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f~wgKv (Introduction)  

1864 mv‡j weÁvbx †Rg&m K¬vK© g¨v·I‡qj Av‡jvi ZvwoZ‡PŠ¤K̂ Zi½ Z‡Ë¡i cÖeZ©b K‡ib| Zvi g‡Z Zwor †¶Î 

Zi½ I †PŠ¤̂K †¶Î Zi‡½i mgš̂‡q MwVZ ZvwoZ‡PŠ¤K̂ Zi½ AvKv‡i Av‡jv mÂvwjZ nq| 1887 mv‡j weÁvbx 

†nbwiK nvR© g¨v·I‡q‡ji Z‡Ë¡i cix¶vg~jK cÖgv‡Y mg_© nb| Gi cÖvq ỳÕk eQi Av‡M WvP& weÁvbx wµwóqvb 

nvB‡MÝ (Christian Huygens) 1678 mv‡j Av‡jvi Zi½ Z‡Ë¡i Dc¯’vcb K‡ib| Zvi g‡Z gnvwe‡k¦ me©Î Ges 

mKj e¯‘i g‡a¨ B_vi bvgK GK cÖKvi gva¨g evwnZ n‡q Av‡jv Aby‰`N©̈  Zi½vKv‡i mÂvwjZ nq| Av‡jvK Zi½ 

hLb †iwUbvi Dci AvcwZZ nq ZLb `„wói Abyf~wZ R‡b¥| Zi½ ˆ`‡N©̈ i wfbœZv †_‡K wewfbœ e‡Y©i Abyf~wZ m„wó 

nq| Zi½ Z‡Ë¡i mvnv‡h¨ cÖwZdjb, cÖwZmiY, e¨wZPvi, AceZ©b BZ¨vw` Av‡jvKxq NUbvi e¨vL¨ cÖ̀ vb Kiv m¤¢e 

nq|  

 

 ZvwoZ‡PŠ¤K̂ Zi½ 

Electromagnetic Waves  
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 ZvwoZ‡PŠ¤K̂ Zi‡½i ˆewkó¨ e¨vL¨v Ki‡Z cvi‡eb| 

 

7.1.1 ZvwoZ‡PŠ¤̂K Zi½ (Electromagnetic Waves):  weÁvbx †Rg&m K¬vK© g¨v·I‡qj (James 
Clerk Maxwell) 1865 mv‡j Av‡jv‡K ZvwoZ‡PŠ¤K̂ Zi½iƒ‡c Dc¯’vcb K‡ib| wZwb e‡jb Av‡jv 

Zwor‡¶Î (Electric field) I †PŠ¤K̂ †¶‡Îi (Magnetic field) PjZi½ A_©vr Av‡jv GKwU ZworPz¤K̂ Zi½| GB 

mgq `„k¨gvb Av‡jv, Ae‡jvwnZ I AwZ‡e¸bx iwk¥ Qvov Ab¨ †Kv‡bv ZvwoZ‡PŠ¤̂K Zi‡½i Aw¯—Z¡ Rvbv wQj bv| 

g¨v·I‡q‡ji ZwoZ‡PŠ¤K̂ ZË¡ Abymv‡i, †h †Kv‡bv ZvwoZ‡PŠ¤^K Zi‡½i MwZ c‡_i cÖwZwU we›`y‡Z Zwor‡¶Î I 

†PŠ¤K̂ †¶Î we`¨gvb| GB †¶Î `ywU mij Qw›`Z ¯ú›`‡b Kw¤úZ n‡Z _v‡K Ges GB K¤úb GK we› ỳ †_‡K Ab¨ 

we›`y‡Z mÂvwjZ nq| GB fv‡e ZwoZ‡PŠ¤̂K Zi½ we¯—vi jvf K‡i| Zwor‡¶Î I  †PŠ¤̂K †¶Î †Kv‡bv Ro gva¨g 

QvovB Pvwiw`‡K Qwo‡q ci‡Z cv‡i| A_©vr ZvwoZ‡PŠ¤K̂ Zi½ mÂvj‡bi Rb¨ †Kv‡bv gva¨‡gi cÖ‡qvRb nq bv| GB 

Zi½ k~b¨ gva¨‡gI PjvPj Ki‡Z cv‡i| 

 

Zwor cÖev‡ni †PŠ¤K̂ wµqv Aa¨v‡q Avgiv †`‡LwQ,  

A¨vw¤úqv‡ii m~Î, IldB 0


 … … … … …… … …… … …… … …… ………… (7.1) 

GB m~‡Îi wKQy mxgve×Zv Av‡Q| Zwor cÖevn cwieZ©bkxj n‡j mgxKiYwU Kx iƒc wb‡e Zv ejv nq wb| †hgb, 

‡Kv‡bv eZ©bx‡Z aviK _vK‡j aviKwU hLb PvwR©Z nq ev APvwR©Z nq ZLb eZ©bx‡Z Zwor cÖev‡ni cwieZ©b N‡U 

wKš‘ avi‡Ki cvZØ‡qi g‡a¨ †Kv‡bv Zwor cÖevn nq bv| myZivs, GB †¶‡Î Dc‡ii mgxKiYwU cÖ‡hvR¨ n‡e bv| 

mgxKiYwUi GB Î“wU `~i Kivi Rb¨ g¨v·I‡qj mgxKiYwUi Wvbw`‡K AwZwi³ GKwU ivwkgvjv hy³ K‡ib| 

ivwkwU n‡jv, 

dt
dI E

d
 000   … … …… … ………… … … ……  … …… … …  ……… (7.2) 

cvV 7.1: 
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g¨v·I‡qj dI  ivwkwU‡K miY cÖevngvÎv (displacement current) wnmv‡e D‡jL K‡ib| 

GB ivwki 0  k~b¨ gva¨‡g Zwor †f`b †hvM¨Zv Ges Ges   SdEE


  n‡jv †Kv‡bv MvDmxq Z‡ji ga¨ w`‡q 

AwZµvš— Zwor d¬v·| Zvn‡j, 

dt
d E  n‡jv Zwor d¬v‡·i cwieZ©‡bi nvi| myZivs, 

dt
dI E

d
0  ivwkwU 

cwieZ©bkxj Zwor‡¶Î‡K wb‡`©k K‡i| Avi GB cwieZ©bkxj Zwor‡¶ÎB n‡jv eZ©bx‡Z mshy³ avi‡Ki PvwR©Z ev 

APvwR©Z nevi mgq cvZØ‡qi ga¨eZ©x AÂ‡j Dcw¯’Z Zwor cÖev‡ni mgZzj¨| myZivs GB RvZxq eZ©bx‡K wewQbœ 

eZ©bx wnmv‡e aiv nq bv| 

m~Zivs, A¨vw¤úqv‡ii m~‡Îi cwiewZ©Z iƒc n‡jv, 

dt
dIldB E 000 


 … … … … …… … (7.3) 

hv A¨vw¤úqvi-g¨v·I‡qj m~Î bv‡g cwiwPZ| 

ZvwoZ‡PŠ¤K̂ Av‡ek Aa¨v‡q Avgiv †`‡LwQ d¨viv‡Wi wØZxq m~Îvbymv‡i, 

dt
dnE B  … … … … (7.4) 

GB mgxKiY wb‡`©k K‡i cwiewZ©Z †PŠ¤K̂ †¶Î Zwor †¶‡Îi m„wó K‡i| 

GB mgxKiY `ywU mg‡qi m‡½ cwieZ©bkxj Zwor‡¶Î I †PŠ¤K̂ †¶Î m„wó K‡i| GB cwieZ©bkxj Zwor‡¶Î I 

†PŠ¤K̂ †¶Î Zi‡½i gZ Qwo‡q c‡o hv‡K Avgiv ZvwoZ‡PŠ¤K̂ Zi½ ewj| 

AZGe, †Kv‡bv ¯’v‡b cwieZ©bkxj Zwor‡¶Î I †PŠ¤K̂ †¶‡Îi Aw¯—Z¡ _vK‡j †mwU †h Zi½ AvKv‡i Qwo‡q c‡o 

Zv‡K ZvwoZ‡PŠ¤̂K Zi½ e‡j| 

g¨v·I‡qj MvwYwZK fv‡e Av‡iv cÖgvY K‡ib †h, k~b¨ ’̄v‡b ZvwoZ‡PŠ¤K̂ Zi‡½i †eM, 

00

1


v   

GLv‡b, = k~b¨ ’̄v‡bi †PŠ¤̂K cÖ‡ek¨Zv (permeability) = 

16 Hm1026.1    

Ges  k~b¨ ’̄v‡bi Zwor †f`b‡hvM¨Zv (permitivity) = 112 Fm1085.8   

mgxKi‡Y GB gvb emv‡j, cv 


 



1818

126
ms103ms1099.2

1085.81026.1
1

 

k~b¨ gva¨‡g Av‡jvi †e‡Mi mgvb nq| Gi †_‡K g¨v·I‡qj wm×vš— †bb, Av‡jv ZvwoZ‡PŠ¤̂K Zi½|  

myZivs, k~b¨ gva¨‡g Av‡jvi †eM, 

00

1


c   … … …… … … … …… … … … … … … (7.5) 

ïay Av‡jvB bq, †eZvi Zi½, gvB‡µv Zi½, Ae‡jvwnZ iwk¥, AwZ‡e¸bx iwk¥, G· iwk¥, Mvgv iwk¥ BZ¨vw` meB 

ZvwoZ‡PŠ¤K̂ Zi½| 

1888 mv‡j Rvg©vb weÁvbx nvBbwiP nvR© (Heinrich Hertz) me©cÖ_g ZvwoZ‡PŠ¤K̂ Zi½ cix¶vg~jKfv‡e Drcv`b 

K‡ib Ges mbv³ Kivi e¨e¯’v K‡ib| Zvi cix¶vi gva¨‡g g¨v·I‡q‡ji mgxKiY¸‡jvi mZ¨Zv cÖgvwYZ nq| 

 

7.1.2 ZvwoZ‡PŠ¤̂K Zi‡½i Zi½ cÖK…wZ ( Wave Nature of Electromagnetic Waves): ZvwoZ‡PŠ¤K̂ Zi‡½i 
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Zwor‡¶Î 


, †PŠ¤̂K †¶Î 


Ges Zi‡½i MwZi AwfgyL me©̀ vB ci¯úi j¤f̂v‡e _v‡K (wPÎ 7.1K)| myZivs, 

ZvwoZ‡PŠ¤^K Zi½ GK ai‡Yi wZh©K Zi½| (wPÎ 7.1K)| aiv hvK, GKwU ZvwoZ‡PŠ¤K̂ Zi½ abvZ¥K X A¶ 

eivei we¯—vi jvf K‡i| †m‡¶‡Î Zwor‡¶Î  


 Ges †PŠ¤K̂ †¶Î 


 h_vµ‡g Y -A¶ Ges Z -A‡¶i mgvš—

ivjfv‡e K¤úbkxj nq| t  mg‡q g~jwe›`y †_‡K x  ~̀i‡Z¡ Zwor‡¶Î I †PŠ¤̂K †¶Î‡K †h ỳwU ivwkgvjv w`‡q cÖKvk 

Kiv nq Zv n‡jv h_vµ‡g, 

   xctEkxtEE 

 2sinsin 00  … … …… … …… … … … … … …… … (7.6) 

   xctBkxtBB 

 2sinsin 00   … … …… … …… … … … … … …… … (7.7) 

GLv‡b, k  n‡jv Zi½ msL¨v| GB `ywU mgxKiY PjZi‡½i mgxKiY| GB `ywU †¶‡Îi †Kv‡bvwUB cÖK…wZ‡Z GKK 

fv‡e _vK‡Z cv‡i bv| ZvwoZ‡PŠ¤̂K Zi½, Zwor‡¶Î Zi½ I †PŠ¤K̂ ‡¶Î Zi‡½i K¤cv¼ mgvb Ges Df‡qi `kv 

GKB| `ywU †¶Î AbeiZ G‡K Aci‡K Av‡e‡ki gva¨‡g m„wó K‡i P‡j Ges †¶Î `ywUi mvBbag©x (Sinusodial) 
cwieZ©bB Zi½ wnmv‡e GwM‡q P‡j| (7.1L) wP‡Î Zwor‡¶Î Zi½ XY-Z‡j I †PŠ¤̂K‡¶Î Zi½ XZ-Z‡j Ae¯’vb 

Ki‡Q Ges ZvwoZ‡PŠ¤K̂ Zi½ X-A¶ eivei AMÖmi n‡”Q| g¨v·I‡qj Av‡iv †`Lvb ‡h, Zwor‡¶Î I †PŠ¤K̂ 

†¶‡Îi we¯—v‡ii AbycvZ ‡_‡KI ZvwoZ‡PŠ¤K̂ Zi‡½i †e‡Mi gvb cvIqv hvq|  

A_©vr, c
B
E


0

0
 … … …… … …… … …… … …… … … … … … … … …… … (7.8) 

(7.6) I (7.7) bs mgxKiY †_‡K †jLv hvq, 

 
  0

0

0

0

sin
sin

B
E

kxtB
kxtE

B
E









   

ev, c
B
E

B
E


0

0
 … … …… … …… … …… … … … …… … … … …… … … … (7.9) 

 
†Kv‡bv ZvwoZ‡PŠ¤K̂ Zi‡½i Zi½‰`N©̈   , †Kv‡bv gva¨‡g Zi‡½i K¤úv¼   n‡j H gva¨‡g Zi‡½i †eM n‡e 

 | gva¨g cwieZ©b n‡j Zi½‰`N©̈ i Z_v †e‡Mi gv‡bi cwieZ©b n‡q hvq wKš‘ K¤úv¼ AciewZ©Z _v‡K| 

 

7.1.3 ZvwoZ‡PŠ¤K̂ eY©vjx (Electromagnetic Spectrum): GLb Avgiv ZvwoZ‡PŠ¤K̂ eY©vjx wel‡q Av‡jvPbv 

Ki‡ev| ZvwoZ‡PŠ¤K̂ eY©vjxi wewfbœ Zi½‰`‡N©̈ i Zi‡½i gv‡S Avgiv Wy‡e AvwQ| wKQy we‡kl ˆewkó¨ I e¨env‡ii 

Dci wfwË K‡i ZvwoZ‡PŠ¤̂K Zi‡½i wewfbœ Zi½‰`N©̈  cvjvi K‡qKwU †kªYx‡Z wef³ Kiv n‡q‡Q| Zi½‰`‡N©̈ i 

µgvbymv‡i †iwWI Zi½, gvB‡µvI‡qf, Ae‡jvwnZ iwk¥, `„k¨gvb Av‡jv, AwZ‡e¸Yx iwk¥, G·‡i, Mvgv iwk¥  n‡jv 

K‡qKwU D‡jL‡hvM¨ ZvwoZ‡PŠ¤K̂ Zi½| (7.2 bs) wP‡Î ZvwoZ‡PŠ¤K̂ eY©vjxi Zi½‰`N©̈  I K¤úv‡¼i web¨vm 

†`Lv‡bv n‡q‡Q| eY©bvi myweavi Rb¨ ZvwoZ‡PŠ¤K̂ eY©vjxi wfbœ wfbœ Zi½‰`N©̈ i cvjvq Aew¯ ’Z ZvwoZ‡PŠ¤K̂ 
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Zi½¸‡jv‡K wfbœ wfbœ bvg †`qv n‡q‡Q| wewfbœ Zi½‰`‡N©̈ i cvjvi GKwU ZvwjKv Ges Gi wewfbœ As‡ki eY©bv 

wb‡P †`qv n‡jv Z‡e Zi½‰`‡N©̈ i GB cvjv Lye mywbw`©ó bq| 

 

ZvwoZPz¤K̂ 

Zi½ 

Zi½ ˆ`‡N©̈  

cvjv 

Drm e¨envi 

 †iwWI Zi½ 0.1m †_‡K    

104m 

 

‡Kv‡bv cwievnx Zv‡ii 

ga¨ w`‡q Z¡iYmn 

MwZkxj PvR©, LC 
¯ú›`‡Ki gZ B‡jKUªwbK 

hš¿cvwZ BZ¨vw`| 

‡gvevBj †dvb, wegvb Pvjbv, †iwWI Ges wUwf 

msµvš— †hvMv‡hvM e¨e¯’vq GB Zi½ e¨eüZ nq| 

gvB‡µvI‡qf 10 4m   †_‡K 

0.3m 

 

wewfbœ B‡jKUªwbK 

hš¿cvwZ| 

gvB‡µvI‡qf Pzwj‡Z GB ai‡Yi wewKiY e¨envi 

K‡i ivbœv Kiv nq| ivWvi e¨e¯’vq Z_¨ msMªn Kiv 

Ges c`v‡_©i cvigvYyweK I AvbweK ag© cix¶v 

msµvš— Kv‡R GB Zi½ Zi½ e¨envi Kiv nq| 

A‡evjwnZ 

iwk¥ 

710 7m  
†_‡K 103m 

 

c`v‡_©i AYy Ges N‡ii 

ZvcgvÎvq _vKv †Kv‡bv 

e¯‘ n‡jv Gi Drm| 

wPwKrmv †¶‡Î, K¤úb msµvš— eY©vjx we`¨vq Ges 

AejwnZ d‡UvMÖvwd‡Z GB Zi½ e¨eüZ nq| 

`„k¨gvb Av‡jv 7107m †_‡K  

410 4m 

AYy I cigvYyi g‡a¨ 

B‡jKUª‡bi cybwe©b¨v‡mi 

Kvi‡Y `„k¨gvb Av‡jvi 

wbtmwiZ nq|  

 GB Zi½ Avgv‡`i †`Lvi Abyf~wZ RvMvq| jvj 

eY© †_‡K †e¸bx eY© GB GC Zi‡½i mxgv|  

AwZ‡e¸Yx 

iwk¥ 

610 8m 
†_‡K 4107m 

 

m~h©| m~h©v‡jv‡Ki AwZ‡e¸bx iwk¥i Dcw¯’wZ‡Z Z¡‡K 

wfUvwgb D  ms‡kwlZ nq| Z¡‡Ki wewfbœ †ivM 

wbivg‡q GB iwk¥ e¨envi Kiv nq| 

G·‡i 10 11m  †_‡K 

108m 

 

D”P MwZkw³ m¤úbœ 

B‡jKUªb †mªvZ w`‡q 

AvNvZ cÖvß avZe 

j¶¨e¯‘| 

wewfbœ cÖKvi †iv‡Mi KviY AbymÜv‡b, K¨vÝvi 

†Kvl aŸs‡mi Rb¨ GB iwk¥ e¨envi Kiv nq| Z‡e 

GB iwk¥ ‡Kv‡bv RxweZ †Kv‡l AvcwZZ n‡j †mB 

†Kvl aŸsm K‡i| †KjvwmZ c`v‡_©i MVb 

AbymÜv‡b GB iwk¥ e¨envi Kiv nq| 

Mvgv iwk¥ 1011m †_‡K   

†QvU Zi½‰`N©̈  

 GB iwk¥ ˆeÁvwbK cix¶v wbix¶vq †ekx e¨eüZ 

nq| GB iwk¥ †Kv‡bv RxweZ †Kv‡l AvcwZZ n‡j 

†mB †Kvl aŸsm K‡i| Gi †f`b ¶gZv AZ¨waK 

†ekx †h cyi“ wmmvi ˆZwi c`©v Qvov GB iwk¥ 

†kvwlZ nq bv|  

 

D`vniY 7.1: k~b¨ ¯’v‡b GKwU ZvwoZ‡PŠ¤K̂ wewKi‡Yi m‡e©v”P Zwor‡¶Î 

-12 NC109 | Gi m‡e©v”P †PŠ¤K̂ †¶Î 

wbY©q Ki“b| 

 

mgvavb: †`qv Av‡Q, 

-12 NC109mE , 

-18 ms103c Ges ?mB  

Avgiv Rvwb, ZvwoZ‡PŠ¤̂K Zi‡½i ª̀ywZ, 

m

m

B
Ec   
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ev, 

c
EB m

m   

gvb emv‡j T103
103
109 6

8

2





mB  

D: T103 6  

D`vniY 7.2: †Kv‡bv ’̄v‡b ZvwoZ‡PŠ¤K̂ Zi‡½i Zwor‡¶Î Zi‡½i mgxKiY nj,   1-NC2sin100 rctE 



 

Gi †PŠ¤K̂‡¶Î Zi‡½i mgxKiY wbY©q Ki| 

 

mgvavb: †`qv Av‡Q,  rctE 

2sin100 , 

-18 ms103c Ges ?B  

Avgiv Rvwb, ZvwoZ‡PŠ¤K̂ Zi‡½i `ªywZ, 
B
Ec   

ev. 

c
EB   

gvb emv‡j, 

 
  T2sin102

103

2sin60
7

8 rct
rct

B 



 






 DËi| 

 

 

mvi-ms‡¶c :  

ZvwoZ‡PŠ¤K̂ Zi½: †Kv‡bv ’̄v‡b cwieZ©bkxj Zwor‡¶Î I †PŠ¤K̂ †¶‡Îi Aw¯—Z¡ _vK‡j †mwU †h Zi½ AvKv‡i 

Qwo‡q c‡o Zv‡K ZvwoZ‡PŠ¤K̂ Zi½ e‡j| ZvwoZ‡PŠ¤K̂ Zi‡½i Zwor‡¶Î E


, †PŠ¤K̂ †¶Î B


Ges Zi‡½i 

MwZi AwfgyL me©̀ vB ci¯úi j¤f̂v‡e _v‡K| ZvwoZ‡PŠ¤K̂ Zi½ GK ai‡Yi wZh©K Zi½| k~b¨ ¯’v‡b 

ZvwoZ‡PŠ¤K̂ Zi‡½i †eM, 

00

1


c  

ZvwoZ‡PŠ¤K̂ eY©vjx: wKQy we‡kl ˆewkó¨ I e¨env‡ii Dci wfwË K‡i ZvwoZ‡PŠ¤̂K Zi‡½i wewfbœ Zi½‰`N©̈  cvjvi 

K‡qKwU †kªYx‡Z wef³ Kiv n‡q‡Q| Zi½‰`‡N©̈ i µgvbymv‡i †iwWI Zi½, gvB‡µvI‡qf, Ae‡jvwnZ iwk¥, 

`„k¨gvb Av‡jv, AwZ‡e¸Yx iwk¥, G·‡i, Mvgv iwk¥ n‡jv K‡qKwU D‡jL‡hvM¨ ZvwoZ‡PŠ¤K̂ Zi½| ZvwoZ‡PŠ¤K̂ 

eY©vjxi wewfbœ Zi½‰`‡N©̈ i Zi‡½i gv‡S Avgiv Wy‡e AvwQ| 

 

 

cv‡VvËi g~j¨vqb: 7.1 

eûwbe©vPbx cÖkœ: 

1. bx‡Pi †KvbwU ZvwoZ‡PŠ¤̂K Zi½ bq? 

 K. AwZ‡e¸bx iwk¥ L. G·‡i M.  -iwk¥  N. Mvgv iwk¥ 

2. k~b¨ ¯’v‡b †Kv‡bv ZvwoZ‡PŠ¤K̂ Zi‡½i †Kv‡bv we› ỳ‡Z Zwor‡¶Î I †PŠ¤K̂ †¶‡Îi we¯—v‡ii AbycvZ  

 K. 

00

1


 L. 

00

1


 M. 00   N. 00  
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  Zi½ : nvB‡Mbm& Gi bxwZ 

 Waves : Huygens’ Principles 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Zi½ I Zi½gy‡Li aviYv e¨vL¨v Ki‡Z cvi‡eb| 

 Zi½ mÂvjb msµvš— nvB‡Mbm& Gi bxwZ e¨vL¨v Ki‡Z cvi‡eb| 

 

7.2.1 Zi½ I Zi½gy‡Li aviYv (Concept of Wavefront):  
w¯’i cvwb‡Z wXj †dj‡j Zi‡½i m„wó nq| wXjwU †hLv‡b c‡o †mB ¯’vb †_‡K wbw`©ó †e‡M cvwbi Z‡ji 

Dci Pvwiw`‡K GB Zi½ Qwo‡q c‡o| cwbi KYv wKš‘ Zi‡½i mv‡_ Abyf~wgK fv‡e Qovq bv eis GKB ¯’v‡b †_‡K 

Dj¤ ̂eivei Kw¤úZ n‡Z _v‡K| aiv hvK, Av‡jvo‡bi †K›`ª †_‡K wKQy `~‡i Aew¯’Z GKwU cvwbi KYvi Dj¤ ̂miY 

me©vwaK| †m mgq Av‡jvob †K›`ª A_©r Zi½ Drm †_‡K H KYvi `~i‡Z¡i mgvb e¨vmva© wewkó e„‡Ëi cwiwa Dci 

Aew¯’Z Ab¨ me Dj¤ ̂miY me©vwaK| myZivs Zi½ Drm †_‡K mg`~i‡Z¡ _vKv cÖwZwU KYv †h †Kv‡bv gyn~‡Z© mg `kv 

m¤úbœ|  

‡Kv‡bv Drm †_‡K Zi½ hLb k~b¨ ev †Kv‡bv gva¨‡g ga¨ w`‡q mÂvwjZ nq ZLb k~b¨ ev †Kv‡bv gva¨‡gi we›`y¸‡jv 

Kw¤úZ n‡Z _v‡K| †h‡Kv‡bv gyn~‡Z© GKB `kv m¤cbœ we›`y¸‡jv †h †iLvq ev Z‡ji Dci Aew¯’Z _v‡K Zv‡K 

Zi½gyL e‡j| 

wÎgvwÎK ¯’v‡b †Kv‡bv we›`y Kw¤úZ n‡j †h Zi‡½i m„wó nq †mwU wÎgvwÎK Zi½| GB †¶‡Î †mB we›`y‡K †K›`ª K‡i 

GKwU †MvjK Kíbv Ki‡j H †Mvj‡Ki c„‡ôi Dci Aew¯’Z we›`y¸wj mg`kv m¤úbœ| myZivs GB †¶‡Î †MvjKxq 

Zi½gyL cvIqv hv‡e| Avi hw` †Mvj‡Ki e¨vmva© Lye eo nq Z‡e †m‡¶‡Î †MvjKxq Zi½gy‡Li ¶z ª̀ Ask‡K mgZj 

Zi½gyL wnmv‡e we‡ePbv Kiv hv‡e| 

Zi½gyL mvaviYZ wZb cÖKv‡ii nq;  

(K) †Mvjxq Zi½gyL: †Kv‡bv we›`y Drm ev ¶z`ª wQ`ª †_‡K Av‡jvK Zi½ Pvwiw`‡K Qwo‡q co‡j †h Zi½gyL AMÖmi 

nq ‡mwU †MvjvKvi Zi½gyL|  

(L) †PvOvK…wZ Zi½gyL: †Kv‡bv †iLv †_‡K ev wPo †_‡K Av‡jvK Zi½ Pvwiw`‡K Qwo‡q co‡j †h Zi½gyL AMÖmi 

nq ‡mwU ‡PvOvK…wZ Zi½gyL| KviY †Kv‡bv †iLv Drm †_‡K mg`~i‡Z¡ Aew¯’Z we›`y¸‡jv GKwU †Pv‡Oi Z‡j Ae¯’vb 

K‡i| 

(M) mgZj Zi½gyL: Amx‡g Aew¯’Z Drm †_‡K †h iwk¥¸‡jv Av‡m †m¸‡jv mgvš—ivj nIqvq Gi Zi½gyL mgZj 

nq| d‡j mgZj Zi½gyL m„wó nq| 

 

7.2.2 Zi½gy‡Li ˆewkó (Properties of Wavefront): 
Zi½gy‡Li KZK¸wj ‰ewkó Av‡Q, Zv bx‡P †`qv n‡jv| 

1| Zi½gy‡Li †h‡Kv‡bv we›`y‡Z Aw¼Z Awfj¤̂ H we›`y‡Z Zi‡½i †e‡Mi w`K wb‡`©k K‡i| 

2| †Kv‡bv Zi‡½i †eM ej‡Z cÖK…Z c‡¶ Zi½gy‡Li †eM‡K †evSvq| A_vr, Zi‡½i †eM v  n‡j Zi½gy‡Li †eMI v | 

3| Zi½gyL mgZj ev †Mvjxq hvB †nvK bv †Kb,ci¯úi `ywU mg`kv m¤úbœ Zi½gy‡Li j¤ ̂ `~iZ¡‡K H Zi‡½i 

Zi½‰`N©̈  e‡j| 

4| GKB Zi½gy‡Li Dci Aew¯’Z †h †Kv‡bv `ywU we›`yi g‡a¨ `kv cv_©K¨ me©̀ vB k~b¨| 

 

7.2.3 nvB‡Mb‡m&i bxwZ (Huygens’ Principles):  
WvP weÁvbx wµw÷qvb nvB‡Mb&m (Christian Huygens) 1678 mv‡j Zi½gy‡Li mÂvjb wel‡q GKwU R¨vwgwZK 

c×wZi AeZviYv K‡ib| Zvi GB c×wZ cÖ‡qvM Ki‡j Av‡j‡Ki cÖwZdjb, cÖwZmiY, e¨vwZPvi, AceZ©b BZ¨vw` 

Lye mn‡RB e¨vL¨v Kiv hvq Ges Abyfe Kiv hvq| A_©vr Av‡jvKxq NUbv¸‡jv e¨vL¨vi Rb¨ Lye Dc‡hvMx| 

cvV 7.2: 
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nvB‡Mb&‡mi bxwZi mvnv‡h¨ GKwU Zi½gy‡Li AvK…wZ I Ae¯’vb ‡_‡K cieZ©x Zi½gy‡Li AvK…wZ I Ae¯’vb Lye 

mn‡RB wbY©q Kiv hvq| 

 

nvB‡Mb&‡mi bxwZ t GKwU Zi½gy‡Li Dci Aew¯’Z cÖwZwU we›`y GK GKwU Av‡›`vj‡bi ¶z`ª Drm (†MŠY Drm) Ges 

H we›`y¸‡jv †_‡K †MŠY Zi½gvjv wbM©Z n‡q GKB †e‡M Pvwiw`‡K Qwo‡q c‡o| G me †MŠY Zi½gvjv m¤§yL w`‡K 

†gvoK we‡ePbv Ki‡j ev H me Zi½gvjvi m¤§yL w`K ¯úk© K‡i GKwU Zj A¼b Ki‡j Zi½ gy‡Li bZzb Ae¯’vb 

cvIqv hvq| GwUB nvB‡Mb&‡mi bxwZ|  

 

e¨vL¨v t wP‡Î nvB‡Mb&‡mi bxwZ †`Lv‡bv n‡jv| 

nvB‡Mb&‡mi bxwZ Abymv‡i Drm †_‡K Av‡jv Avo 

Zi½ AvKv‡i B_vi gva¨‡gi wfZi w`‡q Pvwiw`‡K t 
mgq ci Qwo‡q c‡o| Av‡jvi †eM c nq Z‡e t` 
mg‡q S Drm †_‡K Drcbœ Zi½ ct` `~iZ¡ AwZµg 

Ki‡e| myZivs S Drm †_‡K ct` Gi mgvb e¨vmva© 

wb‡q GKwU PQ †MvjK A¼Y Ki‡j †Mvj‡Ki Dci 

mg`kv m¤úbœ we›`yi mÂvi c_‡K Zi½gyL e‡j 

(wPÎ 7.3)| nvB‡Mb&‡mi bxwZ Abymv‡i Zi½gy‡Li 

cÖwZwU we›`y 654321 ,,,,, RRRRRR  GK GKwU 

†MŠY Drm wnmv‡e KvR K‡i Ges †mLvb †_‡K 

†Mvjxq AbyZi½ Pvwiw`‡K cÖmvwiZ n‡Z ïi“ 

K‡i| GLb, t mgq ci †MŠY Drm †_‡K Drcbœ 

Zi½ ct ~̀iZ¡ AwZµg Ki‡e| myZivs, 

,,, 321 RRR  654 ,, RRR cÖwZwU †MŠY Drm †_‡K 

ct Gi mgvb e¨vmva© wb‡q GK GKwU †MvjK Kíbv 

Ki‡j 654321 ,,,,, RRRRRR  we› ỳ †_‡K AbyZi½My‡jv t mgq c‡i †MvjK¸‡jvi DcwiZ‡j †cuŠQv‡e| nvB‡Mb&‡mi 

bxwZ Abymv‡i ‡QvU †QvU ‡MvjK¸‡jvi mvg‡bi w`‡Ki ¯úk©Zj 11QP  n‡e t mgq ci mvg‡bi w`‡K GwM‡q hvIqv 

Zi½gyL| g‡b ivL‡Z n‡e 11QP  †Mvjxq Zi½gy‡Li †K›`ª S| 

Av‡jvK Drm A_©vr †K›`ª †_‡K Zi½gy‡Li `~iZ¡ Lye †ekx bv n‡j Zi½gyL †Mvjxq nq (wPÎ 7.3) Ges Av‡jvK Drm 

A_©vr †K›`ª †_‡K Zi½gy‡Li `~iZ¡ Lye †ekx n‡j Zi½gyL‡K mgZj aiv nq| 

nvB‡Mb&‡mi A¼Y c×wZ †_‡K †`Lv hvq †h, PQ Zi½gy‡Li wcQ‡b 11QP  Zi½gy‡Li gZ 22QP  Zi½gyL cvIqv 

hvq, hv‡K cðv`&eZ©x Zi½gyL ejv †h‡Z cv‡i| nvB‡Mb&‡mi g‡Z cðv`&eZ©x Zi½gy‡Li †Kv‡bv Aw¯—Z¡ bvB| Zvi 

GB e³‡e¨i ZvwË¡K Ges cix¶Yg~jK cÖgvY c‡i cvIqv †M‡Q| 

 

 

mvi-ms‡¶c :  

Zi½gyL: †Kv‡bv Drm †_‡K Zi½ hLb k~b¨ ev †Kv‡bv gva¨‡g ga¨ w`‡q mÂvwjZ nq ZLb k~b¨ ev †Kv‡bv 

gva¨‡gi we›`y¸‡jv Kw¤úZ n‡Z _v‡K| †h‡Kv‡bv gyn~‡Z© GKB `kv m¤cbœ we›`y¸‡jv †h †iLvi ev Z‡ji Dci 

Aew¯’Z _v‡K Zv‡K Zi½gyL e‡j| 

†Mvjxq Zi½gyL: †Kv‡bv we›`y Drm ev ¶z`ª wQ`ª †_‡K Av‡jvK Zi½ Pvwiw`‡K Qwo‡q co‡j †h Zi½gyL AMÖmi nq 

‡mwU †MvjvKvi Zi½gyL| 

†PvOvK…wZ Zi½gyL: †Kv‡bv †iLv †_‡K ev wPo †_‡K Av‡jvK Zi½ Pvwiw`‡K Qwo‡q co‡j †h Zi½gyL AMÖmi nq 

‡mwU ‡PvOvK…wZ Zi½gyL| KviY †Kv‡bv †iLv Drm †_‡K mg`~i‡Z¡ Aew¯’Z we›`y¸‡jv GKwU †Pv‡Oi Z‡j Ae¯’vb 

Q2 

P 

P2 

Q Q1 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

S 

Q2 

Q 

Q1 

P1 

P2 P P1 

†MŠY Drm 

Av‡jvK Drm 

Zi½gyL 

Zi½gyL

wPÎ 7.3 

Zi½gyL
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K‡i| 

mgZj Zi½gyL: Amx‡g Aew¯’Z Drm †_‡K †h iwk¥¸‡jv Av‡m †m¸‡jv mgvš—ivj nIqvq Gi Zi½gyL mgZj 

nq| d‡j mgZj Zi½gyL m„wó nq| 

nvB‡Mb&‡mi bxwZ: GKwU Zi½gy‡Li Dci Aew¯’Z cÖwZwU we›`y GK GKwU Av‡›`vj‡bi ¶z`ª Drm (†MŠY Drm) Ges 

H we›`y¸‡jv †_‡K †MŠY Zi½gvjv wbM©Z n‡q GKB †e‡M Pvwiw`‡K Qwo‡q c‡o| G me †MŠY Zi½gvjv m¤§yL 

w`‡K †gvoK we‡ePbv Ki‡j ev H me Zi½gvjvi m¤§yL w`K ¯úk© K‡i GKwU Zj A¼b Ki‡j Zi½ gy‡Li bZzb 

Ae¯’vb cvIqv hvq| GwUB nvB‡Mb&‡mi bxwZ|  

 

 

cv‡VvËi g~j¨vqb: 7.2 

eûwbe©vPbx cÖkœ: 

1| †KvbwU Av‡jvi Zi½gyL bq?  

K. †Mvjxq Zi½gyL L. mgZj Zi½gyL  M. †PvOvK…wZ Zi½gyL N. ˆiwLK Zi½gyL 

2| Zi½gy‡Li ˆewkó wnmv‡e ejv hvq, 

i. Zi½gy‡Li †Kv‡bv we›`y‡Z Aw¼Z Awfj¤ ̂H we› ỳ‡Z Zi‡½i †e‡Mi w`K wb‡`©k K‡i| 

ii. ci¯úi `ywU mg`kv m¤úbœ Zi½gy‡Li j¤ ̂ ~̀iZ¡‡K H Zi‡½i Zi½‰`N©̈  e‡j| 

iii. GKB Zi½gy‡Li Dci Aew¯’Z †h †Kv‡bv ỳwU we›`yi g‡a¨ `kv cv_©K¨ me©̀ vB k~b¨| 

‡KvbwU mwVK? 

K. i I ii L. ii I iii M. i I iii   N. i, ii I iii. 
 

 

  nvB‡Mbm& Gi bxwZi mvnv‡h¨ Av‡jvi cÖwZdjb I cÖwZmiY e¨vL¨v 

 Explanation of Reflection and Refraction of Light by Huygens’ Principles 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 nvB‡Mbm& Gi bxwZ e¨envi K‡i Av‡jvi cÖwZdj‡bi m~Î we‡klY Ki‡Z cvi‡eb| 

 nvB‡Mbm& Gi bxwZ e¨envi K‡i Av‡jvi cÖwZmi‡Yi m~Î we‡klY Ki‡Z cvi‡eb| 

 

7.3.1 nvB‡Mb&‡mi bxwZi mvnv‡h¨ cÖwZdj‡Yi m~‡Îi cÖgvY (Verification of Laws of Reflaction 
by Huygens’ Principles)t 
aiv hvK, X, Y `ywU mgvš—ivj Av‡jvK iwk¥| myZivs Gi Zi½gyL AB mgZj| GB Zi½gyL PQ  

mgZj cÖwZdjK c„‡ô AvcwZZ n‡jv| GLv‡b D‡jL¨ †h, AvcwZZ mgZj Zi½gyL Ges KvMRZj ci¯úi AB 
Z‡j †Q` K‡i‡Q (wPÎ 7.4)| PQ cÖwZdjKZj I 

KvMRZ‡ji mv‡_ j¤̂ fv‡e Aew¯’Z| nvB‡Mb&‡mi bxwZ 

Abymv‡i, AB Zi½gy‡Li cÖwZ we›`y ‡MŠY Drm wnmv‡e 

KvR Ki‡e| g‡b Kwi, 0t  mg‡q AB Zi½gy‡Li 

GK cÖvš— (XA iwk¥) PQ cÖwZdjKZj‡K A we›`y‡Z 

¯úk© K‡i Ges †mB gyn~‡Z© AB Zi½gy‡Li cÖwZ we›`y 

AYyZi‡½i m„wó nq| GB AYyZi½¸‡jv µ‡g µ‡g 

cÖwZdjK Z‡j wM‡q †cŠQv‡e| g‡b Kwi, t  mgq B 

cvV 7.3 : 
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we›`yi AYyZi½ C we›`y ¯úk© K‡i| Av‡jvi †eM c n‡j BCct  | H mg‡q A we›`yy †_‡K Drcbœ AYyZi½ ct `~iZ¡ 

AwZµg Ki‡e| GLb A we›`yy‡K †K›`ª K‡i BCct   e¨vmv‡a©i e„ËPvc A¼b Ki‡j H e„ËPv‡c Zi½gyL Ae¯’vb 

Ki‡e| GB mgq C we›`y‡Z cÖ_g †MŠY Zi½ m„wó n‡e| myZivs C we›`y ‡_‡K D e„ËPvc Gi Dci ¯úk©K A¼b 

Ki‡j CD  n‡e cÖwZdwjZ Zi‡½i cieZ©x Zi½gyL| 
 

cÖgvYt A we›`y †_‡K AN Awfj¤ ̂A¼b Kwi|  

Zvn‡j, AvcvZb †KvY iXAN  Ges cÖwZdjb †KvY rNAD  

ABC Ges ADC Gi g‡a¨  ADCABC GK mg‡KvY 

ct ADBC Ges AC mvaviY evû| myZivs wÎfyR `ywU me©mg|  

AZGe, DCABAC    … … … … … … …… … … … … … … … … … … … (7.10) 

Avevi,  BACNABNABXAN GK mg‡KvY 

ev, i BACXAN  

Ges,  DACDACDACNAD GK mg‡KvY 

ev, r DACNAD   

(7.10 bs) mgxKiY †_‡K cvB, i r   … … … … …… … … … … … … … … … … … (7.11) 

A_©vr AvcZb †KvY = cÖwZdwjZ †KvY| GUvB cÖwZmi‡Yi wØZxq m~Î| 

Avevi, AvcwZZ iwk¥ XA, cÖwZdwjZ iwk¥ AD Ges Awfj¤ ̂AN KvMR Z‡j A_©vr GKB mgZ‡j Aew¯’Z| GwUB 

cÖwZmi‡Yi cÖ_g m~Î| myZivs nvB‡Mb&m bxwZi mvnv‡h¨ cÖwZmi‡Yi m~Î cÖgvwYZ n‡jv| 

 

7.3.2 nvB‡Mb&‡mb bxwZi mvnv‡h¨ cÖwZmi‡Yi m~‡Îi cÖgvY (Verification of Laws of Refraction by Huygens’ 
Principles)t 
aiv hvK, PQ n‡jv a I b gva¨‡gi we‡f` Zj Ges a I b gva¨‡g Avjvi †eM h_vµ‡g ac I bc | XA I YB `ywU 

mgvš—ivj Av‡jvK iwk¥ PQ we‡f`Z‡j AvcwZZ n‡jv| iwk¥¸‡jvi Dci Aw¼Z j¤ ̂AB n‡jv mgvš—ivj Zi½gyL| 

nvB‡Mb&‡mi bxwZ Abymv‡i, AB Zi½gy‡Li cÖwZ we›`y ‡MŠY Drm wnmv‡e KvR Ki‡e| g‡b Kwi, 0t  mg‡q AB 

Zi½gy‡Li GK cÖvš— (XA iwk¥) PQ cÖwZmviKZj‡K A we›`y‡Z ¯úk© K‡i Ges †mB gyn~‡Z© AB Zi½gy‡Li cÖwZ 

we›`y AYyZi‡½i m„wó nq| GB AYyZi½¸‡jv µ‡g µ‡g cÖwZmviKZ‡j wM‡q †cŠQv‡e| g‡b Kwi, t  mgq B we›`yi 

AYyZi½ C we›`y ¯úk© K‡i| a gva¨‡g Av‡jvi †eM ac  n‡j BCtca  | b gva¨‡g Av‡jvi †eM bc  n‡j GB t 
mg‡q A we›`yy †_‡K nvB‡Mb&m bxwZ Abymv‡i Drcbœ AbyZi½ b gva¨‡g 

ADtcb   `~iZ¡ AwZµg Ki‡e| GLb A we›`yy‡K †K›`ª K‡i 

ADtcb   e¨vmv‡a©i e„ËPvc A¼Y Ki‡j H e„ËPv‡c Zi½gyL Ae¯’vb 

Ki‡e| GB mgq C we›`y‡Z cÖ_g AbyZi½ m„wó n‡e| myZivs C we› ỳ 

‡_‡K D  e„ËPv‡ci Dci ¯úk©K A¼Y Ki‡j CD  n‡e cÖwZmwiZ 

Zi‡½i bZzb Zi½gyL| 

 

cÖgvYt A  we›`y †_‡K NAN Awfj¤ ̂A¼Y Kwi| Zvn‡j, (7.5 bs) 

wPÎ Abymv‡i, AvcvZb †KvY, iXAN  

Ges cÖwZmiY †KvY, r BNA  

Avevi,  BACNABNABXAN  GK mg‡KvY   
ev, i BACXAN  

Ges,  CADACDACADN D GK mg‡KvY 

ev, rD  CAADN  

a gva¨g 

b gva¨g 
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D 
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C 

A 

N 

X 

N 

Y 

wPÎ 7.5 
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GLb, 




b

a

b

a

AC
AD
AC
BC

c
c

tc
tc

AD
BC

DCA
BAC

r
i

sin
sin

sin
sin

 aª“eK| 

GwUB cÖwZmi‡Yi wØZxq m~Î| 

Avgiv Rvwb, a gva¨‡gi mv‡c‡¶ b gva¨‡gi cÖwZmivsK 

r
i

ba sin
sin

 |  

AZGe, 

b

a
ba c

c
   … … … … … … …… … … … … … … … … … … … … … (7.12) 

Avevi, AvcwZZ iwk¥ XA, cÖwZmi‡Yi iwk¥ AD Ges Awfj¤ ̂NAN KvMR Z‡j A_©vr GKB mgZ‡j Aew¯’Z| 

GwUB cÖwZmi‡Yi cÖ_g m~Î| myZivs nvB‡Mb&m bxwZi mvnv‡h¨ cÖwZmi‡Yi m~Î cÖgvwYZ n‡j| 

 

 

mvi-ms‡¶c :  

nvB‡Mb bxwZ Abymv‡i: 

b

a
ba c

c
  

 

 

cv‡VvËi g~j¨vqb: 7.3 

eûwbe©vPbx cÖkœ: 

1| †KvbwU cÖwZmi‡Yi m~Î bq?  

 K. 

r
i

ba sin
sin

  L. 

b

a
ba c

c
  M. 

b

a
ba 

    N. 

b

a
ba f

f
  

2| Av‡jvi cÖwZmiY nevi KviY n‡jv 

i. wfbœ gva¨‡g Av‡jvi †e‡Mi wfbœZv| ii. wfbœ gva¨‡g Av‡jvi Zi½‰`‡N©̈ i wfbœZv| 

iii. wfbœ gva¨‡g Av‡jvi K¤úv‡¼i wfbœZv| 

‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii. 
 

  Av‡jvi e¨wZPvi : Bqs Gi wØ-wPo cix¶v 

 Interference: Young’s Double Slit Experiment 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡jvi e¨wZPvi e¨vL¨v Ki‡Z cvi‡eb| 

 Bqs Gi wØÑwPo cix¶v eY©bv Ki‡Z cvi‡eb| 

 

7.4.1 DcwicvZb bxwZ (Superposition Principle): 
Zi½ cÖev‡ni d‡j gva¨‡gi KYv¸‡jv Av‡›`vwjZ nq| gva¨‡gi †h‡Kv‡bv KYvi Dci GKwU Zi½ G‡m 

AvcwZZ n‡j KYvwUi ¯v̂fvvweK Ae¯’vb †_‡K miY N‡U| wfbœ wfbœ Zi‡½i Rb¨ miY wfbœ wfbœ| aiv hvK, gva¨‡gi 

†h‡Kv‡bv KYvi Dci GK †hv‡M GKvwaK Zi½ AvcwZZ n‡jv| GLb, cÖ‡Z¨KwU Zi½ c„_K c„_K fv‡e AvcwZZ 

n‡j gva¨‡gi KYvwUi ¯v̂fvvweK Ae¯’vb †_‡K c„_K c„_K miY nZ| †h‡nZz GK †hv‡M GKvwaK Zi½ AvcwZZ 

cvV 7.4 : 
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n‡q‡Q †m‡nZz KYvwUi GB miY¸‡jv me GKmv‡_ N‡U‡Q| myZivs KYvwUi GKwU jwä miY NU‡e (†h‡nZz miY 

GKwU †f±i ivwk)| A_©vr KYvwUi jwä miY n‡jv c„_K c„_K miY¸‡jvi †f±i †hvMd‡ji mgvb| G‡KB 

DcwicvZb bxwZ e‡j| 

 

DcwicvZb bxwZt Zi½ cÖev‡ni d‡j gva¨‡gi KYv¸‡jv Av‡›`vwjZ nq| †Kvb gva¨‡gi ga¨ w`‡q GKvwaK Zi½ 

mÂvwjZ n‡j †Kvb KYv ev we›`yi jwä-miY NU‡e| G jwä-miY Zi½¸‡jv KZ…©K c„_K c„_K mi‡Yi †f±i 

†hvMd‡ji mgvb| G‡K Zi‡½i DcwicvZb bxwZ e‡j| 

 

aiv hvK, ỳwU Zi½ gva¨‡gi †Kv‡bv GKwU KYv‡K GKB mv‡_ AwZµg Kij| GKwU Zi‡½ `iƒb KYvi miY 1y Ges 

Aci Zi‡½i `iƒb KYvi miY 2y | Zvn‡j, DcwicvZb bxwZ Abymv‡i KYvwUi jwä miY, 21 yyy   

 

7.4.2 mym½Z Drm (Coherent Sources):  
hw` `ywU Av‡jvK Drm †_‡K me mgq GKB `kvi ev GKB `kv cv_©‡K¨i Zi½ wbM©Z nq Z‡e Av‡jvK Drm `ywU‡K 

mymsMZ Drm e‡j| 

Avgiv c‡i †`Le †h, Av‡jvK Zi‡½ ’̄vqx e¨vwZPvi RwbZ Svji (Intreference Fringes) †c‡Z n‡j ỳwU mymsMZ 

Dr‡mi cÖ‡qvRb|| cÖK…Z c‡¶ Drm `ywU mymsMZ bv n‡j †Kv‡bv we›`y‡Z †Kv‡bv GK gyn~‡Z© D¾¡j Ges ci gyn~‡Z©B 

AÜKvi †`Lv‡e| GB cwieZ©b GZ `ª“Z N‡U †h ev¯—‡e we›`ywU me mgq D¾¡j g‡b nq| ZvB †Kv‡bv e¨vwZPvi 

cvIqv hvq bv| 

GKB ai‡Yi `ywU wfbœ Av‡jvi Drm KL‡bv mymsMZ nq bv| ïay ZvB 

bq, GKB Dr‡mi wfbœ `ywU As‡ki Av‡jvK iwk¥I mymsMZ nq bv| 

wewfbœ Av‡jvKxq cix¶vq wewfbœ weÁvbx wewfbœ fv‡e mymsMZ Drm m„wó 

K‡ib| 

1| Bqvs-Gi wØ-wPo cix¶vq GKwU Av‡jvK Drm S  †_‡K wbw`©ó 

`~i‡Z¡ ivLv `ywU wPo 1S I 2S  mymsMZ Drm wnmv‡e KvR K‡i| (wPÎ 

7.6 K) 

 

2| j‡qW-G GKK `c©Y cix¶vq GKwU mi“ wQ`ª 1S  Ges GKwU 

mgZj `c©Y †_‡K cÖwZdj‡bi d‡j m„ó 1S -Gi GKwU Aev¯—e 

cÖwZwe¤ ̂ 2S `c©‡Yi wecixZ c„‡ô MwVZ nq| GB 1S  Ges 2S  mymsMZ Drm wnmv‡e KvR K‡i| (wPÎ 7.6 L) 

3| †d«‡bj-Gi hyM¥ wcÖRg cix¶vq GKwU Av‡jvK Drm S  †_‡K wbM©Z Av‡jv hyM¥ wcÖR‡g AvcwZZ nevi ci 

cÖwZmwiZ n‡q `ywU Aev¯—e cÖwZwe¤ ̂ 1S I 2S MVb K‡i| GB Aev¯—e cÖwZwe¤ ̂ 1S I 2S  mymsMZ Drm wnmv‡e KvR 

K‡i| (wPÎ 7.6 M) 

 

7.4.3 e¨wZPvi (Interference): 
`ywU Av‡jvK Drm †_‡K GKB we¯—v‡ii Ges GKB Zi½ ˆ`‡N©̈ i Av‡jv wbM©Z n‡q †Kv‡bv we›`y‡Z AvcwZZ n‡j 

DcwicvZ‡bi d‡j ‡Kv_vI D¾¡j Ges †Kv_vI AÜKvi m„wó nq| Av‡jvi GB D¾¡jZvi n«vm-e„w×i NUbv‡K 

e¨wZPvi e‡j| mg`kv m¤úbœ Av‡jv iwk¥i DcwicvZ‡bi d‡j D¾¡j ev Pig Ges wecixZ `kv m¤úbœ Av‡jv iwk¥i 

DcwicvZ‡bi d‡j AÜKvi ev Aeg-Gi m„wó nq| GwU GKwU Ae¯’vwbK NUbv| 

 

e¨wZPv‡ii kZ©t- 

1| Drm `ywU mym½Z n‡Z n‡e| 

2| GKB Zi½‰`‡N©̈ i Av‡jvK Drm n‡Z n‡e| 

3| Zi½ ỳwUi we¯—vi mgvb n‡Z n‡e| 

4| Zi½ Drm `ywU Lye KvQvKvwQ n‡Z n‡e| 

 

wPÎ 7.6 

Bqvs-Gi mymsMZ Drm 

S1 

S2 S 

S1 

S2 
j‡qW-Gi mymsMZ Drm 

S1 

S2 

S 

†d«‡bj-Gi mymsMZ Drm 

(L) 

(K) 

(M) 
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7.4.4 Bqvs-Gi wØ-wPo cix¶v (Young’s Double Slit Experiment): 
L GKwU GKeY©x Av‡jvK Drm| Gi m¤§y‡L GKwU mi“ wPo S-Gi ga¨w`‡q Zi½gyL AwZµg K‡i  S1 I S2 `ywU 

mi“ I Lye KvQvKvwQ wP‡oi ga¨ w`‡q AwZµg K‡i| S1 I S2
 

wPo `ywU cÖK…Z c‡¶ mym½Z, mgZi½ ˆ`N©̈  m¤úbœ I 

GKeY©x Av‡jvK Drm wnmv‡e KvR 

K‡i| nvB‡Mb&‡mi bxwZ Abymv‡i S1 I 

S2
  

wPo `ywU †MŠY Drm wnmv‡e KvR 

Ki‡e Ges †MŠY Drm `ywU n‡Z m„ó 

AbyZi½¸‡jv Pvwiw`‡K Qwo‡q c‡o 

Drm Ges c`©vi ga¨eZ©x AÂ‡j 

AMÖmi n‡e| wPÎ bs (7.7)-G  

Awew”Qbœ eµ †iLv w`‡q mg`kv 

m¤úbœ Zi½ kxl© Ges wew”Qbœ eµ 

†iLv w`‡q mg`kv m¤úbœ Zi½ cv` 

†`Lv‡bv n‡q‡Q| GB AbyZi½¸‡jvi 

DcwicvZb NU‡e| †h me we›`y‡Z 

mg`kvq AbyZi½¸‡jvi DcwicvZb 

N‡U †m me ¯’v‡b D¾¡j †Wviv ev Pig 

Ges †h me we›`y‡Z wecixZ `kvq 

AbyZi½¸‡jvi DcwicvZb N‡U †m 

me ¯’v‡b AÜKvi †Wviv ev Aeg-Gi m„wó nq| wPÎ bs (7.7)-†Z O  n‡jv wPoØ‡qi ga¨ we›`y| O  n‡Z c`©v ch©š— 

110 ,, aOOaOa 
 †iLv¸‡jv AbyZi‡½i †mB me we›`y w`‡q †M‡Q †h me we›`y‡Z Zi½ kxl© ev Zi½ cv` ci¯úi‡K 

†Q` K‡i‡Q| A_©vr †Q` we›`y¸‡jv mg`kv m¤úbœ| myZivs c`©vi 110 ,, aaa 
 we›`y¸‡jv Pig we›`y Ges GB we›`y¸‡jv 

D¾¡j †`Lv‡e| ỳwU cvkvcvwk mg`kv m¤úbœ we›`yi ga¨eZ©x ~̀iZ¡‡K Zi½‰`N©̈    e‡j| ZvB mg`kv m¤úbœ 

we›`y¸‡jvi g‡a¨ ga¨eZ©x `~iZ¡‡K Aek¨B   Gi c~Y©̧ wYZK n‡e| myZivs O  †_‡K c`©vi †h †h we›`y n  n‡e †mB 

†mB we›`y D¾¡j †`Lv‡e| GLv‡b ......4,3,2,1,0n | 

Aci w`‡K O  n‡Z c ©̀v ch©š— 2121 ,,, bObOObOb 
 †iLv¸‡jv AbyZi‡½i †mB me we›`y w`‡q †M‡Q †h me 

we›`y‡Z GKwU Zi½ kxl© I GKwU Zi½ cv` ci¯úi‡K †Q` K‡i‡Q| A_©vr †Q`we›`y¸‡jv wecixZ`kv m¤úbœ| myZivs 

c`©vi 110 ,, aaa 
 we› ỳ¸‡jv Aeg we›`y Ges GB we›`y¸‡jv AÜKvi †`Lv‡e| GKwU Zi½ kxl© I Zi½ cv` Gi 

ga¨eZ©x `~iZ¡ n‡jv 

2


| ZvB wecixZ`kv m¤úbœ we›`y¸‡jvi g‡a¨ ga¨eZ©x `~iZ¡‡K Aek¨B 

2


 Gi c~Y©̧ wYZK n‡e| 

myZivs O  †_‡K c ©̀vi †h †h we›`y  
2

12 
n  n‡e †mB †mB we›`y AÜKvi †`Lv‡e| GLv‡b ......4,3,2,1,0n | 

7.4.5 e¨wZPv‡ii MvwYwZK e¨vL¨v (Mathematical Analysis of Interference): 
g‡b Kwi, Lye KvQvKvwQ d  `~i‡Z¡ Aew¯’Z S1I S2

 

wPo `ywU cÖK…Z c‡¶ 

mymsnZ, mgZi½ ˆ`N©̈  m¤úbœ I GKeY©x Av‡jvK Drm wnmv‡e KvR 

Ki‡Q (wPÎ 7.8)| G‡`i ga¨we›`y O Ges OO1 n‡jv ga¨ †iLv| Drm 

`ywU n‡Z ỳwU Av‡jvK iwk¥  D ~̀i‡Z¡ Aew¯’Z c`©vq P we› ỳ‡Z AvcwZZ 

n‡j| awi,,S1I S2
 

wPo `ywU n‡Z P we›`yi `yiZ¡ h_vµ‡g  1r I  2r | O 

n‡Z P we› ỳi `yiZ¡  r  A_©vr  rrr



2

21
 (Mo `~iZ¡)|  

awi, S1I S2
 

wPo `ywU n‡Z Drcbœ `ywU Av‡jvK Zi½ hvi cÖwZwUi we¯—vi 

a  Ges Zi½‰`N©̈   | Zi½ ỳwU P we› ỳ‡Z DcwicvwZZ n‡jv| S1I S2 

Drm †_‡K m„ó Zi‡½i Rb¨ t  mg‡q P we› ỳi miY,  

Aeg (wecixZ `kv m¤úbœ) 

S1 

S2 

L 

Zi½ kxl© 

Zi½ cv` 

Pig (mg`kv m¤úbœ) 

Aeg (wecixZ `kv m¤úbœ) 

Pig (mg`kv m¤úbœ) 

Aeg (wecixZ `kv m¤úbœ) 

Pig (mg`kv m¤úbœ) 

Aeg (wecixZ `kv m¤úbœ) 

c ©̀v 

mgvš—ivj 

Av‡jvK iwk¥ 

S 
 

a1 

b2 

a0 O 

a1 

b1 

b2 

b1 

wPÎ 7.7 

 d 

wPÎ 7.8 

 r1 

 S1 

 S2 

 r  r2 

 P 

 O1  O 
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 11
2sin rctay 



  … … … … … …… … … … … … … … … … …  … … … (7.13) 

Ges  22
2sin rctay 



  … … … … … …… … … … … … … … … … ….. … (7.14) 

Zi½ ỳwUi `kv cv_©K¨,    21
22 rctrct 




  

ev,  12
2 rr 

  

ev, r

 2

 … … … … … …… … … … … … … … … … …   … …  … … … (7.15) 

DcwicvZb bxwZ Abymv‡i,  

   2121
2sin2sin rctarctayyy 






 

ev,

   
2

2cos
2

2sin2 2121 rctrctrctrctay 








  

ev, 





 







 


2

2cos
2

2sin2 1221 rrrrctay






  

awi, rrr



2

21
 (Mo `~iZ¡)  Ges rrr  12  (c_ cv_©K¨) 

AZGe,  
2

2cos2sin2 rrctay 








 

ev,  rctAy 

2sin   … … … … … …… … … … … … … … … … …  … … (7.16) 

GLv‡b, 

2
2cos2 raA 





   …  … … … …… … … … … … … … … … …  … … (7.17) 

GLv‡b, 

2
2cos2 raA 





 n‡jv jwä Zi‡½i we¯—vi| 

we¯—v‡ii eM© Ki‡j, 


 raA 

 222 cos4  

‡h‡nZz cÖvej¨ we¯—v‡ii e‡M©i mgvbyvwZK A_©vr 

2AI   

AZGe, 


 rakI 

 22 cos4  

awi, 

2
0 4akI   

AZGe,


 rII 

 2
0 cos  … … … … … … … … … … … … … … … …  …  … … (7.18) 

Avevi, 7.13 bs mgxKiY‡K †jLv hvq, 




2

r  

AZGe, 







2

cos2
0II  

ev, 

2
cos2

0


 II  …  … … … …… … … … … … … … … … …  … …  … … (7.19) 
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GLb, I †K Y-A‡¶ Ges  †K X-A‡¶ wb‡q †jL wPÎ A¼b Kiv n‡j (7.9 bs) wPÎvbyiƒc GKwU eµ †iLv 

cvIqv hv‡e| eµ †iLvwU `kv cv_©‡K¨i mv‡_ ZxeªZvi cwieZ©b wb‡`©k K‡i| 

AvcvZ `„wó‡Z g‡b n‡Z cv‡i, Av‡jvi e¨wZPv‡i 

kw³i wbZ¨Zv m~Î †g‡b P‡j bv| wKš‘ cÖK…Z c‡¶ 

GLv‡b kw³i webvk nq bv eis kw³i cybe©›Ub nq| 

a  we¯—v‡ii ỳwU Av‡jvK Zi½ e¨wZPvi bv NUv‡j 

c ©̀vq cÖvej¨ me©Î 

222 2kakaka  n‡Zv| wKš‘ 

MVbg~jK e¨wZPv‡i Zi‡½i we¯—vi a2  ZvB 

ZxeªZv 

24ka Ges aŸsmvZ¥K e¨wZPv‡i Zi‡½i we¯—vi 0  ZvB cÖvej¨ 0 | AZGe Mo cÖvej¨ 

2
2

2
2

04 kakaIav 


 | myZivs, e¨wZPv‡ii d‡j kw³ aŸsm nqwb, c~be©w›UZ n‡q‡Q gvÎ| 

D`vniY 7.3 : GKwU Zi‡½i ỳwU we›`yi g‡a¨ c_ cv_©K¨ 

4


| we›`yØ‡qi g‡a¨ `kv cv_©K¨ KZ ? 

mgvavb: †`Iqv Av‡Q, 

4


 r  Ges ?   

Avgiv Rvwb, r

 2

 

gvb emv‡j, 

24
2 

    

D: 

2


 

D`vniY 7.4 : Bqvs-Gi wØ-wPo e¨eüZ Av‡jvK Zi‡½i we¯—vi Å800 | hLb Av‡jviwk¥Ø‡qi c`©vi †Kv‡bv 

we›`y‡Z DcwicvZb N‡U ZLb G‡`i c_ cv_©K¨ 
3
2

| H we›`y‡Z jwä Zi‡½i we¯—vi wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, m108Å800 8-a  , , 
3
2

r  Ges ?A  

Avgiv Rvwb, jwä Zi‡½i we¯—vi, 

2
2cos2 raA 





 

gvb emv‡j, 

2
3
2

2cos1082 8







 -A  

ev, m1015.980.9991016
3

2cos1016 888 ---A 





 

D: m1015.98 8-  

 

 

mvi-ms‡¶c :  

DcwicvZb bxwZ: Zi½ cÖev‡ni d‡j gva¨‡gi KYv¸‡jv Av‡›`vwjZ nq| †Kvb gva¨‡gi ga¨ w`‡q GKvwaK Zi½ 

mÂvwjZ n‡j †Kv‡bv KYv ev we› ỳi jwä-miY NU‡e| G jwä-miY Zi½¸‡jv KZ…©K c„_K c„_K mi‡Yi †f±i 

†hvMd‡ji mgvb| G‡K Zi‡½i DcwicvZb bxwZ e‡j| 

mym½Z Drm: hw` `ywU Av‡jvK Drm †_‡K me mgq GKB `kvi ev GKB `kv cv_©‡K¨i Zi½ wbM©Z nq Z‡e 

Av‡jvK Drm `ywU‡K mymsMZ Drm e‡j| 

e¨wZPvi: `ywU Av‡jvK Drm †_‡K GKB we¯—v‡ii Ges GKB Zi½ ˆ`‡N©̈ i Av‡jv wbM©Z n‡q †Kvb we›`y‡Z 

0 2 3 4 52345
wPÎ7.9

 

 

I 
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AvcwZZ n‡j DcwicvZ‡bi d‡j ‡Kv_vI D¾¡j Ges †Kv_vI AÜKvi m„wó nq| Av‡jvi GB D¾¡jZvi n«vm-e„w×i 

NUbv‡K e¨wZPvi e‡j| mg`kv m¤úbœ Av‡jv iwk¥i DcwicvZ‡bi d‡j D¾¡j ev Pig Ges wecixZ `kv m¤úbœ 

Av‡jv iwk¥i DcwicvZ‡bi d‡j AÜKvi ev Aeg-Gi m„wó nq| GwU GKwU Ae¯’vwbK NUbv| 

 

 

cv‡VvËi g~j¨vqb: 7.4 

eûwbe©vPbx cÖkœ: 

1| GKB Zi½‰`‡N©̈ i ỳwU Av‡jvK Dr‡m `kv cv_©K¨ me©̀ v mgvb _vK‡j Zv‡K e‡j 

 K. ‡MŠY Drm  L. mymsMZ Drm M. AmgewZ©Z Drm N. mgewZ©Z Drm 

2| DcwicvZ‡bi d‡j e¨vwZPvi NUv‡bvi kZ©vbymv‡i 

i. Av‡jvK Drm `ywU GKB Zi½‰`‡N©̈ i mymsMZ n‡Z n‡e| 

ii. Zi½ `ywUi we¯—vi mgvb n‡Z n‡e| 

iii.  Zi½ Drm `ywU Lye KvQvKvwQ n‡Z n‡e| 

‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii 
 

 

  e¨wZPvi †Wvivi cȪ ’ 

 Interferance Fringe Width  

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡jvi e¨wZPv‡ii kZ©mg~n we‡klY Ki‡Z cvi‡eb| 

 Av‡jvi e¨wZPvi ‡Wvivi cȪ ’ wbY©q Ki‡Z cvi‡eb| 

 

7.5.1 Av‡jvi e¨wZPv‡ii kZ© (Condition of Intreference) 
(7.16 bs) mgxKiYwU wb‡`©k K‡i †h, jwä Zi½wUI   Zi½‰`N©̈  wewkó Zi½ hvi †eM c | wKš‘ 

(7.17 bs) mgxKiYwU jwä Zi‡½i we¯—vi wb‡`©k K‡i hv g~j `ywU Zi‡½i we¯—v‡ii mgvb bq Ges 

r  c_ cv_©‡K¨i Dci wbf©i K‡i| GB r  c_ cv_©‡K¨i Dci wbf©i K‡i Avgiv MVbg~jK e¨wZPvi 

(Pig) Ges aŸsmvZ¥K e¨wZPvi (Aeg) e¨vL¨v Kiv hvq| 

 

7.5.2 MVbg~jK e¨wZPv‡ii (Pig ev D¾¡j †Wvivi) kZ© (Condition of Constructive Intreference): 
†h me we›`y‡Z me©vwaK cÖvej¨ n‡e †mLv‡bB MVbg~jK e¨wZPvi n‡e A_©vr Pig ev D¾¡j †Wvivi cvIqv hv‡e| 

myZivs, MVbg~jK e¨wZPv‡ii †¶‡Î,

2
max 4aI    hLb 1cos2 



 r

 n‡e| 

ev, ...............,3,2,,0 




r

 n‡e  

A_©vr 

 nr




 n‡e|  GLv‡b 0,1, 2,3, 4,........n   

ev, 


  nr  

ev, nr    …  … … … …… … … … … … … … … … …  … … … …  … … (7.20) 

myZivs, †hme we›`y‡Z MVbg~jK e¨wZPvi MwVZ n‡e †mB me we› ỳ‡Z Zi½Ø‡qi c_ cv_©K¨ n , 

we¯—vi, aIA 2max    

cvV 7.5 : 
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Ges `kv cv_©K¨‡Ki Rb¨ (7.15 bs) mgxKi‡Y (7.20 bs) mgxKi‡Yi gvb emv‡j, 

`kv cv_©K¨, 

 nn 22

  

 

7.5.3 aŸsmvZ¥K e¨wZPv‡ii (Aeg ev AÜKvi †Wvivi) kZ© (Condition of Destructive Intreference): 
†h me we›`y‡Z me©wbæ cÖvej¨ n‡e †mLv‡bB aŸsmvZ¥K e¨wZPvi n‡e A_©vr Aeg ev AÜKvi †Wvivi cvIqv hv‡e| 

myZivs aŸsmvZ¥K e¨wZPv‡ii †¶‡Î, 0min I   hLb 0cos2 


 r

 n‡e| 

ev, ...............,
2

5,
2

3,
2






r

 n‡e  

A_©vr  
2

12 




 nr

|  GLv‡b 0,1, 2,3, 4,........n   

ev,  




2

12nr  

ev,  
2

12 
 nr   …  … … … …… … … … … … … … … …  … … …  … … (7.21) 

myZivs, †hme we›`y‡Z aŸrmvZ¥K e¨wZPvi MwVZ n‡e †mB me we› ỳ‡Z Zi½Ø‡qi c_ cv_©K¨  
2

12 
n , 

we¯—vi, 0min  IA   

Ges `kv cv_©‡K¨i Rb¨ (7.15 bs) mgxKi‡Y (7.21 bs) mgxKi‡Yi gvb emv‡j, 

`kv cv_©K¨,    

 12

2
122

 nn  

7.5.4 e¨wZPvi Svj‡ii cª̄ ’ (Width of Interference Fringes): 
Bqvs‡qi wØ-wPo cix¶vq D¾¡j †Wviv cvevi kZ© n‡jv, nr   

Ges AÜKvi †Wviv cvevi kZ© n‡jv, 
2

12 


nr    

(7.10) wP‡Î, S1I S2
 

wPo `ywU cÖK…Z c‡¶ mymsnZ, mgZi½ ˆ`N©̈  

m¤úbœ I GKeY©x Av‡jvK Drm wnmv‡e KvR K‡i| nvB‡Mb&‡mi bxwZ 

Abymv‡i S1 I S2
  

wPo `ywU †MŠY Drm wnmv‡e KvR Ki‡e Ges †MŠY Drm 

`ywU n‡Z m„ó AYyZi½¸‡jv Pvwiw`‡K Qwo‡q c‡i Drm Ges c`©vi 

ga¨eZ©x AÂ‡j AMÖmi n‡e|  

(7.10) bs wP‡Î, S n‡jv c`©v, d  S1I S2
  

wPo `ywUi ga¨eZ©x `~iZ¡|  

GB `~iZ¡wU Zi½‰`N©̈    mv‡_ Zzjbxq| O  n‡jv S1I S2
 

wPo ỳwUi ga¨we›`y| DOO 1  n‡jv c ©̀vi ~̀iZ¡| 

j¶¨bxq GB †h, GB `~iZ¡ d  Zzjbvq AZ¨š— eo, A_©vr dD  | 

‡h‡nZz, 1211 OSOS   †m‡nZz Drm `ywU n‡Z Drcbœ mg`kv m¤úbœ Zi½ `ywU hvÎv K‡i 1O  we›`y‡Z mg`kvq wgwjZ 

n‡e| myZivs 1O  we›`y‡Z jwä we¯—vi ev Zi‡½i cÖej¨ me©vwaK| G‡K †K›`ªxq Pig we›`y (Central Maximum 
Point) e‡j| 

Gevi, c`©vi Dci 1O  we›`y †_‡K x  `~‡i P  we›`y we‡ePbv Kiv hvK| Zvn‡j POx 1 | S1I S2
  

Drm †_‡K `ywU 

Av‡jvK Zi½ P  we›`y‡Z AvcwZZ n‡jv| ‡h‡nZz, 11 rPS   Ges 22 rPS   `~iZ¡Øq mgvb bq †m‡nZz P  we›`y‡Z 

†cŠQv‡Z G‡`i g‡a¨ c_ cv_©K¨ NU‡e| myZivs, P  we›`ywU D¾¡j n‡e bv AÜKvi n‡e Zv wbf©i Ki‡e Zi½ `ywUi 

c_ cv_©‡K¨i Dci| 

 d 

wPÎ 7.10 

 r1 

 S1 

 S2 
 D 

 r  r2 

 x 

 P 

 O1  O 

 Q1 

 Q2 

 S 

 
2
d  

 
2
d  
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(7.10 bs) wPÎvbymv‡i,  

2
22

2
2

2 2






 

dxDrPS  

Ges 

2
22

1
2

1 2






 

dxDrPS  

AZGe, 

2
2

2
22

1
2

2 22






 






 

dxDdxDrr  

ev, xddxdxdxrr 2
2

4
22

22
2

1
2

2 





 






   

ev, 

12
12

2
rr

xdrr


  

myZivs, c_ cv_©K¨, 

12

2
rr

xdr


  

†h‡nZy, dD   †m‡nZz, Drr 212   †jLv hvq| 

AZGe, c_ cv_©K¨, 

D
xd

D
xdr 

2
2

 

myZivs, P we›`y‡Z †cŠQv‡Z Zi½ ỳwUi g‡a¨ c_ cv_©K¨, 

D
xdrrr  12  … … … … … … … … … … …  …  … … … … … … …  … (7.22) 

hw` P we›`y‡Z n Zg †Wvivi m„wó nq Z‡e,  nxx n Zg †Wvivi `~iZ¡|  

myZivs,  

D
dxr n  

ev, r
d
Dxn   … … … … … … … … … … …  …  … … … … … … …  …  … (7.23) 

GLb hw`, P we›`y‡Z n Zg D¾¡j †Wvivi m„wó nq Z‡e, (7.20 bs) mgxKiY Abymv‡i, nr   emv‡j, 

n
d
Dxn   

ev, 

d
Dnxn


  … … … … … … … … … … …  …  … … … … … … …  …  … (7.24) 

GKB fv‡e 1nx 1n Zg D¾¡j †Wvivi `~iZ¡, 

 
d

nDxn
1

1


   … … … … … … … … … …   … … … … … … … … … … (7.25) 

Zvn‡j cici ỳwU D¾¡j †Wvivi ga¨eZx© `~iZ¡, 

 
d

Dn
d

nDxxx nn





 
1

1  

d
Dx 

 … … … … … … … … … … … … … … … … … … … … … … … (7.26) 

GLv‡b j¶¨Yxq †h cici `ywU D¾¡j †Wvivi ga¨eZx© `~iZ¡ KZZg †Wviv Zvi Dci wbf©i K‡i bv| 
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GLb hw`, P we›`y‡Z n Zg AÜKvi †Wvivi m„wó nq Z‡e, (7.21 bs) mgxKiY Abymv‡i,  
2

12 
 nr  emv‡j, 

 
2

12 
 n

d
Dxn  

ev, 

 
d

nDxn 2
12 

  … … … … … … … … …  …  … … … … … … …  …  … (7.27) 

GKB fv‡e 1nx 1n  Zg AÜKvi †Wvivi ~̀i‡Z¡i Rb¨ n Gi ¯’‡j 1n  emv‡j, 

  
d

nDxn 2
112

1


   

ev, 

 
d

nDxn 2
32

1


  …  … … … … … … … … …  … … … … … … … … … (7.28) 

Zvn‡j cici ỳwU AÜKvi †Wvivi ga¨eZx© `~iZ¡ ev †Wviv e¨eavb, 

   
d

nD
d

nDxxx nn 2
32

2
12

1
 




   

d
Dx 

 … … … … … … … … … … … … … … … … … … … … … … … (7.29) 

GLv‡b j¶¨Yxq †h cici `ywU AÜKvi †Wvivi ga¨eZx© `~iZ¡ KZZg †Wviv Zvi Dci wbf©i K‡i bv| 

(7.26) Ges (7.29) bs mgxKiY †_‡K ejv hvq †h, cici ỳwU D¾¡j †Wviv ev cici `ywU AÜKvi †Wvivi e¨eavb 

mgvb| myZivs cÖwZwU D¾¡j †Wvivi cȪ ’ Ges cÖwZwU AÜKvi †Wvivi cȪ ’ mgvb| 

Zvn‡j, †Wvivi cȪ ’‡K x  w`‡q cÖKvk Ki‡j, cÖwZwU D¾¡j †Wvivi ev AÜKvi †Wvivi cȪ ’, 

d
Dxx
22
 


    … … … … … … … … … … … … … … … … … … … … … (7.30) 

7.29 bs mgxKiY †_‡K ejv hvq †h, 

(K) x Gi ivwkgvjvq n  bvB| myZivs †Wviv ev Svj‡ii cȪ ’ †Wviv msL¨vi Dci wbf©i K‡i bv| D¾¡j ev AÜKvi 

me †Wviv cȪ ’ GKB| 

(L) †Wviv ev Svj‡ii cȪ ’  x  Zi½‰`N©̈     Gi mgvbycvwZK| ZvB Av‡jvi Zi½‰`N©̈  eo n‡j †Wviv cȪ ’ PIov 

n‡e Ges Av‡jvi Zi½‰`N©̈  †QvU n‡j †Wviv cȪ ’ wPKb n‡e| 

(M) †Wviv ev Svj‡ii cȪ ’  x  c ©̀vi ~̀iZ¡  D  Gi mgvbycvwZK| ZvB c`©v ~̀‡i _vK‡j †Wviv cȪ ’ PIov n‡e Ges 

c`©v Kv‡Q _vK‡j †Wviv cȪ ’ wPKb n‡e| 

(N) †Wviv ev Svj‡ii cȪ ’  x  wP‡oi ga¨eZ©x `~iZ¡  d -Gi e¨¯—vbycvwZK| ZvB wP‡oi ga¨eZ©x `~iZ¡ hZ †QvU 

n‡e †Wviv ev Svj‡ii cȪ ’ PIov n‡e Ges hZ eo n‡e †Wviv cȪ ’ wPKb n‡e| 

(O) k~b¨ ev evqy gva¨g Qvov Ab¨ †h‡Kv‡bv gva¨‡g GB cix¶v Ki‡j †h‡nZz †mB gva¨‡gi Zi½‰`N©̈  


 

 

A_©vr Zi½‰`N©̈  n«vm cvq †m‡nZz †mB gva¨‡g †Wvivi cȪ ’ k~b¨ ev evqy gva¨g A‡c¶v Kg n‡e| 

D`vniY 7.5 : mm4.0 cvi¯úwiK `~i‡Z¡ Aew¯’Z ỳwU mgvš—ivj wPo‡K GKeY©x Av‡jvK iwk¥ w`‡q Av‡jvwKZ 

Kiv n‡j| wPo †_‡K cm40 `~‡i mm5.0  cÖ‡¯’i Svji MwVZ nq| Avjvi Zi½‰`N©̈  wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, m104mm4.0d 4 , m4.0cm40D  , m105mm5.0 4x  Ges 

?  

Avgiv Rvwb, Svj‡ii cȪ ’ 

d
Dx 
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ev, 

D
xd

  

gvb emv‡j, 

0
7

44

5000105
4.0

105104



 



   

D: 

0
5000  

D`vniY 7.6 : GKwU wØ-wP‡oi wPoØ‡qi ga¨eZ©x `~iZ¡ mm5.0 | GB wPoØq‡K 

0
4800Zi½‰`‡N©̈ i Av‡jv‡Z 

Av‡jvwKZ Kiv n‡jv| wPo †_‡K KZ ~̀‡i c ©̀v ivL‡j Svj‡ii †ea mm1  n‡e? 

mgvavb: †`qv Av‡Q, m105m5.0d 4 , m1048004800 10
0

 , m4.0cm40D  , 

m102mm2.0 4x  Ges ?D  

Avgiv Rvwb, Svj‡ii ‡ea

d
Dx
2
   

ev, 


xdD 2

  

gvb emv‡j, 41.7cmm0.417
104800

1021052
10

44





 



D   

D: 41.7cm  

 

D`vniY 7.7 : mm2.0  e¨eavb wewkó `ywU wPo n‡Z cm50  ~̀i‡Z¡ Aew¯’Z c ©̀vi Dci e¨wZPvi m„wó Kiv nj| 

cici `ywU D¾¡j cwÆi ga¨eZ©x `~iZ¡ mm42.1  n‡j Av‡jvi Zi½‰`N©̈  wbY©q Ki“b| 

mgvavb : †`qv Av‡Q, m102mm2.0 -4d , m5.0cm50 D , m1042.1mm42.1 3x  Ges 

?  

Avgiv Rvwb, †Wvivi cª̄ ’, 

d
Dx 

  

ev 

D
xd

  

gvb emv‡j, 

0
7-

3-4

5680m105.68
5.0

1042.1102







    

D: 

0
5680  

 

mvi-ms‡¶c :  

MVbg~jK e¨vwZPvi (Pig ev D¾¡j †Wvivi): †h me we›`y‡Z me©vwaK cÖvej¨ n‡e †mLv‡bB MVbg~jK e¨vwZPvi n‡e 

A_©vr Pig ev D¾¡j †Wviv cvIqv hv‡e| 
aŸsmvZ¥K e¨vwZPvi (Aeg ev AÜKvi †Wvivi ): †h me we›`y‡Z me©wbæ cÖvej¨ n‡e †mLv‡bB aŸsmvZ¥K e¨vwZPvi 

n‡e A_©vr Aeg ev AÜKvi †Wviv cvIqv hv‡e| 

cici `ywU D¾¡j ev AÜKvi †Wvivi ga¨eZ©x `~iZ¡, 

d
Dx 

  

cÖwZwU D¾¡j †Wviv ev  cÖwZwU AÜKvi †Wvivi cȪ ’, 

d
Dxx
22
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cv‡VvËi g~j¨vqb: 7.5 

eûwbe©vPbx cÖkœ: 

1| aŸsmvZ¥K e¨wZPv‡i AÜKvi †Wviv m„wói KviY H ¯’v‡b 

 i. Zi½ ỳwU wecixZ `kvq wgwjZ nq| 

 ii. Zi½ `ywUi g‡a¨ c_ cv_©K¨ 

2


Gi AhyM¥ ¸wYZK nq|  

 iii. Zi½ ỳwUi g‡a¨ `kv cv_©K¨  Gi AhyM¥ ¸wYZK nq| 

‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii 
‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii 
2| 0.4 mm e¨eavb wewkó `ywU wPo n‡Z 1m `~‡i Aew¯’Z c`©vi Dci e¨wZPvi m¾v m„wó n‡jv| e¨eüZ Av‡jvi 

Zi½‰`N©̈  

0
5000 A  n‡j ci ci ỳwU D¾¡j I AÜKvi cwÆi †K‡› ª̀i ga¨eZ©x `~iZ¡ KZ? 

 K. 125 mm L. 1.25 mm M. 1.25 mm N. 1.50 mm 
 

 

 

  Av‡jvi AceZ©b I mgeZ©b  

 Diffraction and polarisation of light 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡jvi AceZ©b e¨vL¨v Ki‡Z cvi‡eb| 

 Av‡jvi mgeZ©b e¨vL¨v Ki‡Z cvi‡eb| 

 

7.6.1 Av‡jvi AceZ©b (Diffraction of light): 
Avgiv Rvwb kã Zi½ †Kv‡bv cÖwZeÜ‡Ki avi †Nu‡l †eu‡K †h‡Z cv‡i| †Kv‡bv wQ‡`ªi ga¨ w`‡q hvevi 

mgq Pvwiw`‡K Qwo‡q c‡i| Av‡jvK Zi‡½i 

†¶‡ÎI GKB NUbv N‡U| m~h©iwk¥ Amxg †_‡K 

Av‡m e‡j Av‡jvK iwk¥¸‡jv mgvš—ivj _v‡K| 

m~h©iwk¥‡Z †Kv‡bv Zx¶è avi wewkó wU‡bi cvZ †i‡L 

Zvi Qvqv †Kv‡bv †`qv‡j †djv n‡jv| R¨vwgwZK 

Av‡jvKweÁvb Abymv‡i Av‡jv mij‡iLvq P‡j| 

myZivs Zx¶è avi wewkó wU‡bi cv‡Zi GKwU my¯úó 

(sharp) Qvqv cvIqv DwPr| wKš‘ QvqvwU‡K Lye my² 

fv‡e j¶¨ Ki‡j †`Lv hv‡e †h QvqvwUi avi¸‡jv 

my¯úó bq| GB NUbv †_‡K Avgiv GB wm×v‡š— 

†cŠQv‡Z cvwi †h, Zx¶è avi wewkó wU‡bi cv‡Zi 

avi †Nu‡l hvevi mgq Av‡jvK iwk¥ †eu‡K hvq| 

cix¶vq †`Lv †M‡Q †Kv‡bv cÖwZeÜ‡Ki avi †Nu‡l 

A_ev †Kv‡bv m~² wQ`ª ev wP‡oi ga¨ w`‡q hvevi 

mgq †h‡Kv‡bv Zi‡½i MwZgyL cwiewZ©Z nq| 

G‡K Zi‡½i AceZ©b e‡j| Av‡jv Zi½ag©x 

(K) Zi½‰`N©̈ i Zzjbvq eo wPo 

(a1) Gi ga¨ w`‡q AceZ©b 
(L) Zzjbvg~jK †QvU wPo (a2) Gi 

g‡a¨ GKB Zi½‰`N©̈ i AceZ©b 

a1 

{  

a2 

{  

a3 

{  

(M)  Zzjbvg~jK eo Zi½‰`‡N©̈ i 

Rb¨ Ges Zi½‰`‡N©̈ i mv‡_ Zzjbxq 

wPo (a3) Gi ga¨ w`‡q AceZ©b 

wPÎ 7.10 

cvV 7.6 : 
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nIqvq Av‡jviI AceZ©b N‡U| 

 

AceZ©bt Av‡jvK iwk¥i m¤§y‡L †Kv‡bv Zx¶è avi wewkó A¯^”Q e¯‘ _vK‡j ev †Kv‡bv my² wPi ev wQ`ª _vK‡j evav ev 

wQ‡`ªi avi †Nu‡l euvK Ny‡i R¨wvgwZK Qvqvi g‡a¨ Av‡jvi AbycÖ‡ek N‡U| euvK Ny‡i R¨wvgwZK Qvqv AÂ‡j Av‡jvi 

AbycÖ‡e‡ki NUbv‡K Av‡jvi AceZ©b e‡j|  

 

AceZ©‡bi kZ©t  

1| Zx¶è av‡ii †¶‡Î avi Lye Zx¶è n‡Z n‡e †hb Gi †ea ev cȪ ’ Av‡jvi Zi½ ˆ`‡N©̈ i mv‡_ Zzjbxq nq| 

2| m~² wP‡oi †¶Î wP‡oi †ea Lye my² n‡Z n‡e †hb Gi †ea ev cȪ ’ Av‡jvi Zi½ ˆ`‡N©̈ i mv‡_ Zzjbxq nq Ges 

wQ‡`ªi †¶‡Î wQ`ª Lye ¶y`ª n‡Z n‡e †hb Gi †ea Av‡jvi Zi½ ˆ`‡N©̈ i mv‡_ Zzjbxq nq| 

 

7.6.2 e¨wZPvi I AceZ©‡bi g‡a¨ Zzjbv (Comparison between Interference and Diffraction of Light): 
(K) mv`„k¨: Av‡jvi e¨vwZPvi I AceZ©b Dfq NUbvB Av‡jvKZi‡½i DcwicvZ‡bi NUbv| AceZ©‡b Svji MV‡bi 

KviY n‡jv e¨vwZPvi| 

(L) ‰emv`„k¨: mvaviY e¨vwZPv‡ii m‡½ AceZ©‡bi wKQy cv_©K¨ Av‡Q| e¨wZPvi I AceZ©‡bi g‡a¨ cv_©K¨ wb‡gœ 

†`qv n‡jv| 

e¨wZPvi AceZ©b 

1| GKB we¯—vi I GKB Zi½‰`‡N©̈ i `ywU Av‡jvK Drm 

†_‡K GKB `kv cv_©‡K¨i ỳwU Zi½ wbM©Z n‡q 

DcwicvZ‡bi d‡j jwä Av‡jvK Zi‡½ †Kv_vI 

D¾¡j Ges †Kv_vI AÜKv‡ii m„wó nq| G‡K 

e¨wZPvi e‡j| 

2| e¨wZPvi m¾vi D¾¡j I AÜKvi cwÆ¸‡jvi †ea 

mgvb _v‡K| 

3| e¨wZPvi m¾vi AÜKvi cwÆ‡Z †Kv‡bv Av‡jv _v‡K 

bv| 

 

4| e¨wZPvi m¾vi D¾¡j cwÆ¸‡jvi Av‡jvK cÖvej¨ 

mgvb _v‡K| 

1| GKwU Zi½gy‡Li wewfbœ As‡ki ‡MŠY Av‡jvK Drm 

†_‡K AbyZi½ wbM©Z n‡q DcwicvZ‡bi d‡j jwä 

Av‡jvK Zi‡½ †Kv_vI D¾¡j Ges †Kv_vI 

AÜKv‡ii m„wó nq| G‡K AceZ©b e‡j| 

 

2| AceZ©b m¾vi cwÆ¸‡jvi †ea KL‡bv mgvb _v‡K 

bv| 

3| AceZ©b m¾vi AÜKvi cwÆ‡Z wKQz Av‡jv _v‡K 

Ges cwÆi µg hZ †ekx nq Av‡jvi cwigvY ZZ 

evo‡Z _v‡K| 

4| AceZ©b m¾vi †¶‡Î †K›`ªxq D¾¡j cwÆi D¾¡jZv 

me©vwaK| cieZ©x D¾¡j cwÆ¸‡jvi D¾¡jZv µgk 

Kg‡Z _v‡K| 

 

7.6.3 AceZ©‡bi cÖKvi (Type of Diffraction): 
AceZ©b `y&B cÖKvi, h_v: K) d«bncvi †kªYx AceZ©b Ges (L) †d«‡bj †kªYx AceZ©b| 

d«bndvi †kªYx AceZ©bt †h me AceZ©‡bi †¶‡Î cÖwZeÜK ev wPo ev wQ`ª †_‡K Av‡jvK Drm Ges c`©v DfqB 

Kvh©Kifv‡e Amxg `~i‡Z¡ _v‡K Zv‡`i‡K d«bndvi †kªYx AceZ©b e‡j| G‡¶‡Î AvcwZZ Zi½gyL mgZj nq| 

 

‡d«‡bj †kªYx AceZ©bt †h me AceZ©‡bi †¶‡Î cÖwZeÜK ev wPo ev wQ`ª †_‡K Av‡jvK Drm Ges c`©v DfqB 

Kvh©Kifv‡e mmxg `~i‡Z¡ _v‡K Zv‡`i‡K  †d«‡bj †kªYx AceZ©b e‡j| G‡¶‡Î AvcwZZ Zi½gyL ‡Mvjxq ev †PvO 

AvK…wZi nq| 

 

7.6.4 GKK wP‡oi Rb¨ d«bndvi AceZ©b (Fraunhofer Diffraction by Single Slit): 
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dªbndvi GKK wPo AceZ©‡bi Rb¨ a cÖ‡¯’i AwZ ¶zÎ GKwU wPo AB (wP‡Î A‡bK eo K‡i †`Lv‡bv n‡q‡Q) Gi 

m¤§y‡L L1
 

†jÝ †i‡L †j‡Ýi Aciw`‡K Zvi †dvKv‡m GKeY©x 

Av‡jvK Drm S ¯’vcb Kiv nq| d‡j MN mgZj Zi½gyL wewkó 

cÖwZm„Z mgvš—ivj GKeY©x Av‡jvK iwk¥ cvIqv hv‡e| GB mgvš—

ivj GKeY©x Av‡jvK iwk¥ AB wP‡oi ga¨ w`‡q L2 †j‡Ý AvcwZZ 

nq Ges me‡k‡l L2 †jÝ Øviv cÖwZmwiZ n‡q L2 Gi †dvKvm Z‡j 

I KvMR Z‡ji mv‡_ j¤ ̂OP c`©vi Dci AvcwZZ nq| SO †iLv 

OP c ©̀vi Dci j¤ ̂Ges AB wP‡oi Gi ga¨ we›`y E Mvgx| wPo 

AB Gi Z‡j mgZj Zi½gy‡Li cÖwZwU we›`y nvB‡Mb&‡mi bxwZ Abymv‡i †MŠY Drm wnmv‡e wµqv K‡i mew`‡K 

AYyZi½ Qwo‡q c‡o| myZivs AB wPo †_‡K AcewZ©Z AYyZi½¸‡jv mgvš—ivj iwk¥i †Mvôx m„wó K‡i mg`kvq 

Pj‡Z ïi“ Ki‡e| †h me mgvš—ivj AYyZi½¸‡jv AvcwZZ iwk¥i mgvš—ivj †m¸‡jvi c_cv_©K¨ bv _vKvq 

mK‡jB mg`kvq  L2
 

 w`‡q cÖwZm„Z n‡q O we›`y‡Z wgwjZ n‡e Ges ZxeªZv m‡e©v”P n‡e| G‡K †K› ª̀xq Pig (central 
maxima) we› ỳ e‡j| 

 †h me mgvš—ivj DcZi½¸‡jv n †Kv‡Y AcewZ©Z n‡e †m¸‡jvi c_cv_©K¨ _vKvq mK‡jB wfbœ mg`kvq L2
 

 

w`‡q cÖwZm„Z n‡q P we› ỳ‡Z wgwjZ n‡e| G‡`i ZxeªZv wbf©i Ki‡e mgvš—ivj AYyZi½¸‡jvi c_ cv_©‡K¨i Dci|  

 

n †Kv‡Y AcewZ©Z  mgvš—ivj AYyZi½¸‡jv mgZj Zi½gyL AC| 

myZivs A I B we›`yi mgvš—ivj AYyZi½ `ywUi c_ cv_©K¨ BC| 

wPÎvbymv‡i, sin nBC a   

wKš‘ n †Kv‡Y AcewZ©Z mgvš—ivj AYyZi½¸‡jvi mK‡ji c_cv_©K¨ mgvb bq| 

wP‡ii ga¨we›`y E †Z c_cv_©K¨ n
aBC sin
22

  

GLb wP‡oi g‡a¨ 

2
a

 ~̀i‡Z¡i AmsL¨ †Rvov †Rvov we›`y we‡ePbv Kiv hvq hv‡`i c_cv_©K¨ mgvb|  

Avgiv e¨wZPv‡ii ag© †_‡K cvB, hw` c_cv_©K¨   Gi c~Y© ¸wYZK nq Z‡e Pig (D¾¡j) Ges hw` c_cv_©K¨ 

2


 

Gi we‡Rvo ¸wYZK nq Z‡e Aeg (AÜKvi) e¨wZPvi m„wó K‡i| 

hLb 1n  ZLb 1  A_©vr cÖ_g µg| GB Ae¯’vq AP I CP Gi g‡a¨ c_cv_©K¨ BC , d‡j GB `ywU 

AbyZi‡½i DcwicvZ‡ji d‡j c`©v D¾¡j n‡e| wKš‘ AP I EP wKsev  EP I CP Gi g‡a¨ c_cv_©K¨ 

2


| GQvov 

AC wP‡oi g‡a¨ AE Ksev EC Gi mgvb AmsL¨ ‡Rvov †Rvov we›`y Av‡Q hv‡`i AYyZi‡½i g‡a¨ c_cv_©K¨ 

2


| 

G‡`i mKj †Rvovi DcwicvZ‡bi d‡j c`©vi GKB we›`y‡Z AÜKvi n‡e| d‡j mvgwMÖK fv‡e H ¯’v‡b AÜKvi 

_vK‡e|  

myZivs, 1n   n‡j cÖ_g Aeg (AÜKvi) we›`y m„wó n‡e|  

AZGe, 

2
sin

2 1
 

a
 

 ev,   1sina    

GLb hw` c_cv_©K¨ nBC  nq Z‡e n  n‡e| †m‡¶‡Î n  Zg Aeg (AÜKvi) we› ỳ cvIqv hv‡e| 

myZivs n  Zg Aeg (AÜKvi) we›`y MV‡bi Rb¨, 

 na n sin    … … … … … … … … … … … … … … … … … … … … … (7.31) 

wPÎ-7.12 

n 
A 

B 

S 

L1 L2 

M 

N 

n 

P 

C 

O E 
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GKBfv‡e hw` c_ cv_©K¨ 

 


2
12BC 


n

 Z‡e GKB Kvi‡Y Pig (D¾¡j) we›`y msNwUZ n‡e|  

myZivs n  Zg Pig (D¾¡j) we› ỳ MV‡bi Rb¨,  

 


2
12sin 


na n  … … … … … … … … … … … … … … … … … … … … (7.32) 

Avgiv Av‡MB Av‡jvPbv K‡iwQ †h AceZ©b †c‡Z n‡j wP‡oi cȪ ’ Av‡jvi Zi½‰`N©̈ i mv‡_ Zyjbxq n‡Z n‡e| 

D`vniY¯^iƒc aiv hvK, †mvwWqvg evwZ †_‡K wbM©Z njy` GKeY©x Av‡jvi Zi½‰`N©̈  

m105.89m1058905890 710
0

   Ges cix¶‡Yi Rb¨ †h wPo e¨envi Kiv nq Zvi cȪ ’ 

m102mm2.0 -4 Zvn‡j cÖ_g µg AÜKvi we›`y ‡c‡Z n‡j †h †KŠwYK miY jvM‡e Zv n‡jv (7.30 bs 

mgxKiY †_‡K) 

7-4 105.89sin102  n  

ev, 

3
4-

7

1045.2
102

105.89sin 






n  

ev, 



 


0.171045.2sin
102

105.89 31
4-

7

n  

GLvb †_‡K mn‡RB †evSv hvq †h †Kv‡Yi gvb Lye ¶z`ª nq| †m‡¶‡Î Avgiv wjL‡Z cvwi  sin | 

Zvn‡j Avgiv 7.30 bs mgxKiY‡K wjL‡Z cvwi, 

a
n

n
     … … … … … … … … … … … … … … … … … … … … … … … (7.33) 

†K› ª̀xq Pig we› ỳ O  †_‡K n  Zg Aeg we›`yi `~iZ¡ nxOP   Ges wPo †_‡K c ©̀vi `~iZ¡ DOE   n‡j,  

D
xn

nn tan  

myZivs, 

a
n

D
xn 

  

ev, 

a
Dnxn


    … … … … … … … … … … … … … … … … … … … … … (7.34) 

(7.34 bs) mgxKi‡Yi mvnv‡h¨ †K› ª̀xq Pig we› ỳ †_‡K n  Zg Aeg we›`yi `~iZ¡ wbY©q Kiv hvq| 

Avevi †K› ª̀xq Pig we› ỳ Dfq cv‡k¦© cÖ_g Aeg we› ỳØ‡qi g‡a¨ †KŠwYK ~̀iZ¡‡K †K› ª̀xq Pig we› ỳi †KŠwYK †ea e‡j| 

(7.33 bs) mgxKi‡Y 1n emv‡j †K› ª̀xq Pig we› ỳi cÖwZ cv‡k¦© ‡KŠwYK †ea cvIqv hv‡e KviY 1n emv‡j cÖ_g 

Aeg we›`y cvIqv hvq|  

myZivs, (7.33 bs) mgxKi‡Y 1n emv‡j, 

a
   

Zvn‡j, †K› ª̀xq Pig we› ỳi †KŠwYK †ea, 

a
 22    … … … … … … … … … … … … … … … … … … … … … … … (7.35) 

dªbndvi GKwPo AceZ©‡bi †¶‡Î †K› ª̀xq Pig we› ỳi ỳB w`‡K cÖ_g Aeg we›`yi †KŠwYK Ae¯’vb 

a
 sin | 

myZivs, wbw`©ó Zi½‰`†N©̈ i Av‡jvK iwk¥i Rb¨ cÖ_g Aeg we›`yi †KŠwYK Ae¯’vb wP‡oi cÖ‡¯’i mgvbycwZK|  

ZvB wP‡oi †ea a  hZ †QvU n‡e   gvb ZZ e„w× cv‡e d‡j †K› ª̀xq Pig we› ỳ ZZ †QvU n‡e|  

hLb 

90  Z_b 190sin 
a
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ev, a  

A_©vr, hw` a  nq Z‡e 

90 , d‡j mgMª c ©̀v †K› ª̀xq Pig we› ỳ `Lj K‡i wb‡e| 

 

7.6.5 Av‡jvi mgeZ©b (Polarisition of Light): 
Av‡jvi e¨wZPvi I AceZ©b †_‡K cÖgvwYZ nq †h, Av‡jvK Zi½ AvKv‡i mÂvwjZ nq| wKš‘ GB Zi½ wZh©K bv 

jw¤K̂ †mwU GB NUbv¸‡jv †_‡K †evSv m¤¢e bq| Av‡jvi mgeZ©b ev †cvjvivq‡bi NUbv wbwðr fv‡e cÖgvY K‡i †h 

Av‡jvK Zi½ n‡jv GK cÖKvi wZh©K Zi½| GwU jw¤K̂ Zi½ bq, KviY jw¤K̂ Zi‡½i mgeZ©b m¤¢e bq| Av‡jvi 

mgeZ©b m¤ú‡K© Av‡jvPbvi Av‡M wZh©K Zi‡½i mgeZ©b I mgewZ©Z Zi½ m¤c‡K© Rvbv cÖ‡qvRb| 

Av‡jv †Kvb gva¨‡gi ga¨ w`‡q Mg‡bi ci Av‡jvK Zi‡½i K¤cb GKwU wbw`©ó w`‡K ev Z‡j nIqvi NUbv‡K ejv 

nq Av‡jvi mgeZ©b| †Kv‡bv Av‡jvK iwk¥i K¤cb †Kej gvÎ GKwU wbw`©ó w`‡K ev Z‡j n‡j H Av‡jv‡K ejv n‡e 

mgewZ©Z| 

wb‡P wZh©K Zi‡½i mgeZ©b e¨vLv Kiv n‡jv| 

 

7.6.6 hvwš¿K Zi‡½i mgeZ©b (Polarisition of Mechanical Wave): 
`ywU KvW© †ev‡W©i gvSLv‡b cvZjv dvwj K‡i †K‡U 1C  I 2C  wPo ˆZwi Kiv n‡jv| j¤v̂ `wo OE -‡K GKwU `„p 

Aej¤b̂ E  mv‡_ †eu‡a 1C  I 2C  wP‡oi wfZi w`‡q cvi K‡i `woi Aci cÖvš— O -‡K a‡i †U‡b Abyf~wgK K‡i 

ivLv n‡jv| Gevi `woi Aci cÖvš— O -‡K a‡i OE -Gi m‡½ j¤f̂v‡e Kuvcv‡bv n‡jv| Gi d‡j GKwU wZh©K Zi½ 

`wo eivei OE -Gi w`‡K AMÖmi n‡e (wPÎ 7.13-Gi K I L)| wZh©K Zi½wU OE  eivei X -A‡¶i w`‡K 

AMÖmi n‡”Q aiv n‡j `woi KYv¸‡jvi K¤úb n‡e X A‡¶i mv‡_ j¤̂fv‡e A_vr YZ -mgZj eivei| `woi O  

cÖvš— a‡i G‡jv‡g‡jv fv‡e A_©vr YZ -mgZ‡ji †h‡Kv‡bv w`‡K eivei Kuvcv‡bv †h‡Z cv‡i| Zvn‡j O  †_‡K 1C  

Gi ga¨eZ©x As‡k Aew¯’Z `woi KYv¸‡jvi cÖwZwU wZh©K K¤úb RwbZ †e‡Mi Y  I Z -A¶ eivei `ywU j¤ ̂

Dcvsk _vK‡e| 

1C  wPowU Y -A‡¶i mgvš—iv‡j ivLv Av‡Q| d‡j  1C  wPowU GB K¤ú‡bi Z -A¶ eivei K¤úb‡K evavMȪ ’ 

Ki‡e| d‡j ïay Y -A‡¶i mgvš—ivj 

DcvskwU webv evavq GB wPo w`‡q 

mÂvwjZ n‡e| myZivs 1OC  As‡k `woi 

K¤úb hZB G‡jv‡g‡jv ‡nvK bv †Kb 

21CC  As‡k `wowU ïay Y -A¶ eiveiB 

Kw¤úZ n‡e| G‡jv‡g‡jv K¤úbhy³ 

wZh©K K¤úb‡K GKwU wbw`©ó A¶ eivei 

mxgve× Kivi NUbv‡K mgeZ©b e‡j| 

Zvn‡j ejv hvq 1OC  As‡k `woi K¤úb 

AmgewZ©Z Ges 1C  wPowU w`‡q AwZµg 

Kivi ci 21CC  As‡k `woi K¤úb 

mgewZ©Z| Avevi †h‡nZz 7.13 -Gi K 

bs wP‡Î 2C  wPowUI Y -A‡¶i mgvš—

ivj Ges 21CC  As‡k `wowU ïay Y -A¶ eiveiB Kw¤úZ n‡”Q †m‡nZz GB Zi½ webv euvavq 2C  wPo AwZµg 

K‡i E  ch©š— we¯—vi jvf Ki‡e| ZvB EC2  As‡ki `wowUI ïay Y -A¶ eiveiB Kw¤úZ n‡e| 

7.13 -Gi L bs wP‡Î 2C  wPowUI Z -A‡¶i mgvš—ivj Ges 21CC  As‡k `wowU ïay Y -A¶ eiveiB Kw¤úZ 

n‡”Q †m‡nZz GB Zi½‡K 2C  wPo AwZµg Ki‡Z euvav w`‡e d‡j 2C  wPo GB Zi½ AwZµg Ki‡Z cvi‡e bv| 

ZvB EC2  As‡ki `wowU‡Z †Kv‡bv Zi½ _vK‡e bv| Gi †_‡K GwUI cÖgvwYZ nq †h, Zv‡i hw` jw¤̂K Zi½ n‡Zv 

wPÎ 7.13 

Y 

Z 

Y 

Z 

(K)

 

Z-A‡¶i mgvš—ivj 

Y-A‡¶i mgvš—ivj wPo 

O X 

X 
O 

E 

E 

(L)

 

C2 C1 

C2 C1 

wZh©K Zi‡½i 

`ywU j¤ ̂Dcvsk 
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A_©vr Gi K¤úb hw` X -A‡¶i mgvš—ivj Zvn‡j 1C  I 2C  wPo `ywU †h A¶ eiveiB _vKzK bv †Kb Zi½  O  

†_‡K E  ch©š— we¯—vi jvf Ki‡Zv| †Kv‡bv wPoB G‡K euvav `vb Ki‡Zv bv| Zvn‡j ejv hvq †h, jw¤K̂ Zi‡½i 

†Kv‡bv mgeZ©b nq bv| ZvB kã Zi‡½i mgeZ©b nq bv| 

7.6.6 Uzig¨vwjb †Kjv‡mi cix¶v (Experiment with Tourmaline Crystal): 
Uyig¨vwjb GK ai‡Yi lofyRvK…wZi †Kjvm ev ùwUK 

(tourmaline crystal)| cvZjv cv‡Zi AvKv‡i KvUv 

†KjvmwU cÖvq ¯^”Q c`v‡_©i b¨vq AvPiY K‡i| 

lofy‡Ri e„nËg KY©wU‡K †Kjv‡mi Av‡jvK-A¶ 

(Optical Axis) e‡j| wPÎ bs 7.14 K-†Z C1 I C1 

`ywU Uyig¨vwjb †Kjv‡mi cvZjv cvZ Ges h_vµ‡g 

11MM 
 I 22MM 

G‡`i Av‡jvK-A¶| 
aiv hvK, †Kv‡bv Drm O †_‡K X -A¶ eivei Av‡jv 

Uzig¨vwjb ‡Kjvm 1C Gi Dci AvcwZZ n‡”Q| 

1C ‡KjvmwU Ggb fv‡e Aew¯’Z †hb Gi Av‡jvK-A¶ 

11MM 
 wU X -A‡¶i mv‡_ j¤ ̂ _v‡K| Drm †_‡K 

Av‡jvKiwk¥ 1C  ‡Kjvm AwZµg K‡i †Pv‡L G‡m 

†cŠQv‡j †Kjv‡mi Kvi‡Y Av‡jvi D¾¡jZv LvwbKUv 

n«vm cvq| GB Ae¯’vq OX  iwk¥i mv‡c‡¶ 1C ‡KjvmwU‡K †Nviv‡j D¾¡jZvi Avi †Kv‡bv cwieZ©b n‡e bv| Gevi 

2C ‡KjvmwU‡K OX  iwk¥i c‡_i Dci Ggb fv‡e emv‡bv n‡jv †hb Gi Av‡jvK-A¶ 22MM 
 wU 11MM 

 

Av‡jvK-A‡¶i mgvš—iv‡j _v‡K (wPÎ bs 7.14 K)| GB Ae¯’vq c~‡e© †h cwigvb D¾¡jZv †P‡L G‡m cowQj 

GL‡bv ZvB co‡e| 

GLb 1C  ‡KjvmwU‡K w¯’i †i‡L 2C ‡KjvmwU‡K ax‡i ax‡i †Nviv‡bv n‡jv| †`Lv hv‡e Av‡jvi D¾¡jZv µgk n«vm 

cv‡”Q Ges 2C ‡KjvmwU‡K hLb Av‡jvK-A‡¶i mv‡_ 

90  †KvY K‡i A_©vr Y -A¶ eivei Ae¯’vb K‡i ZLb 

Drm †_‡K †Kv‡bv Av‡jv †Pv‡L c‡o bv (wPÎ bs 7.14 L)|  2C ‡KjvmwU‡K Av‡iv †Nviv‡j Avevi D¾¡jZv evo‡Z 

_v‡K Ges 

180  †Kv‡Y Avm‡j Avevi D¾¡jZv wd‡i cvq(wPÎ bs 7.14 K)|  

G cix¶v †_‡K †`Lv hvq, Av‡jv jw¤̂K Zi½vKv‡i mÂvwjZ nq bv| Av‡jv hw` jw¤̂K Zi½vKv‡i mÂvwjZ n‡Zv, Z‡e 

2C ‡KjvmwU‡K Nyiv‡bvi d‡j Av‡jvi D¾¡jZvi †Kv‡bv cwieZ©b n‡Zv bv| Av‡jvZi½‡K wZh©K Zi½ wnmv‡e a‡i wb‡j 

Ges Uzig¨vwjb †Kjv‡m Av‡jvK A¶‡K mi“ wPo wnmv‡e we‡ePbv Ki‡j Dc‡ii cix¶vwUi e¨vL¨v cvIqv hvq| O  

Dr‡mi Av‡jvK Zi‡½i wZh©K K¤úb¸‡jv G‡jv‡g‡jv cÖK…wZi| myZivs Av‡jvi 1OC  As‡ki cÖwZwU we› ỳ‡Z Y  I Z -

A¶ eivei K¤ú‡b ỳwU j¤̂ Dcvsk _v‡K| †h‡nZz 1C  ‡Kjv‡mi 11MM 
Av‡jvK-A¶wU Y -A‡¶i mgvš—ivj _vKvq 

Av‡jvKiwk¥i Y -A¶ eivei wZh©K K¤ú‡bi Dcvsk webv euvavq AwZµg Ki‡Q wKš‘ Z -A¶ eivei wZh©K 

K¤ú‡bi Dcvsk euvav cÖvß n‡q‡Q| ‡h‡nZz Z -A¶ eivei wZh©K K¤ú‡bi Dcvsk m¤ú~Y©iƒ‡c †kvwlZ n‡q‡Q †m‡nZz 

Av‡jv D¾¡jZv A‡a©K n‡q hv‡e| Avevi hZ¶Y 2C ‡KjvmwU‡K Av‡jvK-A¶wU Y -A‡¶i mgvš—ivj wQj ZZ¶Y 

1C  †_‡K 2C ‡Kjv‡mi g‡a¨ _vKv Y -A¶ eivei  wZh©K K¤úb webv euvavq AwZµg K‡i‡Q| ZvB Aci cv‡i 

†Pv‡L Av‡jv †cŠwQ‡q‡Q| hLb 2C ‡Kjv‡mi 22MM 
 Av‡jvK-A¶wU 

90  †KvY Nywi‡q Z -A¶ eivei Kiv n‡jv 

ZLb 1C  ‡_‡K 2C ‡Kjv‡mi g‡a¨ _vKv Y -A¶ eivei  wZh©K K¤ú‡bi Dcvsk euvav cÖvß n‡e d‡j †Kv‡bv K¤úb 

A_©vr Av‡jv †`Lv hv‡e bv| 2C ‡Kjvm‡K Av‡iv 

90  †KvY Nywi‡q 

180  †Kv‡Y Avb‡j 2C ‡Kjv‡mi 22MM 
 

Av‡jvK-A¶wU Avevi Y -A¶ eivei n‡q hv‡e d‡j D¾¡jZvi c~‡e©i b¨vq wd‡i Avm‡e| 

Gi †_‡K GB wm×v‡š— DcwbZ nIqv hvq †h,  

wPÎ 7.14 

X 

Y 

Z 

E 

(L) 

O 

M1 

M1 

M2 

M2 

C2 C1 

Y 

Z 

X O 

(K) 

M1 

M1 

M2 

M2 

C1 C2 
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1| hLb †Kv‡bv Av‡jvKiwk¥ ev Av‡jvKZi½ †Kv‡bv Uzig¨vwjb †Kjv‡mi ga¨ w`‡q Mgb K‡i ZLb Gi G‡jv‡g‡jv 

wZh©K Zi½ GKwU GKgyLx wZh©K Zi‡½ iƒcvš—wiZ nq| GB NUbv‡K Av‡jvi mgeZ©b e‡j Ges H Av‡jv‡K 

mgewZ©Z Av‡jv e‡j| 

2| Av‡jvi gZ †h‡Kv‡bv wZh©K Zi‡½iB mgeZ©b nq| 

3| hvi mvnv‡h¨ Av‡jvi mgeZ©b NUv‡bv nq Zv‡K ejv nq mgeZ©K ev †cvjvivBRvi (Polarizer) e‡j| (7.14) 

wP‡Î 1C  n‡jv mgeZ©K Ges Gi 11MM 
 Av‡jvK A¶wU n‡jv Zvi mgeZ©K A¶|  

hvi mvnv‡h¨ †Kv‡bv Av‡jv mgewZ©Z wK bv Zv wba©viY Kiv nq Zv‡K ejv nq we‡klK ev G¨vbvjvBRvi 

(analyser)| (7.14) wP‡Î 2C n‡jv we‡klK KviY, GB †Kjvm w`‡q Av‡jv mgewZ©Z wK bv Ges 1C  †Kjvm w`‡q 

Kx ai‡Yi mgeZ©b NU‡jv Zv we‡klY Kiv hvq| 1C  I 2C  †Kjvm `ywUi Av‡jvK A¶ mgvš—ivj n‡j  mgeZ©K 

Ges we‡kl‡Ki Ae¯’vb‡K mgvš—ivj Ae¯’vb ejv nq Ges †Kjvm `ywUi Av‡jvK A¶ ci¯úi j¤ ̂n‡j  mgeZ©K 

Ges we‡kl‡Ki Ae¯’vb‡K AvovAvwo Ae¯’vb ejv nq| 

7.6.7 g¨vjv‡mi m~Î (Malus Law) 
hLb †Kvb AmgewZ©Z Av‡jv ci ci `ywU mgeZ©‡Ki (GKwU mgeZ©K I AciwU we‡klK) ga¨ w`‡q Mgb K‡i 

ZLb wbM©Z Av‡jvi ZxeªZv mgeZ©KØ‡qi wbtmiY Z‡ji ga¨eZ©x †Kv‡Yi Dci wbf©i K‡i| g¨vjvm Gi ZxeªZv 

msµvš— GKwU m~Î cÖ̀ vb K‡ib| m~ÎwU g¨vjv‡mi m~Î bv‡g cwiwPZ| m~ÎwU n‡jv, “mgewZ©Z Av‡jv we‡kl‡Ki 

ga¨ w`‡q Mg‡bi d‡j Gi ZxeªZv mgeZ©K I we‡kl‡Ki wbtmiY Z‡ji ga¨eZ©x †Kv‡Yi cosine-Gi 

mgvbycvwZKÓ| 

m~‡Îi cÖgvY : aiv hvK,  GKwU Av‡jvK iwk¥ mgeZ©‡Ki ga¨ w`‡q AwZµg K‡i mgZj mgewZ©Z n‡jv| GB 

mgewZ©Z Av‡jvK iwk¥i K¤úb Zj mgeZ©‡Ki Av‡jvK A‡¶i PQ  Gi mgvš—ivj| GB iwk¥ ciewZ©‡Z we‡klK 

AwZµg K‡i wbM©Z n‡jv| GB K¤úb we¯—vi OP = a | we‡kl‡Ki Av‡jvK A¶ 11MM 
 wU mgewZ©Z Av‡jvi 

K¤úb Z‡ji mv‡_   †Kv‡Y ‡njv‡bv (wPÎ 7.15)| Avgiv Rvwb, cÖvej¨ we¯—v‡ii e‡M©i mgvbycvwZK| myZivs, 

AvcwZZ Av‡jvi ZxeªZv 

2
0 kaI  | GLv‡b, k GKwU aªyeK| OP I we‡kl‡Ki Av‡jvK A‡¶i ga¨eZ©x †KvY | 

†h‡nZz mgeZ©‡Ki Av‡jvK A¶ PQ-Gi mgvš—ivj †m‡nZz mgeZ©K I we‡kl‡Ki 

wbtmiY Z‡ji ga¨eZ©x †KvY | OP ỳwU j¤ ̂ Dcvs‡k wef³ Kiv n‡jv| GKwU 

we‡kl‡Ki wbtmiY Z‡ji mgvš—ivj cosaOA   Ges AciwU OA-Gi 

mg‡Kv‡Y sinaOB  | ïaygvÎ cosaOA   Dcvsk we‡kl‡Ki ga¨ w`‡q 

AwZµg Ki‡e A_©vr, wbM©Z Av‡jvi K¤c‡bi we¯—vi n‡e cosa | myZivs, 

we‡klK †_‡K wbM©Z Av‡jvi ZxeªZv, 

22 coskaI   

ev, 2
0 cosII    … … … … … … … … … … … … … … … … … … … 

… … (7.36) 

GwUB g¨vjv‡mi m~Î| 

hLb 

0 , A_©vr mgeZ©K I we‡kl‡Ki wbtmiY Zj mgvš—ivj 

ZLb, 0II   (†h‡nZz, 1cos  ) 

Avevi, hLb 

90 A_©vr mgeZ©K I we‡kl‡Ki wbtmiY Zj 

ci¯úi j¤ ̂ZLb, 0I  (†h‡nZz, 19cos  ) 
mgeZ©K I we‡kl‡Ki wbtmiY Z‡ji ga¨eZ©x †Kv‡Yi mv‡_ wbM©Z 

Av‡jvi ZxeªZvi cwieZ©b (7.16 bs) wP‡Îi mvnv‡h¨ †`Lv n‡jv| 

 

7.6.8 AmgewZ©Z Av‡jv (Unpolarised Light) 
m~‡h©i Av‡jv, ˆe`y¨wZK evwZi Av‡jv, †gvgevwZi Av‡jv BZ¨vw` cÖPwjZ Av‡jv Dr‡mi g‡a¨ B‡jKUªb, Avqb ev 

PvwR©Z KYv¸‡jv m¤ú~Y© iƒ‡c wew¶ß fv‡e Kw¤úZ n‡Z _v‡K| d‡j GB me Drm †_‡K wbM©Z Av‡jvK iwk¥ wbw`©ó 

w`‡K Mgb Ki‡jI G‡`i m„ó wZh©K K¤úb †Kv‡bv wbw`©ó w`‡K _v‡K bv| GB ai‡Yi Av‡jv‡K mvaviY Av‡jv ev 

 

wPÎ 7.16
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AmgewZ©Z Av‡jv e‡j| GB †¶‡Î wZh©K K¤úb‡K  ỳwU mgvb we¯—vi hy³ j¤ ̂Dcvs‡ki mgwó wnmv‡e wb‡`©k Kiv 

hvq| 

mvaviY Av‡jv n‡jv GKcÖKvi ZvwoZ‡PŠ¤K̂ Zi½| GB ai‡Yi Zi‡½i Zwor †¶Î E


Ges †PŠ¤K̂ †¶Î B


 Zi‡½i 

MwZi Awfgy‡Li m‡½ me mgq ci¯úi j¤f̂v‡e Kw¤úZ nq| GB K¤úbwU GKwU wbw`©ó Z‡j mxgve× _v‡K| Av‡jv 

bvgK ZvwoZ‡PŠ¤K̂ Zi½wU GB Z‡ji mv‡_ j¤̂ Awfgy‡L mÂvwjZ nq| 

myZivs, ejv hvq, Av‡jvi MwZ c‡_i mg‡Kv‡Y A_©vr j¤f̂v‡e Aew¯’Z †Kv‡bv wbw`©ó Z‡ji Dci GKwU we‡kl A¶ 

eivei nIqvi NUbv‡K Av‡jvi mgeZ©b e‡j|  

7.6.9 AmgewZ©Z Ges mgewZ©Z Av‡jvKiwk¥i A¼‡Yi cÖ_v (Convention of Representation of Unpolarised 
and Polarised Light):  
KvM‡Ri Z‡j AmgewZ©Z Ges mgewZ©Z Av‡jvKiwk¥ bx‡P wjwLZ cÖ_v 

Abyhvqx A¼b Kiv nq| 

1| AmgewZ©Z Av‡jvKiwk¥ Zi‡½i K¤úb Zi½ mÂvj‡bi Awfgy‡Li mv‡_ 

Awfj¤ ̂Z‡j me w`‡K N‡U (wPÎ 7.17 K)| †mRb¨ G‡K cvi¯úwiK Awfj¤ ̂

w`‡K ỳwU ¯ú›`‡bi mgwó wnmv‡e MY¨ Kiv nq| †mRb¨ AmgewZ©Z 

Av‡jvKiwk¥ A¼‡bi †¶‡Î WU () Ges wecixZgyLx ZxiwPý () mn fv½v 

fv½v †iLv w`‡q mshy³ e¨envi Kiv nq (wPÎ 7.17 L)|  
2| mgewZ©Z Av‡jvKiwk¥ Zi‡½i K¤úb KvMR Z‡j m¤úbœ n‡j GB K¤úbœ 

MwZi Awfgy‡L Awfj¤ ̂Z‡j wecixZgyLx ZxiwPý () mn fv½v fv½v †iLv w`‡q mshy³ e¨envi Kiv nq (wPÎ 7.17 

M)| 

3| mgewZ©Z Av‡jvKiwk¥ Zi‡½i K¤úb KvMR Z‡ji mv‡_ Awfj¤ ̂eivei m¤úbœ n‡j GB K¤úbœ MwZi Awfgy‡L 

eivei KZK¸wj WU () mn fv½v fv½v †iLv w`‡q mshy³ e¨envi Kiv nq (wPÎ 7.17 N)| 

 

7.6.10 K¤úb Zj I mgeZ©b Zj (Plane of Vibration abd Plane of Polarisition): 
K¤úb Zj: mgewZ©Z Av‡jvi K¤úb †h Z‡j Ae¯’vb K‡i ev mxgve× _v‡K †mB Zj‡K K¤úb Zj e‡j| 
(7.18) bs wP‡Î T1T2 Uzig¨vwjb †Kjv‡mi ga¨ w`‡q wbM©Z 

mgewZ©Z Av‡jvKiwk¥ ‡`Lv‡bv n‡jv| Av‡jvKiwk¥ X -A¶ 

evivei mÂvwjZ n‡”Q Ges mgewZ©Z Av‡jvKiwk¥i we›`y¸‡jv 

Y -A¶ eivei Kw¤úZ n‡”Q| Zvn‡j wP‡Î XY  ZjwU 

A_©vr †h Z‡j Av‡jvKiwk¥i we›`y¸‡jv Kw¤úZ n‡”Q †mB 

PQRS  ZjwU n‡jv K¤úb Zj| 

 

mgeZ©b Zj: K¤úb Z‡ji mv‡_ j¤f̂v‡e Aew¯’Z Z‡ji 

Dc‡i Av‡jvKiwk¥wU eZ©gvb, †mB ZjwU‡K mgeZ©b Zj 

e‡j|  

(7.18) bs wP‡Î T1T2 Uzig¨vwjb †Kjv‡mi ga¨ w`‡q wbM©Z mgewZ©Z Av‡jvKiwk¥i ABCD  Z‡ji Dci j¤f̂v‡e 

K¤úb ZjwU Aew¯’Z G&es GB Z‡j Av‡jvKiwk¥ we›`z¸‡jvi †Kv‡bv K¤úb bvB| ZvB ABCD  ZjB mgeZ©b Zj| 

 

mgeZ©b †KvY (Angle of Polarisation):  1808 wLªóv‡ã weÁvbx g¨vjvm (Malus)  cÖ_g Avwe¯‹vi K‡ib †h 

cÖwZdj‡Ki mvnv‡h¨ mgZj mgewZ©Z Av‡jv Drcbœ Kiv hvq| AmgewZ©Z Av‡jv †Kv‡bv ¯”̂Q gva¨g w`‡q (†hgb 

cvwb, KvP BZ¨vw`) w`‡q cÖwZdwjZ n‡j cÖwZdwjZ iwk¥ AvswkK mgewZ©Z nq| iwk¥ KZLvwb mgewZ©Z n‡e Zv 

AvcvZb †Kv‡Yi Dci wbf©i K‡i| 

Ó†h we‡kl AvcvZb †Kv‡Yi Rb¨ †Kv‡bv wbw`©ó cÖwZdjK Zj †_‡K cªwZdwjZ iwk¥ m¤ú~Y©iƒ‡c mgZj mgewZ©Z nq 

†mB †KvY‡K mgeZ©b †KvY e‡j| GB †KvY‡K pi  w`‡q cÖKvk Kiv nqÓ| 

(L) 

(K) 

(M) 

(N) 

wPÎ 7.17 

wPÎ 7.18 

A 

T2 

Y 

Z 
B 

C 

D 
P 

Q R 

S 

T1 

X 
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7.6.11 eª“÷v‡ii m~Î (Brewster’s Law): mgeZ©b †Kv‡Yi U¨vb‡R‡›Ui gvb msL¨vMZfv‡e cÖwZmviK gva¨‡gi 

cÖwZmviYvs‡Ki mgvb| 
cix¶vq †`Lv †M‡Q †h, †Kv‡bv cÖwZmviK gva¨‡gi we‡f` Z‡j AvcwZZ AmgewZ©Z iwk¥ Awfj‡¤î mv‡_ †h †Kv‡Y 

AvcwZZ n‡j cÖwZdwjZ iwk¥ Ges cÖwZmwiZ iwk¥ ci¯úi j¤ ̂nq †mB AvcvZb †Kv‡Y cÖwZdwjZ Ges cÖwZmwiZ 

iwk¥Øq mgewZ©Z nq| GB †KvY‡K mgeZ©b †KvY ev eª“÷vi †KvYI e‡j| 

aiv hvK, 7.19 wP‡Î PO  AmgewZ©Z Av‡jvKiwk¥ AB  we‡f` Z‡ji Dci O  we›`y‡Z Aw¼Z Awfj¤ ̂ NNO 
Gi 

mv‡_ pi  †Kv‡Y AvcwZZ nIqvq cÖwZdwjZ iwk¥ OR Ges cÖwZmwiZ iwk¥ OQ  ga¨eZ©x †KvY 

90  n‡q‡Q| 

cÖwZdj‡bi m~Îvbymv‡i, piNORPON   

Ges cÖwZmiY †KvY rNQO   

wPÎvbymv‡i, 

 18090  riNQOROQNOR p  

ev, pir  90   … … … … … … … … … … … … … … … … … … 
… … … (7.37) 

Avevi †ø‡ji m~Îvbymv‡i,   p

p

p

pp

i
i

i
i

r
i

cos
sin

90sin
sin

sin
sin







  

ev, pitan    … … … … … … … … … … … … … … … … … … … … … (7.38) 

GwUB eª“÷v‡ii m~Î| 

D`vniY 7.8 : GKwU d«bndvi †kªYxi GKK wP‡oi `i“Y AceZ©b cix¶vq 

0
5890 Zi½‰`‡N©̈ i Av‡jv e¨envi 

Kiv nj| cÖ_g Ae‡gi Rb¨ AceZ©b †KvY wbY©q Ki“b| wP‡oi †ea mm1.0  

mgvavb: †`qv Av‡Q, m105890Å5890 10 , m10mm1.0 4d , 1n  Ges ?1 n  

Avgiv Rvwb,  nd n sin  

ev, 

d
n

n
 sin  

kZ©vbymv‡i, 

d
 1sin  

ev, 

d
 1

1 sin   

gvb emv‡j, 

0.291089.5sin
10

105890sin 31
4

10
1

1 


 



   

D: 

0.29  

 
D`vniY7.9 : †h e‡Y©i Av‡jvi Rb¨ cvwbi cÖwZmiYv¼ 33.1  Zvi mgeZ©b †KvY wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, 33.1  Ges ?pi  

Avgiv Rvwb, pitan  

ev, 1tanpi  

gvb emv‡j, 

53.133.1tan 1  
pi   

D: 

53.1  

D`vniY 7.10: wbw`©ó e‡Y©i Av‡jvi Rb¨ 33.1  cÖwZmiYv¼ cvwb †_‡K 5.1  cÖwZmiYv‡¼i Kv‡P cÖ‡ek Ki‡j e‡Y©i 

Av‡jvi mgeZ©b †KvY wbY©q Ki“b| 

Q 

P 

O 

N 

N 

R 

90 

ip 

r 

 
A B 

wPÎ 7.19 
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mgvavb: †`qv Av‡Q, 5.1,33.1  gw   Ges ?pi  

Avgiv Rvwb, pgw itan  Ges 

w

g
gw 


   

AZGe, p
w

g itan



 

gvb emv‡j, pitan
33.1
5.1
  

ev, 

48.441.128tan
33.1
5.1tan 11  

pi   

D: 

48.44  

 

 

mvi-ms‡¶c :  

AceZ©bt Av‡jvK iwk¥i m¤§y‡L †Kv‡bv Zx¶è avi wewkó A¯^”Q e¯‘ _vK‡j ev †Kv‡bv m~² wPo ev wQ`ª _vK‡j evav 

ev wQ‡`ªi avi †Nu‡l euvK Ny‡i R¨wvgwZK Qvqvi g‡a¨ Av‡jvi AbycÖ‡ek N‡U| euvK Ny‡i R¨wvgwZK Qvqv AÂ‡j 

Av‡jvi AbycÖ‡e‡ki NUbv‡K Av‡jvi AceZ©b e‡j|  

d«bndvi †kªYx AceZ©bt †h me AceZ©‡bi †¶‡Î cÖwZeÜK ev wPo ev wQ`ª †_‡K Av‡jvK Drm Ges c`©v DfqB 

Kvh©Kifv‡e Amxg `yi‡Z¡ _v‡K Zv‡`i‡K d«bndvi †kªYx AceZ©b e‡j| G‡¶‡Î AvcwZZ Zi½gyL mgZj nq| 

‡d«‡bj †kªYx AceZ©bt †h me AceZ©‡bi †¶‡Î cÖwZeÜK ev wPo ev wQ`ª †_‡K Av‡jvK Drm Ges c`©v DfqB 

Kvh©Kifv‡e mmxg `yi‡Z¡ _v‡K Zv‡`i‡K ‡d«‡bj †kªYx AceZ©b e‡j| G‡¶‡Î AvcwZZ Zi½gyL ‡Mvjxq ev †PvO 

AvK…wZi nq| 

Av‡jvi mgeZ©b: Av‡jv †Kvb gva¨‡gi ga¨ w`‡q Mg‡bi ci Av‡jvK Zi‡½i K¤cb GKwU wbw`©ó w`‡K ev Z‡j 

nIqvi NUbv‡K ejv nq Av‡jvi mgeZ©b| †Kvb Av‡jvK iwk¥i K¤cb †Kej gvÎ GKwU wbw`©ó w`‡K ev Z‡j n‡j 

H Av‡jv‡K ejv n‡e mgewZ©Z Av‡jv| 

mgeZ©K ev †cvjvivBRvi: hvi mvnv‡h¨ Av‡jvi mgeZ©b NUv‡bv nq Zv‡K ejv nq mgeZ©K ev †cvjvivBRvi|  

we‡klK ev G¨vbvjvBRvi: hvi mvnv‡h¨ †Kv‡bv Av‡jv mgewZ©Z wK bv Zv wb×©viY Kiv nq Zv‡K ejv nq 

we‡klK ev G¨vbvjvBRvi| 

g¨vjv‡mi m~Î: mgewZ©Z Av‡jv we‡kl‡Ki ga¨ w`‡q Mg‡bi d‡j Gi ZxeªZv mgeZ©K I we‡kl‡Ki wbtmiY 

Z‡ji ga¨eZ©x †Kv‡Yi cosine-Gi mgvbycvwZK| 

mgeZ©b Zj: K¤úb Z‡ji mv‡_ j¤f̂v‡e Aew¯’Z Z‡ji Dc‡i Av‡jvKiwk¥wU eZ©gvb, †mB ZjwU‡K mgeZ©b Zj 

e‡j|  

mgeZ©b †KvY: †h we‡kl AvcvZb †Kv‡Yi Rb¨ †Kv‡bv wbw`©ó cÖwZdjK Zj †_‡K cªwZdwjZ iwk¥ m¤ú~Y©iƒ‡c 

mgZj mgewZ©Z nq †mB †KvY‡K mgeZ©b †KvY e‡j| GB †KvY‡K pi  w`‡q cÖKvk Kiv nq| 
eª“÷v‡ii m~Î: mgeZ©b †Kv‡Yi U¨vb‡R‡›Ui gvb msL¨vMZfv‡e cÖwZmviK gva¨‡gi cÖwZmiYvs‡Ki mgvb| A_©vr 

pitan  
 

 

 

cv‡VvËi g~j¨vqb: 7.6 

eûwbe©vPbx cÖkœ: 

1| †Kv‡bv cÖwZeÜ‡Ki avi †N‡l ev mi“ wP‡ii g‡a¨ w`‡q hvIqvi mgq Av‡jvi †eu‡K hvIqvi NUbv‡K wK e‡j? 

 K. cÖwZmiY L. AceZ©b M. mgeZ©b N. e¨vwZPvi 

2| mgeZ©b N‡U †Kvb Zi‡½i †¶‡Î- 



GBPGmwm †cÖvMÖvg 

BDwbU 7  c„ôv-274 

 K. kã Zi½ L. AbyZi½ M. Aby‰`N©̈  Zi½ N. wZh©K Zi½ 

3| Av‡jvi K¤úb‡K Av‡jvi MwZi mv‡_ mg‡Kv‡Y GKwU wbw`©ó Z‡j mxgve× Kivi cÖwµqv‡K e‡j- 

 K. Av‡jvi e¨wZPvi L. Av‡jvi AceZ©b M. Av‡jvi mgeZ©b N. AceZ©b cÖwZmiY 

 

 

P~ovš— g~j¨vqb: 7 

eûwbe©vPbx cÖkœ: 

1| bx‡Pi K¤úv¼¸‡jvi g‡a¨ †KvbwU AejwnZ iwk¥i K¤úv¼ n‡Z cv‡i? 

 K. Hz102
 L. Hz108

 M. Hz1014
 N. Hz1020

 

2| gvB‡µvI‡qf, AwZwe¸bx iwk¥ I AejwnZ iwk¥i Zi½‰`N©̈  havµ‡g um  ,  Ges i  n‡j ‡Kvb Dw³wU mwVK? 

 K. ium    L. mui    M. miu    N. uim    

3| †Kvb NUbvq †evSv hvq †h ZvwoZ‡PŠ¤K̂ Zi½ n‡jv wZh©K Zi½? 

 K. mgeZ©b L. e¨vwZPvi M. cÖwZdjb N. cªwZmiY 

4| ZvwoZ‡PŠ¤K̂ Zi‡½i D™¢e N‡U 

i. w¯’i Zwor‡¶Î I †PŠ¤K̂ †¶‡Îi Kvi‡Y ii. K¤úbkxj Zwor‡¶‡Îi Kvi‡Y 

iii. K¤úbkxj ‡PŠ¤̂K †¶‡Îi Kvi‡Y 

‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii. 
5| Zi½gy‡L Aew¯’Z cÖwZwU we›`y †_‡K wbM©Z AYyZi½¸‡jv ¯úk©K Zj‡K e‡j 

 K. †MŠY Zi½ L. AYyZi½ M. AmgewZ©Z Zi½ N. mgewZ©Z Zi½ 

6| GKwU Zi‡½i ỳwU we›`yi g‡a¨ c_ cv_©K¨ 

5
2

 n‡j we› ỳØ‡qi `kv cv_©K¨ KZ? 

 K. 4  L.  

5
4

 M. 

5


 N. 

5
2

 

 

7| K¤úb Zj Ges mgeZ©b Z‡ji ga¨eZ©x †KvY n‡jvÑ 

 K. 0  L. 

4


 M. 

2


 N.   

 

8| mgeZ©b †KvY wbf©i K‡i 

i. Av‡jvi Zi½‰`‡N©̈ i Dci ii. gva¨‡gi cÖwZmiYv‡¼i Dci 

iii. mgeZ©b Z‡ji Dc‡i 

‡KvbwU mwVK? 

 K. i I ii L. ii I iii M. i I iii N. i, ii I iii. 
 

m„Rbkxj cÖkœ: 

1| Bqs-Gi wØ-wPo cix¶vq cÖwZwU wP‡oi cȪ ’ mm02.0 Ges `yB wP‡oi †K‡›`ªi ga¨eZ©x `~iZ¡ mm1 | wPo 

†_‡K c ©̀vi `~iZ¡ m1 | wPoØq‡K 

0
5890 Zi½‰`‡N©̈ i Av‡jv w`‡q Av‡jvwKZ Kiv n‡jv| 

K. Av‡jvK mgeZ©b Kv‡K e‡j? 

L. Bqvs-Gi wØwPo cix¶vi mgMÖ e¨e¯’vwU‡K cvwbi g‡a¨ †i‡L cix¶v Ki‡j Avcwb Kx cwieZ©b j¶¨ Ki‡eb? 

M. †K› ª̀xq D¾¡j †_‡K cÂg D¾¡j Svj‡ii ~̀iZ¡ wbY©q Ki“b| 
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N. wPo `ywUi †h †Kv‡bv GKwU eÜ K‡i w`‡j †Kv‡bv cÖKvi Svji cvIqv hv‡e wK? Avcbvi DË‡ii ¯ĉ‡¶ 

we‡klYag©x e¨vL¨v w`b| 

 

2| m105.1 6  cȪ ’ wewkó GKK wPo d«bndvi †kªYxi AceZ©b cix¶vq 

0
5890  Zi½‰`N©̈  Av‡jv w`‡q 

Av‡jvwKZ Ki‡j m‡e©v”P QqwU AÜKvi †Wviv cvIqv †Mj| 

K. e¨wZPvi Kv‡K e‡j? 

L. GKK wPo d«bndvi †kªYxi AceZ©b cix¶vq wP‡oi cȪ ’ µgk e„w× Ki‡Z _vK‡j AceZ©b Svj‡ii Kxiƒc 

cwieZ©b NU‡e? 

M. †K› ª̀xq D¾¡j †Wvivi †KŠwYK cȪ ’ wbY©q Ki“b| 

N. †Kb QqwUi †ekx AÜKvi †Wviv cvIqv †Mj bv Zv MvwYwZK fv‡e we‡klY Ki“b| 

 

K. msw¶ß DËi cÖkœ : 

1| ZvwoZ‡PŠ¤̂K Zi½ Kv‡K e‡j wjLyb|  

2| ZvwoZ‡PŠ¤K̂ wewKiY wK?  

3| Zi½gyL Kv‡K e‡j wjLyb|  

4| mgZj Zi½gyL wK?   

5| nvB‡M‡b&‡mi bxwZ wjLyb|   

6| Av‡jvi e¨wZPvi ej‡Z wK †evSvq?  

7| e¨wZPv‡ii kZ©̧ ‡jv wjLyb?   

8| AceZ©‡bi msÁv w`b|   

9| AceZ©‡bi kZ©̧ wj wjLyb?   

 

L. wek` DËi cÖkœ : 

1| Av‡jvi Zi½ ZË¡ e¨vL¨v Ki“b|  

2| Zi½ mÂvjb m¤cwK©Z nvB‡Mb&‡mi bxwZ wPÎmn e¨vL¨v Ki“b |  

3| nvB‡Mb&‡mi bxwZi mvnv‡h¨ Av‡jvi cÖwZdj‡bi m~Î cÖgvY ev cÖwZcv`b Ki“b |  

4| nvB‡Mb&‡mi bxwZi mvnv‡h¨ Av‡jvi cÖwZdjb e¨vL¨v Ki“b |  

5| nvB‡Mb&‡mi bxwZi mvnv‡h¨ Av‡jvi cÖwZmiY msµvš— †ø‡ji m~Î cÖwZcv`b Ki“b |  

6| nvB‡Mb&‡mi bxwZi mvnv‡h¨ Av‡jvi cÖwZmi‡Yi m~Î cÖwZcv`b Ki“b |  

7| c_ cv_©K¨ I `kv cv_©‡K¨i g‡a¨ m¤cK© ¯’vcb Ki“b |  

8| Av‡jvi e¨wZPv‡ii Bqvs‡qi wØ-wPo cix¶vwU eY©bv Ki“b | 

9| Bqs‡qi wØ-wPo cix¶v eY©bv Ki Ges D¾¡j I A›aKvi †Wviv m„wói kZ©mg~n Av‡jvPbv Ki“b |  

10| Bqs‡qi wØ-wPo cix¶vi gva¨‡g e¨wZPvi cÖ̀ k©‡bi cix¶vwU eY©bv Ki Ges D¾¡j I A›aKvi †Wvivi kZ©mg~n 

Av‡jvPbv Ki“b |  

11| Bqs‡qi wØ-wPo cix¶vi weeiY `vI Ges †mLvb †_‡K cici `ywU D¾¡j †Wvivi ga©eZ©x `~i‡Z¡i iwkgvjv wbY©q 

Ki“b |  

12| GKK wP‡oi `iyb AceZ©b e¨vL¨v Ki“b |    

13| Av‡jvi e¨wZPvi I AceZ©‡bi g‡a¨ cv_©K¨ wb‡`©k Ki“b |  

14| Av‡jvi e¨wZPvi I AceZ©‡bi g‡a¨ Zzjbv Ki“b |  

15| ZvwoZ‡PŠ¤K̂ wewKi‡Yi ag©̧ ‡jv wjLyb| 

 

M. MvwYwZK mgm¨v : 

1|  GKwU †jRvi iwk¥i m‡e©v”P Zwor‡¶Î 

16 NC105.1  | Gi m‡e©v”P †PŠ¤K̂‡¶Î wbY©q Ki“b|  

  [Dt T105 3 ] 
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2|  GKwU ZvwoZ‡PŠ¤K̂ Zi‡½i m‡e©v”P †PŠ¤K̂‡¶‡Îi gvb T103.3 7 | Gi m‡e©v”P Zvwor‡¶‡Îi gvb wbY©q 

Ki“b | [Dt 

1NC99 
] 

3|  †Kv‡bv †eZvi Zi‡½i 

14 Vm10 mE | Bm Gi gvb wbY©q Ki“b | [Dt T103.3 13 ] 

4|  cvwbi Av‡cw¶K †f`b‡hvM¨Zv I Av‡cw¶K †PŠ¤K̂ cÖ‡ek¨Zv h_vµ‡g 80 I 

45
1

 n‡j cvwb‡Z Av‡jvi †eM 

wbY©q Kib | [Dt 

18 ms1025.2  ] 

5|  GKwU Zi‡½i `ywU we› ỳi g‡a¨ c_ cv_©K¨ 

2


| we›`yØ‡qi g‡a¨ `kv cv_©K¨ wbY©q Ki“b| [Dt  

6|  Bqs‡qi wØ-wPo cix¶vq wPoØ‡qi ga¨eZ©x `~iZ¡ mm3.0 Ges G‡K 

0
5600  Zi½‰`‡N©̈ i Av‡jv Øviv 

Av‡jvwKZ Kiv nj| wP‡oi mgvš—ivj m1  `~i‡Z¡ Aew¯’Z c`©vq †K›`ªxq Pig †_‡K 10-Zg D¾¡j †Wvivi 

`~iZ¡ wbY©q Ki“b| [Dt m1087.1 2 ] 

7|  Bqs‡qi wØ-wPo cix¶vq wPo `ywUi ga¨eZ©x `~iZ¡ mm2 | GB wPo †_‡K m1  `~i‡Z¡ †Wvivi cȪ ’ 

mm295.0  cvIqv †Mj| Av‡jvi Zi½‰`N©̈  †ei Ki“b| [Dt Å5900 ] 

8|  mm4.0  e¨eavb wewkó ỳwU wPo n‡Z m1  ~̀i‡Z¡ Aew ’̄Z c ©̀vi Dci e¨wZPvi m¾v m„wó nj| e¨eüZ Av‡jvi 

Zi½‰`N©̈  Å5000 n‡j, ci ci ỳwU D¾¡j cwÆi ga¨eZ©x `~iZ¡ ‡ei Ki“b| [Dt mm25.1 ] 

9|  Bqs‡qi wØ-wPo cix¶vq wPo‡K Å5890  Zi½‰`‡N©̈ i GKeY©x Av‡jvK Øviv Av‡jvwKZ Kiv n‡jv| wPoØ‡qi 

ga¨eZx© `ywUi `~iZ¡ mm8.0 | hw` wØ-wPowU †_‡K c ©̀v †_‡K m1 `~‡i ivLv nq Z‡e D¾¡j †Wvivi ‡ea 

wbY©q Ki“b|  [Dt 0.3681 mm] 
10|  Bqs‡qi wØ-wPo cix¶vq c`©vwU wPo †_‡K m5.1  `~‡i Aew¯’Z Ges e¨eüZ Av‡jvi K¤cv¼ Hz106 14 | 

`ywU µwgK D¾¡j †Wvivi ga¨eZ©x `~iZ¡ m75.0  n‡j wPoØ‡qi ga¨eZ©x ~̀iZ¡ wbY©q Ki“b|  [Dt 1 mm] 

11|  GKwU d«bndvi †kªYxi mm2.0 cȪ ’wewkó GKK wP‡oi `iyY AceZ©b cix¶vq 

0
5600   Zi½‰`‡N©̈ i Av‡jv 

e¨envi Kiv nj| cÖ_g µ‡gi AÜKvi cwÆi Rb¨ AceZ©b †KvY wbY©q Ki“b|  [Dt 0.16] 
12| mm05.0  cȪ ’ wewkó GKK wPo d«bndvi †kªYxi AceZ©b cix¶vq KZ Zi½‰`N©̈  Av‡jv w`‡q Av‡jvwKZ 

Ki‡j wØZxq µ‡gi A›aKvi cwÆi Rb¨ AceZ©b †KvY 1.5 cvIqv hv‡e wbY©q Ki“b| [Dt 6540 
0
 ] 

13| cm106 4 cÖ‡¯’i wewkó GKK wPo d«bndvi †kªYxi AceZ©b cix¶vq  

0
6000  Zi½‰`‡N©̈ i Av‡jvi Rb¨ 

†K›`ªxq Pi‡gi Dfq cv‡k¦© cÖ_g Aeg¸‡jvi †KŠwYK `~iZ¡ wbY©q Ki“b|  [Dt 11.48] 
 

 

DËigvjv 

eûwbe©vPbx cÖkœ: 

cvV 7.1 1M 2L     

cvV 7.2 1N 2N     

cvV 7.3 1N 2L     

cvV 7.4 1L 2N     

cvV 7.5 1N 2M     

cvV 7.6 1L 2N 3M    

 

P~ovš— g~j¨vqb 

eûwbe©vPbx cÖkœ: 
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1M 2N 3L 4L 5K 6L 7M 8K 

        

 


