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vè;k; 8

oS|qrpqacdh;
rjaxsa

8.1 Hkwfedk

vè;k; 4 esa geus lh[kk gS fd fo|qr èkkjk paqcdh; {ks=k mRiUu djrh gS rFkk nks èkkjkokgh rkj
ijLij ,d&nwljs ij paqcdh; cy vkjksfir djrs gSaA blosQ vfrfjDr] vè;k; 6 esa ge ;g ns[k
pqosQ gSa fd le; osQ lkFk ifjorZu'khy pqacdh; {ks=k fo|qr {ks=k mRiUu djrk gSA ijarq] D;k bldk
foykse Hkh lR; gS\ D;k le; osQ lkFk ifjo£rr gksrk gqvk fo|qr {ks=k pqacdh; {ks=k dks mRiUu
djrk gS\ tsEl DykoZQ eSDlosy (1831-1879) us ;g roZQ izLrqr fd;k fd okLro esa ,slk
gh gksrk gSA u osQoy fo|qr èkkjk oju le; osQ lkFk ifjorZu'khy fo|qr {ks=k Hkh paqcdh; {ks=k
mRiUu djrk gSA le; osQ lkFk ifjorZu'khy èkkjk ls tqM+s laèkkfj=k osQ ckgj fdlh ¯cnq ij
paqcdh; {ks=k Kkr djus osQ fy, ,sfEi;j dk fu;e yxkrs le;] eSDlosy dk è;ku bl fu;e
lacaèkh ,d vlaxfr dh vksj x;kA bl vlaxfr dks nwj djus osQ fy, mUgksaus ,d vfrfjDr èkkjk
osQ vfLrRo dk lq>ko fn;k ftldks mUgksaus foLFkkiu èkkjk uke fn;kA

mUgksaus fo|qr o paqcdh; {ks=kksa rFkk muosQ lzksrksaµvkos'k ,oa èkkjk&?kuRo dks lfEefyr dj]
lehdj.kksa dk ,d leqPp; lw=kc¼ fd;kA bu lehdj.kksa dks eSDlosy lehdj.k dgrs gSaA yksjsat
dk cy lw=k (vè;k; 4) vkSj feyk ysa rks ;s lehdj.k fo|qr&paqcdRp osQ lHkh vkèkkjHkwr
fu;eksa dks xf.krh; :i esa O;Dr djrs gSaA

eSDlosy osQ lehdj.kksa ls mHkjus okyh lcls egRoiw.kZ izkxqfDr oS|qrpaqcdh; rjaxksa dk
vfLrRo gksuk gS tks varfj{k esa lapfjr le; osQ lkFk cnyrs (;qfXer) fo|qrh; ,oa paqcdh;
{ks=k gSaA eSDlosy osQ lehdj.kksa osQ vuqlkj] bu rjaxksa dh pky] izdk'kh; ekiu }kjk izkIr izdk'k
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dh pky ( 3 ×108 m/s) osQ yxHkx cjkcj gksrh gSA blls ge bl
egRoiw.kZ fu"d"kZ ij igq¡ps fd izdk'k ,d oS|qrpaqcdh; rjax gSA bl izdkj]
eSDlosy osQ dk;Z us fo|qr] paqcdRo ,oa izdk'k osQ {ks=kksa dks ,dho`Qr dj
fn;kA 1885 esa] gVZ~”k us iz;ksx }kjk oS|qrpaqcdh; rjaxksa osQ vfLrRo dks
izn£'kr fd;kA ekdksZuh ,oa vU; vkfo"drkZvksa us ;Fkkle;] blosQ rduhdh
mi;ksx esa lapkj osQ {ks=k esa tks Økafr dh] mlosQ vkt ge izR;{kn'khZ gSaaA

bl vè;k; esa] igys ge foLFkkiu èkkjk dh vko';drk ,oa mlosQ
ifj.kkeksa osQ fo"k; esa ppkZ djasxsA fiQj ge oS|qrpaqcdh; rjaxksa dk ,d
fooj.kkRed fp=k izLrqr djsaxsA oS|qrpaqcdh; rjaxksa dk laiw.kZ o.kZØe] tks
xkek fdj.kksa (rjaxnS?;Z ~10–12 m) ls nh?kZ jsfM;ks rjaxksa (rjaxnS?;Z ~106 m)
rd iSQyk gS] mlosQ fo"k; esa ppkZ dh tk,xhA

8.2 foLFkkiu èkkjk
vè;k; 4 esa ge ns[k pqosQ gSa fd fo|qr èkkjk vius pkjksa vksj ,d paqcdh;
{ks=k mRiUu djrh gSA eSDlosy us n'kkZ;k fd rk£dd laxfr osQ fy, ;g
vko';d gS fd ifjorZu'khy fo|qr {ks=k Hkh paqcdh; {ks=k mRiUu djsA ;g
izHkko cgqr gh egÙo dk gS] D;ksafd ;g jsfM;ks rjaxksa] xkek fdj.kksa] ,oa ǹ';
izdk'k osQ vfrfjDr Hkh vU; lHkh oS|qrpaqcdh; rjaxksa osQ vfLrRo dh
O;k[;k djrk gSA

;g ns[kus osQ fy, fd ifjorZu'khy fo|qr {ks=k fdl izdkj paqcdh;
{ks=k osQ mn~Hko dk dkj.k curk gSA vkb, ge fdlh laèkkfj=k osQ vkos'ku
dh izfØ;k ij fopkj djsa vkSj la/kfj=k osQ ckgj fdlh ¯cnq ij pqacdh;
{ks=k Kkr djus osQ fy, ,sfEi;j osQ ifjiFkh; fu;e (vè;k; 4)

B l.d =∫Ñ  µ0 i (t ) (8.1)

dk mi;ksx djsaA

¹fp=k  8.1(a)º esa ,d lekarj IysV laèkkfj=k C n'kkZ;k x;k gS tks ,d
,sls ifjiFk dk Hkkx gS ftlesa le; osQ lkFk ifjorZu'khy èkkjk i (t) izokfgr
gks jgh gSA vkb,] lekarj IysV laèkkfj=k osQ cká {ks=k esa fLFkr fdlh ¯cnq
tSls fd P ij paqcdh; {ks=k Kkr djsaA blosQ fy,] ge r f=kT;k dk ,d
lery o`Ùkkdkj ywi ysrs gSa ftldk ry èkkjkokgh rkj dh fn'kk osQ yacor
gS vkSj ftldk osaQnz rkj osQ Åij gS ¹fp=k 8.1(a)ºA lefefr osQ vkèkkj
ij ge dg ldrs gSa fd paqcdh; {ks=k dh fn'kk o`Ùkkdkj ywi dh ifjfèk
osQ vuqfn'k gS vkSj ywi osQ izR;sd ¯cnq ij bldk ifjek.k leku gSA bl
dkj.k] ;fn {ks=k dk ifjek.k B gS rks lehdj.k (8.1) dk oke i{k
B (2π r) gSA

B(2πr) = µ0i (t) (8 .2)

vc blh ifjlhek okyh ,d vU; lrg ij fopkj dhft,A ;g ?kM+s osQ
vkdkj dh ,d lrg gS tks èkkjk dks dgha Hkh ugha Nwrh gS ¹fp=k 8.1(b)º ij
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tsEl DykoZQ  eSDlosy
(1831 – 1879) LdkWVySaM osQ
,fMucxZ esa tUes] mUuhloha 'krh
osQ egkure HkkSfrdfonksa esa ls ,dA
mUgksaus xSl osQ v.kqvksa dh rkih;
xfr;ksa osQ forj.k osQ fy, O;atd
O;qRiUu fd;k vkSj os mu igys
yksxksa esa ls ,d Fks ftUgksaus ';kurk
vkfn ekiu ;ksX; jkf'k;ksa dk mi;ksx
dj vkf.od izkpyksa osQ fo'oluh;
vkdyu izkIr fd,A eSDlosy dh
lcls cM+h miyfCèk] fo|qr ,oa
pqacdRo osQ (owQykWe] vkWLVsZM]
,sfEi;j ,oa iSQjkMs }kjk [kksts x,)
fu;eksa osQ ,dhdj.k }kjk laxr
lehdj.kksa dk ,d leqPp; izLrqr
djuk Fkk] ftUgsa vkt ge eSDlosy
osQ lehdj.kksa osQ uke ls tkurs gSaA
buosQ vkèkkj ij os bl lokZfèkd
egRoiw.kZ fu"d"kZ ij igq¡ps fd
izdk'k] oS|qrpqacdh; rjax gh gSA
ets dh ckr ;g gS fd eSDlosy]
iSQjkMs osQ oS|qr vi?kVu osQ fu;eksa
ls mRiUu bl fopkj ls lger
ugha Fks fd fo|qr dh izÑfr d.k
:i esa gSA
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bldh ryh laèkkfj=k dh nksuksa IysVksa osQ chp esa gS vkSj mldk eq¡g Åij o£.kr o`Ùkkdkj ywi gSA
nwljh ,slh lrg (fcuk <Ddu osQ) fVfiQu ckWDl osQ vkdkj dh gS ¹fp=k 8.1(c)ºA leku
izkpyksa okyh ,slh lrgksa osQ fy, ,sfEi;j dk fu;e yxkus ij] ge ikrs gSa fd lehdj.k (8.1)
osQ ckb± vksj dk eku rks ugha cnyrk gS ij nkb± vksj dk eku 'kwU; gS u fd µ

0
i (t), D;ksafd fp=k

8.1(b) ,oa (c) esa n'kkZ;h xbZ lrgksa ls dksbZ èkkjk ugha xqtjrh gSA blfy,] gekjk lkeuk ,d
fojksèkkHkkl ls gksrk gSA ,d izdkj ls x.kuk djsa rks ̄ cnq P ij paqcdh; {ks=k gS_ nwljh izdkj x.kuk
djsa rks P ij paqcdh; {ks=k 'kwU; gksrk gSA D;ksafd ;g fojksèkkHkkl gekjs }kjk ykxw fd, x, ,sfEi;j
osQ ifjiFkh; fu;e osQ dkj.k mRiUu gksrk gSA bl fu;e esa laHkor% dksbZ in NwV x;k gSA NwVk
gqvk ;g in ,slk gksuk pkfg, fd pkgs ge fdlh Hkh lrg dk mi;ksx djsa ̄ cnq P ij paqcdh;
{ks=k dk leku eku izkIr gksA

;fn ge fp=k 8.1(c) dks è;kuiwoZd ns[ksa rks NwVs gq, in dk vuqeku yxk;k tk ldrk gSA
D;k laèkkfj=k dh IysVksa osQ chp dh lrg S ls xqtjrh gqbZ fdlh jkf'k osQ eku esa ifjorZu gks
jgk gSA th gk¡] okLro esa muosQ chp fo|qr {ks=k cny jgk gSA ;fn laèkkfj=k dh IysVksa dk {ks=kiQy
A gks ,oa bl ij oqQy vkos'k Q gks rks IysVksa osQ chp fo|qr {ks=k E dk ifjek.k (Q/A)/ε0 gksrk
gS ¹nsf[k, lehdj.k (2.41)ºA ;g {ks=k fp=k 8.1(c) dh lrg S osQ yacor gksrk gSA bldk
ifjek.k laèkkfj=k dh IysVksa osQ {ks=kiQy A ij leku jgrk gS ij buosQ ckgj 'kwU; gks tkrk gSA
blfy,] lrg S ls xqtjus okyk fo|qr ÝyDl] xkml osQ fu;e osQ mi;ksx ls gksrk gS

E
0 0

1
= =

Q Q
A A

A
Φ

ε ε
=E (8.3)

vc ;fn laèkkfj=k dh IysVksa ij vkos'k Q le; osQ lkFk ifjo£rr gks rks ;gk¡ ,d èkkjk
i = (dQ/dt) gksxhA blfy, lehdj.k (8.3) ls

d
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d
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d
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=


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1

;g fu£n"V djrk gS fd ,sfEi;j osQ fu;e esa laxfr osQ fy,]

ε0
d
d
ΦE

t





 = i (8.4)

;gh ,sfEi;j osQ ifjiFkh; fu;e dk NwVk gqvk in gSA ;fn ge fdlh Hkh lrg ls gksdj
pkydksa }kjk okfgr oqQy èkkjk esa]  ε0 xq.kk fo|qr ÝyDl osQ ifjorZu dh nj tksM+sa rks ge ,sfEi;j
osQ ifjiFkh; fu;e dk lkekU;hdj.k dj ldrs gSaA rc lHkh lrgksa osQ fy, èkkjk dk eku i leku
gksxkA rc dgha ij Hkh ,sfEi;j dk lkekU;ho`Qr fu;e yxkus ij B osQ izkIr eku esa dksbZ folaxfr
ugha vk,xhA ¯cnq P ij] B dk eku 'kwU;srj gh gksxk pkgs bldh x.kuk djus osQ fy, ge dksbZ
Hkh lrg ysaA IysVksa osQ ckgj] fdlh ¯cnq P ij B dk eku ogh gksxk tks Bhd blosQ vanj ¯cnq
M ij gksuk pkfg, ¹fp=k 8.1(a)ºA vkos'kksa osQ izokg osQ dkj.k pkydksa esa tks èkkjk izokfgr gksrh
gS mls pkyu èkkjk dgk tkrk gSA lehdj.k (8.4) }kjk O;Dr èkkjk ,d uohu in gSA tks
ifjorZu'khy fo|qr {ks=k (;k fo|qrh; foLFkkiu] tks vHkh Hkh dHkh mi;ksx esa vkrk gS) osQ dkj.k
vfLrRo esa vkrk gSA bldks blfy, foLFkkiu èkkjk vFkok eSDlosy dh foLFkkiu èkkjk dgk tkrk
gSA fp=k 8.2, vkxs o£.kr lekarj IysV laèkkfj=k osQ vanj fo|qr ,oa paqcdh; {ks=k n'kkZrk gSA

eSDlosy }kjk fd;k x;k O;kidhdj.k fuEu gSA paqcdh; {ks=k dk lzksr osQoy izokgeku
vkos'kksa ls fu£er pkyu fo|qr èkkjk gh ugha gksrh] vfirq le; osQ lkis{k fo|qr {ks=k esa ifjorZu

fp=k 8.1 ,d lekarj IysV
laèkkfj=k C, tks ,d ,sls
ifjiFk dk Hkkx gS ftlesa
le; osQ lkFk ifjorZu'khy
èkkjk i (t) izokfgr gks jgh gS_
rFkk]  (a) esa r f=kT;k dk ,d
ywi n'kkZ;k x;k gS tks ywi ij
fLFkr P ¯cnq ij paqcdh; {ks=k
Kkr djus osQ fy, cuk;k x;k
gS_ (b) esa ,d ?kV&vkdkj]
lrg n'kkZ;h xbZ gS tks

laèkkfj=k osQ vanj bldh IysVksa
osQ chp ls xqtjrh gS ,oa

(a) esa n'kkZ;k x;k ywi bldk
fje gS_ (c) esa (fVfiQu dh
vko`Qfr dh) ,d vU; lrg
n'kkZ;h xbZ gS] o`Ùkkdkj ywi
ftldk fje gS ,oa lery
o`Ùkkdkj ryh S laèkkfj=k dh
IysVksa osQ chp esa gSA rhj
laèkkfj=k IysVksa osQ chp ,d
le; fo|qr {ks=k n'kkZrs gSaA
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dh nj Hkh bldk dkj.k cu ldrh gSA vfèkd Li"Vrk ls bl ckr dks dgsa rks oqQy èkkjk
i, i

c 
}kjk fu£n"V pkyu èkkjk ,oa id (= ε0 (dΦ

E
/dt)) }kjk fu£n"V foLFkkiu èkkjk osQ ;ksx

osQ cjkcj gksrh gSA vr%

Φ
ε= + = + 0

d
d

E
c d ci i i i

t
(8.5)

lqLi"V 'kCnksa esa bldk vFkZ gS fd laèkkfj=k dh IysVksa osQ ckgj osQoy pkyu èkkjk
ic = i gksrh gS] rFkk dksbZ foLFkkiu èkkjk ugha gksrh] vFkkZr~ i

d
 = 0 A nwljh vksj laèkkfj=k

osQ vanj dksbZ pkyu èkkjk ugha gksrh] vFkkZr~ ic = 0 vkSj osQoy foLFkkiu èkkjk gksrh gS
ftlls i

d
 = i A

O;kidhÑr (,oa ;FkkFkZ) ,sfEi;j osQ ifjiFkh; fu;e dk Lo:i lehdj.k (8.1)
tSlk gSSA cl osQoy ,d varj gS ¶,slh fdlh Hkh lrg] ftldh ifjfefr can ywi gS ls
xqtjus okyh oqqQy èkkjk pkyu èkkjk ,oa foLFkkiu èkkjk dk ;ksx gksrh gSA¸ O;kid :i esa
;g fu;e

(8.6)

rFkk bls ,sfEi;j eSDlosy fu;e dgrs gSaA
fdlh Hkh n`f"V ls foLFkkiu èkkjk osQ HkkSfrd izHkko pkyu èkkjk osQ leku gSaA oqQN

fLFkfr;ksa esa] mnkgj.kkFkZ] fdlh pkyd rkj esa fu;r fo|qr {ks=k osQ fy, foLFkkiu èkkjk
dk eku 'kwU; gks ldrk gS D;ksafd fdlh fo|qr {ks=k E le; osQ lkFk ifjo£rr ugha gksrkA
oqQN nwljh fLFkfr;ksa esa] tSls fd Åij crk, x, vkosf'kr gksrs laèkkfj=k esa pkyu ,oa
foLFkkiu èkkjk nksuksa gh mifLFkr gks ldrs gSa ij vyx&vyx fno~QLFkkuksa esaA ijarq
vfèkdrj fLFkfr;ksa esa nksuksa ,d gh LFkku ij fo|eku gks ldrs gSa D;kasfd dksbZ Hkh ekè;e
iw.kZ pkyd ;k iw.kZ fo|qrjksèkh ugha gksrkA lokZfèkd jkspd rF; ;g gS fd fdlh fo'kky
{ks=k esa tgk¡ dksbZ Hkh pkyu èkkjk ugha gksrh] le; osQ lkFk ifjorZu'khy fo|qr {ks=k osQ
dkj.k osQoy foLFkkiu èkkjk gh gksrh gSA ,sls {ks=k esa] vklikl dksbZ (pkyu) èkkjk lzksr
ugha gksus ij Hkh paqcdh; {ks=k fo|eku gksxkA bl foLFkkiu èkkjk osQ vfLrRo dh izkxqfDr
iz;ksx }kjk iq"V dh tk ldrh gSA mnkgj.k osQ fy,] fp=k 8.2(a) osQ laèkkfj=k dh IysVksa
osQ chp (ekuk ̄cnq M ij) paqcdh; {ks=k ekik tk ldrk gSA ;g Bhd mruk gh ik;k tk,xk
ftruk fd ckgj osQ fdlh ¯cnq (ekuk P) ijA

foLFkkiu èkkjk osQ ('kCn'k%) nwjxkeh ifj.kke gSaA ,d rF; ftldh vksj gekjk è;ku ,dne
vkd£"kr gksrk gS] og ;g gS fd fo|qr ,oa paqcdRo vc vkSj vfèkd leferh;* gks x, gSaaSA iSQjkMs
dk iszj.k lacaèkh fu;e ;g crkrk gS fd izsfjr fo|qr okgd cy paqcdh; ÝyDl ifjorZu dh
nj osQ cjkcj gksrk gSA vc] pw¡fd nks ¯cnqvksa 1 ,oa 2 osQ chp fo|qr okgd cy] ¯cnq 1 ls ¯cnq
2 rd bdkbZ vkos'k dks ys tkus esa fd;k x;k dk;Z gSA fo|qr okgd cy dh mifLFkfr ,d fo|qr
{ks=k dh mifLFkfr dks bafxr djrh gSA iSQjkMs osQ fo|qr paqcdh; izsj.k lacaèkh fu;e dks ge nwljs
'kCnksa esa bl izdkj Hkh dg ldrs gSa fd le; osQ lkFk ifjorZu'khy paqcdh; {ks=k] fo|qr {ks=k
mRiUu djrk gSA ;g rF; fd le; osQ lkFk ifjorZu'khy fo|qr {ks=k] paqcdh; {ks=k mRiUu djrk
gS] iSQjkMs osQ fu;e dk leferh; izfr:i gS vkSj foLFkkiu èkkjk osQ paqcdh; {ks=k dk lzksr gksus
dk ifj.kke gSA vr% le; ij fuHkZj oS|qr ,oa paqcdh; {ks=k ,d&nwljs dh mRifÙk osQ dkj.k gSaA

* ;s vHkh Hkh iw.kZr% leferh; ugha gSaA fo|qr {ks=k dks mRiUu djus osQ fy, fo|qr vkos'kksa osQ lkn`';
pqacdh; {ks=k osQ lzksr (pqacdh; ,dy /qzo] magnetic monopole) Kkr ugha gSaA

fp=k 8.2 (a) laèkkfj=k dh IysVksa
osQ chp fLFkr ̄ cnq M ij fo|qr

{ks=k E ,oa paqcdh; {ks=k B (b) fp=k
(a) dk ifjPNsnh; vkjs[kA
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iSQjkMs dk fo|qr paqcdh; izsj.k dk fu;e ,oa eSDlosy&,sfEi;j dk ifjiFkh; fu;e bl dFku
dh ifjek.kkRed vfHkO;fDr gSA tgk¡ èkkjk] oqQy èkkjk gS tSlk fd lehdj.k (8.5) ls Li"V gSA
bl lefefr dh ,d vR;ar egRoiw.kZ fu"ifÙk fo|qr paqcdh; rjaxksa dk vfLrRo gS ftlosQ fo"k;
esa ge vxys vuqHkkx esa ppkZ djaasxsA

fuokZr esa eSDlosy osQ lehdj.k

1.  (fo|qr lacaèkh xkml fu;e)

2. (paqcdRo lacaèkh xkml fu;e)

3. 
–d
d
ΦB

t
(iSQjkMs fu;e)

4.  d
d
ΦE

t
(,sfEi;j&eSDlosy fu;e)

8.3 oS|qrpaqcdh; rjaxsa
8.3.1 rjaxksa osQ lzksr
oS|qrpaqcdh; (electromagnetic, la{ksi esa em) rjaxsa mRiUu oSQls gksrh gSa\ u rks fLFkj
vkos'k] u gh ,dleku xfr ls pyrs gq, vkos'k (fLFkj èkkjk)] oS|qrpqacdh; rjaxksa osQ lzksr gks
ldrs gSaA D;ksafd] fLFkj vkos'k rks osQoy fLFkjoS|qr {ks=k mRiUu djrs gSa tcfd xfreku vkos'k
paqcdh; {ks=k Hkh mRiUu djrs gSa ij og le; osQ lkFk ifjo£rr ugha gksrkA eSDlosy osQ fl¼kar
dh ;g ,d egRoiw.kZ fu"ifÙk gS fd Rofjr vkos'k oS|qrpaqcdh; rjaxsa fofdfjr djrs gSaA bl
ekSfyd fu"ifÙk dk izek.k izLrqr iqLrd osQ foLrkj {ks=k ls ijs gS] ijarq ge bldks ,d vifj"òQr]
xq.kkRed foospu osQ vkèkkj ij Lohdkj dj ldrs gSaA eku yhft, fd ,d vkos'k gS tks fdlh
fuf'pr vko`fÙk ls nksyu dj jgk gS (dksbZ nksyu djrk gqvk vkos'k Hkh ,d Rofjr vkos'k dk
mnkgj.k gS)A ;g ml {ks=k esa ,d nksfyr fo|qr {ks=k mRiUu djrk gS tks iqu% ,d nksfyr paqcdh;
{ks=k dks tUe nsrk gS tks iqu% ,d nksfyr fo|qr {ks=k dh mRifÙk dk dkj.k curk gS vkSj ;g izfØ;k
pyrh jgrh gSA vr% nksfyr fo|qr ,oa paqcdh; {ks=k ,d&nwljs dks laiksf"kr djrs gSa ;k dgas fd
rjax xeu djrh gSA LokHkkfod :i ls oS|qrpaqcdh; rjaxksa dh vko`fÙk] vkos'k osQ nksyuksa dh
vko`fÙk osQ cjkcj gksrh gSA xeudkjh rjaxksa ls tqM+h ÅtkZ] lzksr vFkkZr Rofjr vkos'k dh ÅtkZ ls
gh izkIr gksrh gSA

iwoksZDr ppkZ osQ vkèkkj ij gks ldrk gS fd bl izkxqfDr dk ijh{k.k fd izdk'k fo|qr
paqcdh; rjax gS] lgt gks ldrk gSA ge fopkj dj ldrs gSa fd n`'; izdk'k (ekuk fd ihyk)
mRiUu djus osQ fy, gesa cl ,d vkos'k dks ml izdk'k dh vko`fÙk ls nksyu djkus osQ fy,
,d ac ifjiFk dh vko';drk gSA ysfdu viQlksl dh ckr ;g gS fd ,slk laHko ugha gSA ihys
izdk'k dh vko`fÙk yxHkx 6 × 1014 Hz gS tcfd vR;fèkd vkèkqfud bySDVªkWfud ifjiFkksa ls
Hkh tks vfèkdre vko`fÙk ge izkIr dj ikrs gSa og yxHkx 1011 Hz gksrh gSA ;gh dkj.k gS fd
tc oS|qrpaqcdh; rjaxksa dk izk;ksfxd izn'kZu gqvk rks og fuEu vko`fÙk dh rjaxksa (jsfM;ks rjaxksa
osQ ifjlj esa) osQ fy, gh gqvk] tSlk fd gV~Z”k osQ iz;ksx (1887) osQ izdj.k esa ns[k ldrs gSaA
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eSDlosy osQ fl¼kar osQ ijh{k.k osQ fy, fd, x, gVZ~”k osQ liQy iz;ksx
us luluh iSQyk nh rFkk ;s iz;ksx bl {ks=k esa vU; egRoiw.kZ dk;ks± osQ fy,
izsj.kk dk vkèkkj cusA bl lacaèk esa nks egRoiw.kZ miyfCèk;k¡ mYys[k fd,
tkus ;ksX; gSaA gVZ~”k osQ iz;ksx osQ   lkr lky ckn] txnh'k panz clq us
dydÙkk esa dk;Z djrs gq, dkiQh de rjaxnS?;Z  (25 mm ls 5 mm) dh
oS|qrpaqcdh; rjaxsa mRiUu djus vkSj mUgsa izsf{kr djus esa liQyrk izkIr dhA
mudk iz;ksx Hkh gV~Z”k osQ iz;ksx dh Hkk¡fr gh iz;ksx'kkyk rd gh lhfer jgkA

yxHkx mlh le; bVyh esa xqxyhvks ekdksZuh us gV~Z”k osQ dk;Z dk
vuqlj.k djrs gq, dbZ fdyksehVj rd dh nwfj;ksa rd oS|qrpaqcdh; rjaxsa
laiszf"kr djus esa liQyrk izkIr dhA ekdksZuh osQ iz;ksx ls lapkj osQ {ks=k esa
oS|qrpqacdh; rjaxksa osQ mi;ksx dk izkjaHk gqvkA

8.3.2 oS|qrpaqcdh; rjaxksa dh izo`Qfr
eSDlosy osQ lehdj.kksa osQ vkèkkj ij ;g n'kkZ;k tk ldrk gS fd fdlh
oS|qrpaqcdh; rjax esa fo|qrh; ,oa paqcdh; {ks=k ,d&nwljs osQ yacor gksrs
gSa vkSj blosQ xeu dh fn'kk osQ HkhA foLFkkiu /kjk ij fn, x, foospu osQ
vk/kj ij Hkh ;g roZQlaxr izrhr gksrk gSA fp=k 8.2 ij fopkj dhft,A la/
kfj=k esa IysVksa osQ chp fo|qr {ks=k IysVksa osQ yacor gSA foLFkkiu /kjk osQ }kjk
mRiUu pqacdh; {ks=k la/kfj=k dh IysVksa osQ lekarj o`Ùk osQ vuqfn'k gSA vr%
bl fLFkfr esa B rFkk E ijLij yacor gSaA ;g ,d lkekU;
y{k.k gSA

fp=k (8.3) esa geus z fn'kk esa xeu djrh gqbZ ,d lery oS|qrpaqcdh;
rjax dk izk:fid mnkgj.k izn£'kr  fd;k gS (fdlh {k.k t ij] {ks=kksa dks z-

funsZ'kkad osQ iQyu osQ :i esa n'kkZ;k x;k gS)A fo|qr {ks=k E
x
, x-v{k osQ

vuqfn'k gS vkSj fdlh {k.k t ij z osQ lkFk T;koØh; :i esa ifjo£rr gksrk
gSA paqcdh; {ks=k B

y
, y-v{k osQ vuqfn'k gS vkSj ;g Hkh z osQ lkFk T;koØh;

:i esa ifjo£rr gksrk gSA fo|qr {ks=k E
x
 ,oa paqcdh; {ks=k B

y
 ,d nwljs osQ

yacor gSa ,oa xeu fn'kk] z osQ Hkh yacor gSA E
x
 ,oa B

y
 dks ge fuEuor

fy[k ldrs gSa %
E

x
= E0 sin (kz–ωt) [8.7(a)]

B
y
= B0 sin (kz–ωt) [8.7(b)]

;gk¡ k ,oa rjax dh rjaxnS?;Z λ esa fuEufyf[kr lkekU; lacaèk gS

2
k

π
λ

= (8.8)

rFkk ;gk¡ ω dks.kh; vko`fÙk gS] k rjax lfn'k
(;k xeu lfn'k) k dk ifjek.k gSA k dh
fn'kk rjax osQ xeu dh fn'kk fu£n"V djrh
gSA rjax dh xeu pky (ω/k) gSA E

x
 ,oa B

y

osQ fy, lehdj.kksa [8.7(a) ,oa (b)] rFkk
eSDlosy osQ lehdj.kksa dk mi;ksx djosQ
vki fuEu ifj.kke ij igq¡p ldrs gSa µ

fp=k 8.3 ,d js[kh; èkqzfor oS|qrpaqcdh; rjax tks z-fn'kk esa xeu dj jgh gS vkSj
ftldk nksyudkjh fo|qr {ks=k E, x- fn'kk osQ vuqfn'k ,oa nksyudkjh paqcdh; {ks=k

B, y-fn'kk osQ vuqfn'k gSA

gsufjp :MksYiQ gVZ~”k
(1857 – 1894)  te Z u
HkkSfrdfon] ftUgksaus igyh ckj jsfM;ks
rjaxksa dks izlkfjr fd;k vkSj xzg.k
fd;kA mUgksaus oS|qrpqacdh; rjaxsa
iSnk dha] mUgsa vkdk'k esa Hkstk vkSj
mudk rjaxnS?;Z rFkk pky Kkr
fd;kA mUgksaus n'kkZ;k fd oS|qrpqacdh;
rjaxksa osQ daiuksa dh izÑfr] ijkorZu
,oa viorZu Bhd oSls gh Fks tSls
izdk'k ,oa Å"ek rjaxksa esa] vkSj bl
izdkj igyh ckj budh vfHkUurk
fl¼ dhA mUgksaus xSlksa esa fo|qr
foltZu lacaèkh 'kksèk dh vxqokbZ
dh vkSj izdk'k&fo|qr izHkko dh
[kkst dhA

gsufjp
 :

MksYiQ gV~Z”k (1
8
5
7
–1

8
9
4
)
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ω = ck, ;gk¡, c = 1/ 0 0µ ε [8.9(a)]

lehdj.k ω = ck, lHkh rjaxksa osQ fy, izkekf.kd lacaèk gS (nsf[k, d{kk 11 HkkSfrdh ikB~;iqLrd]
vuqHkkx 14.4)A izk;% bl lacaèk dks vko`fÙk] ν (=ω/2π) ,oa rjaxnS?;Z] λ (=2π/k) osQ inksa esa
bl :i esa fy[kk tkrk gSµ

2
2 c

ππν
λ

  =        vFkok

νλ = c [8.9(b)]
eSDlosy osQ lehdj.kksa osQ vkèkkj ij bl fu"d"kZ ij Hkh igq¡pk tk ldrk gS fd fdlh

oS|qrpaqcdh; rjax esa fo|qr ,oa paqcdh; {ks=k ijLij fuEufyf[kr lehdj.k }kjk lacafèkr gS µ
B

0
 = (E

0
/c) (8.10)

vc ge oS|qrpaqcdh; rjaxksa osQ oqQN vfHky{k.kksa ij fVIif.k;k¡ djrs gSaA os eqDr LFkku ;k
fuokZr esa] fo|qr ,oa paqcdh; {ks=kksa osQ Lo%laiksf"kr nksyu gSaA os bl vFkZ esa vHkh rd gekjs }kjk
vè;;u dh xbZ vU; rjaxksa ls fHkUu gaS fd buesa fo|qr ,oa paqcdh; {ks=kksa osQ nksyuksa osQ fy,
fdlh HkkSfrd ekè;e dh vko';drk ugha gksrhA

ysfdu] vxj ,d HkkSfrd ekè;e okLro esa fo|eku gks rks mnkgj.k osQ fy, ge tkurs gSa
fd izdk'k tks oS|qrpaqcdh; rjaxsa gh gSa_ dk¡p esa ls xeu djrk gSA ;g ge igys gh ns[k pqosQ
gSa fd fdlh ekè;e esa oqQy fo|qr ,oa paqcdh; {ks=kksa dks ml ekè;e dh vkisf{kd fo|qr'khyrk
ε ,oa vkisf{kd paqcd'khyrk µ osQ inksa esa o£.kr fd;k tkrk gS (;g jkf'k;k¡ crkrh gSa fd cká
{ks=k dh rqyuk esa oqQy {ks=k fdrus xquk gS)A eSDlosy lehdj.kksa esa fo|qr ,oa paqcdh; {ks=kksa osQ
fooj.k esas ε0 ,oa µ0 dk LFkku ;g jkf'k;k¡ ys ysrh gSaA vkisf{kd fo|qr'khyrk ε ,oa vkisf{kd
paqcd'khyrk µ  okys fdlh ekè;e esa] izdk'k dk osx gks tkrk gS

1
v

µε
= (8.11)

vr% fdlh ekè;e esa izdk'k dk osx ml ekè;e osQ oS|qr ,oa paqcdh; xq.kksa ij fuHkZj djrk
gSA vxys vè;k; esa ge ns[ksaxs fd ,d ekè;e osQ lkis{k nwljs ekè;e dk viorZukad bu nks
ekè;eksa esa izdk'k osQ osx osQ vuqikr esa gksrk gSA

eqDr vkdk'k vFkok fuokZr esa oS|qrpaqcdh; rjaxksa dk osx ,d egRoiw.kZ] ekSfyd
fu;rkad gSA fofHkUu rjaxnS?;Z dh oS|qrpaqcdh; rjaxksa ij fd, x, iz;ksxksa us ;g n'kkZ;k gS
fd ;g osx (tks rjaxnS?;Z ij fuHkZj ugha gS) lHkh osQ fy, leku gksrk gS vkSj bldk eku
3×108 m/s ls oqQN ehVj izfr lsoaQM de ;k vfèkd gksrk gSA fuokZr esa oS|qrpqacdh;
rjaxksa osQ osx dk fu;r gksuk] iz;ksxksa }kjk bruh n`<+rk ls iq"V gks pqdk gS vkSj bldk eku
bruh vfèkd ;FkkFkZrk ls Kkr fd;k tk pqdk gS fd bldks yackbZ osQ ekud osQ :i esa
Lohdkj dj fy;k x;k gSA

oS|qrpqacdh; rjaxksa dk cM+k izkS|ksfxdh; egÙo] buosQ }kjk ,d LFkku ls nwljs LFkku rd
ÅtkZ ogu djus dh {kerk ls gh izLiqQfVr gksrk gSA jsfM;ks ,oa Vhoh flXuyksa osQ :i esa izlkj.k
LVs'kuksa ls ;gh ÅtkZ vfHkxzkgdksa rd igq¡p dj mUgsa fØ;k'khy cukrh gSA izdk'k osQ :i esa lw;Z
ls ÅtkZ i`Foh rd igq¡prh gS ftlosQ dkj.k i`Foh ij thou laHko gqvk gSA
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 mnkgj.k 8
.2

 mnkgj.k 8
.1

mnkgj.k 8.1 25 MHz vko`fÙk dh ,d lery oS|qrpaqcdh; rjax fuokZr esa x-fn'kk osQ
vuqfn'k xfreku gSA fno~Qdky (space) esa fdlh fof'k"V ¯cnq ij bldk E = 6.3 ĵ  V/m
gSA bl ¯cnq ij B dk eku D;k gS\
gy   B ,oa E osQ ifjek.k ,d&nwljs ls fuEufyf[kr lehdj.k }kjk lacafèkr gSaµ

–8
8

6.3 V/m
2.1 10 T

3 10 m/s

E
B

c
=

= = ×
×

bldh fn'kk osQ lacaèk esa ge tkurs gSa fd E y-fn'kk osQ vuqfn'k gS vkSj rjax x-fn'kk osQ vuqfn'k
xeu dj jgh gSA vr%  B x- ,oa y-v{kksa nksuksa osQ yacor fn'kk esa gksuk pkfg,A lfn'k chtxf.kr
dk mi;ksx djus ij] E × B dks x-fn'kk esa gksuk pkfg,A pw¡fd (+ ĵ ) × (+ k̂ ) = î , B z-fn'kk
osQ vuqfn'k gSA
vr%  B = 2.1 × 10–8 k̂ T

mnkgj.k 8.2     fdlh lery oS|qrpaqcdh; rjax esa paqcdh; {ks=k
B

y
 = (2 × 10–7) T sin (0.5×103x +1.5×1011t )  gS

(a) rjax dh vko`fÙk rFkk rjaxnS?;Z D;k gS\
(b) fo|qr {ks=k osQ fy, O;atd fyf[k,A

gy
(a) fn, x, lehdj.k dh fuEu lehdj.k

B
y
 = B0 sin 2π

λ

x t

T
+












ls rqyuk djus ij

3

2
0.5 10

πλ =
×

 m = 1.26 cm

rFkk  ( )111
1.5 10 /2 23.9 GHz= = × =

T
ν π

(b) E0 = B0c = 2×10–7 T × 3 × 108 m/s = 6 × 101 V/m
fo|qr {ks=k ?kVd rjax dh xeu fn'kk ,oa paqcdh; {ks=k dh fn'kk osQ yacor gksrk gSA vr%]
fo|qr {ks=k ?kVd z-v{k osQ vuqfn'k fuEufyf[kr lehdj.k }kjk O;Dr gksxk

E
z
 = 60 sin (0.5 × 103x + 1.5 × 1011 t ) V/m

8.4 oS|qrpaqcdh; LisDVªe
ftl le; eSDlosy us oS|qrpaqcdh; rjaxksa lacaèkh viuk fl¼kar izLrqr fd;k Fkk rks n`'; izdk'k
rjaxsa gh ,d ek=k lqifjfpr oS|qrpqacdh; (em) rjaxas FkhaA ijkcSxuh ,oa vojDr rjaxksa dk vfLrRo
vHkh eqf'dy ls lkfcr gks ik;k FkkA mUuhloha 'krkCnh osQ var rd X- fdj.ksa ,oa xkek fdj.ksa
Hkh [kkst yh xbZ FkhaA vc ge tkurs gSa fd n`'; izdk'k rjaxsa] X- fdj.ksa] xkek fdj.ksa] jsfM;ks rjaxsa]
lw{e (ekbØks) rjaxas] ijkcSaxuh ,oa vojDr rjaxsa ;s lHkh em rjaxsa gSaA rjaxksa dk vko`fÙk osQ Øe
esa oxhZdj.k (fp=k 8.4) oS|qrpaqcdh; LisDVªe dgykrk gSA ,d izdkj dh rjax vkSj mlosQ
fudVorhZ nwljs izdkj dh rjax osQ chp dksbZ Li"V foHkktu js[kk ugha gSA oxhZdj.k eksVs rkSj ij
bl ckr ij vkèkkfjr gS fd rjaxsa fdl izdkj mRiUu ,oa@vFkok lalwfpr dh tkrh gSaA

vc ge oS|qrpaqcdh; rjaxksa osQ bu fofHkUu izdkjksa dk mudh ?kVrh gqbZ rjaxnS?;ks± osQ Øe
esa o.kZu djasxsA
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ge bu fofHkUu izdkj dh oS|qrpqacdh; rjaxksa dk vojksgh rjaxnS?;Z osQ Øe esa] la{ksi esa o.kZu
dj jgs gSaA

8.4.1 jsfM;ks rjaxas
jsfM;ks rjaxsa pkyd rkjksa esa vkos'kksa dh Rofjr xfr ls mRiUu gksrh gaSA budk mi;ksx jsfM;ks ,oa
nwjn'kZu dh lapkj iz.kkfy;ksa esa fd;k tkrk gSA budk vkòfÙk ijkl lkekU;r% 500 kHz ls yxHkx
1000 MHz osQ chp gksrk gSA AM (vk;ke ekWM~;wfyr) cSaM 530 kHz ls 1710 kHz osQ
chp gksrk gSA blls mPprj 54 MHz rd dh vko`fÙk;k¡ y?kqrajx cSaMkas osQ :i esa mi;ksx dh
tkrh gaSA Vh-oh- rjaxksa dk ijkl 54 MHz ls 890 MHz osQ chp gksrk gSA FM (vko`fÙk
ekWM~;wfyr) jsfM;ks cSaM 88 MHz ls 108 MHz osQ chp iSQyk gksrk gSA lsY;wyj iQksuksa esa
vR;qPp vkòfÙk (UHF) caSM dh jsfM;ks rjaxksa dk mi;ksx djosQ èofu lans'kksa osQ vknku&iznku dh
O;oLFkk dh tkrh gSA ;s rjaxsa fdl izdkj izlkfjr ,oa vfHkx̀fgr dh tkrh gS] bldk o.kZu vè;k;
15  esa fd;k x;k gSA
8.4.2 lw{e rjaxsa
lw{e rjaxksa (y?kq rjaxnS?;Z dh jsfM;ks rjaxsa) dh vko`fÙk;k¡ fxxk gV~Z”k (GHz) osQ ijkl esa gksrh
gSa ;s fo'ks"k izdkj dh fuokZr ufydkvksa (vacuum tubes) ftUgsa DykbLVªkWu] esxusVªkWu vFkok
xu Mk;ksM dgrs gSa] }kjk mRiUu gksrh gaSA vius y?kq rjaxnS?;Z osQ dkj.k foeku lapkyu esa jMkj
iz.kkyh osQ fy, mi;qDr gSaA jMkj] rst xsnksa tSls fd Vsful esa loZ dh xbZ xsanksa ;k okguksa dh xfr
Kkr djus osQ fy, mi;ksx esa yk, tkus okys ;a=k] pky&xuksa (speed guns), xuksa dh dk;Z

fp=k 8-4 oS|qrpaqcdh; LisDVªe ftlosQ fofHkUu Hkkxksa osQ lkekU; uke n'kkZ, x, gSaA fofHkUu Hkkxksa
osQ chp dksbZ Li"V foHkktu js[kk ugha gSA
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iz.kkyh dk Hkh vkèkkj gSaA ekbØksoso vkWou bu rjaxksa dk ,d jkspd ?kjsyw vuqiz;ksx gSA bu vkWouksa
esa lw{e rjaxksa dh vko`fÙk bl izdkj pquh tkrh gS fd os ty osQ v.kqvksa dh vuqukn vko`fÙk ls
esy [kk losaQ] rkfd rjaxksa dh ÅtkZ izHkkoh :i ls v.kqvksa dh xfrt ÅtkZ c<+kus osQ fy,
LFkkukarfjr dh tk losQA blls fdlh Hkh ty;qDr [kk| inkFkZ dk rki c<+ tkrk gSA

8.4.3 vojDr rjaxas
vojDr rjaxas (Infrared Waves) xeZ fiaMksa ,oa v.kqvksa ls mRiUu gksrh gaSA ;g cSaM n`'; LisDVªe
osQ fuEu vko`fÙk ;k nh?kZ rjaxnS?;Z fljs ls layfXur gksrk gSA vojDr rjaxksa dks dHkh&dHkh Å"ek
rjaxsa Hkh dgk tkrk gSA ,slk blfy, gS D;ksafd vfèkdka'k inkFkks± esa fo|eku ty osQ v.kq vojDr
rjaxksa dks rqjar vo'kksf"kr dj ysrs gSa (dbZ vU; v.kq] tSls] CO2, NH3, vkfn Hkh vojDr rjaxksa
dks vo'kksf"kr dj ysrs gSaA) vo'kks"k.k osQ i'pkr mudh rkih; xfr c<+ tkrh gS] vFkkZr os xeZ
gks tkrs gaS vkSj vius ifjos'k dks xeZ djus yxrs gSaA vojDr ySEiksa dk mi;ksx dk;fpfdRlk esa
fd;k tkrk gSA vojDr fofdj.k dh i`Foh dh xehZ vFkkZr ekè; rki cuk, j[kus esa Hkh gfjr
x`g izHkko osQ }kjk ,d vge Hkwfedk gSA i`Foh ij vkus okyk n`'; izdk'k (tks vis{kkÑr
ljyrkiwoZd ok;qeaMy ls xqtj tkrk gS] i`Foh osQ i`"B }kjk vo'kksf"kr gks tkrk gS vkSj nh?kZ
rjaxnS?;Z dh vojDr rjaxksa osQ :i esa iqufoZfdfjr gks tkrk gSA ;g fofdj.k] dkcZu MkbvkWDlkbM
,oa ty ok"i tSls gfjr x`g izHkkodkjh xSlksa osQ }kjk ok;qeaMy esa jksd fy;k tkrk gSA mixzgksa
esa yxs vojDr lalwpdksa dk mi;ksx lSfud mís';ksa ,oa iQlyksa dh o`f¼ dk izs{k.k djus osQ fy,
fd;k tkrk gSA bySDVªkWfud ;qfDr;k¡ (mnkgj.k osQ fy, izdk'k mRltZd Mk;ksM) Hkh vojDr rjaxsa
mRlftZr djrh gaS vkSj ?kjsyw bySDVªkWfud iz.kkfy;ksa tSls Vh-oh- lSV] ohfM;ks fjdkWMZj ,oa gkbZ&iQkbZ
iz.kkfy;ksa osQ fjeksV fu;a=kdksa esa ;s cgqyrk ls iz;ksx dh tkrh gSaA

8.4.4 n`'; izdk'k rjaxsa
;g oS|qrpaqcdh; rjaxksa dk lokZfèkd lqifjfpr :i gSA ;g ml LisDVªe dk Hkkx gS ftlosQ fy,
ekuoh; us=k laosnu'khy gksrs gSaSA bldk vko`fÙk ijkl yxHkx 4 × 1014 gV~Z”k ls 7 × 1014

 gVZ~”k
;k rjaxnSè;Z ijkl yxHkx 700 – 400 nm gksrk gSA gekjs pkjksa vksj dh oLrqvksa ls mRlftZr
;k ijkofrZr gksus okyk n`'; izdk'k txr osQ fo"k; esa lHkh lwpuk,¡ gesa miyCèk djkrk gSA gekjs
us=k rjaxnS?;ks± osQ bl ijkl osQ fy, laosnu'khy gSaA fofHkUu tarq rjaxnS?;ks± osQ fofHkUu ijklksa osQ
fy, laosnu'khy gSaA mnkgj.kkFkZ] liZ vojDr rjaxksa dks lalwfpr dj ldrs gSaA dbZ dhVksa dk n`';
ijkl ijkcSaxuh rjaxksa rd ig¡qprk gSA

8.4.5 ijkcSaxuh rjaxsa
blesa yxHkx 4 × 10–7 m (400 nm) ls 6 × 10–10m (0.6 nm) rjaxnS?;Z ijkl dh rjaxas
lfEefyr gSaA ijkcSaxuh (UV) fofdj.k fof'k"V ySaiksa ,oa cgqr xeZ ¯iMksa ls mRiUu gksrs gSaA lw;Z
ijkcSaxuh izdk'k dk ,d egRoiw.kZ lzksr gSA ijarq] lkSHkkX; ls bldk vfèkdka'k Hkkx ok;qeaMy dh
yxHkx 40 – 50 km dh Å¡pkbZ ij fLFkr vkstksu ijr esa vo'kksf"kr gks tkrk gSA vfèkd ifjek.k
esa UV izdk'k osQ laioZQ esa vkus dk ekuoksa ij gkfudkjd izHkko gksrk gSA UV fofdj.kksa osQ iM+us
ls Ropk esa vfèkd esykfuu dk mRiknu gksrk gS ftlls Ropk rkez jax dh gks tkrh gSA UV
fofdj.k lkekU; dk¡p }kjk vo'kksf"kr gks tkrs gSaA vr% dk¡p yxh f[kM+fd;ksa ls Nu dj vkus
okys izdk'k osQ dkj.k èkwi&rkezrk (sunburn) ugha gksrh gSA

os̄ YMx djus okys yksx] os̄ YMx fpuxkfj;ksa ls fudyus okyh UV fdj.kksa ls viuh vk¡[kksa dh
lqj{kk osQ fy, fof'k"V dk¡p ;qDr èkwi osQ p'es igurs gSa ;k dk¡p dh f[kM+fd;ksa ls ;qDr eq[kkSVs
vius psgjs ij yxkrs gaSA viuh NksVh rjaxnS?;ks± osQ dkj.k] ijkcSaxuh fdj.kksa dks vfr ifj'kq¼ vuqiz;ksxksa]
tSls ykfld (LASIK – Laser-assisted in situ keratomileusis) us=k 'kY;rk esa mi;ksx
gsrq vR;ar ladh.kZ fdj.k&iqatksa esa I+kQksdflr fd;k tk ldrk gSA ty 'kksèkd esa ijkcSaxuh (UV) ySaiksa
dk mi;ksx thok.kqvksa dks ekjus esa gksrk gSA
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pw¡fd vkstksu ijr ,d laj{kd dh Hkwfedk vnk djrh gS blfy, DyksjksÝyksjks&dkcZu
(CFCs) xSlksa (tSls ÚhvkWu) }kjk bldk ßkl varjkZ"Vªh; Lrj ij ¯prk dk fo"k; gSA

8.4.6 X&fdj.ksa

oS|qrpqacdh; LisDVªe osQ UV Hkkx osQ i'pkr X-fdj.kksa dk {ks=k gSA fpfdRlh; mi;ksfxrk osQ
dkj.k ge X-fdj.kksa ls ifjfpr gSaA bldk ijkl rjaxnS?;Z 10–8 m (10 nm) ls ysdj uhps
10–13 m (10–4nm) rd iSQyk gSA X-fdj.kksa osQ mRiknu dh ,d lkekU; fofèk fdlh èkkRoh;
y{; ij mPp ÅtkZ osQ bysDVªkWuksa dh ckSNkj djuk gSA fpfdRlk esa X-fdj.kksa dks uSnkfud lkèku
osQ :i esa rFkk oqQN izdkj osQ oSaQlj osQ mipkj osQ fy, mi;ksx esa ykrs gSaA pw¡fd
X-fdj.ksa ltho Årdksa rFkk thoksa dks gkfu igq¡pkrh gSa ;k u"V dj nsrh gSa blfy, buls
vuko';d vFkok vfèkd mn~Hkklu (exposure) ls cpus dh lkoèkkuh cjruh pkfg,A

8.4.7 xkek fdj.ksa

;s oS|qrpqacdh; LisDVªe osQ Åijh vko`fÙk osQ {ks=k esa gksrh gSa rFkk budh rjaxnS?;Z yxHkx
10–10 m ls ysdj 10–14 m ls Hkh de gksrh gSA mPp vko`fÙk dk ;g fofdj.k ukfHkdh;
vfHkfØ;kvksa esa mRiUu gksrk gSA ;g jsfM;ksèkehZ ukfHkdksa }kjk Hkh mRl£tr gksrk gSA ;s fpfdRlk
esa oSaQlj dksf'kdkvksa dks u"V djus osQ fy, Hkh mi;ksxh gSaA

lkj.kh 8.1 esa fofHkUu izdkj dh oS|qrpaqcdh; rjaxksa] muosQ mRiknu ,oa lalwpu dks lkj
:i esa izLrqr fd;k x;k gSA tSlk fd igys crk;k x;k gS] fofHkUu fdj.kksa osQ {ks=kksa osQ eè; dksbZ
rh{.k lhek,¡ ugha gSa rFkk ;s nwljs {ks=kksa esa Hkh O;kfir gksrs gSaA

lkj.kh 8-1 fofHkUu oS|qrpaqcdh; rjaxksa osQ vfHky{k.k

izdkj rjaxnS?;Z dk ijkl mRiknu lalwpu

jsfM;ks rjaxsa > 0.1 m ,fj;y (aerial) esa bysDVªkWuksa dk vfHkxzkgd osQ ,fj;y

nzqr Roj.k ;k eanu

lw{e rjaxsa 0.1m ls 1 mm DysLVªkWu ;k esXukVªkWu okYo ¯cnq laioZQ Mk;ksM

vojDr rjaxsa 1mm ls 700 nm ijek.kqvksa ,oa v.kqvksa osQ oaQiu FkeksZikby] cksyksehVj]

vojDr iQksVksxzkfiQd fiQYe

izdk'k rjaxsa 700 nm ls 400 nm ijek.kq esa bysDVªkWu] tc mPprj ÅtkZ ekuoh; us=k]

Lrj ls fuEurj ÅtkZ Lrj ij iQksVks lsy]

laØe.k djrs gSa iQksVksxzkfiQd fiQYe

ijkcSaxuh izdk'k rjaxsa 400 nm ls 1 nm ijek.kq osQ vkarfjd 'kSyksa esa bysDVªkWuksa dk iQksVks lsy

,d ÅtkZ Lrj ls nwljs ÅtkZ Lrj iQksVksxzkfiQd fiQYe

ij laØe.k

X&fdj.ksa 1nm ls 10–3 nm X-fdj.k ufydk vFkok vkarfjd 'kSyksa iQksVksxzkfiQd fiQYe] xhxj
osQ bysDVªkWu V~;wc] vk;uhdj.k izdks"B

xkek fdj.ksa  <10–3 nm ukfHkdksa dk jsfM;ks,sfDVo {k; iQksVksxzkfiQd fiQYe] xhxj
V~;wc] vk;uhdj.k izdks"B
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lkjka'k

1. eSDlosy us ,sfEi;j osQ fu;e esa ,d folaxfr ikbZ rFkk bl folaxfr dks nwj djus  osQ fy,
,d vfrfjDr èkkjk osQ vfLrRo dk lq>ko fn;k ftls foLFkkiu èkkjk dgrs gSaA foLFkkiu èkkjk
le; osQ lkFk ifjofrZr gksus okys fo|qr {ks=k osQ dkj.k mRiUu gksrh gS vkSj bldks bl izdkj
fy[k ldrs gSa

0
d
ddi

t

Φε Ε=

;g Bhd mlh izdkj paqcdh; {ks=k osQ lzksr dk dk;Z djrh gS tSls fd pkyu èkkjkA
2. ,d Rofjr vkos'k oS|qrpqacdh; rjaxsa mRiUu djrk gSA vkorhZ; :i ls] ν vko`fÙk ls nksyu

djrk ,d fo|qr vkos'k mlh vkòfÙk ν dh oS|qrpqacdh; rjaxksa dks mRiUu djrk gSA ,d oS|qr
f}èkzqo oS|qrpqacdh; rjaxksa dk ekSfyd Ïksr gSA

3. oqQN ehVj dksfV rjaxnS?;Z okyh oS|qrpqacdh; rjaxsa iz;ksx'kkyk esa lcls igys 1887 esa gV~Z”k
}kjk mRiUu o lalwfpr dh xb±A bl izdkj mUgksaus eSDlosy dh ekSfyd Hkfo";ok.kh dh iqf"V dhA

4. fdlh oS|qrpqacdh; rjax esa fo|qr rFkk pqacdh; {ks=k] fno~Qdky esa T;koØh; <ax ls nksyu djrs
gSaA nksyu'khy fo|qr o pqacdh; {ks=k E rFkk B ijLij rFkk oS|qrpqacdh; rjax osQ lapj.k
dh fn'kk osQ yacor gksrs gSaA z-v{k osQ vuqfn'k lapfjr vko`fÙk ν rFkk rjaxnS?;Z λ dh fdlh
rjax osQ fy, gesa fuEufyf[kr lw=k miyCèk gS %

E
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;s ijLij fuEufyf[kr lw=k }kjk lacafèkr gSa % E0/B0 = c

5. fuokZr esa oS|qrpqacdh; rjax dh pky c, µ0 rFkk ε0 (pqacd'khyrk rFkk fo|qr'khyrk) ls bl

izdkj lacafèkr gSa % c = 1 0 0/ µ ε  A  c dk eku izdk'kh; ekiksa }kjk izkIr izdk'k dh pky

osQ cjkcj gksrk gSA

izdk'k ,d oS|qrpqacdh; rjax gS blfy, c izdk'k dh Hkh pky gSA izdk'k osQ vfrfjDr lHkh

oS|qrpqacdh; rjaxksa dh eqDr vkdk'k esa ogh pky c gSA

izdk'k ;k oS|qrpqacdh; rjaxksa dh fdlh HkkSfrd ekè;e esa pky v = 1/ µ ε  gksrh gSA ;gk¡

µ ekè;e dh pqacd'khyrk rFkk ε fo|qr'khyrk gSA
6. oS|qrpqacdh; rjaxksa dk LisDVªe fl¼karr% rjaxksa osQ vuar ifjlj esa foLr`r gksrk gSA

10–2 Å ;k 10–12
 m ls 106 m rd rjaxnS?;Z osQ c<+rs gq, Øe esa lek;ksftr djus ij fofHkUu

Hkkx vyx&vyx uke ls bl izdkj tkus tkrs gSa] γ-fdj.ksa] X-fdj.ksa] ijkcSaxuh fdj.ksa] n`';
izdk'k] vojDr izdk'k] lw{e rjaxsa rFkk jsfM;ks rjaxsaA
;s æO; ls fo|qr rFkk pqacdh; {ks=kksa osQ }kjk ikjLifjd fØ;k djrh gSa ftlls lHkh æO;ksa esa
fo|eku vkos'k nksyu izkjaHk dj nsrs gSaA foLr`r ikjLifjd fØ;k rFkk bl izdkj vo'kks"k.k]
izdh.kZu vkfn dh fØ;k fofèk em rjax dh rjaxnS?;Z rFkk ekè;e osQ ijek.kq ,oa v.kqvksa dh
izÑfr ij fuHkZj djrh gSA
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fopkj.kh; fo"k;

1. fofHkUu izdkj dh oS|qrpqacdh; rjaxksa dk ekSfyd varj mudh rjaxnS?;ks± vFkok vko`fÙk;ksa
esa fufgr gS D;ksafd ;s lHkh fuokZr esa ,d gh pky ls xqtjrh gSaA ifj.kkeLo:i] rjaxsa inkFkZ
ls viuh ikjLifjd fØ;k djus dh fofèk esa cgqr fHkUu gSaA

2. Rofjr vkosf'kr d.k oS|qrpqacdh; ÅtkZ fofdfjr djrs gSaA oS|qrpqacdh; rjax dh rjaxnS?;Z
izk;% rjax fodh.kZd fudk; osQ vkeki (lkb”k) ij fuHkZj djrh gSA bl izdkj ls γ-fdj.k
ftldh rjaxnS?;Z 10–14 m ls 10–15 m osQ eè; gS] fof'k"V :i ls ijek.kq&ukfHkd
ls mRiUu gksrh gSA X-fdj.ksa Hkkjh ijek.kqvksa ls mRlftZr gksrh gSaA fdlh ifjiFk esa Rofjr
bysDVªkWuksa ls jsfM;ks rjaxsa mRiUu gksrh gSaA ,d laizs"kd ,saVhuk vfr n{krkiwoZd mu rjaxksa
dks fofdfjr dj ldrk gS ftudh rjaxnS?;Z mlh ifjek.k dh gSa] ftl ifjek.k dk ,saVhuk
gS rFkkfi ijek.kqvksa }kjk mRlftZr n`'; fofdj.k dh rjaxnS?;Z ijek.kq osQ vkdkj ls dkiQh
vfèkd gksrh gSA

3. vojDr rjaxsa ftudh vko`fÙk n`'; izdk'k ls de gksrh gS] u osQoy bysDVªkWuksa dks dafir
djrh gSa oju~ inkFkZ osQ lHkh ijek.kqvksa vFkok v.kqvksa dks Hkh dafir djrh gSaA ;g daiu
vkarfjd ÅtkZ dks c<+krk gS rFkk ifj.kkeLo:i rki dks HkhA ;gh dkj.k gS fd vojDr
rjaxksa dks izk;% Å".krk rjaxsa dgrs gSaA

4. gekjh vk¡[k dh laosnu'khyrk dk osaQæ lw;Z osQ rjaxnS?;Z forj.k osQ osaQæ ij iM+rk gSA ,slk
blfy, gqvk gS D;ksafd ekuo bl izdkj fodflr gqvk gS fd mldh n`f"V mu rjaxnS?;ks±
osQ izfr lcls vfèkd laosnu'khy gS tks lw;Z osQ fofdj.kksa esa lokZfèkd izcy gSaA

vH;kl

8-1 fp=k 8-5 esa ,d laèkkfj=k n'kkZ;k x;k gS tks 12 cm f=kT;k dh nks o`Ùkkdkj IysVksa dks
5.0 cm dh nwjh ij j[kdj cuk;k x;k gSA laèkkfj=k dks ,d cká lzksr (tks fp=k esa ugha
n'kkZ;k x;k gS) }kjk vkosf'kr fd;k tk jgk gSA vkos'kdkjh èkkjk fu;r gS vkSj bldk eku
0.15A gSA
(a) èkkfjrk ,oa IysVksa osQ chp foHkokarj ifjorZu dh nj dk ifjdyu dhft,A

(b) IysVksa osQ chp foLFkkiu èkkjk Kkr dhft,A

(c) D;k fdj[kksiQ dk izFke fu;e laèkkfj=k dh izR;sd IysV ij ykxw gksrk gS\ Li"V dhft,A

fp=k 8.5

8.2 ,d lekarj IysV laèkkfj=k (fp=k 8.6)] R = 6.0 cm  f=kT;k dh nks o`Ùkkdkj IysVksa ls cuk
gS vkSj bldh èkkfjrk C = 100 pF gSA laèkkfj=k dks 230 V, 300 rad s–1 dh (dks.kh;)
vko`fÙk osQ fdlh lzksr ls tksM+k x;k gSA
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(a) pkyu èkkjk dk rms eku D;k gS\
(b) D;k pkyu èkkjk foLFkkiu èkkjk osQ cjkcj gS\
(c) IysVksa osQ chp] v{k ls 3.0 cm dh nwjh ij fLFkr ̄ cnq ij B dk vk;ke Kkr dhft,A

fp=k 8.6

8.3 10–10 m rjaxnS?;Z dh X-fdj.kksa] 6800 Å rjaxnS?;Z osQ izdk'k] rFkk 500 m dh
jsfM;ks rjaxksa osQ fy, fdl HkkSfrd jkf'k dk eku leku gS\

8.4 ,d lery oS|qrpqacdh; rjax fuokZr esa z-v{k osQ vuqfn'k py jgh gSA blosQ fo|qr
rFkk pqacdh; {ks=kksa osQ lfn'k dh fn'kk osQ ckjs esa vki D;k dgsaxs\ ;fn rjax dh vkòfÙk
30 MHz gks rks mldh rjaxnS?;Z fdruh gksxh\

8.5 ,d jsfM;ks 7.5 MHz ls 12 MHz cSaM osQ fdlh LVs'ku ls leLofjr gks ldrk gSA
laxr rjaxnS?;Z cSaM D;k gksxk\

8.6 ,d vkosf'kr d.k viuh ekè; lkE;koLFkk osQ nksuksa vksj 109 Hz vko`fÙk ls nksyu
djrk gSA nksyd }kjk tfur oS|qrpqacdh; rjaxksa dh vko`fÙk fdruh gS\

8.7 fuokZr esa ,d vkorZ oS|qrpqacdh; rjax osQ pqacdh; {ks=k okys Hkkx dk vk;ke
B0 = 510 nT gSA rjax osQ fo|qr {ks=k okys Hkkx dk vk;ke D;k gS\

8.8 dYiuk dhft, fd ,d oS|qrpqacdh; rjax osQ fo|qr {ks=k dk vk;ke E
0
 = 120 N/C

gS rFkk bldh vko`fÙk ν = 50.0 MHz gSA (a) B0, ω, k rFkk λ Kkr dhft,] (b) E
rFkk B osQ fy, O;atd izkIr dhft,A

8.9 oS|qrpqacdh; LisDVªe osQ fofHkUu Hkkxksa dh ikfjHkkf"kdh ikB~;iqLrd esa nh xbZ gSA lw=k
E = hν (fofdj.k osQ ,d DokaVe dh ÅtkZ osQ fy, % iQksVkWu) dk mi;ksx dhft,
rFkk em o.kZØe osQ fofHkUu Hkkxksa osQ fy, eV osQ ek=kd esa iQksVkWu dh ÅtkZ
fudkfy,A iQksVkWu ÅtkZ osQ tks fofHkUu ifjek.k vki ikrs gSa os oS|qrpqacdh; fofdj.k
osQ Ïksrksa ls fdl izdkj lacafèkr gSa\

8.10 ,d lery em rjax esa fo|qr {ks=k] 2.0 × 1010 Hz vko`fÙk rFkk 48 V m–1 vk;ke
ls T;koØh; :i ls nksyu djrk gSA
(a) rjax dh rjaxnS?;Z fdruh gS\
(b) nksyu'khy pqacdh; {ks=k dk vk;ke D;k gS\
(c) ;g n'kkZb, fd E {ks=k dk vkSlr ÅtkZ ?kuRo] B {ks=k osQ vkSlr ÅtkZ ?kuRo osQ

cjkcj gSA [c = 3 × 108 m s–1]
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