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5

xq#Rokd"kZ.k

D;k vkius dHkh lkspk gS fd Åij dh vksj isaQdh xbZ xsan okil i`Foh ij D;ksa ykSV vkrh
gS\ ;k gok esa mNkyk x;k ,d flDdk okil tehu ij D;ksa fxj tkrk gS\ vkfn dky ls
gh ;s ?kVuk,¡ ekuo osQ fy, vk'p;Z dk dkj.k cuh jgh gSaA bl iz'u dk mÙkj 17oha 'krkCnh
esa lj vkbtsd U;wVu us fn;kA mUgksaus cryk;k fd phtksa osQ i`Foh dh vksj vkdf"kZr gksus
dk dkj.k i`Foh dk xq#Rokd"kZ.k cy gSA mUgksaus ;g Hkh crk;k fd blh cy osQ dkj.k
i`Foh rFkk vU; xzg lw;Z dh ifjØek djrs gSa vkSj blh cy osQ dkj.k pUnzek viuh d{kk
esa xfr djrk gSA ;g ,d lkoZf=kd cy gS vFkkZr~ ;g czãk.M esa lHkh txg mifLFkr gSA
okLro esa blh cy osQ dkj.k czãk.M ,d lkFk vkc¼ gSA

bl ikB esa vki U;wVu osQ xq#Rokd"kZ.k fu;eksa osQ ckjs esa lh[ksaxsA ge i`Foh osQ vkd"kZ.k
osQ dkj.k mRiUu Roj.k dk Hkh vè;;u djsaxsA ;g Roj.k] ftls xq#Rotfur Roj.k dgrs
gSa i`Foh osQ lHkh LFkkuksa ij leku ugha jgrk gSA ge mu dkjdksa dk irk djsaxs ftuosQ dkj.k
Roj.k dk eku ifjofrZr gksrk gSA ge xq:Roh; foHko rFkk fLFkfrt ÅtkZ ds laca/ essa vè;;u
djsaxs rFkk xzgh; xfr osQ fy, osQiyj osQ fu;eksa ,oa fofHkUu izdkj osQ o`Qf=ke mixzgksa dh
d{kkvksa osQ ckjs esa Hkh lh[ksaxsA var esa varfj{k [kkst osQ {ks=k esa Hkkjr osQ egRoiw.kZ dk;ZØeksa
,oa miyfCèk;ksa dh ppkZ djsaxsA

mís';

bl ikB dks i<+us osQ i'pkr vki

xq#Rokd"kZ.k dk fu;e crk ik,axs_

fdlh vkdk'kh; fi.M osQ xq#Roh; Roj.k osQ eku dh x.kuk dj losaQxs_

Å¡pkbZ] xgjkbZ o v{kka'kksa esa ifjorZu osQ lkFk xq#Roh; Roj.k esa gksus okys ifjorZu dk
fo'ys"k.k dj losaQxs_

xq#Roh; foHko rFkk xq#Roh; fLFkfrt ÅtkZ esa foHksn dj ik,saxs_

xzgksa dh xfr osQ fy, mÙkjnk;h cy dks igpku losaQxs vkSj osQiyj osQ xzg xfr fo"k;d
fu;eksa dk izfriknu dj losaQxs_
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d{kh; osx ,oa iyk;u osx dh x.kuk dj losaQxs_

;g cryk losaQxs fd o`Qf=ke mixzg dk iz{ksi.k oSQls fd;k tkrk gS_

èkzqoh; ,oa fo"kqorh; mixzgksa esa Hksn dj losaQxs_

fdlh mixzg osQ rqY;dkyh mixzg cuus dh 'krsZa crk losaQxs_

,d rqY;dkyh mixzg dh Å¡pkbZ dh x.kuk dj losaQxs vkSj muosQ vuqiz;ksxksa dh lwph
rS;kj dj losaQxs_ rFkk

varfj{k rduhdh osQ {ks=k esa Hkkjr dh miyfCèk;k¡ crk ik,axsA

5.1  xq#Rokd"kZ.k dk fu;e

;g dgk tkrk gS fd U;wVu ,d isM+ osQ uhps cSBs Fks tc ,d lsc vkdj tehu ij fxjkA
blls mudh fopkj Jà[kyk izkjaHk gqbZA pw¡fd lsc rFkk nwljs inkFkZ i`Foh fxjrs gSa blfy;s
i`Foh dk dksbZ cy mu ij vo'; dk;Z djrk gksxkA mUgksaus Loa; ls iz'u fd;k D;k
;g ogh cy rks ugha gS tks pUnzek dks
i`Foh osQ pkjksa vksj mldh d{kk esa
cuk, j[krk gSA U;wVu us roZQ fn;k fd
panzek viuh d{kk osQ fdlh Hkh fcanq
ij Li'kZ js[kk dh fn'kk esa fNVddj
nwj pyk tkrk ;fn bls bldh d{kk esa
cuk;s j[kus osQ fy, bl ij dksbZ cy
dk;Z u djrk (fp=k 5-1)

D;k ;g fujUrj osQUnz dh rjiQ fxjus dh
izo`fÙk dgha mlh cy osQ dkj.k rks ugha gS
ftlosQ dkj.k lsc tehu ij vk fxjrk gSA
mUgksaus osQiyj osQ fu;eksa ls ;g fuxeu
fd;k Fkk fd lw;Z o xzgksa osQ chp dk cy
1/r2 osQ vuqlkj ifjofrZr gksrk gS tgk¡ r

muosQ chp dh nwjh gSA bl ifj.kke dk
iz;ksx djrs gq, og ;g fl¼ djus esa liQy gq, fd ;gh cy pUnzek dks i`Foh ls ck¡èks
j[krk gSA rc mUgksaus lkoZf=kd xq#Rokd"kZ.k osQ fu;e dk O;kidhdj.k bl izdkj fd;kA

czãk.M esa izR;sd d.k vU; lHkh d.kksa dks viuh vksj ,d cy ls vkdf"kZr djrk
gS tks mu nks d.kksa osQ nzO;ekuksa osQ xq.kuiQy osQ lekuqikrh vkSj muosQ chp dh nwjh
osQ oxZ osQ O;qRØekuqikrh gksrk gSA bl izdkj ;fn m

1
 vkSj m

2
 nks oLrqvksa osQ nzO;eku gksa

vkSj r muosQ chp dh nwjh gks rks cy dk ifjek.k

F ∝ 1 2
2

m m

r

fp=k. 5.1 :viuh d{kk osQ fdlh Hkh fcanq ij
pUnzek fNVddj Li'kZ js[kk dh
fn'kk esa nwj pyk tkrk] ysfdu
i`Foh dk vkd"kZ.k cy bls bldh
d{kk esa cuk, j[krk gSA
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;k F = G 
2

1 2m m

r
(5.1)

vkuqikfrdrk fLFkjakd G dks lkoZf=kd xq#Roh; fLFkjkad dgrs gSaA fdUgha nks oLrqvksa osQ
fy, bldk eku czãk.M esa dgha Hkh leku jgrk gSA bldk rkRi;Z ;g gqvk fd ;fn
i`Foh ij] fu;r nwjh ij j[ks nks  d.kksa osQ chp yxus okyk cy F gS rks czãk.M esa vU;=k
dgha Hkh bu nks d.kksa dks ;fn leku nwjh ij j[kk tk, rks buosQ chp yxus okyk cy F

gh gksxkA

xq#Roh; cy dk ,d vfHky{k.k ;g gS fd ;g lnSo vkd"kZ.k cy gksrk gSA ;g izo`Qfr
osQ ewwyHkwr cyksa esa ls ,d gSA

;kn jgs fd ;g vkd"kZ.k ikjLifjd gksrk gS vFkkZr~ m1 nzO;eku dk d.k m2 d.k dks
vkdf"kZr djrk gS vkSj m2 nzO;eku dk d.k m1 nzO;eku osQ d.k dks vkdf"kZr djrk
gSA ;g cy nksuksa d.kksa dh fLFkfr dks feykus okyh js[kk osQ vuqfn'k gksrk gSA

ge tkurs gSa fd cy ,d lfn'k jkf'k gSA D;k
bl fLFkfr esa lehdj.k (5.1) esa la'kksèku dh
vko';drk gS\ bl iz'u dk mÙkj gS fd bl
lehdj.k }kjk ifjek.k ,oa fn'kk nksuksa dk cksèk gksuk
pkfg,A tSlk fd igys crk;k tk pqdk gS fd
xq#Rokd"kZ.k cy nks d.kksa dks tksM+us okyh js[kk osQ
vuqfn'k yxrk gSA vFkkZr~  m

1
 nzO;eku m

2
 nzO;eku dks ,d cy ls vkdf"kZr djrk gS tks fd

mUgsa tksM+us okyh js[kk dh fn'kk esa yxrk gS (fp=k 5-2)A ;fn m
1
 }kjk m

2
 ij yxk, x,

cy dks F
12

 }kjk n'kkZ,a vkSj muosQ chp dh nwjh dks r
12 
ls O;Dr fd;k tk, rks xq#Rokd"kZ.k

osQ fu;e dk lfn'k #i gksxk

F
12

= G 1 2
2
21

m m

r 12r̂  (5.2)

tgk¡ 1̂2r ] m
1
 ls m

2
 dh vksj bafxr djrk ,d bdkbZ&lfn'k gSA

blh izdkj m
2
 }kjk m

1
 ij yxk;s cy dks fy[k ldrs gSaA

F
21

= – G 1 2
2
21

m m

r 21r̂ (5.3)

pw¡fd 1̂2r = ˆ– ,21r  lehdj.k (5.2) vkSj (5.3) ls ge fu"d"kZ fudky ldrs gSa fd

–=12 21F F (5.4)

cy F
12

 vkSj F
21

 ifjek.k esa cjkcj vkSj fn'kk esa foijhr gSa vkSj U;wVu osQ r`rh; xfr fu;e
osQ vuqlkj fØ;k o izfrfØ;k cyksa dk ,d ;qXe cukrs gSaA Lej.k jgs 12r̂ vkSj 21r̂ nksuksa bdkbZ
ifjek.k lfn'k gSaA rFkkfi bu nks lfn'kksa dh fn'kk,a foijhr gSaA

fp=k. 5.2 : nzO;eku m
1
 vkSj m

2
 ,d nwljs

ls r
12

 nwjh ij j[ks x, gSaSA
nzO;eku m

1
 nzO;eku m

2
 dks F

12

cy ls vkdf"kZr djrk gSA
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tc rd vU;Fkk u dgk tk;s bl ikB esa ge osQoy xq#Rokd"kZ.k cy osQ ifjek.k dk mi;ksx
djsaxsA

G dk eku bruk de gS fd U;wVu ;k muosQ ledkyhu iz;ksxdrkZZ bldk eku ugha fudky
ik,A bldk eku yxHkx 100 lky ckn oSQosafMl us Kkr fd;kA G dk lHkh osQ }kjk Lohdkj
fd;k x;k eku 6.67 × 10–11 Nm2 kg–2 gSA G dk eku bruk de gksus osQ dkj.k gh nks lkèkkj.k
oLrqvksa osQ chp bl cy dks eglwl ugha fd;k tk ldrkA

mnkgj.k 5.1 : osQiyj dk rhljk fu;e crykrk gS (bldh foLr`r O;k[;k ge ckn esa djsaxs)
fd ;fn lw;Z o xzg osQ chp dh nwjh r gS vkSj T bldk ifjØe.k dky gS rks r3 / T 2 = fLFkjkad
gksrk gSA blosQ vkèkkj ij n'kkZb, fd xzg ij yxus okyk xq#Rokd"kZ.k cy lw;Z ls mldh
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gSA

gy : ljyrk osQ fy;s xzg dh d{kk dks o`Ùkkdkj eku ysrs gSaA (okLrfodrk esa d{kk yxHkx
o`Ùkkdkj gksrh gSa)A rc xzg ij yxus okyk vfHkosQUnz cy

F =  
2mv

r

tgk¡ v d{kh; osx gS] pw¡fd 
2

T

r
r

π= ω =v , T = ifjØe.k dky

vr% F = m
2

2
T

r
r

π⎛ ⎞
⎜ ⎟
⎝ ⎠

;k F = 
2

2

4

T

mrπ

ysfdu osQiyj osQ rhljs fu;e osQ vuqlkj T2 ∝ r3 or T2 = Kr3  (osQiyj dk rhljk fu;e)

tgk¡ K vkuqikfrdrk fLFkjkad gSA

∴ F = 
2

3

4 mr

Kr

π
 = 

24

K

π
 × 2

m

r
 = 

24 m

K

π
. 2

1

r

;k F ∝ 2

1

r
(Q ,d xzg osQ fy;s 

24 m

K

π
 fu;r gS)

vkxs c<+us ls iwoZ vPNk gks fd vki viuh izxfr dh tk¡p dj ysaA

ikBxr iz'u 5.1

1. pUnzek i`Foh dk ,d iwjk pDdj 27.3 fnuksa esa yxk ysrk gSA ;kn j[ksa fd ;g le;
fLFkj rkjksa osQ lanHkZ esa gS (i`Foh osQ lanHkZ esa ifjØe.k dky 29.5 fnu gS_ bls oqQN
dyS.Mjksa esa ,d ekl dh vofèk fuèkkZfjr djus esa iz;ksx fd;k tkrk gSA) pUnzek dh
d{kk dh f=kT;k 3.84 × 108 m (i`Foh dh f=kT;k dk 60 xquk) gSA pUnzek dk vfHkosQUnz&Roj.k
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Kkr dhft, vkSj n'kkZb, bldk eku  9.8 m s–2/3600 gS] xq#Ro dk nwjh osQ lkFk ifjorZu
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gS& vFkkZr~ 1/r2 osQ vuqlkj cnyrk gSA

2. lehdj.k (5.1) dh lgk;rk ls G dh foek,a Kkr dhft,A

3. lehdj.k (5.1) dh lgk;rk ls n'kkZb;s fd G dks ,d&,d kg nzO;eku osQ nks fi.Mksa osQ
chp yxus okys cy osQ #i esa ifjHkkf"kr fd;k tk ldrk gS] tcfd muosQ chp dh
nwjh 1 m gksA

4. ,d fuf'pr nwjh ij j[kh gqbZ nks oLrqvksa osQ chp yxus okys cy dk ifjek.k F gSA
F osQ eku esa D;k ifjorZu gksxk ;fn (i) nzO;ekuksa dk eku cnys fcuk muosQ chp dh
nwjh dks nks xquk dj fn;k tk, (ii) ;fn nwjh leku jgrh gS vkSj izR;sd nzO;eku dk
ifjek.k nks xquk dj fn;k tk, (iii) ;fn nwjh vkSj izR;sd nzO;eku dks nks xquk dj fn;k
tk,A

5. 50 kg vkSj 60 kg dh nks oLrq,a ,d nwljs ls 1 m dh nwjh ij j[kh gSaA muosQ chp yxus
okys xq#Rokd"kZ.k cy dh x.kuk djsaA

5.2 xq#Roh; Roj.k

U;wVu osQ xfr osQ nwljs fu;e ls vki tkurs gSa fd fdlh oLrq ij yxk, x, F ifjek.k
osQ cy vkSj mlls mRiUu Roj.k osQ chp lacaèk fuEuor~ gS%

F = ma (5.5)

xq#Ro cy vFkkZr~ i`Foh osQ lehi j[kh oLrq ij yxus okyk i`Foh }kjk vkjksfir cy oLrq
esa ,d Roj.k mRiUu djrk gSA xq#Ro cy osQ dkj.k tfur bl Roj.k dks xq#Roh; Roj.k
dgrs gSaA bls izrhd g ls n'kkZ;k tkrk gSA lehdj.k (5.1) osQ vuqlkj i`Foh dh lrg ij
m nzO;eku dh oLrq ij yxus okyk cy

F = G 2

m M

R
 gksrk gSA (5.6)

tgka M i`Foh dk nzO;eku vkSj R bldh f=kT;k gS)A lehdj.k (5.5) vkSj (5.6) ls ge ikrs
gSa fd

mg = G 2

m M

R

;k g = G 2

M

R
(5.7)
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;kn j[ksa fd oLrq ij yxs xq#Roh; cy dh fn'kk
i`Foh osQ osQUnz dh vksj gksrh gSA blh fn'kk dks ge
ÅèoZ fn'kk dgrs gSaA fp=k 5-3 esa fofHkUu LFkkuksa osQ
fy, ÅèokZèkj fn'kk n'kkZ;h x;h gSA ÅèoZ fn'kk osQ
yEcor fn'kk dks ge {kSfrt fn'kk dgrs gSaA

;fn gesa i`Foh ;k fdlh vU; vkdk'kh; fiaM tSls
xzg dk nzO;eku vkSj f=kT;k Kkr gks rks bldh lrg
ij g dk eku lehdj.k (5.7) dh lgk;rk ls Kkr
fd;k tk ldrk gSA i`Foh dh lrg ij g dk eku
izk;% 9.8 m s–2 fy;k tkrk gSA vr% xq#Rotfur Roj.k
dk vkSlr eku 9.8 m s–2  gSA

blh izdkj fdlh xzg ;k mixzg osQ fy;s Hkh g dk
eku Kkr fd;k tk ldrk gS] ;fn gesa ml xzg ;k mixzg dk nzO;eku rFkk f=kT;k Kkr gksA

vkxs c<+us ls igys vkb;s lehdj.k (5.7) ij fopkj djsaA ge ikrs gSa fd fdlh fiaM ij
izHkkoh xqjQRoh; Roj.k blosQ nzO;eku ij fuHkZj ugha djrk gSA bldk rkRi;Z ;g gqvk fd
Hkkjh vkSj gYdh xsansa leku osx ls uhps fxjrh gSaA ;fn ge fdlh fuf'pr Å¡pkbZ ls bu
xsanksa dks ,d lkFk uhps fxjk,a rks èkjkry ij ;s nksuksa xsans ,d gh le; ij igq¡psaxhA

fØ;kdyki 5.1

,d dkxt dk VqdM+k vkSj ,d NksVk lk oaQdM+ ysaA bUgsa fdlh fu;r Å¡pkbZ ls ,d
lkFk uhps fxjus nsaA nksuksa osQ iFkksa dk voyksdu djsa vkSj muosQ tehu dks Nwus osQ le;
ij è;ku nsaA iqu% nks oaQdM+ ysa ftuesa ,d nwljs ls Hkkjh gks] mUgsa Hkh ,d fu;r Å¡pkbZ
ls uhps fxjus nsa vkSj muosQ tehu Nwus osQ le; dk voyksdu djsaA

xq#Ro osQ vUrxZr iru

;g rF; fd Hkkjh vkSj gYosQ oaQdM+ ,d leku nj ls uhps fxjrs gSa] oqQN fofp=k
lk izrhr gks ldrk gSA 16 oha 'krkCnh rd ;g ,d vke fo'okl Fkk fd ,d Hkkjh
oLrq ,d gYdh oLrq dh vis{kk vfèkd rsth ls uhps fxjrh gSA rFkkfi] ml le;
osQ egku oSKkfud xSyhfy;ks us ;g n'kkZ;k fd nksuksa oLrq,a okLro esa ,d gh nj ls
uhps fxjrh gSaA ;g dgk tkrk gS fd os ihlk dh ehukj osQ Åij x, vkSj vkSj nks
xsanksa dks] ftuosQ Hkkj esa cgqr vfèkd vUrj Fkk] ,d lkFk uhps fxjk;kA xsans èkjkry
ij ,d gh le; ij igq¡phA ysfdu tc ,d ia[k vkSj ,d iRFkj dks lkFk&lkFk fxjk;k
x;k rks os vyx&vyx le; ij èkjkry ij igq¡prs gSaA xSyhfy;ksa us roZQ fn;k fd
ia[k vis{kko`Qr èkheh xfr ls fxjrk gS D;ksafd bl ij gok dk mRIykou cy ,oa izfrjks/

ìFoh
fp=k. 5.3 : fdlh LFkku ij ÅèoZ fn'kk

ml LFkku ij i`Foh osQ osQUnz
dh vksj gksrh gSA
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d cy dk;Z djrk gSA mlus dgk fd fuokZr esa nksuksa oLrq,a ,d gh le; ij fxjsxhaA
gky osQ o"kksZ esa varfj{k ;kf=k;ksa us pUnzek ij ia[k vkSj oaQdM+ dk iz;ksx djosQ ;g
fl¼ fd;k fd nksuksa ,d lkFk tehu ij igq¡prs gSaA Lej.k j[ksa fd pUnzek ij ok;qe.My
ugha gSA

xq#Ro osQ izHkko osQ dkj.k oLrq,¡ ÅèokZèkjr% uhps i`Foh dh vksj fxjrh gSaA NksVh Å¡pkbZ;ksa
osQ fy,] xq#Rotfur Roj.k vfèkd ugha cnyrk gSA blfy, t le; esa r; dh x;h nwjh
izkjafHkd rFkk vafre osxksa osQ fy;s lehdj.k fuEuor~ fy[k ldrs gSa%

v = u + gt

s = ut + 
1

2
gt2

vkSj v2 = u2 + 2gs. (5.8)

;gk¡ ;g ;kn j[kuk egRoiw.kZ gS fd g ges'kk ÅèokZèkjr% uhps dh vksj dk;Z djrk gS
pkgs oLrq fdlh Hkh fn'kk esa xfr dj jgh gksA fdlh oLrq dk g Roj.k ls fxjuk
eqDr&iru (free fall) dgk tkrk gSA

lehdj.k 5.8 dh lgk;rk ls ;g Li"V gS fd ;fn ,d oLrq fojke voLFkk ls fxjrh gS rks
t le; esa h nwjh rd fxjsxh tgk¡ h = (1/2)gt2 gSA vr% fdlh Å¡pkbZ h ls fdlh Hkkjh flDosQ
dks eqDr #i ls fxjkdj vkSj lgh le; n'kkZus okyh fojke ?kM+h }kjk blosQ tehu ij ig¡qpus
dk le; ysdj g dk eku Kkr fd;k tk ldrk gSA ;fn vki 5 #i;s osQ ,d flDosQ dks 1ehVj
dh Å¡pkbZ ls eqDr #i ls fxjkdj tehu ij igq¡pus osQ le; dk vkSlr eku ysa rks ;g 0.45

lsdUM vkrk gSA bldh lgk;rk ls g osQ eku dh x.kuk dh tk ldrh gSA rFkkfi] iz;ksx'kkyk
esa vki ljy yksyd dk mi;ksx djosQ ijks{k fofèk ls g dk eku Kkr djsaxsA

vki vk'p;Z dj jgs gksaxs fd fdlh d.k ij xqjQRo cy dh x.kuk djrs le; ge i`Foh
dh lrg ij j[kh oLrq vkSj i`Foh osQ chp dh nwjh dks i`Foh dh f=kT;k osQ cjkcj D;ksa
ysrs gSaA tc ge nks fcanq nzO;ekuksa dks ysrs gSa rks muosQ chp dh nwjh muosQ i`Fkdu osQ cjkcj
yh tkrh gSA ysfdu tc ge nks cM+h oLrqvksa osQ chp xq#Ro cy dh x.kuk djrs gSa rks
muosQ chp dh nwjh D;k ysrs gSa\ bl leL;k osQ lekèkku osQ fy, oLrq osQ xq#Ro&osQUnz
dh ladYiuk dk lekos'k fd;k x;k gSA tgk¡ rd xq#Ro izHkko dk iz'u gS ge iwjs fi.M
dh txg ,d rqY; fcanq ij fi.M osQ Hkkj dks osQfUnzr eku ldrs gSaA vFkkZr~ bl fcanq ij
xq#Ro cy yx jgk gS ,slk eku ldrs gSa\ T;kferh; #i ls fu;fer oLrq,¡ ftudk ?kuRo
leku gks tSls xksys] csyu] vk;r vkfn osQ fy;s budk T;kferh; osQUnz gh budk xq#Ro
osQUnz Hkh gksrk gSA ;gh dkj.k gS fd ge vU; oLrqvksa dh nwjh i`Foh osQ osQUnz ls ekirs
gSaA vfu;fer vkd`fr dh oLrqvksa osQ fy, xqjQRo osQUnz fuèkkZfjr djus dk dksbZ ljy rjhdk
ugha gSA

,d èkkrq dh vaxwBh dk xq#Ro&osQUnz dgk¡ ij fLFkr gksrk gS\ ;g okLro esa vaxwBh osQ osQUnz
ij fLFkr gksrk gSA
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è;ku nsa fd ;g fcanq oLrq osQ nzO; osQ ckgj fLFkr gSA vr% ;kn j[ksa fd fdlh oLrq dk
xq#RoosQUnz mlosQ inkFkZ osQ ckgj gks ldrk gSA vkidk viuk xqjQRo osQUnz dgk¡ ij gS\ ;fn
ge viuk vkdkj fu;fer eku ysa rks] gekjk xq#Roh; osQUnz ukfHk ls FkksM+k uhps gksxkA

bl ikB esa vkxs vki oLrq osQ nzO;eku osQUnz osQ ckjs esa Hkh Kku izkIr djsaxsA ;g ,d ,slk
fcanq gS ftlij oLrq dk iwjk nzO;eku osQfUnzr ekuk tk ldrk gSA ,dleku xq#Roh; {ks=k
esa (tSlk fd i`Foh osQ lehi gksrk gS) xq#Ro osQUnz vkSj nzO;eku osQUnz laikrh gksrs gSaA

xq#Ro osQUnz ;k nzO;eku osQUnz osQ iz;ksx ls gekjh x.kuk,¡ vR;fèkd ljy gks tkrh gSaA dYiuk
djsa fd gesa ;fn fdlh oLrq dk fuekZ.k djus okys d.kksa osQ chp dk;Zdkjh cyksa vkSj budk
ifj.kkeh cy Kkr djuk gks] rks ;g fdruk dfBu dk;Z gksxkA

vkidks ;g è;ku j[kuk pkfg, fd G vkSj g vyx&vyx HkkSfrd jkf'k;k¡ gSaA G xq#Rokd"kZ.k
dk lkoZf=kd fu;rkad gS vkSj ;g vpj gS tcfd g xq#Rotfur Roj.k gS tks fd ,d txg
ls nwljs txg cny ldrk gSA bls ge vxys Hkkx esa ns[ksaxsA

vc vki viuh izxfr dh tk¡p djus osQ fy, fuEu iz'uksa osQ mÙkj nsa%

ikBxr iz'u  5.2

1. i`Foh dk nzO;eku 5.97 × 1024 fdyksxzke gS vkSj bldh ekè; f=kT;k 6.371 × 106 m.

gSA i`Foh dh lrg ij g dk eku Kkr djsaA

2. cgqr lkoèkkuhiwoZd fy, x, eki n'kkZrs gSa fd fo"kqor&o`r (Hkweè;js[kk) ij i`Foh dh
f=kT;k 6378 fdyksehVj gS tcfd èkzqoksa ij 6357 fdyksehVj gSA èkzqoksa o fo"kqor js[kkij
g osQ ekuksa dh rqyuk dhft,A

3. fdlh oLrq dks Åij isaQosQ tkus ij g dh fn'kk D;k gksxh tc (i) oLrq Åij tk jgh
gSA vkSj (ii) tc ;g vfèkdre Å¡pkbZ ij gS (iii) tc ;g uhps vk jgh gSA (iv) tc ;g
èkjkry ij okil vk tkrh gS\

4. pUnzek dk nzO;eku 7.3 × 1022 kg gS vkSj bldh f=kT;k 1.74 × 106 m gSA bldh lrg
ij xq#Roh; Roj.k dk eku Kkr dhft,A

5.3 g osQ eku esa ifjorZu

5.3.1 Å¡pkbZ osQ lkFk ifjorZu

lehdj.k 5-7 ( 2

M
G

R
g = ) osQ nkbZa vksj gj esa jkf'k R2  n'kkZrh gS fd g dk ifjek.k i`Foh

osQ osQUnz ls nwjh osQ oxZ osQ eku osQ vuqlkj nwjh R osQ c<+us ij ?kVrk gSA vr% lrg ls
R nwjh ij vFkkZr~ osQUnz ls 2R nwjh ij bldk eku i`Foh dh lrg ij eku dk (1/4) gks tkrk
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gSA ;fn i`Foh dh lrg ls Å¡pkbZ h ftls rqaxrk (altitude) dgrs gSa] i`Foh dh f=kT;k dh
rqyuk esa dkiQh de gks rks] g

h 
(h rqaxrk ij xq#Rotfur Roj.k dk eku)

g
h

= 2

G

( )

M

R h+
 = 2

2 1

GM

h
R

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

= 
2

1

g

h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

(5.9)

pw¡fd g = GM/R2 i`Foh dh lrg ij xq#Roh; Roj.k dk eku gSA

vr%
h

g

g
= 

2

1
h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

 = 1 + 
2h

R
 + 

2
h

R
⎛ ⎞
⎜ ⎟
⎝ ⎠

vc pw¡fd (h/R) ,d NksVh jkf'k gS rks (h/R)2 mlls Hkh NksVh jkf'k gksxhA vr% bls (h/R) dh
rqyuk esa ux.; ekuk tk ldrk gSA vr%

g
h

= 
2

1

g
h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

(5.10)

vkb, bls ,d mnkgj.k dh lgk;rk ls le>saA

mnkgj.k 5.2 : vkèkqfud ok;q;ku 10 km ls vfèkd Å¡pkbZ ij mM+rs gSaA ge bl Å¡pkbZ ij
g dk eku fudkyrs gSaA i`Foh dh f=kT;k 6400 km vkSj i`Foh dh lrg ij  g dk eku 9.8

m s–2 gSA

gy : lehdj.k (5.10) ls

g
h

= 
2.(10) km

1
6400 km

g

⎛ ⎞
+⎜ ⎟

⎝ ⎠

 = 
–29.8 m s

1.003
 = 9.77 m s–2.

5.3.2. xgjkbZ osQ lkFk g esa ifjorZu

i`Foh osQ vanj o xgjkbZ d ij fLFkr ,d fcanq P dh
dYiuk dhft, (fp=k. 5.4)A i`Foh dks leku ?kuRo
ρ dk ,d xksyk eku ysaA fcanq P dh i`Foh osQ osQUnz
ls nwjh r = (R – d) gSA (R – d) f=kT;k dk ,d xksyk
[khapsA P fcanq ij j[ks nzO;eku ij d eksVkbZ osQ dks'k
ls yxus okyk xq#Roh; cy fujLr gks tkrk gSA ;g
osQoy r f=kT;k osQ xksys osQ dkj.k cy eglwl djrk
gSA vr% fcUnq P ij xq#Roh; cy osQoy r f=kT;k osQ
xksys osQ dkj.k gksxkA

fp=k. 5.4 : d xgjkbZ ij fLFkr fcanq dh

osQUnz ls nwjh r = R – d gSA
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vr% P fcanq ij xqjQRoh; Roj.k dk eku Kkr djus osQ fy, ge (R – d) f=kT;k osQ xksys
osQ nzO;eku dk gh iz;ksx djsaxsA ;fn ρ xksys dk ?kuRo gks rks bl xksys osQ nzO;eku

M ′ =  
4

3

π
 ρ (R – d)3 (5.10)

fcanq P ij j[ks d.k }kjk vuqHko fd, x, xqjQRoh; Roj.k dk eku

g
d
 = G 2( )

M

R d

′
−

 = 
4 G

3

π
 ρ (R – d) (5.11)

è;ku nsa fd tc d dk eku c<+rk gS rks (R – d) ?kVrk gSA bldk vFkZ ;g gqvk fd tc
ge i`Foh dh lrg osQ uhps tkrs gSa rks g dk eku ?kVrk gSaA d = R ij vFkkZr~] i`Foh osQ
osQUnz ij xqjQRoh; Roj.k dk eku 'kwU; gks tkrk gSA ;g Hkh uksV dhft, fd R – d = r] i`Foh
osQ osQUnz ls oLrq dh nwjh crykrk gSA vr% xqjQRoh; Roj.k r osQ jSf[kdr% lekuqikfrd gSA
i`Foh osQ osQUnz ls g osQ eku esa i`Foh dh lrg ls nwjh osQ lkFk] ifjorZu fp=k 5-5 esa n'kkZ;k
x;k gSA

fp=k. 5.5 : g osQ eku esa i`Foh osQ osQUnz ls nwjh osQ lkFk ifjorZu

d = 0 osQ fy, g = 
4 G

3

π
 ρR. (lehdj.k 5.11) ls

vc (5.11) dh lgk;rk ls ;g vklkuh ls ns[kk tk ldrk gS fd

g
d

= g
( )R d

R

−
 = g 1

d

R
⎛ ⎞−⎜ ⎟
⎝ ⎠

, 0 ≤ d ≤ R (5.12)

vr% lehdj.k (5.9) vkSj (5.12) ls ge fu"d"kZ fudkyrs gSa fd g dk eku Å¡pkbZ vkSj
xgjkbZ nksuksa osQ lkFk ?kVrk gSA
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i`Foh dh vkarfjd lajpuk

fp=k. 5.6 : i`Foh dh lajpuk (iSekus ij ugha) i`Foh dh rhu izeq[k ijrksa dks muosQ vuqekfur
nzO;ekuksa osQ lkFk fn[kk;k x;k gSA

okLro esa g dk eku ,d fuf'pr nwjh rd xgjkbZ osQ lkFk c<+rk gS fiQj de gksus
yxrk gSA ,slk blfy, gksrk gS D;ksafd ge i`Foh dks ,dleku ?kuRo dk xksyk eku
ysrs gSa tks fd lgh ugha gSA i`Foh dk vfèkdre Hkkj ØksM esa osQfUnzr jgrk gSA Åijh
lrgsa dkiQh gYdh gksrh gSa (fp=k 5.6 ) cgqr FkksM+h xgjkbZ osQ fy,] nzO;eku esa deh
dks ux.; eku fy;k tkrk gS tcfd r osQ eku esas deh gksrh gSA blfy, g dk eku
igys oqQN xgjkbZ rd c<+rk gS vkSj fiQj de gksus yxrk gSA bldk vFkZ gS fd i`Foh
dks ,d leku ?kuRo dk xksyk ekuus dh vfHk/kj.kk lgh ugha gSA

5.3.3 g dk v{kka'k osQ lkFk ifjorZu
vki tkurs gSa fd i`Foh vius v{k ij ?kwerh gSA blosQ dkj.k i`Foh dh lrg ij izR;sd
d.k orqZy xfr djrk gSA xq#Roh; cy dh vuqifLFkfr esa ;s lHkh d.k vius o`Ùkh; iFk
ij Li'kZjs[kkvksa dh fn'kkvksa esa fNVddj nwj tk fxjrsA xq#Roh; cy bUgsa i`Foh osQ ry osQ
lkFk tksM+s j[krk gSA vki ;g Hkh tkurs gSa fd fdlh d.k dks o`Ùkh; xfr esa cuk, j[kus
osQ fy, ,d vfHkosQUnz&cy dh vko';drk gksrh gSA iQyr% i`Foh dh  lrg ij j[kh oLrqvksa
ij yxus okys i`Foh osQ vkd"kZ.k cy dk eku FkksM+k&FkksM+k de gks tkrk gSA oLrqvksa dks i`Foh
ls tksM+s j[kus okyh 'kfDr (xq#Rokd"kZ.k) esa èkhjs&èkhjs deh vkus yxrh gSA i`Foh osQ ?kw.kZu
dk lokZfèkd izHkko Hkweè;js[kk ij eglwl fd;k tkrk gSA èkzqoksa ij ;g ?kVdj 'kwU; gks tkrk
gSA vc ge cxSj O;qRiUu fd, g osQ eku esa v{kak'k osQ lkFk ifjorZu osQ lw=k dks m¼`r
djrs gSA ;fn gλ, λ v{kka'k ij g osQ eku dks n'kkZrk gS vkSj g èkzqoksa ij xq#Roh; Roj.k dk
eku gks rks

gλ = g – Rω2 cosλ, (5.13)

tgk¡ ij ω i`Foh dk dks.kh; osx rFkk R bldh f=kT;k gSA vki vklkuh ls le> ldrs gSa
fd èkzqoksa osQ fy, λ = 90° gSA blfy, èkzqoksa ij gλ = g.
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mnkgj.k 5.3 : vc ge èkzqoksa ij g osQ eku dh x.kuk djrs gSaA

gy : èkzqoksa ij i`Foh dh f=kT;k = 6357km = 6.357 × 106 m

                   i`Foh dk nzO;eku = 5.97 × 1024 kg

leh- (5-7) dk mi;ksx djus ij /zqoksa ij g dk eku gksxk
g

poles
 = [6.67 × 10–11 × 5.97 × 1024 / (6.357 × 106)2] m s–2

                     = 9.853 m s–2

mnkgj.k 5.4 : vc ge λ = 60º ij g osQ eku dh x.kuk djrs gSaA tgk¡ i`Foh dh f=kT;k
6371 km gSA

gy :    i`Foh osQ ?kw.kZu dk vkorZdky, T  = 24 ?kaVs = (24 × 60 × 60) s

i`Foh osQ ?kw.kZu dh vko`fRr = 1/T

        i`Foh dh dks.kh; vko`fÙk  ω= 2π/T = 2π/(24 × 60 × 60)

                                                       = 7.27 × 10–5

                 ∴ Rω2 cos λ = 6.371 × 106 × (7.27 × 10-5)2 × 0.5

=  0.017 m s–2

vc pw¡fd g
0

= g – Rω2 cos λ,

gλ (60º v{kak'k ij)  = 9.853 – 0.017 = 9.836 m s–2

ikBxr iz'u  5.3

1. fdl Å¡pkbZ ij tkus ij xq#Roh; Roj.k dk eku i`Foh dh lrg osQ mlosQ eku dk
vkèkk gksxk\

2. fdl xgjkbZ ij g dk eku i`Foh dh lrg ij blosQ eku dk 80% gksxk\

3. fnYyh dk v{kka'k yxHkx 30° mÙkj gSA fnYyh vkSj èkzqoksa osQ chp g osQ eku esa vUrj
dh x.kuk dhft,A

4. ,d mixzg i`Foh ls 1000 km dh Å¡pkbZ ij pDdj yxk jgk gSA bl ij dk;Z djus
okys xq#Roh; Roj.k dh x.kuk (i) lw=k (5.9) vkSj g ∝ 1/r2 dk iz;ksx djrs gq, djsa tgk¡
r i`Foh osQ osQUnz ls mixzg dh nwjh gSA vki fdl fofèk dks vfèkd vPNh le>rs gSa
vkSj D;ksa\

5.4  Hkkj vkSj nzO;eku

og cy ftlls dksbZ oLrq i`Foh dh vksj f[kaprh gS] mls mldk Hkkj dgrs gSaA ;fn m oLrq
dk nzO;eku gks rks Hkkj gksxk%

W = mg (5.14)
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p¡wfd Hkkj ,d cy gS] bldh bdkbZ U;wVu gksrh gSA ;fn vkidk nzO;eku 50 kg gks rks vkidk
Hkkj

50 kg × 9.8 m s–2 = 490 N gksxkA

pw¡fd g ,d LFkku ls nwljs LFkku ij cnyrk gS] blfy, ,d LFkku ls nwljs LFkku ij tkus
ij Hkkj Hkh cnyrk gSA èkzqoksa ij Hkkj dk eku vfèkdre vkSj Hkweè; js[kk ij U;wure gksrk
gSA D;ksa\ D;ksafd i`Foh dh f=kT;k dk eku èkzqoksa ij U;wure vkSj Hkweè; js[kk ij vfèkdre
gksrk gSA

rFkkfi] fdlh oLrq dk nzO;eku vpj jgrk gSA nzO;eku oLrq dk uSt xq.k/eZ gSA blfy,]
pkgs oLrq dgha Hkh j[kh gks bldk eku vpj jgrk gSA

fVIi.kh%  nSfud thou esa cgqèkk nzO;eku vkSj Hkkj dks ,d nwljs osQ LFkku ij iz;ksx djrs
gSaA fLizax rqyk,sa tks fd Hkkj ukirh gSa] N(U;wVu) dh vis{kk kg esa va'kkafdr dh tkrh gSA

5.4.1 xq#Roh; foHko ,oa fLFkfrt mQtkZ
fdlh laj{kh cy ds izHkkok/hu fiaM dh fLFkfrt mQtkZ dks fiaM esa fufgr mQtkZ ds #i esa
ifjHkkf"kr dj ldrs gSa vkSj ;g fdlh ckgjh ,tsUlh }kjk ,d ekud fLFkfr ls orZeku fLFkfr
rd fiaM dks ykus esa fd, x, dk;Z ds }kjk ekih tkrh gSA

;fn dksbZ cy F fiaM dks laj{kh cy ds fo#¼ fcuk fdlh pky ifjorZu ds ,d lw{e
nwjh dr rd foLFkkfir djs rks bldh fLFkfrt mQtkZ esa gksus okyk lw{e ifjorZu

dU = –F.dr

r nwjh ij j[ks nks nzO;ekuksa M ,oa m ds chp xq#Rokd"kZ.k cy%

F = 2

GMm

r
−

∴ xq#Roh; fLFkfrt mQtkZ

dU = 2

GMm
dr

r

vFkok U = 2

1

∞
= −∫

r
GMm

GMm dr
rr

;g n'kkZrk gS fd r nwjh ij j[ks M ,oa m nzO;ekuksa ds nks d.kksa ds chp xq#Roh; fLFkfrt
mQtkZ gS%

U =
GMm

r
− +  vpjkad

tc r dk eku vuUr gksus yxrk gS xq#Roh; mQtkZ 'kwU; gksus yxrh gSA vr% vpjkad 'kwU;

gks tkrk gS vkSj −= GMm
U

r



 127HkkSfrdh

xq#Rokd"kZ.k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

xq#Roh; foHko (V): M nzO;eku ds xq#Roh; {ks=k esa fdlh fcUnq ij xq#Roh; foHko mlds
izfr bdkbZ nzO;eku ds fy, fLFkfrt mQtkZ ds #i esa ifjHkkf"kr fd;k tkrk gSA

∴ xq#Roh; foHko] = = −U GM
V

m r

;g vfn'k jkf'k gS vkSj bldk SI ek=kd J/kg gSA

fØ;kdyki 5.2

i`Foh osQ osQUnz ls 2R, 3R, 4R, 5R vkSj 6R ij 50 kg nzO;eku dh oLrq dk Hkkj Kkr djsa
Hkkj vkSj nwjh osQ chp ,d xzkiQ [khpsaA blh xzkiQ esa nwjh osQ lkFk nzO;eku esa ifjorZu dks
Hkh n'kkZ,¡A

nzO;eku ,ao Hkkj lacaèkh vius fopkjksa dh i`f"V osQ fy, fuEufyf[kr iz'uksa dks gy djus
dk iz;kl djsa%

ikBxr iz'u  5.4

1. ;fn vki pUnzek osQ èkjkry ij mrjrs gSa rks vkidk Hkkj vkSj nzO;eku fdl izdkj
izHkkfor gksxk\

2. i`Foh rFkk eaxy ij vius Hkkj dh rqyuk dhft,A vki pUnzek ls eaxy esa tkrs gSaA
i`Foh dh rqyuk esa vkidk Hkkj D;k gksxk\ vkiosQ dk nzO;eku ij D;k izHkko gksxk\
eaxy dh f=kT;k = 4.3 × 106m vkSj nzO;eku = 6 × 1023 kg yhft,A

3. vkius Hkkj ekius osQ fy, nks izdkj dh rqyk,a ns[kh gksaxhA iyM+s okyh vkSj fLizax okyhA
iyM+s dh rqyk esa ,d vksj Hkkj vkSj nwljh vksj ekih tkus okyh lkexzh j[kh tkrh
gS] tcfd fLizax rqyk esa lkexzh dks ,d gqd dh lgk;rk ls yVdkdj ,d iSekus ij
bldk eku fy;k tkrk gSA eku yhft, vki nksuksa rqykvksa ls vkyw osQ ,d cSx dks rkSyrs
gSa vkSj mudk eku leku vkrk gSA vc vki ;fn pUnzek ij bUgsa ys tkdj rksysaa rks
D;k budh ekiksa esa dksbZ varj vk,xk\

4. xq#Roh; Roj.k dk SI ek=kd ckrb,A

5.5  osQiyj osQ xzgh; xfr osQ fu;e

izkphu le; esa ,slk ekuk tkrk Fkk fd lHkh [kxksyh; fi.M i`Foh dh ifjØek djrs gSaA
xzhd [kxksy'kkfL=k;ksa us bl ckr dk cM+k leFkZu fd;kA i`Foh osaQfUnzr czãk.M osQ i{k esa
bruk izcy fo'okl Fkk fd xzgksa }kjk lw;Z dh ifjØek djus osQ lHkh izek.kksa dh mis{kk dj
nh xbZA rFkkfi] iksySaM osQ [kxksy'kkL=kh & dksij fudl us 15oha 'krkCnh esa ;g lq>k;k fd
lHkh xzg lw;Z dh ifjØek djrs gSaA 16oha 'krkCnh esa xSyhfy;ks us vius [kxksyh; izs{k.kksa
osQ vk/kj ij dksijfudl osQ fopkjksa dk leFkZu fd;kA nwljs ;wjksih; [kxksy'kkL=kh Vk;dks
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czkgs us xzgksa dh xfr osQ cgqr ls izs{k.k fy,A bu izs{k.kksa osQ vkèkkj ij] muosQ lgk;d osQiyj
us xzgh; xfr osQ fu;eksa dks lw=kc¼ fd;kA

tksgUl osQiyj (1571&1630)

osQiyj dk tUe teZuh esa gqvkA bUgksaus viuh thou o`fÙk [kxksy'kkL=k esa Vk;dks czkgs
osQ lgk;d osQ #i esa izkjEHk dhA Vk;dks czkgs us fofHkUu xzgksa dh fLFkfr;ksa osQ izs{k.k
cM+h yXu ls 20 o"kksZa ls vfèkd vofèk rd fu;fer :i ls fy,A
mudh e`R;q osQ ckn ;s izs{k.k osQiyj osQ ikl igq¡ps vkSj mUgksaus
budk fo'ys"k.k djus esa 16 o"kZ dh vofèk yxkbZA bl fo'ys"k.k
osQ vkèkkj ij osQiyj us xzgh; xfr osQ rhu fu;e izkIr fd, ftudk
o.kZu bl vè;k; esa fd;k x;k gSA mUgsa T;kferh;&izdkf'kdh dk
tUenkrk ekuk tkrk gS D;ksafd ;s fdj.k fp=kksa dh lgk;rk ls ,d
nwjn'khZ dh dk;Z iz.kkyh dks le>us okys igys O;fDr FksA

osQiyj us xzgksa dh xfr fuèkkZfjr djus okys rhu fu;eksa dk la#i.k fd;k%

1. lw;Z osQ pkjksa vksj xzgksa dk xfr&iFk nh?kZo`Ùkkdkj gksrk gS vkSj lw;Z blosQ fdlh ,d iQksdl
ij fo|eku gksrk gS (fp=k 5-7) (nh?kZo`Ùk osQ nks iQksdl gksrs gSa)

fp=k 5-7% ,d xzg dk lw;Z osQ pkjksa vksj ifjØek dk iFk nh?kZo`Ùkkdkj gksrk gS] ftlosQ
nks esa ls ,d iQksdl ij lw;Z dh fLFkfr gksrh gSA ;fn A ls B rd tkus dk

le; o C ls D rd tkus dk le; leku gks rks] osQiyj osQ nwljs
fu;e osQ vuqlkj {ks=kiQy AOB vkSj COD cjkcj gksrs gSa\

2. lw;Z ls xzg rd [khaph x;h js[kk (f=kT;k&lfn'k) leku vofèk esa leku {ks=kiQy lekfgr
djrh gS (fp=k 5-7)A

3. fdlh xzg dk lw;Z osQ pkjksa vksj ,d ifjØek iwjk djus esa yxs le; dk oxZ (ifjde.k
dky dk oxZ)] lw;Z ls ml xzg dh vkSlr nwjh osQ ?ku dk vuqØekuqikrh gksrk gSA ;fn
ge ifjØe.k dky dks T ls n'kkZ,a rFkk lw;Z ls xzg dh vkSlr nwjh dks r ls n'kkZ,a] rks

 T2 α r3

vkb;s] ge rhljs fu;e dks vkSj vfèkd ckjhdh ls le>us dh ps"Vk djsaaA vkidks ;kn gksxk
fd bl fu;e dh lgk;rk ls U;wVu ;g fu"d"kZ fudkyus esa l{ke gq, Fks fd lw;Z vkSj

D

C

lw;Z

xzg

B

A

O
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xzgksa osQ chp yxus okyk cy 1/r2 osQ vuqlkj ifjofrZr gksrk gS (mnkgj.k 5-1)A iqu% ;fn
T

1
 vkSj T

2
 nks xzgksa osQ ifjØe.k&dky gksa vkSj r

1
 vkSj r

2
 lw;Z ls mudh vkSlr nwfj;k¡ gksa rks

rhljs fu;e osQ vuqlkj

2
1

2
2

T

T = 
3

1
3

2

r

r (5.15)

vkuqikfrdrk&fLFkjkad ,d xzg osQ laca/ dks nwljs xzg osQ laca/ ls Hkkx nsus ij fujLr gks
tkrk gSA ;g ,d cgqr egRoiw.kZ fu;e gSaA mnkgj.k osQ rkSj ij ;fn T

1
] r

1
 vkSj r

2
 Kkr gksa

rks bl fu;e dh lgk;rk ls T
2 
dk eku Kkr fd;k tk ldrk gSA

mnkgj.k 5.5 : cqèk dk ifjØe.k dky Kkr dhft,] ;fn lw;Z ls bldh nwjh 57.9 × 109

m gSA vkidks fn;k x;k gS fd i`Foh dh lw;Z ls nwjh 1.5 × 1011 m gSA

gy : ge tkurs gSa fd i`Foh dk ifjØe.k dky = 365.25 fnu

∴ T
1
= 365.25 fnu] r

1
 = 1.5 × 1011 ehVj] r

2
 = 57.9×109 ehVj (cqèk osQ fy,)

rc cqèk dk ifjØe.k dky T
2 
izkIr gksxk

2
2
2

1

T

T = 
3

2
3

1

r

r

T
2

= 
2 3

1 2
3

1

T r

r
 =

2 9 3 3

11 3 3

(365.25) (57.9 10 ) m

(1.5 10 ) m

× ×
×  fnu

= 87.6 fnu

blh izdkj vki lw;Z ls xzgksa dh nwjh osQ vkèkkj ij vU; xzgksa dk ifjØe.k dky fudky
ldrs gSa vkSj vki viuh x.kukvksa dh tk¡p lkj.kh 5.1 dh lgk;rk ls dj ldrs gSa%

lkj.kh- 5.1: lkSj iz.kkyh osQ xzgksa lacaèkh vkadM+s

xzg dk uke lw;Z ls ekè; nwjh f=kT;k nzO;eku

(lw;Z ls i`Foh dh (x103 km) (i`Foh dh rqyuk esa)

nwjh dh rqyuk esa)

cqèk 0.387 2.44 0.53

'kqØ 0.72 6.05 0.815

i`Foh 1.0 6.38 1.00

eaxy 1.52 3.39 0.107

c`gLifr 5.2 71.40 317.8

'kfu 9.54 60.00 95.16

;wjsul 19.2 25.4 14.50

usiP;wu 30.1 24.3 17.20

IywVks 39.4 1.50 0.002
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osQiyj osQ fu;e fdlh Hkh ,sls fudk; osQ fy, iz;ksx fd;s tk ldrs gSa tgk¡ mlosQ vo;oksa
dks ck¡èks j[kus okyk cy xq#Roh; izo`Qfr dk gksrk gSA mnkgj.k osQ rkSj ij os c`gLifr ,oa
blosQ mixzgksa osQ fy, vkSj i`Foh vkSj blosQ mixzgksa tSls pUnzek vkSj o`Qf=1e mixzgksa ij
Hkh ykxw gksrs gSaA

mnkgj.k 5.6 : ,d mixzg dk ifjØe.k dky 1 fnu osQ cjkcj gSA tSlk fd vki vkxs
tkusaxs fd ,sls mixzgksa dks rqY;dkyh mixzg dgrs gSaA i`Foh dh lrg ls bldh mQ¡pkbZ Kkr
dhft,A (fn;k x;k gS fd i`Foh ls pUnzek dh nwjh = 60 R

E
 gS] tgk¡ Loa; R

E
 i`Foh dh f=kT;k

gS vkSj pUnzek dk ifjØe.k dky fLFkj rkjksa osQ lanHkZ ls 27.3 fnu gS vkSj i`Foh osQ lanHkZ
ls tks fd Lo;a lw;Z dh ifjØek djrh gS 29.5 gSA

gy : ,d rqY;dkyh xzg dk ifjØe.k dky T
2
 = 1 fnu, pUnzek osQ fy, T

1
 = 27.3 fnu vkSj

r
1
 = 60 R

E
, T

2
 = 1 fnuA vr% lehdj.k (5.15) dk iz;ksx djus ij]

r
2

= 

1/33 2
1 2

2
1T

r T⎡ ⎤
⎢ ⎥
⎣ ⎦

 = 
1/33 3 2

2

(60 ) 1 ( )

(27.3 )
ER⎡ ⎤

⎢ ⎥
⎣ ⎦

fnu

fnu
= 6.6 R

E
.

;kn j[ksa fd mixzg dh nwjh i`Foh osQ osQUnz ls ekih tkrh gSA i`Foh dh lrg ls Å¡pkbZ
Kkr djus osQ fy,] R

E
 dks 6.6 R

E 
ls ?kVkuk iM+sxkA i`Foh dh lrg ls visf{kr nwjh = 5.6

R
E 
(tgk¡ R

E
 i`Foh dh f=kT;k gS)A ;fn vki bl nwjh dks fdyksehVj esa izkIr djuk pkgrs

gSa rks 5-6 dks i`Foh dh fdyksehVj esa ekih xbZ f=kT;k ls xq.kk djsaaA

5.5.1 xzgksa dk d{kh; osx

ge Åij xzgksa osQ ifjØe.k dky osQ ckjs esa ckr dj pqosQ gSaA ;fn fdlh xzg dk ifjØe.k
dky T vkSj bldh lw;Z ls nwjh r gks rks ;g T le; esa 2πr nwjh r; djrk gSA vr% bldk
d{kh; osx&

v
d{kh;

= 
2 r

T

π
 (5.16)

d{kh; osx dk eku izkIr djus dh ,d nwljh fofèk Hkh gSA xzg ij yxs vfHkosQUnz&cy dk

eku 2 /m rυd{kh;  gS] tgk¡ m bldk nzO;eku gSA ;g cy lw;Z ,oa xzg osQ chp yxus okys

xq#Rokd"kZ.k cy osQ }kjk izkIr gksrk gSA ;fn Ms lw;Z dk nzO;eku gks rks xzg ij yxus okyk

xq#Roh; cy 2
sG m M

r
 gksxkA bu nks cyksa dh rqyuk djus ij] gesa d{kh; osx v

d{kh;
 dk

eku izkIr gksrk gSA

vFkkZr~
2m

r

υd{kh; = 2
sG M

r
,

vFkok

v
d{kh;

= 2
sG M

r
(5.17)



 131HkkSfrdh

xq#Rokd"kZ.k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

è;ku nhft, fd mijksDr lehdj.k esa xzg dk nzO;eku lfEefyr ugha gSA vr% d{kh; osx
xzg osQ nzO;eku ij fuHkZj ugha djrk gSA d{kh; osx osQoy lw;Z ls xzg dh nwjh ij fuHkZj
djrk gSA ;g Hkh è;ku nsa fd ;fn lehdj.k 5.16 ls v dk eku (5.17)esa izfrLFkkfir djsa
rks gesa osQiyj dk rhljk fu;e izkIr gksrk gSA

ikBxr iz'u   5.5

1. gekjh vkdk'k xaxk esa cgqr ls xzgh; fudk;ksa dh [kkst gks pqdh gSA D;k osQiyj osQ
fu;e muosQ fy, Hkh ykxw gksaxs\

2. nks o`Qf=ke mixzg i`Foh dh lrg ls 1000 km vkSj 2000 km dh Å¡pkbZ ij ifjØek
dj jgs gSaA buesa ls fdldk ifjØe.k dky vfèkd gksxk\ ;fn igys mixzg dk ifjØe.k
dky 90 feuV gks] rks nwljs osQ ifjØe.k dky dk eku Kkr dhft,A

3. lkSj iz.kkyh esa ,d NksVs ls u, fiaM lsMuk dh [kkst gky esa gh gqbZ gSA bloQh lw;Z
ls nwjh 86 AU gSA  (,d AU lw;Z ls i`Foh osQ chp dh nwjh osQ cjkcj gksrh gSA bldk
eku 1.5 × 1011 m osQ cjkcj gSA blosQ ifjØe.k dky dk eku o"kksZa esa Kkr dhft,A

4. i`Foh dh ifjØek dj jgs ,d mixzg osQ d{kh; osx osQ fy, O;atd izkIr dhft,A

5.   lehdj.k (5.16) vkSj (5.17) dh lgk;rk ls osQiyj dk rhljk fu;e izkIr djsaA

5.6  iyk;u osx

vki tkurs gSa fd Åij dh vksj isaQdh xbZ xsan ges'kk okil i`Foh ij vk tkrh gSA ;fn
bls vkSj tksj ls Åij isaQdk tk; rks ;g oqQN vfèkd Å¡pkbZ rd tkdj iqu% okil vk
tkrh gSA vki iwN ldrs gSa fd D;k ;g lEHko gS fd dksbZ Åij dks isaQdh x;h oLrq i`Foh
osQ vkd"kZ.k izHkko {ks=k ls nwj igq¡p losQ\ gk¡ ,slk laHko gSA gesa blosQ fy, oLrq dks ,d
fuf'pr osx iznku djuk iM+sxk] ftls fd iyk;u osx dgrs gSaA i`Foh osQ xq#Roh; vkd"kZ.k
ls iwjh rjg ckgj fudy tkus osQ fy, oLrq dks Åij dh vksj ftrus u;wure osx ls isaQosQ
tkus dh vko';drk gksrh gS] og iyk;u osx dgykrk gSA

;g Li"V gS fd iyk;u osx ml fiaM osQ nzO;eku ij fuHkZj djrk gS ftlls oLrq nwj tkuk
pkgrh gS D;ksafd xq#Roh; cy nzO;eku dk lekuqikrh gSA ;g fiaM dh f=kT;k ij Hkh fuHkZj
djrk gS] D;ksafd de f=kT;k okys fiaM dk xq#Roh; cy vfèkd gksxkA

i`Foh ls iyk;u osx fuEu izdkj lw=kc¼ fd;k x;k gSA

v
iyk;u

= 
2G M

R
 (5.18)
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tgk¡ M i`Foh dk nzO;eku vkSj R bldh f=kT;k gSA bl lw=k dh lgk;rk ls vU; vkdk'kh;
fiaMksa osQ fy, Hkh iyk;u osx Kkr fd;k tk ldrk gSA fdlh vU; xzg ;k [kxksyh; fiaM
ls iyk;u osx dh x.kuk djus osQ fy, gesa mijksDr O;atd esa ml [kxksyh; fiaM osQ nzO;eku
rFkk f=kT;k osQ eku j[kus gksasxsA

,slk ugha gS fd tc fdlh oLrq dks iyk;u osx ls Åij isaQdk tkrk gS rks ml ij xqjQRo
cy ugha yxrkA ;g dk;Zjr jgrk gSA oLrq dk osx vkSj bl ij yxus okyk xq#Ro cy
nksuksa oLrq osQ lrg ls nwj tkus ij de gksus izkjEHk gks tkrs gSa] vkSj ,slk gksrk gS fd oLrq
dk osx 'kwU; gksus ls iwoZ cy 'kwU; gks tkrk gSA vr% oLrq xq#Ro osQ f[kapko ls ijs gks tkrh
gSA

viuh ladYiuk dh iqf"V osQ fy, fuEu iz'uksa dks le>us dk iz;kl djsaA

ikBxr iz'u  5.6

1. i`Foh dk nzO;eku 5.97 × 1024 kg gS vkSj f=kT;k 6371 km gSA i`Foh ls iyk;u osx
dh x.kuk dhft,A

2. eku yhft, fd i`Foh] fcuk blosQ nzO;eku esa varj vk,] viuh f=kT;k osQ 1@4 eku
osQ cjkcj floqQM+ tkrh gS\ bl fLFkfr esa iyk;u osx D;k gksxk\

3. ,d dkYifud mixzg X dk nzO;eku i`Foh dk vkB xquk vkSj f=kT;k i`Foh dh f=kT;k
dh nks xquh gSA bl xzg ls iyk;u osx] i`Foh ls iyk;u osx dh rqyuk esa Kkr dhft,A

5.7 o`Qf=ke mixzg

flMuh esa [ksys tk jgs fØosQV eSp dks Hkkjr o"kZ esa ns[k ldrs gSaA vesfjdk esa [ksys tk
jgs Vsful dk [ksy Hkh vki ?kj cSBs ns[k ysrs gSaA D;k vkius dHkh lkspk fd ,slk oSQls laHko
gksrk gS\ ;g lc i`Foh dk ifjØe.k dj jgs o`Qf=ke mixzgksa }kjk laHko gksrk gSA vc vki
;g iz'u iwN ldrs gSa fd o`Qf=ke mixzg dks oSQls fdlh d{k esa LFkkfir fd;k tkrk gS\

vki igys gh iz{ksI; xfr osQ ckjs esa i<+ pqosQ gSaA ;fn vki fdlh oLrq dks {kSfrt ls ,d
dks.k cukrs gq, isaQosQ rks bldk iFk ijoy;kdkj gksrk gSA vc vki c<+krs gq, Øe osQ cyksa
}kjk isaQdh tk jgh oLrqvksa dh dYiuk djsaA bls fp=k (5.8) }kjk Li"V fd;k x;k gSA iz{ksI;
(oLrq,a) èkjrh ij okil vkus ls iwoZ cM+h nwfj;k¡ c<+rs Øe esa r; djrh gSaA varrksxRok]
iz{ksI; i`Foh osQ pkjksa vksj ,d d{k esa izos'k djrs tkrs gSaA ;kn j[ksa] ;s mixzg ekuo fufeZr
gSa vkSj bUgsa fo'ks"k mís'; dks è;ku esa j[krs gq, LFkkfir fd;k tkrk gSA pUnzek i`Foh dk
izko`Qfrd mixzg gSA
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fp=k 5-8% i`Foh osQ ifjØe.k osQ fy, iz{ksI;

,d mixzg dks d{k esa LFkkfir djus osQ fy, igys mls yxHkx 200 km  Åij mBk;k
tkrk gS vkSj fiQj 8 km s–1 osQ osx ls {kSfrt fn'kk esa ml ij ,d èkDdk fn;k tkrk gSA
bls Åij blfy, mBk;k tkrk gS ftlls fd i`Foh osQ ok;qe.My esa ?k"kZ.k osQ dkj.k ÅtkZ
dk {k; U;wure gks losQA

,d o`Qf=ke mixzg dk d{k Hkh osQiyj osQ fu;eksa dk ikyu djrk gS D;ksafd fu;ked cy
i`Foh vkSj mixzg osQ chp yxus okyk xq#Rokd"kZ.k cy gSA mixzg dk ifjØe.k iFk nh?kZo`Ùkkdkj
gksrk gS vkSj bldk ry ges'kk i`Foh osQ osQUnz ls xqtjrk gSA

Lej.k jgs fd ,d o`Qf=ke mixzg osQ d{kh; osx dk eku iyk;u osx ls de gksuk pkfg,
vU;Fkk ;g i`Foh osQ xqjQRoh; {ks=k ls vyx gks tk,xk vkSj i`Foh dh ifjØek ugha djsxkA
i`Foh osQ fudV mixzg osQ d{kh; osx vkSj iyk;u osx osQ vfHkO;atd n'kkZrs gSa fd

v
d{kh; 

= 
2

v
iyk;u  (5.19)

o`Qf=ke mixzgksa osQ izk;% nks izdkj osQ d{k gksrs gSa (fp=k 5-9) tks mudks NksM+s tkus osQ mís';
ij fuHkZj djrs gSaA nwj laosnu osQ dk;ksZa osQ fy, mixzgksa dk d{k èkzqoh; gksrk gS bu d{kksa
dh Å¡pkbZ yxHkx 800 km gksrh gSA ;fn d{k dh Å¡pkbZ 300 km ls de gksrh gS rks ok;qe.My
esa d.kksa osQ }kjk mRiUu ?k"kZ.k osQ dkj.k mixzg dh ÅtkZ dk ãkl gksrk gSA ftlosQ dkj.k
;g uhps vkus yxrk gS tgk¡ ok;qe.My dk ?kuRo vkSj vfèkd gS vkSj ogk¡ ij ;g ty
tkrk gSA èkzqoh; mixzgksa dk& vkorZdky (ifjØe.k dky) yxHkx 100 feuV gSA ,d èkzqoh;
mixzg dks lw;Zledkfyd cuk;k tk ldrk gS rkfd ;g izfrfnu fu;r le; ij ,d gh
v{kka'k ij igq¡psA yxkrkj pDdj yxkus ij ;g lEiw.kZ i`Foh dh lw{e tk¡p (scanning)

dj ldrk gS] D;ksafd i`Foh viuh v{k ij ?kwerh gS (fp=k 5-10)A bl izdkj osQ mixzg
ekSle lacaèkh Hkfo";okf.k;ksa osQ fy, vkadM+s izkIr djus] ck<+] iQlyksa o taxy esa yxh vkx
lacaèkh tkudkjh izkIr djus osQ fy, iz;ksx fd;s tkrs gSaA
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fp=k. 5.9: Hkweè;js[kh; rFkk /qzoh; d{kk,a

nwjn'kZu laosQrksa ,ao nwjHkk"k laosQrksa osQ ijkorZu osQ fy, mixzgksa dks cgqr Å¡pkbZ ij Hkweè;js[kh;
(fo"kqorjs[kh;) d{k esa LFkkfir fd;k tkrk gSA bu mixzgksa esa vf/dka'k Hkw&ledkfyd gSa ftudk
ifjØe.k dky ìFoh dh viuh èkqjh ij ?kw.kZudky dky (24 ?kaVk) osQ cjkcj gksrk gSA budh
Å¡pkbZ 36000 km osQ yxHkx j[kh tkrh gSA pw¡fd mudk ifjØe.k dky ìFoh osQ vius v{k
ij ifjØe.k dky ls esy [kkrk gS] blfy, ;s ,d gh LFkku ij fLFkj fn[kkbZ nsrs gSaA ,sls rhu
mixzgksa dk la;kstu iwjh ìFoh osQ fy, i;kZIr gSa vkSj buosQ }kjk ìFoh esa ,d txg ls nwljh
txg laosQr Hksts tk ldrs gSaA pw¡fd ,d Hkw&ledkfyd mixzg ges'kk ìFoh esa ,d gh LFkku
dk voyksdu djrk gS] bls fdlh yacss le; esa fodflr gksus okyh ?kVuk osQ fujh{k.k tSls
rst vk¡èkh ;k rwiQku vkfn dk vè;;u djus osQ fy, fd;k tk ldrk gSA

fp=k. 5.10: i`Foh dh lw{e tk¡p djrk gqvk Hkwledkfyd mixzg

mixzgksa osQ mi;ksx

ekuo osQ fy, o`Qf=ke mixzg cgqr mi;ksxh gSaA uhps muosQ oqQN mi;ksx fn, x, gSa%

1. ekSle lacaèkh Hkfo"okf.k;k¡ :  mixzg lHkh izdkj osQ vk¡dM+s bdV~Bk djrs jgrs
gSa tks fd vYidkfyd vkSj nh?kZdkfyd Hkfo"okf.k;ksa osQ fo"k; esa mi;ksxh gksrs
gSaA nwjn'kZu ;k lekpkj i=kksa esa vki tks ekSle osQ pkVZ ns[krs gSa] os mixzg }kjk
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Hksts x, vk¡dM+ksa osQ vkèkkj ij rS;kj fd, tkrs gSaA Hkkjr tSls ns'k tgk¡ o"kkZ ij
dkiQh oqQN fuHkZj djrk gS] ogk¡ ij ekulwu lacaèkh tkudkjh osQ fy, ;s mixzg
mi;ksxh gSaA blosQ vykok gesa cM+s {ks=kiQy ij iQlyksa osQ vLoLFk #>kuksa] laHkkfor
ck<+ ;k taxy dh vkx yxus vkSj iSQyus lacaèkh tkudkfj;k¡ nsdj ;s gesa lkoèkku
dj ldrs gSaA

2. ukS&lapkyu :  oqQN mixzgksa osQ la;kstu ls fdlh LFkku osQ ckjs esa cgqr lgh tkudkjh
izkIr dh tk ldrh gSA bldk mi;ksx] rc fd;k tk ldrk gS tc ge jkLrk
HkVd x;s gksa vkSj [kks x;s gksaA mixzgksa dh lgk;rk ls cM+s&cM+s Hkw[k.Mksa osQ foLr`r
tkudkjh nsus okys ekufp=k cu x;s gSaA vU;Fkk ftUgsa cukus esa cgqr le; rFkk
ÅtkZ O;; gksrhA

3. nwjlapkj :  mixzgksa }kjk nwjn'kZu jsfM;ksa ,ao nwjHkk"k laosQrksa dks lalkj esa fdlh
Hkh txg ls dgha Hkh Hkstk tk ldrk gSA blls vc lalkj fleVdj NksVk gks x;k
yxrk gS ftls dHkh&dHkh Xykscy foyst (oSf'od xk¡o) Hkh dgk tkrk gSA

4. oSKkfud 'kksèk : mixzgksa osQ ekè;e ls oSKkfud midj.kksa dks varfj{k esa i`Foh]
pUnzek] mYdkvksa] xzgksa] lwjt] flrkjksa o vkdk'kxaxkvksa osQ izs{k.k osQ fy, Hkstk
tk ldrk gSA vkius gcy varfj{k nwjchu vkSj pUnz x- fdj.k nwjchu dk uke
lquk gksxkA varfj{k esa nwjn'kZd ;a=k gksus dk ykHk ;g gS fd nwj fLFkr oLrqvksa
ls vkus okys izdk'k dks ok;qe.My ls ugha xqtjuk iM+rk gS vkSj bl izdkj mldh
rhozrk esa eqf'dy ls gh dksbZ deh vkrh gSA blfy, gcy nwjn'khZ }kjk fy, x,s
fp=k vU; nwjn'kZd (i`Foh ij j[ks) ;a=kksa ls vfèkd Li"V gksrs gSaA

gky gh esa] ;wjksih; oSKkfudksa osQ ,d laxBu us gekjs lkSj e.My osQ ckgj 20
izdk'k o"kZ dh nwjh ij ,d i`Foh osQ leku xzg dh mifLFkfr dk voyksdu fd;kA

5. lSU; xfrfofèk;ksa dk fujh{k.k : nq'eu dh lSU; VqdfM+;ksa dh xfrfofèk;k¡ ns[kus
osQ fy, o`Qf=ke mixzg cgqr lgk;d gSaA o`Qf=ke mixzg dk [kpkZ ogu dj ldus
esa l{ke yxHkx lHkh ns'kksa osQ ikl vius mixzg gSaA

foØe vackyky&lkjkHkkbZ
(1919&1971)

xqtjkr izkar osQ vgenkckn osQ ,d vkS|ksfxd ifjokj esa tUesaa Jh foØe
lkjkHkkbZ ges'kk osQ fy, Hkkjrh; foKkfu;ksa osQ izsj.kkJksr cus jgsaxsA mudk
egRoiw.kZ ;ksxnku dkWfLed fdj.kksa dh lkef;d fofoèkrk ls jgk gSA
vkius vgenkckn esa HkkSfrd 'kksèk iz;ksx'kkyk dh LFkkiuk dh vkSj
Hkkjrh; varfj{k vuqlaèkku osQ vxznwr jgsA vkius gh loZizFke ;g vuqHko
fd;k fd varfj{k vuqlaèkku osQ varxZr nwjlapkj] f'k{kk] èkkrqdh;]
fjeksVlsflax Hkwxf.kr vkfn dks tksM+k tkuk pkfg,A
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5.7.1 Hkkjrh; varfj{k vuqlaèkku laxBu (Indian Space Research
Organisation)

Hkkjr ,d cgqr cM+k vkSj ?kuh vkcknh okyk ns'k gSA ;gk¡ vfèkdrj yksx xk¡oksa esa jgrs gSa
vkSj ekulwu rFkk o"kkZ ij vR;fèkd vkfJr gSaA blfy, ekSle dk iwokZuqeku djuk ljdkj
osQ fy, ,d egRoiw.kZ dk;Z gSA cM+h vkcknh dh lapkj vko';drkvksa dh iwfrZ djuk Hkh
vko';d gSA gekjs Hkw[k.M ij dbZ LFkkuksa ij [kfut] rsy ;k xSl dh mifLFkfr dk vUos"k.k
ugha gks ik;k gSA mixzg rduhd bu lHkh leL;kvksa dk de [kphZyk lekèkku izLrqr djrh
gSA bu lc ckrksa dks è;ku esa j[krs gq, Hkkjr ljdkj us 1969 esa Hkkjrh; varfj{k vuqlaèkku
laxBu (ISRO) dh LFkkiuk dhA ISRO us nwjlapkj] nwjn'kZu] ekSle foKkuh lsokvksa] nwj laosnh
,ao oSKkfud vuqlaèkku osQ fy, varfj{k iz.kkyh dk fodkl djus dh n`f"V ls cgqr izcy
dk;ZØe dk vuqlj.k fd;kA blus èkzqoh; ,ao Hkwledkfyd mixzgksa dks NksM+us osQ fy, iz{ksi.k
;kuksa dk liQyrk iwoZd fodkl dj fy;k gSA okLro esa blus nwljs ns'kksa tSls teZuh] csfYt;e]
dksfj;k vkfn osQ mixzgksa dk iz{ksi.k fd;k gS vkSj ik¡p ns'kksa osQ vfrfof'k"V Dyc esa lfEefyr
gks x;k gSA blosQ oSKkfud dk;ZØe osQ varxZr
(i) ekSle] i;kZoj.k vkSj oSf'od cnyko
(ii) Åijh ok;qe.My
(iii) [kxksfydh ,ao [kxksy HkkSfrdh] vkSj
(iv) Hkkjrh; leqnz vkfn 'kkfey gSaA
vc ;g pUnzek ij tkus dh rS;kjh dj jgk gSA

fp=k. 5.11: PSLV fp=k. 5.12: GSLV

(èkzqoh; mixzg iz{ksi.k ;ku) (Hkwledkfyd mixzg iz{ksi.k ;ku)

ikBxr iz'u  5.7

1. oqQN oSKkfud ys[kd fo'okl djrs gSa fd dHkh euq"; eaxy xzg esa mifuos'k LFkkfir
dj ysaxsA eku yhft, ,slk fopkj j[kus okys yksx ,d eaxy ledkfyd mixzg dks
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d{k esa LFkkfir djuk pkgrs gSaA eaxy dk ifjØe.k dky 24.6 ?kaVk gSA bldk nzO;eku 6.4

× 1023 kg- ,ao f=kT;k 3400 km gSA ,sls mixzg dh eaxy dh lrg ls Å¡pkbZ fdruh gksxh\

2. varfj{k esa nwjn'kZd ;a=k gksus osQ D;k ykHk gSa\

vkius D;k lh[kk

czãk.M esa fdUgha nks d.kkssa (oLrqvksa) osQ chp xqjQRokd"kZ.k cy dke djrk gSA ;g cy
bu nks d.kksa (oLrqvksa) osQ nzO;ekuksa osQ xq.kuiQy osQ lekuqikrh rFkk muosQ chp dh
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gSA

U;wVu osQ xq#Rokd"kZ.k osQ fu;eksa esa G  ,d lkoZf=kd fu;rkad gS bldk eku czãk.M esa
lHkh txg leku jgrk gSA

i`Foh dk xq#Rokd"kZ.k cy lHkh oLrqvksa dks viuh vksj [khaprk gSA

i`Foh dh lrg ij xq#Rotfur Roj.k g dk eku 9.8 m s–2 gSA g dk eku i`Foh dh lrg
ij cnyrk gS D;ksafd i`Foh iw.kZ xksykdkj ugha gSA

xq#Roh; Roj.k dk eku Å¡pkbZ] xgjkbZ vkSj v{kka'k osQ lkFk cnyrk gSA

fdlh oLrq ij yxus okys xq#Roh; cy dks mldk Hkkj dgrs gSaA

r nwjh }kjk i`FkDÑr M ,oa m nzO;eku ds nks d.kksa dh fLFkfrt ÅtkZ] 
GMm

V
r

= −

gksrh gSA

osQiyj osQ izFke fu;ekuqlkj fdlh xzg dh d{kk nh?kZ o`Ùkkdkj gksrh gS vkSj lw;Z blosQ
fdlh ,d iQksdl ij fo|eku gksrk gSA osQiyj osQ nwljs fu;ekuqlkj mixzg dks lw;Z
ls tksM+usokyh js[kk leku le; esa leku {ks=kiQy izliZ (sweep) djrh gSA

osQiyj osQ rhljs fu;e osQ vuqlkj fdlh xzg osQ ifjØe.k dky dk oxZ xzg dh lw;Z
dh ekè; nwjh osQ rhljs ?kkr dk lekuqikrh gksrk gSA

;fn dksbZ oLrq iyk;u osx ;k blls vfèkd osx izkIr dj ys rks og i`Foh osQ xq#Rokd"kZ.k
{ks=k ls ckgj pyh tk ldrh gSA

fdlh mixzg dk d{kh; osx mldh i`Foh ls nwjh ij fuHkZj djrk gSA

ikBkar iz'u

1. vki tkurs gSa fd xq#Roh; vkd"kZ.k ikjLifjd gSaA ;fn ,slk gS rks D;k lsc Hkh i`Foh
dks vkdf"kZr djrk gS\ ;fn] gk¡ rks blosQ iQyLo#i i`Foh viuk LFkku D;ksa ugha cnyrh\

2. ge i`Foh dh lrg ij ,d fuf'pr nwjh }kjk foyfxr nks d.kksa osQ chp dk;Zdkjh
xq#Rokd"kZ.k cy dk eku Kkr djus osQ fy, ,d iz;ksx djrs gSaA ekuk fd ;g cy
F gSA blh lek;kstu dks ge pUnzek ij ys tkdj iqu% iz;ksx djrs gSaA ogk¡ ij nks nzO;ekuksa
(d.kksa) osQ chp yxus okys cy dk eku D;k gksxk\
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3. eku ysa fd i`Foh fcuk nzO;eku cnys vius vkdkj dh nks xquk gks tkrh gSA rc vkidk
Hkkj D;k gks tk,xk ;fn bl le; vkidk Hkkj 500 N gS\

4. dYiuk djsa fd vpkud i`Foh viuk xq#Rokd"kZ.k cy [kks nsrh gSA i`Foh dh lrg ij
jgus okys yksxksa ij bldk D;k izHkko iM+sxk\

5. fp=k 5-6 esa i`Foh dh lajpuk fn[kkbZ xbZ gSA HkwiiZVh dh ryh (xgjkbZ 25 km) rFkk
izkokj dh ryh (xgjkbZ 2855kg) ij g osQ eku dh x.kuk djsaA

6. pUnzek osQ ifjØe.k dky ,ao bldh d{kk dh f=kT;k osQ vkèkkj ij i`Foh osQ nzO;eku
dk O;atd Kkr dhft,A

7. ekuk i`Foh ij vkidk Hkkj 500N gSA pUnzek ij vkidk Hkkj fdruk gksxk\ pUnzek ij
vkidk nzO;eku fdruk gksxk\

8. ,d èkzqoh; mixzg dks i`Foh dh lrg ls 800 km Å¡pkbZ ij LFkkfir fd;k x;k gSA bldk
ifjØe.k dky o d{kh; osx Kkr djsaA

ikBxr iz'uksa osQ mÙkj

5.1

1. pUnzek dk ifjØe.k dky T = 27.3d

= 27.3 × 24 × 3600 s

pUnzek dh d{kk dh f=kT;k R  = 3.84 × 108  m.

pUnzek dh d{kh; pky v = 
2 R

T

π

vfHkosQUnz&Roj.k = v2/R

= 
2

2

4 R

T

2π
.

1

R
 = 2

4 R

T

2π
 = 

8

2 2

4 3.84 10 m

(27.3 24 3600) s

2π × ×
× ×

= 2

4 3.84

(27.3 2.4 3.6)

2π ×
× ×

 × 10–2 m s–2

= .00272 m s–2

;fn ge g dks 3600 ls Hkkx nsdj vfHkosQUnz&Roj.k dk eku Kkr djsa rks ge ns[ksaxs fd
nksuksa osQ eku leku gSaA

= 
9.8

3600
 m s–2 = 0.00272 m s–2
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2. F = 1 2
2

G m m

r

F cy gS ∴ G = 
2

2( )

r×cy

nOz ;eku
 = 

2

2

Nm

kg

3. F = G 1 2
2

m m

r

;fn m
1
 = 1kg-, m

2
 = 1kg, r = 1 m , rc F = G

vFkok G nks ,d  kg  osQ 1 ehVj dh nwjh ij j[ks nzO;ekuksa osQ chp yxus okys xq#Rokd"kZ.k
cy osQ cjkcj gksrk gSA

4. (i) F α 1/r2, ;fn r nks xquk dj fn;k tk; rks cy ,d pkSFkkbZ jg tk,xkA

(ii) F α m
1
m

2
, ;fn m

1
 vkSj m

2
 nksuksa osQ eku nks xquk dj fn, tk,aa rks F pkj xquk gks tk,xkA

(iii) F α 1 2
2

m m

r
,

;fn izR;sd nzO;eku nks xquk dj fn;k tk,a vkSj muosQ chp dh nwjh Hkh nks xquh dj
nh tk,a rks

F vifjofrZr jgsxkA

5. F = G 
2

50 kg 60 kg

1 m

×
; G = 6.68 × 10–11

2

2

Nm

kg

= 6.67 × 10–11 
2

2

Nm

kg ×
2

2

3000 kg

1 m  = 6.67 × 10–11 × 3 × 103 N

    = 2 × 10–7 N

5.2

1. g = 2

GM

R
 = 6.67 × 10–11

2

2

Nm

kg .
24

6 2 2

5.97 ×10 kg

(6.371×10 ) m  = 
6.97 59.7

6.371 6.371

×
×  

N

kg

           = 9.81 m s–2

2. èkzqoksa ij g dk eku

g
pole

 = 2
pole

GM

R
 = 6.67 × 10–11

2

2

Nm

kg .
24

6 2 2

5.97 ×10 kg

(6.371×10 ) m

    = 
6.97 59.7

6.371 6.371

×
×

 
N

kg
 = 9.81 m s–2
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blh izdkj%

g
equator

 = 
6.97 59.7

6.378 6.378

×
×

 
N

kg
 = 9.79 m s–2

3. izR;sd fLFkfr esa g mQèokZèkj uhps dh vksj dk;Z djrk gSA ,slk ges'kk gksrk gSA

4. g
moon

= 6.67 × 10–11
2

2

Nm

kg
 × 

22

6 2 2

7.3 ×10 kg

(1.74 ×10 ) m

= 
6.67 7.3

1.74 1.74

×
×

 × 10–1
N

kg
 = 1.61 m s–2

5.3

1. ekuk fd r nwjh ij g dk eku g
1 
gSA

i`Foh osQ ckgj

rc  
1

g

g
 = 

2

2R

r

;fn g
1
 = g/2 ⇒ r2 = 2R2 ⇒ r = 2 R = 1.412 R

∴ i`Foh dh lrg ls Å¡pkbZ = 1.4142 R – R

  = 0.4142 R

2. i`Foh osQ vUnj g dk eku osQUnz ls nwjh osQ vuqlkj ifjofrZr gksrk gSA ekuk xgjkbZ d ij
g dk eku g

d 
gSA

rc dg

g
 = 

R –

R

d

;fn g
d

= 80%, rc

  
0.8

1
 = 

R –

R

d

∴       d = 0.2 R

3. mnkgj.k 5.3 esa geus ω = 7.27 × 10–5  rad s–1 x.kuk dh

∴ Rω2 cos 30º = 6.37 × 106 × (7.27 × 10–5)2 s–2 . 3 2 = 0.029 m s–2



 141HkkSfrdh

xq#Rokd"kZ.k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

èkzqoksa ij g vFkkZr~  g
poles

= 9.853 m s-2

(mnkgj.k 5.2 esa x.kuk dh xbZ gS)

∴ fnYyh esa g = 9.853 m s–2 – 0.029 m s–2

       = 9.824 m s–2

4. lw=k (5.9) dk iz;ksx djus ij

g
h
= 

2
1

g

h

R
+

 = 
–29.81 m s

2000 km
1+

6371 km

= 
–29.81 m s

28371 km

6371 km

 = 7.47 m s–2

r osQ lkFk ifjorZu dk iz;ksx djus ij

g = 
G

2( + )

M

R h

= 6.67 × 10–11 
2Nm

2kg
. 

245.97 10 kg
6 2 2(7.371 10 ) m

×

×

= 7.33 ms–2

;g vfèkd lVhd ifj.kke nsrk gS D;ksafd lw=k (5.9) h << R osQ fy, gSA bl ekeys esa
h << R ugha gSA

5.4

1. pUnzek ij g dk eku i`Foh ij g osQ eku dk 1/6 gksrk gSA vr% vkidk Hkkj i`Foh dh
vis{kk pUnzek esa 1/6 gks tk,xkA nzO;eku vifjofrZr jgrk gSA

2. eaxy dk nzO;eku = 6 × 1023 kg

eaxy dh f=kT;k = 4.3 × 106 m

∴ g
Mars

= G 2

M

R
 = 6.67 × 10–11 

2Nm
2kg

.
236 ×10 kg
6 2 2(4.3 ×10 ) m

 = 2.16
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exa y dk Hkkj

iF̀oh dk Hkkj
 = 

m . 2.16

m . 9.81
 = 0.22

vr% eaxy xzg esa vkidk Hkkj i`Foh ij vkiosQ Hkkj dk yxHkx ,d pkSFkkbZ gks tkrk
gSA nzO;eku leku jgrk gSA

3. nks iyM+ksa okyh rqyk okLro esa nksuksa nzO;ekuksa dh rqyuk djrh gS D;ksafd g nksuksa iyM+ksa
ij dke djrk gS vkSj fujLr gks tkrk gSA fLizax rqyk Hkkj ekirh gSA iyM+ksa okyh rqyk
}kjk pUnzek ij Hkh ekiu fd;k tk ldrk gSA ysfdu fLizax rqyk dk ikB~;kad pUnzek ij
i`Foh dh rqyuk esa 1/6 jg tk,xkA

4. xq#Roh; foHko dk SI ek=kd J kg–1 gSA

5.5

1. gk¡] tc Hkh nks oLrqvksa osQ chp yxus okyk cy xq#Roh; izo`Qfr dk gks rks osQiyj osQ
fu;e iz;ksx fd, tk losaQxsA

2. osQiyj osQ r`rh; fu;e osQ vuqlkj

2
1
2

2

T

T
 = 

3
1
3

2

r

r
vFkok T2 α r3 ⇒ T α r3/2

blfy, vfèkd nwjh ij fLFkr mixzg dk vkorZdky vfèkd gksrk gSA

ekuk T
1
 = 90 feuV, r

1
= 1000 km + 6371 km

r
2

= 2000 km + 6371 km

[ i`Foh osQ osQUnz ls]

∴ 2
2T = 

2 3
1 2

3
1

.T r

r
 = (90 min)2 

3
8371 km

7371 km

⎛ ⎞
⎜ ⎟
⎝ ⎠

T
2
= 108.9 min

3. osQiyj osQ r`rh; fu;e osQ vuqlkj

2
earth
2

sedna

T

T
 = 

3
earth
3

sedna

r

r
[lw;Z ls nwjh]

T
earth

= 1 o"kZ, r
earth

 = 1 AU

2
sednaT  = 

2 3
3 2

3

(1 ) (86 AU)
(86)

(1AU)
=o"kZ

(o"k)Z
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∴ T
sedna

=797.5 o"kZ

4. ;fn i`Foh osQ osQUnz ls r nwjh ij fLFkr m nzO;eku osQ mixzg dk d{kh; osx v gks rks vfHkosQUnz
cy vkSj xq#Roh; cyksa dh rqyuk djus ij

2mv

r
 = 

G
2

mM

r
 ⇒ v = 

GM

r

tgk¡ M i`Foh dk nzO;eku gSA

5. lehdj.kksa (5.16) vkSj (5.17) ls

2 2

2

4

T

rπ
 = 

GM

r
 ⇒ T2 = 

2 34 .

G .

r

M

π

or T2 α r3.

5.6

1. v
esc

= 
2GM

R

= 
2 24Nm 5.97 10 kg–112 6.67 10 .

2 6kg 6.371 10 m

×
× ×

×

= 
2 6.67 5.97 10

6.371

× × ×
 103 m s–1

= 11.2 × 103 m s–1 = 11.3 km s–1

2. v
esc

α 
1

R

;fn R 1/4R gks] rks v
esc

 dk eku nks xquk gks tk,xkA

3. v
esc

 α 
M

R

;fn M 8 xquk gks tk; vkSj R nks xquk gks tk, rks

v
esc

α 4  = 2 xquk gks tk,xkA
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5.7

1. (R + h) 
2

2 2

4 G

T ( )

M

R h

π =
+

⇒ (R + h)3 = 2

G

4

M

π  T2  = 
11 23 2

2

6.67 10 6.4 10 (14.6 3600)

4 (3.14)

−× × × × ×
×

= 8370 × 1018 m

R + h = 20300 km

h = 26900 km

2. (a) izfrfcac T;knk Li"V curs gSa%

(b) x-fdj.k nwjn'khZ vkfn Hkh dk;Z djrs gSaA

ikBkar iz'uksa osQ mÙkj

3. 125 N

5. � g, 5.5 m s–2

7. Hkkj = 
500

N
6

, nzO;eku pUnzek ij Hkh 50 kg gh jgsxkA

8. T �  
1

1 h
2

, v = 7.47 km s–1


