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23

izdk'kh; ;a=k

gesa vius vkl&ikl osQ lalkj osQ ckjs esa vf/dka'k lwpuk viuh vk¡[kksa ls izkIr gksrh gSA
fdUrq tSlk fd vki tkurs gSa] gekjh vka¡[k dh oqQN lhek,a gSaA cgqr nwjLFk oLrq,¡ tSls rkjs]
xzg vkfn gesa brus NksVs fn[kkbZ nsrs gSa fd gesa mudk foLr`r fooj.k ugha fey ikrkA blh
izdkj cgqr NksVh oLrq,a tSls ijkx d.k] thok.kq] fo"kk.kq vkfn Hkh uaxh vk¡[k ls ugha fn[kkbZ
nsrs lkFk gh ge tks oqQN ns[krs gSa mldk LFkkbZ fooj.k vk¡[kksa esa ugha jgrk] flok; mlosQ
tks ge ;kn j[k ikrs gSaA vr% vki iwN ldrs gSa fd ge cgqr lw{e vkSj cgqr nwjLFk oLrqvksa
dks oSQls ns[k ldrs gSa\ blosQ fy, iz;qDr gksus okyh fo'ks"k ;qfDr;ksa dks izdk'kh; ;a=k dgrs
gSaA bl ikB esa nks egRoiw.kZ izdk'kh; ;a=kksa] lw{en'khZ o nwjchu (VsyhLdksi) osQ ckjs esa vè;;u
djsaxsA tSlk fd vki vo'; tkurs gksaxs] lw{en'khZ NksVh oLrqvksa dks vkof/Zr djrk gS] tcfd
nwjchu dk nwjLFk oLrqvksa dks ns[kus osQ fy, mi;ksx gksrk gSA bu lkf/=kksa dk fMtkbu vko';drk
ij fuHkZj djrk gSA (ikB 20 esa ysalksa rFkk niZ.kksa }kjk izfrfcEc cukus osQ laca/ esa izkIr Kku
vkidksa bu ;a=kksa dh dk;Ziz.kkyh le>us esa lgk;d gksxkA fdlh lw{en'khZ dh mi;ksfxrk mldh
vko/Zu {kerk vkSj foHksnu {kerk ls fu/kZfjr gksrh gSA nwjchu osQ fy, ewy 'kCn foHksnu
{kerk gSA vkius gCcy nwjchu osQ ckjs esa i<+k gksxk] ftldk mi;ksx oSKkfudksa }kjk nwjLFk
eankfdfu;ksa dk foLr`r fooj.k izkIr djus vkSj gekjs lkSjeaMy osQ ckgj thou&èkkj.kh; xzg
dh [kkst osQ fy, fd;k tk jgk gSA

mís';

bl ikB osQ vè;;u osQ iz'pkr vki%

ljy o la;qDr lw{en'khZ dh dk;Z iz.kkyh dh O;k[;k dj losQaxs_

lw{en'khZ dh vko/Zu {kerk osQ fy, O;atd O;qRiUu dj losQaxs_

js[kh; vkSj dks.kh; vko/Zu esa Hksn dj ik,axs_

viorhZ rFkk ijkorhZ nwjchuksa osQ dk;Z osQ fl¼kar dh O;k[;k dj losQaxs_ vkSj

vk¡[k] nwjchu rFkk lw{en'khZ dh foHksnu {kerk dk ifjdyu dj losQaxs_
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23.1 lw{en'khZ

ikB 20 esa vki ysalksa rFkk niZ.kksa }kjk izfrfcEcksa dh jpuk dk Kku izkIr dj pqosQ gSaA ;fn vki
,d mRry ysal ysa vkSj mls bl ist osQ mQij oqQN nwjh ij idM+s jgsa rks vki v{kjksa@'kCnksa
dk izfrfcEc ns[ksaxsA ;fn vki ysal dks bl ist osQ ikl ykrs jgsa rks bl ij Nis v{kj vkof/
Zr gksrs fn[kkbZ nsaxs D;ksafd ysal ls mudk vkof/Zr] vkHkklh rFkk lh/k izfrfcEc cu jgk gSA
;g ysal okLro esa ,d vko/Zd ysal ;k ljy lw{en'khZ dk dk;Z dj jgk gSA vkius fdlh
MkDVj oQks fdlh cPps osQ 'kjhj ij [kljs jksx dh tkap djrs gq, bl izdkj osQ ysal dk mi;ksx
djrs ns[kk gksxkA ?kM+h lkt rFkk tkSgjh] ?kfM+;ks osQ NksVs&NksVs iqtkZa dks rFkk xguksa ij fd, x,
eghu dke osQ vko/Zu osQ fy, bldk mi;ksx djrs gSaA vki ,d mÙky ySal ysdj lw;Z osQ
izdk'k dks ,d dkxt osQ VqdM+s ij iQksdl dj ldrs gSaA vkt ns[ksaxs fd oqQN le; i'pkr~
dkxt tyus yxrk gSA vr% mRry ysal ls vkx yxkbZ tk ldrh gSA blh dkj.k taxy esa
[kkyh dk¡p dh cksryksa dks NksM+uk [krjukd gSA cksryksa ij iM+us okyk lw;Z dk izdk'k taxy
dh lw[kh ifRr;ksa ij iQksdl gksdj mUgsa tyk ldrk gSA dHkh&dHkh blls taxyksa esa vkx yx
tkrh gS] ftlls taxy osQ cgqr cM+s Hkkx vkSj 1 vFkok fjgk;lh bykosQ u"V gks tkrs gSaA bl
izdkj dh vkx vkLVªsfy;k] bUMksusf'k;k rFkk la;qDr jkT; vesfjdk esa cgqr ckj yxrh jgrh gSA

vklikl dh oLrqvksa dks chl xquk rd vkof/Zr djus osQ fy, ljy lw{en'khZ osQ :i esa
mRry ysal mi;qDr gksrk gSA vf/d vko/Zu osQ fy, la;qDr lw{en'khZ dk mi;ksx fd;k
tkrk gS tks ewyr% nks ySalksa dk la;kstu gSA HkkSfrdh iz;ksx'kkyk esa vko/Zd ySal dk mi;ksx
py&lw{en'khZ vkSj LisDVªksehVj osQ lkFk yxs ofuZ;j iSekus dks i<+us osQ fy, gksrk gSA

ljy vkSj la;qDr Lw{e nf'kZ;ksa dk vè;;u djrs le; gesa (i) fudV fcUnq] (ii) lqLi"V n`f"V
dh vYire nwjh] (iii) dks.kh; vko/Zu ;k vko/Zu {kerk] (iv) lkekU; lek;kstu tSls inksa
osQ ckjs esa tkuuk vko';d gSA vkb, igys ge budks ifjHkkf"kr djsaA

(i) fudV fcUnq vk¡[k ls U;wure nwjh gS tgka ij fLFkr oLrq dk izfrfcEc vka[k osQ ysal
}kjk jsfVuk (n`f"ViVy) ij curk gSA fudV fcUnq izR;sd O;fDr osQ fy, leku ugha
gksrk rFkk ;g O;fDr dh vk;q osQ lkFk cnyrk jgrk gSA de vk;q 10 lky ls de
esa fudV fcUnq 7&8 cm rd gks ldrk gSA o`¼koLFkk esa fudV fcUnq vf/d nwj gks
tkrk gS] tSls 100&200 cm ;k blls Hkh vfèkdA bl dkj.k cPps viuh iqLrdksa dks
i<+us osQ fy, vka[kksa osQ fudV j[krs gSa vkSj o`¼ yksx iqLrd ;k lekpkj i=k i<+us
osQ fy, mls vka[kksa ls nwj j[krs gSaA

(ii) lqLi"V n`f"V dh vYire nwjh  og fudVre nwjh gS tgka rd ekuo us=k (vka[k)
fdlh oLrq dks cxSj fdlh ruko osQ Li"V ns[k ldrk gSA lkekU; ekuo us=k osQ fy,
;g nwjh 25 lseh yh tkrh gSA

(iii) dks.kh; vko/Zu  fdlh fcac osQ izfrfcEc (lw{en'khZ }kjk ns[ks tkus ij) }kjk vak[k
ij cus dks.k rFkk lqLi"V n`f"V (n'kZu) dh vYire nwjh ij fLFkr fcac }kjk [kkyh
vk¡[k ij cus dks.k osQ vuqikr dks dks.kh; vko/Zu dgrs gSaA bls lw{en'khZ dh vkoèkZu
{kerk Hkh dgrs gSaA
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(iv) lkekU; lek;kstu% tc izfrfcEc vuar ij curk gS rks bls jsfVuk ij iQksdl djus
osQ fy, vka[k ij U;wure ruko gksrk gSA bls lkekU; lek;kstu dgrs gSaA

(v) js[kh; vko/Zu% izfrfcEc o fcEc osQ lkbtksa (vkekiksa) dk vuqikr gksrk gSA

(vi) n'kZu dks.k% fdlh oLrq }kjk euq"; dh vk¡[k ij cus dks.k dks n'kZu dks.k dgrs gSaA

23.1.1 ljy lw{en'khZ

tc de iQksdl nwjh osQ fdlh mRry ysal dks] NksVh oLrqvksa dk vkof/Zr izfrfcEc ns[kus
osQ fy, mi;ksx fd;k tkrk gS rks ml ysal dks ljy lw{en'khZ dgrs gSaA

ge tkurs gSa fd tc fdlh fcac dks fdlh mÙky ysal osQ iQksdl vkSj izdkf'kd osQUnz osQ
chp esa dgha j[kk tk, rks mldk izfrfcEc vkHkklh] lh/k] vkof/Zr rFkk fcac dh vksj gh
curk gSA O;ogkj esas] ,sls ysal dks vk¡[k osQ ikl gh j[kk tkrk gS vkSj fcac dh fLFkfr dks
bl izdkj lek;ksftr fd;k tkrk gS fd izfrfcEc lqLi"V n`f"V ls vYire nwjh ij cusA fp=k
23-1 esa bldk lfp=k mnkgj.k fn;k x;k gSA ftlesa F vkSj O osQ chp esa ,d fcac AB

j[kk gSA bldk vkHkklh izfrfcEc A B′ ′  fcac dh vksj gh curk gSA oLrq dh fLFkfr dks bl
izdkj lek;ksftr fd;k tkrk gS fd izfrfcEc lqLIk"V n`f"V dh vyre nwjh D ij cusA

ljy lw{en'khZ dh vko/Zu {kerk

fdlh izdkf'kd ;a=k dh vko/Zu {kerk fdlh fcac osQ izfrfcEc }kjk vk¡[k ij cus dks.k
vkSj fcac }kjk vk¡[k ij cus dks.k dk vuqikr gS] tcfd nksuks lqLi"V n`f"V dh vYire
nwjh ;k fudV fcUnq ij gksaA bls dks.kh; vko/Zu Hkh dgrs gS vkSj M ls izdV djrs gSaA

(a)

(b)

fp=k 23.1 : vko/Zd ysal dk dks.kh; vko/Zu
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fp=k 23-1 (a) vkSj (b) ls] ,d ljy lw{en'khZ dk dks.kh; vko/Zu M =
A OB

AO B

′ ′∠ β=
′ α

A O;ogkj

esa] dks.k α vkSj β cgqr NksVs gksrs gSaA vr% ge muosQ LFkku ij mudh Li'kZT;k dk eku ys
ldrs gSaA vFkkZr~

   M = 
tan

tan

β
α

(23.1)

leku f=kHkqtksa A'OB'  vkSjAOB ls ge fy[k ldrs gSa]  tan β = 
' 'A B
'A O

 = 
A B

D

′ ′
 vkSj

tanα = 
′ ′′
′

AB

AO
= 

AB

D
A lehdj.k (23-1) esa tanβ vkSj tanα dk eku j[kus ij] gesa izkIr gksrk gS

M = 
A B AB

D D

′ ′
 = 

A B

AB

′ ′

fp=k 23-1 esa leku f=kHkqtksa AOB vkSj ′ ′A OB  esa

A B

AB

′ ′
= 

A O

AO

′
(23.2)

fpg~uksa dh ekud iz.kkyh osQ vuqlkj]
A′O = –D

vkSj AO = –u

vr% lehdj.k (23-2) ls gesa izkIr gksrk gS]

A B

AB

′ ′
= 

D

u
(23.3)

;fn ljy lw{en'khZ osQ ysal dh iQksdl nwjh  f  gks rks ysal osQ lw=k  
1 1 1

u f

⎛ ⎞
− =⎜ ⎟

⎝ ⎠v  dk mi;ksx

djus vkSj v = – D, u = – u vkSj f = +f j[kus ij

1

–D
 – 

1

–u
= 

1

f

;k –
1

D
 + 

1

u
= 

1

f

nksuksa vksj D ls xq.kk djus ij rFkk inksa dks O;ofLFkr Øe esa fy[kus ij

D

u
= 1 + 

D

f (23.4)

lehdj.kksa (23-3) rFkk (23-4) dks feykus ij gesa izkIr gksrk gS

A B

AB

′ ′
= 1 + 

D
f

;k M = 1 + 
D

f (23.5)
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bl ifj.kke ls ge ns[krs gS fd mRry ysal dh iQksdl nwjh ftruh de gksxh mruk gh vfèkd
ljy lw{en'khZ dk dks.kh; vko/Zu ;k vko/Zu {kerk dk eku gksxkA

lkekU; lek;kstu : bl n'kk esa] izfrfcEc vuUr ij curk gSA ljy lw{en'khZ dhvko/
Zu {kerk dks izfrfcEc }kjk vk¡[k ij cus dks.k vkSj vk¡[k ij fcac }kjk cuk, x, dks.k osQ
vuqikr ls ifjHkkf"kr fd;k tkrk gS] tcfd fcac D nwjh ij j[kk gksA fp=k 23-1 (a) esa izfrfcEc
dks Li"V n`f"V dh U;wure nwjh (D) ij j[kk fn[kk;k x;k gSA

(a)

(b)

fp=k 23.2 : lkekU; la;kstu osQ fy, izfrfcEc dk cuuk

vk¡[k ij fcac ij o izfrfcEc }kjk cus dks.k Øe'k% α vkSj β gSaA vko/Zu {kerk dh ifjHkk"kk
osQ vuqlkj

M = 
β
α

O;ogkj esas dks.k α vkSj β NksVs gSa] vr% igys dh Hkkafr muosQ LFkku ij ge mudh Li'kZT;k
fy[k ldrs gSaA rc

M = 
tan

tan

β
α

vFkkZr~ = 
1

AB AB

AO AO

= 1AO

AO
 = 

D

f

;k M = 
D

f
(23.6)
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è;ku jf[k, fd lkekU; lek;kstu esa] izfrfcEc dks ns[kuk vf/d vkjkensg gksrk gS\ vkidh
voèkkj.kvksa dks Li"V djus osQ fy,] vc ge vkidks ,d mnkgj.k nsrs gSa] ftlesa ,d iz'u
dks gy fd;k x;k gSA bls è;kuiwoZd if<+,A

mnkgj.k 23.1: ml ljy lw{en'khZ dh vko/Zu {kerk dk ifjdyu dhft, ftldh iQksdl
nwjh 2-5 cm gSA

gy% : fdlh ljy lw{en'khZ dh vko/Zu {kerk lehdj.k (23-5) osQ vuqlkj]

M = 1 + 
D

f

blesa D = 25 cm vkSj f = 2.5cm, j[kus ij ge ikrs gSa%

M = 1 + 
25

2.5
 = 1 + 10 = 11

23.1.2 A la;qDr lw{en'khZ

la;qDr lw{en'khZ esa nks mRry ysal gksrs gSaA ,d de }kjd vkSj de iQksdl nwjh dk mRry
ysal fcac dh vksj gksrk gS vfHkn`';d dgykrk gSA vfHkn`';d vkSj nwljk ySal tks de iQksdl
nwjh fdUrq vfèkd }kjd dk vk¡[k dh vksj gksrk gS vfHkn`';d vkSj usf=kdk dks ,d uyh
osQ nks fljksa ij bl izdkj yxk;k tkrk gS fd mudh v{k ,d gh gksA

tc fcac dks vfHkn`';d F vkSj 2 F osQ chp j[kk tkrk gS rks vfHkn`';d osQ nwljh vksj
2F ls vkxs ,d okLrfod] mYVk o vkof/Zr izfrfcEc curk gSA ;g izfrfcEc usf=kdk osQ
fy, fcac dk dk;Z djrk gS vkSj fiQj usf=kdk ljy lw{en'khZ dh Hkkafr dk;Z djrh gSA usf=kdk
dks bl izdkj lek;ksftr fd;k tkrk gS fd ;g izfrfcEc usf=kdk osQ iQksdl vkSj izdkf'kd
osQUnz osQ chp esa jgs] ftlls vkof/Zr izfrfcEc usf=kdk ls lqLi"V n`f"V osQ vYire nwjh
ij cusA

la;qDr lw{en'khZ dh vko/Zu {kerk

la;qDr lw{en'khZ dh vko/Zu {kerk dks vfUre izfrfcEc }kjk vk¡[k ij cus dks.k vkSj fcac
}kjk vk¡[k ij cus dks.k osQ vuqikr ls ifjHkkf"kr fd;k tkrk gS tcfd nksuks lqLi"V n`f"V
dh vYire nwjh ij gksaA bls M ls fufnZ"V fd;k tkrk gSA fp=k 23-3 ls ge fy[k ldrs
gSa

M = 
β
α

pw¡fd α vkSj β cgqr NksVs dks.k gSa] buosQ LFkku ij ge buosQ Li'kZT;k dks ys ldrs gSa] ftlls

M = 
tan

tan

β
α
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fp=k 23.3 :la;qDr lw{en'khZ }kjk izfrfcEc dk cuuk] tc vafre izfrfcEc lqLi"V n`f"V ls
vYire nwjh ij cusA

M = 
′′ ′′A B AB

D D

⇒ M = 
′′ ′′A B

AB
 = 

′′ ′′
′ ′

A B

A B
 . 

A B

AB

′ ′

leku f=kHkqtksa A′′B′′O
2
 vkSj A′B′O

2
,  ls ge fy[k ldrs gSa]

 
A B

A B

′′ ′′
′ ′ = 

2

2

A O

A O

′′

′  = 
e

D

u

lkFk gh leku f=kHkqtksa A′B′O
1
 rFkk ABO ls gesa izkIr gksrk gSA

A B

AB

′ ′
= 

o

ou

v

è;ku nhft, fd m
e
 = 

A B

A B

′′ ′′
′ ′ usf=kdk }kjk mRiUUk vko/Zu gS] vkSj  m

o
 = 

A B

AB

′ ′
vfHkn`';d

}kjk mRiUu vko/Zu gSA vr%

M = 
o

e o
e o

. = ×vD
m m

u u (23.7)

ikB 20 ls ysal lw=k osQ vuqlkj] usf=kdk osQ fy, ge fy[k ldrs gSa

e

1

v
 – 

e

1

u
=  

e

1

f

nksuksa vksj v
e
 ls xq.kk djus ij] gesa izkIr gksrk gS

e e

e e

-
u

v v

v
=  e

ef

v

(a)

(b)
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⇒ e

eu

v
= 1 – e

ef

v

D;ksafd fpg~uksa dh ifjikVh osQ vuqlkj  f
e
 /ukRed gS vkSj v

e
 = –D ge fy[k ldrs gSa

m
e

= e

eu

v
 = 1 + 

e

D

f
(23.8)

lehdj.kksa (23-7) vkSj 923-8) dks feykus ij] gesa izkIr gksrk gSA

M = o

ou

v
× 

e

1+
D

f

  
  
  

O;ogkfjd #i esa] vfHkn`';d dh iQksdl nwjh cgqr de gksrh gS vkSj fcac AB vfHkn`';d
osQ iQksdl osQ Bhd ihNs j[kk tkrk gSA vFkkZr~

∴ u
o

≈  f
0

pw¡fd usf=kdk dh iQksdl nwjh Hkh cgqr de gksrh gSA izfrfcEc A B′ ′  dh vfHkn`';d ls nwjh
yxHkx lw{en'khZ dh ufydk dh yEckbZ (L) osQ cjkcj gS] vFkkZr~

v
o

≈ L

vr% vko/Zu {kerk dks lw{en'khZ ls lacaf/r izkpyksa (iSjkehVjksa) osQ inksa esa bl izdkj fy[kk tk
ldrk gS]

M = 
0

L

f e

1+
D

f

  
  
  

(23.10)

lkekU; lek;kstu esa vko/Zu {kerk : bl n'kk esa vafre izfrfcEc vUkUr ij curk gSA
tSlk ge igys ns[k pqosQ gSa] la;qDr lw{en'khZ dh vko/Zu {kerk dks fuEu izdkj fy[kk tk
ldrk gS]

M = m
o
 × m

e

= o

ou

v
 

e

D

f

  
  
  

fp=k 23.4 : lekU; lek;kstu esa la;qDr lw{en'khZ
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vc vki ,d vkafdd iz'u dks nsf[k,

mnkgj.k 23.2 : fdlh la;qDr lw{en'khZ osQ vfHkn`';d dh iQksdl nwjh 2 cm vkSj usf=kdk
dh iQksdl nwjh 5 cm gSA nks ysalksa osQ dsUnz osQ chp dh nwjh 20 cm gSA ;fn vafre izfrfcEc
usf=kdk ls 30 cm nwjh ij curk gS rks lw{en'khZ dk vko/Zu Kkr dhft,A

gy : vfHkn`';d osQ fy,  f
o
= 2 cm vkSj f

e
 = 5 cmA usf=kdk osQ fy,  v

e
 = 

 
–30 cm vkSj

f
e
 =  5 cmA ge v

e
 dk eku fuEu lehdj.k ls Kkr dj ikrs gSaA

e

1

v
 – 

e

1

u
= 

e

1

f

gy djus ij u
e

= –
30

7
 cm

vfHkn`';d osQ fy,

v
o

= 20 – 
30

7

= 
110

7
cm

fuEu lw=k dk iz;ksx djus ij]

o

1

v
 – 

o

1

u
=

o

1

f

gesa izkIr gksrk gS

1

110/7
 – 

o

1

u
=

1

2

;k u
o

= – 
110

48
cm

vfHkn`';d dh vko/Zu {kerk

m
o

= o

ou

v
 = 

110 / 7

110 / 48−
 = –

48

7

usf=kdk osQ dkj.k vko/Zu

m
o

= e

eu

v
 = 

30/1

30/ 7

−
−

 = 7

vr% la;qDr lw{en'khZ dk vko/Zu
M =  (m

o
) (m

e
)

=
48

7
⎛ ⎞−⎜ ⎟
⎝ ⎠

 (7) = – 48
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ikBxr iz'u 23.1

1. (i) ljy lw{en'khZ vkSj (ii) la;qDr lw{en'khZ }kjk cuk, x, izfrfcEcksa dh izo`Qfr oSQlh
gksrh gS\

2. vko/Zu vkSj vko/Zu {kerk esa D;k varj gS\

3. fdlh ljy lw{en'khZ dh vko/Zu {kerk 11 gSA bldh iQksdl nwjh fdruh gksxh\

4. ;fn vkiosQ ikl 100 cm rFkk 4 cm iQksdl nwjh osQ nks mRry ysal gksa rks buesas ls
fdls vki la;qDr lw{en'hkZ dh usf=kdk cukus osQ fy, pqusaxs vkSj D;ksa\

5. la;qDr lw{en'khZ osQ vfHkn`';d rFkk usf=kdk nksuksa dh gh iQksdl nwjh de D;ksa gksuh
pkfg,\

23.2 nwjn'kZd (nwjchu)

nwjn'kZd dk mi;ksx nwjLFk oLrqvksa] tSls [kxksyh; vkSj ikfFkZo fiaMksa dks ns[kus osQ fy, gksrk
gSA buesa ls oqQN fiaM (;k oLrq,a) gks ldrk gS uaxh vka[k ls u fn[kkbZ nsaA nwjLFk oLrqvksa
}kjk vka[k ij cuk n'kZudks.k bruk NksVk gksrk gS fd ge oLrq dk vuqHko gh ugha dj ldrsA
nwjchuksa dk mi;ksx n'kZu dks.k dks c<+k nsrk gS rFkk izfrfcEc dks vka[k osQ fudV yk nsrk
gSA eq[;r% nks izdkj osQ nwjn'kZdksa dk lkekU;r% mi;ksx gksrk gS% viorhZ nwjn'kZd vkSj ijkorhZ
nwjn'kZdA vc ge bu ij ppkZ djsaxsA

23.2.1 viorhZ nwjn'kZd

viorhZ&nwjn'kZd Hkh nks izdkj osQ gksrs gS%

••••• [kxksyh; nwjn'kZd% budk mi;ksx [ksxksyh; ;k vkdk'kh; fiaMksa osQ izs{k.k osQ fy, gksrk
gSA

••••• ikfFkZo nwjn'kZd% budk mi;ksx i`Foh ij nwj fLFkr oLrqvksa dks ns[kus osQ fy, fd;k
tkrk gSA bUgsa ns[kus osQ fy, ;g vko';d gS fd gesa lh/k izfrfcEc fn[kkbZ nsA xSyhfy;ks
dk nwjn'kZd Hkh i`Foh ij nwj fLFkr oLrqvksa dks ns[kus osQ fy, iz;qDr gksrk gSA

[kxksyh; nwjn'kZd mYVk rFkk vkHkklh izfrfcEc cukrk gSA pw¡fd [kxksyh; fiaM xksy gksrs
gSa vr% muosQ izfrfcEc osQ mYVs gksus dk izs{k.k ij dksbZ izHkko ugha iM+rkA bl nwjn'kZd
esa nks ysalksa dk ,d ra=k gksrk gSA oLrq dh vksj osQ ysal dks vfHkn`';d dgrs gSaA bldk
}kjd vkSj iQksdl nwjh (f

o
) nksuksa vf/d gksrs gSaA nwljk ysal] tks vk¡[k dh vksj gksrk

gS] usf=kdk dgykrk gSa bldk }kjd vkSj iQksdl nwjh (f
e
) nksuksa gh de gksrs gSaA vfHkn`';d

vkSj usf=kdk /krq dh lek{k ufy;ksa esa yxs gksrs gSaA
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vfHkn`';d nwjLFkr fcac dk vius iQksdl ry ij ,d okLrfod vkSj NksVk izfrfcEc
cukrk gSA usf=kdk osQ fy, ;g izfrfcEc oLrq dk dke djrk gS vkSj usf=kdk ls bldk
,d vkof/Zr o vkHkklh izfrfcEc cu tkrk gSA usf=kdk dks vkxs&ihNs f[kldk dj] bl
izdkj lek;ksftr fd;k tkrk gS fd vfUre izfrfcEc vuar ij cusA (bl O;oLFkk dks
lkekU; lek;kstu dgrs gSaA) usf=kdk dks bl izdkj Hkh O;ofLFkr fd;k tk ldrk gS
fd vfUre izfrfcEc lqLi"V n`f"V dh vYire nwjh ij cusA

tc vfUre izfrfcEc vuar ij curk gS (lkekU; lek;kstu)] [kxksyh; fiaM ls vkus
okyh mik{kh; fdj.ksa ,d nwljs osQ lekUrj gksrh gSa] vkSj eq[; v{k ls  α (vYiQk)
dks.k cukrh gSaA ;s fdj.ksa vfHkn`';d ls xqtjus osQ i'pkr~] mlosQ iQksdl ry ij ,d
okLrfod vkSj NksVk izfrfcEc cukrh gaSA bl fLFkfr esa] usf=kdk dh fLFkfr dks bl izdkj
lek;ksftr fd;k tkrk gS fd vafre izfrfcEc vuar ij cusA

fp=k 23.6 : [kxksyh; nwjn'kZd dk dk;Z&fl¼kar

vko/Zd {kerk % nwjn'kZd dh vko/Zu {kerk dh ifjHkk"kk bl izdkj dh tkrh gS% ;g nwjn'kZd
}kjk ns[ks tkus ij] izfrfcEc }kjk vk¡[k ij cuk, x, dks.k β vkSj fcac }kjk vfHkn`';d ij
cuk, x, dks.k dk vuqikr gSA tc oLrq rFkk izfrfcEc nksuksa vuar ij gksA bls dks.kh; vko/
Zu Hkh dgrs gS vkSj bls M ls fufnZ"V fd;k tkrk gSA ifjHkk"kk osQ vuqlkj

M = 
β
α

D;ksafd ;s nksuksa dks.k cgqr NksVs gSa] vr% buosQ LFkku ij budh Li'kZT;k fy[k ldrs gSa]

M = 
tan β
tan α

 = 2

1

AB/AO

AB/AO
 = 1

2

AO

AO

= o

e

f

f
(23.11)

blls ;g Li"V gksrk gS fd lkekU; lek;kstu esa fdlh nwjn'kZd dh vko/Zd lek;kstu
esa fdlh nwjn'kZd dh vko/Zd {kerk vf/d gksxh ;fn vfHkn`';d dh iQksdl nwjh vf/
d gks vkSj usf=kdk dh iQksdl nwjh de gksA lkekU; lek;kstu esa nwjn'kZd dh yEckbZ
(f

o
 + f

e
) gksrh gSA
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(b) tc vfUre izfrfcEc lqLi"V n`f"V dh vYire nwjh ij curk gS] rks lqnwj [kxksyh;
fiaMksa ls vkus okyh mik{kh; fdj.ksa eq[; v{k ls α dks.k cukrh gSaA vfHkn`';d ls viorZu
osQ i'pkr~ ;s fdj.ksa nwljh vksj ,d okLrfod vkSj mYVk izfrcEc AB cukrh gaSA usf=kdk dh
fLFkfr dk lek;kstu bl izdkj fd;k tkrk gS fd blls vfUre izfrfcEc lqiLi"V n`f"V dh
vYire nwjh ij cusA

fp=k 23.7 :D nwjh ij nwjn'kZd }kjk cuk izfrfcEc

vko/Zu {kerk: bls D nwjh ij cus izfrfcEc }kjk vk¡[k ij varfjr dks.k vkSj vuar ij fLFkr
fcEc }kjk vka[k ij cus dks.k osQ vuqikr ls ifjHkkf"kr fd;k tkrk gS%

M = 
β
α

 ≈ 
tan β
tan α

= 2

1

AB/AO

AB/AO
 = 1

2

AO

AO

= o

e

f

u
 (23.12)

D;ksafd usf=kdk osQ fy, 
e

1

v
 – 

e

1

u
 = 

e

1

f

ge fy[k ikrs gSa

e

1

u
= 

e

1

v
 – 

e

1

f

= – 1

ef
  1– e

e

f⎛ ⎞
⎜ ⎟
⎝ ⎠v

;k  M = o

e

f

u
 = – o

e

f

f
 e

e

1
f

–
⎛ ⎞
⎜ ⎟
⎝ ⎠v

(23.13)

u, dkrhZ; fpg~uksa dh ifjikVhZ osQ vuqlkj f
o
 = + f

o 
, v

e
 = –D,  f

e
 = +f

e 
 vr% ge fy[k ldrs gSa

M = – o

e

f

f
 

e1+
f

D
  
    

(23.14)
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vko/Zu {kerk dk ½.kkRed fpUg iznf'kZr djrk gS fd vfUre izfrfcEc mYVk vkSj okLrfod
gSA nwjn'kZd dh vko/Zu {kerk osQ fy, mijksDr O;atd ls Kkr gksrk gS fd lqLi"V n`f"V
dh vYire nwjh ij lek;kstu esa vko/Zu {kerk] lkekU; lek;kstu esa vko/Zu {kerk ls
vf/d gksrh gSA

mnkgj.k 23.3: fdlh ikfFkZo nwjn'kZd osQ vfHkn`';d rFkk usf=kdk dh iQksdl nwjh Øe'k%
75 cm vkSj 5 cm gSA ;fn vfUre izfrfcEc lqLi"V n`f"V dh vYire nwjh ij cuk gks
rks] nwjn'kZd dh vko/Zu {kerk Kkr dhft,A

gy:

;gk¡  f
o
= 75 cm,    f

e
 = 5 cm, D = 25 cm

M = – o

e

f

f
e1+

f

D
  
    

 = 
–75

5
  

5
1+

25
⎛ ⎞
⎜ ⎟
⎝ ⎠

 = – 18

23.2.2 ijkorhZ nwjn'kZd (nwjchu)

ijkorhZ nwjn'kZd dk mi;ksx nwjLFk rkjksa dks ns[kus osQ fy, fd;k tkrk gS vkSj budh izdk'k
laxzg djus dh {kerk vf/d gksrh gS rkfd varfj{k esa fLFkr /qa/ys rkjksa dk Hkh nhIr izfrfcEc

cu losQA budk vfHkn`';d cM+s }kjd
rFkk vf/d iQksdl nwjh dk vory
niZ.k gksrk gSA ;g vory ni.kZ ijoyh;
gksus osQ dkj.k xksyh; foiFku (Spherical

aberration) ls eqDr gksrk gSA

nwjLFk fdlh fiaM ls vkus okyh fdj.ksa
vfHkn`';d ls ijkorZu osQ i'pkr~ mlosQ
iQksdl ry ml fiaM dk okLrfod] NksVk
o mYVk izfrfcEc cuk,axh] fdUrq] blls
igys gh ;s fdj.kksa ,d lery ni.kZ }kjk
jksd dj ijkofrZr dj nh tkrh gSA ;g
lery ni.kZ M

1
M

2
 vfHkn`';d osQ

vory ni.kZ osQ eq[; v{k ls 45 va'k
dk dks.k cukrk gSA lery niZ.k fdj.kksa
dks fopfyr dj usf=kdk osQ lkeus ,d
okLrfod izfrfcEc cuk nsrk gSA usf=kdk
vory niZ.k dh v{k osQ yEcor~ gksrh
gSA usf=kdk dk dk;Z fdlh rkjs dk vkof/
Zr o vkHkklh izfrfcEc cukuk gksrk gS
rkfd gekjh vka[k mls lqLIk"V ns[k losQA

A
2

fp=k  23.8 : U;wVu dk ijkorZd

fp=k  23.9 : osQlsxzsu dk ijkorZd
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;fn vory niZ.k (vfHkn`';d) dh iQksdl nwjh f
o
 gks rks ijkorZd nwjn'kZd dh vko/Zd

{kerk

M = o

e

f

f

;fn vfHkn`';d dk O;kl D rFkk vk¡[k dh iqryh dk O;kl d gks rks |qfr vuqikr

B = D2/d2

nwljs izdkj dk ijkorhZ nwjn'kZd fp=k (23-9) esa fn[kk;k x;k gSA bldks osQlsxzsu us fMtkbu
fd;k FkkA blesa vfHkn`';d osQ dsUnz ij ,d f[kM+dh cuh gksrh gSA nwjLFk rkjs ls vkus okyh
fdj.ksa vory ni.kZ (vFkkZr~ vfHkn`';d) ls ijkorZu osQ i'pkr~ ,d mRry ni.kZ }kjk vojksf/
r dh tkrh gSa vkSj vfUre izfrfcEc dks ,d usf=kdk }kjk ns[kk tkrk gSA

viorhZ nwjn'kZd dh rqyuk esa ijkorhZ nwjn'kZd esa dbZ ykHk gSa%

• pw¡fd ijkorhZ nwjn'kZd esa vfHkn`';d ysUl ugha oju~ niZ.k gksrkgS] vr% blesa o.kZ foi.ku
ugha gksrkA bl izdkj nwjLFk rkjksa ls vfHkn`';d rd igqapkus okyh fHkUu&fHkUu jax dh
fdj.ksa ,d gh fcUnq ij iQksdflr gksrh gSaA

• D;ksfd vory niZ.k ijoyh; gksrk gS] blesa xksyh; foi.ku ugha gksrk vkSj blls lqLi"V
izfrfcEc curk gSA

• ijkorhZ nwjn'kZdksa dk }kjd vf/d gksrk gS] ftlosQ dkj.k budh izdk'k laxzg.k dh {kerk
vfèkd gksrh gSA izfrfcEc dh rhozrk vfHkn`';d osQ {ks=kiQy dh lekuqikrh gksrh gS%

B α 
2

4

Dπ

tgk¡ D vfHkn`';d dk O;kl gSA ;fn d vk¡[k dh iqryh dk O;kl gks rks nwjn'kZd dh
rhozrk B dks nwjLFk oLrq ls vfHkn`';d }kjk ,d=k izdk'k vkSj vk¡[k }kjk ,d=k izdk'k
dh ek=k osQ vuqikr ls ifjHkkf"kr fd;k tkrk gSA

B = 
2

2

/ 4

/ 4

D

d

π
π

 =
2

2

D

d

• ijkorhZ nwjn'kZdksa esa izdk'k dk vo'kks"k.k ux.; gksrk gSA

• ijkorhZ nwjn'kZd osQ cM+s }kjd osQ dkj.k ge lqnwj rkjksa dks lw{e fooj.k Hkh ns[k ldrs
gSa] vkSj xgu varfj{k esa vUos"k.k dj ldrs gSaA ;gh dkj.k gS fd gky osQ o"kksZa esa [kxksyKksa
us dbZ u, rkjksa vkSj rkjdh; fudk;kssa dh [kkst dh gSA bl izdkj dh [kkstksa osQ fooj.kksa
osQ ckjs esa vkidks nSfud lekpkj i=kksa rFkk foKku&izf=kdkvksa esa i<+uk pkfg,A
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ikBxr iz'u 23.2

1. fdlh nwjn'kZd dh vko/Zu {kerk ij D;k izHkko iM+sxk ;fn

(a)  vfHkn`';d dh iQksdl nwjh c<+k nh tk,\_________________________

 ______________________________________________________

(b) usf=kdk dh iQksdl nwjh c<+k nh tk,\ _____________________________

      ________________________________________________________

2. fdlh nwjn'kZd osQ vfHkn`';d rFkk usf=kdk dh iQksdl nwjh Øe'k% 5 cm vkSj 2 cm

gSA bldk vko/Zu fdruk gS\

3. viorhZ vkSj ijkorhZ nwjn'kZdksa esa ,d varj fyf[k,A

4. lkekU; lek;kstu ls D;k rkRi;Z gS\

5. ;fn fdlh nwjn'kZd dks mYVk djosQ usf=kdk oQks vfHkn`';d dh rjg dke esa yk;k
tk, rks D;k og ,d lw{en'khZ dk dke djsxk\

23.3 foHksnu {kerk% jsys dk fud"k (dlkSVh)

fiNys ikBksa esa vki ns[k pqosQ gSa fd fdlh fcUnq lzksr dk izfrfcEc ,d fcUnq ugha gksrk
cfYd mldk fuf'pr lkbt gksrk gS tks ,d foorZu iSVuZ ls f?kjk gksrk gSA blh izdkj ;fn
nks fcUnq vk¡[k lzksr ikl&ikl gksa rks muosQ }kjk cus foorZu iSVuZ ,d nwljs ij vkPNkfnr
gks ldrs gSa vkSj uaxh vk¡[k }kjk mu nksuksa dks lqLi"V vyx&vyx ns[kuk dfBu gks ldrk
gSA fdlh izdk'kh; ;a=k dh foHksnu {kerk nks cgqr fudV fLFkr fcUnq oLrqvksa osQ izfrfcEcksa
dks lqLi"V vyx&vyx dj ikus dh ;ksX;rk gSA jsys us lq>ko fn;k Fkk fd nks izfrfcEcksa
dks ge lqLi"V vyx&vyx rc ns[k ikrs gSa tc ,d oLrq osQ dkj.k fooZru iSVuZ dk igyk
fufEu"B nwljs osQ dsUnzh; mfPp"B ij iM+sA bls jsys dk fud"k ;k dlkSVh dgrs gSaA

;fn ge ;g eku ysa fd gekjh vka[k dh iqryh dk O;kl yxHkx 2 mm gS rks nks fcUnq
lqLi"V :i ls vyx&vyx rc fn[kkbZ nsaxs tc os gekjh vka[k ij yxHkx ,d feuV dk
dks.k cuk,axsA bl dks.k osQ O;qRØe dks vka[k dh foHksnu {kerk dgk tkrk gSA

vkb,] vc ge oqQN lkekU; izdkf'k; ;a=kksa dh foHksnu {kerk dk ifjdyu djsaA ge viuh
ppkZ dks nwjn'kZd ls izkjaHk djrs gSaA
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23.3.1 nwjn'kZd dh foHksnu {kerk

fp=k  23.10 :foHksnu osQ fy, jsys dh dlkSVh (fud"k) a)tc dks.kh; i`FkDdu θθθθθ ls de gks rks nks
fcUnq feys gq, fn[kkbZ nsrs gSa  b)  tc ;g  θθθθθ ls vf/d gks rks nksuksa fcnq lqLi"V :i ls
vyx&vyx fn[kkbZ nsrs gSaA

fdlh nwjn'kZd dh foHksnu {kerk] ikl&ikl fLFkr nks nwj dh OkLrqvksa osQ nks vyx&vyx
lqLi"V izfrfcEc cukus dh mldh lkeF;Z gSA bls mu nks ikl&ikl fLFkr] fdUrq] vyx&vyx
lqLi"V oLrqvksa (;k fiMksa) }kjk vfHkn`';d ij cuk, x, dks.k osQ inksa esa ekik tkrk gS]
ftuosQ izfrfcEc nwjn'kZd esa ek=k i`Fkd&i`Fkd fn[kkbZ nsrs gSaA ;g dks.k nwjn'kZd dh foHksnu
lhek dgykrk gSA ;fn nks lqLi"V oLrqvksa }kjk cuk dks.k bl dks.k ls de gks rks nwjn'kZd
oLrqvksa osQ izfrfcEcksa dk foHksnu ugha dj ldrkA ;g dks.k ftruk de gksxk] nwjn'kZd dh
foHksnu {kerk mruh gh vf/d gksxhA bl izdkj foHksnu lhek osQ O;qRØe ls nwjn'kZd dh
foHksnu {kerk izkIr gksrh gSA

;fn λ izdk'k dh rjaxnS?;Z] D nwjn'kZd osQ vfHkn`';d dk O;kl vkSj θ  fcUnq fcac }kjk
vfHkn`';d ij cuk dks.k gks rks nwjn'kZd dh foHksnu lhek (jsys dh dlkSVh ;k fud"k)
osQ vuqlkj

θ = 
1.22

D

λ

vr% nwjn'kZd dh foHksnu {kerk %

 (R.P)
T

= 
1

θ
= 

1.22λ
D

(23.15)

lehdj.k (23-15) ls Li"V gS fd vf/d foHksnu {kerk osQ fy, vf/d }kjd dk vfHkn`';d
;k de rjaxnSè;Z osQ izdk'k dk mi;ksx djuk pkfg,A

ykMZ jsys
(1842 – 1919)

baxyS.M osQ ,lsDl esa fLFkr foFkke esa VfyZax Iysl osQ f}rh; csjksu
jsys ls mRiUu tkWu LVªV dk vius ckY;dky esa cgqr [kjkc LokLF;
FkkA ysfdu ;g mldk lkSHkkX; Fkk fd ,MoMZ jSFk vkSj LVksDl mlosQ
f'k{kd FksA ifj.kkeLo#i] 1865 esa mUgksaus Vªkbikst ijh{kk lhfu;j
jsaxyj osQ #i esa mÙkh.kZ dh vkSj fLeFl iqjLdkj osQ izFke izkIrdrkZ
cusA
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vkius vkxZu dh [kkst dh] ftlosQ fy, mUgsa ukscsy iqjLdkj (1904) iznku fd;k x;kA
blosQ vykok jsys us tyxfrdh] Å"ekxfrdh] izdkf'kdh ,oa xf.kr osQ {ks=kksa esa Hkh O;kid
#i ls dke fd;kA mudk py&rjax fl¼kar] ftlosQ vuqlkj izR;kLFk rjaxsa fdlh i`"B
}kjk iFk&iznf'kZr gks ldrh gSa] us HkwoaQi foKku ,oa bysDVªkWfud laosQr lalkèku esa vuqlaèkku
osQ ekxZ dks iz'kLr fd;kA vius thou osQ ckn osQ o"kksZa esa] mUgksaus euksfodkj foKku esa
'kksèk esa Hkh :fp fn[kkbZ panzek rFkk eaxy ij muosQ uke osQ ØsVj muosQ ;ksxnkuksa osQ fy,
vfiZr dh tkus okyh J¼katfy osQ mnkgj.k gSaA

mnkgj.k 23.4: ,d 3 cm osQ }kjd dk nwjn'kZd 80 m nwj fLFkr ,d f[kM+dh dh tkyh
ij iQksdl fd;k x;k gSA ;fn tkyh osQ nks rkjksa osQ chp 2 mm dh nwjh gS rks nwjn'kZd rkjksa
dh bl tkyh dks lqLi"V ns[k ik,xk ;k ugha\ izdk'k dh eè;eku rjaxnSè;Z λ = 5.5 x 10–

7 m

gy: fn;k gS] λ = 5.5 × 10–7 m vkSj D = 3 cm = 3 × 10–2 m

vr% foHksnu dh lhek

θ = 
1.22

D

λ
 =

–7

–2

1.22 5.5 10 m

3 10 m

× ×
×

 = 2.236 × 10–5 rad

;g nwjn'kZd tkyh dk foHksnu dj ik,xk ;fn mlosQ }kjk vfHkn`';d ij cuk dks.k] foHksnu
lhek] θ, osQ cjkcj ;k mlls vf/d gks tkyh }kjk vfHkn`';d ij cuk dks.k

 α = 
tkyh esa nk s rkjkas oQs  chp dh njq h
tkyh l s vfHkn'̀;d dh njw h

= 
2 mm

80 m
 =

-32 10

80 m

×
 = 2.5 × 10–5 rad

D;ksafd 2.5 × 10–5 rad (jsfM;u) foHksnu lhek ( = 2.236 × 10-5 jsfM;u) ls vf/d gS] vr%
nwjn'kZd tkyh osQ rkjksa dks vyx&vyx ns[k ik,xkA

23.3.2 lw{en'khZ dh foHksnu {kerk

fdlh lw{en'khZ dh foHksnu {kerk] nks cgqr fudV fLFkr oLrqvksa osQ vyx&vyx (lqLi"V)
izfrfcEc cuk ldus dh lkeF;Z gSA fdlh lw{en'khZ dh foHksnu {kerk dks mu nks oLrqvksa
osQ chp osQ U;wure js[kh; i`FkDdj.k osQ inksa esa ekik tkrk gS] ftUgsa lw{en'hkZ }kjk ek=k
vyx&vyx ns[kk tk ldrk gSA nks oLrqvksa osQ chp dh ;g js[kh;&nwjh (i`FkDdj.k) lw{en'khZ
dh foHksnu lhek dgykrh gSA ftruk de js[kh; i`FkDdj.k dk eku gksxk mruh gh vf/
d lw{en'khZ dh foHksnu {kerk gksxhA bl izdkj foHksnu lhek osQ O;qRØe ls lw{en'khZ dh
foHksnu {kerk izkIr gksrh gSaA
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;fn oLrq dks izdkf'kr djus osQ fy, iz;qDr izdk'k dh rjaxnSè;Z λ] vka[k ij fcUnq lzksr
ls izdk'k osQ 'kadq dk v/Zdks.k θ vkSj oLrq rFkk vfHkn`';d osQ chp ekè;e dk viorZukad
n gks rks lw{en'khZ dh foHksnu lhek osQ fy, O;atd gksxk

d =
2 sin

λ
θn

(23.16)

vr% lw{en'khZ dh foHksnu {kerk

(R.P)
m

= 
2 sin θ

λ
n

(23.17)O;atd 2n sinθ  dks vakfdd }kjd dgrs gSaA fdlh vfHkn`';d osQ fy, bldk O;ogkj
esa vfèkdre eku 1-6 gSA vka[k osQ fy, ;g eku 0-004 gksrk gSA

lehdj.k (23-17) ls Li"V gS fd fdlh lw{en'khZ dh foHksnu {kerk dks vkafdd }kjd
c<+kdj vkSj oLrq dks izdkf'kr djus osQ fy, de rjaxnSè;Z osQ izdk'k dk mi;ksx dj c<+k;k
tk ldrk gSA blh dkj.k ijkcSaxuh Lkw{en'khZ vkSj bysDVªkWu lw{en'khZ dh foHksnu {kerk cgqr
vf/d gksrh gSA

[kxksy&foKku esa vuqiz;ksx

[kxksyh; (;k izdkf'kd) nwjn'kZd rkjs] xzgksa vkSj vU; [kxksyh; fiaMksa osQ izs{k.k osQ fy,
mi;skx esa yk, tk ldrs gSaA vf/d vPNh foHksnu {kerk osQ fy, izdkf'kd nwjn'kZdksa
osQ vfHkn`';dksa dk }kjd vf/d cM+k j[kk tkrk gSA fdarq brus cM+s ysal dks cukuk
vkSj mUgsa laHkkyuk dfBu gksrk gSA vr% vf/drj [kxksyh; nwjn'kZd esa ysalksa osQ LFkku
ij niZ.kksa dk mi;ksx gksrk gSA niZ.k leku izdk'kh; xq.koRrk osQ ysalksa ls de Hkkjh
gksrs gSa] bUgsa laHkkyuk vf/d vklku gksrk gSA Hkwry ij fLFkr [kxksyh; nwjn'kZdksa esa
izfrfcEc /qa/ys (;k vLi"V) gksrs gSa] lkFk gh ijkcSxuh fdj.ksa] ,Dl fdj.ksa] xkek fdj.ksa
vkfn i`Foh osQ ok;qe.My }kjk vo'kksf"kr gks tkrh gSaA vr% mudk vè;;u Hkwry ij
fLFkr nwjn'kZdksa ls ugha gks ldrkA [kxksyh; fiaMksa ls vkus okyh bu fdj.kksa osQ vè;;u
osQ fy, nwjn'kZdksa dks i`Foh osQ mQij] ok;qeaMy esa] o`Qf=ke mixzgksa esa j[k fn;k tkrk
gSA uklk dk gCcy nwjn'kZd ,sls gh nwjn'kZd dk ,d mnkgj.k gSA pUnz ,Dl fdj.k
izs{k.k nwjn'kZd] dkWEiVu ,Dl&fdj.k izs{k.k nwjn'kZd vkSj vojDr fdj.k nwjn'kZd gky
gh esas varfj{k esa LFkkfir fd, x, gSaA

ikBxr iz'u 23.3

1. fdlh nwjn'kZd dh foHksnu {kerk dks oSQls c<+k;k tk ldrk gS\

2. vka[k dh foHksnu lhek vkSj foHksnu {kerk esa D;k laca/ gS\



 281HkkSfrdh

izdk'kh; ;a=k ekWM~;wy  - 6
izdkf'kdh ,oa izdkf'kd ;U=k

fVIif.k;k¡

3. ;fn oLrq dks izdkf'kr djus osQ fy, iz;qDr izdk'k dh rjaxnS?;Z dks c<+k fn;k tk,
rks fdlh lw{en'khZ dh foHksnu {kerk ij D;k izHkko iM+sxk\

4. ;fn fdlh nwjn'kZd osQ vfHkn`';d dk O;kl c<+k fn;k tk, vkSj de rjaxnS?;Z osQ
izdk'k dk mi;ksx fd;k tk, rks mldh foHksnu {kerk esa fdl izdkj dk ifjorZu gksxk\

vkius D;k lh[kk

ekuo us=k ij fdlh oLrq }kjk varfjr dks.k n'kZudks.k dgykrk gSA

fdlh lw{en'khZ dk dks.kh; vko/Zu ;k vko/Zu {kerk] izfrfcEc rFkk fcac }kjk vka[k
ij varfjr dks.kksa dk vuqikr gS tcfd nksuksa (vFkkZr fcac vkSj izfrfcEc) vka[k osQ fudV
fcUnq ij fLFkr gksaA

js[kh; (jSf[kd) vko/Zu dks izfrfcEc rFkk fcac osQ lkbtksa (vkekiksa) osQ vuqikr ls
ifjHkkf"kr fd;k tkrk gSA

fdlh ljy lw{en'khZ dh vko/Zu {kerk  M = 1+
D

f
, tgka D  lqLi"V n`f"V dh vYire

nwjh rFkk  f  ysal dh iQksdl nwjh gSA

ljy lw{ern'khZ osQ vln`';] la;qDr lw{e n'khZ esa] vko/Zu nks Lrjksa ij gksrk gSA blesa
,d usf=kdk vkSj ,d vfHkn`';d ysal gksrkgS vkSj nksuksa dh gh iQksdl nwjh de gksrh
gSA

la;qDr lw{en'khZ dh vko/Zu {kerk

M = m
0
 × m

e

fdUrq m
e
 = 1+

D

f
 vr%

M = o

ou

v
 

e

1+
D

f

  
  
  

tgk¡ v
0 
 izfrfcEc rFkk vfHkn`';d osQ chp dh nwjh]  u

0
 vfHkn`';d dh fcac ls nwjh]

D lqLi"V n`f"V dh U;wUkre nwjh vkSj  f
e
 usf=kdk dh iQksdl nwjh gSA

nwjn'kZd dk mu nwjLFk oLrqvksa dks ns[kus osQ fy, mi;ksx gksrk gS tks vk¡[k ij cgqr
NksVk dks.k varfjr djrs gSaA nwjn'kZd osQ mi;ksx ls vka[k ij n'kZu dks.k c<+ tkrk gSA
nwjLFk oLrq vka[k osQ vfèkd ikl izrhr gksrh gS vkSj bls vklkuh ls ns[kk tk ldrk
gSA

nks izdkj osQ nwjn'kZdksa dk mi;ksx fd;k tkrk gS%  (i) viorhZ (ii) ijkorhZ
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viorhZ nwjn'kZd dk vfHkn`';d ,d mRry ysal vkSj ijkorhZ dk ,d vory ni.kZ
gksrk gS] ftldh iQksdl nwjh vf/d gksrh gSA viorhZ nwjn'kZdksa dh vis{kk ijkorhZ nwjn'kZdksa
esa dbZ fo'ks"krk,a gksrh gSaA

fdlh nwjn'kZd dh vko/Zu {kerk]

M = f
o
/f

e

tgk¡ f
0
 vfHkn`';d dh vkSj f

e
 usf=kdk dh iQksdl nwjh gSA

ikBkar iz'u

1. ljy rFkk la;qDr lw{en'khZ esa D;k varj gS\ la;qDr lw{en'khZ dh vko/Zu {kerk osQ
fy, ,d O;atd O;RiUu dhft,A

2. viorhZ o ijkorhZ nwjn'kZu esa varj crkb,A U;wVuh nwjn'kZd osQ fy, ,d fdj.k vkjs[k
cukb,A

3. viorhZ nwjn'kZd dh vko/Zu {kerk osQ fy, ,d lehdj.k O;qRiUu dhft,A

4. lqLi"V n`f"V dh U;wure nwjh ls D;k rkRi;Z gS\ lkekU; vka[k osQ fy, bldk eku fdruk
gksrk gS\

5. D;k ge la;qDr lw{en'khZ }kjk cuk, x, izfrfcEc dk iQksVks ys ldrs gSa\ vius mÙkj
dh O;k[;k dhft,A

6. fdlh izdkf'k; ;a=k dh foHksnu {kerk dh ifjHkk"kk fyf[k,A lkekU; vka[k osQ fy, foHksnu
lhek dk eku fdruk gksrk gS\

7. fdlh la;qDr lw{en'khZ vkSj ikfFkZo nwjn'kZd osQ fMtkbu esa D;k eq[; varj gksrk gS\

8. fdlh nwjn'kZd dh usf=kdk dh iQksdl nwjh 10 cm gSA mlosQ vfHkn`';d o usf=kdk
osQ chp dh nwjh 2-1 m gSA nwjn'kZd dk dks.kh; vko/Z fduk gksxk\

9. fdlh lw{en'khZ osQ vfHkn`';d }kjk cuk;k x;k izfrfcEc mlosQ nwljs iQksdl lery
18 lseh nwjh ij gSA ;fn vfHkn`';d dh iQksdl nwjh 4 mm vkSj usf=kdk dh iQksdl
nwjh 3.125 cm gks rks lw{en'khZ dk vko/Zu fdruk gksxk\

10. fdlh nwjn'kZd osQ vfHkn`';d dk O;kl fdlh nwljs nwjn'kZd ls rhu xquk gSA nwljs dh
rqyuk esa igyk nwjn'kZd fdruk xquk vf/d izdk'k ,d=k djrk gS\
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ikBxr iz'uksa osQ mÙkj

23.1

1. ljy lw{en'khZ }kjk cuk;k x;k izfrfcEc vkHkklh] vkof/Zr vkSj lh/k gksrk gS] tcfd
la;qDr lw{en'khZ }kjk cuk;k x;k izfrfcEc okLrfod] vkof/Zr vkSj mYVk gksrk gSA

2. vko/Zu {kerk izfrfcEc }kjk usf=kdk ij varfjr dks.k rFkk fcac }kjk fudV fcUnq ij
varfjr dks.k dk vuqikr gSA vko/Zu] izfrfcEc rFkk fcac osQ lkbtksa (vk;kiksa) dk vuqikr
gSA

3. m = 11, m = 1+
D

f
 A D =25 cm j[kus ij gesa izkIr gksrk gS  f = 2.5 cm

4. ;fn vki 4 cm iQksdl nwjh dk ysal pqus rks vko/Zu {kerk vf/d gksxh D;ksafd m  =

o

e

f

f

5. la;qDr lw{en'khZ dh vko/Zu {kerk gksrh gS m = 
o

-L

f e

1+
D

f

  
  
  

A

Li"Vr% m dk eku vf/d gksxk ;fn f
o
 o f

e
 nksuksa dk eku de gksA

23.2

1. (a) vf/d iQksdl nwjh dk vfHkn`';d] nwjn'kZd dh vko/Zu {kerk dks c<+k nsrk gSA

(b) usf=kdk dh iQksdl nwjh c<+kus ls vko/Zu de gks tkrk gSA

2. vko/Zu  m = o

e

f

f
 = 

50 cm

2 cm
 = 25

3. ijkorhZ nwjn'kZd dk vfHkn`';d ,d xksyh; niZ.k gksrk gS] tcfd viorhZ nwjn'kZd dk
vfHkn`';d ,d mRry ySal gksrk gSA

4. fdlh nwjn'kZd dks lkekU; lek;kstu esa dgk tkrk gS] ;fn vfUre izfrfcEc vuUr ij
curk gksA

5. ughaA

23.3

1. vf/d }kjd dk vfHkn`';d ysdj ;k de rjaxnS?;Z osQ izdk'k dk mi;ksx djosQA

2. vk¡[k dh foHksnu lhek mldh foHksnu {kerk osQ O;qRØekuqikrh gksrh gSA foHksnu lhek
dk eku Hkh c<+sxkA
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3. D;ksafd fdlh nwjn'kZd Hkh foHksnu {kerk  = 
1.22

D

λ , blfy, bldk eku c<+sxkA

ikBkar iz'uksa dks mÙkj

8. 21 9. 400

10. 9 xqukA


