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eSDlosy lehdj.k ,oa fo|qrpqEcdh; rjaxs 

gsrq% ch0,llh0&f}rh; o"kZ] HkkSfrd foKku] f}rh; iz’ui= 

}kjk% Mk0 /kesZUnz dqekj ik.Ms;]  

HkkSfrd foKku foHkkx] iafMr i`Fkh ukFk ih0th0dkyst] dkuiqj 

besy% dr.dkpandey@gmail.com 

 

fo"k;oLrq% fo|qrpqEcdh; {ks= ls lEcfU/kr fu;e ,oa lehdj.k rFkk le; ifjorhZ 

fo|qrpqEcdh; {ks= dh ek=kRred ,oa xq.kkRed O;k[;kA 

 

fiz; Nk=ksa] 

vkt ds ifjppkZ dk fo"k; fo|qrpqEcdh; {ks= ls lEcfU/kr fu;e ,oa 

lehdj.k rFkk le; ifjorhZ fo|qrpqEcdh; {ks= dh ek=kRred ,oa xq.kkRed 

O;k[;k ls lEcfU/kr gSA  

tc dksbZ vkos’k ;k vkos’k leqnk; fLFkj gksrk gS rks mlds pkjksa vksj dk og 

ifj{ks= tgkWa dksbZ vU; vkos’k vius Åij cy dk vuqHko djrk gS] vkos’k ;k 

vkos’k leqnk; dk fo|qr {ks= dgykrk gSA LkkFk gh ;g fo|qr {ks= le; ds lkFk 

vifjofrZr rFkk fLFkfr fuHkZj gksrk gSA bl {ks= rhozrk ds ifjek.k o fn’kk dks 

dwykWe ;k xkWml ds fu;ekuqlkj Kkr fd;k tk ldrk gSA pwfd ;g {ks= v?kw.khZ; 

gksrk gS vr% ;g {ks= vfn’k fo|qr foHko ds xzsfM;aV ds _.kkRed eku ds cjkcj 

gksrk gS vFkkZr~ eE 


  rFkk Ioka’ku lehdj.k ¼ 0e
2 /  ½ dk ikyu djrk gSA   

blh izdkj tc dksbZ vkos’k fLFkj pky ls xfr’khy gksrk gS ¼ vFkkZr~ 

0dt/d   ;k 0J. 


½ rks mlds pkjksa vksj dk og ifj{ks= tgkWa dksbZ pqEcdh; f}/kzqo 

¼dEikWl½ vius Åij cy;qXe dk vuqHko djrk gS] pqEcdh; {ks= dgykrk gSA ;g 

{ks= Hkh le; ds lkFk vifjofrZr rFkk fLFkfr fuHkZj gksrk gSA bl {ks= dh rhozrk 

dks ck;kslsoVZ vFkok ,fEi;j ds fu;ekuqlkj Kkr fd;k tk ldrk gSA pwfd ;g {ks= 

lkekU;r;k ?kw.khZ; gksrk gS vr% ;g {ks= lfn’k pqEcdh; foHko ds dyZ ds cjkcj 

gksrk gS vFkkZr AB


  rFkk lehdj.k JA 0
2


  dk ikyu djrk gSA dqN 

fLFkfr;ksa esa ¼tSls pqEcdh; f}/kzqo½ bl {ks= dh rhozrk dks vfn’k pqEcdh; foHko ds 

xzsfM;aV ds _.kkRed eku ls Hkh Kkr fd;k tkrk gS vFkkZr~ mB 


A   

IkjUrq tc dksbZ vkos’k fdlh Roj.k ls xfr’khy gksrk gS ;k nksyuh; vFkok 

dEifud xfr djrk gS rks ,sls fudk; ls nksuksa fo|qr vkSj pqEcdh; {ks=ksa dh ,d 

lkFk mRifRr gksrh gS ftudk eku le; ds lkFk ifjofrZr gksrk gSA lexz #i ls 

bl {ks= dks fo|qrpqEcdh; {ks= dgrs gSaA bl {ks= dh ek=kRred ,oa xq.kkRed 

O;k[;k gsrq ftu ewyHkwr lehdj.kksa ;k O;atdksa ;k lw=ksa dh vko’;drk gksrh gS 

mUgsa eSDlosy lehdj.k dgrs gSaA eSDlosy lehdj.k okLro esa  fo|qr {ks=] 

D K
 P

an
de

y, 
CSJM

U Le
ctu

re

mailto:dr.dkpandey@gmail.com


Dr. Dharmendra Kumar Pandey, P.P.N. Post Graduate College, Kanpur, UP, India                          Page 2 of 6 

 

pqEcdh; {ks= rFkk fo|qrpqEcdh; izsj.k ls lEcfU/kr fu;eksa ij vk/kkfjr dqy pkj 

O;atd vFkok lw= gS] ftudks fuEu ¼bl½ izdkj ls le> ldrs gSaA 

 

1. izFke eSDlosy lehdj.k% ;g fLFkj fo|qr {ks= ds xkWml fu;e ij vk/kkfjr 

O;atd gSA bl fu;e ds vuqlkj] fdlh cUn i`"B ls dqy fuxZr fo|qr 

¶yDl dk eku ml i`"B ls c) dqy vkos’k ds /1  xquk ds cjkcj gksrk gSA 

vFkkZr~ 




q
sd.E


 

 


 d
1

sd.E


    


 d
1

d)E .(


 




 E .


 ;k  D .


  E D   


   

 bls izFke eSDlosy lehdj.k dgk tkrk gSA 

2. f}rh; eSDlosy lehdj.k% ;g pqEcdh; {ks= ds xkWml fu;e ij vk/kkfjr 

O;atd gSA bl fu;e ds vuqlkj] fdlh i`"B ls dqy fuxZr pqEcdh; ¶yDl 

dk eku ’kwU; ds cjkcj gksrk gSA vFkkZr~ 

0sd.B 


  

  0d)B .( 


 

0B . 


 ;k 0H . 


  H B   


   

bls f}rh; eSDlosy lehdj.k dgk tkrk gSA ;g lehdj.k fu#fir djrk gS 

fd ,dy /kzqo vlEHko gS rFkk pqEcdh; cy js[kk;sa cUn oØ gksrh gSaA 

3. r`rh; eSDlosy lehdj.k% ;g fo|qrpqEcdh; izsj.k ls lEcfU/kr QSjkMs ds 

fu;e ij vk/kkfjr O;atd gSA bl fu;e ds vuqlkj] fdlh dq.Myh esa 

mRiUu izsfjr fo0ok0o0] ml dq.Myh ls c) pqEcdh; ¶yDl ifjorZu nj ds 

_.kkRed eku ds cjkcj gksrk gSA vFkkZr~ 
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d
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 sd . E
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 E




  ;k 
dt

Hd
 E




   H B   


   

bls r`rh; eSDlosy lehdj.k dgk tkrk gSA 

4. prqFkZ eSDlosy lehdj.k% ;g pqEcdh; {ks= ls lEcfU/kr ,fEi;j fu;e ds 

eSDlosy la’kks/ku ij vk/kkfjr O;atd gSA ,fEi;j fu;e ds vuqlkj] fdlh 

cUn ifjiFk ¼,fEifj;u ywi½ ds vuqfn’k pqEcdh; {ks= dh rhozrk dk js[kh; 
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lekdyu ml cUn ifjiFk esa lekfgr dqy /kkjk ds   ¼ikjxE;rk% fujis{k 

pqEcd’khyrk½ xquk ds cjkcj gksrk gSA vFkkZr~ 

Ild . B 


  

    sd.Jsd .  B


   

  JB


  

 ;g O;atd ,fEi;j fu;e dk vody #i dgykrk gSA bl O;atd dk nksuksa 

rjQ ls dyZ ysus ij 0J . 


 nsrk gS rFkk bl fu"d"kZ dks lkrR;rk 

lehdj.k esa j[kus ij 0dt/d   ;k  fu;r iznku djrk gSA ;g Li"V 

djrk gS fd ,fEi;j fu;e rHkh oS/k gS tcfd vkos’k fLFkj pky ls xfr’khy 

gks vFkok vkos’k ?kuRo fu;r gksA eSDlosy us crk;k fd vkos’k ?kuRo fu;r 

u gksus ;k vkos’k ds Rofjr gksus ij ,d vU; /kkjk dk mn~Hko gksrk gS ftls 

foLFkkiu /kkjk Di ¼fMlIyslesaV djaV½ dgrs gSA ;g /kkjk le; ds lkFk fo|qr 

¶yDl cnyus ds dkj.k mRiUu gksrk gSA bl mRiUu fo|qr /kkjk ls lEcfU/kr 

/kkjk ?kuRo dks foLFkkiu /kkjk ?kuRo DJ  ¼fMlIyslesaV djaV MsUlhVh½ dgrs gSA 

foLFkkiu /kkjk ?kuRo DJ  dk eku foLFkkiu lfn’k ¼fMlIyslesaV osDVj½ ds 

ifjorZu nj ds cjkcj gksrk gSA D;ksafd]  
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vr% eSDlosy ds vuqlkj] le; ifjorhZ fo|qrpqEcdh; {ks= ds fy, dqy 

/kkjk ?kuRo dk eku eqDr /kkjk ,oa foLFkkiu /kkjk ?kuRoksa ds ;ksx ds cjkcj 

gksrk gSA bl izdkj eSDlosy la’kksf/kr ,fEi;j fu;e gsrq fuEu O;atd izkIr 

gksrk gSA  
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JJJB D
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Ed
JJJH D




  

bls prqFkZ eSDlosy lehdj.k dgk tkrk gSA 

mi;qZDr bu lHkh pkjksa lehdj.kksa dks eSDlosy lehdj.k dgrs gSA bu lehdj.kksa 

dk mi;ksx djds lenSf’kd ¼eqDr vkdk’k] fuokZr] gok] dkWp bR;kfn½] vlenSf’kd 

¼DokVZt] dSylkbV bR;kfn½] fo?kVudkjh ¼pkyd bR;kfn½ ek/;eksa esa le; ifjorhZ 

fo|qrpqEcdh; {ks= dh ek=kRed ,oa xq.kkRed O;k[;k dh tk ldrh gSA vc ge 

eqDr vkdk’k ;k fuokZr ek/;e esa le; ifjorhZ fo|qrpqEcdh; {ks=@rjax ds 

pkfjf=d xq.kksa dks le>saxsaA  
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eqDr vkdk’k ;k fuokZr esa fo|qrpqEcdh; {ks=@rjax ds pkfjf=d xq.k 

eqDr vkdk’k ;k fuokZr ,d lenSf’kd ek/;e gksrk gS ftlds LFkwy xq.k 

fn’kkvksa ij fuHkZj ugha gksrs gSaA pwWafd bl ek/;e esa eqDr bysDVªku ;k vkos’k okgd 

ugha gksrs gSa vr% bl ek/;e gsrq eqDr vkos’k ?kuRo] pkydrk rFkk eqDr /kkjk 

?kuRo ’kwU; gksrh gS vFkkZr~ 0J  0; ;0 


A lkFk gh lkFk bl ek/;e ds fy, 

vkisf{kd fo|qr’khyrk ;k ijkoS|qrkad r  ,oa vkisf{kd ikjxE;rk r  dk eku ,d 

gksrk gS vr% 00r00r   ;  A bu fo’ks"krkvksa dks eSDlosy lehdj.kksa esa 

j[kus o gy djus ij gesa E


 
vkSj H


 esa nks f}rh; dksfV ds vody lehdj.k 

izkIr gksrs gSaA vFkkZr~ 

0E . 


                        ¼1½

  
0H . 


                        ¼2½
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Hd
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dt

Ed
H 0




                      ¼4½

  

lehdj.k ¼3½ dk dyZ ysus rFkk lehdj.kksa ¼1½ vkSj ¼4½ ls eku j[kus ij]   
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blh izdkj lehdj.k ¼4½ dk dyZ ysus rFkk lehdj.kksa ¼2½ vkSj ¼3½ ls eku j[kus 

ij] 

  
2

2

00
2

dt

Hd
H






 

               ¼6½ 

O;atd ¼5½ vkSj ¼6½] fuokZr esa
 

E


 
vkSj H


 ds fy, nks f}rh; dksfV ds vody 

lehdj.k gSA pwfda izkIr vody lehdj.k] izxkeh rjax ds vody lehdj.k ds 

lerqY; ik;s x;s vr% blds vk/kkj ij ;g dgk tk ldrk gS fd tc dksbZ vkos’k 

fuokZr esa fdlh Roj.k ls xfr’khy gksrk gS ;k nksyuh; vFkok dEifud xfr djrk 

gS rks ek/;e esa mRiUu fo|qr ,oa pqEcdh; {ks= dk O;ogkj izxkeh rjax tSlk gksrk 

gSA vFkkZr~ vody lehdj.kksa ¼5½ vkSj ¼6½ ds gy dks izxkeh rjax ds O;atd ls 

fu#fir dj ldrs gSaA  

)tr.K(j
0 e EE 


 rFkk

 

)tr.K(j
0 e HH 


           ¼7½ 

;gkWa 

 

rFkk K  izxkeh rjax dh vko`fRr ,oa rjax lapj.k lfn’k gSaA 
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fo|qrpqEcdh; rjax dh vuqizLFk iz—fr%  

tc izxkeh rjax E


 

rFkk H

 ds ekuksa dks eSDlosy lehdj.kksa esa j[krs gSa rks 

gesa izkIr gksrk gS fd] 

 EH  K        ; HE  K          ;  0H . K        ;  0E . K 00




 

0E . K 


 ;g crkrk gS fd rjax lapj.k lfn’k K

rFkk fo|qr {ks= E



 

ds vkil 

esa vfHkyEcr gksrs gSa rFkk 0H . K 


 ;g fu#fir djrk gS fd rjax lapj.k lfn’kK

] 

pqEcdh; {ks= H


 

ds vfHkyEcr gksrk gSA r`rh; O;atd ;g fu#fir djrk gS fd 

nksuksa rjax lapj.k lfn’k K

vkSj fo|qr {ks= E


] pqEcdh; {ks= H



 

ds vfHkyEcr gksrs 

gaS tcfd prqFkZ O;atd ;g iznf’kZr djrk gS fd nksuksa rjax lapj.k lfn’k K

vkSj 

pqEcdh; {ks= H

]

 

fo|qr {ks= E

 ds vfHkyEcr gksrs gaSA vr% pkjksa O;atd lexz #i 

ls ;g fl) djrs gS fd K

] E


 vkSj H


 vkil esa vfHkyEcr gksrs gSaA vFkkZr~ 

fo|qr ,oa pqEcdh; {ks= lfn’k] rjax lapj.k dh fn’kk d s vfHkyEcr dEiu djrs 

gSaA vr% fo|qrpqEcdh; rjaxs] vuqizLFk rjaxs gksrh gSA 

fuokZr esa fo|qrpqEcdh; rjax dh pky%  

tc fo|qrpqEcdh; rjax gsrq] E


 

rFkk H

 ds vody lehdj.kksa dh rwyuk 

izxkeh rjax ls djrs gSa rks fuokZr esa fo|qrpqEcdh; rjax dh pky dk eku gesa 

00/1  izkIr gksrk gS ftls gy djus ij ;g izdk’k dh pky ds cjkcj vkrk gSA 

vFkkZr~ 

c10310910
4

141
v 897

0000











  

vr% fuokZr esa fo|qrpqEcdh; rjaxs] izdk’k dh pky ls xfreku gksrh gSA 

fuokZr ;k eqDr vkdk’k ek/;e dh izfrck/kk%  

fuokZr esa fo|qrpqEcdh; rjax ds] E


 

rFkk H

 ds ifjek.kksa ds vuqikr dks 

fuokZr dh izfrck/kk dgrs gSA bls 0Z ls iznf’kZr fd;k tkrk gSA vr%] 





  120c

H

E
Z

0

0
00  

vr% fuokZr ;k eqDr vkdk’k dh izfrck/kk dk eku 120  vkse gksrk gSA 

fuokZr esa fo|qrpqEcdh; rjax dk ÅtkZ ?kuRo%  

izfr ,dkad vk;ru dh ÅtkZ dks ÅtkZ ?kuRo dgrs gSaA pwfda fo|qrpqEcdh; 

rjax esa nks rjg ds {ks= gksrs gSa vr% fo|qrpqEcdh; rjax dk ÅtkZ ?kuRo] fo|qr 

,oa pqEcdh; ÅtkZ ?kuRoksa ds ;ksx ds cjkcj gksrk gSA vFkkZr~ me uuu  A lkFk gh 

lkFk lenSf’kd ek/;e gsrq fo|qr ,oa pqEcdh; ÅtkZ ?kuRoksa dk vuqikr ,dkad gksrk 

gS vr% fo|qrpqEcdh; rjax dk ÅtkZ ?kuRo] fo|qr ÅtkZ ?kuRo ds nqxqus ds cjkcj 

gksrk gSA vFkkZr~ 
2

0e Eu2u  A blls ;g Li"V gksrk gS fd fo|qrpqEcdh; rjax dk 

vkSlr ÅtkZ ?kuRo 
2
rms0E  gksrk gSA 

D K
 P

an
de

y, 
CSJM

U Le
ctu

re



Dr. Dharmendra Kumar Pandey, P.P.N. Post Graduate College, Kanpur, UP, India                          Page 6 of 6 

 

iksbafVx osDVj ;k lfn’k%  

fo|qrpqEcdh; rjax ds lapj.k dh fn’kk ds yEcor~ fy, x;s ,dkad {ks=Qy 

ls gksdj izfr lsd.M izokfgr ÅtkZ iksbafVx osDVj dgykrk gSA bls S

 ls iznf’kZr 

fd;k tkrk gS rFkk bldk eku E

vkSj H


 ds Økl xq.kuQy ds cjkcj gksrk gSA 

vFkkZr~ HES


 A ;g lfn’k crkrk gS fd ÅtkZ lnSo rjax lapj.k dh fn’kk esa 

izokfgr gksrk gSA E

vkSj H


ds ekuksa dks j[kdj gy djus ij ;g izkIr gksrk gS fd 

iksbafVx osDVj dk vkSlr eku ¼ÅtkZ ¶yDl½] rjax ds osx] vkSlr ÅtkZ ?kuRo ,oa 

rjax lapj.k dh fn’kk esa ,dkad lfn’k ds xq.kuQy ds cjkcj gksrk gSA vFkkZr~ 

nucS


 A  

iksbafVx F;ksje~ ;k izes;% 

 ;g izes; ÅtkZ ¼’kfDr½ ds laj{kh fl)kar ij vk/kkfjr gSA tc dksbZ 

fo|qrpqEcdh; rjax fdlh ek/;e ls izokfgr gksrk gS rks ek/;e ds ,dkad vk;ru 

dks nh x;h dqy ’kfDr dk eku¼ E . J


 ½] ml vk;ru ls lEcaf/kr fo|qrpqEcdh; 

ÅtkZ ifjorZu nj ¼ dt/du ½ rFkk lhek lrg ls izfr lsd.M izokfgr ÅtkZ ¼ S . 


 ½ds 

;ksx ds cjkcj gksrk gSA vFkkZr~  

S . 
dt

du
  E . J


  

;g lehdj.k iksbafVx F;ksje~ ds xf.krh; #i dks iznf’kZr djrk gSA 

bl izdkj vkt ds ifjppkZ esa eSDlosy lehdj.kksa rFkk fuokZr esa fo|qrpqEcdh; 

rjax ds xq.kksa ds ckjsa esa tkudkjh izkIr dhA 

 

vU; vkuykbu Jksr% 

1. https://en.wikipedia.org/wiki/Maxwell%27s_equations 

2. https://en.wikipedia.org/wiki/Electromagnetic_radiation 

3. http://web.mit.edu/viz/EM/visualizations/notes/modules/guide13.pdf 

4. https://www.cis.rit.edu/class/simg712-01/notes/basicprinciples-06.pdf 

5. http://staff.ustc.edu.cn/~bjye/em/MIT-10-1.pdf 

6. http://indico.ictp.it/event/a14229/session/0/contribution/1/material/slides/0.pdf 

7. http://indico.ictp.it/event/a14229/session/0/contribution/1/material/slides/0.pdf 

8. https://www.physast.uga.edu/classes/phys3330/zhao/downloads/download/1175.pdf 

9. https://dkpandey.weebly.com/uploads/1/3/5/3/13534845/maxwell_equation_em_wave.pdf 

10. https://dkpandey.weebly.com/uploads/1/3/5/3/13534845/em_wave_in_different_mediums.pdf  

vU; vkuykbu fofM;ks Jksr% 

1. https://www.youtube.com/watch?v=Pk4ec6mOuyQ 

2. https://www.youtube.com/watch?v=bwreHReBH2A 

3. https://www.youtube.com/watch?v=nFtNCPUMoYA 

4. https://www.youtube.com/watch?v=UBTk1eru3Tc 

5. https://www.youtube.com/watch?v=JgSXQorBQSk 
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