foek,¡

[M] [L T–1 ]2 = [M] [ L2 T–2]

rFkk = [M L2 T–2]

nf{k.k i{k dh foek,¡

[M][L T–2] [L] = [M][L2 T–2]

= [M L2 T–2]



pw¡fd] nksuksa i{kksa dh foek,¡ leku gSa] blfy, ;g lehdj.k foeh; n`f"V ls lgh gSA t

mnkgj.k 2.16 ÃtkZ dk SI ek=kd J = kg m2 s–2; gS] pky v dk m s–1 vkSj Roj.k a dk m s–2 gSA
xfrt ÃtkZ (k) osQ fy, fuEufyf[kr lw=kksa esa vki fdl&fdl dks foeh; n`f"V ls xyr crk,¡xs\ (m

fi.M dk nzO;eku gS)A

(a) K = m2 v3

(b) K = (1/2)mv2

(c) K = ma

(d) K = (3/16)mv2

(e) K = (1/2)mv2 + ma

gy izR;sd lgh lehdj.k esa nksuksa i{kksa dk foeh; lw=k leku gksuk pkfg,A ;g Hkh fd osQoy leku
foekvksa okyh jkf'k;ksa dk gh ladyu ;k O;odyu fd;k tk ldrk gSA nf{k.k i{k dh jkf'k dh
foek,¡ (a) osQ fy, [M2 L3 T–3]; (b) rFkk (d) osQ fy, [M L2 T–2]; (c) osQ fy, [M L T–2] gSA
lehdj.k (e) osQ nf{k.k i{k dh jkf'k dh dksbZ mfpr foek,¡ ugha gSa D;ksafd blesa fHkUu foekvksa okyh

nks jkf'k;ksa dks ladfyr fd;k x;k gSA vc D;ksafd K dh foek,¡ [M L2 T–2]] gS] blfy, lw=k (a),

(c) , (e) foeh; :i ls laxr ugha gSaA è;ku nsa] fd foeh; rdks± ls ;g irk ugha pyrk fd (b) , (d)

esa dkSu lk lw=k lgh gSA blosQ fy, xfrt ÃtkZ dh okLrfod ifjHkk"kk dks ns[kuk iM+sxk (ns[ksa vè;k;
6)A xfrt ÃtkZ osQ fy, lgh lw=k (b) esa fn;k x;k gSA 

2.10.2 fofHkUu HkkSfrd jkf'k;ksa osQ eè; laca/ O;qRiUu djuk

dHkh&dHkh fofHkUu HkkSfrd jkf'k;ksa osQ chp laca/ O;qRiUu djus osQ fy, foekvksa dh fof/ dk mi;ksx
fd;k tk ldrk gSA blosQ fy, gesa ;g Kkr gksuk pkfg, fd ,d HkkSfrd jkf'k fdu&fdu nwljh
HkkSfrd jkf'k;ksa ij fuHkZj djrh gS (rhu HkkSfrd jkf'k;ksa ;k ,d?kkrr% Lora=k pjksa rd)A blosQ fy,]
ge nh xbZ jkf'k dks fuHkZj jkf'k;ksa dh fofHkUu ?kkrksa osQ xq.kuiQy osQ :i esa fy[krs gSaA vkb;s] ,d
mnkgj.k }kjk bl izfØ;k dks le>saA

mnkgj.k 2.17 ,d ljy yksyd ij fopkj dhft,] ftlesa xksyd dks ,d /kxs ls ck¡/ dj yVdk;k
x;k gS vkSj tks xq#Ro cy osQ v/hu nksyu dj jgk gSA eku yhft, fd bl yksyd dk nksyu dky



bldh yEckbZ (l), xksyd osQ nzO;eku (m) vkSj xq#Roh; Roj.k (g) ij fuHkZj djrk gSA foekvksa dh
fof/ dk mi;ksx djosQ blosQ nksyu&dky osQ fy, lw=k O;qRiUu dhft,A

gy nksyu dky T dh] jkf'k;ksa l, g vkSj m ij fuHkZjrk dks ,d xq.kuiQy osQ :i esa bl izdkj
fy[kk tk ldrk gS %

T = k lx gy mz

tgk¡] k ,d foekghu fLFkjkad gS] ,oa x, y, z ?kkrkad gSaA

nksuksa vksj dh jkf'k;ksa osQ foeh; lw=k fy[kus ij

= Lx+y T–2y Mz

nksuksa vksj dh foek,¡ leho`Qr djus ij

x + y = 0; –2y = 1; ,oa z = 0

vr% 

∴ T = k l½ g–½

;k T = 

è;ku nhft,] ;gk¡ fLFkjkad k dk eku foeh; fof/ ls Kkr ugha fd;k tk ldrk gSA ;gk¡ bldk dksbZ
vFkZ ugha gS fd lw=k osQ nf{k.k i{k dks fdlh la[;k ls xq.kk fd;k x;k gS] D;ksafd ,slk djus ls
foek,¡ izHkkfor ugha gksrhaA

okLro esa] k = 2π, vr% T = 

ijLij lacaf/r jkf'k;ksa osQ chp laca/ O;qRiUu djus osQ fy, foeh; fo'ys"k.k dkiQh mi;ksxh gSA
rFkkfi foekghu fLFkjkadksa osQ eku bl fof/ }kjk Kkr ugha fd, tk ldrsA foeh; fof/ }kjk fdlh
lehdj.k dh osQoy foeh; oS/rk gh tkaph tk ldrh gS] fdlh lehdj.k esa fofHkUu HkkSfrd jkf'k;ksa
osQ chp ;FkkFkZ laca/ ugha tkaps tk ldrsA ;g leku foek okyh jkf'k;ksa esa foHksn ugha dj ldrhA



bl vè;k; osQ var esa fn, x, dbZ vH;kl iz'u] vkidh foeh; fo'ys"k.k dh oqQ'kyrk fodflr
djus esa lgk;d gksaxsA

lkjka'k

1. HkkSfrd foKku HkkSfrd jkf'k;ksa osQ ekiu ij vkèkkfjr ,d ifjek.kkRed foKku gS A oqQN
HkkSfrd jkf'k;ka tSls yackbZ] nzO;eku] le;] fo|qr èkkjk] Ã"ekxfrd rki] inkFkZ dh ek=kk vkSj
T;ksfr&rhozrk] ewy jkf'k;ksa osQ :i esa pquh xbZ gSaA

2. izR;sd ewy jkf'k fdlh ewy ek=kd (tSls ehVj] fdyksxzke] lsdaM] ,sfEi;j] osQfYou] eksy vkSj
oSaQMsyk) osQ in esa ifjHkkf"kr gS A ewy ek=kd LosPNk ls p;fur ijarq leqfpr :i ls ekudhÑr
funsZ'k ekud gksrs gSa A ewy jkf'k;ksa osQ ek=kdksa dks ewy ek=kd dgrs gSaA

3. ewy jkf'k;ksa ls O;qRiUu vU; HkkSfrd jkf'k;ksa dks ewy ek=kdkasa osQ la;kstu osQ :i esa O;Dr dj
ldrs gSa] ftUgsa O;qRiUu ek=kd dgrs gSa A ewy vkSj O;qRiUu nksuksa ek=kdksa osQ iw.kZ leqPp; dks]
ek=kd iz.kkyh dgrs gSa A

4. lkr ewy ek=kdksa ij vk/kfjr ek=kdksa dh varjkZ"Vªh; iz.kkyh (SI) orZeku esa varjkZ"Vªh; Lrj ij
LohÑr iz.kkyh gS A ;g iz.kkyh leLr lalkj esa O;kid :i ls iz;ksx essa ykbZ tkrh gS A

5. ewy jkf'k;ksa vkSj O;qRiUu jkf'k;ksa ls izkIr lHkh HkkSfrd ekiksa esa (SI) ek=kdksa dk iz;ksx fd;k
tkrk gSA oqQN O;qRiUu ek=kdksa dks (SI) ek=kdksa esa fo'ks"k ukeksa (tSls twy] U;wVu] okV vkfn) ls
O;Dr fd;k tkrk gS A

6.(SI)ek=kdksa osQ lqifjHkkf"kr ,oa varjkZ"Vªh; Lrj ij LohÑr ek=kd izrhd gSa (tSls ehVj osQ fy,
m, fdyksxzke osQ fy, kg] lsdaM osQ fy, s] ,sfEi;j osQ fy, A] U;wVu osQ fy, N] bR;kfn)A

7. izk;% NksVh ,oa cM+h jkf'k;ksa dh HkkSfrd ekiksa dks oSKkfud laosQr esa 10 dh ?kkrksa esa O;Dr
fd;k tkrk gS A eki laosQrksa rFkk vkafdd vfHkdyuksa dh ljyrk gsrq la[;kvksa dh ifj'kq¼rk dk
laosQr djrs gq, oSKkfud laosQr ,oa iwoZyXuksa dk iz;ksx fd;k tkrk gS A

8. HkkSfrd jkf'k;ksa osQ laosQru vkSj SI ek=kdksa osQ izrhdksa] oqQN vU; ek=kdksa] HkkSfrd jkf'k;ksa vkSj



ekiksa dks mfpr :i ls O;Dr djus gsrq iwoZyXu osQ fy, oqQN lkekU; fu;eksa vkSj funsZ'kksa dk
ikyu djuk pkfg, A

9. fdlh Hkh HkkSfrd jkf'k osQ vfHkdyu esa mlosQ ek=kd dh izkfIr gsrq laca/ (laca/ksa) esa
lfEefyr O;qRiUu jkf'k;ksa osQ ek=kdksa dks okafNr ek=kdksa dh izkfIr rd chtxf.krh; jkf'k;ksa dh
Hkkafr le>uk pkfg, A

10. HkkSfrd jkf'k;ksa osQ ekiu gsrq izR;{k ,oa vizR;{k fofèk;ksa dk iz;ksx fd;k tk ldrk gS A
ekfir jkf'k;ksa esa ifj.kke dks O;Dr djrs le; ekid ;a=kksa dh ;FkkFkZrk (accuracy) vkSj
ifj'kq¼rk (precision)osQ lkFk ekiu esa =kqfV;ksa dks Hkh n'kkZ;k tkuk pkfg, A

11. ekfir ,oa vfHkdfyr jkf'k;ksa esa osQoy mfpr lkFkZd vadksa dks gh j[kk jgus nsuk pkfg, A
fdlh Hkh la[;k esa lkFkZd vadksa dh la[;k dk fuèkkZj.k] muosQ lkFk vadh; lafØ;kvksa dks djus
vkSj vfuf'pr vadksa dk fudVu djus esa buosQ fy, cuk, x, fu;eksa dk ikyu djuk pkfg, A

12. ewy jkf'k;ksa dh foekvksa vkSj bu foekvksa dk la;kstu HkkSfrd jkf'k;ksa dh izÑfr dk o.kZu
djrk gS A lehdj.kksa dh foeh; laxfr dh tkap vkSj HkkSfrd jkf'k;ksa esa lacaèk O;qRiUu djus esa
foeh; fo'ys"k.k dk iz;ksx fd;k tk ldrk gSA dksbZ foeh; laxr lehdj.k okLro esa lgh gks]
;g vko';d ugha gS ijarq foeh; :i ls xyr ;k vlaxr lehdj.k xyr gh gksxh A

vH;kl

fVIi.kh % la[;kRed mÙkjksa dks fy[krs le;] lkFkZd vadksa dk è;ku jf[k;sA

2.1 fjDr LFkku Hkfj,

(a) fdlh 1 cm Hkqtk okys ?ku dk vk;ru---------m3 osQ cjkcj gS A

(b) fdlh 2 cm f=kT;k o 10 cm maQpkbZ okys flfyaMj dk i`"B {ks=kiQy---------(mm)2 osQ cjkcj
gSA

(c) dksbZ xkM+h 18 km/h dh pky ls py jgh gS rks ;g ls esa--------m pyrh gS A



(d) lhls dk vkisf{kd ?kuRo 11.3 gS A bldk ?kuRo-------g cm–3 ;k------kg m–3 gS A

2.2 fjDr LFkkuksa dks ek=kdksa osQ mfpr ifjoZru }kjk Hkfj,

(a) 1 kg m2 s–2 =............ g cm2 s–2

(b) 1 m =................. ly

(c) 3.0 m s–2 =................. km h–2

(d) G = 6.67 × 10–11 Nm2 (kg)–2 =................. (cm)3 s–2 g–1

2.3 mQ"ek ;k mQtkZ dk ek=kd oSQyksjh gS vkSj ;g yxHkx 4.2 J osQ cjkcj gS] tgka 1 J = 1 kg

m2 s–2 A eku yhft, fd ge ek=kdksa dh dksbZ ,slh iz.kkyh mi;ksx djrs gSa ftlls nzO;eku dk
ek=kd α kg osQ cjkcj gS] yackbZ dk ek=kd β m osQ cjkcj gS] le; dk ek=kd γs osQ cjkcj
gS A ;g iznf'Zkr dhft, fd u, ek=kdksa osQ inksa esa oSQyksjh dk ifjek.k 4.2 α−1 β−2 γ2  gS A

2.4 bl dFku dh Li"V O;k[;k dhft, % rqyuk osQ ekud dk fo'ks"k mYys[k fd, fcuk
¶fdlh foeh; jkf'k dks ^cM+k* ;k ^NksVk* dguk vFkZghu gS¸ A bls è;ku esa j[krs gq, uhps fn,
x, dFkuksa dks tgka dgha Hkh vko';d gks] nwljs 'kCnksa esa O;Dr dhft, %

(a) ijek.kq cgqr NksVs fi.M gksrs gSa A

(b) tsV ok;q;ku vR;fèkd xfr ls pyrk gS A

(c) c`gLifr dk nzO;eku cgqr gh vfèkd gS A

(d) bl dejs osQ vanj ok;q esa v.kqvksa dh la[;k cgqr vfèkd gS A

(e) bysDVªkWu] izksVkWu ls cgqr Hkkjh gksrk gS A

(f) èofu dh xfr izdk'k dh xfr ls cgqr gh de gksrh gS A

2.5 yackbZ dk dksbZ ,slk u;k ek=kd pquk x;k gS ftlosQ vuqlkj fuokZr esa izdk'k dh pky 1 gS
A yEckbZ osQ u, ek=kd osQ inksa esa lw;Z rFkk i`Foh osQ chp dh nwjh fdruh gS] izdk'k bl nwjh
dks r; djus esa 8 min vkSj 20 s yxkrk gS A

2.6 yackbZ ekius osQ fy, fuEufyf[kr esa ls dkSu&lk lcls ifj'kq¼ ;a=k gS %



(a) ,d ofuZ;j osQfyilZ ftlosQ ofuZ;j iSekus ij 20 foHkktu gSa A

(b) ,d LozwQxst ftldk pwM+h varjky 1 mm vkSj o`Rrh; iSekus ij 100 foHkktu gSa A

(c) dksbZ izdkf'kd ;a=k tks izdk'k dh rjaxnS?;Z dh lhek osQ vanj yackbZ eki ldrk gS A

2-7 dksbZ Nk=k 100 vko/Zu ds ,d lw{en'khZ ds }kjk ns[kdj euq"; ds cky dh eksVkbZ ekirk
gS A og 20 ckj izs{k.k djrk gS vkSj mls Kkr gksrk gS fd lw{en'khZ osQ n`'; {ks=k esa cky dh
vkSlr eksVkbZ 3.5 mm gS A cky dh eksVkbZ dk vuqeku D;k gS\

2.8 fuEufyf[kr osQ mRrj nhft, %

(a) vkidks ,d èkkxk vkSj ehVj iSekuk fn;k tkrk gS A vki èkkxs osQ O;kl dk vuqeku fdl
izdkj yxk,axs \

(b) ,d LozwQxst dk pwM+h varjky 1.0 mm gS vkSj mlosQ o`Rrh; iSekus ij 200 foHkktu gSa A
D;k vki ;g lksprs gSa fd o`Rrh; iSekus ij foHkktuksa dh la[;k LosPNk ls c<+k nsus ij LozwQxst
dh ;FkkFkZrk esa o`f¼ djuk laHko gS \

(c) ofuZ;j osQfyilZ }kjk ihry dh fdlh iryh NM+ dk ekè; O;kl ekik tkuk gS A osQoy 5
ekiuksa osQ leqPp; dh rqyuk esa O;kl osQ 100 ekiuksa osQ leqPp; osQ }kjk vf/d fo'oluh;
vuqeku izkIr gksus dh laHkkouk D;ksa gS \

2.9 fdlh edku dk iQksVksxzkiQ 35 mm LykbM ij 1.75 cm2 {ks=k ?ksjrk gS A LykbM dks fdlh
LØhu ij iz{ksfir fd;k tkrk gS vkSj LØhu ij edku dk {ks=kiQy 1.55 m2 gS A iz{ksfi=k&ijnk
O;oLFkk dk js[kh; vkoèkZu D;k gS \

2.10 fuEufyf[kr esa lkFkZd vadksa dh la[;k fyf[k, %

(a) 0.007 m2 (b) 2.64 × 1024 kg (c) 0.2370 g cm-3

(d) 6.320 J (e) 6.032 N m–2 (f) 0.0006032 m2

2.11 èkkrq dh fdlh vk;rkdkj 'khV dh yackbZ] pkSM+kbZ o eksVkbZ Øe'k% 4.234 m, 1.005 m ,

2.01 cm gS A mfpr lkFkZd vadksa rd bl 'khV dk {ks=kiQy o vk;ru Kkr dhft, A

2.12 ialkjh dh rqyk }kjk ekis x, fMCcs dk nzO;eku 2.300 kg gS A lksus osQ nks VqdM+s ftudk



nzO;eku 20.15 g , 20.17 g gS] fMCcs esa j[ks tkrs gSa A (a) fMCcs dk oqQy nzO;eku fdruk gS]
(b) mfpr lkFkZd vadksa rd VqdM+ksa osQ nzO;ekuksa esa fdruk varj gS \

2.13 dksbZ HkkSfrd jkf'k P, pkj izs{k.k&;ksX; jkf'k;ksa a, b, c rFkk d ls bl izdkj lacfèkr gS %

P a3 b2 / √c d

a,b, c rFkk d osQ ekius eas izfr'kr =kqfV;ka Øe'k% 1%, 3%, 4%, rFkk 2%, gSa A jkf'k P eas
izfr'kr =kqfV fdruh gS \ ;fn mi;qZDr laca/ dk mi;ksx djosQ P dk ifjdfyr eku 3.763

vkrk gS] rks vki ifj.kke dk fdl eku rd fudVu djsaxs \

2.14 fdlh iqLrd eas] ftlesa NikbZ dh vusd =kqfV;ka gSa] vkorZ xfr dj jgs fdlh d.k osQ
foLFkkiu osQ pkj fHkUu lw=k fn, x, gSa %

(a) y = a sin 2π t/T (b) y = a sin vt

(c) y = (a/T) sin t/a (d) y = (a )(sin 2π t/T + cos 2π t/T)

(a= d.k dk vf/dre foLFkkiu] v = d.k dh pky] T = xfr dk vkorZ dky) A foeh;
vk/kjksa ij xyr lw=kksa dks fudky nhft, A

2.15 HkkSfrdh dk ,d izfl¼ laca/ fdlh d.k osQ ^py nzO;eku (moving mass)* m, ^fojke
nzO;eku (rest mass)* m0 ] bldh pky v vkSj izdk'k dh pky c osQ chp gS A (;g laca/
lcls igys vYcVZ vkbaLVkbu osQ fo'ks"k vkisf{kdrk osQ fl¼kar osQ ifj.kkeLo:i mRiUu gqvk Fkk
A) dksbZ Nk=k bl laca/ dks yxHkx lgh ;kn djrk gS ysfdu fLFkjkad c dks yxkuk Hkwy tkrk

gS A og fy[krk gS % A vuqeku yxkb, fd c dgka yxsxk A

2.16 ijekf.od iSekus ij yackbZ dk lqfo/ktud ek=kd ,axLVªe gS vkSj bls Ã :1Ã = 10–10 m

}kjk fu£n"V fd;k tkrk gS A gkbMªkstu osQ ijek.kq dk vkeki yxHkx 0.5Ã gS A gkbMªkstu

ijek.kqvksa osQ ,d eksy dk m3 esa oqQy vkf.od vk;ru fdruk gksxk\

2.17 fdlh vkn'kZ xSl dk ,d eksy (xzke v.kqd) ekud rki o nkc ij 22.4 L vk;ru
(xzke v.kqd vk;ru) ?ksjrk gS A gkbMªkstu osQ xzke v.kqd vk;ru rFkk mlosQ ,d eksy osQ
ijekf.od vk;ru dk vuqikr D;k gS\ (gkbMªkstu osQ v.kq dh vkeki yxHkx 1Ã ekfu,) A



;g vuqikr bruk vf/d D;ksa gS\

2.18 bl lkekU; izs{k.k dh Li"V O;k[;k dhft, % ;fn vki rhoz xfr ls xfreku fdlh
jsyxkM+h dh f[kM+dh ls ckgj ns[ksa rks lehi osQ isM+] edku vkfn jsyxkM+h dh xfr dh foijhr
fn'kk esa rsth ls xfr djrs izrhr gksrs gSa] ijUrq nwjLFk fi.M (igkfM+;ka] panzek] rkjs vkfn) fLFkj
izrhr gksrs gSa A (okLro esa] D;ksafd vkidks Kkr gS fd vki py jgs gSa] blfy,] ;s nwjLFk oLrq,a
vkidks vius lkFk pyrh gqbZ izrhr gksrh gSa)A

2.19 lehih rkjksa dh nwfj;ka Kkr djus osQ fy, vuqHkkx 2.3.1 esa fn, x, ^yacu* osQ fl¼kar
dk iz;ksx fd;k tkrk gS A lw;Z osQ ifjr% viuh d{kk esa N% eghuksa osQ varjky ij i`Foh dh
viuh] nks LFkkuksa dks feykusokyh] vkèkkj js[kk AB gSA vFkkZr~ vkèkkj js[kk i`Foh dh d{kk osQ
O;kl 3 × 1011m osQ yxHkx cjkcj gS A ysfdu] pwafd fudVre rkjs Hkh brus vf/d nwj gSa fd
bruh yach vkèkkj js[kk gksus ij Hkh os pki osQ osQoy 1" (lsoaQM] pki dk) dh dksfV dk yacu
izn£'kr djrs gSa A [kxksyh; iSekus ij yackbZ dk lqfoèkktud ek=kd ikjlsd gS A ;g fdlh
fi.M dh og nwjh gS tks i`Foh ls lw;Z rd dh nwjh osQ cjkcj vkèkkj js[kk osQ nks foijhr fdukjksa
ls pki osQ 1" dk yacu izn£'kr djrh gS A ehVjksa esa ,d ikjlsd fdruk gksrk gS \

2.20 gekjs lkSj ifjokj ls fudVre rkjk 4.29 izdk'k o"kZ nwj gS A ikjlsd esa ;g nwjh fdruh gS
\ ;g rkjk (,sYiQk lsaVkSjh uked) rc fdruk yacu izn£'kr djsxk tc bls lw;Z osQ ifjr% viuh
d{kk esa i`Foh osQ nks LFkkuksa ls tks N% eghus osQ vUrjky ij gSa] ns[kk tk,xk \

2.21 HkkSfrd jkf'k;ksa dk ifj'kq¼ ekiu foKku dh vko';drk,a gSaA mnkgj.k osQ fy,] fdlh 'k=kq
osQ yM+kowQ tgkt dh pky lqfuf'pr djus osQ fy, cgqr gh NksVs le;&varjkyksa ij bldh
fLFkfr dk irk yxkus dh dksbZ ;FkkFkZ fofèk gksuh pkfg, A f}rh; fo'o ;q¼ esa jsMkj dh [kkst
osQ ihNs okLrfod iz;kstu ;gh Fkk A vkèkqfud foKku osQ mu fHkUu mnkgj.kksa dks lksfp, ftuesa
yackbZ] le;] nzO;eku vkfn osQ ifj'kq¼ ekiu dh vko';drk gksrh gS A vU; ftl fdlh fo"k;
esa Hkh vki crk ldrs gSa] ifj'kq¼rk dh ek=kkRed èkkj.kk nhft, A

2.22 ftl izdkj foKku esa ifj'kq¼ ekiu vko';d gS] mlh izdkj vYifodflr fopkjksa rFkk
lkekU; izs{k.kksa dks mi;ksx djus okyh jkf'k;ksa osQ LFkwy vkdyu dj lduk Hkh mruk gh
egRRoiw.kZ gS A mu mik;ksa dks lksfp, ftuosQ }kjk vki fuEufyf[kr dk vuqeku yxk ldrs gSa %



(tgka vuqeku yxkuk dfBu gS ogka jkf'k dh mifjlhek irk yxkus dk iz;kl dhft,) A

(a) ekulwu dh vofèk esa Hkkjr osQ mQij o"kkZ/kjh es?kksa dk oqQy nzO;eku A

(b) fdlh gkFkh dk nzO;eku A

(c) fdlh rwiQku dh vofèk esa ok;q dh pky A

(d) vkiosQ flj osQ ckyksa dh la[;k A

(e) vkidh d{kk osQ dejs esa ok;q osQ v.kqvksa dh la[;k A

2.23 lw;Z ,d mQ"e IyS”ek (vk;uhÑr inkFkZ) gS ftlosQ vkarfjd ØksM dk rki 107 K ls
vfèkd vkSj cká i`"B dk rki yxHkx 6000 K gS A brus vfèkd rki ij dksbZ Hkh inkFkZ Bksl
;k rjy izkoLFkk esa ugha jg ldrkA vkidks lw;Z dk nzO;eku ?kuRo fdl ifjlj esa gksus dh
vk'kk gS \ D;k ;g Bkslksa] rjyksa ;k xSlksa osQ ?kuRoksa osQ ifjlj esa gS \ D;k vkidk vuqeku lgh
gS] bldh tkap vki fuEufyf[kr vkadM+ksa osQ vkèkkj ij dj ldrs gSa % lw;Z dk nzO;eku = 2.0

× 1030 kg; lw;Z dh f=kT;k = 7.0 × 108 m A

2.24 tc c`gLifr xzg i`Foh ls 8247 yk[k fdyksehVj nwj gksrk gS] rks blosQ O;kl dh dks.kh;
eki 35.72" dk pki gS A c`gLifr dk O;kl ifjdfyr dhft, A

vfrfjDr vH;kl

2.25 o"kkZ osQ le; eas dksbZ O;fDr pky v osQ lkFk rsth ls pyk tk jgk gS A mls vius Nkrs
dks Vs<+k djosQ ÃèoZ osQ lkFk θ dks.k cukuk iM+rk gS A dksbZ fo|kFkhZ dks.k θ o v osQ chp
fuEufyf[kr laca/ O;qRiUu djrk gS %

tan θ = v;

vkSj og bl laca/ osQ vkSfpR; dh lhek irk yxkrk gS% tSlh fd vk'kk dh tkrh gS ;fn v →
0 rks θ → 0A (ge ;g eku jgs gSa fd rst gok ugha py jgh gS vkSj fdlh [kM+s O;fDr osQ
fy, o"kkZ ÃèokZ/jr% iM+ jgh gS) A D;k vki lksprs gSa fd ;g laca/ lgh gks ldrk gS\ ;fn
,slk ugha gS rks lgh laca/ dk vuqeku yxkb, A

2.26 ;g nkok fd;k tkrk gS fd ;fn fcuk fdlh ck/k osQ 100 o"kksZa rd nks lhft+;e ?kfM+;ksa



dks pyus fn;k tk,] rks muds le;ksa esa dsoy 0.02 s dk varj gks ldrk gS A ekud lhft+;e
?kM+h }kjk 1 s osQ le; varjky dks ekius eas ;FkkFkZrk osQ fy, bldk D;k vfHkizk; gS\

2.27 ,d lksfM;e ijek.kq dk vkeki yxHkx 2.5A ekurs gq, mlosQ ekè; nzO;eku ?kuRo dk
vuqeku yxkb,A (lksfM;e osQ ijek.oh; nzO;eku rFkk vkoksxknzks la[;k osQ Kkr eku dk iz;ksx
dhft, A) bl ?kuRo dh fØLVyh; izkoLFkk eas lksfM;e osQ ?kuRo 970 kg m–3 osQ lkFk rqyuk
dhft, A D;k bu nksuksa ?kuRoksa osQ ifjek.k dh dksfV leku gS\ ;fn gka] rks D;ksa\

2.28 ukfHkdh; iSekus ij yackbZ dk lqfo/ktud ek=kd iQehZ gS % (1 f =10–15m) A ukfHkdh;
vkeki yxHkx fuEufyf[kr vkuqHkfod laca/ dk ikyu djrs gSa %

r=r0 A1/3

tgka r ukfHkd dh f=kT;k] A bldh nzO;eku la[;k vkSj r0 dksbZ fLFkjkad gS tks yxHkx 1.2 f

osQ cjkcj gS A ;g iznf'kZr dhft, fd bl fu;e dk vFkZ gS fd fofHkUu ukfHkdksa osQ fy,
ukfHkdh; nzO;eku ?kuRo yxHkx fLFkj gS A lksfM;e ukfHkd osQ nzO;eku ?kuRo dk vkdyu
dhft, A iz'u 2.27 eas Kkr fd, x, lksfM;e ijek.kq osQ ekè; nzO;eku ?kuRo osQ lkFk bldh
rqyuk dhft, A

2.29 yslj (LASER), izdk'k osQ vR;fèkd rhoz] ,do.khZ rFkk ,dfn'k fdj.k&iqat dk Ïksr gS
A yslj osQ bu xq.kksa dk yach nwfj;ka ekius esa mi;ksx fd;k tkrk gS A yslj dks izdk'k osQ Ïksr
osQ :i esa mi;ksx djrs gq, igys gh panzek dh i`Foh ls nwjh ifj'kq¼rk osQ lkFk Kkr dh tk
pqdh gS A dksbZ yslj izdk'k fdj.k&iqat panzek osQ i`"B ls ijko£rr gksdj 2.56 s esa okil vk
tkrk gS A i`Foh osQ ifjr% panzek dh d{kk dh f=kT;k fdruh gS \

2.30 ty osQ uhps oLrqvksa dks <wa<+us o muosQ LFkku dk irk yxkus osQ fy, lksukj (SONAR) esa
ijkJO; rjaxksa dk iz;ksx gksrk gS A dksbZ iuMqCch lksukj ls lqlfTtr gS A blosQ }kjk tfur
vUos"kh rjax vkSj 'k=kq dh iuMqCch ls ijko£rr bldh izfrèofu dh izkfIr osQ chp dky foyac
77.0 s gS A 'k=kq dh iuMqCch fdruh nwj gS \ (ty esa èofu dh pky ¾ 1450 m s–1) A

2.31 gekjs fo'o esa vkèkqfud [kxksyfonksa }kjk [kksts x, lokZfèkd nwjLFk fi.M bruh nwj gSa fd
muosQ n~okjk mRl£tr izdk'k dks i`Foh rd igqapus esa vjcksa o"kZ yxrs gSa A bu fiaMksa (ftUgsa
Doklj ‘Quasar’ dgk tkrk gS) osQ dbZ jgL;e; y{k.k gSa ftudh vHkh rd larks"ktud



O;k[;k ugha dh tk ldh gS A fdlh ,sls Doklj dh km esa nwjh Kkr dhft, ftlls mRl£tr
izdk'k dks ge rd igqapus esa 300 djksM+ o"kZ yxrs gksa A

2.32 ;g ,d fo[;kr rF; gS fd iw.kZ lw;Zxzg.k dh vof/ esa panzek dh pfØdk lw;Z dh
pfØdk dks iwjh rjg <d ysrh gS A bl rF; vkSj mnkgj.k 2.3 vkSj 2.4 ls ,d=k lwpukvksa osQ
vkèkkj ij panzek dk yxHkx O;kl Kkr dhft, A

2.33 bl 'krkCnh osQ ,d egku HkkSfrdfon~ (ih-,-,e- fMjSd) izÑfr osQ ewy fLFkjkadksa
(fu;rkadksa) osQ vkafdd ekuksa ds lkFk ØhM+k esa vkuan ysrs Fks A blls mUgksaus ,d cgqr gh jkspd
izs{k.k fd;k A ijek.oh; HkkSfrdh ds ewy fu;rakdksa (tSls bysDVªkWu dk nzO;eku] izksVkWu dk
nzO;eku rFkk xq#Roh; fu;rkad G) ls mUgsa irk yxk fd os ,d ,slh la[;k ij igqap x, gSa
ftldh foek le; dh foek gS A lkFk gh] ;g ,d cgqr gh cM+h la[;k Fkh vkSj bldk ifjek.k
fo'o dh orZeku vkdfyr vk;q (~1500 djksM+ o"kZ) osQ djhc gS A bl iqLrd esa nh xbZ ewy
fu;rkadksa dh lkj.kh osQ vk/kj ij ;g ns[kus dk iz;kl dhft, fd D;k vki Hkh ;g la[;k (;k
vkSj dksbZ vU; jkspd la[;k ftls vki lksp ldrs gSa) cuk ldrs gSa \ ;fn fo'o dh vk;q
rFkk bl la[;k esa lekurk egRoiw.kZ gS rks ewy fu;rkadksa dh fLFkjrk fdl izdkj izHkkfor gksxh\

 



vè;k; 3
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vfrfjDr vH;kl

ifjf'k"V 3.1

3.1 Hkwfedk
fo'o dh izR;sd oLrq izR;{k ;k vizR;{k :i ls xfreku jgrh gS A gekjk pyuk] nkSM+uk] lkbfdy
lokjh vkfn nSfud thou esa fn[kkbZ nsus okyh fØ;k,¡ xfr osQ oqQN mnkgj.k gSa A bruk gh ugha]
funzkoLFkk eas Hkh gekjs isQiQM+ksa eas ok;q dk izos'k ,oa fu"dklu rFkk gekjh /efu;ksa ,oa f'kjkvksas eas
#f/j dk lapj.k gksrk jgrk gS A ge isM+ksa ls fxjrs gq, iÙkksa dks rFkk ck¡/ ls cgrs gq, ikuh dks ns[krs



gSa A eksVjxkM+h vkSj ok;q;ku ;kf=k;ksa dks ,d LFkku ls nwljs LFkku dks ys tkrs gSa A i`Foh 24 ?kaVs eas
,d ckj viuh v{k osQ ifjr% ?kw.kZu djrh gS rFkk o"kZ eas ,d ckj lw;Z dh ifjØek iwjh djrh gS A
lw;Z vius xzgksa lfgr gekjh vkdk'kxaxk uked eankfduh eas fopj.k djrk gS] rFkk tks Lo;a Hkh
LFkkuh; eankfdfu;ksa osQ lewg eas xfr djrh gS A

bl izdkj le; osQ lkis{k oLrq dh fLFkfr eas ifjorZu dks xfr dgrs gSa A le; osQ lkFk fLFkfr oSQls
ifjofrZr gksrh gS \ bl vè;k; eas ge xfr osQ ckjs eas Ik<+asxs A blosQ fy, geas osx rFkk Roj.k dh
/kj.kk dks le>uk gksxk A bl vè;k; eas ge viuk vè;;u oLrq osQ ,d ljy js[kk osQ vuqfn'k xfr
rd gh lhfer j[ksaxs A bl izdkj dh xfr dks ljy js[kh; xfr Hkh dgrs gSa A ,dleku Rofjr ljy
js[kh; xfr osQ fy, oqQN ljy lehdj.k izkIr fd, tk ldrs gSaA varr% xfr dh vkisf{kd izo`Qfr dks
le>us osQ fy, ge vkisf{kd xfr dh /kj.kk izLrqr djsaxs A

bl vè;;u eas ge lHkh xfreku oLrqvksa dks vfrlw{e ekudj fcanq :i eas fu:fir djsaxs A ;g
lfUudVu rc rd ekU; gksrk gS tc rd oLrq dk vkdkj fuf'pr le; varjky eas oLrq }kjk pyh
xbZ nwjh dh vis{kk i;kZIr :i ls de gksrk gS A okLrfod thou eas cgqr&lh fLFkfr;kas eas oLrqvksa osQ
vkeki (lkb”k) dh mis{kk dh tk ldrh gS vkSj fcuk vf/d =kqfV osQ mUgas ,d fcanq&oLrq ekuk tk
ldrk gS A

'kq¼xfrdh eas] ge oLrq dh xfr osQ dkj.kksas ij è;ku u nsdj osQoy mldh xfr dk gh vè;;u djrs
gSa A bl vè;k; ,oa vxys vè;k; eas fofHkUu izdkj dh xfr;kas dk o.kZu fd;k x;k gS A bu xfr;kas
osQ dkj.kksa dk vè;;u ge ik¡posa vè;k; eas djsaxs A

3.2 fLFkfr] iFk&yackbZ ,oa foLFkkiu
igys vkius i<+k gS fd fdlh oLrq dh fLFkfr esa ifjorZu dks xfr dgrs gSaA fLFkfr osQ fu/kZj.k osQ
fy, ,d lanHkZ fcanq rFkk v{kksa osQ ,d leqPp; dh vko';drk gksrh gSA blosQ fy, ,d ledksf.kd
funsZ'kkad&fudk; dk pquko lqfo/ktud gksrk gSA bl fudk; esa rhu ijLij yEcor v{k gksrs gSa ftUgsa
x-, y- rFkk z- v{k dgrs gSaA bu v{kksa osQ izfrPNsn fcanq dks ewy fcanq (O) dgrs gSa rFkk ;g lanHkZ
fcanq gksrk gSA fdlh oLrq osQ funsZ'kkad (x, y, z) bl funsZ'kkad fudk; osQ lkis{k ml oLrq dh fLFkfr
fu:fir djrs gSaA le; ukius osQ fy, bl fudk; esa ,d ?kM+h j[k nsrs gSaA ?kM+h lfgr bl
funsZ'kkad&fudk; dks funsZ'k ra=k (frame of reference) dgrs gSaA



tc fdlh oLrq osQ ,d ;k vf/d funsZ'kkad le; osQ lkFk ifjo£rr gksrs gSa rks oLrq dks xfreku
dgrs gSaA vU;Fkk oLrq dks ml funsZ'k ra=k osQ lkis{k fojkekoLFkk esa ekurs gSsaA

fdlh funsZ'k ra=k esa v{kksa dk pquko fLFkfr fo'ks"k ij fuHkZj djrk gSA mnkgj.k osQ fy,] ,d foek esa
xfr osQ fu:i.k osQ fy, gesa osQoy ,d v{k dh vko';drk gksrh gSA nks@rhu foekvksa eas xfr osQ
fu:i.k osQ fy, nks@rhu v{kksa dh vko';drk gksrh gSA

fdlh ?kVuk dk o.kZu blosQ fy, pqus x, funsZ'k&ra=k ij fuHkZj djrk gSA mnkgj.k osQ fy,] tc ge
dgrs gSa fd lM+d ij dkj py jgh gS rks okLro esa ^dkj dh xfr* dk o.kZu ge Lo;a ls ;k tehu
ls layXu funsZ'k ra=k osQ lkis{k djrs gSaA ;fn ge dkj esa cSBs fdlh O;fDr ls layXu funsZ'k ra=k osQ
lkis{k dkj dh fLFkfr dk o.kZu djsa rks dkj fojkekoLFkk esa gksxhA

,d ljy js[kk esa fdlh oLrq dh xfr osQ fooj.k gsrq ge ,d v{k (eku yhft, x v{k) dks bl
izdkj pqu ldrs gSa fd og oLrq osQ iFk osQ laikrh gks A bl izdkj oLrq dh fLFkfr dks ge viuh
lqfo/kuqlkj pqus x, fdlh ewy fcanq (eku yhft, fp=k 3.1 eas n'kkZ, x, fcanq O) osQ lkis{k fu:fir
djrs gSa A fcanq O osQ nk;ha vksj osQ funsZ'kkad dks ge /ukRed rFkk ck;ha vksj osQ fLFkfr&funsZ'kkad dks
Í.kkRed dgsaxs A bl i¼fr osQ vuqlkj fp=k 3.1 eas fcanq P vkSj Q osQ fLFkfr&funsZ'kkad Øe'k%
+360 m vkSj +240 m gSa A blh izdkj fcanq R dk fLFkfr&funsZ'kkad 120 m gS A

iFk&yackbZ

fp=k 3.1 x v{k] ewy fcanq rFkk fofHkUu le;kas eas dkj dh fLFkfr;k¡ A

dYiuk dhft, fd dksbZ dkj ,d ljy js[kk osQ vuqfn'k xfreku gS A ge x&v{k bl izdkj pqurs gSa
fd ;g xfreku dkj osQ iFk osQ laikrh gks A v{k dk ewy fcanq og gS tgk¡ ls dkj pyuk 'kq: djrh
gS vFkkZr le; t = 0 ij dkj x = 0 ij Fkh (fp=k 3.1) A eku yhft, fd fHkUu&fHkUu {k.kksa ij
dkj dh fLFkfr fcanqvksa P, Q rFkk R ls O;Dr gksrh gS A ;gk¡ ge xfr dh nks fLFkfr;kas ij fopkj
djsaxs A igyh eas dkj O ls P rd tkrh gS A vr% dkj }kjk pyh xbZ nwjh OP = +360 m gS A bl
nwjh dks dkj }kjk pyh xbZ iFk&yackbZ dgrs gSa A nwljh fLFkfr eas dkj igys P ls Q rd tkrh gS
vkSj fiQj P ls Q ij okil vk tkrh gS A xfr dh bl vof/ eas dkj }kjk pyh xbZ iFk&yackbZ = OP



+ PQ = 360 m + (+120 m) = +480 m gksxhA D;ksafd iFk&yackbZ eas osQoy ifjek.k gksrk gS fn'kk ugha]
vr% ;g ,d vfn'k jkf'k gS (vè;k; 4 nsf[k,) A

foLFkkiu
;gk¡ ;g izklafxd gksxk fd ge ,d nwljh mi;ksxh HkkSfrd jkf'k foLFkkiu dks oLrq dh fLFkfr eas
ifjorZu osQ :i eas ifjHkkf"kr djsa A dYiuk dhft, fd le; t1 o t2 ij oLrq dh fLFkfr Øe'k% x1

, x2 gS A rc le; ∆t (=t2–t1) eas mldk foLFkkiu] ftls ge ∆x ls O;Dr djrs gSa] vafre rFkk
izkjafHkd fLFkfr;kas osQ varj }kjk O;Dr fd;k tkrk gS %

∆x =x2–x1

(;gk¡ ge xzhd v{kj MsYVk (∆) dk iz;ksx fdlh jkf'k eas ifjorZu dks O;Dr djus osQ fy, djrs gSa)A

;fn x2 > x1 rks ∆x /ukRed gksxk] ijarq ;fn x2 < x1 rks ∆x Í.kkRed gksxk A foLFkkiu eas ifjek.k
o fn'kk nksuksa gksrs gSa] ,slh jkf'k;ksa dks lfn'kksa }kjk fu:fir fd;k tkrk gS A vki lfn'kksa osQ fo"k; eas
vxys vè;k; eas i<+saxs A bl vè;k; eas ge ,d ljy js[kk osQ vuqfn'k ljy xfr (ftls ge js[kh;
xfr dgrs gSa) osQ fo"k; eas gh i<+saxs A ,d&foeh; xfr eas osQoy nks gh fn'kk;as gksrh gSa (vxzorhZ ,oa
i'pxkeh vFkok v/ksxkeh ,oa ÅèoZxkeh) ftueas oLrq xfr djrh gS A bu nksukas fn'kkvksa dks ge
lqxerk osQ fy, + vkSj - laosQrkas ls O;Dr dj ldrs gSa A mnkgj.k osQ fy,] ;fn dkj
fLFkfr O ls P ij ig¡qprh gS] rks mldk foLFkkiu

∆x = x2 – x1 = (+360 m) – 0 m = +360 m

gksxk A bl foLFkkiu dk ifjek.k 360 m gS rFkk bldh fn'kk x dh /ukRed fn'kk eas gksxh ftls ge
+ laosQr ls fpfÉr djsaxs A blh izdkj dkj dk P ls Q rd dk foLFkkiu 240 m – 360 m = –120

m gksxk A Í.kkRed fpÉ foLFkkiu dh fn'kk dks bafxr djrk gS A vr,o] oLrq dh ,d&foeh; xfr
osQ fooj.k osQ fy, lfn'k laosQr dk mi;ksx vko';d ugha gksrk gS A

foLFkkiu dk ifjek.k xfreku oLrq }kjk pyh xbZ iFk&yackbZ osQ cjkcj gks Hkh ldrk gS vkSj ugha Hkh
gks ldrk gS A mnkgj.k osQ fy,] ;fn dkj fLFkfr O ls py dj P ij igq¡p tk,] rks
iFk&yackbZ = $360 m rFkk foLFkkiu = +360 m gksxk A ;gk¡ foLFkkiu dk ifjek.k (360 m)

iFk&yackbZ (360 m) osQ cjkcj gS A ijarq ;fn dkj O ls pydj P rd tk, vkSj fiQj Q ij okil



vk tk, rks] iFk&yackbZ = (+360 m) + (+120 m) = +480 m gksxh ijarq foLFkkiu = (+240 m) – (0 m)

= +240 m gksxk A bl ckj foLFkkiu dk ifjek.k (240 m) dkj }kjk pyh xbZ iFk&yackbZ (480 m) osQ
cjkcj ugha (okLro eas de) gS A

foLFkkiu dk ifjek.k xfr dh fdlh vof/ osQ fy, 'kwU; Hkh gks ldrk gS tcfd rnuq:i iFk&yackbZ
'kwU; ugha gSA mnkgj.k osQ fy,] fp=k 3.1 eas ;fn dkj O ls py dj P rd tk, vkSj iqu% O ij
okil vk tk, rks dkj dh vafre fLFkfr izkjafHkd fLFkfr osQ laikrh gks tkrh gS vkSj foLFkkiu 'kwU; gks
tkrk gS A ijarq dkj dh bl iwjh ;k=kk osQ fy, oqQy iFk&yackbZ OP + PO = +360 m + 360 m =

+720 m gksxh A

tSlk fd vki igys i<+ pqosQ gSa fdlh Hkh oLrq dh xfr dks fLFkfr&le; xzkiQ }kjk O;Dr fd;k tk
ldrk gS A bl izdkj osQ xzkiQ ,sls l'kDr lk/u gksrs gSa] ftuosQ ekè;e ls oLrq oQh xfr osQ fofHkUu
igyqvkas dk fu:i.k ,oa fo'ys"k.k vklkuh ls fd;k tk ldrk gS A fdlh ljy js[kk (tSls& x v{k)
osQ vuqfn'k xfreku oLrq osQ fy, le; osQ lkFk osQoy x&funsZ'kkad gh ifjofRkZr gksrk gS A bl izdkj
geas x- t xzkiQ izkIr gksrk gS A ge loZizFke ,d ljy fLFkfr ij fopkj djsaxs] ftleas oLrq
mnkgj.kkFkZ] ,d dkj x = 40 m ij fLFkr gS A ,slh oLrq osQ fy, fLFkfr&le; (x- t) xzkiQ le;&v{k
osQ lekarj ,d lh/h ljy js[kk gksrk gS tSlk fd fp=k 3.2(a) eas fn[kk;k x;k gS A

;fn dksbZ oLrq leku le; varjky eas leku nwjh r; djrh gS] rks ml oLrq dh xfr ,dleku xfr
dgykrh gS A bl izdkj dh xfr dk fLFkfr&le; xzkiQ fp=k 3.2(b) eas fn[kyk;k x;k gS A

(a)

(b)



fp=k 3.2 fLFkfr&le; xzkiQ] tc (a) oLrq fLFkj gS] rFkk (b) tc oLrq ,dleku xfr ls py jgh gS A

↑x (m)

fp=k 3.3 fdlh dkj dk fLFkfr&le; xzkIkQ A

vc ge ml dkj dh xfr ij fopkj djsaxs tks ewy fcanq O ls t = 0 s ij fojkekoLFkk ls pyuk izkjaHk
djrh gS A bldh pky mRrjksRrj t = 10 s rd c<+rh tkrh gS A blosQ ckn og t = 18s rd
,dleku pky ls pyrh gS A bl le; bleas czsd yxk;k tkrk gS ftlosQ ifj.kkeLo:i og t = 20 s

ij vkSj x = 296 m ij #d tkrh gS A ,slh dkj dk fLFkfr&le; xzkiQ fp=k 3.3 eas fn[kk;k x;k gS A
ge bl xzkiQ dh ppkZ blh vè;k; eas vkxs vkus okys oqQN [kaMksa eas iqu% djsaxs A

3.3 vkSlr osx rFkk vkSlr pky
tc dksbZ oLrq xfreku gksrh gS rks le; osQ lkFk&lkFk mldh fLFkfr ifjofrZr gksrh gS A iz'u mBrk gS
fd le; osQ lkFk fdruh rsth ls oLrq dh fLFkfr ifjofrZr gksrh gS rFkk ;g ifjorZu fdl fn'kk eas
gksrk gS \ blosQ fooj.k osQ fy, ge ,d jkf'k ifjHkkf"kr djrs gSa ftls vkSlr ossx dgk tkrk gS A
fdlh oLrq dh fLFkfr eas ifjorZu vFkok foLFkkiu (∆x) dks le; varjky (∆t) }kjk foHkkftr djus
ij vkSlr osx izkIr gksrk gS A bls v ls fpfÉr djrs gSa %

 (3.1)

;gka x1, vkjafHkd le; t1 ij rFkk x2 vafre le; t2 ij] oLrq dh fLFkfr dks O;Dr djrk gS A ;gk¡



osx osQ izrhd (v) osQ Åij yxkbZ xbZ ^js[kk* osx osQ vkSlr eku dks O;Dr djrh gSA fdlh jkf'k osQ
vkSlr eku dks n'kkZus dh ;g ,d ekud i¼fr gS A osx dk SI ek=kd m/s vFkok m s–1 gS ;|fi
nSfud mi;ksxksa eas mlosQ fy, km/h dk Hkh iz;ksx gksrk gSA

foLFkkiu dh Hkk¡fr ekè;&osx Hkh ,d lfn'k jkf'k gS A blesa fn'kk ,oa ifjek.k nksuksa lekfgr gksrs gSa A
ijarq tSlk fd ge ihNs Li"V dj pqosQ gSa] ;fn oLrq ,d ljy js[kk eas xfreku gks rks mlosQ
fn'kkRed i{k dks + ;k &- fpÉksa }kjk izdV dj ldrs gSa A blfy, bl vè;k; eas osx osQ fy, ge
lfn'k laosQru dk mi;ksx ugha djsaxs A

fp=k 3.4 vkSlr pky ljy js[kk P1 P2 dh izo.krk gS A

fp=k 3.3 eas n'kkZbZ xbZ dkj dh xfr osQ fy, x-t xzkiQ dk t = 0 s rFkk t=8 s osQ chp osQ Hkkx dks cM+k djosQ fp=k 3-4  esa fn[kk;k

x; gS] t = 5 s rFkk t =7 s osQ eè; le; varjky eas dkj dk vkSlr&osx gksxk%

;g eku fp=k 3.4 eas n'kkZbZ xbZ ljy js[kk p1 p2 dh izo.krk osQ cjkcj gksxk A ;g ljy js[kk dkj
dh izkjafHkd fLFkfr p1 dks mldh vafre fLFkfr p2 ls feykrh gS A



vkSlr osx dk Í.kkRed ;k /ukRed gksuk foLFkkiu osQ fpÉ ij fuHkZj djrk gS A ;fn foLFkkiu 'kwU;
gksxk rks vkSlr osx dk eku Hkh 'kwU; gksxk A /ukRed rFkk Í.kkRed osx ls pyrh gqbZ oLrq osQ fy,
x–t xzkiQ Øe'k% fp=k 3.5(a) rFkk fp=k 3.5(b) eas n'kkZ, x, gSa A fdlh fLFkj oLrq osQ fy, x-t

xzkIkQ fp=k 3.5(c) esa n'kkZ;k x;k gS A

(a) (b) (c)

fp=k 3.5 fLFkfr&le; xzkiQ ml oLrq osQ fy, tks (a) /ukRed osx ls xfreku gS] (b) Í.kkRed osx ls xfreku gS] rFkk (c)

fojkekoLFkk eas gS A

vkSlr osx dks ifjHkkf"kr djus osQ fy, osQoy foLFkkiu dk Kku gh vko';d gksrk gS A ge ;g ns[k
pqosQ gSa fd foLFkkiu dk ifjek.k okLrfod iFk&yackbZ ls fHkUu gks ldrk gS A okLrfod iFk ij oLrq
dh xfr dh nj osQ fy, ge ,d nwljh jkf'k dks iz;qDr djrs gSa ftls vkSlr pky dgrs gSa A

oLrq dh ;k=kk dh vof/ eas pyh xbZ oqQy iFk&yackbZ ,oa bleas yxs le; osQ HkkxiQy dks vkSlr
pky dgrs gSa A

vkSlr pky =  (3.2)

vkSlr pky dk ogh ek=kd (m s–1) gksrk gS tks osx dk gksrk gS A ijarq vkSlr pky ls ;g irk ugha
py ikrk fd oLrq fdl fn'kk eas xfreku gS A bl n`f"Vdks.k ls vkSlr pky lnSo /ukRed gh gksrh
gS (tcfd vkSlr osx /ukRed ;k Í.kkRed oqQN Hkh gks ldrk gS)A ;fn oLrq ,d ljy js[kk osQ
vuqfn'k xfreku gS vkSj osQoy ,d gh fn'kk eas pyrh gS rks foLFkkiu dk ifjek.k oqQy iFk&yackbZ osQ
cjkcj gksxk A ,slh ifjfLFkfr;kas eas oLrq osQ vkSlr osx dk ifjek.k mldh vkSlr pky osQ cjkcj gksxk
A ijarq ;g ckr ges'kk lgh ugha gksxh A ;g vki mnkgj.k 3.1 eas ns[ksaxs A



vr% bl fLFkfr eas vkSlr pky dk eku vkSlr osx osQ ifjek.k osQ cjkcj ugha gS A bldk dkj.k dkj
dh xfr osQ nkSjku xfr esa fn'kk ifjorZu gS ftlosQ iQyLo:i iFk&yackbZ foLFkkiu osQ ifjek.k ls
vf/d gS A blls Li"V gS fd oLrq dh pky lkekU;r;k osx osQ ifjek.k ls vf/d gksrh gS

;fn mnkgj.k 3-1 eas dkj fLFkfr O ls P fCkanq rd tk, rFkk mlh le; varjky eas og O fLFkfr ij
okil vk tk, rks dkj dh ekè; pky 20 m s–1 gksxh] ijarq mldk vkSlr osx 'kwU; gksxk!

3.4 rkR{kf.kd osx ,oa pky
tSlk fd ge i<+ pqosQ gSa fd vkSlr osx ls gesa ;g Kkr gksrk gS fd dksbZ oLrq fdlh fn, x, le;



varjky eas fdl xfr ls py jgh gS] fdUrq blls ;g irk ugha py ikrk fd bl le; varjky osQ
fHkUu&fHkUu {k.kksa ij og fdl xfr ls py jgh gSA vr% fdlh {k.k t ij osx osQ fy, ge rkR{kf.kd
osx ;k osQoy osx v dks ifjHkkf"kr djrs gSa A

xfreku oLrq dk rkR{kf.kd osx mlosQ vkSlr osx osQ cjkcj gksxk ;fn mlosQ nks le;ksa (t rFkk t +

∆t) osQ chp dk varjky (∆t) vuUr% lw{e gks A xf.krh; fof/ ls ge bl dFku dks fuEu izdkj ls
O;Dr djrs gSa&

∆x

v = lim — (3.3a)

∆t→0 ∆t

 (3.3b)

;gk¡ izrhd  dk rkRi;Z mlosQ nk;ha vksj fLFkr jkf'k (tSls ) dk og eku gS tks ∆t osQ
eku dks 'kwU; dh vksj (∆t→0) izo`Rr djus ij izkIr gksxk A dyu xf.kr dh Hkk"kk eas lehdj.k

(3.3a) esa nk;ha vksj dh jkf'k  x dk t osQ lkis{k vodyu xq.kkad gSA (ifjf'k"V 3.1 nsf[k,)A
;g xq.kkad ml {k.k ij oLrq dh fLFkfr ifjorZu dh nj gksrh gS A

fdlh {k.k ij oLrq dk osx fudkyus osQ fy, ge lehdj.k (3-3a) dk mi;ksx dj ldrs gSa A blosQ
fy, xzkfIkQd ;k xf.krh; fof/ dks iz;ksx eas ykrs gSa A eku yhft, fd ge fp=k (3-3) eas fu:fir
xfreku dkj dk osx t = 4 s (fcanq P) ij fudkyuk pkgrs gSa A x.kuk dh vklkuh osQ fy, bl fp=k
dks fp=k 3-6 eas vyx iSekuk ysdj iqu% [khapk x;k gSA igys ge t = 4 s dks osaQnz eas j[kdj ∆t dks
2 s ysa A vkSlr osx dh ifjHkk"kk osQ vuqlkj ljy js[kk P1P2 (fp=k 3-6) dh izo.krk 3 s ls 5 s

osQ varjky eas oLrq osQ vkSlr osx dks O;Dr djsxh A vc ge ∆t dk eku 2 s ls ?kVkdj 1 s dj
nsrs gSa rks P1P2 js[kk Q1Q2 gks tkrh gS vkSj bldh izo.krk 3-5 s ls 4-5 s varjky esa vkSlr osx
dk eku nsxh A varr% lhekar eku ∆t →  0  dh ifjfLFkfr eas js[kk P1P2 fLFkfr&le; oØ osQ



fcanq P ij Li'kZ js[kk gks tkrh gS A bl izdkj t = 4 s {k.k ij dkj dk osx ml fcanq ij [khaph xbZ
Li'kZ js[kk dh izo.krk osQ cjkcj gksxk A ;|fi xzkfiQd fof/ ls bls iznf'kZr djuk oqQN dfBu gS
rFkkfi ;fn blosQ fy, ge xf.krh; fof/ dk mi;ksx djssa rks lhekar izfØ;k vklkuh ls le>h tk
ldrh gS A fp=k 3-6 eas [khaps x, xzkiQ osQ fy, x = 0-8 t3 gS A lkj.kh 3-1 eas t=4 s dks osaQnz esas
j[kdj ∆t = 2-0 s, 1-0 s, 0-5 s, 0-1 s rFkk 0-01 s osQ fy, ∆x/∆t osQ ewY;ksa dks n'kkZ;k x;k
gS A nwljs vkSj rhljs dkWye eas t1(=t-∆t/2) rFkk t2(=t-∆t/2) vkSj pkSFks ,oa ik¡posa dkWye eas x osQ

rnuq:i ekuksas vFkkZr x(t1) = 0-08 t31 rFkk x(t2) = 0-03 t32 dks fn[kyk;k x;k gS A NBs

dkWye eas varj ∆x  = x(t2)-x(t1) dks rFkk vafre dkWye eas ∆x o ∆t osQ vuqikr dks O;Dr

fd;k x;k gS A ;g vuqikr izFke dkWye eas vafdr ∆t osQ fHkUu&fHkUu ekuksa osQ laxr vkSlr osx dk
eku gS A



fp=k 3.6 fLFkfr&le; xzkiQ ls osx Kkr djuk A t = 4 s ij osx ml {k.k ij xzkiQ dh Li'kZ js[kk dh izo.krk gS A

lkj.kh 3-1 ls Li"V gS fd tSls&tSls ∆t dk eku 2-0 s ls ?kVkrs&?kVkrs 0-01s djrs gSa rks vkSlr osx

varr% lhekar eku 3-84 m s–1 osQ cjkcj gks tkrk gS tks t = 4 s ij dkj dk osx gS vFkkZr t =

4 s ij dx/dt dk eku A bl izdkj fp=k 3.3 esa n'kkZbZ xbZ xfr osQ gj {k.k osQ fy, ge dkj dk
osx fudky ldrs gSa A bl mnkgj.k osQ fy, le; osQ lkis{k osx eas ifjorZu fp=k 3.7 eas n'kkZ;k x;k
gS A



fp=k 3.7 fp=k 3.3 eas n'kkZbZ xbZ oLrq dh xfr osQ rnuq:i osx&le; xzkiQ A

;gk¡ ;g ckr è;ku nsus ;ksX; gS fd oLrq dk rkR{kf.kd osx fudkyus osQ fy, xzkfiQd fof/ lnSo
lqfo/ktud ugha gksrh gS A bl fof/ (xzkfiQd fof/) eas ge xfreku oLrq osQ fLFkfr&le; xzkiQ dks

lko/kuhiwoZd [khaprs gSa rFkk ∆t dks mÙkjksÙkj de djrs gq, oLrq osQ vkSlr osx ( ) dh x.kuk
djrs tkrs gSa A fHkUu&fHkUu {k.kksa ij oLrq dk osx fudkyuk rc cgqr vklku gks tkrk gS tc fofHkUu
le;ksa ij gekjs ikl oLrq dh fLFkfr osQ i;kZIr vk¡dM+s miyC/ gksa vFkok oLrq dh fLFkfr dk le;
osQ iQyu osQ :i eas gekjs ikl ;FkkFkZ O;atd miyC/ gks A ,slh fLFkfr eas miyC/ vk¡dM+ksa dk
mi;ksx djrs gq, le; varjky ∆t dks Øe'k% lw{e djrs gq, ∆x/∆t dk eku fudkyrs tk,¡xs vkSj
varr% lkj.kh 3-1 eas n'kkZbZ xbZ fof/ osQ vuqlkj ∆x/∆t dk lhekar eku izkIr dj ysaxs A vU;Fkk fdlh
fn, x, O;atd osQ fy, vody xf.kr dk iz;ksx djosQ xfreku oLrq osQ fHkUu&fHkUu {k.kksa osQ fy,
dx/dt dh x.kuk dj ysaxs tSlk fd mnkgj.k 3-2 eas crk;k x;k gS A

mnkgj.k 3-2 x-v{k osQ vuqfn'k fdlh xfreku oLrq dh fLFkfr fuEufyf[kr lw=k ls O;Dr dh tkrh gS
% x=a+bt 2 A ;gk¡ a = 8.5 m, b = 2.5 m s–2 rFkk le; t dks lsoaQM eas O;Dr fd;k x;k gS A t =

0 s rFkk t = 2.0 s {k.kksa ij oLrq dk osx D;k gksxk \ t = 2.0 s rFkk t = 4.0 s osQ eè; osQ le;
varjky eas oLrq dk vkSlr osx D;k gksxk \



gy

vody xf.kr dh i¼fr osQ vuqlkj oLrq dk osx

t m s–1

t = 0 s  {k.k osQ fy, v = 0 m/s, rFkk  t =2.0 s le; ij]
v =10 m s–1

vkSlr osx =

=  = 6.0b

=6.0 ×2.5 = 15 m s–1

fp=k 3.7 ls ;g Li"V gS fd t =10 s ls 18 s osQ eè; osx fLFkj jgrk gS A t =18 s ls t =20 s osQ eè; ;g ,dleku :i ls

?kVrk tkrk gS tcfd t =0 s ls t =10 s osQ chp ;g c<+rk tkrk gS A è;ku nhft, fd ,dleku xfr eas gj le; (rkR{kf.kd)

osx dk ogh eku gksrk gS tks vkSlr osx dk gksrk gSA

rkR{kf.kd pky ;k osQoy pky xfreku oLrq osQ osx dk ifjek.k gS A mnkgj.k osQ rkSj ij]

osx +24.0 m s–1 rFkk

–24.0 m s–1 nksuksa eas izR;sd dk ifjek.k 24.0 m s–1 gksxkA ;gk¡ ;g rF; è;ku eas j[kuk gS
fd tgk¡ fdlh lhfer le; varjky eas oLrq dh vkSlr pky mlosQ vkSlr osx osQ ifjek.k osQ ;k rks
cjkcj gksrh gS ;k mlls vf/d gksrh gS ogha fdlh {k.k ij oLrq dh rkR{kf.kd pky ml {k.k ij
mlosQ rkR{kf.kd osx osQ ifjek.k osQ cjkcj gksrh gS A ,slk D;ksa gksrk gS \

3.5 Roj.k
LkkekU;r% oLrq dh xfr dh vof/ eas mlosQ osx eas ifjorZu gksrk jgrk gS A osx eas gks jgs bl



ifjorZu dks oSQls O;Dr djsa A osx eas gks jgs bl ifjorZu dks le; osQ lkis{k O;Dr djuk pkfg, ;k
nwjh osQ lkis{k \ ;g leL;k xSyhfy;ks osQ le; Hkh Fkh A xSyhfy;ks us igys lkspk fd osx eas gks jgs
ifjorZu dh bl nj dks nwjh osQ lkis{k O;Dr fd;k tk ldrk gS ijarq tc mUgksaus eqDr :i ls fxjrh
gqbZ rFkk ur lery ij xfreku oLrqvksa dh xfr dk fof/or~ vè;;u fd;k rks mUgksaus ik;k fd le;
osQ lkis{k osx ifjorZu dh nj dk eku eqDr :i ls fxjrh gqbZ oLrqvksa osQ fy,] fLFkj jgrk gS tcfd
nwjh osQ lkis{k oLrq dk osx ifjorZu fLFkj ugha jgrk oju tSls&tSls fxjrh gqbZ oLrq dh nwjh c<+rh
tkrh gS oSls&oSls ;g eku ?kVrk tkrk gSA bl vè;;u us Roj.k dh orZeku /kj.kk dks tUe fn;k
ftlosQ vuqlkj Roj.k dks ge le; osQ lkis{k osx ifjorZu osQ :i eas ifjHkkf"kr djrs gSa A

tc fdlh oLrq dk osx le; osQ lkis{k cnyrk gS rks ge dgrs gSa fd mleas Roj.k gks jgk gS A osx
eas ifjorZu rFkk rRlacaf/r le; varjky osQ vuqikr dks ge vkSlr Roj.k dgrs gSa A bls   ls
iznf'kZr djrs gaS %

 (3.4) ;gka t1, t2{k.kksa ij oLrq dk osx Øe'k% v1 RkFkk v2 gS A ;g

,oQkad le; eas osx eas vkSlr ifjorZu gksrk gS A Roj.k dk SI ek=kd m s–2 gS A

osx&le; (v–t) xzkiQ ls ge oLrq dk vkSlr Roj.k fudky ldrs gSa A ;g bl izdkj osQ xzkiQ eas
ml ljy js[kk dh izo.krk osQ cjkcj gksrk gS tks fcanq (v2, t2) dks fcanq (v1, t1) ls tksM+rh gS A
uhps osQ mnkgj.k eas fp=k 3-7 eas n'kkZbZ xbZ xfr osQ fHkUu&fHkUu le; varjkyksa eas geus oLrq dk vkSlr
Roj.k fudkyk gS %

0 s - 10 s     

10 s - 18 s    



18 s - 20 s    

rkR{kf.kd Roj.k % ftl izdkj geus iwoZ eas rkR{kf.kd osx dh O;k[;k dh gS] mlh izdkj ge
rkR{kf.kd Roj.k dks Hkh ifjHkkf"kr djrs gSa A oLrq osQ rkR{kf.kd Roj.k dks a ls fpfÉr djrs gSa] vFkkZr

 (3.5)

v–t xzkiQ eas fdlh {k.k oLrq dk Roj.k ml {k.k oØ ij [khaph xbZ Li'kZ js[kk dh izo.krk osQ cjkcj
gksrk gS A fp=k 3.7 eas n'kkZ, x, v–t oØ eas izR;sd {k.k osQ fy, Roj.k izkIr dj ldrs gSa A
ifj.kkeLo:i miyC/ a–t oØ fp=k 3.8 eas fn[kk;k x;k gS A fp=k ls Li"V gS fd 0 s ls
10 s dh vof/ eas Roj.k vleku gS A 10 s&18 s osQ eè; ;g 'kwU; gS tcfd 18 s rFkk

20 s osQ chp ;g fLFkj gS rFkk bldk eku &12 m s–2 gS A tc Roj.k ,dleku gksrk gS rks ;g
Li"V gS fd og ml vof/ eas vkSlr Roj.k osQ cjkcj

gksrk gSA

a (m s–2)

fp=k 3.8 fp=k 3.3 eas n'kkZbZ xfr osQ laxr le; osQ iQyu osQ :i eas oLrq dk Roj.k A



pw¡fd osx ,d lfn'k jkf'k gS ftleas fn'kk ,oa ifjek.k nksuksa gksrs gSa vr,o osx ifjorZu esa buesa ls
dksbZ ,d vFkok nksuksa fufgr gks ldrs gSa A vr% ;k rks pky (ifjek.k) esa ifjorZu] fn'kk eas ifjorZu
vFkok bu nksuksa eas ifjorZu ls Roj.k dk mn~Hko gks ldrk gS A osx osQ leku gh Roj.k Hkh /ukRed]
Í.kkRed vFkok 'kwU; gks ldrk gS A blh izdkj osQ Roj.k laca/h fLFkfr&le; xzkIkQksa dks fp=kksa 3.9
(a), 3.9 (b) rFkk 3.9 (c) esa n'kkZ;k x;k gS A fp=kksa ls Li"V gS fd /ukRed Roj.k osQ fy,
x–t xzkiQ Åij dh vksj ofØr gS fdUrq Í.kkRed Roj.k osQ fy, xzkiQ uhps dh vksj ofØr gS A
'kwU; Roj.k osQ fy, x–t xzkiQ ,d ljy js[kk gS A vH;kl osQ fy, fp=k 3.3 eas n'kkZbZ xbZ xfr osQ
mu rhuksa Hkkxksa dks igpkfu, ftuosQ fy, Roj.k +a, –a vFkok 'kwU; gS A

fp=k 3.9 ,slh xfr osQ fy, fLFkfr&le; xzkiQ ftlosQ fy, (a) Roj.k /ukRed gS] (b) Roj.k Í.kkRed gS rFkk (c) Roj.k 'kwU; gS

A

;|fi xfreku oLrq dk Roj.k le; osQ lkFk&lkFk cny ldrk gS] ijarq lqfo/k osQ fy, bl vè;k;
eas xfr laca/h gekjk vè;;u ek=k fLFkj Roj.k rd gh lhfer jgsxk A ,slh fLFkfr eas vkSlr Roj.k 

 dk eku xfr dh vof/ eas fLFkj Roj.k osQ eku osQ cjkcj gksxk A

;fn {k.k t=0 ij oLrq dk osx vo rFkk t {k.k ij mldk osx v gks] rks Roj.k a =  =

 gksxk A

vr,o] v= vo+at      (3.6)



vc ge ;g ns[ksaxs fd oqQN ljy mnkgj.kksa eas osx&le; xzkiQ oSQlk fn[kykbZ nsrk gS A fp=k 3.10 eas
fLFkj Roj.k osQ fy, pkj vyx&vyx fLFkfr;ksa eas v–t xzkiQ fn[kk, x, gSa%

(a) dksbZ oLrq /ukRed fn'kk eas /ukRed Roj.k ls xfreku gS A mnkgj.kkFkZ] fp=k 3-3
eas t =0 s ls t =10 s osQ chp dh vof/ eas dkj dh xfr A

(b) dksbZ oLrq /ukRed fn'kk esa Í.kkRed Roj.k ls xfreku gS A mnkgj.kkFkZ] fp=k 3.3
eas t =18 s ls t =20 s osQ chp dh vof/ eas dkj dh xfr A



fp=k 3.10 fLFkj Roj.k osQ lkFk xfreku oLrq dk osx&le; xzkiQ (a) /ukRed Roj.k ls /ukRed fn'kk eas xfr] (b) Í.kkRed Roj.k ls

/ukRed fn'kk eas xfr] (c) Í.kkRed Roj.k ls Í.kkRed fn'kk eas xfr] (d) Í.kkRed Roj.k osQ lkFk oLrq dh xfr tks le; t1 ij

fn'kk cnyrh gS A 0 ls t1 le;kof/ esa ;g /ukRed x dh fn'kk eas xfr djrh gS tcfd t1 o t2 osQ eè; og foijhr fn'kk eas

xfreku gS A

(c) dksbZ oLrq Í.kkRed fn'kk eas Í.kkRed Roj.k ls xfreku gS A mnkgj.kkFkZ] fp=k 3.1 eas O ls x

dh Í.k fn'kk eas Rofjr gksrh dkj A

(d) dksbZ oLrq igys t1 le; rd /ukRed fn'kk eas pyrh gS vkSj fiQj Í.kkRed fn'kk eas Í.kkRed
Roj.k osQ lkFk xfreku gS A mnkgj.k osQ fy,] fp=k 3.1 eas dkj dk t1 le; rd O ls ¯cnq Q rd
eanu osQ lkFk tkuk] fiQj] eqM+dj mlh Í.kkRed Roj.k osQ lkFk t2 le; rd pyrs jguk gS A

fdlh xfreku oLrq osQ osx&le; xzkiQ dk ,d egÙoiw.kZ y{k.k gS fd v–t xzkiQ osQ varxZr vkus
okyk {ks=kiQy oLrq dk foLFkkiu O;Dr djrk gSA bl dFku dh lkekU; miifÙk osQ fy, vody
xf.kr dh vko';drk iM+rh gS rFkkfi lqxerk osQ fy, ,d fLFkj osx u ls xfreku oLrq ij fopkj
djosQ bl dFku dh lR;rk izekf.kr dj ldrs gSa A bldk osx&le; xzkiQ fp=k 3.11 eas fn[kk;k x;k
gS A

fp=k 3.11 v–t  xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq }kjk fuf'pr le; varjky eas foLFkkiu O;Dr djrk gS A

fp=k eas v–t  oØ le; v{k osQ lekarj ,d ljy js[kk gS A t =0 ls t=T osQ eè; bl js[kk osQ varxZr vkus okyk {ks=kiQy ml vk;r

osQ {ks=kIkQy osQ cjkcj gS ftldh Å¡pkbZ u rFkk vk/kj T gS A vr,o {ks=kiQy = u × T = uT , tks bl le; eas oLrq osQ foLFkkiu dks

O;Dr djrk gS A dksbZ {ks=kiQy nwjh osQ cjkcj oSQls gks ldrk gS \ lksfp, ! nksuksa funsZ'kkad v{kksa osQ vuqfn'k tks jkf'k;k¡ vafdr dh xbZ

gSa] ;fn vki mudh foekvksa ij è;ku nsaxs rks vkidks bl iz'u dk mÙkj fey tk,xkA

è;ku nhft, fd bl vè;k; eas vusoQ LFkkuksa ij [khaps x, x-t, v–t rFkk a–t  xzkIkQksa eas oqQN



fcanqvksas ij rh{.k eksM+ gSa A bldk vk'k; ;g gS fd fn, x, iQyuksa dk bu fcanqvksa ij vodyu ugha
fudkyk tk ldrk A ijarq fdlh okLrfod ifjfLFkfr esa lHkh xzkiQ fu"dks.k oØ gksaxs vkSj muosQ LkHkh
fcanqvksa ij iQyuksa dk vodyu izkIr fd;k tk ldrk gSA

bldk vfHkizk; gS fd osx rFkk Roj.k fdlh {k.k lglk ugha cny ldrsA ifjorZu lnSo lrr gksrk
gSA

3-6 ,dleku Roj.k ls xfreku oLrq dk
'kq¼xfrdh laca/h lehdj.k
vc ge ,dleku Roj.k ‘a’  ls xfreku oLrq osQ fy, oqQN xf.krh; lehdj.k O;qRiUu dj ldrs gSa
tks ik¡pksa jkf'k;ksa dks fdlh izdkj ,d nwljs ls lacaf/r djrs gSa A ;s jkf'k;k¡ gSa% foLFkkiu (x), fy;k
x;k le; (t), t = 0 le; ij oLrq dk izkjafHkd osx (v0)] le; t chr tkus ij vafre
osx (v)]  rFkk Roj.k (a)]  A ge igys gh vo vkSj v osQ eè; ,d lehdj.k (3.6) izkIr dj
pqosQ gSa ftleas ,dleku Roj.k a rFkk le; t fufgr gSa A ;g lehdj.k gS %

v = vo + at (3.6)

bl lehdj.k dks fp=k 3.12 eas xzkiQ osQ :i eas fu:fir fd;k x;k gS A



fp=k 3.12 ,dleku Roj.k ls xfreku oLrq osQ fy, v–t oØ osQ uhps dk {ks=kiQy A

bl oØ osQ varxZr vkus okyk {ks=kiQy :

0 ls t le; osQ chp dk {ks=kiQy = f=kHkqt ABC dk {ks=kiQy  + vk;r OACD dk {ks=kiQy

= (v–v0 ) t + v0 t

tSls fd igys Li"V fd;k tk pqdk gS] v–t xzkiQ osQ varxZr vkus okyk {ks=kiQy oLrq dk foLFkkiu
gksrk gSA vr% oLrq dk foLFkkiu x gksxk%

x = (v–v0 ) t + v0 t (3.7)

ijarq v–v0 = at

vr% x = at2 + v0 t

vFkok x = v0 t + at2 (3.8)



lehdj.k (3.7) dks ge fuEu izdkj Hkh fy[k ldrs gSa

 (ek=k fLFkj Roj.k osQ fy,) (3.9b)

lehdj.k (3.9a) rFkk (3.9b) dk vfHkizk; gS fd oLrq dk foLFkkiu x ekè; osx  ls gksrk gS tks
izkjafHkd ,oa vafre osxksa osQ lekarj ekè; osQ cjkcj gksrk gS A

lehdj.k (3.6) ls t = (v–v0)a A ;g eku lehdj.k (3.9a) esa j[kus ij

 (3.10)

;fn ge lehdj.k (3.6) ls t dk eku lehdj.k (3.8) esa j[k nsa rks Hkh mijksDr lehdj.k dks
izkIr fd;k tk ldrk gSA bl izdkj ikapksa jkf'k;ksa v0] v] a] t Fkk x osQ chp laca/ LFkkfir
djusokys gesa rhu egÙoiw.kZ lehdj.k izkIr gq,&

 (3.11a)

;s lHkh ,dleku Rofjr ljy js[kh; xfr osQ 'kq¼xfrd lehdj.k gSa A

O;atd (3.11a) esa tks lehdj.k fn, x, gSa] mldh O;qRifRr osQ fy, geus ekuk gS fd {k.k t = 0
ij oLrq dh fLFkfr 0 gS (vFkkZr~ x = 0) A ijarq ;fn ge ;g eku ysa fd {k.k t = 0 ij oLrq dh
fLFkfr 'kwU; u gks] oju~ v'kwU; ;kuh x0 gks rks lehdj.k (3.11a) vkSj O;kid lehdj.k eas :ikarfjr



gks tk,xh (;fn ge x osQ LFkku ij x–x0 fy[ksa)%

 (3.11b)

 (3.11c)

 mnkgj.k 3.3 dyu&fof/ dk mi;ksx dj ,dleku Roj.k osQ fy, 'kq¼xfrd lehdj.k izkIr
dhft,A

gy ifjHkk"kk ls

dv = a dt

nksuksa i{kksa osQ lekdyu ls

 (a vpj gS)

iqu% 

dx = v dt



nksuksa i{kksa osQ lekdyu ls

x = 

ge fy[k ldrs gSa %

vFkok] v dv = a dx

nksuksa i{kksa osQ lekdyu ls

bl fof/ dk ykHk ;g gS fd bldk iz;ksx vleku Roj.k okys xfr osQ fy, Hkh dj ldrs gSaA

vc ge mijksDr lehdj.kksa dk mi;ksx oqQN egÙoiw.kZ mnkgj.kksa eas djsaxs A

 mnkgj.k 3.4 fdlh cgqeaftys Hkou dh Åijh Nr ls dksbZ xsan 20 m s–1 osQ osx ls Åij dh vksj
ÅèokZ/j fn'kk eas isaQdh xbZ gS A ftl fcanq ls xsan isaQdh xbZ gS /jrh ls mldh Å¡pkbZ 25.0 m gS A



(a) xsan fdruh Åij tk,xh \] rFkk (b) xsan /jrh ls Vdjkus osQ igys fdruk le; ysxh\ g =

10 m s–2 A

gy (a) y – v{k dks fp=k 3.13 eas fn[kk, x, vuqlkj
ÅèokZ/j fn'kk eas Åij dh vksj bl izdkj pqurs gSa fd v{k dk 'kwU; fcanq /jrh ij gks A

vc] v0 = + 20 m s–1,

a = – g = –10 m s–2

v = 0 m s–1

;fn isaQosQ x, fcanq ls xsan y Å¡pkbZ rd tkrh gS rks lehdj.k

v2 =  + 2a(y –y0) ls gesa fuEUkfyf[kr ifj.kke feysxk&

0 = (20)2 + 2(–10)(y – y 0)] gy djus ij]

∴  y – y 0 = 20 m

(b) bl [k.M dk mÙkj ge nks izdkj ls izkIr dj ldrs gSa A bu nksuksa fof/;ksa dks è;kuiwoZd le>sa
A

igyh fof/ % bleas] ge xsan osQ ekxZ dks nks Hkkxksa eas foHkkftr djrs gSa % Åij dh vksj xfr
(A ls B) rFkk uhps dh vksj xfr (B ls C) rFkk laxr le; t1 o t2 fudky ysrs gSa A
D;ksafd B ij osx 'kwU; gS] blfy, %

v =v0 + at

0 =20 – 10 t1

;k  t1 =2 s

bl le; eas xsan fcanq A ls B ij igqaprh gS A B vFkkZr vf/dre Å¡pkbZ ls xsan xq#Rotfur Roj.k



ls eqDr :i ls uhps dh vksj fxjrh gS A D;ksafd xsan y dh Í.kkRed fn'kk osQ vuqfn'k pyrh gS]
blfy, fuEufyf[kr lehdj.k dk mi;ksx djosQ ge t2 dk eku fudky ysrs gSa&

fp=k 3.13

gesa y0 = 45 m fn;k gS rFkk y = 0, v0= 0, a = –g = –10 m s–2

∴   0 = 45 +(1/2) (–10) t22

vr% t2 = 3 s

blfy, /jrh ij Vdjkus osQ igys xsan }kjk fy;k x;k oqQy le; t1 + t2 = 2 s + 3 s = 5 s gksxk A



nwljh fof/ % ewy fcanq osQ lkis{k xsan osQ izkjafHkd rFkk vafre fLFkfr;ksa osQ funsZ'kkadksa dks fuEufyf[kr
lehdj.k eas mi;ksx djosQ ge xsan }kjk fy, x, oqQy le; dh x.kuk dj ldrs gSa %

y = 0 m, y0 = 25 m, v0 = 20 m s–1, a = –10 m s–2, t = ?

0 = 25 + 20 t + (1/2) (–10)t2

;k  5t2– 20t – 25 = 0

t osQ fy, ;fn bl f}?kkrh lehdj.k dks gy djsa] rks

t = 5 s

è;ku nhft, fd nwljh fof/ igyh ls Js"B gS D;ksafd blesa gesa xfr osQ iFk dh fpark ugha djuh gS
D;ksafd oLrq fLFkj Roj.k ls xfreku gS|

 mnkgj.k 3.5 eqDr iru % Lora=krkiwoZd uhps dh vksj fxjrh gqbZ oLrq dh xfr dk o.kZu dhft, A
ok;qtfur izfrjks/ dh mis{kk dh tk ldrh gS A

gy ;fn /jrh dh lrg ls FkksM+h ÅapkbZ ij ls dksbZ oLrq NksM+ nh tk, rks og i`Foh dh vksj xq#Ro
cy osQ dkj.k Rofjr gksxhA xq#Rotfur Roj.k dks ge g ls O;Dr djrs gSa A ;fn oLrq ij ok;q osQ
izfrjks/ dks ge ux.; ekusa rks ge dgsaxs fd oLrq dk iru eqDr :i ls gks jgk gS A ;fn fxjrh gqbZ
oLrq }kjk pyh xbZ nwjh i`Foh dh f=kT;k dh rqyuk eas cgqr de gS] rks ge g osQ eku dks fLFkj

vFkkZr 9.8 m s–2 ys ldrs gSaA
bl izdkj eqDr iru ,dleku Roj.k okyh xfr dk ,d mnkgj.k gS A

ge ;g ekusaxs fd oLrq dh xfr &y fn'kk eas gS] D;ksafd Åij dh fn'kk dks ge /ukRed ekurs gSa A
xq#Roh; Roj.k dh fn'kk lnSo uhps dh vksj gksrh gS] blfy, bls ge Í.kkRed fn'kk eas yssrs gSa A

vr,o] a = –g = – 9.8 m s–2

oLrq dks y = 0 fLFkfr eas fojkekoLFkk ls fxjkrs gSa A blfy, v0=0 vkSj oLrq osQ fy, xfr laca/h



(3.11a) esa fn, x, lehdj.k fuEufyf[kr izdkj ls O;Dr fd, tk ldrs gSa&

v = 0 – g t = –9.8 t m s–1

y = 0 – ½ g t2 = –4.9 t2 m

v2 = 0 – 2 g y = –19.6 y m2 s–2

;s lehdj.k oLrq osQ osx] vkSj mlosQ }kjk pyh xbZ nwjh dks le; osQ iQyu osQ :i eas rFkk nwjh osQ
lkis{k mlosQ osx eas ifjorZu dks O;Dr djrs gSa A le; osQ lkis{k Roj.k] osx rFkk nwjh osQ ifjorZu
dks fp=k 3.14(a), (b) rFkk (c) esa fn[kyk;k x;k gS A

(a)



 (b)  (c)

fp=k 3.14 eqDr iru esa oLrq dh xfr A (a) le; osQ vuq:i oLrq osQ Roj.k eas ifjorZu] (b) le; osQ vuq:i oLrq osQ osx eas

ifjorZu] (c) le; osQ vuq:i oLrq dh fLFkfr eas ifjorZu A

mnkgj.k 3.6 xSyhfy;ks dk fo"ke vad lacaf/r fu;e % bl fu;e osQ vuqlkj ^^fojkekoLFkk ls fxjrh
gqbZ fdlh oLrq }kjk leku le; varjkyksa eas pyh xbZ nwfj;k¡ ,d nwljs ls mlh vuqikr eas gksrh gSa
ftl vuqikr eas ,d ls izkjaHk gksus okys fo"ke vad [vFkkZr 1% 3% 5% 7.......]A bl dFku dks fl¼
dhft, A

gy ge fojkekoLFkk ls fxjrh gqbZ fdlh oLrq osQ le; varjky dks cgqr&ls leku le; varjkyksa τ
 eas foHkDr dj ysrs gSa rFkk Øe'k% bu le; varjkyksa eas oLrq }kjk pyh xbZ nwjh fudkyrs tkrs gSa A
bl fLFkfr eas oLrq dk izkjafHkd osx 'kwU; gS] vr%

bl lehdj.k dh lgk;rk ls ge fHkUu&fHkUu le; varjkyksa 0, τ, 2τ, 3τ....... esa oLrq dh
fLFkfr;ksa dh x.kuk dj ldrs gSa ftUgsa lkj.kh 3-2 osQ nwljs dkWye eas fn[kk;k gS A ;fn izFke le;

varjky τ  ij oLrq dk fLFkfr funsZ'kkad y0 ysa (y0 = (–1/2)gτ  2) rks vkxs osQ le; varjkyksa

osQ ckn oLrq dh fLFkfr;ksa dks y0 osQ ek=kd eas dkWye rhu eas fn, x, rjhosQ ls O;Dr dj ldrs gSa

A Øfed le; varjkyksa (izR;sd τ ) esa pyh xbZ nwfj;ksa dks dkWye pkj eas O;Dr fd;k x;k gS A
Li"V gS fd Øe'k% le; varjkyksa eas oLrq }kjk pyh xbZ nwfj;k¡ 1%3%5%7%9%11....... osQ ljy vuqikr



esa gSa tSlk fd vafre dkWye eas fn[kk;k x;k gS A

bl fu;e dks loZizFke xSyhfy;ks xSfyyh (1564–1642) us izfrikfnr fd;k Fkk ftUgksaus eqDr :i ls
fxjrh gqbZ oLrq dk igyh ckj fof/or ifjek.kkRed vè;;u fd;k Fkk A

mnkgj.k 3-7 okguksa dh vojks/u nwjh % vojks/u nwjh ls gekjk vfHkizk; ml nwjh ls gS tks xfreku
oLrq czsd yxkus osQ dkj.k #dus ls igys py pqdh gksrh gS A lM+d ij xfreku okguksa dh lqj{kk osQ
laca/ eas ;g ,d egÙoiw.kZ dkjd gS A ;g nwjh okgu osQ izkjafHkd osx (v0) rFkk mlosQ czsd dh
{kerk ;k czsd yxk, tkus osQ ifj.kkeLo:i okgu eas mRiUu eanu –a ij fuHkZj djrh gSA fdlh okgu
dh vojks/u nwjh osQ fy, v0 rFkk a osQ inksa eas O;atd fudkfy, A

gy eku yhft, fd okgu #dus osQ iwoZ ds nwjh py pqdk gS A xfr laca/h

lehdj.k v2 = v02 + 2 ax esa ;fn vafre osx

v = 0 rks vojks/u nwjh

gksxhA vr% vojks/u nwjh okgu osQ izkjafHkd osx osQ oxZ osQ lekuqikrh gksrh gS A ;fn izkjafHkd osx dks



nwuk dj fn;k tk, rks mlh eanu osQ fy, vojks/u nwjh pkj xquh gks tk,xhA

dkj osQ fdlh fof'k"V ekWMy osQ fy, fofHkUu osxksa 11] 15] 20 rFkk 25 m s–1 osQ laxr vojks/u
nwfj;k¡ Øe'k% 10 m] 20 m] 34 m rFkk 50 m ikbZ xbZ gSa tks mijksDr lehdj.k ls izkIr ekuksa osQ
yxHkx laxr gSa A

oqQN {ks=kksa] tSls fdlh fo|ky; osQ fudV okguksa dh pky dh lhek osQ fu/kZj.k eas vojks/u nwjh dk
Kku ,d egÙoiw.kZ dkjd gksrk gS A 

mnkgj.k 3-8 izfrfØ;k dky % dHkh&dHkh gekjs lkeus ,slh ifjfLFkfr iSnk gks tkrh gS fd gels
rR{k.k dk;Zokgh dh vis{kk dh tkrh gS foaQrq vuqfØ;k O;Dr djus eas gels oqQN le; yx tkrk gS A
izfrfØ;k dky fdlh O;fDr dks dksbZ ?kVukØe ns[kus eas] mlosQ fo"k; eas lkspus eas RkFkk dk;Zokgh
djus eas yxus okyk le; gS A mnkgj.kLo:i] eku yhft, fd dksbZ O;fDr lM+d ij dkj pyk jgk
gS vkSj vpkud jkLrs eas ,d yM+dk lkeus vk tkrk gS rks dkj eas rsth ls czsd yxkus osQ igys
O;fDr dks tks le; yx tkrk gS] mls izfrfØ;k dky dgsaxs A izfrfØ;k dky ifjfLFkfr dh tfVyrk
,oa O;fDr fo'ks"k ij fuHkZj djrk gS A

vki Lo;a dk izfrfØ;k dky ,d lk/kj.k iz;ksx }kjk eki ldrs gSa A vki vius fe=k dks ,d :yj
nsa vkSj mlls dgsa fd og vkiosQ gkFk osQ vaxwBs vkSj rtZuh osQ chp dh [kkyh txg ls :yj
ÅèokZ/j fn'kk eas fxjk ns (fp=k 3.15) A T;ksagh :yj dks NksM+k tk, vki mls idM+ ysa A bu nksuksa ?
kVukvksa (:yj dks NksM+us rFkk vkiosQ }kjk idM+us) osQ chp yxs le; tr rFkk :yj }kjk pyh xbZ
nwjh d dks uki ysa A fdlh fo'ks"k mnkgj.k eas d = 21.0 cm gS rks izfrfØ;k dky dh x.kuk dhft, A



gy :yj eqDr :i ls fxjrk gS] vr% v0= 0 ] a = –g =  –9.8 t m s–2 izfrfØ;k dky tr

rFkk r; dh xbZ nwjh (d) eas laca/ gS]

;k 

;fn d = 21.0 cm vkSj g = 9.8 m s–2 gS] rks

3.7 vkisf{kd osx
vkidks jsyxkM+h eas ;k=kk djus rFkk ;k=kk osQ nkSjku ;g ns[kus dk volj feyk gksxk fd ,d nwljh



jsyxkM+h tks vkidh gh fn'kk eas xfreku gS] vkils vkxs fudy tkrh gS A D;ksafd ;g jsyxkM+h vkils
vkxs fudy tkrh gS blfy, ;g vkidh jsyxkM+h ls vf/d rhoz xfr ls py jgh gS A ijarq ;g
vkidks ml O;fDr dh vis{kk /heh pyrh fn[kkbZ ns jgh gksxh] tks /jrh ij [kM+k gksdj nksuksa
jsyxkfM+;ksa dks ns[k jgk gS A ;fn /jrh osQ lkis{k nksuksa jsyxkfM+;ksa dk osx leku gS rks vkidks ,slk
yxsxk fd nwljh xkM+h fcyoqQy Hkh ugha py jgh gS A bu vuqHkoksa dks le>us osQ fy, vc ge
vkisf{kd osx dh ladYiuk dks izLrqr djrs gSa A

,slh nks OkLrqvksa  A o B ij fopkj dhft, tks ,d&foek (eku yhft, fd x&v{k) osQ vuqfn'k
vkSlr osxksa vA rFkk vB ls xfreku gSa A (tc rd fo'ks"k :i ls mYyssf[kr u gks bl vè;k; eas osxksa
dks /jrh osQ lkis{k O;Dr fd;k x;k gS) A ;fn t =0 {k.k ij oLrq  A o B dh fLFkfr;k¡
Øe'k% xA(0) rFkk xB(0) gksa] rks fdlh vU; {k.k t ij ;s fLFkfr;k¡ fuEuor gksaxh %

xA(t) = xA(0) + vAt (3.12a)

xB(t) = xB(0) + vBt (3.12b)

oLrq A rFkk oLrq B osQ eè; foLFkkiu

xBA(t) = xB(t) – xA(t)

= [xB(0) – xA(0)] + (vB–vA)t (3.13)

gksxk A lehdj.k (3.13) dh ge vklkuh ls O;k[;k dj ldrs gSa A bl lehdj.k ls ;g ekywe
iM+rk gS fd tc oLrq A ls ns[krs gSa rks oLrq B dk osx vB–vA gksrk gS D;ksafd  A ls B rd
foLFkkiu ,dkad le; eas vB–vA dh nj ls vuojr cnyrk tkrk gS A vr% ge ;g dgrs gSa fd
oLrq B dk osx oLrq A ds lkis{k vB–vA gksrk gS%

vBA = vB–vA (3.14a)

blh izdkj oLrq A dk osx oLrq B osQ lkis{k

vAB = vA–vB (3.14b)

gksxk A blls ;g fudyrk gS fd]

vBA = –vAB (3.14c)



fp=k 3.16 leku osx ls xfreku oLrqvksa A o B osQ fy, fLFkfr&le; xzkiQ A

vc ge oqQN fo'ks"k ifjfLFkfr;ksa ij fopkj djsaxs %

(a) ;fn  vB = vA, vB–vA = 0 rks lehdj.k (3.13) ls xB(t) – xA(t) = [xB(0) –
xA(0)] A bldk vk'k; ;g gS fd nksuksa oLrq,¡ ,d nwljs ls lnSo fLFkj nwjh [xB(0) –
xA(0)] ij gSa vkSj muosQ fLFkfr&le; xzkiQ ijLij lekarj ljy js[kk,¡ gksrh gSa] tSlk fp=k 3.16 ls
n'kkZ;k x;k gS A bl mnkgj.k eas vkisf{kd osx vAB ;k vBAA 'kwU; gS A

(b) ;fn vA > vB, vB – vA ½.kkRed gS A ,d oLrq osQ xzkiQ dk <ky nwljh oLrq osQ xzkiQ
osQ <ky dh vis{kk vf/d gS A nksuksa xzkiQ ,d mHk;fu"B fcanq ij feyrs gSa A mnkgj.k osQ rkSj ij

;fn vA = 20 m s–1 ,oa xA(0) = 10 m; rFkk vB = 10 m s–1vkSj xB(0) = 40 m  gksa rks ftl
{k.k ij nksuksa oLrq ,d nwljs ls feyrh gSa og t= 3 s gksxk (fp=k 3-17) A bl {k.k os nksuksa oLrq,
¡ xA(t) = xB(t) = 70 m ij gksaxh A bl izdkj bl {k.k ij oLrq A oLrq B ls vkxs fudy
tk,xh A bl mnkgj.k esa vBA = 10 m s–1– 20 m s–1 = –10 m s–1 = –vAB



fp=k 3.17 vleku osxksa ls xfreku oLrqvksa osQ fLFkfr&le; xzkiQ ftlesa feyus dk le; n'kkZ;k x;k gS A

(c) eku yhft, fd vA, o vB foijhr fpg~uksa osQ gSa A mnkgj.kLo:i] mijksDr mnkgj.k esa ;fn

oLrq A fLFkfr xA(0) = 10 m ls 20 m s–1 osQ osx ls rFkk

oLrq B fLFkfr xB(0) = 40 m ls –10 m s–1 osx ls pyuk izkjaHk djrh gSa rks
os t= 1 s (fp=k 3.18) ij feyrh gSa A A osQ lkis{k B dk osx] vBA = [–10–(20)]] m

s–1 = –30 m s–1 = –vAB gksxk A bl mnkgj.k esa] vBA ;k vAB dk ifjek.k

(=30 m s–1) oLrq A ;k B osQ osx osQ ifjek.k ls vf/d gS A ;fn fopkjk/hu oLrq,a¡ nks
jsyxkfM+;k¡ gSa rks ml O;fDr osQ fy, tks fdlh ,d jsyxkM+h esa cSBk gS] nwljh jsyxkM+h cgqr rst
pyrh gqbZ izrhr gksrh gSA



fp=k 3.18 ijLij foijhr fn'kkvksa esa xfreku nks oLrqvksa osQ fLFkfr&le; xzkiQ ftlesa nksuksa osQ feyus dk le; n'kkZ;k x;k gS A

è;ku nhft, fd lehdj.k (3-14) rc Hkh lgh gksxh tc vA vkSj vB rkR{kf.kd osxksa dks O;Dr
djrs gSa A

mnkgj.k 3-9 nks lekarj jsy iVfj;k¡ mÙkj&nf{k.k fn'kk esa gSa A ,d jsyxkM+h A mÙkj fn'kk esa 54 km/h
dh pky ls xfreku gS rFkk nwljh jsyxkM+h B nf{k.k fn'kk esa 90 km/h dh pky ls py jgh gS A

(a) A osQ lkis{k  B dk vkisf{kd osx fudkfy,]

(b) B osQ lkis{k i`Foh dk vkisf{kd osx fudkfy,]

(c) jsyxkM+h A dh Nr ij xfr dh foijhr fn'kk esa (jsyxkM+h A osQ lkis{k 18 km/h-1 osQ osx
ls) nkSM+rs gq, ml canj osQ osx dh x.kuk dhft, tks i`Foh ij [kM+s O;fDr }kjk ns[kk tk jgk gS A

gy (a) x-v{k dh /ukRed fn'kk dks nf{k.k ls mÙkj dh vksj pqfu, A rc]

vA = +54 km/h–1 = 15 m s–1

vB = –90 km/h–1 = –25 m s–1

A osQ lkis{k B dk vkisf{kd osx vB–vA = – 40 m s-1 gksxk A bldk vfHkizk; ;g gS fd jsyxkM+h
B jsyxkM+h A osQ lkis{k mÙkj ls nf{k.k fn'kk esa 40 m s–1 dh xfr ls pyrh izrhr gksxh A



(b) B osQ lkis{k i`Foh dk vkisf{kd osx = 0 – vB = 25 m s–1

(c) eku yhft, fd i`Foh osQ lkis{k canj dk osx vM gS A blfy, A osQ lkis{k canj dk osx vMA

= vM–vA = –18km h–1 = –5 m s–1A iQyLo:i] vM = (15–5) m s–1 = 10m s–1 °

lkjka'k
1. ;fn fdlh oLrq dh fLFkfr le; osQ lkFk cnyrh gS rks ge dgrs gSa fd oLrq xfreku gSA
,d ljy jSf[kd xfr esa oLrq dh fLFkfr dks lqxerk osQ n`f"Vdks.k ls pqus x, fdlh ewy fcanq
osQ lkis{k fufnZ"V fd;k tk ldrk gS A ewy fcanq osQ nk;ha vksj dh fLFkfr;ksa dks èkukRed rFkk
ck;ha vksj dh fLFkfr;ksa dks Í.kkRed dgk tkrk gS A

2. fdlh oLrq }kjk pyh xbZ nwjh dh yackbZ dks iFk&yackbZ osQ :i esa ifjHkkf"kr djrs gSa A

3. oLrq dh fLFkfr esa ifjorZu dks ge foLFkkiu dgrs gSa vkSj bls ∆  x ls fu:fir djrs gSa_

∆x = x2 – x1

x1 vkSj x2 oLrq dh Øe'k% izkjafHkd rFkk vafre fLFkfr;k¡ gSa A

iFk&yackbZ mUgha nks fcanqvksa osQ chp foLFkkiu osQ ifj.kke osQ cjkcj ;k mlls vfèkd gks ldrh
gS A

4. tc dksbZ oLrq leku le; varjky esa leku nwfj;k¡ r; djrh gS rks ,slh xfr dks ,dleku
xfr dgrs gSa A ;fn ,slk ugha gS rks xfr vleku gksrh gS A

5. foLFkkiu dh vofèk osQ le; varjky }kjk foLFkkiu dks foHkkftr djus ij tks jkf'k izkIr

gksrh gS] mls vkSlr osx dgrs gSa rFkk bls  }kjk fpfÉr djrs gSa_

x – t xzkiQ esa fdlh fn, x, varjky dh vofèk esa vkSlr osx ml ljy js[kk dh izo.krk gS tks
le; varjky dh izkajfHkd ,oa vafre fLFkfr;ksa dks tksM+rh gS A



6. oLrq dh ;k=kk dh vofèk esa pyh xbZ oqQy iFk&yackbZ ,oa blesa yxs le; varjky vuqikr
dks vkSlr pky dgrs gSa A fdlh oLrq dh vkSlr pky fdlh fn, x, le; vUrjky esa mlosQ
vkSlr ossx osQ ifj.kke osQ cjkcj vFkok vfèkd gksrh gS A

7. tc le; vrajky ∆t vR;Yi gks rks oLrq osQ vkSlr osx osQ lhekUr eku dks rkR{kf.kd osx
;k osQoy osx dgrs gSa %

fdlh {k.k oLrq dk osx ml {k.k LFkku le;&xzkiQ dh izo.krk osQ cjkcj gksrk gS A

8. oLrq osQ osx esa ifjorZu dks laxr le; varjky ls foHkkftr djus ij tks jkf'k izkIr gksrh gS]
mls vkSlr Roj.k dgrs gSa %

9. tc le; varjky vR;Yi ∆t→0 gks rks] oLrq osQ vkSlr Roj.k osQ lhekUr eku dks rkR{kf.kd
Roj.k ;k osQoy Roj.k
dgrs gSa %

fdlh {k.k oLrq dk Roj.k ml {k.k osx&le; xzkiQ dh izo.krk osQ cjkcj gksrk gS A ,dleku
xfr osQ fy, Roj.k 'kwU; gksrk gS rFkk x - t xzkiQ le;&v{k ij vkur ,d ljy js[kk gksrh gS A
blh izdkj ,dleku xfr osQ fy, v - t xzkiQ le;&v{k osQ lekarj ljy js[kk gksrh gS A
,dleku Roj.k osQ fy, x - t xzkiQ ijoy; gksrk gS tcfd v - t xzkiQ le;&v{k osQ vkur
,d ljy js[kk gksrh gS A

10. fdUgha nks {k.kksa t1 rFkk t2 osQ eè; [khaps x, osx&le; oØ osQ varxZr vkus okyk {ks=kiQy
oLrq osQ foLFkkiu osQ cjkcj gksrk gS A

11. ,dleku Roj.k ls xfreku oLrq osQ fy, oqQN lkekU; lehdj.kksa dk ,d lewg gksrk gS



ftlls ik¡p jkf'k;k¡ ;Fkk foLFkkiu x] rRlacaf/r le; t, izkjafHkd osx vo, vafre osx v rFkk
Roj.k a ,d nwljs ls lacaf/r gksrs gSa A bu lehdj.kksa dks oLrq osQ 'kq¼xfrd lehdj.kksa osQ uke
ls tkuk tkrk gS %

v = v0 + at

bu lehdj.kksa esa {k.k t = 0 ij oLrq dh fLFkfr x = 0 yh xbZ gS A ;fn oLrq x = xo ls pyuk
izkjaHk djs rks mi;qZDr lehdj.kksa esa x osQ LFkku ij (x – xo) fy[ksaxs A

HkkSfrd jkf'k izrhd foek,¡ ek=kd fVIi.kh
iFk&yackbZ [L] m

foLFkkiu ∆x [L] m = x2 - x1

,d foek esa bldk fpÉ fn'kk dks bafxr djrk gS A

osx [LT-1] m s–1

(a) vkSlr  

(b) rkR{kf.kd v 

,d foek esa bldk fpÉ fn'kk dks bafxr djrk gS pky [LT–1] m s–1

(a) vkSlr 



(b) rkR{kf.kd = 

Roj.k [LT–2] m s–2

(a) vkSlr  

(b) rkR{kf.kd a 

,d foek esa bldk fpÉ fn'kk dks bafxr djrk gS

fopkj.kh; fo"k;
1. lkekU;r;k nks fcanqvksa osQ eè; fdlh oLrq }kjk pyh xbZ iFk&yackbZ foLFkkiu osQ ifjek.k osQ
cjkcj ugha gksrh A foLFkkiu Nksj osQ fcanqvksa ij fuHkZj djrk gS tcfd iFk&yackbZ (tSlk uke ls
irk pyrk gS) okLrfod iFk ij fuHkZj djrh gSA ,d foek esa nksuksa jkf'k;k¡ rHkh cjkcj gksrh gaS
tc oLrq xfr dh vof/ esa viuh fn'kk ugha cnyrh gS A vU; lHkh mnkgj.kksa esa iFk&yackbZ
foLFkkiu osQ ifjek.k ls vf/d gksrh gS A

2. mijksDr fcanq 1 osQ vuqlkj fdlh fn, x, le; varjky osQ fy, oLrq dh vkSlr pky dk
eku ;k rks vkSlr osx osQ ifjek.k osQ cjkcj gksrk gS ;k mlls vf/d gksrk gS A nksuksa rHkh cjkcj
gksaxs tc iFk&yackbZ foLFkkiu osQ ifjek.k osQ cjkcj gksxhA

3. ewy fcanq rFkk fdlh v{k dh /ukRed fn'kk dk p;u viuh #fp dk fo"k; gS A vkidks
lcls igys bl p;u dk mYys[k dj nsuk pkfg, vkSj blh osQ ckn jkf'k;ksa_ tSls& foLFkkiu] osx
rFkk Roj.k osQ fpÉksa dk fu/kZj.k djuk pkfg, A

4. ;fn fdlh oLrq dh pky c<+rh tk jgh gS rks Roj.k osx dh fn'kk esa gksxk ijarq ;fn pky ?
kVrh tkrh gS rks Roj.k osx dh foijhr fn'kk esa gksxk A ;g dFku ewy fcanq rFkk v{k osQ pquko
ij fuHkZj ugha djrk A



5. Roj.k osQ fpÉ ls gesa ;g irk ugha pyrk fd oLrq dh pky c<+ jgh gS ;k ?kV jgh gS A
Roj.k dk fpÉ (tSlk fd mijksDr fcanq 3 esa cryk;k x;k gS) v{k osQ /ukRed fn'kk osQ p;u
ij fuHkZj djrk gS A mnkgj.k osQ rkSj ij ;fn mQij dh vksj mQèokZ/j fn'kk dks v{k dh
/ukRed fn'kk ekuk tk, rks xq#Rotfur Roj.k ½.kkRed gksxk A ;fn dksbZ oLrq xq#Ro osQ dkj.k
uhps dh vksj fxj jgh gS rks Hkh oLrq dh pky c<+rh tk,xh ;|fi Roj.k dk eku ½.kkRed gSA
oLrq mQij dh fn'kk esa isaQdh tk, rks mlh ½.kkRed (xq#Rotfur) Roj.k osQ dkj.k oLrq dh
pky esa deh vkrh tk,xhA

6. ;fn fdlh {k.k oLrq dk osx 'kwU; gS rks ;g vko';d ugha gS fd ml {k.k mldk Roj.k Hkh
'kwU; gks A dksbZ oLrq {kf.kd :i ls fojkekoLFkk esa gks ldrh gS rFkkfi ml {k.k mldk Roj.k
'kwU; ugha gksxk A mnkgj.kLo:i] ;fn fdlh oLrq dks mQij dh vksj isaQdk tk, rks 'kh"kZLFk fcanq
ij mldk osx rkss 'kwU; gksxk ijarq bl volj ij mldk Roj.k xq#Rotfur Roj.k gh gksxk A

7. xfr laca/h 'kq¼xfrd lehdj.kksa ¹lehdj.k (3.11)º dh fofHkUu jkf'k;k¡ chtxf.krh; gSa
vFkkZr os /ukRed ;k ½.kkRed gks ldrh gSa A ;s lehdj.k lHkh ifjfLFkfr;ksa (fLFkj Roj.k
okyh ,dfoeh; xfr) osQ fy, mi;qDr gksrs gSa c'krsZ lehdj.kksa esa fofHkUu jkf'k;ksa osQ eku
mi;qDr fpÉksa osQ lkFk j[ks tk,¡ A

8. rkR{kf.kd osx rFkk Roj.k dh ifjHkk"kk,¡ [lehdj.k (3.3) rFkk lehdj.k (3.5), ;FkkFkZ gSa vkSj
lnSo lgh gSa tcfd 'kq¼xfrd lehdj.k [lehdj.k (3.11)] mUgha xfr;ksa osQ fy, lgh gS ftuesa
xfr dh vof/ esa Roj.k dk ifjek.k vkSj fn'kk fLFkj jgrs gSa A

vH;kl
3.1 uhps fn, x, xfr osQ dkSu ls mnkgj.kksa esa oLrq dks yxHkx fcanq oLrq ekuk tk ldrk gS %

(a) nks LVs'kuksa osQ chp fcuk fdlh >VosQ osQ py jgh dksbZ jsyxkM+h A

(b) fdlh o`Ùkh; iFk ij lkbfdy pyk jgs fdlh O;fDr osQ mQij cSBk dksbZ canj A

(c) tehu ls Vdjk dj rsth ls eqM+us okyh fØosQV dh dksbZ fiQjdrh xasn A



(d) fdlh est osQ fdukjs ls fiQly dj fxjk dksbZ chdj A

3.2 nks cPps A o B vius fo|ky; O ls ykSV dj vius&vius ?kj Øe'k% P rFkk Q dks tk jgs
gSa A muosQ fLFkfr&le; (x - t ) xzkiQ fp=k 3.19 esa fn[kk, x, gSa A uhps fy[ks dks"Bdksa esa lgh
izfof"V;ksa dks pqfu, %

fp=k 3.19

(a) B/A dh rqyuk esa A/B fo|ky; ls fudV jgrk gS A

(b) B/A dh rqyuk esa A/B fo|ky; ls igys pyrk gS A

(c) B/A dh rqyuk A/B rst pyrk gS A

(d) A vkSj B ?kj (,d gh@fHkUu) le; ij igq¡prs gSa A

(e) A/B lM+d ij B/A ls (,d ckj@nks ckj) vkxs gks tkrs gSa A

3.3 ,d efgyk vius ?kj ls izkr% 9.00 cts 2.5 km nwj vius dk;kZy; osQ fy, lh/h lM+d
ij 5 km h–1 pky ls pyrh gS A ogk¡ og lk;a 5.00 cts rd jgrh gS vkSj 25 km h–1 dh
pky ls py jgh fdlh vkWVks fjD'kk }kjk vius ?kj ykSV vkrh gS A mi;qDr iSekuk pqfu, rFkk
mldh xfr dk x - t xzkiQ [khafp, A

3.4 dksbZ 'kjkch fdlh rax xyh esa 5 dne vkxs c<+rk gS vkSj 3 dne ihNs vkrk gS] mlosQ



ckn fiQj 5 dne vkxs c<+rk gS vkSj 3 dne ihNs vkrk gS] vkSj blh rjg og pyrk jgrk gS A
mldk gj dne 1m yack gS vkSj 1s le; yxrk gS A mldh xfr dk x - t xzkiQ [khafp, A
xzkiQ ls rFkk fdlh vU; fof/ ls ;g Kkr dhft, fd og tgka ls pyuk izkjaHk djrk gS ogk¡ ls
13 m nwj fdlh xbs esa fdrus le; i'pkr fxjrk gS A

3.5 dksbZ tsV ok;q;ku 500 km h–1 dh pky ls py jgk gS vkSj ;g tsV ;ku osQ lkis{k 1500

km h–1 dh pky ls vius ngu mRiknksa dks ckgj fudkyrk gS A tehu ij [kM+s fdlh izs{kd
osQ lkis{k bu ngu mRiknksa dh pky D;k gksxh \

3.6 lh/s jktekxZ ij dksbZ dkj 126 km h–1 dh pky ls py jgh gS A bls 200 m dh nwjh ij
jksd fn;k tkrk gS A dkj osQ eanu dks ,dleku ekfu, vkSj bldk eku fudkfy, A dkj dks
#dus esa fdruk le; yxk \

3.7 nks jsyxkfM+;k¡ A o B nks lekarj iVfj;ksa ij 72 km h–1 dh ,dleku pky ls ,d gh
fn'kk esa py jgh gSa A izR;sd xkM+h 400 m yach gS vkSj xkM+h A xkM+h B ls vkxs gS A B dk
pkyd A ls vkxs fudyuk pkgrk gS rFkk 1m s–2 ls bls Rofjr djrk gS A ;fn 50 s osQ ckn B

dk xkMZ A osQ pkyd ls vkxs gks tkrk gS rks nksuksa osQ chp vkjafHkd nwjh fdruh Fkh \

3.8 nks&ysu okyh fdlh lM+d ij dkj A 36 km h–1 dh pky ls py jgh gS A ,d nwljs dh
foijhr fn'kkvksa esa pyrh nks dkjsa B o C ftuesa ls izR;sd dh pky 54 km h–1 gS] dkj A rd
igq¡puk pkgrh gSaa A fdlh {k.k tc nwjh AB nwjh AC osQ cjkcj gS rFkk nksuksa 1km gS] dkj B

dk pkyd ;g fu.kZ; djrk gS fd dkj C osQ dkj A rd igq¡pus osQ igys gh og dkj A ls
vkxs fudy tk, A fdlh nq?kZVuk ls cpus osQ fy, dkj B dk fdruk U;wure Roj.k t:jh gS \

3.9 nks uxj A o B fu;fer cl lsok }kjk ,d nwljs ls tqM+s gSa vkSj izR;sd T feuV osQ ckn
nksuksa rjiQ clsa pyrh gSa A dksbZ O;fDr lkbfdy ls 20 km h–1 dh pky ls A ls B dh rjiQ
tk jgk gS vkSj ;g uksV djrk gS fd izR;sd 18 feuV osQ ckn ,d cl mldh xfr dh fn'kk esa
rFkk izR;sd 6 feuV ckn mlosQ foijhr fn'kk esa xqtjrh gS A cl lsokdky T fdruk gS vkSj clsa
lM+d ij fdl pky (fLFkj ekfu,) ls pyrh gSa \

3.10 dksbZ f[kykM+h ,d xsan dks mQij dh vksj vkjafHkd pky 29 m s–1 ls isaQdrk gS]

(i) xasn dh mQij dh vksj xfr osQ nkSjku Roj.k dh fn'kk D;k gksxh \



(ii) bldh xfr osQ mPpre fcanq ij xsan osQ ossx o Roj.k D;k gksaxs \

(iii) xsan osQ mPpre fcanq ij LFkku o le; dks x = 0 o t = 0 pqfu,] mQèokZ/j uhps dh vksj dh
fn'kk dks x-v{k dh /ukRed fn'kk ekfu, A xsan dh mQij dh o uhps dh vksj xfr osQ nkSjku
fLFkfr] osx o Roj.k osQ fpÉ crkb, A

(iv) fdl mQ¡pkbZ rd xsan mQij tkrh gS vkSj fdruh nsj osQ ckn xsan f[kykM+h osQ gkFkksa esa vk
tkrh gS \

[g = 9.8 m s–2 rFkk ok;q dk izfrjks/ ux.; gS A]

3.11 uhps fn, x, dFkuksa dks è;ku ls if<+, vkSj dkj.k crkrs gq, o mnkgj.k nsrs gq, crkb,
fd os lR; gSa ;k vlR;] ,dfoeh; xfr esa fdlh d.k dh

(a) fdlh {k.k pky 'kwU; gksus ij Hkh mldk Roj.k v'kwU; gks ldrk gS A

(b) pky 'kwU; gksus ij Hkh mldk osx v'kwU; gks ldrk gS A

(c) pky fLFkj gks rks Roj.k vo'; gh 'kwU; gksuk pkfg, A

(d) pky vo'; gh c<+rh jgsxh] ;fn mldk Roj.k /ukRed gks A

3.12 fdlh xsan dks 90 m dh mQ¡pkbZ ls iQ'kZ ij fxjk;k tkrk gS A iQ'kZ osQ lkFk izR;sd VDdj
esa xsan dh pky 1/10 de gks tkrh gS A bldh xfr dk t = 0 ls 12 s osQ chp pky&le;
xzkiQ [khafp, A

3.13 mnkgj.k lfgr fuEufyf[kr osQ chp osQ varj dks Li"V dhft, %

(a) fdlh le; varjky esa foLFkkiu osQ ifjek.k (ftls dHkh&dHkh nwjh Hkh dgk tkrk gS) vkSj
fdlh d.k }kjk mlh varjky osQ nkSjku r; fd, x, iFk dh oqQy yackbZ A

(b) fdlh le; varjky esa vkSlr osx osQ ifjek.k vkSj mlh varjky esa vkSlr pky (fdlh
le; varjky esa fdlh d.k dh vkSlr pky dks le; varjky }kjk foHkkftr dh xbZ oqQy
iFk&yackbZ osQ :i esa ifjHkkf"kr fd;k tkrk gS) A iznf'kZr dhft, fd (a) o (b) nksuksa esa gh
nwljh jkf'k igyh ls vf/d ;k mlosQ cjkcj gS A lerk dk fpÉ dc lR; gksrk gS \ (ljyrk



osQ fy, osQoy ,dfoeh; xfr ij fopkj dhft, A)

3.14 dksbZ O;fDr vius ?kj ls lh/h lM+d ij 5 km h–1 dh pky ls 2.5 km nwj cktkj rd
iSny pyrk gS A ijarq cktkj can ns[kdj og mlh {k.k okil eqM+ tkrk gS rFkk 7.5 km h–1
dh pky ls ?kj ykSV vkrk gS A

le; varjky (i) 0 - 30 feuV] (ii) 0 - 50 feuV] (iii) 0 - 40 feuV dh vof/ esa ml O;fDr (a)

osQ ekè; osx dk ifjek.k] rFkk (b) dk ekè; pky D;k gS\ (uksV % vki bl mnkgj.k ls le>
losQaxs fd vkSlr pky dks vkSlr&osx osQ ifjek.k osQ :i esa ifjHkkf"kr djus dh vis{kk le;
}kjk foHkkftr oqQy iFk&yackbZ osQ :i esa ifjHkkf"kr djuk vf/d vPNk D;ksa gS A vki Fkd dj
?kj ykSVs ml O;fDr dks ;g crkuk ugha pkgsaxs fd mldh vkSlr pky 'kwU; Fkh A)

3.15 geus vH;kl 3.13 rFkk 3.14 esa vkSlr pky o vkSlr osx osQ ifjek.k osQ chp osQ varj
dks Li"V fd;k gS A ;fn ge rkR{kf.kd pky o osx osQ ifjek.k ij fopkj djrs gSa rks bl rjg
dk varj djuk vko';d ugha gksrk A rkR{kf.kd pky ges'kk rkR{kf.kd osx osQ cjkcj gksrh gS A
D;ksa \

3.16 fp=k 3.20 esa (a) ls (d) rd osQ xzkiQksa dks è;ku ls nsf[k, vkSj ns[kdj crkb, fd buesa
ls dkSu&lk xzkiQ ,dfoeh; xfr dks laHkor% ugha n'kkZ ldrk A



3.17 fp=k 3.21 esa fdlh d.k dh ,dfoeh; xfr dk x - t xzkiQ fn[kk;k x;k gS A xzkiQ ls D;k
;g dguk Bhd gksxk fd ;g d.k t < 0 osQ fy, fdlh ljy js[kk esa vkSj t > 0 osQ fy, fdlh
ijoyh; iFk esa xfr djrk gS A ;fn ugha] rks xzkiQ osQ laxr fdlh mfpr HkkSfrd lanHkZ dk
lq>ko nhft, A



fp=k 3.21

3.18 fdlh jktekxZ ij iqfyl dh dksbZ xkM+h 30 km/h dh pky ls py jgh gS vkSj ;g mlh
fn'kk esa 192 km/h dh pky ls tk jgh fdlh pksj dh dkj ij xksyh pykrh gS A ;fn xksyh dh
uky eq[kh pky 150 m s-1 gS rks pksj dh dkj dks xksyh fdl pky osQ lkFk vk?kkr djsxh \
(uksV % ml pky dks Kkr dhft, tks pksj dh dkj dks gkfu ig¡qpkus esa izklafxd gks) A

3.19 fp=k 3.22 esa fn[kk, x, izR;sd xzkiQ osQ fy, fdlh mfpr HkkSfrd fLFkfr dk lq>ko
nhft, %

3.20 fp=k 3.23 esa fdlh d.k dh ,dfoeh; ljy vkorhZ xfr osQ fy, x - t xzkiQ fn[kk;k
x;k gS A (bl xfr osQ ckjs esa vki vè;k; 14 esa i<+saxs) le; t = 0.3 s, 1.2 s, –1.2 s ij
d.k osQ fLFkfr] osx o Roj.k osQ fpÉ D;k gksaxs \



3.21 fp=k 3.24 fdlh d.k dh ,dfoeh; xfr dk x - t xzkiQ n'kkZrk gS A blesa rhu leku
varjky fn[kk, x, gSa A fdl varjky esa vkSlr pky vf/dre gS vkSj fdlesa U;wure gS \
izR;sd varjky osQ fy, vkSlr osx dk fpÉ crkb, A

fp=k 3.24

3.22 fp=k 3.25 esa fdlh fu;r (fLFkj) fn'kk osQ vuqfn'k py jgs d.k dk pky&le; xzkiQ
fn[kk;k x;k gS A blesa rhu leku le; varjky fn[kk, x, gSa A



pky

fp=k 3.25

fdl varjky esa vkSlr Roj.k dk ifjek.k vf/dre gksxk \ fdl varjky esa vkSlr pky
vf/dre gksxh \

/ukRed fn'kk dks xfr dh fLFkj fn'kk pqurs gq, rhuksa varjkyksa esa v rFkk a osQ fpÉ crkb, A

A, B, C, o D fcanqvksa ij Roj.k D;k gksaxs \

vfrfjDr vH;kl
3.23 dksbZ rhu ifg;s okyk LowQVj viuh fojkekoLFkk ls xfr izkjaHk djrk gS A fiQj 10 s rd
fdlh lh/h lM+d ij 1m s-2 osQ ,dleku Roj.k ls pyrk gS A blosQ ckn og ,dleku osx
ls pyrk gS A LowQVj }kjk nosa lsdaM (n = 1, 2, 3........) esa r; dh xbZ nwjh dks n osQ lkiss{k
vkysf[kr dhft, A vki D;k vk'kk djrs gSa fd Rofjr xfr osQ nkSjku ;g xzkiQ dksbZ ljy js[kk
;k dksbZ ijoy; gksxk \

3.24 fdlh fLFkj fyÝV esa (tks mQij ls [kqyh gS) dksbZ ckyd [kM+k gS A og vius iwjs tksj ls

,d xsan mQij dh vksj isaQdrk gS ftldh izkjafHkd pky 49 m s–1 gS A mlosQ gkFkksa esa xsan osQ
okfil vkus esa fdruk le; yxsxk \ ;fn fyÝV mQij dh vksj 5 m s-1 dh ,dleku pky ls
xfr djuk izkjaHk dj ns vkSj og ckyd fiQj xsan dks vius iwjs tksj ls isaQdrk rks fdruh nsj esa
xsan mlosQ gkFkksa esa ykSV vk,xh \

3.25 {kSfrt esa xfreku dksbZ yack i^k (fp=k 3.26) 4 km/h dh pky ls py jgk gS A ,d
ckyd bl ij (i^ss osQ lkis{k) 9 km/h dh pky ls dHkh vkxs dHkh ihNs vius ekrk&firk osQ
chp nkSM+ jgk gS A ekrk o firk osQ chp 50 m dh nwjh gS A ckgj fdlh fLFkj IysViQkeZ ij



[kM+s ,d izs{kd osQ fy,] fuEufyf[kr dk eku izkIr dfj, A

(a) i^s dh xfr dh fn'kk esa nkSM+ jgs ckyd dh pky]

(b) i^s dh xfr dh fn'kk osQ foijhr nkSM+ jgs ckyd dh pky]

(c) cPps }kjk (a) o (b) esa fy;k x;k le; ;fn ckyd dh xfr dk izs{k.k mlosQ ekrk ;k firk
djsa rks dkSu& lk mÙkj cny tk,xk \

fp=k 3.26

3.26 fdlh 200 m Å¡ph [kM+h p^ku osQ fdukjs ls nks iRFkjksa dks ,d lkFk mQij dh vksj 15 m

s–1 rFkk 30 m s–1 dh izkjafHkd pky ls iasQdk tkrk gS A bldk lR;kiu dhft, fd uhps
fn[kk;k x;k xzkiQ (fp=k 3.27) igys iRFkj osQ lkis{k nwljs iRFkj dh vkisf{kd fLFkfr dk le;
osQ lkFk ifjorZu dks iznf'kZr djrk gS A ok;q osQ izfrjks/ dks ux.; ekfu, vkSj ;g ekfu, fd
tehu ls Vdjkus osQ ckn iRFkj mQij dh vksj mNyrs ugha A eku fyft, g = 10 m s–2 A xzkiQ
osQ js[kh; o oØh; Hkkxksa osQ fy, lehdj.k fyf[k, A



fp=k 3.27

3.27 fdlh fuf'pr fn'kk osQ vuqfn'k py jgs fdlh d.k dk pky&le; xzkiQ fp=k 3.28 esa
fn[kk;k x;k gS A d.k }kjk (a) t = 0 s ls t = 10 s, (b) t = 2 s ls 6 s osQ chp r; dh xbZ nwjh
Kkr dhft, A

(a) rFkk (b) esa fn, x, varjkyksa dh vof/ esa d.k dh vkSlr pky D;k gS \



3.28 ,dfoeh; xfr esa fdlh d.k dk osx&le; xzkiQ fp=k 3.29 esa fn[kk;k x;k gS %

fp=k 3.29

uhps fn, lw=kksa esa t1 ls t2 rd osQ le; varjky dh vof/ esa d.k dh xfr dk o.kZu djus osQ
fy, dkSu&ls lw=k lgh gSa %

(i) x (t2) = x (t1) + v (t1)(t2 – t1) + (1/2) a(t2 – t1)2

(ii) v(t2) = v(t1) + a(t2 – t1)

(iii) vaverage = [x(t2) – x (t1)]/(t2 – t1)

(iv) aaverage = [v(t2) – v (t1)]/(t2 – t1)

(v) x(t2) = x(t1) + vaverage (t2 – t1) + (1/2) aaverage (t2 – t1)2

(vi) x (t2) – x (t1) = t- v{k rFkk fn[kkbZ xbZ fcanqfdr js[kk osQ chp n'kkZ, x, oØ osQ varxZr
vkus okyk {ks=kiQy A

ifjf'k"V 3-1
dyu osQ vo;o
vody xf.kr

^vody xq.kkad* vFkok ^vodyt* dh ladYiuk dk mi;ksx djosQ ge vklkuh ls osx rFkk Roj.k



dks ifjHkkf"kr dj ldrs gSa A ;|fi vki vodytksa osQ fo"k; esa foLrkj ls xf.kr esa vè;;u djssaxs]
rFkkfi bl ifjf'k"V eas ge la{ksi esas bl ladYiuk ls vkidks ifjfpr djk,¡xs] rkfd vkidks xfr ls
lac¼ HkkSfrd jkf'k;ksa osQ o.kZu djus esa lqfo/k gks tk, A

eku yhft, gekjs ikl dksbZ jkf'k y gS ftldk eku fdlh ,dy pj x ij fuHkZj djrk gS] rFkk bl
jkf'k dks ,d lehdj.k }kjk O;Dr fd;k tkrk gS tks y dks x osQ fdlh fof'k"V iQyu osQ :i esas
ifjHkkf"kr djrh gS A bls bl izdkj fu:fir djrs gSa %

y = f (x) (1)

bl laca/ dks iQyu y = f(x) dk xzkiQ [khapdj fp=k 3.30 (a) esa n'kkZ, vuqlkj y rFkk x dks dkrhZ;
funsZ'kkad (Cartesian coordinates) ekurs gq, Li"V :i ls ns[k ldrs gSa A

(a)



(b)

fp=k 3-30

oØ y = f(x) ij ,d fcanq P ftlosQ funsZ'kkad (x, y) gSa rFkk vU; fcanq ftlosQ funsZ'kkad (x + ∆ x, y +

∆ y) gSa eku yhft, A P rFkk Q dks feykus okyh ljy js[kk osQ <ky dks bl izdkj n'kkZ;k tkrk gS]

 (2)

vc vxj fcanq Q dks oØ osQ vuqfn'k fcanq P dh vksj yk;k tkrk gS A bl izfØ;k esa ∆y rFkk ∆x ?

kVrs tkrs gSa rFkk 'kwU; dh vksj vxzlj gksrs tkrs gSa] ;|fi budk vuqikr vfuok;Z :i ls yqIr
ugha gksxk A tc ∆y→0, ∆x→0 gS] rc js[kk PQ dk D;k gksxk \ vki ;g ns[k ldrs gSa fd ;g
js[kk fp=k 3.30 (b) esa n'kkZ, vuqlkj oØ osQ fcanq P ij Li'kZ js[kk cu tkrh gS A bldk ;g vFkZ
gqvk fd tan θ fcanq P ij Li'kZ js[kk osQ <ky osQ ln`'k gksrk tkrk gS A bls m }kjk fufnZ"V fd;k
tkrk gS]

 (3)

vuqikr ∆y/∆x dh lhek] tSls&tSls ∆x 'kwU; dh vksj c<+rk tkrk gS] x osQ lkis{k y dk vodyt
dgykrk gS rFkk bls dy/dx fy[krs gSa A ;g oØ y = f(x) osQ fcanq (x, y) ij Li'kZ js[kk osQ <ky



dks fu:fir djrk gS A

pw¡fd y = f(x) rFkk y + ∆ y = f (x + ∆x)] ge vodyt dh ifjHkk"kk bl izdkj fy[k ldrs gSa %

uhps iQyuksa osQ vodytksa osQ fy, oqQN izkFkfed lw=k fn, x, gSa A buesa u (x) rFkk v (x), x osQ
;kn`fPNd iQyuksa dk fu:i.k djrs gSa rFkk a vkSj b fu;r jkf'k;ksa dks fufnZ"V djrs gSa] tks x ij fuHkZj
ugha djrha A oqQy lkekU; iQyuksa osQ vodytksa dh lwph Hkh nh xbZ gS A

 ; 

 ; 

 ; 

 ; 

 ;  

 ; 



vodyuksa osQ inksa esa rkR{kf.kd osx rFkk Roj.k dh ifjHkk"kk bl izdkj djrs gSa-

lekdyu&xf.kr
{ks=kiQy dh /kj.kk ls vki HkyhHkk¡fr ifjfpr gSa A oqQN ljy T;kferh; vko`Qfr;ksa osQ {ks=kiQy osQ
fy, lw=k Hkh vkidks Kkr gSa A mnkgj.k osQ fy,] fdlh vk;r dk {ks=kiQy mldh yackbZ vkSj pkSM+kbZ
dk xq.kuiQy] rFkk f=kHkqt dk {ks=kiQy mlosQ vk/kj rFkk 'kh"kZyaac osQ xq.kuiQy dk vk/k gksrk gS A
ijarq fdlh vfu;fer vko`Qfr dk {ks=kiQy Kkr djus dh leL;k ij oSQls fopkj fd;k tk, \ ,slh
leL;kvksa dks gy djus osQ fy, lekdyu dh xf.krh; /kj.kk vko';d gS A

vkb,] vc ge ,d izR;{k mnkgj.k yssrs gSaA eku yhft, xfr djrs fdlh d.k ij x-v{k osQ vuqfn'k
x= a ls x = b rd dksbZ pj cy f (x) dk;Z djrk gS A gekjh leL;k ;g gS fd bl cy }kjk d.k
dh xfr dh vof/ esa fd;k x;k dk;Z (W) oSQls Kkr fd;k tk, A bl leL;k ij vè;k; 6 esa
foLrkj ls ppkZ dh xbZ gS A

fp=k 3.31 esa x osQ lkFk f (x) esas ifjorZu n'kkZ;k x;k gS A ;fn cy vpj gksrk] rks fd;k x;k dk;Z fp=k 3.31 (i) esa n'kkZ, vuqlkj

ek=k {ks=kiQy f (b-a) gksxk A ijarq O;kid izdj.kksa esa] cy pj gksrk gS A

fp=k 3-31



bl oØ ¹fp=k 3.31 (ii)] osQ uhps osQ {ks=kiQy dk ifjdyu djus osQ fy, ,d ;qfDr djrs gSa tks
fuEufyf[kr gS A x-v{k ij a ls b rd osQ varjky dks la[;k eas cgqr vf/d (N) y?kq&varjkyksa esa
foHkkftr dj ysrs gSa] tks bl izdkj gSa % x0 (=a) ls x1 rd] x1 ls x2 rd] x2 ls x3 rd]-------

x N-1 ls xn (=b) rd A bl izdkj oØ osQ uhps dk oqQy {ks=kiQy N ifêð;ks esa foHkkftr gks
tkrk gS A izR;sd iêðh lfUudVr% vk;rkdkj gS] pw¡fd fdlh iêðh ij F(x) esa ifjorZu ux.; gS A
fp=k 3.31 (ii) esas n'kkZ;h xbZ ioha iêðh dk lfUudVr% {ks=kiQy rc gksxk]

;gk¡ ∆x  iêðh dh pkSM+kbZ gS tks geus lHkh ifêð;ks osQ fy, leku yh gS A vki my>u esa iM+ ldrs
gSa fd bl O;atd esa gesa F(xi-1) fy[kuk pkfg, vFkok F(xi) rFkk F(xi-1) dk ekè; fy[kuk pkfg, A
;fn la[;k N dks cgqr&cgqr cM+h (N→∞) ysa] rks fiQj bldk dksbZ egÙo ugha jgsxk A D;ksafd
rc ifê;k¡ bruh iryh gksaxh fd F(xi) rFkk F(xi-1) osQ chp dk varj bruk de gksxk fd mls ux.;
ekuk tk ldrk gS A rc oØ osQ uhps dk oqQy {ks=kiQy]

bl ;ksx dh lhek dks] tc N→∞ gks] a ls b rd F(x) dk x ij lekdyu dgrs gSa A bls ,d
fo'ks"k izrhd fn;k x;k gS ftls uhps n'kkZ;k x;k gS-

lekdyu&fpÉ ∫ foLrkfjr S tSlk fn[kkbZ nsrk gS A ;g gesa ;kn fnykrk gS fd ewy :i ls ;g
vla[; inksa osQ ;ksx dh lhek gS A

,d vR;ar egÙoiw.kZ xf.krh; rF; ;g gS fd lekdyu] oqQN vFkksZ essa vodyu dk O;qRØe gS A
eku yhft, gekjs ikl dksbZ iQyu

g (x) gS ftldk vodyu f (x) gS] rc 



iQyu g (x) dks f (x) dk vfuf'pr lekdy dgrs gSa rFkk bls bl izdkj fufnZ"V fd;k tkrk gS 

dksbZ lekdy ftldh fuEu lhek rFkk mPp lhek Kkr gks] fuf'pr lekdy dgykrk gS A ;g dksbZ
la[;k gksrh gS A vfuf'pr lekdy dh dksbZ lhek ugha gksrh A ;g ,d iQyu gksrk gS A mijksDr
izdj.k osQ fy, xf.kr dh ,d ewy izes; crkrh gS fd

mnkgj.k osQ fy,] eku yhft, f (x) = x2] rFkk ge x = 1 ls x = 2 rd blosQ fuf'pr lekdy dk
eku Kkr djuk pkgrs gSaA og iQyu f (x) ftldk vodyu x2 gksrk gS] x3/3 gSA vr%

Li"V gS fd fuf'pr lekdyksa dk ewY;kadu djus osQ fy, gesa mlosQ rnuq:ih vfuf'pr lekdyksa
dks tkuuk vko';d gSA oqQN lkekU; vfuf'pr lekdy bl izdkj gSa-

vody xf.kr rFkk lekdyu xf.kr dk vkjafHkd Kku dfBu ugha gS rFkk ;gk¡ vkidks dyu dh ewy
/kj.kkvksas ls ifjfpr djkus dk iz;kl fd;k x;k gS A



vè;k; 4
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4.1 Hkwfedk
fiNys vè;k; esa geus fLFkfr] foLFkkiu] osx ,oa Roj.k dh èkkj.kkvksa dks fodflr fd;k Fkk] ftudh
fdlh oLrq dh ljy js[kh; xfr dk o.kZu djus osQ fy, vko';drk iM+rh gS A D;ksafd ,dfoeh;
xfr esa ek=k nks gh fn'kk,¡ laHko gSa] blfy, bu jkf'k;ksa osQ fn'kkRed i{k dks $ vkSj & fpÉksa ls
O;Dr dj ldrs gSa A ijarq tc ge oLrqvksa dh xfr dk f}foeh; (,d lery) ;k f=kfoeh;
(fno~QLFkku) o.kZu djuk pkgrs gSa] rc gesa mi;qZDr HkkSfrd jkf'k;ksa dk vè;;u djus osQ fy, lfn'kksa
dh vko';drk iM+rh gS A vr,o loZizFke ge lfn'kksa dh Hkk"kk (vFkkZr lfn'kksa osQ xq.kksa ,oa mUgsa
mi;ksx esa ykus dh fofèk;k¡) lh[ksaxs A lfn'k D;k gS \ lfn'kksa dks oSQls tksM+k] ?kVk;k ;k xq.kk fd;k
tkrk gS \ lfn'kksa dks fdlh okLrfod la[;k ls xq.kk djsa rks gesa D;k ifj.kke feysxk \ ;g lc ge
blfy, lh[ksaxs ftlls fdlh lery esa oLrq osQ osx ,oa Roj.k dks ifjHkkf"kr djus osQ fy, ge
lfn'kksa dk mi;ksx dj losaQ A blosQ ckn ge fdlh lery esa oLrq dh xfr ij ifjppkZ djsaxs A
fdlh lery esa xfr osQ ljy mnkgj.k osQ :i esa ge ,dleku Rofjr xfr dk vè;;u djsaxs rFkk
,d iz{ksI; dh xfr osQ fo"k; esa foLrkj ls i<s+axs A o`Ùkh; xfr ls ge HkyhHkk¡fr ifjfpr gSa ftldk
gekjs nSfud thou esa fo'ks"k egÙo gS A ge ,dleku o`Ùkh; xfr dh oqQN foLrkj ls ppkZ djsaxs A

ge bl vè;k; esa ftu lehdj.kksa dks izkIr djsaxs mUgsa vklkuh ls f=kfoeh; xfr osQ fy, foLrkfjr
fd;k tk ldrk gS A

4.2 vfn'k ,oa lfn'k
ge HkkSfrd jkf'k;ksa dks vfn'kksa ,oa lfn'kksa esa oxhZÑr djrs gSa A nksuksa esa ewy varj ;g gS fd lfn'k
osQ lkFk fn'kk dks lac¼ djrs gSa ogha vfn'k osQ lkFk ,slk ugha djrs A ,d vfn'k jkf'k og jkf'k gS
ftlesa ek=k ifjek.k gksrk gS A bls osQoy ,d la[;k ,oa mfpr ek=kd }kjk iw.kZ :i ls O;Dr fd;k
tk ldrk gS A blosQ mnkgj.k gSa % nks fcanqvksa osQ chp dh nwjh] fdlh oLrq dh lagfr (nzO;eku)]
fdlh oLrq dk rkiØe] rFkk og le; ftl ij dksbZ ?kVuk ?kVrh gS A vfn'kksa osQ tksM+ esa ogh fu;e
ykxw gksrs gSa tks lkekU;r;k chtxf.kr esa A vfn'kksa dks ge Bhd oSls gh tksM+ ldrs gSa] ?kVk ldrs gSa]
xq.kk ;k Hkkx dj ldrs gSa tSlk fd ge lkekU; la[;kvksa osQ lkFk djrs gSa * A mnkgj.k osQ fy,] ;fn
fdlh vk;r dh yackbZ vkSj pkSM+kbZ Øe'k% 1.0 m rFkk 0.5 m gS rks mldh ifjeki pkjksa Hkqtkvksa osQ



;ksx] 1.0 m + 0.5 m + 1.0 m + 0.5 m = 3.0 m gksxkA gj Hkqtk dh yackbZ ,d vfn'k gS rFkk ifjeki
Hkh ,d vfn'k gS A ge ,d nwljs mnkgj.k ij fopkj djsaxs % ;fn fdlh ,d fnu dk vfèkdre ,oa
U;wure rki Øe'k% 35.6 °C rFkk 24.2 °C gS rks bu nksuksa dk varj 11.4 °C gksxk A blh izdkj ;fn
,Y;qfefu;e osQ fdlh ,dleku Bksl ?ku dh Hkqtk 10 cm gS vkSj mldk nzO;eku 2.7 kg gS rks
mldk vk;ru 10.3 m3 (,d vfn'k) gksxk rFkk ?kuRo 2.7×103 kg/m3 Hkh ,d vfn'k gS A

,d lfn'k jkf'k og jkf'k gS ftlesa ifjek.k rFkk fn'kk nksuksa gksrs gSa rFkk og ;ksx lacaèkh f=kHkqt osQ
fu;e vFkok lekukUrj prqHkqZt osQ ;ksx lacaèkh fu;e dk ikyu djrh gS A bl izdkj] ,d lfn'k dks
mlosQ ifjek.k dh la[;k rFkk fn'kk }kjk O;Dr djrs gSa A oqQN HkkSfrd jkf'k;k¡ ftUgsa lfn'kksa }kjk
O;Dr djrs gSa] os gSa foLFkkiu] osx] Roj.k rFkk cy A

lfn'k dks O;Dr djus osQ fy, bl iqLrd esa ge eksVs v{kjksa dk iz;ksx djsaxs A tSls fd osx lfn'k
dks O;Dr djus osQ fy, v fpÉ dk iz;ksx djsaxs A ijarq gkFk ls fy[krs le; D;ksafd eksVs v{kjksa dk
fy[kuk FkksM+k eqf'dy gksrk gS] blfy, ,d lfn'k dks v{kj osQ mQij rhj yxkdj O;Dr djrs gSa]

tSls  A bl izdkj v rFkk  nksuksa gh osx lfn'k dks O;Dr djrs gSa A fdlh lfn'k osQ ifjek.k
dks izk;% ge mldk ^ije eku* dgrs gSa vkSj mls |v| = v }kjk O;Dr djrs gSa A bl izdkj ,d
lfn'k dks ge eksVs v{kj ;Fkk A ;k a, p, q, r, ..... x, y ls O;Dr djrs gSa tcfd buosQ ifjek.kksa dks
Øe'k% ge A ;k a, p, q, r, .... x, y }kjk O;Dr djrs gSa A

4.2.1 fLFkfr ,oa foLFkkiu lfn'k

fp=k 4.1 (a) fLFkfr rFkk foLFkkiu lfn'k] (b) foLFkkiu lfn'k PQ rFkk xfr osQ fHkUu&fHkUu ekxZ A



fdlh lery esa xfreku oLrq dh fLFkfr O;Dr djus osQ fy, ge lqfoèkkuqlkj fdlh fcanq O dks ewy
fcanq osQ :i esa pqurs gSa A dYiuk dhft, fd nks fHkUu&fHkUu le;ksa t vkSj t' ij oLrq dh fLFkfr
Øe'k% P vkSj P' gS (fp=k 4.1a) A ge P dks O ls ,d ljy js[kk ls tksM+ nsrs gSa A bl izdkj OP

le; t ij oLrq dh fLFkfr lfn'k gksxh A bl js[kk osQ fljs ij ,d rhj dk fu'kku yxk nsrs gSa A bls
fdlh fpÉ (eku yhft,) r ls fu:fir djrs gSa] vFkkZr~ OP = r A blh izdkj fcanq P' dks ,d nwljs
fLFkfr lfn'k OP' ;kuh r' ls fu:fir djrs gSaA lfn'k r dh yackbZ mlosQ ifjek.k dks fu:fir djrh
gS rFkk lfn'k dh fn'kk og gksxh ftlosQ vuqfn'k P (fcanq O ls ns[kus ij) fLFkr gksxk A ;fn oLrq
P ls pydj P' ij igqap tkrh gS rks lfn'k PP' (ftldh iqPN P ij rFkk 'kh"kZ P' ij gS) ¯cnq P

(le; t) ls P' (le; t') rd xfr osQ laxr foLFkkiu lfn'k dgykrk gS A

;gk¡ ;g ckr egRoiw.kZ gS fd ^foLFkkiu lfn'k* dks ,d ljy js[kk ls O;Dr djrs gSa tks oLrq dh
vafre fLFkfr dks mldh izkjfEHkd fLFkfr ls tksM+rh gS rFkk ;g ml okLrfod iFk ij fuHkZj ugha
djrk tks oLrq }kjk fcanqvksa osQ eè; pyk tkrk gS A mnkgj.kLo:i] tSlk fd fp=k 4.1b esa fn[kk;k
x;k gS] izkjfEHkd fLFkfr P rFkk vafre fLFkfr Q osQ eè; foLFkkiu lfn'k PQ ;|fi ogh gS ijarq nksuksa
fLFkfr;ksa osQ chp pyh xbZ nwfj;ka tSls PABCQ, PDQ rFkk PBEFQ vyx&vyx gSa A blh izdkj]
fdUgha nks fcanqvksa osQ eè; foLFkkiu lfn'k dk ifjek.k ;k rks xfreku oLrq dh iFk&yackbZ ls de
gksrk gS ;k mlosQ cjkcj gksrk gSA fiNys vè;k; esa Hkh ,d ljy js[kk osQ vuqfn'k xfreku oLrq osQ
fy, bl rF; dks HkyhHkkafr le>k;k x;k Fkk A

* osQoy leku ek=kd okyh jkf'k;ksa dk tksM+ o ?kVkuk lkFkZd gksrk gS A
tcfd vki fHkUu ek=kdksa okys vfn'kksa dk xq.kk ;k Hkkx dj ldrs gSa A

4.2.2 lfn'kksa dh lerk

nks lfn'kksa A rFkk B dks osQoy rHkh cjkcj dgk tk ldrk gS tc muosQ ifjek.k cjkcj gksa rFkk
mudh fn'kk leku gks** A

** gekjs vè;;u esa lfn'kksa dh fLFkfr;ka fuèkkZfjr ugha gSa A blfy, tc
,d lfn'k dks Lo;a osQ lekarj foLFkkfir djrs gSa rks lfn'k vifjofrZr



jgrk gS A bl izdkj osQ lfn'kksa dks ge ^eqDr lfn'k* dgrs gSa A gkyakfd
oqQN HkkSfrd mi;ksxksa esa lfn'k dh fLFkfr ;k mldh fØ;k js[kk egÙoiw.kZ
gksrh gS A ,sls lfn'kksa dks ge ^LFkkuxr lfn'k* dgrs gSaA

fp=k 4.2(a) esa nks leku lfn'kksa A rFkk B dks n'kkZ;k x;k gS A ge budh lekurk dh ij[k vklkuh
ls dj ldrs gSa A B dks Lo;a osQ lekarj f[kldkb;s rkfd mldh iqPN Q lfn'k A dh iqPN O osQ
laikrh gks tk, A fiQj D;ksafd muosQ 'kh"kZ S ,oa P Hkh laikrh gSa vr% nksukssa lfn'k cjkcj dgyk,axs A
lkekU;r;k bl lekurk dks A = B osQ :i esa fy[krs gSa A bl ckr dh vksj è;ku nhft, fd fp=k
4.2(b) esa ;|fi lfn'kksa A' rFkk B' osQ ifjek.k leku gSa fiQj Hkh nksuksa lfn'k leku ugha gSa D;ksafd
mudh fn'kk;sa vyx&vyx gSa A ;fn ge B' dks mlosQ gh lekarj f[kldk,a ftlls mldh
iqPN Q' A' dh iqPN O' ls laikrh gks tk, rks Hkh B' dk 'kh"kZ S', A' osQ 'kh"kZ P' dk laikrh ugha
gksxk A

fp=k 4.2 (a) nks leku lfn'k A rFkk B (b) nks lfn'k A'  B' vleku gSa ;|fi mudh yackb;k¡ ogh gSa A

4.3 lfn'kksa dh okLrfod la[;k ls xq.kk



fp=k 4-3 (a) lfn'k A rFkk mls èkukRed la[;k nks ls xq.kk djus ij izkIr ifj.kkeh lfn'k] (b) lfn'k A rFkk mls Í.kkRed la[;kvksa

&1 rFkk &1-5 ls xq.kk djus ij izkIr ifj.kkeh lfn'k A

;fn ,d lfn'k A dks fdlh èkukRed la[;k λ ls xq.kk djsa rks gesa ,d lfn'k gh feyrk gS ftldk
ifjek.k lfn'k A osQ ifjek.k dk λ xquk gks tkrk gS rFkk ftldh fn'kk ogh gS tks A dh gS A bl
xq.kuiQy dks ge λA ls fy[krs gSa A

;fn 

mnkgj.kLo:i] ;fn Α dks 2 ls xq.kk fd;k tk,] rks ifj.kkeh lfn'k 2Α gksxk (fp=k 4.3a) ftldh

fn'kk Α dh fn'kk gksxh rFkk ifjek.k  dk nksxquk gksxk A lfn'k Α dks ;fn ,d Í.kkRed
la[;k λ ls xq.kk djsa rks lfn'k λΑ izkIr gksrk gS ftldh fn'kk Α dh fn'kk osQ foijhr gS vkSj

ftldk ifjek.k  dk &λ xquk gksrk gS A

;fn fdlh lfn'k Α dks Í.kkRed la[;kvksa &1 o &1-5 ls xq.kk djsa rks ifj.kkeh lfn'k fp=k 4-3(b)

tSls gksaxs A

HkkSfrdh esa ftl ?kVd λ }kjk lfn'k Α dks xq.kk fd;k tkrk gS og dksbZ vfn'k gks ldrk gS ftldh
Lo;a dh foek,¡ gksrh gSa A vr,o λΑ dh foek,¡ λ o A dh foekvksa osQ xq.kuiQy osQ cjkcj gksaxh A



mnkgj.kLo:i] ;fn ge fdlh vpj osx lfn'k dks fdlh (le;) varjky ls xq.kk djsa rks gesa ,d
foLFkkiu lfn'k izkIr gksxk A

4.4 lfn'kksa dk ladyu o O;odyu % xzkIkQh fofèk

fp=k 4-4 (a) lfn'k Α rFkk B (b) lfn'kksa A o B dk xzkiQh fofèk }kjk tksM+uk] (c) lfn'kksa B o A dk xzkiQh fofèk }kjk tksM+uk]

(d) lfn'kksa osQ tksM+ ls lacafèkr lkgp;Z fu;e dk izn'kZu A

tSlk fd [k.M 4-2 esa cryk;k tk pqdk gS fd lfn'k ;ksx osQ f=kHkqt fu;e ;k lekUrj prqHkqZt osQ
;ksx osQ fu;e dk ikyu djrs gSa A vc ge xzkiQh fofèk }kjk ;ksx osQ bl fu;e dks le>k,axs A ge
fp=k 4.4 (a) esa n'kkZ, vuqlkj fdlh lery esa fLFkr nks lfn'kksa A rFkk B ij fopkj djrs gSa A bu
lfn'kksa dks O;Dr djus okyh js[kk&[k.Mksa dh yackb;k¡ lfn'kksa osQ ifjek.k osQ lekuqikrh gSa A ;ksx A +

B izkIr djus osQ fy, fp=k 4.4(b) osQ vuqlkj ge lfn'k B bl izdkj j[krs gSa fd mldh iqPN
lfn'k A osQ 'kh"kZ ij gks A fiQj ge A dh iqPN dks B osQ fljs ls tksM+ nsrs gSa A ;g
js[kk OQ ifj.kkeh lfn'k R dks O;Dr djrh gS tks lfn'kksa A rFkk B dk ;ksx gSA D;ksafd lfn'kksa
osQ tksM+us dh bl fofèk esa lfn'kksa esa ls fdlh ,d osQ 'kh"kZ dks nwljs dh iqPN ls tksM+rs gSa] blfy,
bl xzkiQh fofèk dks 'kh"kZ o iqPN fofèk osQ uke ls tkuk tkrk gS A nksuksa lfn'k rFkk mudk ifj.kkeh
lfn'k fdlh f=kHkqt dh rhu Hkqtk,a cukrs gSa A blfy, bl fofèk dks lfn'k ;ksx osQ f=kHkqt fu;e Hkh
dgrs gSa A ;fn ge B+A dk ifj.kkeh lfn'k izkIr djsa rks Hkh gesa ogh lfn'k R izkIr gksrk gS (fp=k
4.4c)A bl izdkj lfn'kksa dk ;ksx ^Øe fofues;* (lfn'kksa osQ tksM+us esa ;fn mudk Øe cny nsa rks
Hkh ifj.kkeh lfn'k ugha cnyrk) gS A

A + B = B + A                            (4.1)



lfn'kksa dk ;ksx lkgp;Z fu;e dk Hkh ikyu djrk gS tSlk fd fp=k 4.4 (d) esa n'kkZ;k x;k gS A
lfn'kksa A o B dks igys tksM+dj vkSj fiQj lfn'k C dks tksM+us ij tks ifj.kke izkIr gksrk gS og
ogh gS tks lfn'kksa B vkSj C dks igys tksM+dj fiQj A dks tksM+us ij feyrk gS] vFkkZr~

(A + B) + C = A + (B + C)             (4.2)

nks leku vkSj foijhr lfn'kksa dks tksM+us ij D;k ifj.kke feyrk gS \ ge nks lfn'kksa A vkSj –A ftUgsa
fp=k 4.3(b) esa fn[kyk;k gS] ij fopkj djrs gSa A budk ;ksx A + (–A) gSA D;ksafd nks lfn'kksa dk
ifjek.k ogh gS fdUrq fn'kk foijhr gS] blfy, ifj.kkeh lfn'k dk ifjek.k 'kwU; gksxk vkSj bls 0 ls
O;Dr djrs gSaA

A – A = 0 |0| = 0               (4.3)

0 dks ge 'kwU; lfn'k dgrs gSa A D;ksafd 'kwU; lfn'k dk ifjek.k 'kwU; gksrk gS] blfy, bldh fn'kk
dk fuèkkZj.k ugha fd;k tk ldrk gS A njvly tc ge ,d lfn'k A dks la[;k 'kwU; ls xq.kk djrs
gSa rks Hkh ifj.kkeLo:i gesa ,d lfn'k gh feysxk fdUrq mldk ifjek.k 'kwU; gksxk A O lfn'k osQ
eq[; xq.k fuEu gSa%

A + 0 = A

λ 0 = 0

0 A = 0              (4-4)

'kwU; lfn'k dk HkkSfrd vFkZ D;k gS \ tSlkfd fp=k 4.1(a) eas fn[kk;k x;k gS ge fdlh lery esa
fLFkfr ,oa foLFkkiu lfn'kksa ij fopkj djrs gSa A eku yhft, fd fdlh {k.k t ij dksbZ oLrq P ij gS
A og P' rd tkdj iqu% P ij okil vk tkrh gS A bl fLFkfr esa oLrq dk foLFkkiu D;k gksxk \
pwafd izkjafHkd ,oa vafre fLFkfr;ka laikrh gks tkrh gSa] blfy, foLFkkiu ¶'kwU; lfn'k¸ gksxk A

lfn'kksa dk O;odyu lfn'kksa osQ ;ksx osQ :i esa Hkh ifjHkkf"kr fd;k tk ldrk gS A nks
lfn'kksa A o B osQ varj dks ge nks lfn'kksa A o –B osQ ;ksx osQ :i esa fuEu izdkj ls O;Dr djrs
gSa %

A – B = A + (–B)           (4.5)



fp=k 4-5 (a) nks lfn'k A o B, –B dks Hkh fn[kk;k x;k gS A (b) lfn'k A ls lfn'k B dk ?kVkuk&ifj.kke R2 gS A rqyuk osQ

fy, lfn'kksa A o B dk ;ksx R1 Hkh fn[kyk;k x;k gS A

bls fp=k 4-5 esa n'kkZ;k x;k gS A lfn'k –B dks lfn'k A esa tksM+dj R2 = (A – B) izkIr gksrk gS A
rqyuk osQ fy, blh fp=k esa lfn'k R1 = A + B dks Hkh fn[kk;k x;k gS A lekUrj prqHkqZt fofèk dks
iz;qDr djosQ Hkh ge nks lfn'kksa dk ;ksx Kkr dj ldrs gSa A eku yhft, gekjs ikl nks
lfn'k A o B gSaA bu lfn'kksa dks tksM+us osQ fy, mudh iqPN dks ,d mHk;fu"B ewy fcanq O ij
ykrs gSa tSlk fp=k 4.6(a) esa fn[kk;k x;k gSA fiQj ge A osQ 'kh"kZ ls B osQ lekarj ,d js[kk
[khaprs gSa vkSj B osQ 'kh"kZ ls A osQ lekarj ,d nwljh js[kk [khapdj lekarj prqHkqZt OQSP iwjk djrs gSa
A ftl fcanq ij ;g nksuksa js[kk,a ,d nwljs dks dkVrh gSa] mls ewy fcanq O ls tksM+ nsrs gSaA ifj.kkeh
lfn'k R dh fn'kk lekUrj prqHkqZt osQ ewy fcanq O ls dVku fcanq S dh vksj [khaps x, fod.kZ OS osQ
vuqfn'k gksxh [fp=k 4.6 (b )]A fp=k 4.6 (c) esa lfn'kksa A o B dk ifj.kkeh fudkyus osQ fy,
f=kHkqt fu;e dk mi;ksx fn[kk;k x;k gS A nksuksa fp=kksa ls Li"V gS fd nksuksa fofèk;ksa ls ,d gh ifj.kke
fudyrk gS A bl izdkj nksuksa fofèk;k¡ lerqY; gSaA



fp=k 4.6 (a) ,d gh mHk;fu"B fcanq okys nks lfn'k A o B ij, (b) lekUrj prqHkqZt fofèk }kjk A+B ;ksx izkIr djuk] (c) nks lfn'kksa

dks tksM+us dh lekUrj prqHkqZt fofèk f=kHkqt fofèk osQ lerqY; gS A

mnkgj.k 4-1 fdlh fnu o"kkZ 35 m s–1 dh pky ls mQèokZèkj uhps dh
vksj gks jgh gS A oqQN nsj ckn gok 12 m s–1 dh pky ls iwoZ ls if'pe
fn'kk dh vksj pyus yxrh gS A cl LVki ij [kM+s fdlh yM+osQ dks
viuk Nkrk fdl fn'kk esa djuk pkfg, \

fp=k 4.7

gy % o"kkZ ,oa gok osQ osxksa dks lfn'kksa v1 rFkk v2 ls fp=k 4-7 esa n'kkZ;k x;k gSA budh fn'kk,a
iz'u osQ vuqlkj iznf'Zkr dh xbZ gSa A lfn'kksa osQ ;ksx osQ fu;e osQ vuqlkj v1 rFkk v2 dk
ifj.kkeh R p=k esa [khapk x;k gS A R dk ifjek.k gksxk&

mQèokZèkj ls R dh fn'kk θ gksxh&

;k θ = tan–1 (0.343) = 19°



vr,o yM+osQ dks viuk Nkrk mQèokZèkj ry esa mQèokZèkj ls 19° dk dks.k cukrs gq, iwoZ fn'kk dh
vksj j[kuk

4.5 lfn'kksa dk fo;kstu
eku yhft, fd a o b fdlh lery esa fHkUu fn'kkvksa okys nks 'kwU;srj ('kwU; ugha) lfn'k gSa
rFkk A lh lery esa dksbZ vU; lfn'k gS A (fp=k 4-8) rc A dks nks lfn'kksa osQ ;ksx osQ :i esa
fo;ksftr fd;k tk ldrk gS A ,d lfn'k a osQ fdlh okLrfod la[;k osQ xq.kuiQy osQ :i esa vkSj
blh izdkj nwljk lfn'k b osQ xq.kuiQy osQ :i esa gS A ,slk djus osQ fy, igys A [khafp, ftldk
iqPN O rFkk 'kh"kZ P gS A fiQj O ls a osQ lekarj ,d ljy js[kk [khafp, rFkk P ls ,d ljy js[kk
b osQ lekarj [khafp, A eku yhft, os ,d nwljs dks Q ij dkVrh gSa A rc]

A = OP = OQ + QP          (4.6)

ijarq D;ksafd OQ, a osQ lekarj gS rFkk Q P, b osQ lekarj gS blfy,

 (4.7)

tgka λ rFkk µ dksbZ okLrfod la[;k,¡ gSa A

vr%  (4.8)

ge dg ldrs gSa fd A dks a o b osQ vuqfn'k nks lfn'k&?kVdksa Øe'k% λa rFkk µb esa fo;ksftr
dj fn;k x;k gS A bl fofèk dk mi;ksx djosQ ge fdlh lfn'k dks mlh lery osQ nks lfn'k&?kVdksa
esa fo;ksftr dj ldrs gSa A ,dkad ifjek.k osQ lfn'kksa dh lgk;rk ls ledksf.kd funsZ'kkad fudk; osQ
vuqfn'k fdlh lfn'k dk fo;kstu lqfoèkktud gksrk gS A ,sls lfn'kksa dks ,dkad lfn'k dgrs gSa ftl
ij vc ge ifjppkZ djsaxs A



fp=k 4-8 (a) nks vjSf[kd lfn'k a o b, (b) lfn'k A dk a o b osQ inksa esa fo;kstu A

,dkad lfn'k % ,dkad lfn'k og lfn'k gksrk gS ftldk ifjek.k ,d gks rFkk tks fdlh
fo'ks"k fn'kk osQ vuqfn'k gks A u rks bldh dksbZ foek gksrh gS vkSj u gh dksbZ ek=kd A ek=k fn'kk
O;Dr djus osQ fy, bldk mi;ksx gksrk gS A fp=k 4.9a esa iznf'Zkr ,d ^vk;rh; funsZ'kkad fudk;* dh

x, y rFkk z v{kksa osQ vuqfn'k ,dkad lfn'kksa dks ge Øe'k% rFkk  }kjk O;Dr djrs gSa A
D;ksafd ;s lHkh ,dkad lfn'k gSa] blfy,

 (4.9)

;s ,dkad lfn'k ,d nwljs osQ yacor~ gSa A nwljs lfn'kksa ls budh vyx igpku osQ fy, geus bl
iqLrd esa eksVs Vkbi i, j, k osQ mQij ,d oSQi (^) yxk fn;k gS A D;kasfd bl vè;k; esa ge osQoy
f}foeh; xfr dk gh vè;;u dj jgs gSa vr% gesa osQoy nks ,dkad lfn'kksa dh vko';drk gksxh A

;fn fdlh ,dkad lfn'k dks ,d vfn'k λ ls xq.kk djsa rks ifj.kkeh ,d lfn'k λ gksxk A
lkekU;r;k fdlh lfn'k A dks fuEu izdkj ls O;Dr dj ldrs gSa %

               (4.10)

;gk¡ A osQ vuqfn'k  ,dkad lfn'k gS A

ge fdlh lfn'k A dks ,dkad lfn'kksa rFkk osQ inksa esa fo;ksftr dj ldrs gSa A eku yhft,



fd fp=k (4.9b) osQ vuqlkj lfn'k A lery x-y esas fLFkr gS A fp=k 4.9(b) osQ vuqlkj A osQ
'kh"kZ ls ge funsZ'kkad v{kksa ij yac [khaprs gSa A blls gesa nks lfn'k A1 o A2 bl izdkj izkIr gSa

fd A1 + A2 = A A D;ksafd A1 ,dkad lfn'k  osQ lekUrj gS rFkk A2 ,dkad lfn'k  osQ

lekUrj gS] vr%

A1 = Ax , A2 = Ay         (4.11)

;gk¡ Ax rFkk Ay okLrfod la[;k,¡ gSsa A

bl izdkj A = Ax + Ay          (4.12)

bls fp=k (4-9c) esa n'kkZ;k x;k gS A jkf'k;ksa Ax o Ay dks ge lfn'k A osQ x- o y- ?kVd

dgrs gSa A ;gk¡ ;g ckr è;ku nsus ;ksX; gS fd Ax lfn'k ugha gS] oju~ Ax ,d lfn'k gS A blh

izdkj Ay ,d lfn'k gS A

fp=k 4-9 (a) ,dkad lfn'k  v{kksa x, y, z osQ vuqfn'k gS] (b) fdlh lfn'k A dks x ,oa y v{kksa osQ vuqfn'k ?kVdksa A1

rFkk A2 esa fo;ksftr fd;k gS] (c) A1 rFkk A2 dks rFkk osQ inksa esa O;Dr fd;k gS A

f=kdks.kfefr dk mi;ksx djosQ Ax o Ay dks A osQ ifjek.k rFkk mlosQ }kjk x&v{k osQ lkFk cuus okys
dks.k θ osQ inksa esa O;Dr dj ldrs gSa %

Ax = A cos θ



Ay = A sin θ (4.13)

lehdj.k (4-13) ls Li"V gS fd fdlh lfn'k dk ?kVd dks.k θ ij fuHkZj djrk gS rFkk og
èkukRed] Í.kkRed ;k 'kwU; gks ldrk gS A

fdlh lery esa ,d lfn'k A dks O;Dr djus osQ fy, vc gekjs ikl nks fofèk;k¡ gSa %

(i) mlosQ ifjek.k A rFkk mlosQ }kjk x&v{k osQ lkFk cuk, x, dks.k θ }kjk] vFkok 

(ii) mlosQ ?kVdksa Ax rFkk Ay }kjk A

;fn A rFkk θ gesa Kkr gSa rks Ax vkSj Ay dk eku lehdj.k (4-13) ls Kkr fd;k tk ldrk gS
A ;fn Ax ,oa Ay Kkr gksa rks A rFkk θ dk eku fuEu izdkj ls Kkr fd;k tk ldrk gS %

 = A2

vFkok  (4-14)

,oa  (4-15)

vHkh rd bl fofèk esa geus ,d (x-y)lery esa fdlh lfn'k dks mlosQ ?kVdksa esa fo;ksftr fd;k gS
fdUrq blh fofèk }kjk fdlh lfn'k A dks rhu foekvksa esa x, y rFkk z v{kksa osQ vuqfn'k rhu ?kVdksa
esa fo;ksftr fd;k tk ldrk gS A ;fn A o x-, y-, o z- v{kksa osQ eè; dks.k Øe'k% α, β rFkk γ
gks* (fp=k 4.9d) rks Ax= A cos α, Ay= A cos β, Az = A cos γ            4.16(a)



fp=k 4.9(d) lfn'k A dk x, y ,oa z - v{kksa osQ vuqfn'k ?kVdksa esa fo;kstu A

lkekU; :i ls]

 (4.16b)

lfn'k A dk ifjek.k

 (4.16c) gksxk A

,d fLFkfr lfn'k r dks fuEufyf[kr izdkj ls O;Dr fd;k tk ldrk gS %

 (4.17)

;gka x, y rFkk z lfn'k r osQ v{kksa x-, y-, z- osQ vuqfn'k ?kVd gSa A

4.6 lfn'kksa dk ;ksx % fo'ys"k.kkRed fof/



;|fi lfn'kksa dks tksM+us dh xzkiQh fof/ gesa lfn'kksa rFkk muosQ ifj.kkeh lfn'k dks Li"V :i ls
le>us eas lgk;d gksrh gS] ijUrq dHkh&dHkh ;g fof/ tfVy gksrh gS vkSj bldh 'kq¼rk Hkh lhfer
gksrh gS A fHkUu&fHkUu lfn'kksa dks muosQ laxr ?kVdksa dks feykdj tksM+uk vf/d vklku gksrk gSA eku
yhft, fd fdlh lery eas nks lfn'k A rFkk B gSa ftuosQ ?kVd
Øe'k% Ax Ay rFkk Bx By  gSa rks

 (4.18)

eku yhft, fd R budk ;ksx gS] rks

R= A+B

              (4.19)

D;ksafd lfn'k Øefofues; rFkk lkgp;Z fu;eksa dk ikyu djrs gSa] blfy, lehdj.k (4-19) eas O;Dr
fd, x, lfn'kksa dks fuEu izdkj ls iqu% O;ofLFkr dj ldrs gSa %

               (4.19a)

D;ksafd                                 (4.20)

blfy, Rx = Ax + Bx, Ry= Ay+ By (4.21)

bl izdkj ifj.kkeh lfn'k R dk izR;sd ?kVd lfn'kksa A vkSj  B osQ laxr ?kVdksa osQ ;ksx osQ cjkcj
gksrk gS A

rhu foekvksa osQ fy, lfn'kksa A vkSj B dks ge fuEu izdkj ls O;Dr djrs gSa %

 



tgk¡ ?kVdksa Rx Ry RkFkk Rz osQ eku fuEu izdkj ls gSa%

Rx = Ax + Bx

Ry = Ay + By

Rz = Az + Bz (4.22)

bl fof/ dks vusd lfn'kksa oQks tksM+us o ?kVkus osQ fy, mi;ksx eas yk ldrs gSa A mnkgj.kkFkZ] ;fn a,

b rFkk c rhuksa lfn'k fuEu izdkj ls fn, x, gksa %

  (4.23a)

rks lfn'k T = a + b – c osQ ?kVd fuEufyf[kr gksaxs%

Tx = ax + bx – cx

Ty = ay + by – cy

Tz = az + bz – cz         (4.23b)

mnkgj.k 4-2 fp=k 4-10 eas fn[kk, x, nks lfn'kksa A RkFkk B osQ chp dk dks.k θ gS A buosQ ifj.kkeh lfn'k dk ifjek.k rFkk fn'kk

muosQ ifjek.kksa rFkk θ osQ in esa fudkfy, A

gy fp=k 4-10 osQ vuqlkj eku yhft, fd OP rFkk OQ nks lfn'kksa A rFkk B dks O;Dr djrs
gSa] ftuosQ chp dk dks.k θ gS A rc lfn'k ;ksx osQ lekUrj prqZHkqt fu;e }kjk gesa ifj.kkeh
lfn'k R izkIr gksxk ftls fp=k esa OQ }kjk fn[kk;k x;k gS A bl izdkj

R = A + B

fp=k eas SN, OP osQ yacor~ gS rFkk PM, OS osQ yacor~ gS A

∴ OS2= ON2 + SN2

fdUrq ON = OP + PN = A + B cos θ



SN = B sin θ

* bl ckr ij è;ku nhft, fd α, β, o γ dks.k fno~QLFkku eas gSa A ;s
,slh nks js[kkvksa osQ chp osQ dks.k gSa tks ,d lery eas ugha gSa A

fp=k 4.10

OS2 = (A+B cos θ)2 + (B sin θ)2

vFkok R2 = A2 + B2 + 2AB cos θ

 (4.24a)

f=kHkqt OSN eas] SN = OS sin α = R sin α

,oa f=kHkqt PSN eas] SN = PS sin θ = B sin θ

vr,o R sin α = B sin θ

vFkok  (4.24b)

blh izdkj] PM = A sin α = B sin β

vFkok  (4-24c)



lehdj.kksa (4.24b) rFkk (4.24c) ls gesa izkIr gksrk gS&

 (4.24d)

lehdj.k (4.24d) osQ }kjk ge fuEukafdr lw=k izkIr djrs gSa&

 (4.24e)

;gk¡ R dk eku lehdj.k (4.24a) eas fn;k x;k gS A

;k]  (4.24f)

lehdj.k (4-24a) ls ifj.kkeh R dk ifjek.k rFkk lehdj.k (4-24e) ls bldh fn'kk ekywe dh
tk ldrh gS A lehdj.k (4-24a) dks dksT;k&fu;e rFkk lehdj.k (4-24d) dks T;k&fu;e dgrs gSa
A

mnkgj.k 4-3 ,d eksVjcksV mÙkj fn'kk dh vksj 25 km/h osQ osx ls xfreku gS A bl {ks=k eas

ty&/kjk dk osx 10 km/h gS A ty&/kjk dh fn'kk nf{k.k ls iwoZ dh vksj 60ñ ij gS A eksVjcksV
dk ifj.kkeh osx fudkfy, A



fp=k 4-11

°gy fp=k 4-11 eas lfn'k vb eksVjcksV osQ osx dks rFkk vc ty /kjk osQ osx dks O;Dr djrs gSa A iz'u
osQ vuqlkj fp=k esa budh fn'kk;sa n'kkZbZ xbZ gSa A lfn'k ;ksx osQ lekarj prqHkZqt fu;e osQ vuqlkj izkIr
ifj.kkeh R dh fn'kk fp=k eas n'kkZbZ xbZ gS A dksT;k&fu;e dk mi;ksx djosQ ge R dk ifjek.k
fudky ldrs gSa A

R dh fn'kk Kkr djus osQ fy, ge ^T;k&fu;e* dk mi;ksx djrs gSa&&

 ;k, 



 t

4.7 fdlh lery eas xfr
bl [k.M esa ge lfn'kksa dk mi;ksx dj nks ;k rhu foekvksa esa xfr dk o.kZu djsaxs A

4.7.1 fLFkfr lfn'k rFkk foLFkkiu

 (a)



 (b)

fp=k 4.12 (a) fLFkfr lfn'k r, (b) foLFkkiu ∆r rFkk d.k dk vkSlr osx v

fdlh lery esa fLFkr d.k P dk x-y funsZ'kra=k osQ ewy fcanq osQ lkis{k fLFkfr lfn'k r [fp=k
(4.12)] dks fuEufyf[kr lehdj.k ls O;Dr djrs gSa %

r = x i^ + y j^

;gk¡ x rFkk y v{kksa x&rFkk y& osQ vuqfn'k r osQ ?kVd gSa A bUgsa ge d.k osQ funZs'kkad Hkh dg
ldrs gSa A

eku yhft, fd fp=k (4.12b) osQ vuqlkj dksbZ d.k eksVh js[kk ls O;Dr oØ osQ vuqfn'k pyrk gS A
fdlh {k.k t ij bldh fLFkfr P gS rFkk nwljs vU; {k.k t' ij bldh fLFkfr P' gS A d.k osQ
foLFkkiu dks ge fuEufyf[kr izdkj ls fy[ksaxs]

∆r = r' – r                (4.25)

bldh fn'kk P ls P' dh vksj gS A

lehdj.k (4.25) dks ge lfn'kksa osQ ?kVd osQ :i eas fuEuakfdr izdkj ls O;Dr djsaxs]

  



;gk¡ ∆x = x ′ – x, ∆y = y′ – y (4.26)

fp=k 4-13 tSls gh le; varjky ∆t 'kwU; dh lhek dks Li'kZ dj ysrk gS] vkSlr osx &v oLrq osQ osx v osQ cjkcj gks tkrk gS A v

dh fn'kk fdlh {k.k iFk ij Li'kZ js[kk osQ lekarj gSA

osx
oLrq osQ foLFkkiu vkSj laxr le; varjky osQ vuqikr dks ge vkSlr osx (v) dgrs gSa] vr%

(4.27)

vFkok]  



D;ksafd  blfy, fp=k (4.12) osQ vuqlkj vkSlr osx dh fn'kk ogh gksxh] tks ∆r dh gS A

xfreku oLrq dk osx (rkR{kf.kd osx) vfr lw{e le;kUrjky (∆t→0 dh lhek eas)foLFkkiu
∆r dk le; vUrjky ∆t ls vuqikr gS A bls ge v ls O;Dr djsaxs] vr%

]  (4.28)

fp=kksa 4.13(a) ls ysdj 4.13(d) dh lgk;rk ls bl lhekUr izØe dks vklkuh ls le>k tk ldrk
gS A bu fp=kksa eas eksVh js[kk ml iFk dks n'kkZrh gS ftl ij dksbZ oLrq {k.k t ij fcanq P ls pyuk
izkjEHk djrh gS A oLrq dh fLFkfr ∆t1]  ∆t2] ∆t3]  le;ksa osQ mijkar Øe'k% P1]  P2]  P3]  ls

O;Dr gksrh gS A bu le;ksa eas d.k dk foLFkkiu ozQe'k% ∆r1]  ∆r2]  ∆r3]  gS A fp=kksa (a)]  (b)

rFkk (c) esa Øe'k% ?kVrs gq, ∆t osQ ekuksa vFkkZr~ ∆t1]  ∆t2]  ∆t3]  (∆t1> ∆t2> ∆t3) osQ fy,

d.k osQ vkSlr osx v dh fn'kk dks fn[kk;k x;k gS A tSls gh ∆t →0 rks ∆r →0 ,oa ∆r iFk dh
Li'kZ js[kk osQ vuqfn'k gks tkrk gS (fp=k 4.13d)A bl izdkj iFk osQ fdlh fcanq ij osx ml fcanq ij
[khaph xbZ Li'kZ js[kk }kjk O;Dr gksrk gS ftldh fn'kk oLrq dh xfr osQ vuqfn'k gksrh gSA

lqfoèkk osQ fy, v oQks ge izk;% ?kVd osQ :i eas fuEufyf[kr izdkj ls O;Dr djrs gSa %

    (4.29)

 

;k]  



;gk¡    (4.30a)

vr% ;fn le; osQ iQyu osQ :i esa gesa funsZ'kkad x vkSj y Kkr gSa rks ge mijksDr lehdj.kksa dk
mi;ksx vx vkSj vy fudkyus esa dj ldrs gSa A

lfn'k v dk ifjek.k fuEufyf[kr gksxk]

 (4.30b)

rFkk bldh fn'kk dks.k θ }kjk fuEu izdkj ls O;Dr gksxh %

 (4.30c)

fp=k 4-14 esa fdlh osx lfn'k v osQ fy, vx, vy rFkk dks.k θ dks n'kkZ;k x;k gS A

 

fp=k 4-14 osx v osQ ?kVd vx, vy rFkk dks.k θ tks x-v{k ls cukrk gS A fp=k esa vx = v cos
θ, vy = v sin θ

Roj.k
x-y lery esa xfreku oLrq dk vkSlr Roj.k (a) mlosQ osx esa ifjorZu rFkk laxr le;



varjky ∆t osQ vuqikr osQ cjkcj gksrk gS %

         (4-31a)

 

vFkok    (4-31b)

Roj.k 

(rkR{kf.kd Roj.k) vkSlr Roj.k osQ lhekUr eku osQ cjkcj gksrk gS tc le; varjky 'kwU; gks tkrk
gS %

  (4-32a)

D;ksafd ∆v = i∆vx + j∆vy, blfy,

vFkok a = $i ax + $j ay (4.32b)

tgk¡  (4-32c)*

osx dh Hkk¡fr ;gk¡ Hkh oLrq osQ iFk dks iznf'kZr djus okys fdlh vkys[k esa Roj.k dh ifjHkk"kk osQ
fy, ge xzkiQh fof/ ls lhekUr izØe dks le> ldrs gSa A bls fp=kksa (4-15a) ls (4-15d) rd esa



le>k;k x;k gS A fdlh {k.k t ij d.k dh fLFkfr fcanq P }kjk n'kkZbZ xbZ gS A ∆t1] ∆t2] ∆t3]

(∆t1>∆t2>∆t3) le; osQ ckn d.k dh fLFkfr Øe'k% fcanqvksa P1] P2] P3 }kjk O;Dr dh xbZ gS A

fp=kksa (4-15) a, b vkSj c esa bu lHkh fcanqvksa P, P1, P2, P3 ij osx lfn'kksa dks Hkh fn[kk;k x;k gS A
izR;sd ∆t osQ fy, lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx djosQ ∆v dk eku fudkyrs gSa A ifjHkk"kk
osQ vuqlkj vkSlr Roj.k dh fn'kk ogh gS tks ∆v dh gksrh gS A ge ns[krs gSa fd tSls&tSls ∆t dk
eku ?kVrk tkrk gS oSls&oSls ∆v dh fn'kk Hkh cnyrh tkrh gS vkSj blosQ ifj.kkeLo:i Roj.k dh
Hkh fn'kk cnyrh gS A varr% ∆t →0 lhek esa (fp=k 4-15d) vkSlr Roj.k] rkR{kf.kd Roj.k osQ
cjkcj gks tkrk gS vkSj bldh fn'kk fp=k esa n'kkZ, vuqlkj gksrh gS A

fp=k 4-15 rhu le; varjkyksa (a) ∆t1, (b) ∆t2, (c) ∆t3, (∆t1>∆t2>∆t3) osQ fy, vkSlr Roj.k  (d) ∆t→0 lhek osQ varxZr

vkSlr Roj.k oLrq osQ Roj.k osQ cjkcj gksrk gS A

è;ku nsa fd ,d foek esa oLrq dk osx ,oa Roj.k lnSo ,d ljy js[kk esa gksrs gSa (os ;k rks ,d gh
fn'kk esa gksrs gSa vFkok foijhr fn'kk esa) A ijarq nks ;k rhu foekvksa esa xfr osQ fy, osx ,oa Roj.k

lfn'kksa osQ chp 0ñ ls 180ñ osQ chp dksbZ Hkh dks.k gks ldrk gSA

mnkgj.k 4-4 fdlh d.k dh fLFkfr r = 3.0 t$i + 2.0 t2$j + 5.0$ k gS A
tgka t lsdaM esa O;Dr fd;k x;k gS A vU; xq.kdksa osQ ek=kd bl izdkj
gSa fd r ehVj esa O;Dr gks tk,¡A (a) d.k dk v(t) o a(t) Kkr
dhft,_ (b) t = 1.0s ij v(t) dk ifjek.k o fn'kk Kkr dhft, A



gy 

bldk ifjek.k  gS] rFkk 

bldh fn'kk  

4.8 fdlh lery esa ,dleku Roj.k ls xfr
eku yhft, fd dksbZ oLrq ,d lery x-y esa ,d leku Roj.k a ls xfr dj jgh gS vFkkZr~ a dk

eku fu;r gS A fdlh le; varjky esa vkSlr Roj.k bl fLFkj Roj.k osQ eku  osQ cjkcj gksxk

 a=  A vc eku yhft, fdlh {k.k t = 0 ij oLrq dk osx v0 rFkk nwljs vU; {k.k t ij

mldk osx v gS A

rc ifjHkk"kk osQ vuqlkj

vFkok v = v0 + a t (4.33a)

mi;ZqDr lehdj.k dks lfn'kksa osQ ?kVd osQ :i esa fuEufyf[kr izdkj ls O;Dr djrs gSa&

vx = v0x+axt



vy = v0y + ayt (4.33b)

vc ge ns[kasxs fd le; osQ lkFk fLFkfr lfn'k r fdl izdkj cnyrk gS A ;gk¡ ,dfoeh; xfr osQ
fy, crkbZ xbZ fof/ dk mi;ksx djsaxs A eku yhft, fd t = 0 rFkk t = t {k.kksa ij d.k osQ fLFkfr
osQ lfn'k Øe'k% r0 rFkk r gSa rFkk bu {k.kksa ij d.k osQ osx v0 rFkk v gSa A rc le; varjky t –

0 = t esa d.k dk vkSlr osx (v0 + v)/2 rFkk foLFkkiu r – r0 gksxk A D;ksafd foLFkkiu vkSlr rFkk
le; varjky dk xq.kuiQy gksrk gS] vFkkZr~

 = v0 + at2

vr,o]

  (4.34a)

;g ckr vklkuh ls lR;kfir dh tk ldrh gS fd lehdj.k (4-34a)dk vodyu  lehdj.k
(4.33a) gS rFkk lkFk gh t =  0 {k.k ij r = r0 dh 'krZ dks Hkh iwjh djrk gS A lehdj.k (4-34a)
dks ?kVdksa osQ :i esa fuEufyf[kr izdkj ls O;Dr dj ldrs gSa %

(4.34b)

lehdj.k (4.34b) dh lh/h O;k[;k ;g gS fd x o y fn'kkvksa esa xfr;k¡ ,d nwljs ij fuHkZj ugha
djrh gSa A vFkkZr~] fdlh lery (nks foek) esa xfr dks nks vyx&vyx ledkfyd ,dfoeh;
,dleku Rofjr xfr;ksa osQ :i essa le> ldrs gSa tks ijLij yacor~ fn'kkvksa osQ vuqfn'k gksaA ;g
egRoiw.kZ ifj.kke gS tks nks foekvksa esa oLrq dh xfr osQ fo'ys"k.k esa mi;ksxh gksrk gS A ;gk¡ ifj.kke



f=kfoeh; xfr osQ fy, Hkh gS A cgqr&lh HkkSfrd fLFkfr;ksa esa nks yacor~ fn'kkvksa dk pquko lqfo/ktud
gksrk gS tSlk fd ge iz{ksI; xfr osQ fy, [k.M (4-10) esa ns[ksaxs A

mnkgj.k 4-5 t = 0 {k.k ij dksbZ d.k ewy fcanq ls 5-0$i m/s osQ osx ls pyuk 'kq: djrk gS A x

- y lery esa ml ij ,d ,slk cy yxrk gS tks mlesa ,dleku Roj.k (3.0$i + 2.0$j) m/s2 mRiUu
djrk gS A (a) ftl {k.k ij d.k dk x funsZ'kkad 84 m gks ml {k.k mldk y funsZ'kkad fdruk gksxk
\ (b) bl {k.k d.k dh pky D;k gksxh\

gy iz'ukuqlkj d.k dh fLFkfr fuEukafdr lehdj.k ls O;Dr gksxh]

r(t) = v0 t + a t2

= 5.0$i t +  (3.0$i + 2.0$j)t2

= (5.0t + 1.5t2)$i + 1.0t2$j

vr% d.k dh pky]  °

4.9 nks foekvksa esa vkisf{kd osx



[k.M 3-7 esa fdlh ljy js[kk osQ vuqfn'k ftl vkisf{kd osx dh /kj.kk ls ge ifjfpr gq, gSa] mls
fdlh lery esa ;k f=kfoeh; xfr osQ fy, vklkuh ls foLrkfjr dj ldrs gSa A
ekuk fd nks oLrq,¡ A o B osxksa vA rFkk  vB ls xfreku gSa (izR;sd xfr fdlh lkekU; funsZ'k ra=k
tSls /jrh osQ lkis{k gS)A 

vr% oLrq A dk B osQ lkis{k osx %

(4.35a)

gksxk A blh izdkj] oLrq B dk A osQ lkis{k osx fuEu gksxk %

vBA= vB – vA

vr,o] vAB= – vBA          (4.35b)

rFkk |vAB| = |vBA|            (4.35c)

mnkgj.k 4-6 % mQèokZ/j fn'kk esa 35 m s–1 dh pky ls o"kkZ gks jgh gS
A dksbZ efgyk iwoZ ls if'pe fn'kk esa 12 m s–1 dh pky ls lkbfdy
pyk jgh gS A o"kkZ ls cpus osQ fy, mls Nkrk fdl fn'kk esa yxkuk
pkfg, \
gy fp=k 4-16 esa vr o"kkZ osQ osx dks rFkk vb efgyk }kjk pykbZ tk jgh lkbfdy osQ osx dks
O;Dr djrs gSa A ;s nksuksa osx /jrh osQ lkis{k gSa A D;ksafd efgyk lkbfdy pyk jgh gS blfy, o"kkZ
osQ ftl osx dk mls vkHkkl gksxk og lkbfdy osQ lkis{k o"kkZ dk osx gksxk A vFkkZr~ 

vrb = vr - vb

fp=k 4-16 osQ vuqlkj ;g lkis{k osx lfn'k mQèokZ/j ls θ dks.k cuk,xk ftldk eku

gksxk A vFkkZr~ θ ≅ 190



fp=k 4-16
vr% efgyk dks viuk Nkrk mQèokZ/j fn'kk ls 190 dk dks.k cukrs gq, if'pe dh vksj j[kuk pkfg,
A

vki bl iz'u rFkk mnkgj.k 4-1 osQ varj ij è;ku nhft, A mnkgj.k 4-1 esa ckyd dks nks
osxksa osQ ifj.kkeh (lfn'k ;ksx) dk vkHkkl gksrk gS tcfd bl mnkgj.k esa efgyk dks
lkbfdy osQ lkis{k o"kkZ osQ osx (nksuksa osxksa osQ lfn'k varj) dk vkHkkl gksrk gS A

4.10 iz{ksI; xfr
blls igys [k.M esa geus tks fopkj fodflr fd, gSa] mnkgj.kLo:i mudk mi;ksx ge iz{ksI; dh
xfr osQ vè;;u osQ fy, djsaxs A tc dksbZ oLrq mNkyus osQ ckn mM+ku esa gks ;k iz{ksfir dh xbZ gks
rks mls iz{ksI; dgrs gSa A ,slk iz{ksI; iqQVckWy] fØosQV dh ckWy] csl&ckWy ;k vU; dksbZ Hkh oLrq gks
ldrh gS A fdlh iz{ksI; dh xfr dks nks vyx&vyx ledkfyd xfr;ksa osQ ?kVd osQ ifj.kke osQ
:i esa fy;k tk ldrk gS A buesa ls ,d ?kVd fcuk fdlh Roj.k osQ {kSfrt fn'kk esa gksrk gS rFkk
nwljk xq#Roh; cy osQ dkj.k ,dleku Roj.k ls mQèokZ/j fn'kk esa gksrk gS A

loZizFke xSyhfy;ks us vius ys[k Mk;ykWx vku fn xszV oYMZ flLVEl (1632) esa iz{ksI; xfr osQ
{kSfrt ,oa mQèokZ/j ?kVdksa dh Lora=k izÑfr dk mYys[k fd;k Fkk A

bl vè;;u esa ge ;g ekusaxs fd iz{ksI; dh xfr ij ok;q dk izfrjks/ ux.; izHkko Mkyrk gS A ekuk



fd iz{ksI; dks ,slh fn'kk dh vksj v0 osx ls isaQdk x;k gS tks x- v{k ls (fp=k 4-17 osQ vuqlkj)

θ0 dks.k cukrk gS A

isaQdh xbZ oLrq dks iz{ksfir djus osQ ckn ml ij xq#Ro osQ dkj.k yxus okys Roj.k dh fn'kk uhps dh
vksj gksrh gS %

a = –g$j

vFkkZr~ ax = 0, rFkk ay = –g (4.36)

fp=k 4-17 v0 osx ls θ0 dks.k ij iz{ksfir fdlh oLrq dh xfr A

izkjafEHkd osx v0 osQ ?kVd fuEu izdkj gksaxs %

vox = v0 cos θ0

voy = v0 sin θ0 (4.37)

;fn fp=k 4-17 osQ vuqlkj oLrq dh izkjafHkd fLFkfr funsZ'k ra=k osQ ewy fcanq ij gks] rks

x0 = 0, y0 = 0

bl izdkj lehdj.k (4-34b) dks fuEu izdkj ls fy[ksaxs %



x = vox  t = (v0cos θ0)t

rFkk] 

lehdj.k (4-33b) dk mi;ksx djosQ fdlh le; t osQ fy, osx osQ ?kVdksa dks uhps fy[ks x,
lehdj.kksa ls O;Dr djsaxs %

lehdj.k (4-38) ls gesa fdlh {k.k t ij izkjafHkd osx v0 rFkk iz{ksI; dks.k v0 osQ inksa esa iz{ksI;

osQ funsZ'kkad x- vkSj y- izkIr gks tk,¡xs A bl ckr ij è;ku nhft, fd x o y fn'kkvksa osQ ijLij
yacor~ gksus osQ pquko ls iz{ksI; xfr osQ fo'ys"k.k esa i;kZIr ljyrk gks xbZ gS A osx osQ nks ?kVdksa esa
ls ,d x-?kVd xfr dh iwjh vof/ esa fLFkj jgrk gS tcfd nwljk y- ?kVd bl izdkj ifjofrZr
gksrk gS ekuks iz{ksI; Lora=krkiwoZd uhps fxj jgk gks A fp=k 4-18 esa fofHkUu {k.kksa osQ fy, bls vkys[kh
fof/ ls n'kkZ;k x;k gS A è;ku nhft, fd vf/dre m¡QpkbZ okys fcanq osQ fy, vy= 0 rFkk

iz{ksid osQ iFk dk lehdj.k
iz{ksI; }kjk pys x, iFk dh vkÑfr D;k gksrh gS \ blosQ fy, gesa iFk dk lehdj.k fudkyuk gksxk
A lehdj.k (4-38) esa fn, x, x o y O;atdksa ls t dks foyqIr djus ls fuEufyf[kr lehdj.k izkIr
gksrk gS %

;g iz{ksI; osQ iFk dk lehdj.k gS vkSj bls fp=k 4-18 esa fn[kk;k x;k gS A D;ksafd g, θ0 rFkk v0

vpj gSa] lehdj.k (4-40) dks fuEu izdkj ls O;Dr dj ldrs gSa %

y = ax + bx
2



blesas a rFkk b fu;rkad gSa A ;g ,d ijoy; dk lehdj.k gS] vFkkZr~ iz{ksI; dk iFk ijoyf;d
gksrk gS A

fp=k 4-18 iz{ksI; dk iFk ijoy;kdkj gksrk gS A

vf/dre m¡QpkbZ dk le;
iz{ksI; vf/dre m¡QpkbZ rd ig¡qpus osQ fy, fdruk le; ysrk gS\ eku yhft, fd ;g le; tm gS
A D;ksafd bl fcanq ij vy = 0 blfy, lehdj.k (4-39) ls ge tm dk eku fudky ldrs gSa %

vFkok 

iz{ksI; dh mM+ku dh vof/ esa yxk oqQy le; Tf ge
lehdj.k (4-38) esa y = 0 j[kdj fudky ysrs gSa A blfy,]

Tf = 2 (vo sin θo )/g (4.41b)

Tf dks iz{ksI; dk mM~M;u dky dgrs gSa A ;g è;ku nsus dh ckr gS fd Tf = 2tm A iFk dh lefefr
ls ge ,sls gh ifj.kke dh vk'kk djrs gSa A



iz{ksI; dh vf/dre m¡QpkbZ

lehdj.k (4-38) esa t = tm j[kdj iz{ksI; }kjk izkIr vf/dre m¡QpkbZ hm dh x.kuk dh tk ldrh
gS A

;k     (4.42)

iz{ksI; dk {kSfrt ijkl
izkjafHkd fLFkfr (x = y = 0) ls pydj ml fLFkfr rd tc y = 0 gks iz{ksI; }kjk pyh xbZ nwjh dks
{kSfrt ijkl] R, dgrs gSaA {kSfrt ijkl mM~M;u dky Tf esa pyh xbZ nwjh gS A blfy,]
ijkl R gksxk %

R = (v0cos θ0)(Tf)

=(vo cos θo) (2 vo sin θo)/g

vFkok           (4.43)

lehdj.k (4-43) ls Li"V gS fd fdlh iz{ksI; osQ osx v0 fy, R vf/dre rc gksxk tc θ0 = 450

D;ksafd sin 900 = 1 (tks sin 2θ0 dk vf/dre eku gS) A bl izdkj vf/dre {kSfrt ijkl gksxk

             (4.43a)

mnkgj.k 4-7 % xSyhfy;ks us viuh iqLrd ¶Vw U;w lkbals”k¸ esa dgk gS
fd ¶mu mUu;uksa osQ fy, ftuosQ eku 45ñ ls cjkcj ek=kk }kjk vf/d



;k de gSa] {kSfrt ijkl cjkcj gksrs gSa¸ A bl dFku dks fl¼ dhft, A
gy ;fn dksbZ iz{ksI; θ0 dks.k ij izkajfHkd osx v0 ls isaQdk tk,] rks mldk ijkl  

gksxkA

vc dks.kksa (450 $ α) rFkk (450 & α) osQ fy, 2θ0 dk eku Øe'k% (900 $ 2α) rFkk (900

& 2α) gksxk A sin(900 + 2α) rFkk sin(900 - 2α) nksuksa dk eku leku vFkkZr~ cos 2α gksrk gS A
vr% mu mUu;uksa osQ fy, ftuosQ eku 450 ls cjkcj ek=kk }kjk de ;k vf/d gSa] {kSfrt ijkl
cjkcj gksrs gSa A 

mnkgj.k 4-8 % ,d iSny ;k=kh fdlh [kM+h pêðku osQ dksus ij [kM+k gS A
pêðku tehu ls 490 m maQph gS A og ,d iRFkj dks {kSfrt fn'kk esa
15 m s–1 dh vkjafHkd pky ls isaQdrk gS A ok;q osQ izfrjks/ dks ux.;
ekurs gq, ;g Kkr dhft, fd iRFkj dks tehu rd igq¡pus esa fdruk
le; yxk rFkk tehu ls Vdjkrs le; mldh pky fdruh Fkh\ (g =
9.8 m s–2)A
gy ge [kM+h pêðku osQ dksus dks x- rFkk y-  v{k dk ewy fcanq rFkk iRFkj isaQosQ tkus osQ le; dks
t = 0 ekusaxs A x- v{k dh /ukRed fn'kk vkjafHkd osx osQ vuqfn'k rFkk y- v{k dh /ukRed fn'kk
mQèokZ/j mQij dh vksj pqurs gSa A tSlk fd ge igys dg pqosQ gSa fd xfr osQ  x- o  y-  ?kVd
,d nwljs ij fuHkZj ugha djrs] blfy,

iRFkj ml le; tehu ls Vdjkrk gS tc y(t) = – 490 m

∴ – 490 m = – (1/2) (9.8)t2



vFkkZr~ t =10s

osx ?kVd vx = vox rFkk vy = voy– g t gksaxs A

vr%] tc iRFkj tehu ls Vdjkrk gS] rc

vox = 15 m s–1

voy = 0 – 9.8 × 10 = –98 m s–1

blfy, iRFkj dh pky 

 gksxh A 

mnkgj.k 4-9  {kSfrt ls mQij dh vksj 30ñ dk dks.k cukrs gq, ,d
fØosQV xsan 28 m s–1 dh pky ls isaQdh tkrh gS A (a) vf/dre
m¡QpkbZ dh x.kuk dhft,] (b) mlh Lrj ij okil igq¡pus esa yxs le;
dh x.kuk dhft,] rFkk (c) isaQdus okys fcanq ls ml fcanq dh nwjh tgk¡
xsan mlh Lrj ij igq¡ph gS] dh x.kuk dhft, A
gy (a) vf/dre m¡QpkbZ

(b) mlh /jkry ij okil vkus esa yxk le;

(c) isaQdus okys fcanq ls ml fcanq dh nwjh tgk¡ xsan mlh Lrj ij ig¡qprh gS% 



 gksxhA

ok;q izfrjks/ dh mis{kk djuk & bl vfHk/kj.kk dk okLrfod
vFkZ D;k gS\
iz{ksI; xfr osQ fo"k; esa ckr djrs le;] geus dgk gS] fd geus ;g
eku j[kk gS] fd ok;q osQ izfrjks/ dk iz{ksI; dh xfr ij dksbZ izHkko
ugha gksrkA vkidks ;g le>uk pkfg,] fd bl dFku dk okLrfod
vFkZ D;k gS\ ?k"kZ.k] ';kurk cy] ok;q izfrjks/ ;s lHkh {k;dkjh cy
gSaA xfr dk fojks/ djrs ,sls cyksa dh mifLFkfr osQ dkj.k xfreku
¯iM dh ewy ÅtkZ] vkSj ifj.kker% blosQ laosx] esa deh vk,xhA
vr% vius ijoy;kdkj iFk ij xfreku dksbZ iz{ksI; ok;q izfrjks/ dh
mifLFkfr esa fuf'pr :i ls] vius vkn'kZ xeu&iFk ls fopfyr gks
tk,xkA ;g /jkry ls mlh osx ls vkdj ugha Vdjk,xk ftlls ;g
isaQdk x;k FkkA ok;q izfrjks/ dh vuqifLFkfr esa osx dk x-vo;o
vpj jgrk gS vkSj osQoy y-vo;o esa gh lrr ifjorZu gksrk gSA
rFkkfi] ok;q izfrjks/ dh mifLFkfr esa] ;s nksuksa gh vo;o izHkkfor
gksaxsA bldk vFkZ ;g gksxk fd iz{ksI; dk {kSfrt ijkl lehdj.k
(4.-43) }kjk izkIr eku ls de gksxkA vf/dre Å¡pkbZ Hkh lehdj.k
(4-42) }kjk izkxqDr eku ls de gksxhA rc] D;k vki vuqeku yxk
ldrs gSa] fd ma;u dky eas D;k ifjorZu gksxk\
ok;q&izfrjks/ ls cpuk gks] rks gesa iz;ksx] fuokZr esa] ;k cgqr de nkc
dh fLFkfr esa djuk gksxk tks vklku dk;Z ugha gSA tc ge ^ok;q
izfrjks/ dks ux.; eku yhft,* tSls okD;ka'kksa dk iz;ksx djrs gSa] rks
ge ;g dguk pkgrs gSa] fd ijkl] Å¡pkbZ tSls izkpyksa esa] blosQ



dkj.k gksus okyk ifjorZu] ok;qfoghu fLFkfr esa Kkr buosQ ekuksa dh
rqyuk esa cgqr de gSA fcuk ok;q&izfrjks/ dks fopkj esa yk, x.kuk
djuk vklku gksrk gS cfuLcr ml fLFkfr osQ tc ge ok;q izfrjks/
dks x.kuk esa ykrs gSaA

4.11 ,dleku o`Ùkh; xfr
tc dksbZ oLrq ,dleku pky ls ,d o`Ùkkdkj iFk ij pyrh gS] rks oLrq dh xfr dks ,dleku
o`Ùkh; xfr dgrs gSa A 'kCn ¶,dleku¸ ml pky osQ lanHkZ esa iz;qDr gqvk gS tks oLrq dh xfr dh
vof/ esa ,dleku (fu;r) jgrh gS A ekuk fd fp=k 4-19 osQ vuqlkj dksbZ oLrq ,dleku pky v

ls R f=kT;k okys o`Ùk osQ vuqfn'k xfreku gS A D;ksafd oLrq osQ osx dh fn'kk esa fujUrj ifjorZu gks
jgk gS] vr% mlesa Roj.k mRiUu gks jgk gSA gesa Roj.k dk ifjek.k rFkk mldh fn'kk Kkr djuh gS A

fp=k 4-19 fdlh oLrq dh ,dleku o`Ùkh; xfr osQ fy, osx rFkk Roj.k A fp=k (a) ls (c) rd ∆t ?
kVrk tkrk gS (fp=k c esa 'kwU; gks tkrk gS) A o`Ùkkdkj iFk osQ izR;sd fcanq ij Roj.k o`Ùk osQ osaQnz dh

vksj gksrk gS A

ekuk r o r' rFkk v o v' d.k dh fLFkfr rFkk xfr lfn'k gSa tc og xfr osQ nkSjku Øe'k% fcanqvksa
P o P' ij gS (fp=k 4.19a) A ifjHkk"kk osQ vuqlkj] fdlh fcanq ij d.k dk osx ml fcanq ij Li'kZ



js[kk osQ vuqfn'k xfr dh fn'kk esa gksrk gS A fp=k 4-19(a1) esa osx lfn'kksa v o v' dks fn[kk;k x;k
gSA fp=k 4-19(a2) esa lfn'k ;ksx osQ f=kHkqt fu;e dk mi;ksx djosQ ∆v fudky ysrs gSa A D;ksafd
iFk o`Ùkh; gS] blfy, fp=k esa] T;kfefr ls Li"V gS fd v, r osQ rFkk v', r' osQ yacor~ gSa A blfy,]

∆v, ∆r osQ yacor~ gksxk A iqu% D;ksafd vkSlr Roj.k  osQ vuqfn'k gS] blfy, 
 Hkh ∆r osQ yacor~ gksxk A vc ;fn ge ∆v dks ml js[kk ij j[ksa tks r o r' osQ chp osQ dks.k dks
f}Hkkftr djrh gS rks ge ns[ksaxs fd bldh fn'kk o`Ùk osQ osaQnz dh vksj gksxh A bUghs jkf'k;ksa dks fp=k

4.19(b) esa NksVs le; varjky osQ fy, fn[kk;k x;k gS A ∆v, vr%  dh fn'kk iqu% osaQnz dh vksj
gksxh A fp=k (4-19c) esa ∆t→0 gS] blfy, vkSlr Roj.k] rkR{kf.kd Roj.k osQ cjkcj gks tkrk gS A
bldh fn'kk osaQnz dh vksj gksrh gS* A bl izdkj] ;g fu"d"kZ fudyrk gS fd ,dleku o`Ùkh; xfr osQ
fy, oLrq osQ Roj.k dh fn'kk o`Ùk osQ osaQnz dh vksj gksrh gS A vc ge bl Roj.k dk ifjek.k
fudkysaxsA

∗∆t→0 lhek esa ∆r , r osQ yacor~ gks tkrk gS A bl lhek esa D;ksafd ∆v→ 0 gksrk gS]
iQyLo:i ;g Hkh v osQ yacor~ gksxk A vr% o`Ùkh; iFk osQ izR;sd fcanq ij Roj.k dh fn'kk osaQnz dh
vksj gksrh gSA

 

ifjHkk"kk osQ vuqlkj]  dk ifjek.k fuEufyf[kr lw=k ls O;Dr gksrk gS]

eku yhft, r o r' osQ chp dk dks.k ∆θ gS A D;ksafd osx lfn'k v o v' lnSo fLFkfr lfn'kksa osQ
yacor~ gksrs gSa] blfy, muosQ chp dk dks.k Hkh ∆θ gksxk A vr,o fLFkfr lfn'kksa }kjk fufeZr f=kHkqt
(∆CPP') rFkk osx lfn'kksa v, v' o ∆v }kjk fufeZr f=kHkqt (∆GHI) le:i gSa (fp=k 4-
19a) A bl izdkj ,d f=kHkqt osQ vk/kj dh yackbZ o fdukjs dh Hkqtk dh yackbZ dk vuqikr nwljs
f=kHkqt dh rnuq:i yackb;ksa osQ vuqikr osQ cjkcj gksxk] vFkkZr~



;k 

 

blfy,]

;fn ∆t NksVk gS] rks ∆θ Hkh NksVk gksxk A ,slh fLFkfr esa pki PP' dks yxHkx  osQ cjkcj ys
ldrs gSa A

vFkkZr~]  ≅ v ∆t

;k  vFkok 

bl izdkj] vfHkosaQnz Roj.k ac dk eku fuEufyf[kr gksxk]

 (4-44)

bl izdkj fdlh R f=kT;k okys o`Ùkh; iFk osQ vuqfn'k v pky ls xfreku oLrq osQ Roj.k dk ifjek.k
v2/R gksrk gS ftldh fn'kk lnSo o`Ùk osQ osaQnz dh vksj gksrh gS A blh dkj.k bl izdkj osQ Roj.k dks
vfHkosaQnz Roj.k dgrs gSa (;g in U;wVu us lq>k;k Fkk) A vfHkosaQnz Roj.k ls lacaf/r laiw.kZ
fo'ys"k.kkRed ys[k loZizFke 1673 esa ,d Mp oSKkfud fØfLp;ku gkbxsUl (1629&1695) us



izdkf'kr djok;k Fkk] fdUrq laHkor;k U;wVu dks Hkh oqQN o"kks± iwoZ gh bldk Kku gks pqdk Fkk A
vfHkosaQnz dks vaxzsth esa lsaVªhihVy dgrs gSa tks ,d xzhd 'kCn gS ftldk vfHkizk; osaQnz&vfHkeq[k (osaQnz
dh vksj) gS A D;ksafd v rFkk R nksuksa vpj gSa blfy, vfHkosaQnz Roj.k dk ifjek.k Hkh vpj gksrk gSA
ijarq fn'kk cnyrh jgrh gS vkSj lnSo osaQnz dh vksj gksrh gSA bl izdkj fu"d"kZ fudyrk gS fd
vfHkosaQnz Roj.k ,dleku lfn'k ugha gksrk gS A

fdlh oLrq osQ ,dleku o`Ùkh; xfr osQ osx rFkk Roj.k dks ge ,d nwljs izdkj ls Hkh le> ldrs gSa
A fp=k 4-19 esa fn[kk, x, vuqlkj ∆t (=t'–t) le; varjky esa tc d.k P ls P' ij igq¡p tkrk gS
rks js[kk CP  dks.k ∆θ ls ?kwe tkrh gS A ∆θ dks ge dks.kh; nwjh dgrs gSa A dks.kh; osx ω
(xzhd v{kj ^vksesxk*) dks ge dks.kh; nwjh osQ le; ifjorZu dh nj osQ :i esa ifjHkkf"kr djrs gSa A
bl izdkj]

 (4-45)

vc ;fn ∆t le; esa d.k }kjk pyh nwjh dks ∆s ls O;Dr djsa (vFkkZr~ PP'=∆s) rks]

vfHkosaQnz Roj.k dks ge dks.kh; pky osQ :i esa Hkh O;Dr dj ldrs gSa A vFkkZr~]

;k  (4-47)

o`Ùk dk ,d pDdj yxkus esa oLrq dks tks le; yxrk gS mls ge vkoRkZdky T dgrs gSa A ,d



lsoaQM esa oLrq ftrus pDdj yxkrh gS] mls ge oLrq dh vko`fÙk ν dgrs gSa A ijarq brus le; esa
oLrq }kjk pyh xbZ nwjh s = 2πR gksrh gS] blfy,

v = 2πR/T = 2πRν (4.48)

bl izdkj ω] v rFkk ac dks ge vko`fRk ν osQ in esa O;Dr dj ldrs gSa] vFkkZr~

ω = 2πν

v = 2πνR

ac = 4π2ν2R        (4.49)

mnkgj.k 4-10 % dksbZ dhM+k ,d o`Ùkh; [kk¡ps eas ftldh f=kT;k 12cm gS]
i¡Ql x;k gS A og [k¡kps osQ vuqfn'k fLFkj pky ls pyrk gS vkSj 100
lsoaQM esa 7 pDdj yxk ysrk gSA (a) dhM+s dh dks.kh; pky o jSf[kd
pky fdruh gksxh\ (b) D;k Roj.k lfn'k ,d vpj lfn'k gSA bldk
ifj.kke fdruk gksxk\
gy ;g ,dleku o`Ùkh; xfr dk ,d mnkgj.k gS A ;gk¡ 

gksxk A o`Ùk osQ gj fcanq ij osx v dh fn'kk ml fcanq ij Li'kZ js[kk osQ vuqfn'k gksxh rFkk Roj.k dh
fn'kk o`Ùk osQ osaQnz dh vksj gksxh A D;ksafd ;g fn'kk yxkrkj cnyrh jgrh gS] blfy, Roj.k ,d
vpj lfn'k ugha gS A ijarq Roj.k dk ifjek.k vpj gS] ftldk eku

a = ω2 R = (0.44 s–1)2 (12 cm) = 2.3 cm s–2 gksxkA

lkjka'k



1- vfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa osQoy ifjek.k gksrk gS A nwjh] pky] lagfr (nzO;eku) rFkk
rki vfn'k jkf'k;ksa osQ oqQN mnkgj.k gSa A

2- lfn'k jkf'k;k¡ os jkf'k;k¡ gSa ftuessa ifjek.k rFkk fn'kk nksuksa gksrs gSa A foLFkkiu] osx rFkk Roj.k
vkfn bl izdkj dh jkf'k osQ oqQN mnkgj.k gSa A ;s jkf'k;k¡ lfn'k chtxf.kr osQ fof'k"V fu;eksa
dk ikyu djrh gSa A

3- ;fn fdlh lfn'k A  dks fdlh okLrfod la[;k λ ls xq.kk djsa rks gesa ,d nwljk
lfn'k B  izkIr gksrk gS ftldk ifjek.k A osQ ifjek.k dk λ xquk gksrk gS A u, lfn'k dh
fn'kk ;k rks A osQ vuqfn'k gksrh gS ;k blosQ foijhr A fn'kk bl ckr ij fuHkZj djrh gS fd λ
èkukRed gS ;k ½.kkRed A

4- nks lfn'kksa A o B dks tksM+us osQ fy, ;k rks 'kh"kZ o iqPN dh xzkiQh fofèk dk ;k lekUrj
prqHkqZt fof/ dk mi;ksx djrs gSa A

5- lfn'k ;ksx Øe&fofues; fu;e dk ikyu djrk gS&

A + B = B + A

lkFk gh ;g lkgp;Z osQ fu;e dk Hkh ikyu djrk gS vFkkZr~ (A + B) + C = A + (B + C)

6- 'kwU; lfn'k ,d ,slk lfn'k gksrk gS ftldk ifjek.k 'kwU; gksrk gS A D;ksafd ifjek.k 'kwU;
gksrk gS blfy, blosQ lkFk fn'kk crykuk vko';d ugha gS A

blosQ fuEufyf[kr xq.k gksrs gSa %

A + 0 = A

λ0 = 0

0A = 0

7- lfn'k B dks A ls ?kVkus dh fØ;k dks ge A o – B dks tksM+us osQ :i esa ifjHkkf"kr
djrs gSa& A – B = A + (–B)

8- fdlh lfn'k A dks mlh lery esa fLFkr nks lfn'kksa a rFkk b osQ vuqfn'k nks ?kVd lfn'kksa



esa fo;ksftr dj ldrs gSa% 

A = λa + µb

;gk¡ λ , µ okLrfod la[;k,¡ gSa A

9- fdlh lfn'k A ls lacafèkr ,dkad lfn'k og lfn'k gS ftldk ifjek.k ,d gksrk gS vkSj

ftldh fn'kk lfn'k A osQ vuqfn'k gksrh gS A ,dkad lfn'k 

,dkad lfn'k ,  ,   bdkbZ ifjek.k okys os lfn'k gSa ftudh fn'kk,¡ nf{k.kkorhZ fudk;
dh v{kksa Øe'k% x-, y- o z- osQ vuqfn'k gksrh gSa A

10- nks foek osQ fy, lfn'k A dks ge fuEu izdkj ls O;Dr djrs gSa&

;gk¡ Ax rFkk Ay Øe'k% x-, y-v{kksa osQ vuqfn'k A osQ ?kVd gSa A ;fn lfn'k A, x-v{k osQ lkFk
θ dks.k cukrk gS] rks Ax = A cos θ, Ay = A sin θ rFkk 

11- fo'ys"k.kkRed fofèk ls Hkh lfn'kksa dks vklkuh ls tksM+k tk ldrk gS A ;fn x-y lery esa
nks lfn'kksa A o B dk ;ksx R gks] rks

 tgk¡ Rx = Ax + Bx rFkk Ry = Ay + By

12- lery esa fdlh oLrq dh fLFkfr lfn'k r dks izk;% fuEu izdkj ls O;Dr djrs gSa %

 

fLFkfr lfn'kksa r o r' osQ chp osQ foLFkkiu dks fuEu izdkj ls fy[krs gSa %

  ∆r = r' – r



= (x' – x) i^ + (y' – y) j^

=∆x i^ +∆y j^

13- ;fn dksbZ oLrq le; varjky ∆t esa ∆r ls foLFkkfir gksrh gS rks mldk vkSlr osx 
 gksxk A fdlh {k.k t ij oLrq dk osx mlosQ vkSlr osx osQ lhekUr eku osQ cjkcj gksrk gS tc
∆t 'kwU; osQ lfUudV gks tkrk gS A vFkkZr~

tc fdlh funsZ'kkad fudk; esa d.k dh fLFkfr dks n'kkZrs gSa] rks v dh fn'kk d.k osQ iFk osQ oØ
dh ml fcanq ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gksrh gS A

14- ;fn oLrq dk osx ∆t le; varjky eas v ls v' eas cny tkrk gS] rks mldk vkSlr Roj.k 

gksxk A tc ∆t dk lhekUr eku 'kwU; gks tkrk gS rks fdlh {k.k t ij oLrq

dk Roj.k  gksxk A

?kVd osQ inksa eas bls fuEu izdkj ls O;Dr fd;k tk ldrk gS %

a = axi^+ ay j^ + az k^

;gk¡] 

ax = dvx/dt,  ay =  dvy/dt,  az = dvz/dt

15- ;fn ,d oLrq fdlh lery eas ,dleku Roj.k ls xfreku gS
rFkk {k.k t=0 ij mldk fLFkfr lfn'k r0 gS] rks fdlh vU; {k.k t ij mldk fLFkfr lfn'k r=

r0 + v0t + 1/2 at2 gksxk rFkk mldk osx v = v0+ at gksxk A



;gk¡ v0 t = 0 {k.k ij oLrq osQ osx dks O;Dr djrk gS A

?kVd osQ :i eas

x = x0 + v0xt + 1/2 ax t2

y = y0 + v0yt + 1/2 ay t2

vx = v0x + ax t

vy = v0y + ay t

fdlh lery esa ,dleku Roj.k dh xfr dks nks vyx&vyx ledkfyd ,dfoeh; o ijLij
yacor~ xfr;ksa osQ vè;kjksi.k osQ :i esa eku ldrs gSa A

16- iz{ksfir gksus osQ mijkar tc dksbZ oLrq mM+ku eas gksrh gS rks mls iz{ksI; dgrs gSa A ;fn x- v{k
ls θ0 dks.k ij oLrq dk izkjafHkd osx v0 gS rks t {k.k osQ mijkar iz{ksI; osQ fLFkfr ,oa osx
laca/h lehdj.k fuEuor~ gksaxs&

x = (v0cos θ0) t

y = (v0sin θ0) t− (1/2) g t2

vx = v0x= v0cos θ0

vy = v0 sin θ0 –gt

iz{ksI; dk iFk ijoyf;d gksrk gS ftldk lehdj.k

 gksxk A

iz{ksI; dh vf/dre Å¡pkbZ  rFkk

bl Å¡pkbZ rd igqapus eas yxk le;  gksxk A



iz{ksI; }kjk viuh izkjafHkd fLFkfr ls ml fLFkfr rd] ftlosQ fy, uhps mrjrs le; y = 0 gks]
pyh xbZ {kSfrt nwjh dks iz{ksI; dk ijkl R dgrs gSa A

vr% iz{ksI; dk ijkl gksxk A

17- tc dksbZ oLrq ,dleku pky ls ,d o`Ùkh; ekxZ eas pyrh gS rks bls ,dleku o`Ùkh; xfr
dgrs gSa A ;fn oLrq dh pky v gks rFkk bldh f=kT;k R gks] rks vfHkosaQnz Roj.k] ac= v2/R gksxk
rFkk bldh fn'kk lnSo o`Ùk osQ osaQnz dh vksj gksxh A dks.kh; pky ω dks.kh; nwjh osQ leku
ifjorZu dh nj gksrk gS A jSf[kd osx v = ωR gksxk rFkk Roj.k ac = ω2R gksxk A

HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh



fopkj.kh; fo"k;
1- fdlh oLrq }kjk nks fcanqvksa osQ chp dh iFk&yackbZ lkekU;r;k] foLFkkiu osQ ifjek.k osQ cjkcj
ugha gksrh A foLFkkiu osQoy iFk osQ vafre fcanqvksa ij fuHkZj djrk gS tcfd iFk&yackbZ (tSlkfd uke
ls gh Li"V gS) okLrfod iFk ij fuHkZj djrh gS A nksuksa jkf'k;ka rHkh cjkcj gksaxh tc oLrq xfr ekxZ
esa viuh fn'kk ugha cnyrh A vU; nwljh ifjfLFkfr;ksa eas iFk&yackbZ foLFkkiu osQ ifjek.k ls vf/d
gksrh gS A

2- mijksDr fcanq 1 dh n`f"V ls oLrq dh vkSlr pky fdlh fn, le; varjky eas ;k rks mlosQ vkSlr
osx osQ ifjek.k osQ cjkcj gksxh ;k mlls vf/d gksxh A nksuksa cjkcj rc gksaxh tc iFk&YkackbZ
foLFkkiu osQ ifjek.k osQ cjkcj gks A



3- lfn'k lehdj.k (4.3a) rFkk (4.34a) v{kksa osQ pquko ij fuHkZj ugha djrs gSa A fu%lansg vki mUgas
nks Lora=k v{kksa osQ vuqfn'k fo;ksftr dj ldrs gSa A

4- ,dleku Roj.k osQ fy, 'kq¼xfrdh osQ lehdj.k ,dleku o`Ùkh; xfr eas ykxw ugha gksrs D;ksafd
blesas Roj.k dk ifjek.k rks fLFkj jgrk gS ijarq mldh fn'kk fujarj cnyrh jgrh gS A

5- ;fn fdlh oLrq osQ nks osx v1 rFkk v2 gksa rks mudk ifj.kkeh osx v =v1+ v2 gksxk A mijksDr
lw=k rFkk oLrq 2 osQ lkis{k oLrq dk 1 osQ osx vFkkZr~% v12 = v1- v2 osQ chp Hksn dks HkyhHkakfr
tkfu, A ;gka v1rFkk v2 fdlh mHk;fu"B funsZ'k rU=k osQ lkis{k oLrq dh xfr;ka gSa A

6- o`Ùkh; xfr eas fdlh d.k dk ifj.kkeh Roj.k o`Ùk osQ osaQnz dh vksj gksrk gS ;fn mldh pky
,dleku gS A

7- fdlh oLrq dh xfr osQ ekxZ dh vko`Qfr osQoy Roj.k ls gh fu/kZfjr ugha gksrh cfYd og xfr
dh izkjafHkd n'kkvksa (izkjafHkd fLFkfr o izkjafHkd osx) ij Hkh fuHkZj djrh gS A mnkgj.kLo:i] ,d
gh xq#Roh; Roj.k ls xfreku fdlh oLrq dk ekxZ ,d ljy js[kk Hkh gks ldrk gS ;k dksbZ ijoy;
Hkh] ,slk izkjafHkd n'kkvksa ij fuHkZj djsxk A

vH;kl
4-1 fuEufyf[kr HkkSfrd jkf'k;ksa esa ls crykb, fd dkSu&lh lfn'k gSa vkSj dkSu&lh vfn'k %
vk;ru] nzO;eku] pky] Roj.k] ?kuRo] eksy la[;k] osx] dks.kh; vko`fÙk] foLFkkiu] dks.kh; osxA

4-2 fuEukafdr lwph esa ls nks vfn'k jkf'k;ksa dks Nk¡fV,&

cy] dks.kh; laosx] dk;Z] /kjk] jSf[kd laosx] fo|qr {ks=k] vkSlr osx] pqacdh; vk?kw.kZ] vkisf{kd
osxA

4-3 fuEufyf[kr lwph esa ls ,dek=k lfn'k jkf'k dks Nk¡fV,&

rki] nkc] vkosx] le;] 'kfDr] iwjh iFk&yackbZ] mQtkZ] xq#Roh; foHko] ?k"kZ.k xq.kkad] vkos'kA

4-4 dkj.k lfgr crkb, fd vfn'k rFkk lfn'k jkf'k;ksa osQ lkFk D;k fuEufyf[kr chtxf.krh;
lafØ;k,¡ vFkZiw.kZ gSa\



(a) nks vfn'kksa dks tksM+uk] (b) ,d gh foekvksa osQ ,d lfn'k o ,d vfn'k dks tksM+uk] (c)

,d lfn'k dks ,d vfn'k ls xq.kk djuk] (d) nks vfn'kksa dk xq.ku] (e) nks lfn'kksa dks tksM+uk]
(f) ,d lfn'k osQ ?kVd dks mlh lfn'k ls tksM+uk A

4-5 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, vkSj dkj.k lfgr crkb, fd ;g lR;
gS ;k vlR; %

(a) fdlh lfn'k dk ifjek.k lnSo ,d vfn'k gksrk gS] (b) fdlh lfn'k dk izR;sd ?kVd lnSo
vfn'k gksrk gS] (c) fdlh d.k }kjk pyh xbZ iFk dh oqQy yackbZ lnSo foLFkkiu lfn'k osQ
ifjek.k osQ cjkcj gksrh gS] (d) fdlh d.k dh vkSlr pky (iFk r; djus esa yxs le; }kjk
foHkkftr oqQy iFk&yackbZ) le; osQ leku&varjky esa d.k osQ vkSlr osx osQ ifjek.k ls vf/d
;k mlosQ cjkcj gksrh gS A (e) mu rhu lfn'kksa dk ;ksx tks ,d lery esa ugha gSa] dHkh Hkh
'kwU; lfn'k ugha gksrk A

4-6 fuEufyf[kr vlfedkvksa dh T;kfefr ;k fdlh vU; fof/ }kjk LFkkiuk dhft, %

(a) |a+b| ≤ |a| + |b|

(b) |a+b| ≥ ||a| – |b||

(c) |a–b| ≤ |a| + |b|

(d) |a–b| ≥ ||a| – |b||

buesa lfedk (lerk) dk fpÉ dc ykxw gksrk gS \

4-7 fn;k gS a + b + c + d = 0, uhps fn, x, dFkuksa esa ls dkSu&lk lgh gS %

(a) a, b, c rFkk d esa ls izR;sd 'kwU; lfn'k gS]

(b) (a + c) dk ifjek.k (b + d) osQ ifjek.k osQ cjkcj gS]

(c) a dk ifjek.k b, c rFkk d osQ ifjek.kksa osQ ;ksx ls dHkh Hkh vf/d ugha gks ldrk]

(d) ;fn a rFkk d lajs[kh; ugha gSa rks b + c vo'; gh a rFkk d osQ lery esa gksxk] vkSj
;g a rFkk d osQ vuqfn'k gksxk ;fn os lajs[kh; gSa A



4-8 rhu yM+fd;k¡ 200 m f=kT;k okyh o`Ùkh; ciQhZyh lrg ij LosQfVax dj jgh
gSa A os lrg osQ fdukjs osQ fcanq P ls LosQfVax 'kq: djrh gSa rFkk P osQ O;klh; foijhr
fcanq Q ij fofHkUu iFkksa ls gksdj igq¡prh gSa tSlk fd fp=k 4-20 esa fn[kk;k x;k gS A izR;sd
yM+dh osQ foLFkkiu lfn'k dk ifjek.k fdruk gS \ fdl yM+dh osQ fy, ;g okLro esa LosQV
fd, x, iFk dh yackbZ osQ cjkcj gS A

fp=k 4-20

4-9 dksbZ lkbfdy lokj fdlh o`Ùkh; ikoaZQ osQ osaQnz O ls pyuk 'kq: djrk gS rFkk ikoZQ osQ
fdukjs P ij igq¡prk gSA iqu% og ikoZQ dh ifjf/ osQ vuqfn'k lkbfdy pykrk gqvk OQ osQ
jkLrs (tSlk fp=k 4-21 esa fn[kk;k x;k gS) osaQnz ij okil vk tkrk gS A ikoZQ dh f=kT;k 1
km gS A ;fn iwjs pDdj esa 10 feuV yxrs gksa rks lkbfdy lokj dk (a) oqQy foLFkkiu] (b)

vkSlr osx] rFkk (c) vkSlr pky D;k gksxh\



fp=k 4-21
4-10 fdlh [kqys eSnku esa dksbZ eksVj pkyd ,d ,slk jkLrk viukrk gS tks izR;sd 500 m osQ

ckn mlosQ ckb± vksj 60ñ osQ dks.k ij eqM+ tkrk gSA fdlh fn, eksM+ ls 'kq: gksdj eksVj pkyd
dk rhljs] NBs o vkBosa eksM+ ij foLFkkiu crkb,A izR;sd fLFkfr esa eksVj pkyd }kjk bu eksM+ksa
ij r; dh xbZ oqQy iFk&yackbZ osQ lkFk foLFkkiu osQ ifjek.k dh rqyuk dhft,A

4-11 dksbZ ;k=kh fdlh u, 'kgj esa vk;k gS vkSj og LVs'ku ls fdlh lh/h lM+d ij fLFkr
fdlh gksVy rd tks 10 km nwj gS] tkuk pkgrk gSA dksbZ csbZeku VSDlh pkyd 23 km osQ
pDdjnkj jkLrs ls mls ys tkrk gS vkSj 28 feuV esa gksVy esa igq¡prk gSA

(a) VSDlh dh vkSlr pky] vkSj (b) vkSlr osx dk ifjek.k D;k gksxk\ D;k os cjkcj gSa\

4-12 o"kkZ dk ikuh 30 m s–1 dh pky ls mQèokZ/j uhps fxj jgk gSA dksbZ efgyk mÙkj ls
nf{k.k dh vksj 10 m s–1 dh pky ls lkbfdy pyk jgh gSA mls viuk Nkrk fdl fn'kk esa
j[kuk pkfg,A

4-13 dksbZ O;fDr fLFkj ikuh esa 4.0 km/h dh pky ls rSj ldrk gS A mls 1.0 km pkSM+h
unh dks ikj djus esa fdruk le; yxsxk ;fn unh 3.0 km dh fLFkj pky ls cg jgh gks vkSj
og unh osQ cgko osQ yac rSj jgk gks A tc og unh osQ nwljs fdukjs igq¡prk gS rks og unh osQ
cgko dh vksj fdruh nwj igq¡psxk\



4-14 fdlh canjxkg esa 72 km/h dh pky ls gok py jgh gS vkSj canjxkg esa [kM+h fdlh
ukSdk osQ mQij yxk >aMk N-E fn'kk esa ygjk jgk gS A ;fn og ukSdk mÙkj dh vksj
51 km/h pky ls xfr djuk izkjaHk dj ns rks ukSdk ij yxk >aMk fdl fn'kk esa ygjk,xk \

4-15 fdlh yacs gky dh Nr 25 m mQaph gS A og vf/dre {kSfrt nwjh fdruh gksxh ftlesa
40 m s–1 dh pky ls isaQdh xbZ dksbZ xsan Nr ls Vdjk, fcuk xqtj tk, \

4-16 fØosQV dk dksbZ f[kykM+h fdlh xsan dks 100 m dh vf/dre {kSfrt nwjh rd isaQd
ldrk gS A og f[kykM+h mlh xsan dks tehu ls mQij fdruh maQpkbZ rd isaQd ldrk gS \

4-17 80 cm yacs /kxs osQ ,d fljs ij ,d iRFkj ck¡/k x;k gS vkSj bls fdlh ,dleku pky
osQ lkFk fdlh {kSfrt o`Ùk esa ?kqek;k tkrk gS A ;fn iRFkj 25s esa 14 pDdj yxkrk gS rks iRFkj
osQ Roj.k dk ifjek.k vkSj mldh fn'kk D;k gksxh \

4-18 dksbZ ok;q;ku 900 km h-1 dh ,dleku pky ls mM+ jgk gS vkSj 1-00 km f=kT;k
dk dksbZ {kSfrt ywi cukrk gS A blosQ vfHkosaQnz Roj.k dh xq#Roh; Roj.k osQ lkFk rqyuk dhft,
A

4-19 uhps fn, x, dFkuksa dks è;kuiwoZd if<+, vkSj dkj.k nsdj crkb, fd os lR; gSa ;k
vlR; %

(a) o`Ùkh; xfr esa fdlh d.k dk usV Roj.k ges'kk o`Ùk dh f=kT;k osQ vuqfn'k osaQnz dh vksj gksrk
gS A

(b) fdl fcanq ij fdlh d.k dk osx lfn'k lnSo ml fcanq ij d.k osQ iFk dh Li'kZ js[kk osQ
vuqfn'k gksrk gSA

(c) fdlh d.k dk ,dleku o`Ùkh; xfr esa ,d pØ esa fy;k x;k vkSlr Roj.k lfn'k ,d
'kwU; lfn'k gksRkk gSA

4-20 fdlh d.k dh fLFkfr lfn'k fuEufyf[kr gS % 



le; t lsoaQM esa gS rFkk lHkh xq.kdksa osQ ek=kd bl izdkj ls gSa fd r esa ehVj esa O;Dr gks
tk, A

(a) d.k dk v rFkk a fudkfy,]

(b) t = 2.0 s ij d.k osQ osx dk ifjek.k rFkk fn'kk fdruh gksxh \

4-21 dksbZ d.k t = 0 {k.k ij ewy fcanq ls 10  ms-1 osQ osx ls pyuk izkajHk djrk gS
rFkk x-y lery esa ,dleku Roj.k (8.0 ^i + 2.0 ^j) m s-2 ls xfr djrk gS A

(a) fdl {k.k d.k dk x- unsZ'kkad 16 m gksxk \ blh le; bldk y- funsZ'kkad fdruk gksxk
\

(b) bl {k.k d.k dh pky fdruh gksxh \

4-22  Øe'k% x- o y- v{kksa osQ vuqfn'k ,dkad lfn'k gSa A lfn'kksa  rFkk 

 dk ifjek.k rFkk fn'kk D;k gksxk \ lfn'k  osQ fn'kkvksa osQ
vuqfn'k ?kVd fudkfy,A vki xzkiQh fof/ dk mi;ksx dj ldrs gSa ]

4-23 fdlh fno~QLFkku ij ,d LosPN xfr osQ fy, fuEufyf[kr laca/kas esa ls dkSu&lk lR; gS \

(a) vvkSlr = (1/2) (v (t1) + v (t2))

(b) vvkSlr = [r(t2) - r(t1) ] /(t2 – t1)

(c) v (t) = v (0) + a t

(d) r (t) = r (0) + v (0) t + (1/2) a t2

(e) a vkSlr =[ v (t2) - v (t1 )] /( t2 – t1)

;gk¡ ^vkSlr* dk vk'k; le; varjky t2 o t1 ls lacaf/r HkkSfrd jkf'k osQ vkSlr eku ls gS A

4-24 fuEufyf[kr esa ls izR;sd dFku dks è;kuiwoZd if<+, rFkk dkj.k ,oa mnkgj.k lfgr crkb,
fd D;k ;g lR; gS ;k vlR; %



vfn'k og jkf'k gS tks

(a) fdlh izfØ;k esa lajf{kr jgrh gS]

(b) dHkh Í.kkRed ugha gksrh]

(c) foekghu gksrh gS]

(d) fdlh LFkku ij ,d fcanq ls nwljs fcanq osQ chp ugha cnyrh]

(e) mu lHkh n'kZdksa osQ fy, ,d gh eku j[krh gS pkgs v{kksa ls muosQ vfHkfoU;kl fHkUu&fHkUu
D;ksa u gksa A

4-25 dksbZ ok;q;ku i`Foh ls 3400 m dh mQapkbZ ij mM+ jgk gS A ;fn i`Foh ij fdlh

voyksdu fcanq ij ok;q;ku dh 10.0 s dh nwjh dh fLFkfr;ka 30ñ dk dks.k cukrh gSa rks ok;qeku
dh pky D;k gksxh \

vfrfjDr vH;kl
4-26 fdlh lfn'k esa ifjek.k o fn'kk nksuksa gksrs gSaA D;k fno~QLFkku esa bldh dksbZ fLFkfr gksrh
gS\ D;k ;g le; osQ lkFk ifjofrZr gks ldrk gSA D;k fno~QLFkku esa fHkUu LFkkuksa ij nks cjkcj
lfn'kksa a o b dk leku HkkSfrd izHkko vo'; iMs+xk\ vius mÙkj osQ leFkZu esa mnkgj.k
nhft,A

4-27 fdlh lfn'k esa ifj.kke o fn'kk nksuksa gksrs gSaA D;k bldk ;g vFkZ gS fd dksbZ jkf'k
ftldk ifjek.k o fn'kk gks] og vo'; gh lfn'k gksxh\ fdlh oLrq osQ ?kw.kZu dh O;k[;k ?
kw.kZu&v{k dh fn'kk vkSj v{k osQ ifjr% ?kw.kZu&dks.k }kjk dh tk ldrh gSA D;k bldk ;g vFkZ
gS fd dksbZ Hkh ?kw.kZu ,d lfn'k gS\

4-28 D;k vki fuEufyf[kr osQ lkFk dksbZ lfn'k lac¼ dj ldrs gSa % (a) fdlh ywi esa eksM+h
xbZ rkj dh yackbZ] (b) fdlh lery {ks=k] (c) fdlh xksys osQ lkFk\ O;k[;k dhft,A

4-29 dksbZ xksyh {kSfrt ls 30ñ osQ dks.k ij nkxh xbZ gS vkSj og /jkry ij 3.0 km nwj fxjrh
gS A blosQ iz{ksI; osQ dks.k dk lek;kstu djosQ D;k 5.0 km nwj fLFkr fdlh y{; dk Hksn
fd;k tk ldrk gS \ xksyh dh ukyeq[k pky dks fu;r rFkk ok;q osQ izfrjkss/ dks ux.; ekfu,



A

4-30 dksbZ yM+kowQ tgkt 1-5 km dh mQapkbZ ij 720 km/h dh pky ls {kSfrt fn'kk esa mM+
jgk gS vkSj fdlh ok;q;ku Hksnh rksi osQ Bhd mQij ls xqtjrk gS A mQèokZ/j ls rksi dh uky dk
D;k dks.k gks ftlls 600 m s–1 dh pky ls nkxk x;k xksyk ok;qeku ij okj dj losQ A
ok;q;ku osQ pkyd dks fdl U;wure mQapkbZ ij tgkt dks mM+kuk pkfg, ftlls xksyk yxus ls
cp losQA (g = 10 m s–2)

4-31 ,d lkbfdy lokj 27 km/h dh pky ls lkbfdy pyk jgk gSA tSls gh lM+d ij og
80 m =kT;k osQ o`Ùkh; eksM+ ij igqaprk gS] og czsd yxkrk gS vkSj viuh pky dks 0-
5 m/s dh ,dleku nj ls de dj ysrk gSA o`Ùkh; eksM+ ij lkbfdy lokj osQ usV Roj.k dk
ifjek.k vkSj mldh fn'kk fudkfy,A

4-32 (a) fl¼ dhft, fd fdlh iz{ksI; osQ x- v{k rFkk mlosQ osx osQ chp osQ dks.k dks
le; osQ iQyu osQ :i esa fuEu izdkj ls O;Dr dj ldrs gS

(b) fl¼ dhft, fd ewy fcanq ls isaQosQ x, iz{ksI; dks.k dk eku gksxkA
;gk¡ iz;qDr izrhdksa osQ vFkZ lkekU; gSaA



vè;k; 5

xfr osQ fu;e

5-1 Hkwfedk
5-2 vjLrw dh Hkzkedrk
5-3 tM+Ro dk fu;e
5-4 U;wVu dk xfr dk izFke fu;e
5-5 U;wVu dk xfr dk f}rh; fu;e
5-6 U;wVu dk xfr dk r`rh; fu;e
5-7 laosx&laj{k.k
5-8 fdlh d.k dh lkE;koLFkk
5-9 ;kaf=kdh esa lkekU; cy
5-10 orqZy (o`Ùkh;) xfr
5-11 ;kaf=kdh esa leL;kvksa dks gy djuk
lkjka'k
fopkj.kh; fo"k;
vH;kl
vfrfjDr vH;kl

5.1 Hkwfedk
fiNys vè;k; esa gekjk laca/ fno~QLFkku esa fdlh d.k dh xfr dk ek=kkRed o.kZu djus ls FkkA geus
ns[kk fd ,dleku xfr esa ek=k osx dh ladYiuk dh vko';drk Fkh tcfd vleku xfr esa Roj.k
dh vo/kj.kk dh vfrfjDr vko';drk iM+hA vc rd geus ;g iz'u ugha iwNk gS fd fi.Mksa dh
xfr dk D;k dkj.k gS \ bl vè;k; esa ge viuk è;ku HkkSfrdh osQ bl ewy iz'u ij osaQfnzr djsaxsA
vkb,] lcls igys ge vius lkekU; vuqHkoksa osQ vk/kj ij bl iz'u osQ mÙkj dk vuqeku yxk,¡A



fojkekoLFkk esa iM+h iqQVcky dks xfr iznku djus osQ fy, fdlh u fdlh dks ml ij vo'; Bksdj
ekjuh gksrh gS A fdlh iRFkj dks mQij dh vksj isaQdus osQ fy,] gesa mls mQij dh vksj iz{ksfir djuk
iM+rk gSA ean iou isM+ dh 'kk[kkvksa dks >qyk nsrh gS_ izcy ok;q dk >ksadk rks Hkkjh fi.Mksa rd dks
Hkh yq<+dk ldrk gS ! cgrh unh fdlh osQ u [ksus ij Hkh uko dks xfreku dj nsrh gSA Li"Vr% fdlh
fi.M dks fojke ls xfr esa ykus osQ fy, fdlh cká lk/u }kjk cy yxkus dh vko';drk gksrh gSA
blh izdkj xfr dks jksdus vFkok ean djus osQ fy, Hkh cká cy dh vko';drk gksrh gSA fdlh
vkur ry ij uhps dh vksj yq<+drh fdlh xsan dks mldh xfr dh foijhr fn'kk esa cy yxkdj
jksdk tk ldrk gSA
bu mnkgj.kksa esa] cy dk cká lk/u (gkFk] ok;q] ty/kjk] vkfn) fi.M osQ laioZQ esa gSA ijarq ;g
lnSo vko';d ugha gSA fdlh Hkou osQ f'k[kj ls fcuk v/kseq[kh /Ddk fn;s eqDr fd;k x;k iRFkj
i`Foh osQ xq#Roh; f[kapko osQ dkj.k Rofjr gks tkrk gSA dksbZ NM+ pqacd yksgs dh dhyksa dks nwj ls gh]
viuh vksj vkdf"kZr dj ysrk gSA ;g n'kkZrk gS fd cká lk/u (bu mnkgj.kksa esa xq#Roh; ,oa
pqacdh; cy) ,d nwjh ls Hkh fdlh fi.M ij cy yxk ldrk gSA
la{ksi esa] fdlh #osQ gq, fi.M dks xfr iznku djus rFkk xfreku fi.M dks jksdus osQ fy, cy dh
vko';drk gksrh gS] rFkk bl cy dks iznku djus osQ fy, fdlh cká lk/u dh vko';drk gksrh gSA
;g cká lk/u ml fi.M osQ laioZQ esa Hkh gks ldrk gS] vkSj ugha HkhA
;gk¡ rd rks lc lgh gSA ijarq rc D;k gksrk gS tc dksbZ fi.M ,dleku xfr ls pyrk gS (mnkgj.k
osQ fy,] ciZQ osQ {kSfrt iQ'kZ ij ,dleku pky ls lh/h js[kk esa xfreku dksbZ LosQVj) \ D;k fdlh
fi.M dh ,dleku xfr cuk, j[kus osQ fy, dksbZ cká cy vko';d gS \

5.2 vjLrw dh Hkzkedrk
mijksDr iz'u ljy izrhr gksrk gSA rFkkfi bldk mÙkj nsus esa dbZ ;qx yx x, FksA oLrqr% l=kgoha
'krkCnh esa xSyhfy;ks }kjk fn, x, bl iz'u dk lgh mÙkj U;wVuh ;kaf=kdh dk vk/kj cuk ftlus
vk/qfud foKku osQ tUe dk laosQr fn;k A
egku xzhd fopkjd] vjLrw (384 bZ-iw- & 322 bZ-iw-) us ;g fopkj j[kk fd ;fn dksbZ fi.M xfreku
gS] rks mls mlh voLFkk esa cuk, j[kus osQ fy, dksbZ u dksbZ cká lk/u vo'; pkfg,A mnkgj.k osQ
fy,] bl fopkj osQ vuqlkj fdlh /uq"k ls NksM+k x;k rhj mM+rk jgrk gS] D;ksafd rhj osQ ihNs dh
ok;q mls /osQyrh jgrh gS A ;g vjLrw }kjk fodflr fo'o esa fi.Mksa dh xfr;ksa ls lacaf/r fopkjksa



osQ foLr`r <¡kps dk ,d Hkkx FkkA xfr osQ fo"k; esa vjLrw osQ vf/dka'k fopkj vc xyr ekus tkrs
gSa] vkSj mudh vc fpark djus dh vko';drk ugha gSA vius dke osQ fy, ge ;gk¡ vjLrw osQ xfr
osQ fu;e dks bl izdkj fy[k ldrs gSa % fdlh fi.M dks xfr'khy j[kus osQ fy, cká cy dh
vko';drk gksrh gSA
tSlk fd ge vkxs ns[ksaxs] vjLrw dk xfr dk fu;e nks"k;qDr gSA rFkkfi] ;g ,d LokHkkfod fopkj gS]
tks dksbZ Hkh O;fDr vius lkekU; vuqHkoksa ls j[k ldrk gSA viuh lkekU; f[kykSuk dkj (voS|qr) ls
iQ'kZ ij [ksyrh NksVh ckfydk Hkh vius varKkZu ls ;g tkurh gS fd dkj dks pyrh j[kus osQ fy,
ml ij ca/h Mksjh dk LFkk;h :i ls oqQN cy yxkdj cjkcj [khapuk gksxk A ;fn og Mksjh dks NksM+
nsrh gS rks oqQN {k.k ckn dkj #d tkrh gSA vf/dka'k LFkyh; xfr;ksa esa ;gh lkekU; vuqHko gksrk gSA
fi.Mksa dks xfr'khy cuk, j[kus osQ fy, cká cyksa dh vko';drk izrhr gksrh gSA Lora=k NksM+ nsus ij
lHkh oLrq,a varr% #d tkrh gSaA
fiQj vjLrw osQ roZQ esa D;k nks"k gS \ bldk mÙkj gS % xfr'khy f[kykSuk dkj blfy, #d tkrh gS fd
iQ'kZ }kjk dkj ij yxus okyk cká ?k"kZ.k cy bldh xfr dk fojks/ djrk gSA bl cy dks fu"iQy
djus osQ fy, ckfydk dks dkj ij xfr dh fn'kk esa cká cy yxkuk iM+rk gSA tc dkj ,dleku
xfr esa gksrh gS rc ml ij dksbZ usV cká cy dk;Z ugha djrk_ ckfydk }kjk yxk;k x;k cy iQ'kZ
osQ cy (?k"kZ.k cy) dks fujLr dj nsrk gSA bldk miizes; gS % ;fn dksbZ ?k"kZ.k u gks] rks ckfydk
dks f[kykSuk dkj dh ,dleku xfr cuk, j[kus osQ fy,] dksbZ Hkh cy yxkus dh vko';drk ugha
iM+rh A
izÑfr esa lnSo gh fojks/h ?k"kZ.k cy (Bkslksa osQ chp) vFkok ';ku cy (rjyksa osQ chp) vkfn
mifLFkr jgrs gSa A ;g mu O;kogkfjd vuqHkoksa ls Li"V gS ftuosQ vuqlkj oLrqvksa esa ,dleku xfr
cuk, j[kus osQ fy, ?k"kZ.k cyksa dks fu"iQy djus gsrq cká lk/uksa }kjk cy yxkuk vko';d gksrk gSA
vc ge le> ldrs gSa fd vjLrw ls =kqfV dgka gqbZ A mlus vius bl O;kogkfjd vuqHko dks ,d
ekSfyd roZQ dk :i fn;k A xfr rFkk cyksa osQ fy, izÑfr osQ ;FkkFkZ fu;e dks tkuus osQ fy, gesa
,d ,sls vkn'kZ lalkj dh dYiuk djuh gksxh ftlesa fcuk fdlh fojks/h ?k"kZ.k cy yxs ,dleku
xfr dk fu"iknu gksrk gSA ;gh xSyhfy;ks us fd;k FkkA

5.3 tM+Ro dk fu;e
xSyhfy;ks us oLrqvksa dh xfr dk vè;;u ,d vkur lery ij fd;k FkkA fdlh (i) vkur lery



ij uhps dh vksj xfreku oLrq,a Rofjr gksrh gSa tcfd (ii) ry ij mQij dh vksj tkus okyh oLrqvksa
esa eanu gksrk gSA {kSfrt lery ij xfr (iii) bu nksuksa osQ chp dh fLFkfr gSA xSyhfy;ks us ;g fu"d"kZ
fudkyk fd fdlh ?k"kZ.k jfgr {kSfrt lery ij xfr'khy fdlh oLrq esa u rks Roj.k gksuk pkfg, vkSj
u gh eanu] vFkkZr~ bls ,dleku osx ls xfr djuh pkfg, (fp=k 5-1 (a))A
xSyhfy;ks osQ ,d vU; iz;ksx ftlesa mUgksaus f}vkur lery dk mi;ksx fd;k] ls Hkh ;gh fu"d"kZ
fudyrk gSA ,d vkur lery ij fojkekoLFkk ls NksM+h xbZ xsan uhps yq<+drh gS vkSj nwljs vkur
lery ij mQij p<+rh gSA ;fn nksuksa vkur leryksa osQ i`"B vf/d #{k ugha gSa rks xsan dh vafre
mQapkbZ mldh vkjafHkd maQpkbZ osQ yxHkx leku (oqQN de] ijarq vf/d dHkh ugha) gksrh gSA vkn'kZ
fLFkfr esa] tc ?k"kZ.k cy iw.kZr% foyqIr dj fn;k tkrk gS] rc xsan dh vafre maQpkbZ mldh vkjafHkd
maQpkbZ osQ leku gksuh pkfg,A

 (i)                    (ii)                  (iii)
fp=k 5-1 (a)

vc ;fn nwljs lery osQ <ky dks ?kVkdj iz;ksx dks nksgjk,a] rks fiQj Hkh xsan mlh maQpkbZ rd
igqapsxh] ijarq ,slk djus ij og vf/d nwjh pysxhA lhekUr fLFkfr esa] tc nwljs lery dk <ky 'kwU;
gS (vFkkZr~ og {kSfrt lery gS) rc xasn vuUr nwjh rd pyrh gSA nwljs 'kCnksa esa bldh xfr dHkh
ugha #osQxh A fu%lansg ;g ,d vkn'kZ fLFkfr gS (fp=k 5-1 (b))A O;ogkj eas xsan {kSfrt lery ij
,d ifjfer nwjh rd pyus osQ ckn cká fojks/h ?k"kZ.k cy ftls iw.kZ :i ls foyqIr ugha fd;k tk
ldrk] osQ dkj.k fojke esa vk tkrh gSA rFkkfi fu"d"kZ Li"V gS % ;fn ?k"kZ.k u gksrk rks xsan {kSfrt
lery ij ,dleku osx ls fujarj pyrh jgrhA



fp=k 5-1 (b) f}vkur lery ij xfr osQ izs{k.kksa ls xSyhfy;ks us tM+Ro dk fu;e vuqekfur fd;k A

bl izdkj xSyhfy;ks dks xfr osQ laca/ esa ,d ubZ varnZ`f"V izkIr gqbZ] tks vjLrw rFkk muosQ vuq;kf;vksa
dks le> esa ugha vkbZ A xfrdh esa fojkekoLFkk rFkk ,dleku jSf[kd xfr dh voLFkk (vFkkZr~
,dleku osx ls xfr) rqY; gksrh gSaA nksuksa gh izdj.kksa esa fi.M ij dksbZ usV cy ugha yxrkA ;g
lkspuk =kqfViw.kZ gS fd fdlh fi.M dh ,dleku xfr osQ fy, ml ij dksbZ usV cy yxkuk vko';d
gSA fdlh fi.M dks ,dleku xfr esa cuk, j[kus osQ fy, gesa ?k"kZ.k cy dks fu"iQy djus osQ fy,
,d cká cy yxkus dh vko';drk gksrh gS rkfd fi.M ij yxs nksuksa cká cyksa dk usV cká cy
'kwU; gks tk,A
lkjka'k esa] ;fn usV cká cy 'kwU; gS rks fojke voLFkk esa jg jgk fi.M fojkekoLFkk esa gh jgrk gS
vkSj xfr'khy fi.M fujarj ,dleku osx ls xfr'khy jgrk gSA oLrq osQ bl xq.k dks tM+Ro dgrs gSaA
tM+Ro ls rkRi;Z gS ¶ifjorZu osQ izfr izfrjks/¸A dksbZ fi.M viuh fojkekoLFkk vFkok ,dleku xfr
dh voLFkk esa rc rd dksbZ ifjorZu ugha djrk tc rd dksbZ cká cy mls ,slk djus osQ fy,
foo'k ugha djrkA

izkphu Hkkjrh; foKku esa xfr laca/h /kj.kk,¡

izkphu Hkkjrh; fopkjdksa us Hkh xfr laca/h /kj.kkvksa dh ,d foLr`r iz.kkyh fodflr dj yh Fkh
A cy tks xfr dk dkj.k gS] fHkUu izdkj dk ekuk x;k % lrr nkc osQ dkj.k cy (ftls uksnu



dgk x;k) tSls ty&;k=kk djrs iky&;kuksa ij yxus okyk iou dk cy_ la?k^ (vfHk?kkr) tks
oqQEHkdkj }kjk pkd dks NM+ ls ?kqekus ij yxrk gS_ ljy jSf[kd xfr (osx) osQ fy, vFkok
izR;kLFk fi.Mksa esa vkÑfr osQ izR;ku;u dh nh?kZLFkk;h izo`fÙk (laLdkj)_ Mksjh] NM+ vkfn ls
lapkfjr cyA xfr osQ ^oS'ksf"kdk* fl¼kar esa osxksa dh ladYiuk dnkfpr tM+Ro dh ladYiuk osQ
lehiLFk gS A osx] ljy js[kk esa pyus dh izo`fÙk dk fojks/ laioZQ esa vkus okyh oLrqvksa ftuesa
ok;qe.My Hkh 'kkfey gS] osQ }kjk gksrk gS ,slk ekuk x;k A ;g ?k"kZ.k rFkk ok;q&izfrjks/ osQ
fopkj osQ leku fopkj gS A mudk ;g vuqeku lgh Fkk fd fi.Mksa dh fofHkUu izdkj dh xfr;ka
(LFkkukarjh;] ?kw.khZ rFkk daiu) ml fi.M osQ vo;oh d.kksa dh osQoy LFkkukarjh; xfr osQ dkj.k
gh mRiUu gksrh gSa A iou esa fxjrh fdlh iRRkh dh oqQy feykdj v/kseq[kh xfr (iru) gks
ldrh gS vkSj lkFk gh mlesa ?kw.khZ rFkk oaQiu xfr (Hkze.k] Lianu) Hkh gks ldrh gSa] ijarq fdlh
{k.k ml iRRkh osQ izR;sd d.k esa osQoy ,d fuf'pr (y?kq) foLFkkiu gksrk gS A xfr dh eki
rFkk yackbZ ,oa le; osQ ek=kdksa osQ fo"k; esa Hkkjrh; fpUru esa ;Fks"V cy fn;k x;k A ;g Kkr
Fkk fd fnd~LFkku esa fdlh d.k dh fLFkfr dks mldh rhu v{kksa ls nwfj;ka ekidj fufnZ"V fd;k
tk ldrk Fkk A HkkLdj (1150 bZ-) us rkR{kf.kd xfr (RkkRdkfydh xfr) dh vo/kj.kk
izLrkfor dh ftlls vody xf.kr osQ iz;ksx }kjk rkR{kf.kd osx dh vk/qfud ladYiuk dk
iwoZKku gqvk A rjax rFkk /kjk (ty dh) osQ chp varj dks Hkyh&Hkkafr le>k tk pqdk Fkk_
/kjk xq#Ro rFkk rjyrk osQ varxZr ty d.kksa dh xfr gS tcfd rjax ty d.kksa osQ oaQiu osQ
lapj.k dk ifj.kke gS A

5.4 U;wVu dk xfr dk izFke fu;e
xSyhfy;ks dh ljy ijarq Økafrdkjh /kj.kkvksa us vjLrw dh ;kaf=kdh dks iw.kZr;k udkj fn;kA vc ,d
ubZ ;kaf=kdh dk fodkl fd;k tkuk FkkA fof'k"V :i ls] bl dk;Z dks lj vkbtd U;wVu us ftUgsa
lHkh ;qxksa dk egkure oSKkfud ekuk tkrk gS] yxHkx vosQys gh laiUu fd;kA
U;wVu us xSyhfy;ks dh /kj.kkvksa osQ vk/kj ij xfr osQ rhu fu;eksa tks muosQ uke ls tkus tkrs gSa] osQ
:i esa ,d ;kaf=kdh dh vk/kjf'kyk j[khA xSyhfy;ks dk tM+Ro dk fu;e mldk vkjaHk fcanq Fkk
ftldk U;wVu us ^xfr osQ izzFke fu;e* osQ :i esa la:i.k fd;k %
¶izR;sd fi.M rc rd viuh fojkekoLFkk vFkok ljy js[kk esa ,dleku xfr dh voLFkk esa jgrk gS
tc rd dksbZ cká cy mls vU;Fkk O;ogkj djus osQ fy, foo'k ugha djrkA¸



vc fojkekoLFkk vFkok ,dleku jSf[kd xfr nksuksa gh esa ¶'kwU; Roj.k¸ lekfo"V gSA vr% xfr osQ
izFke fu;e dks] ljy 'kCnksa esa] bl izdkj Hkh O;Dr fd;k tk ldrk gS %
;fn fdlh fi.M ij yxus okyk usV cká cy 'kwU; gS] rks mldk Roj.k 'kwU; gksrk gSA 'kwU;srj Roj.k
osQoy rHkh gks ldrk gS tc fi.M ij dksbZ usV cká cy yxrk gksA
O;ogkj esa bl fu;e osQ vuqiz;ksx ls gesa nks izdkj dh fLFkfr;ksa ls lkeuk djuk gksrk gSA oqQN
mnkgj.kksa esa rks ge ;g tkurs gSa fd oLrq ij usV cká cy 'kwU; gksrk gSA mlesa ge ;g fu"d"kZ
fudky ldrs gSa fd oLrq dk Roj.k 'kwU; gSA mnkgj.k osQ fy,] varjk rkjdh; vkdk'k esa lHkh
xq#Roh; oLrqvksa ls cgqr nwj fdlh varfj{k;ku] ftlosQ lHkh jkosQV can fd, tk pqosQ gksa] ij dksbZ usV
cká cy dk;Zjr ugha gksrkA xfr osQ izFke fu;e osQ vuqlkj bldk Roj.k 'kwU; gksuk pkfg,A ;fn ;g
xfr esa gS] rks bls ,dleku osx ls xfr'khy jguk pkfg,A

xSyhfy;ks xSfyyh (1564&1642)

bVyh osQ ihlk uked 'kgj esa 1564 bZ- esa tUes xSyhfy;ks xSfyyh yxHkx pkj 'krkCnh iwoZ ;wjksi
esa gqbZ oSKkfud Økafr osQ lw=k/kj Fks A mUgksaus Roj.k dh ladYiuk dh A fi.Mksaa dh vkur leryksa
ij xfr vFkok eqDr :i ls fxjrs fi.Mksa dh xfr;ksa osQ iz;ksxksa }kjk mUgksaus vjLrw dh /kj.kk fd
fdlh fi.M dks xfreku j[kus osQ fy, fdlh cy dh vko';drk gksrh gS rFkk Hkkjh fi.M gYosQ
fi.Mksa dh rqyuk esa xq#Ro cy osQ izHkko esa rhozrj xfr ls fxjrs gSa] dk [kaMu fd;k A bl
izdkj] mUgksaus tM+Ro osQ fu;e dh [kkst dh tks vkbtd U;wVu osQ ;qxkarjh; dk;Z dk vkjEHk
fcanq Fkk A
xSyhfy;ks osQ [kxksfydh osQ {ks=k esa vkfo"dkj Hkh mrus gh Økafrdkjh Fks A 1609 bZ- esa mUgksaus
viuk nwjn'khZ (ftldh [kkst igys gkWyS.M esa gqbZ Fkh) Lo;a cuk;k rFkk mldk mi;ksx mUgksaus
vius dbZ pkSadkus okys isz{k.kksa % panzek osQ i`"B ij ioZr rFkk xrZ_ lw;Z ij dkys /Ccs_ c`gLifr
osQ mixzg] rFkk 'kqØ dh dykvksa osQ fy, fd;k A mUgksaus ;g fu"d"kZ fudkyk fd vkdk'kxaxk
viuh T;ksfr uaxh vka[kksa ls u fn[kkbZ ns ldus okys vla[; rkjksa ls izkIr djrh gS A vius



oSKkfud rdZ dh vfr mRRke jpuk ¶Mk;ykWx vkWu fn Vw phiQ oYMZ flLVe~l¸ esa xSyhfy;ks us
dkWijfudl }kjk izLrkfor lkSj ifjokj osQ ¶lw;Z osaQnzh; fl¼kar¸ dk leFkZu fd;k vkSj varr%
blh fl¼kar dks lkoZtfud ekU;rk izkIr gqbZ A
xSyhfy;ks osQ lkFk gh oSKkfud tkap ([kkstchu) dh fof/ esa ,d eksM+ vk;k A vc foKku ek=k
izÑfr dk izs{k.k rFkk mu izs{k.kksa osQ vk/kj ij rkfdZd vuqeku yxkuk gh ugha jg x;k Fkk A
vc foKku ls rkRi;Z ubZ&ubZ ;qfDr;ka cukdj iz;ksxksa }kjk fl¼karksa dks izfrikfnr vFkok frjLÑr
djuk cu x;k Fkk A foKku dk vFkZ HkkSfrd jkf'k;ksa dh eki vkSj muosQ chp xf.krh; laca/ksa dh
[kkst cu x;k Fkk A mudh blh foy{k.k ;ksX;rk osQ dkj.k gh xSyhfy;ks dk vk/qfud foKku dk
tud ekuk tkrk gS A

rFkkfi] cgqèkk gesa vkjEHk esa lHkh cyksa dk Kku ugha gksrk A ml voLFkk esa] ;fn gesa ;g Kkr gks fd
dksbZ oLrq vRofjr gS (vFkkZr~ og oLrq ;k rks fojkekoLFkk esa gS vFkok ,dleku jSf[kd xfr eas gS)
rc ge xfr osQ izFke fu;e osQ vkèkkj ij ;g fu"d"kZ fudky ldrs gSa fd ml oLrq ij usV ckÞ;
cy 'kwU; gksuk pkfg,A xq#Ro gj LFkku ij gSA fo'ks"k :i ls] ikfFZko ifj?kVukvksa eas] i`Foh ij fLFkr
lHkh oLrq,a i`Foh osQ xq#Rokd"kZ.k dk vuqHko djrh gSaA lkFk gh] xfr'khy oLrq,a lnSo gh ?k"kZ.k cy]
';ku d"kZ.k vkfn dk vuqHko djrh gSa A rc ;fn i`Foh ij fLFkr dksbZ oLrq fojkekoLFkk vFkok
,dleku jSf[kd xfr esa gks] rc ,slk gksus dk dkj.k ;g ugha gS fd ml ij dksbZ cy dk;Zjr ugha
gS] oju~ ml ij dk;Zjr fofHkUu ckÞ; cy ,d nwljs dks fujLr djosQ lHkh cyksa osQ ;ksx dks ^'kwU;
usV ckÞ; cy* cukrs gSaA
vc est ij fojke voLFkk esa j[kh ,d iqLrd ij fopkj djrs gSa (fp=k 5-2(a))A bl iqLrd ij nks
ckÞ; cy dk;Zjr gSa % xq#Roh; cy (vFkkZr~ iqLrd dk Hkkj W) uhps dh fn'kk esa dk;Zjr gS rFkk
est }kjk iqLrd ij mQij dh fn'kk esa vfHkyac cy R dk;Zjr gSA R Lo;a lek;ksftr gksus okyk cy
gS A ;g mQij of.Zkr nwljh izdkj dh fLFkfr dk mnkgj.k gSA cyksa osQ ckjs esa rks iw.kZ Kku ugha gS ijarq
xfr dh voLFkk Kkr gSA ge iqLrd dks fojke dh fLFkfr esa ns[krs gSaA vr% xfr osQ izFke fu;e osQ
vkèkkj ij ge ;g fu"d"kZ fudky ldrs gSa fd R dk ifjek.k W osQ ifjek.k osQ leku gSA gekjk
izk;% bl izdFku ls lekxe gksrk gS _ ¶pwafd W = R, cy ,d nwljs dks fujLr djrs gSa] blhfy,
iqLrd fojke dh fLFkfr esa gS¸A ;g foosd osQ foijhr gSA lgh izdFku ;g gksuk pkfg,% ¶pawfd
iqLrd fojke esa fn[kkbZ nsrh gS¸_ xfr osQ izFke fu;e osQ vuqlkj bl ij usV ckÞ; cy 'kwU; gksuk



pkfg,A bldk rkRi;Z gS fd vfHkyac R iqLrd osQ Hkkj W osQ leku rFkk foijhr gksuk pkfg,A

fp=k 5.2 (a) est ij fojke esa j[kh iqLrd rFkk (b) ,dleku osx ls xfreku dkj] bu nksuksa gh izdj.kksa esa usV ckÞ; cy 'kwU; gS A

vc ge ,d dkj dh xfr ij fopkj djrs gSa ftlesa og dkj fojke ls xfr vkjaHk djosQ viuh pky
esa o`f¼ djrh gS vkSj fiQj fpduh lhèkh lM+d ij igaqpdj ,dleku osx ls xfr djrh gS (fp=k 5-
2 (b))A tc ;g fojke esa gksrh gS rc ml ij dksbZ usV cy ugha gksrkA pky esa o`f¼ osQ le; blesa
Roj.k gksrk gSA ,slk usV ckÞ; cy osQ dkj.k gksuk pkfg,A è;ku nsa] ;g ,d ckÞ; cy gh gksuk
pkfg,A dkj osQ Roj.k osQ fy, fdlh Hkh vkarfjd cy dks mRRkjnk;h ugha ekuk tk ldrkA lquus esa
;g vn~Hkqr yx ldrk gS] ijarq ;g lR; gSA lM+d osQ vuqfn'k fopkj.kh; cy ?k"kZ.k cy gh gSA lc
ckrksa ij fopkj djus osQ mijkar ;gh fu"d"kZ fudyrk gS fd dkj dh xfr esa Roj.k dk dkj.k ?k"kZ.k
cy gh gS (?k"kZ.k osQ fo"k; esa vki vuqHkkx 5-9 esa i<s+axs)A tc dkj ,d leku osx ls xfr djrh gS
rc ml ij dksbZ usV ckÞ; cy ugha gksrk A
xfr osQ izFke fu;e esa fufgr tM+Ro dk xq.k cgqr&lh fLFkfr;ksa esa izR;{k fn[kkbZ iM+rk gSA eku
yhft, ge fdlh #dh gqbZ cl esa vlkoèkkuh ls [kM+s gSa vkSj ;dk;d Mªkboj cl dks pyk nsrk gSA
ge >VosQ osQ lkFk ihNs dh vksj fxj iM+rs gSaA D;ksa \ gekjs iSj cl osQ iQ'kZ dks Li'kZ dj jgs gksrs
gSaA ;fn ?k"kZ.k u gksrk] rks ge ogha jgrs tgka igys Fks tcfd gekjs iSjksa osQ uhps cl dk iQ'kZ osQoy
vkxs dh fn'kk esa ljdrk vkSj cl dk ihNs dk Hkkx gels vkdj VdjkrkA ijarq lkSHkkX;o'k] gekjs iSj
vkSj iQ'kZ osQ chp oqQN ?k"kZ.k gksrk gSA ;fn cl dh fid&vi vfr vkdfLed ugha gS] vFkkZr~ Roj.k
lkèkkj.k gS rks ?k"kZ.k cy gekjs iSjksa dks cl osQ lkFk Rofjr djus osQ fy, i;kZIr gksxkA ijarq oLrqr%
gekjk 'kjhj ,d n`<+ fi.M ugha gSA blesa fo:i.k gks ldrk gS] vFkkZr~ blosQ fofHkUu Hkkxksa osQ chp
vkis{k foLFkkiu laHko gS A bldk rkRi;Z ;g gqvk fd tc gekjs iSj cl osQ lkFk vkxs c<+rs gSa] rks
'kjhj dk 'ks"k Hkkx tM+Ro osQ dkj.k ogha jgrk gSA blhfy,] cl osQ vkis{k ge ihNs dh vksj isaQd



fn, tkrs gSaA tSls gh ;g ?kVuk ?kVrh gS] 'kjhj osQ 'ks"k Hkkxksa ij is'kh; cy (iSjksa osQ }kjk) dk;Z djus
yxrs gSa] tks 'kjhj osQ 'ks"k Hkkx dks iSjksa osQ lkFk xfr djkrs gSaA blh izdkj dh ?kVuk rhoz xfr ls
pyrh cl osQ ;dk;d #dus ij ?kVrh gSA gekjs iSj ?k"kZ.k osQ dkj.k #d tkrs gSa] D;ksafd ?k"kZ.k cy
iSjksa rFkk cl osQ iQ'kZ osQ chp vkis{k xfr ugha gksus nsrkA ijarq 'kjhj dk 'ks"k Hkkx] tM+Ro osQ dkj.k]
vkxs dh vksj xfr djrk jgrk gSA ifj.kkeLo:i ge vkxs dh vksj isaQd fn, tkrs gSaA izR;ku;uh
is'kh; cyksa osQ dk;Zjr gksus osQ dkj.k 'kjhj fojke voLFkk esa vk tkrh gSA
mnkgj.k 5-1 dksbZ varfj{k;k=kh varjkrkjdh; vkdk'k esa 100 ms-2 dh ,dleku nj ls Rofjr vius
varfj{k;ku ls nq?kZVuko'k ckgj isssaQd fn;k tkrk gS A ftl {k.k varfj{k;k=kh varfj{k;ku ls ckgj vk
tkrk gS] mlosQ rqjar i'pkr~ varfj{k;k=kh dk Roj.k D;k gS \ (eku yhft, fd ;k=kh ij xq#Rokd"kZ.k
cy vkjksfir djus osQ fy, mlosQ fudV dksbZ rkjk ugha gS)A

gy ftl {k.k og ;k=kh ;ku ls ckgj vkrk gS] mlh {k.k ls varfj{k;k=kh ij dksbZ cká cy dk;Zjr
ugha jgrk D;ksafd geus ;g ekuk gS fd ;k=kh ij xq#Rokd"kZ.k cy vkjksfir djus osQ fy, mlosQ fudV
dksbZ rkjk ugha gSa rFkk varfj{k ;ku NksVk gksus osQ dkj.k blosQ }kjk ;k=kh ij yx jgk xq#Rokd"kZ.k cy
mis{k.kh; gSA xfr osQ izFke fu;e osQ vuqlkj varfj{k;k=kh dk Roj.k 'kwU; gSA

5.5 U;wVu dk xfr dk f}rh; fu;e
xfr dk izFke fu;e ml lk/kj.k izdj.k ls laca/ j[krk gS ftlesa fdlh fi.M ij usV cká cy 'kwU;
gSA xfr dk f}rh; fu;e mu O;kid fLFkfr;ksa ls laca/ j[krk gS] ftuesa fi.M ij dksbZ usV cká cy
yx jgk gksA ;g fu;e usV cká cy vkSj fi.M osQ Roj.k eas laca/ n'kkZrk gSA
laosx
fdlh fi.M osQ laosx dks mldh lagfr m rFkk osx v osQ xq.kuiQy }kjk ikfjHkkf"kr fd;k tkrk gSA
bls p }kjk fufnZ"V fd;k tkrk gS %

p = mv   (5.1)

Li"V :i ls laosx ,d lfn'k jkf'k gSA nSfud thou osQ fuEufyf[kr lk/kj.k vuqHkoksa eas fi.Mksa dh
xfr;ksa ij cyksa osQ izHkko ij fopkj djrs le; geas laosx osQ egÙo dk irk pyrk gSA
• eku yhft, ,d de Hkkj dk okgu (TkSls NksVh dkj) rFkk ,d vf/d Hkkj dk okgu (tSls lkeku
ls ynk Vªd) nksuksa gh fdlh {kSfrt lM+d ij [kM+s gSaA ge lHkh HkyhHkkafr tkurs gSa fd leku le;



varjky eas nksuksa okguksa dks leku pky ls xfr djkus eas dkj dh rqyuk eas Vªd dks /osQyus osQ fy,
vis{kko`Qr vf/d cy dh vko';drk gksrh gSA blh izdkj] ;fn ,d gydk fi.M rFkk ,d Hkkjh
fi.M nksuksa leku pky ls xfreku gSa] rks leku le; varjky eas nksuksa fi.Mksa dks jksdus eas gyosQ
fi.M dh rqyuk eas Hkkjh fi.M eas vis{kko`Qr vf/d ifjek.k osQ fojks/h cy dh vko';drk gksrh gS A
• ;fn nks iRFkj] ,d gydk rFkk nwljk Hkkjh] ,d gh Hkou osQ f'k[kj ls fxjk, tkrs gSa] rks /jrh ij
[kM+s fdlh O;fDr osQ fy, Hkkjh iRFkj dh rqyuk eas gyosQ iRFkj dks yiduk vklku gksrk gSA bl
izdkj fdlh fi.M dh lagfr ,d egRRoiw.kZ izkpy gS tks xfr ij cy osQ izHkko dks fu/kZfjr djrk
gSA
• fopkj djus ;ksX; ,d vU; egÙoiw.kZ izkpy gS-pky A canwd ls NksM+h xbZ dksbZ xksyh #dus ls iwoZ
ekuo Ård dks vklkuh ls os/ ldrh gS] iQyLo:i nq?kZVuk gks tkrh gSA ;fn mlh xksyh dks lk/kj.k
pky ls isaQossaQ rks vf/d {kfr ugha gksrhA vr% fdlh nh xbZ lagfr osQ fy, ;fn pky vf/d gks rks
mls ,d fuf'pr le; varjky eas jksdus osQ fy, vf/d ifjek.k osQ fojks/h cy dh vko';drk
gksrh gSA lkFk&lkFk ysus ij] lagfr vkSj osx dk xq.kuiQy] vFkkZr laosx] izR;{k :i ls xfr dk ,d
izklafxd pj gS A ;fn vf/d laosx ifjorZu dh vko';drk gS rks yxkus osQ fy, vf/d ifjek.k osQ
cy dh vko';drk gksxhA
• fØosQV dk dksbZ vH;Lr f[kykM+h rhoz xfr ls vkrh xsan dks ,d ukSflf[k;k f[kykM+h dh rqyuk eas
dgha vf/d vklkuh ls yid ysrk gS tcfd ukSflf[k;k f[kYkkM+h mlh xsan dks yidus eas gkFkksa eas
pksV [kk ysrk gSA bldk ,d dkj.k ;g gS fd vH;Lr f[kykM+h] vius gkFkksa ls xsan dks yid dj]
mls jksdus eas vf/d le; yxkrk gS A vkius è;ku fn;k gksxk fd vH;Lr f[kykM+h xsan dks yidus
dh fØ;k eas vius gkFkksa dks ihNs dh vksj [khaprk gS (fp=k 5-3)A tcfd ukSflf[k;k f[kykM+h vius
gkFkksa dks fLFkj j[krk gS rFkk xsan dks yxHkx rR{k.k gh yidus dk iz;kl djrk gSA xsan dks rR{k.k
jksdus osQ fy, mls vis{kko`Qr dkiQh vf/d cy yxkuk iM+rk gS iQyLo:i mlosQ gkFkksa eas pksV yx
tkrh gSA blls fu"d"kZ fudyrk gS % cy osQoy laosx ifjorZu ij gh fuHkZj ugha djrk] og bl ckr
ij Hkh fuHkZj djrk gS fd fdruh rhozrk ls ;g ifjorZu fd;k tkrk gSA leku laosx ifjorZu ;fn
vis{kko`Qr de le; eas fd;k tkrk gS] rks vis{kko`Qr vf/d cy yxkus dh vko';drk gksrh gS A
la{ksi eas] laosx ifjorZu dh nj vf/d gS] rks cy vf/d gksrk gS A



fp=k 5-3 cy osQoy laosx ifjorZu ij gh fuHkZj ugha djrk] oju~ og bl ckr ij Hkh fuHkZj djrk gS fd ;g ifjorZu fdruh rhozrk ls

fd;k tkrk gS A ,d vH;Lr f[kYkkM+h xsan yioQrs le; vius gkFkksa dks IkhNs dh vksj [khaprk gS ftlls xsan dks jksdus eas vfèkd le;

yxrk gS] ftlosQ fy, vis{kko`Qr de cy dh vko';drk gksrh gS A

• ,d vR;ar egÙoiw.kZ izs{k.k bl rF; dh iqf"V djrk gS fd lagfr rFkk osx dk xq.kuiQy (vFkkZr~
laosx) gh xfr ij cy osQ izHkko dk ewy gSA eku yhft,] fofHkUUk lagfr;ksa osQ nks fi.Mksa] tks vkjaHk
eas fojke eas gSa] ij dksbZ fuf'pr cy ,d fuf'pr le; varjky osQ fy, yxk;k tkrk gSA gydk
fi.M] vis{kkuqlkj] Hkkjh fi.M dh rqyuk eas vf/d pky xzg.k dj ysrk gSA ijarq] le; varjky osQ
var esa] izs{k.k ;g n'kkZrs gSa fd] izR;sd fi.M leku laosx mikftZr djrk gSA bl izdkj] leku le;
osQ fy, yxk;k x;k leku cy fofHkUu fi.Mksa eas leku laosx ifjorZu djrk gSA ;g xfr osQ f}rh;
fu;e dk izkekf.kd ekxZn'kZd fl¼kar gSA
• fiNys izs{k.kksa eas laosx dk lfn'k pfj=k vFkZiw.kZ ugha jgk gSA vc rd osQ mnkgj.kksa eas] laosx ifjorZu
rFkk laosx lekUrj fn'kkvksa eas gSaA ijarq lnSo ,slk ugha gksrkA eku yhft,] fdlh Mksjh }kjk ,d iRFkj
dks {kSfrt lery eas ,dleku pky ls ?kqek;k tkrk gS A blesa laosx dk ifjek.k fLFkj jgrk gS] ijarq
bldh fn'kk fujUrj ifjofrZr gksrh gS (fp=k 5-4)A laosx lfn'k eas ;g ifjorZu djus osQ fy, cy dh
vko';drk gksrh gSA ;g cy Mksjh ls gksdj iRFkj dks gekjs gkFkksa }kjk iznku fd;k tkrk gSA vuqHkoksa
ls ;g laosQr feyrk gS fd ;fn iRFkj dks vis{kko`Qr vf/d pky rFkk@vFkok NksVh f=kT;k osQ o`Ùk eas
?kqek;k tk, rks gekjs gkFkksa }kjk vf/d cy yxkus dh vko';drk gksrh gSA ;g vf/d Roj.k vFkok
laosx lfn'k eas rqY;kadh vf/d ifjorZu osQ rnuq:ih gksrk gSA blls ;g laosQr feyrk gS fd laosx



lfn'k eas vf/d ifjorZu osQ fy, vf/d cy yxkuk gksrk gSA

fp=k 5-4 laosx dk ifjek.k fLFkj jgus ij Hkh laosx dh fn'kk eas ifjorZu ossQ fy, cy vko';d gS A bldk vuqHko ge Mksjh }kjk

fdlh iRFkj dks ,dLkeku pky ls o`RRk eas ?kqekdj dj ldrs gSa A

;s xq.kkRed izs{k.k gesa xfr osQ f}rh; fu;e dh vksj ys tkrs gSa] ftls U;wVu us bl izdkj O;Dr fd;k
Fkk %
fdlh fi.M osQ laosx ifjorZu dh nj vkjksfir cy osQ vuqØekuqikrh gksrh gS rFkk mlh fn'kk eas gksrh
gS ftl fn'kk eas cy dk;Z djrk gSA
bl izdkj ;fn m lagfr osQ fdlh fi.M ij dksbZ cy F le; varjky ∆t rd yxkus ij ml fi.M
osQ osx eas v ls v + ∆v dk ifjorZu gks tkrk gS] vFkkZr~ fi.M osQ izkjafHkd laosx mv esa ∆(mv) dk
ifjorZu gks tkrk gSA rc xfr osQ f}rh; fu;e osQ vuqlkj]

;gk¡ k vkuqikfrdrk fLFkjkad gSA ;fn , in ,

t osQ vkis{k p dk vodyt vFkok vody xq.kkad cu tkrk gS] ftls  }kjk fufnZ"V fd;k tkrk
gSA bl izdkj]



F = k  (5.2)

fdlh fLFkj lagfr m osQ fi.M osQ fy,

 (5.3)

vFkkZr~] f}rh; fu;e dks bl izdkj Hkh fy[k ldrs gSa]
F = k m a (5.4)

tks ;g n'kkZrk gS fd cy F, lagfr m rFkk Roj.k a osQ xq.kuiQy osQ vuqozQekuqikrh gksrk gSA
geus cy osQ ek=kd dh vc rd ifjHkk"kk ugha nh gS A okLro esa] cy osQ ek=kd dh ifjHkk"kk nsus osQ
fy, ge lehdj.k (5-4) dk mi;ksx djrs gSaA vr% ge k osQ fy, dksbZ Hkh fu;r eku pquus osQ
fy, Lora=k gSaA ljyrk osQ fy,] ge k = 1 pqurs gSaA rc f}rh; fu;e gks tkrk gS]

 (5.5)

SI ek=kdksa esa] ,d ek=kd cy og gksrk gS tks 1kg osQ fi.M esa 1ms-2 dk Roj.k mRiUu dj nsrk gSA
bl ek=kd cy dks U;wVu dgrs gSaA bldk izrhd N gSA 1N = 1kg ms-2A
bl fLFkfr esa gesa xfr osQ f}rh; fu;e osQ oqQN egÙoiw.kZ ¯cnqvksa ij è;ku nsuk gS %
1- xfr osQ f}rh; fu;e esa F = 0 ls ;g miyf{kr gksrk gS fd a = 0A izR;{k :i ls f}rh; fu;e
izFke fu;e osQ vuq:i gSA
2- xfr dk f}rh; fu;e ,d lfn'k fu;e gSA ;g] okLro esa] rhu lehdj.kksa osQ rqY; gS] lfn'kksa osQ
izR;sd ?kVd osQ fy, ,d lehdj.k %

 (5.6)

bldk vFkZ ;g gqvk fd ;fn dksbZ cy fi.M osQ osx osQ lekUrj ugha gS] oju~ mlls dksbZ dks.k cukrk



gS] rc og osQoy cy dh fn'kk esa osx osQ ?kVd dks ifjofrZr djrk gSA cy osQ vfHkyacor~ osx dk
?kVd vifjofrZr jgrk gSA mnkgj.k osQ fy,] mQèokZ/j xq#Rokd"kZ.k cy osQ v/hu fdlh iz{ksI; dh
xfr esa osx dk {kSfrt ?kVd vifjofrZr jgrk gS (fp=k 5-5)A
3- lehdj.k (5-5) ls izkIr xfr dk f}rh; fu;e oLrqr%] ,dy fcanq d.k ij ykxw gksrk gSA fu;e
esa F d.k ij yxs usV ckÞ; cy rFkk a d.k osQ Roj.k osQ fy, iz;qDr gqvk gS A rFkkfi bl fu;e
dks blh :i esa n`<+ fi.Mksa vFkok] ;gk¡ rd fd O;kid :i esa d.kksa osQ fudk; ij Hkh ykxw fd;k
tkrk gSA ml voLFkk esa] F dk mYys[k fudk; ij yxs oqQy cy rFkk a dk mYys[k leLr fudk;
osQ Roj.k osQ fy, gksrk gSA vf/d ;FkkFkZrk ls] a fudk; osQ lagfr osaQnz dk Roj.k gS ftlosQ ckjs esa
ge vè;k; 7 esa foLrkj ls i<+saxsA fudk; esa fdUgha Hkh vkarfjd cyksa dks F esa lfEefyr ugha fd;k
tkrk gSA
4- xfr dk f}rh; fu;e ,d LFkkuh; laca/ gSA bldk ;g vFkZ gS fd le; osQ fdlh fuf'pr {k.k
ij lef"V esa fdlh fcanq (d.k dh vofLFkfr) ij yxk cy F mlh {k.k mlh fcanq ij Roj.k a ls
lacaf/r gSA vFkkZr~ ^fdlh d.k osQ Roj.k dk fu/kZj.k mlh le; ml ij yxs cy }kjk fd;k tkrk gS]
d.k dh xfr osQ fdlh Hkh bfrgkl }kjk ugha (fp=k 5-5 ns[ksa)A

fp=k 5-5 fdlh {k.k ij Roj.k dk fu/kZj.k mlh {k.k osQ cy }kjk fd;k tkrk gS A fdlh Rofjr jsyxkM+h ls dksbZ iRFkj ckgj Mkyus osQ

{k.k osQ rqjar i'pkr~] ;fn ok;q osQ izfrjks/ dks ux.; ekusa rks] ml iRFkj ij dksbZ {kSfrt Roj.k vFkok cy dk;Zjr ugha gksrk A oqQN

{k.k iwoZ iRFkj ij jsyxkM+h osQ Roj.k dk izHkko vc iw.kZr;k lekIr gks tkrk gSA

mnkgj.k 5-2 90 ms-1 pky ls xfreku 0.04 kg lagfr dh dksbZ xksyh ydM+h osQ Hkkjh xqVosQ esa /



¡ldj 60 cm nwjh pydj #d tkrh gS A xqVosQ }kjk xksyh ij yxus okyk vkSlr vojks/h cy D;k gS
\
gy xksyh dk eanu (fu;r ekurs gq,)

= 
xfr osQ f}rh; fu;e osQ }kjk] eanu cy
= 0.04 kg × 6750 ms–2 = 270 N

bl izdj.k esa] okLrfod vojksèkh cy vkSj blhfy,] xksyh dk eanu ,dleku ugha gksrkA blhfy,]
mRRkj osQoy vkSlr vojksèkh cy dks O;Dr djrk gSA

mnkgj.k 5-3 nzO;eku m osQ ,d d.k dh xfr] y =  ls o£.kr gSA ml d.k ij yxus
okys cy dks Kkr djksA
gy % ge tkurs gSa

vc]

Roj.k] 
lehdj.k (5-5) ls cy]

F = ma = mg

vr% fn, x, lehdj.k ls xq#Roh; Roj.k osQ v/hu d.k dh xfr dk o.kZu gksrk gS rFkk y xq#Roh;
Roj.k g dh fn'kk esa LFkku funsZ'kkad gSA t
vkosx
dHkh&dHkh gekjk lkeuk ,sls n`"Vkarksa ls gksrk gS ftuesa fdlh fi.M ij dksbZ cM+k cy] cgqr de
le; osQ fy, dk;Zjr jgdj] ml fi.M osQ laosx esa ifjfer ifjoZru mRiUu djrk gSA mnkgj.k osQ
fy,] tc dksbZ xsan fdlh nhokj ls Vdjkdj okil ijkofrZr gksrh gS] rc nhokj }kjk xsan ij yxus



okyk cy cgqr de le; osQ fy, (ftrus le; rd nksuksa laioZQ esa gksrs gSa) dk;Zjr jgrk gS rks Hkh
;g cy xsan osQ laosx dks mRØfer djus osQ fy, i;kZIr gksrk gSA izk;% bu fLFkfr;ksa esa] cy rFkk
le;kofèk dks i`Fkd&i`Fkd lqfuf'pr djuk dfBu gksrk gSA ijarq cy rFkk le; dk xq.kuiQy] tks fd
fi.M dk laosx ifjorZu gS] ,d ekius ;ksX; jkf'k gSA bl xq.kuiQy dks vkosx dgrs gSa %

vkosx= cy × le;kofèk = laosx esa ifjorZu (5-7)
ifjfer laosx ifjorZu mRiUu djus osQ fy,] de le; osQ fy, dk;Zjr jgus okys cM+s cy dks
vkosxh cy dgrs gSaA ;|fi foKku osQ bfrgkl esa vkosxh cyksa dks ladYiukRed :i ls lkekU; cyksa
ls vyx Js.kh esa j[kk x;k] U;wVuh ;kaf=kdh esa ,slk dksbZ foHksnu ugha fd;k x;k gSA vU; cyksa dh
Hkkafr vkosxh cy Hkh cy gh gS-osQoy ;g cM+k gS vkSj de le; osQ fy, dk;Zjr jgrk gSA
mnkgj.k 5-4 dksbZ cYysckt fdlh xsan dh vkjafHkd pky tks 12 ms-1 gS] esa fcuk ifjorZu fd, ml
ij fgV yxkdj lhèks xsanckt dh fn'kk esa okil Hkst nsrk gS A ;fn xsan dh lagfr 0-15 kg gS] rks
xsan dks fn;k x;k vkosx Kkr dhft, A (xsan dh xfr jSf[kd ekfu,) A
gy % laosx ifjorZu ¾0.15×12–(–0.15×12) = 3.6 Ns

vkosx ¾ 3-6 Ns cYysckt ls xsanckt dh fn'kk esa ;g ,d ,slk mnkgj.k gS ftlesa cYysckt }kjk xsan
ij yxk cy rFkk xsan vkSj cYys osQ chp laioZQ dk le; Kkr djuk ,d dfBu dk;Z gS tcfd
vkosx dk ifjdyu rqjar fd;k tk ldrk gSA 

5.6 U;wVu dk xfr dk r`rh; fu;e
xfr dk f}rh; fu;e fdlh fi.M ij yxs ckÞ; cy rFkk mlesa mRiUu Roj.k esa lacaèk crkrk gSA
fi.M ij yxs ckÞ; cy dk mn~xe D;k gS \ dkSu lkèku ckÞ; cy iznku djrk gS \ U;wVuh ;kaf=kdh
esa bu iz'uksa dk ljy mRRkj ;g gS fd fdlh fi.M ij yxus okyk ckÞ; cy lnSo gh fdlh vU;
fi.M osQ dkj.k gksrk gSA nks fi.Mksa A vkSj B osQ ;qxy ij fopkj dhft,A eku yhft, fi.M B fi.M
A ij dksbZ ckÞ; cy yxkrk gS] rc ;g iz'u Hkh LokHkkfod gS % D;k fi.M A Hkh fi.M B ij dksbZ
ckÞ; cy yxkrk gS \ oqQN mnkgj.kksa esa mRRkj Li"V tku iM+rk gSA ;fn vki fdlh oqQ.Mfyr dekuh
dks vius gkFkksa ls nck,¡ rks og dekuh vkiosQ gkFkksa osQ cy ls laihfMr gks tkrh gSA laihfMr dekuh
Hkh izR;qRRkj esa vkiosQ gkFkksa ij cy vkjksfir djrh gS % vki bl cy dk vuqHko djrs gSaA ijarq rc
D;k gksrk gS tc fi.M laioZQ esa ugha gksrs \ i`Foh xq#Roh; cy osQ dkj.k fdlh iRFkj dks vèkkseq[kh
fn'kk esa [khaprh gSA D;k iRFkj i`Foh ij dksbZ cy yxkrk gS \ bldk mRRkj Li"V ugha gS] D;ksafd ge



iRFkj }kjk i`Foh ij yxs cy osQ izHkko dks ugha ns[k ldrs gSaA ijarq U;wVu osQ vuqlkj bl iz'u dk
mRRkj gS % gk¡] iRFkj Hkh i`Foh ij ifjek.k esa leku rFkk fn'kk esa foijhr cy yxkrk gSA gesa bl cy
dh tkudkjh ugha gks ikrh] bldk dkj.k ;g gS fd vR;fèkd Hkkjh gksus osQ dkj.k i`Foh dh xfr ij
iRFkj }kjk yxus okys de cy dk izHkko ux.; gksrk gSA
bl izdkj] U;wVuh ;kaf=kdh osQ vuqlkj] izo`Qfr eas cy dHkh Hkh vosQyk ugha ik;k tkrkA nks fi.Mksa osQ
chp ijLij vU;ksU; fØ;k cy gSA cy lnSo ;qxy esa ik, tkrs gSaA lkFk gh] nks fi.Mksa osQ chp
ijLij cy lnSo leku vkSj foijhr fn'kk esa gksrs gSaA U;wVu us bl èkkj.kk dks xfr osQ r`rh; fu;e osQ
:i esa O;Dr fd;kA
izR;sd fØ;k dh lnSo leku ,oa foijhr fn'kk esa izfrfØ;k gksrh gSA
U;wVu dh xfr osQ r`rh; fu;e dh Hkk"kk bruh lqLi"V vkSj jkspd gS fd ;g lkekU; Hkk"kk dk vax
cu xbZ gSA dnkfpr blh dkj.ko'k xfr osQ r`rh; fu;e osQ ckjs essa dkiQh Hkzkafr;k¡ gSa A vkb,] xfr osQ
r`rh; fu;e osQ ckjs esa oqQN egÙoiw.kZ fcanqvksa ij è;ku nsa] fo'ks"kdj fØ;k rFkk izfrfØ;k inksa osQ
iz;ksx osQ lanHkZ esaA
1- xfr osQ r`rh; fu;e esa inksa & fØ;k rFkk izfrfØ;k dk vFkZ ^cy* osQ vfrfjDr vU; oqQN ugha gSA
,d gh HkkSfrd jkf'k osQ fy, fofHkUu inksa dk iz;ksx dHkh&dHkh Hkzfer dj ldrk gSA r`rh; fu;e dks
ljy rFkk Li"V 'kCnksa esa bl izdkj fy[kk tkrk gS %
cy lnSo ;qxyksa esa ik, tkrs gSaA fi.M A ij B }kjk vkjksfir cy fi.M B ij A }kjk
vkjksfir cy osQ leku ,oa foijhr gksrk gSA
2- r`rh; fu;e osQ inksa fØ;k rFkk izfrfØ;k ls ;g Hkze mRiUu gks ldrk gS fd fØ;k izfrfØ;k ls
igys vkrh gS] vFkkZr~ fØ;k dkj.k gS rFkk fufgr izfrfØ;k mldk izHkkoA r`rh; fu;e esa ,slk dksbZ
dkj.k&izHkko lacaèk ugha gSA A ij B }kjk vkjksfir cy rFkk B ij A }kjk vkjksfir cy ,d gh {k.k
dk;Zjr gksrs gSaA blh laosQr osQ vkèkkj ij buesa ls fdlh Hkh ,d dks fØ;k rFkk nwljs dks izfrfØ;k
dgk tk ldrk gSA
3- fØ;k rFkk izfrfØ;k cy nks fHkUu fi.Mksa ij dk;Z djrs gSa] ,d gh oLrq ij ughaA nks fi.Mksa A

rFkk B osQ ;qxy ij fopkj dhft,A r`rh; fu;e osQ vuqlkj]
FAB = – FBA (5-8)

(A ij B }kjk cy) = & (B ij A }kjk cy)
bl izdkj] ;fn ge fdlh ,d fi.M (A vFkok B) dh xfr ij fopkj djrs gSa rks nks cyksa esa ls



osQoy ,d gh izklafxd gSA nksuksa cyksa dk ;ksx djosQ n`<+rkiwoZd ;g dguk fd usV cy 'kwU; gS] ;g
=kqfViw.kZ gSA fiQj Hkh] ;fn vki nks fi.Mksa osQ fdlh fudk; dks ,d fi.M ekudj ml ij fopkj djrs
gSa] rks FAB rFkk FBAA ml fudk; (A + B) osQ vkarfjd cy gSaA ;s nksuksa feydj ,d 'kwU; cy
nsrs gSa A bl izdkj fdlh fi.M vFkok d.kksa osQ fudk; esa vkarfjd cy ;qxyksa esa fujLr gks tkrs gSaA
;g ,d egÙoiw.kZ rF; gS tks f}rh; fu;e dks fdlh fi.M vFkok d.kksa osQ fudk; ij vuqiz;ksT;
gksus ;ksX; cukrk gS (nsf[k, vè;k; 7)A

vkbtd U;wVu (1642&1727)

vkbtd U;wVu dk tUe lu~ 1642 bZ- eas baXyS.M osQ owYlFkkWiZs uked 'kgj eas gqvk] la;ksxo'k
blh o"kZ XkSyhfy;ks dk nsgkar gqvk A fo|ky;h thou eas mudh vn~Hkqr xf.krh; izfrHkk rFkk
;kaf=kd vfHk#fp vU; yksxksa ls fNih jgh A lu~ 1662 eas Lukrd iwoZ vè;;u osQ fy, os
oSQfEczt x, A lu~ 1669 eas Iysx&egkekjh iSQyus osQ dkj.k fo'ofo|ky; can djuk iM+k vkSj
U;wVu viuh ekr`Hkwfe okil ykSV vk, A bu nks o"kks± osQ ,dkdh thou eas mudh izLkqIr
l`tukRed 'kfDr foLiqQfVr gqbZ A xf.kr rFkk HkkSfrdh osQ ewy vkfo"dkjksa% Í.kkRed rFkk
fHkUukRed ?kkrkadksa osQ fy, f}inh izes;] vody xf.kr dk vkjaHk] xq#Rokd"kZ.k dk O;qRØe oxZ
fu;e] 'osr izdk'k dk LisDVªe vkfn dh ck<+&lh vk xbZ A okil oSQfEczt ykSVus ij mUgksaus
izdkf'kdh eas vius vkfo"dkjksa dks vkxs c<+k;k rFkk ijkorhZ nwjn'kZd dh jpuk dh A
lu~ 1684 bZ- eas vius fe=k ,Me.M gsyh osQ mRlkfgr djus ij U;wVu us vius oSKkfud
vkfo"dkjksa dks fy[kuk vkjaHk fd;k vkSj ^^fn fizalhfi;k eSFksesfVdk** uked egku xazFk dh jpuk
dh tks fdlh Hkh dky eas jps x, egkure xzaFkksa eas ls ,d ekuk tkrk gS A blh xzaFk eas mUgksaus
xfr osQ rhuksa fu;eksa rFkk xq#Rokd"kZ.k osQ lkoZf=kd fu;e dk izfriknu fd;k gS tks osQIyj osQ
xzg xfr osQ rhuksa fu;eksa dh fof/or O;k[;k djrs gSa A bl xzaFk eas u;h&u;h iFk izn'kZd
miyfC/;k¡ owQV&owQV dj Hkjh Fkha ftueas ls oqQN izeq[k bl izdkj gSa % rjy ;kaf=kdh osQ ewy



fl¼kar] rjax xfr dk xf.kr] i`Foh] lw;Z rFkk vU; xzgksa dh lagfr;ksa dk ifjdyu] fo"kqoksa osQ
iqjLlj.k dh O;k[;k] Tokj&HkkVksa dk fl¼kar] vkfn A lu~ 1704 bZ- eas U;wVu us ,d vU; mRo`Q"V
xzaFk ^^vkWfIVDl** izdkf'kr fd;k ftleas mUgksaus vius izdk'k rFkk o.kZ laca/h dk;Z dk lkj izLrqr
fd;k A
dkWijfudl us ftl oSKkfud Økafr dks izfjr fd;k vkSj ftls osQIyj rFkk xSyhfy;ks us izoyrk ls
vkxs izpfyr fd;k mlh dk HkO; laiwj.k U;wVu }kjk gqvk A U;wVuh ;kaf=kdh us ikfFkZo rFkk
vkdk'kh; ifj?kVukvksa dks ,dho`Qr fd;k A ,d gh lehdj.k i`Foh ij lso osQ fxjus rFkk i`Foh
osQ pkjksa vksj panzek dh ifjØek djus dks fu;af=kr dj ldrh Fkh A foosd osQ ;qx dk mn; gks
pqdk Fkk A

mnkgj.k 5-5 nks loZle fcfy;MZ xsansa fdlh n`<+ nhokj ls leku pky ls] ijarq fHkUu dks.kksa ij]
Vdjkrh gSa rFkk uhps n'kkZ, fp=k 5-6 dh Hkkafr pky eas fcuk {k; gq, ijkofrZr gks tkrh gSa A (i)

izR;sd xsan osQ dkj.k nhokj ij cy dh fn'kk D;k gS \ rFkk (ii) nhokj }kjk nksuksa xsanksa ij yxs vkosxksa
dk vuqikr D;k gS \
gy LokHkkfod :i eas bu iz'uksa osQ mRRkj bl izdkj gksaxs& (i) ;g gks ldrk gS fd (a) eas xsan osQ
dkj.k nhokj ij yxk cy nhokj osQ vfHkyacor~ gks tcfd (b) eas xsan osQ dkj.k nhokj ij yxk cy

nhokj ij vfHkyac osQ lkFk 30ñ dk dks.k cukrk gSA ;g mRRkj lgh ugha gSA nksuksa gh izdj.kksa eas nhokj
ij yxk cy nhokj osQ vfHkyacor~ gSA
nhokj ij yxs cy dks oSQls Kkr djsa \ bldh xfr osQ ckjs eas gesa dksbZ tkudkjh ugha gSA blosQ fy,
,d ;qfDr viukrs gSa ftleas igys ge f}rh; fu;e dk mi;ksx djosQ nhokj osQ dkj.k xsan ij yxs
cy (vFkok vkosx) ij fopkj djrs gSa vkSj rRi'pkr~ (i) dk mRRkj nsus osQ fy, r`Rkh; fu;e dk
mi;ksx djrs gSaA eku yhft, izR;sd xsan dh lagfr m gS rFkk nhokj ls Vdjkus ls iwoZ vkSj Vdjkus osQ
i'pkr~ nksuksa xsanksa dh pky u gSA fp=k eas n'kkZ, x;s osQ vuqlkj x- rFkk y- v{kksa dk pquko dhft,]
rFkk izR;sd izdj.k eas xsan osQ laosx eas ifjorZu ij fopkj dhft, %



fp=k 5-6

izdj.k (a)

laosx] vkosx lfn'k eas ifjorZu gksrk gS] vr%
vkosx dk x-?kVd = –2 mu 

vkosx dk y-?kVd = 0

vkosx rFkk cy leku fn'kk eas gSa mijksDr ppkZ ls ;g Li"V gS fd nhokj osQ dkj.k xsan ij yxk cy
nhokj osQ vfHkyacor~] rFkk xfr dh Í.kkRed x-fn'kk osQ vuqfn'k gSA U;wVu osQ xfr osQ r`rh; fu;e
dk mi;ksx djus ij xsan osQ dkj.k nhokj ij yxk cy nhokj osQ vfHkyacor~] rFkk xfr dh /ukRed
x-fn'kk osQ vuqfn'k gSA pwafd bl leL;k eas ;g ugha crk;k x;k gS fd nhokj ls VDdj eas yxk vYi
le; fdruk gS] vr% cy osQ ifjek.k dks lqfuf'pr ugha fd;k tk ldrkA
izdj.k (b)

, 

, 

è;ku nhft,] Vdjkus osQ i'pkr~ px dk fpÞu ifjofrZr gks tkrk gS] tcfd py dk ugha gksrkA vr%

vkosx dk x-?kVd = –2 mu cos 30ñ

vkosx dk y-?kVd = 0



vkosx (rFkk cy) dh fn'kk ogh gS tks (a) esa Fkh% ;g nhokj osQ vfHkyacor~ Í.kkRed x- fn'kk osQ
vuqfn'k gSA igys dh gh Hkkafr] U;wVu osQ r`rh; fu;e dk mi;ksx djus ij xsan osQ dkj.k nhokj ij
cy nhokj osQ vfHkyacor~ /ukRed x-fn'kk osQ vuqfn'k gSA
izdj.k (a) o izdj.k (b) eas xsan dks nhokj }kjk iznku fd, x, vkosxksa osQ ifjek.kksa dk vuqikr gS %

 

5.7 laosx&laj{k.k
U;wVu osQ xfr osQ f}rh; rFkk r`rh; fu;e ,d vR;Ur egRRoiw.kZ ifj.kke % laosx&laj{k.k fu;e dh
vksj vxzlj djrs gSaA ,d ifjfpr mnkgj.k ij fopkj dhft,A fdlh canwd ls ,d xksyh NksM+h tkrh
gSA ;fn canwd }kjk xksyh ij yxk cy F gS] rks U;wVu osQ r`rh; fu;e osQ vuqlkj xksyh }kjk canwd ij
yxus okyk cy –F gSA nksuksa cy leku le; varjky ∆t rd dk;Z djrs gSaA f}rh; fu;e osQ vuqlkj
xksyh dk laosx ifjorZu F ∆t gS rFkk canwd dk laosx ifjorZu –F ∆t gSA pwafd vkjaHk eas nksuksa fojke
eas gSa] vr% laosx ifjorZu vafre laosx osQ cjkcj gSA bl izdkj ;fn NksM+us osQ i'pkr~ xksyh dk laosx]
pb gS rFkk canwd dk izfr{ksi laosx] pg gS] rks pg = – pb vFkkZr~ pg + pb = 0 vFkkZr~] xksyh canwd
fudk; dk oqQy laosx lajf{kr jgrk gSA
bl izdkj] fdlh fo;qDr fudk; (vFkkZr~ dksbZ fudk; ftl ij dksbZ ckÞ; cy ugha yxrk gSA) esa]
fudk; osQ d.kksa osQ ;qxyksa osQ chp ikjLifjd cy O;f"V d.kksa eas laosx ifjorZu dj ldrs gSa] ijarq
pawfd izR;sd ;qxy osQ fy, ikjLifjd cy leku ,oa foijhr gSa laosx ifjorZu ;qxyksa eas fujLr gks
tkrs gSa rFkk oqQy laosx vifjofrZr jgrk gSA bl rF; dks laosx& laj{k.k fu;e dgrs gSaA bl fu;e
osQ vuqlkj %
vU;ksU; fØ;k djus okys d.kksa osQ fdlh fo;qDr fudk; dk oqQy laosx lajf{kr jgrk gSA
laosx&laj{k.k fu;e osQ vuqiz;ksx dk ,d egÙoiw.kZ mnkgj.k nks fi.Mksa eas la?kV~Vu gSA nks fi.Mksa A o
B ij fopkj dhft, ftuosQ vkjafHkd laosx pA rFkk pB gSaA nksuksa Vdjkrs gSa vkSj i`Fkd gks tkrs gSaA
;fn i`Fkd gksus osQ i'pkr~ muosQ vafre laosx Øe'k% P'A rFkk P'B gSa; rks f}rh; fu;e osQ }kjk
FAB ∆t = p'A – pA

rFkk] FBA ∆t = p'B – pB

(;gk¡ geus nksuksa cyksa osQ fy, leku le; varjky ∆t fy;k gS] tks og le; gS ftlesa nksuksa fi.M



laioZQ eas jgrs gSaA)
pwafd FAB = – FBA r`rh; fu;e }kjk]
p'A – pA = – (p'B – pB )

vFkkZr~ p'A + p'B = (pA + pB ) (5.9)

tks ;g n'kkZrk gS fd fo;qDr fudk; (A + B) dk oqQy vafre laosx mlosQ vkjafHkd laosx osQ cjkcj
gSA è;ku jgs fd] ;g fu;e nksuksa izdkj osQ la?kV~Vksa & izR;kLFk rFkk vizR;kLFk] ij ykxw gksrk gSA
izR;kLFk la?kV~V eas nwljh 'krZ gS fd fudk; dh oqQy vkjafHkd xfrt ÅtkZ fudk; dh oqQy vafre
xfrt ÅtkZ osQ cjkcj gksrh gS (nsf[k, vè;k; 6)A

5.8 fdlh d.k dh lkE;koLFkk
;kaf=kdh eas fdlh d.k dh lkE;koLFkk dk mYys[k mu fLFkfr;ksa osQ fy, fd;k tkrk gS ftueas d.k ij
usV ckÞ; cy 'kwU;* gksA izFke fu;e osQ vuqlkj] bldk ;g vFkZ gS fd ;k rks d.k fojke eas gS
vFkok ,d leku xfr eas gSA ;fn fdlh d.k ij nks cy F1 rFkk F2 dk;Zjr gSa] rks lkE;koLFkk osQ
fy, vko';d gS fd]

F1 = – F2 (5.10)

vFkkZr~ d.k ij dk;Zjr nksuksa cy leku ,oa foijhr gksuss pkfg, A rhu laxkeh cyksa] F1, F2 rFkk F3

osQ v/hu lkE;koLFkk (vFkok larqyu) osQ fy, bu rhuksa cyksa dk lfn'k ;ksx 'kwU; gksuk pkfg, %
F1 + F2 + F3 = 0 (5.11)

fp=k 5-7 laxkeh cyksa osQ v/hu larqyu

nwljs 'kCnksa eas] cyksa osQ lekUrj prqHkZqt fu;e }kjk izkIr fdUgha nks cyksa] eku yhft, F1 rFkk F2 ]
dk ifj.kkeh rhljs cy F3 ] osQ leku ,oa foijhr gksuk pkfg,A fp=k 5-7 osQ vuqlkj lkE;koLFkk eas
rhuksa cyksa dks fdlh f=kHkqt dh Hkqtkvksa] ftl ij pØh; Øe eas lfn'k rhj cus gksa] }kjk fu:fir



fd;k tk ldrk gSA bl ifj.kke dk O;kihdj.k cyksa dh fdlh Hkh la[;k osQ fy, fd;k tk ldrk
gSA vkjksfir cyksa F1 ] F2 ] F3 .... Fn osQ v/hu dksbZ d.k lkE;koLFkk eas gksxk ;fn mu cyksa dks
n&Hkqtk osQ can pØh; cgqHkqt dh Hkqtkvksa }kjk fu:fir fd;k tk losQ A
lehdj.k (5.11) ls

F1x + F2x + F3x = 0

F1y + F2y + F3y = 0

                   F1z + F2z + F3z = 0              (5.12)

tgk¡ ij F1x, F1y rFkk F1z Øe'k% F1 osQ x, y rFkk z fn'kk esa ?kVd gSA
* fdlh fi.M dh lkE;koLFkk osQ fy, osQoy LFkkukUrjh; lkE;koLFkk ('kwU; usV ckÞ; cy) gh
vko';d ugha gS oju~ ?kw.khZ lkE;koLFkk ('kwU; usV ckÞ; cy vk?kw.kZ) Hkh vko';d gS] ;g ge
vè;k; 7 eas ns[ksaxs A
mnkgj.k 5-6 6 kg lagfr osQ fdlh fi.M dks Nr ls 2 m yackbZ dh Mksjh }kjk yVdk;k x;k gS A
Mksjh osQ eè;&fcanq ij fp=k 5-8 eas n'kkZ, vuqlkj {kSfrt fn'kk eas 50 N cy yxk;k tkrk gS A
lkE;koLFkk eas Mksjh ÅèokZ/j ls fdruk dks.k cukrh gS \ (g = 10 ms-2 yhft,)A Mksjh dh lagfr dks
ux.; ekfu, A

(a)

(b)



(c)

fp=k 5-8

gy fp=k 5-8(b) rFkk 5-8(c) cy funsZ'kd vkjs[k dgykrs gSaA fp=k 5-8(b) Hkkj W dk cy funsZ'kd
vkjs[k gS rFkk 5-8(c) fcUnq P dk cy funsZ'kd vkjs[k gSA loZizFke Hkkj W dh lkE;koLFkk ij fopkj
dhft,A Li"V gS] T2 = 6×10 = 60NA vc rhu cyksa & ruko T1 rFkk T2, rFkk {kSfrt cy 50 N dh
fØ;kvksa osQ v/hu lagfr fcanq P dh lkE;koLFkk ij fopkj dhft,A ifj.kkeh cy osQ {kSfrt rFkk
ÅèokZ/j ?kVdksa dks i`Fkd&i`Fkd 'kwU; gksuk pkfg,%
T1 cos θ = T2 = 60 N

T1 sin θ = 50 N

 vFkok 
è;ku nhft,] mRRkj u rks Mksjh (ftldk nzO;eku ux.; ekuk gS) dh yackbZ ij fuHkZj djrk gS vkSj u
gh ml fcanq dh fLFkfr ij fuHkZj djrk gS ftl ij {kSfrt cy yxk;k x;k gS A °

5.9 ;kaf=kdh eas lkekU; cy
;kaf=kdh eas gekjk lkeuk dbZ izdkj osQ cyksa ls gksrk gSA okLro eas] xq#Rokd"kZ.k cy loZO;kid gSA
i`Foh ij fLFkr lHkh oLrq,¡ i`Foh osQ xq#Ro cy dk vuqHko djrh gSaA xq#Rokd"kZ.k cy vkdk'kh;
fi.Mksa dh xfr;ksa dks fu;af=kr djrk gSA xq#Rokd"kZ.k cy fdlh nwjh ij fcuk eè;orhZ ekè;e osQ dk;Z
dj ldrk gSA
;kaf=kdh eas lkekU;r% vkus okys lHkh cy laioZQ cy* gSaA tSlk fd uke ls laosQr feyrk gS] fdlh
fi.M ij laioZQ cy fdlh vU; fi.M Bksl vFkok rjy osQ laioZQ }kjk mRiUu gksrk gSA tc dbZ
fi.M laioZQ eas gksrs gSa] (mnkgj.kkFkZ] est ij j[kh dksbZ iqLrd] NM+ksa] dCtksa rFkk vU; izdkj osQ
vk/kjksa ls lac¼ n`<+ fi.Mksa dk dksbZ fudk;)] rc ogk¡ r`rh; fu;e dks larq"V djus okys (fi.Mksa osQ



izR;sd ;qxy osQ fy,) ikjLifjd laioZQ cy gksrs gSaA laioZQ&i`"Bksa osQ vfHkyacor~ laioZQ cy osQ ?kVd
dks vfHkyac cy (vFkok vfHkyac izfrfØ;k) dgrs gSaA laioZQ&i`"Bksa osQ lekUrj ?kVd dks ?k"kZ.k cy
dgrs gSaA laioZQ cy rc Hkh mRiUu gksrs gSa tc Bksl rjyksa osQ laioZQ eas vkrs gSaA mnkgj.k osQ fy,]
tc fdlh Bksl dks fdlh rjy eas Mqckrs gSa] rks ,d mifjeq[kh cy (mRIykou cy) gksrk gS tks ml
Bksl }kjk foLFkkfir rjy osQ Hkkj osQ cjkcj gksrk gSA ';ku cy] ok;q&izfrjks/] vkfn Hkh laioZQ cyksa
osQ mnkgj.k gSa (fp=k 5-9)A
nks lkekU; cy dekuh cy rFkk Mksjh esa ruko gSaA tc fdlh dekuh dks fdlh ckÞ; cy }kjk
laIkhfMr vFkok foLrkfjr fd;k tkrk gS] rc ,d izR;ku;u cy mRiUu gksrk gSA ;g cy izk;% laihMu
vFkok nS?;Zo`f¼ osQ vuqØekuqikrh gksrk gS (NksVs foLFkkiuksa osQ fy,)A dekuh cy F dks] F = –

kx }kjk O;Dr fd;k tkrk gS] ;gk¡ xfoLFkkiu gS rFkk k dks dekuh&fLFkjkad ;k cy&fLFkjkad dgrs gSaA
;gk¡ Í.kkRed fpÉ ;g n'kkZrk gS fd cy vrkfur voLFkk ls foLFkkiu osQ foijhr gSA
fdlh k vforkU; Mksjh osQ fy,] cy fu;rkad cgqr vf/d gksrk gSA fdlh Mksjh osQ izR;ku;u cy dks
ruko dgrs gSaA ijaijk osQ vuqlkj leLr Mksjh osQ vuqfn'k ,d leku ruko T eku ysrs gSaA ux.;
lagfr dh Mksjh osQ fy,] Mksjh osQ izR;sd Hkkx ij leku ruko ekuus dh ijaijk lgh gSA
vè;k; 1 eas geus ;g lh[kk fd izo`Qfr eas osQoy pkj ewy cy gSaA bueas nqcZy rFkk izcy cy ,sls
izHkko {ks=k eas izdV gksrs gSa] ftudk ;gka gels laca/ ugha gSA ;kaf=kdh osQ lanHkZ eas osQoy xq#Rokd"kZ.k
rFkk oS|qr cy gh izklafxr gksrs gSaA ;kaf=kdh osQ fofHkUu laioZQ cy ftudk geus vHkh o.kZu fd;k gS]
ewy :i ls oS|qr cyksa ls gh mRiUu gksrs gSaA ;g ckr vk'p;Ztud izrhr gks ldrh gS D;ksafd ;kaf=kdh
eas ge vukosf'kr rFkk vpqacdh; fi.Mksa dh ppkZ dj jgs gSaA ijarq lw{e Lrj ij] lHkh fi.M vkosf'kr
vo;oksa (ukfHkdksa rFkk bysDVªkWuksa) ls feydj cus gSa rFkk vkf.od la?kV~Vkas izfr?kkrksa rFkk fi.Mksa dh
izR;kLFkrk vkfn osQ dkj.k mRiUu fofHkUu laioZQ cyksa dh [kkstchu ls Kkr gksrk gS fd varr% ;s
fofHkUu fi.Mksa osQ vkosf'kr vo;oksa osQ chp oS|qr cy gh gSaA bu cyksa dh foLr`r lw{e mRifRRk osQ
fo"k; eas tkudkjh tfVy gS rFkk LFkwy Lrj ij ;kaf=kdh dh leL;kvksa dks gy djus dh n`f"V ls
mi;ksxh ugha gS A ;gh dkj.k gS fd mUgsa fofHkUu izdkj osQ cyksa osQ :i ekuk tkrk gS rFkk muosQ
vfHkyk{kf.kd xq.kksa dk vkuqHkfod fu/kZj.k fd;k tkrk gSA



fp=k 5-9 ;kaf=kdh eas laioZQ cyksa osQ oqQN mnkgj.k A

* lqxerk osQ fy, ;gk¡ ge vkosf'kr rFkk pqacdh; fi.Mksa ij fopkj ugha dj jgs gSa A buosQ fy,]
xq#Rokd"kZ.k osQ vfrfjDr] ;gk¡ oS|qr rFkk pqacdh; vlaioZQ cy gSa A

5.9.1 ?k"kZ.k
vkb,] fiQj ls {kSfrt est ij j[ks m lagfr osQ fi.M okys mnkgj.k ij fopkj djsaA xq#Ro cy (mg)

dks est dk vfHkyac cy (N) fujLr dj nsrk gSA vc ekfu, fd fi.M ij dksbZ ckÞ; cy F

{kSfrtr% vkjksfir fd;k tkrk gS A vuqHko ls geas ;g Kkr gS fd ifjek.k eas NksVk cy vkjksfir djus
ij fi.M dks xfr'khy djus esa vi;kZIr gks ldrk gSA ijarq ;fn vkjksfir cy gh fi.M ij yxk ,d
ek=k ckÞ; cy gS] rks ;g cy ifjek.k eas pkgs fdruk Hkh NksVk D;ksa u gks] fi.M dks F/m Roj.k ls
xfr'khy gksuk pkfg,A Li"V gS] fd vxj fi.M fojke eas gS rks fi.M ij dksbZ vU; ckÞ; cy {kSfrt
fn'kk eas dk;Z djus yxk gS] tks vjksfir cy F dk fojks/ djrk gS] iQyLo:i fi.M ij usV cy
'kwU; gks tkrk gSA ;g fojks/h cy fs, tks est osQ laioZQ eas fi.M osQ i`"B osQ lekUrj yxrk gS] ?k"k.kZ
cy vFkok osQoy ?k"kZ.k dgykrk gS (fp=k 5-10(a))A ;gk¡ iknk{kj s dks LFkSfrd ?k"kZ.k osQ fy,
iz;ksx fd;k x;k gS] rkfd ge bldh xfrt ?k"kZ.k fk ftlosQ fo"k; eas ckn eas fopkj djsaxs (fp=k 5-
10(b))] ls fHkUu igpku dj losaQA è;ku nhft,] LFkSfrd ?k"kZ.k dk viuk dksbZ vkfLrRo ugha gksrkA
tc rd dksbZ ckÞ; cy vkjksfir ugha gksrk] rc rd LFkSfrd ?k"kZ.k Hkh ugha gksrk A ftl {k.k dksbZ
cy vkjksfir gksrk gS] mlh {k.k ?k"kZ.k cy Hkh yxus yxrk gSA fiaM dks fojke eas j[krs gq, tc
vkjksfir cy F c<+rk gS] vkjksfir cy osQ leku o foijhr fn'kk eas jgrs gq, fs Hkh ,d lhek rd
c<+rk gSA vRk% bls LFkSfrd ?k"kZ.k dgrs gSaA LFkSfrd ?k"kZ.k leqifLFkr xfr dk fojks/ djrk gS A
leqifLFkr xfr dk rkRi;Z ,slh xfr ls gS tks rHkh gksxh tc (ijarq okLro eas gksrh ugha) fdlh
vkjksfir cy osQ varxZr ?k"kZ.k vuqifLFkr gksA
ge vuqHko ls ;g tkurs gSa fd] tSls vkjksfir cy ,d fuf'pr lhek ls c<+rk gS] rks fi.M xfr



vkjaHk dj nsrk gSA iz;ksxksa }kjk ;g ik;k x;k gS fd LFkSfrd ?k"kZ.k dk lhekUr eku 
laioZQ i`"B osQ {ks=kiQy ij fuHkZj ugha djrk rFkk vfHkyac cy (N) osQ lkFk yxHkx bl izdkj
ifjofrZr gksrk gS %

 (5.13)

;gk¡ μs vkuqikfrdrk fLFkjkad gS] tks osQoy laioZQ&i`"Bksa osQ ;qxy dh izo`Qfr ij gh fuHkZj djrk gSA
bl fLFkjkad μs dks LFkSfrd ?k"kZ.k xq.kkad dgrs gaSA LFkSfrd ?k"kZ.k fu;e dks bl izdkj fy[kk tk
ldrk gS%

fs ≤μs N (5.14)

fp=k 5-10 LFkSfrd rFkk lihZ ?k"kZ.k% (a) LFkSfrd ?k"kZ.k fi.M dh leqifLFkr xfr dk fojks/ djrk gS A tc ckÞ; cy LFkSfrd ?k"kZ.k dh

vf/dre lhek ls c<+ tkrk gS] rks xfr vkjaHk gksrh gS A (b) ,d ckj tc fi.M xfr'khy gks tkrk gS rks ml ij lihZ vFkok xfrt ?

k"kZ.k dk;Z djus yxrk gS tks laioZQ i`"Bksa osQ chp vkis{k xfr dk fojks/ djrk gS A xfrt ?k"kZ.k izk;% LFkSfrd ?k"kZ.k osQ vf/dre eku

ls de gksrk gS A

;fn vkjksfir cy F dk eku  ls vf/d gks tkrk gS] rks fi.M i`"B ij ljduk vkjaHk
dj nsrk gSA iz;ksxksa }kjk ;g ik;k x;k gS fd tc vkis{k xfr vkjaHk gks tkrh gS] rc ?k"kZ.k cy]

vf/dre LFkSfrd ?k"kZ.k cy  ls de gks tkrk gSA og ?k"kZ.k cy] tks nks laioZQ i`"Bksa
osQ chp vkis{k xfr dk fojks/ djrk gS] xfrt vFkok lihZ ?k"kZ.k dgykrk gS vkSj bls fk }kjk fufnZ"V
fd;k tkrk gSA LFkSfrd ?k"kZ.k dh Hkkafr xfrt ?k"kZ.k Hkh LkaioZQ i`"Bksa osQ {ks=kiQy ij fuHkZj ugha djrk A
lkFk gh] ;g vkis{k xfr osQ osx ij Hkh yxHkx fuHkZj ugha djrk A ;g ,d fu;e] tks LFkSfrd ?k"kZ.k
osQ fy, fu;e osQ le:i gS] dks larq"V djrk gS %

fk = μk N (5.15)



;gk¡ μk] xfrt ?k"kZ.k xq.kkad gSa tks osQoy laioZQ i`"Bksa osQ ;qxy dh izo`Qfr ij fuHkZj djrk gSA tSlk
fd Åij o.kZu fd;k tk pqdk gS] iz;ksx ;g n'kkZrs gSa fd μk , μs ls de gksrk gS A tc vkis{k
xfr vkjaHk gks tkrh gS rks] f}rh; fu;e osQ vuqlkj] xfreku fi.M dk Roj.k (F–fk)/m gksrk gSA
,dleku osx ls xfreku fi.M osQ fy,] F = fkA ;fn fi.M ls vkjksfir cy dks gVk ysa rks mldk
Roj.k –fk/m gksrk gS vkSj vafrer% fi.M #d tkrk gSA
Åij o.kZu fd, x, ?k"kZ.k osQ fu;ekas dks ewy fu;eksa dh ml Js.kh eas ugha ekuk tkrk ftleas
xq#Rokd"kZ.k] oS|qr rFkk pqacdh; cyksa dks ekuk tkrk gSA ;s vkuqHkfod laca/ gSa] tks osQoy lhfer
izHkko {ks=kksa eas gh lfUudVr% lgh gSaA fiQj Hkh ;s fu;e ;kaf=kdh eas O;kogkfjd ifjdyuksa esa cgqr
ykHkizn gSa A
bl izdkj] tc nks fi.M laioZQ eas gksrs gSa rc izR;ssd fi.M vU; fi.M osQ }kjk laioZQ cy dk vuqHko
djrk gS A ifjHkk"kk osQ vuqlkj] ?k"kZ.k cy laioZQ cy dk laioZQ i`"Bksa osQ lekUrj ?kVd gksrk gS] tks
nks i`"Bksa osQ chp leqifLFkr vFkok okLrfod vkis{k xfr dk fojks/ djrk gSA è;ku nhft,] ?k"kZ.k cy
xfr dk ugha oju~ vkis{k xfr dk fojks/ djrk gSA Rofjr xfr ls xfreku jsyxkM+h osQ fdlh fMCcs eas
j[ks ckWDl ij fopkj dhft,A ;fn ckWDl jsyxkM+h osQ vkis{k fLFkj gS] rks okLRko eas og jsyxkM+h osQ
lkFk Rofjr gks jgk gSA og dkSu&lk cy gS tks ckWDl dks Rofjr dj jgk gS \ Li"V gS fd {kSfrt
fn'kk eas ,d gh dYiuh; cy gS] vkSj og gS ?k"kZ.k cyA ;fn dksbZ ?k"kZ.k ugha gS rks jsyxkM+h osQ fMCcs
dk iQ'kZ rks vkxs dh vksj ljosQxk rFkk tM+Ro osQ dkj.k ckWDl viuh vkjafHkd fLFkfr ij gh jgsxk
(rFkk jsyxkM+h osQ fMCcs dh fiNyh nhokj ls Vdjk,xk)A bl leqifLFkr vkis{k xfr dk LFkSfrd ?k"kZ.k
fs }kjk fojks/ fd;k tkrk gSA ;gk¡ LFkSfrd ?k"kZ.k] ckWDl dks jsyxkM+h osQ vkis{k fLFkr j[krs gq,]
jsyxkM+h osQ leku Roj.k iznku djrk gSA

mnkgj.k 5-7 dksbZ ckWDl jsyxkM+h osQ iQ'kZ ij fLFkj j[kk gS A ;fn ckWDl rFkk jsyxkM+h osQ iQ'kZ osQ
chp LFkSfrd] ?k"kZ.k xq.kkad 0-15 gS] rks jsyxkM+h dk og vf/dre Roj.k Kkr dhft, tks ckWDl dks
jsyxkM+h osQ iQ'kZ ij fLFkj j[kus osQ fy, vko';d gS A
gy pwafd ckWDl eas Roj.k LFkSfrd ?k"kZ.k osQ dkj.k gh gS] vr%
ma = fs ≤ μs N = μsmg

vFkkZr~ a≤ μsg

∴ avf/dre = μsg = 0.15 × 10 m s-2 = 1.5 m s-2 



mnkgj.k 5-8 4 kg dk dksbZ xqVdk ,d {kSfrt lery ij j[kk gS (fp=k 5-11)A lery dks /hjs&/hjs
rc rd vkur fd;k tkrk gS tc rd {kSfrt ls fdlh dks.k θ  =15° ij og xqVdk ljduk vkjaHk
ugha dj nsrk A i`"B vkSj xqVosQ osQ chp LFkSfrd ?k"kZ.k xq.kkad D;k gS \

fp=k 5-11

gy vkur lery ij fojkekoLFkk eas j[ks m lagfr osQ xqVosQ ij dk;Zjr cy gS (i) xqVosQ dk Hkkj
mg ÅèokZ/j uhps dh vksj] (ii) lery }kjk xqVosQ ij yxk;k x;k vfHkyac cy N, rFkk (iii)

leqifLFkr xfr dk fojks/ djus okyk LFkSfrd ?k"kZ.k cy fsA xqVosQ dh lkE;koLFkk eas bu cyksa dk
ifj.kkeh 'kwU; cy gksuk pkfg,A Hkkj mg dks fp=k eas n'kkZ, vuqlkj nks fn'kkvksa eas vi?kfVr djus ij
mg sin θ = fs mg cos θ = N

tSls&tSls θ  c<+rk gS] Lolek;ksth ?k"kZ.k cyfs rc rd c<+rk gS tc rd] θ = θvf/dre ij ;g

viuk vf/dre eku izkIr ugha dj ysrk]  = μs N, tgk¡ μs xqVosQ rFkk lery osQ
chp LFkSfrd ?k"kZ.k xq.kkad gSA vr%
tanθvf/dre = μs vFkok θvf/dre = tan-1μs
tc θ  dk eku θvf/dre ls osQoy oqQN gh vf/d gksrk gS] rks xqVosQ ij ,d y?kq ussV cy

yxrk gS vkSj xqVdk ljduk vkjaHk dj nsrk gSA è;ku nhft,] θvf/dre osQoy μs ij gh fuHkZj
djrk gS] ;g xqVosQ dh lagfr ij fuHkZj ugha djrkA
θvf/dre = 15° ossQ fy,]

μs = tan 15° = 0.27 



mnkgj.k 5-9 fp=k 5.12(a) esa n'kkZ, CykWd&Vªkyh fudk; dk Roj.k D;k gS] ;fn Vªkyh vkSj i`"B osQ
chp xfrt ?k"kZ.k xq.kkad 0-04 gS\ Mksjh eas ruko D;k gS \ (g = 10 ms-2 yhft,)] Mksjh dh lagfr
ux.; ekfu, A

 
(b)                            (c)

fp=k 5-12

gy % pwafd Mksjh dh yackbZ fu;r gS rFkk f?kjuh fpduh gS] 3 kg osQ CykWd rFkk 20 kg dh Vªkyh
nksuksa osQ Roj.kksa osQ ifjek.k leku gSaA CykWd dh xfr ij f}rh; fu;e dk vuqiz;ksx djus ij (fp=k
5-12(b))]

30 – T = 3a

Vªkyh dh xfr ij f}rh; fu;e dk vuqiz;ksx djus ij (fp=k 5-12(c))]
T – fk = 20a

vc fk = μkN, tgk¡ μk xfrt ?k"kZ.k xq.kkad gS rFkk N vfHkyac cy gS A ;gk¡ μk = 0.04, rFkk N =

20 × 10 = 200 N

bl izdkj] Vªkyh dh xfr osQ fy, lehdj.k
T – 0.04 × 200 = 20a vFkok T – 8 = 20a



bl lehdj.kksa ls gesa izkIr gksrk gS]

rFkk T = 27.1 N 

yksVfud ?k"kZ.k
fl¼kar :i ls {kSfrt lery ij ,d oy; (fjax) osQ leku oLrq vFkok xksy xsan tSls fi.M tks
fcuk ljosQ osQoy yksVu dj jgk (yq<+d) gS] ij fdlh Hkh izdkj dk dksbZ ?k"kZ.k cy ugha yxsxk A
yksVfud xfr djrs fdlh fi.M dk gj {k.k lery rFkk fi.M osQ chp osQoy ,d gh laioZQ fcanq
gksrk gS rFkk ;fn dksbZ ljdu ugha gS rks bl rkR{kf.kd laioZQ fcanq dh lery osQ vkis{k dksbZ xfr
ugha gksrhA bl vkn'kZ fLFkfr eas xfrt vFkok LFkSfrd ?k"kZ.k 'kwU; gksrk gS rFkk fi.M dks ,dleku osx
ls fujarj yksVfud xfr djrs jguk pkfg,A ge tkurs gSa fd O;ogkj eas ,slk ugha gksxk] rFkk xfr eas
oqQN u oqQN vojks/ (yksVfud ?k"kZ.k) vo'; jgrk gS] vFkkZr~] fi.M dks fujarj yksVfud xfr djrs
jgus osQ fy, ml ij oqQN cy yxkus dh vko';drk gksrh gSA leku Hkkj osQ fi.M osQ fy, yksVfud
?k"kZ.k lnSo gh lihZ vFkok LFkSfrd ?k"kZ.k dh rqyuk eas cgqr de (;gk¡ rd fd ifjek.k dh 2 vFkok
3 dksfV rd) gksrk gSA ;gh dkj.k gS fd ekuo lH;rk osQ bfrgkl eas Hkkjh cks>ksa osQ ifjogu osQ fy,
ifg, dh [kkst ,d cM+k ehy dk iRFkj ekuk x;k gSA
yksVfud ?k"kZ.k dk mn~xe tfVy gS ;|fi ;g LFkSfrd rFkk lihZ ?k"kZ.k osQ mn~xe ls oqQN fHkUu gSA
yksVfud xfr osQ le; laioZQ i`"Bksa esa {k.kek=k osQ fy, fo:i.k gksrk gS] rFkk blosQ iQyLo:i fi.M
dk oqQN ifjfer {ks=kiQy (dksbZ fcanq ugha)] yksVfud xfr osQ le; i`"B osQ laioZQ eas gksrk gSA bldk
usV izHkko ;g gksrk gS fd laioZQ cy dk ,d ?kVd i`"B osQ lekUrj izdV gksrk gS tks xfr dk
vojks/ djrk gSA
ge izk;% ?k"kZ.k dks ,d vokaNuh; cy ekurs gSaA cgqr lh fLFkfr;ksa esa] tSls fdlh e'khu] ftleas
fofHkUu oQy iqtZs xfr djrs gksa] eas ?k"kZ.k dh Í.kkRed Hkwfedk gksrh gSA ;g vkis{k xfr;ksa dk fojks/
djrk gS ftlosQ iQyLo:i Å"ek] vkfn osQ :i eas ÅtkZ&{k; gksrk gSA e'khuksa eas Lusgd xfrt ?k"kZ.k
dks de djus dk ,d lk/u gksrk gSA ?k"kZ.k dks de djus dk ,d vU; mik; e'khu osQ nks xfr'khy
Hkkxksa osQ chp] ckWy&cs;fjax yxkuk gS fp=k 5-13(a)A (D;ksafd nks laioZQ i`"Bksa rFkk cky cs;fjxksa osQ
chp yksVfud ?k"kZ.k cgqr de gksrk gS] vr% ÅtkZ&{k; ?kV tkrk gS A lkis{k xfr djrs nks Bksl i`"Bksa



osQ chp ok;q dh iryh ijr cuk, j[kdj Hkh izHkkoh <ax ls ?k"kZ.k dks ?kVk;k tk ldrk gS (fp=k 5-
13(b))A
rFkkfi] cgqr&lh O;kogkfjd fLFkfr;ksa eas] ?k"kZ.k vR;Ur vko';d gksrk gS A xfrt ?k"kZ.k eas ÅtkZ&{k;
gksrk gS] fiQj Hkh vkisf{kd xfr dks 'kh?kz lekIr djus eas bldh egÙoiw.kZ Hkwfedk gSA e'khuksa rFkk ;a=kksa
esa czsd dh Hkkafr bldk mi;ksx fd;k tkrk gSA blh izdkj LFkSfrd ?k"kZ.k Hkh gekjs nSfud thou eas
vR;Ur egÙoiw.kZ gSA ge ?k"kZ.k osQ dkj.k gh iQ'kZ ij py ikrs gSa A vR;f/d fiQlyu okyh lM+d
ij dkj dks pyk ikuk vlaHko gksrk gSA fdlh lk/kj.k lM+d ij] Vk;jksa vkSj lM+d osQ chp ?k"kZ.k
ifg, dh ?kw.khZ xfr dks yksVfud xfr eas :ikarfjr djosQ dkj dks Rofjr djus osQ fy, vko';d
ckÞ; cy iznku djrk gS A

fp=k 5-13 ?k"kZ.k dks ?kVkus osQ oqQN mik; A (a) e'khu osQ xfr'khy Hkkxksa osQ chp ckWy&cs;fjax yxkdj] (b) vkisf{kd xfr djus okys

i`"Bksa osQ chp ok;q dk laihfMr xík A

5.10 orqZy (o`rh;) xfr
geus vè;k; 4 esa ;g ns[kk fd R f=kT;k osQ fdlh o`Ùk esa ,dleku pky v ls xfreku fdlh fi.M
dk Roj.k v2/R o`Ùk osQ osaQnz dh vksj fufnZ"V gksrk gSA f}rh; fu;e osQ vuqlkj bl Roj.k dks iznku
djus okyk cy gS %



 (5-16)
tgk¡ m fi.M dh lagfr gSA osaQnz dh vksj fufnZ"V bl cy dks vfHkosaQnz cy dgrs gSaA Mksjh dh
lgk;rk ls o`Ùk esa ?kw.kZu djus okys iRFkj dks Mksjh esa ruko vfHkosaQnz cy iznku djrk gSA lw;Z osQ
pkjksa vksj fdlh xzg dh xfr osQ fy, vko';d vfHkosaQnz cy lw;Z osQ dkj.k ml xzg ij yxs
xq#Rokd"kZ.k ls feyrk gSA fdlh {kSfrt lM+d ij dkj dks o`Ùkh; eksM+ ysus osQ fy, vko';d
vfHkosaQnz cy ?k"kZ.k cy iznku djrk gS A
fdlh likV lM+d rFkk fdlh <kyw lM+d ij dkj dh orqZy xfr] xfr osQ fu;eksa osQ jkspd mnkgj.k
gSaA
lery lM+d ij dkj dh xfr&dkj ij rhu cy vkjksfir gSa [fp=k 5-14(a)]
(i) dkj dk Hkkj] mg

(ii) vfHkyEc izfrfØ;k] N

(iii) ?k"kZ.k cy] f

D;ksafd ;gk¡ ÅèokZ/j fn'kk esa dksbZ Roj.k ugha gS] vr%
N – mg = 0

N = mg (5.17)

orqZy xfr osQ fy, vko';d vfHkosaQnz cy lM+d osQ i`"B osQ vuqfn'k gS A ;g cy dkj osQ Vk;jksa
rFkk lM+d osQ i`"B osQ chp i`"B osQ vuqfn'k laioZQ cy osQ ?kVd] tks ifjHkk"kk osQ vuqlkj ?k"kZ.k cy
gh gS] }kjk iznku fd;k tkuk pkfg,A è;ku nhft,] ;gk¡ LFkSfrd ?k"kZ.k gh vfHkosaQnz Roj.k iznku djrk
gSA LFkSfrd ?k"kZ.k] ?k"kZ.k dh vuqifLFkfr esa o`Ùk ls nwj tkrh xfreku dkj dh leqifLFkr xfr dk
fojks/ djrk gSA
lehdj.k (5-14) rFkk (5-16) ls gesa izkIr gksrk gS

 [ N = mg ]

;g laca/ dkj dh lagfr ij fuHkZj ugha djrkA blls ;g iznf'kZr gksrk gS fd μs rFkk R osQ fdlh



fn, gq, eku osQ fy, dkj dh orZqy xfr dh dksbZ laHkkfor vf/dre pky gksrh gS] ftls bl izdkj
O;Dr fd;k tk ldrk gS]

vvf/dre =  (5.18)

 

(a)                                   (b)
fp=k 5-14 dkj dh (a) lery lM+d] rFkk (b) <kyw lM+d ij orZqy xfr A

<kyw lM+d ij dkj dh xfr
;fn lM+d <kyw gS (fp=k 5-14b)] rks ge dkj dh orZqy xfr esa ?k"kZ.k osQ ;ksxnku dks ?kVk ldrs gSaA
D;ksafd ;gk¡ fiQj mQèokZ/j fn'kk esa dksbZ Roj.k ugha gS] blfy, usV cy 'kwU; gksxkA vr%

N cos θ = mg + f sin θ (5.19a)

N rFkk f osQ ?kVdksa }kjk vfHkosaQnz cy izkIr fd;k tkrk gS %

N sin  + f cos  =  (5.19b)

;gk¡] igys fd Hkk¡fr] 

vvf/dre osQ fy, ge ysrs gSaA
lehdj.k (5.19a) rFkk (5.19b) dks fy[kk tk ldrk gS

N cos  = mg +  sin  (5.20a)

N sin  + cos  = mv2/R (5.20b)

vr% lehdj.k (5.20a) ls 
lehdj.k (5-20b) esa N dk eku j[kus ij



;k  (5-21)
lehdj.k (5-18) ls rqyuk djus ij ge ns[krs gSa fd <kyw lM+d ij dkj dh vf/dre pky
lery lM+d ij dkj dh vf/dre laHko pky ls vf/d gSA lehdj.k (5-21) esa μs = 0 osQ fy,]
v0 = (Rg tan θ )1/2 (5.22)

bl pky ij vko';d vfHkosaQnz cy iznku djus osQ fy, ?k"kZ.k cy dh dksbZ vko';drk ugha gksrhA
bl pky ls <kyw lM+d ij dkj pykus ij dkj osQ Vk;jksa dh de f?klkbZ gksrh gSA blh lehdj.k ls
;g Hkh Kkr gksrk gS fd v < v0 osQ fy, ?k"kZ.k cy mifjeq[kh gksxk rFkk fdlh dkj dks fLFkj fLFkfr

esa osQoy rHkh ikdZ fd;k tk ldrk gS tc tan θ  μs gksA
mnkgj.k 5-10 18 km/h dh pky ls lery lM+d ij xfreku dksbZ lkbfdy lokj fcuk pky dks
de fd, 3 m f=kT;k dk rhoz orZqy eksM+ ysrk gS A Vk;jksa rFkk lM+d osQ chp LFkSfrd ?k"kZ.k xq.kkad
0-1 gS A D;k lkbfdy lokj eksM+ ysrs le; fiQly dj fxj tk,xk \
gy likV lM+d ij vosQyk ?k"kZ.k cy gh lkbfdy lokj dks fcuk fiQlys orqZy eksM+ ysus osQ fy,
vko';d vfHkoasQnz cy iznku dj ldrk gSA ;fn pky cgqr vf/d gS] rFkk@vFkok eksM+ vR;f/d
rhoz gS (vFkkZr~ f=kT;k cgqr de gS)] rc ?k"kZ.k cy bu fLFkfr;ksa esa vko';d vfHkosaQnz cy iznku
djus osQ fy, i;kZIr ugha gksrk vkSj lkbfdy lokj eksM+ ysrs le; fiQly dj fxj tkrk gSA lkbfdy
lokj osQ u fiQlyus dh 'krZ lehdj.k (5-18) }kjk bl izdkj gS %

v2  μs Rg

vc] ;gk¡ bl iz'u esa R = 3 m, g = 9.8 m s-2 rFkk μs = 0.1 vFkkZr~ μsRg = 2.94 m2s–2; rFkk v =

18 km/h = 5 ms-1; vFkkZr~ v2 = 25 m2s-2 'krZ v2  μs Rg dk ikyu ugha gksrkA vr%] lkbfdy
lokj rhoz orqZy eksM+ ysrs le; fiQlydj fxjsxkA

mnkgj.k 5-11 300 m f=kT;k okys fdlh o`RRkkdkj nkSM+ osQ eSnku dk <ky 15ñ gS A ;fn eSnku vkSj
jsldkj osQ if^;ksa osQ chp ?k"kZ.k xq.kkad 0-2 gS] rks (a) Vk;jksa dks f?klus ls cpkus osQ fy, jsldkj dh
vuqowQyre pky] rFkk (b) fiQlyus ls cpus osQ fy, vf/dre vuqes; pky D;k gS \



gy <kyw eSnku ij fcuk fiQlys xfr'khy jsldkj dks orZqy eksM+ ysus osQ fy, vko';d vfHkosaQnz cy
iznku djus esa ?k"kZ.k cy rFkk vfHkyac cy osQ {kSfrt ?kVd dk ;ksxnku gksrk gS A jsldkj dh
vuqowQyre pky ij xfr osQ fy, vfHkyac cy dk ?kVd gh vko';d vfHkosaQnz cy iznku djus osQ
fy, i;kZIr gksrk gS rFkk ?k"kZ.k cy dh dksbZ vko';drk ugha gksrhA lehdj.k (5-22) }kjk jsldkj
dh vuqowQyre pky v0 dks bl izdkj O;Dr djrs gSa %
v0 = (Rg tan θ )1/2

;gka R = 300 m, θ = 15ñ, g = 9.8 ms-2; vr%
v0 = 28.1 ms-1

lehdj.k (5-21) }kjk jsldkj dh vf/dre vuqes; pky dks bl izdkj O;Dr djrs gSa %

 = 38.1 m s-1 

5.11 ;kaf=kdh esa leL;kvksa dks gy djuk
xfr osQ ftu rhu fu;eksa osQ fo"k; esa vkius bl vè;k; esa vè;;u fd;k gS os ;kaf=kdh dh
vk/kjf'kyk gSaA vc vki ;kaf=kdh dh fofo/ izdkj dh leL;kvksa dks gy djus esa l{ke gSaA vkerkSj
ij ;kaf=kdh dh fdlh iz:ih leL;k esa cyksa dh fØ;k osQ v/hu osQoy ,d fi.M dk gh lekos'k
ugha gksrk A vf/dka'k izdj.kksa esa ge fofHkUu fi.Mksa osQ ,sls la;kstu ij fopkj djrs gSa ftuesa fi.M
ijLij ,d nwljs ij cy yxkrs gSaA blosQ vfrfjDr la;kstu dk izR;sd fi.M xq#Ro cy dk Hkh
vuqHko djrk gS A bl izdkj dh fdlh leL;k dks gy djus dk iz;kl djrs le; gesa ,d Li"V
rF; ;kn j[kuk ijeko';d gS fd leL;k dk gy djus osQ fy, ml la;kstu osQ fdlh Hkh Hkkx dks
pquk tk ldrk gS rFkk ml Hkkx ij xfr osQ fu;eksa dks bl 'krZ osQ lkFk ykxw fd;k tk ldrk gS fd
pqus x, Hkkx ij la;kstu osQ 'ks"k Hkkxksa }kjk vkjksfir lHkh cyksa dks lfEefyr djuk lqfuf'pr dj
fy;k x;k gSA la;kstu osQ pqus x, Hkkx dks ge fudk; dg ldrs gSa rFkk la;kstu osQ 'ks"k Hkkx
(fudk; ij vkjksfir cyksa osQ vU; lk/uksa dks lfEefyr djrs gq,) dks okrkoj.k dg ldrs gSaA bl
fof/ dks okLro esa geus igys Hkh dbZ mnkgj.kksa esa viuk;k gSA ;kaf=kdh dh fdlh iz:ih leL;k dks
lqO;ofLFkr <ax ls gy djus osQ fy, gesa fuEufyf[kr pj.kksa dks viukuk pkfg, %
(i) fi.Mksa osQ la;kstu osQ fofHkUu Hkkxksa - laca/ksa] Vsdksa] vkfn dks n'kkZus okyk laf{kIr ;kstukc¼ vkjs[k



[khafp,A
(ii) la;kstu osQ fdlh lqfo/ktud Hkkx dks fudk; osQ :i esa pqfu, A
(iii) ,d i`Fkd vkjs[k [khafp, ftlesa osQoy fudk; rFkk fi.Mksa osQ la;kstu osQ 'ks"k Hkkxksa }kjk fudk;
ij vkjksfir lHkh cyksa dks lfEefyr djosQ n'kkZ;k x;k gks A fudk; ij lHkh vU; lk/uksa }kjk
vkjksfir cyksa dks Hkh lfEefyr dhft,A fudk; }kjk okrkoj.k ij vkjksfir cyksa dks blesa lfEefyr
ugha dhft,A bl izdkj osQ vkjs[k dks ¶cy&funsZ'kd vkjs[k¸ dgrs gSa A (è;ku nhft,] bldk ;g
vFkZ ugha gS fd fopkjk/hu fudk; ij dksbZ usV cy ugha gS A)
(iv) fdlh cy funsZ'kd vkjs[k esa cyksa ls lacaf/r osQoy ogh lwpuk,¡ (cyksa osQ ifjek.k rFkk fn'kk,¡)
lfEefyr dhft, tks ;k rks vkidks nh xbZ gSa vFkok tks fufoZokn fuf'pr gSaA (mnkgj.k osQ fy,]
fdlh iryh Mksjh esa ruko dh fn'kk lnSo Mksjh dh yackbZ osQ vuqfn'k gksrh gSA) 'ks"k mu lHkh dks
vKkr ekuk tkuk pkfg, ftUgsa xfr osQ fu;eksa osQ vuqiz;ksxksa }kjk Kkr fd;k tkuk gS A
(v) ;fn vko';d gks] rks la;kstu ls fdlh vU; fudk; osQ fy, Hkh ;gh fof/ viukb,A ,slk djus
osQ fy, U;wVu dk r`rh; fu;e iz;ksx dhft,A vFkkZr~] ;fn A osQ cy funsZ'kd vkjs[k esa B osQ dkj.k
A ij cy dks F }kjk n'kkZ;k x;k gS] rks B osQ cy funsZ'kd vkjs[k esa A osQ dkj.k B ij cy dks –

F }kjk n'kkZ;k tkuk pkfg, A
fuEufyf[kr mnkgj.k esa mijksDr fof/ dk Li"Vhdj.k fd;k x;k gS %

mnkgj.k 5-12 fdlh dksey {kSfrt iQ'kZ ij 2 kg lagfr dk ydM+h dk xqVdk j[kk gS (fp=k 5-15)A
tc bl xqVosQ osQ mQij 25 kg lagfr dk yksgs dk csyu j[kk tkrk gS rks iQ'kZ fLFkj xfr ls uhps /
¡lrk gS rFkk xqVdk o csyu ,d lkFk 0-1 m s–2 Roj.k ls uhps tkrs gSa A xqVosQ dh iQ'kZ ij fØ;k
(a) iQ'kZ osQ /¡lus ls iwoZ rFkk (b) iQ'kZ osQ /¡lus osQ i'pkr~ D;k gS \ g = 10 ms–2 yhft, A
leL;k esa fØ;k&izfrfØ;k ;qxyksa dks igpkfu, A



fp=k 5-15

gy
(a) iQ'kZ ij xqVdk fojkekoLFkk esa gSA bldk cy funsZ'kd vkjs[k xqVosQ ij nks cyksa dks n'kkZrk gS]
i`Foh }kjk vkjksfir xq#Rokd"kZ.k cy = 2 × 10 = 20 N; rFkk xqVosQ ij iQ'kZ dk vfHkyac cy RA izFke
fu;e osQ }kjk xqVosQ ij vkjksfir usV cy 'kwU; gksuk pkfg,] vFkkZr~] R = 20 NA rhljs fu;e dk
mi;ksx djus ij xqVosQ dh fØ;k vFkkZr~ xqVosQ }kjk iQ'kZ ij vkjksfir cy ifjek.k esa 20 N osQ cjkcj
gS rFkk bldh fn'kk mQèokZ/jr% v/kseq[kh gSA
(b) fudk; (xqVdk $ csyu) uhps dh vksj 0.1 m s–2 Roj.k ls /¡l jgk gSA bldk cy funsZ'kd
vkjs[k fudk; ij nks cyksa dks n'kkZrk gSA i`Foh osQ dkj.k xq#Ro cy (270 N)_ rFkk iQ'kZ dk
vfHkyac cy R'A è;ku nhft,] fudk; dk cy funsZ'kd vkjs[k xqVosQ vkSj csyu osQ chp vkarfjd
cyksa dks ugha n'kkZrkA fudk; ij f}rh; fu;e dk vuqiz;ksx djus ij]
270 – R' = 27 × 0.1

vFkkZr~ R' = 267.3 N

r`rh; fu;e osQ vuqlkj iQ'kZ ij fudk; dh fØ;k 267-3 N osQ cjkcj gS rFkk ;g mQèokZ/jr%
v/kseq[kh gSA



fØ;k&izfrfØ;k ;qxy
(a) osQ fy, % (i) i`Foh }kjk xqVosQ ij vkjksfir xq#Ro cy (20 N) (fØ;k) rFkk xqVosQ }kjk i`Foh ij
vkjksfir xq#Ro cy (izfrfØ;k) 20 N osQ cjkcj mifjeq[kh funsf'kr (vkjs[k esa ugha n'kkZ;k x;k gS)A
(ii) xqVosQ }kjk iQ'kZ ij vkjksfir cy (fØ;k)_ iQ'kZ }kjk xqVosQ ij vkjksfir cy (izfrfØ;k)
(b) osQ fy, (i) i`Foh }kjk fudk; ij vkjksfir xq#Ro cy (270 N) (fØ;k)_ fudk; }kjk i`Foh ij
vkjksfir xq#Ro cy (izfrfØ;k) 270 N osQ cjkcj mifjeq[kh funsf'kr (vkjs[k esa ugha n'kkZ;k x;k gS
A)
(ii) fudk; }kjk iQ'kZ ij vkjksfir cy (fØ;k)_ iQ'kZ }kjk fudk; ij vkjksfir cy (izfrfØ;k)
blosQ vfrfjDr (b) osQ fy, csyu }kjk xqVosQ ij vkjksfir cy rFkk xqVosQ }kjk csyu ij vkjksfir cy
Hkh fØ;k&izfrfØ;k dk ,d ;qxy cukrs gSaA
;kn j[kus ;ksX; ,d egÙoiw.kZ rF; ;g gS fd fdlh fØ;k&izfrfØ;k ;qxy dh jpuk nks fi.Mksa osQ
chp ikjLifjd cyksa] tks lnSo ifjek.k esa leku rFkk fn'kk esa foijhr gksrs gSa] ls gksrh gSA ,d gh
fi.M ij nks cyksa] tks fdlh fo'ks"k ifjfLFkfr esa ifjek.k esa leku o fn'kk esa foijhr gks ldrs gSa] ls
fdlh fØ;k&izfrfØ;k ;qxy dh jpuk ugha gks ldrhA mnkgj.k osQ fy, (a) vFkok (b) esa fi.M ij
xq#Ro cy rFkk iQ'kZ }kjk fi.M ij vkjksfir vfHkyac cy dksbZ fØ;k&izfrfØ;k ;qxy ugha gSA ;s cy
la;ksxo'k (a) osQ fy, leku ,oa foijhr gSa D;ksafd fi.M fojkekoLFkk esa gS A ijarq izdj.k (b) osQ
fy, os ,sls ugha gSa tSlk fd geus igys gh ns[k fy;k gSA fudk; dk Hkkj 270 N gS tcfd vfHkyac
cy R' = 267.3 N gSA
;kaf=kdh dh leL;kvksa dks gy djus esa cy funsZ'kd vkjs[k [khapus dh izFkk vR;ar lgk;d gSA ;g
vkidks] vius fudk; dks Li"V :i ls ifjHkkf"kr djus rFkk mu lHkh fi.Mksa osQ dkj.k] tks Lo;a
fudk; osQ Hkkx ugha gSa] fudk; ij vkjksfir lHkh fofHkUu cyksa ij fopkj djus osQ fy, foo'k djrk
gSA bl vè;k; rFkk vkxkeh vè;k;ksa esa fn, x, vH;kl&iz'uksa }kjk bl izFkk osQ iks"k.k esa vkidks
lgk;rk feysxhA

lkjka'k
1- vjLrw dk ;g n`f"Vdks.k] fd fdlh fi.M dh ,dleku xfr j[kus osQ fy, cy vko';d gS]



xyr gSA O;ogkj esa fojks/h ?k"kZ.k cy dks izHkkoghu djus osQ fy, dksbZ cy vko';d gksrk gS A
2- xSyhfy;ks us vkur leryksa ij fi.Mksa dh xfr;ksa dk cfgosZ'ku djosQ tM+Ro osQ fu;e dh
[kkst dhA U;wVu dk xfr dk izFke fu;e ogh fu;e gS] ftls fiQj ls 'kCnksa esa bl izdkj O;Dr
fd;k x;k gS %
¶izR;sd fi.M rc rd viuh fojkekoLFkk vFkok fdlh ljy js[kk esa ,dleku xfr dh voLFkk
esa jgrk gS] tc rd dksbZ ckÞ; cy mls vU;Fkk O;ogkj djus osQ fy, foo'k ugha djrk A¸
ljy inksa esa] izFke fu;e bl izdkj gS ¶;fn fdlh fi.M ij ckÞ; cy 'kwU; gS rks mldk Roj.k
'kwU; gksrk gS A¸
3- fdlh fi.M dk laosx (p) mldh lagfr (m) rFkk osx (v) dk xq.kuiQy gksrk gS %

p = m v

4- U;wVu dk xfr dk f}rh; fu;e %
fdlh fi.M osQ laosx ifjorZu dh nj vkjksfir cy osQ vuqØekuqikrh gksrh gS rFkk laosx ifjorZu
vkjksfir cy dh fn'kk esa gksrk gSA bl izdkj %

;gk¡ F fi.M ij vkjksfir usV ckÞ; cy gS] rFkk a fi.M esa mRiUu Roj.k gSA SI ek=kdksa esa
jkf'k;ksa osQ ek=kdksa dk p;u djus ij vkuqikfrdrk fLFkjkad k = 1 vkrk gSA rc

cy dk S.I. ek=kd U;wVu (izrhd N) gS % 1 N = 1 kg ms-2

(a) f}rh; fu;e rFkk izFke fu;e esa lkeatL; gS (F = 0 dk vFkZ gS a = 0)

(b) ;g ,d lfn'k lehdj.k gSA
(c) lgh vFkks± esa rks ;g fdlh fcanq d.k ij ykxw gksrh gS A fiQj Hkh fdlh fi.M vFkok d.kksa
osQ fudk; ij Hkh bls ykxw fd;k tk ldrk gS] ijarq 'krZ ;g gS fd ge F dks fudk; ij oqQy
vkjksfir ckÞ; cy rFkk a dks leLr fudk; dk Roj.k ekusaA
(d) fdlh fuf'pr {k.k ij fdlh fcanq ij vkjksfir cy F mlh {k.k mlh fcanq ij a dk fu/kZj.k
djrk gS A vFkkZr~ f}rh; fu;e ,d LFkkuh; fu;e gSA fdlh {k.k ij a xfr osQ bfrgkl ij
fuHkZj ugha djrkA



5- cy rFkk le; dk xq.kuiQy vkosx dgykrk gS tks laosx ifjorZu osQ cjkcj gksrk gSA
vkosx dh /kj.kk ml fLFkfr esa ykHknk;d gksrh gS tc dksbZ c`g~r cy vYi dky osQ fy, dk;Z
djosQ laosx esa ekius ;ksX; ifjorZu mRiUu dj nsrk gSA D;ksafd cy dk fØ;k le; vR;ar vYi
gS blfy, ;g ekuk tk ldrk gS fd vkosxh cy yxus osQ le; oLrq dh fLFkfr esa i;kZIr
ifjorZu ugha gksxkA
6- U;wVu dk xfr dk r`rh; fu;e %
izR;sd fØ;k dh leku rFkk foijhr izfrfØ;k gksrh gSA
ljy inksa esa bl fu;e dks bl izdkj Hkh vfHkO;Dr fd;k tk ldrk gS %
izÑfr esa cy lnSo gh fi.Mksa osQ ;qxyksa osQ chp ik, tkrs gSa A fdlh fi.M A ij fi.M B }kjk
vkjksfir cy fi.M B ij fi.M A }kjk vkjksfir cy osQ leku rFkk foijhr gksrk gSA
fØ;k rFkk izfrfØ;k le{kf.kd cy gSaA fØ;k rFkk izfrfØ;k osQ chp dkj.k&izHkko laca/ ugha
gksrkA bu nks ikjLifjd cyksa esa ls fdlh Hkh ,d dks fØ;k rFkk vU; dks izfrfØ;k dgk tk
ldrk gSA fØ;k rFkk izfrfØ;k cy nks fHkUu fi.Mksa ij dk;Z djrs gSaA vr% ;s cy ,d nwljs dks
fujLr ugha dj ldrsA rFkkfi] fdlh fi.M esa vkarfjd fØ;k rFkk izfrfØ;k cyksa dk ;ksx vo';
gh 'kwU; gksrk gSA
7- laosx laj{k.k fu;e
d.kksa osQ fdlh fo;qDr fudk; dk oqQy laosx lajf{kr jgrk gSA ;g fu;e xfr osQ f}rh; rFkk
r`rh; fu;eksa ls O;qRiUu gqvk gSA
8- ?k"kZ.k
?k"kZ.k cy nks laioZQ i`"Bksa osQ chp vkisf{kd xfr (leqifLFkr vFkok okLrfod) dk fojksèk djrk
gSA ;g laioZQ cy dk laioZQ i`"Bkas osQ vuqfn'k ?kVd gSA LFkSfrd ?k"kZ.k ƒs leqifLFkr vkis{k xfr
dk fojksèk djrk gS _ xfrt ?k"kZ.k ƒk okLrfod vkis{k xfr dk fojksèk djrk gSA ?k"kZ.k cy
laioZQ i`"Bksa osQ {ks=kiQy ij fuHkZj ugha djrs rFkk fuEufyf[kr lfUudV fu;e dh rqf"V djrs gSa %

μs  (LFkSfrd ?k"kZ.k xq.kkad) rFkk μk  (xfrt ?k"kZ.k xq.kkad) laioZQ i`"Bksa osQ ;qxy osQ
vfHky{k.kksa osQ fLFkjkad gSaA iz;ksxksa }kjk ;g ik;k x;k gS fd μk , μs ls rqyuk esa cgqr de



gksrk gSA

fopkj.kh; fo"k;
1- cy lnSo xfr dh fn'kk eas ugha gksrkA ifjfLFkfr;ksa ij fuHkZj djrs g,] F, v osQ
vuqfn'k] v osQ foijhr] v osQ vfHkyacor~ vFkok v ls dksbZ vU; dks.k cukrs gq, gks ldrk gSA
izR;sd fLFkfr eas] ;g Roj.k osQ lEkkUrj gksrk gSA
2- ;fn fdlh {k.k v = 0 gS] vFkkZr~ ;fn dksbZ fi.M {kf.kd fojke eas gS] rks bldk ;g vFkZ ugha
gksrk fd ml {k.k ij cy vFkok Roj.k vo'; gh 'kwU; gksaA mnkgj.k osQ fy,] tc ÅèokZ/j
Åij isaQdh xbZ dksbZ xsan viuh vf/dre Å¡pkbZ ij igq¡prh gS] rks v = 0 gksrk gS] ijarq ml xsan
ij xsan osQ Hkkj mg osQ cjkcj cy fujarj yxk jgrk gS rFkk Roj.k 'kwU; ugha gksrk] ;g g gh
gksrk gSA
3- fdlh fn, x, le; ij fdlh fi.M ij vkjksfir cy ml le; ml fi.M osQ LFkku dh
vofLFkfr }kjk Kkr fd;k tkrk gSA dksbZ fi.M cy dk ogu viuh xfr osQ iwoZ bfrgkl ls ugha
djrkA ftl {k.k dksbZ IkRFkj fdlh Rofjr jsyxkM+h ls ckgj fxjk fn;k tkrk gS] ml {k.k osQ rqjar
i'pkr~] ;fn pkjksa vksj dh ok;q osQ izHkko vis{k.kh; gSa rks ml iRFkj ij dksbZ {kSfrt cy
(vFkok Roj.k) dk;Zjr ugha jgrkA rc ml iRFkj ij osQoy i`Foh dk ÅèokZ/j xq#Ro cy gh
dk;Z djrk gS A
4- xfr osQ f}rh; fu;e F = m a esa F fi.M osQ ckgj osQ lHkh HkkSfrd lk/uksa }kjk vkjksfir usV
cy gSA a cy dk izHkko gSA ma dks F osQ vfrfjDr vU; dksbZ cy ugha le>k tkuk pkfg,A
5- vfHkosaQnz cy dks dksbZ vU; izdkj dk cy ugha le>uk pkfg,A ;g ek=k ,d uke gS tks ml
cy dks fn;k x;k gS tks orqZy ekxZ ij xfreku fdlh fi.M dks f=kT;r% osaQnz dh vksj Roj.k
iznku djrk gSA gesa o`Ùkh; xfr;ksa esa lnSo gh vfHkosaQnz cy osQ :i esa oqQN HkkSfrd cyksa_ tSls&



ruko] xq#Rokd"kZ.k cy] oS|qr cy] ?k"kZ.k cy vkfn dks [kkstuk pkfg,A
6- LFkSfrd ?k"kZ.k cy viuh lhek μsN (ƒs≤ μsN) rd ,d Lo;a lek;ksth cy gSA fcuk ;g
lqfuf'pr fd, fd LFkSfrd ?k"kZ.k dk vfèkdre eku dk;Zjr gks x;k gS ƒs=μsN dnkfi er
jf[k,A
7- est ij j[ks fi.M osQ fy, lqifjfpr lehdj.k mg = R osQoy rHkh lgh gS] tc fi.M
lkE;koLFkk esa gksA ;s nksuksa cy] mg rFkk R fHkUu Hkh gks ldrs gSa (tSlk fd Rofjr fyÝV esa
j[ks fi.M osQ mnkgj.k esa)A mg vkSj R esa lekurk dk r`rh; fu;e ls dksbZ lacaèk ugha gSA
8- xfr osQ r`rh; fu;e esa in ^fØ;k* rFkk ^izfrfØ;k* dk vFkZ fdlh fi.Mksa osQ ;qxy osQ chp
le{kf.kd ikjLifjd cyksa ls gSA Hkk"kk osQ vFkZ osQ foijhr] fØ;k u rks izfrfØ;k ls igys ?kfVr
gksrh gS vkSj u gh izfrfØ;k dk dkj.k gksrh gS A fØ;k rFkk izfrfØ;k fHkUu fi.Mksa ij dk;Z
djrh gSaA
9- fofHkUu in tSls ^?k"kZ.k*] ^vfHkyac izfrfØ;k*] ^ruko*] ok;q&izfrjksèk* ^';ku d"kZ.k*] ^iz.kksn*]
^mRIykou cy*] ^Hkkj*] ^vfHkosaQnz cy* bu lHkh dk rkRi;Z fofHkUu lanHkks± esa ^cy* gh gksrk gSA
Li"Vrk osQ fy,] ;kaf=kdh esa feyus okys izR;sd cy rFkk mlosQ rqY; inksa dks bl okD;ka'k esa
:ikUrfjr djuk pkfg, ^A ij B }kjk cy*A
10- xfr osQ f}rh; fu;e dks ykxw djus osQ fy,] ltho rFkk futhZo fi.Mksa osQ chp dksbZ
oSpkfjd fHkUurk ugha gksrhA fdlh ltho fi.M] tSls fdlh ekuo dks Hkh Rofjr djus osQ fy,
ckÞ; cy pkfg,A mnkgj.k osQ fy,] ckÞ; ?k"kZ.k cy osQ fcuk ge èkjrh ij py gh ugha ldrsA
11- HkkSfrdh esa ^cy* dh oLrqfu"B ladYiuk rFkk ^cy dk vuqHko* dh O;fDrfu"B ladYiuk
osQ chp dksbZ Hkze ugha gksuk pkfg,A fdlh ^esjh&xks&jkm.M* esa gekjs 'kjhj osQ lHkh vaxksa ij
vanj dh vksj cy yxrk gSA ijarq gesa ckgj dh vksj èkosQys tkus dk vuqHko gksrk gS tks
leqifLFkr xfr dh fn'kk gSA

vH;kl
(ljyrk osQ fy, vkafdd ifjdyukvksa esa g = 10 ms–2 yhft,)
5-1 fuEufyf[kr ij dk;Zjr usV cy dk ifjek.k o mldh fn'kk fyf[k, %
(a) ,dleku pky ls uhps fxjrh o"kkZ dh dksbZ cwan]



(b) ty esa rSjrk 10 g lagfr dk dksbZ dkoZQ]
(c) oqQ'kyrk ls vkdk'k esa fLFkj jksdh xbZ dksbZ irax]
(d) 30 kmh-1 osQ ,dleku osx ls mQcM+&[kkcM+ lM+d ij xfr'khy dksbZ dkj]
(e) lHkh xq#Roh; fi.Mksa ls nwj rFkk oS|qr vkSj pqacdh; {ks=kksa ls eqDr] varfj{k esa rhoz pky
okyk bysDVªkWuA
5-2 0.05 kg lagfr dk dksbZ dadM+ mQèokZèkj mQij isQadk x;k gSA uhps nh xbZ izR;sd ifjfLFkfr
esa dadM+ ij yx jgs usV cy dk ifjek.k o mldh fn'kk fyf[k, %
(a) mifjeq[kh xfr osQ le; A
(b) vèkkseq[kh xfr osQ le; A
(c) mPpre fcanq ij tgk¡ {k.k Hkj osQ fy, ;g fojke esa jgrk gSA ;fn dadM+ dks {kSfrt fn'kk

ls 45ñ dks.k ij issaQdk tk,] rks D;k vkiosQ mRRkj esa dksbZ ifjorZu gksxk \
ok;q&izfrjks/ dks mis{k.kh; ekfu,A
5-3 0.1 kg lagfr osQ iRFkj ij dk;Zjr usV cy dk ifjek.k o mldh fn'kk fuEufyf[kr
ifjfLFkfr;ksa eas Kkr dhft, %
(a) iRFkj dks fLFkj jsyxkM+h dh f[kM+dh ls fxjkus osQ rqjar i'pkr~]
(b) iRFkj dks 36 kmh–1 osQ ,dleku osx ls xfr'khy fdlh jsyxkM+h dh f[kM+dh ls fxjkus osQ
rqjar i'pkr~]
(c) iRFkj dks 1 ms–2 osQ Roj.k ls xfr'khy fdlh jsyxkM+h dh f[kM+dh ls fxjkus osQ rqjar
i'pkr~]
(d) iRFkj 1 ms–2 osQ Roj.k ls xfr'khy fdlh jsyxkM+h osQ iQ'kZ ij iM+k gS rFkk og jsyxkM+h
osQ lkis{k fojke
esa gSA
mijksDr lHkh fLFkfr;ksa esa ok;q dk izfrjksèk mis{k.kh; ekfu,A
5-4 l yackbZ dh ,d Mksjh dk ,d fljk m lagfr osQ fdlh d.k ls rFkk nwljk fljk fpduh
{kSfrt est ij yxh [kw¡Vh ls c¡èkk gS A ;fn d.k v pky ls o`Ùk esa xfr djrk gS rks d.k ij
(osaQnz dh vksj funsf'kr) usV cy gS %



(i) T, (ii) , (iii) , (iv) 0

T Mksjh esa ruko gSA ¹lgh fodYi pqfu,º
5-5 15 ms–1 dh vkjafHkd pky ls xfr'khy 20 kg lagfr osQ fdlh fi.M ij 50 N dk LFkkbZ
eanu cy vkjksfir fd;k x;k gS A fi.M dks #dus esa fdruk le; yxsxk \
5-6 3-0 kg lagfr osQ fdlh fi.M ij vkjksfir dksbZ cy 25 s esa mldh pky dks 2-0 ms–1

ls 3-5 ms–1 dj nsrk gSA fi.M dh xfr dh fn'kk vifjofrZr jgrh gSA cy dk ifjek.k o
fn'kk D;k gS \
5-7 5-0 kg lagfr osQ fdlh fi.M ij 8 N o 6 N osQ nks yacor~ cy vkjksfir gSaA fi.M osQ
Roj.k dk ifjek.k o fn'kk Kkr dhft,A
5-8 36 km h-1 dh pky ls xfreku fdlh vkVks fjD'kk dk pkyd lM+d osQ chp ,d cPps
dks [kM+k ns[kdj vius okgu dks Bhd 4-0 s esa jksddj ml cPps dks cpk ysrk gSA ;fn vkVks
fjD'kk cPps osQ Bhd fudV #drk gS] rks okgu ij yxk vkSlr eanu cy D;k gS \ vkVksfjD'kk
rFkk pkyd dh lagfr;k¡ Øe'k% 400 kg vkSj 65 kg gSaA
5-9 20,000 kg mRFkkiu lagfr osQ fdlh jkosQV esa 5 m s–2 osQ vkjafHkd Roj.k osQ lkFk Åij
dh vksj LiQksV fd;k tkrk gSA LiQksV dk vkjafHkd iz.kksn (cy) ifjdfyr dhft,A
5-10 mRRkj dh vksj 10 m s–1 dh ,dleku vkjafHkd pky ls xfreku 0-40 kg lagfr osQ
fdlh fi.M ij nf{k.k fn'kk osQ vuqfn'k 8-0 N dk LFkkbZ cy 30 s osQ fy, vkjksfir fd;k
x;k gSA ftl {k.k cy vkjksfir fd;k x;k mls t = 0] rFkk ml le; fi.M dh fLFkfr x = 0

yhft,A t = –5 s, 25 s, 100 s ij bl d.k dh fLFkfr D;k gksxh\
5-11 dksbZ Vªd fojkekoLFkk ls xfr vkjaHk djosQ 2.0 m s–2 osQ leku Roj.k ls xfr'khy jgrk
gSA t = 10 s ij] Vªd osQ Åij [kM+k ,d O;fDr /jrh ls 6 m dh Å¡pkbZ ls dksbZ iRFkj ckgj
fxjkrk gSA t = 11 s ij] iRFkj dk (a) osx] rFkk (b) Roj.k D;k gS \ (ok;q dk izfrjks/
mis{k.kh; ekfu, A)
5-12 fdlh dejs dh Nr ls 2 m yach Mksjh }kjk 0-1 kg lagfr osQ xksyd dks yVdkdj nksyu
vkjaHk fd, x,A viuh ekè; fLFkfr ij xksyd dh pky 1 m s–1 gSA xksyd dk iz{ksi&iFk D;k
gksxk ;fn Mksjh dks ml le; dkV fn;k tkrk gS tc xkssyd viuh (a) pje fLFkfr;ksa esa ls



fdlh ,d ij gS] rFkk (b) ekè; fLFkfr ij gS \
5-13 fdlh O;fDr dh lagfr 70 kg gSA og ,d xfreku fyÝV esa rqyk ij [kM+k gS tks
(a) 10 m s–1 dh ,dleku pky ls mQij tk jgh gS]
(b) 5 m s–2 osQ ,dleku Roj.k ls uhps tk jgh gS]
(c) 5 m s–2 osQ ,dleku Roj.k ls mQij tk jgh gS]
rks izR;sd izdj.k esa rqyk osQ iSekus dk ikB~;kad D;k gksxk \
(d) ;fn fyÝV dh e'khu esa [kjkch vk tk, vkSj og xq#Roh; izHkko esa eqDr :i ls uhps fxjs
rks ikB~;kad D;k gksxk\
5-14 fp=k 5-16 esa 4 kg lagfr osQ fdlh fi.M dk fLFkfr&le; xzkiQ n'kkZ;k x;k gSA
(a) t < 0; t > 4 s; 0 < t < 4 s osQ fy, fi.M ij vkjksfir cy D;k gS \
(b) t = 0 rFkk t = 4 s ij vkosx D;k gS \
(osQoy ,dfoeh; xfr ij fopkj dhft,)

fp=k 5-16

5-15 fdlh ?k"kZ.kjfgr est ij j[ks 10 kg rFkk 20 kg osQ nks fi.M fdlh iryh Mksjh }kjk
vkil esa tqM+s gSaA 600N dk dksbZ {kSfrt cy (i) A ij] (ii) B ij Mksjh osQ vuqfn'k yxk;k tkrk
gSA izR;sd fLFkfr esa Mksjh esa ruko
D;k gS \
5-16 8 kg rFkk 12 kg osQ nks fi.Mksa dks fdlh gydh vforkU; Mksjh] tks ?k"kZ.kjfgr f?kjuh ij
p<+h gS] osQ nks fljksa ls ck¡/k x;k gS A fi.Mksa dks eqDr NksM+us ij muosQ Roj.k rFkk Mksjh esa
ruko Kkr dhft,A



5-17 iz;ksx'kkyk osQ funsZ'k izsQe esa dksbZ ukfHkd fojke esa gSA ;fn ;g ukfHkd nks NksVs ukfHkdksa esa
fo?kfVr gks tkrk gS] rks ;g n'kkZb, fd mRikn foijhr fn'kkvksa esa xfr djus pkfg,A
5-18 nks fcfy;MZ xsan ftuesa izR;sd dh lagfr 0-05 kg gS] 6 m s–1 dh pky ls foijhr
fn'kkvksa esa xfr djrh gqbZ la?kV~V djrh gS vkSj la?kV~V osQ i'pkr~ mlh pky ls okil ykSVrh gSaA
izR;sd xsan ij nwljh xsan fdruk vkosx yxkrh gS \
5-19 100 kg lagfr dh fdlh rksi }kjk 0.020 kg dk xksyk nkxk tkrk gSA ;fn xksys dh
ukyeq[kh pky 80 m s–1 gS] rks rksi dh izfr{ksi pky D;k gS \

5-20 dksbZ cYysckt fdlh xsan dks 45ñ osQ dks.k ij fo{ksfir dj nsrk gS A ,slk djus esa og
xsan dh vkjafHkd pky] tks 54 km/h–1 gS] esa dksbZ ifjorZu ugha djrkA xsan dks fdruk vkosx
fn;k tkrk gS \ (xsan dh lagfr 0.15 kg gSA)
5-21 fdlh Mksjh osQ ,d fljs ls c¡/k 0.25 kg lagfr dk dksbZ iRFkj {kSfrt ry esa 1.5 m

f=kT;k osQ o`Ùk ij 40 rev/min dh pky ls pDdj yxkrk gS\ Mksjh esa ruko fdruk gS \ ;fn
Mksjh 200 N osQ vf/dre ruko dks lgu dj ldrh gS] rks og vf/dre pky Kkr dhft,
ftlls iRFkj dks ?kqek;k tk ldrk gSA
5-22 ;fn vH;kl 5-21 esa iRFkj dh pky dks vf/dre fu/kZfjr lhek ls Hkh vf/d dj fn;k
tk,] rFkk Mksjh ;dk;d VwV tk,] rks Mksjh osQ VwVus osQ i'pkr~ iRFkj osQ iz{ksi dk lgh o.kZu
fuEufyf[kr esa ls dkSu djrk gS %
(a) og iRFkj >VosQ osQ lkFk f=kT;r% ckgj dh vksj tkrk gS A
(b) Mksjh VwVus osQ {k.k iRFkj Li'kZjs[kh; iFk ij mM+ tkrk gS A
(c) iRFkj Li'khZ ls fdlh dks.k ij] ftldk ifjek.k iRFkj dh pky ij fuHkZj djrk gS] mM+
tkrk gSA
5-23 Li"V dhft, fd D;ksa %
(a) dksbZ ?kksM+k fjDr fnDLFkku esa fdlh xkM+h dks [khaprs gq, nkSM+ ugha ldrkA
(b) fdlh rhoz xfr ls py jgh cl osQ ;dk;d #dus ij ;k=kh vkxs dh vksj fxjrs gSaA
(c) yku ewoj dks /osQyus dh rqyuk esa [khapuk vklku gksrk gSA
(d) fØosQV dk f[kykM+h xsan dks yidrs le; vius gkFk xsan osQ lkFk ihNs dks [khaprk gSA
vfrfjDr vH;kl
5-24 fp=k 5-17 esa 0.04 kg lagfr osQ fdlh fi.M dk fLFkfr&le; xzkiQ n'kkZ;k x;k gSA bl



xfr osQ fy, dksbZ mfpr HkkSfrd lanHkZ izLrkfor dhft,A fi.M }kjk izkIr nks Øfed vkosxksa osQ
chp le;&varjky D;k gS \ izR;sd vkosx dk ifjek.k D;k gS \

fp=k 5-17

5-25 fp=k 5-18 esa dksbZ O;fDr 1 m s–2 Roj.k ls xfr'khy {kSfrt laokgd i^s ij fLFkj [kM+k
gSA ml O;fDr ij vkjksfir usV cy D;k gS \ ;fn O;fDr osQ twrksa vkSj i^s osQ chp LFkSfrd ?
k"kZ.k xq.kkad 0-2 gS] rks i^s osQ fdrus Roj.k rd og O;fDr ml i^s osQ lkis{k fLFkj jg ldrk
gS \ (O;fDr dh lagfr ¾ 65 kg)

fp=k 5-18

5-26 m lagfr osQ iRFkj dks fdlh Mksjh osQ ,d fljs ls ck¡/dj R f=kT;k osQ mQèokZ/j o`Ùk esa ?
kqek;k tkrk gSA o`Ùk osQ fuEure rFkk mPpre ¯cnqvksa ij mQèokZ/jr% v/kseq[kh fn'kk esa usV cy
gSa % (lgh fodYi pqfu,)
fuEure fcanq ij                                 mPpre fcanq ij
(i) mg – T1                                           mg + T2

(ii) mg + T1                                          mg – T2

(iii) mg + T1 – (mv1
2)/R mg – T2 + (mv2

2)/R

(iv) mg – T1 – (mv1
2)/R mg + T2 + (mv2

2)/R



;gk¡ T1 rFkk v1 fuEure fcUnq ij ruko rFkk pky n'kkZrs gSaA T2 rFkk v2 buosQ mPpre fcUnq
ij rnuq:ih eku gSaA
5-27 1000 kg lagfr dk dksbZ gsyhdkWIVj 15 m s–2 osQ ÅèokZ/j Roj.k ls Åij mBrk gSA
pkyd ny rFkk ;kf=k;ksa dh lagfr 300 kg gSA fuEufyf[kr cyksa dk ifjek.k o fn'kk fyf[k,%
(a) pkyd ny rFkk ;kf=k;ksa }kjk iQ'kZ ij vkjksfir cy]
(b) pkjksa vksj dh ok;q ij gsyhdkWIVj osQ jksVj dh fØ;k] RkFkk
(c) pkjksa vksj dh ok;q osQ dkj.k gsyhdkWIVj ij vkjksfir cy A
5-28 15 m s–1 pky ls {kSfrtr% izokfgr dksbZ ty/kjk 10-2 m2 vuqizLFk dkV dh fdlh uyh
ls ckgj fudyrh gS rFkk lehi dh fdlh ÅèokZ/j nhokj ls Vdjkrh gSA ty dh VDdj }kjk]
;g ekurs gq, fd ty/kjk Vdjkus ij okil ugha ykSVrh] nhokj ij vkjksfir cy Kkr dhft,A
5-29 fdlh est ij ,d&,d #i;s osQ nl flDdksa dks ,d osQ Åij ,d djosQ j[kk x;k gSA
IkzR;sd flDosQ dh lagfr m gSA fuEufyf[kr izR;sd fLFkfr eas cy dk ifjek.k ,oa fn'kk fyf[k,%
(a) lkrosa flDosQ (uhps ls fxuus ij) ij mlosQ Åij j[ks lHkh flDdksa osQ dkj.k cy]
(b) lkrosa flDosQ ij vkBosa flDosQ }kjk vkjksfir cy] rFkk
(c) NBs flDosQ dh lkrosa flDosQ ij izfrfØ;kA

5-30 dksbZ ok;q;ku vius ia[kksa dks {kSfrt ls 15ñ osQ >qdko ij j[krs gq, 720 km h-1 dh pky
ls ,d {kSfrt ywi iwjk djrk gSA ywi dh f=kT;k D;k gS \
5-31 dksbZ jsyxkM+h fcuk <ky okys 30 m f=kT;k osQ o`Ùkh; eksM+ ij 54 km h-1 pky ls pyrh
gSA jsyxkM+h dh lagfr 106 kg gSA bl dk;Z dks djus osQ fy, vko';d vfHkosaQnz cy dkSu
iznku djrk gS \ batu vFkok iVfj;k¡ \ iVfj;kas dks {kfrxzLr gksus ls cpkus osQ fy, eksM+ dk
<ky&dks.k fdruk gksuk pkfg, \
5-32 fp=k 5-19 eas n'kkZ, vuqlkj 50 kg lagfr dk dksbZ O;fDr 25 kg lagfr osQ fdlh xqVosQ
dks nks fHkUu <ax ls mBkrk gS A nksuksa fLFkfr;ksa eas ml O;fDr }kjk iQ'kZ ij vkjksfir fØ;k&cy
fdruk gS \ ;fn 700 N vfHkyac cy ls iQ'kZ /¡lus yxrk gS] rks iQ'kZ dks /¡lus ls cpkus osQ
fy, ml O;fDr dks] xqVosQ dks mBkus osQ fy,] dkSu&lk <ax viukuk pkfg, \



fp=k 5-19

5-33 40 kg lagfr dk dksbZ canj 600 N dk vf/dre ruko lg loQus ;ksX; fdlh jLlh ij
Pk<+rk gS (fp=k 5-20)A uhps nh xbZ fLFkfr;ksa eas ls fdlesa jLlh VwV tk,xh %
(a) canj 6 m s–2 Roj.k ls Åij p<+rk gS]
(b) canj 4 m s–2 Roj.k ls uhps mrjrk gS]
(c) canj 5 m s–1 dh ,dleku pky ls Åij p<+rk gS]
(d) canj yxHkx eqDr :i ls xq#Ro cy osQ izHkko eas jLlh ls fxjrk gSA
(jLlh dh lagfr mis{k.kh; ekfu,A)

fp=k 5-20



5-34 nks fi.M A rFkk B, ftudh lagfr Øe'k% 5 kg rFkk 10 kg gSa] ,d nwljs osQ laioZQ eas
,d est ij fdlh n`<+ foHkktd nhokj osQ lkeus fojke eas j[ks gSa (fp=k 5-21)A fi.Mksa rFkk
est osQ chp ?k"kZ.k xq.kkad 0-15 gSA 200 N dk dksbZ cy {kSfrtr% A ij vkjksfir fd;k tkrk
gSA (a) foHkktd nhokj dh izfrfØ;k] rFkk (b)A rFkk B osQ chp fØ;k&izfrfØ;k cy D;k gSa \
foHkktd nhokj dks gVkus ij D;k gksrk gS \ ;fn fi.M xfr'khy gSa rks D;k (b) dk mRRkj cny
tk,xk \  μs rFkk μk osQ chp varj dh mis{kk dhft,A

fp=k 5-21

5-35 15 kg lagfr dk dksbZ xqVdk fdlh yach Vªkyh ij j[kk gSA xqVosQ rFkk Vªkyh osQ chp
LFkSfrd ?k"kZ.k xq.kkad 0-18 gSA Vªkyh fojkekoLFkk ls 20 s rd 0.5 m s–2 osQ Roj.k ls Rofjr
gksdj ,dleku osx ls xfr djus yxrh gSA (a) /jrh ij fLFkj [kM+s fdlh izs{kd dks] rFkk (b)

Vªkyh osQ lkFk xfreku fdlh vU; izs{kd dks] xqVosQ dh xfr oSQlh izrhr gksxh] bldh foospuk
dhft, A
5-36 fp=k 5.22 eas n'kkZ, vuqlkj fdlh Vªd dk fiNyk Hkkx [kqyk gS rFkk 40 kg lagfr dk
,d lanwd [kqys fljs ls 5 m nwjh ij j[kk gSA VªoQ osQ iQ'kZ rFkk lanwd osQ chp ?k"kZ.k xq.kkad
0.15 gSA fdlh lh/h LkM+d ij Vªd fojkekoLFkk ls xfr izkjaHk djosQ 2 m s–2 ls Rofjr gksrk
gSA vkjaHk ¯cnq ls fdruh nwjh pyus ij og lanwd Vªd ls uhps fxj tk,xk\ (lanwd osQ vkeki
dh mis{kk dhft,A)



fp=k 5-22

5-37 15 cm f=kT;k dk dksbZ cM+k xzkeksiQksu fjdkMZ  rev/min dh pky ls ?kw.kZu dj
jgk gSA fjdkMZ ij mlosQ osaQnz ls 4 cm rFkk 14 cm dh nwfj;ksa ij nks flDosQ j[ks x, gSaA ;fn
flDosQ rFkk fjdkMZ osQ chp ?k"kZ.k xq.kkad 0-15 gS rks dkSu lk flDdk fjdkMZ osQ lkFk ifjØek
djsxk \
5-38 vkius ljdl eas ^ekSr osQ oqQ,¡* (,d [kks[kyk tky;qDr xksyh; pSEcj rkfd mlosQ Hkhrj
osQ fØ;kdykiksa dks n'kZd ns[k losaQ) eas eksVjlkbfdy lokj dks ÅèokZ/j ywi eas eksVjlkbfdy
pykrs gq, ns[kk gksxkA Li"V dhft, fd og eksVjlkbfdy lokj uhps ls dksbZ lgkjk u gksus ij
Hkh xksys osQ mPpre fcanq ls uhps D;ksa ugha fxjrk\ ;fn pSEcj dh f=kT;k 25 m gS] rks ÅèokZ/j
ywi dks iwjk djus osQ fy, eksVjlkbfdy dh U;wure pky fdruh gksuh pkfg, \
5-39 70 kg lagfr dk dksbZ O;fDr vius ÅèokZ/j v{k ij 200 rev/min dh pky ls ?kw.kZu
djrh 3 m f=kT;k dh fdlh csyukdkj nhokj osQ lkFk mlosQ laioZQ eas [kM+k gSA nhokj rFkk
mlosQ diM+ksa osQ chp ?k"kZ.k xq.kkad 0-15 gSA nhokj dh og U;wure ?kw.kZu pky Kkr dhft,]
ftlls iQ'kZ dks ;dk;d gVk ysus ij Hkh] og O;fDr fcuk fxjs nhokj ls fpidk jg losQA
5-40 R f=kT;k dk iryk o`Ùkh; rkj vius ÅèokZ/j O;kl osQ ifjr% dks.kh; vko`fÙk ω   ls ?

kw.kZu dj jgk gSA ;g n'kkZb, fd bl rkj eas Myh dksbZ ef.kdk  osQ fy, vius

fuEure fcanq ij jgrh gSA  osQ fy,] osaQnz ls euosQ dks tksM+us okyk f=kT;
lfn'k ÅèokZ/j v/kseq[kh fn'kk ls fdruk dks.k cukrk gSA (?k"kZ.k dks mis{k.kh; ekfu,A)
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ifjf'k"V 6.1

6.1 Hkwfedk
nSfud cksy pky dh Hkk"kk esa ge izk;% ^dk;Z*] ^ÅtkZ*] vkSj ^'kfDr* 'kCnksa dk iz;ksx djrs gSaA ;fn
dksbZ fdlku [ksr tksrrk gS] dksbZ feL=kh b±V <ksrk gS] dksbZ Nk=k ijh{kk osQ fy, i<+rk gS ;k dksbZ
fp=kdkj lqUnj n`';Hkwfe dk fp=k cukrk gS rks ge dgrs gSa fd lHkh dk;Z dj jgs gSa ijUrq HkkSfrdh esa
dk;Z 'kCn dks ifj'kq¼ :i ls ifjHkkf"kr djrs gSaA ftl O;fDr esa izfrfnu pkSng ls lksyg ?k.Vas dk;Z
djus dh {kerk gksrh gS] mls vf/d 'kfDr ;k ÅtkZ okyk dgrs gSaA ge yach nwjh okys ?kkrd dks
mldh 'kfDr ;k ÅtkZ osQ fy, iz'kalk djrs gSaA bl izdkj ÅtkZ dk;Z djus dh {kerk gSA HkkSfrdh esa
Hkh ÅtkZ dk;Z ls blh izdkj lEcfU/r gS ijUrq tSlk Åij crk;k x;k gS 'kCn dk;Z dks vkSj vf/d
ifj'kq¼ :i ls ifjHkkf"kr djrs gSaA 'kfDr 'kCn dk nSfud thou esa iz;ksx fofHkUu vFkks± esa gksrk gSA
djkVs ;k ckWfDlax esa 'kfDr'kkyh eqDdk ogh ekuk tkrk gS tks rst xfr ls ekjk tkrk gSA 'kCn ^'kfDr*
dk ;g vFkZ HkkSfrdh esa bl 'kCn osQ vFkZ osQ fudV gSA ge ;g ns[ksaxs fd bu inksa dh HkkSfrd
ifjHkk"kkvksa rFkk buosQ }kjk efLr"d esa cus dk;Zdh; fp=k.kksa osQ chp vf/d ls vf/d ;g lEcU/
vYi gh gksrk gSA bl ikB dk y{; bu rhu HkkSfrd jkf'k;ksa dh /kj.kkvksa dk fodkl djuk gS ysfdu
blosQ igys gesa vko';d xf.krh; Hkk"kk eq[;r% nks lfn'kksa osQ vfn'k xq.kuiQy dks le>uk gksxkA

6.1.1 vfn'k xq.kuiQy

vè;k; 4 esa ge yksxksa us lfn'k jkf'k;ksa vkSj muosQ iz;ksxksa osQ ckjs esa i<+k gSA dbZ HkkSfrd jkf'k;k¡_
tSls&foLFkkiu] osx] Roj.k] cy vkfn lfn'k gSaA ge yksxksa us lfn'kksa dks tksM+uk vkSj ?kVkuk Hkh lh[kk
gSA vc ge yksx lfn'kksa osQ xq.ku osQ ckjs esa vè;;u djsaxsA lfn'kksa dks xq.kk djus dh nks fof/;k¡ gSaA
izFke fof/ ls nks lfn'kksa osQ xq.kuiQy ls vfn'k xq.kuiQy izkIr gksrk gS vkSj bls vfn'k xq.kuiQy
dgrs gSaA nwljh fof/ esa nks lfn'kksa osQ xq.kuiQy ls ,d lfn'k izkIr gksrk gS vkSj bls lfn'k xq.kuiQy
dgrs gSaA lfn'k xq.kuiQy osQ ckjs esa ge yksx vè;k; 7 esa i<+saxsA bl vè;k; esa ge yksx vfn'k
xq.kuiQy dh foospuk djsaxsA

fdUgha nks lfn'kksa A RkFkk B osQ vfn'k ;k fcanq&xq.kuiQy (MkWV xq.kuiQy) dks ge [A.B (A MWkV B)]

osQ :i esa fy[krs gSa vkSj fuEu izdkj ls ifjHkkf"kr djrs gSa %



A.B = AB cos θ (6.1a)

;gk¡ θ  nks lfn'kksaA rFkk B osQ chp dk dks.k gSA bls fp=k 6-1a eas fn[kk;k x;k gSA D;ksafd , B

rFkk cos θ lHkh vfn'k gSa blfy, A rFkk B dk fcanq xq.kuiQy Hkh vfn'k jkf'k gS A A o B esa ls
izR;sd dh viuh&viuh fn'kk gS fdUrq muosQ vfn'k xq.kuiQy dh dksbZ fn'kk ugha gSA

lehdj.k (6.1a) ls gesa fuEufyf[kr ifj.kke feyrk gS %

A.B = A (B cos θ )

= B (A cos θ )

T;kfefr osQ vuqlkj B cosθ  lfn'k B dk lfn'k A ij iz{ksi gS (fp=k 6.1b)A blh izdkj A cos θ
 lfn'k A dk lfn'k B ij iz{ksi gS (nsf[k, fp=k 6.1c)A bl izdkj A.B lfn'k A osQ ifjek.k rFkk
B osQ vuqfn'k A osQ ?kVd osQ xq.kuiQy osQ cjkcj gksrk gSA nwljs rjhosQ ls ;g B osQ ifjek.k rFkk A

dk lfn'k B osQ vuqfn'k ?kVd osQ xq.kuiQy osQ cjkcj gSA

lehdj.k (6.1a) ls ;g laosQr Hkh feyrk gS fd vfn'k xq.uiQy Øe fofues; fu;e dk ikyu djrk
gS&

A.B = B.A

vfn'k xq.kuiQy forj.k&fu;e dk Hkh ikyu djrs gSa %

A.(B + C) =A.B +A.C

rFkk]

A.(λ B) = λ(A.B)

;gk¡ λ  ,d okLrfod la[;k gSA

mijksDr lehdj.kksa dh O;qRifRr vkiosQ fy, vH;kl gsrq NksM+h tk jgh gSA

vc ge ,dkad lfn'kksa  dk vfn'k xq.kuiQy fudkyssaxsA D;ksafd os ,d nwljs osQ yacor~ gSa]
blfy,



nks lfn'kksa

dk vfn'k xq.kuiQy gksxk % 

=AxBx +AyBy +AzBz (6.1b)

vfn'k xq.kuiQy ifjHkk"kk rFkk lehdj.k (6.1b) ls gesa fuEu izkIr gksrk gS %

(i) A.A =AxAx+AyAy +AzAz

vFkok A2 =A2x +A2y +A2z (6.1c)

D;ksafd A.A =AAcos0 = A2

(ii) A.B = 0 ;fnA A o B ,d nwljs osQ yacor~ gSaA

fp=k 6.1 (a) nks lfn'kksa A o B dk vfn'k xq.kuiQy ,d vfn'k gksrk gS vFkkZr~ A.B = AB cos θ, (b) B cos θ lfn'k B dk lfn'k

A ij iz{ksi gS] (c) A cos θ  lfn'k A dk B ij iz{ksi gSA

mnkgj.k 6-1 cy F =  rFkk foLFkkiu d =  osQ chp dk
dks.k Kkr djsaA F dk d ij iz{ksi Hkh Kkr djsaA



gy F.d = Fxdx + Fydy + Fzdz

= 3(5) + 4(4) + (– 5) (3)

= 16 unit

vr% F.d = Fd cosθ = 16 unit

vc F.F = F2 = 

= 9 + 16 + 25

= 50 unit

rFkk d.d = d2 = 

= 25 + 16 + 9

= 50 unit

∴ cos θ = 

θ = cos–1 0.32

6.2 dk;Z vkSj xfrt mQtkZ dh èkkj.kk % dk;Z&mQtkZ izes;
vè;k; 3 esa] fu;r Roj.k a osQ varxZr ljy js[kh; xfr osQ fy, vki fuEu HkkSfrd lacaèk i<+ pqosQ
gSa_

v2 – u2 = 2as (6.2)

tgk¡ u rFkk v Øe'k% vkjafHkd o vafre pky vkSj s oLrq }kjk pyh xbZ nwjh gSA nksuksa i{kksa dks m/2

ls xq.kk djus ij



 (6.2a)

tgk¡ vkf[kjh pj.k U;wVu osQ f}rh; fu;ekuqlkj gSA bl izdkj lfn'kksa osQ iz;ksx }kjk lgt gh
lehdj.k (6-2) dk f=kfoeh; O;kidhdj.k dj ldrs gSa

v2 −  u2 = 2 a.d

,d ckj fiQj nksuksssa i{kksa dks m/2 ls xq.kk djus ij ge izkIr djrs gSa

 (6.2b)

mijksDr lehdj.k dk;Z ,oa xfrt mQtkZ dks ifjHkkf"kr djus osQ fy, izsfjr djrk gSA lehdj.k (6-2

b) esa ck;k¡ i{k oLrq osQ nzO;eku osQ vkèks vkSj mldh pky osQ oxZ osQ xq.kuiQy osQ vafre vkSj
vkjafHkd eku dk varj gSA ge buesa ls izR;sd jkf'k dks ^xfrt mQtkZ* dgrs gSa vkSj laosQr K ls
fufnZ"V djrs gSaA lehdj.k dk nk;k¡ i{k oLrq ij vkjksfir cy dk foLFkkiu osQ vuqfn'k ?kVd vkSj
oLrq osQ foLFkkiu dk xq.kuiQy gSA bl jkf'k dks ^dk;Z* dgrs gSa vkSj bls laosQr W ls fufnZ"V djrs
gSaA vr% lehdj.k (6-2 b) dks fuEu izdkj fy[k ldrs gSa %

Kf – Ki = W (6-3)

tgk¡ Ki rFkk Kf oLrq dh vkjafHkd ,oa vafre xfrt mQtkZ gSaA dk;Z fdlh oLrq ij yxus okys cy
vkSj blosQ foLFkkiu osQ lacaèk dks crkrk gSA vr% fdlh fuf'pr foLFkkiu osQ nkSjku oLrq ij yxk;k
x;k cy dk;Z djrk gSA

lehdj.k (6-3) dk;Z&mQtkZ izes; dh ,d fo'ks"k fLFkfr gS tks ;g iznf'Zkr djrh gS fd fdlh oLrq
ij yxk, x, oqqQy cy }kjk fd;k x;k dk;Z ml oLrq dh xfrt mQtkZ esa ifjorZu osQ cjkcj gksrk gSA
ifjorhZ cy osQ fy, mijksDr O;qRifRr dk O;kidhdj.k ge vuqHkkx 6-6 esa djsaxs A

mnkgj.k 6.2 ge vPNh rjg tkurs gSa fd o"kkZ dh cw¡n uhps dh vksj yxus okys xq#Rokd"kZ.k cy
vkSj cw¡n osQ fxjus dh fn'kk osQ foijhr yxus okys izfrjksèkh cy osQ izHkko osQ vèkhu fxjrh gSA
izfrjksèkh cy cw¡n dh pky osQ vuqØekuqikrh] ijarq vfuèkkZfjr gksrk gSA ekuk fd 1.00 g nzO;eku dh
o"kkZ dh cw¡n 1.00 km m¡QpkbZ ls fxj jgh gSA ;g èkjkry ij 50.00 m s–1 dh pky ls la?kêð djrh



gSA (a) xq#Roh; cy }kjk fd;k x;k dk;Z D;k gS\ (b) vKkr izfrjksèkh cy }kjk fd;k x;k dk;Z D;k
gS \

gy (a) cw¡n dh xfrt mQtkZ esa ifjorZu

= 1.25 J

;gk¡ geus ;g eku fy;k gS fd cw¡n fojkekoLFkk ls fxjuk vkjaHk djrh gSA

xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z Wg = m g h

eku yhft, fd g = 10 m s–2 gSA

vr% Wg = m g h

= 10–3 × 10 × 103

= 10 J

(b) dk;Z&mQtkZ izes; ls] ∆K = Wg + Wr

tgk¡ Wr izfrjksèkh cy }kjk fd;k x;k dk;Z gSA vr%

Wr = ∆K – Wg

= 1.25 – 10

= – 8.75 J

Í.kkRed gSA 

6.3 dk;Z



mijksDr vuqHkkx esa vkius ns[kk fd dk;Z] cy vkSj mlosQ }kjk oLRkq osQ foLFkkiu ls lacafèkr gksrk gSA
ekuk fd ,d vpj cy F, fdlh m nzO;eku osQ fiaM ij yx jgk gS ftlosQ dkj.k fiaM dk
èkUkkRed x-fn'kk esa gksus okyk foLFkkiu d gS tSlk fd fp=k 6-2 eas n'kkZ;k x;k gSA

fp=k 6-2 fdlh fiaM dk vkjksfir cy F osQ dkj.k foLFkkiu d A

vr% fdlh cy }kjk fd;k x;k dk;Z ¶cy osQ foLFkkiu dh fn'kk osQ vuqfn'k ?kVd vkSj foLFkkiu
osQ ifjek.k osQ xq.kuiQy¸ osQ :i esa ifjHkkf"kr fd;k tkrk gSA vr%

W = ( F cos θ ) d = F . d (6.4)

ge ns[krs gSa fd ;fn oLrq dk foLFkkiu 'kwU; gS rks cy dk ifjek.k fdruk gh vfèkd D;ksa u gks]
oLrq }kjk fd;k x;k dk;Z 'kwU; gksrk gSA tc dHkh vki fdlh b±Vksa dh n`<+ nhokj dks èkDdk nsrs gSa rks
dksbZ dk;Z ugha gksrk gSA bl izfØ;k esa vkidh ekalisf'k;ksa dk ckjh&ckjh ls laoqQpu vkSj f'kfFkyhdj.k
gks jgk gS vkSj vkarfjd mQtkZ yxkrkj O;; gks jgh gS vkSj vki Fkd tkrs gSaA HkkSfrd foKku esa dk;Z
dk vFkZ blosQ nSfud Hkk"kk esa iz;ksx osQ vFkZ ls fHkUu gSA

dksbZ Hkh dk;Z laiUu gqvk ugha ekuk tkrk gS ;fn %

(i) oLrq dk foLFkkiu 'kwU; gS] tSlk fd iwoZorhZ mnkgj.k esa vkius ns[kkA dksbZ HkkjksRrksyd 150 kg

nzO;eku osQ Hkkj dks 30 s rd vius daèks ij yxkrkj mBk, gq, [kM+k gS rks og dksbZ dk;Z ugha dj
jgk gS A

(ii) cy 'kwU; gSA fdlh fpduh {kSfrt est ij xfreku fiaM ij dksbZ {kSfrt cy dk;Z ugha djrk gS]
(D;ksafd ?k"kZ.k ugha gS) ijarq fiaM dk foLFkkiu dkiQh vfèkd gks ldrk gSA

(iii) cy vkSj foLFkkiu ijLij yacor~ gSa D;ksafd θ = π/2 rad ( = 90°), cos (π/2) = 0A fdlh fpduh
{kSfrt est ij xfreku fiaM osQ fy, xq#Rokd"kZ.k cy m g dksbZ dk;Z ugha djrk gS D;ksafd ;g



foLFkkiu osQ yacor~ dk;Z dj jgk gSA i`Foh osQ ifjr% panzek dh d{kk yxHkx o`Rrkdkj gSA ;fn ge
panzek dh d{kk dks iw.kZ :i ls o`Rrkdkj eku ysa] rks i`Foh dk xq#Rokd"kZ.k cy dksbZ dk;Z ugha djrk
gS D;ksafd panzek dk rkRdkfyd foLFkkiu Li'kZjs[kh; gS tcfd i`Foh dk cy f=kT;h; (osQanz dh vksj)
gS] vFkkZr~ θ = π/2 A

dk;Z èkukRed o Í.kkRed nksuksa izdkj dk gks ldrk gSA ;fn θ , 0° vkSj 90° osQ eè; gS rks
lehdj.k (6.4) esa cos θ  dk eku /ukRed gksxkA ;fnθ , 90° vkSj 180° osQ eè; gS rks cos θ
 dk eku ½.kkRed gksxkA vusd mnkgj.kksa esa ?k"kZ.k cy] foLFkkiu dk fojksèk djrk gS vkSj θ = 180°

gksrk gSA ,slh n'kk esa ?k"kZ.k cy }kjk fd;k x;k dk;Z Í.kkRed gksrk gS (cos 180° = –1)A

lehdj.k (6-4) ls Li"V gS fd dk;Z vkSj mQtkZ dh foek,¡ leku [M L2 T–2] gSa A fczfV'k HkkSfrdfon
tsEl izsldkWV twy (1818&1869) osQ lEeku esa budk SI ek=kd ^twy* dgykrk gSA pwafd dk;Z ,oa
mQtkZ O;kid :i ls HkkSfrd èkkj.kkvksa osQ :i esa iz;ksx fd, tkrs gSa] vr% ;s oSdfYid ek=kdksa ls
Hkjiwj gSa vkSj muesa ls oqQN lkj.kh 6-1 esa lwphc¼ gSaA

mnkgj.k 6.3 dksbZ lkbfdy lokj czsd yxkus ij fiQlyrk gqvk 10 m nwj tkdj #drk gSA bl
izfØ;k dh vofèk esa] lM+d }kjk lkbfdy ij yxk;k x;k cy 200 N gS tks mldh xfr osQ foijhr
gSA (a) lM+d }kjk lkbfdy ij fdruk dk;Z fd;k x;k\ (b) lkbfdy }kjk lM+d ij fdruk dk;Z
fd;k x;k\

gy lM+d }kjk lkbfdy ij fd;k x;k dk;Z lM+d }kjk lkbfdy ij yxk, x, fojks/h (?k"kZ.k cy)
}kjk fd;k fd;k dk;Z gSA

(a) ;gk¡ fojksèkh cy vkSj lkbfdy osQ foLFkkiu osQ eè; dks.k 180° (;k π rad) gSA vr% lM+d
}kjk fd;k x;k dk;Z

Wr = Fd cos θ



= 200 × 10 × cos π

= –2000 J

dk;Z&mQtkZ izes; osQ vuqlkj] bl ½.kkRed dk;Z osQ dkj.k gh lkbfdy #d tkrh gSA

(b) U;wVu osQ xfr osQ r`rh; fu;ekuqlkj lkbfdy }kjk lM+d ij yxk;k x;k cy lM+d }kjk lkbfdy
ij yxk, cy osQ cjkcj ijarq foijhr fn'kk esa gksxkA bldk ifjek.k 200N gS A rFkkfi] lM+d dk
foLFkkiu ugha gksrk gS A vr% lkbfdy }kjk lM+d ij fd;k x;k dk;Z 'kwU; gksxkA 

bl mnkgj.k ls gesa ;g irk pyrk gS fd ;|fi fiaM B }kjk A ij yxk;k x;k cy] fiaM A }kjk
fiaM B ij yxk, x, cy osQ cjkcj rFkk foijhr fn'kk esa gS (U;wVu dk xfr dk rhljk fu;e)
rFkkfi ;g vko';d ugha gS fd fiaM B }kjk A ij fd;k x;k dk;Z] fiaM A }kjk B ij fd, x,
dk;Z osQ cjkcj rFkk foijhr fn'kk esa gksA

6.4 xfrt mQtkZ
tSlk fd igys mYys[k fd;k x;k gS] ;fn fdlh fiaM dk nzO;eku m vkSj osx v gS rks bldh xfrt
mQtkZ]

 (6-5)

xfrt mQtkZ ,d vfn'k jkf'k gSA

fdlh fiaM dh xfrt mQtkZ] ml fiaM }kjk fd, x, dk;Z dh eki gksrh gS tks og viuh xfr osQ
dkj.k dj ldrk gSA bl èkkj.kk dk varKkZu dkiQh le; ls gSA rhoz xfr ls cgus okyh ty dh èkkjk
dh xfrt mQtkZ dk mi;ksx vukt ihlus osQ fy, fd;k tkrk gSA iky ty;ku iou dh xfrt mQtkZ
dk iz;ksx djrs gSaA lkj.kh 6-2 esa fofHkUu fiaMksa dh xfrt mQtkZ,¡ lwphc¼ gSaA



mnkgj.k 6-4 fdlh izk{ksfid izn'kZu esa ,d iqfyl vfèkdkjh 50 g nzO;eku dh xksyh dks 2cm eksVh
uje ijrnkj ydM+h (IykboqM) ij 200 m s–1 dh pky ls iQk;j djrk gSA uje ydM+h dks Hksnus
osQ i'pkr~ xksyh dh xfrt mQtkZ izkjafHkd mQtkZ dh 10» jg tkrh gSA ydM+h ls fudyrs le; xksyh
dh pky D;k gksxh\

gy xksyh dh izkjafHkd xfrt mQtkZ mv2/2 = 1000 J

xksyh dh vafre xfrt mQtkZ = 0.1 × 1000 = 100 JA ;fn xksyh dh uje ydM+h dks Hksnus osQ i'pkr~
pky vf gS rks]

= 63.2 m s–1

uje ydM+h dks Hksnus osQ i'pkr~ xksyh dh pky yxHkx 68» de gks xbZ gS (90» ugha)A 

6.5 ifjorhZ cy }kjk fd;k x;k dk;Z
vpj cy nq"izkI; gSA vfèkdrj ifjorhZ cy osQ mnkgj.k gh ns[kus dks feyrs gSaA fp=k 6-3 ,dfoeh;
ifjorhZ cy dk vkys[k gSA

;fn foLFkkiu ∆x lw{e gS rc ge cy F(x) dks Hkh yxHkx fu;r ys ldrs gSa vkSj rc fd;k x;k



dk;Z       

∆W = F(x) ∆x

bls fp=k 6-3(a) esa le>k;k x;k gSA fp=k 6-3 (a) esa Øfed vk;rkdkj {ks=kiQyksa dk ;ksx djus ij
gesa oqQy fd;k x;k dk;Z izkIr gksrk gS ftls bl izdkj fy[kk tkrk gS %

 (6-6)

tgk¡ laosQr ^∑* dk vFkZ gS ladyu&iQy (;ksxiQy)] tcfd 'xi' oLrq dh vkjafHkd fLFkfr vkSj 'xf'

oLrq dh vafre fLFkfr dks fu:fir djrk gSA

;fn foLFkkiuksa dks vfrlw{e eku fy;k tk, rc ;ksxiQy esa inksa dh laa[;k vlhfer :i ls c<+ tkrh
gS ysfdu ;ksxiQy ,d fuf'pr eku osQ lehi igqap tkrk gS tks fp=k 6-3(b) esa oØ osQ uhps osQ
{ks=kiQy osQ leku gksrk gS A 



fp=k 6-3 (a) ifjorhZ cy F(x) }kjk lw{e foLFkkiu ∆x esa fd;k x;k dk;Z ∆W = F(x)∆x Nk;kafdr vk;r ls fu:fir gS A (b) ∆x

→ 0 osQ fy, lHkh vk;rksa osQ {ks=kiQyksa dks tksM+us ij] oØ }kjk vkPNkfnr {ks=kiQy] cy F(x) }kjk fd, x, dk;Z osQ Bhd cjkcj gS A

vr% fd;k x;k dk;



  (6-7)

tgk¡ 'lim' dk vFkZ gS ^;ksxiQy dh lhek* tcfd ∆x ux.; :i ls lw{e ekuksa dh vksj vxzlj gSA
bl izdkj ifjorhZ cy osQ fy, fd, x, dk;Z dks cy dk foLFkkiu ij lheakfdr lekdyu] osQ :i
esa O;Dr dj ldrs gSa (ifjf'k"V 3-1 Hkh ns[ksa)

mnkgj.k 6-4 dksbZ L=kh [kqjnjh lrg okys jsyos IysViQkeZ ij lanwd dks f[kldkrh gSA og 10 m dh
nwjh rd 100 N dk cy vkjksfir djrh gSA mlosQ i'pkr~] mRrjksRrj og Fkd tkrh gS vkSj mlosQ
}kjk vkjksfir cy js[kh; :i ls ?kVdj 50 N gks tkrk gSA lanwd dks oqQy 20 m dh nwjh rd
f[kldk;k tkrk gSA L=kh }kjk lanwd ij vkjksfir cy vkSj ?k"kZ.k cy tks fd 50 N gS] rFkk foLFkkiu
osQ chp xzkiQ [khafp,A nksuksa cyksa }kjk 20 m rd fd, x, dk;Z dk ifjdyu dhft, A

gy fp=k 6-4 esa vkjksfir cy dk vkys[k iznf'Zkr fd;k x;k gS A

fp=k 6-4 fdlh L=kh }kjk vkjksfir cy F vkSj fojks/h ?k"kZ.k cy f rFkk foLFkkiu osQ chp xzkiQA

x = 20 m ij F = 50 N(≠ 0) gSA gesa ?k"kZ.k cy f fn;k x;k gS ftldk ifjek.k gS



| f | = 50 N

;g xfr dk fojks/ djrk gS vkSj vkjksfir cy F osQ foijhr fn'kk esa dk;Z djrk gSA blfy,] bls
cy&v{k dh Í.kkRed fn'kk dh vksj iznf'Zkr fd;k x;k gSA

L=kh }kjk fd;k x;k dk;Z WF→(vk;r ABCD + leyac CEID) dk {ks=kiQy

= 1000 + 750

= 1750 J

?k"kZ.k cy }kjk fd;k x;k dk;Z WF→vk;r AGHI dk {ks=kiQy

Wf = (–50) × 20

= – 1000J

;gk¡ {ks=kiQy dk cy&v{k osQ Í.kkRed fn'kk dh vksj gksus ls] {ks=kiQy dk fpg~u Í.kkRed gSA 

6.6 ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes;
ge ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; dks fl¼ djus osQ fy, dk;Z vkSj xfrt ÅtkZ dh /kj.kkvksa
ls HkyhHkkafr ifjfpr gSaA ;gk¡ ge dk;Z&ÅtkZ izes; osQ ,dfoeh; i{k rd gh fopkj dks lhfer djsaxsA
xfrt ÅtkZ ifjorZu dh nj gS %



= Fv (U;wVu osQ nwljs fu;ekuqlkj = F )

vr% dK = Fdx

izkjafHkd fLFkfr xi ls vafre fLFkfr xf rd lekdyu djus ij]

tgk¡ xi vkSj xf osQ laxr Ki vkSj Kf Øe'k% izkjafHkd ,oa vafre xfrt ÅtkZ,¡ gSaA

;k  (6.8 a)

lehdj.k (6-7) ls izkIr gksrk gS

Kf – Ki = W (6.8 b)

bl izdkj ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; fl¼ gksrh gSA

gkykafd dk;Z&ÅtkZ izes; vusd izdkj osQ iz'uksa dks gy djus eas mi;ksxh gS ijarq ;g U;wVu osQ f}rh;
fu;e dh iw.kZ:is.k xfrdh; lwpuk dk lekos'k ugha djrh gSA okLro esa ;g U;wVu osQ f}rh; fu;e
dk lekdy :i gSA U;wVu dk f}rh; fu;e fdlh {k.k] Roj.k rFkk cy osQ chp laca/ n'kkZrk gSA
dk;Z&ÅtkZ izes; esa ,d dky osQ fy, lekdy fufgr gSA bl n`f"V ls U;wVu osQ f}rh; fu;e esa
fufgr dkfyd lwpuk dk;Z ÅtkZ izes; esa Li"V :i ls izdV ugha gksrkA cfYd ,d fuf'pr dky osQ
fy, lekdyu osQ :i esa gksrk gSA nwljh è;ku nsus dh ckr ;g gS fd nks ;k rhu foekvksa esa U;wVu
dk f}rh; fu;e lfn'k :i esa gksrk gS tcfd dk;Z&ÅtkZ izes; vfn'k :i esa gksrk gSA U;wVu osQ
f}rh; fu;e esa fn'kk lacaf/r fufgr Kku Hkh dk;Z ÅtkZ izes; tSls& vfn'k laca/ esa fufgr ugha gSA

mnkgj.k 6.6 m (=1kg) nzO;eku dk ,d xqVdk {kSfrt lrg ij vi = 2 m s–1 dh pky ls pyrs gq,
x = 0.10 m ls x = 2.01m osQ [kqjnjs fgLls eas izos'k djrk gSA xqVosQ ij yxus okyk eand cy (Fr)



bl {ks=k eas x osQ O;qRØekuqikrh gS]

 0.1< x < 2.01m

= 0 x < 0.1m vkSj x > 2.01m osQ fy,

tgk¡ k = 0.5JA xqVdk tSls gh [kqjnjs fgLls dks ikj djrk gS] bldh vafre xfrt ÅtkZ vkSj pky vf

dh x.kuk dhft,A

gy lehdj.k (6-8 a) ls

= 2 −  0.5 ln (20.1)

= 2 −  1.5 = 0.5 J

è;ku nhft, fd ln vk/kj e ij fdlh la[;k dk izko`Qfrd y?kqx.kd gS] u fd vk/kj 10 ij
fdlh la[;k dk [ln X = loge X = 2.303 log10 X]

* xq#Roh; Roj.k g osQ eku eas maQpkbZ osQ LkkFk ifjorZu ij fopkj xq#Rokd"k.kZ (vè;k; 8) esa djsaxs A

6.7 fLFkfrt ÅtkZ dh vfHk/kj.kk
;gk¡ ^fLFkfrt* 'kCn fdlh dk;Z dks djus dh laHkkouk ;k {kerk dks O;Dr djrk gSA fLFkfrt ÅtkZ



dh /kj.kk ^laxzfgr* ÅtkZ ls Lkacaf/r gSA fdlh f[akps gq, rhj&deku osQ rkj (Mksjh) dh ÅtkZ
fLFkfrt mQtkZ gksrh gSA tc bls <hyk NksM+k tkrk gS rks rhj rhoz pky ls nwj pyk tkrk gSA i`Foh osQ
Hkwi`"B ij Hkza'k js[kk,¡ laihfMr dekfu;ksa osQ ln`'k gksrh gSaA mudh fLFkfrt ÅtkZ cgqr vf/d gksrh gSA
tc ;s Hkaz'k js[kk,¡ fiQj ls lek;ksftr gks tkrh gSa rks HkwoaQi vkrk gSA fdlh Hkh fiaM dh fLFkfrt ÅtkZ
(lafpr ÅtkZ) mldh fLFkfr ;k vfHkfoU;kl osQ dkj.k gksrh gSA fiaM dks eqDr :i ls NksM+us ij bleas
lafpr ÅtkZ] xfrt ÅtkZ osQ :i eas fueZqDr gksrh gSA vkb,] vc ge fLFkfrt ÅtkZ dh /kj.kk dks
,d fuf'pr :i nsrs gSaA

i`Foh dh lrg osQ lehi m nzO;eku dh ,d xasn ij vkjksfir xq#Rokd"kZ.k cy m g gSA g dks i`Foh
dh lrg osQ lehi vpj ekuk tk ldrk gS A ;gk¡ lehirk ls rkRi;Z ;g gS fd xsan dh i`Foh dh
lrg ls m¡QpkbZ h, i`Foh dh f=kT;k RE dh rqyuk esa vfr lw{e gS (h << RE), vr% ge i`Foh osQ
i`"B ij g osQ eku eas ifjorZu dh mis{kk dj ldrs gSaA* ekuk fd xsan dks fcuk dksbZ xfr iznku fd,
h m¡QpkbZ rd Åij mBk;k tkrk gSA vr% ckÞ; dkjd }kjk xq#Rokd"kZ.k cy osQ fo#¼ fd;k x;k
dk;Z mgh gksxkA ;g dk;Z] fLFkfrt ÅtkZ osQ :i eas lafpr gks tkrk gSA fdlh fi.M dh h m¡QpkbZ ij
xq#Roh; fLFkfrt ÅtkZ mlh fi.M dks mlh m¡QpkbZ rd mBkus eas xq#Rokd"kZ.k cy }kjk fd, x, dk;Z
osQ Í.kkRed eku osQ cjkcj gksrk gSA

V(h) = m g h

;fn h dks ifjorhZ fy;k tkrk gS rks ;g ljyrk ls ns[kk tk ldrk gS fd xq#Rokd"kZ.k cy F, h osQ
lkIks{k V(h) osQ Í.kkRed vodyt osQ leku gS

      

;gk¡ Í.kkRed fpg~u iznf'Zkr djrk gS fd xq#Rokd"kZ.k cy uhps dh vksj gSA tc xsan dks NksM+k tkrk
gS rks ;g c<+rh gqbZ pky ls uhps vkrh gS A i`Foh dh lrg ls la?kêð ls iwoZ bldh pky 'kq¼xfrdh
laca/ }kjk fuEu izdkj nh tkrh gS

v2 = 2gh

blh lehdj.k dks fuEu izdkj ls Hkh fy[kk tk ldrk gS %



mv2 = mgh

tks ;g iznf'kZr djrk gS fd tc fi.M dks eqDr :i ls NksM+k tkrk gS rks fiaM dh h m¡QpkbZ ij
xq#Roh; fLFkfrt ÅtkZ i`Foh ij igqapus rd Lor% gh xfrt ÅtkZ eas ifjofrZr gks tkrh gS A

izko`Qfrd fu;ekuqlkj] fLFkfrt ÅtkZ dh /kj.kk osQoy mUgha cyksa dh Js.kh eas ykxw gksrh gS tgk¡ cy
osQ fo#¼ fd;k x;k dk;Z] ÅtkZ osQ :i eas lafpr gks tkrk gS vkSj tks cká dkjd osQ gV tkus ij
Lor% xfrt ÅtkZ osQ :i eas fn[kkbZ iM+rh gSA xf.krkuqlkj fLFkfrt ÅtkZ V (x) dks (ljyrk osQ fy,
,d&foek eas) ifjHkkf"kr fd;k tkrk gS ;fn F(x) cy dks fuEu :i eas fy[kk tkrk gS %

;g fu:fir djrk gS fd

fdlh laj{kh cy tSls xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z fi.M dh osQoy vkjafHkd rFkk vafre
fLFkfr ij fuHkZj djrk gSA fiNys vè;k; eas geus vkur lery ls lacaf/r mnkgj.kksa dk vè;;u
fd;k A ;fn m nzO;eku dk dksbZ fi.M h maQpkbZ osQ fpdus (?k"kZ.kjfgr) vkur ry osQ 'kh"kZ ls
fojkekoLFkk ls NksM+k tkrk gS rks vkur lery osQ v/Lry (ryh) ij bldh pky] vkufr (>qdko)

dks.k dk è;ku j[ks fcuk   gksrh gSA bl izdkj ;gka ij fi.M m g h xfrt ÅtkZ izkIr dj
ysrk gSA ;fn fd;k x;k dk;Z ;k xfrt ÅtkZ nwljs dkjdksa] tSls fi.M osQ osx ;k mlosQ }kjk pys x,
fo'ks"k iFk dh yackbZ ij fuHkZj djrk gS rc ;g cy vlaj{kh gksrk gSA

dk;Z ;k xfrt ÅtkZ osQ ln`'k fLFkfrt ÅtkZ dh foek [ML2T–2] vkSj SI ek=kd twy (J) gSA ;kn
jf[k, fd laj{kh cy osQ fy,] fLFkfrt ÅtkZ eas ifjorZu ∆V cy }kjk fd, x, Í.kkRed dk;Z osQ
cjkcj gksrk gSA

∆V = –F(x) ∆x (6.9)



bl vuqHkkx eas fxjrh gqbZ xsan osQ mnkgj.k esa geus ns[kk fd fdl izdkj xsan dh fLFkfrt ÅtkZ mldh
xfrt ÅtkZ eas ifjofrZr gks xbZ FkhA ;g ;kaf=kdh eas laj{k.k osQ egÙoiw.kZ fl¼kar dh vksj laosQr djrk
gS ftls ge vc ij[ksaxsA

fp=k 6-5 H m¡QpkbZ dh fdlh pêðku ls fxjkbZ xbZ] m nzO;eku dh xsan dh fLFkfrt ÅtkZ dk xfrt
ÅtkZ eas :ikarj.kA

6.8 ;kaf=kd ÅtkZ dk laj{k.k
ljyrk osQ fy,] ge bl egÙoiw.kZ fl¼kar dk ,dfoeh; xfr osQ fy, fun'kZu dj jgs gSaA eku
yhft, fd fdlh fi.M dk laj{kh cy F osQ dkj.k foLFkkiu ∆x gksrk gSA dk;Z&ÅtkZ izes; ls] fdlh
cy F osQ fy, ∆K = F(x) ∆x laj{kh cy osQ fy, fLFkfrt ÅtkZ iQyu V(x) dks fuEu :i ls
ifjHkkf"kr fd;k tk ldrk gS %

−  ∆V = F(x)∆x

mijksDr lehdj.k fu:fir djrh gS fd

∆K + ∆V = 0

∆(K + V) = 0 (6.10)

bldk vFkZ gS fd fdlh fi.M dh xfrt vkSj fLFkfrt ÅtkZvksa dk ;ksxiQy] K + V vpj gksrk gSA
blls rkRi;Z gS fd laiw.kZ iFk xi ls xf osQ fy,

Ki + V (xi) = Kf + V (xf) (6.11)



;gk¡ jkf'k K + V(x), fudk; dh oqQy ;kaf=kd ÅtkZ dgykrh gSA i`FkoQ :i ls] xfrt ÅtkZ K vkSj
fLFkfrt ÅtkZ V(x) ,d fLFkfr ls nwljh fLFkfr rd ifjofrZr gks ldrh gS ijarq budk ;ksxiQy vpj
jgrk gSA mijksDr foospu ls 'kCn ^laj{kh cy* dh mi;qDrrk Li"V gksrh gSA

vkb,] vc ge la{ksi eas laj{kh cy dh fofHkUUk ifjHkk"kkvksa ij fopkj djrs gSaA

• dksbZ cy F(x) laj{kh gS ;fn bls lehdj.k (6-9) osQ iz;ksx }kjk vfn'k jkf'k V(x) ls izkIr dj
ldrs gSaA f=kfoeh; O;kidhdj.k osQ fy, lfn'k vodyt fof/ dk iz;ksx djuk iM+rk gS tks bl
iqLrd osQ foospuk {ks=k ls ckgj gSA

l• Lakj{kh cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa ij fuHkZj djrk gS tks fUkEu laca/ ls
Li"V gS %

W = Kf – Ki = V(xi) – V(xf)

• rhljh ifjHkk"kk osQ vuqlkj] bl cy }kjk can iFk eas fd;k x;k dk;Z 'kwU; gksrk gSA

;g ,d ckj fiQj lehdj.k (6.11) ls Li"V gS] D;ksafd xi = xf gSA

vr% ;kaf=kd ÅtkZ&laj{k.k fu;e osQ vuqlkj fdlh Hkh fudk; dh oqQy ;kfU=kd ÅtkZ vpj jgrh gS
;fn ml ij dk;Z djus okys cy laj{kh gSaA

mijksDr foospuk dks vf/d ewrZ cukus osQ fy,] ,d ckj fiQj xq#Rokd"kZ.k cy osQ mnkgj.k ij fopkj
djrs gSa vkSj fLizax cy osQ mnkgj.k ij vxys vuqHkkx eas fopkj djsaxs A fp=k 6-5 H m¡QpkbZ dh fdlh
pêðku ls fxjkbZ] m nzO;eku dh xsan dk fp=k.k djrk gSA

xsan dh funf'kZr m¡QpkbZ] 'kwU; (Hkwfery)] h vkSj H osQ laxr oqQy ;kaf=kd ÅtkZ,¡ Øe'k% Eo, Eh vkSj
EH gSa 

EH = m g H (6.11a)

 (6.11b)

E0 = (1/2) (6.11c)



 

vpj cy] f=kfoe&fuHkZj cy F(x) dk ,d fo'ks"k mnkgj.k gS A vr% ;kaf=kd ÅtkZ lajf{kr gSA bl
izdkj

EH = E0

vFkok]  

mijksDr ifj.kke vuqHkkx 6-7 eas eqDr :i ls fxjrs gq, fi.M osQ osx osQ fy, izkIr fd;k x;k FkkA

blosQ vfrfjDr

EH = Eh

tks bafxr djrk gS fd

(6.11d)

mijksDr ifj.kke] 'kq¼xfrdh dk ,d lqfofnr ifj.kke gSA

H m¡QpkbZ ij] fi.M dh ÅtkZ osQoy fLFkfrt ÅtkZ gSA ;g h m¡QpkbZ ij vkaf'kd :i ls xfrt ÅtkZ
esa :ikarfjr gks tkrh gS rFkk Hkwfe ry ij iw.kZ:is.k xfrt ÅtkZ eas :ikarfjr gks tkrh gSA bl izdkj
mijksDr mnkgj.k] ;kaf=kd ÅtkZ osQ laj{k.k osQ fl¼kar dks Li"V djrk gSA

mnkgj.k 6.7 m nzO;eku dk ,d xksyd L yackbZ dh gydh Mksjh ls yVdk gqvk gSA blosQ fuEure
fcanq A ij {kSfrt osx vo bl izdkj yxk;k tkrk gS fd ;g ÅèokZ/j ry eas v/Zo`Rrkdkj iz{ksI; iFk
dks bl izdkj r; djrk gS fd Mksjh osQoy mPPkre fcanq C ij <hyh gksrh gS tSlk fd fp=k 6.6 eas
fn[kk;k x;k gSA fuEu jkf'k;ksa osQ fy, O;atd izkIr dhft, % (a) v0, (b) fcanqvksa B rFkk C ij xksyd
dh pky] rFkk (c) fcanq B rFkk C ij xfrt ÅtkZvksa dk vuqikr (KB/KC)A xksyd osQ fcanq C ij
igqapus osQ ckn iFk dh izo`Qfr ij fVIi.kh dhft, A



fp=k 6-6

gy (a) ;gk¡ xksyd ij yxus okys nks cká cy gSa&xq#Ro cy vkSj Mksjh esa ruko ( T )A ckn okyk
cy (ruko) dksbZ dk;Z ugha djrk gS D;ksafd xksyd dk foLFkkiu ges'kk Mksjh osQ yacor~ gSA vr%
xksyd dh fLFkfrt ÅtkZ osQoy xq#Rokd"kZ.k cy ls lacaf/r gSA fudk; dh laiw.kZ ;kaf=kd ÅtkZ E

vpj gS A ge fudk; dh fLFkfrt ÅtkZ fuEure fcanq A ij 'kwU; ys ysrs gSaA vr% fcanq A ij

 (6.12)

[U;wVu osQ xfr osQ f}rh; fu;ekuqlkj]

 

;gk¡ TA, fcanq A ij Mksjh dk ruko gSA mPPkre fcanq C ij Mksjh <hyh gks tkrh gS_ vr% ;gk¡ fcanq C



ij Mksjh dk ruko TC = 0A vr% fcanq C ij geas izkIr gksrk gS

(6.13)

 [U;wVu osQ f}rh; fu;ekuqlkj] (6.14)

 

tgk¡ vc fcanq C ij xksyd dh pky gSA lehdj.k (6.13) o (6.14) ls izkIr gksrk gS

bls fcanq A ij ÅtkZ ls leho`Qr djus ij

vFkok  

(b) lehdj.k (6-14) ls ;g Li"V gS fd

vr% fcanq B ij ÅtkZ gS

bls fcanq A ij ÅtkZ osQ O;atd osQ cjkcj j[kus ij vkSj (a) osQ ifj.kke v2
0 = 5gL iz;ksx eas ykus ij

geas izkIr gksrk gSA



(c) fcanq B o C ij xfrt ÅtkZvksa dk vuqikr

fcanq C ij Mksjh <hyh gks tkrh gS vkSj xksyd dk osx ckb± vksj dks ,oa {kSfrt gks tkrk gSA ;fn bl
{k.k ij Mksjh dks dkV fn;k tk, rks xksyd ,d {kSfrt iz{ksi dh Hkkafr iz{ksI; xfr Bhd mlh izdkj
n'kkZ,xk tSlk fd [kM+h pêðku ls {kSfrt fn'kk eas fdlh iRFkj dks isaQdus ij gksrk gSA vU;Fkk xksyd
yxkrkj vius o`Rrkdkj iFk ij xfr djrk jgsxk vkSj ifjØe.k dks iw.kZ djsxkA 

6.9 fdlh fLizax dh fLFkfrt ÅtkZ
dksbZ fLizax&cy ,d ifjorhZ&cy dk mnkgj.k gS tks laj{kh gksrk gS A
fp=k 6-7 fLizax ls layXu fdlh xqVosQ dks n'kkZrk gS tks fdlh fpdus
{kSfrt i`"B ij fojkekoLFkk eas gSA fLizax dk nwljk fljk fdlh n`<+ nhokj
ls tqM+k gSA fLizax gydk gS vkSj nzO;eku&jfgr ekuk tk ldrk gSA fdlh
vkn'kZ fLizax eas] fLiazx&cy Fs] xqVosQ dk viuh lkE;koLFkk fLFkfr ls
foLFkkiu x osQ lekuqikrh gksrk gSA xqVosQ dk lkE;koLFkk ls foLFkkiu
/ukRed (fp=k 6-7b);k Í.kkRed (fp=k 6-7c) gks ldrk gSA fLizax osQ
fy, cy dk fu;e] gqd dk fu;e dgykrk gS vkSj xf.krh; :i eas bl
izdkj O;Dr fd;k tk ldrk gS %



fp=k 6-7 fdlh fLizax osQ eqDr fljs ls tqM+s gq, xqVosQ ij fLizax&cy dk fun'kZu

(a) tc ekè; fLFkfr ls foLFkkiu x 'kwU; gS rks fLizax cy Fs Hkh 'kwU; gS A

(b) f[kaps gq, fLiazx osQ fy, x > 0 vkSj Fs < 0

(c) laihfMr fLiazx osQ fy, x < 0 vkSj Fs > 0



(d) Fs rFkk x osQ chp [khapk x;k vkys[k A Nk;kafdr f=kHkqt dk {ks=kiQy fLiazx&cy }kjk fd, x, dk;Z dks fu:fir djrk

gSA Fs vkSj x osQ foijhr fpÉksa osQ dkj.k] fd;k x;k dk;Z Í.kkRed gS] 

Fs = – k x

tgk¡ fu;rkad k ,d fLizax fu;rkad gS ftldk ek=kd N m–1 gSA ;fn k dk eku cgqr vf/d gS] rc
fLizax dks n`<+ dgk tkrk gSA ;fn k dk eku de gS] rc bls ueZ (e`nq) dgk tkrk gSA

eku yhft, fd ge xqVosQ dks ckgj dh rjiQ] tSlk fd fp=k 6.7(b) esa fn[kk;k x;k gS] èkheh vpj
pky ls [khaprs gSa A ;fn fLizax dk f[kapko xm gS rks fLizax&cy }kjk fd;k dk;Z

 (6.15) 

bl O;atd dks ge fp=k 6-7(d) eas fn[kk, x, f=kHkqt osQ {ks=kiQy ls Hkh izkIr dj ldrs gSaA è;ku
nhft, fd cká f[kapko cy }kjk fd;k x;k dk;Z /ukRed gSA

(6.16)  

;fn fLizax dk foLFkkiu xc (<0) ls laihfMr fd;k tkrk gS rc Hkh mijksDr O;atd lR; gSA fLizax&cy

dk;Z djrk gS tcfd cká cy  dk;Z djrk gSA

;fn xqVosQ dks blosQ vkjafHkd foLFkkiu xi ls vafre foLFkkiu xf rd foLFkkfir fd;k tkrk gS rks
fLizax&cy }kjk fd;k x;k dk;Z

(6.17) 



vr% fLizax&cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa ij fuHkZj djrk gSA fo'ks"k :i ls tc
xqVosQ dks fLFkfr xi ls [khpk x;k gks vkSj okil xi fLFkfr rd vkus fn;k x;k gks rks

= 0 (6.18)

vr% fLizax cy }kjk fdlh pØh; izØe eas fd;k x;k dk;Z 'kwU; gksrk gSA geus ;gka Li"V dj fn;k
gS fd (i) fLizax cy osQoy fLFkfr ij fuHkZj djrk gS tSlk fd gqd }kjk igys dgk x;k gS (Fs = –k

x); (ii) ;g cy dk;Z djrk gS tks fdlh fi.M dh vkjafHkd ,oa vafre fLFkfr;ksa ij fuHkZj djrk gS;
mnkgj.kkFkZ] lehdj.k (6.17) A vr% fLizax cy ,d laj{kh cy gSA

tc xqVdk lkE;koLFkk eas gS vFkkZr~ ekè; fLFkfr ls mldk foLFkkiu 'kwU; gS rc fLizax dh fLFkfrt
ÅtkZ V(x) dks ge 'kwU; ekurs gSaA fdlh f[kapko (;k laihMu) x osQ fy, mijksDr fo'ys"k.k lq>krk
gS fd

V(x) =   (6.19)

bls lqfo/kiwoZd lR;kfir fd;k tk ldrk gS fd −  dV/dx = −  k xtks fd fLizax cy gSA tc m

nzO;eku osQ xqVosQ dks fp=k 6.7 osQ vuqlkj xm rd [khapk tkrk gS vkSj fiQj fojkekOkLFkk ls NksM+k
tkrk gS] rc bldh lewph ;kaf=kd ÅtkZ LosPNk ls pquh xbZ fdlh Hkh fLFkfr x ij fuEufyf[kr :i eas
nh tk,xh] tgk¡ x dk eku –xm ls + xm osQ chp gS%

tgk¡ geus ;kaf=kd mQtkZ osQ laj{k.k fu;e dk mi;ksx fd;k gS A blosQ vuqlkj xqVosQ dh pky vm

vkSj xfrt mQtkZ lkE;koLFkk x = 0 ij vf/dre gksxh] vFkkZr~



;k] 

è;ku nhft, fd k/m dh foek [T–2] gS vkSj ;g lehdj.k foeh; :i ls lgh gSA ;gk¡ fudk; dh
xfrt mQtkZ] fLFkfrt mQtkZ esa] vkSj fLFkfrt mQtkZ] xfrt mQtkZ esa ifjofrZr gks tkrh gS] rFkkfi dqy
;kaf=kd mQtkZ fu;r jgrh gS A fp=k 6-8 esa bldk xzkiQh; fu:i.k fd;k x;k gSA

fp=k 6-8 fdlh fLizax ls tqMs+ gq, xqVosQ dh fLFkfrt mQtkZ V vkSj xfrt mQtkZ K osQ ijoyf;d vkys[k tks gqd osQ fu;e dk ikyu

djrs gSaA ;s ,d&nwljs osQ iwjd gSa vFkkZr~ buesa tc ,d ?kVrk gS rks nwljk c<+rk gS] ijarq oqQy ;kaf=kd mQtkZ E = K + V ges'kk vpj

jgrh gSA

mnkgj.k 6.8 dkj nq?kZVuk dks fn[kkus osQ fy, (vuqdkj) eksVjdkj fuekZrk fofHkUu fLizax fu;rkadksa osQ
fLizaxksa dk iszQe p<+kdj pyrh gqbZ dkjksa osQ la?kêð dk vè;;u djrs gSaA eku yhft, fdlh izrhdkRed
vuq:i.k esa dksbZ 1000 kg nzO;eku dh dkj ,d fpduh lM+d ij 18 km/h dh pky ls pyrs gq,]
{kSfrt iszQe ij p<+k, x, fLiazx ls la?kêð djrh gS ftldk fLizax fu;rkad 6.25 × 103 N m–1 gSA fLizax
dk vf/dre laihMu D;k gksxk\

gy dkj dh xfrt mQtkZ vf/dre laihMu ij laiw.kZ :i ls fLizax dh fLFkfrt mQtkZ esa ifjofrZr gks



tkrh gSA xfreku dkj dh xfrt mQtkZ %

K = 1/2 m v2

=  1/2× 103 × 5 × 5

K = 1.25 × 104 J

tgk¡ dkj dh pky 18 km h–1 dks blosQ SI eku 5 m s–1 esa ifjofrZr dj fn;k x;k gS A ¹;gk¡ ;g
è;ku j[kus ;ksX; gS fd 36 km h–1 = 10 m s–1º A ;kaf=kd mQtkZ&laj{k.k fu;e osQ vuqlkj vf/dre
laihMu xm ij fLizax dh fLFkfrt mQtkZ (V)] xfr'khy dkj dh xfrt mQtkZ (K) osQ cjkcj gksrh gSA

vr%

= 1.25 × 104 J

gy djus ij ge izkIr djrs gSa fd xm = 2.00 m

è;ku nsa fd ;gk¡ bl fLFkfr dks geus vkn'kZ :i esa izLrqr fd;k gSA ;gk¡ fLiazx dks nzO;ekujfgr ekuk
gS vkSj lM+d dk ?k"kZ.k ux.; fy;k gSA 

ge laj{kh cyksa ij oqQN fVIi.kh djrs gq, bl vuqHkkx dk lekiu djrs gSa %

(i) mijksDr foospuk esa le; osQ fo"k; esa dksbZ lwpuk ugha gSA bl mnkgj.k eas ge laihMu dk
ifjdyu dj ldrs gSa ysfdu ml le; varjky dk ifjdyu ugha dj ldrs ftlesa ;g laihMu gqvk
gSA vr% dkfyd lwpuk izkIr djus osQ fy,] bl fudk; osQ fy, U;wVu osQ f}rh; fu;e osQ gy dh
vko';drk gSA

(ii) lHkh cy laj{kh ugha gSaA mnkgj.kkFkZ] ?k"kZ.k ,d vlaj{kh cy gSA bl fLFkfr esa] mQtkZ&lja{k.k fu;e
esa fdafpr ifjorZu djuk iM+sxkA bls mnkgj.k 6-9 esa Li"V fd;k x;k gSA

(iii) fLFkfrt mQtkZ dk 'kwU; LosPNk ls fy;k x;k gS ftls lqfo/kuqlkj fuf'pr dj fy;k tkrk gSA
fLizax&cy osQ fy,] x = 0 ij ge V = 0 ysrs gSa] vFkkZr~ fcuk ¯[kps fLizax dh fLFkfrt mQtkZ 'kwU; FkhA
fu;r xq#Rokd"kZ.k cy m g osQ fy, geus i`Foh dh lrg ij V = 0 fy;k FkkA vxys vè;k; esa ge
ns[ksaxs fd xq#Rokd"kZ.k osQ lkoZf=kd fu;ekuqlkj cy osQ fy,] xq#Rokd"kZ.k lzksr ls vuUr nwjh ij 'kwU;



loksZÙke :i ls ifjHkkf"kr gksrh gS rFkkfi] fdlh foospuk esa fLFkfrt mQtkZ osQ fy, ,d ckj 'kwU; dh
fLFkfr fuf'pr djus osQ i'pkr~] 'kq: ls var rd foospuk esa mlh fu;e dk ikyu djuk pkfg,A

mnkgj.k 6-9 mnkgj.k 6-8 esa ?k"kZ.k xq.kkad µ dk eku 0.5 ysdj dekuh osQ vf/dre laihMu dk
ifjdyu dhft,A

gy % fLizax cy vkSj ?k"kZ.k cy] nksuksa gh laihMu dk fojks/ djus esa la;qDr :i ls dk;Z djrs gSa]
tSlk fd fp=k 6-9 esa fn[kk;k x;k gSA

fp=k 6-9 fdlh dkj ij vkjksfir cyA

;gk¡ ge ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ ctk; dk;Z&mQtkZ izes; dk iz;ksx djrs gSaA

xfrt mQtkZ esa ifjorZu gS %

∆K = Kf −  Ki 

oqqQy cy }kjk fd;k x;k dk;Z %

∆K vkSj W dks lehÑr djus ij ge izkIr djrs gSa



;gk¡ µ mg = 0.5 × 103 × 10 = 5 × 103 N (g = 10 m s–2 ysus ij) A mijksDr lehdj.k dks
O;ofLFkr djus ij gesa vKkr xm osQ fy, fuEu f}?kkrh; lehdj.k izkIr gksrh gS %

tgk¡ geus xm /ukRed gksus osQ dkj.k bldk /ukRed oxZewy ys fy;k gSA vkafdd ekuksa dks
lehdj.k esa izfrLFkkfir djus ij ge izkIr djrs gSa

xm = 1.35 m

tks vk'kkuqlkj mnkgj.k 6-8 esa izkIr ifj.kke ls de gSA

;fn eku ysa fd fiaM ij yxus okys nksuksa cyksa esa ,d laj{kh cy Fc vkSj nwljk vlaj{kh cy Fnc gS
rks ;kaf=kd mQtkZ&laj{k.k osQ lw=k esa foaQfpr~ ifjorZu djuk iM+sxkA dk;Z&mQtkZ izes; ls %

(Fc + Fnc) ∆x = ∆K

ijarq Fc ∆x = – ∆V

vr% ∆(K + V) = Fnc ∆x

∆E = Fnc ∆x

tgk¡ E oqQy ;kaf=kd mQtkZ gSA leLr iFk ij ;g fuEu :i ys ysrh gS

Ef – Ei = Wnc

tgk¡ Wnc vlaj{kh cy }kjk fdlh iFk ij fd;k x;k oqQy dk;Z gSA è;ku nhft, fd Wnc i ls f rd
,d fo'ks"k iFk ij fuHkZj djrk gS tSlk fd laj{kh cy esa ugha gSA

6-10 mQtkZ osQ fofHkUu :i % mQtkZ&laj{k.k dk fu;e
fiNys vuqHkkx esa geus ;kaf=kd mQtkZ dh foospuk dh vkSj ;g ik;k fd bls nks fHkUu Jsf.k;ksa esa
foHkkftr fd;k tk ldrk gSA igyh xfr ij vk/kfjr gS vFkkZr~ xfrt mQtkZ] vkSj nwljh la:i.k
vFkok fLFkfr ij vk/kfjr vFkkZr~ fLFkfrt mQtkZA mQtkZ cgqr ls :iksa esa izkIr gksrh gS ftudks ,d :i



ls nwljs :i esa dbZ fof/;ksa }kjk :ikUrfjr fd;k tkrk gS tks izk;% gesa Hkh dHkh&dHkh Li"V ugha
gksrsA

6.10.1 mQ"ek

ge igys gh ns[k pqosQ gSa fd ?k"kZ.k cy laj{kh cy ugha gSA ysfdu dk;Z] ?k"kZ.k cy ls lacaf/r gS
(mnkgj.k 6-5)A dksbZ m nzO;eku dk xqVdk :{k {kSfrt i`"B ij v0 pky ls fiQlyrk gqvk x0 nwjh
pydj #d tkrk gSA x0 ij xfrt ?k"kZ.k cy f }kjk fd;k x;k dk;Z –fx0 gS A dk;Z&mQtkZ izes; ls 

 izkIr gksrk gSA ;fn ge vius fo"k;&{ks=k dks ;kaf=kdh rd gh lhfer j[ksa rks ge
dgsaxs fd xqVosQ dh xfrt mQtkZ] ?k"kZ.k cy osQ dkj.k {kf;r gks xbZ gSA est vkSj xqVosQ dk ijh{k.k
djus ij gesa irk pysxk fd budk rki ekewyh&lk c<+ x;k gSA ?k"kZ.k cy }kjk fd;k x;k dk;Z {kf;r
ugha gqvk gS vfirq mQ"eh; mQtkZ osQ :i esa est vkSj xqVosQ dks LFkkukUrfjr gks x;k gS tks xqVosQ vkSj
est dh vkarfjd mQtkZ dks c<+k nsrk gSA 'khrdky esa ge viuh gFksfy;ksa dks vkil esa tksj ls jxM+dj
mQ"ek mRiUu djrs gSaA ge ckn esa ns[ksaxs fd vkarfjd mQtkZ izk;% v.kqvksa dh fujarj ;kn`fPNd xfr ls
lacaf/r gS A mQ"eh; mQtkZ osQ LFkkukUrj.k dh ifjek.kkRed /kj.kk bl y{k.k ls izkIr dh tk ldrh
gS fd 1 kg ty 10° C BaMk gksus ij 42000 J mQtkZ eqDr djrk gSA

6.10.2 jklk;fud mQtkZ

ekuo tkfr us egkure~ rduhdh liQyrk izkIr dh tc ;g irk yxk fd vfXu dks oSQls izTofyr
vkSj fu;af=kr fd;k tkrk gSA geus nks fÝyUV iRFkjksa dks vkil esa jxM+uk (;kaf=kd mQtkZ)] mUgsa xeZ
gksus nsuk vkSj ifRr;ksa osQ <sj dks lqyxkuk (jklk;fud mQtkZ) lh[kk ftlosQ dkj.k ge lrr~ mQ"ek
izkIr dj ik, A ekfpl dh ,d rhyh tc fo'ks"k :i ls rS;kj dh xbZ jklk;fud lrg ij jxM+h
tkrh gS rks ,d pedhyh Tokyk osQ :i esa izTofyr gksrh gSA tc lqyxkbZ xbZ ekfpl dh rhyh
iVk[ks esa yxkbZ tkrh gS rks mlosQ ifj.kkeLo:i èofu ,oa izdk'k mQtkZvksa dk HkO; izn'kZu gksrk gSA

jklk;fud mQtkZ] jklk;fud vfHkfØ;k esa Hkkx ysus okys v.kqvksa dh fHkUu&fHkUu ca/u mQtkZvksa osQ
dkj.k mRiUu gksrh gSA ,d fLFkj jklk;fud ;kSfxd dh mQtkZ blosQ i`Fkd&i`Fkd va'kksa dh vis{kk de
gksrh gSA jklk;fud vfHkfØ;k eq[;r% ijek.kqvksa dh iqu% O;oLFkk gS A ;fn vfHkdkjdksa dh oqQy
mQtkZ] mRiknksa dh mQtkZ ls vf/d gS rks mQ"ek eqDr gksrh gS vFkkZr~ vfHkfØ;k mQ"ek{ksih gksrh gSA ;fn
blosQ foijhr lR; gS rks mQ"ek vo'kksf"kr gksxh vFkkZr~ vfHkfØ;k mQ"ek'kks"kh gksxh A dks;ys esa dkcZu



gksrk gS vkSj blosQ 1 kg osQ ngu ls 3 × 107 J mQtkZ eqDr gksrh gSA

jklk;fud mQtkZ mu cyksa ls lacaf/r gksrh gS tks inkFkks± dks LFkkf;Ro iznku djrs gSA ;s cy ijek.kqvksa
dks v.kqvksa esa vkSj v.kqvksa dks ikWyhesfjd Ük``a[kyk bR;kfn esa ck¡/ nsrs gaSA dks;yk] oqQfdax xSl] ydM+h
vkSj iSVªksfy;e osQ ngu ls mRiUu jklk;fud mQtkZ gekjs nSfud vfLrRo osQ fy, vfuok;Z gSA

6.10.3 fo|qr&mQtkZ

fo|qr /kjk osQ izokg osQ dkj.k fo|qr cYc míhIr gksrs gSa] ia[ks ?kwers gSa vkSj ?kafV;ka ctrh gSaA vkos'kksa
osQ vkd"kZ.k& izfrd"kZ.k laca/h fu;eksa vkSj fo|qr /kjk osQ fo"k; esa ge ckn esa lh[ksaxs A mQtkZ fo|qr
/kjk ls Hkh lac¼ gSA ,d Hkkjrh; 'kgjh ifjokj vkSlru 200 J/s mQtkZ dk miHkksx djrk gSA

6.10.4 nzO;eku&mQtkZ rqY;rk

mUuhloha 'krkCnh osQ var rd HkkSfrd foKkuh dk fo'okl Fkk fd izR;sd HkkSfrd ,oa jklk;fud izØe
esa] foyfxr fudk; dk nzO;eku lajf{kr jgrk gSA nzO; viuh izkoLFkk ifjofrZr dj ldrk gSA
mnkgj.kkFkZ] fgekuh ciZQ fi?kydj ,d izokgh unh osQ :i esa cg ldrh gS ysfdu nzO; u rks mRiUu
fd;k tk ldrk gS vkSj u gh u"VA rFkkfi vYcVZ vkbaLVkbu (1879&1955) us iznf'kZr fd;k fd
nzO;eku vkSj mQtkZ ,d&nwljs osQ rqY; gksrs gSa vkSj fuEufyf[kr lehdj.k }kjk lacaf/r gksrs gSa %

E = m c2 (6.20)

tgka c, fuokZr esa izdk'k dh pky gS tks yxHkx 3 × 108 m s–1 osQ cjkcj gSA vr% ek=k ,d
fdyksxzke nzO; osQ mQtkZ esa ifjorZu ls lacaf/r ,d vk'p;Zpfdr dj nsus okyh mQtkZ dh ek=kk gS

E = 1 × (3 × 108)2 J = 9 × 1016 J

;g ,d cgqr cM+s iSekus ij fo|qr mRiUu djus okys fctyh ?kj osQ okf"kZd mRiknu (3000 MW) osQ
rqY; gSA



6.10.5 ukfHkdh; mQtkZ

,d vksj tgk¡ ekuo tkfr }kjk fufeZr vR;Ur fouk'kdkjh ukfHkdh; vk;q/] fo[kaMu ,oa lay;u ce
mijksDr rqY;rk ¹lehdj.k (6-20)º laca/ dh vfHkO;fDr gS] ogha nwljh vksj lw;Z }kjk mRikfnr
thou&iks"k.k djus okyh mQtkZ dh O;k[;k Hkh mijksDr lehdj.k ij gh vk/kfjr gSA blesa gkbMªkstu
osQ pkj gyosQ ukfHkdksa osQ lay;u }kjk ,d ghfy;e ukfHkd curk gS ftldk nzO;eku gkbMªkstu osQ
pkjksa ukfHkdksa osQ oqQy nzO;ekuksa ls de gksrk gSA ;g nzO;eku&varj ∆m, ftls nzO;eku {kfr dgrs gSa]
mQtkZ (∆m) c2 dk lzksr gS A fo[kaMu esa ,d Hkkjh vLFkk;h ukfHkd] tSls ;wjsfu;e (235

92U), ,d
U;wVªkWu dh ceckjh }kjk gyosQ ukfHkdksa esa foHkDr gks tkrk gS A bl izØe esa Hkh vafre nzO;eku]
vkjafHkd nzO;eku ls de gksrk gS vkSj ;g nzO;eku&{kfr mQtkZ esa :ikarfjr gks tkrh gSA bl mQtkZ dk
mi;ksx fu;af=kr ukfHkdh; fo[kaMu vfHkfØ;k ij vk/kfjr ukfHkdh; 'kfDr la;a=kksa }kjk fo|qr mQtkZ
miyC/ djkus esa fd;k tkrk gSA ogha nwljh vksj] bls vfu;af=kr ukfHkdh; fo[kaMu vfHkfØ;k ij
vk/kfjr fouk'kdkjh ukfHkdh; vk;q/ksa osQ fuekZ.k esa Hkh iz;ksx fd;k tk ldrk gS A lgh vFkZ esa
fdlh jklk;fud vfHkfØ;k esa eqDr mQtkZ ∆E dks nzO;eku&{kfr ∆m = ∆E/c2 ls Hkh lac¼ fd;k tk



ldrk gS A rFkkfi] fdlh jklk;fud vfHkfØ;k esa nzO;eku&{kfr] ukfHkdh; vfHkfØ;k esa gksus okyh
nzO;eku&{kfr ls dkiQh de gksrh gS A lkj.kh 6-3 esa fHkUu&fHkUu ?kVukvksa vkSj ifj?kVukvksa ls lac¼
oqQy mQtkZvksa dks lwphc¼ fd;k x;k gSA

mnkgj.k 6.10 lkj.kh 6-1 ls 6-3 rd dk ijh{k.k dhft, vkSj crkb, (a) Mh-,u-,- osQ ,d vkcaèk
dks rksM+us osQ fy, vko';d mQtkZ (bysDVªkWu&oksYV esa)_ (b) ok;q osQ ,d v.kq dh xfrt mQtkZ (10–

21J) bysDVªkWu&oksYV esa (c) fdlh o;Ld ekuo dk nSfud vkgkj (fdyks oSQyksjh esa)A

gy (a) Mh-,u-,- osQ ,d vkcaèk dks rksM+us osQ fy, vko';d mQtkZ gS %

è;ku nhft, 0.1eV = 100 meV (100 fefy bysDVªkWu&oksYV)

(b) ok;q osQ v.kq dh xfrt mQtkZ gS %

;g 6.2 meV osQ ln`'k gSA

(c) o;Ld ekuo dh vkSlr nSfud Hkkstu dh [kir gS %

;gk¡ ge lekpkj&i=kksa vkSj if=kdkvksa dh lkekU; Hkzkafr dh vksj è;ku fnykrs gSaA ;s Hkkstu dh ek=kk
dk oSQyksjh esa mYys[k djrs gSa vkSj gesa 2400 oSQyksjh ls de [kqjkd ysus dk lq>ko nsrs gSaA tks mUgsa
dguk pkfg, og fdyks oSQyksjh (kcal) gS] u fd oSQyksjhA 2400 oSQyksjh izfrfnu miHkksx djus okyk
O;fDr 'kh?kz Hkw[kksa ej tk,xk! 1 Hkkstu oSQyksjh lkekU;r% 1 fdyks&oSQyksjh gh gSA 

6.10.6 mQtkZ&laj{k.k dk fl¼kar

geus ;g ns[kk gS fd fdlh Hkh fudk; dh oqQy ;kaf=kd mQtkZ lajf{kr jgrh gS ;fn bl ij dk;Z djus



okys cy laj{kh gSa A ;fn dk;Zjr oqQN cy vlaj{kh gSa rks ;kaf=kd mQtkZ dk oqQN va'k nwljs :iksa_
tSls&mQ"ek] izdk'k vkSj èofu mQtkZvksa esa :ikUrfjr gks tkrk gSA rFkkfi mQtkZ osQ lHkh :iksa dk è;ku
j[kus ij ge ikrs gSa fd foyfxr fudk; dh oqQy mQtkZ ifjofrZr ugha gksrhA mQtkZ ,d :i ls nwljs
:i esa :ikarfjr gks ldrh gS ijarq fdlh foyfxr fudk; dh oqQy mQtkZ fu;r jgrh gS A mQtkZ u rks
mRiUu dh tk ldrh gS vkSj u gh u"VA

pwafd laiw.kZ fo'o dks ,d foyfxr fudk; osQ :i esa ns[kk tk ldrk gS vr% fo'o dh oqQy mQtkZ
vpj gS A ;fn fo'o osQ ,d fgLls esa mQtkZ dh {kfr gksrh gS rks nwljs fgLls esa leku ek=kk esa mQtkZ
o`f¼ gksuh pkfg,A

mQtkZ&laj{k.k fl¼kar dks fl¼ ugha fd;k tk ldrk gSA rFkkfi] bl fl¼kar osQ mYya?ku dh dksbZ
fLFkfr lkeus ugha vkbZ gSA laj{k.k dh vfHkèkkj.kk vkSj fofHkUu :iksa esa mQtkZ dk :ikarj.k HkkSfrdh]
jlk;u foKku vkSj thou foKku vkfn] foKku dh fofHkUu 'kk[kkvksa dks vkil esa lac¼ dj nsrh gS A
;g oSKkfud [kkstksa esa ,dhdj.k vkSj LFkkf;Ro osQ rRo dks iznku djrk gS A vfHk;kaf=kdh (bathfu;jh)
dh n`f"V ls lHkh bysDVªkWfud] laizs"k.k vkSj ;kaf=kdh vk/kfjr ;a=k] mQtkZ&:ikarj.k osQ fdlh u fdlh
:i ij fuHkZj djrs gSaA

6-11 'kfDr
cgqèkk osQoy ;g tkuuk gh i;kZIr ugha gS fd fdlh fiaM ij fdruk dk;Z fd;k x;k vfirq ;g
tkuuk Hkh vko';d gS fd ;g dk;Z fdl nj ls fd;k x;k gSA ge dgrs gSa fd O;fDr 'kkjhfjd :i
ls LoLFk gS ;fn og osQoy fdlh Hkou osQ pkj ry rd p<+ gh ugha tkrk gS vfirq og bu ij rsth
ls p<+ tkrk gS A vr% 'kfDr dks ml le;&nj ls ifjHkkf"kr djrs gSa ftlls dk;Z fd;k x;k ;k mQtkZ
LFkkukarfjr gqbZA fdlh cy dh vkSlr 'kfDr ml cy }kjk fd, x, dk;Z W vkSj mlesa yxs le; t osQ
vuqikr ls ifjHkkf"kr djrs gSaA vr%

rkR{kf.kd 'kfDr dks vkSlr 'kfDr osQ lhekUr eku osQ :i esa ifjHkkf"kr djrs gSSa tcfd le; 'kwU;
dh vksj vxzlj gks jgk gksrk gS] vFkkZr~



 (6.21)

tgk¡ foLFkkiu dr esa cy F }kjk fd;k x;k dk;Z dW = F.dr gksrk gSA vr% rkR{kf.kd 'kfDr dks
fuEufyf[kr izdkj ls Hkh O;Dr dj ldrs gSa %

= F.v (6.22) tgk¡ v rkR{kf.kd osx gS tcfd cy F gSA

dk;Z vkSj mQtkZ dh Hkkafr 'kfDr Hkh ,d vfn'k jkf'k gSA bldk SI ek=kd okV (W) vkSj foEkk
[ML2T–3] gSA 1W dk eku 1J s–1 osQ cjkcj gksrk gSA vBkjgoha 'krkCnh esa Hkki batu osQ izorZdksa esa
ls ,d izorZd tsEl okWV osQ uke ij 'kfDr dk ek=kd okV (W) j[kk x;k gSA

'kfDr dk cgqr iqjkuk ek=kd v'o 'kfDr gSA

1 v'o 'kfDr (hp) = 746 W

;g ek=kd vkt Hkh dkj] eksVjckbZd bR;kfn dh fuxZr {kerk dks O;Dr djus osQ fy, iz;qDr gksrk gSA

tc ge fo|qr midj.k_ tSls– fo|qr cYc] ghVj vkSj iz'khrd vkfn [kjhnrs gSa rks gesa ek=kd okV ls
O;ogkj djuk gksrk gS A ,d 100 okV dk cYc 10 ?kaVs esa ,d fdyksokV&?kaVk fo|qr mQtkZ dh [kir
djrk gSA

vFkkZr~ 100 (okV) × 10 (?kaVk)

=1000 okV&?kaVk

= 1 fdyksokV ?kaVk (k Wh)

= 103 (W) × 3600 (s)

= 3.6 × 106 J

fo|qr&mQtkZ dh [kir osQ fy, ewY;] ek=kd kW h esa pqdk;k tkrk gS ftls lk/kj.kr;k ^;wfuV* osQ
uke ls iqdkjrs gSaA è;ku nsa fd kWh mQtkZ dk ek=kd gS] u fd 'kfDr dkA



mnkgj.k 6-11 dksbZ fyÝV ftldk oqQy nzO;eku (fyÝV $ ;kf=k;ksa dk) 1800 kg gS] mQij dh vksj
2 m s–1 dh vpj pky ls xfreku gSA 4000 N dk ?k"kZ.k cy bldh xfr dk fojksèk djrk gSA fyÝV
dks eksVj }kjk iznRr U;wure 'kfDr dk vkdyu okV vkSj v'o 'kfDr esa dhft, A

gy fyÝV ij yxus okyk vèkkseq[kh cy

F = mg + Ff = (1800 × 10) + 4000 = 22000 N

bl cy dks larqfyr djus osQ fy, eksVj }kjk i;kZIr 'kfDr dh vkiwfrZ dh tkuh pkfg,A

vr% P = F.v = 22000 × 2 = 44000 W = 59 hp 

6.12 la?kêð
HkkSfrdh esa ge xfr (LFkku esa ifjorZu) dk vè;;u djrs gSaA lkFk gh lkFk ge ,slh HkkSfrd jkf'k;ksa
dh [kkst djrs gSa tks fdlh HkkSfrd izØe esa ifjofrZr ugha gksrh gSaA mQtkZ&laj{k.k ,oa laosx&laj{k.k
osQ fu;e blosQ vPNs mnkgj.k gSaA bl vuqHkkx esa] ge bu fu;eksa dk cgqèkk lkeus vkus okyh ifj?
kVukvksa] ftUgsa la?kêð dgrs gSa] esa iz;ksx djsaxsA fofHkUu [ksyksa_ tSls– fcfy;MZ] ekjcy ;k oSQje vkfn esa
la?kêð ,d vfuok;Z ?kVd gSA vc ge fdUgha nks nzO;ekuksa dk vkn'kZ :i esa izLrqr la?kêð dk vè;;u
djsaxsA

eku yhft, fd nks nzO;eku m1 o m2 gSa ftlesa d.k m1 pky vli ls xfreku gS tgk¡ vèkksfyf[kr ‘i’

vkjafHkd pky dks fu:fir djrk gSA nwljk nzO;eku m2 fLFkj gSA bl funsZ'k izsQe dk p;u djus esa
O;kidrk esa dksbZ deh ugha vkrhA bl izsQe esa nzO;eku m1, nwljs nzO;eku m2 ls tks fojkekoLFkk esa
gS] la?kêð djrk gS tks fp=k 6-10 esa fpf=kr fd;k x;k gS A



fp=k 6.10 fdlh nzO;eku m1 dk vU; fLFkj nzO;eku m2 ls la?kêðA

la?kêð osQ i'pkr~ nzO;eku m1 o m2 fofHkUu fn'kkvksa esa xfr djrs gSaA ge ns[ksaxs fd nzO;ekuksa] muosQ
osxksa vkSj dks.kksa esa fuf'pr lacaèk gSA

lh/s la?kêð ij ,d iz;ksx
m Å¡pkbZ ls ÅèokZ/j fn'kk esa fxjkb,A uksV dhft, ;g fdruk Åij mBrh gSA blls mPNyu
(bounce) ls Bhd igys ;k Bhd ckn esa iQ'kZ ;k /jrh osQ fudV osx Kkr gks tk,xk (v2 = 2gh

dk mi;ksx djosQ)A bl izdkj vki izR;ku;u xq.kkad Kkr dj ldrs gSaA

m Å¡pk mBrh gSA vH;kl osQ lkFk vki xsanksa dks lkFk&lkFk j[k ik,axs rFkk gydh xsan dks
b/j&m/j tkus nsus osQ ctk; lhèkk Åij mBk ik,axsA ;g lh/k la?kêð gSA



6.12.1 izR;kLFk ,oa vizR;kLFk la?kêð

lHkh la?kêðksa esa fudk; dk oqQy js[kh; laosx fu;r jgrk gS vFkkZr~ fudk; dk vkjafHkd laosx
mlosQ vafre laosx osQ cjkcj gksrk gSA bls fuEu izdkj ls fl¼ fd;k tk ldrk gS A tc nks
fiaM la?kêð djrs gSa rks la?kêð le; ∆t esa dk;Zjr ijLij vkosxh cy] muosQ ijLij laosxksa esa
ifjorZu ykus dk dkj.k gksrs gSaA vFkkZr~

∆p1 = F12 ∆t

∆p2 = F21 ∆t

tgk¡ F12 nwljs fiaM }kjk igys fiaM ij vkjksfir cy gSA blh rjg F21 igys fiaM }kjk nwljs fiaM
ij vkjksfir cy gSA U;wVu osQ xfr osQ r`rh; fu;ekuqlkj F12 = –F21 gksrk gS A ;g n'kkZrk gS fd
∆p1 + ∆p2 = 0

;fn cy la?kêð le; ∆t osQ nkSjku tfVy :i ls ifjofrZr gks jgs gksa rks Hkh mijksDr ifj.kke
lR; gSaA pwafd U;wVu dk r`rh; fu;e izR;sd {k.k ij lR; gS vr% igys fiaM ij vkjksfir oqQy
vkosx] nwljs fiaM ij vkjksfir vkosx osQ cjkcj ijarq foijhr fn'kk esa gksxkA

nwljh vksj fudk; dh oqQy xfrt mQtkZ vko';d :i ls lajf{kr ugha jgrh gSA la?kêð osQ nkSjku
VDdj vkSj foÑfr] mQ"ek vkSj èofu mRiUu djrs gSaA vkjafHkd xfrt mQtkZ dk oqQN va'k mQtkZ
osQ nwljs :iksa esa :ikUrfjr gks tkrk gSA ;fn mijksDr nksuksa nzO;ekuksa dks tksM+us okyh ^fLizax* fcuk
fdlh mQtkZ&{kfr osQ viuh ewy vkÑfr izkIr dj ysrh gS] tks fiaMksa dh vkjafHkd xfrt mQtkZ
mudh vafre xfrt mQtkZ osQ cjkcj gksxh ijarq la?kêð dky ∆t osQ nkSjku vpj ugha jgrhA bl
izdkj osQ la?kêð dks izR;kLFk la?kêð dgrs gSa A nwljh vksj ;fn foÑfr nwj ugha gksrh gS vkSj nksuksa
fiaM la?kêð osQ i'pkr~ vkil esa lVs jgdj xfr djsa rks bl izdkj osQ la?kêð dks iw.kZr% vizR;kLFk
la?kêð dgrs gSaA blosQ vfrfjDr eè;orhZ fLFkfr vkerkSj ij ns[kus dks feyrh gS tc foÑfr
vkaf'kd :i ls de gks tkrh gS vkSj izkjafHkd xfrt mQtkZ dh vkaf'kd :i ls {kfr gks tkrh gSA
bls leqfpr :i ls vizR;kLFk la?kêð dgrs gSaA

6.12.2 ,dfoeh; la?kêð



loZizFke ge fdlh iw.kZr% vizR;kLFk la?kêð dh fLFkfr dk vè;;u djrs gSaA

fp=k 6-10 esa θ1 = θ2 = 0

mlvli = (m1+m2)vf (laosx laj{k.k osQ fu;e ls)

 (6.23)

la?kêð esa xfrt mQtkZ dh {kfr%

 ¹lehdj.k (6.23) }kjkº

 

tks fd vis{kkuqlkj ,d èkukRed jkf'k gSA

vkb,] vc izR;kLFk la?kêð dh fLFkfr dk vè;;u djrs gSa A mijksDr ukekoyh osQ iz;ksx osQ lkFk
θ1 = θ2 = 0 ysus ij] js[kh; laosx ,oa xfrt mQtkZ osQ laj{k.k dh lehdj.k fuEu gS %

m1v1i = m1v1f + m2v2f (6.24)

  (6.25)

lehdj.k (6-24) vkSj lehdj.k (6-25) ls ge izkIr djrs gSa



vFkok]

vr%    (6-26)

bls lehdj.k (6-24) esa izfrLFkkfir djus ij ge izkIr djrs gSa

(6-27)

rFkk   (6-28)

bl izdkj ^vKkr jkf'k;k¡ ' {v1f, v2f} Kkr jkf'k;ksa {m1, m2, v1i} osQ inksa esa izkIr gks xbZ gSaA
vkb,] vc mijksDr fo'ys"k.k ls fo'ks"k n'kkvksa esa #fpdj fu"d"kZ izkIr djrs gSa A

n'kk I % ;fn nksuksa nzO;eku leku gSa] vFkkZr~ ] rc v1f = 0, v2f = v1i

vFkkZr~ izFke nzO;eku fojkekoLFkk esa vk tkrk gS vkSj la?kêð osQ i'pkr~ nwljk nzO;eku] izFke
nzO;eku dk vkjafHkd osx izkIr dj ysrk gSA

n'kk II % ;fn ,d fiaM dk nzO;eku nwljs fiaM osQ nzO;eku ls cgqr vf/d gS] vFkkZr~ m2 >>

m1, rc

v1f ~ −  v1i    v2f ~ 0

Hkkjh nzO;eku fLFkj jgrk gS tcfd gyosQ nzO;eku dk osx mRØfer gks tkrk gSA

mnkgj.k 6.12 xfr'khy U;wVªkWuksa dk eanu % fdlh ukfHkdh; fj,sDVj esa rhozxkeh U;wVªkWu (fof'k"V
:i ls osx 107 m s–1) dks 103 m s–1 osQ osx rd eafnr dj fn;k tkuk pkfg, rkfd



ukfHkdh; fo[kaMu vfHkfØ;k esa U;wVªkWu dh ;wjsfu;e osQ leLFkkfud 23592U  ls vU;ksU;fØ;k

djus dh izkf;drk mPp gks tk,A fl¼ dhft, fd U;wVªkWu ,d gyosQ ukfHkd] tSls M~;wVhfj;e
;k dkcZu ftldk nzO;eku U;wVªkWu osQ nzO;eku dk ek=k oqQN xquk gS] ls izR;kLFk la?kêð djus esa
viuh vfèkdka'k xfrt mQtkZ dh {kfr dj nsrk gSA ,sls inkFkZ izk;% Hkkjh ty (D2O) vFkok
xzsiQkbV] tks U;wVªkWuksa dh xfr dks ean dj nsrs gSa] ^eand* dgykrs gSa A

gy U;wVªkWu dh izkjafHkd xfrt mQtkZ gS

tcfd lehdj.k (6-27) ls bldh vafre xfrt mQtkZ gS

{kf;r vkaf'kd xfrt mQtkZ gS

tcfd foeand ukfHkd  }kjk fHkUukRed xfrt mQtkZ o`f¼ gS A

f2 = 1 −  f1 (izR;kLFk la?kêð)

mijksDr ifj.kke dks lehdj.k (6-28) ls izfrLFkkfir djosQ Hkh lR;kfir fd;k tk ldrk gSA

M~;wVhfj;e osQ fy,] m2 = 2 m1 vkSj ge izkIr djrs gSa f1 = 1/9, tcfd f2 = 8/9 gSA vr%
U;wVªkWu dh yxHkx 90» mQtkZ M~;wVhfj;e dks gLrkarfjr gks tkrh gSA dkcZu osQ fy,] f1 = 71.6%



vkSj f2 = 28.4% gSA gkyakfd] O;ogkj esa] lh/k la?kêð fojys gh gksus osQ dkj.k ;g la[;k dkiQh
de gksrh gSA

;fn nksuksa ¯iMksa osQ vkjafHkd rFkk vafre osx ,d gh ljy js[kk osQ vuqfn'k dk;Z djrs gSa rks ,sls
la?kêð dks ,dfoeh; la?kêð vFkok lh/k la?kêð dgrs gSaA NksVs xksyh; ¯iMksa osQ fy, ;g laHko gS
fd ¯iM 1 dh xfr dh fn'kk fojkekoLFkk esa j[ks ¯iM 2 osQ osQUnz ls gksdj xqtjsA lkekU;r%]
;fn vkjafHkd osx rFkk vafre osx ,d gh ry esa gksa rks la?kêð f}foeh; dgykrk gSA

6.12.3 f}foeh; la?kêð

fp=k 6.10 fLFkj nzO;eku m2 ls xfreku nzO;eku m1 dk la?kêð dk fp=k.k djrk gSA bl izdkj
osQ la?kêð esa js[kh; laosx lajf{kr jgrk gSA pwafd laosx ,d lfn'k jkf'k gS] vr% ;g rhu fn'kkvksa
{x, y, z} osQ fy, rhu lehdj.k iznf'Zkr djrk gSA la?kêð osQ i'pkr~ m1 rFkk m2 osQ vafre osx
dh fn'kkvksa osQ vkèkkj ij lery dk fuèkkZj.k dhft, vkSj eku yhft, fd ;g x-y lery gSA
js[kh; laosx osQ z- ?kVd dk laj{k.k ;g n'kkZrk gS fd laiw.kZ la?kêð x-y lery esa gSA x-?kVd
vkSj y-?kVd osQ lehdj.k fuEu gSa %

m1v1i = m1v1f cos θ1 + m2 v2f cos θ2 (6.29)

0 = m1v1f sin θ1 – m2v2f sin θ2 (6.30)

vf/drj fLFkfr;ksa esa ;g ekuk tkrk gS fd {m1, m2, v1i} Kkr gSA vr% la?kêð osQ i'pkr~] gesa
pkj vKkr jkf'k;k¡ {v1f, v2f, θ1 vkSj θ2} izkIr gksrh gSa tcfd gekjs ikl ek=k nks lehdj.k gSaA
;fn θ1 = θ2 = 0, ge iqu% ,dfoeh; la?kêð osQ fy, lehdj.k (6-24) izkIr dj ysrs gSaA

vc ;fn la?kêð izR;kLFk gS rks]

 (6-31)

;g gesa lehdj.k (6-29) o (6-30) osQ vykok ,d vkSj lehdj.k nsrk gS ysfdu vHkh Hkh
gekjs ikl lHkh vKkr jkf'k;ksa dk irk yxkus osQ fy, ,d lehdj.k de gSA vr% iz'u dks gy
djus osQ fy,] pkj vKkr jkf'k;ksa esa ls de ls de ,d vkSj jkf'k] eku yhft, θ1, Kkr gksuh
pkfg,A mnkgj.kkFkZ] dks.k θ1 dk fu/kZj.k lalwpd dks dks.kh; jhfr esa x-v{k ls y-v{k rd ?



kqek dj fd;k tk ldrk gSA jkf'k;ksa {m1, m2, v1i, θ1} osQ Kkr eku ls ge lehdj.k (6-29)&
(6-31) dk iz;ksx djosQ {v1f, v2f, θ2} dk fu/kZj.k dj ldrs gSaA

mnkgj.k 6-13 eku yhft, fd fp=k 6-10 esa fpf=kr la?kêð fcfy;MZ dh leku nzO;eku (m1 =

m2) okyh nks xsanksa osQ eè; gqvk gS ftlesa izFke xsan D;w (M.Mk) dgykrh gS vkSj f}rh; xasn
^y{;* dgykrh gSA f[kykM+h y{; xsan dks θ2 = 37° osQ dks.k ij dksus esa yxh FkSyh esa fxjkuk
pkgrk gSA ;gk¡ eku yhft, fd la?kêð izR;kLFk gS rFkk ?k"kZ.k vkSj ?kw.kZu xfr egÙoiw.kZ ugha gSa A
dks.k θ2 Kkr dhft,A

gy pwafd nzO;eku leku gSa vr% laosx laj{k.k osQ fu;ekuqlkj]

v1i = v1f + v2f

lehdj.k osQ nksuksa i{kksa dk oxZ djus ij izkIr gksrk gS

 (6-32) 

pwafd la?kêð izR;kLFk gS vkSj nzO;eku m1 = m2 gS] xfrt mQtkZ osQ lja{k.k] lehdj.k (6-31) ls
gesa izkIr gksrk gS

(6-33) 

mijksDr nksuksa lehdj.kksa (6-32) vkSj (6-33) dh rqyuk djus ij]

cos (θ1+ 37°) = 0

vr% θ1+ 37° = 90°

vFkok] θ1 = 53°

blls fl¼ gksrk gS fd tc leku nzO;eku osQ nks fiaM ftuesa ls ,d fLFkj gS] i`"BlihZ izR;kLFk



la?kêð djrs gSa rks la?kêð osQ i'pkr~] nksuksa ,d&nwljs ls ledks.k cukrs gq, xfr djsaxsA

;fn ge fpdus i`"B okys xksyh; nzO;ekuksa ij fopkj djsa vkSj eku ysa fd la?kêð rHkh gksrk gS
tc ¯iM ,d nwljs dks Li'kZ djs rks fo"k; vR;ar ljy gks tkrk gSA ekjcy] oSQje rFkk
fcfy;kMZ osQ [ksy esa Bhd ,slk gh gksrk gSA

gekjs nSfud thou esa la?kêð rHkh gksrk gS tc nks oLrq,¡ ,d nwljs dks Li'kZ djsaA ysfdu fopkj
dhft, fd dksbZ /weosQrq nwjLFk LFkku ls lw;Z dh vksj vk jgk gS vFkok vYiQk d.k fdlh
ukfHkd dh vksj vkrk gqvk fdlh fn'kk esa pyk tkrk gSA ;gk¡ ij gekjh nwjh ij dk;Zjr cyksa ls
lkeuk gksrk gSA bl izdkj dh ?kVuk dks izdh.kZu dgrs gSaA ftl osx rFkk fn'kkvksa esa nksuksa d.k
xfreku gksaxs og muosQ vkjafHkd osx] muosQ nzO;eku] vkdkj rFkk vkeki rFkk muosQ chp gksus
okyh vU;ksU; fØ;k osQ izdkj ij fuHkZj gSA

lkjka'k
1- dk;Z&mQtkZ izes; osQ vuqlkj] fdlh fiaM dh xfrt mQtkZ esa ifjorZu ml ij vkjksfir
oqQy cy }kjk fd;k x;k
dk;Z gS A

Kf - Ki = Wnet

2- dksbZ cy laj{kh dgykrk gS ;fn (i) mlosQ }kjk fdlh fiaM ij fd;k x;k dk;Z iFk ij
fuHkZj u djosQ osQoy fljs osQ ¯cnqvksa {xi , xj}ij fuHkZj djrk gS] vFkok (ii) cy }kjk fd;k
x;k dk;Z 'kwU; gksrk gS] tc fiaM osQ fy, tks LosPNk ls fdlh ,sls can iFk esa Lor% viuh
izkjafHkd fLFkfr ij okil vk tkrk gSA

3- ,dfoeh; laj{kh cy osQ fy, ge fLFkfrt mQtkZ iQyu V(x) dks bl izdkj ifjHkkf"kr
ldrs gSa



vFkok] 

4- ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ vuqlkj] ;fn fdlh fiaM ij dk;Zjr cy laj{kh gSa rks
fiaM dh oqqQy ;akf=kd mQtkZ vpj jgrh gSaA

5- m nzO;eku osQ fdlh d.k dh i`Foh dh lrg ls x Å¡pkbZ ij xq#Roh; fLFkfrt mQtkZ
V(x) = m g x gksrh gS] tgk¡ Å¡pkbZ osQ lkFk g osQ eku esa ifjorZu mis{k.kh; gSA

6- k cy&fu;rkad okys fLizax] ftlesa f[akpko x gS] dh izR;kLFk fLFkfrt mQtkZ gksrh gS %

7- nks lfn'kksa osQ vfn'k vFkok fcanq xq.kuiQy dks ge A.B fy[krs gSa (bls A MkWV B osQ
:i esa i<+rs gSa) A.B ,d vfn'k jkf'k gS ftldk eku AB cosθ gksrk gSA θ lfn'kkas A o
B osQ chp dk dks.k gSA A.B dk eku pwafd θ  ij fuHkZj djrk gS blfy, ;g /ukRed]
=k`.kkRed vFkok 'kqU; gks ldrk gSA nks lfn'kksa osQ vfn'k xq.kuiQy dh O;k[;k ,d lfn'k
osQ ifjek.k rFkk nwljs lfn'k osQ igys ?kVd osQ vuqfn'k ?kVd osQ xq.kuiQy osQ :i esa Hkh

dj ldrs gSaA ,dkad lfn'kksa  o osQ fy, gesa fuEufyf[kr rF; ;kn j[kus pkfg,
%

rFkk

vfn'k xq.kuiQy Øe&fofues; rFkk forj.k fu;eksa dk ikyu djrs gSaA



fopkj.kh; fo"k;
1. okD;ka'k ¶fd, x, dk;Z dk ifjdyu dhft,¸ v/wjk gSA gesa fo'ks"k cy ;k cyksa osQ
lewg }kjk fdlh fiaM dk fuf'pr foLFkkiu djus esa fd, x, dk;Z dk Li"V mYys[k djuk
pkfg, (vFkok lanHkZ nsrs gq, Li"Vr;k bafxr djuk pkfg,)A

2. fd;k x;k dk;Z ,d vfn'k jkf'k gSA ;g HkkSfrd jkf'k /ukRed ;k Í.kkRed gks ldrh
gS] tcfd nzO;eku vkSj xfrt mQtkZ /ukRed vfn'k jkf'k;k¡ gSaA fdlh fiaM ij ?k"kZ.k ;k
';ku cy }kjk fd;k x;k dk;Z Í.kkRed gksrk gSA

3. U;wVu osQ r`rh; fu;ekuqlkj] fdUgha nks fiaMksa osQ eè; ijLij ,d&nwljs ij vkjksfir cyksa
dk ;ksx 'kwU; gksrk gS A

F12 + F21 = 0

ijarq nks cyksa }kjk fd, x, dk;Z dk ;ksx lnSo 'kwU; ugha gksrk gS] vFkkZr~

W12 + W21 ≠ 0

rFkkfi] dHkh&dHkh ;g lR; Hkh gks ldrk gS A



4. dHkh&dHkh fdlh cy }kjk fd, x, dk;Z dh x.kuk rc Hkh dh tk ldrh gS tcfd
cy dh Bhd&Bhd izo`Qfr dk Kku u Hkh gksA mnkgj.k 6-2 ls ;g Li"V gS] tgk¡
dk;Z&mQtkZ izes; dk ,slh fLFkfr esa iz;ksx fd;k x;k gS A

5. dk;Z&mQtkZ izes; U;wVu osQ f}rh; fu;e ls LorU=k ugha gSA dk;Z&mQtkZ izes; dks U;wVu
osQ f}rh; fu;e osQ vfn'k :i esa ns[kk tk ldrk gSA ;kaf=kd mQtkZ osQ laj{k.k osQ fl¼kar
dks] laj{kh cyksa osQ fy, dk;Z&mQtkZ izes; osQ ,d egÙoiw.kZ ifj.kke osQ :i esa le>k tk
ldrk gSA

6. dk;Z&mQtkZ izes; lHkh tM+Roh; izsQeksa esa ykxw gksrh gSA bls vtM+Roh; izsQeksa esa Hkh ykxw
fd;k tk ldrk gS ;fn fopkj.kh; fiaM ij vkjksfir oqQy cyksa osQ ifjdyu esa Nn~e cy
osQ izHkko dks Hkh lfEefyr dj fy;k tk,A

7. laj{kh cyksa osQ v/hu fdlh fiaM dh fLFkfrt mQtkZ ges'kk fdlh fu;rkad rd
vfuf'pr jgrh gSA mnkgj.kkFkZ] fdlh fiaM dh fLFkfrt mQtkZ fdl ¯cnq ij 'kwU; ysuh gS]
;g osQoy LosPNk ls p;u fd, x, ¯cnq ij fuHkZj djrk gSA tSls xq#Roh; fLFkfrt mQtkZ
m g h dh fLFkfr esa fLFkfrt mQtkZ osQ fy, 'kwU; ¯cnq i`Foh osQ i`"B ij fy;k x;k gSA

fLizax osQ fy, ftldh mQtkZ    gS] fLFkfrt mQtkZ osQ fy, 'kwU; ¯cnq] nksyk;eku
nzO;eku dh ekè; fLFkfr ij fy;k x;k gS A

8. ;kaf=kdh esa izR;sd cy fLFkfrt mQtkZ ls lac¼ ugha gksrk gSA mnkgj.kkFkZ] ?k"kZ.k cy }kjk
fdlh can iFk esa fd;k x;k dk;Z 'kwU; ugha gS vkSj u gh ?k"kZ.k ls fLFkfrt mQtkZ dks lac¼
fd;k tk ldrk gSA

9. fdlh la?kêð osQ nkSjku (a) la?kêð osQ izR;sd {k.k esa fiaM dk oqQy js[kh; laosx lajf{kr
jgrk gS] (b) xfrt mQtkZ laj{k.k (pkgs la?kêð izR;kLFk gh gks) la?kêð dh lekfIr osQ i'pkr~
gh ykxw gksrk gS vkSj la?kêð osQ izR;sd {k.k osQ fy, ykxw ugha gksrk gSA okLro esa] la?kêð
djus okys nksuksa fiaM foo`Qr gks tkrs gSa vkSj {k.k Hkj osQ fy, ,d nwljs osQ lkis{k
fojkekoLFkk esa vk tkrs gSaA



vH;kl
6.1 fdlh oLrq ij fdlh cy }kjk fd, x, dk;Z dk fpÉ le>uk egÙoiw.kZ gSA
lko/kuhiwoZd crkb, fd fuEufyf[kr jkf'k;k¡ /ukRed gSa ;k Í.kkRed %

(a) fdlh O;fDr }kjk fdlh oqQ,¡ esa ls jLlh ls c¡/h ckYVh dks jLlh }kjk ckgj fudkyus
esa fd;k x;k dk;Z A

(b) mi;qZDr fLFkfr esa xq#Roh; cy }kjk fd;k x;k dk;ZA

(c) fdlh vkur ry ij fiQlyrh gqbZ fdlh oLrq ij ?k"kZ.k }kjk fd;k x;k dk;ZA

(d) fdlh [kqjnjs {kSfrt ry ij ,dleku osx ls xfreku fdlh oLrq ij yxk, x, cy
}kjk fd;k x;k dk;Z A

(e) fdlh nksyk;eku yksyd dks fojkekoLFkk esa ykus osQ fy, ok;q osQ izfrjks/h cy }kjk
fd;k x;k dk;ZA

6.2 2 kg nzO;eku dh dksbZ oLrq tks vkjaHk esa fojkekoLFkk esa gS] 7N osQ fdlh {kSfrt cy
osQ izHkko ls ,d est ij xfr djrh gSA est dk xfrt&?k"kZ.k xq.kkad 0-1 gSA fuEufyf[kr
dk ifjdyu dhft, vkSj vius ifj.kkeksa dh O;k[;k dhft, A

(a) yxk, x, cy }kjk 10 s esa fd;k x;k dk;ZA

(b) ?k"kZ.k }kjk 10 s esa fd;k x;k dk;ZA

(c) oLrq ij oqQy cy }kjk 10 s esa fd;k x;k dk;Z A

(d) oLrq dh xfrt mQtkZ esa 10 s esa ifjorZuA

6.3 fp=k 6-11 esa oqQN ,dfoeh; fLFkfrt mQtkZ&iQyuksa osQ mnkgj.k fn, x, gSaA d.k dh
oqQy mQtkZ dksfV&v{k ij ØWkl }kjk funsZf'kr dh xbZ gSA izR;sd fLFkfr esa] dksbZ ,sls {ks=k
crkb,] ;fn dksbZ gSa rks] ftuesa nh xbZ mQtkZ osQ fy,] d.k dks ugha ik;k tk ldrkA blosQ
vfrfjDr] d.k dh oqQy U;wure mQtkZ Hkh funsZf'kr dhft,A oqQN ,sls HkkSfrd lanHkksZ osQ



fo"k; esa lksfp, ftuosQ fy, ;s fLFkfrt mQtkZ vko`Qfr;k¡ izklafxd gksaA

fp=k 6.11

6.4 js[kh; ljy vkorZ xfr dj jgs fdlh d.k dk fLFkfrt mQtkZ iQyu V(x) = kx2/2 gS]
tgka k nksyoQ dk cy fu;rkaoQ gS A k = 0.5 N m–1 osQ fy, V(x) o x osQ eè; xzkIkQ



fp=k 6-12 eas fn[kk;k x;k gSA ;g fn[kkb, fd bl foHko osQ varxZr xfreku oqQy 1J

mQtkZ okys d.k dks vo'; gh ^okfil vkuk* pkfg, tc ;g x = ± 2 m ij igqaprk gSA

fp=k 6.12

6.5 fuEufyf[kr dk mÙkj nhft,%

(a) fdlh jkosQV dk cká vkoj.k mM+ku osQ nkSjku ?k"kZ.k osQ dkj.k ty tkrk gSA tyus osQ
fy, vko';d Å"eh; ÅtkZ fdlosQ O;; ij izkIr dh xbZ&&jkosQV ;k okrkoj.k \

(b) /weosQrq lw;Z osQ pkjksa vksj cgqr gh nh?kZo`Ùkh; d{kkvksa eas ?kwers gSaA lk/kj.kr;k /weosQrq
ij lw;Z dk xq#Roh; cy èkweosQrq osQ yacor~ ugha gksrk gSA fiQj Hkh èkweosQrq dh laiw.kZ d{kk
esa xq#Roh; cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA D;ksa \

(c) i`Foh osQ pkjksa vksj cgqr gh {kh.k ok;qe.My eas ?kwers gq, fdlh o`Qf=ke mixzg dh
ÅtkZ /hjs&/hjs ok;qe.Myh; izfrjks/ (pkgs ;g fdruk gh de D;ksa u gks) osQ fo#¼ {k;
osQ dkj.k de gksrh tkrh gS fiQj Hkh tSls&tSls o`Qf=ke mixzg i`Foh osQ lehi vkrk gS rks
mldh pky eas yxkrkj o`f¼ D;ksa gksrh gS \

(d) fp=k 6.13(i) eas ,d O;fDr vius gkFkksa eas 15 kg dk dksbZ nzO;eku ysdj 2 m pyrk
gSA fp=k 6-13(ii) eas og mruh gh nwjh vius ihNs jLlh dks [khaprs gq, pyrk gSA jLlh f?
kjuh ij p<+h gqbZ gS vkSj mlosQ nwljs fljs ij 15 kg dk nzO;eku yVdk gqvk gS A
ifjdyu dhft, fd fdl fLFkfr eas fd;k x;k dk;Z vf/d gS \
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6.6 lgh fodYi dks js[kkafdr dhft, %

(a) tc dksbZ laj{kh cy fdlh oLrq ij /ukRed dk;Z djrk gS rks oLrq dh fLFkfrt ÅtkZ
c<+rh gS@?kVrh gS@vifjorhZ jgrh gSA

(b) fdlh oLrq }kjk ?k"kZ.k osQ fo#¼ fd, x, dk;Z dk ifj.kke ges'kk bldh
xfrt@fLFkfrt ÅtkZ eas {k; gksrk gSA

(c) fdlh cgqd.k fudk; osQ oqQy laosx&ifjorZu dh nj fudk; osQ cká cy@vkarfjd
cyksa osQ tksM+ osQ vuqØekuqikrh gksrh gSA

(d) fdUgha nks fiaMksa osQ vizR;kLFk la?kêð eas os jkf'k;k¡] tks la?kêð osQ ckn ugha cnyrh gSa;
fudk; dh oqQy xfrt ÅtkZ@oqQy js[kh; laosx@oqQy ÅtkZ gSaA

6.7 crykb, fd fuEufyf[kr dFku lR; gSa ;k vlR;A vius mRrj osQ fy, dkj.k Hkh
nhft,A

(a) fdUgha nks fiaMksa osQ izR;kLFk la?kêð esa] izR;sd fiaM dk laosx o ÅtkZ lajf{kr jgrh gSA

(b) fdlh fiaM ij pkgs dksbZ Hkh vkarfjd o cká cy D;ksa u yx jgk gks] fudk; dh
oqQy ÅtkZ loZnk lajf{kr
jgrh gSA

(c) izo`Qfr eas izR;sd cy osQ fy, fdlh can ywi eas] fdlh fiaM dh xfr eas fd;k x;k
dk;Z 'kwU; gksrk gSA



(d) fdlh vizR;kLFk la?kêð eas] fdlh fudk; dh vafre xfrt ÅtkZ] vkjafHkd xfrt ÅtkZ
ls ges'kk de gksrh gS A

6.8 fuEufyf[kr dk mRrj è;kuiwoZd] dkj.k lfgr nhft, %

(a) fdUgha nks fcfy;MZ&xsanksa osQ izR;kLFk la?kêð eas] D;k xsanksa osQ la?kêð dh vYikof/ eas
(tc os laioZQ esa gksrh gSa) oqQy xfrt ÅtkZ lajf{kr jgrh gS\

(b) nks xsanksa osQ fdlh izR;kLFk la?kêð dh y?kq vof/ esa D;k oqQy js[kh; laosx lajf{kr jgrk
gS\

(c) fdlh vizR;kLFk la?kêð osQ fy, iz'u (a) o (b) osQ fy, vkiosQ mÙkj D;k gSa\

(d) ;fn nks fcfy;MZ&xsanksa dh fLFkfrt ÅtkZ osQoy muosQ osQanzksa osQ eè;] i`FkDdj.k&nwjh ij
fuHkZj djrh gS rks la?kêð izR;kLFk gksxk ;k vizR;kLFk \ (è;ku nhft, fd ;gk¡ ge la?kêð osQ
nkSjku cy osQ laxr fLFkfrt ÅtkZ dh ckr dj jgs gSa] uk fd xq#Roh; fLFkfrt ÅtkZ dh)

6.9 dksbZ ¯iM tks fojkekoLFkk eas gS] vpj Roj.k ls ,dfoeh; xfr djrk gSA bldks fdlh
t le; ij nh xbZ 'kfDr vuqØekuqikrh gS

(i)   (ii) t    (iii)  (iv) t2

6.10 ,d ¯iM vpj 'kfDr osQ lzksr osQ izHkko esa ,d gh fn'kk eas xfreku gSA bldk t
le; eas foLFkkiu] vuqØekuqikrh gS

(i) t1/2  (ii) t    (iii)  (iv) t2

6.11 fdlh ¯iM ij fu;r cy yxkdj mls fdlh funsZ'kkad iz.kkyh osQ vuqlkj z - v{k osQ
vuqfn'k xfr djus osQ fy, ckè; fd;k x;k gS tks bl izdkj gS

F = (–  + 2  + 3 ) N

tgka , ,   Øe'k% x- , y- ,oa z- v{k osQ vuqfn'k ,dkad lfn'k gSaA bl
oLrq dks z-v{k osQ vuqfn'k 4 m dh nwjh rd xfr djkus osQ fy, vkjksfir cy }kjk fd;k



x;k dk;Z fdruk gksxk \

6.12 fdlh varfj{k fdj.k iz;ksx eas ,d bysDVªkWu vkSj ,d izksVkWu dk lalwpu gksrk gS
ftleas igys d.k dh xfrt ÅtkZ 10 keV gS vkSj nwljs d.k dh xfrt ÅtkZ 100 keV gSA
bueas dkSu&lk rhozxkeh gS] bysDVªkWu ;k izksVkWu \ budh pkyksa dk vuqikr Kkr dhft,A
(bysDVªkWu dk nzO;eku = 9.11× 10–31 kg, izksVkWu dk nzO;eku = 1.67 × 10–27 kg, l eV =

1.60 × 10–19J)

6.13 2 mm f=kT;k dh o"kkZ dh dksbZ cwan 500 m dh maQpkbZ ls i`Foh ij fxjrh gSA ;g
viuh vkjafHkd maQpkbZ osQ vk/s fgLls rd (ok;q osQ ';ku izfrjks/ osQ dkj.k) ?kVrs Roj.k
osQ lkFk fxjrh gS vkSj viuh vf/dre (lhekUr) pky izkIr dj ysrh gS] vkSj mlosQ ckn
,dleku pky ls xfr djrh gSA o"kkZ dh cawn ij mldh ;k=kk osQ igys o nwljs v/Z Hkkxksa
esa xq#Roh; cy }kjk fd;k x;k dk;Z fdruk gksxk \ ;fn cwan dh pky i`Foh rd igqapus
ij 10 m s–1 gks rks laiw.kZ ;k=kk esa izfrjks/h cy }kjk fd;k x;k dk;Z fdruk gksxk \

6.14 fdlh xSl&ik=k eas dksbZ v.kq 200 m s–1 dh pky ls vfHkyac osQ lkFk 30° dk
dks.k cukrk gqvk {kSfrt nhokj ls Vdjkdj iqu% mlh pky ls okil YkkSV tkrk gSA D;k bl
la?kêð eas laosx lajf{kr gS\ ;g la?kêð izR;kLFk gS ;k vIkzR;kLFk \

6.15 fdlh Hkou osQ Hkwry ij yxk dksbZ iai 30 m3 vk;ru dh ikuh dh Vadh dks 15
feuV esa Hkj nsrk gSA ;fn Vadh i`Foh ry ls 40 m Åij gks vkSj iai dh n{krk 30% gks
rks iai }kjk fdruh fo|qr 'kfDr dk mi;ksx fd;k x;k \

6.16 nks le:ih ckWy&fc;fjax ,d&nwljs osQ laioZQ eas gSa vkSj fdlh ?k"kZ.kjfgr est ij
fojkekoLFkk eas gSaA buosQ lkFk leku nzO;eku dk dksbZ nwljk ckWy&fc;fjax] tks vkjaHk eas V

pky ls xfreku gS] lEeq[k la?kêð djrk gSA ;fn la?kêð izR;kLFk gS rks la?kêð osQ i'pkr~
fuEufyf[kr (fp=k 6-14) eas ls dkSu&lk ifj.kke laHko gS\
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6.17 fdlh yksyd osQ xksyd A dks] tks ÅèokZ/j ls 30° dk dks.k cukrk gS] NksM+s tkus
ij est ij] fojkekoLFkk eas j[ks nwljs xksyd B ls Vdjkrk gS tSlk fd fp=k 6-15 eas
iznf'kZr gSA Kkr dhft, fd la?kêð osQ i'pkr~ xksyd A fdruk maQpk mBrk gS\ xksydksa osQ
vkdkjksa dh mis{kk dhft, vkSj eku yhft, fd la?kêð izR;kLFk gSA

fp=k 6.15

6.18 fdlh yksyd osQ xksyd dks {kSfrt voLFkk ls NksM+k x;k gSA ;fn yksyd dh yackbZ



1.5 m gS rks fuEure ¯cnq ij vkus ij xksyd dh pky D;k gksxh\ ;g fn;k x;k gS fd
bldh vkjafHkd ÅtkZ dk 5% va'k ok;q izfrjks/ osQ fo#¼ {k; gks tkrk gSA

6.19 300 kg nzO;eku dh dksbZ VªkWyh] 25 kg jsr dk cksjk fy, gq, fdlh ?k"kZ.kjfgr iFk
ij 27 km h–1 dh ,dleku pky ls xfreku gSA oqQN le; i'pkr~ cksjs esa fdlh fNnz ls
jsr 0.05 kg s–1 dh nj ls fudydj Vªkyh osQ iQ'kZ ij fjlus yxrh gSA jsr dk cksjk [kkyh
gksus osQ i'pkr VªkWyh dh pky D;k gksxh \

6.20 0.5 kg nzO;eku dk ,d d.k v =a x3/2 osx ls ljy js[kh; xfr djrk gS tgka a =

5m1/2s1  gS A x = 0 ls x = 2 m rd blosQ foLFkkiu esa oqQy cy }kjk fd;k x;k dk;Z
fdruk gksxk \

6.21 fdlh ioupDdh osQ CysM] {ks=kiQy A osQ o`Rr ftruk {ks=kiQy izliZ djrs gSaA (a)

;fn gok v osx ls o`Rr osQ yacor~ fn'kk eas cgrh gS rks t le; eas blls xqtjus okyh ok;q
dk nzO;eku D;k gksxk \ (b) ok;q dh xfrt ÅtkZ D;k gksxh \ (c) eku yhft, fd
ioupDdh gok dh 25% ÅtkZ dks fo|qr ÅtkZ eas :ikUrfjr dj nsrh gSA ;fn A = 30 m2,

vkSj v = 36 km h–1 vkSj ok;q dk ?kUkRo 1.2 kg m–3 gS rks mRiUu fo|qr 'kfDr dk
ifjdyu dhft,A

6-22 dksbZ O;fDr otu de djus osQ fy, 10 kg nzO;eku dks 0.5 m dh ÅapkbZ rd
1000 ckj mBkrk gSA eku yhft, fd IkzR;sd ckj nzO;eku dks uhps ykus eas [kksbZ gqbZ ÅtkZ
{kf;r gks tkrh gSA (a) og xq#Rokd"kZ.k cy osQ fo#¼ fdruk dk;Z djrk gS \ (b) ;fn
olk 3.8 × 107 J ÅtkZ izfr fdyksxzke vkiwfrZ djrk gks tks fd 20% n{krk dh nj ls
;kaf=kd ÅtkZ eas ifjofrZr gks tkrh gS rks og fdruh olk [kpZ dj Mkysxk\

6-23 dksbZ ifjokj 8 kW fo|qr&'kfDr dk miHkksx djrk gSA (a) fdlh {kSfrt lrg ij
lh/s vkifrr gksus okyh lkSj ÅtkZ dh vkSlr nj 200 W m–2 gSA ;fn bl ÅtkZ dk 20%

Hkkx ykHknk;d fo|qr ÅtkZ esa :ikUrfjr fd;k tk ldrk gS rks 8 kW dh fo|qr vkiwfrZ
osQ fy, fdrus {ks=kiQy dh vko';drk gksxh \ (b) bl {ks=kiQy dh rqyuk fdlh fof'k"V
Hkou dh Nr osQ {ks=kiQy ls dhft,A

vfrfjDr vH;kl



6-24 0.012 kg nzO;eku dh dksbZ xksyh 70 ms–1 dh {kSfrt pky ls pyrs gq, 0.4 kg

nzO;eku osQ ydM+h osQ xqVosQ ls Vdjkdj xqVosQ osQ lkis{k rqjar gh fojkekoLFkk eas vk tkrh
gSA xqVosQ dks Nr ls iryh rkjksa }kjk yVdk;k x;k gSA ifjdyu dhft, fd xqVdk fdl
ÅapkbZ rd Åij mBrk gS \ xqVosQ eas iSnk gqbZ Å"ek dh ek=kk dk Hkh vuqeku yxkb,A

6-25 nks ?k"kZ.kjfgr vkur iFk] ftueas ls ,d dh <ky vfèkd gS vkSj nwljs dh <ky de
gS] ¯cnq A ij feyrs gSaA ¯cnq A ls izR;sd iFk ij ,d&,d iRFkj dks fojkekoLFkk ls uhps
ljdk;k tkrk gS (fp=k 6-16)A D;k ;s iRFkj ,d gh le; ij uhps igqapsaxs \ D;k os ogak
,d gh pky ls igqapsaxs\ O;k[;k dhft,A ;fn θ1 = 30°, θ2 = 60° vkSj h = 10 m fn;k gS
rks nksuksa iRFkjksa dh pky ,oa muosQ }kjk uhps igqapus eas fy, x, le; D;k gSa \

fp=k 6.16

6-26 fdlh :{k vkur ry ij j[kk gqvk 1 kg nzO;eku dk xqVdk fdlh 100 N m–1

fLizax fu;rkad okys fLizax ls fn, x, fp=k 6-17 osQ vuqlkj tqM+k gSA xqVosQ dks fLizax dh
fcuk f[akph fLFkfr eas] fojkekoLFkk ls NksM+k tkrk gSA xqVdk fojkekoLFkk eas vkus ls igys
vkur ry ij 10 cm uhps f[kld tkrk gSA xqVosQ vkSj vkur ry osQ eè; ?k"kZ.k xq.kkad
Kkr dhft, A eku yhft, fd fLizax dk nzO;eku mis{k.kh; gS vkSj f?kjuh ?k"kZ.kjfgr gSA
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6-27 0.3 kg nzO;eku dk dksbZ cksYV 7 m s–1 dh ,dleku pky ls uhps vk jgh fdlh
fYkÝV dh Nr ls fxjrk gSA ;g fyÝV osQ iQ'kZ ls Vdjkrk gS (fyÝV dh yackb  = 3 m)

vkSj okil ugha ykSVrk gS A VDdj }kjk fdruh Å"ek mRiUu gqbZ \ ;fn fyÝV fLFkj gksrh
rks D;k vkidk mRrj blls fHkUu gksrk\

6-28 200 kg nzO;eku dh dksbZ VªkWyh fdlh ?k"kZ.kjfgr iFk ij 36 km h–1 dh ,dleku
pky ls xfreku gSA 20 kg nzO;eku dk dksbZ cPpk VªkWyh osQ ,d fljs ls nwljs fljs rd
(10 m nwj) VªkWyh osQ lkis{k 4 m s–1 dh pky ls VªkWyh dh xfr dh foijhr fn'kk eas
nkSM+rk gS vkSj VªkWyh ls ckgj owQn tkrk gSA VªkWyh dh vafre pky D;k gS \ cPps osQ nkSM+uk
vkjaHk djus osQ le; ls VªkWyh us fdruh nwjh r; dh\

6-29 uhps fn, x, fp=k 6-18 eas fn, x, fLFkfrt ÅtkZ oØksa eas ls dkSu&lk oØ laHkor%
nks fcfy;MZ&xsanksa osQ izR;kLFk la?kêð dk o.kZu ugha djsxk\ ;gka r xsanksa osQ osQanzksa osQ eè; dh
nwjh gS vkSj izR;sd xsan dk v/ZO;kl R gSA
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6.30 fojkekoLFkk eas fdlh eqDr U;wVªkWu osQ {k; ij fopkj dhft, n→p +

iznf'kZr dhft, fd bl izdkj osQ f}¯iM {k; ls fu;r ÅtkZ dk dksbZ bysDVªkWu vo';
mRlftZr gksuk pkfg,] vkSj blfy, ;g fdlh U;wVªkWu ;k fdlh ukfHkd osQ β- &{k; eas
izsf{kr lrr ÅtkZ forj.k dk Li"Vhdj.k ugha ns ldrk (fp=k 6-19) A



[uksV% bl vH;kl dk gy mu dbZ rdks± eas ls ,d gS ftUgsa MCY;q ikWyh }kjk β &{k; osQ
{k; mRiknksa eas fdlh rhljs d.k osQ vfLrRo dk iwokZuqeku djus osQ fy, fn;k x;k FkkA ;g
d.k U;wfVªuks osQ uke ls tkuk tkrk gSA vc ge tkurs gSa fd ;g futh izpØ.k 1/2 (TkSls
e–, p ;k n) dk dksbZ d.k gSA ysfdu ;g mnklhu gS ;k nzO;ekujfgr ;k (bysDVªkWu osQ
nzO;eku dh rqyuk eas) bldk nzO;eku vR;f/d de gS vkSj tks nzO; osQ lkFk nqcZyrk ls
ijLij fØ;k djrk gSA U;wVªkWu dh mfpr {k;&izfØ;k bl izdkj gS % n g p + e– + ν ]

ifjf'k"V 6.1 iSny lSj esa O;; dh xbZ 'kfDr
uhps nh xbZ lkj.kh eas 60 kg nzO;eku osQ o;Ld ekuo }kjk fofHkUu nSfud fozQ;kdykiksa eas O;;
dh xbZ 'kfDr (yxHkx) lwphc¼ dh xbZ gS A

lkj.kh 6-4 oqQN fozQ;kdykiksa eas O;; dh xbZ 'kfDr (yxHkx)



^;kfU=kd dk;Z dk vFkZ nSfud cksypky esa izpfyr 'kCn ^dk;Z* osQ vFkZ ls fHkUu gS A ;fn dksbZ
efgyk flj ij Hkkjh cks>k fy, [kM+h gS rkss og Fkd tk,xh ijarq bl izfØ;k eas efgyk us dksbZ
^;kaf=kd dk;Z* ugha fd;k gS A bldk vFkZ ;g fcyoqQy ugha gS fd ekuo }kjk lk/kj.k
fØ;kdykiksa eas fd, x, dk;Z dk vkdyu dj ikuk laHko ugha gS A

fopkj dhft, fd dksbZ O;fDr vpj pky v0 ls iSny lSj dj jgk gS A mlosQ }kjk fd, x,
;kaf=kd dk;Z dk vkdyu] dk;Z&ÅtkZ izes; }kjk ljyrk ls fd;k tk ldrk gS A eku yhft,

(i) xeu ikn (iSny lSj) eas fd;k x;k eq[; dk;Z izR;sd dne osQ lkFk Vkaxksa osQ Roj.k vkSj
eanu dk gS (fp=k 6-20 nsf[k,) A

(ii) ok;q izfrjks/ ux.; gS A

(iii) Vkaxksa dks xq#Ro cy osQ fo#¼ mBkus eas fd;k x;k FkksM+k&lk dk;Z ux.; gS A

(iv) xeu ikn (lSj) esa gkFkksa dk fgykuk tks ,d vke ckr gS] u osQ cjkcj gS A

tSlk fd ge fp=k 6-20 esa ns[k ldrs gSa fd izR;sd dne Hkjus eas Vkax fojkekoLFkk ls fdlh
pky v = v0 (tks xeu ikn dh pky osQ yxHkx leku gS) rd ykbZ tkrh gS vkSj fiQj
fojkekoLFkk eas ykbZ tkrh gS A

fp=k 6-20 xeu ikn eas fdlh ,d yacs Mx (dne) dk fun'kZu tcfd ,d Vakx i`Foh dh lrg ls vf/dre nwj vkSj nwljh

Vakx i`Foh ij gS vkSj foykser% A

vr% dk;Z&ÅtkZ izes; ls izR;sd yack Mx (dne) Hkjus eas izR;sd Vkax }kjk fd;k x;k dk;Z ml

v2
0 gksxk A ;gka ml Vkax dk nzO;eku gSA Vakx dh ekalisf'k;ksa }kjk iSj dks fojkekoLFkk ls pky

v0 rd ykus eas O;; dh xbZ ÅtkZ ml v2
0 /2 gS tcfd iwjd Vakx dh ekalisf'k;ksa }kjk nwljs iSj

dks pky v0 ls fojkekoLFkk eas ykus eas O;; dh xbZ vfrfjDr ÅtkZ mlv2
0/2 gS A vr% nksuksa Vakxksa



}kjk ,d dne Hkjus eas fd;k x;k dk;Z gS (fp=k 6-20 dk lko/kuhiwoZd vè;;u djsa)

Ws = 2mlv
2
0 (6.34)

eku yhft, ml = 10 kg vkSj /heh xfr ls 9 feuV eas 1 ehy nkSM+uk] vFkkZr~ SI ek=kd esa] v0

= 3 m s–1A vr% Ws = 180 twy@dne

;fn ge ,d dne eas r; fd, x, iFk dh yackbZ 2 m ysrs gSa rc dksbZ O;fDr 3 m s–1 dh
pky ls 1-5 dne izfr lsoaQM Hkjrk gS A bl izdkj O;; 'kfDr

P = 180 twy/dne × 1.5 dne@lsoaQM

= 270 W

;gk¡ gesa è;ku j[kuk pkfg, fd O;; 'kfDr dk vkdyu okLrfod eku ls dkiQh de gS D;ksafd
bl fof/ eas 'kfDr&gkfu osQ fofHkUu dkjdksa] tSls gkFkksa dk fgyuk] ok;q izfrjks/ vkfn] dh mis{kk
dj nh xbZ gS A blosQ vfrfjDr ,d fnypLi ckr ;g gS fd geus visf{kr fofHkUu cyksa dks Hkh
x.kuk esa dksbZ egÙo ugha fn;k gS A cyksa esas ls eq[;r% ?k"kZ.k cy vkSj 'kjhj dh vU; ekalisf'k;ksa
}kjk Vakx ij yxus okys cyksa dk vkdyu dj ikuk dfBu gS A ?k"kZ.k ;gk¡ ^dksbZ* dk;Z ugha
djrk gS vkSj ge dk;Z&ÅtkZ izes; dk iz;ksx djosQ ekalisf'k;ksa }kjk fd, x, ^dk;Z* osQ vkdyu
osQ vR;ar dfBu dk;Z ls ckgj fudy vk, A blh izdkj] ge ifg;s osQ ykHk Hkh ns[k ldrs gSa A
ifg;k ekuo dks fcuk fdlh 'kq#vkr vkSj fojke osQ fufoZ?u xfr iznku djrk gS A



vè;k; 7

d.kksa osQ fudk; rFkk ?kw.khZ xfr

7.1 Hkwfedk

7.2 nzO;eku osQUnz

7.3 nzO;eku osQUnz dh xfr

7.4 d.kksa osQ fudk; dk js[kh; laosx

7.5 nks lfn'kksa dk lfn'k xq.kuiQy

7.6 dks.kh; osx vkSj bldk js[kh; osx ls laca/

7.7 cy vk?kw.kZ ,oa dks.kh; laosx

7.8 n`<+ ¯iMksa dk larqyu

7.9 tM+Ro vk?kw.kZ

7.10 yEcor~ ,oa lekukUrj v{kksa osQ izes;

7.11 vpy v{k osQ ifjr% 'kq¼ ?kw.khZ xfrdh



7.12 vpy v{k osQ ifjr% ?kw.khZ xfrdh

7.13 vpy v{k osQ ifjr% ?kw.khZ xfr dk dks.kh; laosx

7.14 yksVfud xfr

lkjka'k

fopkj.kh; fo"k;

vH;kl

vfrfjDr vH;kl

7.1 Hkwfedk

fiNys vè;k;ksa esa geus eq[; :i ls vkn'kZ fcUnq d.k (,d d.k ftls nzO;eku ;qDr fcUnq osQ :i esa
O;Dr fd;k tk,A O;kogkfjd n`f"V ls bldk dksbZ vkdkj ugha gksrk) dh xfr dk vè;;u fd;k FkkA
fiQj] ;g ekurs gq, fd ifjfer vkdkj osQ fi.Mksa dh xfr dks fcUnq d.k dh xfr osQ inksa esa O;Dr
fd;k tk ldrk gS] geus ml vè;;u osQ ifj.kkeksa dks ifjfer vkdkj osQ fi.Mksa ij Hkh ykxw dj
fn;k FkkA

nSfud thou esa ftrus fi.M gekjs laioZQ esa vkrs gSa os lHkh ifjfer vkdkj osQ gksrs gSaA ,d foLr`r
fi.M (ifjfer vkdkj osQ fi.M) dh xfr dks iwjs rkSj ij le>us osQ fy, vkerkSj ij mldk fcUnqor~
vkn'kZ vi;kZIr jgrk gSA bl vè;k; esa ge bl izfrca/ osQ ijs tkus dh ps"Vk djssaxs vkSj foLr`r] ij
ifjfer fi.Mksa dh xfr dks le>us dk iz;kl djsaxsA ,d foLr`r fi.M izFker;k d.kksa dk ,d fudk;
gSA vr% ge viuk foospu ,d fudk; dh xfr ls gh 'kq: djuk pkgsaxsA ;gk¡ d.kksa osQ fudk; dk
nzO;eku osQUnz ,d eq[; vo/kj.kk gksxhA ge d.kksa osQ fudk; osQ nzO;eku osQUnz dh xfr dk o.kZu
djsaxs vkSj fiQj] ifjfer vkdkj osQ fi.Mksa dh xfr dks le>us esa bl vo/kj.kk dh mi;ksfxrk



crk;saxsA

cM+s fi.Mksa ls tqM+h cgqr lh leL;k,a mudks n`<+ fi.M ekudj gy dh tk ldrh gSaA vkn'kZ n`<+
fi.M ,d ,slk fi.M gS ftldh ,d lqfuf'pr vkSj vifjorZuh; vko`Qfr gksrh gSA bl izdkj osQ Bksl
osQ lHkh d.k ;qXeksa osQ chp dh nwfj;k¡ ifjo£rr ugha gksrhA n`<+ fi.M dh bl ifjHkk"kk ls ;g Li"V gS
fd dksbZ Hkh okLrfod fi.M iwjh rjg n`<+ ugha gksrk] D;ksafd lHkh O;kogkfjd fi.M cyksa osQ izHkko ls
foo`Qr gks tkrs gSaA ijUrq ,slh cgqr lh fLFkfr;k¡ gksrh gSa ftuesa foo`Qfr;k¡ ux.; gksrh gSaA vr% dbZ
izdkj dh fLFkfr;ksa esa ;Fkk ifg;s] yV~Vw] LVhy osQ 'kgrhj vkSj ;gk¡ rd fd v.kq] xzg tSls fi.Mksa dh
xfr dk vè;;u djrs le;] ge è;ku u nsaxs fd muesa foo`Qfr vkrh gS] os eqM+rs gSa ;k dEiu djrs
gSaA ge mUgsa n`<+ fi.M eku dj mudh xfr dk vè;;u djasxsA

Fig 7.1 ur&ry ij ,d CykWd dh v/kseq[kh LFkkukarj.k (fiQlyu) xfr (CykWd dk izR;sd ¯cnq ;Fkk P1, P2.... fdlh Hkh {k.k

leku xfr esa gSa)

7.1.1 ,d n`<+ fi.M esa fdl izdkj dh xfr;k¡ gks ldrh gSa\

vkb;s] n`<+ fi.Mksa dh xfr osQ oqQN mnkgj.kksa ls bl iz'u dk mÙkj <wa<+us dh dksf'k'k djsaA izFke ,d
vk;rkdkj CykWd ij fopkj djsa tks ,d ur ry ij lh/k (fcuk b/j&m/j gVs) uhps dh vksj
fiQly jgk gSA CykWd ,d n`<+ fi.M gSA ur ry ij uhps dh vksj bldh xfr ,slh gS fd blosQ lHkh
d.k lkFk&lkFk py jgs gSa] vFkkZr~ fdlh {k.k lHkh d.k leku osx ls pyrs gSa (fp=k 7.1)A ;gk¡ ;g



n`<+ fiaM 'kq¼ LFkkukarj.k xfr esa gSA

'kq¼ LFkkukarj.k xfr esa fdlh {k.k fo'ks"k ij fi.M dk izR;sd d.k leku osx ls pyrk gSA

fp=k 7.2 ur ry ij uhps dh vksj yq<+drk fl¯yMj (csyu)A ;g 'kq¼ LFkkukarj.k xfr ugha gSA fdlh {k.k ij fcUnq P1, P2, P3 ,oa

P4 osQ vyx&vyx osx gSa (tSlk fd rhj n'kkZrs gSa)A okLro esa lEioZQ fcUnq P3 dk osx fdlh Hkh {k.k 'kwU; gS ;fn csyu fcuk

fiQlys gq, yq<+drk gSA

vkb;s] vc mlh ur ry ij uhps dh vksj yq<+drs gq, ,d /krq ;k ydM+h osQ csyu dh xfr ij
fopkj djrs gSa (fp=k 7.2)A ;g n`<+ fi.M (csyu) ur ry osQ 'kh"kZ ls mldh ryh rd LFkkukarfjr
gksrk gS] vr% blesa LFkkukarj.k xfr gSA ysfdu fp=k 7.2 ;g Hkh n'kkZrk gS fd blosQ lHkh d.k {k.k
fo'ks"k ij ,d gh osx ls ugha py jgs gSaA vr% fi.M 'kq¼ LFkkukarj.k xfr esa ugha gSA vr% bldh
xfr LFkkukarjh; gksus osQ lkFk&lkFk ^oqQN vkSj vyx* Hkh gSA

;g ^oqQN vkSj vyx* Hkh D;k gS\ ;g le>us osQ fy,] vkb;s] ge ,d ,slk n`<+ ¯iM ysa ftldks bl
izdkj O;o#¼ dj fn;k x;k gS fd ;g LFkkukarj.k xfr u dj losQA fdlh n`<+ fi.M dh LFkkukarj.k
xfr dks fu#¼ djus dh loZ lkekU; fof/ ;g gS fd mls ,d ljy js[kk osQ vuqfn'k fLFkj dj fn;k
tk,A rc bl n`<+ fi.M dh ,dek=k laHkkfor xfr ?kw.khZ xfr gksxhA og ljy js[kk ftlosQ vuqfn'k bl
n`<+ fi.M dks fLFkj cuk;k x;k gS bldh ?kw.kZu&v{k dgykrh gSA

;fn vki vius pkjksa vksj ns[ksa rks vkidks Nr dk ia[kk] oqQEgkj dk pkd (fp=k 7.3(a) ,oa (b))]
fo'kky pØh&>wyk (tkW;UV Oghy)] esjh&xks&jkm.M tSls vusd ,sls mnkgj.k fey tk;saxs tgk¡ fdlh
v{k osQ ifjr% ?kw.kZu gks jgk gksA



fp=k 7.3 ,d fLFkj v{k osQ ifjr% ?kw.kZu

(a) Nr dk ia[kk

(b) oqQEgkj dk pkd



vkb;s] vc ge ;g le>us dh ps"Vk djsa fd ?kw.kZu D;k gS] vkSj blosQ D;k vfHky{k.k gSa\ vki ns[k
ldrs gSa fd ,d n`<+ fi.M osQ ,d fLFkj v{k osQ ifjr% ?kw.kZu esa] fi.M dk gj d.k ,d o`Ùk esa ?
kwerk gSA ;g o`Ùk v{k osQ yEcor~ ry esa gS vkSj budk osQUnz v{k ij vofLFkr gSA fp=k 7.4 esa ,d

(a)(b)

fp=k 7.4 z - v{k osQ ifjr% ,d n`<+ fi.M dk ?kw.kZuA fi.M dk izR;sd fcUnq P1;k P2 ,d o`Ùk ij ?kwerk gS ftldk

osQUnz (C1 ;k C2) v{k ij fLFkr gSA o`Ùk dh f=kT;k (r1 ;k r2) v{k ls fcUnq (P1 ;k P2) dh yEcor~ nwjh gSA v{k ij

fLFkr P3 tSlk fcUnq fLFkj jgrk gSA

fLFkj v{k (funsZ'k izsQe dh z-v{k) osQ ifjr% fdlh n`<+ fi.M dh ?kw.kZu xfr n'kkZ;h gSA ge v{k
ls r1 nwjh ij fLFkr n`<+ fi.M dk dksbZ LosPN d.k P1 ysaA ;g d.k v{k osQ ifjr% r1 f=kT;k osQ o`Ùk



ij ?kwerk gS ftldk osQUnz C1 v{k ij fLFkr gSA ;g o`Ùk v{k osQ yEcor~ ry esa vofLFkr gSA fp=k
esa ,d nwljk d.k P2 Hkh n'kkZ;k x;k gS tks fLFkj v{k ls r2 nwjh ij gSA d.k P2 ]r2 f=kT;k osQ
o`Ùkkdkj iFk ij pyrk gS ftldk osQUnz v{k ij C2 gSA ;g o`Ùk Hkh v{k osQ yEcor~ ry esa gSA è;ku
nsa fd P1 ,oa P2 }kjk cuk;s x, o`Ùk vyx&vyx ryksa esa gSa ij ;s nksuksa ry fLFkj v{k osQ yEcor~
gSaA v{k ij fLFkr fdlh fcUnq] tSls P3 osQ fy,]r = 0 A ;s d.k] fi.M osQ ?kwers le; Hkh fLFkr jgrs
gSaA ;g visf{kr Hkh gS D;ksafd v{k fLFkj gSA

rFkkfi] ?kw.kZu osQ oqQN mnkgj.kksa esa] v{k fLFkj ugha Hkh jgrhA bl izdkj osQ ?kw.kZu osQ eq[; mnkgj.kksa
esa ,d gS] ,d gh LFkku ij ?kwerk yV~Vw (fp=k 7.5(a))A (yV~Vw dh xfr osQ laca/ esa geus ;g eku
fy;k gS fd ;g ,d LFkku ls nwljs LFkku ij LFkkukarfjr ugha gksrk vkSj blfy, blesa LFkkukarj.k xfr
ugha gSA) vius vuqHko osQ vk/kj ij ge ;g tkurs gSa fd bl izdkj ?kwers yV~Vw dh v{k] Hkwfe ij
blosQ lEioZQ&fcUnq ls xqtjrs vfHkyEc osQ ifjr% ,d 'kaoqQ cukrh gS tSlk fd fp=k 7.5(a) esa n'kkZ;k
x;k gSA (ÅèokZ/j osQ ifjr% yV~Vw dh v{k dk bl izdkj ?kweuk iqjLlj.k dgykrk gS )A è;ku nsa fd
yV~Vw dk og fcUnq tgk¡ ;g /jkry dks Nwrk gS] fLFkj gSA fdlh Hkh {k.k] yV~Vw dh ?kw.kZu&v{k] blosQ
lEioZQ fcUnq ls xqtjrh gSA bl izdkj dh ?kw.kZu xfr dk nwljk ljy mnkgj.k ?kweus okyk est dk ia[kk
;k ihfBdk&ia[kk gSA vkius ns[kk gksxk fd bl izdkj osQ ia[ks dh v{k] {kSfrt ry esa] nksyu xfr (bèkj
ls m/j ?kweus dh) djrh gS vkSj ;g xfr ÅèokZ/j js[kk osQ ifjr% gksrh gS tks ml fcUnq ls xqtjrh gS
ftl ij v{k dh /qjh fVdh gksrh gS (fp=k 7.5(b) esa fcUnq O)A



fp=k 7.5(a) ?kwerk gqvk yV~Vw

(bldh fVi O dk /jkry ij lEioZQ fcUnq fLFkj gS)



fp=k 7.5(b) ?kwerk gqvk est dk ia[kk (ia[ks dh /qjh] fcUnqO, fLFkj gS )

tc ia[kk ?kwerk gS vkSj bldh v{k b/j ls m/j nksyu djrh gS rc Hkh ;g fcUnq fLFkj jgrk gSA ?
kw.kZu xfr osQ vf/d lk£od ekeyksa esa] tSls fd yV~Vw ;k ihfBdk&ia[ks osQ ?kweus esa] n`<+ fi.M dk
,d fcUnq fLFkj jgrk gS] u fd ,d js[kkA bl ekeys esa v{k rks fLFkj ugha gS ij ;g ges'kk ,d
fLFkj fcUnq ls xqtjrh gSA rFkkfi] vius vè;;u esa] vf/dka'kr%] ge ,slh ljy ,oa fof'k"V ?kw.kZu
xfr;ksa rd lhfer jgsaxs ftuesa ,d js[kk (;kfu v{k) fLFkj jgrh gSA vr% tc rd vU;Fkk u dgk
tk;] gekjs fy, ?kw.khZ xfr ,d fLFkj v{k osQ ifjr% gh gksxhA

,d ur ry ij uhps dh vksj csyu dk yq<+duk nks rjg dh xfr;ksa dk la;kstu gS& LFkkukarj.k xfr
vkSj ,d fLFkj v{k osQ ifjr% ?kw.khZ xfrA vr%] yq<+du xfr osQ lanHkZ esa ftl ^oqQN vkSj vyx* dk
ftØ igys geus fd;k Fkk og ?kw.khZ xfr gSA bl n`f"Vdks.k ls fp=k 7.6(a) ,oa (b) dks vki i;kZIr
f'k{kkizn ik;saxsA bu nksuksa fp=kksa esa ,d gh fi.M dh xfr] leku LFkkukarjh; xeu&iFk osQ vuqfn'k
n'kkZbZ xbZ gSA fp=k 7.6(a) esa n'kkZbZ xbZ xfr 'kq¼ LFkkukarjh; gS] tcfd fp=k 7.6(b) esa n'kkZbZ xbZ xfr
LFkkukarj.k ,oa ?kw.khZ nksuksa izdkj dh xfr;ksa dk la;kstu gSA (vki Lo;a Hkkjh iqLrd tSlk ,d n`<+



fi.M isaQd dj n'kkZbZ xbZ nksuksa izdkj dh xfr;k¡ mRiUu djus dh dksf'k'k dj ldrs gSaA)

vkb;s vc ge izLrqr [k.M esa o£.kr egRoiw.kZ rF;ksa dk lkj fiQj ls vkidks crk;saA ,d ,slk n`<+
fi.M tks u rks fdlh pwy ij fVdk gks vkSj u gh fdlh :i esa fLFkj gks] nks izdkj dh xfr dj
ldrk gS & ;k rks 'kq¼ LFkkukarj.k ;k LFkkukarj.k ,oa ?kw.kZu xfr dk la;kstuA ,d ,sls n`<+ fi.M dh
xfr tks ;k rks pwy ij fVdk gks ;k fdlh u fdlh :i esa fLFkj gks] ?kw.khZ xfr gksrh gSA ?kw.kZu fdlh
,slh v{k osQ ifjr% gks ldrk gS tks fLFkj gks (tSls Nr osQ ia[ks esa) ;k fiQj ,d ,slh v{k osQ ifjr%
tks Lo;a ?kwerh gks (tSls b/j ls mèkj ?kwers est osQ ia[ks esa)A bl vè;k; esa ge ,d fLFkj v{k osQ
ifjr% gksus okyh ?kw.khZ xfr dk gh vè;;u djsaxsA

7.2 nzO;eku osQUnz

igys ge ;g ns[ksaxs fd nzO;eku osQUnz D;k gS vkSj fiQj blosQ egRo ij izdk'k MkysaxsA ljyrk dh
n`f"V ls ge nks d.kksa osQ fudk; ls 'kq#vkr djsaxsA nksuksa d.kksa dh fLFkfr;ksa dks feykus okyh js[kk dks
ge x- v{k ekusaxsA (fp=k 7-7)

fp=k 7.7 nks d.kksa vkSj muosQ nzO;eku osQUnz dh fLFkfr

ekuk fd nks d.kksa dh] fdlh ewy fcUnq O ls nwfj;k¡ Øe'k% x1 ,oa x2 gSaA bu d.kksa osQ nzO;eku
Øe'k% m1 ,oa m2 gSaA bu nks d.kksa osQ fudk; dk nzO;eku osQUnz C ,d ,slk fcUnq gksxk ftldh O

ls nwjh]X dk eku gks

 (7.1)

lehdj.k (7.1) esa X dks ge x1 ,oa x2 dk nzO;eku Hkkfjr ekè; eku ldrs gSaA ;fn nksuksa d.kksa dk



nzO;eku cjkcj gks rks m1 = m2 = m, rc

bl izdkj leku nzO;eku osQ nks d.kksa dk nzO;eku osQUnz Bhd muosQ chpksachp gSA

vxj gekjs ikl n d.k gksa] ftuosQ nzO;eku Øe'k% m1,m2, ...mn gksa vkSj lcdks x- v{k osQ vuqfn'k
j[kk x;k gks] rks ifjHkk"kk osQ vuqlkj bu lc d.kksa dk nzO;eku osQUnz gksxk

 (7.2)

tgk¡x1,x2,...xn d.kksa dh Øe'k% ewyfcUnq ls nwfj;k¡ gSa_ X Hkh mlh ewyfcUnq ls ekik x;k gSA laosQr 

(;wukuh Hkk"kk dk v{kj flXek) ladyu dks O;Dr djrk gS tks bl ekeys esan d.kksa
osQ fy, fd;k x;k gSA ladyu iQy

fudk; dk oqQy nzO;eku gSA

ekuk gekjs ikl rhu d.k gSa tks ,d ljy js[kk esa rks ugha] ij ,d lery esa j[ks x, gSaA rc ge
ml ry esa ftlesa ;s rhu d.k j[ks x, gSax ,oa y- v{k fu/kZfjr dj ldrs gSa] vkSj bu rhu d.kksa dh
fLFkfr;ksa dks Øe'k% funsZ'kkadksa (x1,y1), (x2,y2) ,oa (x3,y3) }kjk O;Dr dj ldrs gSaA eku yhft,

fd bu rhu d.kksa osQ nzO;eku Øe'k%m1, m2 ,oa m3 gSaA bu rhu d.kksa osQ fudk; dk nzO;eku osQUnz

C funsZ'kkadksa (X, Y) }kjk O;Dr fd;k tk;sxk ftuosQ eku gSa

 (7.3a)



 (7.3b)

leku nzO;eku okys d.kksa osQ fy,m =m1 =m2 =m3,

vFkkZr~ leku nzO;eku okys d.kksa osQ fy, rhu d.kksa dk nzO;eku osQUnz mudh fLFkfr fcUnqvksa dks
feykus ls cus f=kHkqt osQ osQUnzd ij gksxkA

lehdj.k (7.3 a,b) osQ ifj.kkeksa dks] ljyrkiwoZd] ,slsn d.kksa osQ ,d fudk; osQ fy, lk£od fd;k
tk ldrk gS tks ,d lery esa u gksdj] varfj{k esa iSQys gksaA bl rjg osQ fudk; dk nzO;eku osQUnz
(X, Y, Z) gS] tgk¡

 (7.4a)

 (7.4b)

vkSj  (7.4c)

;gk¡ M = fudk; dk oqQy nzO;eku gSA lwpdi dk eku 1 ls n rd cnyrk gS]mii osa d.k dk

nzO;eku gS] vkSj i osa d.k dh fLFkfr (xi,yi,zi) ls O;Dr dh xbZ gSA



;fn ge fLFkfr&lfn'k dh vo/kj.kk dk mi;ksx djsa rks lehdj.k (7.4a, b, c) dks la;ksftr djosQ

,dy lehdj.k osQ :i esa fy[kk tk ldrk gSA ;fn ,i osa d.k dk
fLFkfr&osDVj gS vkSj R nzO;eku osQUnz dk fLFkfr&lfn'k gS%

,oa 

rc  (7.4d)

lehdj.k osQ nkfguh vksj fy[kk x;k ;ksx lfn'k&;ksx gSA

lfn'kksa osQ bLrseky ls lehdj.kksa dh laf{kIrrk ij è;ku nhft,A ;fn lanHkZ&izsQe (funsZ'kkad fudk;)
osQ ewy fcUnq dks] fn, x, d.k&fudk; osQ nzO;eku osQUnz esa fy;k tk, rks 

A

,d n`<+ fi.M] tSls fd ehVj&NM+ ;k Ýykb Oghy] cgqr ikl&ikl j[ks x, d.kksa dk fudk; gS_ vr%
lehdj.k (7.4 a, b, c, d) n`<+ fi.M osQ fy, Hkh ykxw gksrs gSaA bl izdkj osQ fi.Mksa esa d.kksa
(ijek.kqvksa ;k v.kqvksaa) dh la[;k bruh vf/d gksrh gS] fd bu lehdj.kksa esa] lHkh i`Fkd&i`Fkd
d.kksa dks ysdj la;qDr izHkko Kkr djuk vlaHko dk;Z gSA ij] D;ksafd d.kksa osQ chp dh nwjh cgqr
de gS] ge fi.M esa nzO;eku dk lrr forj.k eku ldrs gSaA ;fn fi.M dksn NksVs nzO;eku [k.Mksa esa
foHkkftr djsa ftuosQ nzO;eku ∆m1, ∆m2... ∆mn gSa rFkk i-ok¡ [k.M ∆mi fcUnq (xi,yi,zi) ij

vofLFkr gS ,slk lkspsa rks nzO;eku osQUnz osQ funsZ'kkadksa osQ yxHkx eku bl izdkj O;Dr djsaxs &



;fn gen dks o`gÙkj djsa vFkkZr~ ∆mi dks vkSj NksVk djsa rks ;s lehdj.k dkiQh ;FkkFkZ eku crkus

yxsaxsA ml fLFkfr esai-d.kksa osQ ;ksx dks ge lekdy ls O;Dr djsaxsA

vkSj 

;gk¡ M fi.M dk oqQy nzO;eku gSA nzO;eku osQUnz osQ funsZ'kkadksa dks vc ge bl izdkj fy[k ldrs gSa

(7.5a)

bu rhu vfn'k O;atdksa osQ rqY; lfn'k O;atd bl izdkj fy[k ldrs gSa&

 (7.5b)

;fn ge nzO;eku osQUnz dks vius funsZ'kkad fudk; dk ewy&fcUnq pqusa rks

vFkkZr~, 



;k  (7.6)

izk;% gesa fu;fer vkdkj osQ lekax fi.Mksa_ tSls &oy;ksa] xksy&pdfr;ksa] xksyksa] NM+ksa bR;kfn osQ
nzO;eku osQUnzksa dh x.kuk djuh iM+rh gSA (lekax fi.M ls gekjk rkRi;Z ,d ,slh oLrq ls gS ftlesa
nzO;eku dk leku :i ls forj.k gks)A lefefr dk fopkj djosQ ge ljyrk ls ;g n'kkZ ldrs gSa
fd bu fi.Mksa osQ nzO;eku osQUnz muosQ T;kferh; osQUnz gh
gksrs gSaA

vkb;s] ,d iryh NM+ ij fopkj djsa] ftldh pkSM+kbZ vkSj eksVkbZ (;fn bldh vuqizLFk dkV
vk;rkdkj gS) vFkok f=kT;k (;fn NM+ csyukdkj gS)] bldh yEckbZ dh rqyuk esa cgqr NksVh gSA NM+
dh yEckbZ x-v{k osQ vuqfn'k j[ksa vkSj ewy fcUnq blosQ T;kferh; osQUnz ij ys ysa rks ijkorZu lefefr
dh n`f"V ls ge dg ldrs gSa fd izR;sdx ij fLFkr izR;sddm ?kVd osQ leku dm dk ?kVd –x ij
Hkh fLFkr gksxk (fp=k 7.8)A

fp=k 7.8 ,d iryh NM+ dk nzO;eku osQUnz Kkr djuk

lekdy esa gj tksM+s dk ;ksxnku 'kwU; gS vkSj bl dkj.k Lo;a dk eku 'kwU; gks tkrk gSA
lehdj.k (7.6) crkrh gS fd ftl fcUnq osQ fy, lekdy 'kwU; gks og fi.M dk nzO;eku osQUnz gSA
vr% lekax NM+ dk T;kferh; osQUnz bldk nzO;eku osQUnz gSA bls ijkorZu lefefr osQ iz;ksx ls le>
ldrs gSaA

lefefr dk ;gh roZQ] lekax oy;ksa] pdfr;ksa] xksyksa vkSj ;gk¡ rd fd o`Ùkkdkj ;k vk;rkdkj
vuqizLFk dkV okyh eksVh NM+ksa osQ fy, Hkh ykxw gksxkA ,sls lHkh fi.Mksa osQ fy, vki ik;saxs fd fcUnq
(x,y,z) ij fLFkr gj nzO;eku ?kVd osQ fy, fcUnq (-x,-y,-z) ij Hkh mlh nzO;eku dk ?kVd fy;k tk
ldrk gSA (nwljs 'kCnksa esa dgsa rks bu lHkh fi.Mksa osQ fy, ewy fcUnq ijkorZu&lefefr dk fcUnq gS)A



ifj.kker%] lehdj.k (7.5 a) esa fn, x, lHkh lekdy 'kwU; gks tkrs gSaA bldk vFkZ ;g gqvk fd
mijksDr lHkh fi.Mksa dk nzO;eku osQUnz muosQ T;kferh; osQUnz ij gh iM+rk gSA

mnkgj.k 7.1 ,d leckgq f=kHkqt osQ 'kh"kks± ij j[ks x, rhu d.kksa dk nzO;eku osQUnz
Kkr dhft,A d.kksa osQ nzO;eku Øe'k% 100g, 150g, ,oa 200g gSaA f=kHkqt dh izR;sd
Hkqtk dh yEckbZ 0.5 m gSA

gy

fp=k 7.9

x ,oay- v{k fp=k 7.9 esa n'kkZ;s vuqlkj pqusa rks leckgq f=kHkqt osQ 'kh"kZ fcUnqvksa O, A ,oa B osQ

funsZ'kkad Øe'k% (0,0), (0.5,0) ,oa (0.25,0.25 ) gksaxsA ekuk
fd 100g, 150g ,oa 200g osQ nzO;eku Øe'k% O, A ,oa B ij vofLFkr gSaA rc



nzO;eku osQUnz C fp=k esa n'kkZ;k x;k gSA è;ku nsa fd ;g f=kHkqt OAB dk T;kferh; osQUnz ugha gSA
D;k vki crk ldrs gSa fd ,slk D;ksa ugh gS\ t

mnkgj.k 7.2: ,d f=kHkqtkdkj iQyd dk nzO;eku osQUnz Kkr dhft,A

gy iQyd (∆LMN) dks vk/kj (MN) osQ lekUrj iryh if^;ksa esa ckaVk tk ldrk gS tSlk fp=k
7.10 esa n'kkZ;k
x;k gSA

fp=k 7.10



lefefr osQ vk/kj ij ge dg ldrs gSa fd gj i^h dk nzO;eku osQUnz mldk eè; fcUnq gSA vxj
ge lHkh if^;ksa osQ eè; fcUnqvksa dks feykrs gSa rks gesa ekfè;dk LP izkIr gksrh gSA blfy,] iwjs f=kHkqt
dk nzO;eku osQUnz bl ekfè;dk LP ij dgha vofLFkr gksxkA blh izdkj ge roZQ dj ldrs gSa fd
;g ekfè;dk MQ vkSj NR ij Hkh vofLFkr gksxkA vr% ;g nzO;eku osQUnz rhuksa ekfè;dkvksa dk
laxkeh fcUnq xfr f=kHkqt dk osQUnzd G gSA t

mnkgj.k 7.3: ,d fn, x, L- vko`Qfr osQ iQyd (,d iryh piVh IysV) dk
nzO;eku osQUnz Kkr dhft,] ftldk fofHkUu Hkqtkvksa dks fp=k 7-11 esa n'kkZ;k gSA
iQyd dk nzO;eku 3 kg gSA

gy fp=k 7.11 osQ vuqlkjX ,oaY v{kkas dks pqusa rks L-vko`Qfr iQyd osQ fofHkUu 'kh"kks± osQ funsZ'kkad
ogh izkIr gksrs gSa tks fp=k esa vafdr fd, x, gSaA ge L-vko`Qfr dks rhu oxks± ls feydj cuk gqvk
eku ldrs gSa ftuesa ls izR;sd oxZ dh Hkqtk 1m gSA izR;sd oxZ dk nzO;eku 1kg gS] D;ksafd iQyd
lekax gSaA bu rhu oxks± osQ nzO;eku osQUnz C1, C2 vkSj C3 gSa] tks lefefr osQ fopkj ls muosQ

T;kferh; osQUnz gSa vkSj buosQ funsZ'kkad Øe'k% (1/2,1/2), (3/2,1/2), (1/2,3/2) gSaA ge dg ldrs gSa
fd L-vko`Qfr dk nzO;eku osQUnz (X,Y) bu nzO;eku fcUnqvksa dk nzO;eku osQUnz gSaA

fp=k 7.11

vr%

 



L-vko`Qfr dk nzO;eku osQUnz js[kk OD ij iM+rk gSA bl ckr dk vanktk ge fcuk fdlh x.kuk osQ
yxk ldrs FksA D;k vki crk ldrs gSa] oSQls\ ;fn ;g ekusa fd fp=k 7-11 esa n'kkZ;s x, L vko`Qfr
iQyd osQ rhu oxks± osQ nzO;eku vyx&vyx gksrs rc vki bl iQyd dk nzO;eku osQUnz oSQls Kkr
djsaxs\ t

7.3 nzO;eku osQUnz dh xfr

nzO;eku osQUnz dh ifjHkk"kk tkuus osQ ckn] vc ge bl fLFkfr esa gSa fd d.kksa osQ ,d fudk; osQ fy,
blosQ HkkSfrd egRo dh foospuk dj losaQA lehdj.k (7.4d) dks ge fiQj ls bl izdkj fy[k ldrs
gSa&

 (7.7)

lehdj.k osQ nksuksa i{kksa dks le; osQ lkis{k vodfyr djus ij&

;k

 (7.8)

tgk¡]  izFke d.k dk osx gS]  nwljs d.k dk osx gS] bR;kfn

vkSj  d.kksa osQ fudk; osQ nzO;eku
osQUnz dk osx gSA è;ku nsa] fd geus ;g eku fy;k gS fd m1,m2, ... vkfn osQ eku le; osQ lkFk

cnyrs ugha gSaA blfy,] le; osQ lkis{k lehdj.kksa dks vodfyr djrs le; geus muosQ lkFk
vpjkadksa tSlk O;ogkj fd;k gSA



lehdj.k (7.8) dks le; osQ lkis{k vodfyr djus ij&

;k

 (7.9)

tgk¡  izFke d.k dk Roj.k gS]  nwljs d.k dk Roj.k gS]

bR;kfn vkSj  d.kksa osQ fudk; osQ nzO;eku osQUnz dk Roj.k gSA

vc] U;wVu osQ f}rh; fu;ekuqlkj] igys d.k ij yxus okyk cy gS , nwljs d.k ij

yxus okyk cy gS ] vkfnA rc lehdj.k (7.9) dks ge bl izdkj
Hkh fy[k ldrs gSa&

 (7.10)

vr% d.kksa osQ fudk; osQ oqQy nzO;eku dks nzO;eku osQUnz osQ Roj.k ls xq.kk djus ij gesa ml
d.k&fudk; ij yxus okys lHkh cyksa dk lfn'k ;ksx izkIr gksrk gSA

è;ku nsa fd tc ge igys d.k ij yxus okys cy dh ckr djrs gSa] rks ;g dksbZ
,dy cy ugha gS] cfYd] bl d.k ij yxus okys lHkh cyksa dk lfn'k ;ksx gSA ;gh ckr ge vU;
d.kksa osQ fo"k; eas Hkh dg ldrs gSaA izR;sd d.k ij yxus okys mu cyksa esa oqQN ckg~; cy gksaxs tks
fudk; ls ckgj osQ fi.Mksa }kjk vkjksfir gksaxs vkSj oqQN vkarfjd cy gksaxs tks fudk; osQ vanj osQ d.k
,d nwljs ij vkjksfir djrs gSaA U;wVu osQ r`rh; fu;e ls ge tkurs gSa fd ;s vkarfjd cy lnSo
cjkcj ifjek.k osQ vkSj foijhr fn'kk esa dke djus okys tksM+ksa osQ :i esa ik, tkrs gSa vkSj blfy,
lehdj.k (7.10) esa cyksa dks tksM+us esa budk ;ksx 'kwU; gks tkrk gSA lehdj.k esa osQoy ckg~; cyksa
dk ;ksxnku jg tkrk gSA lehdj.k (7.10) dks fiQj bl izdkj fy[k ldrs gSa



 (7.11)

tgk¡  f

udk; osQ d.kksa ij izHkkoh lHkh ckg~; cyksa dk lfn'k ;ksx gSA

lehdj.k (7.11) crkrh gS fd d.kksa osQ fdlh fudk; dk nzO;eku osQUnz bl izdkj xfr djrk gS ekuks
fudk; dk laiw.kZ nzO;eku mlesa laosQfUnzr gks vkSj lHkh ckg~; cy mlh ij vkjksfir gksaA

è;ku nsa fd nzO;eku osQUnz dh xfr osQ fo"k; esa tkuus osQ fy,] d.kksa osQ fudk; osQ vkarfjd cyksa osQ
fo"k; esa dksbZ tkudkjh ugha pkfg,] bl mís'; osQ fy, gesa osQoy ckg~; cyksa dks gh tkuus dh
vko';drk gSA

lehdj.k (7.11) O;qRiUu djus osQ fy, gesa d.kksa osQ fudk; dh izo`Qfr lqfuf'pr ugha djuh iM+hA
fudk; d.kksa dk ,slk laxzg Hkh gks ldrk gS ftlesa rjg&rjg dh vkarfjd xfr;k¡ gksa] vkSj 'kq¼
LFkkukarj.k xfr djrk gqvk] vFkok] LFkkukarj.k ,oa ?kw.khZ xfr osQ la;kstu ;qDr ,d n`<+ fi.M Hkh gks
ldrk gSA fudk; oSQlk Hkh gks vkSj blosQ vo;oh d.kksa esa fdlh Hkh izdkj dh xfr;k¡ gksa] bldk
nzO;eku osQUnz lehdj.k (7.11) osQ vuqlkj gh xfr djsxkA

ifjfer vkdkj osQ fi.Mksa dks ,dy d.kksa dh rjg O;ogkj esa ykus osQ ctk; vc ge mudks d.kksa osQ
fudk; dh rjg O;ogkj esa yk ldrs gSaA ge mudh xfr dk 'kq¼ LFkkukarjh; vo;o ;kfu fudk; osQ
nzO;eku osQUnz dh xfr Kkr dj ldrs gSaA blosQ fy,] cl] iwjs fudk; dk oqQy nzO;eku vkSj fudk;



ij yxs lHkh ckg~; cyksa dks fudk; osQ nzO;eku osQUnz ij izHkkoh ekuuk gksxkA

;gh dk;Zfof/ geus fi.Mksa ij yxs cyksa osQ fo'ys"k.k vkSj muls tqM+h leL;k osQ gy osQ fy, viukbZ
FkhA gkykafd] blosQ fy, dksbZ Li"V dkj.k ugha crk;k x;k FkkA vc ge ;g le> ldrs gSa] fd iwoZ
osQ vè;;uksa esa] geus fcu dgs gh ;g eku fy;k Fkk fd fudk; esa ?kw.khZ xfr] ,oa d.kksa esa vkarfjd
xfr ;k rks Fkh gh ugha vkSj ;fn Fkh rks ux.; FkhA vkxs ls gesa ;g ekuus dh vko';drk ugha jgsxhA
u osQoy gesa viuh igys viukbZ xbZ i¼fr dk vkSfpR; le> esa vk x;k gS] oju~] geus og fof/
Hkh Kkr dj yh gS ftlosQ }kjk (i) ,sls n`<+ fi.M dh ftlesa ?kw.khZ xfr Hkh gks] (ii) ,d ,sls fudk;
dh ftlosQ d.kksa esa rjg&rjg dh vkarfjd xfr;k¡ gksa] LFkkukarj.k xfr dks vyx djosQ le>k
le>k;k tk ldrk gSA

fp=k 7.12 fdlh iz{ksI; osQ [k.Mksa dk nzO;eku osQUnz foLiQksV osQ ckn Hkh mlh ijoy;kdkj iFk ij
pyrk gqvk ik;k tk;sxk ftl ij ;g foLiQksV u gksus ij pyrkA

fp=k 7.12 lehdj.k (7.11) dks Li"V djus okyk ,d vPNk mnkgj.k gSA vius fu/kZfjr ijoy;kdkj
iFk ij pyrk gqvk ,d iz{ksI; gok esa iQV dj VqdM+ksa esa fc[kj tkrk gSA foLiQksV dkjd cy
vkarfjd cy gS blfy, mudk nzO;eku osQUnz dh xfr ij dksbZ izHkko ugha gksrkA iz{ksI; vkSj mlosQ
[k.Mksa ij yxus okyk oqQy ckg~; cy foLiQksV osQ ckn Hkh ogh gS tks foLiQksV ls igys Fkk] ;kfu
i`Foh dk xq#Rokd"kZ.k cyA vr%] ckg~; cy osQ varxZr iz{ksI; osQ nzO;eku osQUnz dk ijoy;kdkj iFk
foLiQksV osQ ckn Hkh ogh cuk jgrk tks foLiQksV u gksus dh fLFkfr esa gksrkA

7.4 d.kksa osQ fudk; dk js[kh; laosx

vkidks ;kn gksxk fd js[kh; laosx dh ifjHkk"kk djus okyk O;atd gS

 (7.12)



vkSj] ,dy d.k osQ fy, U;wVu osQ f}rh; fu;e dks ge lkaosQfrd Hkk"kk esa fy[k ldrs gSa

 (7.13)

tgk¡ F d.k ij vkjksfir cy gSA vkb;s] vc gen d.kksa osQ ,d fudk; ij fopkj djsa ftuosQ

nzO;eku Øe'k%m1,m2,...mn gS vkSj osx Øe'k%  gSaA d.k] ijLij vU;ksU; fØ;kjr gks ldrs

gSa vkSj mu ij ckg~; cy Hkh yxs gks ldrs gSaA igys d.k dk js[kh; laosx , nwljs d.k dk

js[kh; laosx  vkSj blh izdkj vU; d.kksa osQ js[kh; laosx Hkh gSaA

n d.kksa osQ bl fudk; dk oqQy js[kh; laosx] ,dy d.kksa osQ js[kh; laosxksa osQ lfn'k ;ksx osQ cjkcj
gSA

 (7.14)

bl lehdj.k dh lehdj.k (7.8) ls rqyuk djus ij]

 (7.15)

vr% d.kksa osQ ,d fudk; dk oqQy js[kh; laosx] fudk; osQ oqQy nzO;eku rFkk blosQ nzO;eku osQUnz
osQ osx osQ xq.kuiQy osQ cjkcj gksrk gSA lehdj.k (7.15) dk le; osQ lkis{k vodyu djus ij]

 (7.16)

lehdj.k (7.16) ,oa lehdj.k (7.11) dh rqyuk djus ij



 (7.17)

;g U;wVu osQ f}rh; fu;e dk dFku gS tks d.kksa osQ fudk; osQ fy, ykxw fd;k x;k gSA

;fn d.kksa osQ fdlh fudk; ij yxs ckg~; cyksa dk ;ksx 'kwU; gks] rks lehdj.k (7.17) osQ vk/kj ij]

 = vpjkad (7.18a)

vr% tc d.kksa osQ fdlh fudk; ij yxs ckg~; cyksa dk ;ksx 'kwU; gksrk gS rks ml fudk; dk oqQy
js[kh; laosx vpj jgrk gSA ;g d.kksa osQ ,d fudk; osQ fy, ykxw gksus okyk js[kh; laosx osQ laj{k.k
dk fu;e gSA lehdj.k (7.15) osQ dkj.k] bldk vFkZ ;g Hkh gksrk gS fd tc fudk; ij yxus okyk
oqQy ckg~; cy 'kwU; gksrk gS rks blosQ nzO;eku osQUnz dk osx ifjo£rr ugha gksrkA (bl vè;k; esa
d.kksa osQ fudk; dk vè;;u djrs le; ge ges'kk ;g eku dj pysaxs fd fudk; dk oqQy nzO;eku
vpj jgrk gSA)

è;ku nsa] fd vkarfjd cyksa osQ dkj.k] ;kfu mu cyksa osQ dkj.k tks d.k ,d nwljs ij vkjksfir djrs
gSa] fdlh fof'k"V d.k dk xeu&iFk dkiQh tfVy gks ldrk gSA fiQj Hkh] ;fn fudk; ij yxus okyk
oqQy ckg~; cy 'kwU; gks rks nzO;eku osQUnz vpj&osx ls gh pyrk gS] vFkkZr~] eqDr d.k dh rjg
lexfr ls ljy js[kh; iFk ij pyrk gSA

lfn'k lehdj.k (7.18a) ftu vfn'k lehdj.kksa osQ rqY; gS] os gSa&

Px =C1, Py =C2 rFkk Pz =C3 (7.18 b)



;gk¡ Px, Py, Pz oqQy js[kh; laosx lfn'k P osQ] Øe'k%x, y ,oa z fn'kk esa vo;o gSa vkSjC1,C2,C3

vpjkad gSaA

(a) (b)

fp=k 7.13 (a) ,d Hkkjh ukfHkd (Ra) ,d vis{kko`Qr gyosQ ukfHkd (Rn) ,oa ,d vYiQk&d.k (He)

esa fo[kafMr gksrk gSA fudk; dk nzO;eku osQUnz lexfr esa gSA

(b) nzO;eku osQUnz dh fLFkj voLFkk esa mlh Hkkjh d.k (Ra) dk fo[kaMuA nksuksa mRiUu gq, d.k ,d
nwljs dh foijhr fn'kk esa xfreku gksrs gSaA

,d mnkgj.k osQ :i esa] vkb;s] jsfM;e osQ ukfHkd tSls fdlh xfreku vLFkk;h ukfHkd osQ
jsfM;ks,fDVo {k; ij fopkj djsaA jsfM;e dk ukfHkd ,d jsMu osQ ukfHkd vkSj ,d vYiQk d.k esa
fo[kafMr gksrk gSA {k;&dkjd cy fudk; osQ vkarfjd cy gSa vkSj ml ij izHkkoh ckg~; cy ux.;
gSaA vr% fudk; dk oqQy js[kh; laosx] {k; ls igys vkSj {k; osQ ckn leku jgrk gSA fo[kaMu esa
mRiUu gq, nksuksa d.k] jsMu dk ukfHkd ,oa vYiQk&d.k] fofHkUu fn'kkvksa esa bl izdkj pyrs gSa fd
muosQ nzO;eku osQUnz dk xeu&iFk ogh cuk jgrk gS ftl ij {kf;r gksus ls igys ewy jsfM;e ukfHkd
xfreku Fkk (fp=k 7.13(a))A

;fn ge ,d ,sls lanHkZ izsQe ls bl {k; izfØ;k dks ns[ksa ftlesa nzO;eku osQUnz fLFkj gks] rks blesa
'kkfey d.kksa dh xfr fo'ks"kdj ljy fn[kkbZ iM+rh gS_ mRiUu gq, nksuksa d.k ,d nwljs dh foijhr
fn'kk esa bl izdkj xfreku gksrs gSa fd mudk nzO;eku osQUnz fLFkj jgs] tSlk fp=k 7.13 (b) esa n'kkZ;k
x;k gSA



(a) (b)

fp=k 7.14 (a) ck;ujh fudk; cukrs nks u{k=kksa S1 ,oa S2 osQ xeu iFk] tks Øe'k% fcUnq js[kk ,oa

lrr js[kk }kjk n'kkZ;s x, gSaA budk nzO;eku osQUnz C lexfr
esa gSA

(b) mlh ck;ujh fudk; dh xfr tc nzO;eku osQUnz C fLFkj gSA

d.kksa oQh fudk; laca/h cgqr lh leL;kvksa esa tSlk Åij crkbZ xbZ jsfM;ks,fDVo {k; laca/h leL;k esa
n'kkZ;k gS] iz;ksx'kkyk osQ lanHkZ&izsQe dh vis{kk] nzO;eku&osQUnz osQ izsQe esa dk;Z djuk vklku gksrk gSA

[kxksfydh esa ;qfXer (ck;ujh) u{k=kksa dk ik;k tkuk ,d vke ckr gSA ;fn dksbZ ckg~; cy u yxk
gks rks fdlh ;qfXer u{k=k dk nzO;eku osQUnz ,d eqDr&d.k dh rjg pyrk gS tSlk fp=k 7.14 (a) esa
n'kkZ;k x;k gSA fp=k esa leku nzO;eku okys nksuksa u{k=kksa osQ xeu iFk Hkh n'kkZ;s x, gSa_ os dkiQh
tfVy fn[kkbZ iM+rs gSaA ;fn ge nzO;eku osQUnz osQ izsQe ls ns[ksa rks ge ikrs gSa fd ;s nksuksa u{k=k
nzO;eku osQUnz osQ ifjr% ,d o`Ùkkdkj iFk ij xfreku gSa tcfd nzO;eku osQUnz fLFkj gSA è;ku nsa] fd
nksuksa u{k=kksa dks o`Ùkkdkj iFk osQ O;kl osQ foijhr fljksa ij cus jguk gS (fp=k 7.14(b))A bl izdkj bu
u{k=kksa dk xeu iFk nks xfr;ksa osQ la;kstu ls fu£er gksrk gS (i) nzO;eku osQUnz dh ljy js[kk esa lekax
xfr (ii) nzO;eku osQUnz osQ ifjr% u{k=kksa dh o`Ùkkdkj d{kk,¡A

mijksDr nks mnkgj.kksa ls n`"VO; gS] fd fudk; osQ ,dy d.kksa dh xfr dks nzO;eku osQUnz dh xfr
vkSj nzO;eku osQUnz osQ ifjr% xfr esa vyx djosQ ns[kuk ,d vR;ar mi;ksxh rduhd gS ftlls
fudk; dh xfr dks le>us esa lgk;rk feyrh gSA

7.5 nks lfn'kksa dk lfn'k xq.ku

ge lfn'kksa ,oa HkkSfrdh esa muosQ mi;ksx osQ fo"k; esa igys ls gh tkurs gSaA vè;k; 6 (dk;Z] ÅtkZ]



'kfDr) esa geus nks lfn'kksa osQ vfn'k xq.ku dh ifjHkk"kk dh FkhA ,d egRoiw.kZ HkkSfrd jkf'k] dk;Z] nks
lfn'k jkf'k;ksa] cy ,oa foLFkkiu osQ vfn'k xq.kuiQy }kjk ifjHkkf"kr dh tkrh gSA

vc ge nks lfn'kksa dk ,d vU; izdkj dk xq.ku ifjHkkf"kr djsaxsA ;g lfn'k xq.ku gSA ?kw.khZ xfr ls
lacaf/r nks egRoiw.kZ jkf'k;k¡] cy vk?kw.kZ ,oa dks.kh; laosx] lfn'k xq.ku osQ :i esa ifjHkkf"kr dh
tkrh gSaA

lfn'k xq.ku dh ifjHkk"kk

nks lfn'kksa a ,oa b dk lfn'k xq.kuiQy ,d ,slk lfn'k c gS

i) ftldk ifjek.kc  

gS] tgk¡a ,oab Øe'k% a ,oa b osQ ifjek.k gSa vkSj θ nks lfn'kksa osQ chp dk dks.k gSA

ii) c ml ry osQ vfHkyEcor~ gS ftlesa a ,oa b vofLFkr gSaA

iii) ;fn ge ,d nf{k.kkoÙkZ isap ysa vkSj bldks bl izdkj j[ksa fd bldk 'kh"kZ a ,oa b osQ ry esa gks
vkSj yEckbZ bl ry osQ vfHkyEcor~ gks vkSj fiQj 'kh"kZ dks a ls b dh vksj ?kqek;sa] rks isap dh ukasd
c dh fn'kk esa vkxs c<+sxkA nf{k.kkorZ isap dk fu;e fp=k 7.15a esa n'kkZ;k x;k gSA



;fn vki lfn'kksa a ,oa b osQ ry osQ vfHkyEcor~ js[kk osQ ifjr% vius nkfgus gkFk dh maxfy;ksa dks
bl izdkj eksM+sa fd muosQ fljs a ls b dh vksj bafxr djsa] rc bl gkFk dk iSQyk gqvk vaxwBk c dh
fn'kk crk;sxk tSlk fp=k 7.15b esa n'kkZ;k x;k gSA

 

(a) (b)

fp=k 7.15(a) nks lfn'kksa osQ lfn'k xq.kuiQy dh fn'kk fu/kZfjr djus osQ fy, nf{k.kkorZ isap dk
fu;e

(b) lfn'k xq.kuiQy dh fn'kk crkus osQ fy, nkfgus gkFk dk fu;e

nkfgus gkFk osQ fu;e dks ljy :i esa bl izdkj O;Dr dj ldrs gSa % vius nkfgus gkFk dh gFksyh
dks a ls b dh vksj laosQr djrs gq, [kksyksA vkiosQ iSQys gq, vaxwBs dk fljk c dh fn'kk crk;sxkA

;g ;kn j[kuk pkfg, fd a vkSj b osQ chp nks dks.k curs gSaA fp=k 7.15 (a) ,oa (b) esa buesa ls

dks.k θ n'kkZ;k x;k gS] Li"Vr% nwljk (3600 – θ) gSA mijksDr fu;eksa esa ls dksbZ Hkh fu;e yxkrs

le; a ,oa b osQ chp dk NksVk dks.k (<1800) ysdj fu;e yxkuk pkfg,A ;gk¡ ;g θ gSA

D;ksafd lfn'k xq.ku esa] xq.kk O;Dr djus osQ fy, ØkWl (×) fpÉ dk mi;ksx fd;k tkrk gS blfy,
bl xq.ku dks ØkWl xq.ku Hkh dgrs gSaA



• è;ku nsa fd nks lfn'kksa dk vfn'k xq.ku Øefofu;e fu;e dk ikyu djrk gS tSlk igys crk;k
x;k gS a.b = b.a

ijUrq] lfn'k xq.ku Øefofue; fu;e dk ikyu ugha djrk] vFkkZr~ a × b b × a

a × b ,oa b × a osQ ifjek.k leku ( ) gSa ; vkSj ;s nksuksa gh ml ry osQ
vfHkyEcor~ gSa ftlesa a ,oa b fo|eku gSA ysfdu] a × b osQ fy, nf{k.kkorZ isap dks a ls b dh
vksj ?kqekuk gksrk gS tcfd b × a osQ fy, b ls a dh vksjA ifj.kker% ;s nks lfn'k foijhr fn'kk esa
gksrs gSa

• lfn'k xq.ku dk nwljk jkspd xq.k gS bldk ijkorZu&xr O;ogkjA ijkorZu osQ varxZr (;kfu niZ.k esa
izfrfcEc

ysus ij) gesa  vkSj z –z feyrs gSaA ifj.kkeLo:i lHkh lfn'kksa osQ vo;oksa osQ fpÉ

cny tkrs gSa vkSj bl izdkj A ns[ksa fd ijkorZu esa a ×

b dk D;k gksrk gS\

a × b

vr% ijkorZu ls a × b dk fpÉ ugha cnyrkA

• vfn'k ,oa lfn'k nksuksa gh xq.ku lfn'k&;ksx ij forj.k'khy gksrs gSaA vr%

• ge c = a × b dks vo;oksa osQ :i esa Hkh fy[k ldrs gSaA blosQ fy, gesa oqQN lfn'k xq.kuiQyksa
dh tkudkjh vko';d gksxh %



(i) a × a = 0 (0 ,d 'kwU; lfn'k gS] ;kfu 'kwU; ifjek.k okyk lfn'k )

Li"Vr% ,slk blfy, gS D;ksafd a × a dk ifjek.k A

blls ge bl ifj.kke ij igq¡prs gSa fd

(ii) 

è;ku nsa] fd  dk ifjek.k sin 900 ;k 1 gS] pwafd  vkSj  nksuksa dk ifjek.k 1 gS vkSj

muosQ chp 900 dk dks.k gSA vr%  ,d ,dkad lfn'k gSA  vkSj  osQ ry osQ vfHkyEcor~
nf{k.kkorZ isap osQ fu;ekuqlkj Kkr djsa rks buls lacaf/r ;g ,dkad lfn'k 

gSA blh izdkj vki ;g Hkh iq"V dj ldrs gSa fd

lfn'k xq.ku osQ Øe fofues;rk xq.k osQ vk/kj ij ge dg ldrs gSa&

è;ku nsa fd mijksDr lfn'k xq.ku O;atdksa esa ;fn 

pØh; Øe esa vkrs gSa rks lfn'k
xq.ku /ukRed gS vkSj ;fn pØh; Øe esa ugha vkrs gSa rks lfn'k xq.ku ½.kkRed gSA

vc]



mijksDr O;atd izkIr djus esa geus ljy lfn'k xq.kuiQyksa dk mi;ksx fd;k gSA a × b dks O;Dr
djus okys O;atd dks ge ,d fMVjfeusaV (lkjf.kd) osQ :i esa fy[k ldrs gSa tks ;kn j[kus esa
vklku gSA

mnkgj.k 7.4: nks lfn'kksa a = (3iˆ – 4jˆ + 5kˆ ) ,oa b = (– 2iˆ + jˆ – 3kˆ ) osQ vfn'k ,oa lfn'k

xq.kuiQy Kkr dhft,A

gy

è;ku nsa fd]  t



7.6 dks.kh; osx vkSj bldk js[kh; osx ls laca/

bl vuqHkkx esa ge vè;;u djsaxs fd dks.kh; osx D;k gS] vkSj ?kw.khZ xfr esa bldh D;k Hkwfedk gS\
ge ;g le> pqosQ gSa fd ?kw.khZ xfr esa fi.M dk izR;sd d.k ,d o`Ùkkdkj iFk ij pyrk gSA fdlh
d.k dk js[kh; osx mlosQ dks.kh; osx ls lacaf/r gksrk gSA bu nks jkf'k;ksa osQ chp dk laca/ ,d
lfn'k xq.ku ls O;Dr gksrk gSA lfn'k xq.ku osQ fo"k; esa vkius fiNys vuqHkkx esa i<+k gSA

vkb;s fp=k 7.4 iqu% nsa[ksA tSlk Åij crk;k x;k gS] fdlh n`<+ fi.M dh ,d fLFkj v{k osQ ifjr% ?
kw.khZ xfr esa] fi.M dk izR;sd d.k ,d o`Ùk esa xfr djrk gSA ;s o`Ùk v{k osQ yEcor~ lery esa gksrs
gSa ftuosQ osQUnz v{k osQ Åij vofLFkr gksrs gSaA fp=k 7.16 esa geus fp=k 7.4 dks fiQj ls cuk;k gS
vkSj blesa fLFkj (z-) v{k osQ ifjr% ?kwers] n`<+ fi.M osQ] ,d fof'k"V d.k dks fcUnq P ij n'kkZ;k gSA
;g d.k ,d o`Ùk cukrk gS ftldk osQUnz C, v{k ij fLFkr gSA o`Ùk dh f=kT;kr gS] tks fcUnq P dh
v{k ls yEcor~ nwjh gSA fp=k esa geus P fcUnq ij d.k dk js[kh; osx lfn'k v Hkh n'kkZ;k gSA bldh
fn'kk o`Ùk osQ P fcUnq ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gSA

ekuk fd ∆t le; varjky osQ ckn d.k dh fLFkfr P' gS (fp=k 7-16)A dks.k PC , ∆t

le; esa d.k osQ dks.kh; foLFkkiu ∆θ dk eki gSA ∆t le; esa d.k dk vkSlr dks.kh; osx ∆θ/∆t

gSA tSls&tSls ∆t dk eku ?kVkrs gq, 'kwU;ksUeq[k djrs gSa] vuqikr ∆θ/∆t dk eku ,d lhekar eku
izkIr djrk gS tks P fcUnq ij d.k dk rkR{kf.kd dks.kh; osx dθ/dt gSA rkR{kf.kd dks.kh; osx dks
ge ω ls O;Dr djrs gSaA o`Ùkh; xfr osQ vè;;u ls ge tkurs gSa fd js[kh; osx lfn'k dk ifjek.kv

,oa dks.kh; osx ω osQ chp laca/ ,d ljy lehdj.k }kjk izLrqr fd;k tk ldrk gS]
tgk¡r o`Ùk dh f=kT;k gSA

geus ns[kk fd fdlh fn, x, {k.k ij lehdj.k  n`<+ fi.M osQ lHkh d.kksa ij ykxw gksrh
gSA vr% fLFkj v{k lsri nwjh ij fLFkr fdlh d.k dk] fdlh {k.k ij] js[kh; osxvi gksxk



 (7.19)

;gk¡ Hkh lwpdkad i dk eku 1 ls n rd cnyrk gS] tgk¡n fi.M osQ oqQy d.kksa dh la[;k gSA

v{k ij fLFkr d.kksa osQ fy, , vkSj blfy, = 0A vr% v{k ij fLFkr d.k js[kh;
xfr ugha djrsA blls ;g iq"V gksrk gS fd v{k fLFkj gSA

è;ku nsa fd geus lHkh d.kksa dk leku dks.kh; osx  fy;k gSA blfy, ge ω dks
iwjs fi.M dk dks.kh; osx dg ldrs gSaA

fdlh fi.M dh 'kq¼ LFkkukarj.k xfr dk vfHky{k.k geus ;g crk;k fd blosQ lHkh d.k] fdlh fn,
x, {k.k ij leku osx ls pyrs gSaA blh izdkj] 'kq¼ ?kw.khZ xfr osQ fy, ge dg ldrs gSa fd fdlh
fn, x, {k.k ij fi.M osQ lHkh d.k leku dks.kh; osx ls ?kwers gSaA è;ku nsa fd fLFkj v{k osQ ifjr%
?kwers n`<+ fi.M dh ?kw.khZ xfr dk ;g vfHky{k.k] nwljs 'kCnksa esa (tSlk vuqHkkx 7-1 esa crk;k x;k gS)
fi.M dk gj d.k ,d o`Ùk esa xfr djrk gS vkSj ;g o`Ùk v{k osQ vfHkyEcor~ ry esa fLFkr gksrk gS
ftldk osQUnz v{k ij gksrk gSA

gekjs vHkh rd osQ foospu ls ,slk yxrk gS fd dks.kh; osx ,d vfn'k jkf'k gSA ¯drq rF; ;g gS]
fd ;g ,d lfn'k jkf'k gSA ge bl rF; osQ leFkZu ;k iqf"V osQ fy, dksbZ roZQ ugha nsaxs] cl ;g
eku dj pysaxsA ,d fLFkj v{k osQ ifjr% ?kw.kZu esa] dks.kh; osx lfn'k] ?kw.kZu v{k osQ vuqfn'k gksrk
gS] vkSj ml fn'kk esa laosQr djrk gS ftlesa ,d nf{k.kkorZ isap vkxs c<+sxk tc mlosQ 'kh"kZ dks fi.M

osQ ?kw.kZu dh fn'kk esa ?kqek;k tk,xkA nsf[k, fp=k 7.17(a)A bl lfn'k dk ifjek.k] 

, tSlk Åij crk;k x;k gSA



fp=k 7.17(a) ;fn nf{k.kkoÙkZ isap osQ 'kh"kZ dks fi.M osQ ?kw.kZu dh fn'kk esa ?kqek;k tk, rks isap
dks.kh; osx ω dh fn'kk esa vkxs c<+sxkA ;fn fi.M osQ ?kw.kZu dh fn'kk (okekorZ ;k nf{k.kkorZ)
cnysxh rks ω dh fn'kk Hkh cny tk,xhA

fp=k 7.17 (b) dks.kh; osx lfn'k ω dh fn'kk fLFkj ?kw.kZu v{k osQ vuqfn'k gSA P fcUnq ij fLFkr
d.k dk js[kh; osx v = ω× r gSA ;g ω ,oa r nksuksa osQ yEcor~ gS vkSj d.k ftl o`Ùk ij pyrk
gS mlosQ Åij [khaph xbZ Li'kZ js[kk osQ
vuqfn'k gSA

vkb;s] vc ge lfn'k xq.kuiQy ω × r dks Bhd ls le>sa vkSj tkusa fd ;g D;k O;Dr djrk gSA
fp=k 7.17(b) dks ns[kas] tks oSls rks fp=k 7.16 dk gh Hkkx gS ij] ;gk¡ bls d.k P dk iFk n'kkZus osQ
fy, nksckjk cuk;k x;k gSA fp=k esa] fLFkj (z-) v{k osQ vuqfn'k lfn'k ω vkSj ewy fcUnq O osQ
lkis{k n`<+ fi.M osQ fcUnq P dk fLFkfr&lfn'k r = OP n'kkZ;k x;k gSA è;ku nsa fd ewy fcUnq dks ?
kw.kZu v{k osQ Åij gh j[kk x;k gSA



vc 

ysfdu 

vr% 

lfn'k , ω osQ yEcor~ gS] ;kfuz-v{k ij Hkh rFkk d.k P }kjk cuk;s x, o`Ùk dh f=kT;k CP ij
HkhA vr% ;g o`Ùk osQ P fcUnq ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gSA ω × CP dk ifjek.k ω

(CP) gS] D;ksafd ω ,oa CP ,d nwljs osQ yEcor~ gSaA gesa CP dks  ls izn£'kr djuk pkfg,
rkfd blosQ vkSj OP = r osQ ifjek.k esa laHkze dh fLFkfr ls cpk tk losQA

vr% ω × r ,d ,slk lfn'k gS ftldk ifjek.k ω  gS vkSj ftldh fn'kk d.k P }kjk
cuk;s x, o`Ùk ij [khaph xbZ Li'kZ js[kk osQ vuqfn'k gSA ;gh fcUnq P ij js[kh; osx lfn'k dk ifjek.k
vkSj fn'kk gSA vr%

 (7.20)

okLro esa] lehdj.k (7.20) mu n`<+ fi.Mksa dh ?kw.kZu xfr ij Hkh ykxw gksrh gS tks ,d fcUnq osQ
ifjr% ?kwers gSa] tSls yV~Vw dk ?kweuk (fp=k 7.6(a))A bl rjg osQ ekeyksa esa] 
r d.k dk fLFkfr lfn'k izn£'kr djrk gS tks fLFkj fcUnq dks ewy fcUnq ysdj ekik x;k gksA

è;ku nsa] fd tc dksbZ oLrq ,d fLFkj v{k osQ ifjr% ?kw.kZu djrh gS rks le; osQ lkFk lfn'k ω dh
fn'kk ugha cnyrhA gk¡] bldk ifjek.k {k.k&{k.k ij cnyrk jgrk gSA vf/d O;kid ?kw.kZu osQ ekeyksa
esa ω osQ ifjek.k vkSj fn'kk nksuksa le; osQ lkFk cnyrs jg ldrs gSaA

7.6.1 dks.kh; Roj.k



vkius è;ku fn;k gksxk fd ge ?kw.khZ xfr laca/h vè;;u dks Hkh mlh rjg vkxs c<+k jgs gSa ftl rjg
geus vius LFkkukarj.k xfr laca/h vè;;u dks vkxs c<+k;k Fkk vkSj ftlosQ ckjs esa vc ge Hkyh&Hkk¡fr
ifjfpr gSaA LFkkukarj.k xfr dh xfrt pj jkf'k;ksa ;Fkk js[kh; foLFkkiu (∆r) vkSj js[kh; osx (v) osQ
ln`'k gh ?kw.khZ xfr esa dks.kh; foLFkkiu (θ) ,oa dks.kh; osx (ω) dh vo/kj.kk,a gSaA rc ;g
LokHkkfod gh gS fd tSls geus LFkkukarjh; xfr esa js[kh; Roj.k dks osx ifjorZu dh nj osQ :i esa
ifjHkkf"kr fd;k Fkk oSls gh ?kw.khZ xfr esa dks.kh; Roj.k dks Hkh ifjHkkf"kr djsaA vr% dks.kh; Roj.k α
dh ifjHkk"kk] le; osQ lkis{k dks.kh; osx ifjorZu dh nj osQ :i esa dj ldrs gSaA ;kfu]

 (7.21)

;fn ?kw.kZu v{k fLFkj gS rks ω dh fn'kk vkSj blfy, α dh fn'kk Hkh fLFkj gksxhA bl fLFkfr esa rc
lfn'k lehdj.k vfn'k lehdj.k esa cny tkrh gS vkSj ge fy[k ldrs gSa&



 (7.22)

7.7 cy vk?kw.kZ ,oa dks.kh; laosx

bl vuqHkkx esa] ge vkidks ,slh nks jkf'k;ksa ls voxr djk;saxs ftudks nks lfn'kksa osQ lfn'k xq.ku osQ
:i esa ifjHkkf"kr fd;k tkrk gSA ;s jkf'k;k¡] tSlk ge ns[ksaxs] d.kksa osQ fudk;ksa] fo'ks"kdj n`<+ fi.Mksa
dh xfr dk foospu djus esa cgqr egRoiw.kZ Hkwfedk vnk djrh gaSA

7.7.1 ,d d.k ij vkjksfir cy dk vk?kw.kZ

geus lhs[kk gS] fd fdlh n`<+ fi.M dh xfr] O;kid :i esa] ?kw.kZu ,oa LFkkukarj.k dk la;kstu gksrh
gSA ;fn fi.M fdlh fcUnq ;k fdlh js[kk osQ vuqfn'k fLFkj gS rks blesa osQoy ?kw.khZ xfr gksrh gSA ge
tkurs gSa fd fdlh oLrq dh LFkkukarjh; xR;koLFkk esa ifjorZu ykus osQ fy, (;kfu blesa js[kh; Roj.k



iSnk djus osQ fy,) cy dh vko';drk gksrh gSA rc LokHkkfod iz'u ;g mBrk gS fd ?kw.khZ xfr esa
cy osQ rqY; :i dkSu lh jkf'k gS\ ,d lexz fLFkfr }kjk bl iz'u dk mÙkj ryk'kus osQ fy, vkb;s
fdlh }kj dks [kksyus ;k can djus dk mnkgj.k ysaA }kj ,d n`<+ fi.M gS tks dCt+ksa ls gksdj xqtjus
okyh ÅèokZ/j v{k osQ ifjr% ?kwe ldrk gSA }kj dks dkSu ?kqekrk gS\ ;g rks Li"V gh gS fd tc rd
njokts ij cy ugha yxk;k tk;sxk ;g ugha ?kwe ldrkA fdUrq] fdlh Hkh cy }kjk ;g dk;Z fd;k tk
ldrk gks] ,slk ugha gSA dCtksa ls xqtjus okyh ÅèokZ/j js[kk ij yxus okyk cy] }kj esa dksbZ Hkh ?
kw.kZu xfr mRiUu ugha dj ldrk ¯drq fdlh fn, x, ifjek.k dk cy tc }kj osQ ckgjh fdukjs ij
yEcor~ yxk;k tk, rks ;g }kj dks ?kqekus esa lcls vf/d izHkkoh gksrk gSA ?kw.khZ xfr esa cy dk
ifjek.k gh ugha] cfYd] ;g dgk¡ vkSj oSQls yxk;k tkrk gS ;g Hkh egRoiw.kZ gksrk gSA

?kw.khZ xfr essa cy osQ lerqY; jkf'k cy vk?kw.kZ gSA bldks ,saBu (VkWoZQ) vFkok cy ;qXe Hkh dgk
tkrk gSA (ge cy vk?kw.kZ vkSj VkWoZQ 'kCnksa dk bLrseky ,dkFkhZ ekudj djsaxsA igys ge ,dy d.k
osQ fof'k"V ekeys esa cy vk?kw.kZ dh ifjHkk"kk nsaxsA ckn esa bl vo/kj.kk dks vkxs c<+kdj d.kksa osQ
fudk; vkSj n`<+ fi.Mksa osQ fy, ykxw djsaxsA ge] ?kw.kZu xfr esa blosQ dkj.k gksus okys ifjorZu ;kfu
n`<+ fi.M osQ dks.kh; Roj.k ls bldk laca/ Hkh tkusaxsA

fp=k 7.18 , τ ml ry osQ yEcor~ gS ftlesa r ,oa F gSa] vkSj bldh
fn'kk nf{k.kkorZ isap osQ fu;e }kjk tkuh tk ldrh gSA

;fn] P fcUnq ij fLFkr fdlh d.k ij cy F yxk gks vkSj ewy fcUnq O osQ lkis{k fcUnq P dk
fLFkfr lfn'k r gks (fp=k 7-18)] rks ewy fcUnq osQ lkis{k d.k ij yxus okys cy dk vk?kw.kZ
fuEufyf[kr lfn'k xq.kuiQy osQ :i esa ifjHkkf"kr fd;k tk;sxk&

τ = r × F (7.23)

cy vk?kw.kZ ,d lfn'k jkf'k gSA bldk laosQr fpÉ xzhd o.kZekyk dk ,d v{kj τ VkWo gSA τ dk
ifjek.k gS



τ = rF sinθ (7.24a)

tgk¡r fLFkfr lfn'k r dk ifjek.k ;kfu OP dh yackbZ gS]
F, cy F dk ifjek.k gS rFkk θ, r ,oa F osQ chp dk y?kq dks.k gS] tSlk fp=k esa n'kkZ;k x;k gSA

cy vk?kw.kZ dk foeh; lw=k M L2T
-2 gS A bldh foek;sa ogh gSa tks dk;Z vkSj ÅtkZ dhA rFkkfi] ;g

dk;Z ls fcyoqQy vyx HkkSfrd jkf'k gSA cy vk?kw.kZ ,d lfn'k jkf'k gS] tcfd] dk;Z ,d vfn'k
jkf'k gSA cy vk?kw.kZ dk S.I ek=kd U;wVu ehVj (Nm) gSA fp=k ls Li"V gS fd cy vk?kw.kZ osQ
ifjek.k dks ge fy[k ldrs gSa&

 (7.24b)

;k  (7.24c)

tgk¡  =r sinθ cy dh fØ;k&js[kk dh ewy fcUnq ls yEcor~ nwjh gS vkSj 

, r osQ yEcor~ fn'kk esa F dk vo;o gSA è;ku nsa fd tcr = 0 ;k F = 0 ;k

θ = 00 vFkok 1800 rc τ = 0 A vr% ;fn cy dk ifjek.k 'kwU; gks ;k cy ewy fcUnq ij izHkkoh
gks ;k cy dh fØ;k js[kk ewy fcUnq ls xqtjrh gks rks cy vk?kw.kZ 'kwU; gks tkrk gSA

vkidk è;ku bl ckr dh vksj tkuk pkfg, fd r × F lfn'k xq.ku gksus osQ dkj.k nks lfn'kksa osQ
lfn'k xq.kuiQy osQ lHkh xq.k bl ij Hkh ykxw gksrs gSaA vr% ;fn cy dh fn'kk myV nh tk;sxh rks
cy vk?kw.kZ dh fn'kk Hkh myVh gks tk;sxhA ijUrq ;fn r vkSj F nksuksa dh fn'kk myV nh tk, rks cy
vk?kw.kZ dh fn'kk esa dksbZ ifjorZu ugha gksxkA

7.7.2 fdlh d.k dk dks.kh; laosx

tSls cy vk?kw.kZ] cy dk ?kw.khZ lerqY; gS] Bhd oSls gh dks.kh; laosx] js[kh; laosx dk ?kw.khZ lerqY;
gSA igys ge ,dy d.k osQ fof'k"V ekeys esa dks.kh; laosx dks ifjHkkf"kr djaasxs vkSj ,dy d.k dh



xfr osQ lanHkZ esa bldh mi;ksfxrk ns[ksaxsA rc] dks.kh; laosx dh ifjHkk"kk dks n`<+ fi.Mksa lfgr d.kksa
osQ fudk;ksa osQ fy, ykxw djsaxsA

cy vk?kw.kZ dh rjg gh dks.kh; laosx Hkh ,d lfn'k xq.ku gSA bldks ge (js[kh;) laosx dk vk?kw.kZ
dg ldrs gSaA bl uke ls dks.kh; laosx dh ifjHkk"kk dk vuqeku yxk;k tk ldrk gSA

m nzO;eku vkSj p js[kh; laosx dk ,d d.k yhft,] ewy fcUnq O osQ lkis{k] ftldk fLFkfr lfn'k r

gksA rc ewy fcUnq O osQ lkis{k bl d.k dk dks.kh; laosx l fuEufyf[kr lehdj.k }kjk ifjHkkf"kr
gksxk&

l = r × p (7.25a)

dks.kh; laosx lfn'k dh ifjek.k gS

 (7.26)

tgk¡p lfn'k p dk ifjek.k gS rFkk θ r ,oa p osQ chp dk y?kq dks.k gSA bl lehdj.k dks ge
fy[k ldrs gSa&

 ;k  (7.26b)

tgk¡  (=r sinθ) lfn'k p dh fn'kk js[kk dh ewy fcUnq ls yEcor~ nwjh gS vkSj 

, r dh yEcor~ fn'kk esa p dk vo;o gSA tc ;k rks js[kh; laosx 'kwU; gks (p

= 0) ;k d.k ewy fcUnq ij gks (r = 0) ;k fiQj p dh fn'kk js[kk ewy fcUnq ls xqtjrh gks θ = 00 ;k

1800) rc ge vis{kk dj ldrs gSa fd dks.kh; laosx 'kwU; gksxk (l = 0)A

HkkSfrd jkf'k;ksa] cy vk?kw.kZ ,oa dks.kh; laosx esa ,d egRoiw.kZ ikjLifjd laca/ gSA ;g laca/ Hkh cy
,oa js[kh; laosx osQ chp osQ laca/ dk ?kw.khZ lerqY; gSA ,dy d.k osQ lanHkZ esa ;g laca/ O;qRiUu



djus osQ fy, ge l = r × p dks le; osQ vk/kj ij vodfyr djrs gSa]

nkb± vksj osQ O;atd ij xq.ku osQ vodyu dk fu;e ykxw djsa] rks

vc] d.k dk osx v = dr/dt ,oa p =mv fy[ksa] rks

D;ksafd nks lekUrj lfn'kksa dk lfn'k xq.kuiQy 'kwU; gksrk gSA rFkk] pwafd dp / dt = F,

∴ 

vr% 

;k]  (7.27)

vr,o] fdlh d.k osQ dks.kh; laosx esa le; osQ lkFk gksus okys ifjorZu dh nj bl ij izHkkoh cy
vk?kw.kZ osQ cjkcj gksrh gSA ;g lehdj.k F = dp/dt , tks ,dy d.k dh LFkkukarjh; xfr osQ fy,
U;wVu osQ f}rh; fu;e dks O;Dr djrk gS] dk ?kw.khZ lerqY; gSA

d.kksa osQ fudk; dk cy vk?kw.kZ ,oa dks.kh; laosx



d.kksa osQ fdlh fudk; dk] fdlh fn, x, fcUnq osQ ifjr% oqQy dks.kh; laosx Kkr djus osQ fy, gesa
,dy d.kksa osQ dks.kh; laosxksa osQ lfn'k ;ksx dh x.kuk djuh gksxhA vr%n d.kksa osQ fudk; osQ fy,]

i osa d.k dk dks.kh; laosx gksxk]

li = ri × pi

tgk¡] ri fn, x, ewy fcUnq osQ lkis{ki osa d.k dk fLFkfr lfn'k gS vkSj p = (mivi) ml d.k dk

js[kh; laosx gSA (d.k dk nzO;ekumi ,oa osx vi gS)A d.kksa osQ fudk; osQ oqQy dks.kh; laosx dks ge

fuEuor~ fy[k ldrs gSa&

 (7.25b)

;g lehdj.k (7.25a) esa nh xbZ ,dkdh d.k osQ laosx dh ifjHkk"kk dk d.kksa osQ fudk; osQ fy,
fd;k x;k O;kidhdj.k gSA

lehdj.kksa (7.23) vkSj (7.25b)dk mi;ksx djsa rks

 (7.28a)

tgk¡ τi ,i osa d.k ij izHkkoh cy vk?kw.kZ gS_

i osa d.k ij yxus okyk cy Fi , bl ij yxus okys lHkh ckg~; cyksa  ,oa fudk; osQ nwljs



d.kksa }kjk bl d.k ij yxus okys vkarfjd cyksa  dk lfn'k ;ksx gSA
blfy,] ge oqQy cy vk?kw.kZ esa ckg~; ,oa vkarfjd cyksa osQ ;ksxnku dks vyx&vyx dj ldrs gSaA

 vFkkZr~

,

tgk¡ 

vkSj 

ge] u fliZQ U;wVu dk r`rh; fu;e ;kfu ;g rF; fd fudk; osQ fdUgha nks d.kksa osQ chp yxus okys
cy cjkcj gksrs gSa vkSj foijhr fn'kk esa yxrs gSa] cfYd ;g Hkh ekudj pysaxs fd ;s cy nksuksa d.kksa
dks feykus okyh js[kk osQ vuqfn'k yxrs gSaA bl fLFkfr esa vkarfjd cyksa dk] fudk; osQ oqQy cy vk?
kw.kZ esa ;ksxnku 'kwU; gksxkA D;ksafd] izR;sd fØ;k&izfrfØ;k ;qXe dk ifj.kkeh cy vk?kw.kZ 'kwU; gSA vr%
τint = 0 vkSj blfy, τ = τext

pwafd , lehdj.k (7.28a) ls fu"d"kZ fudyrk gS] fd

 (7.28b)

vr%] d.kksa osQ fdlh fudk; osQ oqQy dks.kh; laosx esa le; osQ vuqlkj gksus okys ifjorZu dh nj
ml ij vkjksfir cká cy vk?kw.kks± (;kfu cká cyks osQ vk?kw.kks±) osQ lfn'k ;ksx osQ cjkcj gksrh gSA
è;ku jgs fd ftl fcUnq (;gk¡ gekjs lanHkZ&izsQe dk ewy fcUnq) osQ ifjr% oqQy dks.kh; laosx fy;k



tkrk gS mlh osQ ifjr% cká cy vk?kw.kks± dh x.kuk dh tkrh
gSA lehdj.k (7.28 b)] d.kksa osQ fudk; osQ O;kidho`Qr d.k dh lehdj.k (7.27) gh gSA ;g Hkh
è;ku nsus dh ckr gS fd ,d d.k osQ ekeys esa vkarfjd cyksa ;k vkarfjd cy vk?kw.kks± dk dksbZ
vfLrRo ugha gksrkA lehdj.k
(7.28 b) fuEufyf[kr lehdj.k (7.17) dk ?kw.khZ
lerqY; gSA

 (7.17)

è;ku nsa fd lehdj.k (7.17) dh rjg gh] lehdj.k (7.28b) Hkh d.kksa osQ lHkh fudk;ksa osQ fy,
ykxw gksrh gS pkgs og fi.M n`<+ gks ;k fofHkUu izdkj dh xfr;ksa ls ;qDr i`Fkd i`Fkd d.kksa dk
fudk;A

dks.kh; laosx dk laj{k.k

;fn τext = 0, rks lehdj.k (7.28b) jg tkrh gS

∴ L = vpjkad (7.29a)

vr%] d.kksa osQ fdlh fudk; ij vkjksfir oqqQy cká cy vk?kw.kZ ;fn 'kwU; gks rks ml fudk; dk oqQy
dks.kh; laosx lajf{kr gksrk gS vFkkZr~ vpj jgrk gSA lehdj.k (7.29a) rhu vfn'k lehdj.kksa osQ
lerqY; gSA

Lx= K1, Ly= K2 ,oa Lz= K3 (7.29 b )

;gk¡ K1,K2 ,oaK3 vpjkad gSa rFkk Lx,Ly vkSj Lz oqQy dks.kh; laosx lfn'k L osQ Øe'k%x, y ,oaz

fn'kkvksa esa fo;ksftr vo;o gSaA ;g dFku fd oqqQy dks.kh; laosx lajf{kr gS] bldk ;g Hkh vFkZ gS



fd ;s rhuksa vo;o Hkh lajf{kr gSaA

lehdj.k (7.29a)] lehdj.k (7.18a) ;kfu d.kksa osQ fudk; osQ oqQy js[kh; laosx osQ laj{k.k osQ
fu;e] dk ?kw.khZ lerqY; gSA lehdj.k (7.18a) dh rjg gh vusd O;kogkfjd fLFkfr;ksa esa blosQ
vuqiz;ksx gSaA bl vè;k; esa oqQN jkspd vuqiz;ksxksa dh ge ppkZ djsaxsA

mnkgj.k 7.5: ewy fcUnq osQ ifjr%] cy 7iˆ + 3jˆ – 5kˆ dk cy vk?kw.kZ Kkr dhft,A
cy ftl d.k ij yxrk gS mldk fLFkfr lfn'k iˆ – jˆ + kˆ gSA

gy : ;gk¡ 

,oa .

cyk?kw.kZ  Kkr djus osQ
fy, ge fMVjfeusaV gy djsaxs

;k  t



mnkgj.k 7.6: n'kkZb;s] fd vpj&osx ls pyrs ,dy d.k dk fdlh fcUnq osQ
ifjr% dks.kh; laosx mldh leLr xfr osQ nkSjku vpj jgrk gSA

gy : ekuk fd dksbZ d.k P fdlh d.kt ij] v osx ls py jgk gSA ge] bl d.k dk dks.kh; laosx]
LosPN fcUnq O osQ ifjr% Kkr djuk pkgrs gSaA

fp=k 7.19

dks.kh; laosx l = r ×mv gSA bldk ifjek.kmvr sinθ gS] tgk¡ θ , r vkSj v osQ chp dk dks.k gS
(nsf[k, fp=k 7.19)A ;|fi d.k le; osQ lkFk viuh fLFkfr cny jgk gS] fiQj Hkh] v dh fn'kk js[kk
ogh cuh jgrh gS vkSj blfy, 
OM =r sin θ vpj gSA

l dh fn'kk] r ,oa v osQ ry osQ vfHkyEcor~] i`"B osQ vanj dh vksj tkrh gqbZ gSA ;g fn'kk Hkh ugha
cnyrhA

vr%] l dk ifjek.k ,oa fn'kk ogh jgrh gS vkSj
blfy, ;g lajf{kr gSA D;k d.k ij dksbZ cká cy
vkjksfir gS\ t

7.8 n`<+ fi.Mksa dk larqyu

vc ge O;kid d.k&fudk;ksa osQ ctk; n`<+ fi.Mksa dh xfr ij viuk è;ku osaQfnzr djsaxsA

vkb;s] Lej.k djsa fd n`<+ fi.Mksa ij cká cyksa osQ D;k izHkko gksrs gSa\ (vkxs ls ge fo'ks"k.k ^cká*
dk iz;ksx ugha djsaxsA tc rd vU;Fkk u dgk tk;] ge osQoy cká cyksa vkSj cy vk?kw.kks± ls gh



O;ogkj djsaxs)A cy] fdlh n`<+ fi.M dh LFkkukarjh; xR;koLFkk esa ifjorZu ykrs gSa] vFkkZr~ os
lehdj.k (7-17) osQ vuqlkj] blosQ oqQy js[kh; laosx dks ifjo£rr djrs gSaA ysfdu] cyksa dk ;g
,dek=k izHkko ugha gSA ;fn fi.M ij yxus okyk oqQy cy vk?kw.kZ 'kwU; u gks rks blosQ dkj.k] n`<+
fi.M dh ?kw.khZ xfr esa ifjorZu gksxk vFkkZr~ fi.M dk oqQy dks.kh; laosx lehdj.k (7-28b) osQ
vuqlkj cnysxkA

fdlh n`<+ fi.M dks ;kaf=kd larqyu dh voLFkk esa rc dgk tk,xk tc blosQ js[kh; laosx vkSj
dks.kh; laosx nksuksa dk gh eku le; osQ lkFk u cnyrk gks ;kfu ml fi.M esa u js[kh; Roj.k gks u
dks.kh; Roj.kA bldk vFkZ gksxk fd

(1) fi.M ij yxus okyk oqQy cy ;kfu cyksa dk lfn'k ;ksx 'kwU; gks %

 (7.30a)

;fn fi.M ij yxus okyk oqQy cy 'kwU; gksxk rks ml fi.M osQ js[kh; laosx esa le; osQ lkFk dksbZ
ifjorZu ugha gksxkA lehdj.k (7-30a) fi.M osQ LFkkukarjh; larqyu dh 'krZ gSA

(2) oqQy cy vk?kw.kZ] ;kfu n`<+&fi.M ij yxus okys cy&vk?kw.kks± dk lfn'k ;ksx 'kwU; gksxk %

 (7-30b)

;fn n`<+ fi.M ij vkjksfir oqQy cy vk?kw.kZ 'kwU; gks rks bldk oqQy dks.kh; laosx le; osQ lkFk ugha
cnysxkA lehdj.k (7-30b) fi.M osQ ?kw.khZ larqyu dh 'krZ gSA

vc ;g iz'u mB ldrk gS] fd ;fn og ewy fcUnq ftlosQ ifjr% vk?kw.kks± dh x.kuk dh xbZ gS cny
tk,] rks D;k ?kw.khZ larqyu dh 'krZ cnysxh\ ;g fn[kk;k tk ldrk gS fd ;fn fdlh n`<+ fi.M osQ
fy, LFkkukarjh; larqyu dh 'krZ lehdj.k (7.30b) ykxw gksrh gS rks bl ij ewy fcUnq osQ LFkkukarj.k
dk dksbZ izHkko ugha gksxk vFkkZr~ ?kw.khZ larqyu dh 'krZ ml ewy fcUnq dh fLFkfr osQ Åij fuHkZj ugha



djrh ftlosQ ifjr% vk?kw.kZ fy, x, gSaA mnkgj.k 7-7] esa cy;qXe (;kfu LFkkukarjh; larqyu esa] fdlh
fi.M osQ Åij yxus okys cyksa dk ,d tksM+k) osQ fof'k"V ekeys esa bl rF; dh iqf"V dh tk,xhAn
cyksa osQ fy, bl ifj.kke dk O;kid O;atd izkIr djuk vkiosQ vH;kl osQ fy, NksM+ fn;k x;k gSA

lehdj.k (7.30a) ,oa lehdj.k (7.30b) nksuksa gh lfn'k lehdj.ksa gSaA buesa ls izR;sd rhu vfn'k
lehdj.kksa osQ lerqY; gSaA lehdj.k (7.30a) osQ laxr ;s lehdj.ksa gSa

,  ,oa  (7.31a)

tgk¡Fix,Fiy ,oaFiz cy Fi osQ Øe'k%x, y ,oaz fn'kk esa fo;ksftr vo;o gSaA blh izdkj] lehdj.k

(7.30b) ftu rhu vfn'k lehdj.kksa osQ lerqY; gSa] os gSa

,  ,oa  (7.31b)

tgk¡ τix, τiy ,oa τiz Øe'k%x, y ,oaz fn'kk esa cy vk?kw.kZ τi osQ vo;o gSaA

lehdj.k (7.31a) ,oa (7.31b), gesa fdlh n`<+ fi.M osQ ;kaf=kd larqyu osQ fy, vko';d N% ,slh
'krs± crkrs gSa tks ,d nwljs osQ Åij fuHkZj ugha djrhaA cgqr lh leL;kvksa esa fdlh fi.M ij yxus
okys lHkh cy ,d gh ry esa gksrs gSaA bl fLFkfr esa ;kaf=kd larqyu osQ fy, osQoy rhu 'krks± dks iwjh
fd, tkus dh vko';drk gksxhA buesa ls nks 'krs± LFkkukarjh; larqyu osQ laxr gksaxh] ftuosQ vuqlkj]
lHkh cyksa osQ] bl ry esa LosPN pquh xbZ nks ijLij yEcor~ v{kksa osQ vuqfn'k] vo;oksa dk lfn'k
;ksx vyx&vyx 'kwU; gksxkA rhljh 'krZ ?kw.khZ&larqyu osQ laxr gSA cyksa osQ ry osQ vfHkyEcor~ v{k
osQ vuqfn'k cy vk?kw.kZ osQ vo;oksa dk ;ksx 'kwU; gksuk pkfg,A

,d n`<+ fi.M osQ larqyu dh 'krks± dh rqyuk] ,dy d.k osQ larqyu dh 'krks± ls dh tk ldrh gSA
bl fo"k; esa geus igys osQ vè;k;ksa esa ckr dh gSA d.k ij ?kw.khZ xfr dk dksbZ fopkj vko';d ugha
gksrkA blosQ larqyu osQ fy, osQoy LFkkukarjh; larqyu dh 'krs± (lehdj.k 7.30 a) gh i;kZIr gSaA vr%



fdlh d.k osQ larqyu osQ fy, bl ij vkjksfir lHkh cyksa dk lfn'k ;ksx 'kwU; gksuk pkfg,A D;ksafd
;s lc cy ,d gh d.k ij dk;Z djrs gSa blfy, laxkeh Hkh gksrs gSaA laxkeh cyksa osQ rgr larqyu
dk foospu igys osQ vè;k;ksa esa fd;k tk pqdk gSA

KkrO; gS fd ,d fi.M vkaf'kd larqyu esa gks ldrk gS ;kfu ;g gks ldrk gS fd ;g LFkkukarjh;
larqyu esa gks ijUrq ?kw.khZ larqyu esa u gks ;k fiQj ?kw.khZ larqyu esa rks gks ij LFkkukarjh; larqyu esa uk
gksA

,d gydh (;kfu ux.; nzO;eku okyh) Lora=k NM+ (AB) ij fopkj dhft,] ftlosQ nks fljksa (A ,oa
B) ij] cjkcj ifjek.k okys nks lekarj cy] F, fp=k 7.20(a) esa n'kkZ;s vuqlkj] NM+ osQ yEcor~ yxs
gksaA

fp=k 7.20(a)

ekuk fd NM+ AB dk eè; fcUnq C gS vkSj CA = CB = a gSA A ,oa B ij yxs cyksa osQ C osQ
ifjr% vk?kw.kZ] ifjek.k esa leku (aF) gSa] ij tSlk fp=k esa fn[kk;k x;k gS] foijhr fn'kkvksa esa
izHkkodkjh gSaA NM+ ij oqQy cy vk?kw.kZ 'kwU; gksxkA fudk; ?kw.khZ larqyu esa gS] ij ;g LFkkukarjh;

larqyu esa ugha gS] D;ksafd A

fp=k 7.20(b)

fp=k 7.20(b) esa] fp=k (7.20a) esa B fljs ij yxk, x, cy dh fn'kk myV nh xbZ gSA vc mlh NM+
ij fdlh {k.k ij cjkcj ifjek.k osQ nks cy] foijhr fn'kkvksa esa] NM+ osQ yEcor~ yxs gSa ,d A fljs
ij vkSj nwljk B fljs ijA ;gk¡ nksuksa cyksa osQ vk?kw.kZ cjkcj rks gSa ij os foijhr fn'kk esa ugha gSa_ os
,d gh fn'kk esa gSa vkSj NM+ esa okekorZ ?kw.kZu dh izo`fÙk ykrs gSaA NM+ ij yxus okyk oqQy cy 'kwU;
gSA vr% NM+ LFkkukarjh; larqyu esa gS] ysfdu ;g ?kw.khZ larqyu esa ugha gSA ;|fi ;g NM+ fdlh Hkh



rjg ls fLFkj ugha dh xbZ gS] blesa 'kq¼ ?kw.khZ laHko gksrh gS (;kfu LFkkukarj.k jfgr ?kw.kZu xfr)A

nks cjkcj ifjek.k osQ] foijhr fn'kkvksa esa yxs cyksa dk tksM+k ftudh fØ;k js[kk,¡ ,d u gksa cy;qXe
vFkok ,saBu (VkWoZQ) dgykrk gSA cy;qXe fcuk LFkkukarj.k osQ ?kw.kZu iSnk djrk gSA

tc ge ?kqekdj fdlh cksry dk <Ddu [kksyrs gSa rks gekjh maxfy;k¡ <Ddu ij ,d cy;qXe
vkjksfir djrh gSaA [fp=k 7.21(a)]A bldk nwljk mnkgj.k i`Foh osQ pqEcdh; {ks=k esa j[kh pqEcdh;
lqbZ gS [fp=k 7.21(b)]A i`Foh dk pqEcdh; {ks=k] pqEcdh; lqbZ osQ mÙkjh vkSj nf{k.kh /zqoksa ij
cjkcj cy yxkrk gSA mÙkjh /qzo ij yxk cy mÙkj fn'kk dh vksj ,oa nf{k.kh /zqo ij yxk cy
nf{k.kh fn'kk dh vksj gksrk gSA ml voLFkk osQ vfrfjDr tc lqbZ mÙkj&nf{k.k fn'kk esa laosQr djrh
gks] nksuksa cyksa dh fØ;k js[kk ,d ugha gksrhA vr% ml ij] i`Foh osQ pqEcdh; {ks=k osQ dkj.k] ,d
cy;qXe izHkkoh gksrk gSA

fp=k 7.21(a) <Ddu dks ?kqekus osQ fy, gekjh maxfy;k¡ ml ij ,d cy;qXe yxkrh gSa

fp=k 7.21(b) i`Foh dk pqEcdh; {ks=k] lqbZ osQ /qzoksa ij] cjkcj ifjek.k okys nks cy foijhr fn'kkvksa
esa yxkrk gSA ;s nks cy ,d cy;qXe cukrs gSaA

mnkgj.k 7.7: n'kkZb;s fd fdlh cy;qXe dk vk?kw.kZ ml fcUnq osQ Åij fuHkZj ugha
djrk ftlosQ ifjr% vki vk?kw.kZ Kkr djrs gSaA

gy

fp=k 7.22

,d n`<+ fi.M yhft, ftl ij fp=k 7.22 esa fn[kk;s vuqlkj cy;qXe yxk gSA cy F ,oa -F Øe'k%
fcUnq B vkSj A ij yxs gSaA ewy fcUnq O osQ lkis{k bu fcUnqvksa osQ fLFkfr lfn'k Øe'k% r2 ,oa r1

gSaA vkb;s] ewy fcUnq osQ ifjr% cyksa osQ vk?kw.kZ Kkr djsaA

cy;qXe dk vk?kw.kZ = ;qXe cukus okys cyksa osQ vk?kw.kks± dk ;ksx



= r1 × (–F) + r2 × F

= r2 × F – r1 × F

= (r2 – r1) × F

ysfdu r1 + AB = r2, ∴ AB = r2 – r1.

cy;qXe dk vk?kw.kZ = AB × F

Li"Vr%] ;g eku ewy fcUnq ;kfu og fcUnq ftlosQ ifjr% geus cyksa osQ vk?kw.kZ fy, gSa mldh fLFkfr
ij fuHkZj ugha djrkA t

7.8.1 vk?kw.kks± dk fl¼kar

,d vkn'kZ mÙkksyd] vfuok;Z :i ls] ,d ,slh gydh (;kfu ux.; nzO;eku okyh) NM+ gS tks
viuh yEckbZ osQ vuqfn'k fy, x, fdlh fcUnq osQ ifjr% ?kwe ldrh gksA ;g fcUnq vkyEc dgykrk
gSA cPpksa osQ [ksy osQ eSnku esa yxk lh&lk] mÙkksyd dk ,d izfrfuf/d mnkgj.k gSA nks cy F1 ,oa

F2, tks ,d nwljs osQ lekarj gSa mÙkksyd osQ fljksa ij] blosQ yEcor~ rFkk vkyEc ls Øe'k%d1 ,o

ad2 nwfj;ksa ij yxk;s x, gSa tSlk fp=k 7.23 esa n'kkZ;k x;k gSA

fp=k 7.23

;g mÙkksyd ;kaf=kd :i ls ,d larqfyr fudk; gSA ekuk fd vkyEc ij cyksa dk izfrfØ;k cyR gSA
;g cyksa F1 ,oaF2 dh foijhr fn'kk esa izHkkoh gSA LFkkukarjh; larqyu osQ fy,]

R – F1 – F2 = 0 (i)



vkSj ?kw.khZ larqyu esa] vkyEc osQ ifjr% vk?kw.kZ ysus ij] bu vk?kw.kks± dk ;ksx 'kwU; gksxkA vr%

d1F1 – d2F2 = 0 (ii)

lkekU;r% okekorZ vk?kw.kks± dks /ukRed ,oa nf{k.kkorZ vk?kw.kks± dks ½.kkRed fy;k tkrk gSA è;ku nsa
fdR vkyEc] ij gh dk;Zjr gS vkSj bldk vk?kw.kZ 'kwU; gSA

mÙkksyd osQ ekeys esa]F1 izk;% dksbZ yksM gksrk gS ftls mBkuk gksrk gS bls Hkkj dgrs gSaA vkyEc ls

bldh nwjh d1 Hkkj dh Hkqtk dgykrh gSA cy F2, yksM dks mBkus osQ fy, yxk;k x;k cy] iz;kl

gSA vkyEc ls bldh nwjh iz;kl Hkqtk dgykrh gSA

lehdj.k (ii) dks ge bl izdkj Hkh fy[k ldrs gSa

d1F1 = d2F2 (7.32a)

;k] Hkkj × Hkkj dh Hkqtk = iz;kl × iz;kl dh Hkqtk

mijksDr lehdj.k] fdlh mÙkksyd osQ fy, vk?kw.kks± dk fu;e O;Dr djrh gSA vuqikrF1/F2 ;kaf=kd

ykHk (M.A) dgykrk gSA

vr% M.A.=  (7.32b)

;fn iz;kl Hkqtkd2 dh yEckbZ] Hkkj&Hkqtkd1 ls vf/d gks] rks ;kaf=kd ykHk ,d ls vf/d gksrk gSA

;kaf=kd ykHk ,d ls vf/d gksus dk vFkZ gksrk gS fd de iz;kl ls vf/d Hkkj mBk;k tk ldrk gSA
lh&lk osQ vfrfjDr Hkh vkiosQ bnZ&fxnZ mÙkksydksa osQ cgqr ls mnkgj.k vkidks fey tk;saxsA rqykn.M
Hkh ,d mÙkksyd gh gSA oqQN vU; mÙkksydksa osQ mnkgj.k vius ifjos'k ls <w¡f<+,A izR;sd osQ fy,
muosQ vkyEc] Hkkj] Hkkj&Hkqtk] iz;kl vkSj iz;kl&Hkqtk dh igpku dhft,A

vki ;g ljyrk ls n'kkZ ldrs gSa fd ;fn lekarj cy F1 vkSj F2 mÙkksyd osQ yEcor~ u gksa cfYd

dksbZ dks.k cukrs gq, yxs gksa rc Hkh vk?kw.kks± dk fu;e ykxw gksrk gSA



7.8.2 xq#Ro osQUnz

vkiesa ls dbZ yksxksa us viuh uksV cqd dks viuh maxyh dh uksd ij larqfyr fd;k gksxkA fp=k 7.24

mlh rjg dk ,d fØ;kdyki gS tks vki vklkuh ls dj ldrs gSaA ,d vfu;fer vkdkj dk xÙks
dk VqdM+k vkSj isafly tSlh dksbZ ckjhd uksd okyh oLrq yksA oqQN ckj iz;kl djosQ vki xÙks osQ
VqdM+s esa ,d ,slk fcUnq G <w¡<+ ldrs gSa ftlosQ uhps isafly dh uksd j[kus ij xÙks dk VqdM+k ml
uksd ij larqfyr gks tk,xkA (bl fLFkfr esa xÙks dk VqdM+k iw.kZr% {kSfrt voLFkk esa jguk pkfg,)A
;g larqyu fcUnq xÙks osQ VqdM+s dk xq#Ro osQUnz (CG) gSA isafly dh uksd ÅèokZ/jr% Åij dh vksj
yxus okyk ,d cy iznku djrh gS ftlosQ dkj.k xÙks dk VqdM+k ;kaf=kd larqyu esa vk tkrk gSA tSlk
fp=k 7.24 esa n'kkZ;k x;k gS] isafly dh uksd dk izfrfØ;k cy R xÙks osQ VqdM+s osQ oqQy Hkkj Mg

(;kfu bl ij i`Foh osQ xq#Rokd"kZ.k cy) osQ cjkcj vkSj foijhr gS vkSj blfy, ;g LFkkukarjh;
larqyukoLFkk esa gSA lkFk gh ;g ?kw.khZ larqyu esa Hkh gSA D;ksafd] vxj ,slk u gksrk rks vlarqfyr cy
vk?kw.kZ osQ dkj.k ;g ,d vksj >qd tkrk vkSj fxj tkrkA xq#Ro cy osQ dkj.k xÙks osQ VqdM+s ij cgqr
ls cy vk?kw.kZ izHkkoh gSa D;ksafd ,dkdh d.kksa osQ Hkkj m1g,m2g …. vkfn G ls fofHkUu nwfj;ksa ij

dk;Z dj jgs gSaA

fp=k 7.24 xÙks osQ VqdM+s dks isafly dh uksd ij larqfyr djukA isafly dh uksd xÙks osQ VqdM+s dk
xq#Ro osQUnz fu/kZfjr djrh gSA

xÙks osQ VqdM+s dk xq#Ro osQUnz bl izdkj fu/kZfjr fd;k x;k gS fd m1g,m2g …. vkfn cyksa dk

blosQ ifjr% fy;k x;k vk?kw.kZ 'kwU; gSA

;fn ri xq#Ro osQUnz osQ lkis{k fdlh fi.M osQi-osa d.k dk fLFkfr lfn'k gks] rks bl ij yxus okys

xq#Ro cy dk xq#Ro osQUnz osQ ifjr% cy vk?kw.kZ τi = ri ×mi gA xq#Ro osQUnz osQ ifjr% oqQy

xq#Roh; cy vk?kw.kZ 'kwU; gksus osQ dkj.k

 (7.33)

blfy,] fdlh fi.M osQ xq#Ro&osQUnz dks ge ,d ,sls fcUnq osQ :i esa ifjHkkf"kr dj ldrs gSa ftlosQ



ifjr% fi.M dk oqQy xq#Roh; cy vk?kw.kZ 'kwU; gksA

ge ns[krs gSa fd lehjd.k (7.33) esa g lHkh d.kksa osQ fy, leku gS vr% ;g ;ksx&fpUg 

 ls ckgj vk ldrk gSA vr%]  = 0 A ;kn jf[k, fd fLFkfr lfn'k (ri)

xq#Ro osQUnz osQ lkis{k ukis x, gSaA vc vuqHkkx 7.2 dh lehdj.k (7.4a) osQ vuqlkj ;fn  =

0, rks ewy fcUnq fi.M dk nzO;eku osQUnz gksuk pkfg,A vr% fi.M dk xq#Ro osQUnz ,oa nzO;eku osQUnz
,d gh gSA gekjs è;ku esa ;g ckr vkuh pkfg, fd ,slk blfy, gS] D;ksafd] oLrq dk vkdkj bruk
NksVk gS fd blosQ lHkh fcUnqvksa osQ fy, g dk eku leku gSA ;fn fi.M bruk cM+k gks tk, fd
blosQ ,d Hkkx dh rqyuk esa nwljs Hkkx osQ fy, g dk eku cny tk, rc xq#Ro osQUnz ,oa nzO;eku
osQUn lEikrh ugha gksaxsA ewy :i esa] ;s nks vyx&vyx vo/kj.kk,¡ gSaA nzO;eku osQUnz dk xq#Ro ls
oqQN ysuk nsuk ugha gSA ;g osQoy fi.M esa nzO;eku osQ forj.k ij fuHkZj djrk gSA

fp=k 7.25 vfu;fer vkdkj osQ iQyd dk xq#Ro osQUnz Kkr djukA iQyd dk xq#Ro osQUnz G bldks
A dksus ls yVdkus ij blls gksdj xqtjus okyh ÅèokZ/j js[kk ij iM+rk gSA

vuqHkkx 7.2 esa geus dbZ fu;fer] lekax] fi.Mksa osQ nzO;eku osQUnz dh fLFkfr Kkr dh FkhA Li"Vr%]
;fn fi.M fo'kkydk; ugha gS] rks mlh fof/ ls ge muosQ xq#Ro osQUnz Kkr dj ldrs gSaA

fp=k 7.25, xÙks osQ VqdM+s tSls fdlh vfu;fer vkdkj osQ iQyd dk xq#Ro osQUnz Kkr djus dh ,d
vU; fof/ n'kkZrk gSA ;fn vki bl iQyd dks fdlh fcUnq tSls A ls yVdk;sa rks A ls xqtjus okyh
ÅèokZ/j js[kk xq#Ro osQUnz ls xqtjsxhA ge bl ÅèokZ/j js[kk AA1, dks vafdr dj ysrs gSaA vc ge

iQyd dks fdlh nwljs fcUnq tSls B ;k C ls yVdkrs gSaA bu nks ÅèokZ/j js[kkvksa dk dVku fcUnq
xq#Ro osQUnz gSA le>kb;s fd ;g fof/ D;ksa izHkkoh gksrh gS\ pwafd ;gk¡ fi.M NksVk lk gh gS vr% bl
fof/ ls bldk nzO;eku osQUnz Hkh Kkr fd;k tk ldrk gSA

mnkgj.k 7.8: 70 lsaVhehVj yach vkSj 4.00 kg nzO;eku dh /krq dh NM+ osQ nksuksa fljksa
ls 10 lsaVhehVj nwj j[ks nks {kqj&/kjksa ij fVdh gSA blosQ ,d fljs ls 40 lsaVhehVj
dh nwjh ij 6.00 kg nzO;eku dk ,d Hkkj yVdk;k x;k gSA {kqj&/kjksa ij yxus



okys izfrfØ;k cyksa dh x.kuk dhft,A (NM+ dks lekax vkSj leku vuqizLFk dkV
okyh eku ldrs gSaA)

gy :

fp=k 7.26

fp=k 7.26 esa NM+ dks AB ls n'kkZ;k x;k gSA K1 ,oa K2 {kqj&/kjksa dh fLFkfr n'kkZrs gSaA G ,oa P

Øe'k% xq#Ro osQUnz ,oa yVdk;s x, cy dh fLFkfr;k¡ gSaA

è;ku nsa fd NM+ dk Hkkj W blosQ xq#Ro osQUnz G ij dk;Z djrk gSA NM+ leku vuqizLFk dkV okyh
vkSj lekax nzO; ls cuh gS blfy, G bldk osQUnz gSA AB = 70 cm. AG = 35 cm, AP = 30 cm, PG

= 5 cm, AK1= BK2 = 10 cm vkSj K1G = K2G = 25 cm ,oaW = NM+ dk Hkkj = 4.00 kg

rFkkW1= yVdk;k x;k Hkkj = 6.00 kg;R1 ,oaR2 {kqj&/kjksa osQ vk/kjksa osQ vfHkyEcor~ izfrfØ;k cy

gSaA

NM+ osQ LFkkukarjh; larqyu osQ fy,

R1+R2-W1- W = 0 (i)

è;ku nsa fdW1 ,oa W ÅèokZ/jr% uhps dh vksj rFkk R1 ,oa R2 ÅèokZ/jr% Åij dh vksj yxrs gSaA

?kw.khZ larqyu dh n`f"V ls ge cyksa osQ vk?kw.kZ Kkr djrs gSaA ,d ,slk fcUnq ftlosQ ifjr% vk?kw.kZ Kkr
djus ls
lqfo/k jgsxh G gSA R2 vkSj W1 osQ vk?kw.kZ okekorZ (/ukRed) gSa] tcfd R1 dk vk?kw.kZ nf{k.kkorZ

(½.kkRed) gSA

vr% ?kw.khZ larqyu osQ fy,

–R1 (K1G) +W1 (PG) +R2 (K2G) = 0 (ii)



;g fn;k x;k gS fdW = 4.00g N,W1 = 6.00g N, tgk¡ g = xq#Ro osQ dkj.k Roj.k g = 9.8 m/s
2
.

lehdj.k (i) esa vkafdd eku izfrLFkkfir djus ij]

R1 +R2 – 4.00g – 6.00g =0

;kR1 +R2 = 10.00g N (iii)

= 98.00 N

lehdj.k (ii) ls –0.25R1 + 0.05W1 + 0.25R2 = 0

;kR1 –R2 = 1.2g N = 11.76 N (iv)

lehdj.k (iii) and (iv) lsR1 = 54.88 N,

R2 = 43.12 N

vr% {kqj&/kjksa osQ vk/kjksa osQ izfrfØ;k cy gSa&

K1 ij 55 N rFkk K2 ij 43 N t

mnkgj.k 7.9: 20 kg nzO;eku dh ,d 3 m yach lh<+h ,d ?k"kZ.kfoghu nhokj osQ
lkFk >qdk dj fVdkbZ xbZ gSA tSlk fp=k 7.27 esa n'kkZ;k x;k gS] bldk fupyk
fljk iQ'kZ ij nhokj ls 1 m dh nwjh ij gSA nhokj vkSj iQ'kZ osQ izfrfØ;k cy
Kkr dhft,A

gy

fp=k 7.27



lh<+h AB dh yackbZ = 3 m, blosQ iSjksa dh nhokj ls nwjh AC = 1 m, ikbFkkxksjl izes; osQ vuqlkj

BC =  m A lh<+h ij yxus okys cy gSa & blosQ xq#Ro osQUnz D ij izHkkoh bldk Hkkj
WA nhokj vkSj iQ'kZ osQ izfrfØ;k cy F1 ,oa F2A cy F1 nhokj ij vfHkyEcor~ gS] D;ksafd] nhokj

?k"kZ.kfoghu gSA cy F2 dks nks vo;oksa esa fo;ksftr fd;k tk ldrk

gS &vfHkyEcor~ izfrfØ;k cy N ,oa ?k"kZ.k cy F A è;ku nsa fd F lh<+h dks nhokj ls nwj fiQlyus
ls jksdrk gS blfy, bldh fn'kk nhokj dh vksj gSA

LFkkukarjh; larqyu osQ fy,] ÅèokZ/j cyksa dk ;ksx 'kwU; djus ij

N –W = 0 (i)

blh izdkj {kSfrt cy ysa rks]

F – F1 = 0 (ii)

?kw.khZ larqyu osQ dkj.k fcUnq A osQ ifjr% vk?kw.kZ ysus ij

(1/2)W = 0 (iii)

vc]W = 20g = 20 × 9.8 N = 196.0 N

(g = 9.8 m/s
2
)

lehdj.k (i) ls N = 196.0

lehdj.k (iii) ls



lehdj.k (ii) ls 

vr% N

cy F2 , {kSfrt ls α dks.k cukrk gS

t

7.9 tM+Ro vk?kw.kZ

ge igys gh ;g mYys[k dj pqosQ gSa fd ?kw.khZ xfr dk vè;;u ge LFkkukarj.k xfr osQ lekarj gh
pyk;saxsA bl fo"k; esa vki igys ls gh lqifjfpr gSaA bl laca/ esa ,d eq[; iz'u dk mÙkj nsuk vHkh
'ks"k gS fd ?kw.khZ xfr esa nzO;eku osQ lerqY; jkf'k D;k gS\ bl iz'u dk mÙkj ge izLrqr vuqHkkx esa
nsaxsA foospuk dks ljy cuk, j[kus osQ fy, ge osQoy fLFkj v{k osQ ifjr% ?kw.kZu ij gh fopkj djsaxsA
vkb;s] ?kw.kZu djrs fi.M dh xfrt ÅtkZ osQ fy, O;atd izkIr djsaA ge tkurs gSa fd fLFkj v{k osQ
ifjr% ?kw.kZu djrs fi.M dk izR;sd d.k] ,d o`Ùkkdkj iFk ij pyrk gS (ns[ksa fp=k 7.16)A vkSj v{k
ls ri nwjh ij fLFkr d.k dk js[kh; osx] tSlk lehdj.k (7.19) n'kkZrh gS] 

 gSA bl d.k dh xfrt ÅtkZ gS

tgk¡mi d.k dk nzO;eku gSA fi.M dh oqQy xfrt ÅtkZ K blosQ i`Fkd&i`Fkd d.kksa dh xfrt

ÅtkZvksa dk ;ksx gSA



;gk¡n fi.M osQ oqQy d.kksa dh la[;k gSA KkrO; gS fd ω lHkh d.kksa osQ fy, leku gS vr% ω2 dks
;ksx&fpÉ osQ ckgj fudky ldrs gSaA rc]

ge n`<+ fi.M dks vfHkyf{kr djus okyk ,d u;k izkpy ifjHkkf"kr djrs gSa ftldk uke tM+Ùo vk?
kw.kZ gS vkSj ftldk O;fDrdj.k gS

 (7.34)

bl ifjHkk"kk osQ lkFk

 (7.35)

è;ku nsa fd izkpyi dks.kh; osx osQ ifjek.k ij fuHkZj ugha djrkA ;g n`<+ fi.M vkSj ml v{k dk

vfHky{k.k gS ftlosQ ifjr% fi.M ?kw.kZu djrk gSA

lehdj.k (7.35) }kjk O;Dr ?kw.kZu djrs fi.M dh xfrt ÅtkZ dh js[kh; (LFkkukarjh;) xfr djrs

fi.M dh xfrt ÅtkZ  ls rqyuk dhft,A ;gk¡m fi.M dk
nzO;eku vkSjv mldk osx gSA dks.kh; osx ω (fdlh fLFkj v{k osQ ?kw.kZu osQ lanHkZ esa) vkSj js[kh;
osxv (js[kh; xfr osQ lanHkZ esa) dh lerqY;rk ge igys ls gh tkurs gSaA vr% ;g Li"V gS fd tM+Ro
vk?kw.kZI, izkpy nzO;eku dk ?kw.khZ lerqY; gSA (fLFkj v{k osQ ifjr%) ?kw.kZu esa tM+Ro vk?kw.kZ ogh
Hkwfedk vnk djrk gS tks js[kh; xfr esa nzO;ekuA



vc ge lehdj.k (7.34) esa nh xbZ ifjHkk"kk dk mi;ksx nks ljy fLFkfr;ksa esa tM+Ro vk?kw.kZ Kkr djus
osQ fy, djsaxsA

a) f=kT;k R vkSj nzO;eku M osQ ,d irys oy; ij fopkj dhft, tks vius ry esa] vius osQUnz osQ
ifjr% ω dks.kh; osx ls ?kw.kZu dj jgk gSA oy; dk izR;sd nzO;eku ?kVd bldh v{k ls R nwjh ij
gS vkSjv =Rω pky ls pyrk gSA blfy, bldh xfrt ÅtkZ gS&

lehdj.k (7.35) ls rqyuk djus ij ge ikrs gSa fd oy; osQ fy,I = MR2

fp=k 7.28 nzO;eku osQ ,d tksM+s ls ;qDr] l yackbZ dh NM+] tks fudk; osQ nzO;eku osQUnz ls xqtjus
okyh bldh yackbZ osQ yEcor~ v{k osQ ifjr% ?kwe jgh gSA fudk; dk oqQy nzO;eku M gSA

b) vc] gel yackbZ dh n`<+] Hkkjghu NM+ osQ fljksa ij yxs nks nzO;ekuksa ls cus ,d fudk; ij fopkj
djsaxsA ;g fudk; blosQ nzO;eku osQUnz ls xqtjrh NM+ osQ yEcor~ v{k osQ ifjr% ?kwe jgk gS (fp=k
7.28)A izR;sd nzO;eku M/2 v{k ls l/2 nwjh ij gSA blfy,] bu nzO;ekuksa dk tM+Ro vk?kw.kZ gksxk]

(M/2) (l/2)
2 + (M/2)(l/2)

2

vr%] nzO;ekuksa osQ bl tksM+s dk] nzO;eku osQUnz ls xqtjrh NM+ osQ yEcor~ v{k osQ ifjr% tM+Ro vk?
kw.kZ

i =Ml2 / 4

lkfj.kh 7.1 esa oqQN lqifjfpr fu;fer vkdkj osQ Bkslksa osQ fof'k"V v{kksa osQ ifjr% tM+Ro vk?kw.kZ fn,
x, gSaA

D;kasfd] fdlh fi.M dk nzO;eku] mldh js[kh; xR;koLFkk esa ifjorZu dk izfrjks/ djrk gS] og
mldh js[kh; xfr osQ tM+Ro dk eki gSA mlh izdkj] nh xbZ v{k osQ ifjr% tM+Ùo vk?kw.kZ] ?kw.khZ xfr
esa ifjorZu dk izfrjks/ djrk gS] vr% bldks fi.M osQ ?kw.khZ tM+Ro dk eki ekuk tk ldrk gSA bl



eki ls ;g cks/ gksrk gS fd fdlh fi.M esa fi.M osQ fofHkUu d.k ?kw.kZu v{k osQ vkis{k fdl izdkj
vofLFkr gSaA nzO;eku dh rjg tM+Ro vk?kw.kZ ,d fu;r jkf'k ugha gksrh] cfYd] bldk eku fi.M osQ
lkis{k bldh v{k dh fLFkfr vkSj fnx~foU;kl osQ Åij fuHkZj djrk gSA fdlh ?kw.kZu v{k osQ lkis{k ?
kw.kZu djrs n`<+ fi.M dk nzO;eku fdl izdkj forfjr gS blosQ ,d eki osQ :i esa ge ,d u;k
izkpy ifjHkkf"kr djrs gSa] ftls ifjHkze.k f=kT;k dgrs gSaA ;g fi.M osQ tM+Ro vk?kw.kZ vkSj oqQy
nzO;eku ls lacaf/r gSA

lkj.kh 7.1 ls ge ns[k ldrs gSa fd lHkh fi.Mksa osQ fy,] i= Mk2, tgk¡k dh foek ogh gS tks yackbZ

dhA eè; fcUnq ls xqtjrh NM+ osQ yEcor~ v{k osQ fy,  A blh
izdkj o`Ùkkdkj pdrh osQ mlosQ O;kl osQ ifjr% tM+Ro vk?kw.kZ osQ fy, k =R/2Ak fi.M vkSj ?kw.kZu
v{k dk ,d T;kferh; xq.k gSA bls ifjHkze.k f=kT;k dgk tkrk gSA fdlh v{k osQ ifjr% fdlh fi.M
dh ifjHkze.k f=kT;k v{k ls ,d ,sls d.k dh nwjh gS ftldk nzO;eku lEiw.kZ fi.M osQ nzO;eku osQ
cjkcj gSA iQyr% ftldk tM+Ro vk?kw.kZ] nh xbZ v{k osQ ifjr% fi.M osQ okLrfod tM+Ro vk?kw.kZ osQ
cjkcj gSA

vr%] fdlh n`<+ fi.M dk tM+Ro vk?kw.kZ] mlosQ nzO;eku] mlosQ vkdkj ,oa vko`Qfr] ?kw.kZu&v{k osQ
ifjr% blosQ nzO;eku osQ forj.k vkSj bl v{k dh fLFkfr ,oa fnx~foU;kl ij fuHkZj djrk gSA
lehdj.k (7.34), esa nh xbZ ifjHkk"kk osQ vk/kj ij ge rqjUr bl fu"d"kZ ij igq¡p ldrs gSa fd

tM+Ro vk?kw.kZ dk foeh; lw=k ML2 ,oa blosQ SI ek=kd kg m
2 gSaA

fdlh fi.M osQ ?kw.kZu osQ tM+Ro osQ eki osQ :i esa bl vR;ar egRoiw.kZ jkf'ki osQ cgqr ls O;kogkfjd

mi;ksx gSaA ok"i batu vkSj vkWVkseksckby batu tSlh e'khusa tks ?kw.khZ xfr iSnk djrh gSa] buesa cgqr
vf/d tM+Ro vk?kw.kZ okyh ,d pdrh yxh jgrh gS ftls xfrikyd pØ dgrs gSaA vius fo'kky
tM+Ro vk?kw.kZ osQ dkj.k ;g pØ okgu dh xfr esa vpkud ifjorZu ugha gksus nsrkA blls xfr
/hjs&/hjs ifjo£rr gksrh gS] xkM+h >VosQ [kk&[kkdj ugha pyrh vkSj okgu ij lokj ;kf=k;ksa osQ fy,
lokjh vkjkensg gks tkrh gSA



7.10 yEcor~ ,oa lekarj v{kksa osQ izes;

tM+Ro vk?kw.kZ ls tqM+h ;s nks mi;ksxh izes; gSaA igys ge yEcor~ v{kksa dk izes; crk;saxs vkSj oqQN
fu;fer vkdkj osQ fi.Mksa osQ tM+Ro vk?kw.kZ Kkr djus osQ fy, blosQ oqQN ljy mi;ksx lh[ksaxsA

yEcor~ v{kksa dk izes;

;g izes; iQydkdkj fi.Mksa ij ykxw gksrk gSA O;ogkj esa bldk vFkZ gqvk fd ;g mu fi.Mksa ij ykxw
gksrk gS ftudh eksVkbZ vU; foekvksa (;kfu yackbZ] pkSM+kbZ ;k f=kT;k) dh rqyuk esa cgqr de gksA fp=k
7.29 esa bl izes; dks n'kkZ;k x;k gSA bldk dFku gS fd blosQ ry osQ yEcor~ v{k osQ ifjr% fdlh
iQyd dk tM+Ro vk?kw.kZ iQyd osQ ry esa fLFkr nks yEcor~ laxkeh v{kksa osQ ifjr% Kkr tM+Ro vk?
kw.kks± osQ ;ksx osQ cjkcj gksxkA

fp=k 7.29 iQydkdkj fi.Mksa osQ fy, yEcor~ v{kksa dk izes;A x ,oa y blosQ ry esa nks v{k gSa vkSj
z-v{k blosQ ry osQ yEcor~ gSA

fp=k 7.29 esa ,d iQydkdkj fi.M n'kkZ;k x;k gSA blosQ ry esa fLFkr fdlh fcUnq O ij ry osQ
yEcor~]
z-v{k gSA iQyd osQ ry esa] vkSjz-v{k ls laxkeh] ;kfu O, ls xqtjrh gqbZ] nks ijLij yEcor~ v{ksa gSa
ftuesa ,d dks
x -v{k vkSj nwljh dksy-v{k fy;k x;k gSA izes; ;g dgrk gS fd]

 (7.36)

vkb;s] izes; dh ,d mnkgj.k }kjk mi;ksfxrk le>rs gSaA

mnkgj.k 7.10: ,d o`Ùkkdkj pdrh dk tM+Ro vk?kw.kZ blosQ fdlh O;kl osQ ifjr%
D;k gksxk\

fp=k 7.30 O;kl osQ ifjr% pdrh dk tM+Ro vk?kw.kZ blosQ nzO;eku osQUnz ls xqtjrh] ry osQ yEcor~



v{k osQ ifjr% tM+Ro vk?kw.kZ osQ inksa esaA

gy ge tkurs gSa fd fdlh pdrh dk tM+Ro vk?kw.kZ] mlosQ osQUnz ls xqtjrh vkSj blosQ ry osQ
yEcor~ v{k osQ ifjr%

I = MR2/2 gksrk gS] tgk¡ M pdrh dk nzO;eku vkSjR bldh f=kT;k gS (lkj.kh 7.1)

pdrh dks ge iQydkdkj fi.M le> ldrs gSaA blfy, yEcor~ v{kksa dk izes; blosQ fy, ykxw
fd;k tk ldrk gS tSlk fp=k 7.30 esa n'kkZ;k x;k gS] ge pdrh osQ osQUnz O ls laxkeh rhu ijLij
yEcor~ v{ksa x,y,z ysrs gSaA buesa x ,oa y pdrh osQ ry esa gaS vkSj z blosQ yEcor~ gSA yEcor~
v{kksa osQ izes; osQ vuqlkj vc]x vkSjy v{ksa pdrh osQ nks O;klksa osQ vuqfn'k gSa vkSj lefefr osQ
fopkj ls izR;sd O;kl osQ ifjr% tM+Ro vk?kw.kZ dk eku leku gksuk pkfg,A vr%

 Ix =iy

vr% iz = 2ix

ijUrq iz =MR2/2

∴ix =iz/2 =MR2/4

vr%] fdlh O;kl osQ ifjr% pdrh dk tM+Ro vk?kw.kZ MR2/4 gSA t

blh izdkj vki fdlh oy; dk tM+Ro vk?kw.kZ Hkh blosQ fdlh O;kl osQ ifjr% Kkr dj ldrs gSaA
D;k ;g fl¼kar fdlh Bksl csyukdkj fi.M osQ fy, Hkh ykxw gks ldrk gS\

lekukUrj v{kksa dk izes;

;g izes;] izR;sd fi.M ij ykxw gksrk gS] pkgs og fdlh Hkh vko`Qfr dk D;ksa u gksA ;fn fdlh fi.M
dk tM+Ro vk?kw.kZ mlosQ xq#Ro osQUnz ls xqtjus okyh v{k osQ ifjr% Kkr gks] rks ml v{k osQ



lkekukUrj fdlh nwljh v{k osQ ifjr% tM+Ro vk?kw.kZ ge bl izes; dh lgk;rk ls Kkr dj ldrs gSaA
ge bl izes; dk dFku ek=k nsaxs] bldh miifÙk ugh djsaxsA rnfi] ge bldks oqQN ljy fLFkfr;ksa esa
ykxw djosQ ns[ksaxs vkSj mlh ls bldh mi;ksfxrk Li"V gks tk,xhA izes; dk dFku bl izdkj gS %

fdlh fi.M dk] fdlh v{k osQ ifjr% tM+Ro vk?kw.kZ] ml ;ksx osQ cjkcj gS tks fi.M osQ nzO;eku
osQUnz ls xqtjus okyh lkekukUrj v{k osQ ifjr% fy, x, tM+Ro vk?kw.kZ vkSj fi.M osQ nzO;eku rFkk
nksuksa v{kksa osQ chp dh nwjh osQ oxZ osQ xq.kuiQy dks tksM+us ls izkIr gksrk gSA tSlk fd fp=k 7.31 esa
n'kkZ;k x;k gSz ,oa z′ nks lkekukUrj v{ksa gSa ftuosQ chp dh nwjh a gSA z-v{k fi.M osQ nzO;eku
osQUnz O ls xqtjrh gSA rc lkekukUrj v{kksa osQ izes; osQ vuqlkj

fp=k 7.31 lekukUrj v{kksa dk izes;A z ,oa z' nks lekukUrj v{k gSa ftuosQ chp dh nwjh a gS] O

fi.M dk nzO;eku osQUnz gS] OO’ = a

iz′=iz +Ma2 (7.37)

tgk¡ iz ,o aiz′ Øe'k% z ,oa z′ v{k osQ ifjr% tM+Ro vk?kw.kZ gSa]M fi.M dk nzO;eku gS vkSj a

nksuksa v{kksa osQ chp dh yEcor~ nwjh gSA

mnkgj.k 7.11: nzO;eku M, vkSj yackbZ l okyh NM+ dk] ml v{k osQ ifjr% tM+Ro
vk?kw.kZ D;k gksxk tks blosQ yEcor~ fdlh ,d fljs ls xqtjrh gks\

gy M nzO;eku vkSjl yackbZ dh NM+ dk] blosQ nzO;eku osQUnz ls yackbZ osQ yEcor~ xqtjus okyh v{k

osQ ifjr% tM+Ro vk?kw.kZ] i =Ml2/12 gSaA lekukUrj v{kksa dk izes; yxkus ij]

i′ =i +Ma2

a = l/2 j[ksa] rks



ge Lora=k :i ls bldks ,d nwljh fof/ ls Hkh tk¡p ldrs gSa] ;fn geI' dks ml NM+ osQ eè; fcUnq
osQ ifjr% tM+Ro vk?kw.kZ dk vk/k ysa ftldk nzO;eku 2M vkSj yackbZ 2l gksA bl izdkj]

 t

mnkgj.k 7.12: fdlh irys oy; dh ifjf/ ij Li'kZ js[kk cukrh gqbZ vkSj blosQ
ry esa gh fLFkr v{k osQ ifjr% bldk tM+Ro vk?kw.kZ D;k gS\

gy

oy; osQ ry esa blosQ Åij [khaph xbZ Li'kZ js[kk blosQ O;kl osQ lekUrj gSA bu nks lekukarj v{kksa
osQ chp dh nwjhR ;kfu oy; dh f=kT;k gSA lekukUrj v{kksa dk izes; yxk;sa rks

fp=k 7.32

7.11 vpy v{k osQ ifjr% 'kq¼ ?kw.khZ xfrdh

geus igys Hkh LFkkukarj.k xfr vkSj ?kw.khZ xfr osQ chp lerqY;rk osQ laosQr fn, gSaA mnkjg.k osQ fy,
;g fd dks.kh; osx ω dk ?kw.khZ xfr esa ogh Hkwfedk gS tks js[kh; osx v dk LFkkukarj.k xfr esaA ge
bl lerqY;rk dks vkxs c<+kuk pkgrs gSaA ,slk djrs le; ge viuk foospu vpj (fLFkj) v{k osQ
ifjr% ?kw.kZu rd gh lhfer j[ksaxsA ,slh xfr osQ fy, osQoy ,d Lokra=;&dksfV dh vko';drk gksxh
vFkkZr~ bldk o.kZu djus osQ fy, osQoy ,d Lora=k pj dks.kh; foLFkkiu pkfg,A ;g js[kh; xfr esa
LFkkukarj.k osQ laxr gSA ;g vuqHkkx osQoy 'kq¼ xfrdh ls lacaf/r gSA xfr foKku dh vksj ge vxys
vuqHkkx esa eq[kkfrc gksaxsA



;kn djsa] fd fdlh ?kw.kZu djrs gq, fi.M dk dks.kh; foLFkkiu crkus osQ fy, geus bl fi.M ij
dksbZ d.k P ys fy;k Fkk (fp=k 7.33)A ftl ry esa ;g d.k xfr djrk gS mlesa bldk dks.kh;
foLFkkiu θ gh lEiw.kZ fi.M dk dks.kh; foLFkkiu gS_ θ ,d fu;r fn'kk ls ekik tkrk gS] ftldks
;gk¡ ge x′ - v{k ys ysrs gSa tks fcUnq P osQ xfr osQ ry esa fLFkrx-v{k osQ lekukarj js[kk gSA è;ku nsa
fd z – v{k ?kw.kZu&v{k gS vkSj d.k P dh xfr dk ryx -y ry osQ lekukarj gSA fp=k 7.33 esa
θ0, Hkh n'kkZ;k x;k gS tks t = 0 ij dks.kh; foLFkkiu gSA

ge ;g Hkh ;kn djsa fd dks.kh; osx] le; osQ lkFk dks.kh; foLFkkiu esa gksus okys ifjorZu dh nj
gSA ;kfu] 
ω = dθ/dt A è;ku nsa] fd pwafd ?kw.kZu v{k vpy gS] dks.kh; osx osQ lkFk lfn'k dh rjg O;ogkj
djus dh vko';drk ugha gSA dks.kh; Roj.k] α = dω/dt gSA

'kq¼ ?kw.khZ xfrdh esa iz;qDr gksus okyh jkf'k;k¡] dks.kh; foLFkkiu (θ), dks.kh; osx (ω) ,oa dks.kh;
Roj.k (α) Øe'k% LFkkukarjh; 'kq¼ xfrdh dh jkf'k;ksa js[kh; foLFkkiu (x), js[kh; osx (v) ,oa js[kh;
Roj.k (a) osQ lerqY; gSaA le (;kfu vpj) Roj.k osQ rgr LFkkukarjh; 'kq¼ xfrdh osQ lehdj.k ge
tkurs gSaA os gSa %

v =v0 +at (a)

 (b)

 (c)

tgk¡ x0 = izkjafHkd foLFkkiu ,oa v0= izkjafHkd osx gSA 'kCn ^izkjafHkd* dk vFkZ gSt = 0 ij jkf'k dk
ekuA

buosQ laxr] vpj Roj.k ls ?kw.khZ xfr djrh gqbZ oLrq osQ fy, 'kq¼ ?kw.khZ xfrdh osQ lehdj.k gksaxs %



 (7.38)

 (7.39)

vkSj  (7.40)

tgk¡ θ0= ?kw.kZu djrs fi.M dk izkjafHkd dks.kh; foLFkkiu gS ,oa ω0 = bl fi.M dk izkjafHkd
dks.kh; osx gSA

fp=k 7.33 fdlh n`<+ fi.M dh dks.kh; fLFkfr crkuk

mnkgj.k 7.13: ewy fl¼kar osQ vk/kj ij lehdj.k (7.38) O;qRiUu dhft,A

gy % dks.kh; Roj.k leku gS] vr%

 (i)

bl lehdj.k dk lekdyu djus ij

t = 0, ω = ω0 (fn;k gS)

lehdj.k (i) ls]t = 0 ij



ω = c = ω0

vr% ω = αt + ω0 , tks okafNr lehdj.k gSA

ifjHkk"kk ω = dθ/dt dk bLrseky djosQ ge lehdj.k (7.38) dk lekdyu dj lehdj.k (7.39)

izkIr dj ldrs gSaA ;g O;qRifÙk ,oa lehdj.k (7.40) dh O;qRifÙk ge vkiosQ vH;kl osQ fy, NksM+rs
gSaA t

mnkgj.k 7.14: vkWVkseksckby batu dk dks.kh; osx 16 lsosaQM esa 1200 rpm ls c<+dj
3120 rpm gks tkrk gSA (i) ;g ekurs gq, fd dks.kh; Roj.k leku jgrk gS] bldk
eku Kkr dhft,A (ii) bl le; esa batu fdrus pDdj yxkrk gS\

gy :

(i) ω= ω0 + αt , tgk¡ ω0 = rad/s esa O;Dr bldk izkjafHkd dks.kh; osx gS

ω0 = 2π × rev/s esa izkjafHkd dks.kh; osx

= 

= 

= 40π rad/s

blh izdkj] ω = rad/s esa vafre dks.kh; osx



= 

= 2π × 52 rad/s

= 104 π rad/s

∴ dks.kh; Roj.k]  = 4π rad/s
2

batu dk dks.kh; Roj.k 4π rad/s
2 gSA

(ii)t le; esa dks.kh; foLFkkiu]

 rad

 rad

= 1152π rad

pDdjksa dh la[;k =  t

7.12 vpy v{k osQ ifjr% ?kw.khZ xfrdh

lkj.kh 7.2 esa js[kh; xfr ls laca/h jkf'k;ksa vkSj muosQ laxr ?kw.khZ xfr dh lerqY; jkf'k;ksa dh lwph



nh xbZ gSA fiNys vuqHkkx esa geus bu nksuksa izdkj dh xfr;ksa dh 'kq¼ xfrdh ls rqyuk dh gSA gesa
;g Hkh irk gS fd ?kw.khZ xfr esa tM+Ro vk?kw.kZ ,oa cy vk?kw.kZ] js[kh; xfr osQ Øe'k% nzO;eku ,oa
cyksa dk izfrfuf/Ro djrs gSaA ;g lc tkuus osQ ckn lkj.kh esa fn, x, vU; lerqY;ksa osQ fo"k; esa
vuqeku yxk ysuk vfèkd dfBu ugha gSA mnkgj.k osQ fy,] js[kh; xfr esa
dk;Z = F dx A vr% ,d vpy v{k osQ ifjr% ?kw.khZ xfr esa dk;Z  gksuk pkfg, D;ksafd ge igys
ls gh ;g tkurs gSa fd dx osQ laxr jkf'k gS dθ ,oa F osQ laxr jkf'k 

 gSA rFkkfi ;g vko';d gS fd jkf'k;ksa dh ;g laxrrk] xfr foKku
osQ etcwr vk/kj ij izfr"Bkfir dh tk,A vkxs ge ;gh djus tk jgs gSaA

blls igys fd ge viuh ckr 'kq: djsa] ,d vpy v{k osQ ifjr% ?kw.khZ xfr esa ,d ljyhdj.k dh
vksj è;ku fnykuk vko';d gSA D;ksafd v{k fLFkj gS] gesa vius foospu esa cy vk?kw.kks± ,oa dks.kh;
laosxksa osQ blosQ vuqfn'k vo;oksa ij gh fopkj djus dh vko';drk gksxhA osQoy ;gh ?kVd fi.M
dks ?kw.kZu djkrs gSaA cy vk?kw.kZ dk v{k ls vfHkyacor ?kVd v{k dks mldh fLFkfr ls ?kqekus dk
iz;kl djrk gSA gkykafd ge ekudj pysaxs fd cy vk?kw.kZ osQ bl ?kVd dks larqfyr djus gsrq
vko';d cy vk?kw.kZ mRiUu gksaxs tks v{k dh fLFkfr cuk, j[kus osQ fy, mÙkjnk;h gksaxsA vr% bu
vfHkyacor~ cy vk?kw.kZ osQ ?kVdksa ij fopkj esa djus dh vko';drk ugha gSA i;kZ; esa gesa fuEu
fopkj esa ykus dh vko';drk gS%

(1) fi.M ij dk;Z djus okys os cy tks ?kw.kZu v{k osQ yEcor~ ry esa gSaA

(2) fi.M osQ d.kksa dh fLFkfr&lfn'kksa osQ osQoy os vo;o tks ?kw.kZu v{k osQ yEcor~ gSaA

;k ;w¡ dgsa fd cyksa vkSj fLFkfr lfn'kksa osQ v{k osQ vuqfn'k fy, x, vo;oksa dks gesa x.kuk esa ykus
dh vko';drk ugha gSA

cy vk?kw.kZ }kjk fd;k x;k dk;Z

fp=k 7.34 ,d vpy v{k osQ ifjr% ?kwers fi.M osQ fdlh d.k ij yxs cy F1 }kjk fd;k x;k

dk;ZA d.k] v{k ij fLFkr osQUnz C okys o`Ùk ij pyrk gSA pki P1P′1(ds1) d.k dk foLFkkiu



crkrk gSA

fp=k 7.34 esa ,d vpy v{k osQ ifjr% ?kw.kZu djrk ,d n`<+ fi.M n'kkZ;k x;k gSA ?kw.kZu v{k]z-v{k
gS] tks i`"B osQ vfHkyEcor~ gSA tSlk Åij crk;k x;k gS gesa osQoy mUgha cyksa ij fopkj djus dh
vko';drk gS tks v{k osQ vfHkyacor~ ry esa vofLFkr gSA fi.M osQ fdlh d.k ij] ftldh fLFkfr
P1, ls n'kkZbZ xbZ gS] ,d cy F1 yxrk gS ftldh fØ;k js[kk] v{k osQ vfHkyEcor~ ry esa gSA

lqfo/k osQ fy, ge bldks
x′–y′ ry dgrs gSa (;g gekjs i`"B dk ry gh gS)A P1 ij fLFkr d.k r1 f=kT;k osQ o`Ùk ij pyrk

gS ftldk osQUnz v{k ij gS_ CP1= r1A

∆t le; esa] d.k] P1′ ij igq¡p tkrk gSA blfy, d.k osQ foLFkkiu ds1 dk ifjek.k ds1 =r1dθ
gSA tSlk fd fp=k esa fn[kk;k x;k gSA bldh fn'kk o`Ùk osQ Li'kZ js[kk osQ vuqfn'k gSaA d.k ij cy }kjk
fd;k x;k dk;Z &

dW1= F1. ds1=F1ds1 cosφ1=F1(r1 dθ)sinα1

tgk¡ φ1 , F1 vkSj P1, ij [khaph xbZ Li'kZ js[kk osQ chp cuk dks.k gS] vkSj α1, F1 ,oa f=kT;k

OP1 osQ eè; dks.k gSaA 
φ1 + α1 = 90°A

ewy fcUnq osQ ifjr% F1 osQ dkj.k cy vk?kw.kZ OP1 × F1 gSA OP1 = OC + CP1 [fp=k 7-17(b)

ns[ksa] pwafd OC v{k osQ vuqfn'k gS blosQ dkj.k cy vk?kw.kZ ij fopkj djus dh vko';drk ugha gSA
F1 osQ dkj.k izHkko cy vk?kw.kZ gS % 

τ1= CP1 × F1; ;g ?kw.khZ v{k osQ vuqfn'k gS rFkk bldk ifjek.k τ1=r1F1 sin α gSA vr%

dW1= τ1dθ

;fn fi.M ij ,d ls vf/d cy dk;Z dj jgs gksa] rks mu lcosQ }kjk fd, x, dk;ks± dks tksM+us ls
fi.M ij fd;k x;k oqQy dk;Z izkIr gksxkA fofHkUu cyksa osQ dkj.k yxs cy vk?kw.kks± osQ ifjek.kksa dks



τ1, τ2, … bR;kfn ls n'kkZ,¡ rks

;kn jgs] fd cy vk?kw.kks± dks tUe nsus okys cy rks vyx&vyx d.kksa ij yx jgs gSa] exj dks.kh;
foLFkkiu dθ lHkh d.kksa osQ fy, leku gSA vc tSlk fd bl vuqHkkx osQ izkjaHk esa dgk x;k Fkk]
gekjs fy, lHkh cy vk?kw.kZz-v{k osQ vuqfn'k izHkkoh gSaA vr% oqQy cy vk?kw.kZ dk ifjek.k τ ,

izR;sd cy vk?kw.kks± osQ ifjek.kksa τ1 , τ2 ..... osQ chtxf.krh;

;ksx osQ cjkcj gSA vFkkZr~ τ = τ1 + τ2 + ....., vr% ge dg

ldrs gSa

 (7.41)

;g lehdj.k ,d vpy v{k osQ ifjr% ?kwers fi.M ij yxs oqQy cká cy vk?kw.kZ τ osQ }kjk fd;k
x;k dk;Z crkrk gSA js[kh; xfr osQ laxr lehdj.k

dW= F ds

ls bldh rqY;rk Li"V gh gSA lehdj.k (7.41) osQ nksuksa i{kksa dks dt ls foHkkftr djus ij

;k  (7.42)

;g rkR{kf.kd 'kfDr osQ fy, lehdj.k gSA vpy v{k osQ ifjr% ?kw.khZ xfr esa 'kfDr osQ bl lehdj.k
dh rqyuk js[kh; xfr esa 'kfDr dh lehdj.kP = Fv ls dj ldrs gSaA

,d iw.kZr% n`<+ fi.M esa fofHkUu d.kksa dh dksbZ vkarfjd xfr ugha gksrhA vr%] cká cy vk?kw.kks± }kjk



fd;k x;k dk;Z folfjr ugha gksrkA ifj.kkeLo:i fi.M dh xfrt ÅtkZ c<+rh pyh tkrh gSA fi.M
ij fd, x, dk;Z dh nj] lehdj.k (7.42) }kjk izkIr gksrh gSA blh nj ls fi.M dh xfrt ÅtkZ
c<+rh gSA xfrt ÅtkZ dh o`f¼ dh nj

ge ekurs gSa fd le; osQ lkFk fi.M dk tM+Ro vk?kw.kZ ugha cnyrkA ;kfu fd fi.M dk nzO;eku
fLFkj jgrk gS rFkk fi.M n`<+ cuk jgrk gS vkSj blosQ lkis{k ?kw.kZu v{k dh fLFkfr ugha cnyrhA

rc] pwafd  vr%

dk;Z djus dh nj dks xfrt ÅtkZ esa o`f¼ dh nj osQ cjkcj j[kus ij

 (7.43)

lehdj.k (7.43) ljy js[kh; xfr osQ fy, U;wVu osQ f}rh; fu;e F = ma ls feyrh tqyrh gSA

Bhd oSls gh tSls cy fi.M esa js[kh; Roj.k mRiUu djrk gS] cy vk?kw.kZ blesa dks.kh; Roj.k iSnk
djrk gSA dks.kh; Roj.k] vkjksfir cy vk?kw.kZ osQ lekuqikrh vkSj fi.M osQ tM+Ro vk?kw.kZ osQ
O;qRØekuqikrh gksrk gSA lehdj.k (7.43) dks] ,d vpy v{k osQ ifjr% ?kw.kZu osQ fy, ykxw gksus okyk
U;wVu dk f}rh; fu;e] dg ldrs gSaA

mnkgj.k 7.15: ux.; nzO;keu okyh ,d jLlh]
20 kg nzO;eku ,oa 20 cm f=kT;k osQ xfrikyd ifg;s osQ fje ij yisVh gqbZ gSA
jLlh ij 25 N dk ,dleku d"kZ.k cy yxk;k tkrk gS tSlk fd fp=k 7.35 esa



n'kkZ;k x;k gSA xfrikyd ifg;k ,d {kSfrt /qjh ij yxk;k x;k gS ftlosQ
fo;¯jxksa esa dksbZ ?k"kZ.k ugha gSA

(a) ifg;s osQ dks.kh; Roj.k dh x.kuk dhft,A

(b) 2m jLlh [kqyus rd d"kZ.k cy }kjk fd;k x;k dk;Z Kkr dhft,A

(c) bl {k.k ij ifg;s dh xfrt ÅtkZ Kkr dhft,A ;g ekfu, fd ifg;k 'kwU; ls
xfr izkjaHk djrk gSA

(d) Hkkx (b) ,oa (c) osQ mÙkjksa dh rqyuk dhft,A

gy

fp=k 7.35

(a) blosQ fy, i α= τ

cy vk?kw.kZ τ= F R

= 25 × 0.20 Nm (R = 0.20m)

= 5.0 Nm

vkSj i = viuh v{k osQ ifjr% ifg;s dk tM+Ro vk?kw.kZ 

=  = 0.4 kg m2

dks.kh; Roj.k α = 5.0 N m/0.4 kg m2 = 12.5 s–2



(b) 2 m jLlh [kksyus esa fd;k x;k dk;Z

= 25 N × 2 m = 50 J

(c) ekuk fd ω vafre dks.kh; osx gSA rc ifg;s dh xfrt ÅtkZ esa gqbZ o`f¼ = 

pwafd ifg;k fojkekoLFkk ls xfr izkjaHk djrk gS

rFkk dks.kh; foLFkkiu θ = [kksyh xbZ jLlh dh yackbZ@ifg;s dh f=kT;k

= 2 m/0.2 m = 10 rad

(d) nksuksa mÙkj leku gSa] vFkkZr~ ifg;s }kjk izkIr xfrt
ÅtkZ = cy }kjk fd;k x;k dk;ZA ;gk¡ ?k"kZ.k osQ dkj.k ÅtkZ dk fcyoqQy {k; ugha gqvk gSA t

7.13 vpy v{k osQ ifjr% ?kw.khZ xfr dk dks.kh; laosx

vuqHkkx 7.7 esa] geus d.kksa osQ fudk; osQ dks.kh; laosx osQ fo"k; esa i<+k FkkA mlls ge ;g tkurs
gSa] fd fdlh fcUnq osQ ifjr%] d.kksa osQ fudk; osQ oqQy dks.kh; laosx esa le; osQ lkFk gksus okys
ifjorZu dh nj] ml fudk; ij mlh fcUnq osQ ifjr% fy, x, oqQy ckg~; cy vk?kw.kZ osQ cjkcj gksrh
gSA tc oqQy cká cy vk?kw.kZ 'kwU; gks] rks fudk; dk oqQy dks.kh; laosx lajf{kr jgrk gSA



vc ge dks.kh; laosx dk vè;;u] ,d vpy v{k osQ ifjr% ?kw.kZu osQ fof'k"V ekeyksa esa djuk
pkgrs gSaA fudk; osQ oqQy dks.kh; laosx dh O;kid lehdj.k gS]

 (7.25b)

vc ge igys] ,d vpy v{k osQ ifjr% fdlh n`<+ fi.M osQ dks.kh; laosx ij fopkj djsaxsA izkIr
lehdj.k dks ljyre inksa esa ykdj fiQj fi.M osQ lHkh d.kksa osQ fy, bldk tksM+ fudkysaxs rFkk iwjs
fi.M osQ fy, L izkIr djsaxsA

,dkdh d.k osQ fy,] l = r × p.

fp=k (7.17b) nsf[k,A ?kw.kZu djrh oLrq osQ fdlh fof'k"V d.k dk fLFkfr lfn'k OP = r gSA fp=k esa
r = OC + CP (D;ksafd p =mv)

P ij d.k osQ js[kh; osx v dk ifjek.kv = ωr⊥ gS tgk¡r⊥ CP dh yEckbZ ;k P dh ?kw.khZ v{k

osQ yEcor~ nwjh gSA v d.k }kjk cuk, x, o`Ùk osQ fcUnq P ij Li'kZ js[kk osQ vuqfn'k gSA nkfgus gkFk
osQ fu;e }kjk Kkr dj ldrs gSa fd CP × v vpy v{k osQ vuqfn'k gSA ?kw.kZu v{k (tks ;gk¡ z-v{k

gS) dks bdkbZ lfn'k  osQ vuqfn'k O;Dr djus ij

=  ( )

blh izdkj ge tk¡p ldrs gSa fd OC × v vpj v{k osQ yEcor~ gSaA vpj v{k (;kfuz-v{k) osQ
vuqfn'k l osQ ?kVd ls lz ls n'kkZus ij

= 



rFkk 

è;ku nsa fd lz vpj v{k osQ lekarj gS ijUrq l ughaA lkekU;r;k fdlh d.k dk dks.kh; laosx ?kw.khZ
v{k osQ vuqfn'k ugha gksrk gS vFkkZr~ vko';d ugha fd l rFkk ω ,d&nwljs osQ lekarj gksaA js[kh;
xfr esa blls laxr rF; ls bldh rqyuk djsaA js[kh; xfr esa fdlh d.k osQ p rFkk v lnSo ,d nwljs
osQ lekarj gksrs gSaA

iwjs fi.M dk dks.kh; laosx Kkr djus osQ fy,] ge blosQ lHkh d.kksa osQ fy, li osQ ekuksa dks tksM+saxs

;kfui dk eku l l n rd j[krs gq,

z-v{k osQ vuqfn'k rFkk yEcor~ L osQ ?kVdksa dks ge  rFkk  ls
n'kkZr gSaA

 (7.44aa)

tgk¡mi rFkk vii osa d.k osQ nzO;eku rFkk osx gSa rFkk Ci d.k }kjk cuk, x, o`Ùk dk osQUnz gSA

;k  (7.44b)

lehdj.k (7.44b) LokHkkfod :i ls vuqlfjr gS] D;ksafdiosa d.k dh v{k ls yacor~ nwjhri gS] ,oa ?

kw.kZu v{k osQ ifjr% fi.M dk tM+Ro vk?kw.kZ gSA



è;ku nsa  (7.44c)

n`<+ fi.M] ftu ij geus bl vè;k; esa eq[;r% fopkj fd;k gS] ?kw.kZu v{k osQ ifjr% lefer gSa
vFkkZr~] ?kw.kZu v{k mudh lefefr v{kksa esa ls ,d gSA bl izdkj osQ fi.Mksa osQ fy,] fn, x, OCi osQ

laxr izR;sd vi osx ;qDr d.k osQ fy, Ci osQUnz okys o`Ùk osQ] O;kl osQ nwljs fljs ij] 

–vi osx okyk nwljk d.k gksrk gSA bl izdkj osQ d.k&;qxyksa dk  esa oqQy ;ksxnku 'kwU; gksxkA

ifj.kkeLo:i lefer fi.Mksa osQ fy,  'kwU; gksrk gSA vr%

 (7.44a)

mu fi.Mksa osQ fy, tks ?kw.kZu v{k osQ ifjr% lefer ugha gS] L  Lz A blfy, L ?kw.kZu v{k osQ
vuqfn'k ugha gksrkA

lkj.kh 7-1 esa D;k vki crk ldrs gSa fd fdu ekeyksa esa L = Lz ykxw ugha gksrk\

vkb;s] lehdj.k (7.44a) dks le; osQ vk/kj ij vodfyr djsa D;ksafd 

 ,d vpj lfn'k gS %

lehdj.k (7.28b) osQ vuqlkj

tSlk fd vkius fiNys Hkkx esa ns[kk gS ,d vpj v{k osQ ifjr% ?kw.khZ fi.M osQ fy, ckg~; cy vk?
kw.khZ osQ osQoy mUgha ?kVdksa ij fopkj djus dh vko';drk gS tks ?kw.khZ v{k osQ vuqfn'k gSaA vr% 



A pw¡fd  rFkk Lz dh fn'kk (lfn'k ) vpj gS] ,d vpj v{k
osQ ifjr% ?kw.khZ fi.M osQ fy,

 (7.45a)

rFkk  (7.45b)

vr% vpy v{k osQ ifjr% ?kw.khZ fi.M dk vpy v{k osQ yEcor~ dks.kh; laosx dk ?kVd vpj gSA

pw¡fd , lehdj.k (7.45a) ls

 (7.45c)

;fn tM+Ro vk?kw.kZi le; osQ lkFk ifjo£rr ugha gksrk gS rks

vkSj lehdj.k (7.45c) ls



 (7-43)

dk;Z&xfrt ÅtkZ laca/ ls ;g lehdj.k ge igys gh O;qRiUu dj pqosQ gSaA

7.13.1 dks.kh; laosx dk laj{k.k

vc ge bl fLFkfr esa gSa fd dks.kh; laosx osQ laj{k.k osQ fl¼kar dk iqujkoyksdu dj losaQA ge
vius foospu dks ,d vpy v{k osQ ifjr% ?kw.kZu rd lhfer j[ksaxsA lehdj.k (7.45c) ls] ;fn cká
cy vk?kw.kZ 'kwU; gS rks

Lz =iω = vpjkad (7.46)

lefer fi.Mksa osQ fy,] lehdj.k (7.44d) ls]Lz osQ LFkku ij L ysrs gSaA (L rFkk Lz Øe'k% L rFkk
Lz osQ ifjek.k gSa)A

;g vpy v{k ?kw.kZu osQ fy, lehdj.k (7.29a) dk vU; :i gS tks dks.kh; laosx osQ laj{k.k dk



O;kid fu;e O;Dr djrk gSA lehdj.k (7.46) gekjs nSfud thou dh cgqr lh fLFkfr;ksa ij mi;ksxh
gSA vius fe=k osQ lkFk fey dj vki ;g iz;ksx dj ldrs gSaA ,d ?kqeko oqQlhZ ij cSfB, viuh
Hkqtk,¡ eksM+s jf[k, vkSj iSjksa dks tehu ls Åij mBkdj jf[k,A vius fe=k ls dfg, fd og oqQlhZ dks
rsth ls ?kqek,A tcfd oqQlhZ i;kZIr dks.kh; pky ls ?kwe jgh gks viuh Hkqtkvksa dks {kSfrt fn'kk esa
iSQykb;sA D;k ifj.kke gksrk gS\ vkidh dks.kh; pky ?kV tkrh gSA ;fn vki viuh Hkqtkvksa dks fiQj
'kjhj osQ ikl ys vk;sa rks dks.kh; pky fiQj ls c<+ tkrh gSA ;g ,d ,slh fLFkfr gS ftlesa dks.kh;
laosx dk laj{k.k Li"V gSA
;fn ?kw.kZu ;a=k O;oLFkk esa ?k"kZ.k ux.; gks] rks oqQlhZ dh
?kw.kZu v{k osQ ifjr% dksbZ cká cy vk?kw.kZ izHkkoh ugha
jgsxk vr%iω dk eku fu;r gSA Hkqtkvksa dks iSQykus ls ?kw.kZu v{k osQ ifjr%i c<+ tk;sxk]

ifj.kkeLo:i dks.kh; osx ω de gks tk;sxkA Hkqtkvksa dks 'kjhj osQ ikl ykus ls foijhr ifjfLFkfr
izkIr gksxhA

fp=k 7. 36 (a) dks.kh; laosx osQ laj{k.k dk izn'kZuA ?kqekÅ oqQlhZ ij cSBh yM+dh viuh Hkqtkvksa dks
'kjhj osQ ikl ykrh gS@ nwj ys tkrh gSA

,d ljdl dk dykckt vkSj ,d xksrk[kksj bl fl¼kar dk c[kwch ykHk mBkrs gSaA blosQ vykok
LosQVlZ vkSj Hkkjrh; ;k if'peh 'kkL=kh; u`rd tc ,d iSj osQ iats ij ?kw.kZu djrs gSa rks os ml
fl¼kar laca/h vius vlk/kj.k izkoh.; dk izn'kZu djrs gSA

7.14 yksVfud xfr

gekjs nSfud thou esa fn[kkbZ iM+us okyh lokZf/d lkekU; xfr yksVfud xfr gSA ;krk;kr esa bLrseky
gksus okys lHkh ifg;ksa dh xfr yksVfud xfr gksrh gSA ge] viuk vè;;u lery lrg ij yq<+drh
,d pdrh (;k csyu) ls djsaxsA ge ;g ekudj pysaxs fd pdrh fcuk fiQlys yq<+drh gSA bldk
vFkZ ;g gqvk] fd fdlh {k.k ij] pdrh dh ryh dk og fcUnq tks lrg osQ laioZQ esa gS] lrg ij



fojkekoLFkk esa gSA

geus igys ;g fVIi.kh dh Fkh fd yksVfud xfr ?kw.kZu ,oa LFkkukarj.k dk la;kstu gSA ge tkurs gSa
fd d.kksa osQ fdlh fudk; dh LFkkukarj.k xfr blosQ nzO;eku osQUnz dh xfr gSA

fp=k 7.37 ,d lery lrg ij ,d pdrh dh (fcuk fiQlys) yksVfud xfrA è;ku nsa fd fdlh Hkh
{k.k ij pdrh dk] lrg ij laioZQ fcUnq P0 fojkekoLFkk esa gSA pdrh dk nzO;eku osQUnz v cm osx

ls pyrk gSA pdrh C ls xqtjrh v{k osQ ifjr% dks.kh; osx ω ls ?kw.kZu djrh gSA vcm = Rω,

tgk¡ R pdrh dh f=kT;k gSA

ekuk] vcm nzO;eku osQUnz dk osx vkSj blfy, pdrh dk LFkkukarjh; osx gSA D;ksafd yksVfud xfr
djrh pdrh dk nzO;eku osQUnz bldk T;kferh; osQUnz gS (fp=k 7. 37), vcm fcUnq C dk osx gSA ;g
lery lrg osQ lekUrj gSA pdrh dh ?kw.khZ xfr] C ls xqtjus okyh lefer v{k osQ ifjr% gSA vr%
pdrh osQ fdlh fcUnq P0, P1 ;k P2 osQ osx osQ nks vo;o gSa & ,d LFkkukarjh; osx vcm vkSj

nwljk ?kw.kZu osQ dkj.k js[kh; osx vrA vr dk ifjek.k gS vr= rω, tgk¡ ω v{k osQ ifjr% pdrh osQ ?
kw.kZu dk dks.kh; osx gS vkSj r fcUnq dh ?kw.kZu v{k ls (;kfu C ls) nwjh gSA osx vr dh fn'kk C vkSj
fcUnq dks feykus okys f=kT;k lfn'k osQ yEcor~ gSaA fp=k (7.37) esa fcUnq P2 dk osx (v2) vkSj blosQ

vo;o vr ,oa vcm n'kkZ;s x, gSaA vr , CP2 osQ yEcor~ gSA ;g n'kkZuk vklku gS fd vz js[kk

POP2 osQ yEcor~ gSA vr% PO ls xqtjus okyh rFkk ω osQ lekarj js[kk osQ rkR{kf.kd ?kw.khZ v{k

dgrs gSaA

Po ij] ?kw.kZu osQ dkj.k js[kh; osx vr LFkkukarjh; osx 
vcm osQ Bhd foijhr fn'kk esa gS vkSj ;gvr= Rω, tgk¡
R pdrh dh f=kT;k gSA ;g 'krZ fd Po rkR{kf.kd :i ls fojkekoLFkk esa gS] ekax djrh gS fdvcm=

Rω A vr% fdlh pdrh (;k csyu) dh fcuk fiQlys yksVfud xfr dh
'krZ gS]

 (7.47)



izlaxo'k] bldk vFkZ ;g gqvk fd pdrh osQ 'kh"kZ fcUnq P1 osQ osx (v1) dk ifjek.k gS vcm+Rω
;k 2vcm vkSj bldh fn'kk lery lrg osQ lekukUrj gSA 'krZ (7.47) oy; ;k xksys tSlh yksVfud
xfr djrh nwljh lefer oLrqvksa ij Hkh ykxw gksrh gSA

7.14.1 yksVfud xfr dh xfrt ÅtkZ

gekjk vxyk dk;Z yksVfud xfr djrs fi.M dh xfrt ÅtkZ osQ fy, O;atd izkIr djuk gSA yksVfud
xfr dh xfrt ÅtkZ dks LFkkukarj.k dh xfrt ÅtkZ vkSj ?kw.kZu dh xfrt ÅtkZ esa i`FkDo`Qr fd;k tk
ldrk gSA ;g d.kksa osQ fudk; osQ bl O;kid fu"d"kZ dh fof'k"V fLFkfr gS] ftlosQ vuqlkj ge

fudk; dh xfrt ÅtkZ (K) dks nzO;eku osQUnz dh xfrt ÅtkZ (MV2/2) vkSj fudk; osQ nzO;eku osQUnz
osQ ifjr% xfr dh xfrt ÅtkZ (K′) osQ ;ksx osQ :i esa ns[krs gSaA vFkkZr~

 (7.48)

ge bl O;kid ifj.kke dks eku dj pyrs gSa] (nsf[k;s vH;kl 7.31)] vkSj pdrh tSls n`<+ fi.M
dh yksVfud xfr osQ fof'k"V ekeys esa bls ykxw dj ysrs gSaA nzO;eku osQUnz dh xfrt ÅtkZ] fi.M osQ

LFkkukarj.k dh xfrt ÅtkZ gSA tks gekjh lkaosQfrd Hkk"kk esamv2cm /2 gS tgk¡m n`<+ fi.M dk nzO;eku
gS rFkk vcm nzO;eku osQUnz dh xfr gSA pwafd fi.M dh nzO;eku osQUnz osQ ifjr% ?kw.khZ xfr gS vr%K'

?kw.kZu xfrt ÅtkZ gSA ,d n`<+ fi.M osQ fy,]  gS] tgk¡i ,d ljksdkjh

v{k osQ ifjr% fi.M dk tM+Ro vk?kw.kZ gS] tks yksVfud xfr djrh pdrh osQ fy, fi.M dk lefer
v{k gSA

blfy, yksVfud xfr djrs fi.M osQ fy,

 (7.49a)



i =mk2 izfrLFkkfir djsa rks]

;k  (7.49b)

lehdj.k (7.49b) u osQoy pdrh ;k csyu osQ fy, ykxw gksrk gS] oju bls oy; ;k xksys osQ fy,
Hkh ykxw fd;k tk ldrk gSA

mnkgj.k 7.16. : rhu fi.M ,d oy; (;kfu NYyk)] ,d Bksl csyu vkSj ,d
Bksl xksyk] ,d ur ry ij fcuk fiQlys yksVfud xfr djrs gSaA os fojkekoLFkk
ls xfr 'kq: djrs gSaA lHkh fi.Mksa dh f=kT;k,¡ cjkcj gSaA dkSu lk fi.M ur ry
osQ vk/kj ij lcls vf/d osx ls igq¡prk gS\

gy ge eku ysrs gSa fd yksVu djrs fi.M dh ÅtkZ lajf{kr gS vFkkZr~] ?k"kZ.k vkfn osQ dkj.k ÅtkZ
dh dksbZ gkfu ugha gksrhA vr% ur ry ij yq<+d dj uhps vkus esa [kksbZ fLFkfrt ÅtkZ (m g h) xfrt
ÅtkZ esa o`f¼ osQ cjkcj gksxhA D;ksafd fi.M fojkekoLFkk ls xfr izkjaHk djrs gSa buosQ }kjk miyC/
xfrt ÅtkZ bldh vafre xfrt ÅtkZ osQ cjkcj gSA lehdj.k (7.49b) ls 

, tgk¡v fi.M (osQ nzO;eku osQUnz) dk vafre osx gSA

K vkSjmgh dks cjkcj j[kus ij

fp=k 7.38



;k 

è;ku nsa] fdv yksVfud xfr djrs fi.M osQ nzO;eku ij fuHkZj ugha djrkA

oy; osQ fy, k2 =R2

,

=

csyu osQ fy, k2 =R2/2

= 

xksys osQ fy, k2 = 2R2/5



=

izkIr ifj.kkeksa ls ;g Li"V gS fd ur ry dh ryh esa igq¡pus ij rhuksa fi.Mksa esa xksys osQ nzO;eku
osQUnz dk osx lcls vf/d vkSj oy; osQ nzO;eku osQUnz dk osx lcls de gksxkA

;fn fi.Mksa osQ nzO;eku leku gksa rks ur ry dh ryh esa igq¡pus ij fdl fi.M dh xfrt ÅtkZ lcls
vf/d gksxh\d.kksa osQ fudk; rFkk ?kw.khZ xfr

fp=k 7.6(a) ,d n`<+ fi.M dh xfr tks 'kq¼ LFkkukarjh; gS

fp=k 7.6(b) n`<+ fi.M dh ,slh xfr tks LFkkukarjh; vkSj ?kw.khZ xfr;ksa dk la;kstu gS

fp=k 7.6 (a) ,oa 7.6 (b) ,d gh fi.M dh fofHkUu xfr;k¡ n'kkZrs gSaA è;ku nsa] fd P fi.M dk dksbZ
LosPN fcUnq gS_ O fi.M dk nzO;eku osQUnz gS] ftlosQ fo"k; esa vxys [k.M esa crk;k x;k gSA ;gk¡
;g dguk i;kZIr gksxk fd fcUnq O osQ xeu iFk gh fi.M osQ LFkkukarjh; xeu iFk Tr1 ,oa Tr2 gSaA

rhu vyx&vyx {k.kksa ij] fcUnqvksa O ,oa P dh fLFkfr;k¡ fp=k 7.6(a) ,oa 7.6 (b) nksuksa gh Øe'k%
O1, O2, O3, ,oa P1, P2 , P3 }kjk izn£'kr dh xbZ gSaA fp=k 7.6(a) ls ;g Li"V gS fd 'kq¼

LFkkukarj.k dh fLFkfr esa] fi.M osQ fdUgha Hkh nks fcUnqvksa O ,oa P osQ osx] cjkcj gksrs gSaA ;g Hkh
KkrO; gS] fd bl fLFkfr esa OP, dk fnfXoU;kl] ;kfu fd og dks.k tks OP ,d fu;r fn'kk (ekuk
fd {kSfrt) ls cukrk gS] leku jgrk gS vFkkZr~ α1=α2=α3 A fp=k 7.6 (b) LFkkukarj.k ,oa ?kw.kZu osQ

la;kstu ls fu£er xfr n'kkZrk gSA bl xfr esa fcUnqvksa O ,oa P osQ {kf.kd osxksa osQ eku vyx&vyx
gks ldrs gSa vkSj dks.kksa α1, α2, α3 osQ eku Hkh fHkUu gks ldrs gSaA



uu

fp=k 7.16 ,d fLFkj v{k osQ ifjr% ?kw.kZuA fLFkj(z-) v{k osQ ifjr% ?kwers n`<+ fi.M osQ fdlh d.kP
dk o`Ùkkdkj iFk ij pyukA o`Ùk dk osQUnz(C), v{k ij vofLFkr gSA



lkbfdy osQ ifg;s dks ysdj ,d iz;ksx



(dks.kh; laosx ,oa cy vk?kw.kZ)

,d lkbfdy dk ifg;k yhft,] ftldh /qjh nksuksa vksj ckgj fudyh gksA tSlk lkFk osQ fp=k esa
n'kkZ;k x;k gSA /qjh osQ nksuksa fljksa A ,oa B ls ,d&,d jLlh ckaf/,A nksuksa jfLl;ksa dks ,d gkFk esa
bl izdkj idfM+;s fd ifg;k ÅèokZ/j jgsA vxj vki ,d jLlh dks NksM+ nsa] rks /qjh >qd tk,xhA
vc ,d gkFk ls nksuksa jfLl;ksa dks idM+ dj ifg;s dks ÅèokZ/j j[krs gq, nwljs gkFk ls bldh /qjh
ij rsth ls ?kqekb;sA vc fiQj ,d jLlh dks] ekuk B dks] vius gkFk ls NksM+ nhft,A nsf[k;s D;k gksrk
gS\

ifg;k yxHkx ÅèoZ ry esa ?kwerk jgrk gS vkSj bldk ?kw.kZu ry ml jLlh A osQ ifjr% ?kwerk gS tks
vkius gkFk esa idM+ j[kh gSA ge dgrs gSa fd ifg;s dh ?kw.kZu v{k ;k fiQj dks.kh; laosx jLlh A osQ
ifjr% iqjLlj.k (Precess) djrk gSA

ifg;s osQ ?kw.kZu ls dks.kh; laosx layXu gksrk gSA bl dks.kh; laosx dh fn'kk Kkr dhft,A tc vki ?
kwers ifg;s dks jLlh A dh lgk;rk ls Fkkers gSa rks ,d cy vk?kw.kZ dk;Z djrk gSA (;g ge vkiosQ
Åij NksM+rs gSa fd vki lkspsa fd cy vk?kw.kZ oSQls mRiUu gksrk gS vkSj bldh fn'kk D;k gS\) dks.kh;
laosx ij cy vk?kw.kZ osQ izHkko ls] ifg;k] bu nksuksa jkf'k;ksa osQ ry esa yEcor~ v{k osQ ifjr%
iqjLlj.k djus yxrk gSA bu lHkh dFkuksa dks tkafp,A

izkjEHk esa ckn esa

u



u





u

u



lkfj.kh 7.1 fof'k"V v{kksa osQ ifjr% oqQN fu;fer vkdkj osQ fi.Mksa osQ tM+Ùo vk?kw.kZ

Z fi.M v{k vkjs[k I

1.R f=kT;k dk iryk] oy; ry osQ MR2

o`Ùkkdkj oy; yEcor~ osQUnz ls xqtjrh



2.R f=kT;k dk iryk] O;kl MR2/2

o`Ùkkdkj oy;

3. L yackbZ dh eè; fcUnq ls xqtjrhML2/12

iryh NM+ yackbZ osQ yEcor~

4.R f=kT;k dh osQUnz ls xqtjrh ry MR2/2

o`Ùkkdkj pdrh osQ yEcor~

5.R f=kT;k dh O;klMR2/4

o`Ùkkdkj pdrh

6.R f=kT;k dk csyu dh v{kMR2

[kks[kyk csyu

7.R f=kT;k dk csyu dh v{kMR2/2

Bksl csyu

8.R f=kT;k dk O;kl2MR2/5

Bksl xksyk





u

iQydkdkj fi.M

u



u



u

u

lkj.kh 7.2 LFkkukarjh; ,oa ?kw.khZ xfr dh rqyuk



js[kh; xfr vpy v{k osQ ifjr% ?kw.khZ xfr

1 foLFkkiu x dks.kh; foLFkkiu θ

2 osx v =dx/dt dks.kh; osx ω =dθ/dt

3 Roj.k a =dv/dt dks.kh; Roj.k] α =dω/dt

4 nzO;eku M tM+Ùo vk?kw.kZi

5 cy F = Ma cy vk?kw.kZ τ =i α

6 dk;ZdW =F ds dk;ZW = τdθ

7 xfrt ÅtkZ K =Mv2/2 xfrt ÅtkZK =iω2/2

8 'kfDr P = Fv 'kfDr P = τω

9 js[kh; laosx p = Mv dks.kh; laosx L = i ω

u



fp=k 7.36 (b) dykckt vius dyk izn'kZu esa dks.kh; laosx osQ fu;e dk ykHk ysrs gq,A



u



lkjka'k

1. ,d vkn'kZ n`<+ fiaM ,d ,slk fiaM gS ftlosQ d.kksa ij cy yxkus ij Hkh muosQ chp dh nwjh
ugha cnyrhA

2. ,d ,slk n`<+ fiaM tks fdlh fcUnq ij] ;k fdlh js[kk osQ vuqfn'k fLFkj gks osQoy ?kw.khZ xfr
gh dj ldrk gSA tks fiaM fdlh izdkj Hkh fLFkj u gks og ;k rks LFkkukUrj.k xfr djsxk ;k ?kw.khZ
vkSj LFkkukUrj.k nksuksa izdkj dh la;ksftr xfrA

3. ,d fu;r v{k osQ ifjr% ?kw.kZu esa] n`<+ fi.M dk izR;sd d.k v{k osQ yEcor~ ry esa ,d
o`Ùkkdkj iFk ij pyrk gS ftldk osQUnz v{k ij fLFkr gksrk gSA vFkkZr~ ?kw.kZu djrs n`<+ fiaM dh
v{k osQ yEcor~ izR;sd js[kk dk dks.kh; osx fdlh {k.k fo'ks"k ij leku jgrk gSA

4. 'kq¼ LFkkukUrj.k esa] fiaM dk izR;sd d.k fdlh {k.k ij leku osx ls pyrk gSA

5. dks.kh; osx ,d lfn'k gSA bldk ifjek.k ω = dθ/dt gS vkSj bldh fn'kk ?kw.kZu v{k osQ
vuqfn'k gksrh gSA fu;r v{k osQ ifjr% ?kw.kZu osQ fy,] lfn'k ω dh fn'kk Hkh fu;r gksrh gSA

6. nks lfn'kksa a ,oa b dk lfn'k (;k ØkWl) xq.ku ,d lfn'k gS ftldks ge a × b fy[krs gSaA
bl lfn'k dk ifjek.k ab sin θ gS vkSj bldh fn'kk dk Kku nf{k.korZ isap osQ fu;e ;k nk,a



gkFk osQ fu;e }kjk gksrk gSA

7. fu;r v{k osQ ifjr% ?kw.kZu djrs n`<+ fiaM osQ fdlh d.k dk js[kh; osx v = ω × r, tgk¡ r

v{k ij fy, x;s fdlh ewy fcUnq ls d.k dh fLFkfr crkus okyk lfn'k gSA ;g laca/] n`<+ fiaM
dh ,d fu;r fcUnq osQ ifjr% gkssus okyh vf/d O;kid xfr osQ fy, ykxw gksrk gSA ml fLFkfr
esa r] fLFkj fcUnq dks ewy fcUnq ysdj d.k dh fLFkfr n'kkZus okyk lfn'k gSA

8. d.kksa osQ ,d fudk; dk nzO;eku osQUnz ,d ,slk fcUnq gS ftldh fLFkfr lfn'k ge
fuEufyf[kr lehdj.k }kjk O;Dr dj ldrs gSa %

9. d.kksa osQ fudk; osQ nzO;eku osQUnz osQ osx dks ge V = P/M }kjk fy[k ldrs gSaA ;gk¡ P

fudk; dk js[kh; laosx gSA nzO;eku osQUnz bl izdkj xfr djrk gS ekuks fudk; dk lEiw.kZ
nzO;eku bl fcUnq ij laossaQfnzr gks vkSj lHkh ckg~; cy Hkh blh fcUnq ij izHkkoh gksaA ;fn fudk;
ij oqQy ckg~; cy 'kwU; gS rks bldk oqQy js[kh; laosx vpj jgrk gSA

10. n d.kksa osQ fudk; dk ewy fcUnq osQ ifjr% dks.kh; laosx]

n d.kksa osQ fudk; dk ewy fcUnq osQ ifjr% ,saBu ;k cy vk?kw.kZ]

i osa d.k ij yxus okys cy Fi esa] ckg~; ,oa vkarfjd lHkh cy 'kkfey gSaA U;wVu osQ r`rh;

fu;e dks ekurs gq, fd fdUgh nks d.kksa osQ chp cy] mudh fLFkfr;ksa dks feykus okyh js[kk osQ



vuqfn'k yxrs gSa] ge n'kkZ ldrs gSa τint = 0 ,oa]

11. ,d n`<+ fi.M osQ ;kaf=kd larqyu esa gksus osQ fy,]

(i) ;g LFkkukUrjh; larqyu esa gks] vFkkZr] bl ij yxus okyk oqQy ckg~; cy 'kwU; gks] 

 ,oa]

(ii) ;g ?kw.khZ larqyu esa gks] vFkkZr~] bl ij yxus okyk oqQy ckg~; cy vk?kw.kZ 'kwU; gks] : 

;

12. fdlh foLrkfjr vkdkj osQ fiaM dk xq#Ro osQUnz og fcUnq gS ftlosQ ifjr% fiaM dk oqQy
xq#Roh; cy vk?kw.kZ 'kwU; gksrk gSA

13. fdlh v{k osQ ifjr% ,d n`<+ fiaM dk tM+Ro vk?kw.kZ  lw=k }kjk ifjHkkf"kr
fd;k tkrk gSA tgk¡ ri fi.M osQ i-oas d.k dh v{k ls yEcor~ nwjh gSA ?kw.kZu dh xfrt ÅtkZ 

 gS

14. lekukUrj v{kksa dk izes; % , ykxw djosQ ge fdlh v{k osQ ifjr%
tM+Ro vk?kw.kZ] bl v{k osQ lekUrj xq#Ro osQUnz ls xqtjus okyh v{k osQ ifjr % tM+Ro vk?kw.kZ
rFkk fiaM osQ nzO;eku ,oa nksuksa v{kksa osQ chp dh yEcor~ nwjh osQ oxZ osQ xq.kuiQy dks tksM+ dj
izkIr dj ldrs gSaA

15. 'kq¼xfrdh rFkk xfrdh esa tSls js[kh; xfr gS mlh osQ lkn`'k fdlh fu;r v{k osQ ifjr% ?
kw.kZu xfr gSA



16. ,d fu;r v{k (eku yhft,z-v{k) osQ ifjr% ?kw.kZu djrs n`<+ fi.M osQ fy, Lz = Iω gS
tgk¡ i,z-v{k osQ ifjr% tM+Ro vk?kw.kZ gSA lkekU;r;k bl rjg osQ fi.M dk tM+Ro vk?kw.kZ L ?
kw.kZu v{k osQ vuqfn'k ugha gksrk gSA ;fn fi.M ?kw.kZu v{k osQ ifjr% lefer gS rks L ?kw.kZu v{k
osQ vuqfn'k gksrk gSA bl voLFkk esa 

 = Lz = Iω

17. fcuk fiQlys yksVfud xfr djrs fi.M osQ fy, vcm = Rω, tgk¡ vcm (fi.M osQ nzO;eku

osQUnz dk) LFkkukUrj osx gS] R bldh f=kT;k rFkk m nzO;eku gSA yksVfud xfr djrs fiaM dh

xfrt ÅtkZ] LFkkukUrj.k ,oa ?kw.kZu dh xfrt ÅtkZ dk ;ksx gS : .

fopkj.kh; fo"k;

1. fdlh fudk; osQ nzO;eku osQUnz dh xfr Kkr djus osQ fy, fudk; osQ vkUrfjd cyksa dk
Kku vko';d ugha gSA blosQ fy, gesa osQoy fi.M ij yxus okys ckg~; cyksa dk Kku gksuk
pkfg,A

2. d.kksa osQ fdlh fudk; dh xfr dks] blosQ nzO;eku osQUnz dh LFkkukUrjh; xfr vkSj nzO;eku
osQUnz osQ ifjr% bldh ?kw.khZ xfr esa vyx&vyx djosQ fopkj djuk d.kksa osQ fudk; osQ xfr
foKku dh ,d mi;ksxh rduhd gSA bl rduhd dk ,d mnkgj.k] d.kksa osQ fudk; dh xfrt
ÅtkZ K dks] nzO;eku osQ ifjr% fudk; osQ ?kw.kZu dh xfrt ÅtkZ K′ ,oa nzO;eku osQUnz dh
xfrt ÅtkZ MV2/2 esa i`Fkd djuk gSA

K = K′ + MV2/2

3. ifjfer vkdkj osQ fiaMksa (vFkok d.kksa osQ fudk;ksa) osQ fy, ykxw gksus okyk U;wVu dk f}rh;



fu;e d.kksa osQ fy, ykxw gksus okys U;wVu osQ f}rh; ,oa r`rh; fu;eksa osQ Åij vk/kfjr gSA

4. ;g LFkkfir djus osQ fy, fd d.kksa osQ fudk; osQ oqQy dks.kh; laosx ifjorZu dh nj]
fudk; ij vkjksfir oqQy cy vk?kw.kZ gS] gesa u osQoy d.kksa osQ fy, ykxw gksus okys U;wVu osQ
f}rh; fu;e dh vko';drk gksxh oju~ r`rh; fu;e Hkh bl 'krZ osQ lkFk ykxw djuk gksxk fd
fdUgh nks d.kksa osQ chp cy mudks feykus okyh js[kk osQ vuqfn'k gh dk;Z djrs gSaA

5. oqQy ckg~; cy dk 'kwU; gksuk vkSj oqQy ckg~; cy vk?kw.kZ dk 'kwU; gksuk nks Lora=k 'krs± gSaA
;g gks ldrk gS fd ,d 'krZ iwjh gksrh gks ij nwljh iwjh u gksrh gksA cy;qXe esa oqQy ckg~; cy
'kwU; gS ij cy vk?kw.kZ 'kwU; ugha gSA

6. ;fn oqQy ckg~; cy 'kwU; gks rks fudk; ij yxus okyk oqQy cy vk?kw.kZ ewy fcUnq osQ Åij
fuHkZj ugha djrkA

7. fdlh fiaM dk xq#Ro osQUnz mlosQ nzO;eku osQUnz ls rHkh laikrh gksrk gS tc xq#Ro {ks=k fiaM
osQ fofHkUu Hkkxksa ij leku gksrk gSA

8. ;fn n`<+ fiaM ,d fu;r v{k osQ ifjr% ?kw.kZu dj jgk gks rc Hkh ;g vko';d ugha gS fd
bldk dks.kh; laosx L, dks.kh; osx ω osQ lekUrj gksA rFkkfi] bl vè;k; esa of.kZr fLFkfr esa]
tgk¡ fiaM ,d fu;r v{k osQ ifjr% ?kw.kZu dj jgk gS vkSj og v{k fiaM dh lefer v{k Hkh gS]
laca/ L = Iω ykxw gksrk gS tgk¡ I ?kw.khZ v{k osQ ifjr% fi.M dk tM+Ro vk?kw.kZ gSA

vH;kl

7.1 ,dleku nzO;eku ?kuRo osQ fuEufyf[kr fi.Mksa eas izR;sd osQ nzO;eku osaQnz dh vofLFkfr
fyf[k,%



(a) xksyk] (b) flfyaMj] (c) NYyk rFkk (d) ?ku A

D;k fdlh fi.M dk nzO;eku osaQnz vko';d :i ls ml fi.M osQ Hkhrj fLFkr gksrk gS \

7.2 HCl v.kq esa nks ijek.kqvksa osQ ukfHkdksa osQ chp i`Fkdu yxHkx 1-27A (1A = 10-10 m) gS
A bl v.kq osQ nzO;eku osaQnz dh yxHkx vofLFkfr Kkr dhft, A ;g Kkr gS fd Dyksjhu dk
ijek.kq gkbMªkstu osQ ijek.kq dh rqyuk eas 35-5 xquk Hkkjh gksrk gS rFkk fdlh ijek.kq dk leLr
nzO;eku mlosQ ukfHkd ij osaQfnzr gksrk gS A

7.3 dksbZ cPpk fdlh fpdus {kSfrt iQ'kZ ij ,dleku pky v ls xfreku fdlh yach Vªkyh osQ
,d fljs ij cSBk gS A ;fn cPPkk [kM+k gksdj Vªkyh ij fdlh Hkh izdkj ls nkSM+us yxrk gS] rc
fudk; (Vªkyh $ cPpk) osQ nzO;eku osaQnz dh pky D;k gS \

7.4 n'kkZb;s fd a ,oa b osQ chp cus f=kHkqt dk {ks=kiQy a × b osQ ifjek.k dk vk/k gSA

7.5 n'kkZb;s fd a.(b × c) dk ifjek.k rhu lfn'kksa a, b ,oa c ls cus lekUrj "kV~iQyd osQ
vk;ru osQ
cjkcj gSA

7.6 ,d d.k] ftlosQ fLFkfr lfn'k r osQ x, y, z v{kksa osQ vuqfn'k vo;o Øe'k% x, y, z gSa]
vkSj js[kh; laosx lfn'k P osQ vo;o px, py pz gSa] osQ dks.kh; laosx l osQ v{kksa osQ vuqfn'k

vo;o Kkr dhft,A n'kkZb;s] fd ;fn d.k osQoy x-y ry esa gh xfreku gks rks dks.kh; laosx
dk osQoy z-vo;o gh gksrk gSA

7.7 nks d.k ftuesa ls izR;sd dk nzO;eku m ,oa pky v gS d nwjh ij] lekUrj js[kkvksa osQ
vuqfn'k] foijhr fn'kkvksa esa py jgs gSaA n'kkZb;s fd bl f}d.k fudk; dk lfn'k dks.kh; laosx
leku jgrk gS] pkgs ge ftl fcUnq osQ ifjr% dks.kh; laosx ysaA

7.8 W Hkkj dh ,d vlekax NM+ dks] mis{k.kh; Hkkj okyh nks Mksfj;ksa ls fp=k 7.39 esa n'kkZ;s
vuqlkj yVdk dj fojkekoLFkk esa j[kk x;k gSA Mksfj;ksa }kjk ÅèokZ/j ls cus dks.k Øe'k% 36.9°



,oa 53.1° gaSA NM+ 2 m yEckbZ dh gSA NM+ osQ ck,¡ fljs ls blosQ xq#Ro osQUnz dh nwjh d Kkr
dhft,A

fp=k 7.39

7.9 ,d dkj dk Hkkj 1800 kg gSA bldh vxyh vkSj fiNyh /qfj;ksa osQ chp dh nwjh 1.8 m

gSA bldk xq#Ro osQUnz] vxyh /qjh ls 1.05 m ihNs gSA lery /jrh }kjk blosQ izR;sd vxys
vkSj fiNys ifg;ksa ij yxus okys cy dh x.kuk dhft,A

7.10 (a) fdlh xksys dk] blosQ fdlh O;kl osQ ifjr% tM+Ro vk?kw.kZ 2MR2/5 gS] tgk¡ M xksys
dk nzO;eku ,oa R bldh f=kT;k gSA xksys ij [khaph xbZ Li'kZ js[kk osQ ifjr% bldk tM+Ro vk?
kw.kZ Kkr dhft,A

(b) M nzO;eku ,oa R f=kT;k okyh fdlh fMLd dk blosQ fdlh O;kl osQ ifjr% tM+Ro vk?kw.kZ

MR2/4 gSA fMLd osQ yEcor~ bldh dksj ls xqtjus okyh v{k osQ ifjr% bl pdrh dk tM+Ro
vk?kw.kZ Kkr dhft,A

7.11 leku nzO;eku vkSj f=kT;k osQ ,d [kks[kys csyu vkSj ,d Bksl xksys ij leku ifjek.k osQ
cy vk?kw.kZ yxk;s x;s gSaA csyu viuh lkekU; lefer v{k osQ ifjr% ?kwe ldrk gS vkSj xksyk
vius osQUnz ls xqtjus okyh fdlh v{k osQ ifjr%A ,d fn;s x;s le; osQ ckn nksuksa esa dkSu
vf/d dks.kh; pky izkIr dj ysxk\

7.12 20 kg nzO;eku dk dksbZ Bksl flfyaMj vius v{k osQ ifjr% 100 rad s-1 dh dks.kh; pky
ls ?kw.kZu dj jgk gS A flfyaMj dh f=kT;k 0.25m gS A flfyaMj osQ ?kw.kZu ls lac¼ xfrt ÅtkZ
D;k gS \ flfyaMj dk vius v{k osQ ifjr% dks.kh; laosx dk ifjek.k D;k gS \

7.13 (a) dksbZ cPpk fdlh ?kwf.kZdk (?kw.khZeap) ij viuh nksuksa Hkqtkvksa dks ckgj dh vksj
iSQykdj [kM+k gS A ?kwf.kZdk dks 40 rev/min dh dks.kh; pky ls ?kw.kZu djk;k tkrk gS A ;fn
cPpk vius gkFkksa dks okil fldksM+ dj viuk tM+Ro vk?kw.kZ vius vkjafHkd tM+Ro vk?kw.kZ dk
2@5 xquk dj ysrk gS] rks bl fLFkfr eas mldh dks.kh; pky D;k gksxh \ ;g ekfu, fd ?kwf.kZdk



dh ?kw.kZu xfr ?k"kZ.kjfgr gS A

(b) ;g n'kkZb, fd cPps dh ?kw.kZu dh u;h xfrt ÅtkZ mldh vkjafHkd ?kw.kZu dh xfrt ÅtkZ
ls vf/d gSA vki xfrt ÅtkZ eas gqbZ bl o`f¼ dh O;k[;k fdl izdkj djsaxs \

7.14 3kg nzO;eku rFkk 40 cm f=kT;k osQ fdlh [kks[kys flfyaMj ij dksbZ ux.; nzO;eku dh
jLlh yisVh xbZ gS A ;fn jLlh dks 30 N cy ls [khapk tk, rks flfyaMj dk dks.kh; Roj.k D;k
gksxk \ jLlh dk jSf[kd Roj.k D;k gS\ ;g ekfu, fd bl izdj.k eas dksbZ fiQlyu ugha gS A

7.15 fdlh ?kw.kZd (jksVj) dh 200 rad s–1 dh ,dleku dks.kh; pky cuk, j[kus osQ fy,
,d batu }kjk 180 N m dk cy vk?kw.kZ izsf"kr djuk vko';d gksrk gS A batu osQ fy,
vko';d 'kfDr Kkr dhft, A
(uksV % ?k"kZ.k dh vuqifLFkfr eas ,dleku dks.kh; osx gksus eas ;g lekfo"V gS fd cy vk?kw.kZ
'kwU; gS A O;ogkj eas yxk, x, cy vk?kw.kZ dh vko';drk ?k"kZ.kh cy vk?kw.kZ dks fujLr djus
osQ fy, gksrh gS A) ;g ekfu, fd batu dh n{krk 100% gSA

7.16 R f=kT;k okyh lekax fMLd ls R/2 f=kT;k dk ,d o`Ùkkdkj Hkkx dkV dj fudky fn;k
x;k gSA bl izdkj cus o`Ùkkdkj lqjk[k dk osQUnz ewy fMLd osQ osQUnz ls R/2 nwjh ij gSA
vof'k"V fMLd osQ xq#Ro osQUnz dh fLFkfr Kkr dhft,A

7.17 ,d ehVj NM+ osQ osQUnz osQ uhps {kqj&/kj j[kus ij og bl ij larqfyr gks tkrh gS tc nks
flDosQ] ftuesa izR;sd dk nzO;eku 5 g gS] 12.0 cm osQ fpUg ij ,d osQ Åij ,d j[ks tkrs gSa
rks NM+ 45.0 cm fpUg ij larqfyr gks tkrh gSA ehVj NM+ dk nzO;eku D;k gS\

7.18 ,d Bksl xksyk] fHkUu ufr osQ nks vkur ryksa ij ,d gh Å¡pkbZ ls yq<+dus fn;k tkrk gSA
(a) D;k og nksuksa ckj leku pky ls ryh esa igq¡psxk\ (b) D;k mldks ,d ry ij yq<+dus esa
nwljs ls vf/d le; yxsxk\ (c) ;fn gk¡] rks fdl ij vkSj D;ksa\

7.19 2 m f=kT;k osQ ,d oy; (NYys) dk Hkkj 100 kg gSA ;g ,d {kSfrt iQ'kZ ij bl
izdkj yksVfud xfr djrk gS fd blosQ nzO;eku osQUnz dh pky 20 cm/s gksA bldks jksdus osQ



fy, fdruk dk;Z djuk gksxk\

7.20 vkWDlhtu v.kq dk nzO;eku 5.30 × 10-26 kg gS rFkk blosQ osQUnz ls gksdj xqtjus okyh
vkSj blosQ nksuksa ijek.kqvksa dks feykus okyh js[kk osQ yEcor~ v{k osQ ifjr% tM+Ro vk?kw.kZ

1.94×10-46 kg m2 gSA eku yhft, fd xSl osQ ,sls v.kq dh vkSlr pky 500 m/s gS vkSj
blosQ ?kw.kZu dh xfrt ÅtkZ] LFkkukUrj.k dh xfrt ÅtkZ dh nks frgkbZ gSA v.kq dk vkSlr
dks.kh; osx Kkr dhft,A

7.21 ,d csyu 30° dks.k cukrs vkur ry ij yq<+drk gqvk Åij p<+rk gSA vkur ry dh
ryh esa csyu osQ nzO;eku osQUnz dh pky 5 m/s gSA

(a) vkur ry ij csyu fdruk Åij tk;sxk\

(b) okil ryh rd ykSV vkus esa bls fdruk le; yxsxk\

vfrfjDr vH;kl

7.22 tSlk fp=k 7.40 esa fn[kk;k x;k gS] ,d [kM+h gksus okyh lh<+h osQ nks i{kksa BA vkSj CA

dh yEckbZ 1.6 m gS vkSj budks A ij dCtk yxk dj tksM+k x;k gSA bUgsa Bhd chp esa] 0.5 m

yEch jLlh DE }kjk ckaèkk x;k gSA lh<+h BA osQ vuqfn'k B ls 1.2 m dh nwjh ij fLFkr fcUnq
F ls 40 kg dk ,d Hkkj yVdk;k x;k gSA ;g ekurs gq, fd iQ'kZ ?k"kZ.k jfgr gS vkSj lh<+h dk
Hkkj mis{k.kh; gS] jLlh esa ruko vkSj lh<+h ij iQ'kZ }kjk yxk;k x;k cy Kkr dhft,A (g =

9.8 m/s2 yhft,)

(laosQr: lh<+h osQ nksuksa vksj osQ larqyu ij vyx&vyx fopkj dhft,)

fp=k 7.40

7.23 dksbZ O;fDr ,d ?kwers gq, IysViQkeZ ij [kM+k gSA mlus viuh nksuksa ckgsa iSQyk j[kh gSa vkSj
muesa ls izR;sd esa 5 kg Hkkj idM+ j[kk gSA IysViQkeZ dk dks.kh; pky 30 rev/min gSA fiQj og



O;fDr ckgksa dks vius 'kjhj osQ ikl ys vkrk gS ftlls ?kw.kZu v{k ls izR;sd Hkkj dh nwjh 90

cm ls cny dj 20 cm gks tkrh gSA IysViQkeZ lfgr O;fDr osQ tM+Ro vk?kw.kZ dk eku] 7.6 kg

m2 ys ldrs gSaA

(a) mldk u;k dks.kh; osx D;k gS\ (?k"kZ.k dh mis{kk dhft,)

(b) D;k bl izfØ;k esa xfrt ÅtkZ lajf{kr gksrh gS\ ;fn ugha] rks blesa ifjorZu dk Ïksr D;k
gS\

7.24 10 g nzO;eku vkSj 500 m/s pky okyh cUnwd dh xksyh ,d njokts osQ Bhd osQUnz esa
Vdjkdj mlesa var%LFkkfir gks tkrh gSA njoktk 1.0 m pkSM+k gS vkSj bldk nzO;eku 12 kg gSA
blosQ ,d fljs ij dCts yxs gSa vkSj ;g buls xqtjrh ,d ÅèokZ/j v{k osQ ifjr% yxHkx fcuk
?k"kZ.kZ osQ ?kwe ldrk gSA xksyh osQ njokts esa var%LFkkiu osQ Bhd ckn bldk dks.kh; osx Kkr
dhft,A

(laosQr% ,d fljs ls xqtjrh ÅèokZ/j v{k osQ ifjr% njokts dk tM+Ro&vk?kw.kZ ML2/3 gS)

7.25 nks pfØdk,a ftuosQ vius&vius v{kksa (pfØdk osQ vfHkyacor~ rFkk pfØdk osQ osaQnz ls
xqtjus okys) osQ ifjr% tM+Ro vk?kw.kZ I1 rFkk I2 gSa vkSj tks ω1 rFkk ω2 dks.kh; pkyksa ls ?

kw.kZu dj jgh gSa] dks muosQ ?kw.kZu v{k laikrh djosQ vkeus&lkeus yk;k tkrk gS A (a) bl nks
fpfØdk fudk; dh dks.kh; pky D;k gS \ (b) ;g n'kkZb, fd bl la;ksftr fudk; dh xfrt
ÅtkZ nksuksa pfØdkvksa dh vkjafHkd xfrt ÅtkZvksa osQ ;ksx ls de gS A ÅtkZ eas gqbZ bl gkfu dh
vki oSQls O;k[;k djsaxs \ ω1 ≠ω2 yhft,A

7.26 (a) yEcor~ v{kksa osQ izes; dh miifÙk djsaA (laosQr% (x,y) ry osQ yEcor~ ewy fcUnq
ls xqtjrh v{k ls fdlh fcUnq x–y dh nwjh dk oxZ (x2+y2) gSA

(b) lekarj v{kksa osQ izes; dh miifÙk djsa (laosQr % ;fn nzO;eku osQUnz dks ewy fcUnq ys fy;k

tk; rks )



7.27 lw=k  dks xfrdh; n`f"V (vFkkZr~ cyksa rFkk cy vk?kw.kks± osQ
fopkj) ls O;qRiUu dhft,A tgk¡ v yksVfud xfr djrs fiaM (oy;] fMLd] csyu ;k xksyk) dk
vkur ry dh ryh esa osx gSA vkur ry ij h og Å¡pkbZ gS tgk¡ ls fiaM xfr izkjaHk djrk gSA
k lefer v{k osQ ifjr% fiaM dh ?kw.kZu f=kT;k gS vkSj R fiaM dh
f=kT;k gSA

7.28 vius v{k ij ωo dks.kh; pky ls ?kw.kZu djus okyh fdlh pfØdk dks /hjs ls
(LFkkukUrjh; /Ddk fn, fcuk) fdlh iw.kZr% ?k"kZ.kjfgr est ij j[kk tkrk gS A pfØdk dh
f=kT;k R gS A fp=k 7-41 eas n'kkZbZ pfØdk osQ fcanqvksa A, B rFkk C ij jSf[kd osx D;k gSa \
D;k ;g pfØdk fp=k eas n'kkZbZ fn'kk eas yksVfud xfr djsxh \

7.29 Li"V dhft, fd fp=k 7-41 eas vafdr fn'kk eas pfØdk dh yksVfud xfr osQ fy, ?k"kZ.k
gksuk vko';d D;ksa gS \

(a) B ij ?k"kZ.k cy dh fn'kk rFkk ifj'kqn~èk yq<+du vkjaHk gksus ls iwoZ ?k"kZ.kh cy vk?kw.kZ dh
fn'kk D;k gS \

(b) ifj'kq¼ yksVfud xfr vkjaHk gksus osQ i'Pkkr~ ?k"kZ.k cy D;k gS \

7.30 10 cm f=kT;k dh dksbZ Bksl pfØdk rFkk bruh gh f=kT;k dk dksbZ NYyk fdlh {kSfrt

est ij ,d gh {k.k 10π rad s–1 dh dks.kh; pky ls j[ks tkrs gSa A bueas ls dkSu igys
yksVfud xfr vkjaHk dj nsxk A xfrt ?k"kZ.k xq.kkad µk= 0.2 A

7.31 10 kg nzO;eku rFkk 15 cm f=kT;k dk dksbZ flfyaMj fdlh 30 >qdko osQ lery ij
ifj'kq¼r% yksVfud xfr dj jgk gS A LFkSfrd ?k"kZ.k xq.kkad µs = 0.25 gS A

(a) flfyaMj ij fdruk ?k"kZ.k cy dk;Zjr gS \



(b) yksVu dh vof/ eas ?k"kZ.k osQ fo#¼ fdruk dk;Z fd;k tkrk gS \

(c) ;fn lery osQ >qdko θ eas o`f¼ dj nh tk, rks θ osQ fdl eku ij flfyaMj ifj'kq¼r%
yksVfud xfr djus dh ctk; fiQlyuk vkjaHk dj nsxk \

7.32 uhps fn, x, izR;sd izdFku dks è;kuiwoZd if<+, rFkk dkj.k lfgr mRRkj nhft, fd bueas
ls dkSu&lk lR; gS vkSj dkSu&lk vlR; gS A

(a) yksVfud xfr djrs le; ?k"kZ.k cy mlh fn'kk eas dk;Zjr gksrk gS ftl fn'kk eas fi.M dk
nzO;eku osaQnz xfr djrk gS A

(b) yksVfud xfr djrs le; laioZQ fcanq dh rkR{kf.kd pky 'kwU; gksrh gS A

(c) yksVfud xfr djrs le; laioZQ fcanq dk rkR{kf.kd Roj.k 'kwU; gksrk gS A

(d) ifj'kq¼ yksVfud xfr osQ fy, ?k"kZ.k osQ fo#¼ fd;k x;k dk;Z 'kwU; gksrk gS A

(e) fdlh iw.kZr% ?k"kZ.kjfgr vkur lery ij uhps dh vksj xfr djrs ifg, dh xfr fiQlyu
xfr (yksVfud xfr ugha)gksxh A

7.33 d.kksa osQ fdlh fudk; dh xfr dks blosQ nzO;eku osQUnz dh xfr vkSj nzO;eku osQUnz osQ
ifjr% xfr esa vyx&vyx djosQ fopkj djukA n'kkZb;s fd&

(a) , tgk¡ pi (mi nzO;eku okys) i-osa d.k dk laosx gS] vkSj p′i = mi v

′iA è;ku nsa fd v′i, nzO;eku osQUnz osQ lkis{k i-osa d.k dk osx gSA nzO;eku osQUnz dh ifjHkk"kk dk

mi;ksx djosQ ;g Hkh fl¼ dhft, fd 

(b) 

K d.kksa osQ fudk; dh oqQy xfrt ÅtkZ] K′ = fudk; dh oqQy xfrt ÅtkZ tcfd d.kksa dh



xfrt ÅtkZ nzO;eku osQUnz osQ lkis{k yh tk;A MV2/2 laiw.kZ fudk; osQ (vFkkZr~ fudk; osQ
nzO;eku osQUnz osQ) LFkkukUrj.k dh xfrt ÅtkZ gSA bl ifj.kke dk mi;ksx Hkkx 7-14 esa fd;k
x;k gSA

(c) 

tgk¡ = , nzO;eku osQ ifjr% fudk; dk dks.kh; laosx gS ftldh x.kuk esa

osx nzO;eku osQUnz osQ lkis{k ekis x;s gSaA ;kn dhft, ; 'ks"k lHkh fpÉ vè;k; esa

iz;qDr fofHkUu jkf'k;ksa osQ ekud fpÉ gSaA è;ku nsa fd  nzO;eku osQUnz osQ ifjr% fudk; dk

dks.kh; laosx ,oa  blosQ nzO;eku osQUnz dk dks.kh; laosx gSA

(d) 

;g Hkh n'kkZb;s fd 

(tgk¡  nzO;eku osQUnz osQ ifjr% fudk; ij yxus okys lHkh ckg~; cy vk?kw.kZ gSaA)

¹laosQr % nzO;eku osQUnz dh ifjHkk"kk ,oa U;wVu osQ xfr osQ r`Rkh; fu;e dk mi;ksx dhft,A ;g
eku yhft, fd fdUgh nks d.kksa osQ chp osQ vkUrfjd cy mudks feykus okyh js[kk osQ vuqfn'k
dk;Z djrs gSaAº

jkf'k laosQr foek ek=kd fVIi.kh

dks.kh; osx ω [T-1] rad s-1 v = ω × r

dks.kh; laosx L [ML2T-1] J s L = r × p



cy vk?kw.kZ τ [ML2T-2] N m τ = r × F

tM+Ro vk?kw.kZ Ι [ML2] kg m2 I = Σ mi ri
2
⊥



fp=k 7.41

IywVks & ,d okeu xzg

baVjus'kuy ,LVªksuksfedy ;wfu;u (IAU) dh 24 vxLr 2006 dh pSd x.kra=k ds izkx 'kgj esa
gqbZ xks"Bh esa lkSjeaMy ds xzgksa ds fy, ,d u;h ifjHkk"kk viuk;h xbZA bl u;h ifjHkk"kk ds
vuqlkj IywVks vc ,d xzg ugha gSA vr% vc lkSjeaMy esa vkB xzg gSa % cq/] 'kqozQ] i`Foh eaxy]
c`gLifr] 'kfu] ;wjsul rFkk usIV~;wuA IAU dh u;h ifjHkk"kk ds vuqlkj] lkSjeaMy esa ^xzg* rFkk
vU; fiaMksa (mixzgksa ds vykok) dks fuEu ifjHkk"kk ds vuqlkj rhu fuf'pr Jsf.k;ksa esa oxhZd`r
djuk pkfg, %

1- xzg ,d ,slk vkdk'kh; fi.M gS (a) tks fuf'pr d{kk esa lw;Z dh ifjozQek djrk gS] (b)

ftldk viuk nzO;eku ,slk gS fd mldk xq#Ro cy n`<+ fiaMksa ds cy dks ijkHkwr djus ds fy,
i;kZIr gks rkfd og ty LFkSfrd :i ls larqfyr vkd`fr (yxHkx xksyh;) izkIr dj lds] rFkk
(c) ftldh d{kk ds vklikl ds {ks=k esa dksbZ vU; fiaM u gksA

2- dksbZ okeu xzg ,d ,slk vkdk'kh; fiaM gS (a) tks lw;Z dh fdlh d{kk esa fLFkr gS] (b)

ftldk viuk nzO;eku ,slk gS fd mldk xq#Ro cy n`<+ fiaMksa ds cy dks ijkHkwr djus ds fy,
i;kZIr gks rkfd og ty LFkSfrd :i ls larqfyr vkd`fr (yxHkx xksyh;) izkIr dj lds] (c)



ftldh d{kk ds vklikl ds {ks=k esa vU; fiaM gksa] rFkk (d) tks mixzg ughas gSA

3- mixzgksa ds vfrfjDr lw;Z dh ifjozQek djus okys ^vU; lHkh fiaM* lfEefyr :i ls
^lkSjeaMy ds y?kq fiaM* ds uke ls tkus tk,¡xsA

lkSj eaMy ds vU; vkB xzgksa ds foijhr IywVks dk d{kh; iFk usIV~;wu rFkk ^vU; fiMksa* dh
d{kk ls xqtjrk gSA vU; fiaMksa esa lfEefyr gSa% lkSjeaMy ds vf/dka'k {kqnzxzg] usIV~;wu ds ijs
fLFkr fiaM] /wedsrq rFkk vU; NksVs fiaMA

mijksDr ifjHkk"kk ds vuqlkj IywVks ,d ^okeu xzg* gS rFkk blsss ^usIV~;wu ds ijs fLFkr fiaMksa ds
oxZ* ds lnL; ds :i esa igpkuk tk,xkA
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8.1 Hkwfedk
ge vius vkjafHkd thou esa gh] lHkh inkFkks± osQ i`Foh dh vksj vkdf"kZr gksus dh izÑfr dks tku ysrs
gSaA tks Hkh oLrq Åij isaQdh tkrh gS og i`Foh dh vksj fxjrh gS] igkM+ ls uhps mrjus dh rqyuk esa
igkM+ ij Åij tkus esa dgha vfèkd Fkdku gksrh gS] Åij cknyksa ls o"kkZ dh cw¡nsa i`Foh dh vksj fxjrh
gSa] rFkk vU; ,slh gh cgqr lh ifj?kVuk,¡ gSaA bfrgkl osQ vuqlkj bVyh osQ HkkSfrd foKkuh xSyhfy;ks
(1564&1642) us bl rF; dks ekU;rk iznku dh fd lHkh fi.M] pkgs muosQ nzO;eku oqQN Hkh gksa]
,dleku Roj.k ls i`Foh dh vksj Rofjr gksrs gSaA ,slk dgk tkrk gS fd mUgksaus bl rF; dk
lkoZtfud fun'kZu fd;k FkkA ;g dguk] pkgs lR; Hkh u gks] ijarq ;g fuf'pr gS fd mUgksaus vkur
lery ij yksVuh fi.Mksa osQ lkFk oqQN iz;ksx djosQ xq#Roh; Roj.k dk ,d eku izkIr fd;k Fkk] tks
ckn esa fd, x, iz;ksxksa }kjk izkIr vf/d ;FkkFkZ ekuksa osQ dkiQh fudV FkkA

vk| dky ls gh cgqr ls ns'kksa esa rkjksa] xzgksa rFkk mudh xfr;ksa osQ izs{k.k tSlh vlac¼ izrhr gksus
okyh ifj?kVuk,¡ è;kukd"kZ.k dk fo"k; jgh gSaA vk| dky osQ izs{k.kksa }kjk vkdk'k esa fn[kkbZ nsus okys
rkjksa dh igpku dh xbZ] ftudh fLFkfr esa lkyksalky dksbZ ifjorZu ugha gksrk gSA izkphu dky ls ns[ks
tkus okys fi.Mksa esa oqQN vf/d jkspd fi.M Hkh ns[ks x,] ftUgsa xzg dgrs gSa] vkSj tks rkjksa dh
i`"BHkwfe esa fu;fer xfr djrs izrhr gksrs gSaA xzgh; xfr;ksa osQ lcls izkphu izekf.kr ekWMy dks vc ls
yxHkx 2000 o"kZ iwoZ VkWyeh us izLrkfor fd;k FkkA ;g ^HkwosQUnzh* ekWMy Fkk] ftlosQ vuqlkj lHkh
vkdk'kh; fi.M rkjs] lw;Z rFkk xzg i`Foh dh ifjØek djrs gSaA bl ekWMy dh /kj.kk osQ vuqlkj
vkdk'kh; fi.Mksa dh laHkkfor xfr osQoy o`Ùkh; xfr gh gks ldrh FkhA xzgksa dh izsf{kr xfr;ksa dk
o.kZu djus osQ fy, VkWyeh us xfr;ksa osQ ftl foU;kl dks izfrikfnr fd;k og cgqr tfVy FkkA blosQ
vuqlkj xzgksa dks o`Ùkksa esa ifjØek djus okyk rFkk bu o`Ùkksa osQ osQUnzksa dks Lo;a ,d cM+s o`Ùk esa
xfr'khy crk;k x;k FkkA yxHkx 400 o"kZ osQ i'pkr Hkkjrh; [kxksyKksa us Hkh blh izdkj osQ fl¼kar
izfrikfnr fd,A rFkkfi] vk;ZHkêð (5 oha 'krkCnh esa) us igys ls gh vius 'kks/ izcU/ esa ,d vf/d
ifj"Ñr ekWMy dk o.kZu fd;k Fkk] ftls lw;Z osQUnzh ekWMy dgrs gSa ftlosQ vuqlkj lw;Z dks lHkh xzgksa
dh xfr;ksa dk osQUnz ekuk x;k gSA ,d gtkj o"kZ osQ i'pkr iksyS.M osQ ,d bZlkbZ fHk{kq] ftudk uke
fudksyl dksijfudl (1473&1543) Fkk] us ,d iw.kZ fodflr ekWMy izLrkfor fd;k ftlosQ vuqlkj
lHkh xzg] osQUnzh; LFkku ij fLFkr fLFkj lw;Z] osQ ifjr% o`Ùkksa esa ifjØek djrs gSaA fxjtk?kj us bl
fl¼kar ij lansg izdV fd;kA ijUrq bl fl¼kar osQ yC/ izfrf"Br leFkZdksa esa ,d xSyhfy;ks Fks]



ftuij 'kklu osQ }kjk] vkLFkk osQ fo#¼ gksus osQ dkj.k] eqdnek pyk;k x;kA

yxHkx xSyhfy;ks osQ gh dky esa MsuekoZQ osQ ,d oqQyhu iq#"k Vk;dks czsg (1546&1601) us viuk
leLr thou dky viuh uaxh vka[kksa ls lh/s gh xzgksa osQ izs{k.kksa dk vfHkys[ku djus esa yxk fn;kA
muosQ }kjk ladfyr vk¡dM+ksa dk ckn esa mlosQ lgk;d tksgkUusl osQIyj (1571&1640) }kjk fo'ys"k.k
fd;k x;kA mUgksaus bu vk¡dM+ksa dks lkj osQ :i esa rhu ifj"Ñr fu;eksa }kjk izfrikfnr fd;k] ftUgsa
vc osQIyj osQ fu;eksa osQ uke ls tkuk tkrk gSA ;s fu;e U;wVu dks Kkr FksA bu mRo`Q"V fu;eksa us
U;wVu dks viuk xq#Rokd"kZ.k dk lkoZf=kd fu;e izLrkfor djosQ vlk/kj.k oSKkfudksa dh iafDr esa
'kkfey gksus ;ksX; cuk;kA

8.2 osQIyj osQ fu;e
osQIyj osQ rhu fu;eksa dk mYys[k bl izdkj fd;k tk ldrk gS%

1. d{kkvksa dk fu;e % lHkh xzg nh?kZo`Ùkh; d{kkvksa esa xfr djrs gSa rFkk lw;Z bldh] ,d
ukfHk ij fLFkr gksrk gS (fp=k 8-1a)A

fp=k 8.1(a) lw;Z osQ ifjr% fdlh xzg }kjk vuqjsf[kr nh?kZo`ÙkA lw;Z dk fudVre fcUnq P rFkk nwjLFk fcUnq A gSA P dks milkSj rFkk A

dks vilkSj dgrs gSaA v/Z nh?kZ v{k nwjh AP dk vk/k gSA

;g fu;e dksijfudl osQ ekWMy ls gVdj Fkk ftlosQ vuqlkj xzg osQoy o`Ùkh; d{kkvksa esa gh xfr
dj ldrs gSaA nh?kZo`Ùk] ftldk o`Ùk ,d fof'k"V izdj.k gksrk gS] ,d cUn oØ gksrk gS] ftls cgqr



ljyrk ls bl izdkj [khapk tk
ldrk gS %

fp=k 8.1(b) ,d nh?kZo`r [khapukA ,d Mksjh osQ nks fljs F1 rFkk F2 fLFkj gSaA isafly dh uksad Mksjh dks ruh j[krs gq, bu fljksa osQ

ifjr% pyk;h tkrh gSA

nks fcUnqvksa F1 rFkk F2 dk p;u dhft,A ,d Mksjh ysdj blosQ fljksa dks F1 rFkk F2 ij fiuksa }kjk
tfM+,A isafly dh uksad ls Mksjh dks rkfu, vkSj fiQj Mksjh dks ruh gqbZ j[krs gq, isafly dks pykrs gq,
cUn oØ [khafp, (fp=k 8-1 (b)) bl izdkj izkIr cUn oØ dks nh?kZo`Ùk dgrs gSaA Li"V gS fd nh?kZo`Ùk
osQ fdlh Hkh fcUnq T ij F1 rFkk F2 ls nwfj;ksa dk ;ksx vifjofrZr (fu;r) gSA fcUnq F1 rFkk F2

nh?kZo`Ùk dh ukfHk dgykrh gSA fcUnq F1 rFkk F2 dks feykb, vkSj bl js[kk dks vkxs c<+kb, ftlls
;g nh?kZo`Ùk dks fp=k 8.1 (b) esa n'kkZ, vuqlkj fcUnqvksa P rFkk A ij izfrPNsn djrh gSA
js[kk PA dk eè;fcUnq nh?kZo`Ùk dk osQUnz gS rFkk yEckbZ PO = AO nh?kZo`Ùk dk v/Z nh?kZ v{k
dgykrh gSA fdlh o`Ùk osQ fy, nksuksa ukfHk;k¡ ,d nwljs esa foyhu gksdj ,d gks tkrh gSa rFkk vèkZ nh?
kZ v{k o`Ùk dh f=kT;k cu tkrh gSA

2. {ks=kiQyksa dk fu;e % lw;Z ls fdlh xzg dks feykus okyh js[kk leku le; varjkyksa esa
leku {ks=kiQy izliZ djrh gS (fp=k 8-2)A ;g fu;e bl izs{k.k ls izdV gksrk gS fd xzg ml le;
/heh xfr djrs izrhr gksrs gSa tc os lw;Z ls vfèkd nwjh ij gksrs gSaA lw;Z osQ fudV gksus ij xzgksa dh
xfr vis{kkÑr rhoz gksrh A



fp=k 8.2 xzg P lw;Z osQ ifjr% nh?kZo`Ùkh; d{kk esa xfr djrk gSA fdlh NksVs le; varjky ∆t esa xzg }kjk izl£ir {ks=kiQy∆A dks

Nk;kafdr {ks=k }kjk n'kkZ;k x;k gSA

tksgkUusl osQIyj (1571& 1630) teZu ewy osQ oSKkfud FksA mUgksaus Vk;dks czsg vkSj
muosQ lg;ksfx;ksa }kjk cgqr ifjJeiwoZd fy, x, isz{k.kksa osQ vk/kj ij xzgksa dh xfr
osQ rhu fu;eksa dk izfriknu fd;kA osQIyj Lo;a czsg osQ lgk;d Fks vkSj mudks xzgksa
osQ rhu fu;eksa rd igq¡pus eas 16 o"kks± dk yack le; yxkA og igys O;fDr Fks
ftUgksaus ;g crk;k fd nwjn'khZ esa izos'k djus ij izdk'k dk D;k gksrk gS] blfy,]
og T;kferh; izdkf'kdh osQ laLFkkid osQ :i esa Hkh tkus tkrs gSaA

3. vkorZ dkyksa dk fu;e
fdlh xzg osQ ifjØe.k dky dk oxZ ml xzg }kjk vuqjsf[kr nh?kZo`Ùk osQ v/Z&nh?kZ v{k osQ ?ku osQ
vuqØekuqikrh gksrk gSA

uhps nh x;h lkj.kh (8-1) esa lw;Z osQ ifjr% vkB* xzgksa osQ lfUudV ifjØe.k&dky muosQ v/Z&nh?kZ
v{kksa osQ ekuksa lfgr n'kkZ, x, gSa



*i`"B 186 ij ckWDl esa nh xbZ tkudkjh ij è;ku nsaA

{ks=kiQyksa osQ fu;e dks dks.kh; laosx laj{k.k dk fu"d"kZ ekuk tk ldrk gS tks lHkh osQUnzh; cyksa osQ
fy, ekU; gSA fdlh xzg ij yxus okyk osQUnzh; cy] osQUnzh; lw;Z rFkk xzg dks feykus okys lfn'k osQ
vuqfn'k dk;Z djrk gSA eku yhft, lw;Z ewy fcUnq ij gS vkSj ;g Hkh ekfu, fd xzg dh fLFkfr rFkk

laosx dks Øe'k% r rFkk  ls n'kkZ;k tkrk gS] rc m nzO;eku osQ xzg }kjk ∆t le; esa izl£ir
{ks=kiQy ∆A (fp=k 8-2) bl izdkj O;Dr fd;k tkrk gS

 = ½ (r × v∆t) (8.1)

vr%

/∆t =½ (r × p)/m, (pw¡fd v = p/m)

= L / (2 m) (8.2)

;gk¡ v osx gS rFkk L dks.kh; laosx gS tks ( r × p ) osQ rqY; gSA fdlh osQUnzh; cy osQ fy,] tks r

osQ vuqfn'k funsZf'kr gS] L ,d fu;rkad gksrk gS] tcfd xzg ifjØek dj jgk gksrk gSA vr% vafre



lehdj.k osQ vuqlkj /∆t ,d fu;rakd gSA ;gh {ks=kiQyksa dk fu;e gSA xq#Rokd"kZ.k dk cy Hkh
osQUnzh; cy gh gS vkSj blfy, {ks=kiQyksa dk fu;e U;wVu osQ fu;eksa osQ blh y{k.k dk ikyu@vuqxeu
djrk gSA

mnkgj.k 8.1 eku yhft, fdlh xzg dh milkSj P ij (fp=k 8.1a) pky vP gS] rFkk lw;Z
o xzg dh nwjh SP = rP gSA {rP, vP} rFkk vilkSj ij bu jkf'k;ksa osQ rnuq:ih eku
{rA, vA} esa laca/ LFkkfir dhft,A
D;k xzg BAC rFkk CPB iFk r; djus esa leku le; ysxk\

gy dks.kh; laosx dk ifjek.k P ij gS Lp = mp rp vp, D;ksafd fujh{k.k }kjk ;g Kkr gksrk gS
fd rp rFkk vp ijLij yEcor gSaA blh izdkj] LA = mp rA vA. rc dks.kh; laosx laj{k.k ls mp rp

vp = mp rA vA

vFkok  pw¡fd rA > rp, vp > vA .

nh?kZo`Ùk rFkk f=kT;k lfn'kksa SB ,oa SC }kjk ?ksjk x;k {ks=kiQy SBPC dh rqyuk esa vf/d gS
(fp=k 8.1a)A osQIyj osQ nwljs fu;e osQ vuqlkj] leku le; varjkyksa esa leku {ks=kiQy izliZ gksrs gSaA
vr% xzg iFk CPB dks r; djus dh vis{kk iFk BAC dks r; djus esa vf/d le; ysxkA 

osQUnzh; cy
gesa Kkr gS] fd ewy fcUnq osQ ifjr% fdlh ,dy d.k osQ dks.kh; laosx esa] le; osQ lkFk gksus
okys ifjorZu dh nj

;fn ml ij yxs cy dk vk?kw.kZ  'kwU; gks] rks d.k dk dks.kh; laosx lajf{kr
jgrk gS] ;g rHkh gksrk gS tc ;k rks F 'kwU; gks ;k cy r osQ vuqfn'k gksA ge mu cyksa dh



ppkZ djsaxs tks nwljh 'krZ iwjh djrs gSaA osQUnzh; cy mu cyksa osQ mnkgj.k gSa tks ;g 'krZ iwjh
djrs gSaA

osQUnzh; cy] lnSo ;k rks ,d fu;r fcUnq dh vksj ;k blls nwj fn'kk esa yxs gksrs gSa] ;kfu] fu;r
fcUnq ls cykjksi.k fcUnq osQ laxr fLFkfr lfn'k osQ vuqfn'k gksrs gSaA (nsf[k, fp=k)A osQUnzh; cy
dk ifjek.k F, osQoy fu;r fcUnq ls cykjksi.k fcUnq dh nwjh] r, osQ Åij fuHkZj djrk
gS F=F(r)A

osQUnzh; cy osQ rgr xfr esa dks.kh; laosx lnSo lajf{kr jgrk gSA blls nks egÙoiw.kZ ifj.kke
lh/s izkIr gksrs gSa %

(1) osQUnzh; cy osQ rgr fdlh d.k dh xfr lnSo ,d lery esa lhfer jgrh gSA

(2) cy osQ osQUnz (;kfu fu;r fcUnq) ls] fy, x, d.k osQ fLFkfr lfn'k dk {ks=kiQyh; osx
vpj jgrk gSA nwljs 'kCnksa esa dgsa rks osQUnzh; cy osQ rgr xfreku d.k dk fLFkfr lfn'k cjkcj
le; esa cjkcj {ks=kiQy cqgkjrk gSA

bu nksuksa dFkuksa dh mIifÙk dh ps"Vk djsaA vkiosQ fy, 'kk;n ;g tkuuk t:jh gksxk fd {ks=kiQy
osx]
dA/dt = ½ r v sin α.

mijksDr foospu dk mi;ksx ge lw;Z osQ vkd"kZ.k cy ls blosQ bnZ&fxnZ ?kwers fdlh xzg dh xfr
osQ lanHkZ esa dj ldrs gSaA lqfo/k osQ fy, ge lw;Z dks bruk Hkkjh eku ldrs gSa fd bldh
fLFkfr fu;r jgsA xzg ij lw;Z dk vkd"kZ.k cy lnSo lw;Z dh fn'kk esa yxrk gSA ;g cy 'krZ F

= F(r), Hkh iwjh djrk gS] D;ksafd] F = G m1m2/r2 tgk¡ m1 ,oa m2 Øe'k% xzg vkSj lw;Z osQ
nzO;eku gSa] vkSj G xq#Rokd"kZ.k dk oSf'od vpjkadA vr% Åij fn, x, nksuksa dFku] (1) ,oa
(2) xzgksa dh xfr osQ fy, ykxw gksrs gSaA okLro esa dFku (2) osQIyj dk lqizfl¼ f}rh; fu;e
gSA



Tr osQUnzh; cy osQ rgr] d.k dk xeu&iFk gSA d.k dh fdlh fLFkfr P, ij cy OP osQ
vuqfn'k gksrk gSA O cy dk osQUnz gS ftls ewyfcUnq ys fy;k x;k gSA ∆t le; esa d.k P ls 

 rd pki∆s = v ∆t osQ Åij pyrk gSA xeu iFk osQ fcUnq P ij [khaph xbZ Li'kZ js[kk PQ

 bl fcUnq ij osx dh fn'kk n'kkZrh gSA ∆t le; esa] r, o`Ùk[k.M  osQ {ks=k ls xqtjrk gS

tks  = (r v sin a) ∆t/2) gSA

8.3 xq#Rokd"kZ.k dk lkoZf=kd fu;e
,d nar dFkk esa fy[kk gS isM+ ls fxjrs gq, lsc dk izs{k.k djrs gq, U;wVu dks xq#Rokd"kZ.k osQ
lkoZf=kd fu;e rd igq¡pus dh izsj.kk feyh ftlls osQIyj osQ fu;eksa rFkk ikfFkZo xq#Rokd"kZ.k osQ
Li"Vhdj.k dk ekxZ iz'kLr gqvkA U;wVu us vius foosd osQ vk/kj ij ;g Li"V vuqHko fd;k fd
Rm =kT;k dh d{kk esa ifjØek djus okys pUnzek ij i`Foh osQ xq#Ro osQ dkj.k ,d vfHkosQUnz
Roj.k vkjksfir gksrk gS ftldk ifjek.k

 (8.3)



;gk¡ V pUnzek dh pky gS tks vkorZdky T ls bl izdkj lacaf/r gS] A vkorZ
dky T dk eku yxHkx 27.3 fnu gS rFkk ml le; rd Rm dk eku yxHkx 3.84×108m Kkr
gks pqdk FkkA ;fn ge bu la[;kvksa dks lehdj.k (8-3) esa izfrLFkkfir djsa] rks gesa am dk tks eku
izkIr gksrk gS] og i`Foh osQ xq#Ro cy osQ dkj.k mRiUu i`Foh osQ i`"B ij xq#Roh; Roj.k g osQ eku
ls dkiQh de gksrk gSA ;g Li"V :i ls bl rF; dks n'kkZrk gS fd i`Foh osQ xq#Ro cy dk eku nwjh
osQ lkFk ?kV tkrk gSA ;fn ge ;g eku ysa fd i`Foh osQ dkj.k xq#Rokd"kZ.k dk eku i`Foh osQ osQUnz

ls nwjh osQ oxZ osQ O;qRØekuqikrh gksrk gS] rks gesa vkSj  izkIr gksxk
(;gk¡ RE i`Foh dh f=kT;k gS)] ftlls gesa fuEufyf[kr laca/ izkIr gksrk gS %

= 3600        (8.4)

tks g = 9.8 m s-2 rFkk lehdj.k (8.3) ls am osQ eku osQ lkFk esy [kkrk gSA bl izs{k.k us U;wVu dks
uhps fn, x, xq#Rokd"kZ.k osQ lkoZf=kd fu;e dks izfrikfnr djus esa ekxZn'kZu fn;k :

¶bl fo'o esa izR;sd fi.M gj nwljs fi.M dks ,d cy }kjk vkd£"kr djrk gS ftldk ifjek.k nksuksa
fi.Mksa osQ nzO;ekuksa osQ xq.kuiQy osQ vuqØekuqikrh rFkk muosQ chp dh nwjh osQ oxZ osQ O;qRØekuqikrh
gksrk gSA¸

;g m¼j.k rRor% U;wVu osQ izfl¼ 'kks/ izcU/ ¶izko`Qfrd n'kZu osQ xf.krh; fl¼kar¸ (Mathematical

Principles of Natural Philosophy) ftls la{ksi esa fizaflfi;k (Principia) dgrs gSa] ls izkIr gksrk gSA

xf.krh; :i esa U;wVu osQ xq#Rokd"kZ.k fu;e dks bl izdkj dgk tk ldrk gS % fdlh fcanq
nzO;eku m2 ij fdlh vU; fcanq nzO;eku m1 osQ dkj.k cy F dk ifjek.k

 (8.5)

lfn'k :i esa lehdj.k (8.5) dks bl izdkj O;Dr fd;k tk ldrk gS



;gk¡ G lkoZf=kd xq#Roh; fu;rkad]  m1 ls m2 rd ,dkad lfn'k rFkk r = r2 – r1 gS tSlk fd
fp=k 8.3 esa n'kkZ;k x;k gSA

fp=k 8.3 m2 osQ dkj.k m1 ij xq#Roh; cy r osQ vuqfn'k gS] ;gk¡ r, (r2– r1) gSA

xq#Roh; cy vkd"khZ cy gS] vFkkZr~ m2 ij m1 osQ dkj.k yxus okyk cy F, – r osQ vuqfn'k gSA
U;wVu osQ xfr osQ rhljs fu;e osQ vuqlkj] okLro esa fcUnq nzO;eku m1 ij m2 osQ dkj.k cy – F

gSA bl izdkj m1 ij m2 osQ dkj.k yxus okys xq#Rokd"kZ.k cy F12 ,oa m2 ij m1 osQ dkj.k yxus
okys cy F21 dk ijLij laca/ gS] F12 = –F21

lehdj.k (8.5) dk vuqiz;ksx] vius ikl miyC/ fi.Mksa ij dj ldus ls iwoZ gesa lko/ku jguk
gksxk] D;ksafd ;g fu;e fcUnq nzO;ekuksa ls lacaf/r gS] tcfd gesa foLrkfjr fi.Mksa] ftudk ifjfer
vkeki gksrk gS] ij fopkj djuk gSA ;fn gekjs ikl fcUnq nzO;ekuksa dk dksbZ lap;u gS] rks muesa ls
fdlh ,d ij cy vU; fcUnq nzO;ekuksa osQ dkj.k xq#Rokd"kZ.k cyksa osQ lfn'k ;ksx osQ cjkcj gksrk gS



tSlk fd fp=k 8.4 esa n'kkZ;k x;k gSA

fp=k 8.4 fcUnq nzO;eku m1 ij fcUnq nzO;ekuksa m2, m3 vkSj m4 osQ }kjk vkjksfir oqQy xq#Rokd"kZ.k cy bu nzO;ekuksa }kjk m1 ij

yxk, x, O;f"Vxr cyksa osQ lfn'k ;ksx osQ cjkcj gSA

m1 ij oqQy cy gS

 

mnkgj.k 8.2 fdlh leckgq f=kHkqt ABC osQ izR;sd 'kh"kZ ij m kg osQ rhu leku nzO;eku
j[ks gSaA

(a) bl f=kHkqt osQ osQUnzd G ij j[ks 2m kg osQ nzO;eku ij fdruk cy vkjksfir gks jgk
gS\

(b) ;fn 'kh"kZ A ij j[ks nzO;eku dks nks xquk dj fn;k tk,] rks fdruk cy vkjksfir



gksxk\

U;wVu dk ¯izflfi;k
lu~ 1619 rd osQIyj viuk r`rh; fu;e izfrikfnr dj pqosQ FksA muesa var£ufgr
xq#Rokd"kZ.k osQ lkoZf=kd fu;e dh ?kks"k.kk] 1687 esa] blosQ yxHkx 70 o"kZ ckn gqbZ]
tc U;wVu us viuh Js"B o`Qfr ^fiQyksflfiQ;k uspqjfyl ¯izflfi;k eSFksesfVdk* ftls
vkerkSj ij ^¯izflfi;k* dgk tkrk gS] izdkf'kr dhA

lu~ 1685 osQ yxHkx] ,Me.M gsyh (ftuosQ uke osQ vk/kj ij izfl¼ gsyh /weosQrq
dk uke j[kk x;k gS) oSQfEczt esa U;wVu ls feyus vk, vkSj mUgksaus izfrykse oxZ
fu;e izHkko osQ rgr xfreku fdlh fi.M osQ xeu iFk dh izo`Qfr osQ ckjs esa iwNkA
U;wVu us fcuk f>>d rqjar mÙkj fn;k fd ;g nh?kZo`Ùkkdkj gksuk pkfg, vkSj crk;k
fd bl rF; dk irk mUgksaus cgqr igys 1665 esa gh ml le; yxk fy;k Fkk tc
mUgsa Iysx iSQyus osQ dkj.k oSQfEczt ls okil vius iQkeZ gkml ij vkdj jguk iM+k
FkkA nqHkkZX; ls U;wVu us vius rRlaca/h dkxtkr [kks fn, FksA gsyh us U;wVu dks
iqLrd osQ :i esa mudh /kj.kkvksa dks izLrqr djus osQ fy, euk fy;k vkSj mlosQ
izdk'ku ij gksus okys oqQy [kpZ dks Lo;a ogu djus dh lgefr nhA U;wVu us
vfrekuoh; iz;Ruksa }kjk 18 eghus osQ vYidky esa ;g egku dk;Z iwjk dj fn[kk;kA
¯izflfi;k] fof'k"V oSKkfud o`Qfr gS vkSj ySXjsats osQ 'kCnksa esa dgsa rks] ¶ekuoh;
efLr"d dk loZJs"B mRiknu gS¸A Hkkjrh; ewy osQ] ukscsy iqjLdkj fotsrk
[kxksy&HkkSfrdhfon~ Mk- ,l- panz'ks[kj us nl o"kZ dh esgur ls ^¯izflfi;k* dh Vhdk
fy[khA mudh iqLrd] ¶vke vkneh osQ fy, ¯izflfi;k¸ U;wVu dh fof/;ksa osQ
lkSan;Z] Li"Vrk ,oa vnHkqr laf{kIrrk dks cgqr vPNh rjg mHkkj dj izLrqr djrh gSA

AG = BG = CG = 1m yhft, (nsf[k, fp=k 8.5)



fp=k 8.5 rhu leku nzO;eku f=kHkqt ABC osQ rhu 'kh"kks± ij fLFkr gSaA blosQ osaQnzd G ij dksbZ nzO;eku 2m j[kk x;k gSA

gy (a) /ukRed x-v{k rFkk GC osQ chp dk dks.k 30° gS vkSj bruk gh dks.k ½.kkRed x-v{k
rFkk GB osQ chp curk gSA lfn'k laosQr i¼fr esa O;f"Vxr cy bl izdkj gSa

.

vè;kjksi.k fl¼kar rFkk lfn'k ;ksx fu;e osQ vuqlkj (2m) ij ifj.kkeh xq#Rokd"kZ.k cy

FR = FGA + FGB + FGC

fodYi osQ :i esa] lefefr osQ vk/kj ij ;g vis{kk dh tk ldrh gS fd ifj.kkeh cy 'kwU; gksuk
pkfg,A



(b) lefefr }kjk cyksa osQ x- ?kVd ,d nwljs dks fujLr dj nsrs gSa rFkk osQoy y-?kVd gh cps jgrs
gSaA

 

fdlh foLrkfjr fi.M (tSls i`Foh) rFkk fcUnq nzO;eku osQ chp xq#Rokd"kZ.k cy osQ fy, lehdj.k
(8-5) dk lh/s gh vuqiz;ksx ugha fd;k tk ldrkA foLrkfjr fi.M dk izR;sd fcUnq nzO;eku fn, x,
fcUnq nzO;eku ij cy vkjksfir djrk gS rFkk bu lHkh cyksa dh fn'kk leku ugha gksrhA gesa bu cyksa
dk lfn'k jhfr }kjk ;ksx djuk gksrk gS rkfd foLrkfjr fi.M osQ izR;sd fcUnq nzO;eku osQ dkj.k
vkjksfir oqQy cy izkIr gks tk,A ,slk ge vklkuh ls dyu (oSQyoqQyl) osQ mi;ksx }kjk dj ldrs
gSaA tc ge ,slk djrs gSa rks ges nks fof'k"V izdj.kksa esa ljy ifj.kke izkIr gksrs gSa

(1) fdlh ,dleku ?kuRo osQ [kks[kys xksyh; [kksy rFkk [kksy osQ ckgj fLFkr fdlh fcUnq
nzO;eku osQ chp vkd"kZ.k cy Bhd&Bkd mruk gh gksrk gS tSlk fd [kksy osQ leLr nzO;eku
dks mlosQ osQUnz ij laosQfUnzr eku dj Kkr fd;k tkrk gSA

xq.kkRed :i ls bls bl izdkj le>k tk ldrk gSA [kksy osQ fofHkUu {ks=kksa osQ dkj.k xq#Roh; cyksa
osQ] [kksy osQ osQUnz dks fcUnq nzO;eku ls feykus okyh js[kk osQ vuqfn'k rFkk blosQ yacor~] nksuksa
fn'kkvksa esa ?kVd gksrs gSaA [kksy osQ lHkh {ks=kksa osQ cyksa osQ ?kVdksa dk ;ksx djrs le; bl js[kk osQ
yacor~ fn'kk osQ ?kVd fujLr gks tkrs gSa rFkk osQoy [kksy osQ osQUnz ls fcUnq nzO;eku dks feykus okyh
js[kk osQ vuqfn'k ifj.kkeh cy cpk jgrk gSA bl ifj.kkeh cy dk ifjek.k Hkh Åij o.kZu dh xbZ
fof/ }kjk Kkr fd;k tk ldrk gSA

(2) ,dleku ?kuRo osQ fdlh [kks[kys xksys osQ dkj.k mlosQ Hkhrj fLFkr fdlh fcUnq nzO;eku
ij vkd"kZ.k cy 'kwU; gksrk gSA

xq.kkRed :i esa] ge fiQj ls bl ifj.kke dks le> ldrs gSaA xksyh; [kksy osQ fofHkUu {ks=k [kksy osQ
Hkhrj fLFkr fcUnq nzO;eku dks fofHkUu fn'kkvksa esa vkd£"kr djrs gSaA ;s cy ijLij ,d nwljs dks
iw.kZr% fujLr dj nsrs gSaA

8.4 xq#Roh; fu;rkad



xq#Rokd"kZ.k osQ lkoZf=kd fu;e esa iz;qDr xq#Roh; fLFkjkad G osQ eku dks izk;ksfxd vk/kj ij Kkr
fd;k tk ldrk gS rFkk bl izdkj osQ iz;ksx dks loZizFke vaxzst oSKkfud gsujh oSQosfUM'k us 1798 esa
fd;k FkkA muosQ }kjk mi;ksx fd, x, midj.k dks O;oLFkk fp=k 8.6 esa n'kkZ;k x;k gSA

fp=k 8-6 oSQosfUM'k iz;ksx dk ;kstukor vkjs[kuA S1 rFkk S2 nks fo'kky xksys gSa (Nk;kafdr n'kkZ, x, gSa) ftUgsa A vkSj B ij fLFkfr

nzO;ekuksa osQ nksuksa vksj j[kk tkrk gSA tc fo'kky nzO;ekuksa (fcUnqfdr o`Ùkksa }kjk n'kkZ,) dks nwljh vksj ys tkrs gSa] rks NM+ AB FkksM+k ?

kw.kZu djrh gS] D;ksafd vc cy vk?kw.kZ dh fn'kk O;qRØfer gks tkrh gSA ?kw.kZu dks.k dks iz;ksxksa }kjk Kkr fd;k tk ldrk gSA

NM+ AB osQ nksuksa fljksa ij nks NksVs lhls osQ xksys tqM+s gksrs gSaA bl NM+ dks ,d irys rkj }kjk fdlh
n`<+ Vsd ls fuyafcr fd;k tkrk gSA lhls osQ nks fo'kky xksyksa dks fp=k esa n'kkZ, vuqlkj NksVs xksyksa osQ
fudV ijUrq foijhr fn'kkvksa esa yk;k tkrk gSA cM+s xksys fp=k esa n'kkZ, vuqlkj vius fudV osQ NksVs
xksyksa dks leku rFkk foijhr cyksa ls vkd£"kr djrs gSaA NM+ ij dksbZ usV cy ugha yxrk] ijUrq osQoy
,d cy vk?kw.kZ dk;Z djrk gS tks Li"V :i ls NM+ dh yEckbZ dk F-xquk gksrk gS] tcfd ;gk¡ F

fo'kky xksys rFkk mlosQ fudV okys NksVs xksys osQ chp ijLij vkd"kZ.k cy gSA bl cy vk?kw.kZ osQ
dkj.k] fuyacu rkj esa rc rd ,saBu vkrh gS tc rd izR;ku;u cy vk?kw.kZ xq#Roh; cy vk?kw.kZ osQ
cjkcj ugha gksrkA ;fn fuyacu rkj dk O;korZu dks.k θ  gS] rks izR;ku;u cy vk?kw.kZ θ osQ

vuqØekuqikrh rFkk osQ cjkcj gqvk] ;gk¡ izR;ku;u cy ;qXe izfr ,dkad O;korZu dks.k gSA 
dh eki vyx iz;ksx }kjk dh tk ldrh gS] tSls fd Kkr cy vk?kw.kZ dk vuqiz;ksx djosQ rFkk
O;korZu dks.k ekidjA xksy xsnksa osQ chp xq#Rokd"kZ.k cy mruk gh gksrk gS ftruk fd xsnksa osQ



nzO;ekuksa dks muosQ osQUnzksa ij laosaQfUnzr eku dj Kkr fd;k tkrk gSA bl izdkj ;fn fo'kky xksys rFkk
mlosQ fudV osQ NksVs xksys osQ osQUnzksa osQ chp dh nwjh d gS] M rFkk m bu xksyksa osQ nzO;eku gSa] rks
cM+s xksys rFkk mlosQ fudV osQ NksVs xksys osQ chp xq#Rokd"kZ.k cy

 (8-6)

;fn NM+ AB dh yEckbZ L gS] rks F osQ dkj.k mRiUu cy vk?kw.kZ F rFkk L dk xq.kuiQy gksxkA
larqyu osQ le; ;g cy vk?kw.kZ izR;ku;u cy vk?kw.kZ osQ cjkcj gksrk gSA vr%

                   (8.7)

bl izdkj θ dk izs{k.k djosQ bl lehdj.k dh lgk;rk ls G dk eku ifjdfyr fd;k tk ldrk gSA

oSQosfUM'k iz;ksx osQ ckn G osQ ekiu esa ifj"dj.k gq, rFkk vc G dk izpfyr eku bl izdkj gS

G = 6.67x10-11 N m2/kg2                (8.8)

8.5 i`Foh dk xq#Roh; Roj.k
i`Foh dks xksy gksus osQ dkj.k cgqr ls laosQUnzh xksyh; [kksyksa dk feydj cuk ekuk tk ldrk gS
ftuesa lcls NksVk [kksy osQUnz ij rFkk lcls cM+k [kksy blosQ i`"B ij gSA i`Foh osQ ckgj dk dksbZ Hkh
fcUnq Li"V :i ls bu lHkh [kksyksa osQ ckgj gqvkA bl izdkj lHkh [kksy i`Foh osQ ckgj fdlh fcUnq
ij bl izdkj xq#Rokd"kZ.k cy vkjksfir djsaxs tSls fd bu lHkh [kksyksa osQ nzO;eku fiNys vuqHkkx esa
o£.kr ifj.kke osQ vuqlkj muosQ mHk;fu"B osQUnz ij laosQfUnzr gSaA lHkh [kksyksa osQ la;kstu dk oqQy
nzO;eku i`Foh dk gh nzO;eku gqvkA vr%] i`Foh osQ ckgj fdlh fcUnq ij] xq#Rokd"kZ.k cy dks ;gh
ekudj Kkr fd;k tkrk gS fd i`Foh dk leLr nzO;eku mlosQ osQUnz ij laosQfUnzr gSA

i`Foh osQ Hkhrj fLFkr fcUnqvksa osQ fy, fLFkfr fHkUu gksrh gSA bls fp=k 8-7 esa Li"V fd;k x;k gSA



fp=k 8.7 ME i`Foh dk nzO;eku rFkk RE i`Foh dh f=kT;k gS] i`Foh osQ i`"B osQ uhps d xgjkbZ ij fLFkr fdlh [kku esa dksbZ nzO;eku m

j[kk gSA ge i`Foh dks xksyr% lefer ekurs gSaA

igys dh gh Hkkafr vc fiQj i`Foh dks laosQUnzh [kksyksa ls feydj cuh ekfu, vkSj ;g fopkj dhft,
fd i`Foh osQ osQUnz ls r nwjh ij dksbZ nzO;eku m j[kk x;k gSA fcUnq P, r f=kT;k osQ xksys osQ ckgj gSA
mu lHkh [kksyksa osQ fy, ftudh f=kT;k r ls vf/d gS] fcUnq P muosQ Hkhrj gSA vr% fiNys Hkkx esa
o£.kr ifj.kke osQ vuqlkj ;s lHkh [kksy P ij j[ks nzO;ekuksa ij dksbZ xq#Rokd"kZ.k cy vkjksfir ugha

djrsA f=kT;k r osQ [kksy feydj r f=kT;k dk xksyk fu£er djrs gSa rFkk fcUnq P bl xksys osQ i`"B
ij fLFkr gSA vr% r f=kT;k dk ;g NksVk xksyk P ij fLFkr nzO;eku m ij bl izdkj xq#Rokd"kZ.k
cy vkjksfir djrk gS tSls bldk leLr nzO;eku Mr blosQ osQUnz ij laosQfUnzr gSA bl izdkj P ij
fLFkr nzO;eku m ij vkjksfir cy dk ifjek.k

 (8.9)

ge ;g ekurs gSa fd leLr i`Foh dk ?kuRo ,dleku gS vr% bldk nzO;eku 
ρ gSA ;gk¡ RE i`Foh dh f=kT;k rFkk ρ bldk ?kuRo gSA blosQ foijhr r f=kT;k osQ xksys dk



nzO;eku  gksrk gSA blfy,

 (8.10)

;fn nzO;eku m i`Foh osQ i`"B ij fLFkr gS] rks r = RE rFkk lehdj.k (8.10) ls bl ij xq#Rokd"kZ.k
cy

 (8.11)

;gk¡ ME rFkk RE Øe'k% i`Foh dk nzO;eku rFkk f=kT;k gSA nzO;eku m }kjk vuqHko fd;k tkus okyk
Roj.k ftls izk;% izrhd g }kjk fu£n"V fd;k tkrk gS] U;wVu osQ f}rh; fu;e }kjk cy F ls laca/ F

= mg }kjk lacaf/r gksrk gSA bl izdkj

 (8.12)

g lgt gh ekiu ;ksX; gSA RE ,d Kkr jkf'k gSA oSQosfUM'k&iz;ksx }kjk vFkok nwljh fof/ ls izkIr
G dh eki g rFkk RE osQ Kku dks lfEefyr djus ij ME dk vkdyu lehdj.k (8.12) dh
lgk;rk ls fd;k tk ldrk gSA ;gh dkj.k gS fd oSQosfUM'k osQ ckjs esa ,d izpfyr dFku ;g gS fd
¶oSQosfUM'k us i`Foh dks rksyk¸A

8.6 i`Foh osQ i`"B osQ uhps rFkk Åij xq#Roh; Roj.k
fp=k esa n'kkZ, vuqlkj i`Foh osQ i`"B ls Å¡pkbZ h ij fLFkr fdlh fcUnq nzO;eku m ij fopkj dhft,
(fp=k 8.8(a))A



fp=k 8-8 (a) i`Foh osQ i`"B ls fdlh Å¡pkbZ h ij g

i`Foh dh f=kT;k dks RE }kjk fu£n"V fd;k tkrk gSA pwafd ;g fcUnq i`Foh ls ckgj gS] bldh i`Foh
osQ osQUnz ls nwjh (RE + h ) gSA ;fn fcUnq nzO;eku m ij cy osQ ifjek.k dks F (h) }kjk fu£n"V fd;k
x;k gS] rks lehdj.k (8.5) ls gesa fuEufyf[kr laca/ izkIr gksrk gS

          (8.13)

fcUnq nzO;eku }kjk vuqHko fd;k tkus okyk Roj.k rFkk bl izdkj gesa izkIr
gksrk gS

 (8.14)

Li"V :i ls ;g eku i`Foh osQ i`"B ij g osQ eku ls de gS %  tcfd 

ge lehdj.k (8.14) osQ nf{k.k i{k dks bl izdkj Hkh fy[k ldrs gSa %



  osQ fy, f}in O;atd dk
mi;ksx djus ij

      (8.15)

bl izdkj lehdj.k (8.15) ls gesa izkIr gksrk gS fd de Å¡pkbZ h osQ fy, g dk eku xq.kd 

 }kjk ?kVrk gSA

vc ge i`Foh osQ i`"B osQ uhps xgjkbZ d ij fLFkr fdlh fcUnq nzO;eku m osQ fo"k; esas fopkj djrs

gSaA ,slk gksus ij fp=k 8.8(b) esa n'kkZ, vuqlkj bl nzO;eku dh i`Foh osQ osQUnz ls nwjh 
f=kT;k osQ NksVs xksys rFkk d eksVkbZ osQ ,d xksyh; [kksy ls feydj cuh eku ldrs gSaA rc nzO;eku
m ij d eksVkbZ dh ckg~; [kksy osQ dkj.k vkjksfir cy fiNys vuqHkkx esa o£.kr ifj.kke osQ dkj.k
'kwU; gksxkA tgk¡ rd (RE – d ) f=kT;k osQ NksVs xksys osQ dkj.k vkjksfir cy dk laca/ gS rks fiNys
vuqHkkx esa o£.kr ifj.kke osQ vuqlkj] bl NksVs xksys osQ dkj.k cy bl izdkj yxsxk tSls fd NksVs
xksys dk leLr nzO;eku mlosQ osQUnz ij laosQfUnzr gSA ;fn NksVs xksys dk nzO;eku Ms gS] rks Ms / ME

= ( RE – d ) 3 / RE 3 ( 8.16)

D;ksafd] fdlh xksys dk nzO;eku mldh f=kT;k osQ ?ku osQ vuqØekuqikrh gksrk gSA



fp=k 8.8 (b) fdlh xgjkbZ d ij g bl izdj.k esa osQoy (RE– d) f=kT;k dk NksVk xksyk gh g osQ fy, ;ksxnku nsrk gSA

vr% fcUnq nzO;eku ij vkjksfir cy

F ( d ) = G Ms m / ( RE – d ) 2 (8.17)

Åij ls Ms dk eku izfrLFkkfir djus ij] gesa izkIr gksrk gS

F ( d) = G ME m ( RE – d ) / RE 3 (8.18)

vkSj bl izdkj xgjkbZ d ij xq#Roh; Roj.k]

g(d) = 

vFkkZr~ 

=  (8.19)

bl izdkj tSls&tSls ge i`Foh ls uhps vf/d xgjkbZ rd tkrs gSa] xq#Roh; Roj.k dk eku xq.kd 

}kjk ?kVrk tkrk gSA i`Foh osQ xq#Roh; Roj.k ls lacaf/r ;g ,d vk'p;Ztud rF;
gS fd i`"B ij bldk eku vf/dre gS rFkk pkgs ge i`"B ls Åij tk,¡ vFkok uhps ;g eku lnSo ?
kVrk gSA

8.7 xq#Roh; fLFkfrt ÅtkZ
igys geus fLFkfrt ÅtkZ dh /kj.kk dh ppkZ fdlh oLrq dh nh gqbZ fLFkfr ij mlesa lafpr ÅtkZ osQ
:i esa nh FkhA ;fn fdlh d.k dh fLFkfr ml ij dk;Zjr cy osQ dkj.k ifjo£rr gks tkrh gS rks ml
d.k dh fLFkfrt ÅtkZ esa ifjorZu vkjksfir cy }kjk ml d.k ij fd, x, dk;Z osQ ifjek.k osQ
Bhd&Bhd cjkcj gksxkA tSlk fd ge igys ppkZ dj pqosQ gSa ftu cyksa }kjk fd;k x;k dk;Z pys x,
iFkksa ij fuHkZj ugha djrk] os cy laj{kh cy gksrs gSa rFkk osQoy ,sls cyksa osQ fy, gh fdlh fi.M



dh fLFkfrt ÅtkZ dh dksbZ lkFkZdrk gksrh gSA

xq#Ro cy ,d laj{kh cy gS rFkk ge fdlh fi.M esa bl cy osQ dkj.k mRiUu fLFkfrt ÅtkZ] ftls
xq#Roh; fLFkfrt ÅtkZ dgrs gSa] dk ifjdyu dj ldrs gSaA igys i`Foh osQ i`"B osQ fudV osQ mu
fcUnqvksa ij fopkj dhft, ftudh i`"B ls nwfj;k¡ i`Foh dh f=kT;k dh rqyuk esa cgqr de gSaA tSlk fd
ge ns[k pqosQ gSa ,sls izdj.kksa esa xq#Roh; cy O;kogkfjd n`f"V ls fu;r jgrk gS rFkk ;g mg gksrk gS
rFkk bldh fn'kk i`Foh osQ osQUnz dh vksj gksrh gSA ;fn ge i`Foh osQ i`"B ls h1 Å¡pkbZ ij fLFkr
fdlh fcUnq rFkk blh fcUnq osQ Bhd ÅèokZ/j Åij h2 Å¡pkbZ ij fLFkr fdlh vU; fcUnq ij fopkj
djsa rks m nzO;eku osQ fdlh d.k dks igyh fLFkfr ls nwljh fLFkfr rd Åij mBkus esa fd;k x;k
dk;Z] ftls W12 }kjk fu£n"V djrs gSa]

W12 = cy x foLFkkiu

= mg (h2 – h1) .                 (8.20)

;fn ge i`Foh osQ i`"B ls h Å¡pkbZ osQ fcUnq ls dksbZ fLFkfrt ÅtkZ W(h) lac¼ djsa tks bl izdkj gS
fd

W(h) = mg h + Wo (8.21)

(;gk¡ Wo = fu;rkad) ;

rc ;g Li"V gS fd

W12 = W(h2) – W(h1) (8.22)

d.k dks LFkkukarfjr djus esa fd;k x;k dk;Z Bhd bl d.k dh vafre rFkk vkjafHkd fLFkfr;ksa dh
fLFkfrt ÅtkZvksa osQ varj osQ cjkcj gSA è;ku nhft, fd lehdj.k (8-22) esa Wo fujLr gks tkrk gSA
lehdj.k (8.21) esa h = 0 j[kus ij gesa W ( h = 0 ) = Wo izkIr gksrk gSA h = 0 dk vFkZ ;g gS fd
nksuksa fcUnq i`Foh osQ i`"B ij fLFkr gSaA bl izdkj Wo d.k dh i`Foh osQ i`"B ij fLFkfrt ÅtkZ gqbZA

;fn ge i`Foh osQ i`"B ls ;kn`fPNd nwfj;ksa osQ fcUnqvksa ij fopkj djas rks mijksDr ifj.kke izkekf.kd
ugha gksrs D;ksafd rc ;g ekU;rk fd xq#Rokd"kZ.k cy mg vifjo£rr jgrk gS oS/ ugha gSA rFkkfi]
viuh vc rd dh ppkZ osQ vk/kj ij ge tkurs gSa fd i`Foh osQ ckgj osQ fdlh fcUnq ij fLFkr
fdlh d.k ij yxs xq#Roh; cy dh fn'kk i`Foh osQ osQUnz dh vksj funsf'kr gksrh gS rFkk bl cy dk



ifjek.k gS]

 (8.23)

;gk¡ ME = i`Foh dk nzO;eku] m = d.k dk nzO;eku rFkk r bl d.k dh i`Foh osQ osQUnz ls nwjh gSA
;fn ge fdlh d.k dks r = r1 ls r = r2 rd (tcfd r2 > r1) ÅèokZ/j iFk osQ vuqfn'k Åij mBkus
esa fd, x, dk;Z dk ifjdyu djsa rks gesa lehdj.k (8.20) osQ LFkku ij ;g laca/ izkIr gksrk gS

 (8.24)

bl izdkj lehdj.k (8.21) osQ ctk;] ge fdlh nwjh r ij fLFkfrt ÅtkZ W(r) dks bl izdkj lac¼
dj ldrs gSa :

 (8.25)

tks fd r > R osQ fy, oS/ gSA

vr% ,d ckj fiQj W12 = W(r2) – W(r1) A vafre lehdj.k esa r =  j[kus ij gesa W(r = ) =

W1 izkIr gksrk gSA bl izdkj W1 vuUr ij fLFkfrt ÅtkZ gqbZA gesa ;g è;ku nsuk pkfg, fd
lehdj.kksa (8.22) rFkk (8.24) osQ vuqlkj osQoy nks fcUnqvksa osQ chp fLFkfrt ÅtkZvksa esa varj dh
gh dksbZ fuf'pr lkFkZdrk gSA ge izpfyr ekU; ifjikVh osQ vuqlkj W1 dks 'kwU; eku ysrs gSa
ftlosQ dkj.k fdlh fcUnq ij fdlh d.k dks fLFkfrt ÅtkZ ml d.k dks vuUr ls ml fcUnq rd
ykus esa fd, tkus okys dk;Z osQ Bhd cjkcj gksrh gSA

geus] fdlh fcUnq ij fdlh d.k dh fLFkfrt ÅtkZ dk ifjdyu ml d.k ij yxs i`Foh osQ xq#Roh;
cyksa osQ dkj.k] tks fd d.k osQ nzO;eku osQ vuqØekuqikrh gksrk gS] fd;k gSA i`Foh osQ xq#Roh; cy
osQ dkj.k fdlh fcUnq ij xq#Roh; foHko dh ifjHkk"kk ¶ml fcUnq ij fdlh d.k osQ ,dkad nzO;eku



dh fLFkfrt ÅtkZ¸ osQ :i esa dh tkrh gSA

iwoZ foospu osQ vk/kj ij] ge tkurs gSa fd m1 ,oa m2 nzO;eku osQ ,d nwljs ls r nwjh ij j[ks nks
d.kksa dh xq#Roh; fLFkfrt ÅtkZ gS]

V  (;fn ge r = ij V = 0 ysa)

;g Hkh è;ku fn;k tkuk pkfg, fd d.kksa osQ fdlh lHkh fo;qDr fudk; dh oqQy fLFkfrt ÅtkZ]
vo;oksa@d.kksa osQ lHkh laHkkfor ;qXeksa dh ÅtkZvksa (mijksDr lehdj.k }kjk ifjdfyr) osQ ;ksx osQ
cjkcj gksrh gSA ;g vè;kjksi.k fl¼kar osQ ,d vuqiz;ksx dk mnkgj.k gSA

mnkgj.k 8.3 l Hkqtk osQ fdlh oxZ osQ 'kh"kks± ij fLFkr pkj d.kksa osQ fudk; dh fLFkfrt
ÅtkZ Kkr dhft,A oxZ osQ osQUnz ij foHko Hkh Kkr dhft,A

mÙkj eku yhft, izR;sd d.k dk nzO;eku m gS] rFkk oxZ dh Hkqtk l gSA gekjs ikl l nwjh okys 4

nzO;eku ;qxy rFkk l nwjh okys 2 nzO;eku ;qxy gSaA vr% fudk; dh fLFkfrt ÅtkZ

fp=k 8-9



oxZ osQ osQUnz  ij xq#Roh; foHko]

 t

8.8 iyk;u pky
;fn ge vius gkFkksa ls fdlh iRFkj dks isaQdrs gSa] rks ge ;g ikrs gSa fd og fiQj okil i`Foh ij
fxj tkrk gSA fuLlansg e'khuksa dk mi;ksx djosQ ge fdlh fi.M dks vf/dkf/d rhozrk rFkk izkjafHkd
osxksa ls 'kwV dj ldrs gSa ftlosQ dkj.k fi.M vf/dkf/d Å¡pkb;ksa rd igq¡p tkrs gSaA rc LokHkkfod
:i ls gekjs efLr"d esa ;g fopkj mRiUu gksrk gS ¶D;k ge fdlh fi.M dks brus vf/d vkjafHkd
pky ls Åij isaQd ldrs gSa fd og fiQj i`Foh ij okil u fxjs\¸

bl iz'u dk mÙkj nsus esa ÅtkZ laj{k.k fu;e gekjh lgk;rk djrk gSA eku yhft, isaQdk x;k fi.M
vuUr rd igqaprk gS vkSj ogk¡ mldh pky Vf  gSA fdlh fi.M dh ÅtkZ fLFkfrt rFkk xfrt
ÅtkZvksa dk ;ksx gksrh gSA igys dh gh Hkkafr W1 fi.M dh vuUr ij xq#Roh; fLFkfrt ÅtkZ dks fu
£n"V djrk gSA rc iz{ksI; dh vuUr ij oqQy ÅtkZ

 (8.26)

;fn fi.M dks i`Foh (RE = i`Foh dh f=kT;k) osQ osQUnz ls (h + RE) Å¡pkbZ ij fLFkr fdlh fcUnq ls
vkjaHk esa pky Vf ls isaQdk x;k Fkk] rks bl fi.M dh vkjafHkd ÅtkZ Fkh



 (8.27)

ÅtkZ laj{k.k fu;e osQ vuqlkj lehdj.k (8.26) rFkk (8.27) cjkcj gksus pkfg,A vr%

 (8.28)

lehdj.k (8.28) dk nf{k.k i{k ,d /ukRed jkf'k gS ftldk U;wure eku 'kwU; gS] vr% oke i{k
Hkh ,slk gh gksuk pkfg,A vr% dksbZ fi.M vuUr rd igqap ldrk gS tc Vi bruk gks fd

 (8.29)

Vi dk U;wure eku ml izdj.k osQ rnuq:ih gS ftlesa lehdj.k (8.29) dk oke i{k 'kwU; osQ cjkcj
gSA bl izdkj] fdlh fi.M dks vuUr rd igqapus osQ fy, (vFkkZr~ i`Foh ls iyk;u osQ fy,)
vko';d U;wure pky bl laca/ osQ rnuq:ih gksrh gS

 (8.30)

;fn fi.M dks i`Foh osQ i`"B ls NksM+k tkrk gS] rks h = 0 vkSj gesa izkIr gksrk gS

 (8.31)

laca/  dk mi;ksx djus ij gesa fuEu eku izkIr gksrk gS

 (8.32)

lehdj.k (8.32) esa g vkSj RE osQ vkafdd eku j[kus ij gesa (Vf)U;wu ≈11.2 km/s izkIr gksrk gSA



mls iyk;u pky dgrs gSaA dHkh&dHkh ykijokgh eas bls ge iyk;u osx Hkh dg nsrs gSaA

lehdj.k (8.32) dk mi;ksx Hkyh Hkkafr leku :i ls pUnzek ls isaQosQ tkus okys fi.Mksa osQ fy, Hkh
fd;k tk ldrk gS] ,slk djrs le; ge g osQ LFkku ij pUnzek osQ i`"B ij pUnzek osQ xq#Roh; Roj.k
rFkk RE osQ LFkku ij pUnzek dh f=kT;k dk eku j[krs gSaA bu nksuksa gh jkf'k;ksa osQ pUnzek osQ fy,
eku i`Foh ij buosQ ekuksa ls de gSa rFkk pUnzek osQ fy, iyk;u pky dk eku 2-3 km/s izkIr gksrk
gSA ;g eku i`Foh dh rqyuk esa yxHkx 1/5 xquk gSA ;gh dkj.k gS fd pUnzek ij dksbZ okrkoj.k ugha
gSA ;fn pUnzek osQ i`"B ij xSlh; v.kq cusa] rks mudh pky bl iyk;u pky ls vf/d gksxh rFkk os
pUnzek osQ xq#Roh; ¯[kpko osQ ckgj iyk;u dj tk,axsA

mnkgj.k 8.4 leku f=kT;k R ijUrq M rFkk 4 M nzO;eku osQ nks ,dleku Bksl xksys bl
izdkj j[ks gSa fd buosQ osQUnzksa osQ chp i`Fkdu (fp=k 8-10 esa n'kkZ, vuqlkj) 6 R gSA
nksuksa xksys fLFkj j[ks x, gSaA m nzO;eku osQ fdlh iz{ksI; dks M nzO;eku osQ xksys osQ i`"B
ls 4M nzO;eku osQ xksys osQ osQUnz dh vksj lh/s iz{ksfir fd;k tkrk gSA iz{ksI; dh ml
U;wure pky osQ fy, O;atd izkIr dhft, ftlls isaQosQ tkus ij og nwljs xksys osQ i`"B
ij igqap tk,A

8.10

gy iz{ksI; ij nks xksyksa osQ ijLij fojks/h xq#Roh; cy dk;Z djrs gSaA mnklhu fcUnq N (fp=k 8-10
nsf[k,) dh ifjHkk"kk ,d ,sls fcUnq (fLFkfr) osQ :i esa dh tkrh gS tgk¡ nks cy ;FkkFkZr% ,d nwljs
dks fujLr djrs gSaA ;fn ON = r gS] rks

(6R – r)2 = 4r2

6R – r = ±2r



r = 2R ;k -6R 

bl mnkgj.k esa mnklhu fcUnq r = – 6R gels lacaf/r ugha gSA bl izdkj] ON = r = 2RA d.k dks
ml pky ls iz{ksfir djuk i;kZIr gS tks mls N rd igqapus ;ksX; cuk nsA blosQ i'pkr~ ogk¡ igqapus
ij 4 M nzO;eku osQ xksys dk xq#Roh; cy d.k dks viuh vksj [khapus osQ fy, i;kZIr gksxkA M

nzO;eku osQ xksys osQ i`"B ij ;kaf=kd ÅtkZ

mnklhu fcUnq N ij d.k dh pky 'kwU; eku dh vksj izo`Ùk gksrh gSA vr% N ij ;kaf=kd ÅtkZ 'kq¼
:i ls fLFkfrt ÅtkZ gksrh gSA vr%

;kaf=kd ÅtkZ laj{k.k fu;e osQ vuqlkj

vFkok \ 

;gk¡ ;g è;ku nsus dk fo"k; gS fd N ij iz{ksI; dh pky 'kwU; gS] ijUrq tc ;g 4 M nzO;eku osQ
xksys ls Vdjkrk rc bldh pky 'kwU;sÙkj gksrh gSA ftl pky ls iz{ksI; 4M nzO;eku osQ xksys ls
Vdjkrk gS] mls Kkr djuk Nk=kksa osQ vH;kl osQ fy, NksM+k tk jgk gSA 

8.9 Hkw mixzg
Hkw mixzg og fi.M gS tks i`Foh osQ ifjr% ifjØe.k djrs gSaA budh xfr;ka] xzgksa dh lw;Z osQ ifjr%
xfr;ksa osQ cgqr leku gksrh gSa] vr% osQIyj osQ xzgh; xfr fu;e bu ij Hkh leku :i ls ykxw gksrs
gSaA fo'ks"k ckr ;g gS fd bu mixzgksa dh i`Foh osQ ifjr% d{kk,a o`Ùkkdkj vFkok nh?kZo`Ùkkdkj gSA i`Foh
dk ,dek=k izko`Qfrd mixzg pUnzek gS ftldh yxHkx o`Ùkkdkj d{kk gS vkSj yxHkx 27.3 fnu dk



ifjØe.k dky gS tks pUnzek osQ viuh v{k osQ ifjr% ?kw.kZu dky osQ yxHkx leku gSA o"kZ 1957 osQ
i'pkr~ foKku rFkk izkS|ksfxdh esa mUufr osQ iQyLo:i Hkkjr lfgr dbZ ns'k nwj lapkj] Hkw HkkSfrdh]
ekSle foKku osQ {ks=k esa O;kogkfjd mi;ksxksa osQ fy, ekuo&fu£er Hkw mixzgksa dks d{kkvksa esa izeksfpr
djus ;ksX; cu x, gSaA

vc ge i`Foh osQ osQUnz ls (RE + h) nwjh ij fLFkr o`Ùkh; d{kk esa xfreku mixzg ij fopkj djsaxs]
;gk¡ RE = i`Foh dh f=kT;k gSA ;fn mixzg dk nzO;eku m rFkk V bldh pky gS] rks bl d{kk osQ
fy, vko';d vfHkosQUnz cy

F(vfHkosQUnz) =  (8.33)

rFkk ;g cy d{kk osQ osQUnz dh vksj funsf'kr gSA vfHkosQUnz cy xq#Rokd"kZ.k cy }kjk iznku fd;k
tkrk gS] ftldk eku

F(xq#Rokd"kZ.k) =  (8.34)

;gk¡ ME i`Foh dk nzO;eku gSA

lehdj.kksa (8-33) rFkk (8-34) osQ nf{k.k i{kksa dks leho`Qr rFkk m dk fujlu djus ij gesa izkIr
gksrk gS

 (8.35)

bl izdkj h osQ c<+us ij V ?kVrk gSA lehdj.k (8.35) osQ vuqlkj tc h = 0 gS] rks mixzg dh pky
V gS

 (8.36)

;gk¡ geus laca/ g = dk mi;ksx fd;k gSA izR;sd d{kk esa mixzg 2π(RE + h) nwjh



pky V ls r; djrk gSA vr% bldk vkorZdky T gS

 (8.37)

;gk¡ geus lehdj.k (8.35) ls V dk eku izfrLFkkfir fd;k gSA lehdj.k (8.37) osQ nksuksa i{kksa dk
oxZ djus ij gesa izkIr gksrk gS

T 2 = k ( RE + h )3 ( tgk¡ k = 4 π2 / G ME), (8.38)

vkSj ;gh osQIyj dk vkorZdkyksa dk fu;e gS ftldk vuqiz;ksx i`Foh osQ ifjr% mixzgksa dh xfr;ksa osQ
fy, fd;k tkrk gSA

mu Hkw mixzgksa osQ fy,] tks i`Foh osQ i`"B osQ vfr fudV gksrs gSa] h osQ eku dks i`Foh dh f=kT;k RE

dh rqyuk esa lehdj.k (8.38) esa ux.; eku ysrs gSaA vr% bl izdkj osQ Hkw mixzgksa osQ fy, T gh To
gksrk gS] ;gk¡

 (8.39)

;fn ge lehdj.k (8-39) esa g rFkk RE osQ vkafdd ekuksa (g = 9.8 ms-2 rFkk RE = 6400 km.)

dks izfrLFkkfir djsa] rks gesa izkIr gksrk gS

 s

tks yxHkx 85 feuV osQ cjkcj gSaA

mÙkj 8.5 eaxy xzg osQ iQkscksl rFkk MsYeksl uked nks pUnzek gSaaA (i) ;fn iQkscksl dk
vkorZdky 7 ?kaVs 39 feuV rFkk d{kh; f=kT;k 9.4 ×103 km gS rks eaxy dk nzO;eku
ifjdfyr dhft,A (ii) ;g ekurs gq, fd i`Foh rFkk eaxy lw;Z osQ ifjr% o`Ùkh; d{kkvksa
esa ifjØe.k dj jgs gSa rFkk eaxy dh d{kk dh f=kT;k i`Foh dh d{kk dh f=kT;k dh
1.52 xquh gS rks eaxy&o"kZ dh vof/ fnuksa esa D;k gS\

gy (i) ;gk¡ ij lehdj.k (8.38) dk mi;ksx i`Foh osQ nzO;eku ME dks eaxy osQ nzO;eku Mm ls



izfrLFkkfir djosQ djrs gSa

= 6.48 × 1023 kg

(ii) osQIyj osQ vkorZdkyksa osQ fu;e dk mi;ksx djus ij

;gk¡ RMS ,oa RES Øe'k% eaxy&lw;Z rFkk i`Foh&lw;Z osQ chp dh nwfj;ka gSaA

∴ TM = (1.52)3/2 × 365 = 684 fnu

è;ku nsus ;ksX; rF; ;g gS fd cq/] eaxy rFkk IywVks* osQ vfrfjDr lHkh xzgksa dh d{kk,a yxHkx
o`Ùkkdkj gSaA mnkgj.k osQ fy,] gekjh i`Foh osQ v/Z y?kq v{k rFkk v/Z nh?kZ v{k dk vuqikr b/a =

0.99986 gSA

mÙkj 8.6 i`Foh dks rksyuk : vkidks fuEufyf[kr vkadM+s fn, x, gSa: g = 9.81 m s–2,

RE = 6.37×106m, i`Foh ls pUnzek dh nwjh R = 3.84×108 m i`Foh osQ ifjr% pUnzek osQ
ifjØe.k dk vkorZ dky = 27.3 fnuA nks fHkUu fof/;ksa }kjk i`Foh dk nzO;eku izkIr
dhft,A

gy (i) igyh fof/ % lehdj.k (8-12) ls



= 5.97× 1024 kg

(ii) nwljh fof/ % pUnzek i`Foh dk mixzg gSA osQIyj osQ vkorZdkyksa osQ fu;e dh O;qRifÙk esa
(lehdj.k (8-38) nsf[k,)]

nksuksa fof/;ksa }kjk yxHkx leku mÙkj izkIr gksrs gSa] ftuesa 1% ls Hkh de dk varj gSA 

mnkgj.k 8-7 lehdj.k (8-38) esa fLFkjkad k dks fnuksa rFkk fdyksehVjksa esa O;Dr
dhft,A k = 10–13 s2 m–3 gSA pUnzek i`Foh ls 3-84 x 105 km nwj gSA pUnzek osQ
ifjØe.k osQ vkorZdky dks fnuksa esa izkIr dhft,A

gy ge tkurs gSa fd

k = 10–13 s2 m–3

= 



= 1.33 ×10–14 d2 km–3

lehdj.kksa (8.38) rFkk k osQ fn, x, eku dk mi;ksx djus ij pUnzek osQ ifjØe.k dk vkorZdky

T2 = (1.33 × 10-14)(3.84 × 105)3

T = 27.3 d 

è;ku nhft,] ;fn ge (RE+h) dks nh?kZo`Ùk osQ v/Z nh?kZ v{k (a) }kjk izfrLFkkfir djsa rks lehdj.k
(8.38) dks nh?kZo`Ùkh; d{kkvksa ij Hkh ykxw fd;k tk ldrk gS] rc i`Foh bl nh?kZo`Ùk dh ,d ukfHk
ij gksxhA

8.10 d{kk esa xfr'khy mixzg dh ÅtkZ
lehdj.k (8.35) dk mi;ksx djus ij o`Ùkkdkj d{kk esa pky v ls xfr'khy mixzg dh xfrt ÅtkZ

;

v2 dk eku lehdj.k (8-35) ls j[kus ij

, (8.40)

,slk ekusa fd vuUr ij xq#Roh; fLFkfrt ÅtkZ 'kwU; gS rc i`Foh osQ osQUnz ls (Re+h) nwjh ij mixzg
dh fLFkfrt ÅtkZ

 (8.41)

K.E /ukRed gS tcfd P.E ½.kkRed gksrh gSA rFkkfi ifjek.k esa K.E =  P.E, vr% mixzg dh
oqQy ÅtkZ



 (8.42)

bl izdkj o`Ùkkdkj d{kk esa xfr'khy fdlh mixzg dh oqQy ÅtkZ ½.kkRed gksrh gS] fLFkfrt ÅtkZ dk
½.kkRed rFkk ifjek.k esa /ukRed xfrt ÅtkZ dk nks xquk gksrk gSA

tc fdlh mixzg dh d{kk nh?kZo`Ùkh; gksrh gS rks mldh K.E rFkk P.E nksuksa gh iFk osQ gj fcUnq ij
fHkUu gksrh gSaA o`Ùkh; d{kk osQ izdj.k dh Hkkafr gh mixzg dh oqQy ÅtkZ fu;r jgrh gS rFkk ;g
½.kkRed gksrh gS vkSj ;gh ge vis{kk Hkh djrs gSa D;ksafd tSlk ge igys ppkZ dj pqosQ gSa fd ;fn
oqQy ÅtkZ /ukRed vFkok 'kwU; gks rks fi.M vuUr dh vksj iyk;u dj tkrk gSA mixzg lnSo i`Foh
ls ifjfer nwfj;ksa ij ifjØe.k djrs gSa] vr% mudh ÅtkZ,¡ /ukRed vFkok 'kwU; ugha gks ldrhaA

mnkgj.k 8.8 400 kg nzO;eku dk dksbZ mixzg i`Foh osQ ifjr 2RE f=kT;k dh o`Ùkh;
d{kk esa ifjØe.k dj jgk gSA bls 4RE dh o`Ùkh; d{kk esa LFkkukarfjr djus osQ fy,
vko';d ÅtkZ ifjdfyr dhft,A bldh xfrt rFkk fLFkfrt ÅtkZ esa fdrus ifjorZu
gksaxs\

gy vkjaHk esa

tcfd] var esa

oqQy ÅtkZ esa ifjorZu

∆E = Ef – Ei



xfrt ÅtkZ ?kV tkrh gS vkSj ;g ∆E dh vuqgkjd gS] vFkkZr~ ∆K = Kf – Ki = – 3.13 × 109 J A

fLFkfrt ÅtkZ esa gksus okyk ifjorZu oqQy ÅtkZ dk nks xquk gS] vFkkZr~

∆V = Vf – Vi = – 6.25 × 109 J 

8.11 rqY;dkyh rFkk /zqoh; mixzg
;fn ge lehdj.k (8-37) esa (RE+ h) osQ eku esa bl rjg lek;kstu djsa fd vkorZdky T dk eku
24 ?kUVs gks tk,] rks ,d vR;Ur jkspd ifj?kVuk mRiUu gks tkrh gSA ;fn o`Ùkh; d{kk i`Foh osQ
fo"kqor o`Ùk osQ ry esa gS] rks bl izdkj dk mixzg] ftldk vkorZdky i`Foh osQ vius v{k ij ?kw.kZu
djus osQ vkorZdky osQ cjkcj gks] i`Foh osQ fdlh fcUnq ls ns[kus ij fLFkj izrhr gksxkA bl mís'; osQ
fy, ifjdyu djus ij (RE + h) dk eku RE dh rqyuk esa dkiQh vf/d vkrk gS %

 (8.43)

T = 24 ?kUVs osQ fy,] ifjdyu djus ij] RE+ h = 35800 km, tks fd i`Foh dh f=kT;k RE ls
dkiQh vfèkd gSA os mixzg tks i`Foh osQ fo"kqor o`Ùk osQ ry (vFkkZr fuj{kh; lery) esa i`Foh osQ
ifjr% o`Ùkh; d{kk esa] T = 24 ?kUVs osQ vkorZdky ls] ifjØe.k djrs gSa] rqY;dkyh mixzg dgykrs
gSaA Li"V gS fd D;ksafd i`Foh leku vkorZdky ls vius v{k ij ?kw.kZu djrh gS vr% ;g mixzg
i`Foh osQ fdlh Hkh fcUnq ls fLFkj izrhr gksxkA i`Foh osQ i`"B ls bruh vfèkd Å¡pkbZ rd Åij isaQdus
osQ fy, vR;Ur 'kfDr'kkyh jkWosQVksa dh vko';drk gksrh gSA ijUrq] cgqr ls O;kogkfjd vuqiz;ksxksa dks
è;ku esa j[kdj budk izcU/ fd;k x;k gSA

ge tkurs gSa fd ,d fuf'pr vko`fÙk ls vf/d vko`fÙk dh fo|qr pqEcdh; rjaxsa vk;ueaMy }kjk
ijkofrZr ugha gksrhaA jsfM;ks&izlkj.k esa mi;ksx gksus okyh jsfM;ks rjaxsa ftudk vko`fÙk ifjlj 2MHz ls
10MHz gS Økafrd vko`fÙk ls de gS] blfy, ;s rjaxsa vk;ueaMy ls ifjofrZr gks tkrh gSaA bl izdkj



fdlh ,sUVsuk }kjk fd;k x;k jsfM;ks rjax izlkj.k mu LFkkuksa ij Hkh xzg.k fd;k tk ldrk gS tks cgqr
nwj gS rFkk i`Foh dh oØrk osQ dkj.k tgk¡ rjaxsa lh/s ugha igq¡p ikrhaA nwjn'kZu&izlkj.k vFkok vU;
izdkj osQ lapkj esa mi;ksx gksus okyh rjaxksa dh vko`fÙk;k¡ vR;f/d mPp gksrh gSa] vr% bUgsa lh/s gh
n`f"V&js[kk ls ckgj xzg.k ugha fd;k tk ldrkA izlkj.k osQUnz osQ Åij LFkkfir dksbZ rqY;dkyh mixzg
tks fLFkj izrhr gksrk gS] bu flxuyksa dks xzg.k djosQ mUgsa] i`Foh osQ cM+s {ks=k ij okil izlkfjr dj
ldrk gSA Hkkjr }kjk vUrfj{k esa Hkstk x;k bulSV mixzg lewg ,slk gh rqY;dkyh mixzg lewg gS
ftldk foLr`r mi;ksx nwjlapkj osQ fy, Hkkjr esa fd;k tk jgk gSA

varfj{k esa Hkkjr dh Nyk¡x
Hkkjr us 1975 esa] fuEu d{kk&mixzg vk;ZHkV~V osQ iz{ksi.k osQ lkFk varfj{k ;qx esa
izos'k fd;kA dk;ZØe osQ igys oqQN o"kks± esa iz{ksi.k okgu ml le; osQ lksfo;r la?
k }kjk iznku fd, x, FksA 1980 osQ izkjaHk esa] jksfg.kh Ük`a[kyk osQ mixzgksa dks varfj{k
esa Hkstus osQ fy, ns'kt iz{ksi.k okguksa dk mi;ksx fd;k x;kA /zqoh; mixzgksa dks
varfj{k esa Hkstus osQ dk;ZØe 1980 okys n'kd osQ var esa 'kq: gq,A IRS (Hkkjrh;
lqnwj laosnu mixzg) uke/kjh mixzgksa dh Ük`a[kyk Hkh iz{ksfir dh tk pqdh gS vkSj ;g
dk;ZØe Hkfo"; esa Hkh pyrk jgus okyk gSA ;s mixzg] losZ{k.k] ekSle dh
Hkfo";ok.kh vkSj varfj{k esa fd, tkus okys iz;ksxksa esa bLrseky fd, tkrs gSaA INSAT

(Hkkjrh; jk"Vªh; mixzg) Ük`a[kyk osQ mixzg 1982 osQ 'kq: esa nwj lapkj rFkk ekSle
dh Hkfo";ok.kh osQ fy, yk, x,A INSAT Ük`a[kyk osQ fy, ;wjksih; iz{ksi.k okgu
fu;ksftr fd, x,A Hkkjr us viuh rqY;dkyh mixzgksa dh {kerk dk ijh{k.k 2001 esa
fd;k tc mlus ,d iz;ksftd nwj lapkj mixzg (GSAT-1) varfj{k esa HkstkA 1984 esa
jkosQ'k 'kekZ igys Hkkjrh; varfj{k ;k=kh cusA Hkkjrh; varfj{k vuqla/ku la?kVu
(ISRO) ,d cM+k la?kVu gS tks cgqr ls osQUnz pykrk gSA bldk izeq[k iz{ksi.k osQUnz
(SHAR) Jh gfjdksVk esa gS tks psUubZ ls 100km nwj fLFkr gSA jk"Vªh; lqnwj laosnu
,tsUlh (NRSA) gSnjkckn osQ fudV fLFkr gSA varfj{k ,oa leoxhZ foKkuksa dk mudk
jk"Vªh; 'kks/ osQUnz] vgenkckn dh HkkSfrdh 'kks/ iz;ksx'kkyk (PRL) gSA



fp=k 8.11 /zqoh; mixzgA ,d pDdj esa mixzg ls fn[kkbZ nsus okyh i`Foh osQ i`"B dh ,d iêðh (Nk;kafdr n'kkZ;h x;h gS)A mixzg osQ

vxys ifjØe.k osQ fy, i`Foh vius v{k ij oqQN ?kw.kZu dj x;h gS] ftlls layXu iêðh fn[kkbZ nsus

yxrh gSA

mixzg dh vU; Js.kh dks /qzoh; mixzg dgrs gSaA ;s fuEu raqxrk (h ≈ 500 ls 800 km) mixzg gSaA ijUrq
;s i`Foh osQ /zqoksa osQ ifjr% mÙkj nf{k.k fn'kk esa xeu djrs gSa tcfd i`Foh vius v{k ij if'pe ls
iwoZ dh vksj ?kw.kZu djrh gSA (nsf[k, fp=k 8.11)A pwafd bu mixzgksa dk vkorZdky yxHkx 100 feuV
gksrk gS] vr% ;s fdlh Hkh v{kka'k ls fnu esa dbZ ckj xqtjrs gSaA rFkkfi] D;ksafd bu mixzgksa dh i`Foh
osQ i`"B ls Å¡pkbZ h yxHkx 500-800 km gksrh gS] vr% bl ij yxs fdlh oSQejs }kjk fdlh ,d
d{kk esa osQoy i`Foh dh ,d NksVh iêðh dk gh n`'; fy;k tk ldrk gSA layXu ifêð;ksa dks vxyh
d{kk esa ns[kk tkrk gSA bl izdkj izHkkoh :i esa iwjs ,d fnu esa iêðh nj iêðh iwjh i`Foh dk losZ{k.k
fd;k tk ldrk gSA ;s mixzg fudV ls] vPNs foHksnu osQ lkFk] fo"kqorh; rFkk /zqoh; {ks=kksa dk
losZ{k.k dj ldrs gSaA bl izdkj osQ mixzgksa }kjk ,d=k lwpuk,¡ lqnwj laosnu] ekSle foKku osQ lkFk
i`Foh osQ i;kZoj.kh; vè;;uksa osQ fy, Hkh vR;Ur mi;ksxh gSaA



8.12 Hkkjghurk
fdlh fi.M dk Hkkj og cy gS ftlls i`Foh mls vius osQUnz dh vkSj vkdf"kZr djrh gSA tc ge
fdlh i`"B ij [kM+s gksrs gSa rks gesa vius Hkkj dk cks/ gksrk gS D;ksafd og i`"B gekjs Hkkj osQ foijhr
cy vkjksfir djosQ gesa fojke dh fLFkfr esa j[krk gSA ;gh fl¼kUr ml le; ykxw gksrk gS tc ge
fdlh fLFkj fcUnq] tSls Nr ls yVdh fdlh dekuhnkj rqyk ls fdlh fi.M dk Hkkj ekirs gSaA ;fn
xq#Ro cy osQ fo#¼ fi.M ij dksbZ cy vkjksfir u gks rks og uhps fxj tk,xkA dekuh Hkh ;FkkFkZ
:i esa fi.M ij blh izdkj cy vkjksfir djrh gSA ,slk blfy, gS D;ksafd fi.M osQ xq#Roh; f[kapko
osQ dkj.k dekuh uhps dh vksj oqQN f[kap tkrh gS vkSj Øe ls ÅèokZ/j Åij fn'kk esa dekuh fi.M
ij ,d cy vkjksfir djrh gSA

vc dYiuk dhft, fd dekuhnkj rqyk dk Åijh fljk dejs dh Nr ls tqM+ dj fLFkj ugha gSA rc
dekuh osQ nksuksa fljksa osQ lkFk&lkFk fi.M Hkh loZle Roj.k g ls xfr djsaxsA bl fLFkfr esa dekuh esa
dksbZ ¯[kpko ugha gksxk rFkk og ml fi.M ij] tks xq#Ro cy osQ dkj.k g Roj.k ls uhps dh vksj
xfr'khy gS] dksbZ cy vkjksfir ugha djsxhA dekuhnkj rqyk dk bl fLFkfr esa ikB~;kad dekuh esa dksbZ
f[kapko u gksus osQ dkj.k 'kwU; gksxkA ;fn ml fi.M osQ :i esa dksbZ L=kh vFkok iq#"k gS] rks og bl
fLFkfr esa vius Hkkj dk vuqHko ugha djsxh@ djsxk] D;ksafd ml ij Åij dh fn'kk esa dksbZ cy ugha
yx jgk gSA bl izdkj] tc dksbZ fi.M Lora=krkiwoZd fxjrk gS] rks og Hkkjghu gksrk gS] rFkk bl ifj?
kVuk dks izk;% Hkkjghurk dh ifj?kVuk dgrs gSaA

i`Foh osQ ifjr% ifjØe.k djus okys fdlh mixzg esa] mixzg dk gj NksVs ls NksVk VqdM+k rFkk mlosQ
Hkhrj dh izR;sd oLrq i`Foh osQ osQUnz dh vksj Rofjr xfr ls xfr'khy gS] rFkk bl xfr dk Roj.k]
;FkkFkZ :i ls] ml fLFkfr esa i`Foh osQ xq#Roh; Roj.k osQ cjkcj gSA vr% mixzg osQ Hkhrj dh izR;sd
oLrq Lora=krkiwoZd fxjrh gSA ;g Bhd ,slk gh gS tSlk fd ge fdlh ÅapkbZ ls i`Foh dh vksj fxj jgs
gksaA vr% fdlh mixzg osQ Hkhrj cSBs O;fDr fdlh izdkj osQ xq#Ro cy dk vuqHko ugha djrsA xq#Ro
cy gesa mèokZèkj fn'kk dh ifjHkk"kk dk Kku djkrk gS] vr% mixzg osQ Hkhrj cSBs O;fDr;ksa osQ fy,
{kSfrt vFkok ÅèokZèkj fn'kkvksa dk dksbZ egRo ugha gksrk] muosQ fy, lHkh fn'kk,¡ leku gksrh gSaA ok;q
esa rSjrs varfj{k;kf=k;ksa osQ fp=k Bhd blh rF; dks n'kkZrs gSaA



lkjka'k
1. U;wVu dk xq#Rokd"kZ.k dk lkoZf=kd fu;e ;g mYys[k djrk gS fd nwjh r ls i`Fkdu okys
m1 rFkk m2 nzO;eku osQ fdUgh nks d.kksa osQ chp yxs xq#Roh; vkd"kZ.k cy dk ifjek.k

;gk¡ G lkoZf=kd xq#Roh; fLFkjkad gS ftldk eku 6.672 ×10–11 N m2 kg–2 gSA

2. ;fn gesa M1, M2, M3 ….Mn vkfn cgqr ls d.kksa osQ dkj.k m nzO;eku osQ fdlh d.k ij
yxs ifj.kkeh xq#Rokd"kZ.k cy dks Kkr djuk gS] rks blosQ fy, ge vè;kjksi.k fl¼kUr dk
mi;ksx djrs gSaA eku yhft, xq#Rokd"kZ.k fu;e }kjk M1, M2, ….Mn esa izR;sd }kjk m ij
vkjksfir O;f"Vxr cy F1, F2, ….Fn. gSaA rc cyksa osQ vè;kjksi.k fl¼kUr osQ vuqlkj izR;sd cy
vU; fi.Mksa }kjk izHkkfor gq, fcuk Lora=krkiwoZd dk;Z djrk gSA rc budk ifj.kkeh cy FR

lfn'kksa osQ ;ksx }kjk Kkr fd;k tkrk gSA

FR = F1 + F2 + …… + Fn = 

;gk¡ izrhd ‘Σ’ ladyu dks n'kkZrk gSA

3. osQIyj osQ xzgxfr fu;e ;g Li"V djrs gSa fd

(a) lHkh xzg nh?kZo`Ùkh; d{kkvksa esa xfr djrs gSa rFkk lw;Z bl d{kk dh fdlh ,d ukfHk ij
fLFkr gksrk gSA

(b) lw;Z ls fdlh xzg rd [khapk x;k f=kT; lfn'k leku le; vUrjkyksa esa leku {ks=kiQy izliZ
djrk gSA ;g bl rF; dk ikyu djrk gS fd xzgksa ij yxus okys xq#Rokd"kZ.k cy osQUnzh; gSaA
vr% dks.kh; laosx vifjo£rr jgrk gSA

(c) fdlh xzg osQ d{kh; vkorZdky dk oxZ mldh nh?kZo`Ùkh; d{kk osQ v/Z nh?kZ v{k osQ ?ku
osQ vuqØekuqikrh gksrk gSA



lw;Z osQ ifjr% R dh o`Ùkkdkj d{kk esa ifjØe.k dj jgs xzg osQ vkorZdky T rFkk f=kT;k R esa
;g laca/
gksrk gS

;gk¡ Ms lw;Z dk nzO;eku gSA vf/dka'k xzgksa dh lw;Z osQ ifjr% yxHkx o`Ùkh; d{kk,¡ gSaA ;fn R

dk izfrLFkkiu xzg dh nh?kZo`Ùkh; d{kk osQ v/Z nh?kZ v{k a ls dj nsa rks mijksDr fu;e nh?
kZo`Ùkh; d{kkvksa ij leku :i ls ykxw gksrk gSA

4. xq#Roh; Roj.k

(a) i`Foh osQ i`"B ls h Å¡pkbZ ij

 h << RE

(b) i`Foh osQ i`"B osQ uhps d xgjkbZ ij

5. xq#Rokd"kZ.k cy laj{kh cy gSA blfy, fdlh fLFkfrt ÅtkZ iQyu dks ifjHkkf"kr fd;k tk
ldrk gSA r i`Fkdu osQ fdUgh nks d.kksa ls lac¼ xq#Roh; fLFkfrt ÅtkZ



;gk¡ r → ∞ ij V dks 'kwU; ekukA d.kksa osQ fdlh fudk; dh oqQy fLFkfrt ÅtkZ mu d.kksa osQ
lHkh ;qxyksa dh ÅtkZvksa dk ;ksx gksrk gS ftlesa izR;sd ;qxy dk fu:i.k Åij O;Dr lw=k osQ
inksa esa fd;k tkrk gSA bldk fu/kZj.k vè;kjksi.k osQ fl¼kUr osQ vuqxeu }kjk fd;k x;k gSA

6. ;fn fdlh fo;qDr fudk; esa m nzO;eku dk dksbZ d.k fdlh Hkkjh fi.M] ftldk nzO;eku M

gS] osQ fudV v pky ls xfreku gS] rks ml d.k dh oqQy ;kaf=kd ÅtkZ

vFkkZr~ oqQy ;kaf=kd ÅtkZ xfrt rFkk fLFkfrt ÅtkZvksa dk ;ksx gSA oqQy ÅtkZ xfr dk fLFkjkad
gksrh gSA

7. ;fn M osQ ifjr% a f=kT;k dh d{kk esa m xfr'khy gS] tcfd M >> m, rks fudk; dh oqQy
ÅtkZ

;g mijksDr fcUnq 5 esa nh x;h fLFkfrt ÅtkZ esa ;kn`fPNd fLFkjkad osQ p;u osQ vuqlkj gSA
fdlh Hkh ifjc¼ fudk;] vFkkZr~] ,slk fudk; ftlesa d{kk cUn gks tSls nh?kZo`Ùkh; d{kk] dh
oqQy ÅtkZ Í.kkRed gksrh gSA xfrt rFkk fLFkfrt ÅtkZ,¡ gSa

8. i`Foh osQ i`"B ls iyk;u pky

=  bldk eku 11.2 km s–1 gSA

9. ;fn dksbZ d.k fdlh ,dleku xksyh; [kksy vFkok xksyh; lefer Hkhrjh nzO;eku forj.k osQ
Bksl xksys osQ ckgj gS] rks xksyk d.k dks bl izdkj vkdf"kZr djrk gS tSls fd ml xksys vFkok



[kksy dk leLr nzO;eku mlosQ osQUnz ij laosQfUnzr gksA

10. ;fn dksbZ d.k fdlh ,dleku xksyh; [kksy osQ Hkhrj gS] rks ml d.k ij yxk xq#Roh; cy
'kwU; gSA ;fn dksbZ d.k fdlh laHkkxh Bksl xksys osQ Hkhrj gS] rks d.k ij yxk cy xksys osQ osQUnz
dh vksj gksrk gSA ;g cy d.k osQ varLFk xksyh; nzO;eku }kjk vkjksfir fd;k tkrk gSA

11. rqY;dkyh (Hkw rqY;dkfyd lapkj) mixzg fo"kqorh; ry (fuj{kh; lery) esa] o`Ùkh; d{kk
esa] i`Foh osQ osQUnz ls yxHkx 4.22 × 104 km nwjh ij xfr djrs gSaA

fopkj.kh; fo"k;
1. fdlh fi.M dh fdlh vU; fi.M osQ xq#Roh; izHkko osQ vUrxZr xfr dk vè;;u djrs
le; fuEufyf[kr jkf'k;k¡ lajf{kr jgrh gSa %

(a) dks.kh; laosx]

(b) oqQy ;kaf=kd ÅtkZ jSf[kd laosx dk laj{k.k ugha gksrkA

2. dks.kh; laosx laj{k.k osQIyj osQ f}rh; fu;e dh vksj mUeq[k djkrk gSA rFkkfi ;g
xq#Rokd"kZ.k osQ O;qRØe oxZ fu;e osQ fy, fof'k"V ugha gSA ;g fdlh Hkh osQUnzh; cy ij ykxw
gksrk gSA

3. osQIyj osQ rhljs fu;e] T2 = KS R3 esa fLFkjkad KS o`Ùkh; d{kkvksa esa xfr djus okys izR;sd



xzg osQ fy, leku gksrk gSA ;g xzgksa osQ vuqlkj ifjofrZr ugha gksrkA i`Foh dh ifjØek djus
okys mixzgksa ij Hkh ;gh fVIi.kh ykxw gksrh gSA [(lehdj.k (8-38)]

4. vUrfj{k mixzgksa esa vUrfj{k ;k=kh Hkkjghurk vuqHko djrs gSaA bldk dkj.k ;g ugha gS fd
varfj{k dh ml vofLFkfr esa xq#Rokd"kZ.k cy de gSA oju bldk dkj.k ;g gS fd vUrfj{k
;k=kh rFkk mixzg nksuksa gh i`Foh dh vksj Loar=krkiwoZd fxjrs gSaA

5. nwjh R osQ i`Fkdu okys nks fcUnqvksa ls lac} xq#Roh; fLFkfrt ÅtkZ

;gk¡ fLFkjkad dks oqQN Hkh eku fn;k tk ldrk gSA bls 'kwU; ekuuk ljyre p;u gSA bl p;u
osQ vuqlkj

bl p;u ls ;g varfuZfgr gS fd tc r → ∞ gS rks V → 0 gksrk gSA xq#Roh; ÅtkZ osQ 'kwU;
gksus dh vofLFkfr dk p;u fLFkfrt ÅtkZ esa ;kn`fPNd fLFkjkad osQ p;u osQ leku gh gSA è;ku
nhft,] bl fLFkjkad osQ p;u ls xq#Roh; cy ifjofrZr ugha gksrkA

6. fdlh fi.M dh oqQy ;kaf=kd ÅtkZ bldh xfrt ÅtkZ (tks lnSo /ukRed gksrh gS) rFkk
fLFkfrt ÅtkZ dk ;ksx gksrh gSA vuUr osQ lkis{k (vFkkZr~] ;fn ge eku ysa fd fi.M dh vuUr
ij fLFkfrt ÅtkZ 'kwU; gS)] fdlh fi.M dh xq#Roh; fLFkfrt ÅtkZ Í.kkRed gksrh gSA fdlh
mixzg dh oqQy ÅtkZ Í.kkRed gksrh gSA

7. fLFkfrt ÅtkZ osQ fy, lkekU;r% fn[kkbZ nsus okyk O;atd mgh] okLro esa] Åij fcUnq 6 osQ
vUrxZr Li"V fd, vuqlkj xq#Roh; fLFkfrt ÅtkZvksa osQ vUrj dk lfUudV eku gksrk gSA

8. ;|fi nks fcUnqvksa osQ chp xq#Rokd"kZ.k cy osQUnzh; gS] rFkkfi nks ifjfer n`<+ fi.Mksa osQ chp
yxus okys cy dk bu nksuksa nzO;ekuksa osQ osQUnzksa dks feykus okyh js[kk osQ vuqfn'k gksuk vko';d
ugha gSA fdlh xksyh; lefer fi.M osQ fy, ml fi.M ls ckgj fLFkr fdlh d.k ij yxk cy
bl izdkj yxrk gS tSls fd fi.M dk leLr nzO;eku mlosQ osQUnz ij laosQfUnzr gks vkSj blhfy,
;g cy osQUnzh; gksrk gSA



9. xksyh; [kksy osQ Hkhrj fdlh d.k fcUnq ij xq#Roh; cy 'kwU; gksrk gSA rFkkfi (fdlh
/kfRod [kksy osQ foijhr] tks oS|qr cyksa ls ifjj{k.k djrk gS) ;g [kksy vius ls ckgj fLFkr
nwljs fi.Mksa dks xq#Roh; cyksa osQ vkjksfir gksus ls vius Hkhrj fLFkr d.kksa dk ifjj{k.k ugha
djrkA xq#Roh; ifjj{k.k laHko ugha gSA

vH;kl
8.1 fuEufyf[kr osQ mÙkj nhft,%

(a) vki fdlh vkos'k dk oS|qr cyksa ls ifjj{k.k ml vkos'k dks fdlh [kks[kys pkyd osQ
Hkhrj j[kdj dj ldrs gSaA D;k vki fdlh fi.M dk ifjj{k.k] fudV esa j[ks inkFkZ osQ xq#Roh;
izHkko ls] mls [kks[kys xksys esa j[kdj vFkok fdlh vU; lk/uksa }kjk dj ldrs gSa\

(b) i`Foh osQ ifjr% ifjØe.k djus okys NksVs vUrfj{k;ku esa cSBk dksbZ vUrfj{k ;k=kh xq#Ro cy
dk lalwpu ugha dj ldrkA ;fn i`Foh osQ ifjr% ifjØe.k djus okyk vUrfj{k LVs'ku vkdkj esa
cM+k gS] rc D;k og xq#Ro cy osQ lalwpu dh vk'kk dj ldrk gS\

(c) ;fn vki i`Foh ij lw;Z osQ dkj.k xq#Roh; cy dh rqyuk i`Foh ij pUnzek osQ dkj.k xq#Ro
cy ls djsa] rks vki ;g ik,axs fd lw;Z dk f[kapko pUnzek osQ f[kpko dh rqyuk esa vf/d gS
(bldh tk¡p vki Lo;a vkxkeh vH;klksa esa fn, x, vkadM+ksa dh lgk;rk ls dj ldrs gSaA)
rFkkfi pUnzek osQ f[kapko dk Tokjh; izHkko lw;Z osQ Tokjh; izHkko ls vf/d gSA D;ksa\

8.2 lgh fodYi dk p;u dhft, %

(a) c<+rh rqaxrk osQ lkFk xq#Roh; Roj.k c<+rk@?kVrk gSA

(b) c<+rh xgjkbZ osQ lkFk (i`Foh dks ,dleku ?kuRo dks xksyk ekudj) xq#Roh; Roj.k c<+rk@?
kVrk gSA

(c) xq#Rph; Roj.k i`Foh osQ nzO;eku@fi.M osQ nzO;eku ij fuHkZj ugha djrkA

(d) i`Foh osQ osQUnz ls r2 rFkk r1 nwfj;ksa osQ nks fcUnqvksa osQ chp fLFkfrt ÅtkZ&vUrj osQ fy,



lw=k 

–G Mm(1/r2 – 1/r1) lw=k mg(r2 – r1) ls vf/d@de ;FkkFkZ gSA

8.3 eku yhft, ,d ,slk xzg gS tks lw;Z osQ ifjr% i`Foh dh rqyuk esa nks xquh pky ls xfr
djrk gS] rc i`Foh dh d{kk dh rqyuk esa bldk d{kh; vkeki D;k gS\

8.4 c`gLifr osQ ,d mixzg] vk;ks (Io)] dh d{kh; vof/ 1-769 fnu rFkk d{kk dh f=kT;k
4.22 × 108 m gSA ;g n'kkZb, fd c`gLifr dk nzO;eku lw;Z osQ nzO;eku dk yxHkx 1@1000
xquk gSA

8.5 eku yhft, fd gekjh vkdk'kxaxk esa ,d lkSj nzO;eku osQ 2-5 x 1011 rkjs gSaA eankfduh;
osQUnz ls 50,000 ly nwjh ij fLFkr dksbZ rkjk viuh ,d ifjØek iwjh djus esa fdruk le;

ysxk\ vkdk'kxaxk dk O;kl 105 Iy yhft,A

8.6 lgh fodYi dk p;u dhft, %

(a) ;fn fLFkfrt ÅtkZ dk 'kwU; vuUr ij gS] rks d{kk esa ifjØek djrs fdlh mixzg dh oqQy
ÅtkZ bldh xfrt@fLFkfrt ÅtkZ dk Í.kkRed gSA

(b) d{kk esa ifjØek djus okys fdlh mixzg dks i`Foh osQ xq#Roh; izHkko ls ckgj fudkyus osQ
fy, vko';d ÅtkZ leku ÅapkbZ (ftruh mixzg dh gS) osQ fdlh fLFkj fi.M dks i`Foh osQ
izHkko ls ckgj iz{ksfir djus osQ fy, vko';d ÅtkZ ls vf/d@de gksrh gSA

8.7 D;k fdlh fi.M dh i`Foh ls iyk;u pky (a) fi.M osQ nzO;eku] (b) iz{ksi.k fcUnq dh
vofLFkfr] (c) iz{ksi.k dh fn'kk] (d) fi.M osQ izekspu dh vofLFkfr dh ÅapkbZ ij fuHkZj djrh
gS\

8.8 dksbZ /weosQrq lw;Z dh ifjØek vR;f/d nh?kZo`Ùkh; d{kk esa dj jgk gSA D;k viuh d{kk esa
/weosQrq dh 'kq: ls vUr rd (a) jSf[kd pky] (b) dks.kh; pky] (c) dks.kh; laosx] (d)

xfrt ÅtkZ] (e) fLFkfrt ÅtkZ (f) oqQy ÅtkZ fu;r jgrh gSA lw;Z osQ vfr fudV vkus ij
/weosQrq osQ nzO;eku esa gzkl dks ux.; ekfu;sA

8.9 fuEufyf[kr esa ls dkSu ls y{k.k vUrfj{k esa vUrfj{k ;k=kh osQ fy, nq[k%nk;h gks ldrs gSa\



(a) iSjksa esa lwtu] (b) psgjs ij lwtu] (c) fljnnZ] (d) fno~QfoU;kl leL;kA

8.10 ,dleku nzO;eku ?kuRo dh v/Zxksyh; [kksyksa }kjk ifjHkkf"kr <ksy osQ i`"B osQ osQUnz ij
xq#Roh; rhozrk dh fn'kk [nsf[k, fp=k 8.10] (i) a, (ii) b,(iii) c, (iv) 0 esa fdl rhj }kjk n'kkZ;h
tk,xh\

fp=k- 8-10

8.11 mijksDr leL;k esa fdlh ;kn`fPNd fcUnq P ij xq#Roh; rhozrk fdl rhj
(i) d, (ii) e, (iii) f, (iv) g }kjk O;Dr dh tk,xh\

8.12 i`Foh ls fdlh jkWosQV dks lw;Z dh vksj nkxk x;k gSA i`Foh osQ osQUnz ls fdl nwjh ij

jkWosQV ij xq#Rokd"kZ.k cy 'kwU; gS\ lw;Z dk nzO;eku = 2×1030 kg i`Foh dk nzO;eku =

6×1024 kgA vU; xzgksa vkfn osQ izHkkoksa dh mis{kk dhft, (d{kh; f=kT;k = 1.5 × 1011 m)A

8.13 vki lw;Z dks oSQls rksysaxs] vFkkZr~ mlosQ nzO;eku dk vkdyu oSQls djsax\ lw;Z osQ ifjr%
i`Foh dh d{kk dh vkSlr f=kT;k 1.5 × 108 km gSA

8.14 ,d 'kfu o"kZ ,d i`Foh&o"kZ dk 29.5 xquk gSA ;fn i`Foh lw;Z ls 1.5 × 108 km nwjh ij
gS] rks 'kfu lw;Z ls fdruh nwjh ij gS\

8.15 i`Foh osQ i`"B ij fdlh oLrq dk Hkkj 63 N gSA i`Foh dh f=kT;k dh vk/h ÅapkbZ ij
i`Foh osQ dkj.k bl oLrq ij xq#Roh; cy fdruk gS\

8.16 ;g ekurs gq, fd i`Foh ,dleku ?kuRo dk ,d xksyk gS rFkk blosQ i`"B ij fdlh oLrq



dk Hkkj 250 N gS] ;g Kkr dhft, fd i`Foh osQ osQUnz dh vksj vk/h nwjh ij bl oLrq dk
Hkkj D;k gksxk\

8.17 i`Foh osQ i`"B ls mèokZ/jr% Åij dh vksj dksbZ jkWosQV 5 km s-1 dh pky ls nkxk tkrk
gSA i`Foh ij okil ykSVus ls iwoZ ;g jkWosQV i`Foh ls fdruh nwjh rd tk,xk\ i`Foh dk nzO;eku
= 6.0 × 1024 kg; i`Foh dh ekè; f=kT;k = 6.4 × 106 m rFkk G = 6.67 × 10–11 N m2 kg–2A

8.18 i`Foh osQ i`"B ij fdlh iz{ksI; dh iyk;u pky 11.2 km s–1 gSA fdlh oLrq dks bl
pky dh rhu xquh pky ls iz{ksfir fd;k tkrk gSA i`Foh ls vR;f/d nwj tkus ij bl oLrq dh
pky D;k gksxh\ lw;Z rFkk vU; xzgksa dh mifLFkfr dh mis{kk dhft,A

8.19 dksbZ mixzg i`Foh osQ i`"B ls 400 km ÅapkbZ ij i`Foh dh ifjØek dj jgk gSA bl mixzg
dks i`Foh osQ xq#Roh; izHkko ls ckgj fudkyus esa fdruh ÅtkZ [kpZ gksxh\ mixzg dk nzO;eku =

200 kg; i`Foh dk nzO;eku = 6.0×1024 kg; i`Foh dh f=kT;k = 6.4 × 106 m rFkk G = 6.67 ×

10–11 N m2 kg–2A

8.20 nks rkjs] ftuesa izR;sd dk nzO;eku lw;Z osQ nzO;eku (2×1030 kg) osQ cjkcj gS] ,d nwljs
dh vksj lEeq[k VDdj osQ fy, vk jgs gSaA tc os 109 km nwjh ij gSa rc budh pky mis{k.kh;
gSaA ;s rkjs fdl pky ls Vdjk,axs\ izR;sd rkjs dh f=kT;k 104 km gSA ;g ekfu, fd Vdjkus osQ
iwoZ rd rkjksa esa dksbZ fo:i.k ugha gksrk (G osQ Kkr eku dk mi;ksx dhft,)A

8.21 nks Hkkjh xksys ftuesa izR;sd dk nzO;eku 100 kg f=kT;k 0.10 m gS fdlh {kSfrt est ij
,d nwljs ls 1.0 m nwjh ij fLFkr gSaA nksuksa xksyksa osQ osQUnzksa dks feykus okyh js[kk osQ eè; fcUnq
ij xq#Roh; cy rFkk foHko D;k gS\ D;k bl fcUnq ij j[kk dksbZ fi.M larqyu esa gksxk\ ;fn
gka] rks ;g larqyu LFkk;h gksxk vFkok vLFkk;h\

vfrfjDr vH;kl
8.22 tSlk fd vkius bl vè;k; esa lh[kk gS fd dksbZ rqY;dkyh mixzg i`Foh osQ i`"B ls
yxHkx 36,000 km ÅapkbZ ij i`Foh dh ifjØek djrk gSA bl mixzg osQ fu/kZfjr LFky ij
i`Foh osQ xq#Ro cy osQ dkj.k foHko D;k gS\ (vuUr ij fLFkfrt ÅtkZ 'kwU; yhft,A) i`Foh
dk nzO;eku = 6.0×1024 kg; i`Foh dh f=kT;k = 6400 km.



8.23 lw;Z osQ nzO;eku ls 2.5 xqus nzO;eku dk dksbZ rkjk 12 km vkeki ls fuikr gksdj 1.2

ifjØe.k izfr lsd.M ls ?kw.kZu dj jgk gS (blh izdkj osQ lagr rkjs dks U;wVªkWu rkjk dgrs gSA
oqQN izsf{kr rkjdh; fi.M] ftUgsa iYlkj dgrs gSa] blh Js.kh esa vkrs gSaA)A blosQ fo"kqor~ o`Ùk ij
j[kk dksbZ fi.M] xq#Ro cy osQ dkj.k] D;k blosQ i`"B ls fpidk jgsxk\ (lw;Z dk nzO;eku = 2

× 1030kg )

8.24 dksbZ vUrfj{k;ku eaxy ij Bgjk gqvk gSA bl vUrfj{k;ku ij fdruh ÅtkZ [kpZ dh tk,
fd bls lkSje.My ls ckgj /osQyk tk losQA vUrfj{k;ku dk nzO;eku = 1000 kg; lw;Z dk
nzO;eku = 2×1030 kg; eaxy dk nzO;eku = 6.4×1023 kg; eaxy dh f=kT;k = 3395 km eaxy
dh d{kk dh f=kT;k = 2.28 ×108 km rFkk G = 6.67×10-11 N m2 kg–2A

8.25 fdlh jkosQV dks eaxy osQ i`"B ls 2 km s–1 dh pky ls ÅèokZ/j Åij nkxk tkrk gSA
;fn eaxy osQ okrkoj.kh; izfrjks/ osQ dkj.k bldh 20% vkjafHkd ÅtkZ u"V gks tkrh gS] rks
eaxy osQ i`"B ij okil ykSVus ls iwoZ ;g jkWosQV eaxy ls fdruh nwjh rd tk,xk\ eaxy dk
nzO;eku = 6.4×1023 kg; eaxy dh f=kT;k = 3395 km rFkk G = 6.67×10-11 N m2 kg–2A


