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xq:Rokd"kZ.k (GRAVITATION) 

———————————————————————————————————  

1. çLrkouk 

 u{k=kh; fi.Mks tSls lw;Z] pUnzek] i`Foh rFkk xzgksa dh xfr dh tkudkjh dk fo"k; le; dh 'kq:vkr ls vR;Ur vkd"kZd 

jgk gSA Hkkjrh; [kxksyh; 'kkL=kh;ksa us iwoZ le;ksa esa vR;Ur gh çHkko'kkyh  dk;Z fd;k gSA ftuesa çeq[k vk;ZHkV~V gS 

ftUgksaus lcls igys  ;g crk;k fd iF̀oh Lo;a dh v{k ds ifjr% ?kw.kZu djrh gSA 

 ,d 'krkCnh i'pkr~ Msfu'k [kxksy'kkL=kh VSdhczsg (Tycho Brahe) (1546-1601) us xzgksa dh xfr ds ckjs esa foLr`r 

v/;;u fd;k] ftldk muds f'k"; tkWus'kh dsIyj (Johannes Kepler) (1571-1630) us fooj.k fn;kA dSIyj us 

viuh [kkst dks xzgksa dh xfr ds rhu fu;eksa esa lehdj.kc) fd;kA  
 

2. xq:Rokd"kZ.k dk lkoZf=kd fu;e 

 bl fu;e ds vuqlkj çR;sd d.k nwljs lHkh d.kksa dks vkdf"kZr djrk gSA buds e/; vkd"kZ.k cy bu d.kksa ds 

nzO;ekuksa ds xq.kuQy ds lekuqikrh rFkk buds chp dh nwjh ds oxZ ds O;qRØekuqikrh gSA 

 F  1 2

2

m m

r
 ;k  F = 

1 2

2

m m
G

r
    

 

 tgk¡ G = 6.67 × 10–11 Nm2 kg–2 gS bldks xq:Rokd"kZ.k lkoZf=kd fu;rkad dgrs gSA bldk eku oLrqvksa dh çd`fr 

(vkdkj, vkdf̀r] nzO;eku bR;kfn) ij fuHkZj ugha djrk vkSj lHkh txg fdlh Hkh le; ij leku jgrk gSA blh dkj.k 

bldks xq:Rokd"kZ.k dk lkoZf=kd fu;rkad dgrs gSA 

 G dk foeh; lw=k : G = 
2

1 2

Fr

m m
 = 

2 2

2

[MLT ][L ]

[M ]



 = [M–1 L3 T–2 ] 

 lfn'k :i esa U;wVu dk xq:Rokd"kZ.k fu;e :   

 12F


 = – 1 2

2

Gm m

r
12r̂     &     21F


 = 1 2

2

Gm m

r
21r̂       

 ;gk¡ 12F , m2 nzO;eku }kjk m1 ij yxk;k x;k cy gS  

 12r̂  : m1 dk m2 ds lkis{k fLFkfr lfn'k  

 rFkk blds foijhr 12 21
ˆ ˆr r   

 vr% 1 2
21 122

Gm m
ˆF r

r


 dh mijksDr lw=k ls rqyuk djus ij 12 21F F   

 

  
 

 xq:Rokd"kZ.k cy ds eq[; xq.k/keZ % 

(i) nks oLrqvksa ds chp xq:Rokd"kZ.k cy fØ;k çfrfØ;k ;qXe ds :i esa ik;k tkrk gS vFkkZr~ cy]ifjek.k esa cjkcj 

ijUrq fn'kk esa foijhr gksrk gSA 

(ii) xq:Rokd"kZ.k cy dsUnzh; cy gksrs gS vFkkZr~ budh fØ;k js[kk nksuksa oLrqvksa dks feykus okyh js[kk ds e/; fcUnq 

(dsUnzd) dh rjQ gksrh gSA 

(iii) nks oLrqvksa ds e/; dk;Zjr xq:Rokd"kZ.k cy muds chp mifLFkr ek/;e dh çdf̀Ùk ij fuHkZj ugha djrk gSA 

(iv) nks oLrqvksa ds chp dk;Zjr xq:Rokd"kZ.k cy rhljh oLrq dh mifLFkfr ij fuHkZj ugha djrkA  

(v) gYdh oLrqvksa dh fLFkfr esa xq:Rokd"kZ.k cy ux.; gksrk gSA ijUrq Hkkjh oLrqvksa tSls % rkjksa vksSj xzgksa ds chp esa 

;g cy çHkkoh gksrk gSA  

(vi) xq:Rokd"kZ.k cy yEch nwjh ds cy gSa vFkkZr~ nks oLrqvksa ds chp xq:Rokd"kZ.k cy rc dk;Z djrk gSA tc muds 

chp dh nwjh cgqr vf/kd gksA mnkgj.kr;k lw;Z rFkk i`Foh ds chp xq:Rokd"kZ.k cy 1027 N ds ifjek.k dk gksrk 

gS] tcfd buds chp nwjh 1.5 × 108 km gSA 
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{Solved Example} 

Example 1.  nks le:i xksyksa ds dsUnz ,d nwljs ls 1.0 ehVj nwjh ij gSA ;fn nksuksa ds chp xq:Rokd"kZ.k cy ,d U;wVu 

gks rks çR;sd xksys dk nzO;eku Kkr djksA  (G = 6.67 × 10–11 m3 kg–1 sec–2) 

Solution :  xq:Rokd"kZ.k cy  F = 
2

Gm.m

r
 

   F = 1.0 N, r = 1.0 m vkSj G = 6.67 × 10–11 m3 kg–1 sec–1  

   eku j[kus ij m = 1.224 × 105 kg 



Example 2.  rhu leku oLrq,sa ftudk nzO;eku M gS] L Hkqtk okys leckgq f=kHkqt ds dksuksa ij fLFkr gSA ;s lHkh fdl 

pky ls xfr djsaxh ;fn ;s lHkh ,d&nwljs ds vU;ksU; çHkko esa o`Ùkkdkj iFk esa leckgq f=kHkqt ds dksuksa dks 

cuk;s j[krs gq, xfr djrs gS ? 

Solution :   ekuk A, B vkSj C rhuksa nzO;eku xfr djrs gq, O dsUnz dk o`Ùk cukrs gSA bl o`Ùk dh f=kT;k  

   R =
L

2
 sec 30° = 

L 2

2 3
  = 

L

3
.   

   ekuk o`Ùk ds vuqfn'k çR;sd nzO;eku M dh pky v gSA A fcUnq ij nzO;eku dh xfr dks ns[kus ij bl ij B 

o C ij fLFkr nzO;ekuksa ds dkj.k xq:Rokd"kZ.k cy yxrk gSA vr% ifj.kkeh cy 

   
2

2

GM

L
, AB dh vksj vkSj 

2

2

GM

L
, AC dh vksj 

   bl çdkj ifj.kkeh cy 

   2
2

2

GM

L
 cos30° = 

2

2

3GM

L
, AD dh vksj   

 

   bl f=kHkqt dks cuk;s j[kus ds fy, vko';d vfHkdsUnzh; cy  

    
2

2

3GM

L
=

2 2Mv 3Mv

R L
    

   [ R = L/ 3 ]    ;k   v = 
GM

L
 

———————————————————————————————————  

 v/;kjksi.k dk fla)kr  

 fdlh d.k ij vU; fdlh d.k }kjk yxk;s x;s cy ij ml LFkku ij fLFkr vU; 

lHkh d.kksa }kjk yxk;s x;s cyksa dk dksbZ izHkko ugh iM+rk gSA vr% ml d.k ij 

ifj.kkeh cy vU; lHkh d.kksa }kjk vyx&vyx yxk;sa x;s cyksa ds lfn'k ;ksx ds 

rqY; gksrk gSaA bls v/;kjksi.k dk fla)kr dgrs gSA 

 1 2 3F F F F .......     

 

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Gravitation 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVGR - 3 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

{Solved Example} 
Example 1.  fp=kkuqlkj leku æO;eku m ds pkj d.k 'a' Hkqtk ds oxZ ds dksuksa ij j[ks gq, gSA izR;sd d.k ij vkjksfir 

cy ds ifjek.k dh x.kuk djksA 

 
Solution :  

   m

mm

m

a

45º

45º F1

a

 

   Fr = izR;sd d.k ij ifj.kkeh cy = 2F cos 45º + F1  = 
2 2

2 2

2G.m 1 Gm

a 2 ( 2a)
  = 

2

2

G.m

2a
(2 2 1)   

Example 2.  

   

 NM+ 

 
   fcUnq nzO;eku ‘m’ ds dkj.k le:i NM+ (nzO;eku ‘M’ rFkk ’’) ij xq:Rokd"kZ.k cy dh x.kuk djksA 

Solution :  dF = vYika'k ij {kSfrt fn'kk esa cy = 
2

G dM m

(x a)

 


 

   tgk¡  dM = 
M

dx.  

    F = dF  = 
2

0

G.Mmdx

(x a) =
G.Mm

2

0

dx

(x a) = 
G.Mm 1 1

( a) a

 
  

 
=

GMm

( a)a
  

 

Example 3.  /kkrq ds Bksl xksys dk nzO;eku M o f=kT;k R gSA blesa fp=kkuqlkj ,d [kks[kyk xksyh; dks'k cukrs gSaA bl xksyh; 

dks'k dh lrg Bksl xksys ds dsUnz ls xqtjrh gqbZ gS rFkk Bksl xksys dh ckgjh lrg dks Li'kZ djrh gSA rks fcUnq 

P ij j[ks m nzO;eku ij xq:Rokd"kZ.k cy Kkr djksA fcUnq O ls dsUnzh; js[kk ds vuqfn'k fcUnq P dh nwjh r gSA 

Solution :  ekuk Bksl xksys dk dsUnz O o [kks[kys xksys dk dsUnz O' gSA ckº; 

fcUnq ds fy, xksyk fcUnqor nz;eku dks crk,xk D;ksafd lEiw.kZ 

nzO;eku dsUnz ij dsfUnzr ekurs gSaA vr% fcUnq P ij fLFkr nzO;eku 

`m` ij okLrfod xksys (nzO;eku M) ds dkj.k xq:Rokd"kZ.k cy  

   F = G
2

Mm

r
, PO dh vksj 

R

O

O' P

r

 

   NksVs xksys dk O;kl (ftldks gVk;k x;k gSA) R gSA vr% bldh f=kT;k OO' Øe'k% R/2 gksxhA P fcUnq ij j[ks 

d.k m ij xksys ds nzO;eku M' ¼ekuk½ }kjk vkjksfir cy 

   F = G
2R

2

M m

(r )




 , OP dh vksj [ nwjh  PO = r – R

2
] 

   bl xksys dh f=kT;k okLrfod xksys ls vk/kh gSA vr%  

   M = M
8

.    F = G
2R

2

Mm

8(r )
 OP dh vksj 

   F vkSj F nksuksa dh fn'kk,a foijhr gSA vr% [kks[kys xksys ds dkj.k cy  

   F – F = 
2

GMm

r
 –

2 2

GMm

R
8r (1 )

2r


 = 
2 2R

2 r

GMm 1
1

r 8( )1

 
 
 

 
 

. 
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———————————————————————————————————   
3. xq:Roh; {ks=k 

 fdlh oLrq ds pkjksa vksj og LFkku ftlesa vU; fi.Mksa }kjk xq:Rokd"kZ.k cy dk vuqHko fd;k tk lds] ml oLrq dk 

xq:Roh; {ks=k dgykrk gSA xq:Roh; {ks=k fLFkj fo|qrdh; eas fo|qr {ks=k ds leku gSA tgk¡ ij vkos'k q  dks nzO;eku m  

ls vkSj fo|qr fLFkjkad K dks xq:Rokd"kZ.k fLFkjkad G ls çfrLFkkfir fd;k x;k gSA fdlh Hkh fcUnq ij xq:Roh; {ks=k dh 

rhozrk ml fcUnq ij mifLFkr ,dkad nzO;eku ij vkjksfir cy ds }kjk ifjHkkf"kr dh tkrh gSA  

   
F

E
m

  

 xq:Roh; {ks=k dh rhozrk dk ek=kd U;wVu/fdxzk- gS  

 fcUnqor~ æO;eku ds dkj.k xq:Roh; {ks=k  

 fcUnq P ij fLFkr ifj{k.k æO;eku m0 ij m ds dkj.k vkjksfir cy    

   F = 0

2

GMm

r
   

 vr%  E = 
0

F

m
   

2

GM
E

r
  

 lfn'k :i esa 
2

GM
ˆE r

r
   

 

 

 xq:Roh; {ks=k dh rhozrk dk foeh; lw=k = 
2

0 2F [MLT ]
[M LT ]

m [M]


   

{Solved Example} 
Example 1.  i`Foh ds dsUnz ls fdlh fcUnq dh fLFkfr Kkr djks] tgkW i`Foh vkSj pUnzek ds dkj.k ifj.kkeh xq:Roh; {ks=k 

'kwU; gSA i`Foh dk nzO;eku 6.0 × 1024 kg  vkSj pUnzek dk nzO;eku 7.4 × 1022 kg. gSA i`Foh vkSj pUnzek ds 

chp dh nwjh 4.0 × 105 km. gSA    

Solution :  fcUnq i`Foh vkSj pUnzek dks tksMus okyh js[kk vkSj muds e/; fLFkr gksuk pkfg;sA ;fn i`Foh ls bl fcUnw dh 

nwjh x km, pUnzek ls nwjh (4.0 × 105  – x) km gSA 

   E1 = 
2

GMe

x
 = 

24

2

G 6 10 kg

x

 
 

   i`Foh ds dkj.k xq:Roh; {ks=k dk ifj.kke  E2 = 
25

m

)x100.4(

GM


 = 

25

22

)x100.4(

kg104.7G




 

   ;s {ks=k foijhr fn'kk esa gS] ifj.kkeh {ks=k 'kwU; gksus ds fy;s |E1| = |E2| 

   ;k, 
24

2

6 10 kg

x


 = 

25

22

)x100.4(

kg104.7




  ;k, 

x100.4

x
5 

 = 
24

22

6 10

7.4 10




= 9 

   ;k, x = 3.6 × 105 km. 

Example 2.  M nzO;eku vkSj R f=kT;k dh leku oy; ds dsUnz ls v{k ij x  nwjh ij xq:Roh; {ks=k dh x.kuk djks\ 

Solution :  dm.nzO;eku dk dksbZ d.k ekurs gS vr% dm ds dkj.k fcUnq P 

ij xq:Roh; {ks=k 

   dE =
2

Gdm

r
 PA ds vuqfn'k  

   PO ds vuqfn'k ?kVd dE cos  =
2

Gdm

r
  cos  

 

 

   fcUnq P ij dqy xq:Roh; {ks=k E =
2

Gdm

r   cos = 
2

Gcos

r


dm   

   = 

 
3 / 2

2 2

GMx

R x
oy; ds dsUnz dh vkSj 
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Example 3. M nzO;eku rFkk R f=kT;k dh le:i ds dkj.k dsUæ ls v{k ij x nwjh ij fLFkr fcUnq ij xq:Roh; {ks=k dh 

  x.kuk djksA  

Solution :   

x

r

dr

dE
P

pdrh (M, R)

 

   dE =
2 2 3 / 2

GdMx

(x r )
  (oy; ds dkj.k xq:Roh; {ks=k)   

   dM = 
2

M

R
 . 2rdr  =

2

2M
rdr

R
  

    dE = 
2/3222 )rx(R

Mxrdr2.G


   E = 

R

2

0

2GMx

R

 
 
 
  

2 2 3 / 2

rdr

(x r )
 

     E = 
2

2GMx

R
  

2 2

1 1

x x R

 
 

  

 

Example 4.  M nzO;eku rFkk R f=kT;k ds ,d leku xksyh; dks'k ds fy, dsUnz ls r nwjh ij fuEufyf[kr nks fLFkfr;ks ds 

  fy, xq:Roh; {ks=k dh x.kuk djksA  

(a) r  R    

(b) r < R 

Solution :  ekuha xbZ oy; ds dkj.k P ij xq:Roh; {ks=k 

   dE = 
2

GdM
 . cos  r  R 

   dM = 
2

M

4 R
 x 2 R sin Rd 

   dM =
M

2
  sin d 

    dE =
2

GM sin  cos  d

2

  
    

   vc  2 = R2 + r 2 – 2rR cos  ........(1) 

    R 2 = 2 + r2 – 2r cos  ........(2)  

P


d 

r



Rd

oy; dh f=kT;k = Rsin

 

    cos =
2 2 2r R

2 r

 
     cos =  

2 2 2R r

2rR

 
 

   lehdj.k (1) dk vodyu djus ij    

     2  d  = 2rR sin d   

    dE = 
2

GM

2
.

d

Rr
.

2 2 2r R

(2 r)

 
   dE =

2

GM

4Rr
 

2 2

2

r R
1
 
 

 
d

    E = dE  =
2

GM

4Rr

r R r R
2 2

2r-R r R

d
(r R )

 



 
  

 
     E = 

2

GM

r
,   r R  

   ;fn fcUnq dks'k ds vUnj gks rks lhek cnydj [ (R–r) ls R + r ] gks tk;sxhA     

   E = 0   tc    r < R   
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Example 5.  nks xzg A vkSj B ftuds nzO;eku Øe'k% mA vkSj mB rFkk f=kT;k,a Øe'k% RA vkSj RB gS rks mudh lrgksa ij 

mifLFkr xq:Roh; {ks=k ds e/; lEcU/k Kkr djksA (i) nksuksa ds nzO;eku leku gSA  (ii) nksuksa dk ?kuRo leku 

gSA 

Solution :  ekuk EA vkSj EB Øe'k% xzgksa A vkSj B dh lrg ij xq:Roh; {ks=k dh rhozrk gS rks 

    EA =  

3

A A
A

2 2

A A

4
G R

Gm 3

R R

 

 = AA

4G
R

3


  

   blh çdkj
2

B
B

B

Gm
E

R
 = 

4G

3
  B RB 

(i) mA = mB  ds fy, A

B

E

E
 = 

2

B

2

A

R

R
 

(ii) A = B ds fy, A A

B B

E R

E R
   

———————————————————————————————————   
4. xq:Roh; foHko 

 fdlh Hkh oLrq ds xq:Roh; {ks=k esa mifLFkr fdlh fcUnq ij xq:Roh; foHko] xq:Roh; cy ds fo:) fdlh ,dkad 

nzO;eku dh oLrq dks /khjs&/khjs ¼xfrt ÅtkZ esa fcuk ifjorZu½ vuUr ls ml fcUnq rd foLFkkfir djus es fd, x, 

dk;Z ds cjkcj gksrk gSA  

 fdlh fcUnq vkos'k ds dkj.k xq:Roh; foHko :          

 xq:Roh; foHko fLFkj fo|qrdh eas fo|qr foHko ds leku gSA ekuk ,dkad 

nzO;eku dks nzO;eku M dh rjQ  dr nwjh rd foLFkkfir fd;k tkrk gS 

rks fd;k x;k dk;Z   

 dW = F dr  = 
2

GM
dr

r
 

 

 d.k dks vuUr ls fcUnq P rd ys tkus esa fd;k x;k dqy dk;Z W = 
r

2

GM GM
dW dr

rr


   .  

 bl çdkj xq:Roh; foHko  
GM

V
r

   

 xq:Roh; foHko dk ek=kd twy@fdxzk0 gksrk gS rFkk xq:Roh; foHko dk foeh; lw=k = dk;Z@nzO;eku 

 = 
2 2[ML T ]

[M]




dk; Z

æO;eku
 = [M°L2 T–2].    

{Solved Example} 

Example 1.  

    

   fcUnq P ij f}&nzO;eku fudk; ds fy, foHko dh x.kuk djksa] fcUnq Q ij foHko D;k gksxkA cká dkjd }kjk 

bdkbZ nzO;eku dks P ls Q rd ys tkus esa fd;s x;s dk;Z dh x.kuk djksA xq:Roh; foHko ds }kjk fd;k x;k 

dk;Z D;k gksxk\ 
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Solution :   

(i)  VP1 = '1' ij fLFkr 'm' nzO;eku ds dkj.k fcUnq P ij foHko =  –
Gm

 

  VP2 = –
Gm

    VP = VP1 + VP2  = –
2Gm

  

(ii)  Q 1

GM
V

/ 2
   

  Q 2

Gm
V

/ 2
      VQ = VQ1 + VQ2  = 

Gm Gm

/ 2 / 2
  = –

4Gm
 

  fcUnq Q ij cy = 0 

(iii)  ckádkjd }kjk dk;Z = (VQ – VP) × 1 = 
2GM

  

(iv)  xq:Roh; foHko }kjk fd;k x;k dk;Z  = VP – VQ  =
2GM

 

 

Example 2.  M æO;eku rFkk R f=kT;k dh ,d oy; dh v{k ij dsUnz ls 'x' nwjh ij fLFkr fcUnq ‘P’ ij foHko dh x.kuk 

  djksA 

Solution :  P ij foHko   

   VP  = 1 2

2 2 2 2

Gm Gm
– .......

R x R x
 

 
 

   1 2
2 2 2 2

G GM
– (m m .....) –

R x R x
  

 
     

   oy; ds dsUnz ij foHko = – 
G.M

R
 

 oy; 

 

 

———————————————————————————————————   
5. xq:Roh; {ks=k rFkk xq:Roh; foHko esa lEcU/k 

 ckº; cy }kjk ,dkad nzO;eku dks ,d fcUnq ls nwljs fcUnq rd {ks=k E dh fn'kk esa /khjs&/khjs dr nwjh rd foLFkkfir 

djus esa fd;k x;k dk;Z = ckº; cy × r; dh xbZ nwjh = – Edr.  

 vFkkZr~  dV = – Edr     

 E = – 
r

V




 ( V, dk Hkh Qyu gS) 

 bl çdkj fdlh Hkh fcUnq ij xq:Roh; {ks=k ml fcUnq ij _.kkRed foHko ço.krk ds cjkcj gksrk gSA 

 

{Solved Example} 

Example 1.  fdlh LFkku ij xq:Roh; {ks=k E = 20 ˆ ˆ(i j)  N/kg gS] rks fcUnq A(5m, 4m) rFkk ewy fcUnq (0, 0) ds e/; 

  xq:Roh; foHkokUrj (J/kg esa) Kkr djksA  

   (A) 'kwU;      (B) 20 2    

   (C) – 20 2      (D) ifjHkkf"kr ugha dj ldrsA 

Answer :  (A) 

Solution :  VA – V0 =  

)4,5(

)0,0(

)ĵdyîdx).(ĵî(20  = –20 [(5–0) + (4 – 0)] = –180 J/kg  
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Example 2.   mijksDr mnkgj.k esa ewy fcUnq (0, 0) ls fcUnq (5, 4) rd 1kg ds d.k dks foLFkkfir djus esa fd;k x;k dk;Z 

 (J esa) Kkr djksA 

   (A) – 180  (B) 180   (C) – 90  (D) 'kwU; 

Answer :  (B) 

Solution :  W = m (Vf   – Vi) = m(VA – V0)   = 1  (–180) = –180 J 

 

Example 3.  v = 2x2 + 3y2 + zx, 

   fcUnq (x, y, z) ij xq:Roh; {ks=k dh x.kuk djksA   

Solution :  Ex = 
v

x




= – 4x – z  

   E y = –6y 

   Ez = – x  

   xq:Roh; {ks=k = E  = – [(4x +z) î  + 6y ĵ  + x k̂ ]. 

  

———————————————————————————————————   

6. fHkUu&fHkUu oLrqvksa ds fy, xq:Roh; {kS=k o xq:Roh; foHko 

I. oy;  V = 
2 2 1/ 2

GM GM

x (a r )

 


vFkok     ,oa    E = 

2 2 3 / 2

GMr
r̂

(a r )




     

  ;k   E = –
2

GMcos

x


 

  xq:Roh; {ks=k dk vf/kdre eku nwjh r = ± a 2  ij 2a33/GM2 ds cjkcj gksrk gSA 

  
II. lhfer yEckbZ ds js[kh; nzO;eku dh v{k ij : 

 
(a) foHko : 

    V = –
GM

L
 n (sec 0 + tan 0 )  

        = – 
GM

L
n

2 2L L d

d

   
 
  

  

(b) xq:Roh; {ks=k dh rhozrk :  

    E = –
GM

Ld
 sin 0 =

2 2

GM

d L d



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III. vuUr yEckbZ ds js[kh; nzO;eku ?kuRo  ds dkj.k] ;gk¡ 0 = 
2


. 

  vkSj lhfer yEckbZ dh NM+ dh fLFkfr esa   = 
M

2L
 gS vkSj xq:Roh; {ks=k dh rhozrk  E = 

2G

d


 

  vuUr yEckbZ rd nzO;eku forj.k ds dkj.k foHko ifjHkkf"kr ugha gksrkA bl çdkj ds nzO;eku forj.k ds fy, 

foHkokUrj ifjHkkf"kr ugha gksrkA ;gk¡ ij vuUr yEckbZ dh NM+ ij Øe'k% d1 vkSj d2  nwjh ij fLFkr fcUnqvksa  P1 

vkSj P2  ds e/; foHkokUrj v12 = 2G n 2

1

d

d
 

IV. le:i Bksl xksyk % 

(a) xksys ds vUnj fLFkr fdlh fcUnq P ij r < a, rks V = 2 2

3

GM
(3a r )

2a
     

   ,oa    E = – 
3

GMr

a
 vkSj dsUnz ij V = – 

3GM

2a
 vkSj E = 0 

(b) xksys ls ckgj fLFkr fcUnq P ij r > a,   

   rks  V = 
GM

r
    vkSj   E = – 

2

GM

r
 

  

V. le:i iryk xksyh; dks'k % 
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(a) dks'k ds vUnj fLFkr fdlh fcUnq P ij      

   r < a, rks  V = 
a

GM
 vkSj E = 0 

(b) dks'k ds ckgj fLFkr fdlh fcUnq P ij   

    r > a, rks V =
r

GM
  vkSj E = – 

2r

GM
   

VI. le:i eksVk xksyh; dks'k % 

(a) dks'k ds ckgj fLFkr fcUnq ij  V = – G
M

r
 ;  E = – G

2

M

r
  

(b) dks'k ds vUnj fLFkr fcUnq ij V = –
3

2
GM 2 1

2 2

2 1 2 1

R R

R R R R

 
 

  
 rFkk E = 0 

(c) nksuksa lrgksa ds e/; fLFkr fcUnq ij  

 

        V = –
GM

2r

2 3 3

2 1

3 3

2 1

3rR r 2R

R R

  
 

 
 ; E = – 

2

GM

r

3 3

1

3 3

2 1

r R

R R




 

 

 

 

 

 

 

7. xq:Roh; fLFkfrt ÅtkZ 

 nks nzO;ekuksa ds fudk; ds fy, xq:Roh; fLFkfrt ÅtkZ mu nksuksa oLrqvksa dks la;ksftr djus ds fy, ckº; cy }kjk 

fd;s x;s dk;Z ds cjkcj gksrh gS tcfd çkjEHk esa muds chp dh nwjh vuUr FkhA m nzO;eku dh ,d oLrq ,d vU; 

nwljh M nzO;eku dh oLrq ls r nwjh ij j[kh gS rks mu nksuksa oLrqvksa ds chp xq:Rokd"kZ.k cy 
2r

GMm
F   

 oLrqvksa ds chp xq:Rokd"kZ.k cy 
2r

GMm
F   

 vc ekuk m nzO;eku dh oLrq dks fcUnq C ls fcUnq B rd 'dr' nwjh }kjk M nzO;eku dh oLrq dh rjQ foLFkkfir djus 

es vkUrfjd laj{kh cyksa  (xq:Rokd"kZ.k) ds }kjk fd;k x;k dk;Z   

 

 dW = F dr =  
2

GMm

r
dr    dW 

r

2

GMm

r
 dr   

   xq:Rokd"kZ.k fLFkfrt ÅtkZ   
GMm

U
r

   
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 xq:Rokd"kZ.k fLFkfrt ÅtkZ esa o`f)             

 tc ,d m nzO;eku dh oLrq dks i`Foh lrg ls h (r2 = Re + h) Åpk¡bZ rd /khjs /khjs ys tk;k tkrk gS rks 

nzO;eku&i`Foh fudk; dh fLFkfrt ÅtkZ esa ifjorZu (i.e., r1 = Re) = bl izØe ds fy, vko';d dk;Z = Uf – Ui = 

m(vf – vi) 

  Wext = U = (m) e e

e e

GM GM
– –

R h R

    
    

     

 

  Wext =  U = GMem
e e

1 1

R R h

 
 

 
 

              = e

e

GM m

R

1

e

h
1 1

R

  
   
   

 

  D;ksfd  h << Re ,vr% f}in izes; ds foLrkj ls  

  Wcká =  U = e

e

GM m

R
e

h
1 1

R

  
    
  

= (m) e

2

e

GM

R

 
 
 

 h   

   Wcká  =  U = mgh  

  ;g lw=k dsoy h << Re ds fy;s ekU; gS 

 

izkjfEHkd 

vfUre 

 

 

{Solved Example} 

Example 1.  m nzO;eku dh dbZ oLrq i`Foh dh lrg ij j[kh gSA bl oLrq dks fuEu m¡pkbZ rd igq¡pkus esa vko';d dk;Z 

Kkr djks tc h gS & 

(i) h = eR

1000
    

(ii) h = Re   

Solution :   

(i) h = eR

1000
, pawfd h << Re, blfy,  

    mi;ksx dj ldrs gSA  

    Wext = U = mgh  

    Wext = (m) e

2

e

GM

R

 
 
 

eR

1000

 
 
 

= e

e

GM m

1000R
  

(ii) bl fLFkfr esa h,  Re ls NksVk ugh gSA vr% ge U = mgh dk mi;ksx ugha dj ldrs gSA 

    Wext = U = Uf – Ui= m(Vf – Vi)  

    Wext = m e e

e e e

GM GM
–

R R R

    
     

     

  

    Wext = e

e

GM m
–

2R
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Example 2.  fdlh oLrq ds fy, og osx Kkr djks ftlds }kjk mldks i`Foh lrg ls Åij dh vksj Qsadus ij ;g 10R 

Å¡pkbZ rd igq¡p tk,A ;gka R i`Foh dh f=kT;k 6.4 × 106 m gSA (iF̀oh dk nzO;eku = 6 × 1024 kg, 

xq:Rokd"kZ.k fu;rkad G = 6.7 × 10–11 N-m2/kg2) 

Solution :   i`Foh lrg ij m nzO;eku dh oLrq dh xq:Roh; fLFkfrt ÅtkZ U (R) = – 
GMm

R
 

   ;gk¡ M i`Foh dk nzO;eku (tks fd blds dsUnz ij dsfUnzr gSA) vkSj R i`Foh dh f=kT;k gSA bl oLrq dh i`Foh 

lrg ls 10R Åpk¡bZ vFkkZr~ i`Foh ds dsUnz ls 11R nwjh ij oLrq dh fLFkfrt ÅtkZ  

     U (11 R) = 
R11

GMm
  

    fLFkfrt ÅtkZ esa ifjorZu U (11 R) – U(R) = – 
GMm

11R
 –

GMm

R

 
 
 

  = 
10 GMm

11 R
 

   ;g ifjorZu oLrq dh çkjfEHkd xfrt ÅtkZ ds dkj.k mRiUu gksrk gSA ekuk oLrq dks Åij dh rjQ v pky 

ls Qsadk tkrk gSA rks bldh çkjfEHkd xfrt ÅtkZ 
2

1
mv2 gksxhA rks 

2

1
mv2 = 

10 GMm

11 R
     

   vFkok   v =
R

GM

11

20
 

 

   fn;s x;s eku j[kus ij : v =
11 2 2 24

6

20 (6.7 10 nt m /kg ) (6 10 kg)

11 (6.4 10 m)

     
 

 
= 1.07 × 104 m/s. 

 

Example 3.  nks d.kksa ds nzO;eku Øe'k% m1 vkSj m2 gS] çkjEHk esa nksauks ijLij vuUr nwjh ij fLFkr gSA xq:Rokd"kZ.k 

vU;ksU; fØ;k ds dkj.k ,d nwljs dh rjQ xfr djrs gSa rks fl) djks fd fdlh {k.k ij muds ikl vkus 

dk lkis{k osx 1 22G(m m )/R  gSA ;gk¡ R fdlh {k.k ij nksuksa ds chp dh nwjh gSA 

Solution :   
Method 1.  

   r nwjh ij m1, m2 nzO;eku ds chp xq:Rokd"kZ.k cy F1 = 1 2

2

Gm m

r
 

   blh dkj.k m1 nzO;eku dk Roj.k  a1 = 1 2

2

1

F Gm

m r
  

   blh çdkj  m2 nzO;eku dk Roj.k  a2 =  – 1

2

Gm

r
 

   a2 ds vkxs _.kkRed fpUg crkrk gS fd a2 dh fn'kk a1 ls foijhr gSA nksuksa ds chp lkis{k Roj.k  

  a = a1 – a2 = 1 2

2

G(m m )

r


   ....(1) 

   ;fn v  lkis{k osx gks rks  a = 
dv

dt
  = 

dv dr

dr dt
. 

   – 
dr

dt
 = v (_.kkRed fpUg crkrk gS fd t ds c<+us ij r nwjh ?kVrh gSA ) 

    a = – 
dv

dr
v.    ....(2) 

   lehdj.k (1) o (2) ls   v dv = – 1 2

2

G(m m )

r


dr 

   lekdyu djus ij   
2v

2
 = 1 2G(m m )

r


 + C 
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   r =  ij , v = 0 (fn;k gS),   

   vr% C = 0.     v2 = 1 22G(m m )

r


 

   ekuk v = vR tcfd r = R  rc  vR = 1 22G(m m )

R

 
 
 

 

Method 2.  

   (laosx rFkk ÅtkZ laj{k.k fl)kUr ls) : 

   pwafd d.k muds vU;ksU; vkd"kZ.k cy ds dkj.k xfr djrs gSa vr% Fexternal = 0 gS, NksM+rs le; rFkk muds 

e/; nwjh R gksus dh fLFkfr;ksa ds e/; laosx laj{k.k }kjk 

   m1v1 – m2v2 = 0  v2 = 
2

11

m

vm
  …(i) 

   dqy ÅtkZ laj{k.k }kjk: 
R

mGm
vm

2

1
vm

2

1
0 212

22
2
11   

   lehdj.k (i) }kjk : 
R

mGm

m

m
1vm

2

1 21

2

12
11 










  

   v1 = 
R)mm(

G2
m

21
2


 

   blh izdkj, v2 = 
R)mm(

G2
m

21
1


 

   vr% lkis{k osx vR = v1 + v2 = 1 22G(m m )

R

 
 
 

 

 
 

———————————————————————————————————  

8. xq:Roh; Lo&ÅtkZ 

 fdlh Hkh oLrq dh xq:Roh; Lo&ÅtkZ] vuUr ij fLFkr d.kksa dks fdlh ckº; cy }kjk oLrq (d.kksa dk fudk;) dks 

cukus esa fd;s x;s dk;Z ds cjkcj gksrh gSA  

 n d.kksa ds fudk; ds fy, xq:Roh; Lo&ÅtkZ 

 'r' vkSlr nwjh ij fLFkr n d.kksa dh fLFkfrt ÅtkZ d.kksa ds vU;ksU; xq:Roh; vkd"kZ.k ds dkj.k lHkh d.k ;qXeksa dh 

fLFkfrt ÅtkZvksa ds ;ksx ds cjkcj gksxhA vFkkZr~ Us = – G 
 ij

ij

ji

r

mm

fy,dsqXek sa;lHkh

, ;gk¡ rij Øe'k% ith rFkk jth d.kksa ds e/; 

nwjh gSA 

 O;atd dks bl çdkj Hkh fy[k ldrs gS Us = – 
i n j n

i j

i 1 j 1 ij
j i

mm1
G

2 r

 

 


  (
2

1
 Hkkx mRiUu gksus dk dkj.k gS fd lHkh inksa dks 

nqxquk ekuk x;k gSA) 

 ;fn 'n' d.kksa ds fudk; dh dYiuk djsa ftlesa çR;sd d.k dk nzO;eku 'm' vkSj ,d&nwljs ds chp vkSlr nwjh 'r' gks 

rks Lo&ÅtkZ 

 vFkok  Us = – 
n

i 1

1
G

2 


2n

j 1 ij
j i

m

r


 
 
 

  vr% nk¡;s rjQ 'i', 'n' xquk vkSj 'j', (n – 1) xquk gks tk,xkA 

  Us = –
1

2
Gn (n – 1) 

2m

r
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 le:i xksys (rkjs) dh xq:Roh; Lo&ÅtkZ  

 Uxksyk = – G

 3 24
r 4 r dr

3

r

 
    

 
  

 ;gk¡  = 
3

M

4
R

3

 
 

 

= – 
1

3
G (4)2 r4 dr, 

 Urkjk = – 
1

3
G (4)2

R

4

0

r dr  = –
1

3
G (4)2

R
5

0

r

5

 
 
 

   = – 
3

5
G

2

34
R

3

 
 

 

1

R
 . 

   Urkjk  = –
3

5

2GM

R
     

 

 

 

9. xq:Roh; Roj.k :  
 ;g ,d Roj.k gS tksfd i`Foh lrg ds fudV eqDr :i ls fxjrh oLrq }kjk i`Foh ds xq:Rokd"kZ.k ds dkj.k çkIr fd;k 

tkrk gSA og xq.k ftlds }kjk okLro esa ,d oLrq nwljh ij xq:Roh; f[kapko vkjksfir djrh gS ;k eglwl djkrh gS 

rFkk ftlds dkj.k oLrq viuh voLFkk ifjorZu ;k le:i xfr esa ifjorZu dk fojks/k djrh gS] bldk tM+Roh; 

nzO;eku m dgykrk gSA bl çdkj ;fn xq:Roh; {ks=k dh rhozrk i`Foh ds fdlh fcUnq P ij E gks rFkk bl fcUnq ij 

xq:Roh; Roj.k g  gks rks m g  = mGE    

 pwafd xq:Roh; o tM+Roh; nzO;eku lHkh oLrqvksa ds ekiu esa vR;f/kd 

;FkkZdrk ds dkj.k yxHkx leku gksrs gSA  

 vFkkZr~  g  = E   

 i`Foh lrg ij xq:Roh; {ks=k dh rhozrk dk xf.krh; eku xq:Roh; Roj.k 

ds cjkcj gksrk gSA vr% 

 

i`Foh 

 

   e

2

e

GM
g

R
     

 ;gk¡, Me = i`Foh dk nzO;eku 

  Re = i`Foh dh f=kT;k 

 uksV : ;gk¡ i`Foh dk nzO;eku forj.k xksyh; lefer :i ls xksys ds vUnj ekuk x;k gSA blfy, lEiw.kZ nzO;eku dks 

g dh x.kuk ds fy, blds dsUnz ij dsfUnzr ekurs gSA blh izdkj i`Foh ds lEiw.kZ vk;ru ds vUnj vkSlr lefer 

?kuRo ekuk tk ldrk gSA 
 

10. xq:Ro ds dkj.k Roj.k esa ifjorZu 

10.1. Å¡pkbZ dk çHkko % 

 i`Foh lrg ij xq:Ro ds dkj.k Roj.k g = e

2

e

GM

R
  

 ;fn oLrq dks iF̀oh lrg ls 'h' ij fLFkr ekus rks 'h' Å¡pkbZ ij xq:Ro ds dkj.k Roj.k 

fuEu lw=k ls fn;k tkrk gSA 

 gh =
 

e

2

e

GM

R h
= g 

2

e

h
1

R



 
 

 
~  g

e

2h
1

R

 
 

 
  

 tc  h << R.        

 

 

 'h' Åpk¡bZ ij 'g'  ds eku es deh = g – gh = 
e

2gh

R
 rks 'g' ds eku esa çfr'kr deh 

  'g' = h

e

g g 2h
100 100%

g R


    
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10.2. xgjkbZ dk çHkko % 

 i`Foh lrg ij xq:Rokd"kZ.k f[kapko cy oLrq ds Hkkj ds cjkcj gksrk gSA vFkkZr~  mg = e

2

e

GM m

R
  

 

   mg =

3

e

2

e

4
G R m

3

R

  

   vFkok    g =
4

3
 G Re   .....(1)     

 tc oLrq d xgjkbZ ij fLFkr gks rks dsoy (Re – d)  f=kT;k ds xksys dk nzO;eku gh xq:Rokd"kZ.k f[kapko ds fy, çHkkoh 

gksxk vkSj ckº; dks'k] nzO;eku ij dksbZ ifj.kkeh çHkko ugha MkysxkA ;fn Bksl xksys dh lrg ij xq:Roh; Roj.k  gd  

gks rks 

 gd =
4

3
G(Re – d)          .....(2) 

 lehdj.k (2) ds lehdj.k (1) ls Hkkx nsus ij  

 gd = g
e

d
1

R

 
 

 
    

 eq[; fcUnq % 

(i) ìFoh ds dsUnz ij, d = Re  vr%  gdsUnz = g e

e

R
1

R

 
 

 
= 0 vFkkZr~ oLrq dk Hkkj (mg) ìFoh ds dsUnz ij 'kwU; gksrk gSA          

 

i`Foh 

 

(ii) xgjkbZ ij 'g' ds eku esa çfr'kr deh = dg g
100

g

 
 

 
% = 

e

d
100

R
 % 
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———————————————————————————————————  

10.3. i`Foh ds vkdkj dk çHkko % 

 i`Foh dh Hkwe/;h; f=kT;k] /kzqoh; f=kT;k ls 21 km T;knk gSA vFkkZr~ oLrq dks Hkwe/; js[kk ls /kzqoksa dh rjQ ys tkus ij 

oLrq dk Hkkj c<+rk gSA  

 ge tkurs gS fd g = e

2

e

GM

R
 vr%  g/kzqo > gHkwe/; vFkkZr~ oLrq dks Hkwe/; js[kk ls /kqzoksa dh rjQ ysa tkus ij oLrq dk dk 

Hkkj c<+rk gSA 

 

10.4. i`Foh ds ?kw.kZu dk çHkko % 

 i`Foh viuh v{k ij  dks.kh; osx ls ?kwerh gSA ekuk  m nzO;eku dk d.k ns'kkUrj ij fLFkr gSA d.k dk dks.kh; 

osx Hkh  gksxkA 

 
 lfn'k ;ksx ds lekUrj prqHkZt fu;e ls m nzO;eku ij ifj.kkeh cy dh fn'kk PQ ds vuqfn'k gksrh gSA 

  F = [(mg)2 + (m2 Re cos)2 + {2mg × m2 Re cos} cos (180 – )]1/2 

     = [(mg)2 + (m2 Re cos)2 – (2m2 g2 Re cos) cos]1/2 

     = mg 

1/ 2
2

2 2
2 2e eR R

1 cos 2 cos
g g

   
     
   

 

  = 7.3 × 10–5 rad/s gS, vr% 4 ds in dks ux.; ekuk tk ldrk gSA f}in izlkj ds i'pkr~ mPp inksa dks NksM+us 

ds ckn  

 F    
2

1
22

e

g

cosR2
1mg











 
  = 











 


g

cosR
1mg

22
e  

 g' = 
m

F
 = g – 2Recos2  

 /kzqoksa ij  = 90°   g/kzqoks = g, Hkwe/; js[kk ij   = 0°  gHkwe/; = g
2

eR
1

g

 
 

 
  vr% g/kzqoksa > gHkwe/; 

 ;fn oLrq dks /kzqokss ls Hkwe/; js[kk ij ysdj tk;s rks g = g 
2

eR
1

g

 
 

 
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 vr% Hkkj esa çfr'kr ifjorZu =

2

e

2 2

e e

R
mg mg 1

g mR R
100 100 100

mg mg g

 
  

  
       

11. iyk;u osx 

 fdlh Hkh oLrq dks xzg ds xq:Roh; {ks=k ls ckgj Hkstus ds fy;s vko';d U;wure osx iyk;u osx dgykrk gSA  

(r rd Hkstus ds fy;sA) 
 

11.1. i`Foh dh lrg ij iyk;u osx       

 i`Foh dh lrg ij m0 nzO;eku dk d.k ekurs gSA i`Foh dh lrg ls bls   

 Ve osx ls Qsdk tkrk gS ftlls ;g r  rd igq¡p tk;s (r , ij bldk osx 'kwU; gks tkrk gSA  

 izkjfEHkd vkSj vfUre fLFkrh;ks ds e/; ÅtkZ laj{k.k fu;e yxkus ij (r fLFkfr rd igq¡pus ij)   

 
 Ki + Ui = Kf + Uf   

 2
e0vm

2

1
 + m0

eGM

R

 
 
 

= 0 + m0
eGM

(r )

 
 

  
  ve = 

R

GM2 e  

 i`Foh dh lrg ls iyk;u osx e
e

2GM
v

R
  

 G, Me, vkSj R dk eku j[kus ij  Ve = 11.2 km/s. 
 

11.2. iyk;u osx fuEu ckrks ij fuHkZj djrk gS  

(i) xzg ds nzO;eku vkSj vkdkj (R) ij  

(ii) tgkW ls d.k dks iz{ksfir fd;k tkrk gS ml fLFkfr ij  
 

11.3. iyk;u osx fuEu ckrks ij fuHkZj ugh djrk  

(i) ftl oLrq dks iz{ksfir fd;k tk jgk gS mlds nzO;eku (m0)  ij  

(ii) iz{ksi.k dks.k ij 

 ;fn oLrq dks i`Foh dh lrg ls iyk;u osx ls NksMk tkrk gS] rks ;g i`Foh ds xq:Rodk"kZ.k {ks=k ls ckgj pyh tkrh gS 

vkSj dHkh Hkh i`Foh dh lrg ij okil ugh vkrh gS ysfdu ;g lw;Z ds pkjks vksj ?kw.kZu djrh jgrh gSA 

{Solved Example} 

Example 1.  i`Foh ds vUnj O;kl ds vuqfn'k ,d iryh xqgk cuk;h x;h gS] vkSj m0 nzO;eku dk dksbZ d.k dsUnz ls R/2 

nwjh ij j[kk gSA ml LFkku ls d.k dk iyk;u osx Kkr djksA 
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Solution :  ekuk ge d.k dks v  osx ls izs{ksfir djrs gS] ftlls ;g (r ).ij igq¡p tk;sA 

   ÅtkZ laj{k.k fu;e dk mi;ksx djus ij  

 
   Ki + Ui = Kf + Uf  

   
1

2
m0v2 + m0 






































2
2

3

e

2

R
R3

R2

GM
 = 0 + 0    

   v = e11GM

4R
 = Ve ml fLFkfr ij  

 

Example 2.  ,sls xzg dh f=kT;k Kkr djks ftl ij dwnus ij O;fDr iyk;u dj tk,A i`Foh ij bl O;fDr dh dwnus dh 

{kerk 1.5 m gSA xzg dk ?kuRo i`Foh ds leku gSA  

Solution :  xzg ds fy, :  
1

2
mv2  – P

p

GM m

R
  = 0  

      
1

2
mv 2  = P

p

GM m

R
  

   i`Foh ij  
1

2
mv 2 = m E

2

E

GM

R

 
 
 

h  

     P

p

GM m

R
 = E

2

E

GM .m

R
 . h     

p

p

M

R
 = E

2

E

M h

R
  

     ?kuRo () leku gSA vr% 
p

3
p

R

R)3/4( 
= 

2
E

3
E

R

hR)3/4( 
   

    RP = ER h  

 

Example 3.  nks rkjksa ds chp dh nwjh 10 a gSA buds nzO;eku Øe'k% M vkSj 16 M gS vkSj f=kT;k;sa Øe'k a vkSj 2a gSA 

cM+s rkjs ls ,d oLrq dks lh/ks NksVs rkjs dh vksj Qsadk tkrk gS rks tc ;g oLrq NksVs rkjs ij igq¡psxh rks 

bldh U;wure pky D;k gksxh \  

Solution :  ekuk nksuksa ds dsUnzksa dks feykus okyh js[kk ds fcUnq P ij dqy 

{ks=k 'kwU; gS rks 

   rks  
22 )ra10(

)M16(G

r

GM


 = 0   

    (10a – r)2 = 16 r2 10a – r = 4r  r = 2a 
 

   ekuk cM+s rkjs ls bl d.k dks ç{ksfir djus ij bruh vko';d ÅtkZ ns nh tk;s gS fd ;g bl fcUnq dks ikj 

dj tk;s gS rks ;g NksVs rkjs ij igq¡p tk,xkA blds fy, oLrq dks nh xbZ xfrt ÅtkZ mldh ;kaf=kd ÅtkZ 

esa dqy o`f) ds cjkcj gksxh] tks fd P fcUnq ij fLFkfrt ÅtkZ ds cjkcj gSA vr% fcUnq P ij xq:Roh; foHko 

    Vp = 
)ra10(

)M16(G

r

GM


 =

GM 2GM 5GM

2a a 2a

 
  . 
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   vc ;fn cM+s xzg ls QSads x;s d.k ds ikl bl fcUnq P dks ikj djus ds fy, i;kZIr ÅtkZ gS rks ;g NksVs 

xzg ij igq¡p tk,xkA blds fy,] oLrq dks nh xbZ xfrt ÅtkZ bldh dqy ;kaf=kd ÅtkZ dk eku P fcUnq ij 

fLFkfrt ÅtkZ ds eku rd c<+kus ds fy, i;kZIr gksuk pkfg,A  

   vFkkZr~ 
a8

GMm

a2

m)M16(G
mv

2

1 2   = mVp  

   ;k 
a2

GM5

a8

GM

a

GM8

2

v2

  

   ;k v2 = 
45GM

4a
  ;k vfuEure = 

3 5GM

2 a
 

———————————————————————————————————   

12. xzgks dh xfr ds fy;s dsiyj fu;e 

 ekuk ,d xzg] lw;Z ds pkjks rjQ pDdj pxkrk gS ;k dksbZ mixzg i`Foh ds pkjks vksj pDdj yxkrk gS] rc xzgks dh 

xfr dks dsiyj fu;eks ls le>k tk ldrk gSA 

 ge lw;Z rFkk xzgksa dks fcUnqor~ æO;eku eku ldrs gSa D;ksafd buds e/; nwjh cgqr vf/kd gSA lkSj e.My esa lw;Z dk 

æO;eku vU; oLrqvksa dh rqyuk esa vR;f/kd gSA bldh xfr vU; xzgksa ds xq:Ro ds dkj.k vizHkkfor jgrh gSA  

12.1. d{kk dk fu;e 

 izR;sd xzg lw;Z ds pkjks rjQ lw;Z nh?kZo`Ùkkdkj d{kk esa pDdj yxkrk gS vkSj lw;Z nh?kZo`r dh d{kk ds ,d Qksdl ij 

fLFkr gksrk gSA ¼;|fi o`fÙk; iFk ¼d{kk½ nh?kZo`Ùkkdkj d{kk dk mileqPp; gksrk gSSA½  

 
 

r 

lw;Z 

v 


xzg 

 

12.2. d{kh; osx dk fu;e  

 bl fu;e dks le>us ds fy;s igys xzgks ds fy;s dks.kh; laosx laj{k.k fu;e le>sxs A 

 ;fn dksbZ xzg nh?kZo`Ùkh; d{kk esa xfr dj jgk gS rks] bl ij yxus okyk xq:Roh; cy ges'kk lw;Z ds dsUnz ls ikfjr 

gksxkA vr% bl xq:Roh; cy ij] lw;Z ds dsUnz ds lkis{k] cyk?kw.kZ 'kwU; gksxkA vr% ge dg ldrs gS fd xzg dk lw;Z 

ds dsUnz ds lkis{k dks.kh; laosx lajf{kr ¼fu;r½ jgsxkA  

 lw;Z ds lkis{k  = 0  

  
dL

dt
= 0    Lxzg] lw;Z = fu;rkad   

  mvr sin = fu;rkad  

 vc ge] dsiyj ds d{kh; osx dk fu;e ljyrk ls le> ldrs gSA  

 ;fn dksbZ xzg lw;Z ds pkjksa rjQ ?kwe jgk gS rks f=kT;h; lfn'k Hkh ?kwesxk vkSj ;g fp=kkuqlkj {ks=kQy dks ?ksjrk 

tk;sxk ;k r; djsxkA vc ge f=kT;h; lfn'k r  }kjk r; {ks=kQy dh nj fudkyrs gSA 
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f=kT;h; lfn'k  

}kjk dkVk x;k {ks=kQy  

lw;Z 

 

 ekuk dksbZ xzg lw;Z ds pkjks rjQ ?kw.kZu dj jgk gS] vkSj fdlh 

le; bldk osx v gSA f=kT;k lfn'k ( r ) vkSj osx ( v ) ds e/; 

dks.k  gSA dt le; es ;g vdt nwjh r; djrk gSA bl dt le; 

esa f=kT;h; lfn'k }kjk r; {ks=kQy OAB gS ftls f=kHkqt eku 

ldrs gSA  

 dA = 1/2 (vk/kkj) (yEccr~ Å¡pkbZ)     

 dA = 1/2 (r) (vdtsin)  

 vr% r; {ks=kQy dh nj 
dA

dt
= 

1

2
vr sin   

 

lw;Z 

 

 ge dg ldrs gS] 
dA

dt
 = 

1 mvr sin

2 m


   

 tgka mvr sin = lw;Z dk pkjks rjQ dks.kh; laosx gS] tks fd lajf{kr (fu;r) jgrk gSA   

   
dA

dt
= 

/
L

2m

xzg lw;Z
 = fu;r 

 vr% f=kT;h; lfn'k }kjk r; {ks=kQy dh nj fu;r jgrh gSA 

 

{Solved Example} 

Example 1.  ekuk dksbZ xzg lw;Z ds pkjks rjQ fn;s x;s nh?kZo`Ùkh; iFk esa ?kw.kZu dj jgk gS] rFkk 
2 2

2 2

x y

a b
  = 1 ?kw.kZu dk 

vkorZdky Kkr djks ;fn lw;Z ds pkjks rjQ xzg dk dks.kh; laosx L gSA   

 

lw;Z 

 

Solution :  r; {ks=kQy dh nj 
dA L

dt 2m
 = fu;rkad   

     dA = 
L

dt
2m

  

    
A ab

A 0

dA




 =
t T

t 0

L
dt

2m





      ab = 
L

2m
T   

     T = 
2 mab

L


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———————————————————————————————————  
12.3. vkorZdky dk fu;e % 

 ekuk fd ,d xzg lw;Z ds pkjks rjQ o`Ùkh; d{k esa ?kw.kZu dj jgk gS] 

rks  

 
2

s

2

GM mmv

r r
   v = sGM

r
  

 ?kw.kZu dk vkorZdky  T = 
2 r

v


 = 2r 

s

r

GM
     

  T2 = 
2

s

4

GM

 
 
 

r3     T2  r3   

 lw;Z ds lkjs xzgksa ds fy,, T2  r3 

 

 

lw;Z 

r 

Ms 

m 

xzg 

 

   *  ;fn xzg nh?kZoÙkhZ; d{kk esa pDdj dkV jgk gS rc T2  a3  tgkW a =  nh?kZo`r dh v/kZnh?kZ v{k gS 
 

{Solved Example} 

Example 1.  i`Foh vkSj cg̀Lifr] lw;Z ds nks xzg gSA i`Foh dh vkSlr d{kh; f=kT;k 1.5 × 108 km vkSj cg̀Lifr dh  

6 × 108 km gSA i`Foh dk ?kw.kZu vkoZr&dky T = 365 fnu gS] c`gLifr dk ?kw.kZu vkoZr dky Kkr djks A  

 

Solution :   nksuks xzgks ds fy;s  :  T2  r3   

   

2

T

T

 
 
 
 

c`gLifr

i`Foh

=

3

T

T

 
 
 
 

c`gLifr

i`Foh



2
T

365

 
 
 
 

c`gLifr

fnu
=

3
8

8

6 10

1.5 10

 
 

 
     

   Tc`gLifr = 8 × 365 fnu   

   vkorZdky T vkSj f=kT;k r ds e/; xzkQ         

   log T vkSj  log r  ds e/; xzkQ 

 

T

r

T  r
3/2

 
 

    
2

2 3

s

4
T r

GM

 
  
 

 2log T = log
2

s

4

GM

 
 
 

+ 3log r log T = 
2

s

1 4 3
log logr

2 GM 2

 
 

 
   

 

log T 

log r 

 
 

 

 

 
 

 

  
 

s 

2 

G M 

4 
l o g 

2 

1 
C 

2 

3 
s l o p e  
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———————————————————————————————————   

13. xzg ds pkjks rjQ mixzg dh o`rh; xfr 

 ekuk m0 nzO;eku dk dksbZ mixzg ¼mnkgj.k tSls pUæek ,d 

izkd`frd mixzg gS½] xzg ¼i`Foh½ ls r  nwjh ij gSA ;fn mixzg ?kw.kZu 

ugh djs rks ;g xq:Rokd"kZ.k ds dkj.k ;g xzg dh lrg ij fxj 

tk;sxkA  

 VDdj ls cpus ds fy;s mixzg] xzg ds pkjksa rjQ ?kw.kZu djsxkA 

mixzg dh o`Ùkh; xfr ds fy;s  

  
2

e 0 0

2

GM m m v

rr
     ........... (1) 

  v = eGM

r
 bl osx dks d{kh; osx (v0) dgrs gS 

  v0 = eGM

r
 

 

r2 

xzg 

 

 

13.1. o`rh; d{k esa ?kwe jgs mixzg dh dqy ÅtkZ : 

(i) KE = 
1

2
m0v2 vkSj lehdj.k (1) ls  

   
2

0m v

r
 = e 0

2

GM m

r
 

     m0v2  = e 0GM m

r
   KE = 2 e 0

0

GM m1
m v

2 2r
   

(ii) fLFkrht ÅtkZ  U = – e 0GM m

r
  

  dqy ÅtkZ  = KE + PE = e 0GM m

2r

 
 
 

+ e 0GM m

r

 
 
 

 ;   TE = – e 0GM m

2r
 

  dqy ÅtkZ _.kkRed gS blls  iznf'kZr gksrk gS fd mixzg vHkh Hkh xzg ds cU/ku esa gSA 

 

14. Hkw fLFkj mixzg       

 ekuk fdlh mixzg dks] fdlh d{kk tks fd Hkwe/; js[kk ds ry esa gS] esa fLFkr fd;k tkrk gS ftldk dks.kh; osx  

i`Foh  ds cjkcj gS vkSj vkoZr dky  Ti`Foh = 24  ?k.Vs] ds cjkcj gS rFkk bldh fn'kk Hkh i`Foh dh fn'kk ds leku gSA  
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 rc i`Foh ls ns[kus ij] ;s fLFkj fn[kkbZ nsrk gSA bl rjg ds mixzg Hkw&fLFkj mixzg dgykrs gSA fdlh Hkw&fLFkj 

mixzg ds fy;s &  

  mixzg =  i`Foh          Tmixzg  =  Ti`Foh = 24 ?k.Vs   

 vr% Hkw&fLFkj mixzg dk vkorZdky 24 ?k.Vs gksuk pkfg,A  

 bls T = 24 ?k.Vs izkIr djus ds fy, Hkw&fLFkj mixzg dh d{kh; f=kT;k gksxh 

  T2 = 
2

e

4

GM

 
 
 

r3    

 eku j[kus ij ge Hkw&fLFkj mixzg dh f=kT;k r = 6.6 Re izkIr djsxsaA (tgk¡ Re = i`Foh dh f=kT;k)  

 vkSj lrg ls Å¡pkbZ h = 5.6 Re  36000 km gSA 

{Solved Example} 
Example 1.  ,d mixzg dks i`Foh lrg ls 1600 fdeh0 Åpk¡bZ dh o`Ùkkdkj d{kk esa LFkkfir fd;k tkrk gSA ;fn i`Foh 

dh f=kT;k R = 6400 fdeh0 vkSj i`Foh dh lrg ij xq:Roh; Roj.k 9.8 m/sec2 gks rks vkorZdky Kkr 

djksA i`Foh lrg ls bldks fdruh nwjh ij LFkkfir fd;k tk, fd ;g Hkwe/; js[kk ij fLFkr fcUnq ds lkis{k 

fLFkj çrhr gks ? 

Solution :  i`Foh lrg ls h Åpk¡bZ ij xfr'khy mixzg dk vkorZdky T =  
3/2

2

2 r

gR


tgk¡ r = R + h 

   rc T = 
2 (R h) R h

R g

   
 
 

;gk¡ R = 6400 km, h = 1600 km = R/4.  

   rc   T = 
 R R

4 4
2 R R

R g

   
 
 
 

= 2(5/4)3/2
R

g
 

   fn, x, eku j[kus ij :  T = 2 × 3.14 × 
6

2

6.4 10 m

9.8 m/ s

 
 
 

 (1.25)3/2   

       = 7096 sec = 1.97 ?k.Vs 

   vc ;fn mixzg dks vius lkis{k fLFkj ekusa rks mixzg dk vkorZdky Hkh i`Foh ds vius v{k ij ?kw.kZudky ds 

cjkcj gksuk pkfg, vFkkZr~ vkorZdky 24 ?k.Vs gksuk pkfg,A ekuk i`Foh lrg ls h Åpk¡bZ bl çdkj gS fd 

;g i`Foh dh f=kT;k ds :i esa nR ds cjkcj gS rks  

   T = 
2 (R nR) R nR

R g

   
 
 

 = 
R

2
g

 
  

 
(1 + n)3./2  

   = 2 × 3.14
6

2

6.4 10 meter / sec

9.8meter / sec

 
 
 

(1 + n)3/2   

   = (5075 lSd.M) (1 + n)3/2 = (1.41?k.Vk) (1 + n)3/2  

   T = 24 ?k.Vs ds fy,   

   (24 ?k.Vk) = (1.41 ?k.Vk) (1 + n)3/2     ;k (1 + n)3/2 = 
24

1.41
 = 17   

   ;k 1 + n = (17)2/3 = 6.62   ;k n = 5.62  

   vFkkZr~ i`Foh lrg ls Åij HkwfLFkj mixzg dh Å¡pkbZ nR = 5.62 × 6400 km  = 3.595 × 104 km. 
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15. mixzg dk fofHkUu iz{ksi.k pkyksa ¼osxksa½ ds laxr iFk  

 

 ekuk dksbZ mixzg i`Foh ds dsUnz ls r  nwjh ij gS ;fn ge mixzg dks fofHkUu osx nsrs gS bldk iFk Hkh vyx gksxkA 

(i) ;fn v < v0
eGM

or v
r

 
 

 
 

rc mixzg nh?kZòrh; iFk ij xfr djsxk vkSj ìFoh dh lrg ls Vdjk;sxkA ysfdu 

;fn ìFoh dk vkdkj NksVk gS rks mixzg nh?kZòÙkh; d{k dks iwjk djsxk vkSj ìFoh dk dsUnz bldk nwjLFk Qksdl gksxkA 

mixzg dh dqy ÅtkZ < 0 

(ii) ;fn v = v0 eGM
or v

r

 
 

 
 

, rc mixzg o`Ùkh; d{k esa ?kw.kZu djsxkA mixzg dh dqy ÅtkZ < 0 

(iii) ;fn ve > v > v0
e e2GM GM

or v
r r

 
  

 
 

,rc mixzg nh?kZo`Ùkh; d{k esa ?kw.kZu djsxk vkSj iF̀oh dk dsUnz 

bldk lehiLFk Qksdl gksxkA mixzg dh dqy ÅtkZ < 0 

(iv) ;fn v =  ve
e2GM

or v
r

 
 

 
 

, rc mixzg ijoyh; iFk ij xfr djrk gqvk vuUr rd iyk;u djsxkA 

mixzg dh dqy ÅtkZ = 0 

(v) ;fn v > ve
e2GM

or v
r

 
 

 
 

, gks rks mixzg vfrijoyh; iFk ij xfr djrk gqvk vuUr rd iyk;u djsxkA 

mixzg dh dqy ÅtkZ > 0 
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SOLVED MISCELLANEOUS PROBLEMS  
Problem 1.  fcUnq nzO;eku m ds dkj.k NM+ ftldk nzzO;eku M ¼,d leku forfjr½ ,oa yEckbZ  ij fp=k esa fn[kkbZ xbZ 

fLFkfr esa cy Kkr djks \  

 
Solution :    cy dh fn'kk izR;sd vYika'k ds fy, cnyrh jgrh gSa] 

blfy, ge lHkh cykas dk lekdyu djrs gSA  

   ifj.kkeh m/okZ/kj cy = 0.   

   dF = vYika'k ij cy = 
2 2

G.dM.m

(x a )
  

   dFh = dF cos  = vYika'k ij {kSfrt fn'kk ij cy 

    
2 2

G.dM.m

(x a )
= cos   

 

 

 

 

2 2x a  

 

     Fh =
2 2

G.M.mcos dx

(x a )



 = 
G.M.m

/ 2

2 2

/ 2

cos dx

(x a )


 

 = 
/ 2

2 2

/ 2

GMm cos dx

a sec


 

   

   tgk¡ x = a tan  rc dx = a sec2  . d =
/ 2

/ 2

GMm
sin

a 
  

x
tan

a
  ,  

   rc 
2 2

x
sin

x a
 


= 

GMm

a

/ 2

2 2

/ 2

x

x a 

 
 
  

=
2

2

GMm

a a
4


= 
2

2

GMm

a a
4


 

 

Problem 2.  ,d f}rkjk fudk; esa nks rkjs (,d dk nzO;eku m o nwljs dk nzO;eku 2m gS) ,d nwljs ls d nwjh ij gaS 

rFkk la;qDr nzO;eku dsUnz ds ifjr% ?kw.kZu dj jgs gSa] rks ?kw.kZu dky ds fy, O;atd Kkr djks rFkk fl) 

djks fd muds nzO;eku dsUnz ds lkis{k dks.kh; laosxksa dk vuqikr mudh xfrt ÅtkZvksa ds vuqikr ds leku 

gksxkA 

Solution :  nzO;eku dsUnz C dh nwjh nzO;ekuksa 2m o m ls Øe'k% d/3 o 2d/3 gSA nksuksa C ds pkjksa rjQ mudh d{kkvksa 

esa leku dks.kh; pky  ls ?kw.kZu djrs gSaA çR;sd ij nwljs rkjs ds dkj.k vkjksfir xq:Rokd"kZ.k cy  

vko';d vfHkdsfUnz; Roj.k çnku djrk gSA 

   çR;sd rkjs ij dk;Zjr xq:Rokd"kZ.k cy 
2

G(2m)m

d
 gSA ;fn ge NksVs rkjs ds ?kw.kZu dks ns[kas rks bl ij 

vfHkdsfUnz; cy (m r 2) dk eku 
22d

m
3

  
  

  
 gksxk vkSj cM+s rkjs ds fy, ;g 

22md

3

 
 
 

 gksxk tksfd 

cjkcj gSA           

     
2

G(2m)m

d
 = 22d

m
3

 
 

 
    vFkkZr~  =

3

3Gm

d

 
 
 

   

   vFkkZr~ ?kw.kZu dky T = 
2


 = 2

3d

3Gm

 
 
 

  

   dks.kh; laosxksa dk vuqikr gksxk %  
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( )

( )

 


 

cMk cMk

NksVk NksVk

 = 

2

2

d
(2m)

3

2d
m

3

 
 
 

 
 
 

 =
1

2
  

   pwafd  nksuksa ds fy, leku gSA vr% xfrt ÅtkZvksa dk vuqikr gksxk %  

    

2

2

1
( )
2
1

( )
2









cMk
cMk

NksVk
NksVk

 = 
1

2
, 

   tksfd dks.kh; laosxksa ds vuqikr ds cjkcj gSA 

 

Problem 3.  

   

m, R

mo

x

   
 i`Foh dks nzO;eku Me vkSj f=kT;k R ds lefer xksys ds leku eku ldrs gSaA i`Foh ds vUnj ,d NksVh lqjax 

fp=kkuqlkj [kksnh tkrh gSA m
o
 nzO;eku dk ,d d.k f=kTth; nwjh x ls NksM+k tkrk gSA i`Foh ds dkj.k d.k 

ij yxus okyk cy Kkr djuk gSA d.k dh xfr dks Kkr djrs gSa vkSj bldk dykUrj fudkyrs gSaA 

Solution :    

  

mo

x

F  g

 
  d.k ij yxus okys cy dk ifjek.k = (m

0
) (g

earth
)  

  = (m0) 
e

3

GM
x

R

 
  

   

  vr%   F = e 0

3

GM m

R

 
  

x 

  cy F dh fn'kk] nwjh x ds foifjr gS vr% F = – e 0

3

GM m

R

 
  

x 

  vr% F  – x, d.k dh xfr] ljy vkorZ xfr gksxhA 

  F = – e 0

3

GM m

R

 
  

x 

  F = – K x 

  ljy vkorZxfr ds lehdj.k ls bldh rqyuk djus ij cy fu;rkad k = e 0

3

GM m

R
 

  vr% d.k dk dykUrj T = om
2

k
     

  T = o

e 0
3

m
2

GM m

R

 ;   T = 
3

e

R
2

GM
 = 

R
2

g
  

  R = 6400km, g = 9.8 m/s2 dk eku j[kus ij T _~ 1hr 24 min. 
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Problem 4.  ,d d.k dks ìFoh dh lrg ls  h Åpk¡bZ ls Åij dh rjQ Qsadk tkrk gSA rks d.k ds fy, U;wure çkjfEHkd osx 

Kkr djks ftlds fy, ;g ìFoh lrg dks xfr ds nkSjku jxM+s rFkk bldk iFk nh?kZòÙkkdkj gks ,oa ìFoh nwj 

Qksdl ij gks rFkk ç{ksi.k fcUnq milkSj ¼apogee½ gks rFkk O;kl ds foijhr fcUnq vilkSj (perigee) gksA 

Solution :  ekuk iFk ds fcUnqvksa A vkSj B ij d.k dk osx Øe'k% vA vkSj vB gSA vr% i`Foh ds dsUæ ds lkis{k fcUnq A 

rFkk B ij dks.kh; laosx laj{k.k ls : 

   mvA (R + h) = mvB R  vB = 
 Av R h

R


  

   rks fcUnqvksa A vkSj B ij U;wVu dk f}rh; fu;e yxkus ij  

   
2

A

A

mv

r
 = e

2

GM m

(R n)
  vkSj 

2

B

mv

r
 = e

2

GM m

R
 

    GMem 
1 1

R (R h)

 
 

 
 =

1

2
 (mvB

2 – mvA
2) 

   =
 

2

2
A 2

R h1
mv 1

2 R

 
 
 
 

 

   
 

 
2 e
A 2

h 2R h 2GM h
v

R R hR





  

  
e

A

2GM R
v

R h 2R h


 
 

R

O
iF̀oh

h

mA

d.k dh d{kk tc ;g 

iF̀oh lrg ls jxM+s

B

vA

vB  

 

Problem 5.  ,d jkWdsV Åij dh rjQ v0 pky ls pyrk gSA pky v Åpk¡bZ h ds lkFk fuEu çdkj c<+rh gS – 

   2 2

0v v  = 
h

R

2hg

1
, ;gk¡ R i`Foh dh f=kT;k vkSj g i`Foh dh lrg ij xq:Roh; Roj.k gSA ;fn jkWdsV dks 

iyk;u osx ls 0.9 xquk pky ij ç{ksfir fd;k tk, rks blds }kjk çkIr dh xbZ vf/kdre Å¡pkbZ ds fy, 

O;atd Kkr djksA 

Solution :   nzO;eku  m dh i`Foh dh lrg ls h Åpk¡bZ ij fLFkfrt ÅtkZ  

   U (R) = – 
GMm

R
 vkSj U (R + h) = – 

GMm

R h
 

     U(R + h) – U(R) = – GMm 
1 1

R h R

 
 

 
=

GMmh

(R h)R
 =

h

R

mhg

1
  [  GM = gR2] 

   fLFkfrt ÅtkZ esa o`f) xfrt ÅtkZ esa deh ds lkFk&lkFk c<+rh gSA ;fn h Åpk¡bZ ij jkWdsV dk osx v gks rks 

xfrt ÅtkZ esa deh 

   2 2

0

1 1
mv mv

2 2
 bl çdkj, 2 2

0

1 1
mv mv

2 2
  = 

h

R

mhg

1
,  vFkkZr~  2 2

0v v  = 
h

R

2gh

1
 

   ekuk hvf/kdre jkWdsV }kjk çkIr dh xbZ vf/kdre Åpk¡bZ gSA ;gk¡ ij bldk osx 'kwU; gks tkrk gS rks mijksDr 

O;atd esa v = 0 vkSj h = hvf/kdre j[kus ij çkIr O;atd 

   
max

2 max
0 h

R

2gh
v

1



or  2 max

0

h
v 1

R

 
 

 
= 2 ghmax  or  v0

2 = hmax

2

0v
2g

R

 
 

 
  or hmax = 

2

0

2

0

v

v
2g

R


 

   vc  v0 = 0.9 × iyk;u osx = 0.9 × (2gR)  

    hmax = 
(0.9 0.9)2gR

(0.9 0.9)2gR
2g

R






=
1.62gR

2g 1.62R
  =

1.62R

0.38
= 4.26 R 
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fLFkj oS|qfrdh vkSj xq:Rokd"kZ.k ds e/; rqyukRed v/;;u 
(COMPARATIVE STUDY OF ELECTROSTATICS AND GRAVITATION) 

 

fLFkj oS|qfrdh 
 Fe q1 q2

r
 Fe 

 nks fcUnq vkos'kksa ds e/; yxus okyk cy  

 1 2
e 2

kq q
F

r
  k = 

0

1

4
 (vkd"khZ ;k izfrd"khZ) 

 

 

 

fo|qr {ks=k (E) :- 

 ,dkad vkos'k ij yxus okyk fLFkj fo|qr cy   

 e

o

F
E

q
  

 ;fn fdlh vkos'k q
0
 dks fo|qr {ks=k E



, esa j[kk tkrk gS, 

rks bl vkos'k ij yxus okyk cy  

F


 = q0 E


  

 

fdlh fcUnq vkos'k ds dkj.k fo|qr {ks=k  

 
+q

r

    
2

kq
ˆE r

r
  izfrd"kZ.k 

fdlh leku vkosf'kr oy; ds dkj.k fo|qr {ks=k  

   
x

q, R

E
 

 
3 / 2

2 2

K q x
E

R x





              

 

vuUr yEckbZ okys rkj ftldk js[kh; vkos'k ?kuRo 

 = 
vkos'k

yEckbZ
 

+
+
+
++
+
+
+
+
+
+
+
+

r

r

k2
E




 

 

 

 

xq:Rokd"kZ.k 

 
m1 m2r

FgFg

 
 nks fcUnq nzO;ekuksa ds chp yxus okyk xq:Rokd"kZ.k cy 

Fg= 
1 2

2

G m m

r
 (always attractive) 

 xq:Rokd"kZ.k esa lHkh lw=k fLFkj oS|qrhd ds leku gS ;gk¡  

K ds LFkku ij G , vkSj m
1
 m

2 
 ds LFkku ij q

1
, q

2
 gksxkA 

 
 

xq:Rokd"kZ.k {ks=k (g) :- 

 fcUnq nzO;eku ij yxus okyk xq:Rokd"kZ.k cy 
g

o

F
g

m
  

 ;fn xq:Roh; {ks=k g esa ,d m
0
 nzO;eku j[kk gqvk gS rc 

bl nzO;eku ij yxus okyk cy gF  = (m
0
) g



 

  
 
 

 

fcUnq nzO;eku ds dkj.k yxus okyk xq:Roh; {ks=k 

 
m1

r
  

2

Gm
ˆg r

r
   (vkd"kZ.k) 

lefer oy; ds dkj.k xq:Roh; {ks=k 

 
x

M, R

g
           

 
3 / 2

2 2

Gmx
g

R x





       

 

vuUr yEckbZ okys rkj ftldk js[kh; vkos'k 

 

?kuRo =  
nzO;eku

yEckbZ
 gS fd dkj.k 

xq:Roh; {ks=k r

r

G2
g



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leku vkosf'kr irys xksyh; dks'k ds dkj.k fo|qr {ks=k   
 

(i) xksys ds ckgj fo|qr {ks=k ( r > R ) : 

 out 2

kq
ˆE r

r
  = 

 
2

kq

dsUn z l s nwjh

 

 

(ii) lrg ds ckgj fo|qr {ks=k  

 surface 2

kq
ˆE r

R
  

 

(iii) xksys ds vUnj fo|qr {ks=k E  ( r < R )  :     E
in
 = 0 

r

q, R

E

2out
r

1
E 

E
in
=0

 

 

leku vkosf'kr Bksl xksys ds dkj.k fo|qr {ks=k  

(i) xksys ds ckgj fo|qr {ks=k ( r  R ) 

 E
ckgj

 = 
2

kq
r̂

r
  

 

(ii) xksys dh lrg ij fo|qr {ks=k  ( r = R ) 

 E
lrg

 = 
2

kq
r̂

R
 

 

(iii) xksys ds vUnj fo|qr {ks=k ( r  R ) 

 in 3

kq
E

R
 . r   

 

 

E

q, R

r

2out
r

1
E 

r

in
E  r

 
 
 

lefer irys xksyh;  dks'k ds dkj.k xq:Rokd"kZ.k {ks=k  

(i) xksys ds ckgj xq:Roh; {ks=k ( r > R )  : 

 out 2

Gm
ˆg r

r
   = 

 
2

Gm

dsUn z l s nwjh

 

 

(ii) lrg ds ckgj xq:Roh; {ks=k  

 g
lrg

 = 
2

Gm
r̂

R
  

 

(iii) lrg ds vUnj xq:Roh; {ks=k ( r < R )   :  g
in
 = 0 

 r

g = 0in

m, R

g

2out
r

1
g 

  
 (fp=k g  ds ifjek.k dks n'kkZrk gS) 
 

lefer xksyh; lrg ds dkj.k xq:Rokd"kZ.k {ks=k  

(i) xksys ds ckgj xq:Rokd"kZ.k {ks=k ( r  R ) 

  g
ckgj

 = 
2

Gm
r̂

r
  

 

(ii) xksys dh lrg ij xq:Rokd"kZ.k {ks=k ( r = R ) 

 g
lrg

 = 
2

Gm
r̂

R
  

 

(iii) xksys ds vUnj xq:Rokd"kZ.k {ks=k ( r  R ) 

 in 3

Gm
g –

R
 . r  

 

g

m, R

r

2out
r

1
g 

r

in
g  r

  
 

 (fp=k g  ds ifjek.k dks n'kkZrk gS) 
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fLFkj fo|qr foHko : 

 ,dkad vkos'k dks vuUr ls /khjs&/khjs fdlh fcUnq rd 

ykus ij ckgjh rRo }kjk fd;k x;k dk;Z 

 VE = –

r r

r

E.dr


 



   

 rFkk foHkokUrj  

 VB – VA = –

B

A

E.dr
 

  

 

 

fcUnq vkos'k ds dkj.k foHko 

 V = –

r r

r

E.dr


 



    

 V = –

r r

2

r

kq
r̂.dr

r






    

 V = –

r r

2

r

kq
dr

r





  = 
kq

r
   

 
kq

V
r

  

 
 

 

 

vkosf'kr oy; ds dkj.k fLFkj fo|qr foHko 

q, R

x

 
2 2

kq
V

R x



 

 

leku vkosf'kr irys xksyh; dks'k ds dkj.k fLFkj fo|qr 

foHko  

(i) dks'k ds ckgj foHko  (r > R) 

 Vout = 
kq

r
 = 

 
kq

distance from center
 

 

(ii) dks'k dh lrg ij foHko (r = R)  

 Vsurface = 
kq

R
 = 

 
kq

xksy s dh frzT;k
 

 

(iii) dks'k ds vUnj foHko  (r < R) 

 Vin = 
kq

R
 = 

 
kq

xksy s dh frzT;k
 

xq:Roh; foHko : 

 ,dkad nzO;eku dks vuUr ls fdlh fcUnq rd 

/khjs&/khjs ykus esa ckgjh rRo }kjk fd;k x;k dk;Z  

 Vg = – 

r r

r

g.dr


 



  

 vkSj xq:Rokd"kZ.k foHkokUrj  

  VB – VA = –

B

A

g.dr
 

  

 

fcUnq nzO;eku }kjk xq:Roh; foHko  

 Vg = –

r r

r

g.dr


 



  

 vr% fcUnq nzO;eku ds dkj.k yxus okyk xq:Roh; {ks=k 

 
2

Gm
ˆg r

r



   

 (xq:Roh; {ks=k ges'kk vkdf"kZr djrk gS vr%  r̂  

fn'kk ds fy;s mi;ksx esa yk;k x;k gSA) 

 Vg = –

r r

2

r

Gm
ˆ( r).dr

r






    

 Vg = 

r r

2

r

Gm

r





  = –
Gm

r
    Vg = –

Gm

r
 

 

oy; ds dkj.k xq:Roh; foHko  

 

m, R

x

 

 g
2 2

Gm
V  

R x
 


 

 

lefer xksyh; dks'k ds dkj.k xq:Roh; {ks=k  

(i) dks'k ds ckgj xq:Roh; foHko (r > R) 

 Vout = –
Gm

r
  = –

 
Gm

distance  from centre
  

 

(ii) dks'k dh lrg ij xq:Roh; foHko (r = R) 

 Vsurface = –
Gm

R
  = – 

 
Gm

xksy s dh frzT;k
  

 

(iii)  dks'k ds vUnj xq:Roh; foHko (r < R) 

 Vin = –
Gm

R
  = – 

 
Gm

xksy s dh frzT;k
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r

V

r

q, R

V  = in

kq

R
 = constant

out
r

1
V 

 

 

 

 

leku vkosf'kr Bksl xksys ds dkj.k fo|qr foHko  

(i) ckgjh fcUnq ij foHko (r > R) 

 Vout = 
kq

r
 = 

 
kq

dsUn z l s nwjh
 

(ii) xksys dh lrg ij foHko  (r = R) :- 

 Vsurface = 
kq

R
 = 

 
kq

dsUn z l s nwjh
 

(iii) xksys ds vUnj foHko  (r < R)  

 Vin = 
3

kq

2R
 (3R2 – r2) 

(iv) dsUnz ij foHko  (r = 0) 

 V
dsUnz

 = 
3kq

2R
      

 

q, R

3kq

2R

V para
bolic

V = 
kq

R

Hyperbolic

r

rr = 0 r = R

V = 

 
 

fo|qr {ks=k rFkk fo|qr foHko esa lEcU/k 

 E = –
dV

dr
  

 ;fn V, x, y vkSj z  ij fuHkZj djrk gS   

 rc 
V V Vˆ ˆ ˆE i j k
x y z

   
       

 

 

r

V

r

m, R

V  =in

Gm

R
 = constant

out
r

1
V 

-
 

 
 

lefer Bksl xksys ds dkj.k xq:Roh; foHko  

(i) ckgjh fcUnq ij xq:Roh; foHko (r > R) 

 Vout = –
Gm

r
 = –

 
Gm

dsUn z l s nwjh
  

(ii) xksys dh lrg ij xq:Roh; foHko (r = R) 

 Vsurface = –
Gm

R
 = 

 
Gm

dsUn z l s nwjh
 

(iii) xksys ds vUnj fLFkr fcUnq ij xq:Roh; foHko   

 Vin  = –
3

Gm

2R
   (3R2 – r2) 

(iv) dsUnz ij xq:Roh; foHko (r = 0) 

 V
dsUnz

= 
3Gm

2R
  

 

m, R

2R

Vg

V = –
Gm

R

Hyperbolic

r

r 

r = 0

3Gm

parabolic

r = R

V = –

 
  

 g = –
gdV

dr
 

 ;fn foHko V
g
    x, y, z ij fuHkZj djrk gS rc   

 
g g gV V V
ˆ ˆ ˆg i j k

x y z

   
      
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 ;fn dksbZ vkos'k q
o
 fo|qr foHko V esa j[kk x;k gSA 

rc vkos'k dh oS|qr fLFkfrt ÅtkZ 

 U = qo V 
 

 leku vkosf'kr irys xksyh; dks'k dh Lor% fLFkj 

fo|qr fLFkfrt ÅtkZ  

 Uself = 
2Kq

2R
 

 

 leku vkosf'kr Bksl xksys dh Lo fLFkj oS|qrhdh  

 Uself = 
23Kq

5R
 

 ;fn ,d fcUnq nzO;eku m
o
 dks xq:Roh; foHko V

g 
esa 

j[kk x;k gS] rc xq:Roh; fLFkfrt ÅtkZ 

 Ug = (mo) (Vg) 

 

 lefer irys xksyh; dks'k dh Lor% xq:Roh; fLFkfrt 

ÅtkZ gS   

 (Ug)self = 
2GM

2R
   

 

 lefer Bksl xksys dh Lo xq:Roh; fLFkfrt ÅtkZ  

 Uself =
23GM

5R
  
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