
m¿îiufŸ:	

	 (1)�	 �mid¤J Édh¡fS« rÇahf¥ gâth» cŸsjh 
v‹gjid¢ rÇgh®¤J¡ bfhŸsî«. m¢R¥gâÉš 
FiwÆU¥ã‹, miw¡ f©fhÂ¥ghsÇl« 
cldoahf¤ bjÇÉ¡fî«.

	 (2)	� Úy«  mšyJ  fU¥ò  ikÆid k£Lnk 
vGJtj‰F«, mo¡nfhoLtj‰F« ga‹gL¤j 

nt©L«.  gl§fŸ tiutj‰F bg‹áš 

ga‹gL¤jî«.

gFâ - I
F¿¥ò:	 (i)	 mid¤J Édh¡fS¡F« ÉilaË¡fî«.
� [15 × 1 = 15]
	 (ii)	 �bfhL¡f¥g£LŸs eh‹F kh‰W ÉilfËš 

Äfî« V‰òila Éilia¤ nj®ªbjL¤J¡ 

F¿p£Ll‹ ÉilÆidí« nr®¤J vGjî«.

1.	 Ñœ¡f©l ïizfËš x¤j gÇkhz¤ij bg‰WŸs 

ïa‰ãaš msîfŸ:

(m)	Éir k‰W« âw‹	

(M)	âU¥òÉir k‰W« M‰wš

(ï)	 âU¥òÉir k‰W« âw‹

(<)	 Éir k‰W« âU¥ò Éir

2.	 Jfbsh‹¿‹ âirntf« v i t j k
→ ∧ ∧ →

= + −2 92  vÅš  

t = 0.5 ÉdhoÆš m¤JfË‹ KL¡f¤â‹ v©kâ¥ò :

(m)	1 ms–2 	 (M)	2 ms–2 	 (ï)	 RÊ	 (<)	 –1 ms–2

3.	 XŒîÃiy cuhŒî¡ Fzf« ms 
bfh©l, »il¤js¥ 

gu¥òl‹ θ nfhz« rhŒªJŸs rhŒjsbkh‹¿š m v‹w 

Ãiw tG¡»¢ bršy¤ bjhl§F»wJ vÅš mªj¥ bghUŸ 

czU« bgUk XŒîÃiy cuhŒî ÉirÆ‹ msî :

(m)	mg	 	 	 (M)	 msmg
(ï)	 msmgsinθ			  (<)	 msmgcosθ

4.	 xU _oa  ghij¡F M‰wš kh‰wh ÉirÆdhš 

brŒa¥g£l ntiy :

(m)	v¥nghJ« vâ® F¿íilaJ

(M)	RÊ

(ï)	 v¥nghJ« ne® F¿íilaJ

(<)	 tiuaW¡f¥glhjJ

5.	 JfŸfshš Md mik¥ã‹ Ãiw ika« rhuhâU¥gJ:

(m)	JfŸfË‹ Ãiy		  	

(M)	JfŸfS¡»ilna cŸs bjhiyî

(ï)	 JfŸfË‹ Ãiw

(<)	 JfË‹ ÛJ brašgL« Éir

6.	 âObud òÉ k‰W« NÇaÅ‹ ÃiwfŸ ïUkl§fhf 

kh¿dhš, mitfS¡»ilnaahd <®¥ãaš Éir:

(m)	khwhJ			   (M)	 2 kl§F mâfÇ¡F«	

(ï)	 4 kl§F mâfÇ¡F«	 (<)	 2 kl§F Fiwí«

[ 1 ]

fhy msî : 3.00 kÂ neu« ]	 	 [ bkh¤j kâ¥bg©fŸ : 70

cldo¤nj®î #]‹ - 202311
M« tF¥ò PART - III 

ïa‰ãaš (ÉilfSl‹)

gâî v©

7.	 bt¥gÃiy caU«nghJ âut« k‰W« thíÉ‹ ghFÃiy 

Kiwna :

(m)	mâfÇ¡F« k‰W« mâfÇ¡F«

(M)	mâfÇ¡F« k‰W« Fiwí«

(ï)	 Fiwí« k‰W« mâfÇ¡F«

(<)	 Fiwí« k‰W« Fiwí«

8.	 ir¡»š la® âObu‹W bto¤J, mâš cŸs fh‰W 

ÉÇtil»wJ. ïj‰F .............. Ãfœî v‹W bga®.

m)	 bt¥gÃiy khwh	 (M)	 bt¥g¥ gÇkh‰wÄšyh

(ï)	 mG¤j« khwh		 (<)	 gUk‹ khwh

9.	 thí _y¡TWfË‹ ruhrÇ ïl¥bga®î ïa¡f M‰wš 

ã‹tUtdt‰WŸ vjid¢ rh®ªjJ?

(m)	nkhšfË‹ v©Â¡if k‰W« bt¥gÃiy	

(M)	 bt¥g Ãiyia k£L«

(ï)	 mG¤j« k‰W« bt¥gÃiy

(<)	 mG¤j¤ij k£L«.

10.	 miyÆa‰¿Æ‹ jilíW ÉirahdJ âirntf¤â‰F 

ne®¤jfÉš cŸsJ vÅš jfî kh¿ÈÆ‹ myF

(m)	kg m s−1	 	 	 (M)	kg m s−2	  	
(ï)	 kg s−1 			   (<)	 kg s

11.	 M®f‹ FHhŒ A MdJ xU KidÆš  

_l¥g£L, Kjš ÓÇirÆš mâ®îw¢ brŒa¥gL»wJ. 

k‰bwhU M®f‹ FHhŒ B ïUòwK« âwªjÃiyÆš 3tJ 

ÓÇirÆš mâ®îW»wJ. FHhŒ A k‰W« B  ïir¡fit 

x‹¿‹ _y« x¤âirî mil»wJ vÅš, A k‰W« B 

FHhÆ‹ Ús§fË‹ jfî :

(m)	 8
3

	 (M)	
3
8

	 (ï)	
1
6

	 (<)	
1
3

12.	 xU bghUË‹ ne®¡nfh£L cªj« 0.1% ca®ªjhš mj‹ 

ïa¡f M‰wš caU« msî :

(m)	0.1 %	 (M)	0.2 %	 (ï)	 0.4 %	 (<)	 0.01 %
13.	 bghUbsh‹W   'u' Mu«g¤âir ntf¤Jl‹ jiuÆÈUªJ 

br§F¤jhf nkš neh¡» v¿a¥gL»wJ. m¥bghUŸ 

Û©L« jiuia mila vL¤J¡ bfhŸS« neu« :

(m)	 u
g

2

2
	 (M)	u

g

2
 	 (ï)	

u
g2

	 (<)	
2u
g

14.	 Ñœ¡f©lt‰WŸ vJ miyia¡ F¿¡»wJ?

(m)	(x – vt)3	 	 	 (M)	 x(x + vt)	

(ï)	 1
( )x vt+

			   (<)	 sin(x + vt)

15.	 rh®y° ÉâÆ‹go gUk‹ k‰W« bt¥g Ãiy¡Fkhd 

tiugl« :

(m)	xU ÚŸt£l«		  (M)	xU t£l«	

(ï)	 xU ne®¡nfhL	 (<)	 xU gutisa«
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gFâ - II 
F¿¥ò : �vitnaD« MW Édh¡fS¡F ÉilaË¡fî«. Édh  

v©  24-¡F f£lhakhf ÉilaË¡fî« �[6 × 2 = 12]
16.	 gÇkhz¤â‹ xU go¤jhd be¿Kiw v‹whš v‹d?

17.	 0.20 m g¡f¤ij¡ bfh©l xU cnyhf fdrJu« 4000 N 
rW¡F¥ bga®¢á Éir¡F c£gL¤j¥gL»wJ. nk‰gu¥ò 

mo¥gu¥ig¥ bghW¤J  0.50 cm  ïl¥bga®¢á mil»wJ. 

cnyhf¤â‹ rW¡F¥ bga®¢á¡ Fzf¤ij¡ fz¡»Lf.

18.	 `nghÈ Éir' v‹whš v‹d?

19.	 xU bt¥g ïaªâu« mj‹ RH‰á ÃfœÉ‹ nghJ  500 J 
bt¥g¤ij, bt¥g _y¤âÈUªJ bg‰W¡ bfh©L xU F¿¥ã£l 

ntiyia brŒj ã‹d® 300 J bt¥g¤ij NHY¡F (bt¥g 

V‰ã¡F) bfhL¡»wJ. ïªÃgªjidfË‹go mªj bt¥g 

ïaªâu¤â‹ gaDW âwid¡ fh©f.

20.	 âirntf« k‰W« ruhrÇ¤ âirntf« ït‰¿‰»ilnaahd 

ntWghLfŸ ahit?

21.	 x›bthU khjK« rªâu »ufzK«, NÇa »ufzK« V‹ 

eilbgWtâšiy?

22.	 miyîfË‹ eh‹F  tiffis¡ F¿¥ãLf.

23.	 M‰wš rkg§Ñ£L Éâia¡ TWf.

24.	 RHY« r¡fubkh‹W Óuhd nfhz KL¡f¤Jl‹ RHš»wJ. 

ïj‹ nfhz¤ âirntf« 20π rad/s ÈUªJ 40π rad/s¡F 

10 ÉdhofËš mâfÇ¡f¥gL»wJ vÅš, R‰WfË‹ 

v©Â¡ifia¡ fh©f.

gFâ - III
F¿¥ò : �vitnaD« MW Édh¡fS¡F ÉilaË¡fî«. Édh  

v© 33-¡F f£lhakhf ÉilaË¡fî«.�[6 × 3 = 18] 
25.	 Ú©l bjhiyîfis ms¡F« K¡nfhz Kiw g‰¿¡ 

F¿¥ãLf.

26.	 ``nkhyh® j‹ bt¥g V‰ò¤âw‹'' - tiuaW¡fî«. mj‹ 

myF ahJ?

27.	 gšntW tifahd Ãiy M‰wiy¥ g‰¿ vGJf.

28.	 ïG¤J¡ f£l¥g£l f«ãÆš V‰gL« FW¡fiy¡fhd Éâfis¡ 

TWf.

29.	 10m tisî Mu« bfh©l t£l tot¢ rhiyÆš bršY« 

fh®, 50 ms-1  âir ntf¤âš tis»wJ. m¡fhÇDŸns 

mk®ªâU¡F« 60kg Ãiwíila kÅj® czU« ikaÉy¡F 

Éiria¡ fh©f. 

30.	 rW¡FjY¡F«, eGîjY¡F« cŸs ntWghLfŸ ahit?

31.	 ïuÆš t©obah‹W 54 km h-1 v‹w ruhrÇ ntf¤âš br‹W 

bfh©oU¡»wJ. jilia brY¤âa ã‹ò, m›t©o 225 m 

br‹W Ã‰»wJ vÅš, ïuÆš t©oÆ‹ vâ® KL¡f¤ij¡ 

fh©f.

32.	 Ú®k¤â‹ gu¥ò ïGÉiria¥ ghâ¡F« fhuÂfŸ ahit?

33.	 miw x‹¿š ïa¡f¤âš cŸs g¤J thí _y¡TWfË‹ 

ntf§fŸ Kiwna  2, 3, 4, 5, 5, 5, 6, 6, 7 k‰W« 9 ms-1 

MF«. ït‰¿‹ (i) ruhrÇ ïUko _yntf« (Vrms) k‰W« 

(ii) Äfî« rh¤âakhd ntf« (Vmp) fh©f.

gFâ - IV
F¿¥ò : mid¤J Édh¡fS¡F« ÉilaË¡fî«.� [5 × 5 = 25]
34.	 (m)	 ãiH v‹whš v‹d? Kiwahd ãiHfis És¡Ff.

(mšyJ)

	 (M)	mK¡f ïayhj, ghFÃiya‰w ghŒk« x‹W tÇ¢Ó® 

X£l¤âš brštj‰fhd bg®bdsÈÆ‹ nj‰w¤ij¡ 

T¿ mjid Ã%ã¡fî«.

35.	 (m)	 jÅ¢ÓÇir ïa¡f¤â‹ M‰wiy ÉÇthf Éthâ¡fî«.

 (mšyJ)

	 (M)	Ãô£lÅ‹ _‹W Éâfis¡ T¿, mj‹ K¡»a¤Jt¤ij 

És¡Ff.

36.	 (m)	 ntiy M‰wš j¤Jt¤ij¡ T¿ És¡Ff.  (mšyJ)

	 (M)	ÉLgL ntf¤â‰fhd nfhitia¤ jUÉ.

37.	 (m)	 FË®gjd¥bg£o x‹¿‹ brašgh£il cÇa És¡f§fSl‹ 

ÉÇthf És¡fî«.  (mšyJ)

	 (M)	khwhj KL¡f« bg‰w bghUË‹ ïa¡f¢ rk‹ghLfis 

tUÉ¡fî«.

38.	 (m)	 x¤jâ®î j«g¡ fUÉia¥ ga‹gL¤â fh‰¿‹ xÈÆ‹ 

âirntf¤ij ms¡F« Kiwia És¡Ff.

(mšyJ)

	 (M)	ïiza¢R nj‰w¤ij¡ T¿ Ã%ã¡fî«.

ÉilfŸ

gFâ-I
1.	 (M)	 âU¥òÉir k‰W« M‰wš	

2.	 (m)	 1 ms–2 3.	 (<)	 msmgcosθ	
4.	 (M)	  RÊ

5.	 (<)	 JfË‹ ÛJ brašgL« Éir	

6.	 (ï)	 4 kl§F mâfÇ¡F«

7.	 (ï)	 Fiwí« k‰W« mâfÇ¡F«

8.	 (M)	  bt¥g¥ gÇkh‰wÄšyh

9.	 (m)	 nkhšfË‹ v©Â¡if k‰W« bt¥gÃiy	

10.	 (ï)	 kg s−1 11.	 (ï)	
1
6

12.	 (M)	 0.2 %	 13.	 (<)	
2u
g

14.	 (<)	 sin(x + vt)	 15.	 (ï)	 xU ne®¡nfhL

gFâ-II
16.	 gÇkhz§fË‹ xU go¤jhd be¿Kiw: gÇkhz§fË‹ 

xUgo¤jhd be¿Kiw¥go xU rk‹gh£oš cŸs x›bthU 

cW¥ã‹ gÇkhz§fS« rkkhF«.

17.	 ï§F L = 0.20 m, F = 4000 N, x = 0.50 cm = 0.005 m 
	 k‰W« gu¥ò A = L2 = 0.04 m2

	 vdnt, ηR= 
F
A

L
x

× = ×
4000

0 04

0 20

0 005.

.

. = 4 × 106 Nm−2

18.	 nghÈ Éir v‹gJ bghŒahd xU ÉirahF«. ïJ 

xU njh‰w Éirahf ïUªjhY« ïj‹ ÉisîfŸ 

c©ikahdit. ïJ Ãiykk‰w F¿¥gha¤âš k£Lnk 

F¿¡f¥gL»‹wd. v.fh. ika Éy¡F Éir.

19.	 bt¥g ïaªâu¤â‹ gaDWâw‹  η = 1 – 
Q
Q

L

H

	  η	 = 1 – 
300
500

  =  1 – 
3
5

	  η	 = 1 – 0.6  =  0.4.
	 bt¥g ïaªâu¤â‹ gaDWâw‹ 40% ïâÈUªJ bt¥g 

ïaªâu« bfhL¡f¥g£l bt¥g¤âš 40% k£Lnk ntiyahf 

kh¿íŸsJ v‹gij m¿ayh«.
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20.	

âirntf« ruhrÇ âirntf«

âirntf« v‹gJ 

neu¤ij¥ bghU¤J Ãiy 

bt¡l® khW« åjkhF«.

ïl¥bga®¢á bt¡l® k‰W« 

mj‰fhd fhy ïilbtË 

M»at‰¿‹ É»j« ruhrÇ 

âirntf« vd¥gL«.

v lim r
t

d r
dtt

→

∆ →

→ →

= =
0

∆
∆

v r
t

avg
→

→

= ∆
∆

( avg - ruhrÇ )

21.	 (i)	� KG ÃyÉ‹ nghJ ÃyÉ‹ R‰W¥ghijí« 

òÉÆ‹ R‰W¥ghijí« xnu js¤âš mikªjhš 

rªâu»ufz« njh‹W« mnj nghš mkhthir 

m‹W elªjhš NÇa»ufz« njh‹W«.

	 (ii)	� ÃyhÉ‹ R‰W¥ghijahdJ òÉÆ‹ R‰W¥ghij 

js¤âÈUªJ 5º rhŒªJ fhz¥gL»wJ. ïªj 5º 
rhŒî cŸsjhš, M©o‹ F¿¥ã£l fhy¤âš 

k£Lnk NÇa‹, òÉ k‰W« Ãyî M»ait xnu 

ne®nfh£oš mik»‹wd.

	 (iii)	� ïªj neu¤âš k£Lnk ï«_‹¿‹ Ãiyia 

bghU¤J rªâu»ufznkh (m) NÇa»ufznkh 

V‰gL«.

22.	 f£l‰w miyîfŸ, jilíW miyîfŸ, Ãiy ÃW¤j¥g£l 

miyîfŸ, �âÂ¥ò mâ®îfŸ.

23.	 ïa¡fÉaš bfhŸifÆ‹go, T v‹w bfšÉ‹ 

bt¥gÃiyÆYŸs, bt¥g¢rkÃiyÆYŸs mik¥ò 

x‹¿‹ ruhrÇ ïa¡f M‰wš, m›tik¥ã‹ mid¤J 

Rjªâu ïa¡f¡TWfS¡F« rkkhf g»®ªjË¡f¥gL«. 

vdnt x›bthU Rjªâu ïa¡f¡TW« 
1
2

 kT 

M‰wiy¥bgW«. ïJnt M‰wš rkg§Ñ£L Éâ v‹W 

miH¡f¥gL»wJ.

24.	 nfhz âir ntf« wd 	 = 20π rad/s
	 nfhz âirntf« wt  	 = 40π rad/s
	 vL¤J¡ bfhŸS« fhy« t 	 = 10 s
	 R‰WfË‹ v©Â¡if /sec 	 = ?	
	 w 	 = 	 wo + αt

	 α 	 =	
ω ω π π π−

= − =o

t
40 20

10
20
10

 = 2π

	 α 	 = 	 2 πrad/s

	 θ 	 = 	 wot + 
1
2

 a t2

	 	 = 	 20 π × 10 + 
1
2
× 2π × 10 × 10 =  200 π + 100π

	 θ 	 = 	 300 π.

	 R‰WfË‹ v©Â¡if / sec. = 
θ
π

π
π2

300
2

=  =150 R‰WfŸ.

gFâ-III
25.	 Ú©l bjhiyîfis msÉLjš: K¡nfhz Kiw: 

	� AB = h v‹gJ ms¡f nt©oa ku¤â‹ cau« mšyJ 

nfhòu¤â‹ cau« v‹f.�

�

K¡nfhz Kiw

h

A

BxC

θ

	 �B ÆÈUªJ x bjhiyÉš 

cŸs C v‹w ïl¤âš c‰W 

neh¡Fgt® ïU¥g jhf¡ 

bfhŸnth«. C ÆÈUªJ å¢ir 

ms¥gt® A íl‹ V‰gL¤J« 

V‰w¡ nfhz« ∠ACB = θ. 
br§nfhz K¡nfhz« ABC 

ÆÈUªJ tan θ = 
AB
BC

 = 
h
x

 
(mšyJ) cau« h = x tan θ. 
bjhiyî x I m¿ªâUªjhš cau« h I bgwyh«

26.	 (i)	 xU nkhš msîŸs thíÉ‹ bghUË‹ bt¥g 
Ãiyia 1K mšyJ 1ºC ca®¤Jtj‰F¤ njit¥gL« 
bt¥g M‰wÈ‹ msnt nkhyh® (_y¡TW) j‹bt¥g 

V‰ò¤âw‹ vd¥gL«. ïjid¥ ã‹tUkhW vGjyh«.

			    C	= 
1
µ

∆
∆

Q
T





 	

	 (ii)	 nkhyh® (_y¡TW) j‹bt¥g V‰ò¤âwÅ‹ myF 
J mol–1K–1 MF«. ïJî« xU ne®¡F¿ bfh©l 

msthF«.	 	

27.	 �(i)	� Ãiy M‰wš gy tif¥gL«. x›bthU tifí« xU 
F¿¥ã£l Éiríl‹ bjhl®òilaJ. (c.«) òÉ<®¥ò 
ÉirÆdhš bghUŸ bg‰WŸs M‰wyhdJ <®¥ò 

mG¤j M‰wš vd¥gL«. U = mgh
	 (ii)	 RUŸ Éir k‰W« ïJ ngh‹w ïizahd 

ÉirfËdhš bgw¥gL« M‰wyhdJ Û£áaG¤j 

M‰wš vd¥gL«.

U = 
1
2  k (xf

2 – xi
2)

	 (iii)	 Ãiy Ä‹Åaš Éirahš bgw¥gL« M‰wš 

Ä‹dG¤j M‰wš MF«.

U = 
q q

r
1 2

4π∑
28.	� ïG¤J¡ f£l¥g£l f«ãÆš V‰gL« FW¡fiy¡fhd 

ÉâfŸ: (_‹W ÉâfŸ)

 	 �Ús¤â‰fhd Éâ: bfhL¡f¥g£l f«ãÆ‹, ïGÉir  

T (ÃiyahdJ) k‰W« XuyF Ús¤â‰fhd Ãiw μ 

(ÃiyahdJ) vÅš, mâ®bt© mâ®îW« f«ãÆ‹ 

Ús¤â‰F vâ®¤jfÉš mikí«.

		  f
l

f
l

∝ ⇒ = 1 C
 ⇒ l × f = C, ï§F  C kh¿È

	� ïG Éir¡fhd Éâ: bfhL¡f¥g£l mâ®îW« f«ãÆ‹ 

Ús« l (ÃiyahdJ) k‰W« XuyF Ús¤â‰fhd Ãiw μ  

(ÃiyahdJ) vÅš mâ®bt© ïGÉir Tï‹ ïUko 

_y¤â‰F ne®jfÉš mikí«. f ∝ T  ⇒ f =  A T, 

ï§F  A xU kh¿È

	 �Ãiw¡fhd Éâ:  bfhL¡f¥g£l mâ®îW« 

f«ãÆ‹ Ús« l (ÃiyahdJ) k‰W« ïGÉir  

T (ÃiyahdJ) vÅš mâ®bt©, XuyF Ús¤â‰fhd 

Ãiy μ ï‹ ïUko_y¤â‰F vâ®¤jfÉš mikí«

		  f ∝ 
µ

1
 ⇒ f =  

B
µ  ï§F  B xU kh¿È.
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29.	 âirntf« v 	 =   50 ms–1 ; 

	 tisÉ‹ Mu« r 	 = 	10 m
	 Ãiw m  	 =    60 kg

F 	 =	
mv

r

2 60 50 50
10

150000
10

= × × =  

∴F = 	 15,000 N
30.	

rW¡Fjš eGîjš

rW¡Fjš v‹gJ

 vCM>Rω ( vTRANS > vROT) 
vD« ÃgªjidÆ‹

nghJ Ãfœ»wJ.

eGîjš v‹gJ

 vCM<Rω (vTRANS < vROT). 
vD« ÃgªjidÆ‹ nghJ

Ãfœ»wJ.

RH‰á ïa¡f¤ij Él  ïl¥             

bga®¢á ïa¡f« mâf«.

ïl¥bga®¢á ïa¡f¤ij Él 

RHš ïa¡f« mâf«.

rW¡Fjš v‹gij 

K‹ndh¡F eGîjš 

v‹W« Twyh«.

ï›tif rW¡Fjiy 

ã‹ndh¡» eGîjš v‹W« 

Twyh«.

31.	 ïuÆš t©oÆ‹ ïWâ¤ âirntf«  v = 0
	 ïuÆš t©oÆ‹ Mu«g¤ âirntf«

	 u  ×  54 × 
5

18
ms–1 =   15 ms– 	; S = 225 m

	 vâ® KL¡f« v¥nghJ« âirntf¤â‰F vâuhf ïU¡F« 

vdnt, v2   = u2 − 2aS ;   0  = (15)2 – 2a (225)

450 a = 225 ; a = 
225

450
ms–2 =   0.5 ms–2

	 vdnt, vâ®KL¡f«   = 0.5 m s –2	

32.  Ú®k¤â‹  gu¥ò ïGÉiria¥ ghâ¡F« fhuÂfŸ :

	 (i)	 �khR¥bghUŸfŸ fyªâU¥gJ mšyJ fy¥gl« 
nr®ªâU¡F« msit¥ bghW¤J gu¥ò ïGÉiria¥ 
ghâ¡»wJ.

	 (ii)	 fiu bghUŸfŸ fyªâU¥gJ« gu¥ò ïGÉirÆ‹ 
kâ¥ig¥ ghâ¡»wJ.

	 (iii) 	 Ä‹}£lkhdJ gu¥ò ïGÉiria ghâ¡F«.

	 (iv) 	 bt¥gÃiyahdJ Ú®k¤â‹ gu¥ò ïGÉiria 
kh‰Wtâš K¡»a g§fh‰W»wJ.

33.	 ruhrÇ ntf« 

v =
2 + 3 + 4 + 5 + 5 + 5 + 6 + 6 + 7 + 9

10
= 5.2 ms–1

	� ruhrÇ ïUko _y ntf¤ij¡ fz¡»l KjÈš ntf§fË‹ 
ïUkoÆ‹ ruhrÇia¡ v 2  fz¡»l nt©L«.

	  

v 2

10
=

2  + 3 + 4  + 5  + 5  + 5  + 6  + 6  + 7  + 92 2 2 2 2 2 2 2 2 2

	 =   30.6 ms2 s–2 

	 �ruhrÇ ïUko _y ntf« vrms= v    2 = 30 6.  =   5.53 ms–1

	 �Äfî« rh¤âakhd ntf« vmp v‹gJ  5 ms–1. VbdÅš 
bfhL¡f¥g£lt‰WŸ _‹W _y¡TWfŸ ï›ntf¤ij¥ 
bg‰WŸsd.

gFâ-IV
34.	 (m)	

	� ïa‰ãaš msî x‹iw msåL brŒí«nghJ V‰gL« 

JšÈa¤j‹ik ãiH vd¥gL«. 

	 �Kiwahd ãiHfŸ: (Systematic errors) Kiwahd 

ãiHfŸ bjhl®¢áahf Û©L« Û©L« xnu khâÇ 

cUthF« ãiHfŸ MF«. ï¥ãiHfŸ MŒÉ‹ Mu«g« 

Kjš Koî tiu bjhl®ªJ ÃfG« ãu¢ridahš 

V‰gL»‹wd. Kiwahd ãiHfŸ Ñœ¡f©lthW 

tif¥gL¤j¥gL»‹wd.

	 fUÉ¥ ãiHfŸ : xU fUÉahdJ jahÇ¡f¥gL«nghJ 

Kiwahf msåL brŒa¥glÉšiy vÅš fUÉ¥ ãiHfŸ 

njh‹wyh«. Kid njŒªj Û£l® msînfhiy¡ bfh©L 

xU msit msåL brŒí«bghGJ bgw¥g£l KoîfŸ 

ãiHahf ïU¡F«. ïªj tifahd ãiHfis fUÉfis 

ftdkhf¤ nj®ªbjL¥gj‹ _y« rÇ brŒa Koí«. 

	 gÇnrhjidÆ‹ FiwghLfŸ (m) brŒKiwÆ‹ 

FiwghLfŸ :  nrhjid brŒí« fUÉfis mik¡F« 

nghJ, MŒtf¢ NHÈš V‰gL« áy jtWfshš 

ï¥ãiHfŸ njh‹W»‹wd. vL¤J¡fh£lhf, fnyhÇkhÅ 

bfh©L  nrhjid Ãfœ¤J« nghJ bt¥g¡ fh¥ÕL rÇahf 

brŒa¥glÉšiy vÅš fâ®å¢R KiwÆš bt¥g ïH¥ò 

V‰gL«. ïjdhš bgw¥gL« KoîfŸ ãiHahf mikí«, 

mjid¤ jÉ®¡f¤ njitahd âU¤j§fis nk‰bfhŸs 

nt©L«.

	 jÅ¥g£l ãiHfŸ : ï¥ãiHfŸ nrhjidÆ‹ nghJ 

msÉLgtÇ‹ brašgh£lhš cUth»wJ. fUÉÆ‹ 

jtwhd Mu«g¢ ÓuikîfŸ mšyJ Kiwa‰w  

K‹bd¢rÇ¡if elto¡ifahš mšyJ ftd¡Fiwthf 

c‰W neh¡»dhš msÉLgtuhš V‰gL»wJ.

 	 òw¡fhuÂfshš V‰gL« ãiHfŸ : nrhjidÆ‹ 

nghJ òw¢NHÈš V‰gL« khWgh£lhš msÉLjÈš 

ãiHfŸ V‰gL«. vL¤J¡fh£hf, bt¥gÃiy khWghL, 

<u¥gj« mšyJ mG¤j¤jhš V‰gL« kh‰w« ngh‹wit 

mså£o‹ Koîfis¥ ghâ¡F«.

	 Û¢á‰wsî   ãiHfŸ : X® msînfhyhš ms¡f¡Toa 

Äf¢á¿a msî Û¢á‰wsî vd¥gL«. nkY« mjdhš 

V‰gL« ãiHfŸ Û¢á‰wsî ãiHfŸ vd¥gL«. 

msÉL« fUÉÆ‹ gFâw‹ kâ¥ig¢ rh®ªJ ï¥ãiHfŸ 

V‰gL»‹wd. ï›tif¥ ãiHfis ca® E£g« bfh©l 

fUÉfis¥ ga‹gL¤Jtjhš Fiw¡f Koí«.

(mšyJ)

(M)	bg®bdsÈÆ‹ nj‰w« : bg®bdsÈÆ‹ nj‰w¤â‹go  

tÇ¢Ó® X£l¤âš cŸs mK¡f ïayhj, ghFÃiya‰w, 

XuyF ÃiwíŸs Ú®k¤â‹ mG¤j M‰wš, ïa¡f 

M‰wš k‰W« Ãiyah‰wš M»at‰¿‹ T£L¤bjhif 

kh¿ÈahF«. fÂjKiw¥go 
P
ρ + 

0

2

0

2

22

l

l

F
A

L F YA
L

YAl
L

l YA
L

YA
L

∫ × ⇒ =













    

      

l
l

' l l'

   1
2 v2 + gh = kh¿È

	 ïJnt bg®bdsÈÆ‹ rk‹ghlhF«.

	 Ã%ã¤jš : AB v‹w FHhÆ‹ tÊahf Ú®k« ghŒtjh¡ 

bfhŸnth«. ï§F V v‹gJ Kid A tÊahf t fhy¤âš 

EiHí« Ú®k¤â‹ gUk‹ vÅš, Kid B tÊahf mnj 

fhy¤âš btËnaW« Ú®k¤â‹ gUkD« V MF«.
�

A

B

aB

aA

ha

hb

AB v‹w FHhÆ‹ tÊna ghí« Ú®k«

	 aA, vA k‰W«  PA v‹git 

Aš Kiwna FHhÆ‹ 

FW¡Fbt£L¥gu¥ò, Ú®k 

âirntf« k‰W« Ú®k 

mG¤j« vd¡ bfhŸf. A 

ïš cŸs Ú®k« braš 

gL¤J« Éir  FA = PAaA

	 t fhy msÉš Ú®k« flªj 
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bjhiyî  d = vA t. 	vdnt brŒa¥g£l ntiy W = FAd 
= PAaAvA t Mdhš aAvA t  = aAd =  V,  A ïš EiHí« 

Ú®k¤â‹ gUkdhF«. vdnt brŒa¥g£l ntiyahdJ 

Aïš mG¤j M‰wyhf ïU¡F«. W = FAd = PAV. 
	 A ïš XuyF gUkD¡fhd mG¤j M‰wš

	 A = 
mG¤j M‰wš

gUk‹  = 
P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 = PA

	 A ïš XuyF Ãiw¡fhd mG¤j M‰wš =

	 A =  
mG¤j M‰wš

Ãiw
 =  

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 = 
P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

	 ï§F m v‹gJ bfhL¡f¥g£l neu¤âš A ïš EiHí« 

Ú®k¤â‹ Ãiw. vdnt A ïš Ú®k¤â‹ mG¤j M‰wš

		  EPA = PAV = PAV ×

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

  = m 
P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

	 A ïš Ú®k¤â‹ Ãiyah‰wš  PEA = mghA
	 A ïš Ú®k X£l¤â‹ fhuzkhf Ú®k¤â‹ ïa¡f M‰wš

	 KEA =  

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2
	 vdnt A ïš Ú®k X£l¤âdhš bkh¤j M‰wš

	 EA = EPA + KEA + PEA  ; EA = m P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 + 

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 + mg hA

	 ïnjnghš aB, vBk‰W« PB v‹git Kiwna  

B  ïš FHhÆ‹ FW¡Fbt£L¥ gu¥ò, Ú®k âirntf« 

k‰W« Ú®k mG¤jk v‹f.

	 B ïš bkh¤j M‰wš  EB = m

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 + 

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

  + mg hB

	 M‰wš khwh ÉâÆÈUªJ  EA =  EB 

 mP V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 +  

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

+ mghA   = m

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 + 

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

  + mghB

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 +  

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

+ ghA = 

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

 + 

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
g

2

  

P V
V

P V
m

P
m
V

P

m
m

mv P mv

v P
g

A A A A

A
B

B

A

   

      

  

=







ρ

ρ

ρ

1
2

1
2

1
2

2 2

2   v
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+ ghB= kh¿È.  

	 nkny cŸs rk‹gh£il ï›thW« vGjyh«.
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 +  h =  kh¿È

	 nkny cŸs rk‹ghlhdJ M‰wš khwh ÉâÆ‹ 

ÉisthF«. Ú®k¤â‹ VLfŸ bt›ntW âirntf§fËš 

brštjhš mt‰¿‰»ilna V‰gL« cuhŒî ÉirÆdhš 

M‰wš ïH¥ò cUth»wJ. vdnt  bg®bdsÈ 
bjhl®ghdJ, RÊ ghFÃiyíŸs mšyJ ghFÃiya‰w 

Ú®k§fS¡F k£Lnk bghUªJ«. F¿¥ghf Ú®kkhdJ 

»il¤js¡ FHhŒ tÊna btËna¿dhš  

	 h = o ⇒  
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2

  = kh¿È.

35.  (m)	

	 Ãiy M‰wY¡fhd rk‹ghL : jÅ¢ÓÇir ïa¡f¤âš 

Éir¡F« ïl¥bga®¢á¡F« ïilnaahd bjhl®ò A&¡ 

ÉâÆ‹go

		
→
F  =  –  k

→
r  �  ... (1) 

	 xUgÇkhz ïa¡f¤âš   F = –  kx � ... (2) 
	 M‰wš kh‰wh Éir¥ òy¤âdhš brŒa¥g£l ntiy 

ghijia¢ rh®ªâuhJ. Ñœ¡f©l rk‹gh£oÈUªJ mj‹ 

Ãiyah‰wiy¡ fz¡»l Koí«. 

	 F = - dU
dx

dx
dt

x
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E
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∫ 



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− 
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
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− =
ω

 � ... (3) 

	 (2)ití«  (3)iaí« x¥ãl - dU
dx

dx
dt
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


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




− =
ω

  =  –  kx 

	 á¿a ïl¥bga®¢á dxI nk‰bfhŸs F v‹w ÉirÆdhš 

brŒa¥g£l ntiy Ãiy M‰wyhf nrfÇ¡f¥gL»wJ.

		  U(x) = 
dU
dx
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dt
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k(x′)2 
x

0
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1
2

Kx2   � ...(4)

	 Éir kh¿ÈÆ‹ kâ¥ò k = mω2 ia rk‹ghL (4)ïš 

ãuâÆl U(x) =
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dt
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fhy¤ij¥ bghU¤J Ãiy M‰wš khWghL

	 ï§F ω v‹gJ miyîW mik¥ã‹ ïašò mâ®bt©.  

ÓÇir ïa¡f¤ij nk‰bfhŸS« JfŸfS¡F, eh« 

bgWtJ x = A sin ωt ;  U(t) = 
dU
dx

dx
dt
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 mω2 A2 sin2 ωt  � ...(5)

	 ïa¡f M‰wY¡fhd rk‹ghL : ïa¡f M‰wš
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	 JfshdJ ÓÇir ïa¡f¤ij nk‰bfhŸ»wJ vÅš,  x = A 
sin ωt  vdnt âirntfkhdJ.
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dx
dt
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fhy¤ij¥ bghU¤J ïa¡f 

M‰wš khWghL
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 mω2 A2 cos2 ωt � ... (6) 

	 bkh¤j M‰wY¡fhd rk‹ghL: ïa¡f M‰wš k‰W« 

Ãiy M‰wš ït‰¿‹ TLjš bkh¤j M‰wš MF«.
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	 E =  KE + U
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	 kWjiyahf rk‹ghL (5) k‰W« rk‹ghL (6)ÈUªJ eh« 

bgW« bkh¤j M‰wš
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	 âÇnfhzÄâ K‰bwhUikÆÈUªJ (sin2 ωt +cos2 ωt) = 1
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Ãiy M‰wš k‰W« ïa¡f M‰wš ïu©L« khWgL« 

Mdhš bkh¤j M‰wš khwhJ
   

	 vdnt bkh¤j M‰wiy¡ bfh©L bgw¥gL« ÓÇir 

miyÆa‰¿Æ‹ å¢R
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(mšyJ)

(M)	�Ãô£lÅ‹ Kjš Éâ : xU bghUË‹ btË¥òw Éir 

x‹W brašglhjtiu mJ, jdJ XŒî ÃiyÆnyh 

mšyJ khwh¤âir ntf¤âYŸs Óuhd ïa¡f ÃiyÆnyh 

bjhl®ªJ ïU¡F«.

	 K¡»a¤Jt« :  XŒî Ãiyia kh‰w mšyJ Óuhd 

ïa¡f Ãiyia kh‰w òw¡fhuÂ x‹W, mjhtJ Éir 

njit¥gL»wJ. ïU bghUŸfS¡»ilna ïilÉid 

V‰gL« bghGJ x›bth‹W« k‰bwh‹¿‹ ÛJ Éiria 

brašgL¤J»wJ. 

	 Ãô£lÅ‹ ïu©lh« Éâ : xU bghUË‹ ÛJ brašgL« 

ÉirahdJ mªj¥ bghUË‹ cªj khWgh£L åj¤â‰F 

rkkhF«.  
→
F = 

 → 
dp
dt

.

	 K¡»a¤Jt« : fz¤jh¡F Éir¡F« cªj¤â‰Fkhd 

bjhl®ig jUÉ¡f ga‹gL»wJ.  »Ç¡bf£ Éisah£L 

åu® xUt® gªâid mo¡F«nghJ gªâ‹ âirÆš jdJ 

iffis jhœ¤J»wh®. m¥nghJ vâÇL« fhy¤ij mâfÇ¡f 

fha« V‰glhJ. fuLKulhd rhiyfËš bršY«nghJ 

thfd§fŸ FY§fhkš ïU¡f mt‰¿š RUŸÉšY«, 

mâ®î¤  jh§»fS« bghU¤j¥g£LŸsd.

	 Ãô£lÅ‹ _‹wh« Éâ : v¥bghGbjšyh« xU bghUŸ (1) 

ï‹bdhU bghUË‹ (2) ÛJ xU Éiria¢ brY¤J»wnjh, 

→
(F21) , m¥bghGbjšyh« mªj ïu©lhtJ bghUS« 

(2) m›Éir¡F¢ rkkhd, vâ®âirÆš brašgL« xU 

Éiria 
→
F12

,Kjš bghUË‹ ÛJ brY¤J«. ï›Éu©L 

ÉirfS« ïU bghU£fisí« ïiz¡F« nfh£o‹ 

tÊna brašgL«.

	

→
F12  = – 

→
F21

	 K¡»a¤Jt« : J¥gh¡»Æš ïUªJ F¿¥ã£l Éiríl‹ 

btËna¿dhš m›Éir¡F rkkhd vâ®Éir 

J¥gh¡»Æ‹ ÛJ ã‹ndh¡F brašgL«. gl»ÈUªJ 

xUt® fiu¡F¤ jhî«nghJ mtÇlÄUªJ glF ã‹òw« 

ef®ªJ ÉL«. gl»‹ ïa¡f¤â‰F¡ fhuzkhfî« glF 

mt® ÛJ brašgL¤J« vâ®Éir fiuia neh¡»a mtÇ‹ 

ïa¡f¤â‰F¡ fhuzkhfî« ïU¡»‹wd. ïw¡iffË‹ 

cjÉahš gwit gw¡»‹wJ. gwitÆ‹ ïw¡iffŸ 

fh‰iw Ñœneh¡»¤ jŸS»‹wd (braš). fh‰W gwitia 

nkšneh¡» jŸS»wJ (vâ®¢ braš).

36. (m) 

	 ntiyí« M‰wY« rkkhdit. ïJ ïa¡f M‰wY¡F 

bghUªJ«. ïjid Ã%ã¡f m ÃiwíŸs xU bghUŸ 

cuhŒt‰w »il¤js¥ gu¥ãš XŒÉš ïU¥gjhf¡ 

fUJnth«. F v‹w khwh ÉirÆdhš mnj âirÆš (s) 
v‹w ïl¥bga®¢áia V‰gL¤j brŒa¥g£l ntiy

				    W = Fs� ...(1)
	 khwhj Éir¡fhd rk‹ghL

	 	 	 	 F = ma� ...(2)
	 _‹whtJ ïa¡f¢ rk‹gh£il ï›thW vGjyh«.

		  v2 	 =	 u2 + 2as

		  a 	 =	
v u

s

2 2

2

−

	 a ï‹ kâ¥ig rk‹ghL 2 ãuâÆl

	 F  =	 m 
v u

s

2 2

2
−





�  ...(3)

	 rk‹ghL (3) I (1) ïš ãuâÆl,

	 	 w	 =    m v u
s

s
2 2

2
−





		  w	 =	 m v

s
s m u

s
s

2 2

2 2





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− 





		  w	 =	
1
2

 mv2 – 
1
2

mu2� ...(4)

	 ïa¡f M‰wY¡fhd nfhit:  

	 nk‰f©l rk‹gh£oš  
1

2
2mv







 v‹gJ v âirntf¤âš 

ïa§F« (m) ÃiwíŸs bghUË‹ ïa¡f M‰wiy¡ 

F¿¡F«.

		  KE	 = 
1
2

 mv2 � ...(5)
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	 bghUË‹ ïa¡f M‰wš v¥bghGJ« ne®F¿ 

kâ¥òilajhF«. rk‹ghL (5) k‰W« (4) ïš ïUªJ 

		  ∆KE  =	
1
2

mv2 – 
1
2

mu2 � ...(6)

	 vdnt, W = ∆KE. 	rk‹ghL (6) ïš tyJ g¡f¤âš cŸs 

nfhit bghUË‹ ïa¡f M‰wš khWghL (∆KE) MF«. 	

bghUË‹ ÛJ ÉirÆdhš brŒa¥g£l ntiy bghUË‹ 

ïa¡f M‰wiy kh‰W»wJ ïJnt ntiy - ïa¡f M‰wš 

nj‰w« vd¥gL«.

(mšyJ)

(M)	�“òÉÆ‹ <®¥ò ÉirÆÈUªJ xU bghUŸ ÉLg£L bršy¤ 

njitahd ntfnk ÉLgL ntf«” v‹wiH¡f¥gL»wJ.

	 òÉÆ‹ ÉLgL ntf« : òÉÆ‹ Ãiw = ME, òÉÆ‹ Mu« 
= RE, bghUË‹ Ãiw = m. bghUshdJ vi âirntf¤âš 

nkšneh¡» v¿a¥gL»wJ v‹f.

	 nkY« 
−GMM

R
E

E

 v‹gJ Ãiw M‹ <®¥òÃiy 

M‰wš MF«. bghUŸ òÉia É£L Éy» btFöu« 

br‹W É£lJ vÅš m¤bjhiyit KoÉyh¤ bjhiyî 

vd fUJf. mªÃiyÆš <®¥ò Ãiy M‰wš RÊ [U (•) = 0] 
MF«. nkY« ïa¡f M‰wY« RÊ. vdnt bghUË‹ bkh¤j 

M‰wY« RÊah»wJ.  Ef =  0
	 M‰wš khwh Éâ¥go,       Ei =  Ef

 
1
2

2M
GMME

E
ni −

R
 = 0

1
2

2M
GMM

R
ni − E

E
= 

GMME

ER
	 nfhË‹ <®¥ò òy¤âÈUªJ j¥ã¢bršy bghUŸ v¿¥gl 

nt©oa áWk ntf« mjhtJ ÉLgL ntf« ve vÅš

		
1
2

2Mve =
GMME

ER   ;  ve
2    = 

2G ME

ER
 � ...(2)

	 Mdhš òÉ¥gu¥ãš <®¥ò KL¡f«,  g = 
G ME

ER 2  � ...(3)

	 rk‹ghL (3)-I rk‹ghL (2)-š ãuâÆl,

	 ve
2        =  2 g RE

	 ve E=  2g R � ...(4)

	 vdnt ÉLgL ntfkhdJ, <®¥ã‹ KL¡f« k‰W« òÉÆ‹ 

Mu« M»at‰iw rh®ªjJ. Mdhš bghUË‹ Ãiwia 

rh®ªjjšy. nkY« ÉLgL ntf« bghUŸ v¿a¥gL« 

âiria rh®ªjjšy. òÉÆ‹ g = 9.8 ms–2 k‰W« Re = 
6400 km v‹gjhš, ve = 11.2 kms–1

37.  (m) 

	 FË®rhjd¥bg£o (REFRIGERATOR) : vâ®âirÆš 

brašgL« xU fh®ndh ïaªâunk FË®rhjd¥ 

bg£oahF«. 

	 brašgL« j¤Jt«

QH

QL

W

(a) bt¥g_y«

bt¥gV‰ã

FË® rhjd¥
bg£o

(miw bt¥g ÃiyÆš

(FË® rhjd¥ bg£o¡FŸ)

cŸs rikayiw)

    

QH 

(b)
ca®
mG¤j
âut«

bt¥g«

(btËna
bršY«
bt¥g«)

mK¡»

Fiwªj mG¤j«

(a) FË®rhjd¥ bg£oÆ‹
â£l tiugl« (b) c©ikahd FË®

rhjd¥bg£o

btËna‰W«
RUŸfŸ

	 brašgLbghUŸ TL v‹w Fiwªj bt¥gÃiyÆYŸs 

FË® bghUËÈUªJ (bt¥g V‰ã) QL msî bt¥g¤ij 

bg‰W¡ bfhŸ»wJ. mK¡»Ædhš (Compressor) 
brašgL bghUË‹ÛJ W  v‹w F¿¥ã£l msî 

ntiy brŒa¥g£L, QH msî bt¥g¤ij bt¥g  

_y¤â‰F brašgL bghUŸ btËna‰W»wJ. mjhtJ 

TH bt¥gÃiyÆYŸs NHY¡F btËna‰W»wJ. ïij 

FË®rhjd¥bg£o¡F g¡f¤âš Ã‰F«nghJ btJbtJ¥ghd 

fh‰iw czuyh«. bt¥g ïa¡fÉaÈ‹ Kjš ÉâÆÈUªJ

		  QL +W = QH� ...(1)
	 Kothf FË®rhjd¥bg£o nkY« FË®¢á mil»wJ. 

NHš (rikayiw) mšyJ tË k©ly« bt¥gkil»wJ.  

brašâw‹ Fzf« (Coefficient of performance) (COP): 
FË®rhjd¥ bg£oÆ‹ brašâwid msÉLtJ 
brašâw‹ FzfkhF« (COP). FË®bghUËÈUªJ 
bgw¥g£l bt¥g¤â‰F« (bt¥g V‰ã) mK¡»Ædhš 

brŒa¥g£l òw ntiy¡F« (W) cŸs jfî brašâw‹ 

Fzf« v‹W tiuaW¡f¥gL»wJ.

	 	 	 COP = β = 
Q
W

L � ...(2)
	 rk‹ghL (1) ïš ïUªJ

	 β = 
Q

Q Q
L

H L−  ; 	 β = 
1

Q
Q

H

L
−1

� ...(3)

	 Mdhš eh« m¿ªjgo 
Q
Q

T
T

H

L

H

L
=

	 ï¢rk‹gh£oid (3)ïš ãuâÆL« nghJ ã‹tU« 

rk‹gh£oid¥ bgwyh«.

	 	 	 β = 
1

T
T

T
T  T  H

L

L

H L−
=

−1

	 FË®rhjd¥ bg£oÆ‹ brašâw‹ Fzf¤âÈUªJ 

ã‹tUtdt‰iw eh« mDkhÅ¡fyh«.

	 (mšyJ)

(M)	Óuhd mšyJ khwhj KL¡f« ‘a’ Mš KL¡f¥g£l 

ne®¡nfh£oš ïa§F« bghUŸ x‹iw¡ fUJf.

	 ‘u’ v‹gJ fhy¤âš Mu«g âirntf« k‰W« ‘v’ v‹gJ t 
fhy¤âš ïWâ âirntf«.

	 âirntf« - neu« bjhl®ò : KL¡f«, a = 
dv
dt

 ;  dv = a dt

	 ïUòwK« bjhifÆl, 
dv a dt a dt a t

u

v t t
t∫ ∫ ∫= = =

0 0
0[ ]
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	 v – u = at ;  v = u + at

	 ïl¥bga®¢á - neu« bjhl®ò:  âirntf« v = 
ds
dt  

	                  ds = v dt = (u + at) dt � [ v = u + at]
	

ïUòwK« bjhifÆl  
  ds

s t

0 0

+∫ ∫∫= udt at dt
t

0

 

	     s at= +ut 1
2

2   �

	 âirntf« - ïl¥bga®¢á bjhl®ò: KL¡f« 

	 a dv
dt

dv
ds

ds
dt

dv
ds

v= = = .  (or) ds
a

d v= ( )1
2

2

	
ïUòwK« bjhifÆl    

 

ds
2a

s

u

v

0
∫ ∫= 1 2d v( )

     

	 s = 
1

2a  (v2 – u2); v2 – u2  = 2as ; v2 = u2 + 2as

	 ïl¥bga®¢á - ruhrÇ âirntf« bjhl®ò:

	 ïWâ âirntf«, v = u + at ; at = v – u � ...(1)

	 ïl¥bga®¢á,  s = ut + 
1
2
at2   rk‹ghL (1)I ãuâÆl, 

	 s = ut + 
1
2

(v – u)t ; s = ut + 
1
2

vt – 
1
2

ut ; s =
( )u v t+

2
38.  (m) �

0

10

20

30

40

50

60

70

80

90

100

L
3
4 λ

3
4 λ3

4

R

A

A

N

A

B

xU Û£l® 
ÚsKŸs 
cUistot 
f©zho¡ 
FHhŒ

Ú®

ïir¡fit bfhŸfy‹

ïu¥g® FHhŒ

Ú®

Ú®

x¤jâ®î fh‰W¤ j«g fUÉÆš 
Kjš, 2tJ, 3tJ x¤jâ®îfŸ

	 x¤jâ®î fh‰W j«g¡ fUÉ xU 

Û£l® Ús« cila f©zho 

m š y J  c n y h f ¡  F H h a h š 

MdJ. fh‰W j«g¤âš V‰gL« 

x¤jâ®it¡ fz¡»£L mj‹ 

_y« rhjhuz bt¥gÃiyÆš 

fh‰¿š xÈÆ‹ âirntf« fhz 

ga‹gL»wJ. nkY« fh‰W¤ j«g 

Ús¤ij kh‰Wtj‹ _y« x¤jâ®î 

mâ®bt© khWgLtij ms¡fî« 

ga‹gL»wJ. 

	 miyÆ‹ fQ ÚÇ‹ nk‰gu¥ãY« 

vâ®fQ âwªj KidÆY« V‰gL«. âwªj KidÆš 

ïir¡fit x‹iw mâu it¤J ão¤jhš be£liyfŸ 

cUth» gl¤âš fh£oago Ñœneh¡» efU«. fh‰W¤ 

j«g¤â‹ Ús«, xÈ miyÆ‹ miyÚs¤â‹ 

1
4





§F 

kl§fhf mikí« nghJ V‰gL«. Kjš x¤jâ®thdJ 

L1 Ús¤âš V‰gLtjhf fUJnth«. 
1
4 1λ = L  Mdhš, 

vâ®¡fQ JšÈakhf âwªj KidÆš V‰gLtâšiy. 

vdnt, eh« xU âU¤j¤ij brŒa nt©L«. ïJnt Kid 

âU¤j« (e), vd¥gL»wJ. vâ®fQthdJ âwªj KidÆš 

xU á¿a öu¤âš V‰gL»wJ v‹f. vdnt, Kjš mâ®î 

Ãiy, Kid¤âU¤j¤Jl‹

		
1
4 1λ= +L e � ...(1)

	 ï¥nghJ fh‰W¤j«g¤â‹ Ús¤ij kh‰¿ ïu©lhtJ 

x¤jâ®î Ús« L2 É‰F Kid âU¤j¤Jl‹

		
3
4 2λ= +L e � ...(2)

	 Kid¤âU¤j¤ij òw¡fÂ¡f, rk‹ghL (2) k‰W« (1)‹ 

ntWgh£il f©lhš, 
3
4

1
4 2 1λ λ− = + − +( ) ( )L Le e

	 ⇒ = − =
1
2 2 1λ ∆L L L  ⇒ =λ ∆2 L

	 miw bt¥gÃiyÆš xÈÆ‹ âirntf¤ij Ñœ¡f©lthW 

fz¡»lyh«. v = f λ = 2f ΔL . Kid¤âU¤j¤ij rk‹ghL 

(2), (1) ia ga‹gL¤â fhz e =
−L L2 13
2

.

(mšyJ)

(M)	ïiza¢R¤ nj‰w« : T‰W : bghUË‹ vªjbthU 

m¢ir¥g‰¿a Ãiyk¤ âU¥ò¤âwdhdJ, Ãiw 

ika¤â‹ tÊna bršY« ïiz m¢ir¥ g‰¿ 

Ãiyk¤ âU¥ò¤ âw‹ k‰W« bghUË‹ Ãiwiaí« 

ïU m¢RfS¡»il¥g£l  bjhiyÉ‹ ïUkoiaí« 

bgU¡» tU« bgU¡f‰gy‹ M»at‰¿‹ TLjY¡F¢ 

rkkhF«. Ã%gz«: gl¤âYŸsthW â©k¥ bghUŸ 

x‹iw¡ fUJf.�

d
C

E

P

D

B

x

A

     ïiz m¢R¤ nj‰w«

	 �IC v‹gJ Ãiw ika¤â‹ tÊna 

bršY« m¢R ABI¥ g‰¿a 

Ãiyk¤ âU¥ò¤âw‹ v‹f. I 
v‹gJ AB¡F ïizahf cŸs 
m¢R DEI¥ g‰¿¡ fhz¥gl 
nt©oa Ãiyk¤ âU¥ò¤ 

âw‹ k‰W« d v‹gJ DE 

k‰W« AB¡»il¥g£l br§F¤J 

bjhiyî.

	 �P v‹gJ Ãiw ika¤âÈUªJ x bjhiyÉš cŸs 

m Ãiwíila òŸË Ãiw. DE m¢ir¥ g‰¿a òŸË 

ÃiwÆ‹ Ãiyk¤ âU¥ò¤ âw‹, dI = m(x + d)2 DE 

m¢ir¥g‰¿a KG¥ bghUË‹ Ãiyk¤ âU¥ò¤ 

âw‹.   I = +∑ m x d( )2

	 I = + +∑ m x d xd( )2 2 2

	 I = + +∑ ( )mx md dmx2 2 2

	
I = + +∑ ∑∑ mx md d mx2 2 2

	� ï§F, mx2∑ = IC  Ãiw ika¤ij¥ bghU¤j 

bghUË‹ Ãiyk¤ âU¥ò¤âw‹ k‰W« mx =∑ 0  

(x MdJ ABI bghU¤J ne® k‰W« vâ®¡F¿ia¥ 

bgWtjhš). vdnt, DE m¢ir¥ g‰¿a KG¥ 

bghUË‹ Ãiyk¤âU¥ò¤ âw‹, 	

		  I = IC + md 2∑ = IC + m d∑( ) 2

	 Mdhš, m =∑ M  bghUË‹ bkh¤j Ãiw Mfnt, 

I = IC + Md2. Mifahš, ïiza¢R¤ nj‰w« 

Ã%ã¡f¥g£lJ.

wsw
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