
vè;k; 8

xq#Rokd"kZ.k

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;ZHkê ð (5 oha 'krkCnh esa)
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188 HkkSfrdh

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

;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?kZòÙk dgrs gSaA Li"V gS fd nh?kZòÙk
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 gSA

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

B

A

C

P S S'
2b

2a
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xq#Rokd"kZ.k 189

t

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

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

lkj.kh 8-1
 uhps fn, x, xzgh; xfr;ksa dh eki osQ vk¡dM+s

osQIyj osQ vkorZdkyksa osQ fu;e dh iqf"V djrs gSaA
a ≡ v/Z&nh?kZ v{k 1010 m osQ ek=kdksa esa
T ≡ xzg dk ifjØe.k&dky o"kks± (y) esa
Q ≡ HkkxiQy ( T2  / a 3  )

10 -34 y2 m-3 ek=kdksa esa
xzg a T Q

cq/ 5.79 0.24 2.95

'kqØ 10.8 0.615 3.00

i`Foh 15.0 1 2.96

eaxy 22.8 1.88 2.98

c̀gLifr 77.8 11.9 3.01

'kfu 143 29.5 2.98

;wjsul 287 84 2.98

usIV~;wu 450 165 2.99

IywVks* 590 248 2.99

{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 p 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

∆A  = ½ (r × v∆t) (8.1)

vr%

∆A /∆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 ∆A /∆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

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

*i`"B 186 ij ckWDl esa nh xbZ tkudkjh ij è;ku nsaA
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190 HkkSfrdh

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

d

dt
= ×

l
r F

;fn ml ij yxs cy dk vk?kw.kZ = ×r Fττττ  '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 m

1
m

2
/r2  tgk¡  m

1
 ,oa

m
2
 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 P′  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 POP ′  osQ {ks=k ls xqtjrk

gS tks ( )sinr α≈ /2PP ′  = (r v sin a) ∆t/2) gSA
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xq#Rokd"kZ.k 191

gSaA blh izdkj] LA = mp rA vA. rc dks.kh; laosx laj{k.k ls
mp rp vp = mp rA vA

vFkok  
p A

A p

v r

v r
=

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   t

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 R

m
 f=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

22

2

4 m
m

m

RV
a

R T

π
= = (8.3)

;gk¡ V pUnzek dh pky gS tks vkorZdky T ls bl izdkj
lacaf/r gS] = 2 /mV R Tπ A vkorZ dky T dk eku yxHkx
27.3 fnu gS rFkk ml le; rd R

m
 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 a

m
 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  −∝m ma R 2 vkSj

−∝ Eg R 2  izkIr gksxk (;gk¡ R
E
 ìFoh dh f=kT;k gS)] ftlls gesa

fuEufyf[kr laca/ izkIr gksrk gS %
2

2

m

m E

Rg

a R
=

�  3600 (8.4)

tks g �  9.8 m s-2 rFkk lehdj.k (8.3) ls a
m

  
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/ ¶izkòQfrd
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 m

2
 ij fdlh

vU; fcanq nzO;eku m
1  
osQ dkj.k cy F dk ifjek.k

×
= × 1 2

2
| |

m m
G

r
F (8.5)

lfn'k :i esa lehdj.k (8.5) dks bl izdkj O;Dr fd;k tk
ldrk gS

�( ) �× ×
= × = ×1 2 1 2

2 2
– –

m m m m
G G

r r
F r r

   
�

×
= × 1 2

3
–

m m
G r

r

;gk¡ G lkoZf=kd xq#Roh; fu;rkad] �r   m
1
 ls  m

2
 rd

,dkad lfn'k rFkk r = r
2
 – r

1
 gS tSlk fd fp=k  8.3 esa n'kkZ;k

x;k gSA

fp=k 8.3   m
2
 osQ dkj.k  m

1  
ij xq#Roh; cy r osQ vuqfn'k

gS] ;gk¡  r, (r
2
– r

1
) gSA

xq#Roh; cy vkd"khZ cy gS] vFkkZr~ m
2
  ij m

1
 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  m

1
 ij

m
2
  osQ dkj.k cy – F  gSA bl izdkj m

1
  ij m

2
  osQ dkj.k
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t

yxus okys xq#Rokd"kZ.k cy F
12

 ,oa m
2
  ij m

1
  osQ dkj.k

yxus okys cy F
21

 dk ijLij laca/ gS]
F

12
 = –F

21

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 m
1 
ij fcUnq nzO;ekuksa m

2
,
 
m

3 
vkSj

m
4 
osQ }kjk vkjksfir oqQy xq#Rokd"kZ.k cy bu nzO;ekuksa }kjk

m
1 
ij yxk, x, O;f"Vxr cyksa osQ lfn'k ;ksx osQ cjkcj gSA

m
1
 ij oqQy cy gS

2 1
1 2

21

Gm m

r
=F � 3 1

21 2
31

Gm m

r
+r  

� �4 1
31 412

41

Gm m

r
+r r

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\
      AG = BG = CG = 1m yhft, (nsf[k, fp=k 8.5)

U;wVu dh ¯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
izòQfr 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 òQfr gS vkSj ySXjsats
osQ 'kCnksa esa dgsa rks] ¶ekuoh; efLr"d dk loZJs"B mRiknu
gŞ 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

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

( )
GA

2 ˆ
1

Gm m
=F j

( ) ( )GB

2 ˆ ˆcos 30 sin 30
1

Gm m ο ο= − −F  i j 

( ) ( )GC

2 ˆ ˆcos 30 sin 30
1

Gm m ο ο= + −F  i j .

vè;kjksi.k fl¼kar rFkk lfn'k ;ksx fu;e osQ vuqlkj (2m)

ij ifj.kkeh xq#Rokd"kZ.k cy
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 FR  =  FGA + FGB + FGC

 ( )οο−−+= 30 sinˆ30 cosˆ2  ̂2   22
R  j ij F GmGm

 ( ) 030 sinˆ30 cosˆ2 2 =−+ οο  j i Gm

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) ;fn 'kh"kZ A ij nzO;eku 2m gks rks]

  = 
1 2
GA

ˆ ˆ2 2 4G. m. m GmF j j=

and    = 
1 1
GB FGB GC GCF F F=

 + +  = 
1 1 1 2

R -
ˆ2.GA GB GC Gm'F F F F j= t

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  S
1 
rFkk S

2
 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

A

G

m

x

m
C

m
B

2

30

m

y

º

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

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
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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 τ θ osQ cjkcj gqvk]
;gk¡ τ izR;ku;u cy ;qXe izfr ,dkad O;korZu dks.k gSA τ
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

2

Mm
F G

d
= (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%

2

Mm
G L

d
τ θ= (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 ìFoh 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 ìFoh dk nzO;eku rFkk  RE  ìFoh dh f=kT;k gS] ìFoh
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
M

r
 blosQ osQUnz ij laosQfUnzr gSA bl izdkj P ij fLFkr

nzO;eku m ij vkjksfir cy dk ifjek.k

2

( )
= rGm M

F
r

(8.9)

ge ;g ekurs gSa fd leLr i`Foh dk ?kuRo ,dleku

gS vr% bldk nzO;eku 
3

E E

4

3
M R

π
= ρ  gSA ;gk¡ R

E
 i`Foh

dh f=kT;k rFkk  ρ  bldk ?kuRo gSA blosQ foijhr  r  f=kT;k

osQ xksys dk nzO;eku 
34

3
r

π ρ  gksrk gSA blfy,

F G m
r

r
G m

M

R

r

r

E

E

= 





=






4

3

3

2 3

3

2

π
ρ

 = E

3

E

G m M
r

R
(8.10)

m

d

R

Mr

E

O

i`Foh dk i`"B

r

P
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;fn nzO;eku m i`Foh osQ i`"B ij fLFkr gS] rks  r = R
E

rFkk lehdj.k (8.10) ls bl ij xq#Rokd"kZ.k cy

2

E

E

M m
F G

R
= (8.11)

;gk¡ M
E
 rFkk R

E
 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

= =
2

E

E

GMF
g

m R
(8.12)

g lgt gh ekiu ;ksX; gSA  R
E 
 ,d Kkr jkf'k gSA

oSQosfUM'k&iz;ksx }kjk vFkok nwljh fof/ ls izkIr  G  dh eki
g rFkk R

E
 osQ Kku dks lfEefyr djus ij M

E
 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 ìFoh osQ ì"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  R 
E   
}kjk fu£n"V fd;k tkrk gSA pwafd

;g fcUnq i`Foh ls ckgj gS] bldh i`Foh osQ osQUnz ls nwjh
(R

E 
+

 
 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

=
+ 2

( )
( )

E

E

GM m
F h

R h
(8.13)

fcUnq nzO;eku }kjk vuqHko fd;k tkus okyk Roj.k
( )/ ( )F h m g h≡ rFkk bl izdkj gesa izkIr gksrk gS

= =
+ 2

( )
( )

( )
E

E

GMF h
g h

m R h
(8.14)

Li"V :i ls ;g eku i`Foh osQ i`"B ij g osQ eku ls de

gS % =
2

E

E

GM
g

R
 tcfd ,Eh R<< ge lehdj.k (8.14) osQ

nf{k.k i{k dks bl izdkj Hkh fy[k ldrs gSa :

( ) 2

2 2
( ) 1 /

(1 / )
E

E E

GM
g h g h R

R h R

−= = +
+

1
E

h

R
<<  osQ fy, f}in O;atd dk mi;ksx djus ij

g h g
h

RE

( ) ≅ −






1
2

(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 −(1 2 / )Eh R  }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 ìFoh osQ osQUnz
ls nwjh ( )ER d−  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
(R 

E 
 – 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  M

s 
 gS] rks

M
s 
 /   M

E    
 =  (

  
R

E 
 –  d  ) 3  / R

E 
3 ( 8.16)

D;ksafd] fdlh xksys dk nzO;eku mldh f=kT;k osQ ?ku
osQ vuqØekuqikrh gksrk gSA

i`Foh dk i`"B
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fp=k 8.8 (b)  fdlh xgjkbZ d ij g bl izdj.k esa osQoy
(R

E
– d) f=kT;k dk NksVk xksyk gh  g osQ fy, ;ksxnku nsrk gSA
vr% fcUnq nzO;eku ij vkjksfir cy

F ( d )  =   G  M
s 
 m  /  (  R

E  
– d ) 2 (8.17)

Åij ls  M
s 
 dk eku izfrLFkkfir djus ij] gesa izkIr

gksrk gS

F ( d)   =  G  M
E
 m ( R

E
 – d ) /  R

E 
3 (8.18)

vkSj bl izdkj xgjkbZ d ij xq#Roh; Roj.k]

g(d) = 
( )F d

m

vFkkZr~ = = −
3

( )
( ) ( )E

E

E

GMF d
g d R d

m R

= 
−

= −(1 / )E
E

E

R d
g g d R

R (8.19)

bl izdkj tSls&tSls ge ìFoh ls uhps vf/d xgjkbZ rd
tkrs gSa] xq#Roh; Roj.k dk eku xq.kd −(1 / )Ed R }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 ǹf"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 ìFoh osQ ì"B ls  h

1
 Å¡pkbZ

ij fLFkr fdlh fcUnq rFkk blh fcUnq osQ Bhd
ÅèokZ/j Åij  h

2
 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  W

12

}kjk fu£n"V djrs gSa]
W

12
 = cy     ×    foLFkkiu

      = mg (h
2
 – h

1
) . (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  + W
o

(8.21)

(;gk¡ W
o
 = fu;rkad) ;

rc ;g Li"V gS fd
W

12
 = W(h

2
)  – W(h

1
) (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 W

o
 fujLr gks tkrk gSA lehdj.k (8-21) esa  h = 0 j[kus

ij gesa   W ( h = 0 ) =  W
o
  izkIr gksrk gSA h = 0 dk vFkZ

;g gS fd nksuksa fcUnq i`Foh osQ i`"B ij fLFkr gSaA bl izdkj
W

o 
 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]

2

EG M m
F

r
= (8.23)

;gk¡ M
E
 = i`Foh dk nzO;eku] m = d.k dk nzO;eku rFkk

i`Foh dk i`"B

Ms

M
E
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tr bl d.k dh i`Foh osQ osQUnz ls nwjh gSA ;fn ge fdlh d.k
dks  r = r

1
 ls r = r

2
 rd (tcfd r

2
 > r

1
) 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

W
G M m

r
r

r

r

12 2
1

2= ∫ d

= − −






G M m
r r

E

1 1

2 1

(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 :

E
1( ) ,

G M m
W r W

r
= − + (8.25)

tks fd  r > R  osQ fy, oS/ gSA
vr% ,d ckj fiQj  W

12
 = W(r

2
) – W(r

1
) A vafre

lehdj.k esa  r = ∞  j[kus ij gesa W(r = ∞ ) = W
1
 izkIr

gksrk gSA bl izdkj W
1
 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  W

1  
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 ÅtkZ̧  osQ :i esa dh tkrh gSA

iwoZ foospu osQ vk/kj ij] ge tkurs gSa fd m
1
 ,oa m

2

nzO;eku osQ ,d nwljs ls r nwjh ij j[ks nks d.kksa dh xq#Roh;
fLFkfrt ÅtkZ gS]

V = − 1 2G m m

r
 (;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  2 l

nwjh okys 2 nzO;eku ;qxy gSaA vr% fudk; dh fLFkfrt ÅtkZ

fp=k 8-9

= − −
2 2G  

W( )   4   2 
2 

m G m
r

l l

l

mG

l

mG 22  
 5.41   

2

1
  2 

  2
  −=








+−=

oxZ osQ osQUnz  ( )2 2r  l/=  ij xq#Roh; foHko]

( )   4 2 
 G m

U r
l

= −
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\¸
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t

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 V

f  
gSA fdlh fi.M dh ÅtkZ

fLFkfrt rFkk xfrt ÅtkZvksa dk ;ksx gksrh gSA igys dh gh
Hkkafr  W

1
 fi.M dh vuUr ij xq#Roh; fLFkfrt ÅtkZ dks

fu£n"V djrk gSA rc iz{ksI; dh vuUr ij oqQy ÅtkZ

= +
2

1( )
2

fmV
E WvuUr (8.26)

;fn fi.M dks i`Foh (R
E
 = i`Foh dh f=kT;k) osQ osQUnz ls

(h + R
E
) Å¡pkbZ ij fLFkr fdlh fcUnq ls vkjaHk esa pky

V
i
 ls isaQdk x;k Fkk] rks bl fi.M dh vkjafHkd ÅtkZ Fkh

2
1

1
( ) –

2 ( )

E

E i

E

GmM
E h R mV W

h R
+ = +

+ (8.27)

ÅtkZ laj{k.k fu;e osQ vuqlkj lehdj.k (8.26) rFkk
(8.27) cjkcj gksus pkfg,A vr%

22

–
2 ( ) 2

fi E

E

mVmV GmM

h R
=

+ (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 V

i

bruk gks fd

2

– 0
2 ( )

i E

E

mV GmM

h R
≥

+              (8.29)

V
i
  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

( ) =
+

21

2
E

i

E

GmM
m V

h RU;wu (8.30)

;fn fi.M dks i`Foh osQ i`"B ls NksM+k tkrk gS] rks
h = 0 vkSj gesa izkIr gksrk gS

( ) =
2 E

i

E

GM
V

RU;uw (8.31)

laca/ 2/E Eg GM R=  dk mi;ksx djus ij gesa fuEu

eku izkIr gksrk gS

( ) = 2i EV gRU;wu (8.32)

lehdj.k (8.32) esa g vkSj R
E 
osQ vkafdd eku j[kus ij

gesa (V
i
)
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 R

E
 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 ìFoh
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

fp=k 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

( )22 rR6

m M G

r

m M G

−
=

 4
  

(6R – r)2 = 4r2

6R – r = ±2r
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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

 R

mM G

R

m M G
vmE 2

i
 5

  4
       

2

1
  −−=

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%

 R

m M G

R

m M G
EN

 4

 4
  

 2
   −−=

;kaf=kd ÅtkZ laj{k.k fu;e osQ vuqlkj

1

2

4

2
v

GM

R

GM

R

GM

R

GM

R 

2 − − = − −
5

vFkok








 −=
2

1
  

5

4 2
  2

R

M G
v

∴

2/1

 5

  3
  







=
R

MG
v

;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 t

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
òÙkkdkj 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  (R
E
 + h) nwjh ij fLFkr o`Ùkh;

d{kk esa xfreku mixzg ij fopkj djsaxs] ;gk¡  R
E
 = 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) = +

2

( )E

mV

R h
(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) = + 2( )
E

E

G m M

R h
(8.34)

;gk¡ M
E
 i`Foh dk nzO;eku gSA

lehdj.kksa (8.33) rFkk (8.34) osQ nf{k.k i{kksa dks lehòQr
rFkk m dk fujlu djus ij gesa izkIr gksrk gS

=
+

2

( )
E

E

G M
V

R h
(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

2 ( 0) /E E EV h GM R gR= = = (8.36)

;gk¡ geus laca/ g = 2/E EG M R dk mi;ksx fd;k gSA

izR;sd d{kk esa mixzg  2π(R
E 
+ h) nwjh pky V ls r; djrk

gSA vr% bldk vkorZdky  T  gS
3 /22 ( ) 2 ( )E E

E

R h R h
T

V G M

π π+ +
= = (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  (  R
E 
 + h )3  ( tgk¡ k = 4 π2 / G M

E
),

(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 R

E
 dh rqyuk esa

lehdj.k (8.38) esa ux.; eku ysrs gSaA vr% bl izdkj osQ
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t

t

t

Hkw mixzgksa osQ fy,  T  gh T
o 
 gksrk gS] ;gk¡

0 2 /ET R gπ= (8.39)

;fn ge lehdj.k (8-39) esa  g rFkk R
E
 osQ vkafdd

ekuksa (g �  9.8 ms-2 rFkk R
E
 = 6400 km.) dks  izfrLFkkfir

djsa] rks gesa izkIr gksrk gS

66.4 10
2

9.8
oT π

×
=  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
ìFoh 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

T
GM

R
2

m

=
4

2
3π

Mm
G

R

T
=

4
2 3

2

π

       
( ) ( )

( )
=

× × ×

× × ×

4 3.14

6.67 10 459 60
-11 2

2 3 18
9 4 10.

( ) ( )

( )
M

4 3.14

6.67 4.59 6 10
2 -5m =

× × ×

× × ×

2 3 18
9 4 10.

       = 6.48 × 1023 kg

(ii) osQIyj osQ vkorZdkyksa osQ fu;e dk mi;ksx djus ij

T

T

R

R

M
2

E

2

MS
3

ES

3
=

;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

G

R g
M

2
E

E   =

( )
=

× ×

×

9.81 6.37 10

6.67 10

6 2

-11

 = 5.97× 1024 kg

(ii) nwljh fof/ % pUnzek ìFoh dk mixzg gSA osQIyj osQ
vkorZdkyksa osQ fu;e dh O;qRifÙk esa (lehdj.k (8.38) nsf[k,)]

EM G

R
T

32
2 4

  
π

=

2

324
  

T G

R
ME

π
=

      
( )

( )
=

× × × ×

× × × × ×

4 3.14 3.14 3.84 10

6.67 10 27.3 24 60 60

3 24

-11 2

      = ×6.02 10
24

kg

nksuksa fof/;ksa }kjk yxHkx leku mÙkj izkIr gksrs gSa] ftuesa
1%  ls Hkh de dk varj gSA t

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 ìFoh ls  3.84 × 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

= 
( ) ( )

10
1

d
1

km

−

× ×



























13

2

2

3 3
24 60 60 1 1000

 
/

= 1.33 ×10–14 d2  km–3*i`"B 186 ij ckWDl esa nh xbZ tkudkjh ij è;ku nsaA
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tlehdj.kksa  (8.38) rFkk k osQ fn, x, eku dk mi;ksx
djus ij pUnzek osQ ifjØe.k dk vkorZdky

T 2 = (1.33 × 10-14)(3.84 × 105)3

T   = 27.3 d t

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

        = 21
.

2
K E m v ;

v2 dk eku lehdj.k (8-35) ls j[kus ij

2( )
E

E

Gm M

R h
=

+ , (8.40)

,slk ekusa fd vuUr ij xq#Roh; fLFkfrt ÅtkZ 'kwU; gS
rc i`Foh osQ osQUnz ls (R

e

+h) nwjh ij mixzg dh fLFkfrt
ÅtkZ

.
( )

E

E

G m M
P E

R h
= −

+ (8.41)

K.E /ukRed gS tcfd P.E ½.kkRed gksrh gSA rFkkfi

ifjek.k esa  K.E = 
1

2
 P.E, vr% mixzg dh oqQy ÅtkZ

. .
2( )

E

E

G m M
E K E P E

R h
= + = −

+ (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
ò 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

E

E
i

R

mMG
E

 4

  
   −=

tcfd] var esa

E

E
f

R

mMG
E

 8

  
   −=

oqQy ÅtkZ esa ifjorZu
∆E = Ef  – Ei

8

 
  

 8

  
 

2
E

E

E

E

E R m

R

MG

R

mMG













==

J10  13.3  
8

10  37.6  400  81.9
  

8

  
   9

6

×=
×××

==∆ ERmg
E

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  t t t t t

8.11 rqY;dkyh rFkk /zqoh; mixzg

;fn ge lehdj.k (8-37) esa (R
E

+ 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 (R

E

 + h) dk eku R
E

 dh rqyuk esa dkiQh vf/d vkrk gS
%

1/32

24
E

E

T G M
R h

π
 

+ =  
 

(8.43)

T = 24 ?kUVs osQ fy,] ifjdyu djus ij] R
E

+ h = 35800

km, tks fd i`Foh dh f=kT;k R
E
 ls dkiQh vfèkd gSA os
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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 2MH

Z 
ls 10MH

Z
 
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

Lku~ 1962 esa Hkkjr ljdkj }kjk Hkkjrh; jk"Vªh; varfj{k vuqla/ku lfefr (INCOSPAR) osQ xBu osQ lkFk Hkkjr osQ varfj{k dk;ZØe
çkjEHk gq,A Lku~ 1969 esa xfBr Hkkjrh; varfj{k vuqla/ku laxBu (ISRO) us rRdkyhu INCOSPAR dk vf/Øe.k fd;kA bljks
us ns'k osQ fodkl esa varfj{k çkS|ksfxdh dh Hkwfedk vkSj egRo dks igpkurs gq, vke turk osQ fy, varfj{k foKku osQ mi;ksx
dk è;s; cuk, j[kk gSA Hkkjr us viuk igyk fuEu&d{kk mixzg vk;ZHkV~V 1975 esa rRdkyhu lksfo;r la?k osQ çekspd jkWdsV }kjk
ç{ksfir fd;kA Lku~ 1979 esa] jksfg.kh  Üka`[kyk osQ mixzgksa dks varfj{k esa Hkstus osQ lkFk gh bljks us vius eq[; ç{ksi.k LFky lrh'k
/ou varfj{k dsUæ] JhgfjdksVk] vka/z çns'k ls ns'kt çekspd jkWdsVksa dk mi;ksx çkjEHk fd;kA Hkkjr osQ varfj{k dk;ZØe esa viuh
vn~Hkqr liQyrkvksa ls bljks fo'o dh NBh o`gÙke varfj{k ,tsalh cu xbZ gSA bljks çlkj.k] lapkj] ekSle iwokZuqeku] vkink çca/
u midj.k] HkkSxksfyd lwpuk ç.kkyh] ekufp=k dyk] ukSogu] VsyhfpfdRlk] lefiZr nwjLFk f'k{kk lacèkh mixzg vkfn osQ fy, fof'k"V
mixzg mRiknksa vkSj midj.kksa dk fodkl djrh gSA bu mi;ksxksa osQ laca/ esa lEiw.kZ vkRefuHkZjrk çkIr djus osQ fy, ykxr çHkkoh
,oe~ fo'oluh; /zqoh; mixzg çekspd ç.kkyh (ih-,l-,y-oh-) dk fodkl 1990 osQ n'kd osQ çkjEHk esa gqvkA bu fo'ks"krkvksa osQ
dkj.k ih-,l-,y-oh- fofHkUu ns'kksa osQ mixzgksa osQ fy, lcls fç; okgd cu x;k gSA blls varjk"Vªh; lg;ksx esa Hkh vHkwrZiwoZ :i
ls o`f¼ gqbZ gSA Lku~ 2001 esa vf/d Hkkjh vkSj vf/d ek¡x okys HkwrqY;dkyh lapkj mixzgksa osQ fy, HkwrqY;dkyh mixzg çekspd
jkWdsV (th-,l-,y-oh-) dks fodflr fd;k x;kA  Hkkjr ljdkj osQ varfj{k foHkkx osQ rRok/ku esa lqnwj laosnu] [kxksfydh vkSj [kxksy
HkkSfrdh] ok;qeaMyh; foKku vkSj varfj{k vuqla/ku osQ {ks=kksa esa fofHkUu vuqla/ku dsUæ vkSj Lok;Ùk laLFkku dk;Zjr gSaA oSKkfud
ifj;kstukvksa lfgr pUæ (pUæ;ku) rFkk varjxzgh; (eaxy;ku) fe'kuksa dh liQyrk,¡ bljks dh mYys[kuh; miyfC/;k¡ gSA bljks
osQ Hkfo"; osQ ç;klksa esa lekuo varfj{k mM+ku ifj;kstuk,¡] Hkkjh okgd çekspdksa] iqu:i;ksxh çekspd jkWdsVksa] lseh&Øk;kstsfud
batu] ,dy rFkk f}&pj.kh d{kk (SSTO rFkk TSTO) jkWdsVksa] varfj{k mi;ksxksa osQ fy, lfEeJ lkexzh dk fodkl ,oe~ mi;ksx
bR;kfn 'kkfey gaSA 1984 esa jkds'k 'kekZ lksfo;r varfj{k;ku esa tkus okys çFke Hkkjrh; varfj{k ;k=kh cusA

fp=k 8.11 /zqoh; mixzgA ,d pDdj esa mixzg ls fn[kkbZ
nsus okyh i`Foh osQ i`"B dh ,d iê ðh (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 iê ðh fn[kkbZ nsus
yxrh gSA
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mixzg dh vU; Js.kh dks /qzoh; mixzg dgrs gSaA ;s
fuEu raqxrk    (h ≈ 500 ls 800 km) mixzg gSaA ijUrq ;s ìFoh
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 iê ðh dk gh n`'; fy;k tk ldrk gSA layXu ifê ð;ksa
dks vxyh d{kk esa ns[kk tkrk gSA bl izdkj izHkkoh :i esa iwjs
,d fnu esa iê ðh nj iê ðh 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

F G
m m

r
2

= 1 2

;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
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FR  =  F1 + F2 + …… + Fn   =  Fi

i

n

=
∑

1

;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

3
2

2 4
  R

M G
T

s












 π
=

;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

( )2  
  )(

hR

M G
hg

E

E

+
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(b) i`Foh osQ i`"B osQ uhps d xgjkbZ ij

( ) ( ) 







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2

 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

r

mmG
V 21  

   −=

;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

r

m M G
vmE    

2

1
  2−=

vFkkZr~ oqQy ;kaf=kd ÅtkZ xfrt rFkk fLFkfrt ÅtkZvksa dk ;ksx gSA oqQy ÅtkZ xfr dk fLFkjkad gksrh gSA
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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

a

mMG
E

2

  
   −=

;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

a

mMG
K

2

  
  =

a

m M G
V    −=

8. i`Foh osQ i`"B ls iyk;u pky

E

E
e

R

M G
v

 2
  = = 2 EgR

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
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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 R
3 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

1 2G m m
V

r
= − + fLFkjkda

;gk¡ fLFkjkad dks oqQN Hkh eku fn;k tk ldrk gSA bls 'kwU; ekuuk ljyre p;u gSA bl p;u osQ vuqlkj

= − 1 2G m m
V

r

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 gS A

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
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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;ks a 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 × 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 ly 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
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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
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Ø-l- uke çekspu fnukad çekspd ;ku vuqç;ksx

1- vk;ZHkV~V vizSy 19] 1975 C-1 Intercosmosa ifj{k.kkRed

2- HkkLdj&I twu 07] 1979 C-1 Intercosmosa Hkwçs{k.k] ifj{k.kkRed

3- jksfg.kh çkS|ksfxdh vxLr 10] 1979 SLV-3E1b ifj{k.kkRed
isyksM+ (vkjVhih)

4- jksfg.kh mixzg vkj,l&1 tqykbZ 18] 1980 SLV-3E2b ifj{k.kkRed

5- jksfg.kh mixzg vkjMh&1 ebZ 31] 1981 SLV-3D1b Hkwçs{k.k

6- ,Iiy tuojh 19] 1981 Ariane -1(V-3)c lapkj] ifj{k.kkRed

7- HkkLdj&II uoEcj 20] 1981 C-1 Intercosmosa Hkwçs{k.k] ifj{k.kkRed

8- bUlSV&1, vizSy 10] 1982 Deltad lapkj

9- jksfg.kh mixzg vkjMh&2 vizSy 17] 1983 SLV-3b Hkwçs{k.k

10- bUlSV&1ch vxLr 30] 1983 Shuttle [PAM-D]d lapkj

11- ,lvkjvks,l,l&1 ekpZ 24] 1987 ASLV-D1b ifj{k.kkRed

12- vkbZvkj,l&1 , ekpZ 17] 1988 Vostoke Hkwçs{k.k

13- ,lvkjvks,l,l&2 tqykbZ  13] 1988 ASLV-D2b Hkwçs{k.k] ifj{k.kkRed

14- bUlSV&1lh tqykbZ 22] 1988 Ariane-3c lapkj

15- bUlSV&1Mh twu 12] 1990 Delta 4925d lapkj

16- vkbZvkj,l&1ch vxLr 29] 1991 Vostoke Hkwçs{k.k

17- ,lvkjvks,l,l&lh ebZ 20, 1992 ASLV-D3b ifj{k.kkRed

18- bUlSV&2, tqykbZ 10] 1992 Ariane-44L H10c lapkj

19- bUlSV&2ch tqykbZ 23] 1993 Ariane-44L H10+c lapkj

20- vkbZvkj,l&1bZ flrEcj 20] 1993 PSLV-D1b Hkwçs{k.k

21- ,lvkjvks,l,l&lh2 ebZ 04] 1994 ASLV-D4b ifj{k.kkRed

22- vkbZvkj,l&ih2 vDVwcj 15] 1994 PSLV-D2b Hkwçs{k.k

23- bUlSV&2lh fnlEcj 07] 1995 Ariane-44L H10-3c lapkj

24- vkbZvkj,l&1lh fnlEcj 28] 1995 Molniyae Hkwçs{k.k

25- vkbZvkj,l&ih3 ekpZ 21] 1996 PSLV-D3/IRS-P3b Hkwçs{k.k

26- bUlSV&2Mh twu 04] 1997 Ariane-44L H10-3c lapkj

27- vkbZvkj,l &1Mh flrEcj 29] 1997 PSLV-C1/IRS-1Db Hkwçs{k.k

28- bUlSV&2bZ vizSy 03] 1999 Ariane-42P H10-3c lapkj

29- vks'kulSV ebZ 26] 1999 PSLV-C2/IRS-P4b Hkwçs{k.k
(vkbZvkj,l&ih4)

30- bUlSV&3ch ekp 22] 2000 Ariane-5Gc lapkj

ifjf'k"V 8-1 % Hkkjrh; mixzgksa dh lwph
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31- thlSV&1 vizSy 18] 2001 GSLV-D1/GSAT-1b lapkj

32- izkS|ksfxdh ifj{k.k mixzg vDVwcj 22] 2001 PSLV-C3/TESb Hkwçs{k.k

33- bUlSV&3lh tuojh 24] 2002 Ariane5-V147c tyok;q vkSj i;kZoj.k] lapkj

34- dYiuk&1 flrEcj 12] 2002 PSLV-C4/KALPANA-1b tyok;q vkSj i;kZoj.k] lapkj

35- bUlSV&3, vizSy 10] 2003 Ariane5-V160c tyok;q vkSj i;kZoj.k] lapkj

36- thlSV&2 ebZ 08] 2003 GSLV-D2/GSAT-2b lapkj

37- bUlSV&3bZ flrEcj 28] 2003 Ariane5-V162c lapkj

38- vkbZvkj,l&ih6@ vDVwcj 17] 2003 PSLV-C5/RESOURCESAT-1b Hkwçs{k.k
fjlkslZlSV&1

39- ,MqlSV flrEcj 20] 2004 GSLV-F01/EDUSAT(GSAT-3)b lapkj

40- gSelSV ebZ 05] 2005 PSLV-C6/CARTOSAT-1/ lapkj
HAMSATb

41- dkVksZlSV&1 ebZ 05] 2005 PSLV-C6/CARTOSAT-1/ lapkj
HAMSATb

42- bUlSV&4, fnlEcj 22] 2005 Ariane5-V169c lapkj

43- bUlSV&4lh tqykbZ 10] 2006 GSLV-F02/INSAT-4Cb lapkj

44- dkVksZlSV&2 tuojh  10] 2007 PSLV-C7/CARTOSAT-2/SRE-1b Hkwçs{k.k

45- ,lvkjbZ&1 tuojh 10] 2007 PSLV-C7/CARTOSAT-2/SRE-1b ifj{k.kkRed

46- bUlSV&4ch ekpZ 12] 2007 Ariane5c lapkj

47- bUlSV&4lhvkj flrEcj 02] 2007 GSLV-F04/INSAT-4CRb lapkj

48- vkbZ,e,l&1 vizSy 28] 2008 PSLV-C9/CARTOSAT-2Ab Hkwçs{k.k

49- dkVksZlSV&2, vizSy 28] 2008 PSLV-C9/CARTOSAT-2Ab Hkwçs{k.k

50- paæ;ku&1 vDVwcj 22] 2008 PSLV-C11b xzgh; çs{k.k

51- vkjvkbZlSV&2 vizSy 20] 2009 PSLV-C12/RISAT-2b Hkwçs{k.k

52- vuqlSV vizSy 20] 2009 PSLV-C12/RISAT-2b fo'ofo|ky;@'kS{kf.kd laLFkku

53- vks'kulSV&2 flrEcj 23] 2009 PSLV-C14/OCEANSAT-2b tyok;q vkSj i;kZoj.k]
Hkwçs{k.k

54- thlSV&4 vizSy 15] 2010 GSLV-D3 / GSAT-4b lapkj

55- dkVksZlSV&2ch tqykbZ 12] 2010 PSLV-C15/CARTOSAT-2Bb Hkwçs{k.k

56- LVqMlSV tqykbZ 12] 2010 PSLV-C15/CARTOSAT-2Bb fo'ofo|ky;@'kS{kf.kd laLFkku

57- thlSV&5ih fnlEcj 25] 2010 GSLV-F06/GSAT-5Pb lapkj

58- fjlkslZlSV&2 vizSy 20] 2011 PSLV-C16/RESOURCESAT-2b Hkwçs{k.k

59- ;wFklSV vizSy 20] 2011 PSLV-C16/RESOURCESAT-2b Nk=k mixzg

60- thlSV&8 ebZ 21] 2011 Ariane-5 VA-202c lapkj] ukSogu

61- thlSV&12 tqykbZ 15] 2011 PSLV-C17/GSAT-12b lapkj

62- es?kk&VªkWfiDl vDVwcj 12] 2011 PSLV-C18/Megha-Tropiquesb tyok;q vkSj i;kZoj.k]
Hkwçs{k.k
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63- ,lvkj,e lSV vDVwcj 12] 2011 PSLV-C18/Megha-Tropiquesb fo'ofo|ky;@'kS{kf.kd laLFkku

64- tqxuw vDVwcj 12] 2011 PSLV-C18/Megha-Tropiquesb fo'ofo|ky;@'kS{kf.kd laLFkku

65- vkjvkbZlSV&1 vizSy 26] 2012 PSLV-C19/RISAT-1b Hkwçs{k.k

66- thlSV&10 flrEcj 29] 2012 Ariane-5 VA-209c lapkj] ukSogu

67- ljy iQjojh 25] 2013 PSLV-C20/SARALb tyok;q vkSj i;kZoj.k]
Hkwçs{k.k

68- vkbZvkj,u,l,l &1, tqykbZ 01] 2013 PSLV-C22/IRNSS-1Ab ukSogu

69- bulSV&3Mh tqykbZ 26] 2013 Ariane-5 VA-214c tyok;q vkSj i;kZoj.k] vkink
çca/u ç.kkyh

70- thlSV&7 vxLr 30] 2013 Ariane-5 VA-215c lapkj

71- eaxy df{k=k varfj{k ;ku uoECkj 05] 2013 PSLV-C25b xzgh; voyksdu
(eaxy;ku&1)

72- thlSV&14 tuojh 05] 2014 GSLV-D5/GSAT-14b lapkj

73- vkbZvkj,u,l,l &1ch vizSy 04] 2014 PSLV-C24/IRNSS-1Bb ukSogu

74- vkbZvkj,u,l,l&1lh vDVwcj 16] 2014 PSLV-C26/IRNSS-1Cb ukSogu

75- thlSV&16 fnlEcj 07] 2014 Ariane-5 VA-221c lapkj

76- Øw&eksM;wy ok;qe.Myh; fnlEcj 18] 2014 LVM-3/CARE Missionb ifj{k.kkRed
iqu% ços'k ijh{k.k
(lh,vkjbZ)

77- vkbZvkj,u,l,l&1Mh ekpZ 28] 2015 PSLV-C27/IRNSS-1Db ukSogu

78- thlSV&6 (bulSV&4bZ) vxLr 27] 2015 GSLV-D6b lapkj

79- ,LVªkslSV flrEcj 28] 2015 PSLV-C30b vUrfj{k foKku

80- thlSV&15 uoECkj  11] 2015 Ariane-5 VA-227c lapkj] ukSogu

81- vkbZvkj,u,l,l&1bZ tuojh 20] 2016 PSLV-C31/IRNSS-1Eb ukSogu

82- vkbZvkj,u,l,l&1,iQ ekpZ 10] 2016 PSLV-C32/IRNSS-1Fb ukSogu

83- vkbZvkj,u,l,l&1th vizSy 28] 2016 PSLV-C33/IRNSS-1Gb ukSogu

84- dkVksZlSV&2 J`a[kyk mixzg twu 22] 2016 PSLV-C34/CARTOSAT-2 Hkwçs{k.k
Series Satelliteb

85- lR;HkkeklSV twu 22] 2016 PSLV-C34/CARTOSAT-2 fo'ofo|ky;@'kS{kf.kd laLFkku
Series Satelliteb

86- Lo;a twu  22] 2016 PSLV-C34/CARTOSAT-2 fo'ofo|ky;@'kS{kf.kd laLFkku
Series Satelliteb

87- bulSV&3Mhvkj flrEcj 08] 2016 GSLV-F05/INSAT-3DRb tyok;q vkSj i;kZoj.k] vkink
çca/u ç.kkyh

88- LdsVlSV&1 flrEcj 26] 2016 PSLV-C35/SCATSAT-1b tyok;q vkSj i;kZoj.k

89- çFke flrEcj 26] 2016 PSLV-C35/SCATSAT-1b fo'ofo|ky;@'kS{kf.kd laLFkku

90- ihlSV flrEcj 26] 2016 PSLV-C35/SCATSAT-1b fo'ofo|ky;@'kS{kf.kd laLFkku
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91- thlSV&18 vDVwcj 06] 2016 Ariane-5 VA-231c lapkj

92- fjlkslZlSV&2, fnlEcj 07] 2016 PSLV-C36/RESOURCESAT-2Ab Hkwçs{k.k

93- dkVksZlSV&2 J`a[kyk mixzg iQjojh 15] 2017 PSLV-C37/Cartosat-2 Hkwçs{k.k
Series Satelliteb

94- vkbZ,u,l&1, iQjojh 15] 2017 PSLV-C37/Cartosat-2 ifj{k.kkRed
Series Satelliteb

95- vkbZ,u,l&1ch iQjojh 15] 2017 PSLV-C37/Cartosat-2 ifj{k.kkRed
Series Satelliteb

96- thlSV&9 ebZ 05] 2017 GSLV-F09/GSAT-9b lapkj

97- thlSV&19 twu 05] 2017 GSLV Mk III-D1/GSAT-19 lapkj
Missionb

98- dkVksZlSV&2 J`a[kyk mixzg twu 23] 2017 PSLV-C38/Cartosat-2 Hkwçs{k.k
 Series Satelliteb

99- fumlSV twu 23] 2017 PSLV-C38/Cartosat-2 fo'ofo|ky;@
Series Satelliteb 'kS{kf.kd laLFkku

100- thlSV&17 twu 29] 2017 Ariane-5 VA-238c lapkj

101- vkbZvkj,u,l,l&1,p vxLr 31] 2017 PSLV-C39/IRNSS-1H Missionb ukSogu

102- vkbZ,u,l&1lh tuojh 12] 2018 PSLV-C40/Cartosat-2 Series ifj{k.kkRed
Satellite Missionb

103- ekbozQkslSV tuojh 12] 2018 PSLV-C40/Cartosat-2 Series ifj{k.kkRed
Satellite Missionb

104- dkVksZlSV&2J`a[kyk mixzg tuojh 12] 2018 PSLV-C40/Cartosat-2 Series Hkwizs{k.k
Satellite Missionb

105- thslSV&6, ekpZ 29] 2018 GSLV-F08/GSAT-6A Missionb lapkj

106- vkbZvkj,u,l,l&1vkbZ vizSy 12] 2018 PSLV-C41/IRNSS-1Ib ukSogu

107- thlSV&29 uoacj 14] 2018 GSLV Mk III-D2/GSAT-29 Mission lapkj

108- thlSV&29 GSAT-11 fe'ku fnlacj 05] 2018 Ariane-5 VA-246 lapkj

109- thlSV& 7A fnlacj 19] 2018 GSLV-F11/GSAT-7A Mission lapkj

110- thlSV&31 iQjojh 06] 2019 Ariane-5 VA-247 lapkj

111- gkbZfll uoacj 29] 2018 PSLV-C43/HysIS Mission Hkwizs{k.k

112- fjlSV&2B ebZ 22] 2019 PSLV-C46 Mission vkink izca/u] Hkwizs{k.k

113- dykelSV&V2 tuojh 24] 2019 PSLV-C44 fo'ofo|ky;@'kS{kf.kd laLFkku
22 tqykbZ 2019 dks th-,l-,y-oh- ekoZQIII&,e1 }kjk panz;ku&2 LislozQkÝV dks liQyrkiwoZd iz{ksfir fd;k x;kA

Hkkjr us vHkh rd 28 ns'kksa osQ 239 fons'kh mixzgksa dks lrh'k /ou varfj{k dsaæ] JhgfjdksVk] vka/z çns'k ls izeksfpr fd;k gS µ

ebZ 26] 1999 (02)_ vDVwcj 22] 2001 (02)_ tuojh 10] 2007 (02)_ vizSy 23] 2007 (01)_ tuojh 21] 2008 (01)_ vizSy 28] 2008 (08)_ flrEcj
23] 2009 (06)_ tqykbZ 12] 2010 (03)_ tuojh 12] 2011 (01)_ vizSy 20] 2011 (01)_ flrEcj 9] 2012 (02)] iQjojh 25] 2013 (06)_ twu 30] 2014
(05)_ tqykbZ 10] 2015 (05)_ flrEcj 28] 2015 (06)_ fnlEcj 16] 2015 (06)_ twu 22] 2016 (17)_ flrEcj 26] 2016 (05)_ iQjojh 15] 2017 (101)

tks fd fo'o dhfrZeku gS_ rFkk twu 23] 2017 (29)_ flrEcj 16] 2018 (02)A

foLr`r tkudkjh ds fy,  www.isro.gov.in ns[ksaA
a diwLVhu ;kj felkby vkSj Lisl dkWEIysDl] lksfo;sr ;wfu;u (vc :l) ls çeksfpr
b lrh'k /ou varfj{k dsaæ] JhgfjdksVk] vka/z çns'k ls çeksfpr
c lsaVj Likf'k;y xq;kukfll] dkSjkS] iQzsap xq;kuk) ls çeksfpr
c ok;q lsuk iwohZ ijh{k.k ifjlj] ÝyksfjMk ls çeksfpr
d cSduwj dksLeksMªkse] d -tkf-[kLrku ls çeksfpr
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