
  

   

 

gnvKl© 

Gravitation 
 

 

 

 

 

f‚wgKv (Introduction) 
 

nvZ †_‡K GKwU Kjg dm‡K †M‡j Zv gvwU‡Z c‡o hvq| †h †Kv‡bv wRwbm DuPz †_‡K †Q‡o w`‡j Zv wb‡P c‡o| 

evZv‡mi g‡a¨ GKUzK‡iv BU fvwm‡q ivLv hvq bv| wKš‘ wK we¯§q! gnvk~‡b¨ ‡f‡m _v‡K †KvwU †KvwU MÖn bÿÎ 

gnvRvMwZK e ‘̄mg~n| c„w_exi Uv‡b e¯‘ gvwU‡Z co‡Q, wKš‘ Puv` †Kb gvwU‡Z co‡Q bv? †mŠi RM‡Zi MÖn¸‡jv 

†K‡bv Kÿ Pz¨Z n‡”Q bv| Gme cÖ‡kœi DËi gnvKl© ej, AwfKl© ej| AvBRvK wbDUb, M¨v‡jwjI M¨vwjjvB, 

†Kcjvi cÖgyL weÁvbx Gm¤ú‡K© wewfbœ ZË¡ I Z_¨ Dc ’̄vcb K‡i‡Qb| Zv wb‡q M‡o D‡V‡Q c`v_©weÁv‡bi †gŠwjK 

Áv‡bi welqe ‘̄ gnvKl© I AwfKl©| gnvKl©- c`v_©weÁvb Z_v ejwe`¨v Aa¨q‡bi Ab¨Zg ¸iæZ¡c~Y© Aa¨vq|   

G BDwb‡U gnvKl©, wbDU‡bi gnvKl© e‡ji m~Î, MÖ‡ni MwZ msµvšÍ †Kcjv‡ii m~Î, AwfKl© ej I Zvi cÖfve, 

gnvKl© ej I Zvi †ÿÎ, K…wÎg DcMÖn, gyw³ †eM Ges GZr msµvšÍ ivwkgvjvi cÖwZcv`b welqK Av‡jvPbv AšÍf~©³ 

n‡q‡Q|  

 

GB BDwb‡Ui cvVmg~n 

cvV - 5.1 :  gnvKl© 

cvV - 5.2 :  AwfKl©R Z¡iY 

cvV - 5.3 :  gnvKlx©q †ÿÎ       

cvV - 5.4 :  gnvKlx©q m~‡Îi cÖ‡qvM 
cvV - 5.5 :  K…wÎg DcMÖn I gyw³ †eM 

 

 

 

 

gnvKl©  
Gravitation 

 

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 wbDU‡bi gnvKl© m~Î e¨vL¨v Ki‡Z cvi‡eb| 

 MÖ‡ni MwZ m¤úwK©Z †Kcjv‡ii m~Îmg~n eY©bv Ki‡Z cvi‡eb| 

 wbDU‡bi m~Î e¨envi K‡i †Kcjv‡ii m~‡Îi MvwYwZK ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb| 

5.1.1 gnvKl© I wbDU‡bi gnvKl© m~Î  (Gravitation  and  Newton’s Law  of Gravitation)  
1618 wLª. weÁvbx †R †Kcjvi m~h©‡K †K› ª̀ K‡i MÖn¸‡jvi N~Y©b I Zv‡`i MwZ m¤úKx©q m~Îvewj cÖKvk 

K‡ib| wKš‘ gnvRvMwZK e ‘̄mg~n Ges †mŠi gÛjxi MÖn DcMÖnmg~n †Kvb e‡ji cÖfv‡e Nyi‡Q ev mvg¨e ’̄vq Av‡Q 

†m m¤ú‡K© †Kcjvi ev ZrKvjxb weÁvbx‡`i †Kv‡bv my®úó aviYv wQj bv| 1764 mv‡j weÁvbx AvBRvK wbDUb 

gnvwe‡k¦i ci¯úi †hvMm~Înxb e¯‘mg~‡ni mvg¨ve¯’v eRvq _vKv Ges m~‡h©i Pviw`‡K MÖnmg~‡ni N~Y©‡bi KviY wnmv‡e 

GK ai‡bi mve©Rbxb e‡ji aviYv Dc ’̄vcb K‡ib| Gi bvg †`qv nq gnvKl© ej| GB ej n‡jv gnvwe‡k¦i 

BDwbU 

5 

cvV-5.1 
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cÖ‡Z¨KwU e ‘̄ KYvi g‡a¨ ci¯úi‡K AvKl©Y ej| A_©vr †h ej Øviv gnv we‡k¦i cÖwZwU e ‘̄ KYv  G‡K Aci‡K 

wb‡Ri w`‡K AvKl©Y K‡i Zvi bvg gnvKl© ej|  

GB gnvKl© ej m¤ú‡K© wbDUb GKwU m~Î †`b| GwU wbDU‡bi gnvKl© e‡ji m~Î bv‡g L¨vZ| m~ÎwU n‡jv:  

gnvwe‡k¦i cÖwZwU e ‘̄KYv G‡K Aci‡K wb‡Ri w`‡K AvKl©Y K‡i| GB AvKl©Y e‡ji gvb e¯‘KYvØ‡qi f‡ii 

¸Yd‡ji mgvbycvwZK, G‡`i ga¨eZx© ~̀i‡Z¡i e‡M©i e¨ Í̄vbycvwZK Ges GB ej e ‘̄KYvØ‡qi †K› ª̀ ms‡hvRK mij 

†iLv eivei wµqv K‡i|   

aiv hvK, m1 Ges m2 

f‡ii ỳwU e ‘̄ ci¯úi †_‡K d  ~̀i‡Z¡ Aew ’̄Z (wPÎ 5.1) | G‡`i g‡a¨ ci¯úi AvKl©Y 

e‡ji gvb  F n‡j,  

1 2F m m    hLb  d  AcwiewZ©Z _v‡K|  

Ges 2

1F
d

    hLb m1 I m2 AcwiewZ©Z _v‡K|  

∴ Abycv‡Zi wbqg Abymv‡i hLb m1, m2 

I d  me KwUi gvb cwiewZ©Z nq ZLb    

1 2
2

m mF
d

  

ev, 

1 2
2

m mF G
d

     .........      .........       ........ .........      .........       ........     .......... ...    (5.1)  

GLv‡b G GKwU mgvbycvwZK aªæeK| G‡K wek¦Rbxb gnvKlx©q ayªeK  (Universal gravitational constant) 
ejv nq|  

wek¦Rbxb gnvKlx©q ayªeK, G 

G –Gi msÁv 

5.1 mgxKi‡Y m1 =1 GKK, m2 

=1GKK I d  = 1 GKK ai‡j,  

2

1 1
1

F G 


  A_©vr F= G ev, G = F nq|  

AZGe, GKK f‡ii ỳwU e ‘̄ ci¯úi †_‡K GKK ~̀i‡Z¡ †_‡K †h cwigvY ej Øviv ci¯úi‡K AvKl©Y K‡i Zvi 

gvb‡K gnvKlx©q aªæeK e‡j|  

G- Gi me©m¤§Z M„nxZ gvb 6.673 10 -11 Nm2kg-2 | 

mgxKiY 5.1 †_‡K cvIqv hvq,  

G –Gi gvÎv 

 

2 2

2
1 2

(ej `i~ Z)¡

(fi)

F dG
m m
 

 


       

myZivs  
2 2

3 1 2
2

MLT LG L M T
M


 

   

wPÎ : 5.1 
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G –Gi GKK 

mgxKiY 5.1 †_‡K cvIqv hvq,  

2 2

2
1 2

(ej `i~ Z)¡

(fi)

F dG
m m
 

 


| AZGe mgxKi‡Yi Wvb w`‡Ki  

ivwk¸‡jvi GKK ewm‡q Gi GKK cvIqv hvq|  

 

AvšÍR©vwZK c×wZ‡Z  G-Gi GKK Nm2kg-2
| 

 

5.1.2 MÖ‡ni MwZ msµvšÍ †Kcjv‡ii m~Î  (Kepler’s Law  of Planetary Motion)  

cÖvPxbKvj †_‡KB weÁvbxiv †mŠi RM‡Zi m~h© I MÖn¸wji MwZwewa m¤ú‡K© AbymwÜrmy wQ‡jb|  wewfbœ 

mg‡q weÁvbxiv G m¤ú‡K© wewfbœ e¨vL¨v †`qvi †Póv K‡ib| MÖxK weÁvbx  U‡jgx, †Kvcvwb©Kvm, UªvB‡Kveªv‡n cÖgyL 

weÁvbx‡`i ci¯úi we‡ivax, RwUj Ges A¯úó Z_¨mg~n we‡kølY K‡i †Wbgv‡K©i weÁvbx  Rb †Kcjvi wm×v‡šÍ 

DcbxZ nb †h, MÖn¸‡jv †Kv‡bv GK e‡ji cÖfv‡e m~h©‡K †K› ª̀ K‡i Aweivg Nyi‡Q| G m¤ú‡K© wZwb K‡qKwU m~Î 

Dc ’̄vcb K‡ib| Zvi bvg Abymv‡i G¸‡jv †Kcjv‡ii m~Î bv‡g cwiwPZ| m~Î¸‡jv n‡jv : 

cÖ_g m~Î t m~h©‡K †dvKv‡m †i‡L cÖwZwU MÖn Dce„ËvKvi c‡_ myh©‡K 

cÖ̀ wÿY Ki‡Q| 

 

e¨vL¨v t wPÎ 5.2 GKwU Dce„‡Ëi `ywU †dvKvm †`Lv hv‡”Q| GKwU 

†dvKv‡m m~‡h©i Ae ’̄vb †`Lv‡bv n‡q‡Q| GKwU MÖn Dce„‡Ëi Dci w`‡q  

N~Yx©qgvb | GwU MÖnwUi Kÿ c_|  

 

wØZxq m~Î t cÖwZwU MÖn Ggbfv‡e Nyi‡Q †h, m~h© I H MÖ‡ni †K›`ª 

ms‡hvRK KvíwbK †iLv mgvb mg‡q mgvb †ÿÎdj AwZµg K‡i|  

 

e¨vL¨v t aiv hvK, 5.3 wP‡Î m~h© †dvKvm F G Aew¯’Z| GKwU MÖn Zvi 

Pvwiw`‡K ABCD Dce„ËvKvi c‡_ Nyi‡Q| MÖnwU  A Ae¯’vb †_‡K B 

Ae ’̄v‡b Avm‡Z 1 gvm mgq jv‡M| Avevi C Ae ’̄vb †_‡K D Ae ’̄v‡b 

Avm‡ZI 1 gvm mgq jv‡M| 

GLv‡b †dvKvm F Ges AI B we›`y Øviv m„ó †ÿ‡Îi †ÿÎdj AFB| 

Abyiƒcfv‡e †dvKvm F Ges C I D we› ỳ Øviv m„ó †ÿ‡Îi †ÿÎdj 

CFD| AZGe †Kcjv‡ii wØZxq m~Îvbymv‡i,  

†ÿÎdj FBA =  †ÿÎdj FCD|   

    

                       
wPÎ 5.2 

 
 

                 wPÎ 5.3 

 

Z…Zxq m~Î t m~‡h©i Pvwiw`‡K cÖwZwU MÖ‡ni AveZ©bKv‡ji eM© Gi Kÿc‡_i Aa©civ‡ÿi

1

 (semi major axis) 
Nbd‡ji mgvbycvwZK| MÖn¸‡jv Dce„ËvKvi c‡_ m~h©‡K cÖ̀ wÿY K‡i| 

 

e¨vL¨v t aiv hvK, †h‡Kv‡bv MÖ‡ni Kÿc‡_i Aa©civÿ, a Ges H MÖnwU T mg‡q m~h©‡K GKevi cÖ̀ wÿY K‡i| 

†Kcjv‡ii m~Îvbymv‡i,  T 2  a3
  ev 

2

3

T
a

  aªæe n‡e|  

KZ¸‡jv MÖ‡ni Kÿc‡_i Aa©civÿ a1, a2, a3 ... Ges MÖn¸wji AveZ©bKvj h_vµ‡g T1, T2, T3 … 
 

n‡j,  

†Kcjv‡ii Z…Zxq m~Îvbymv‡i,   

2 2 2
1 2 3
3 3 3
1 2 3

T T T
a a a

   = aªæe|  

 
 
 
 
 
 
 

1. GKwU Dce„‡Ëi civÿ (major axis) n‡”Q Gi `xN©Zg e¨vm| GwU Dce„‡Ëi `yB †dvKvm I †K›`ª w`‡q Gi `yB cÖvšÍ ch©šÍ 

we Í̄…Z| Aa©civÿ (semi major axis) n‡”Q civ‡ÿi A‡a©K|  
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5.1.3 wbDU‡bi gnvKl© m~Î †_‡K †Kcjvi m~‡Îi MvwYwZK  ivwkgvjv cÖwZcv`b 

        (Deduction of Kepler’s law from Newton’s Law  of Gravitation)  
 

wPÎ 5.4 jÿ¨ Kiæb| S m~h©‡K †K›`ª K‡i P MÖnwU Nyi‡Q| aiv hvK, m~h©wUi fi M Ges MÖnwUi fi m, MÖnwU r 
`~i‡Z¡ †_‡K e„ËvKvi Kÿ c‡_ m~h©wU‡K cÖ̀ wÿY Ki‡Q|  m~h© I MÖ‡ni g‡a¨ gnvKlx©q ej n‡e,  

 

2G

GMmF
r


     

[∵ GLv‡b M, m h_vµ‡g m~h© I MÖ‡ni fi Ges r Zv‡`i g‡a¨i ~̀iZ¡]  

MÖnwU e„ËvKvi c‡_ Nyi‡Q|  MÖnwUi `ªæwZ v ai‡j Gi †K›`ªgyLx ej n‡e, 

2

C

mvF
r

  

 
wPÎ 5.4 

MÖnwU e„ËvKvi c‡_ Nyi‡Z n‡j GB gnvKlx©q ejB †K›`ªgyLx ej wnmv‡e KvR Ki‡e|  

myZivs, FG = FC
 

  

 ev, 

2

2

GMm mv
r r

  ...... ........   ......... ...... ........   .......... ...... ........   ........... (5.2)    

m~‡h©i Pvwiw`‡K N~Y©vqgvb MÖ‡ni ch©vqKvj  T  n‡j, 

2 rT
v


  

ev, 

2 rv
T



 

GLb mgxKiY 5.2 G v Gi gvb emv‡j,   

2 2

2 2

4GMm m r
r r T


  ev, 

2
2 34T r

GM


  

ev, T 2 = Kr3   [GLv‡b, 

24K
GM


 , GKwU aªæeK ] 

myZivs,  T 2    r3   

GwUB †Kcjv‡ii Z…Zxq m~Î|  

aªæeK K mKj MÖ‡ni Rb¨ GKB Ges Gi gvb 2.97 10-19 s2m-3
, Kÿc_ Dce„Ëxq (elliptical) n‡j e¨vmva© 

r-Gi cwie‡Z© Dce„‡Ëi Aa©civÿ a wjL‡Z n‡e| 
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MvwYwZK D`vniY 5.1: 5 kg  f‡ii ỳwU †MvjK‡K ci¯úi †_‡K 2 m ~̀‡i ¯’vcb Ki‡j Zv‡`i g‡a¨ AvKl©Y 

e‡ji gvb KZ n‡e? [ gnvKlx©q aªeK G-Gi gvb 6.673 10 -11 Nm2kg-2 ]  
mgvavb : Avgiv Rvwb,  

1 2
2

m mF G
d


 

    

11

2

5 5(6.67 10 )
(2)

 
               

    = 83.37510-11   = 4.310-11 N 
DËi t 4.310-11 N 

GLv‡b,  

1g e¯‘i fi, m1 = 5 kg 
2q e¯‘i fi, m2 = 5 kg 

e ‘̄Ø‡qi ga¨eZx© `~iZ¡, d = 2 m  

gnvKlx©q aªæeK,  

G = 6.673 10 -11 Nm2kg-2
 

AvKl©Y ej, F = ? 

 

 

mvi-ms‡ÿc :  

 gnvKl© t †h ej gnvwe‡k¦i cÖwZwU e ‘̄ KYv‡K ci¯ú‡ii w`‡K AvKl©Y K‡i Zvi bvg gnvKl© ej| 
 wbDU‡bi gnvKl© m~Î t  gnvwe‡k¦i cÖwZwU e¯‘KYv G‡K Aci‡K wb‡Ri w`‡K AvKl©Y K‡i| GB AvKl©Y 

e‡ji gvb e¯‘KYvØ‡qi f‡ii ¸Yd‡ji mvgvbycvwZK, G‡`i ga¨eZx© `~i‡Z¡i e‡M©i e¨¯ÍvbycvwZK Ges GB 

ej e ‘̄KYvØ‡qi †K›`ª ms‡hvRK mij‡iLv eivei wµqv K‡i|   

 wek¦Rbxb gnvKlx©q ayªeK, G-Gi gvb 6.67310 -11 Nm2kg-2 Ges G-Gi gvÎv 

3 -1 -2L M T | 

AvšÍR©vwZK c×wZ‡Z  G-Gi GKK Nm2kg-2 

 †Kcjv‡ii cÖ_g m~Î t m~h©‡K †dvKv‡m †i‡L cÖwZwU MÖn Dce„ËvKvi c‡_ m~h©‡K cÖ̀ wÿY Ki‡Q|  

 †Kcjv‡ii wØZxq m~Î t cÖwZwU MÖn Ggbfv‡e Nyi‡Q †h, m~h© I H MÖ‡ni †K›`ª ms‡hvRK KvíwbK †iLv mgvb 

mg‡q mgvb †ÿÎdj AwZµg K‡i|  

 †Kcjv‡ii Z…Zxq m~Î t m~‡h©i Pvwiw`‡K cÖwZwU MÖ‡ni AveZ©bKv‡ji eM© Gi Kÿc‡_i Aa©civ‡ÿi Nbd‡ji 

mgvbycvwZK|  

 

 

cv‡VvËi g~j¨vqb-5.1 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK () wPý w`b 

1| AvšÍR©vwZK c×wZ‡Z G-Gi gvb KZ ?   

     (K) 6.673 10 -9 Nm2kg-2
   (L)  6.673 10 -11 N2m2kg-2

 

     (M) 6.673 10 -11 Nm2kg-2
   (N)  6.673 10 11 Nm2kg-2

 

 

2| †mŠi RM‡Zi MÖn¸wji MwZ msµvšÍ m~Î †K †`b?  

(K) wbDUb  (L)  †Kcjvi   (M) †KvcviwbKvm  (N)  M¨vwjwjI  

 

3| wb‡Pi †Kvb mgxKiYwU  wbDU‡bi m~‡Îi mg_©b K‡i ? 

(K) 

1 2
2

m mF G
d

  (L)  

2
2 34T r

GM



 

(M) 

2

C

mvF
r

  (N)  

2 rv
T



 

 

 

4| wb‡Pi †Kvb mgxKiYwU MÖnmg~‡ni MwZ msµvšÍ †Kcjv‡ii m~‡Îi mg_©b K‡i ? 

(K) 

1 2
2

m mF G
d

  (L)  

2
2 34T r

GM


  (M) 

2

C

mvF
r

  (N)  

2 rv
T



 

 



I‡cb ¯‹zj GBPGmwm †cÖvMÖvg 

158 evsjv‡`k Db¥y³ wek¦we`¨vjq 

 AwfKl©R Z¡iY 

Acceleration due to Gravity 
    

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 AwfKl©R Z¡i‡Yi MvwYwZK ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb| 

 AwfKl©R Z¡i‡Yi cwieZ©‡bi KviY eY©bv Ki‡Z cvi‡eb| 

 AwfKl© †K›`ª e¨vL¨v Ki‡Z cvi‡eb| 

 

5.2.1  AwfKl© I AwfKl©R Z¡iY  (Gravity and  Acceleration due to Gravity)  
AwfKl©  

c„w_ex c„‡ôi Dci ev c„ô msjMœ †Kv‡bv e ‘̄ Ges c„w_exi g‡a¨ †h gnvKl© ej wµqvkxj Zv‡K AwfKl© e‡j| g~jZ 

GB e‡ji cÖfv‡e e ‘̄ c„w_exi w`‡KB AvK…ó nq| c„w_exi wekvj‡Z¡i Kvi‡Y Ab¨ e ‘̄wUi e‡ji cÖfve Abyf~Z ev 

cwijwÿZ nq bv| ZvB c„w_ex I Puv‡`i g‡a¨ AvKl©Y ev c„w_ex I m~‡h©i g‡a¨i AvKl©Y  gnvKl©,  wKš‘ c„w_exi m‡½ 

GK LÛ cv_‡ii ev GKUzK‡iv B‡Ui ev GKwU eB‡qi †h AvKl©Y Zv AwfKl© e‡j AwfwnZ nq| g~jZ AwfKl© GK 

ai‡Yi gnvKl©|  

AwfKl©R Z¡iY 

cÖ‡Z¨KwU e ‘̄‡K c„w_ex c„‡ôi Dc‡ii †h‡Kv‡bv D”PZv †_‡K †Q‡o w`‡j AwfKl© e‡ji cÖfv‡e Zv wb‡Pi w`‡K 

co‡Z _v‡K ev MwZkxj nq| hZB wb‡P bv‡g e‡ji cÖfv‡e e ‘̄i MwZ ZZ e„w× †c‡Z _v‡K ev Z¡iY nq| wbDU‡bi 

m~Î †_‡K Avgiv Rvwb e¯‘i Dci ej cÖ‡qv‡M e¯‘i Z¡iY nq| ZvB AwfKl© e‡ji cÖfv‡e e¯‘i Z¡iY nq| AwfKl© 

e‡ji cÖfv‡e gy³fv‡e f~-c„‡ó cošÍ e ‘̄i Z¡iY ev †eM e„w×i nvi‡K AwfKl©R Z¡iY e‡j|  

G‡K g Aÿi Øviv cÖKvk Kiv nq|  

†h‡nZz AwfKl©R Z¡iY †eM e„w×i nvi myZivs Gi GKK ms-2
 Ges Gi gvÎv LT-2

| 

AwfKl©R Z¡i‡Yi MvwYwZK ivwkgvjv  

aiv hvK c„w_exi fi M, f~-c„ô ev Gi wbKUw ’̄Z †Kv‡bv e ‘̄i fi m Ges e ‘̄ I c„w_exi †K‡›`ªi g‡a¨ ~̀iZ¡ d, Zv 

n‡j wbDU‡bi gnvKl© m~Îvbyhvqx  AwfKl© ej, 2d
MmF G   ............  ...........  ....  ........ ..... ........ (5.3) 

wKš‘ wbDU‡bi wØZxq MwZ m~Î †_‡K Avgiv Rvwb, ej = e ‘̄i fi H e ‘̄i Z¡iY|  

G‡ÿ‡Î AwfKl©R Z¡iY wµqvkxj| AZGe AwfKl©R ej = e ‘̄i fi e¯‘i Dci AwfKl©R Z¡iY  

ev,  F = mg   ......    ...... ........    ....... .........    ....... ........ ......... ......... ......... (5.4) 

mgxKiY 5.3 I 5.4 mgxK„Z Ki‡j cvIqv hvq,  2

Mmmg G
d


 

ev,

 

2

GMg
d

  ......    ...... ........    ....... .........    .......... ..........    .......      .......... (5.5) 

cvV-5.2 
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mgxKi‡Yi Wvb w`‡K e¯‘i fi m  Abycw¯’Z | myZivs AwfKl©R Z¡iY e¯‘i f‡ii Dci wbf©i K‡i bv| Ab¨  w`‡K 

†h‡nZz gnvKlx©q aªeK G Ges c„w_exi fi M aªæe ZvB g-Gi gvb c„w_exi †K›`ª †_‡K e¯‘i `~iZ¡ d-Gi Dci wbf©i 

K‡i| myZivs g -Gi gvb e¯‘ wbi‡cÿ n‡jI ¯’vb wbi‡cÿ bq| c„w_exi e¨vmva© R A_©vr †K›`ª †_‡K f~-c„‡ôi `~iZ¡ 

R n‡j f~-c„‡ô,  

 2

GMg
R

  

 e ‘̄i IRb t e ‘̄i Dci c„w_exi AvKl©Y ej A_©vr †h e‡j c„w_ex †Kvb e ‘̄‡K AvKl©Y K‡i ZvB H e ‘̄i IRb| 

AZGe, m f‡ii e ‘̄i IRb,  

 W = mg  ......    ...... ........    ....... .........    .......... ..........    ...........      ..........  (5.6) 

  

5.2.2 AwfKl©R Z¡iY ‘g’ -Gi gvb cwieZ©b (Variation of acceleration due to gravity- ‘g’)   
c„w_ex,  f~-c„ô Ges Zvi KvQvKvwQ mKj e ‘̄‡K AvKl©Y K‡i| GB AvKl©Y e‡ji Rb¨ e ‘̄i †h Z¡iY 

nq Zv AwfKl©R Z¡iY| G‡K g-Øviv cÖKvk Kiv nq| c„w_exi e¨vmva© R Ges f~-c„ô †_‡K e ‘̄wU  h D”PZvq _vK‡j,  

c„w_ex †K› ª̀ †_‡K e ‘̄i `~iZ¡ nq (R+h)| ZLb H e ‘̄wUi Dci AwfKl©R Z¡iY g ai‡j, wbDU‡bi gnvKl© m~Î 

Abymv‡i  5.5 bs mgxKiYwU‡K †jLv hvq,  

2( )
GMg

R h
 


 ......    ...... ........    ....... .........    .......... ..........    ............      .......... (5.7) 

Dc‡ii mgxKi‡Y G I M Gi gvb aªæe, wKš‘ R I  h Gi gvb cwieZ©bkxj| G †_‡K my¯úó  g-Gi gvb †Kv‡bv aªæe 

ivwk bq| e ‘̄ †_‡K c„w_exi †K‡›`ªi `~iZ¡ cwieZ©‡bi mv‡_ mv‡_ g-Gi gvb cwieZ©b nq| c„w_exi N~Y©b MwZi 

Kvi‡YI c„w_ex c„‡ôi wewfbœ ¯’v‡b e¯‘i Dci g-Gi gv‡bi cwieZ©b N‡U| c„w_ex †K‡›`ªi †_‡K e¯‘i `~iZ¡ cwieZ©b 

wewfbœ Ki‡Y msNwUZ nq GLv‡b g-Gi gvb cwieZ©‡bi KviYmg~n eY©bv Kiv n‡jv|   

(K) c„w_exi AvK…wZ t Avgiv Rvwb c„w_ex mylg †MvjK bq| Gi ỳB cÖvšÍ Pvcv| c„w_exi wbiÿ‡iLv ev welyexq †iLv 

eivei Gi e¨vmva© †ewk wKš‘ †giæ we›`y‡Z e¨vmva© Kg| A_©vr c„w_exi e¨vmva© R Z_v †K›`ª †_‡K f~-c„‡ôi `~iZ¡ 

me©Î mgvb bq|  

welye †iLvq  R -Gi gvb me©vwaK | welye †iLv †_‡K hZB †giæi w`‡K hvIqv hvq e¨vmva©  R -Gi gvb ZZB Kg‡Z 

_v‡K Ges †giæ we› ỳ‡Z me© wb¤œ nq| AZGe welye †iLv eivei g-Gi gvb me© wb¤œ 

Ges †giæ we› ỳ‡Z m‡e©v”P| cixÿv K‡i †`Lv hvq welye †iLv eivei g-Gi gvb cÖvq 

9.78 ms-2
  Ges †giæ GjvKvq, 9.83 ms-2

 |  

(L) f~-c„ô †_‡K D”PZi †Kv‡bv ’̄v‡b t c„w_exi fi M, Gi e¨vmva© R Ges f‚-c„‡ôi 

†Kv‡bv ’̄v‡b AwfKl©R Z¡iY g n‡j, 2

GMg
R

     ....... ...... ....... (5.8) 

f‚-c„ô †_‡K h D”PZvq (wPÎ 5.5) A_v©r c„w_exi †K›`ª †_‡K (R+h) ~̀i‡Z¡ †Kv‡bv 

¯’v‡b AwfKl©R Z¡i‡Yi gvb g n‡j, 2( )
GMg

R h
 


  ....... ..... ....... (5.9) 

 

h 

R 

O 

wPÎ : 5.5 
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(5.9) mgxKiY‡K (5.8) mgxKiY Øviv fvM K‡i cvB, 

 

2 2

2 2( ) ( )
g GM R R
g R h GM R h

  

 
 

 ev, 

2

2( )
Rg g

R h
 


  ......    ...... ........    ....... ...............    .......      ..........  (5.10) 

(5.10) mgxKi‡Y R Ges g aªæe nIqvq g' Gi gvb h Gi e„w×i mv‡_ n«vm cvq| A_v©r f‚-c„ô †_‡K hZ Dc‡i 

hvIqv hvq, AwfKl©R Z¡i‡Yi gvb ZZ n«vm cvq| 

(M) c„w_ex Af¨šÍ‡i t f~-c„ô †_‡K c„w_exi Af¨šÍ‡i hZB wb‡P bvgv hvq R-Gi gvb ZZB Kg‡Z _v‡K| 

¯v̂fvweKfv‡e g‡b n‡e R-Gi gvb Kgvi Rb¨ g-Gi gvb e„w× cv‡e| wKš‘ G‡ÿ‡Î g wbY©‡qi Rb¨ mgxKiY 5.7 

cÖ‡hvR¨ n‡e bv| KviY wbw`©ó MfxiZvq e¯‘i Dci c„w_exi †K›`ª eivei mgMÖ c„w_exi f‡ii AvKl©Y Kvh©Ki _v‡K 

bv|  wPÎ 5.6 jÿ¨ Kiæb|   

wP‡Î c„w_exi Af¨šÍ‡i h MfxiZvq GKwU e¯‘ S Aew¯’Z| c„w_ex †K›`ª O 

†_‡K e ‘̄wUi `~iZ¡ (R-h)| GgZve¯’vq e¯‘i Dci cy‡iv c„w_exi AvKl©Y e‡ji 

cwie‡Z© wPwýZ abc As‡ki AvKl©Y ej Kvh©Ki n‡e| cy‡iv c„w_exi fi M 
Ges wPwýZ As‡ki fi M  we‡ePbv Ki‡j mgxKiY (5.7) Gi cwie‡Z© G 

†ÿ‡Î g -Gi Rb¨ mgxKiYwU n‡e,  

2( )
GMg
R h





 

   
            wPÎ 5.6 

aiv hvK, c„w_exi wPwýZ abc As‡ki AvqZb V  AZGe  

34 ( - )
3

V R h    

myZivs c„w_exi wPwýZ abc As‡ki fi, M  = 34. ( - )
3

V R h      [ GLv‡b ρ c„w_exi c`v‡_©i Mo NbZ¡] 

3

2

4 ( )
3 
( )

G R h
g

R h

   
 


 

4 ( )
3

G R h     . ..........    .......      ...........    .  ......   ...... (5.11) 

(5.11) mgxKi‡Y 4, 3, π, G, R, me¸wj aªæe ivwk, †Kej h Gi gvb cwieZ©bkxj| jÿ¨Yxq h Gi gvb hZ †ewk 

n‡e g-Gi gvb ZZ K‡g hv‡e| h Gi gvb hZ Kg n‡e g-Gi gvb ZZ e„w× cv‡e| †hgb e ‘̄ c„w_ex c„‡ô n‡j  

h = 0, ZLb 

4 4( 0)
3 3

g G R G R        | 

Avevi e ‘̄wU f~-†K‡› ª̀ n‡j h = R, ZLb  4 4( ) .0.  = 0
3 3

g G R R G        

mgxKiY (5.11) Abymv‡i f~-†K‡›`ª  g-Gi gvb k~b¨ Ges f~-c„‡ô me©vwaK|  

 

(N) c„w_exi AvwýK MwZi Rb¨ t c„w_ex Avcb A‡ÿi Dci cÖwZ 24 N›Uvq GK evi Ny‡i Av‡m| GwU c„w_exi 

AvwýK MwZ, N~Y©b MwZ| GB N~Y©b MwZi Kvi‡Y f~-c„‡ôi cÖwZwU e ‘̄i Dci GKwU †K› ª̀vwZM ej wµqv K‡i| GB 

†K›`ªvwZM ej c„w_ex c„‡ô me©Î mgvb nq bv| eis f~-c„‡ô e ‘̄i Ae¯’v‡bi Dci wbf©i K‡i|  

aiv hvK f~-c„‡ô  Aÿvs‡k Aew ’̄Z P †h †Kv‡bv GKwU we› ỳ (wPÎ 5.7)| P we› ỳ‡Z m f‡ii GKwU  e ‘̄ Av‡Q| 

Zvn‡j H e¯‘i Dci wµqvkxj †K› ª̀vwZM e‡ji gvb  
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2

c
mvF

r


  GLv‡b  v = H e ‘̄i ˆiwLK †eM, Ges 

          r =  PQ = H e ‘̄i e„ËvKvi c‡_i e¨vmva©| 

 

GB †K›`ªvwZM ej e ‘̄wU‡K Zvi e„Ë c‡_i ¯úk©K eivei wQU‡K 

†dj‡Z Pvq| GB †K›`ªvwZK ej‡K bvKP Kivi Rb¨ e¯‘i Dci 

cªhy³ AwfKl© e‡ji GKwU Ask e¨q Ki‡Z nq|  

c„w_ex‡K R e¨vmv‡a©i GKwU †MvjK we‡ePbv Ki‡j P we›`y‡Z 

Aew ’̄Z m f‡ii e ‘̄i Dci PO  eivei AwfKl© ej, 

2R
GMF mg m   

            
wPÎ t 5.7 

wKš‘  P we› ỳ‡Z PS  eivei †K›`ªvwZM e‡ji Dcvsk n‡”Q, C C cosF F    

myZivs P we›`y‡Z m f‡ii e ‘̄i Dci Kvh©Ki AwfKl© ej, CF F F   | GB Kvh©Ki e‡ji Rb¨ Kvh©Ki 

AwfKl© Z¡iY g  n‡j   

2

cos cosC
mvmg mg F mg

r      
 

∴ 

2

cosvg g
r   

 

 †h‡nZz r = Rcos  Ges v = r =  Rcos  

∴ 

2 2 2cos cos
cos

Rg g
R

 
  


  

ev, 

2 2cosg g R   
 ... ......    ...... ........    ....... .........    .......... ..........    ......(5.12) 

welye‡iLvq  = 0; AZGe  cos = 1 AZGe 2
0g g R    

†giæ  we›`y‡Z  = 90; AZGe  cos = 0 AZGe 2
90 .0g g R g    

myZivs †`Lv hvq  c„w_exi AvwýK MwZi Rb¨ welye †iLv AÂ‡j AwfKl©R Z¡i‡Yi gvb me‡P‡q Kg Ges †giæ 

AÂ‡j me‡P‡q †ewk| welyexq AÂj †_‡K hZ †giæ AÂ‡ji w`‡K AMÖmi nIqv hvq g -Gi gvb ZZ evo‡Z _v‡K|  

f~-c„‡ô wewfbœ ¯’v‡b g -Gi gvb wewfbœ e‡j 45 Aÿvs‡k mgy`ª mgZ‡j g -Gi gvb‡K Av`k© aiv nq| GB gvb n‡”Q 

9.80665 ms-2
 | wnmv‡ei myweav‡_© Av`k©gvb aiv nq 9.81 ms-2

 |   

5.2.3 AwfKl© †K› ª̀  (Centre of Gravity)  
Avgiv †R‡bwQ c„w_ex Gi msjMœ mKj e ‘̄‡K AwfKl© ej Øviv wb‡Ri w`‡K AvKl©Y K‡i| wKš‘ GB 

eY©bv †_‡K e‡ji wµqv †iLv my¯úó nq bv| †hgb GK LÛ cv_i AmsL¨ mylg ÿz`ª KYvi mgwó| aiv hvK Gi 

cÖ‡Z¨KwU KYvi fi m,  cÖ‡Z¨KwU KYv c„w_exi †K‡›`ªi w`‡K mg e‡j AvKwl©Z nq wPÎ (5.8)| KYv¸‡jvi †_‡K 

c„w_ex †K‡›`ªi `~iZ¡ G‡Zv †ewk †h a‡i †bqv hvq cÖ‡Z¨KwUi KYvi Dci 

wµqvkxj e‡ji wµqv‡iLv¸‡jv ci¯úi mgvšÍivj| GB ejMywji GKwU jwä 

ej _vK‡e| hvi gvb Mg  (GLv‡b e ‘̄ L‡Ûi †gvU fi M aiv n‡q‡Q)| 

Ges GB jwä ej GKwU wbw`©ó we›`yMvgx  n‡e (wP‡Î G we›`ywU †`Lvb 

n‡q‡Q)| GB we› ỳwU‡K ejv nq e ‘̄ L‡Ûi AwfKl© †K› ª̀ ev fvi †K›`ª|   

 

wPÎ t 5.8 AwfKl© †K›`ª 
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AZGe, GKwU e ‘̄‡K †h †Kv‡bvfv‡eB ivLv †nvK bv †Kb, e ‘̄i Dci c„w_exi AvKl©Y ej A_©vr e ‘̄i mg¯Í IRb 

me mgq GKwU we› ỳ‡Z wµqv K‡i | e ‘̄w¯’Z e‡ji H wµqv we› ỳ‡K e ‘̄i fvi‡K›`ª ev AwfKl© †K›`ª e‡j|  

nv‡Zi Av½y‡ji WMvi Dci GKLvwb iæjvi †¯‹j †i‡L mvg¨ Ae¯’vq 

Avbv hvq| G‡ÿ‡Î †¯‹‡ji fvi †K›`ª eivei Av½y‡ji WMvwU 

Abyf~wgKfv‡e ivL‡Z nq| G Ae ’̄vq †¯‹jwUi Dci wµqvkxj  ỳwU 

e‡ji cÖfv‡e fvimvg¨ eRvq _v‡K| GKwU nj †¯‹‡ji Dci wb¤œgyLx 

AwfKl© ej| Ab¨wU Av½yj Øviv m„ó mgvb I wecixZgyLx cÖwZwµqv ej| 

 

GLv‡b † ‹̄‡ji IRbI KvR Ki‡Q| Z‡e †¯‹‡ji IRbB e ‘̄i Dci 

AwfKl© ej| 

       
wPÎ  5.9 

 

Av½y‡ji cwie‡Z© †¯‹‡ji AwfKl© †K› ª̀ ev fvi‡K›`ª eivei Lvovfv‡e ’̄vwcZ GKwU Avj wc‡bi m~Pv‡jv  AMÖfv‡Mi  

Dc‡iI †¯‹jwU‡K mvg¨ve¯’vq ivLv hvq| Avcwb wb‡R GwU Abykxjb K‡i †`Lyb|  

wb‡iU e ‘̄i AwfKl© †K›`ª e¯‘i †fZ‡i Aew ’̄Z nq| wKš‘ †Kv‡bv †Kv‡bv e ‘̄i AwfKl© †K› ª̀ e¯‘ L‡Ûi evB‡iI n‡Z 

cv‡i| GwU wbf©i K‡i e ‘̄i R¨vwgwZK AvK…wZi Dci| 5.10 wP‡Î K‡qKwU mylg R¨vwgwZK AvKvi wewkó e¯‘i 

AwfKl© †K›`ª †`Lvb n‡jv| cÖ‡Z¨K e ‘̄i AwfKl© †K› ª̀‡K G Øviv wPwýZ Kiv n‡q‡Q| 

 

 

 

mylg e„Ë ev PvKwZ AvswU ev wis mylg AvqZ I mvgvšÍwiK †ÿÎ 

(K) (L) 

 

 

 

 

mylg wÎfzR cvZ mylg †ejb mylg `Û ev iW 

(M) (N) 

               wPÎ 5.10  K‡qKwU cwiwPZ wbw ©̀ó R¨vwgwZK AvKvi wewkó e ‘̄i AwfKl© †K›`ª 

   (K) mylg e„Ë, PvKwZ, †MvjK, wis ev AvswUi AwfKl©R †K›`ª G‡`i R¨vwgwZK †K›`ª we›`y‡Z Aew ’̄Z| 

   (L) mylg AvqZwbK ev mvgvšÍwiK cvZ A_ev †d«‡gi AwfKl© †K› ª̀ G‡`i KY©Ø‡qi †Q` we› ỳ‡Z Aew ’̄Z|  

   (M) mylg wÎfyR AvK…wZ cvZ ev †d«‡gi fvi †K›`ª G‡`i ga¨gv¸wji  †Q` we›`y|      

   (N) mylg †ejb AvK…wZ cvÎ ev `Û ev i‡Wi AwfKl© †K›`ª G‡`i A‡ÿi ga¨ we› ỳ|                                        
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MvwYwZK D`vniY 5.2: c„w_ex c„‡ô g-Gi gvb 9.8 ms-2
, c„w_exi e¨vmva©, R = 6.4106 m  Ges  gnvKlx©q 

aªæeK, G = 6.6710-11 Nm2kg-2
  n‡j c„w_exi fi wbY©q Kiæb|  

mgvavb : Avgiv Rvwb,  

      

2

GMg
R


 

ev,

 

2 6 2

11

9.8 (6.4 10 )
6.67 10

gRM
G 

 
 


 

         = 6.01810 24 kg             
 

DËi t 6.0210 24 kg 

GLv‡b,  

AwfKl©R Z¡iY, g = 9.8 ms-2 

c„w_exi e¨mva©, R = 6.4106  m   

gnvKlx©q aªæeK, G = 6.6710-11
 Nm2kg-2

  

c„w_exi fi, M = ? 

 

 

mvi-ms‡ÿc :  

 AwfKl© t c„w_ex c„‡ôi Dci ev c„ô msjMœ †Kv‡bv e ‘̄ Ges c„w_exi g‡a¨ †h gnvKl© ej wµqvkxj Zv‡K 

AwfKl© e‡j|  

 AwfKl©R Z¡iY t  AwfKl© e‡ji cÖfv‡e gy³fv‡e f~-c„‡ô cošÍ e¯‘i Z¡iY ev †eM e„w×i nvi‡K AwfKl©R Z¡iY 

e‡j| G‡K g Øviv cÖKvk Kiv nq|  

 e ‘̄i IRb t e ‘̄i Dci c„w_exi AvKl©Y ej A_©vr †h e‡j c„w_ex †Kv‡bv e ‘̄‡K AvKl©Y K‡i ZvB H e ‘̄i 

IRb|   

 AwfKl©R Z¡iY g-Gi gvbt  welye †iLv eivei g-Gi gvb me© wb¤œ cÖvq  9.78 ms-2
, †giæ we› ỳ‡Z m‡e©v”P 9.83 

ms-2
 | Gfv‡ió k„‡½ g-Gi gvb 9.81 ms-2

  I mgy`ª mgZ‡j cÖvß 9.75 ms-2
| f~-c„‡ô wewfbœ ’̄v‡b g -Gi gvb 

wewfbœ e‡j 45 Aÿvs‡k mgy`ª mgZ‡j g -Gi gvb‡K Av`k© aiv nq| GB gvb n‡”Q 9.80665 ms-2
| wnmv‡ei 

myweav‡_© Av`k©gvb aiv nq 9.81 ms-2
 |   

 AwfKl© †K›`ª t GKwU e¯‘‡K †h‡Kv‡bv fv‡eB ivLv †nvK bv †Kb, e ‘̄i Dci c„w_exi Avl©Y ej A_©vr e¯‘i 

mg¯Í IRb me mgq GKwU we›`y‡Z wµqv K‡i | e¯‘w ’̄Z e‡ji H wµqv we› ỳ‡K e ‘̄i fvi‡K›`ª ev AwfKl© †K›`ª 

e‡j|  

 

 

cv‡VvËi g~j¨vqb-5.2 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK () wPý w`b 

1| AwfKl©R Z¡iY g-Gi Av`k© gvb KZ?   

     (K) 9.81 ms-2
   (L)  9.83 ms-2

  (M) 9.75 ms-2 
 (N)  9.78 ms-2

 

2| AwfKl©R Z¡iY g-Gi gvÎv mgxKiY †KvbwU?   

(K) ML2T-2
  (L)  L2T-2

  (M) LT-2
  (N)  MLT-2

  

3| GKwU mylg B‡Ui AwfKl© †K›`ª †Kv_vq n‡e?  

(K) me¸wj  K‡Y©i †Q` we› ỳ‡Z      (L) wecixZ Z‡ji †K› ª̀ we›`y‡Z  

 

(M) cÖavb A‡ÿi ga¨ we› ỳ‡Z     (N) †h we› ỳ w`‡q B‡Ui mg¯Í IRb wµqvkxj 

4| c„w_ex c„‡ôi Aÿvsk gv‡bi mv‡_ AwfKl©R Z¡i‡Yi m¤úK© Kx?   

(K) Aÿvsk gvb evo‡j g-Gi gvb ev‡o  (L)  Aÿvsk gvb evo‡j g-Gi gvb K‡g

 

(M) Aÿvsk gvb Kg‡j g-Gi gvb K‡g  (N)  Aÿvsk gv‡bi mv‡_ g-Gi †Kvb m¤úK© bvB 
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 gnvKlx©q †ÿÎ   

Gravitational Field     

    

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 gnvKlx©q †ÿÎ e¨vL¨v Ki‡Z cvi‡eb| 

 gnvKlx©q †ÿ‡Îi †Kv‡bv we› ỳ‡Z gnvKl©xq cÖve‡j¨i ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb| 

 gnvKlx©q †ÿ‡Îi †Kv‡bv we› ỳ‡Z gnvKl©xq wef‡ei ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb|  

 

5.3.1 gnvKlx©q †ÿÎ I cªvej¨ (Gravitational  Field and Intensity)  
Avgiv †R‡bwQ gnvwe‡k¦i mKj e ‘̄ Ab¨ e ‘̄‡K AvKl©Y K‡i| GB AvKl©Y e‡ji bvg gnvKl© ej| ÿz ª̀  

fi wewkó e¯‘ Ges e„nr f‡ii e¯‘g~‡ni g‡a¨ AvKl©‡Yi †ÿ‡Î ÿz`ª f‡ii AvKl©Y cÖwZfvZ ev Abyf~Z 

nq bv| g‡b nq †Kej e„nr f‡ii e ‘̄i AvKl©YB wµqvkxj| Avm‡j cÖ‡Z¨KwU e ‘̄i AvKl©Y ej wµqvkxj _v‡K| 

G‡ÿ‡Î †Kv‡bv e ‘̄i Pvwiw`‡K †h ’̄vb Ry‡o Zvi AvKl©Y ej Abyf~Z nq †mB ¯’vb‡K H e ‘̄i gnvKlx©q †ÿÎ  e‡j|  

e„nr f‡ii e¯‘wU c„w_ex n‡j GB m„ó †ÿÎ‡K AwfKlx©q †ÿÎ e‡j|  

gnvKlx©q †ÿÎ  cªvej¨ 

GKwU wbw ©̀ó f‡ii e¯‘‡K Ab¨ †Kv‡bv e„nr f‡ii †Kv‡bv e ‘̄i gnvKl©xq †ÿ‡Îi g‡a¨ ivL‡j ev Avb‡jI mKj 

we›`y‡Z  e ‘̄wU Dci mgvb ej cÖhy³ nq bv| Avevi GKB we›`y‡Z wewfbœ f‡ii e¯‘i Dc‡iI mgvb ej Abyf~Z nq 

bv| Avgiv ej‡Z cvwi mKj †ÿ‡Î AvKl©Y e‡ji cÖfve mgvb bq| ev ej mgvb cÖej bq| †Kv‡bv we› ỳ‡Z Kg, 

†Kv‡bv we› ỳ‡Z †ewk ev cÖej| AvKl©Y e‡ji GB cÖejZvi cwigvcB †ÿ‡Îi  wbw`ó we›`y‡Z cÖvej¨| GB aviYv 

†_‡K gnvKlx©q †ÿÎ cÖvej¨‡K wb¤œ iƒ‡c msÁvwqZ Kiv n‡q‡Q|  

gnvKlx©q †ÿ‡Îi †Kv‡bv we›`y‡Z GKK f‡ii †Kv‡bv e ‘̄ ¯’vcb Ki‡j, e ‘̄wU †h ej Abyfe K‡i  ev Zvi Dci †h 

ej cÖhy³ nq, Zv‡K H †ÿ‡Îi `iæb H we› ỳ‡Z gnvKlx©q †ÿ‡Îi ZxeªZv ev †ÿÎ cÖvej¨ e‡j|  

gnvKlx©q †ÿ‡Îi †Kv‡bv we› ỳ‡Z m f‡ii †Kv‡bv e ‘̄ ’̄vcb Ki‡j hw` †mwU F ej Abyfe K‡i, Z‡e H we›`y‡Z 

GKK f‡ii e ‘̄ ¯’vcb Ki‡j Zvi Dci wµqvkxj ej n‡e 

F
m

|  

myZivs, gnvKlx©q †ÿÎ cÖvej¨, 

FE
m

     ......    ...... ........    ....... ....    .......      .......... (5.13) 

GwU GKwU †f±i ivwk| Gi w`K n‡”Q e„nËi f‡ii e¯‘i fvi‡K‡›`ªi w`‡K| 

Gi †f±iiƒc n‡”Q, 

FE
m





   ..........    ............  ..........    ....... ....    .......     .......... (5.13K) 

aiv hvK, GKwU e„nr f‡ii e¯‘i fi M,  e¯‘wUi fvi‡K›`ª †_‡K  r  `~i‡Z¡   m  f‡ii GKwU ÿz`ª f‡ii e¯‘ Av‡Q| 

G †ÿ‡Î ci¯ú‡ii AvKl©Y ej, F 2

MmG
r

    

GLb hw` ÿy`ª fiwUi m = 1 (GKK) nq Zv n‡j, AvKl©Y ej, F 2 2

1M MG G
r r


    n‡e| GB ejB 

gnvKlx©q cÖvej¨ | 

 ∴  2

GME
r

    ......    ...... ........    ....... .........    .......... ..........    .......      ..........  (5.14) 

cvV-5.3 
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Dc‡ii mgxKiY †_‡K eySv hvq M hZ †ewk n‡e, cÖvej¨I ZZ evo‡e| Avevi r hZ †ewk n‡e, cÖvej¨ ZZ 

Kg‡e| Ges gnvKlx©q †ÿ‡Îi wewfbœ we› ỳ‡Z cÖvej¨ wewfbœ n‡e| †h we› ỳ‡Z cÖvej¨ E †mLv‡b m  f‡ii e ‘̄i Dci 

AvKl©Y ej,  

 F = mE   ......    ...... ........    ....... .........    .......... ..........    .......      .......... (5.15)  

AvšÍR©vwZK c×wZ‡Z gnvKlx©q cÖve‡j¨i GKK Nkg-1
 | Gi gvÎv  

2
2MLTE LT

M


  | 

5.3.2 gnvKlx©q wefe (Gravitational Potential) 
†Kv‡bv e„nr f‡ii e ‘̄i gnvKlx©q †ÿ‡Îi evB‡ii †Kv‡bv ’̄vb Z_v Amxg `~iZ¡ †_‡K GKK f‡ii 

GKwU e ‘̄‡K, H †ÿ‡Îi †Kv‡bv wbw ©̀ó we›`y‡Z Avb‡Z gnvK‡l©i weiæ‡× †h cwigvY KvR Ki‡Z nq, Zv‡K  H wbw ©̀ó 

we›`yi gnvKlx©q wefe e‡j|   

m f‡ii †Kv‡bv e ‘̄‡K Amxg †_‡K gnvKlx©q †ÿ‡Îi †Kv‡bv we› ỳ‡Z Avb‡Z hw` W cwigvY KvR m¤úbœ nq, 

Zvn‡j H we›`yi gnvKlx©q wefe, 

WV
m

    ......    ...... ........    ....... ......... ....      .......... (5.16) 

Amx‡g gnvKlx©q wefe‡K k~b¨ aiv nq| 

`ywU e¯‘i g‡a¨ me©̀ v AvKl©Y ej we`¨gvb _vKvq GKK f‡ii e¯‘‡K e„nr f‡ii e¯‘i w`‡K wb‡Z PvB‡j evB‡ii 

†Kv‡bv ej cÖ‡qvM Ki‡Z nq bv ev †Kv‡bv KvR Ki‡Z nq bv| myZivs gnvKlx©q wefe‡K FY ivwk Øviv cÖKvk Kiv 

nq| Kv‡RB †Kv‡bv we› ỳ‡Z GKwU e ‘̄i Dci  gnvKlx©q wefe me©̀ v FYvZ¥K n‡e| mvaviYZ gnvKlx©q wefe 

eySv‡Z V AÿiwU e¨eüZ nq| GwU GKwU †¯‹jvi ivwk| AvšÍR©vwZK c×wZ‡Z gnvKlx©q wef‡ei GKK Jkg-1
| Gi 

gvÎv 

2 2L T
| 

wefe cv_©K¨ t GKK f‡ii †Kv‡bv e ‘̄‡K gnvKlx©q †ÿ‡Îi GK we› ỳ †_‡K Ab¨ we› ỳ‡Z Avb‡Z †h cwigvY KvR 

Ki‡Z nq, Zv‡K H we› ỳØ‡qi g‡a¨ gnvKlx©q wefe cv_©K¨  e‡j|  

AvKl©Y e‡ji Awfgy‡L miY n‡j wefe cv_©K¨ FYvZ¥K Ges AvKl©Y e‡ji weiæ‡× miY n‡j wefe cv_©K¨ abvZ¥K 

n‡e|  

5.3.3 gnvKlx©q †ÿÎ cÖvej¨ I gnvKlx©q wef‡ei m¤úK©  

(Relation between Gravitational Intensity and Gravitational Potential) 
aiv hvK, A we› ỳ‡Z M we› ỳ fi Aew ’̄Z| M Gi gnvKlx©q †ÿ‡Îi g‡a¨ r ~̀i‡Z¡ B we› ỳ (wPÎ 5.11)| AB †hvM 

Kwi| B we›`y‡Z GKK fi ’̄vcb Ki‡j Zvi Dci wµqvkxj gnvKlx©q ej, 

 2 2

1M GME G
r r


  ; Gi w`K BA eivei| 

 

aiv hvK, B we› ỳi wefe V|  

GLb hw` GB GKK f‡ii e ‘̄wU M f‡ii e ‘̄wUi AvKl©Y ej E 

Gi d‡j e‡ji Awfgy‡L ÿz ª̀vwZÿz`ª `~iZ¡ dr m‡i C we› ỳ‡Z 

Av‡m, Zvn‡j K„Z KvR n‡e Edrcos00

 Ges wef‡ei cwieZ©b dV I n‡e ZvB| 

myZivs, dV = Edrcos00 

wPÎ: 5.11 

M 

A C B 

(1kg) dr 

r 
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  dV = Edr 

  

dVE
dr

  

†h‡nZz gnvKlx©q wefe m‡ev©”P aiv nq Amx‡g Ges GB m‡ev©”P gvb n‡”Q k~b¨; myZivs Amxg †_‡K †ÿÎ m„wóKvix 

e ‘̄wUi w`‡K G¸‡Z _vK‡j gnvKlx©q wef‡ei gvb Kg‡Z _v‡K A_v©r FYvZ¥K nq Ges gnvKlx©q cÖve‡j¨i gvb 

evo‡Z _v‡K| AZGe, DcwiD³ mgxKiY n‡e, 

 

dVE
dr

  .......    ...... ........    ....... .........    .......... ..........    .......      .......... (5.17) 

A_v©r, `~i‡Z¡i mv‡c‡ÿ gnvKlx©q wef‡ei n«v‡mi nvi ev FYvZ¥K AšÍiKB n‡”Q gnvKlx©q cÖvej¨| 

5.3.4 we› ỳ f‡ii Rb¨ gnvKlx©q wefe  

(Gravitational Potential due to Point Mass)  
aiv hvK,  A  we›`y‡Z M fi m¤úbœ GKwU we› ỳ e ‘̄ 

ivLv Av‡Q (wPÎ 5.12)| A †_‡K  r ~̀i‡Z¡  P GKwU 

we›`y|  P we› ỳi gnvKlx©q wefe wbY©q Ki‡Z n‡e|  

AP †hvM K‡i ewa©Z Kiv n‡jv| ewa©Z †iLvi Dci 

KvQvKvwQ ỳ‡Uv we› ỳ  Q I R †bqv n‡jv|  A we› ỳ 

†_‡K G‡`i  ~̀iZ¡ h_vµ‡g x I  x + dx| 

   
wPÎ 5.12 

GLb M f‡ii Rb¨ Q we› ỳ‡Z Aew̄ ’Z GKK f‡ii Dci gnvKlx©q cÖvej¨ 2

GM
x

  Ges Gi AwfgyL  QA 

eivei|  dx ÿy ª̀ e¨eav‡b  Q I R  ỳwU we› ỳ we‡ePbv Kiv n‡q‡Q| e¨eavb ÿz`ª e‡j dx Gi  me©Î gnvKlx©q 

cÖvej¨ 2

GM
x

    aiv hvq|  evB‡i †_‡K †KD hw` ej cÖ‡qvM K‡i GKwU GKK fi‡K Q we› ỳ †_‡K  R we› ỳ‡Z 

wb‡Z Pvq Zv n‡j Zv‡K  QR  eivei  2

GM
x

 cwigvY ej cÖ‡qvM Ki‡Z n‡e|  

AZGe GKwU GKK fi‡K ÿz ª̀Zg  `~iZ¡ dx (Q we› ỳ †_‡K  R we› ỳ‡Z) wb‡Z  K…Z KvR dW n‡j, 

KvR  = ej miY,  m~Îvbymv‡i, 

 2

GMdW dx
x

 ......    ...... ........    ....... .........    .......... ..........    .......  ....... (5.18) 

AZGe, P we› ỳ †_‡K Amx‡g wb‡Z K…Z KvR,  

       2 2

1  
r r

GMW dx GM dx
x x

 

    

2 1
2  

2 1r r

xGM x dx GM
  

  
     

  

           = 

1 1 1 1 10
1 rr

xGM GM GM GM
x r r

                              
 

ev,   GMW
r

 ......    ...... ........    ....... .........    .......... ..........    .......      .......... (5.19) 
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aiv hvK, GKwU  GKK fi‡K Amxg †_‡K P  we› ỳ‡Z Avb‡Z K…Z KvR W | hv (5.19) mgxKi‡Y cÖvß W Gi 

mgvb I wecixZ| 

ev,      W = GMW
r

     ......    ..............    ....... .........    ..........    ......    ........    .... (5.20) 

msÁvbymv‡i,  W  B n‡”Q P we› ỳi wefe| 

awi, GB wefe = V 

∴ V GM
r

  ......    ...... ........    ....... .........    .......... ..........    .......      .......... (5.21) 

MvwYwZK D`vniY 5.3: c„w_exi Dcv`v‡bi Mo NbZ¡ 5.5103 kgm-3, c„w_exi e¨vmva© R = 6.4106m  Ges  

gnvKlx©q aªæeK G = 6.6710-11 Nm2kg-2
 n‡j c„w_exi c„‡ôi gnvKlx©q wefe wbY©q Kiæb|  

mgvavb : Avgiv Rvwb,  

      

GMV
R

 
 

 

Avevi c„w_exi fi, 

34
3

M R  
 

∴ V
  

24
3

GR        

GLv‡b,  

c„w_exi NbZ¡,  = 5.5103 kgm-3 

c„w_exi e¨mva©, R = 6.4106  m   

gnvKlx©q aªæeK, G = 6.6710-11 Nm2kg-2
  

wefe, V = ? 

          

11 6 2 36.67 104 3.14 (6.4 10 ) 5.5 10
3

       
 

           = - 6290.959019104  
          = - 6.3107  Jkg-1      
DËi t - 6.310 7 Jkg-1      
 

 

mvi-ms‡ÿc :  

 gnvKl©xq †ÿÎt †Kv‡bv e¯‘i Pvwiw`‡K †h ¯’vb Ry‡o Zvi AvKl©Y ej Abyf~Z nq †mB ¯’vb‡K H e¯‘i 

gnvKlx©q †ÿÎ ej| 

 AwfKl©xq †ÿÎ t  c„w_exi  Pvwiw`‡K †h ¯’vb Ry‡o Zvi AvKl©Y ej Abyf~Z nq †mB ’̄vb‡K c„w_exi 

AwfKlx©q †ÿÎ e‡j|  

 gnvKlx©q †ÿÎ cªvej¨: gnvKlx©q †ÿ‡Îi †Kv‡bv we› ỳ‡Z  GKK f‡ii †Kv‡bv e ‘̄ ¯’vcb Ki‡j, e ‘̄wU †h ej 

Abyfe K‡i ev Zvi Dci †h ej cÖhy³ nq, Zv‡K H †ÿ‡Îi `iæb H we› ỳ‡Z gnvKlx©q †ÿ‡Îi ZxeªZv ev 

†ÿÎ cÖvej¨ e‡j| gnvKlx©q cÖvej¨ GKwU w`K ivwk| Gi w`K n‡”Q e„nËi f‡ii e¯‘i fvi‡K› ª̀ AwfgyLx| 

AvšÍR©vwZK c×wZ‡Z Gi GKK N kg-1
 | Gi gvÎv 

2LT
| 

 gnvKlx©q wefe : †Kv‡bv e„nr f‡ii e¯‘i gnvKlx©q †ÿ‡Îi evB‡ii †Kv‡bv ¯’vb Z_v Amxg `~iZ¡ †_‡K GKK 

f‡ii GKwU e ‘̄‡K, H †ÿ‡Îi †Kv‡bv wbw ©̀ó we› ỳ‡Z Avb‡Z gnvK‡l©i weiæ‡× †h cwigvY KvR Ki‡Z nq, 

Zv‡K H wbw ©̀ó we› ỳi gnvKlx©q wefe e‡j|  GwU GKwU † ‹̄jvi ivwk| AvšÍR©vwZK c×wZ‡Z gnvKlx©q 

wef‡ei  GKK Jkg-1
| Gi gvÎv 

2 2L T
| 
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cv‡VvËi g~j¨vqb-5.3 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK () wPý w`b 

1| gnvKlx©q †ÿÎ cÖve‡j¨i GKK  †KvbwU ?   

     (K) Nkg-1
      (L)  Nm 

     (M) Nm-1
    (N)  Nsm-2

 

2|  e„nr f‡ii †Kv‡bv e ‘̄i Pvwiw`‡K †h GjvKvi g‡a¨ Gi AvKl©Y ej Abyf~Z nq Zv‡K Kx e‡j?   

(K) AwfKlx©q †ÿÎ   (L)  AvKl©Y †ÿÎ  

(M) gnvKl©xq †ÿÎ   (N)  †ÿÎ cÖvej¨   

3| AwfKlx©q wef‡ei gvÎv †KvbwU ? 

(K) LT-1       (L) L2T-1 

 

(M) LT-2         (N) L2T-2    
4| gnvKlx©q wefe †Kvb ivwki Dci wbf©i K‡i?   

(K) ÿz`ª f‡ii e¯‘wUi fi   (L)  e„nr f‡ii e¯‘wUi fi

 

(M) e„nr f‡ii e¯‘wUi e¨vmva©  (N)  ÿz`ª f‡ii e ‘̄wUi e¨vmva©
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 gnvKlx©q m~‡Îi cÖ‡qvM 

Applications of the law of Gravitation 
    

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 gnvKlx©q m~Î e¨envi K‡i mylg wb‡iU †Mvj‡Ki evB‡ii †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ wnmve 

Ki‡Z cvi‡eb| 

 gnvKlx©q m~Î e¨envi K‡i mylg wb‡iU †Mvj‡Ki Af¨šÍ‡i †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ wnmve 

Ki‡Z cvi‡eb| 

 

5.4.1 gnvKl©  m~‡Îi cÖ‡qvM  (Applications of the law of Gravitation)  
gnvKl© m~Î cÖ‡qvM K‡i wewfbœ †ÿ‡Î wewfbœ mgm¨vi mgvavb Kiv m¤¢e| †hgb †Mvj‡Ki wfZ‡i I 

evB‡i  gnvKlx©q wefe I gnvKlx©q cÖvej¨ wbY©q Kiv hvq|GLv‡b Avgiv gnvKlx©q m~Î e¨envi K‡i mylg wb‡iU 

†Mvj‡Ki evB‡ii I Af¨šÍ‡i †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ wnmve Kie|   

(K)  gnvKlx©q m~Î e¨envi K‡i mylg wb‡iU †Mvj‡Ki evB‡ii †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ wbY©q  

5.13 wP‡Î S GKwU mylg wb‡iU †MvjK †`Lv‡bv n‡q‡Q| hvi fi M, e¨vmva© a Ges Dcv`v‡bi NbZ¡ ρ| †MvjKwUi 

evB‡i GKwU wbw ©̀ó we›`y P| Avgiv P we› ỳ‡Z gnvKlx©q wefe I †ÿÎ cÖvej¨ wbY©q Kie|  

 
           wPÎ  5.13 

aiv hvK  OP = r| GB †Mvj‡Ki mv‡_  x I  x+dx  e¨vmv‡a©i 

`ywU mg‡Kw›`ªK †MvjK A¼b Kiv hvK|GB `yBwU †Mvj‡Ki g‡a¨  

4πx2dx  AvqZ‡bi GKwU †MvjKxq †LvjK Ave× n‡q‡Q|   

†Lvj‡Ki AvqZb = †Lvj‡Ki c„‡ôi †ÿÎdj†Lvj‡Ki cyiæZ¡ ev †ea 

                 = x e¨vmv‡a©i †Lvj‡Ki c„‡ôi †ÿÎdj†Lvj‡Ki †ea 

                   = 4πx2 dx 
                  = 4πx2dx 

GLv‡b, S †MvjKwUi AvqZb = 

34
3

a  Ges S †MvjKwUi Dcv`v‡bi NbZ¡ , 

34
3

M

a
 


 

myZivs †Lvj‡Ki fi dm =  †Mvj‡Ki NbZ¡ †Lvj‡Ki AvqZb 

                              

2

3
44

3

M x dx
a

  


   

                            

2
3

3M x dx
a

                                                             

 mgxKiY (5.21) †_‡K Avgiv Rvwb V GM
r

 
 

cvV-5.4 
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myZivs †Lvj‡Ki Rb¨  P  we› ỳ‡Z gnvKlx©q wefe n‡jv, 

GdmdV
r

   

 

2
3

3.G MdV x dx
r a

   

DcwiD³ ivwk †K  x=0  Ges x = a  mxgvi g‡a¨ †hvMRxKiY K‡i m¤ú~Y© †Mvj‡Ki Rb¨ P we› ỳ‡Z wefe cvIqv 

hv‡e|  

AZGe , wefe  

2
3

0

3.
a G MV x dx

r a
   

                       

3
2

3 3
0 0

3 3
3

aaGM GM xx dx
a r a r

 
     

 
  

                         

3
3

3  0
3
GM a
a r

      

3
3

3
3
GM a
a r

   

         AZGe,    GMV
r

    ......    ...... ........    ............ ..........    .......      .......... (5.22) 

cÖvej¨ : Avgiv Rvwb, `~i‡Z¡i mv‡c‡ÿ gnvKlx©q wef‡ei  n«v‡mi nvi ev FYvZ¥K AšÍiKB n‡”Q gnvKlx©q cÖvej¨|  

AZGe  P we› ỳ‡Z cÖvej¨, 

dV d GME
dr dr r

     
 

 

                                      1dGM r
dr

  2

1GM
r

   
 

 

AZGe,  2

GME
r

   ......    ...... ........    ....... .........    .......... .    .......      .......... (5.23) 

GLv‡b FYvZ¥K wPý AvKl©Y ej †evSvq| myZivs ïay gv‡bi Rb¨, 2

GME
r

 |  

(L) gnvKlx©q m~Î e¨envi K‡i mylg wb‡iU †Mvj‡Ki Af¨šÍ‡i †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ wbY©q 

(5.14) wP‡Î S GKwU mylg wb‡iU †MvjK †`Lv‡bv n‡q‡Q| hvi fi M, e¨vmva© a Ges Dcv`v‡bi NbZ¡ ρ| P, 
†MvjKwUi Af¨šÍ‡i GKwU wbw ©̀ó we›`y| Avgiv P we› ỳ‡Z gnvKlx©q wefe I †ÿÎ cÖvej¨ wbY©q Kie|  

     
wPÎ  5.14 

aiv hvK  OP = r|  O †K †K› ª̀ K‡i OP e¨vmv‡a©i GKwU †MvjK AuvKv 

n‡jv| d‡j m¤ú~Y© wb‡iU †MvjKwU ỳfv‡M fvM n‡q †Mj| GKwU r e¨vmv‡a©i 

wb‡iU †MvjK| AciwU GKwU cyiæ †LvjK hvi wfZ‡ii e¨vmva© r Ges 

evB‡ii e¨vmva© a|  P we›`ywU  r  e¨vmv‡a©i wb‡iU †MvjKwUi Dc‡i Ges cyiæ 

†MvjKwUi Af¨šÍ‡i Aew ’̄Z n‡e| 

 aiv hvK, P we› ỳ‡Z  a  e¨vmv‡a©i GKwU wb‡iU †Mvj‡Ki Rb¨ wefe V,                   
P we›`y‡Z r e¨vmv‡a©i  wb‡iU †Mvj‡Ki Rb¨ wefe V1 Ges            

P we› ỳ‡Z cyiæ †Lvj‡Ki Rb¨ wefe V2 |  

GLb r e¨vmva©i wb‡iU †Mvj‡Ki AvqZb = 

34
3

r  Ges fi = 

34
3

r | Gi Rb¨  P  we› ỳ‡Z wefe,   



c`v_© 1g cÎ BDwbU 5 

gnvKl©©  171 

        

3

2
1

4
43
3

G r
V r G

r

 
       [ mgxKiY (5.21) †_‡K Avgiv Rvwb V GM

r
  ] 

GLb, P we› ỳ‡Z cyiæ †Lvj‡Ki Rb¨ wefe V2 †ei Ki‡Z n‡e| cyiæ †LvjKwU AmsL¨ mg‡Kw›`ªK cvZjv †LvjK 

Øviv MwVZ e‡j Kíbv Kiv †h‡Z cv‡i| aiv hvK, GB iƒc GKwU cvZjv †Lvj‡Ki e¨vmva©  x Ges †ea dx |   

AZGe cvZjv †LvjKwUi AvqZb = 4πx2dx  Ges fi =4πx2dxρ   

GLb Avgiv Rvwb †h, cvZjv †Lvj‡Ki Af¨šÍ‡i †h †Kv‡bv we› ỳ‡Z †LvjKwUi Rb¨, wefe = - 

24G x dx
x
 

 

P we› ỳwU cvZjv †LvjKwUi †fZ‡i Aew ’̄Z nIqvq †LvjKwUi Rb¨ P we› ỳ‡Z wefe  = - 

24G x dx
x
 

 

               = - G4πxdxρ 
†h‡nZz cyiæ †LvjKwUi wfZ‡ii e¨vmva© r Ges evB‡ii e¨vmva© a| myZivs, DcwiD³ ivwk‡K x = r Ges x = a  

mxgvi g‡a¨ †hvMRxKiY K‡i m¤ú~Y© †Mvj‡Ki Rb¨ P we› ỳ‡Z wefe cvIqv hv‡e|  

AZGe, wefe  2  4
a

r

V G xdx     

                       

2

4 4
2

aa

r r

xG xdx G  
      

 
    = 

2 22 ( )G a r   
 

P we› ỳ‡Z  a  e¨vmv‡a©i GKwU wb‡iU †Mvj‡Ki Rb¨ wefe V = P we› ỳ‡Z r e¨vmv‡a©i  wb‡iU †Mvj‡Ki Rb¨ wefe 

V1 + P  we›`y‡Z cyiæ †Lvj‡Ki Rb¨ wefe V2  

        ev, 1 2V V V    

                

24
3

r G     + [

2 22 ( )G a r    ] 

                

2 2 2
2 2 2

2 2 2 2
3

3

4 3 4 2 3 3( )
3 2 3 2
4 3 4 3. .
3 2 3 2

r a rG r a r G

a r a rG a G
a

                
 

      

  

†h‡nZz,  a e¨vmv‡a©i wb‡iU †Mvj‡Ki fi, M = 

34
3

a | myZivs Dc‡ii mgxKi‡Y 

34
3

a = M ewm‡q cvB, 

            

2 2

3

(3 ) 
2

GM a rV
a


    .....    ....... .........    .......... ..........    .......      ............. (5.24) 

 

cÖvej¨ : Avgiv Rvwb, `~i‡Z¡i mv‡c‡ÿ gnvKlx©q wef‡ei  n«v‡mi nvi ev FYvZ¥K AšÍiKB n‡”Q gnvKlx©q cÖvej¨|  

AZGe  P we› ỳ‡Z cÖvej¨, 

2 2
3 (3 )

2
dV d GME a r
dr dr a

        
  

                                   

2 2
3 . (3 )

2
GM d a r

a dr
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       3

2
2
GM r
a

   

                                   3

GM r
a

 
 

......    ...... ........    ....... .........    .......... .......(5.25) 

GLv‡b FYvZ¥K wPý AvKl©Y ej †evSvq| myZivs ïay gv‡bi Rb¨, 3

GME r
a

 |  

MvwYwZK D`vniY 5.4: 2000 kg  f‡ii GKwU ¸iæfvi e¯‘i fvi‡K›`ª †_‡K 10 m ~̀‡i Aew ’̄Z †Kv‡bv we›`y‡Z 

gnvKlx©q wefe Ges cÖvej¨ wbY©q Kiæb| (a‡i wbb GLv‡b Ab¨ †Kv‡bv e‡ji cÖfve bvB) |  

mgvavb : 

Avgiv Rvwb, 

      

GMV
r

 
 

            

116.67 10 0
10

20 0  
 

 

            

81.334 10  
 

            

8 -11.34 10 Jkg    

GLv‡b,  

gnvKl© m„wóKvix fi, M = 2000 kg   

wbw ©̀ó we›`ywUi `~iZ¡, r = 10 m  

gnvKlx©q aªæeK, G = 6.6710-11  Nm2kg-2
  

gnvKlx©q wefe, V = ? 
gnvKlx©q  cÖvej¨, E= ?  

Avevi Avgiv Rvwb,

 

2

GME
r


 

    

11

2

6
(

.67 10 2000  
10)

E
 

  

    

9 11.34 10 NkgE    

DËi t gnvKlx©q wefe 

8 11.34 10  J kg  
 

Ges cÖvej¨ = 9 11.34 10 Nkg   

 

 

mvi-ms‡ÿc :  

 mylg wb‡iU †Mvj‡Ki evB‡ii †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ :  

     gnvKlx©q aªæeK = G, wb‡iU †Mvj‡Ki fi = M Ges evB‡ii wbw ©̀ó we›`y †_‡K †MvjK †K‡› ª̀i `~iZ¡ = r  

n‡j,  gnvKlx©q wefe, 

GMV
r

     Ges cÖvej¨ 2

GME
r

   

 mylg wb‡iU †Mvj‡Ki Af¨šÍ‡i †Kv‡bv we› ỳ‡Z gnvKlx©q wefe I cÖvej¨ :  

     gnvKlx©q aªæeK = G, wb‡iU †Mvj‡Ki fi = M, evB‡ii wbw`©ó we›`y †_‡K †MvjK †K‡› ª̀i `~iZ¡ = r  Ges 

wb‡iU †Mvj‡Ki e¨vmva© = a n‡j, 

gnvKlx©q wefe, 

2 2

3

(3 )
2

GM a rV
a


     Ges cÖvej¨ 3

GME r
a
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cv‡VvËi g~j¨vqb-5.4 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| mylg wb‡iU †Mvj‡Ki evB‡ii †Kv‡bv we› ỳ‡Z gnvKlx©q wefe wbY©‡qi m~Î †KvbwU?   

     (K)

2 2

3

(3 ) 
2

GM a r
a



 (L)  3

GM r
a

           

 (M)  

GM
r

             (N)  

GM
r

   

2| mylg wb‡iU †Mvj‡Ki Af¨šÍ‡i †Kv‡bv we›`y‡Z gnvKlx©q wefe wbY©‡qi m~Î †KvbwU  †KvbwU?    

 (K)

2 2

3

(3 ) 
2

GM a r
a



 (L)  3

GM r
a

       

 (M)   

GM
r

   (N)  

GM
r
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 K…wÎg DcMÖn I gyw³ †eM 

Artificial Satellites and Escape Velocity 
    

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 K…wÎg DcMÖÖn I f~-w¯’i DcMÖn e¨vL¨v Ki‡Z cvi‡eb|  

 K…wÎg DcMÖ‡ni Kÿ c‡_i D”PZvi Rb¨ ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb|  

 K…wÎg DcMÖ‡ni e¨envi e¨vL¨v Ki‡Z cvi‡eb| 

 gyw³ †e‡Mi Rb¨ ivwkgvjv cÖwZcv`b Ki‡Z cvi‡eb|  

 

5.5.1  K…wÎg DcMÖn (Artificial Satellites)  
Avgiv Rvwb P›`ª c„w_exi DcMÖn| †h me e ‘̄ ev †R¨vwZ®‹  MÖ‡ni Pvwiw`‡K †Nv‡i Zv‡`i DcMÖn e‡j| 

gnv we‡k¦ KZ DcMÖn Av‡Q Zv Avgv‡`i Rvbv †bB| GgbwK †mŠiRM‡Zi DcMÖ‡ni msL¨vI Avgiv m¤ú~Y© ÁvZ bB| 

wKš‘ Avgiv Rvwb †mŠi RM‡Zi †K‡› ª̀ Av‡Q m~h©| MÖn¸‡jv m~h©‡K cÖ̀ wÿY Ki‡Q| Avi MÖn¸‡jv‡K †K›`ª K‡i  Nyi‡Q 

Zvi DcMÖn¸‡jv| †hgb P›`ª Nyi‡Q c„w_ex‡K †K› ª̀ K‡i| P›`ª cÖvK…wZK Dcv‡q m„ó| †h me DcMÖn cÖvK…wZK Dcv‡q 

m„ô Zv‡`i ejv nq ¯̂vfvweK DcMÖn| P›`ª I c„w_exi gnvKl© jwä ej Puv`‡K GKwU †K› ª̀gyLx ej Øviv c„w_exi w`‡K 

Uvb‡Q| Avevi c„w_exi Pvwiw`‡K cÖ̀ wÿ‡Yi Rb¨ P‡›`ªi GKwU †K›`ªwegyLx ej wµqv Ki‡Q, bv n‡j Puv` c„w_ex‡Z 

AvQ‡o co‡Zv| GB †K› ª̀gyLx I †K› ª̀wegyLx  ỳwU mgvb I wecixZ e‡ji Kvi‡Y Puv` c„w_exi Pvwiw`‡K Nyi‡Q | GB 

bxwZi Dci wfwË K‡i weÁvbxiv c„w_ex †Kw›`ªK N~Y©b MwZ m¤úbœ  wKQz e ‘̄ ev KvVv‡gv i‡K‡Ui mvnv‡h¨ c„w_exi 

AvKl©Y mxgvi G‡Kev‡i cÖv‡šÍ wb‡q ’̄vcb K‡i‡Qb| d‡j Pvu‡`i g‡Zv GivI c„w_ex‡K †K› ª̀ K‡i c„w_exi Pvwiw`‡K  

wbqwgZ  cÖ̀ wÿY Ki‡Q| †hb GivI DcMÖn| G¸wj n‡jv K…wÎg DcMÖn| gvby‡li cvVv‡bv †h me e ‘̄ ev gnvKvkhvb 

c„w_ex‡K †K› ª̀ K‡i wbw ©̀ó Kÿ c‡_ †Nv‡i Zv‡`i ejv nq K…wÎg DcMÖn| c„w_ex‡K cÖ̀ wÿY Kivi Rb¨ K…wÎg 

DcMÖn¸wji †K›`ªªgyLx ej cÖ‡qvRb| K…wÎg DcMÖ‡ni Dci c„w_exi AvKl©Y GB †K› ª̀gyLx ej †hvMvq| AwfK‡l©i 

Uv‡bi cÖfv‡e Puv‡`i g‡Zv GivI G‡`i wbw`ó Kÿ c‡_ †Nv‡i| GRb¨ G‡`iI  wbw`©ó `ªæwZ _v‡K|  

f~-w ’̄i DcMÖn : wKQz wKQz K…wÎg DcMÖn Ggb fv‡e ¯’vcb Kiv nq †h G‡`i AveZ©bKvj c„w_exi AvwýK MwZi 

AveZ©bKv‡ji mgvb nq| GRb¨ c„w_exi wbw`©ó ¯’vb †_‡K H DcMÖn¸wj‡K me mgq GKB hvqMvq †`Lv hvq| †hgb 

XvKv kn‡ii †Kv‡bv wbw`ó ¯’vb †_‡K hLbB †`Lv nq †`Lv hvq GKwU wbw`ó DcMÖn me©̀ vB `k©‡Ki gv_vi Dci 

Ae ’̄vb Ki‡Q| G ai‡Yi DcMÖn‡K f~-w ’̄i DcMÖn e‡j| c„w_ex wb‡Ri A‡ÿi Dci †h ẁ ‡K †h †e‡M AveZ©b K‡i 

GmKj DcMÖnI †mB µ‡g †mB w`‡K I †mB †e‡M AveZ©b K‡i| GmKj DcMÖ‡ni Kÿ c_ c„w_exi welye †iLvi 

mgZ‡j _vK‡Z nq|   

5.5.2 gyw³ †eM (Escape Velocity)  
GK UzK‡iv cv_i‡K Dc‡ii w`‡K Qz‡o w`‡j AwfK‡l©i Uv‡b Zv Avevi f~-c„‡ô wd‡i Avm‡e| cybivq 

G‡K wØ¸Y e‡j Qz‡o w`‡j GwUi †eM †ewk n‡e, AviI Dc‡i DV‡e e‡U wKš‘ Avevi f~-c„‡ô wd‡i 

Avm‡e| c„w_exi AwfKl© ej E‡aŸ© Drwÿß cv_i LÛ‡K Gfv‡e †U‡b Av‡b| wKš‘ hw` cv_i L‡Ûi Dci Ggb ej 

cÖ‡qvM Kiv hvq hv‡Z GwU Ggb †eM  cÖvß nq †h c„w_exi AvKl©Y mxgv ev AwfKl© †ÿÎ AwZµg K‡i hvq Zvn‡j 

Avi GwU f~-c„‡ô wd‡i Avm‡e bv| GwU c„w_xexi AvKl©Y gy³ n‡q gnvk~‡b¨ P‡j hv‡e| GB †eM n‡e AwfK‡l©i 

†_‡K gyw³i cvIqvi †eM| myZivs gyw³ †eM‡K wb¤œ iƒ‡c msÁvwqZ Kiv nq| 

msÁv :  me©wb¤œ †h †e‡M †Kv‡bv e ‘̄‡K Dc‡ii w`‡K wb‡ÿc Ki‡j wbwÿß e ‘̄wU Avi c„w_ex‡Z wd‡i Av‡m bv  †mB 

†eM‡K gyw³ †eM e‡j|  

cvV-5.5 
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gyw³ †e‡Mi gvb t aiv hvK m f‡ii †Kvb e ‘̄‡K ve †e‡M Dc‡ii w`‡K wb‡ÿc Kiv n‡jv| c„w_ex †K›`ª †_‡K 

e ‘̄wUi `~iZ¡  x| gnvKl© m~Î Abymv‡i GB `~i‡Z¡ e¯‘i Dci c„w_exi AvKl©Y ej n‡e,     

2

GMmF
x

  GLv‡b M, c„w_exi fi|  

GB AvKl©Y e‡ji weiy‡× e ‘̄wU‡K dx cwigvY miv‡Z †h KvR Ki‡Z n‡e Zvi cwigvY n‡e, dW = Fdx  

ev,   2

GMmdW dx
x

 
     

 

myZivs f~-c„ô †_‡K  ( †hLv‡b  x = R, c„w_exi e¨vmva©  †_‡K Amx‡g (†hLv‡b x = ) wb‡q †h‡Z †gvU KvR, 

     

2
2  

R R

GMmW dx GMm x dx
x

 
    

         

2 1 1

2 1 1R R

x xGMm GMm
      

         
 

         

1 1 1
R

GMmGMm GMm
x R R


              

 

∴ 

GMmW
R

   ......    ...... ........    ....... .........    .......... ..........    .......     ............ (5.26) 

A_©vr wbwÿß e¯‘wU‡K AwfKlx©q AvKl©Y †_‡K gyw³ †c‡Z n‡j me©wb¤œ W cwigvY KvR Kivi kw³ AR©b Ki‡Z 

n‡e| Ab¨ w`‡K  e¯‘wUi gyw³ †eM ve aiv n‡q‡Q| A_©vr ve †e‡M MwZkxj wbwÿß e ‘̄wUi MwZ kw³I W cwigvY 

KvR m¤úbœ Ki‡e|  

A_©vr ve  †e‡M MwZkxj e ‘̄i MwZ kw³, 

21
2 e

GMmmv W
R

    

ev,   

2 2
e

GMv
R

  

ev,  

2
e

GMv
R

  ......    ...... ........    ....... .........    .......... ..........    .......      .........     (5.27) 

ev,  2

2
e

GMRv
R

   

 ev,     2ev gR    ......    ...... ........    ....... .........    .......... ..........    .......    .... (5.28) 

†h‡nZz AwfKl©R Z¡iY, 2 = GMg
R

 

mgxKiY (5.27) I (5.28) c„w_exi †ÿ‡Î e ‘̄i gyw³ †e‡Mi mgxKiY| GB mgxKi‡Y e ‘̄i fi Abycw ’̄Z myZivs 

gyw³ †eM e ‘̄ wbi‡cÿ ev c„w_ex c„‡ô  mKj e ‘̄i gyw³ †eM mgvb | wKš‘ GwU G, M, R Ges g-Gi gv‡bi Dci 
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wbf©i K‡i|  myZivs gyw³ †eM ¯’vb wbi‡cÿ bq| g = 9.8 ms-2
 Ges   c„w_exi e¨vmva©, R = 6.4106 m ai‡j 

(5.28) mgxKiY Abyhvqx,  

gyw³ †eM, 

2 62 9.8ms 6.4 10 mev         
        = 11200 ms-1 = 11.2 kms-1 

 
 

5.5.3 K…wÎg DcMÖ‡ni Kÿ c‡_i D”PZv (Height of the Orbit of the Artificial Satellites)  
aiv hvK m f‡ii GKwU K…wÎg DcMÖn f~-c„ô †_‡K h D”PZvq †_‡K v †e‡M c„w_ex‡K cÖ̀ wÿY Ki‡Q 

(wPÎ 5.15)| c„w_exi e¨vmva© = R c„w_exi fi =  M DcMÖnwUi Dci Kvh©iZ †K›`ªgyLx ej,  

2

( )
mvF
R h




  ...  ... ... ... (5.29) 

K…wÎg DcMÖ‡ni Dci c„w_exi AvKl©Y ej A_©vr AwfKl© ejB GB 

†K›`ªgyLx  ej †hvMvq| c„w_exi fi M   n‡j  GB AwfKl© ej 

2( )
GMmF
R h




  ... ... ... ... (5.30)   

mgxKiY (5.29) Ges mgxKiY  (5.30) †_‡K cvB,   

2

2( ) ( )
mv GMm
R h R h


 

 

          ev, 

2

( )
GMv
R h




 

 

 

wPÎ : 5.15 

          ev, 

( )
GMv
R h




  ... ... ......   (5.31) 

GB mgxKiY †_‡K †`Lv hvq  Kÿc‡_i e¨vmva© †ewk n‡j DcMÖ‡ni †eM n«vm cvq| aiv hvK MÖnwUi †KŠwYK †eM  

Ges AveZ©b Kvj T  

AZGe AveZ©b †eM  

2( ) ( )v R h R h
T


         ......    .......... ..........    .......      .......... (5.32) 

                 [ ∵
2
T


   ] 

 mgxKiY (5.31) I (5.32) †_‡K;     

2 ( )
( )

GMR h
T R h


 


 

 ev, 

2
2

2

4 ( )
( )

GMR h
T R h


 


 

    ev,  

2
3

2( )
4

GMTR h 
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     ev, 

1
2 3

2( )
4

GMTR h  
    

 

  ∴  

1
2 3

2 R
4

GMTh  
   

  ... ... ....... .........    ....   (5.33) 

GB mgxKiYwUB K…wÎg DcMÖ‡ni Kÿc‡_i D”PZv Ávcb K‡i Ges AveZ©bKvj I D”PZvi g‡a¨ m¤úK© wb‡ ©̀k 

K‡i|  

c…w_exi fi, M = 61024 kg, c„w_exi e¨vmva©, R= 6.4106 m, AveZ©bKvj, T= 243600 s Ges 

gnvKlx©q aªæeK  G = 6.710-11 Nm2kg-2   a‡i MYbv Ki‡j GKwU f~-w ’̄i DcMÖ‡ni D”PZv n‡e,  

11 2 -2 24 2
6

1
3

2

(6.7 10 Nm kg  6 10 kg)   (2) (
4 (3.14

4 3600 s) 6.4 10 m
)

h
 

  






    
   = 3.6107m 
   = 3.6104 km | 

5.5.4 K…wÎg DcMÖ‡ni e¨envi ( Uses of Artificial Satellites) )  
1957 mv‡j 4 A‡±vei †mvwf‡qU ivwkqvi weÁvbxiv me© cÖ_g gnvKv‡k ¯úyUwbK-1 bv‡gi K…wÎg DcMÖn  

†cÖiY K‡ib| cieZx©Kv‡j gvwK©b hy³ivóªmn Ab¨vb¨ A‡bK †`kB K…wÎg DcMÖn †cÖiY K‡i| eZ©gvb 

we‡k¦ Aa©kZvwaK †`‡ki K…wÎg DcMÖnmg~n c„w_ex‡K cÖ̀ wÿY Ki‡Q| evsjv‡`kI GKwU K…wÎg DcMÖn Dr‡ÿc‡Yi 

cwiKíbv MÖnY K‡i‡Q| wKQz msL¨K DcMÖn c„w_ex wfbœ Ab¨vb¨ MÖn ev †R¨vwZ®‹‡K cÖ̀ wÿY Ki‡Q| Gch©šÍ Drwÿß 

K…wÎg DcMÖ‡ni msL¨v cÖvq 6,600| Gi g‡a¨ cÖvq 3,600wU eZ©gv‡b Kÿ c‡_ Ae ’̄vb Ki‡Q|  welye †iLv eivei 

f~-c„ô †_‡K 35,786  (†gvUvgywU  36,000) wK‡jvwgUvi D”PZvq f~-w¯’i DcMÖn¸wji Ae¯’vb|  

eZ©gvb we‡k¦ K…wÎg DcMÖn¸wj gvby‡li Rxeb hvÎvi gvb‡K A‡bKvs‡k cÖfvweZ Ki‡Q|  ˆ`bw›`b Rxe‡b wewfbœ 

Kv‡R Acwinvh© I ¸iæZ¡c~Y©fv‡e e¨eüZ n‡”Q GB DcMÖn¸wj| G‡`i g‡a¨ cÖavb K‡qKwU n‡jv †eZvi †hvMv‡hvM, 

AvenvIqv Rjevqy msµvšÍ M‡elYv I c~e©vfvl, f~-Mf© I f~-Mf©̄ ’ cÖvK…wZK m¤ú‡`i Abymšavb, cwienYI PjvPj, 

†Mv‡q›`vwMwi, gnvwek¦ msµvšÍ M‡elYv|   

             

                  wPÎ 5.16 : f~-w ’̄i DcMÖn  

 
wPÎ 5.17: c„w_exi Pvwiw`‡K AmsL¨ DcMÖn 

 

†hvMv‡hvM : eZ©gvb we‡k¦i AMwYZ cÖK…wZi  kã, Z_¨, DcvË msMÖn, msiÿY I weZi‡Yi Kv‡R ¸iæZ¡ c~Y© f~wgKv 

cvjb Ki‡Q K…wÎg DcMÖn¸‡jv| c„w_exi cÖwZwU cÖv‡šÍ cÖwZwU gvby‡li me iK‡gi †eZvi †hvMv‡hvM, †iwWI, 

†Uwjwfkb, B-†gBj, I‡qe mvBU, d¨v·, †Uwj‡dvb, †gvevBj †hvMv‡hvM m¤¢e Ges myjf n‡q‡Q K…wÎg DcMÖ‡ni 
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gva¨‡g| †Uwjwfk‡bi †ÿ‡Î GLb m¨v‡UjvBU Ges wWm Gw›Ubv K_v¸‡jv mK‡ji Kv‡Q AwZ cwiwPZ kã| Gai‡bi 

DcMÖ‡ni Avjv`v bvg †`qv n‡q‡Q †hvMv‡hvM DcMÖn (Communication Satellites)|  

AvenvIqv : AvenvIqv msµvšÍ Z_¨ DcvË msMÖn, msiÿY I weZi‡Yi KvR ¸iæZ¡ c~Y© f~wgKv cvjb Ki‡Q K…wÎg 

DcMÖn¸‡jv| wKQz DcMÖn Avjv`vfv‡e †Kej AvnvIqv I Rjevqy msµvšÍ Kv‡R e¨eüZ nq| So, eb¨v, Liv, wewfbœ 

cÖvK…wZK `y‡h©vM msµvšÍ c~ev©fvl `y‡h©vM Ae ’̄vi ZvrÿwYK Z_¨wPÎ BZ¨vw` cvIqv hvq Gme DcMÖn _‡K| G¸‡jv‡K 

AvenvIqv DcMÖn (Weather Satellites) ejv nq|  

ˆeÁvwbK M‡elYv : AvenvIqv Z_¨, f~wg Rwic DcvË, A‡ckv`vi ev k‡Li †eZvi M‡elYv  f~-weÁvb, mgy`ª-weÁvb, 

Aven-weÁvb, gnvKvkweÁvb msµvšÍ wewfbœ M‡elYvi Z_¨ msMÖn Kv‡R wb‡qwRZ  DcMÖn¸wj‡K M‡elYv DcMÖn 

(Scientific Research Satellites) ejv nq| G me M‡elYvq c„w_exi RxebKvj, wewfbœ f~ZvwZ¦K cwieZ©‡bi 

BwZnvm, Rx‡ei D™¢e, weKvk iƒcvšÍ‡ii BwZnvm ev c×wZ D`NvUb welq AšÍf~©©³| 

 

mvgwiK †Mv‡q›`v wMwi :  wKQz wKQz †`k wbR †`‡ki wbivcËv I mvgwiK kw³ e„w×i cÖ‡qvR‡b Ab¨ †`‡ki mvgwiK 

Z_¨vw` m¤ú‡K© †Mv‡q›`vwMwi K‡i| Gme Kv‡R wKQz DcMÖn‡K Avjv`vfv‡e wWRvBb Kiv nq G¸wj gyjZ mvgwiK ev 

†Mv‡q›`v DcMÖn (Military Intelligence Satellites) | Gi mvnv‡h¨ Ab¨ †`‡ki (kÎæ-wgÎ) wewfbœ mvgwiK  Ae ’̄vb, 

MwZwewa, A ¿̄k‡¯¿i gRy`, mieivn e¨e¯’v BZ¨vw`i Z_¨I DcvË msMÖn Kiv nq|  

f~-w ’̄i DcMÖn¸wj we‡kl GjvKv ev AÂ‡ji Dci wbe× _v‡K e‡j †Kej H GjvKvi cÖ‡qvRbxq Z_¨ DcvË msMªn 

Ki‡Z cv‡i, wKš‘ Pjgvb DcMÖn¸wj cÖZ¨šÍ GjvKv, hvbevnb, mgy`ª †cvZ, wegvb, Rbgvbyl BZ¨vw` Aw ’̄wZkxj 

wel‡qi Z_¨ I †hvMv‡hvM m¤úK©xq ch©‡eÿY I Z_¨vw` meivn Kv‡R e¨eüZ nq|  

MvwYwZK D`vniY 5.4:  g½j MÖ‡ni e¨vmva© 3000 km  Ges Gi c„‡ô AwfKl©R Z¡iY 3.8 ms-2
 n‡j, g½j c„ô 

†_‡K †Kv‡bv e ‘̄i gyw³ †eM wbY©q Kiæb|   

 

mgvavb :  Avgiv Rvwb,  

             

2ev gR  

                 

62 3.8 3 10     

                

622.8 10   

GLv‡b,  

g½j MÖ‡ni e¨vmva©, R = 3000 km = 3106 m   

 AwfKl©R Z¡iY, g = 3.8 ms-2
   

 gyw³ †eM, ve = ?  

                 = 4.77103  
                = 4.77 kms-1

 

  

DËi t 4.77 kms-1  

 

MvwYwZK D`vniY 5.5:  8000 km e¨vmv‡a©i Kÿ c‡_ GKwU DcMÖn cÖ̀ wÿYiZ| g = 9.8 ms-2
 n‡j, DMÖnwUi 

†eM KZ n‡e wbY©q  Kiæb|   

  

mgvavb :    

Avgiv Rvwb,  

                

GMv
R h




 

  Avevi f~-c„‡ôi AwfKl©R Z¡iY 

      

2

GMg
R

  ev, 

2GM gR   

GLv‡b,  

c„w_exi e¨vmva©, R =6.4106 m   

 AwfKl©R Z¡iY, g = 9.8 ms-2
   

 Kÿ c‡_i e¨vmva©, R+h = 8000 km= 810 6 m  
 †eM, v = ?  
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       ∴ 

2gRv
R h




 

              

6 2
4

6

9.8 (6.4 10 ) 50.176 10
8 10

 
  


 

                = 7.0835103 ms-1 
 DËi : 7.0835103 ms-1 
 

 

mvi-ms‡ÿc :  

 K…wÎg DcMÖn : gvby‡li cvVv‡bv †hme e ‘̄ ev gnvKvkhvb c„w_ex‡K †K›`ª K‡i wbw ©̀ó Kÿ c‡_ †Nv‡i Zv‡`i 

ejv nq K…wÎg DcMÖn|  

 f~-w ’̄i DcMÖn : †h K…wÎg DcMÖn¸wj Ggb fv‡e ¯’vcb Kiv nq †h G‡`i AveZ©bKvj c„w_exi AvwýK MwZi 

AveZ©bKv‡ji mgvb nq| GRb¨ c„w_exi wbw`©ó ¯’vb †_‡K H DcMÖnwU‡K me mgq GKB hvqMvq †`Lv hvq| 

G ai‡Yi DcMÖn‡K f~-w¯’i DcMÖn e‡j|  

 gyw³ †eM : me©wb¤œ †h †e‡M †Kv‡bv e ‘̄‡K Dc‡ii w`‡K wb‡ÿc Ki‡j wbwÿß e ‘̄wU Avi c„w_ex‡Z wd‡i 

Av‡m bv  †mB †eM‡K gyw³ †eM e‡j| 

 K…wÎg DcMÖ‡ni e¨envi : mvgwiK †Mv‡q›`vwMwi, †hvMv‡hvM,AvenvIqv, f ~wg Rwic I Ab¨vb¨ eûwea 

M‡elYvi Kv‡R K…wÎg DcMÖn e¨eüZ nq|  

 

 

cv‡VvËi g~j¨vqb-5.5 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b| 

1| c„w_exi †ÿ‡Î GKwU f~-w¯’i DcMÖ‡ni ch©vqKvj KZ ?  

     (K) 0 N›Uv

 
            (L)  24 N›Uv       (M)  12 N›Uv           (N)  365 w`b 

  

2| Avgviv †Uwjwfk‡b †h †Kv‡bv mgq mviv we‡k¦i Abyôvb †`L‡Z cvwi †Kvb ai‡Yi DcMÖ‡ni Kj¨v‡Y?    

 (K) Pjgvb DcMÖn (L)  f ~-w ’̄i DcMÖn     (M) †hvMv‡hvM DcMÖn (N)  AvenvIqv DcMÖn  

3| c„w_ex c„ô †_‡K †Kv‡bv wbwÿß e ‘̄i gyw³ †eM KZ n‡e ?  

(K)  11000 kms-1
  (L) 11200 kms-1             

(M)  11.2 kms-1
  (N) 11.2 kmh-1

  

4| c„w_exi AwfKl© nVvr jyß n‡j, c„w_ex‡K †K›`ª K‡i wbqwgZ cÖ̀ wÿYiZ DcMªn¸wji Kx n‡e? 

(K) c„w_ex c„‡ô cwZZ n‡e     (L) DcMÖn¸wji MwZ jyß n‡e 

(M) GKB MwZ‡Z Pj‡Z _vK‡e      (N) MwZ c‡_i ¯úk©K eivei wQU‡K †ewo‡q hv‡e  
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P~ovšÍ g~j¨vqb 

eûwbe©vPwb cÖkœt 

K. mvaviY eûwbe©vPbx cÖkœ t  mwVK DË‡ii cv‡k wUK ()  wPý w`b| 

1| GKK f‡ii `ywU e ‘̄ KYv GKK  `~i‡Z¡ †_‡K †h e‡j ci¯úi‡K AvKl©Y K‡i Zv‡K Kx e‡j ?   

 

(K) gnvKl©  (L)  gnvKlx©q Z¡iY        (M) gnvKlx©q aªæe (N)  gnvKlx©q wefe 

 

2| AwfKl©R Z¡iY g Gi gv‡bi ˆewkó¨ †KvbwU?  

(K)  e ‘̄ wbi‡cÿZv (L)   ’̄vb wbi‡cÿZv (M)  c„w_exi fi wbi‡cÿZv (N)  me¸wj 

 

3| †Kv‡bv e ‘̄i gyw³ †e‡Mi mv‡_ f‡ii m¤úK© Kx ?   

(K) e¨v Í̄vbycvwZK (L)  e‡M©i mvgvbycvwZK  (M) eM©gy‡ji mvgvbycvwZK  (N)  †Kvb m¤úK© bvB  

4| gnvKlx©q aªæe‡Ki gvÎv †KvbwU ?  

(K)  M2L2T-2    (L)  M-1L3T-2    
(M)  ML2T-1   

  (N)  M2LT-2   
 

 

 

L. eûc`x mgvwßm~PK eûwbe©vPbx  cÖkœ t 

 

1|  `ywU e¯‘i g‡a¨i gnvKl© e‡ji gvb-- 

i. e ‘̄Ø‡qi f‡ii ¸Yd‡ji mgvbycvwZK  

ii. e ‘̄Ø‡qi `~i‡Z¡i mgvbycvwZK  

iii. e ‘̄Ø‡qi `~i‡Z¡i e‡M©i e¨¯ÍvbycvwZK  

†KvbwU mwVK ?      

(K)  i   (L)  i  I iii  (M) ii I iii  (N) i, ii I iii  
 

2| †Kv‡bv we› ỳi gnvKlx©q wefe Ñ 

i. gnvK‡l©i weiæ‡× K…Z Kv‡Ri cwigvY 

ii. GKwU †¯‹jvi ivwk 

iii. me©̀ v Amxg  

 †KvbwU mwVK ? 

 (K)  i   (L)  i  I ii  (M) ii I iii  (N) i, ii I iii  
 

3| gyw³ †e‡Mi mgxKiY 2ev gR
 

†_‡K eySv hvq- 

i. gyw³ †eM e ‘̄ wbi‡cÿ  

ii. c„w_ex c„‡ôi mKj e ‘̄i gyw³ †eM mgvb 

iii. gyw³ †eM ’̄vb wbi‡cÿ bq 

 †KvbwU mwVK ? 

          (K)  i   (L)  i  I ii  (M) ii I iii  (N) i, ii I iii  
M. Awfbœ Z_¨ wfwËK eû wbe©vPbx  cÖkœ t 

wb‡Pi e‡·i Z_¨¸‡jv co–b Ges 1-4 b¤̂i cÖ‡kœœi mwVK DËiwU‡Z wUK ẁ b| 

 

 

 

cÖvPxbKvj †_‡K weÁvbxiv  †mŠi RM‡Zi m~h© I MÖn¸wji MwZwewa m¤ú‡K© AbymwÜrmy wQ‡jb| wewfbœ mg‡q 

weÁvbxiv G m¤ú‡K© wewfbœ e¨vL¨v †`qvi †Póv K‡i‡Qb| MÖxK weÁvbx  U‡jgx, †Kvcvwb©Kvm, UªvB‡Kveªv‡n cÖgyL 

weÁvbx‡`i ci¯úi we‡ivax, RwUj Ges A¯úó Z_¨mg~n we‡kølY K‡i weÁvbx  Rb †Kcjvi wm×v‡šÍ DcbxZ nb 

†h, MÖn¸‡jv †Kv‡bv GK e‡ji cÖfv‡e m~h©‡K †K› ª̀ K‡i Aweivg Nyi‡Q| G m¤ú‡K© wZwb K‡qKwU m~Î Dc ’̄vcb 

K‡ib| Zvi bvg Abymv‡i G¸‡jv †Kcjv‡ii m~Î bv‡g cwiwPZ| 
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1| †Kcjvi †Kvb †`‡ki Awaevmx wQ‡jb ?  

(K) myBRvij¨vÛ  (L) †WbgvK© (M) Mªxm            (N) Rvg©vb  

2| MÖn¸wji MwZ m¤ú‡K© †Kcjvi KqwU m~Î †`b ?  

(K)  GKwU  (L) ỳBwU (M)  wZbwU     (N) PviwU    

3| †Kcjv‡ii m~‡Î m~h©‡K †K› ª̀ K‡i MÖn¸wji MwZ c_ †Kvb ai‡bi ? 

(K) e„ËvKvi (L) Dce„ËvKvi    (M) Awae„ËvKvi (N) KL‡bv e„ËvKvi KL‡bv Dce„ËvKvi   

4| m~h© †_‡K GKwU MÖ‡ni Mo ~̀iZ¡  R Ges MÖnwUi m~h©‡K cÖ̀ wÿYKvj T n‡j †KvbwU mwVK ? 

(K) T 3  R2
    (L) T  R3

    (M) T 2  R             (N) T 2  R3
    

 

N. m„Rbkxj cÖkœ t  

wb‡Pi  e‡·i Aby‡”Q`wU co–b| Ges Aby‡”Q` †k‡li cÖkœ̧ wji DËi w`b| 

 

 

 

 

 

cÖkœ t (K) †Kcjv‡ii cÖ_g m~ÎwU wee„Z Kiæb ? 

(L) †Kcjv‡ii wØZxq m~ÎwU e¨vL¨v Kiæb|   

(M) m~h©‡K GKevi cÖ̀ wÿY Ki‡Z c„w_exi 365 w`b Ges ï‡µi 88 w`bv mgq jv‡M| m~h©© †_‡K c„w_exi I 

ï‡µi Mo ~̀iZ¡  1.5108  km  Ges 0.5108  km  GB Z_¨ †Kcjv‡ii Z…Zxq m~Î mg_©b K‡i 

wK? hvPvB Kiæb|   

(N) Avgiv Rvwb m~h©‡K †K‡› ª̀  †i‡L c„w_ex N~Y©vqgvb|  wKš‘  wW‡m¤î gv‡m c„w_ex I m~‡h©i `~iZ¡ †_‡K  Ryb 

gv‡m c„w_ex I m~‡h©  `~iZ¡ A‡bK Kg nqÑ G‡_‡K Kx g‡b nq †h m~h© memgq c„w_exi Kÿ c‡_i †K›`ª 

_v‡K bv| G e¨vcv‡i Avcbvi AwfgZ Kx? Avcbvi Awfg‡Zi mc‡ÿ hyw³ I e¨vL¨v w`b|  

 

 

O. mswÿß DËi cÖkœ t 

1| wbDU‡bi gnvKl© m~ÎwU wee„Z Kiæb| 

2| gnvKlx©q aªæeK Kx? msÁvwqZ Kiæb| 

3| gnvKlx©q aªæe‡Ki gvÎv mgxKiYwU wjLyb| 

4| gnvKlx©q aªe‡Ki GKK wbY©q Kiæb|  

5| G ‡K me©Rbxb aªæeK ejv nq †Kb? e¨vL¨v Kiæb|  

6| AwfKl© Kx, wjLyb| 

7| gnvKl© I AwfK‡l©i g‡a¨ cv_©K¨ Kx, wjLyb|   

8| AwfKl©R Z¡iY Kv‡K e‡j, wjLyb|  

9| g Gi Av`k©gvb ej‡Z wK eySvq ? Av`k© gvb KZ, wjLyb|   

10| AwfKl© †K›`ª ej‡Z Kx eySvq, wjLyb|   

11|  K…wÎg DcMÖn Kx, wjLyb| 

    12| f~-w¯’i DcMÖn Kv‡K e‡j, wjLyb|    

13| gnvKlx©q †ÿÎ Kv‡K e‡j|  

14| gnvKlx©q †ÿÎ cÖve‡j¨i msÁv w`b|  

15| gnvKlx©q †ÿÎ cÖve‡j¨i GKK Kx, wjLyb| 

16| gnvKlx©q wefe Kv‡K e‡j, wjLyb|   

†mŠiRM‡Zi MÖn¸wji MwZwewa m¤ú‡K© †Kcjvi wZbwU m~Î †`b| †Kcjv‡ii wØZxq m~‡Î ejv n‡q‡Q,  

†mŠiRM‡Zi cÖwZwU MÖn Ggbfv‡e Nyi‡Q †h, m~h© I H MÖ‡ni †K›`ª ms‡hvRK KvíwbK †iLv mgvb mg‡q mgvb 

†ÿÎdj AwZµg K‡i| Z…Zxq m~ÎwU n‡”Q,  m~‡h©i Pvwiw`‡K cÖwZwU  MÖ‡ni AveZ©bKv‡ji eM© Gi Kÿc‡_i 

Aa©civ‡ÿi Nbd‡ji mgvbycvwZK| 
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17| gnvKlx©q wef‡ei gvÎv mgxKiY  I GKK wjLyb|  

18| gyw³ †eM Kx, wjLyb| 

19| MÖ‡ni MwZ msµvšÍ †Kcjv‡ii cÖ_g m~ÎwU eY©bv Kiæb| 

20| MÖ‡ni MwZ msµvšÍ †Kcjv‡ii wØZxq m~ÎwU eY©bv Kiæb|  

21| MÖ‡ni MwZ msµvšÍ †Kcjv‡ii Z…Zxq m~ÎwU eY©bv Kiæb|  

 

P. wek` DËi cÖkœ t 

1| wbDU‡bi gnvKl© m~~Î wee„Z I e¨vL¨v Kiæb|  

2| AwfKl©R Z¡iY‡K c„w_exi fi, e¨mva© I gnvKlx©q aªæe‡Ki gva¨‡g cÖKv‡ki ivwkgvjv  wbY©q Kiæb|  

3| f~-c„‡ôi wewfbœ ¯’v‡b AwfKl©R Z¡i‡Yi gvb wewfbœ nIqvi KviY e¨vL¨v Kiæb|   

4| e¨vL¨v Kiæb f~-c„‡ôi hZB wb‡P bvgv hvq AwfKl©R Z¡i‡Yi gvb ZZB Kg‡Z _v‡K, wjLyb|   

5| AwfKl©R Z¡i‡Yi Dci c„w_exi AvwýK MwZi cÖfve eY©bv Kiæb|  

6| K…wÎg DcMÖ‡ni †eM I D”PZv wbY©‡qi ivwkgvjv cÖwZcv`b Kiæb|  

7|  f~-w ’̄i DcMÖn Kv‡K e‡j? f~-c„„ô †_‡K Gi D”PZv wbY©‡qi ivwkgvjv †ei Kiæb|  

8| MÖ‡ni MwZ msµvšÍ †Kcjv‡ii m~Î¸‡jv eY©bv I e¨vL¨v Kiæb|  

9| we› ỳ f‡ii Rb¨ gnvKlx©q wefe wbY©‡qi ivwkgvjv cÖwZcv`b Kiæb|   

10|  f~-c„ô †_‡K  m  f‡ii †Kv‡bv e ‘̄i gyw³ †eM wbY©‡qi MvwYwZK m~Î cÖwZcv`b Kiæb|  

 

Q. MvwYwZK mgm¨v t  

1| c„w_ex c„ô †_‡K KZ D”PZvq g Gi gvb 4.9 ms-2
 n‡e ? wbY©q Kiæb| c„w_exi e¨vmva©  6.4106 m,  c„w_ex 

c„‡ó AwfKl© Z¡iY  9.8ms-2 |  

2| e„n¯úwZ MÖ‡ni e¨vm 14104 km Ges Gi fi 1.91027 kg| e„n¯úwZi c„ô †_‡K GKwU e ‘̄i gyw³ †eM 

wbY©q Kiæb |  

3| f~-c„ô n‡Z 500 km  E‡aŸ© †_‡K GKwU K…wÎg DcMÖn c„w_ex‡K cÖ̀ wÿY Ki‡Q| DcMÖnwUi Abyf~wgK †eM 

wbY©q Kiæb| [ R= 6200 km Ges g =  9.8 ms-1]  
 

 

DËigvjv 

cv‡VvËi g~j¨vqb 5.1 t   1| (M)       2| (L)      3| (K)    4| (L)    

cv‡VvËi g~j¨vqb 5.2 t   1| (K)       2| (M)           3| (N)     4| (L)     

cv‡VvËi g~j¨vqb 5.3 t   1| (K)       2| (M)       3| (N)      4| (L)   

cv‡VvËi g~j¨vqb 5.4 t   1| (N)       2| (K)        

cv‡VvËi g~j¨vqb 5.5 t   1| (L)       2| (M)       3| (M)      4| (N)      

P‚ovšÍ  g~j¨vqb  

K. mvaviY eûwbe©vPbx cÖkœ t  1| (M) 2| (K)       3| (N)  4| (L)    

L. eûc`x mgvwßm~PK  eûwbe©vPbx cÖkœ t      1| (L) 2| (L) 3| (N) 

M. Awfbœ Z_¨ wfwËK eû wbe©vPbx  cÖkœ t 1|  (L) 2| (M)     3|(L) 4|(N) 

N. m„Rbkxj cÖkœ t-1 (K) Aby‡”Q` 5.1.2    (L) Aby‡”Q` 5.1.2  

                          (M) 99862.6 m (N) wb‡R e¨vL¨v Kiæb| wUDU‡ii mnvqZv wbb|   

    m„Rbkxj cÖkœ t-2  (K) Aby‡”Q` 9.1.1   (L) Aby‡”Q` 9.1.1  

                          (M) K‡i †`Lyb!   (N) wb‡R e¨vL¨v Kiæb| wUDU‡ii mnvqZv wbb|   

 Q. MvwYwZK mgm¨v t  1|  2.65106 m 2|  60.3 kms-1
 3|  7498.38 ms-1

 


