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f~wgKv (Introduction)  
Ebwesk kZvãxi †kl `k‡Ki c~e© ch©š— WvjU‡bi gZvbymv‡i ‡gŠ‡ji ¶z`ªZg As‡ki bvg wQj cigvYy| cigvYy 

AwefvR¨ Ges PvR© wbi‡c¶| 

1897 wLª÷v‡ã †R, †R, Ugm‡bi cix¶vq cÖgvwYZ n‡jv †h, cigvYyi †P‡q nvjKv KwYKv we`¨gvb Ges Gi PvR© 

i‡q‡Q| myZivs cigvYy AwefvR¨ n‡Z cv‡i bv Ges cigvYy PvR© wbi‡c¶ n‡jI PvR©nxb bq| GLvb †_‡KB g~jZt 

AvaywbK c`v_©weÁv‡bi m~Pbv| ciewZ©‡Z 1900 wLª÷v‡ã g¨v· c¨vsK (Max Planck)-Gi †Kvqv›Uvg ZË¡, 1905 

wLª÷‡ã AvBb÷vBb (Einstein)-Gi Av‡cw¶K ZË¡, GQvovI weÁvbx †evi (Bohr), `¨ eªMjx (De Broglie), K¤úUb 
(Compton), nvB‡RbevM© (Hisenberg) cÖgyL weÁvbxi Ae`v‡b AvaywbK c`v_©weÁvb mg„w×jvf K‡i| 

AvaywbK c`v_©weÁv‡bi GB Aa¨v‡q Avgiv Av‡cw¶K ZË¡, c¨vs‡Ki ZË¡, `¨ eªMjxi ZË¡, K¤úUb ZË¡, 

nvB‡Rbev‡M©i AwbðqZv bxwZ m¤̂‡Ü Rvb‡ev Ges GB ZË¡̧ ‡jvi cÖ‡qvM m¤‡̂Ü Ávb jvf Ki‡ev| 

 

 

  cÖm½ KvVv‡gv 

 Frame of Reference 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Ro cÖm½ KvVv‡gv I ARo cÖm½ KvVv‡gv e¨vL¨v Ki‡Z cvi‡eb|  

  

8.1.1: cÖm½ KvVv‡gv, Ro cÖm½ KvVv‡gv I ARo cÖm½ KvVv‡gv (Frame of Reference, Inertial Frame of 
Reference and Non-Inertial Frame of Reference): 

Avgiv hLb †Kv‡bv e¯‘i Ae¯’vb ev †eM cwigvc Kwi ZLb †Kv‡bv we›`y‡K cÖm½ KvVv‡gv wnmv‡e 

we‡ePbv Kwi| H cÖm½ KvVv‡gv mv‡c‡¶ e¯‘wUi ˆiwLK `~iZ¡‡K Zvi Ae¯’vb ewj Ges cÖm½ KvVv‡gv 

mv‡c‡¶ e¯‘wUi ˆiwLK `ª“wZ‡K ‡eM ewj| cig MwZ ev cig w¯’wZ ej‡Z wKQy †bB| mKj w¯’wZ ev MwZB 

Av‡cw¶K| GB gnvwe‡k¦ ‡Kv‡bv wKQzB w¯’i bq| myZivs cig w¯’i e‡j ‡Kv‡bv Ae¯’vb cvIqv m¤¢e bq hv‡K w¯’i 

cÖm½ KvVv‡gv wnmv‡e we‡ePbv Kiv hvq| ZvB Avgiv cÖm½ KvVv‡gvi mv‡c‡¶ hv cwigvc Kwi Zv cig bq| A_©vr 

Avgiv me mgq Ae¯’vb ev †eM‡K Av‡cw¶K fv‡e cwigvc Kwi| 

 

†Kv‡bv e¯‘i MwZ eY©bvi Rb¨ wÎgvwÎK ¯’v‡b †h wbw`©ó ¯’vbv¼ e¨e¯’v we‡ePbv Kiv nq A_©vr †h my`„p wÎgvwÎK 

KvVv‡gvi mv‡c‡¶ e¯‘i MwZ eY©bv Kiv hvq Zv‡K cÖm½ KvVv‡gv e‡j|  

D`vniY ¯^iƒc ejv hvq, Avgiv m~h©‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv K‡i m~‡h© Pvwiw`‡K N~Y©qgvb MÖn¸‡jvi †eM Ges 

wewfbœ mgq Zv‡`i Ae¯’vb wbY©q K‡i _vwK| c„w_exi c„ô‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv K‡i wewfbœ eûZj 

fe‡bi D”PZv wbY©q Kwi, c„w_exi †K›`ª‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv K‡i wewfbœ K…wÎg DcMÖ‡ni †eM Ges 

Ae¯’vb wbY©q Kwi, †ijI‡q †÷kb‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv K‡i †h‡Kv‡bv †Uª‡bi Ae¯’vb wbY©q Kwi 

BZ¨vw`| 
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cÖm½ KvVv‡g ‡K `yB f ‡M f M Kiv hv | (K) Ro cÖm½ KvVv‡g  Ges (L) ARo cÖm½ KvVv‡gv 

 

(K) Ro cÖm½ KvVv‡gv: 

†h cÖm½ KvVv‡gv‡Z RoZvi m~Î ev wbDU‡bi m~Î cÖ‡hvR¨ Zv‡K Ro cÖm½ KvVv‡gv e‡j| Ab¨ fv‡e ejv hvq †h, 

hw` †Kv‡bv ch©‡e¶K (cvwicvwk¦K KvVv‡gvi mv‡_ Zzjbv bv K‡i) †Kv‡bv †fŠZ cix¶v Øviv cÖgvY Ki‡Z bv cv‡i †h 

†m MwZkxj wKbv Z‡e †m †h KvVv‡gv‡Z Aew¯’Z Zv Ro cÖm½ KvVv‡gv| 

D`vniY ¯îƒc aiv hvK, GKwU †Uªb mg‡e‡M MwZkxj| †UªbwU Ggbfv‡e Pj‡Q †hb †Kv‡bviƒc kã ev SvKzwb bv nq| 

GB Ae¯’vq ‡UªbwUi †Kv‡bv we›`y‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv K‡i GB †UÖª‡b Aew¯’Z ‡Kv‡bv ch©‡e¶‡Ki 

Ae¯’vb Ges MwZkxj ch©‡e¶‡Ki MwZ cwigvc Kiv hvq| †m hw` †Uª‡b w¯’i Ae¯’vq ùvwo‡q ev e‡m _v‡K Z‡e Zvi 

c‡¶ ejv m¤¢e bq †h †m MwZkxj wK bv| GLv‡b Av‡iv j¶Yxq †h, hw` ch©‡e¶K †Uª‡bi mv‡c‡¶ MwZkxj _v‡K 

Ges †Uª‡bi evB‡ii w`‡K bv ZvKvq Z‡e Zvi c‡¶ ejv m¤¢e bq †h †m †Uª‡bi MwZi w`‡K bv ‡Uª‡bi MwZi wecixZ 

w`‡K Pj‡Q|  

 

GLv‡b Av‡iv GKwU cix¶v m¤úbœ Kiv †h‡Z cv‡i hv Ro cÖm½ KvVv‡gv m¤^‡Ü Av‡iv cwi¯‹vi aviYv Rb¥v‡e| 

Zvn‡jv †UªbwU mg‡e‡M Pjv Ae¯’v †Uª‡b Aew¯’Z ch©‡e¶K hw` GKwU ej‡K Lvov Dci w`‡K Qyu‡o †`q Z‡e †mB 

ejwU Zvi nv‡ZB wd‡i Avm‡e| Avevi †UªbwU hw` †_‡g _vK‡Zv Zvn‡jvI Lvov Dci w`‡K Quy‡o †`q ejwU Zvi 

nv‡Z wd‡i Avm‡e| KviY hLb ejwU Zvi nv‡Z wQj ch©‡e¶Kmn ejwUi †eMI †Uª‡bi †e‡Mi mgvb wQj A_©vr 

ejwUI Abyf~wgK eivei mg‡e‡M PjwQj| ejwU‡K Lvov Dci w`‡K Qy‡o w`‡j ejwU Dj¤ ̂eivei GKwU †eM cÖvß 

n‡jv wKš‘ ejwUi Abyf~wgK †eM AcwiewZ©Z wQj| ejwU bx‡P wd‡i Avm‡Z †h mgq †j‡M‡Q †m mgq †UªbwU 

Abyf~wgK fv‡e †h `~iZ¡ †M‡Q, ch©‡e¶K Ges ejwUI †mB `~iZ¡ †M‡Q| ZvB ejwU wVK ch©‡e¶‡Ki nv‡ZB G‡m 

co‡e| d‡j †m wb‡R‡K w¯’i e‡j g‡b Ki‡e| ZvB †mB ch©‡e¶K ‡Kv‡bv Ae¯’v‡ZB cÖgvY Ki‡Z cvi‡e bv †h †m 

MwZkxj bv w¯’i Ae¯’vq Av‡Q| Av‡iv mnR fv‡e ejv hvq †h w¯’i ev mg‡e‡M MwZkxj Dfq †¶‡ÎB wbDU‡bi MwZ 

m~ÎM‡jv mgfv‡e cÖ‡hvR¨ n‡e| GB RvZxq KvVv‡gv‡K Ro cÖm½ KvVv‡gv e‡j| 

 

(L) ARo cÖm½ KvVv‡gv:  

Z¡ivwš̂Z ev N~Y©bkxj cÖm½ KvVv‡gv‡K ARo cÖm½ KvVv‡gv e‡j|  

ARo cÖm½ KvVv‡gv n‡jv †mB cÖm½ KvVv‡gv ‡h KvVv‡gv‡Z wbDU‡bi MwZ m~Î¸‡jv mgfv‡e cÖ‡hvR¨ nq bv| Avgiv 

KvVv‡gv‡K Ro cÖm½ KvVv‡gvi †Uª‡bi D`vniYwU‡K Avevi we‡ePbv Kwi| Avgiv †`‡LwQ †UªbwU w¯’i _vK‡j ev 

mg‡e‡M MwZkxj _vK‡j ch©‡e¶‡Ki Qyu‡o †`qv ejwU Zvi nv‡Z G‡m co‡Zv| wKš‘ hZ¶Y ejwU evZv‡m wQj Zvi 

g‡a¨ †UªbwU hw` Zvi MwZ‡eM cwieZ©b Ki‡Zv A_©vr †eM e„w× ev n«vm NUv‡Zv Zvn‡j Zvi cÖfve e‡ji Dci co‡Zv 

bv| ZvB ejwU Dj¤ ̂ MwZi mv‡_ mg‡e‡M Abyf~wgK eivei Pj‡Zv| d‡j †Uª‡b Z¡iY m„wó n‡j ejwU bx‡P wd‡i 

Avm‡Z †h mgq †j‡M‡Q †m mgq †UªbwU Abyf~wgK fv‡e †h `~iZ¡ †M‡Q, ch©‡e¶K †mB `~iZ¡ hv‡e| wKš‘ ejwU Zvi 

‡P‡q Kg Abyf~wgK `~iZ¡ AwZµg Ki‡e Ges †Uª‡bi g›`b n‡j ejwU ‡Uªb I ch©‡e¶‡Ki ‡P‡q †ekx Abyf~wgK `~iZ¡ 

AwZµg Ki‡e| ZvB ejwU ch©‡e¶‡Ki nv‡Z co‡e bv| Gi †_‡K ch©‡e¶K mn‡RB Abyfe Ki‡Z cvi‡e †h †m 

MwZkxj Av‡Q| 

Av‡iv GKUz fvev hvK, GKRb Nygš— e¨vw³‡K wjd&‡U DwV‡q wjd&U Pvjy Kiv n‡jv| Gici e¨vw³wUi Nyg fv½‡j 

Zvi c‡¶ †evSv m¤¢e bq †h †m Dc‡i DV‡Q bv bx‡P bvg‡Q bvwK †_‡g Av‡Q| GB Ae¯’vq †Kv‡bv cix¶v w`‡q Zvi 

MZxq Ae¯’v Rvbv m¤¢e bq| wKš‘ wjd&UwU hLb _vg‡e ZLb †m wVK eyS‡Z cvi‡e †h, †m MwZkxj wQj| ïay ZvB 

bq, wjd&UwU Dc‡i DVwQj bv bvgwQj ZvI †m eyS‡Z cvi‡e| 

iv¯—v w`‡q mg‡e‡M Pjš— Mvwo‡Z e‡m _vK‡j Ges evB‡i bv ZvKv‡j Mvwoi MZxq Ae¯’v Rvbv m¤¢e bq| wKš‘  

hw` GB Ae¯’vq MvwowU euvK †bq Z‡e Av‡ivnx GKwU ‡K›`ªwegyLx ej Abyfe Ki‡e| d‡j GKwU †K›`ªgyLx Z¡i‡Yi 

m„wó n‡e Ges Zvi †_‡K †m Zvi MZxq Ae¯’v Rvb‡Z cvi‡e| myZivs Z¡ivwš̂Z ev N~Y©bkxj cÖm½ KvVv‡gv w¯’i cÖm½ 

KvVv‡gv Dfq †¶‡Î wbDU‡bi MwZ m~Î¸‡jv mgfv‡e cÖ‡hvR¨ n‡e bv| GB RvZxq KvVv‡gv Ro cÖm½ KvVv‡gv bq| 

GB RvZxq KvVv‡gv‡K ARo cÖm½ KvVv‡gv e‡j| 
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mvi-ms‡¶c :  

cÖm½ KvVv‡gv : †Kv‡bv e ‘̄i MwZ eY©bvi Rb¨ wÎgvwÎK ¯’v‡b †h wbw`©ó ¯’vbv¼ e¨e ’̄v we‡ePbv Kiv nq A_©vr †h 

my`„p wÎgvwÎK KvVv‡gvi mv‡c‡¶ e¯‘i MwZ eY©bv Kiv hvq Zv‡K cÖm½ KvVv‡gv e‡j|  

Ro cÖm½ KvVv‡gv: †h cÖm½ KvVv‡gv‡Z RoZvi m~Î ev wbDU‡bi m~Î cÖ‡hvR¨ Zv‡K Ro cÖm½ KvVv‡gv e‡j| Ab¨ 

fv‡e ejv hvq †h, hw` †Kvb ch©‡e¶K (cvwicvwk¦K KvVv‡gvi mv‡_ Zzjbv bv K‡i) †Kvb †fŠZ cix¶v Øviv cÖgvY 

Ki‡Z bv cv‡i †h †m MwZkxj wKbv Z‡e †m †h KvVv‡gv‡Z Aew¯’Z Zv Ro cÖm½ KvVv‡gv| 

ARo cÖm½ KvVv‡gv: Z¡ivwš̂Z ev N~Y©bkxj cÖm½ KvVv‡gv‡K ARo cÖm½ KvVv‡gv e‡j|  

 

 

 

cv‡VvËi g~j¨vqb: 8.1 

eûwbe©vPbx cÖkœ: 

1| bx‡Pi †KvbwU Ro cÖm½ KvVv‡gv D`vniY bq? 

K. mg‡e‡M GKwU wjd&‡U Av‡ivnb ev Ae‡ivn‡bi †¶‡Î wjd&U‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

L. mg‡e‡M MwZkxj GKwU evm‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

M. GKwU ¯úw›`Z mij †`vj‡Ki ee‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

N. mg‡e‡M Pjš— mvB‡K‡ji emvi mx‡Ui †Kv‡bv we›`y‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

 

2| bx‡Pi †KvbwU Ro cÖm½ KvVv‡gvi D`vniY? 

K. mgZ¡i‡Y GKwU wjd&‡U Av‡ivnb ev Ae‡ivn‡bi †¶‡Î wjd&U‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

L. mg‡e‡M MwZkxj GKwU evm‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

M. GKwU ¯úw›`Z mij †`vj‡Ki ee‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

N. mg‡e‡M Pjš— mvB‡K‡ji ix‡gi †Kv‡bv we›`y‡K cÖm½ KvVv‡gv wnmv‡e we‡ePbv Ki‡j| 

 

 

  gvB‡Kjmb-†gvi‡j cix¶v 

 Michelson-Morley Experiment 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 gvB‡Kjmb-†gvi‡j cix¶v eY©bv Ki‡Z cvi‡eb|  

 gvB‡Kjmb-†gvi‡j cix¶vi djvdj we‡klY Ki‡Z cvi‡eb| 

 

8.2.1 gvB‡Kjmb-†gvi‡j cix¶v (Michelson-Morley Experiment): 
hw` Av‡jv k~b¨ gva¨‡g B_v‡ii ga¨ w`‡q c †e‡M mÂvwjZ nq Z‡e Av‡jvi Dr‡mi w`‡K ev Zvi 

wecixZ w`‡K v mg‡e‡M MwZkxj ch©‡e¶‡Ki wbKU Av‡jvi Av‡cw¶K †eM rc c v  |  

m~‡h©i Pvwiw`‡K c„w_exi K¶xq ‡eM cÖvq 

1kms1.30 
| hw` B_vi‡K m~‡h©i mv‡c‡¶ w¯’i aiv nq Z‡e c„w_ex B_v‡ii 

ga¨ w`‡q GB †e‡M MwZkxj| Zvn‡j wbw`©ó `~iZ¡ ch©š— GKwU Av‡jvK Zi½ DËi-`w¶Y eivei hvIqv Avmv 

Kiv‡Z cÖ‡qvRbxq mgq Ges GKB `~iZ¡ c~e©-cwðg eivei hvIqv Avmv Ki‡Z mgq mwVKfv‡e cwigvc K‡i GB 

mg‡qi cv_©K¨ †_‡K B_v‡ii mv‡c‡¶ c„w_exi MwZ mivmwi gvcv m¤¢e| gvB‡Kjmb-†gvi‡j GB fv‡e Av‡jvi 

mvnv‡h¨ B_v‡ii Aw¯’Z¡ wbiƒcY Kivi †Póv K‡ib| gvB‡Kjmb I †gvi‡ji cix¶vi g~j bxwZ wQj gvB‡Kjmb 

B›Uvi‡dqv‡ivwgUvi‡K Avw` Ae¯’vb †_‡K 90 ‡Kv‡Y †Nviv‡j e¨wZPvi †Wvivi †Kv‡bv miY N‡U wKbv| Z‡e kZ© 
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n‡jv GB h‡š¿i GKwU evû‡Z Av‡jvK iwk¥ c„w_exi K¶xq MwZi w`‡K _vK‡e| 

 

h‡š¿i eY©bv t- gvB‡Kjmb B›Uvi‡dqv‡ivwgUvi wP‡Î †`Lv‡bv n‡jv| 1M  I 2M  ỳwU mgZj `c©Y hvi m¤§yL fvM 

Aa© †iŠc¨ cÖ‡jc hy³| `c©Y `ywU ci¯ú‡ii mv‡_ mg‡Kv‡Y Aew¯’Z `ywU evûi †kl cÖv‡š— Dj¤ ̂fv‡e mshy³| d‡j 

`c©Y `ywUI ci¯ú‡ii mv‡_ mg‡Kv‡Y Aew¯’Z| G n‡jv Aa© †iŠc¨ cÖ‡jc hy³ mgZj KvP cvZ| GwU Dj¤ ̂fv‡e 

1SM  Gi mv‡_ 45  †Kv‡Y ’̄vwcZ| †hb 1OM  Ges 2OM  Gi Av‡jvK c_ mgvb nq †mRb¨ 2OM  Gi Av‡jvK 

c‡_ G mgZj KvP cvZ Gi cyi“‡Z¡i mgvb cyi“‡Z¡i Ges Gi mgvš—iv‡j GKwU KvP cvZ G1 ¯’vcb Kiv nq| S 
GKwU GKeY©x Av‡jvK Drm hv DËj †j‡Ýi †dvKv‡m Aew¯’Z| e¨vwZPvi †Wviv †`Lvi Rb¨ †Uwj‡¯‹vc T| cvi` c~Y© 

GKwU fvix cv‡Î mgMÖ hš¿¿wU‡K fvwm‡q ivLv nq †hb †K›`ªxq A‡¶i mv‡c‡¶ webv evavq †Nviv‡bv hvq| 

 

 

ZË¡ t- †j‡Ýi ga¨ w`‡q GK ¸”Q mgvš—ivj GKeY©x Av‡jK iwk¥ G mgZj KvP cv‡Zi O we›`y‡Z AvcwZZ n‡q 

`ywU As‡k wef³ nq| GKwU cÖwZdwjZ Ges AciwU mgcÖve‡j¨i cÖwZmwiZ iwk¥| GB cÖwZdwjZ Ges cÖwZmwiZ 

iwk¥ ci¯úi mg‡Kv‡Y 1OM I 2OM  c‡_ 1M I 2M  `c©‡Y j¤f̂v‡e AvcwZZ nq| `c©YØq n‡Z cÖwZdwjZ n‡q 

1M O I 2M O iwk¥Øq G mgZj KuvP cvZ w`‡q h_vµ‡g cÖwZmwiZ I cÖwZdwjZ n‡q O  we› ỳ‡Z wd‡i G‡m 

DfqB OE  c‡_ mÂvwjZ nq| Dfq Av‡jvK iwk¥ mgcyi“‡Z¡i G I G1 Kv‡Pi wfZi w`‡q `yBevi cÖwZmwiZ nq 

e‡j Zv‡`i Av‡jvKxq c_ mgvb _v‡K| ‡h‡nZz 1M I 2M  `c©Y m¤ú~Y©iƒ‡c ci¯ú‡ii mv‡_ mg‡Kv‡Y _v‡Kbv e‡j 

†Uwj‡¯‹vc T †Z e¨vwZPv‡ii d‡j mgvš—ivj AÜKvi I D¾¡j †Wvivi m„wó nq| gvB‡Kjmb Zvi h‡š¿ `c©Y `ywU‡K 

Ggb fv‡e ¯’vcb K‡iwQ‡jb †hb lOMOM  21  nq| Avgiv e¨vL¨vi myweavi Rb¨ awi, 11 lOM   Ges 

22 lOM   †hb lll  21  nq| 

 

hw` mgMÖ hš¿¿wU B_v‡ii mv‡c‡¶ w¯’i _vK‡Zv Z‡e ỳwU Av‡jvK iwk¥ GKB mv‡_ O  we› ỳ‡Z wd‡i Avm‡Zv| g‡b 

Kwi w¯’i B_v‡i Av‡jvi †eM c | awi hš¿¿wU‡K Ggb fv‡e ¯’vcb Kiv n‡q‡Q †hb S  †_‡K 1M  `c©‡Yi w`‡K 

Av‡jvi iwk¥ c„w_exi K¶xq c‡_i mgvš—iv‡j Av‡Q| Zvn‡j Av‡jvK iwk¥ 1OM c‡_ Mgb K‡i hLb  cÖwZdwjZ 

n‡”Q ZLb 1M `c©YwU 1M 
 Ae¯’v‡b Ges hLb cÖwZdwjZ n‡q G Aa© iƒcvi cÖ‡jc hy³ KuvP cv‡Z wd‡i Av‡m ZLb 

GwU G
 Ae¯’v‡b| 

myZivs h‡š¿i mv‡c‡¶ 1OM  eivei Av‡jvi †eM, vc    

Ges h‡š¿i mv‡c‡¶ OM 1  eivei Av‡jvi †eM vc   

AZGe Av‡jvK iwk¥i OMOM  11  c_ AwZµg Ki‡Z cÖ‡qvRbxq mgq,  

 M1 

 M2 

 l1 

 P 

 M2 

 l2  l2 

 G 
 G1 

 O 

 v 

 S 

 E 

 T 

 G 

 O 

 G1 

 M1 

wPÎ 8.1 
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S  †_‡K 2M  `c©‡Yi w`‡K Av‡jvK iwk¥ c„w_exi K¶xq c‡_i j¤ ̂fv‡e Av‡Q| Zvn‡j Av‡jvK iwk¥  2OM c‡_ 

Mgb K‡i ZLb 2M  `c©YwU vt  ~̀iZ¡ m‡i wM‡q 2M 
 Ae¯’vb †bq Ges 2M 

 `c©Y †_‡K cÖwZdwjZ n‡q Avmvi 

c‡_ Av‡iv vt  ~̀iZ¡ m‡i G
 Aa© iƒcvi cÖ‡jc `c©‡Yi OAe¯’v‡b †cŠ‡”Q| myZivs j¤ ̂c‡_ hvIqv Avmvi mgq, 
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myZivs `yB c‡_ Av‡jv hvIqv Avmvi mg‡qi cv_©K¨, 
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                (8.3) 

GLb mgMÖ hš¿¿wU 90
 †Kv‡Y †Nviv‡j 1M  I 2M  `ywU Ae¯’vb cwieZ©b Ki‡e| myZivs GB Ae¯’v‡b Av‡jv hvIqv 

Avmvi mg‡qi cv_©K¨ wbY©‡qi Rb¨ (8.3 bs) mgxKi‡Y 1l  Gi ¯’‡j 2l  Ges 2l  Gi ¯’‡j 1l  ewm‡q cvB, 

 

22
2

22
2

21
1

12
1

12
cvc

l
cvc

lttt












   

Zvn‡j †gvU mg‡qi cv_©K¨, 

ev, 

22
2

22
2

22
2

22
1

1
12

1
212

1
12

cvc
l

cv
c

c
l

cvc
l

cvc
lttt


























  

ev,    21222122 1
12

1
12 ll

cvc
ll

cvc
t 













  

ev,       










2
1

22122
21 112 cvcvll

c
t  

‡h‡nZz 12

2


c
v

 m~Zivs Gi D”PNvZ eR©b K‡i wjLv hvq, 
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 2

2

2

2

21 2
1112

c
v

c
vll

c
t  

ev,   







 2

2

2

2

21 2
1112

c
v

c
vll

c
t  

ev, 

   213

2

2

2

21 2
12 ll

c
v

c
vll

c
t   

GLb, lll  21  emv‡j,  

c
l

c
v

c
lvt 22

2

2

3

2

    

ev, l
c
vtc 22

2

                       (8.4) 

t mg‡q iwk¥Ø‡qi Av‡jvKxq c_ cv_©K¨ d  n‡j, 

l
c
vtcd 22

2

                       (8.5) 

hw` cix¶vq e¨eüZ Av‡jv Zi½‰`N©̈    nq Z‡e e¨wZPv‡ii kZ©vbymv‡i c_ cv_©K¨, 

l
c
vnd 22

2

     GLv‡b n  n‡jv †Wvivi miY| 


l

c
vn 2

2

2

                        (8.6) 

 

8.2.2: gvB‡Kjmb-†gvi‡j cix¶vi cÖvß djvdj I we‡klY (Result of Michelson-Morley Experiment 
and Explanation): 
gvB‡Kjmb-†gvi‡j ‡Wvivi miY m~² I mwVK fv‡e cwigv‡ci Rb¨ m11l , m105.5 7  Ges 

m101.30km1.30 3v  e¨envi K‡ib|  

GB gvb¸‡jv emv‡j, 

 
  4.0

105.5
112

103
101.30

728

23









 n  

myZivs cÖ_g Ae¯’vb †_‡K mgMÖ hš¿wU 90
 †Kv‡Y †Nviv‡j 0.4  msL¨K †Wvivi miY nevi K_v| wKš‘ cix¶v jä 

dj †_‡K †`Lv †Mj †h, mgMÖ hš¿¿wU evievi 90
 †Kv‡Y †Nviv‡j ‡Wvivi †Kv‡bv miY NU‡Q bv| A_P Zuvi h‡š¿ 

100
1

Ask miYI cwigvc Kiv †hZ| 

 

gvB‡Kjmb-†gvi‡j cix¶‡Yi ci cÖvq 50 eQi a‡i wewfbœ weÁvbxKMY w`‡b I iv‡Zi wewfbœ mgq, wewfbœ 

A¶vs‡k, wewfbœ FZz‡Z cix¶v m¤úv`b K‡ib GgbwK gnvKv‡kI GB cix¶v m¤úbœ Kiv nq Ges GKB dj cvb| 

GB FYvZ¥K djvdj †_‡K wm×v‡š— DcwbZ nb †h, ÓB_v‡ii mv‡c‡¶ c„w_exi †eM k~b¨Ó| A_©vr B_vi bvgK 

KwíZ c`v‡_©i †Kvb Aw¯—Z¡ bvB| GQvov Av‡iv cÖgvwYZ nq †h Av‡jvi †eM cig †eM|  

gvB‡Kjmb-†gvi‡j cix¶vi FYvZ¥K djvdj M¨vwjwjI Gi †eM iƒcvš—i m~Î AKvh©Ki K‡i †`q| nvB‡Mb‡mi 

B_vi gva¨‡g Av‡jvi Zi½ gZev‡`i g„Zz¨ N‡U| AvBb÷vB‡bi Av‡cw¶K Z‡Ë¡i wØZxq m~‡Îi mZ¨Zv cÖgvwYZ nq| 
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mvi-ms‡¶c :  

gvB‡Kjmb-†gvi‡j cix¶vi FYvZ¥K djvdj M¨vwjwjI Gi †eM iƒcvš—i m~Î AKvh©Ki K‡i †`q| nvB‡Mb‡mi 

B_vi gva¨‡g Av‡jvi Zi½ gZev‡`i g„Zz¨ N‡U| AvBb÷vB‡bi Av‡cw¶K Z‡Ë¡i wØZxq m~‡Îi mZ¨Zv cÖgvwYZ 

nq| 

 

 

cv‡VvËi g~j¨vqb: 8.2 

eûwbe©vPbx cÖkœ: 

1| gvB‡Kjmb-†gvi‡j cix¶vq mgZj `c©Y `ywUi g‡a¨ GKwUi Av‡jvK c‡_i gv‡S GKwU KvPdjK ivLv nq 

†Kb?  

 K. Av‡jvi c_ cwieZ©‡bi Kivi Rb¨ L. Av‡jvKxq c_ mgvb Kivi Rb¨ 

 M. Av‡jvi e¨vwZPvi NUv‡bvi Rb¨ N. Av‡jvi AceZ©b `~i Kivi Rb¨  

2| gvB‡Kjmb-†gvi‡j cix¶vq cÖgvwYZ nq †h, 

 i. Av‡jvi †eM cig †eM 

 ii. GK cÖKvi ZvwoZ‡PŠ¤K̂ Zi½ 

 iii. B_v‡ii †Kv‡bv Aw¯—Z¡ bvB 

bx‡Pi †KvbwU mwVK? 

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

 

  AvBb÷vB‡bi Av‡cw¶KZv ZË¡ 

 Einstein’s Theroy of Relativity 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 AvBb÷vB‡bi Av‡cw¶KZvi we‡kl ZË¡ e¨vL¨v Ki‡Z cvi‡eb| 

 

8.3.1:  Av‡cw¶KZvi bxwZ (Principle of Relativity): 
Avgiv hLb †Kv‡bv e¯‘i Ae¯’vb ev †eM cwigvc Kwi ZLb ‡Kv‡bv w¯’i we›`y‡K cÖm½ KvVv‡gv wnmv‡e 

we‡ePbv Kwi| H cÖm½ KvVv‡gv mv‡c‡¶ e¯‘wUi ˆiwLK `~iZ¡‡K Zvi Ae¯’vb ewj Ges cÖm½ KvVv‡gv mv‡c‡¶ e¯‘wUi 

ˆiwLK `ª“wZ‡K ‡eM ewj| wKš‘ GB gnvwe‡k¦ ‡Kv‡bv wKQzB w¯’i bq| myZivs cig w¯’i e‡j ‡Kv‡bv Ae¯’vb cvIqv 

m¤¢e bq hv‡K w¯’i cÖm½ KvVv‡gv wnmv‡e we‡ePbv Kiv hvq| ZvB Avgiv cÖm½ KvVv‡gvi mv‡c‡¶ hv cwigvc Kwi Zv 

cig bq| A_©vr Avgiv me mgq Ae¯’vb ev †eM‡K Av‡cw¶Kfv‡e cwigvc Kwi| 

wPivqZ ej we`¨vi g‡Z ¯’vb, fi I mgq aª“e ivwk| wKš‘ 1905 mv‡j AvBb÷vBb GB aviYvi Avg~j cwieZ©b 

NUvb| Zvi ZË¡ Abymv‡i ¯’vb, fi I mgq aª“e ivwk bq| G¸‡jv mKjB Av‡cw¶K| †e‡Mi cwieZ©‡bi mv‡_ mv‡_ 

G‡`i cwieZ©b nq| †Kej gvÎ k~b¨ gva¨‡g Av‡jvi †eMB cig †eM| DPP MwZkxj (Av‡jvi KvQvKvwQ †e‡M) e¯‘i 

†¶‡Î GB aviYv cix¶vjägv‡bi mv‡_ m¤c~Y©fv‡e wg‡j hvq| AvBb÷B‡bi GB ZË¡‡K Av‡cw¶K ejv nq| 

cigvYweK I wbDwK¬q c`v_©weÁv‡b GB Z‡Ë¡i ¸i“Z¡ Acwimxg| AvBb÷vBb Zvi Av‡cw¶K Z‡Ë¡ e‡jb cÖvK…wZK 

wbqgvejxi MvwYwZK m~Îmg~n mKj Ro KvVv‡gv‡Z Awfbœ| GUvB Av‡cw¶KZvi bxwZ| 1916 mv‡j AvBb÷vBb 

Av‡cw¶KZvi Av‡iv GKwU ZË¡ Dc¯’vcb K‡ib| gnvKl©, bv¶wÎK MwZcÖK…wZ, m¤úªmviYkxj gnvwe‡k¦i aviYv 

BZ¨vw` GB Z‡Ë¡i wfwË‡Z e¨vL¨v cÖ̀ vb Kiv hvq| 

cvV 8.3: 
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myZivs AvBb÷vBb Zvi Av‡cw¶K ZË¡‡K `yÕfv‡M fvM K‡ib, h_v- 

1) we‡kl Av‡cw¶K ZË¡ (Special Theory of Relativity) 
2) mvwe©K Av‡cw¶K ZË¡ (General Theory of Relativity) 
 

we‡kl Av‡cw¶K ZË¡ g~jZt w¯’i Ro cÖm½ KvVv‡gvi mv‡c‡¶ mg‡e‡M MwZkxj Ro cÖm½ KvVv‡gvi †Kv‡bv NUbv 

we‡klY ev †Kv‡bv †fŠZivwki cwigvc msµvš— Av‡jvPbv| fi, mgq, ˆ`N©̈ , †eM I kw³i Av‡cw¶KZv BZ¨vw` 

we‡kl Av‡cw¶K Z‡Ë¡i Aš—fy©³| Aciw`‡K mvwe©K Av‡cw¶K ZË¡ g~jZt w¯’i Ro cÖm½ KvVv‡gvi mv‡c‡¶ 

Amg‡e‡M MwZkxj Ro cÖm½ KvVv‡gvi †Kv‡bv NUbv we‡klY ev †Kv‡bv †fŠZivwki cwigvc msµvš— Av‡jvPbv| 

gnvKl©, bv¶wÎK MwZcÖK…wZ, m¤úªmviYkxj gnvwe‡k¦i aviYv BZ¨vw`i e¨vL¨v BZ¨vw` mvwe©K Av‡cw¶K Z‡Ë¡i      

Aš—fy©³| w¯’i Ro cÖm½ KvVv‡gvi mv‡c‡¶ Amg‡e‡M MwZkxj Ro cÖm½ KvVv‡gvwU hLb mg‡e‡M MwZkxj nq 

ZLb mvwe©K Av‡cw¶K ZË¡wU we‡kl Av‡cw¶K Z‡Ë¡ cwiYZ nq| myZivs ejv hvq, we‡kl Av‡cw¶K ZË¡ n‡jv 

mvwe©K Av‡cw¶K Z‡Ë¡i GKwU we‡kl iƒc| Avgiv GB Aa¨v‡q ïay we‡kl Av‡cw¶K ZË¡ wb‡q Av‡jvPbv Ki‡ev| 

N~Y©bkxj ev Zivwš̂Z cÖm½ KvVv‡gvi Rb¨ †h Av‡cw¶K ZË¡ Zv‡K mvwe©K Av‡cw¶K ZË¡ e‡j| 

 

8.3.2: we‡kl Av‡cw¶K Z‡Ë¡i ¯x̂Kvh©: 
AvBb÷vB‡bi we‡kl Av‡cw¶K ZË¡ `ywU †gŠwjK ¯x̂Kv‡h©i Dci cÖwZwôZ| 1905 mv‡j AvBb÷vBb GB `ywU ¯x̂Kvh© 

cÖ̀ vb K‡ib| 

cÖ_g ¯x̂Kvh©t- w ’̄i ev MwZkxj mKj Ro cÖm½ KvVv‡gv‡Z c`v_©weÁv‡bi †gŠwjK m~Îmg~n AcwiewZ©Z _v‡K| 

wØZxq ¯x̂Kvh©t-  k~b¨ gva¨‡g Av‡jvi †eM mKj Ro cÖm½ KvVv‡gvi ch©‡e¶‡Ki Rb¨ GKB Ges Zv Av‡jvi Drm ev 

ch©‡e¶‡Ki MwZi Dci wbf©ikxj bq| 

cÖ_g ¯x̂Kv‡h©i e¨vL¨vt- cÖ_g ¯x̂Kvh© Abymv‡i mKj Ro KvVv‡gv ci¯ci mgZyj¨| cig w¯’i †Kvb KvVv‡gv _vK‡Z 

cv‡ibv| myZivs mKj MwZB Av‡cw¶K Ges mKj w¯’wZB Av‡cw¶K| aiv hvK `yRb ch©‡e¶K ci¯c‡ii mv‡c‡¶ 

aª“e †e‡M MwZkxj| GB `yR‡bi g‡a¨ †K MwZkxj Ges †K w¯’i Zv ci¯c‡ii c‡¶ wbY©q Kiv Am¤¢e| GKwU 

mg‡e‡M MwZkxj †UªbhvÎx Kvgivi †fZ‡i †Kv‡bv cix¶v w`‡q cÖgvY Ki‡Z cvi‡ebv ‡h †UªbwU w¯’i bv MwZkxj| 

D`vniY ¯îƒc aiv hvK w¯’i Ae¯’vq _vKv †Uª‡bi ch©‡e¶K ‡Uª‡b e‡m GKwU ej‡K Dciw`‡K Qzo‡Q Ges cZb 

Kv‡j jy‡d wb‡”Q| †m ‡`L‡e ejwU †mvRv Dc‡i wKQz`yi D‡V Avevi †mB c‡_ Zvi nv‡Z †b‡g Avm‡Q| GKB 

cix¶Y hw` mg‡e‡M MwZkxj †Uª‡bi ch©‡e¶K m¤úbœ Ki‡Zb Z‡e wZwbI ZvB †`L‡Zb| myZivs †m ch©‡e¶‡Ki 

c‡¶ ejv m¤¢e bq †h wZwb MwZkxj wK MwZkxj bb| c`v_©weÁv‡bi mKj cix¶vi dj †UªbwU w¯’i _vK‡jI hv n‡e 

†UªbwU mylg †e‡M MwZkxj _vK‡jI ZvB cvIqv hv‡e| myZivs ci¯c‡ii mv‡_ mg‡e‡M MwZkxj mKj Ro cÖm½ 

KvVv‡gv‡Z c`v_©weÁv‡bi m~Î¸‡jv GKBiƒc mgxKiY w`‡q cÖKvk Kiv hvq| 

wØZxq ¯x̂Kv‡h©i e¨vL¨vt GB ¯x̂Kvh© Abymv‡i ¯’vbv¼ KvVv‡gvi Dci Av‡jvi MwZ wbf©i K‡ibv| w¯’i KvVv‡gvi 

mv‡c‡¶ Av‡jvi †eM hv n‡e, †h †Kvb w`‡K †h ‡Kvb Pjgvb KvVv‡gvi mv‡c‡¶ Av‡jvi †eM ZvB n‡e| Av‡jvK 

Drm MwZkxj n‡jI ch©‡e¶‡Ki Kv‡Q Av‡jv‡i †e‡Mi †Kv‡bv cwieZ©b NU‡ebv| A_©vr Av‡jvi †eM cig †eM| 

 

 

mvi-ms‡¶c :  

we‡kl Av‡cw¶K Z‡Ë¡i ¯x̂Kvh©: 

cÖ_g ¯x̂Kvh©t- w ’̄i ev MwZkxj mKj Ro cÖm½ KvVv‡gv‡Z c`v_© weÁv‡bi ‡gŠwjK m~Îmg~n AcwiewZ©Z _v‡K| 

wØZxq ¯x̂Kvh©t-  k~b¨ gva¨‡g Av‡jvi †eM mKj Ro cÖm½ KvVv‡gvi ch©‡e¶‡Ki Rb¨ GKB Ges Zv Av‡jvi Drm 

ev ch©‡e¶‡Ki MwZi Dci wbf©ikxj bq| 
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cv‡VvËi g~j¨vqb: 8.3 

eûwbe©vPbx cÖkœ: 

1| we‡kl Av‡cw¶K Z‡Ë¡i ¯x̂Kvh© KqwU? 

 K. 1wU L. 2wU M. 3wU N. 4wU  

2| Av‡cw¶K ZË¡ KZ cÖKvi? 

 K. 1wU L. 2wU M. 3wU N. 4wU 

 

 

  M¨vwjwjI iƒcvš—i 

 Gallilean Transformation 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 M¨vwjwjI iƒcvš—i e¨vL¨v Ki‡Z cvi‡eb| 

 

8.4.1: M¨vwjwjI iƒcvš—i (Gallilean Transformation): 
hw` †Kv‡bv NUbv GKB mv‡_ `ywU c„_K Ro cÖm½ KvVv‡gv †_‡K ch©‡e¶Y Kiv nq hLb KvVv‡gv `ywU 

ci¯c‡ii mv‡_ v †e‡M X-A¶ eivei MwZkxj, Z‡e ¯̂vfvweK fv‡eB ỳwU KvVv‡gv‡Z ỳB cÖKvi `yB †mU ¯’vbvsK 

cvIqv hv‡e| D³ NUbvi Rb¨ `yB †mU ¯’vbvs‡Ki g‡a¨ m¤cK© ¯’vc‡bi Rb¨ †h mgxKiY cvIqv hvq Zv‡K 

M¨vwjwjI iƒcvš—i mgxKiY e‡j| Avgiv ev¯—‡e †h NUbv¸‡jv ch©‡e¶Y Kwi Ges Abyfe Kwi M¨vwjwjI iƒcvš—i 

wewa Øviv MÖnY‡hvM¨ e¨vL¨v cvIqv hvq| Avgiv c‡i †`L‡ev †h, †hme e¯‘i †eM Av‡jvi †e‡Mi mv‡_ Zzjbxq bq 

Zv‡`i †¶‡Î M¨vwjwjI iƒcvš—i wewa cÖ‡hvR¨| 

g‡b Kwi, GKwU cÖm½ KvVv‡gv S Gi mv‡c‡¶ S cÖm½ 

KvVv‡gvwU X-A¶ eivei v mg‡e‡M MwZkxj| 0t   

mg‡q S Ges S cÖm½ KvVv‡gvwUi g~j we›`y GKB Ae¯’v‡b 

wQj| P we›`yi msNwUZ †Kv‡bv NUbvi ¯’vb I Kvjv¼ S 

Gi mv‡c‡¶ (x,y,z,t) Ges S-Gi mv‡c‡¶ 

( , , ,x y z t   
)| t t  mg‡q S   cÖm½ KvVv‡gvwU +X -

A¶ eivei  vt  ~̀‡i Ae¯’vb Ki‡e| 

GLb S  cÖm½ KvVv‡gvi ch©‡e¶K KZ…©K cwigvcK…Z S 

cÖm½ KvVv‡gvi mv‡c‡¶ P we›`yi ¯’vbvsK, 

tvxx   

wKš‘, M¨vwjwjI iƒcvš—i wewa Abymv‡i mKj KvVv‡gv‡Z mgq Awfbœ A_©vr t t  

AZGe, vtxx                       (8.7) 
Avevi S cÖm½ KvVv‡gvi ch©‡e¶K KZ…©K cwigvcK…Z S   cÖm½ KvVv‡gvi mv‡c‡¶ P we›`yi ¯’vbvsK, 

vtxx                         (8.8) 

Ges †h‡nZz  y I z  A¶ eivei ỳB KvVv‡gvi †Kv‡bv Av‡cw¶K †eM bvB †m‡nZz, 

yy                           (8.9) 

zz                 ...           (8.10) 
(8.7), (8.8), (8.9) Ges (8.10) bs mgxKiY¸‡jvB M¨vwjwjI iƒcvš—i| 

cvV 8.4: 

S  S 

Y 

X 

x 
 x 

Y 
 vt P( , , ,x y z t    ) 

   (x,y,z,t) 

wPÎ 8.2 Z 

X 

Z 
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GLb mgxKiY¸‡jv‡K mg‡qi mv‡c‡¶ e¨eKjb Ki‡j, 

v
dt
xd

dt
dx




   ev, vvv xx                     (8.11) 

v
dt
dx

dt
xd




  ev, vvv xx                     (8.12) 

dt
yd

dt
dy 

    ev, yy vv                      (8.13) 

dt
zd

dt
dz 

   ev, zz vv                    ...    (8.14) 

Av‡cw¶K Z‡Ë¡i wØZxq ¯x̂Kvh© Abymv‡i S I S cÖm½ KvVv‡gvi ch©‡e¶K KZ…©K X-A¶ eivei cwigvcK…Z Av‡jvi 

†eM GKB n‡e| S cÖm½ KvVv‡gvi ch©‡e¶K KZ…©K cwigvcK…Z Av‡jvi †eM c n‡j, (8.11) I (8.12) bs 

mgxKi‡Y emv‡j, vcc    ev, vcc   

myZivs, M¨vwjwjI iƒcvš—i Abymv‡i H †eM cvIqv hv‡e c c v    A_©vr c c  hv AvBb÷vB‡bi we‡kl 

Av‡cw¶K Z‡Ë¡i wØZxq ¯x̂Kv‡h©i cwicš’x| Kv‡RB Av‡cw¶KZvi we‡kl Z‡Ë¡i wØZxq ¯x̂Kvh© M¨vwjwjI iƒcvš—i 

wewa †g‡b P‡jbv|  

 

 

mvi-ms‡¶c :  

M¨vwjwjI iƒcvš—i wewa:  

vtxx  , vtxx  , yy  , zz    

vvv xx  , vvv xx  , yy vv  , zz vv   

 
 

 

cv‡VvËi g~j¨vqb: 8.4 

eûwbe©vPbx cÖkœ: 

1| M¨vwjwjI iƒcvš—i wewa Abymv‡i S  Ges S   KvVv‡gvi ’̄vbv¼¸‡jv n‡j h_vµ‡g 

K. tzyx ,,,  Ges tzyx  ,,,   L. tzyx ,,,  Ges tzyx ,,, 
 

M. tzyx ,,,  Ges tzyx ,,, 
  N. tzyx  ,,,  Ges tzyx ,,,   

 

2| Av‡cw¶KZvi we‡kl Z‡Ë¡i wØZxq ¯x̂Kvh© M¨vwjwjI iƒcvš—i wewa †g‡b P‡j bv KviY GB wewa‡Z  

 i. Av‡jvi †eM‡K Av‡cw¶K †eM aiv n‡q‡Q| 

 ii. `yB KvVv‡gv‡ZB mgq AcwieZ©xZ aiv n‡q‡Q| 

 iii. `yB KvVv‡gv‡ZB wbDU‡bi m~Î¸‡jv mgfv‡e cÖ‡hvR¨| 

 

bx‡Pi †KvbwU mwVK 

 K. i I ii  L. ii I iii 
 M. i I iii  N. i, ii I iii 
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  j‡i›UR iƒcvš—i 

 Lorentz Transformation 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 j‡i›UR iƒcvš—i e¨vL¨v Ki‡Z cvi‡eb| 

 

8.5.1: j‡iÄ iƒcvš—i (Lorentz Transformation) 

†h‡nZz M¨vwjwjI iƒcvš—i wewa AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡i wØZxq ¯x̂Kv‡h©i cwicš’x| ZvB 

Av‡cw¶KZvi we‡kl Z‡Ë¡i wØZxq ¯x̂Kvh© †g‡b †bqv nq Zvn‡j wfbœ ai‡bi iƒcvš—i wewai AeZviYv Kiv 

cÖ‡qvRb| 

j‡iÄ Av‡jvi †eM‡K cig‡eM we‡ePbv K‡i Zvi iƒcvš—i wewa Dc¯’vcb K‡ib| wZwb Av‡iv a‡i †bb †h, MwZkxj 

KvVv‡gvi Nwoi mgq Ges w¯’i KvVv‡gvi Nwoi mgq GK n‡Z cv‡ibv| KviY Dfq KvVv‡gv‡ZB Av‡jvi †eM mgvb| 

Avevi †h‡nZz Ro KvVv‡gv‡Z c`v_©weÁv‡bi mKj m~Î mgfv‡e cÖ‡hvR¨ †m‡nZz MwZkxj KvVv‡gvi ch©‡e¶‡Ki c‡¶ 

Zvi Nwoi mg‡qi wfbœZv Abyaveb Kiv m¤¢e bq| myZivs j‡iÄ aviYv K‡ib †h MwZkxj KvVv‡gvi Nwoi cÖwZ 

†m‡K‡Ûi gvb w¯’i KvVv‡gvi Nwoi cÖwZ †m‡K‡Ûi gv‡bi †P‡q wfbœ n‡e| myZivs t  t hv M¨wjwjI iƒcvš—i wewa 

gvbv nqwb| ZvQvov j‡iÄ AvBb‡÷B‡bi wØZxq ¯x̂Kvh© mg_©b K‡ib| 

j‡iÄ M¨wjwjIi GKgvwÎK I ˆiwLK iƒcvš—i wewa¸‡jv GKwU aª“e‡Ki gva¨‡g cªKvk K‡ib| GB aª“eKwU 

Ae¯’vb I mg‡qi Dci wbf©ikxj Ges MwZkxj KvVv‡gvi †e‡Mi Dci wbf©ikxj n‡Z cv‡i| †h‡nZz MwZkxj 

KvVv‡gvi †eM AcwiewZ©Z _v‡K †m‡nZz Dfq †¶‡ÎB GB aª“eK GKB| hw` aª“e‡Ki gvb GKK nq Z‡e j‡iÄ 

iƒcvš—i wewa Ges M¨wjwjI iƒcvš—i wewa Awfbœ n‡e| j‡iÄ iƒcvš—i wewa¸‡jv †jLv hvq, 

 vtxkx                           (8.15) 

 tvxkx                          (8.16) 

yy                            (8.17) 

Ges zz                          (8.18) 

Ges AvBb‡÷B‡bi wØZxq ¯x̂Kvh© Abymv‡i, 

ctx                       ..    (8.19) 

tcx                           (8.20) 

(8.15), (8.16), (8.19) Ges (8.20) bs mgxKi‡Yi gva¨‡g k Gi gvb wbY©q Kiv hvq| 

(8.15) bs mgxKi‡Y (8.19) I (8.20) mgxKi‡Yi gvb ewm‡q cvB, 

   vcktvtctktc                      (8.21) 

(8.16) bs mgxKi‡Y (8.19) I (8.20) mgxKi‡Yi gvb ewm‡q cvB, 

   vctktvtckct                  ...    (8.22) 

(8.21) I (8.22) bs mgxKiY ¸Y K‡i cvB,  2222 vcttkttc   

cvV 8.5 : 
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ev,   22222

2

22

2
2

1
1

1 cvcvc
c

vc
ck








  

ev, 

221
1

cv
k


                       (8.23) 

hw` e¯‘i †eM Av‡jvi †e‡Mi Zzjbvq bMb¨ nq A_©vr cv   nq Z‡e (8.23) bs mgxKi‡Y 

2 2v c  Gi gvb‡K 

D‡c¶v Kiv hvq, †m‡¶‡Î j‡iÄ iƒcvš—i wewa Ges M¨wjwjI iƒcvš—i wewa Awfbœ| wKš‘ hw` e¯‘i †eM Av‡jvi 

†e‡Mi Zzjbvq D‡c¶Yxq bv nq A_©vr e¯‘i †eM Av‡jvi †e‡Mi KvQvKvwQ nq Z‡e 

2 2v c  Gi gvb‡K D‡c¶v Kiv 

hvq bv, †m‡¶‡Î j‡iÄ iƒcvš—i wewa Ges M¨wjwjI iƒcvš—i wewa Awfbœ bq| 

(8.15) I (8.16) bs mgxKi‡Y (8.23) bs mgxKi‡Yi gvb emv‡j A_©vr k Gi gvb emv‡j,  

221 cv
vtxx




                         (8.24) 

Ges 

221 cv
tvxx




                        (8.25) 

(8.24) bs mgxKi‡Y (8.19)I (8.20) bs mgxKi‡Yi gvb emv‡j,  

221 cv
c
xvct

tc



   [†h‡nZz ctx   ev, 

c
xt  ] 

ev, 

22

2

1 cv
c
vxt

t



                       (8.26) 

(8.24) bs mgxKi‡Y (8.19)I (8.20) bs Gi gvb emv‡j, 

221 cv
c
xvtc

ct





 [†h‡nZz tcx   ev, 

c
xt


 ] 

ev, 

22

2

1 cv
c
xvt

t





                        (8.27) 

 

AZGe,   

221 cv
vtxx




 ,  

yy  ,    

zz           GUvB j‡iÄ-Gi iƒcvš—i wewa|              (8.28) 

 

22

2

1 cv
c
vxt

t
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Ges  

221 cv
tvxx




 ,  

yy  , 

zz  ,         G‡K j‡iÄ-Gi wecixZ iƒcvš—i wewa e‡j|           (8.29) 

22

2

1 cv
c
xvt

t





      

 

Av‡cw¶K Z‡Ë¡i cÖgvY¸‡jv AbyaveY Kivi Rb¨ bx‡Pi welq¸‡jv AZ¨š— h‡Zœi mv‡_ g‡b ivL‡Z n‡e| 

1| cÖvq mKj †¶‡ÎB w¯’i KvVv‡gvi ch©‡e¶K MwZkxj KVv‡gvi welq¸‡jv cwigvc K‡i| 

2| †h ch©‡e¶K †h KvVv‡gv‡Z _v‡K †m Zvi KvVv‡gv‡Z _vKv Nwoi mgq‡K AbymiY K‡i| 

3| w¯’i KvVv‡gvi ch©‡e¶K w¯’i KvVv‡gv‡Z _vKv welq¸‡jv cwigv‡ci †h gvb cv‡e, MwZkxj KvVv‡gvi ch©‡e¶K 

MwZkxj KvVv‡gv‡Z _vKv GKB welq¸‡jv cwigv‡ci GKB gvb cv‡e| 

4| j‡iÄ iƒcvš—i wewa‡Z KvVv‡gvi †eM v Gi ¯’‡j -v emv‡j j‡iÄ-Gi wecixZ iƒcvš—i wewa cvIqv hvq| 

 

 

mvi-ms‡¶c :  

j‡iÄ iƒcvš—i wewa: 

221 cv
vtxx




 ,  

yy  ,  zz            

22

2

1 cv
c
vxt

t



     

 

 

 

cv‡VvËi g~j¨vqb: 8.5 

eûwbe©vPbx cÖkœ: 

1| wK cwieZ©b Ki‡j j‡iÄ iƒcvš—i wewa‡Z KvVv‡gv †_‡K j‡iÄ-Gi wecixZ iƒcvš—i wewa cvIqv hvq? 

K. x  Gi ¯’‡j x  emv‡j  L. c  Gi ¯’‡j c  emv‡j 

M. t  Gi ¯’‡j t  emv‡j   N. v  Gi ’̄‡j v  emv‡j  

 

2| X  A¶ eivei v  †e‡M MwZkxj KYvi †¶‡Î bx‡Pi †KvbwU j‡iÄ iƒcvš—i wewa? 

 K. 

221 cv
vtxx




   L. 

221 cv
vtyy




  

 M. 

221 cv
vtzz




   N. 

221 cv
vttt




  

 

wecixZ j‡iÄ iƒcvš—i wewa: 

221 cv
tvxx




 ,  

yy  , zz  ,         

22

2

1 cv
c
xvt

t
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  ˆ`N©̈  I mg‡qi Av‡cw¶KZv : ˆ`N©̈  ms‡KvPb, Kvj `xN©vqb 

 Relativity of Length and Time: Length Contraction, Time Dilation. 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡cw¶KZv ZË¡ Abymv‡i ‰`N©̈  ms‡KvPb eY©bv Ki‡Z cvi‡eb| 

 Av‡cw¶KZv ZË¡ Abymv‡i Kvj `xN©vqb eY©bv Ki‡Z cvi‡eb| 

 

8.6.1: Av‡cw¶K ZË¡ Abymv‡i ˆ`N©̈  I mg‡qi Av‡cw¶KZv (Relativistic Length & Time According to the 
Theory of Relativity): 

j‡iÄ iƒcvš—i wewa Abymv‡i, ¯’vbv¼ Ges mgqv¼ Ro KvVv‡gvi Av‡cw¶K ‡e‡Mi Dci wbf©ikxj| 

myZivs ‰`N©̈  Ges mgq cig n‡Z cv‡i bv| ˆ`N©̈  I mg‡qi Av‡cw¶KZvi welq¸‡jv AvBb÷B‡bi 

we‡kl Av‡cw¶K Z‡Ë¡i mvnv‡h¨ e¨vLv Kiv hvq| 

 

8.6.2: ‰`N©̈  ms‡¼vPb (Length contraction): 
†Kv‡bv e¯‘i ‰`‡N©̈ i cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr ‰`‡N©̈ i cwigvc cig bq| Gi ˆ`N©̈  ch©‡e¶K I 

e¯‘i g‡a¨ Av‡cw¶K MwZi Dci wbf©ikxj| myZivs ‡Kv‡bv e¯‘i ‰`‡N©̈ i cwigvc Av‡cw¶K| 

MwZkxj KvVv‡gv‡Z Aew¯’Z †Kvb `‡Ûi (KvVv‡gvi MwZi w`K evivei) ˆ`N©̈  w¯’i KvVv‡gv‡Z Aew¯’Z ch©‡e¶K 

cwigvc Ki‡j Zvi ˆ`N©̈  †QvU nq| G‡K ‰`N©̈  ms‡¼vPb e‡j| 

S  Ges S   ỳwU KvVv‡gv we‡ePbv Kwi [wPÎ: 8.3]| GLv‡b S  KvVv‡gv w¯’i Ges S   KvVv‡gv MwZkxj| w¯’i Ae¯’vq 

GKwU `Ê AB  we‡ePbv Kwi, hv S  KvVv‡gvi X  A¶ eivei ivLv Av‡Q|  G KvVv‡gvi GKRb ch©‡e¶K `ÊwUi 

`yÕcÖv‡š—i ¯’vbv¼ wbY©q Ki‡jb 1x  Ges 2x | †h‡nZz S  KvVv‡gv w¯’i m~Zivs w¯’i KvVv‡gv‡Z `ÊwUi ˆ`N©̈ , 

120 xxL  . 

S   KvVv‡gv S  KvVv‡gv mv‡c‡¶ v  aª“e †e‡M MwZkxj| GLb GKRb ch©‡e¶K GKB mg‡q S  KvVv‡gvi AB  

`‡Êi ỳÕcÖv‡š—i ¯’vbv¼ wbY©q Ki‡jb 1x  Ges 2x | myZivs S   KvVv‡gv‡Z `ÊwUi ˆ`N©̈ , 12 xxL   

AZGe, j‡iÄ-Gi wecixZ iƒcvš—i wewa Abymv‡i 1x  Ges 2x  Gi mv‡_ 1x  Ges 2x   Gi m¤úK© n‡jv,  

2

2
1

1

1
c
v

vtxx




  Ges 

2

2
2

2

1
c
v

vtxx




  

GLb Dc‡ii mgxKiY 2x  †_‡K 1x  we‡qvM K‡i cvBÑ 

2

2
2

12

1
c
v

vtxxx




   

2

2
1

1
c
v

vtx




 

ev, 

2

2
22

0

1
c
v

xxL




   ][ 120 xxL   

cvV 8.6 : 

Y 

S 

Z 

X x1 

 v 
 t 

 x2  x1 
X 

Y 

Z 

S 

wPÎ 8.3 

x2 

A B 
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ev, 

2

2

1
c
v

L



    ][ 12 xxL   

ev, L = Lo 2

2

1
C
v

 .......................................................................................................(8.30) 

†h‡nZz e ‘̄i †eM KLbB Av‡jvi †eM A‡c¶v ‡ekx ev mgvb n‡Z cv‡ibv †m‡nZy  12

2


c
v

 

AZGe, 11 22  cv  ZvB 0LL  | A_©vr w¯’i Ro cÖm½ KvVv‡gv †_‡K cwigvcK…Z MwZkxj Ro cÖm½ 

KvVv‡gvi †Kv‡bv e¯‘i  ˆ`N©̈  (MwZkxj Ro cÖm½ KvVv‡gvwU †h A¶ eivei MwZkxj †mB A¶ eivei Aew¯’Z e¯‘) 

w¯’i Ro cÖm½ KvVv‡gv‡Z Aew¯’Z e¯‘i ˆ`N©̈  A‡c¶v ‡QvU nq| hw` cv   nq Z‡e 02

2


c
v

, †m‡¶‡Î 0LL   

n‡e| A_©vr mvaviY †e‡M MwZkxj e¯‘i †¶‡Î ‰`N©̈  ms‡KvPb cwijw¶Z nq bv| e¯‘i †eM hZB Av‡jvi †e‡Mi 

wbKUeZ©x n‡e ˆ`N©̈  ZZ ‡ekx msKzwPZ n‡e| 

 

8.6.3: Kvj `xN©vqY (Time Dilation) 
mg‡qi cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr mg‡qi cwigvc cig bq| `ywU Ro cÖm½ KvVv‡gvi g‡a¨ hw` 

Av‡cw¶K MwZ _v‡K Z‡e GB `yB KvVv‡gv‡Z Aew¯’Z `yBRb ch©‡e¶‡Ki wbKU msNwUZ `ywU NUbvi ga¨eZ©x mg‡qi 

e¨eavb mgvb n‡e bv| w¯’i Ro cÖm½ 

KvVv‡gvi ch©‡e¶‡Ki wbKU mg‡qi e¨eavb 

MwZkxj Ro cÖm½ KvVv‡gvi ch©‡e¶‡Ki 

wbKU mg‡qi e¨eavb A‡c¶v ‡ekx  nq| 

MwZkxj KvVv‡gv‡Z Aew¯’Z †Kvbv Nwo‡Z 

cwigvcK…Z †Kv‡bv NUbvi mgqKvj, w¯’i 

KvVv‡gv‡Z Aew¯’Z ch©‡e¶‡Ki wbKU `xN© 

nq| G‡K Kvj `xN©vqY ev mgq cÖmviY e‡j| 

g‡b Kwi, S w¯’i KvVv‡gv‡Z GKRb ch©‡e¶K  

s Av‡jvK Drm †_‡K GKwU Av‡jvK iwk¥ h 

D”PZvq Aew¯’Z GKwU `c©‡Y cÖwZdwjZ K‡i 

d MÖvnK h‡¯¿ AvcwZZ nevi mgq wbiƒcY Ki‡Qb| GKB cix¶Y hw` X-A¶ eivei v  aª“e †e‡M MwZkxj S 
KvVv‡gvi ch©‡e¶K m¤úbœ K‡ib Z‡e Zvi Nwo‡Z †h mgq cwigvc Ki‡eb Zv S w¯’i KvVv‡gv‡Z cix¶vi mgq GB 

KvVv‡gv‡Z Aew¯’Z Nwo‡Z †h mgq  0t  †`wL‡q‡Q Zvi msL¨v gv‡bi mgvb (we‡kl Av‡cw¶K Z‡Ë¡i cÖ_g ¯x̂Kvh© 

Abymv‡i)| MwZkxj S KvVv‡gvi ch©‡e¶‡Ki cix¶v m¤úbœ Ki‡Z hw` t  mgq jv‡M Z‡e, tch 2   

ev, 02 cth      

KviY 0tt    (we‡kl Av‡cw¶K Z‡Ë¡i cÖ_g ¯x̂Kvh© Abymv‡i) 

ev, 

2
0

224 tch                          (8.31) 
GLb hw` w¯’i KvVv‡gvi ch©‡e¶K MwZkxj KvVv‡gvi cix¶Yxq NUbvwU ch©‡e¶Y K‡ib Z‡e wZwb wfbœ wPÎ 

†`L‡eb| KviY Av‡jvK Drm s n‡Z `c©‡Y †h‡Z I d MÖvnK h‡š¿ Avm‡Z †h mgq jv‡M †h mg‡q KvVv‡gvwU vt  

`~iZ¡ AwZµg Ki‡e| d‡j wZwb Av‡jvi Mgb c_ dMs 
 †`L‡eb|  

wc_v‡Mviv‡mi m~Îvbymv‡i, 

222 OshMs 
 

S 

 t 

Y Y 

X S 

Z Z 

X 

 t 

 vt/2 
 s  d  s  d 

M M 

 v 

 ct/2 
 ct/2 

 h 
 h 

wPÎ 8.4 

 vt 
o 
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hw` w¯’i KvVv‡gvi ch©‡e¶‡Ki wbKU GB mgq t g‡b nq Z‡e, 

gvb emv‡j, 

2
2

2

22













 vthct

  

ev, 

2
2222

44
htvtc

  

ev,   2222 4hvct                        (8.32) 

(8.32) bs mgxKi‡Y (8.31) bs mgxKi‡Yi gvb ewm‡q,   2
0

2222 tcvct   

ev, 22

2
0

2
2

vc
tct


   

ev,  222

2
0

2
2

1 cvc
tct


     

ev, 

22
0

1 cv
tt


                       (8.33) 

†h‡nZz e ‘̄i †eM KLbB Av‡jvi †eM A‡c¶v ‡ekx ev mgvb n‡Z cv‡ibv †m‡nZy, 12

2


c
v

 

AZGe, 11 22  cv  ZvB 0tt  | A_©vr w¯’i Ro cÖm½ KvVv‡gv †_‡K cwigvcK…Z mg‡qi e¨eavb MwZkxj 

Ro cÖm½ KvVv‡gvi  mg‡qi e¨eavb A‡c¶v `xN©| hw` cv   nq Z‡e 02

2


c
v

, †m‡¶‡Î 0tt   n‡e| A_©vr 

mvaviY †e‡M MwZkxj n‡j Dfq †¶‡ÎB mg‡qi e¨eavb mgvb| MwZkxj Ro cÖm½ KvVv‡gvi †eM hZB Av‡jvi 

†e‡Mi wbKUeZ©x n‡e mg‡qi e¨eavb ZZ ‡ekx n‡e| 

D`vniY 8.1: GKwU i‡KU KZ ‡e‡M Pj‡j Gi Pjgvb ˆ`N©̈  wbðj ˆ`‡N©̈ i A‡a©K n‡e?   

mgvavb : †`qv Av‡Q, 

2
0LL   Ges ?v  

 ˆ`‡N©̈ i Av‡cw¶KZv †_‡K Avgiv Rvwb, 2

2

0 1
c
vLL   

ev, 2

22

0

1
c
v

L
L









 ev, 

2

0
2

2

1 









L
L

c
v

 

ev, 
2
1

2

0

1





















L
Lcv  

gvb emv‡j, 0.866103
4
3103

4
11103

2
1103 82

1

82
1

8
2
1

2

0

08 












 






















L
Lv  

ev, m102.598 8v  
D: m102.598 8v  
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D`vniY 8.2: GKwU †gmb KYvi Mo Avqy s103 8 | hw` KYvwU c85.0  †e‡M MwZkxj nq Z‡e Gi Mo Avqy †ei 

Ki“b|   

mgvavb : †`qv Av‡Q, s103 8
0

t , cv 85.0  Ges ?t  

mg‡qi Av‡cw¶KZv †_‡K Avgiv cvB, 

2

2
0

1
c
v

tt


  

gvb emv‡j, s1069.5
7225.01

 103
)85.0(1

 103 8
8

2

2

8















c
c

t   

D: s1069.5 8  

 

D`vniY 8.3: 25 eQi eq‡mi GKRb gnvk~b¨Pvix gnvKvkhv‡b 

-18 ms108.1  ‡e‡M P‡j 30 eQi ci wd‡i G‡jb| Zuvi 

eZ©gvb eqm KZ?   

mgvavb : †`qv Av‡Q, 

-18 ms108.1 v , yt 30 , ?0 t  Ges åg‡bi †k‡l eqm, ?25 0  t  

gnvk~b¨Pvixi eqm e„w× t0 n‡j mg‡qi Av‡cw¶KZv †_‡K Avgiv cvB, 

2

2

0

1
c
v

t
t



  ev, t0 = 2

2

1
c
vt    

gvb emv‡j, yt 2464.030
)103(
)108.1(130 28

28

0 



  

myZivs gnvk~b¨Pvixi eZ©gvb eqm y492425    

D: y49  

 

 

 

mvi-ms‡¶c :  

Av‡cw¶K ZË¡ Abymv‡i ˆ`N©̈  I mg‡qi Av‡cw¶KZv  
j‡iÄ iƒcvš—i wewa Abymv‡i, ¯’vbv¼ Ges mgqv¼ Ro KvVv‡gvi Av‡cw¶K ‡e‡Mi Dci wbf©ikxj| myZivs ‰`N©̈  

Ges mgq cig n‡Z cv‡i bv| ˆ`N©̈  I mg‡qi Av‡cw¶KZvi welq¸‡jv AvBb÷B‡bi we‡kl Av‡cw¶K Z‡Ë¡i 

mvnv‡h¨ e¨vL¨v Kiv hvq| 

 

‰`N©̈  ms‡¼vPb: †Kv‡bv e¯‘i ‰`‡N©̈ i cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr ‰`‡N©̈ i cwigvc cig bq| Gi 

ˆ`N©̈  ch©‡e¶K I e¯‘i g‡a¨ Av‡cw¶K MwZi Dci wbf©ikxj| myZivs ‡Kv‡bv e¯‘i ‰`‡N©̈ i cwigvc Av‡cw¶K| 

22
0 1 cvLL   

 
Kvj `xN©vqY: mg‡qi cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr mg‡qi cwigvc cig bq| `ywU Ro cÖm½ 

KvVv‡gvi g‡a¨ hw` Av‡cw¶K MwZ _v‡K Z‡e GB `yB KvVv‡gv‡Z Aew¯’Z `yBRb ch©‡e¶‡Ki wbKU msNwUZ `ywU 

NUbvi ga¨eZ©x mg‡qi e¨eavb mgvb n‡e bv| 

22
0

1 cv
tt
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cv‡VvËi g~j¨vqb: 8.6 

eûwbe©vPbx cÖkœ: 

1| bx‡Pi †KvbwU ‰`N©̈  ms‡¼vPb I Kvj `xN©vq‡Y mgxKiY? 

 K. 

22
0 1 cvLL  I 

22
0

1 cv
tt


  L. 

22
0 1 cvLL  I 

22
0 1 cvtt   

 M. 

22
0

1 cv
LL


 I 

22
0

1 cv
tt


   N. 

22
0

1 cv
LL


 I 

22
0 1 cvtt   

2| KZ †e‡M MwZkxj n‡j †Kv‡bv e ‘̄i ˆ`N©̈  Zvi g~j ˆ`‡N©̈ i GK PZz_©vsk n‡e? 

 K. c
4
15

 L. c
4

15
  M. c

2
3

  N. c
2
3

  

 

 

      f‡ii Av‡cw¶KZv : fie„w× I fi kw³ m¤úK© : E = mc2
  

 The Relativity of Mass: Increase of Mass and Mass-Energy Relation: E = mc2 
 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡cw¶KZv ZË¡ Abymv‡i fi e„w× eY©bv Ki‡Z cvi‡eb| 

 AvBb÷vB‡bi fi kw³ m¤úK©  

2E mc  e¨vL¨v Ki‡Z cvi‡eb|  

 

8.7.1 f‡ii Av‡cw¶KZv (The Relativity of Mass): 

f‡ii cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr fi cig bq| `ywU Ro cÖm½ KvVv‡gvi g‡a¨ hw` 

Av‡cw¶K MwZ _v‡K Z‡e GKB f‡ii †Kv‡bv e¯‘ `yB KvVv‡gv‡Z Aew¯’Z `yBRb ch©‡e¶‡Ki wbKU 

e¯‘wUi cwigvcK…Z e¯‘i fi mgvb n‡e bv| w¯’i Ro cÖm½ KvVv‡gvi ch©‡e¶‡Ki wbKU e¯‘i fi MwZkxj Ro cÖm½ 

KvVv‡gvi ch©‡e¶‡Ki cwigvcK…Z e¯‘i fi A‡c¶v ‡ekx  nq|  

e¯‘i †e‡Mi Kvi‡Y f‡ii GB cwieZ©b‡K f‡ii Av‡cw¶KZv e‡j| 

g‡b Kwi, GKB f‡ii `ywU e¯‘i GKwU w¯’i Ro cÖm½ KvVv‡gv Ges AciwU MwZkxj Ro cÖm½ KvVv‡gv‡Z Av‡Q| 

KvVv‡gv `ywU Dj¤x̂q fv‡e ci¯úi n‡Z Y `~i w`‡q AwZµg Ki‡Q Ges MwZkxj Ro cÖm½ KvVv‡gvi X-A¶ eivei 

†eM v| g‡b Kwi KvVv‡gv `ywU AwfKl© I Ab¨ mKj ej †_‡K gy³| w¯’i KvVv‡gv S †_‡K 0m  f‡ii e¯‘‡K Y -A¶ 

eivei Dci w`‡K V0 †e‡M Ges MwZkxj KvVv‡gv S †_‡K 0m  f‡ii GKwU e¯‘‡K Y A¶ eivei bx‡Pi w`‡K 

GKB mgq GKB †e‡M wb‡¶c Kiv n‡jv| hLb KvVv‡gv `ywU GKB Ae¯’v‡b (†h gyn~‡Z© MwZkxj S Ro cÖm½ 

KvVv‡gvwU S w¯’i Ro cÖm½ KvVv‡gvwU‡K AwZµg Ki‡Q wVK ZLwb) ZLb e¯‘ `ywU ci¯ú‡ii w`‡K 2Y  `~iZ¡ 

AwZµg K‡i ci¯ú‡i mv‡_ w¯’wZ¯’vcK msNl© NwU‡q wecixZ w`‡K c~‡e©i Ae¯’vq wd‡i †Mj| we‡kl Av‡cw¶K 

Z‡Ë¡i cÖ_g ¯x̂Kvh© Abymv‡i wbR wbR KvVv‡gv‡Z ch©‡e¶K e¯‘i †eM, fi I mgq GKB cwigvc Ki‡e| hw` c~‡e©i 

Ae¯’vq wd‡i Avm‡Z 0t mgq jv‡M Z‡e, 

2
200

YtV     

ev, 

0
0 V

Yt                           (8.34) 

cvV 8.7 : 
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wKš‘ w¯’i KvVv‡gv S †_‡K ch©‡e¶K hw` MwZkxj KvVv‡gv S G Aew¯’Z e ‘̄i MwZ c_ ch©‡e¶Y Ki‡j wZwb wfbœ 

wPÎ †`L‡eb| KviY B‡Zvg‡a¨ MwZkxj S KvVv‡gv v  †e‡M wKQy `~iZ¡ AwZµg K‡i‡Q| myZivs S KvVv‡gvi 

ch©‡e¶K e¯‘i fi I MwZ‡e‡Mi gvb hv cwigvc K‡i‡Qb S KvVv‡gvi ch©‡e¶K S KvVv‡gvi e¯‘i fi I MwZ‡eM 

Zvi †_‡K wfbœ cv‡eb| awi S KvVv‡gvi ch©‡e¶K KZ…©K S KvVv‡gvi cwigvcK…Z e¯‘i fi, MwZ‡eM I mgq 

h_vµ‡g m, V I t 

AZGe, hw` c~‡e©i Ae¯’vq wd‡i Avm‡Z t mgq jv‡M Z‡e, 

2
2 YVt   

ev, 

t
YV                            (8.35) 

we‡kl Av‡cw¶K Z‡Ë¡i cÖ_g ¯x̂Kvh© Abymv‡i GKB KvVv‡gv‡Z wbDU‡bi m~Î¸‡jv mgfv‡e cÖ‡hvR¨| myZivs 

fi‡e‡Mi wbZ¨Zvi m~Îvbymv‡i,   

  mVVmmVVm  0000   (‡h‡nZz KvVv‡gv ỳwU‡Z Avw`‡eMØq Ges †kl‡eMØq ci¯úi wecixZgyLx) 

ev, 00 22 mVVm   

ev, 00 mVVm                          (8.36) 

(8.34) I (8.35) bs mgxKi‡Yi gvb (8.36) bs mgxKi‡Y emv‡j, 

0
0 t

Ym
t
Ym      

ev, tmmt 00                          (8.37) 

(8.33) bs mgxKi‡Yi gvb (8.37) bs mgxKi‡Y emv‡j, 

ev, 

22
0

00
1 cv

tmmt


   

ev, 

22
0

1 cv
mm


                    .....   (8.38) 

†h‡nZz e ‘̄i †eM KLbB Av‡jvi †eM A‡c¶v ‡ekx ev mgvb n‡Z cv‡ibv †m‡nZy 12

2


c
v

 

AZGe, 11 2

2


c
v

 ZvB 0mm  | A_©vr w¯’i Ro cÖm½ KvVv‡gv †_‡K cwigvcK…Z MwZkxj Ro cÖm½ KvVv‡gvi 

MwZkxj KvVv‡gv 

†_‡K †`Lv e ‘̄i 

MwZc_ 

w ’̄i KvVv‡gv 

†_‡K †`Lv 

e ‘̄i MwZc_ 

w ’̄i KvVv‡gvi e ‘̄ 

MwZkxj KvVv‡gvi e ‘̄ 

 X 

 v 

 S 

 S 

 Z 

 Y 

 X 

 Z 

 Y 

 Y 

 V0 

 V0 

wPÎ 8.5 
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†Kv‡bv e¯‘i fi w¯’i Ro cÖm½ KvVv‡gv‡Z Aew¯’Z e¯‘i fi A‡c¶v †ekx nq| hw` cv   nq Z‡e 02

2


c
v

, 

†m‡¶‡Î 0mm   n‡e| A_©vr mvaviY †e‡M MwZkxj e¯‘i f‡ii †Kv‡bv cwieZ©b cwijw¶Z nq bv| e¯‘i †eM 

hZB Av‡jvi †e‡Mi wbKUeZ©x n‡e fi ZZ †ekx n‡e| GLv‡b Av‡iv j¶Yxq †h, hw` cv   nq Z‡e (8.36) bs 

mgxKi‡Y cv   kZ©wU emv‡j, 
0

0mm  A_©vr e¯‘i fi Amxg n‡q hv‡e|  

myZivs, ev¯—‡e †Kv‡bv e ‘̄KYv †eM KL‡bvB Av‡jvi †e‡Mi mgvb ev Zvi‡P‡q †ekx n‡Z cv‡i bv| 

 

8.7.2: fiÑkw³ m¤úK© (Mass-Energy Relation) 
AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡i me‡P‡q ¸i“Z¡c~Y© Ae`vb n‡jv fiÑkw³ m¤úK©| wPivqZ ejwe`¨vq †Kv‡bv 

e¯‘i fi aª“e ivwk Ges kw³ me©̀ vB wbZ¨| wPivqZ ejwe`¨vq Av‡iv aiv nq †h, fi Ges kw³ `ywU wfbœ mËv| 

AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡  wPivqZ ejwe`¨vq cyivZb aviYvi Avg~j cwieZ©b N‡U| GB ZË¡vbymv‡i fi 

Ges kw³ `ywU Awfbœ mËv| fi‡K m¤ú~Yiƒ‡c asm Kiv hvq Ges Zv †_‡K kw³i Drcbœ nq| A_©vr fi m¤ú~Y©iƒ‡c 

kw³‡Z iƒcvš—i nq Ges GKB fv‡e kw³I Dchy³ cwi‡ek †c‡j f‡i iƒcvš—i nq|  

wbDU‡bi wØZxq m~Îvbymv‡i fi‡e‡Mi cwieZ©‡bi nvi cÖhy³ e‡ji mgvb, A_©vr   mv
dt
dF   

GKwU MwZkxj e¯‘‡K w¯’i Ae¯’vq Avb‡Z †h cwigvb KvR Ki‡Z nq Zv‡K MwZkw³ e‡j| 

AZGe,     





  ds

dt
dmv

dt
dvmdsmv

dt
dFdsK  

ev,  





  dm

dt
dsvdv

dt
dsmK    

   dmvmvdvK 2                     (8.39) 

Avgiv f‡ii Av‡cw¶KZv †_‡K cvB, 

22
0

1 cv
mm


    

ev, 22

2
02

1 cv
mm


    

ev,   2
0

222 1 mcvm          

 ev,  

2
0

22
2

2 1 mmv
c

m   

e¨eKjb K‡i cvB,    02212 22
2  dmmvdvvm

c
mdm  

ev,   dvvmdmmvmc 222 222      
ev,   mvdvdmvc  22

  
ev, dmvmvdvdmc 22                      (8.40) 
(8.40) bs mgxKi‡Yi gvb (8.39) bs mgxKi‡Y emv‡j,  

   2
0

222
0

0

cmmcmcdmcK m
m

m

m

   

ev, 

2
0

2 cmmcK   
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ev, 

2
0

2 cmKmc   
2

0m c  n‡jv w ’̄i f‡ii kw³ myZivs GwU w¯’wZ kw³| G‡K V  w`‡q cÖKvk Ki‡j, VKmc 2
 

myZivs, 

2mcE                 ... ... ... ..    (8.41) 
GwUB AvBb÷B‡bi weL¨vZ fi-kw³ mgxKiY| GB mgxKiY cÖgvY K‡i, fi I kw³ wfbœ mËvi bq, eis GKB 

mËvi `ywU wfbœiƒc gvÎ| wbDwK¬q wdkvb I wdDk‡bi d‡j Avgiv †h kw³ cvB Zv GB mgxKiY w`‡q mwVK fv‡e 

cwigvc Kiv hvq| m~h© I Ab¨vb¨ b¶Î ‡_‡K Avgiv †h kw³ †c‡q _vwK ZvI GB mgxKiY w`‡q e¨vL¨v Kiv hvq| 

A_©vr GB mgxKiY gnvRMwZK mKj kw³i e¨vL¨v w`‡Z m¶g| 

 

8.7.3:  k~b¨ wbðj fiwewkó KYvi fi‡eM (Momemtum of Particle with Zero Restmass): 

Avgiv AvBb÷vB‡bi fi-kw³i mgxKiY †_‡K cvB, ‡gvU kw³ 

22

2
02

1 cv

cm
mcE


   

ev, 

22

42
02

1 cv

cm
E


                     (8.42) 

Ges fi‡eM 22
0

1 cv

vm
mvp




   

ev, 22

22
02

1 cv

vm
p




   

ev, 22

222
022

1 cv

cvm
cp




                    (8.43) 

(8.42) bs mgxKi‡Yi mv‡_ (8.43) bs mgxKiY we‡qvM K‡i cvB,  

22

222
0

22

42
0222

11 cv

cvm

cv

cm
cpE







   

ev, 

 22
22

22
0222

1
vc

cv
cm

cpE 



  

ev, 

 
  42

0
22

22
2

22
0222

1
cmvc

vc
c

cm
cpE 




  

ev, 

42
0

222 cmcpE 
   

ev, 

42
0

22 cmcpE 
                     (8.44) 

hw`, wbðj fi 0 0m   nq Z‡e, 

pccpE  22
  

ev, c
Ep 

                        (8.45) 

GKwU k~b¨ wbðj fiwewkó KYvi fi‡eM|  

 

D`vniY 8.4: GKwU e¯‘KYv 

4
c

 †e‡M MwZkxj Av‡Q| e¯‘wUi w¯’i Ae¯’vq fi Ges MwZkxj Ae¯’vq f‡ii AbycvZ 

†ei Ki“b|    
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mgvavb : †`qv Av‡Q, 

4
cv   

f‡ii Av‡cw¶KZv †_‡K Avgiv cvB, 

2

2
0

1
c
v

mm



   

ev, 2

2
0 1

c
v

m
m

  

gvb emv‡j, 0.9680.9375
16
11)4(1 2

2
0 

c
c

m
m

 

myZivs, 1:0.968:0 mm   

D: 1:0.968:0 mm  

D`vniY 8.5:  GKwU B‡jKUªb‡K fi-kw³ iƒcvš—i cÖwµqvq m¤c~Y©iƒ‡c kw³‡Z iƒcvš—wiZ Ki‡j wK cwigvY kw³ 

cvIqv hvq MeV GK‡K ‡ei Ki“b| 

mgvavb : †`qv Av‡Q, kg101.9 31em  Ges ?E  

fi-kw³i mgxKiY †_‡K Avgiv Rvwb, 

2mcE   

gvb emv‡j,   J108.19103 101.9 142831  E  

ev, MeV5.0eV105.11875eV
106.1
108.19 5

19

14





 



E   

D: MeV5.0  

D`vniY 8.6:  †Kv‡bv GKwU e¯‘i †gvU kw³ Gi w¯’Zve¯’vi kw³i wØ¸Y| e¯‘wUi ‡eM wbY©q Ki“b|   

mgvavb : †`qv Av‡Q, pEE 2 ev, 

2
0

2 2 cmmc  , ?v  

Avgiv fi-kw³i mgxKiY †_‡K cvB, 

2

2

2
02

1
c
v

cmmcE


  

gvb emv‡j, 

2

2

2
02

0

1
2

c
v

cmcm


     

ev, 

2
11 2

2


c
v

 

ev, 

4
11 2

2


c
v

 

ev, 75.0
4
112

2


c
v

 

ev, 

81030.86675.0  cv  

ev, 

18 ms10589.2 v  

D: 

18 ms10589.2   
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mvi-ms‡¶c :  

f‡ii Av‡cw¶KZv: f‡ii cwigvc mKj KvVv‡gv‡Z mgvb bq A_©vr fi cig bq| `ywU Ro cÖm½ KvVv‡gvi g‡a¨ 

hw` Av‡cw¶K MwZ _v‡K Z‡e GKB f‡ii †Kv‡bv e¯‘ `yB KvVv‡gv‡Z Aew¯’Z `yBRb ch©‡e¶‡Ki wbKU e¯‘wUi 

cwigvcK…Z e¯‘i fi mgvb n‡e bv| w¯’i Ro cÖm½ KvVv‡gvi ch©‡e¶‡Ki wbKU e¯‘i fi MwZkxj Ro cÖm½ 

KvVv‡gvi ch©‡e¶‡Ki cwigvcK…Z e¯‘i fi A‡c¶v ‡ekx  nq|  

e¯‘i †e‡Mi Kvi‡Y f‡ii GB cwieZ©b‡K f‡ii Av‡cw¶KZv e‡j| 

22
0

1 cv
mm


  

fiÑkw³ m¤úK©: 

2mcE  , kw³ I fi‡e‡Mi m¤úK©:

42
0

22 cmcPE   

w¯’i finxb KYvi fi‡eM 

c
EP   

 

 

cv‡VvËi g~j¨vqb: 8.7 

eûwbe©vPbx cÖkœ: 

1| bx‡Pi †KvbwU fi-kw³i mgxKiY? 

 K. pcE   L. 

2

2
1 mvE       M. 

42
0

22 cmcPE   N. 

2mcE   

2| GKwU m  f‡ii KYvi †eM Av‡jvi †e‡Mi mgvb n‡j Zvi fi KZ n‡e? 

 K. 0 L. m  M. mc  N.   

 

 

     Kv‡jv e ‘̄i wewKiY : c¨v¼ Gi ‡Kvqv›Uvg ZË¡  

 Black Body Radiation: Quantum Theory of Max Plank 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 c¨v‡¼i †Kvqv›Uvg ZË¡ e¨vL¨v Ki‡Z cvi‡eb| 

 c¨v‡¼i †Kvqv›Uvg Z‡Ë¡i Av‡jv‡K Kv‡jv e ‘̄i wewKiY e¨vL¨v Ki‡Z cvi‡eb| 

 

8.8.1: K…ò e¯‘ wewKiY (Black Body Radiation): 
‡h e¯‘ Gi Dci AvcwZZ mKj Zi½ ˆ`‡N¨©i 

ZvwoZ‡PŠ¤K̂ wewKiY †kvlb K‡i A_v©r †Kvb cÖwZmiY ev cÖwZdjb 

nq bv Zv‡K K…ò e¯‘ e‡j| K…ò e¯‘ †_‡K mKj K¤úvs‡Ki wewKiY 

mylg fv‡e wbtmiY K‡i| K…ò e¯‘ ‡h wewKiY wbmtiY K‡i Zv‡K 

K…ò e¯‘i wewKiY e‡j| K…ò e¯‘ GKwU Av`k© wewKiK| cªK…Z c‡¶ 

K…ò e¯‘ GKwU Av`k©MZ aviYv| Ggb †Kv‡bv c„ô bvB hv Av`k© K…ò 

e¯‘i b¨vq AvPiY K‡i| cÖ̀ x‡ci Kvwj AvcwZZ wewKi‡Yi 96% 

†kvlY K‡i| cvwUbv‡gi Kvwj AvcwZZ wewKi‡Yi 98% †kvlb 

K‡i| 

1858 mv‡j Kvk©c (Kirchoff) K…ò e¯‘ m¤ú‡K© `ywU m~Î Avwe¯‹vi 

K‡ib| m~Î `ywU n‡jvt- 

cvV 8.8: 

wPÎ 8.6 
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1) GKwU K…ò e¯‘‡K Zvc w`‡j ïay †h Zvi Dci AvcwZZ mKj wewKiY m¤ú~Y©fv‡e †kvlY K‡i Zv bq, K…òe¯‘yyyywU 

GKwU Av`k© wewKiK wnmv‡e KvR K‡i| 

 2) †Kv‡bv K…òe¯‘ †_‡K wbtmwiZ wewKiY K…òe¯‘‡K †h Zvc gvÎvq DbœxZ Kiv nq Zvi Dci wbf©ikxj, e¯‘i 

cÖK…wZ I Dcv`v‡bi Dci wbf©kxj bq| 

w¯’i ZvcgvÎvq wewfbœ Zi½ ˆ`‡N¨©i wewKi‡Yi wbmtiY kw³i e›Ub wnmve wbKvk Kivi mgq K„ò e¯‘‡K wbw`©ó 

ZvcgvÎvq DËß Kiv nq Ges Ae‡jvwnZ †¯ú‡±ªvwgUv‡ii mvnv‡h¨ wewKwiZ wewfbœ Zi½ ˆ`‡N¨©i cÖvej¨ gvcv nq| 

†Kv‡bv e¯‘i ZvcgvÎv evov‡Z _vK‡j Gi is cwiewZ©Z nq| Gi A_© n‡jv e¯‘i ZvcgvÎv evov‡Z _vK‡j e¯‘ †_‡K 

wbM©Z wewKi‡Yi Zi½ ˆ`N¨© cwiewZ©Z n‡Z _v‡K| D”P ZvcgvÎvq Kg Zi½ ˆ`N¨© wewkó wewKiY †ekx N‡U| 

1899 mv‡j jygvi Ges wcÖswmg (Lumar and Pringsheim) ‡h cix¶vjä djvdj cvb Zvi 8.6 bs wPÎ wb‡gœ 

†`Lv‡bv n‡jv| GB †jLwP‡Î Kv‡jv e¯‘i 100K ‡_‡K 1650K ZvcgvÎv ch©š— †`Lv‡bv n‡q‡Q| Y-A‡¶ wewKiY 

¶gZv E Ges X- A‡¶ Zi½ ˆ`N¨©  wb‡ ©̀k Ki‡Q|  

 Ges +d Zi½ ˆ`‡N¨©i g‡a¨ cÖwZ GKK †¶Îdj †_‡K cÖwZ ‡m‡K‡Û wewKiY kw³i cwigvb‡K  Ed w`‡q 

wb‡`©k Kiv nq|  

 

myZivs wewKiY ¶gZv = 

 
†jLwPÎ  †_‡K wbgœwjwLZ wm×v‡š— DcwbZ nIqv hvq| 

1) ZvcgvÎv e„w×i mv‡_ mv‡_ cÖwZ Zi½ ˆ`‡N¨©i E
  
e„w× cvq| 

2) w¯’i ZvcgvÎvq wbw`©ó Zi½ ˆ`N¨© m (w¯’i ZvcgvÎvq wewKi‡Yi †h Zi½ ˆ`N¨© m‡e©v”P kw³ wewKiY K‡i Zv‡K 

m e‡j) AwZµg bv nIqv ch©š— Zi½ ˆ`N¨© e„w×i mv‡_ mv‡_ E
 
e„w× cvq Ges m AwZµg Kivi ci  e„w×i 

mv‡_ mv‡_ E 
 
n«vm †c‡Z _v‡K A_©vr m‡e©v”P E gv‡bi Rb¨ †h m

 

cvIqv hvq Zv ZvcgvÎv e„w×i mv‡_ mv‡_ 

†QvU Zi½ ˆ`‡N¨©i w`‡K ’̄vbvš—wiZ nq| 

jygvi Ges wcÖswmg Gi cix¶v jä djvdj †_‡K fxb (Wien) K…ò e¯‘i G msµvš— m~Î cÖ̀ vb K‡ib hv fx‡bi 

miY m~Î bv‡g cwiwPZ| 

 

m~Î t- †Kvb K…ò e¯‘ †_‡K †h Zi½ ˆ`‡N¨©i m‡e©v”P cwigvY kw³ wewKiY K‡i Zv Zvi cig ZvcgvÎvi e¨¯—

vbycvwZK| 

A_©vr 

Tm
1

     

ev, kTm                          (8.46) 

GLv‡b k GKwU mgvbycvwZK aª“eK| Gi cix¶jä gvb mK3109.2   

1896 mv‡j fxb K…ò e¯‘i wewKiY wbtmi‡Yi Rb¨ wb‡gœv³ Hw”QK aviYv (arbitary assumption) Dc¯’vcb K‡ib, 

1) K…ò e¯‘ iƒ‡c we‡ewPZ duvcv †MvjKwUi Af¨š—i¯’ wewKiY, AvYweK cvjvi (Molecular dimension) Qw›`Z 

¯ú›`‡bi Rb¨ m„wó nq|   

2) wewKiY wbtmi‡Yi K¤úvsK n‡jv Qw›`Z ¯ú›`‡bi MwZkw³i mgvbycvwZK| 

3) wbw`©ó †Kv‡bv Zi‡½i wewKi‡Yi cÖvej¨ †mB Zi½ ˆ`‡N©̈ i Dc‡hvMx Qw›`Z ¯ú›`‡bi msL¨vi mgvbycvwZK|  

GB aviYvi wfwË‡Z wb‡gœv³ mgxKiY cÖwZôv K‡ib, 




 
 decdE T

c2

5
1


                       (8.47) 

GLv‡b 1c Ges 2c Hw”QK aª“eK, T = cig ZvcgvÎv| 

GB m~Îvbymv‡i ‡QvU Zi½ ˆ`‡N©̈ i †¶‡Î jygvi I wcÖswmg cix¶vjä djvd‡ji mv‡_ m½wZc~Y© nq wKš‘ Lye eo Zi½ 

ˆ`‡N©̈ i †¶‡Î Zv m½wZc~Y© nq bv| 

8.8.2: i¨v‡j-Rxb&m (Rayleigh-Jean’s)-Gi m~Î t-  

duvcv †Mvj‡K Av`k© cÖwZdjK Zj wnmv‡e we‡ePbv K‡i i¨v‡j-Rxb&m (Rayleigh-Jean’s) GKwU mgxKiY cÖwZôv 

 Ges +d Zi½ ˆ`‡N ©̈i g‡a¨ cÖwZ GKK †¶Îdj †_‡K cÖwZ ‡m‡K‡Û wewKiY kw³i cwigvb 

Zi½ ˆ`‡N ©̈i cv_©K¨ d 
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K‡ib| GB m~Îvbymv‡i kw³ NbZ¡ dU  A_©vr   Ges  d  Zi½‰`‡N©̈ i mxgvbvi g‡a¨ GKK AvqZ‡bi e× 

†¶‡Î kw³   



 dkTdU 4

8
                       (8.48) 

GLv‡b, k = †evëRg¨vb aª“eK Ges T = cig ZvcgvÎv| 

m~ÎwU jygvi Ges wcÖswmg †jLwP‡Îi `xN© Zi½ ˆ`‡N©̈ i mv‡_ m½wZc~Y© nq wKš‘ n«̄  ̂Zi½ ˆ`‡N©̈ i mv‡_ wg‡j bv| 

 

8.8.3: w÷‡db †evëRg¨vb (Stefan Boltzmann) m~Î t- 

†Kv‡bv K…ò e¯‘i GKK †¶Îdj †_‡K cÖwZ GKK †m‡K‡Û †h kw³ wbmtiY K‡i Zv Zvi cig ZvcgvÎvi 

PZz_©Nv‡Zi mgvbycvwZK| 

†Kvb K…ò e¯‘i GKK †¶Îdj †_‡K cÖwZ GKK †m‡K‡Û hw` E kw³ wbmtiY K‡i Ges e¯‘wUi cig ZvcgvÎvi T 
nq Z‡e, 

4TE     

ev,  

4TE                            (8.49) 
GLv‡b  GKwU mgvbycvwZK aª“eK| G‡K w÷‡d‡bi aª“eK e‡j| Gi gvb 

428 KWm107.5  | w÷‡d‡bi 

m~ÎwU †evëRg¨vb Zvc MwZwe`¨vi mvnv‡h¨ cÖgvY K‡ib †m Rb¨ G‡K w÷‡db †evëRg¨vb m~ÎI ejv nq| 

 

8.8.4: K…ò e¯‘i AvPiY e¨vL¨vq wPivqZ ejwe`¨vi e¨v_©Zv  

wPivqZ ejwe`¨v Øviv K…ò e¯‘i AvPiY wewfbœ fv‡e e¨vL¨v Kivi †Póv Kiv n‡q‡Q wKš‘ cÖvß djvd‡ji mv‡_ 

†KvbwUB h_vh_ nqwb|  

fx‡bi m~Î †_‡K cvB, 


 
 decdE T

c2

5
1


   

GLv‡b    n‡j 0E  Ges 0   n‡j 0E  nq| myZivs Zi½ ˆ`N©̈  k~b¨ ev Amxg n‡j †Kvb kw³i 

wbtmiY nqbv| Avevi T  n‡j 5
1




cE  n‡e hv GKwU mmxg gvb| wKš‘ cix¶vjä w÷‡db †evëRg¨vb m~Î 

4TE   Gi G‡Kev‡i we‡ivax (KviY 

T
1

  ZvB 

5cTE   

hv w÷‡db †evëRg¨vb m~‡Îi mv‡_ wg‡j bv)| ZvB GB wm×vš— 

fyj| 

i¨v‡j-Rxb&‡mi m~Î †_‡K cvB, 

 dkTdU 4

8
 | GLv‡b 

  n‡j 0U  Ges 0  n‡j U  nq| A_©vr k~b¨ 

Zi½ ˆ`‡N©̈ i †¶‡Î Gi kw³ NbZ¡ Amxg hv Aev¯—e| G‡K 

AwZ‡e¸bx wech©q e‡j| 

Avevi GKK †¶Îd‡j †gvU kw³  





0

4
0

8





 dkTdUU 







0
33

18


kT  

GUvI GKwU Aev¯—e gvb| KviY cix¶vjä w÷‡db †evëRg¨vb m~Îvbymv‡i GKwU mmxg gvb n‡e| 

myZivs ejv hvq n«̄  ̂Zi½ ˆ`‡N©̈ i †¶‡Î fxb-Gi m~Î Ges `xN© Zi½ ˆ`‡N©̈ i †¶‡Î i¨v‡j-†R‡Ýi m~Î †gvUvgywU 

cÖ‡hvR¨ n‡jI cix¶vjä djvdj‡K c~Y©v½iƒ‡c e¨vL¨v Ki‡Z wPivqZ ejwe`¨v m¤ú~Y©iƒ‡c e¨_©| 

 

8.8.5: g¨v· c¨vs‡Ki †KvqvÈvg ZË¡ (Quantum Theory of Max Plank): 






i¨v‡j-Rxb&m 

cvs

 

fxb 

wPÎ 8.7 
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1901 mv‡j g¨v· c¨vsK c~e©eZx© wewKi‡Yi kw³i Awew”QbœZvi aviYv cwiZ¨vM K‡i GK ˆecweK AbyKí 

Dc¯’vcY K‡ib| Zvi AbyKí Abymv‡i K…òe¯‘ w¯’i ZvcgvÎvq ZvwoZ‡PŠ¤K̂ Zi½ Øviv c~Y© _v‡K| GB ZvwoZ‡PŠ¤K̂ 

Zi½¸‡jv KZK¸‡jv mij Qw›`Z ¯ú›`K w`‡q m„ó| wbw`©ó K¤úvsK wewkó mij Qw›`Z ¯ú›`K¸wji wbw`©ó cwigvb 

kw³ we`¨gvb| GB kw³ Zvi K¤úvs‡Ki mgvbycvwZK| hLb mij Qw›`Z ¯ú›`K¸‡jv Zvi wbR¯^ K¤úvs‡K Kuvc‡Z 

_v‡K ZLb †Kv‡bv kw³ wewKiY ev †kvlY K‡i bv| myZivs kw³ Awew”Qbœ AvKv‡i wbM©Z nqbv| eis AwewQbœfv‡e 

AbeiZ evwÊj ev c¨v‡KU AvKv‡i wbM©Z nq| wewKiY kw³‡K ¶z`ª ¶z`ª kw³i c¨v‡K‡Ui ¸”Q cÖevn AvKv‡i 

we‡ePbv Kiv nq| cÖwZ c¨v‡KU GK GKwU †Kvqv›Uvi evwÊj| GBRb¨ G‡K c¨vs‡Ki †Kvqv›Uvg ZË¡ e‡j| 

cÖwZwU †Kvqv›Uvi evwÊ‡ji kw³ 

nhfE 
| GLv‡b, n = Zi½ msL¨v, f wbM©Z ZvwoZ‡PŠ¤K̂ Zi‡½i K¤úvsK| 

‡hLv‡b K¤úvsK 

cf  ,   n‡jv wewKi‡Yi Zi½ ˆ`N©̈  Ges 

Js10626.6 34h
GKwU aª“e msL¨v| G‡K 

c¨vs‡Ki aª“eK e‡j| myZivs g¨v· c¨vs‡Ki g‡Z ZvwoZ‡PŠ¤K̂ Zi½ †Kv‡bv AwewQbœ Zi½ bq eis wewQbœ 

Zi½ Ges cÖwZwU †Kvqv›Uv GK GKwU AwefvR¨ GKK| cÖwZwU †Kvqv›Uv AvKvi Zvi ev kw³ ZvwoZ‡PŠ¤K̂ Zi‡½i 

K¤úvs‡Ki Dci wbf©ikxj| c‡i 1926 mv‡j jyBm cÖwZwU †KvqvÈvi bvg †`b †dvUb| myZivs cÖwZwU †dvU‡bi kw³ 

n‡jv hf | †Kvqv›Uvg Z‡Ë¡i g~j K_v n‡jv, ZvwoZ‡PŠ¤K̂  wewKiY Zi½ag©x bq, eis GK ai‡Yi KYvi †mªvZ, GB 

KYvi bvg †dvUb (Photon)| 

GB ZË¡vbymv‡i g¨v· c¨vsK †`Lvb †h, f  †_‡K dff   K¤úvs‡Ki g‡a¨ cÖwZ GKK AvqZ‡b wbtmwiZ kw³i 

cwigvb, 

1




T
hf

e

hf




              ... .... .... ...    (8.50) 

GUvB c¨vs‡Ki Mo kw³i ivwkgvjv e‡j| 

GLv‡b, k = †evëRg¨vb aª“eK Ges T = cig ZvcgvÎv| 

c¨vs‡Ki cÖKí (Plank’s hypothesis) Abymv‡i K…ò e¯‘i kw³ web¨v‡mi e¨vL¨v cix¶vjä djvd‡ji mv‡_ 

m¤ú~Y©iƒ‡c wg‡j hvq| 

K…ò e¯‘i eY©vjxi kw³i e›Ub (distribution of energy in the spectrum of black body) h_v_© fv‡e e¨vL¨vi ga¨ 

w`‡qB †Kvqv›Uvg ejwe`¨vi hvÎv ïi“| 

†Kvqv›Uvg ejwe`¨vi aviYv †c‡Z n‡j Avgv‡`i †dvU‡bi ag©vejx Rvbv cª‡qvRb|  

bx‡P †dvU‡bi ag©̧ ‡jv †`qv n‡jv| 

1| cÖwZwU †dvUb KYvB Zwor wbi‡c¶ 

2| k~b¨ gva¨‡g cÖwZwU †dvUb KYvB Av‡jvi †e‡M  18 ms103 c  PjvPj K‡i| †Kv‡bv NUbv‡ZB †dvU‡bi 

†e‡Mi †Kv‡bv n«vm e„w× N‡U bv| 

3| cÖwZ †dvUb Øviv evwnZ kw³i cwigvb 

hfE 
| GLv‡b 

f
 wewei‡Yi K¤úv¼, h  c¨vsK aª“eK| 

†dvU‡bi †mªv‡Z †dvUb KYvi msL¨v hZ †ekx nq, evwnZ kw³i cwigvYI ZZ †ekx nq| d‡j wewKi‡Yi 

D¾¡jZv e„w× cvq| 

4| wbDUbxq ejwe`¨vq †dvU‡bi fi e¨vL¨v Kiv hvq bv| †dvU‡bi †h fi Av‡Q GB aviYv eR©bxq| mn‡R ejv hvq, 

†dvU‡bi w¯’i fi k~b¨| 

5| Av‡cw¶KZv ZË¡ Abymv‡i †Kv‡bv KYvi w¯’i fi 0m  Ges fi‡eM p  n‡j, 

KYvwUi kw³, 

42
0

22 cmcpE   

†dvU‡bi †¶‡Î, 00 m  

myZivs, pcE     

ev. 

c
Ep     

ev, c
hfp                            (8.51) 
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A_©vr, †dvUb finxb KYv n‡jI Gi mywbw`©ó fi‡eM Av‡Q| 

 

D`vniY 8.7: GKwU gvB‡µvI‡fb †_‡K m01.0 Zi½‰`‡N©̈ i ZvwoZ‡PŠ¤K̂ Zi½ wbM©Z Ki‡Q| gvB‡µvI‡fb †_‡K 

wbM©Z †dvU‡bi kw³ wbY©q Ki“b|  

mgvavb: †`qv Av‡Q, 0.01m , ?E  

Avgiv Rvwb, hfE   ev, 


chE   

gvb emv‡j, J1099.1
0.01

1031063.6 23
8

34  


E   

D: J1099.1 23  
 

D`vniY 8.8: GKwU 100 MeV †dvU‡bi K¤cv¼ I Zi½‰`N©̈  wbY©q Ki“b|  

mgvavb: †`qv Av‡Q, J106.1J106.110100MeV100 11196  E ,  

18 ms103 c , Js1063.6 34h , 

?f
 Ges ?  

Avgiv Rvwb, 

hfE 
 ev, 

h
Ef 

 

gvb emv‡j, Hz22102.41341063.6

11106.1





h
Ef  DËi|  

Avevi, 


chhfE   ev, 

E
ch  

gvb emv‡j, m101.24
106.1
1031063.6 14

11

8
34 


 




  DËi| 

A_ev, c  ev, m14101.2422102.41

8103 





f
c   

D: m14101.24   

 

 

mvi-ms‡¶c :  

K…ò e¯‘: †h e¯‘ Gi Dci AvcwZZ mKj Zi½ ˆ`‡N¨©i we`y¨r-†PŠ¤K̂xq wewKiY †kvlb K‡i A_v©r †Kvb cÖwZmiY 

ev cÖwZdjb nq bv Zv‡K K…ò e ‘̄ e‡j| K…ò e¯‘ †_‡K mKj K¤úvs‡Ki wewKiY mylg fv‡e wbtmiY K‡i| K…ò 

e¯‘ ‡h wewKiY wbmtiY K‡i Zv‡K K…ò e¯‘i wewKiY e‡j| K…ò e¯‘ GKwU Av`k© wewKiK| 

g¨v· c¨vs‡Ki †KvqvÈvg ZË¡:  

ZvwoZ‡PŠ¤K̂ Zi½ †Kv‡bv AwewQbœ Zi½ bq eis wewQbœ Zi½ Ges cÖwZwU †Kvqv›Uv GK GKwU AwefvR¨ GKK| 

cÖwZwU †Kvqv›Uv AvKvi Zvi ev kw³ ZvwoZ‡PŠ¤̂K Zi‡½i K¤úvs‡Ki Dci wbf©kxj| c‡i 1926 mv‡j jyBm 

cÖwZwU †KvqvÈvi bvg †`b †dvUb| myZivs cÖwZwU †dvU‡bi kw³ n‡jv hf | †Kvqv›Uvg Z‡Ë¡i g~j K_v n‡jv, 

ZvwoZ‡PŠ¤K̂  wewKiY Zi½ag©x bq, eis GK ai‡Yi KYvi †mªvZ, GB KYvi bvg †dvUb (Photon)| 

 

 

cv‡VvËi g~j¨vqb: 8.8 

eûwbe©vPbx cÖkœ: 

1. K…ò e¯‘i - 
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i. Dci AvcwZZ mKj Zi½ ˆ`‡N¨©i ZvwoZ †PŠ¤K̂ wewKiY †kvlb K‡i| 

ii. †_‡K mKj K¤úvs‡Ki wewKiY mylg fv‡e wbtm„Z nq| 

iii. D`vniY wnmv‡e m~h©̈  GKwU Av`k© K…ò e¯‘| 

wb‡Pi †KvbwU mwVK? 

 K. i I ii L. i I iii  M. ii I iii N. i, ii I iii 
2. bx‡Pi ‡KvbwU DB‡bi mgxKiY? 

 K. kTm   L. 

4TE   M. hfE   N. 

c
hfp   

 

 

       Av‡jvK Zwor wµqv 

Photo Electric Effect 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 Av‡jvK Zwor wµqv eY©bv Ki‡Z cvi‡eb| 

 Av‡jvK Zwor wµqv e¨vL¨vq wPivqZ Zi½ Z‡Ë¡i mxgve×Zv eY©bv Ki‡Z cvi‡eb| 

 †Kvqv›Uvg ZË¡ Abymv‡i Av‡jvK Zwor wµqvi AvBb÷vB‡bi e¨vL¨v eY©bv Ki‡Z cvi‡eb| 

 

8.9.1: Av‡jv Zwor wµqv (Photo Electric Effect) 
†Kv‡bv avZe c„‡ô Dchy³ Zi½‰`‡N©̈ i Av‡jv †dj‡j Zvi †_‡K B‡jKUªb wbM©Z nq| GB NUbv‡K 

Av‡jvK Zwor wµqv e‡j|  

Av‡jvZwor wµqvq wbtm„Z B‡jKUªb¸‡jv‡K d‡UvB‡jKUªb (Photoelectron) e‡j|  

Dchy³ e¨e¯’vi mvnv‡h¨ d‡UvB‡jKUªb¸‡jvi GKgyLx †mªvZ ‰Zwi Kiv hvq| Gi d‡j †h Zwor cÖev‡ni m„wó nq 

Zv‡K Av‡jvZwor cÖevn (Photoelectric current) e‡j| 

 

8.9.2: Av‡jvK Zwor wµqvi cix¶v (Experiment of Photo Electric Effect) 
(8.8) bs wP‡Î Av‡jvK Zwor wµqv cix¶vi h‡š¿i †`Lv‡bv 

n‡q‡Q| Av‡jv ms‡e`bkxj avZe cvZ A Ges Gi wecixZ 

cv‡k¦© Aci GKwU avZe cvZ B ‡K GKwU evqy k~b¨ KvP bj 
C Gi g‡a ivLv nq| cvZ`ywU ZworØvi wnmv‡e KvR K‡i 

Ges wefe cv_©K¨ m„wói Rb¨ e¨vUvixi mv‡_ hy³ Kiv nq| 

GB KvP b‡ji mv‡_ †njv‡bv fv‡e hy³ KvP b‡ji Aci 

gv_vq †KvqvR© (quartz) Gi ˆZix Rvbvjv D _v‡K| Av‡jvK 

Drm S ‡_‡K AwZ †e¸bx iwk¥ Rvbvjv D w`‡q Av‡jv 

ms‡e`bkxj avZe cvZ A†Z G‡m co‡j d‡UvB‡jKUªb 

wbM©Z nq|  

hLb A cv‡Zi wefe cv_©K¨ (P.D) B cv‡Zi Zzjbvq 

FYvZ¥K _v‡K ZLb A cvZ †_‡K wbM©Z d‡Uv B‡jKUªb 

Z¡wiZ (accelerating) n‡q B cv‡Zi w`‡K avweZ nq d‡j 

Av‡jv Zwor cÖevn (Photo-electric current) I eZ©bx‡Z 

cvV 8.9 : 

Av‡jvK  

ms‡e`bkxj 

cvZ 

 I A 

 V 

 D 

 S 

 B  A 

evqy k~b¨ KvP 

bj C 

wPÎ 8.8 
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cÖevwnZ nq Ges Zv gvB‡µv A¨v‡gUvi A w`‡q gvcv nq| `yB Zwor-Øv‡ii Z¡ivwš̂Z wefe cv_©K¨ †fvë wgUvi V 

w`‡q gvcv nq|  

hw` wefe cv_©K¨‡K wecixZgyLx Kiv nq A_©vr B cvZ‡K A cv‡Zi Zzjbvq FYvZ¥K Kiv nq Z‡e ZworØv‡i 

g›`xf~Z (retarding) wefe cv_©‡K¨i Kvi‡Y d‡UvB‡jKUªb B cvZ Øviv weKwl©Z n‡q A cv‡Zi w`‡K wdi‡Z _vK‡e 

d‡j Av‡jv Zwor cÖevn n«vm cv‡e| g›`xf~Z wefe evov‡Z _vK‡j GK mgq Av‡jvK Zwor cÖev‡ni gvb k~b¨ n‡q 

hv‡e| G wefe‡K wbe„wË wefe (stopping potential) vo e‡j|  

Av‡jvK Zwor cÖevn wbgœwjwLZ wel‡qi Dci wbf©i K‡i| 

(K) AvcwZZ wewKi‡Yi cÖvej¨  

(L) AvcwZZ wewKi‡Yi K¤úvsK  
(M) `yB Zwor Øv‡ii wefe cv_©K¨  

(N) d‡UvB‡jKUªb wbM©ZKvix cv‡Zi cÖK…wZ| 
 

Av‡jv Zwor wµqv cix¶vi wm×vš—t  

1| avZe c„ô †_‡K cÖwZ ‡m‡K‡Û wbM©Z d‡UvB‡jKUª‡bi msL¨v AvcwZZ wewKi‡Yi cÖve‡j¨i mgvbycwZK| 

2| w¯’i K¤úvs‡K †Kvb wbw ©̀ó avZ‡ei Rb¨ ÷wcs wefe AvcwZZ wewKi‡Yi cÖve‡j¨i Dci wbf©ikxj bq| 

3| †Kvb wbw`©ó avZ‡ei Rb¨ K¤úvsK e„w×i mv‡_ mv‡_ ÷wcs wefe ev wbe„wË wefe e„w× cvq| 

 
 

avZe c„ó †_‡K wbM©Z d‡Uv B‡jKUª‡bi ‡eM k~b¨ †_‡K m‡e©v”P GKUv gv‡bi g‡a¨ mxgve×| ÷wcs wefe V0 m‡e©v”P 

MwZkw³ m¤úbœ B‡jKUªb‡KI B cv‡Z †cŠQv‡Z †`q bv| hw` e PvR© wewkó m f‡ii B‡jKUªb A cvZ †_‡K m‡e©v”P 

vmax †e‡M wbM©Z nq Z‡e B‡jKUª‡bi m‡e©v”P MwZ kw³   0max2
1 eVmv  | ‡h B‡jKUªb¸‡jv Gi †P‡q Kg †e‡M 

wbM©Z n‡e †m¸‡jv ÷wcs wefe V0 Gi †P‡q Kg g›`xf~Z wef‡e B cv‡Z hvIqv eÜ n‡q hvq| 

 

8.9.3: cix¶v jä djvdj †_‡K Av‡jv Zwor cÖevn m¤úwK©Z ˆewkó¨ m~PK wm×vš— mg~n 

njIqvk, †÷v‡jUf, †jbvW© I Ab¨vb¨ weÁvbxiv cix¶v jä djvdj †_‡K wbgœwjwLZ wm×v‡š— DcbxZ nb| 

1| GwU GKwU Zvr¶wbK NUbv| Av‡jv AvcwZZ nIqv I B‡jKUªb wbM©Z nIqvi g‡a¨ mg‡qi cv_©K¨ k~b¨| 

(

9103  †m‡KÛ gvÎ) 

2| Av‡jvK ZxeªZv e„w×i mv‡_ mv‡_ †Kvb avZe Zj †_‡K cÖwZ †m‡K‡Û wbM©Z d‡Uv-B‡jKUª‡bi msL¨v e„w× cvq| 

wKš‘ wbM©Z d‡Uv-B‡jKUª‡bi MwZ kw³ e„w× cvqbv| 

3| avZzi ˆewk‡ó¨i Dci wfwË K‡i wbw`©ó m~ÎcvZKvix K¤úvsK (Thresold frequency)  AwZµg bv Kiv ch©š— 

Av‡jvK ZxeªZv hZB e„w× Kiv †nvK bv †Kb avZe Zj †_‡K †Kv‡bv d‡Uv-B‡jKUªb wbM©Z nq bv|  

4| wbw`©ó m~ÎcvZKvix K¤úvsK AwZµg Kivi ci K¤úvsK hZB e„w× Kiv nq wbM©Z d‡Uv-B‡jKUª‡bi MwZkw³ 

ZZB e„w× ‡c‡Z _v‡K| 

 

8.9.4: Av‡jv Zwor wµqv m¤úwK©Z †h ˆewkó¨ m~PK wm×vš—¸‡jv cvIqv hvq Zv‡`i g‡a¨ wPivqZ ejwe`¨vi 

AmsMwZ 

ZvwoZ‡PŠ¤K̂ Zi½ ZË¡ Abymv‡i Zi½ Z‡j Zi½ kw³ mgfv‡e ew›UZ _v‡K| e ‘̄i B‡jKUªb GB Zi½ Z‡ji Lye 

¶y`ª AÂj Ry‡o ms¯ú‡k© Av‡m| myZivs †mB AÂj †_‡K kw³ †kvlY K‡i wbDwK¬qvm †_‡K wew”Qbœ nIqvi gZ 

cÖ‡qvRbxq kw³ msMÖn Kivi Rb¨ h‡_ó mgq cÖ‡qvRb| wKš‘ Av‡jvK-Zwor wµqv GKwU Zvr¶wYK NUbv| myZivs 

ZvwoZ‡PŠ¤K̂ Zi½ ZË¡ Abymv‡i Av‡jvK Zwor wµqvq Zvr¶wYK NUbvi e¨vL¨v †`qv m¤¢e bq| 
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f 

2

2
1 mv

f

avZe Zj †_‡K wbM©Z d‡UvB‡jKUª‡bi MwZkw³ Av‡jvi ZxeªZvi Dci wbf©ikxj bq K¤úvs‡Ki Dci wbf©ikxj| 

ZvwoZ‡PŠ¤K̂ Zi½ ZË¡ Abymv‡i Av‡jvK ZxeªZv e„w×i mv‡_ mv‡_ MwZkw³ e„w× cv‡e hv cix¶v jä djvd‡ji mv‡_ 

wg‡j bv| 

avZzi ˆewk‡ó¨i Dci wfwË K‡i wbw`©ó m~ÎcvZKvix K¤úvs‡Ki bx‡P hZB ZxeªZv _vKzK bv †Kb AvcwZZ Av‡jvK 

Zi½ avZe Zj †_‡K †Kvb d‡UvB‡jKUªb wbM©Z Ki‡Z cv‡i bv| wKš‘ ZvwoZ‡PŠ¤K̂ Zi½ ZË¡ Abymv‡i h‡_ó 

cÖ‡qvRbxq ZxeªZv _vK‡j †h †Kvb K¤úvs‡Ki Av‡jvK Zi½ avZe Zj †_‡K d‡UvB‡jKUªb wbM©Z Ki‡Z m¶g hv 

cix¶v jä djvd‡ji Abyiƒc bq| 

 

8.9.5: c¨vs‡Ki †Kvqv›Uvg ZË¡ e¨envi K‡i AvBb÷vB‡bi Av‡jvK Zwor wµqv e¨vL¨v  

AvBb÷vBb Av‡jvK Zwor wµqvi djvdj c¨vs‡Ki †Kvqv›Uvg Z‡Ë¡i Dci wfwË K‡i hyw³ m½Z e¨vL¨v ‡`b| 

c¨vs‡Ki ¯x̂Kvh© Abyhvqx wewKiY SuvK SuvK KYvi mgwó| cÖwZwU KYvi kw³ hfE  | (GLv‡b h n‡jv 

c¨vs‡Ki aª“eK hvi gvb 6.6310-34Js Ges  f n‡jv K¤úvsK) GB kw³ ALÛ Ges G‡K †Kvqv›Uv e‡j| 

wewKiY kw³ ïay †Kvqv›Uv AvKv‡i †kvwlZ ev wbtm„Z nq bv, ¯’vbvš—‡ii mgqI †Kvqv›Uv AvKv‡i cÖevwnZ nq| k~b¨ 

gva¨‡g Gi †eM Av‡jvi †e‡Mi mgvb| GB †Kvqv›Uvi bvg †dvUb| 

GB Rb¨ GB ZË¡‡K AvBb÷vB‡bi †dvUb ZË¡I e‡j| wZwb cȪ —ve K‡ib †h, GKwU †dvU‡bi hLb †Kv‡bv cigvYyi 

B‡jKUª‡bi mv‡_ msNvZ N‡U †m msNvZ me©̀ vB w¯’wZ¯’vcK A_©vs GB msNv‡Z †Kvb kw³i AcPq nqbv| GB 

msNv‡Zi d‡j nq B‡jKUªbwU †dvU‡bi mg¯— kw³ †kvlY K‡i bZzev †Kv‡bv kw³ †kvlY K‡i bv| mg¯— kw³ 

†kvlY Ki‡j B‡jKUªb hf  kw³ jvf K‡i| 

cigvYyi B‡jUªb¸‡jv wbDwK¬qv‡mi AvKl©‡Y wbDwK¬qv‡mi mv‡_ Ave× _v‡K| myZivs avZzi cigvYy †_‡K B‡jUªb‡K 

gy³ Ki‡Z n‡j wbDwK¬qv‡mi GB AvKl©Y e‡ji wei“‡× wKQy KvR m¤úbœ Ki‡Z nq A_©vr wKQy kw³ e¨wqZ nq| 

GB kw³‡K avZzi Av‡jvK-Zwor Kvh©v‡c¶K (Work function) e‡j| GB Kv‡Ri cwigvY‡K 0W  w`‡q wb‡`©k Kiv 

nq| GLb B‡jKUª‡bi †dvUb †_‡K †kvwlZ kw³ hf  hw` Kvh©v‡c¶K 0W  Gi †P‡q Kg nq Z‡e avZz †_‡K †Kv‡bv 

B‡jKUªb wbM©Z n‡e bv| hf  hw` 0W  Gi mgvb nq Z‡e k~b¨ MwZ kw³ m¤úbœ 

B‡jKUªb wbM©Z n‡e Ges GB B‡jKUªb wbM©Z n‡q avZye c„‡ô Ae¯’vb Ki‡e| Avi hf  

hw` 0W  Gi †P‡q †ekx nq Z‡e 0W  Gi †P‡q †ekx kw³UzKz B‡jKUªbwU MwZkw³ 

wnmv‡e jvf Ki‡e|  

aiv hvK, †dvÔUb †_‡K hf  kw³ Mªnb K‡i m  f‡ii GKwU B‡jKUªb m‡e©v”P maxv  

†e‡M avZzi c„ô †_‡K wbM©Z n‡jv| Zvn‡j B‡jKUªbwU m‡e©v”P 

2
max2

1 mv  MwZkw³ jvf 

Ki‡e| hw` avZzi Av‡jvK-Zwor Kvh©v‡c¶K 0W  Z‡e Avgiv wjL‡Z cvwi,  

†dvU‡bi kw³, 

2
max0 2

1 mvWhf                      (8.52) 

G‡K AvBb÷vB‡bi Av‡jv Zwor Z‡Ë¡i mgxKiY e‡j|  

(8.52) bs mgxKiY †_‡K †jLv hvq, B‡jKUªbwU m‡e©v”P MwZkw³,   

0
2

max2
1 Whfmv                      (8.53) 

†h K¤úvs‡Ki †dvU‡bi kw³ ‡kvlY K‡i †Kv‡bv avZzi c„ó †_‡K k~b¨ MwZ kw³ m¤úbœ B‡jKUªb wbM©Z n‡e A_©vr 

m¤ú~Y© †kvwlZ kw³wU Kvh©v‡c¶K 0W Gi Rb¨ e¨wqZ n‡e Zv‡K m~ÎcvZKvix K¤úvsK (Thresold frequency) e‡j 

Ges G‡K 0f  Øviv cÖKvk Kiv nq|  

AZGe, 00 Whf                          (8.54) 

wPÎ : 8.9 
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(8.54) bs mgxKi‡Yi gvb (8.53) bs mgxKi‡Y emv‡j, 

2
max0 2

1 mvhfhf                       (8.55) 

ev, 

2
max

0 2
1 mvcch 











                      (8.56) 

ev, 

2
max

0 2
111 mvhc 











                    (8.57) 

0V  wbe„wË wefe cÖ‡qvM Ki‡j †Kv‡bv B‡jKUªb hw` avZe c„ô †_‡K k~b¨ MwZkw³ wb‡q wbM©Z nq Z‡e, 

0
2
max2

1 eVmv                           (8.58) 

(8.57) I (8.58) bs mgxKiY †_‡K †jLv hvq,  

0
0

11 eVhc 










                     (8.59) 

(8.53), (8.55), (8.56), (8.57), (8.58) I (8.59) bs mgxKiY¸‡jv AvBb÷vB‡bi Av‡jvK Zwor wµqv 

mgxKi‡Yi wewfbœ iƒc|  

 

8.9.6: wPivqZ ejwe`¨vi mv‡_ AmsMwZc~Y© Ae¯’v¸‡jvi †Kvqv›Uvg aviYvi mvnv‡h¨ e¨vL¨v  

Av‡jvK Zwor wµqvi cix¶v †_‡K cÖvß djvdj e¨vL¨vq wPivqZ ejwe`¨vi mv‡_ AmsMwZc~Y© Ae¯’v¸‡jv n‡jv- 

Av‡jvK Zwor wµqvq, 

1| Av‡jvK ZxeªZvi mv‡_ B‡jKUª‡bi MwZkw³i m¤úK© bv _vKv,  

2| m~ÎcvZKvix K¤úvs‡Ki bx‡Pi K¤úvs‡K B‡jKUªb wbM©Z bv nIqv Ges  

3| Av‡jvK Zwor wµqv GKwU Zvr¶wYK NUbv|  

 wPivqZ ejwe`¨v e¨vL¨v w`‡Z Amg_©| AvBb÷vB‡bi Av‡jvK Zwor ZË¡ G¸‡jv mwVK e¨vL¨v †`q| 

 

†Kvqv›Uvg aviYvi mvnv‡h¨ Av‡jvK Zwor wµqvi e¨vL¨v  

1) ‡Kvqv›Uvg ZË¡ Abymv‡i, f  K¤úvsK wewkó wewKiY iwk¥i ZxeªZvi A_© n‡jv cÖwZ GKK †¶Îd‡ji ga¨ w`‡q 

cÖwZ †m‡K‡Û j¤ ̂fv‡e AwZµgKvix hf  kw³ m¤úbœ ‡dvUb msL¨v| ZxeªZv KLbB kw³i Dci wbf©ikxj bq| 

myZivs ZxeªZv e„w×i mv‡_ mv‡_ cÖwZ GKK †¶Îd‡j †dvUb msL¨vi e„w×| †dvUb msL¨v e„w× †c‡j msNvZKvix 

B‡jKUª‡bi msL¨v e„w× cv‡e d‡j wbM©Z B‡jKUª‡bi msL¨v evo‡e Ges wbM©Z B‡jKUª‡bi kw³ c~‡e©i gZB 

AcwieZ©xZ _vK‡e| 

2) ‡Kvqv›Uvg ZË¡ Abymv‡i, wbw`©ó avZzc„‡ô m~ÎcvZKvix K¤úvsK (Thresold frequency) 0f  (hvi kw³ 0hf ) G‡m 

co‡j B‡jKUªb wbDwK¬qvm †_‡K ïay gvÎ k~b¨ MwZ kw³ wb‡q wbM©Z n‡q avZzc„‡ô Ae¯’vb Ki‡e| Avgiv 

AvBb÷vB‡bi m~Î †_‡K wjL‡Z cvwi 000 Whf   ev, 

h
Wf 0

0  | myZivs Gi †P‡q Kg K¤úvs‡Ki hZ 

cÖve‡j¨i (†dvUb Nb‡Z¡i) wewKiY AvcwZZ Kiv †nvK bv †Kb avZzc„ô †_‡K †Kvb B‡jKUªb  wbM©Z n‡e bv| 

3) ‡Kvqv›Uvg ZË¡ Abymv‡i f  K¤úvsK wewkó †dvUb (GLv‡b 0ff  aiv n‡q‡Q) hf  kw³ m¤úbœ GKwU KYvi 

b¨vq AvPiY K‡i| myZivs †dvUbwU B‡jKUªb‡K AvNvZ Kiv gvÎB (‡h‡nZz 0ff  ) B‡jKUªbwU cigvYy †_‡K 

wQU‡K (KYvi ag© Abymv‡i) †ei n‡q Avm‡e| myZivs GwU GKwU Zvr¶wYK NUbv| 
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D`vniY 8.9: GKwU avZzi m~Pb K¤úv¼ Hz103.3 14 | hw` Hz102.8 14  K¤úv‡¼i Av‡jv H avZzi Dci 

AvcwZZ nq Z‡e d‡UvZwor wbtmi‡Y wbe„Ë wefe KZ n‡e †ei Ki“b| 

 

mgvavb : †`qv Av‡Q, Hz103.3 14
0  , Hz102.8 14   Ges ?V  

Avgiv Rvwb, 

2
0

2
0 2

1
2
1 mvhmvWhE    

ev,   eVmvh  2
0 2

1  

ev, 

 
e

hV 0 
  

gvb emv‡j, 

  V03.210
6.1

9.463.6
106.1

103.3102.81063.6 1
19

1414
34 







 


V   

D: V03.2  

 

D`vniY 8.10: †Kv‡bv c`v‡_©i Kvh©v‡c¶K 1.85 eV n‡j H c`v‡_©i m~Pb K¤cv¼ KZ ? 

mgvavb: †`qv Av‡Q, J102.96J106.185.1eV85.1 1919
0

 W Ges ?0 f  

Avgiv Rvwb, Kvh© A‡c¶K, 00 hfW    ev, 

h
Wf 0

0   

gvb emv‡j, Hz104.465
1063.6
102.96 14

34

19

0 








f   

D: Hz104.465 14  

 

D`vniY 8.11: †mvwWqv‡gi Kvh©v‡c¶K eV2.3 | Gi Dci Å2000  Zi½‰`‡N©̈ i Av‡jvK iwk¥ AvcwZZ n‡j 

wbM©Z B‡jKUª‡bi m‡e©v”P MwZkw³ wbY©q Ki“b| 

mgvavb: †`qv Av‡Q, J103.68J101.62.3eV2.3 -19-19
0 W ,  

m102000Å2000 10
0

  Ges ?
max

kE  

Avgiv Rvwb, AvBb÷vB‡bi Av‡jvK Zwor mgxKiY †_‡K, 00max max

2

2
1 WEWmvhf k   

ev, 00max
WchWhfEk 


 

gvb emv‡j, 

19-
10

8
34 103.68

102000
1031063.6

max





 


kE  

-191434 103.6810151063.6
max

 
kE  

J103.681095.9 -1919
max

 
kE  

eV92.3eV
106.1
1027.6J1027.6 19

19
19

max



 




kE   

D: eV92.3  

  

D`vniY 8.12: †Kvb avZzi wbe„wZ wef‡ei gvb KZ n‡j H avZz n‡Z wbtm„Z 

1kms0200 
†e‡M GKwU B‡jKUªb 

wbe„Ë n‡e ? 
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mgvavb: †`qv Av‡Q, 

161 ms101kms0200  v , gme k1011.9 31 , C106.1 19e  Ges ?0 V  

Avgiv Rvwb, 0
2

2
1 eVmv   

ev, 

e
mvV
2

2

0   

gvb emv‡j, 

  V375.11
106.12

102101.9
19

2631

0 



 



V   

D: V375.11  

 

 

mvi-ms‡¶c :  

Av‡jv Zwor wµqv :  †Kv‡bv avZe c„‡ô Dchy³ Zi½‰`‡N©̈ i Av‡jv †dj‡j Zvi †_‡K B‡jKUªb wbM©Z nq| GB 

NUbv‡K Av‡jvK Zwor wµqv e‡j|  

d‡UvB‡jKUªb: Av‡jvZwor wµqvq wbtm„Z B‡jKUªb¸‡jv‡K d‡UvB‡jKUªb e‡j|  

 

Av‡jvZwor cÖevn: Dchy³ e¨e¯’vi mvnv‡h¨ d‡UvB‡jKUªb¸‡jvi GKgyLx †mªvZ ‰Zwi Kiv hvq| Gi d‡j †h Zwor 

cÖev‡ni m„wó nq Zv‡K Av‡jvZwor cÖevn e‡j| 

 

 

 

cv‡VvËi g~j¨vqb: 8.9 

eûwbe©vPbx cÖkœ: 

wb‡Pi Aby‡”Q`wU c‡ov Ges 1 I 2 bs cÖkœ̧ ‡jvi DËi `vIt 

A40000
Zi½‰`‡N©̈ i Av‡jv †Kv‡bv avZe c„‡ô AvcwZZ n‡j †h B‡jKUªb wbM©Z nq Zvi m‡e©v”P MwZkw³i gvb 0.4eV| 

1. avZe c„‡ôi Dci AvcwZZ †dvU‡bi kw³- 

 K. 4.1078eV L. 2.7810eV M. 3.1078eV N. 1.30eV 
 

2. H avZzi Kvh©v‡c¶K- 

 K. 2.70 eV L. 3.707 eV M. 3.5078 eV N. 4.3078 eV 
 
 

       AvaywbK c`v_©weÁv‡bi ¸i“Z¡c~Y© welq  

Some Important Facts of Mordern Physics 

 D‡Ïk¨ 

G cv‡Vi †k‡l Avcwb- 

 `¨ eªMjxi Zi½ aviYv e¨vL¨v Ki‡Z cvi‡eb| 

 K¤úUb wµqv e¨vL¨v Ki‡Z cvi‡eb|  

 nvB‡Rbev‡M©i AwbðqZv bxwZ e¨vL¨v Ki‡Z cvi‡eb| 

 
8.10.1: Av‡jvi ˆØZ cÖK…wZ (Dual Nature of Light)  
Avgiv Rvwb Av‡jvi DcwicvZ‡bi d‡j e¨vwZPvi (interference), AceZ©b (difference) N‡U| Avjvq 

Av‡jvq wg_w¯Œqvi (interaction) d‡j GBiƒc nq| e¨wZPvi, AceZ©b Ges Ab¨vb¨ Av‡jvKxq NUbv 

†hgb, cÖwZdjb (reflaction), cÖwZmiY (refraction), †cvjvivqY (polarization) Gi cix¶vg~jK djvdj †_‡K GB 

cvV 8.10: 



GBPGmwm †cÖvMÖvg 

BDwbU 8  c„ôv-310 

wm×v‡š— DcbxZ nIqv hvq †h, Av‡jv Zi½vKv‡i MwZkxj myZivs GB NUbv¸‡jv Zi½ ZË¡ Ges wewKi‡Yi 

ZvwoZ‡PŠ¤K̂ ZË¡ w`‡q m¤ú~Y©iƒ‡c e¨vL¨v Kiv hvq| 

Aciw`‡K Ab¨ RvZxq NUbv hv wewKiY Ges KYvi wg_w¯Œqvi d‡j N‡U †hgb K…òe¯‘i wewKiY, Av‡jv Zwor wµqv, 

K¤úUb wµqv¸‡jv‡K Zi½ ZË¡ Ges wewKi‡Yi ZvwoZ‡PŠ¤^K ZË¡ w`‡q e¨vL¨v Kiv hvq bv| Avgvi †`‡LwQ G¸‡jv 

e¨vL¨v Kivi Rb¨ wewKiY kw³‡K ¶z`ª ¶z ª̀ kw³i c¨v‡K‡Ui ¸”Q cÖevn AvKv‡i we‡ePbv Kiv nq| GB kw³‡K 

Av‡jvi †Kvqv›Uv (quanta) ev †dvUb (photon) e‡j| cÖwZwU †dvU‡bi kw³ gvb hfE  | ‡hLv‡b K¤úvsK 


cf   

GLv‡b  n‡jv wewKi‡Yi Zi½ ˆ`N©̈ | wewKiY kw³ hLb KYvi mv‡_ wg_w¯Œqv NUvq ZLb †dvUb Zvi mg¯— kw³ 

KYv‡K `vb K‡i| Av‡jvi KYv ag© Ges Zi½ ag© A_©vr ˆØZ ag© Av‡Q| nvB‡RbevM© cȪ —ve K‡ib †h Av‡jvi ‰ØZ 

ag© we`¨gvb Z‡e Giv ci¯ú‡ii cwic~iK| A_©vr GKB cix¶vq Av‡jv KLbB Zvi ‰ØZ ag© cÖKvk K‡i bv| A_©vr 

†Kvb cix¶vq hw` Av‡jv Zvi Zi½ ag© cÖ̀ k©b K‡i Z‡e †mB cix¶v Øviv †Kv‡bv fv‡eB Av‡jvi KYv ag© ch©‡e¶Y 

Kiv m¤¢e bq| Abyiƒc fv‡e wecixZ NUbvI mZ¨| ciewZ©‡Z wW-eªMjx (De-Broglie) eû msL¨K Zi‡½i 

DcwicvZ‡bi d‡j m„ó ¸”Q Zi‡½i (gorup wave) aviYv †`b Ges fi‡e‡Mi mv‡_ Zi½ ˆ`‡N©̈  GKwU m¤úK© 

p
h


 ¯’vcb K‡ib| wZwb Av‡iv cȪ —ve K‡ib †h Av‡jvi †hgb KYv ag© we`¨gvb †Zgwb KYviI Zi½ ag© 

we`¨gvb| 1924 mv‡j wW-eªMjx cȪ —ve K‡ib †h, Av‡jvi b¨vq cigvYweK ¯—‡ii KYvI (†hgb B‡jKUªb) Av‡jvi 

b¨vq ‰ØZ ag© cÖ̀ k©b K‡i Ges 1927 mv‡j cix¶vi gva¨‡g Zv cÖgvY K‡ib|  

 

8.10.2: c`v_© Zi½ (Matter Wave): 
Zi½ †hgb wKQy †¶‡Î KYvi bvq AvPiY Ki‡jI KYv †h wKQy †¶‡Î Zi‡½i b¨vq AvPiY K‡i †m welq 1924 

wLª÷v‡ã divwm weÁvbx wW-eªMjx (De-Broglie) cÖ_g Dc¯’vcb K‡ib| Zvi GB wm×v‡š—i wcQ‡b bx‡Pi KviY¸‡jv 

hyw³ msMZ| 

1| cÖK…wZ cÖwZmvg¨ (Symmetry) cQ›` K‡i| cÖK…wZi `ywU mËv-c`v_© I kw³ Aek¨B cÖwZmvg¨ _vK‡e| 

2| kw³ (wewKiY) hw` Zi½iƒcx I KYviƒcx nq Z‡e c`v_©I Zi½iƒcx I KYviƒcx n‡e| 

3| GKwU Av‡jvKiwk¥¸”Q (hv GKwU Zi½) †Kv‡bv e ‘̄i wewfbœ we›`y‡Z kw³ I fi‡eM n¯—vš—wiZ Ki‡Z cv‡i, 

Avevi GKwU KYvi †mªvZI †Kv‡bv e¯‘i wewfbœ we›`y‡Z kw³ I fi‡eM n¯—vš—wiZ Ki‡Z cv‡i| myZivs KYvi †mªvZ 

c`v_© Zi½ n‡e| 

 

8.10.3: wW-eªMjxi mgxKiY (De-Broglie Equation) 
wW-eªMjx KYv ag© Ges Zi½ ag©‡K m¤úK©hy³ K‡i †h mgxKiY cÖwZcv`b K‡ib Zv wW-eªMjx mgxKiY bv‡g 

cwiwPZ|  

wW-eªMjx Zvi mgxKiYwU †Kej gvÎ cÖwZwôZ `yBwU mgxKiY‡K ms‡hv‡Mi gva¨‡g cÖwZcv`b K‡ib, 

cv‡¼i †Kvqv›Uvg ZË¡ Abymv‡i GKwU †dvU‡bi kw³, hfE            

(8.60) 
AvBb÷vB‡bi Av‡cw¶KZvi m~Î Abymv‡i, 

42
0

222 cmcpE           .......  (8.61) 
†dvU‡bi ‡¶‡Î Gi w¯’i fi 00 m   

myZivs †dvU‡bi ‡¶‡Î AvBb÷vB‡bi m~Î †_‡K 0222  cpE    

ev, pcE   

ev,


h

fc
h

c
hf

c
Ep   [cv‡¼i m~Î e¨envi K‡i]   fc   

ev, 

p
h

                         (8.62) 
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GUvB wW-eªMjxi mgxKiY bv‡g cwiwPZ|  

GB mgxKi‡Y †ZRkw³i ˆØZ cÖK„wZ cÖKvwkZ n‡q‡Q| A_©vr KYv ag© fi‡eMi mv‡_ Zi½ ag© Zi½ ‰`‡N¨©i m¤úK© 

¯’vwcZ n‡q‡Q| GB mgxKiY Øviv †dvU‡bi KYv ag© cÖ̀ kx©Z n‡q‡Q|  wW-eªMjxi Av‡iv D‡jL K‡ib †h, †dvU‡bi 

gZ cÖwZwU KYviB Zi½ ag© we`¨gvb| †m‡¶‡Î, mvp  , GLv‡b m n‡jv KYvi fi|   

AZGe, KYvi Abym½x wW-eªMjxi Zi½ ˆ`N¨©, 

mv
h

                         (8.63) 
 

wW-eªMjxi cÖK‡íi m¤ú~Y© wee„wZ: †h †Kv‡bv KYvi †mªvZ Zi‡½i b¨vq AvPiY K‡i| hv c`v_© Zi½ bv‡g cwiwPZ| 

GB c`v_© Zi‡½i Zi½‰`N©̈ , 

mv
h

p
h


|  

GLv‡b, m = KYvi fi, v  = KYvi †eM Ges p  = KYvi fi‡eM| 

Zi½‰`N©̈  (Zi‡½i GKwU ˆewkó¨) I fi‡eM (KYvi GKwU ˆewkó¨) wb‡q m¤úwK©Z 

mv
h

  mgxKiY †_‡K bx‡Pi 

wm×vš—¸wj‡Z Avmv hvq| 

1| hw` 0v  nq Z‡e  n‡e A_©vr †Kej gvÎ MwZkxj KYvi mv‡_B c`v_© Zi½ RwoZ _v‡K| 

2| KYvwU PvwR©Z bv APvwR©Z Zvi Dci wW eªMjx Zi½‰`N©̈  wbf©ikxj bq| Gi A_© n‡jv c`v_© Zi½ ZvwoZ‡PŠ¤K̂ 

Zi½ bq| KviY ZvwoZ‡PŠ¤K̂ Zi½ Z¡iYm¤úbœ PvR© †_K Drcbœ nq| 

3| KYvi fi  m  A_ev ‡eM  v  Gi gvb eo n‡j wW eªMjx Zi½‰`N©̈     Lye †QvU nq| 

4| KYvi fi‡eM  p  e„w× †c‡j wW eªMjx Zi½‰`N©̈     n«vm cvq| 

5| †h‡nZz c`v_© Zi½ c`v‡_©i mswkó Zi½ †m‡nZz KYvi †eM Ges c`v_© Zi‡½i †eM mgvb| A_©vr KYv †hLv‡b 

Ae¯’vb K‡i c`v_© Zi½I ‡mLv‡b Ae¯’vb K‡i| 

6| †h‡nZz †h †Kv‡bv KYvi †mªvZ‡K c`v_© Zi½ wnmv‡e a‡i †bqv P‡j †m‡nZz KYvi †mªvZ hw` euvavnxbfv‡e AMÖmi 

n‡Z _v‡K Z‡e mswkó c`v_© Zi½wU Pj Zi½ wnmv‡e AvPiY Ki‡e| 

7| Aciw`‡K KYvi †mªvZ hw` GKwU wbw`©ó AÂ‡j mxgve× _v‡K Z†e c`v_© Zi½ w¯’i Zi‡½i b¨vq AvPiY Ki‡e| 

 

8.10.4: K¤úUb wµqv (The Compton Effect) 
GKwU GKeY©x X -iwk¥ A¨vjygwbqvg, MÖvdvBU (Kve©b) cÖf…wZ nvjKv †gŠ‡ji B‡jKUªb Øviv wew¶ß  (scattered) n‡j 

wew¶ß iwk¥i g‡a¨ AcwiewZ©Z Zi½ ˆ`N©̈  QvovI cwiewZ©Z 

Zi½‰`‡N©̈  X-iwk¥ cvIqv hvq| GB cwiewZ©Z Zi½‰`N©̈ ¸wj 

cÖv_wgK X-iwk¥i Zi½‰`‡N©̈ i †P‡q `xN©Zi| weÁvbx Av_©vi 

K¤úUb GB NUbv Avwe®‹vi K‡ib| Zuvi bvg Abymv‡i GB 

NUbv‡K K¤úUb wµqv e‡j| 

wPivqZ ZvwoZ‡PŠ¤K̂ Zi½ZË¡ GB NUbv‡K m‡š—vlRbK 

e¨vL¨v `v‡b Amg_©| GB ZË¡vbymv‡i X -iwk¥ GKwU AwZ¶z`ª 

Zi½‰`N©̈ i ZvwoZ‡PŠ¤K̂ Zi½ wnmv‡e B‡jKUª‡bi Dc‡i 

GKwU cwiewZ©Z (mvBb AvK…wZi) ZvwoZ‡PŠ¤K̂ †¶Î cª‡qvM 

Ki‡e d‡j B‡jKUªbwU GKB K¤úv‡½ Kw¤úZ n‡Z _vK‡e| 

wPivqZ ZË¡vbymv‡i K¤úgvb PvR© GKB K¤úv‡¼i ZvwoZ‡PŠ¤K̂ wewKiY cÖ̀ v‡b m¶g| wfbœ K¤úv‡½ A_©vr wfbœ 

Zi½‰`‡N©̈ i Dcw¯’wZ m¤ú‡K© GB ZË¡ e¨vL¨v cÖ̀ v‡b A¶g|  

AvBb÷vB‡bi †dvUb Z‡Ë¡i wfwË‡Z K¤úUb Zvi K¤úUb Z‡Ë¡i e¨vL¨v ‡`b| †dvUb fiwenxb KYvi b¨vq AvPiY 

K‡i| Gi cÖwZwU KYvi kw³ hfEi  | GLv‡b, h n‡jv cvs‡Ki aª“eK| Gi fi‡eM

c
hfpi  | GKwU †dvUb I 

wPÎ: 8.10 

hf 
hf 

hf 
hf 
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GKwU B‡jKUª‡bi g‡a¨ msNl©‡K wPivqZ ejwe`¨vi wewjqvW© e‡ji msN‡l©i b¨vq msNl© wnmv‡e we‡ePbv Kiv,†h‡Z 

cv‡i| 

g‡b Kwi cix¶vMvi ¯’vbv¼ KvVv‡gv‡Z GKwU 0m  w¯’i fi wewkó B‡jKUª‡bi mv‡_ GKwU X-iwk¥-‡dvU‡bi msNl© 

n‡jv d‡j †dvUb wKQy cwigvb kw³ nvwi‡q fhEs  Ges fi‡eM

c
fhps


 n‡jv| GLv‡b f n‡jv cwiewZ©Z 

K¤úv¼| Avi B‡jKUªb †mB kw³ MÖnY K‡i MwZkw³ cÖvß n‡jv| msN‡l©i ci wew¶ß †dvUb I cÖwZw¶ß (recoil) 
B‡jKUªb AvcwZZ †dvU‡bi w`‡Ki mv‡_ h_vµ‡g I †KvY Drcbœ K‡i| 

Zvn‡j, †dvU‡bi kw³ ¶q = B‡jKUª‡bi MwZkw³ AR©b, fhhfT   

ev,  ffhT                        (8.64) 

0m  w¯’i fi wewkó B‡jKUª‡bi kw³ 

2
0cm  Ges fi‡eM k~b¨|  

msNv‡Zi ci B‡jKUª‡bi †gvUkw³, 

2
0cmTE   

(8.64) bs mgxKi‡Yi gvb emv‡j,   2
0cmffhE   

ev,   22
0

2 cmffhE   

ev,     2
0

42
0

222 2 cmffhcmffhE    

ev,     2
0

42
0

2222 22 cmffhcmffffhE             (8.65) 

Av‡cw¶K ZË¡vbymv‡i msNv‡Zi ci B‡jKUª‡bi †gvUkw³, 

42
0

222 cmcpE                       (8.66) 

(8.66) bs mgxKi‡Yi gvb (8.65) bs mgxKi‡Y emv‡j, 

    2
0

42
0

22242
0

22 22 cmffhcmffffhcmcp   

ev,     2
0

22222 22 cmffhffffhcp              ...  (8.67) 

Avevi f‡e‡Mi wbZ¨Zvi m~Îvbymv‡i x-A¶ eivei fi‡eM,  coscos0 p
c
fh

c
hf




      

ev,  coscos pcfhhf     

ev,   coscos fhhfpc   

ev,     22 coscos  fhhfpc   

ev,  222222222 coscos2cos fhffhfhcp                (8.68) 

Avevi, fi‡e‡Mi wbZ¨Zvi m~Îvbymv‡i Y-A¶ eivei fi‡eM,  sinsin0 p
c
fh




     

ev,  sinsin0 pcfh     

ev,   222222 sinsin fhcp                     (8.69) 

(8.68) I (8.69) bs mgxKiY‡K †hvM Ki‡j, 

 222222222222222 sincoscos2cossin fhfhffhfhcpcp   

ev,     22222222222 sincoscos2cossin  fhffhfhcp  

ev, 

2222222 cos2 fhffhfhcp    

ev,  cos222222 ffffhcp                  (8.70) 

(8.70) bs mgxKi‡Yi gvb (8.68) bs mgxKi‡Y emv‡j,  
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      2
0

222222 22cos2 cmffhffffhffffh    

ev,   2
0

22 22cos2 cmffhffhffh    

ev,     cos12cos222 2222
0  ffhffhffhcmffh  

ev, 

   cos12
0





cm
h

ff
ff

 

ev, 

 cos111
2

0


 cm

h
ff

                     (8.71) 

ev, 

 cos1
0


 cm

h
f
c

f
c

  fc   

ev,   cos1
0


cm

h
                   (8.72) 

ev, 

2
sin2 2

0


cm

h
                        (8.73) 

(8.71), (8.72) I (8.73) bs mgxKiYB K¤úUb djvdj mgxKiY| GLv‡b  n‡jv Zi½‰`‡N©̈ i cwieZ©b| 

(8.71), (8.72) I (8.73) bs mgxKiYwU wb‡`©k K‡i †h   ev ff   A_©vr wew¶ß wewKi‡Yi Zi½‰`N©̈  

AvcwZZ Zi½‰`N©̈  A‡c¶v e„nËi|  

 

mgxKiYwU Av‡iv wb‡`©k K‡i †h, Zi½‰`‡N©̈  cwieZ©b AvcwZZ †dvU‡bi K¤úv‡¼i Dci ev we‡¶c cÖK…wZi Dci 

wbf©ikxj bq ïay gvÎ we‡¶c †Kv‡Yi Dci wbf©ikxj|  

hw` we‡¶c †KvY 

2
   nq Z‡e 0cos  , ZLb (8.72) bs mgxKiY ‡_‡K

cm
h

0

  |  

GB aª“eK 

cm
h

0

†K we‡¶c KYvi K¤úUb Zi½‰`N©̈  e‡j Ges k Øviv cÖKvk Kiv nq| 

AZGe, B‡jKUª‡bi K¤úUb Zi½‰`N©̈ ,   



A
cm

h
k 0242.0

103101.9
10625.6

831

34

0





 



               (8.74) 

GLv‡b Av‡iv j¶Yxq †h, K¤úUb Zi½‰`N©̈   

cm
h

k
0

  †_‡K †jLv hvq, 

k

hcm


0   

 ev, k
k

hfhccm 


2
0   

GLv‡b, 

2
0cm  n‡jv B‡jKUª‡bi w¯’i fi-kw³| myZivs, ejv hvq K¤úUb Zi½‰`N©̈  cÖK…Z c‡¶ wew¶ß B‡jKUª‡bi 

w¯’i fi-kw³i Zi½‰`‡N©̈ i mgvb|  

hw` we‡¶c †KvY    nq Z‡e 1cos  ,  

ZLb (8.72) bs mgxKiY ‡_‡K, 

cm
h

0

2
  |  

myZivs, K¤úUb wµqvq X-iwk¥-‡dvU‡bi m‡e©v”P Zi½‰`‡N©̈ i cwieZ©b  



AA
cm

h 0484.00242.022

0
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8.10.5: K¤úUb Z‡Ë¡i mxgve×Zv| 

1| K¤úUb Z‡Ë¡ wew¶ß Zi‡½ †Kb AvcwZZ Zi½ Dcw¯’Z _v‡K Zvi e¨vL¨v bvB|  

wb‡gœ AvcwZZ Zi‡½ Dcw¯’wZi e¨vL¨v †`qv n‡jv| K¤úUb Z‡Ë¡ †dvU‡bi cigvYyi mv‡_ ewntK¶c‡_ nvjKv fv‡e 

Ave× B‡jKUª‡bi msNl© N‡U| ZvQvovI †dvUb `„pfv‡e Ave× Af¨š—ixY B‡jKUª‡bi mv‡_ msNl© NUvq| †m me 

B‡jKUªb cigvYy †_‡K wew”Qbœ n‡Z cv‡ibv| d‡j mgMª cigvYy cÖwZw¶ß (recoil) nq| GB ai‡Yi msN‡l© 

B‡jKUª‡bi fi Gi cwie‡Z© cigvYyi mgMÖ fi Kvh©Ki nq| ‡h‡nZz cigvYyi fi B‡jKUª‡bi w¯’i f‡ii †P‡q K‡qK 

nvRvi¸Y †ekx ZvB Zi½‰`‡N©̈ i †Kvb cwieZ©b nqbv|  

D`vniY ¯îƒc MÖvdvBU cigvYyi fi, 0184012 mM c  , GLv‡b 0m  B‡jKUª‡bi w¯’i fi| 

Avgiv Rvwb K¤úUb Zi½‰`‡N©̈ i cwieZ©b 

2
sin2

0


cm

h
  

B‡jKUª‡bi w¯’i fi 0m Gi ¯’‡j mgMª cigvYyi fi cM emv‡j ,

2
sin2 2 

cM
h

c

  

 Gi gvb m‡e©v”P nq hLb †dvU‡bi we‡¶c ‡KvY me©vwaK A_©vr ,    n‡e| 

ev, 

2
sin2 2 

cM
h

c


2

sin2
184012
1 2

0













cm

h
 

ev, 



A02426.010058.9 5    

ev, 



A810197.2    

A_©vr,   Gi gvb AZ¨š— Kg| myZivs †dvUb `„pfv‡e Ave× Af¨š—ixY B‡jKUª‡bi mv‡_ msNl© NU‡j 

Zi½‰`N©̈  AcwiewZ©Z _v‡K| 

 

2| cix¶vq †`Lv hvq †h, nvjKv cigvYy Øviv wew¶ß X-iwk¥-‡dvU‡bi cwiewZ©Z Zi½ AvcwZZ Zi½ A‡c¶v 

cÖvej¨ †ekx wKš‘ fvix cigvYy Øviv wew¶ß X-iwk¥-‡dvU‡bi cwiewZ©Z Zi½ AvcwZZ Zi½ A‡c¶v cÖvej¨ Kg| GB 

cix¶vjä djvdj K¤úUb ZË¡ Øviv e¨L¨v Kiv hvq bv| 

 

8.10.6 : nvB‡Rbev‡M©-Gi AwbðqZv bxwZ (Heisenberg Uncertainty Principle) 
nvB‡Rbev‡M©i AwbðqZv bxwZ Abymv‡i AvYweK ¯—‡i †Kv‡bv MwZkxj KYvi †¶‡Î wbw`©ó w`‡K Gi Ae¯’vb I 

fi‡eM hyMcr mwVK fv‡e cwigvc Kiv m¤¢e bq| 

nvB‡Rbev‡M©i AwbðqZv bxwZ wb‡gœ †`qv n‡jv,  

AvbweK ¯—‡i nvwg©wkqvb AvBbvbyM †Rvo (†hgb Ae¯’vb-fi‡eM, mgq-kw³, †KŠwYK Ae¯’vb-‡KŠwYK fi‡eM 

BZ¨vw`) hyMcr mwVK fv‡e cwigvc Kiv m¤¢e bq| nvwg©wkqvb AvBbvbyM †Rvo¸‡jvi AwbðqZvi Î“wUi ¸Ydj 

cvs‡Ki n«vmK…Z aª“e  A‡c¶v e„nËi ev mgvb| 

‡hgb, wbw`©ó w`‡K †Kv‡bv KYvi Ae¯’vb I fi‡eM hyMcr mwVK fv‡e cwigvc Kiv m¤¢e bq| AvbweK ¯—‡i X- 
A¶ eivei MwZkxj †Kv‡bv KYvi †Kvb GK mgq Ae¯’v‡bi AwbðqZv ev Ae¯’vb RwbZ Î“wU x  Ges H mgq 

fi‡eM AwbðqZv ev fi‡eM RwbZ Î“wU xp Gi ¸Ydj c¨vs‡Ki n«vmK…Z aª“eK  A‡c¶v e„nËi ev mgvb|  

A_©vr,   xpx   [ ‡hLv‡b 

2
h

  ]               (8.75) 

Abyiƒcfv‡e Y I Z- A¶ eivei h_vµ‡g,  

 zpy  Ges  zpz  

AwbðqZv bxwZi Avi GK iƒc Gi †¶Î n‡jv KYvi kw³ E Ges hLb GB kw³ cwigvc Kiv n‡”Q ZLb mgq t| 
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GB Pj‡Ki †¶‡Î AwbðqZvi bxwZ n‡jv  tE   hLb E  n‡jv kw³ AwbðqZv Ges t  n‡jv mg‡qi 

AwbðqZv| 

DcwiD³ m~Î¸‡jv mvnv‡h¨ Avgiv eyS‡Z cvwi †h, hš¿ hZ m~¶èB †nvK bv †Kb AvYweK cvjvq cwigv‡ci †¶‡Î 

wbw`©ó fy‡ji mxgvi AwZµg Kiv KLbB m¤¢e bq| †Kv‡bv e¯‘i Ae¯’vb hw` Avgiv mwVK fv‡e cwigvc Ki‡Z m¶g 

nB Z‡e fi‡e‡Mi Î“wU n‡e me©vwaK Ges Gi wecixZ µ‡gi †¶ÎI mZ¨| myZivs GKB m‡½  Ae¯’vb I fi‡eM 

hyMcr mwVK fv‡e wbY©q Kiv m¤¢e bq| Abyiƒc fv‡e kw³ I mgq hyMcr mwVK fv‡e wbY©q Kiv m¤¢e bq| GB ZË¡wU 

g~jZt KYvi ‰ØZ cÖK…wZ wb‡`©k K‡i| KYvi hw` ‰ØZ cÖK…wZ bv _vK‡Zv Z‡e cwigv‡ci †¶‡Î GB AwbðqZvi D™¢e 

n‡Zv bv| 

 

8.10.7 : AwbðqZv bxwZi †fŠZ Zvrch© 

AwbðqZv bxwZ  xpx  †_‡K wb“ wjwLZ wm×v‡š— DcwbZ nIqv hvq, 

1) hw` †Kvb DbœZ cix¶v Øviv KYvi Ae¯’vb †Kvb GK g~û‡Z©̈  mwVK fv‡e cwigvc Kiv hvq A_©vr Ae¯’vb RwbZ 

AwbðqZv x = 0 nq Z‡e †mB gyû‡Z©̈  fi‡eM RwbZ AwbðqZv xp Amxg n‡q hv‡e| 

2) hw` †Kvb DbœZ cix¶v Øviv KYvi f‡e‡M †Kvb GK g~û‡Z©̈  mwVK fv‡e cwigvc Kiv hvq A_©vr fi‡eM RwbZ 

AwbðqZv xp = 0 nq Z‡e †mB gyû‡Z© Ae¯’vb RwbZ AwbðqZv x Amxg n‡q hv‡e| myZivs GKB m‡½  

Ae¯’vb I fi‡eM hyMcr mwVK fv‡e wbY©q Kiv m¤¢e bq| mwVKZvi mxgv nvB‡Rbev‡M©i AwbðqZv bxwZ Øviv 

wba©viY Kiv hvq| 

3) m f‡ii KYv X A¶ eivei v †e‡M MwZkxj n‡j Zvi Ae¯’v‡bi AwbðqZv x Ges H mgq †e‡Mi AwbðqZv 

v Gi ¸Ydj AwbðqZv bxwZ Abymv‡i

m
v.x 
    [†h‡nZz p = mv] 

fvix KYvi †¶‡Î 

m


LyeB ¶z`ª| †m‡¶‡Î x Ges v Gi ¸YdjI Lye ¶y`ª n‡q Av‡m| ZvB GgZve¯’vq KYv 

Ae¯’vb I v †e‡M mwVKfv‡e wbiƒcY Kiv hvq| Lye fvix KYvi †¶‡Î 

m


= 0  d‡j AwbðqZv bxwZ Avi _v‡K 

bv| GUvB n‡jv wPivqZ ejve`¨vi mxgvbv| myZivs fvix e¯‘i †¶‡Î wPivqZ ejwe`¨v mZ¨ Ges nvjKv e ‘̄i 

(†hgb B‡jKUªb, ‡cªvUb, wbDUªb BZ¨vw`) †¶‡Î ‡Kvqv›Uvg ejwe`¨v Kvh©Ki| 

8.10.8 : AwbðqZv bxwZ cÖ‡qvM: 

AwbðqZv bxwZ cÖ‡qvM K‡i wbDwK¬qv‡mi g‡a¨ gy³ B‡jKUªb _vK‡Z cv‡i bv| 

Avgiv Rvwb, 

 1| †ZRw¯Œq wbDwK¬qvm †_‡K -iwk¥ wbM©Z B‡jKUª‡bi m‡e©v”P MwZkw³ cÖvq 4 Mev 
 2| B‡jKUª‡bi w¯’i fi m0 = 9.1110-31kg 
 3| wbDwK¬qv‡mi e¨vm d = 2m 
 hw` wbDwK¬qv‡mi g‡a¨ gy³ B‡jKUªb we`¨gvb _v‡K Z‡e wbDwK¬qv‡mi GB e¨v‡mi †Mvj‡Ki g‡a¨ †Kv_vI bv †Kv_vI 

Aew ’̄Z n‡e| myZivs wbDwK¬qv‡m B‡jKUª‡b Ae¯’vb RwbZ m‡e©v”P AwbðqZv, 

mx 14102  = wbDwK¬qv‡mi e¨vm| 

B‡jKUª‡bi Ae¯’vb I fi‡e‡Mi  AwbðqZvi ¸Ydj, nvB‡Rbev‡M©i AwbðqZvi bxwZ †_‡K wjL‡Z cvwi, 

  Px  
x

P



  

†h‡nZz, x = B‡jKUª‡b Ae¯’vb RwbZ m‡e©v”P AwbðqZv †m‡nZz P  = B‡jKUª‡b fi‡eM RwbZ me©wbgœ AwbðqZv| 

myZivs wbDwK¬qv‡m Aew¯’Z B‡jKUª‡bi me©wb“ fi‡eM RwbZ AwbðqZv,  
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121
14

34

kgms10278.5
1022

1063.6
2














 x

hP   

A_©vs wbDwK¬qv‡m hw` gy³ B‡jKUªb _vK‡Z nq Z‡e Zvi me©wb“ fi‡eM n‡e, 

121
min kgms10278.5 P  

AZGe, 

  J
101.92

10278.5
2 31

2212
min

min 







m

pE  

eV
106.1

101.53062J101.53062 19

-11
11-




  

MeV95.66eV100.9566375 8   

AZGe wbDwK¬qv‡m gy³ B‡jKUªb _vK‡Z n‡j Zvi me©wbgœ kw³ 96Mev  †¶‡Î Gi KvQvKvwQ n‡Z n‡e| wKš‘ †ZRw¯Œq 

wbDwK¬qvm †_‡K -iwk¥i m‡e©v”P MwZkw³ cÖvq 4Mev | myZivs wbDwK¬qv‡m gy³ B‡jKUªb _vK‡Z cv‡i bv| 

 

D`vniY 8.13: GKwU †dvU‡bi Zi½ ˆ`N©̈  m104 7 | Gi ˆiwLK fi‡eM KZ? 

mgvavb: †`qv Av‡Q, m104 7 , Js1063.6 34h  Ges ?p  

Avgiv Rvwb, †dvU‡bi fi‡eM, 


hp   

gvb emv‡j,

1-27
7

34

kgms1066.1
104
1063.6 








P   

D: 

-127 kgms1066.1   

D`vniY 8.14 t GKwU B‡jKUª‡bi K¤úUb Zi½‰`N©̈  †ei Ki“b| 

mgvavb: †`qv Av‡Q, Js1063.6 34h , kg101.9 31em , 

18 ms103 c  Ges ?  

Avgiv Rvwb, K¤úUb Zi½‰`N©̈ , 

cm
h

e

  

gvb emv‡j, 



A
cm

h

e

0248.0
103101.9

1063.6
831

34





 



  

D: 



A0248.0  

 

 

mvi-ms‡¶c :  

Av‡jvi cÖK…wZ:  Av‡jvi KYv ag© Ges Zi½ ag© A_©vr ˆØZ ag© Av‡Q| nvB‡RbevM© cȪ —ve K‡ib †h Av‡jvi ‰ØZ 

ag© we`¨gvb Z‡e Giv ci¯ú‡ii cwic~iK| A_©vr GKB cix¶vq Av‡jv KLbB Zvi ‰ØZ ag© cÖKvk K‡i bv| 

c`v_© Zi½: Zi½ †hgb wKQy †¶‡Î KYvi bvq AvPiY K‡i KYvI †Zgwb wKQy †¶‡Î Zi‡½i b¨vq AvPiY K‡i| KYvi GB 

Zi½‡K c`v_© Zi½ e‡j| GB Zi‡½i mgxKiY n‡jv,

mv
h

 | GUvB wW-eªMjxi mgxKiY bv‡g cwiwPZ|  

wW-eªMjxi cÖK‡íi m¤ú~Y© wee„wZ: †h‡Kv‡bv KYvi †mªvZ Zi‡½i b¨vq AvPiY K‡i| hv c`v_© Zi½ bv‡g cwiwPZ| 

GB c`v_© Zi‡½i Zi½‰`N©̈ , 

mv
h

p
h


|  

K¤úUb wµqv: GKwU GKeY©x X -iwk¥ A¨vjygwbqvg, MÖvdvBU (Kve©b) cÖf…wZ nvjKv †gŠ‡ji B‡jKUªb Øviv wew¶ß 

n‡j wew¶ß iwk¥i g‡a¨ AcwiewZ©Z Zi½ ˆ`N©̈  QvovI cwiewZ©Z Zi½‰`‡N©̈  X-iwk¥ cvIqv hvq| GB cwiewZ©Z 

Zi½‰`N©̈ ¸wj cÖv_wgK X-iwk¥i Zi½‰`N©̈ i †P‡q `xN©Zi| weÁvbx Av_©vi K¤úUb GB NUbv Avwe®‹vi K‡ib| Zuvi 

bvg Abymv‡i GB NUbv‡K K¤úUb wµqv e‡j| 
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nvB‡Rbev‡M©-Gi AwbðqZv bxwZ: nvB‡Rbev‡M©i AwbðqZv bxwZ Abymv‡i AvbweK ¯—‡i †Kvb MwZkxj KYvi 

†¶‡Î wbw`©ó w`‡K Gi Ae¯’vb I fi‡eM hyMcr mwVK fv‡e cwigvc Kiv m¤¢e bq|  

A_©vr,   xpx  

 

 

 

cv‡VvËi g~j¨vqb: 8.10 

eûwbe©vPbx cÖkœ: 

1. we‡¶c KYvi K¤úUb Zi½‰`N©̈  †KvbwU? 

 K. 

P
h

  L. 

mv
h

  M. 

2
sin2

0


cm

h
  N. 

cm
h

0

  

2| bx‡Pi †KvbwU nvB‡Rbev‡M©i AwbðqZv bxwZ bq? 

 K.  xpx  L.  tE  M.  L  N.  tp  

3| KYvi Abym½x wW-eªMjxi Zi½ ˆ`N¨© †KvbwU? 

 K. 

P
h

  L. 

mv
h

  M. 

c
EP   N. 

cm
h

0

  

 

 

P~ovš— g~j¨vqb: 8 

eûwbe©vPbx cÖkœ: 

1. AvBb÷vB‡bi Av‡cw¶KZvi we‡kl Z_¨vbymv‡i v mg‡e‡M MwZkxj S cÖm½ KvVv‡gv‡Z Av‡jvi †e‡Mi mv‡_ S  wbðj 

KvVv‡gv‡Z Av‡jvi †e‡Mi m¤úK© †KvbwU? 

 K. vcc   L. vcc   M. cc   N. ccv   

2. w_Iix Ae wi‡jwUwfwU Gi cÖe³v †K? 

 K. AvBb÷vBb L. wbDUb M. c¨vsK N. g¨v·I‡qj 

3. Av‡cw¶KZvi we‡kl Z‡Ë¡i †gŠwjK ¯̂xKvh©- 

 K. wewfbœ gva¨‡g Av‡jvi †eM wewfbœ L. cÖm½ KvVv‡gv ci¯ú‡ii mv‡c‡¶ aª“e †e‡M MwZkxj 

 M. cÖm½ KvVv‡gv ci¯ú‡ii mv‡c‡¶ aª“e Z¡i‡Y MwZkxj 

 N. k~b¨ gva¨‡g Av‡jvi †eM ch©‡e¶‡Ki Dci wbf©i K‡i bv 

4. 10kg f‡ii GKwU e¯‘i Av‡jvi †eM MwZkxj Ae¯’vq fi KZ n‡e? 

 K. 0 kg L. 10 kg M. 20 kg N.    

5. †Kvb e¯‘i MwZkxj Ae¯’vq ˆ`N©̈ , H e¯‘i wbðj Ae¯’vq ˆ`‡N©̈ i †P‡q †QvU, G‡K Kx ejv nq? 

 K. Kvj `xN©vqb L. ˆ`N©̈  `xN©vqb M. ˆ`N©̈  ms‡KvPb N. fi ms‡KvPb 

6. MwZkxj Ae¯’vq e ‘̄i fi- 

 K. e„w× cvq L. n«vm cvq M. AcwiewZ©Z _v‡K N. k~b¨ nq 

7. 

2mcE   m~ÎwU wK‡mi m¤úK© cÖKvk K‡i? 

 K. Av‡jv I kw³ L. fi I kw³ M. †eM I kw³ N. fi I Av‡jv 

8. f  K¤úv‡¼i AvcwZZ Av‡jvi †¶‡Î d‡Uv-B‡jKUª‡bi wbtmi‡Yi nvi Kvi mgvbycvwZK? 

K. m~Pb K¤úv¼ )( 0f   L. AvcwZZ Av‡jvi ZxeªZv 

M. AvcwZZ Av‡jvi K¤úv¼ N. K¨v‡_v‡Wi cÖK…wZ 

9. Av‡jvi KwYKv †dvU‡bi kw³- 

 i. hfE     ii. 

hcE   iii. 


hE   

wb‡Pi †KvbwU mwVK? 
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 K. ii I iii L. iii M.  i I ii N. i, ii I iii 
10. †Kv‡bv weÁvbx kw³i ¶z`ªZg GK‡Ki bvg †`b †Kvqv›Uvg? 

 K. M¨vwjwjI L. wbDUb M. g¨v·cv¼ N. AvBb÷vBb 

m„Rbkxj cÖkœ: 

1| 50kg f‡ii GKwU ¶z`ª gnvKvk hvb‡K gnvk~‡b¨ Dr‡¶c‡Yi ci bxj Av‡jv  A4700λ  wbtmviYKvix 

1000W ¶gZvi GKwU evwZ w`‡q Pvjbv Kivq cwiKíbv Kiv n‡jv| weÁvbxiv wnmve K‡i †`L‡jb †h, gnvKvk 

hvbwU gnvk~‡b¨ 

28 ms106.66   Z¡i‡Y MwZkxj _vK‡e, d‡j hvbwUi eQ‡i 

12ms  nv‡i †eM e„w× cv‡e|  

K. †dvUb Kx? 

L. jvj bv †e¸wb e‡Y©i †dvU‡bi kw³ †ekx? e¨vL¨v Ki| 

M. 1000W ¶gZvi bxj evwZ †_‡K cÖwZ †m‡K‡Û KZ¸‡jv †dvUb wbM©Z n‡e? 

N.  DÏxc‡K D‡jwLZ Z¡i‡Yi gv‡bi mZ¨Zv hvPvB Ki| 

2| AwfKl© gy³ ¯’v‡b `ywU †cU A I B ci¯úi mgvš—iv‡j ivLv Av‡Q| †cU A Gi Kvh©v‡c¶K 2.825eV | Gi 

Dci Å4000 Zi½‰`‡N©̈ i ZvwoZ‡PŠ¤K̂ Zi½ AvcwZZ Kiv n‡jv Ges †cU A Gi mv‡c‡¶ †cU B ‡K 

wbe„wË wef‡e ivLv n‡j|  

K. wW-eªMjxi cÖKí wee„Z Ki“b| 

L. K¤úUb wµqv I Av‡jvZwor wµqvi g‡a¨ cv_©K¨ wjLyb|  

M. wbe„wË wef‡ei gvb wbY©q Ki“b| 

N. †cU A Ges †cU B Gi Kv‡Q B‡jKUª‡bi f‡ii †Kvb cv_©K¨ n‡e wKbv MvwYwZK fv‡e hvPvB Ki“b| 

msw¶ß DËi cÖkœ : 

1| Av‡cw¶KZv ev Av‡cw¶K ZË¡ ej‡Z wK eySvq?  

2| cÖm½ KvVv‡gv ej‡Z wK eySvq?  

3| Ro cÖm½ KvVv‡gv ej‡Z wK eySvq?  

4| gvB‡Kjmb-†gvi‡j cix¶v †_‡K wK wK wm×v‡š— DcbxZ nIqv hvq? 

5| ev‡mi hvÎx I mo‡Ki cv‡k `uvov‡bv ch©‡e¶‡Ki wbKU evm †_‡K coš— cv_‡ii MwZc_ wKiƒc †`Lv‡e? 

6| we‡kl Av‡cw¶K Z‡Ë¡i ¯x̂Kvh© `ywU wjLyb| 

7| Kvj `xN©vqb wK? Gi mgxKiYwU wjLyb|  

8| ˆ`N©̈  ms‡KvPb wK? ˆ`N©̈  ms‡KvP‡bi mgxKiYwU wjLyb|  

9| f‡ii Av‡cw¶KZv wK ev ej‡Z wK eySvq?  

10| †Kvb e ‘̄i w¯’i fi I MwZkxj f‡ii g‡a¨ m¤c©K wjLyb| 

11| fi I kw³i m¤cK©wU mgxKi‡Yi gva¨‡g wjLyb|  

12| Av‡jvi †Kvqv›Uvg ZË¡ wK?   

13| †dvUb wK?   

14| †dvU‡bi kw³i mgxKiYwU wjLyb|  

15| cvs‡Ki mgxKiYwU wjLyb| 

16| d‡UvZwor wµqv wK?   

17| d‡UvZwor wµqv e¨vL¨v Ki“b|  

18| d‡UvZwor Kvh©v‡c¶K wK?   

19| d‡UvB‡jKUªb wK?   

20| m~Pb K¤cv¼ wK? 

21| wW eªMjxi cÖKí wK? 

22|  wW eªMjxi mgxKiYwU wjLyb| 

23| K¤úUb wµqv wK? 

24| Av‡jv Zwor wµqv I K¤úUb wµqvi g‡a¨ cv_©K¨ wK? 

25| Av‡jv Zwor wµqv I K¤úUb wµqvi g‡a¨ m`„kZv wK? 

26| nvB‡Rbev‡M©i AwbðqZv bxwZ wK? 
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L. wek` DËi cÖkœ : 

1| Av‡cw¶K ZË¡ ej‡Z wK †evSvq? Av‡cw¶KZvi we‡kl Z‡Ë¡i ¯x̂Kvh© ỳwU eY©bv I e¨vL¨v Ki“b| 

2| M¨vwjjxq iƒcvš—i mgxKiY¸‡jv wjLyb| M¨vwjjxq iƒcvš—‡ii mxgve×Zv Av‡jvPbv Ki“b|  

3| j‡iÄ iƒcv›Zi wewai mgxKiY¸‡jv cÖwZcv`b Ki“b| 

4| mgq wej¤b̂ wK? 

22

0

1 cv

t
t


  mgxKiYwU cÖwZcv`b I e¨vL¨v Ki“b|  

5| ˆ`N©̈  ms‡KvPb wK? 

22
0 1 cvLL   mgxKiYwU cÖwZcv`b Ki“b|  

6| f‡ii Av‡cw¶KZv ej‡Z wK eyS? cÖgvY Ki“b †h, 

22

0

1 cv

m
m


 |  

7| f‡ii Av‡cw¶KZv n‡Z cÖvgvY Ki, 

22

0

1 cv

m
m


  Ges †mLvb †_‡K †`Lvb †h, Av‡jvi ª̀ywZi mgvb `ªywZ‡Z 

†Kvb e¯‘ MwZkxj n‡Z cv‡i bv|  

8| we‡kl Av‡cw¶KZv Z‡Ë¡i cÖwi‡cÖw¶‡Z fi kw³i m¤cK©wU †ei Ki“b| 

9| †dvUb wK? cv‡¼i †Kvqv›Uvg ZË¡ Av‡jvPbv Ki“b|  

10| d‡Uv Zwor wµqv ev Av‡jvK Zwor wµqv cÖ̀ k©‡bi GKwU cix¶v eY©bv Ki“b|  

11| Av‡jvK Zwor wµqvi cix¶vjä djvdj¸‡jv Av‡jvPbv Ki“b| 

12| d‡UvZwor wµqv e¨vL¨v Ki‡Z wPivqZ Z‡Ë¡i e¨_©Zv Av‡jvPbv Ki“b|  

13| Av‡jvK Zwor wµqv msµv›Z AvBb÷vB‡bi mgxKiYwU wjLyb Ges Gi wewfbœ c‡`i e¨vL¨v w`b|  

14| c`v_© Zi½ ej‡Z wK eySvq? wW eªMjxi Zi½‰`‡N©̈ i mgxKiY cÖwZcv`b Ki“b| 

15| wW eªMjxi mgxKiY †_‡K wKfv‡e †ev‡ii wØZxq ¯x̂Kvh© cÖwZcv`b Kiv hvq?  

16| K¤úUb wµqv wK? K¤úUb Zi½‰`‡N©̈  mgxKiY cÖwZcv`b Ki“b| 

17| nvB‡Rbev‡M©i AwbðqZv bxwZ e¨vL¨v Ki“b| 

MvwYwZK mgm¨v t 

1| GKRb gnvk~b¨Pvix 30 eQi eq‡m 

18 ms104.2   †e‡M GKwU gnvk~b¨hv‡b P‡o Qvqvc_ AbymÜv‡b †M‡jb| 

c„w_exi wn‡m‡e †m 50 eQi ci wd‡i G‡j gnvk~b¨Pvixi eqm ZLb KZ n‡e? (Dt60 eQi) 

2| 50 wgwb‡U †kl Kivi Rb¨ GKRb wk¶K Zvi Nwo †`‡L †Kv‡bv GK QvÎ‡K GKwU KvR Ki‡Z w`‡jb| QvÎ Ges 

wk¶K 

17 ms108.9   Av‡cw¶K †e‡M MwZkxj Av‡Q| hLb wk¶K mgq †kl nIqvi ms‡KZ w`‡jb, ZLb 

Qv‡Îi wbKU wk¶‡Ki Nwoi mgq KZ AwZµvš— g‡b n‡qwQj?  (Dt 52.9 wgwbU) 

3| †Kv‡bv KvíwbK †Uªb KZ †e‡M Pj‡j Gi Pjgvb ˆ`N©̈  wbðj ˆ`‡N©̈ i GK-Z…Zxqvsk n‡e ? 

 (Dt 

18 ms10828.2  ) 

4| 0.6c `ª“wZ‡Z Pjgvb GKwU KvíwbK †Uªb †Kv‡bv †QvU †÷k‡bi cvUdig AwZµg K‡i †Mj| cvUdi‡g 

`uvov‡bv GKRb hvÎx Pjgvb †Uª‡bi ‰`N©̈  gvcj 200 m hv cvUdi‡gi ˆ`‡N©̈ i mgvb| (i) †Uª‡bi wbðj‰`N©̈  

KZ? (ii) †Uª‡bi †Kv‡bv hvÎx cvUdi‡gi ˆ`N©̈  KZ gvc‡e?  (Dt (i) 250 m  (ii) 160 m) 
5| GKwU e¯‘ KYvi fi 9.1  10 – 28 kg| Gi cy‡ivUvB kw³‡Z iƒcvš—wiZ Kiv n‡j wK cwigvY kw³ cvIqv hv‡e ? 

(Av‡jvi `ª“wZ 

18 ms103 c ) (Dt J1019.8 11 )  

6| eV106.1 5  MwZkw³ m¤cbœ B‡jKUª‡bi fi KZ? (Dt kg106.11 31 )  

7| GKwU MwZkxj KYvi †gvU kw³ Gi w¯’ive¯’vi kw³i 1.5 ¸Y n‡j e¯‘wUi ª̀“wZ KZ? 

 (Dt 

18 ms10236.2  ) 
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8| 4 kg f‡ii mgZzj¨ kw³ wbY©q Ki“b| (Dt J106.3 17 ) 

9| 1 gm f‡ii Zzj¨ kw³i cwigvY Ry‡j KZ n‡e ? (Dt J109 13 )  

10| 1 gm f‡ii mgZzj¨ kw³i cwigvY MeV †Z wbY©q Ki“b| (Dt MeV10625.5 26 )  

11| 5 gm f‡ii Zzj¨ kw³i cwigvY Ry‡j KZ n‡e ? (Dt J105.4 14 )  

12| GKwU †dvU‡bi kw³ 1.77 eV, †dvU‡bi Zi½‰`N©̈  wbY©q Ki“b| (Dt m1067.6 8 )  

13| 3000 Å Zi½‰`‡N©̈ i †dvU‡bi kw³ wbY©q Ki“b| (Dt eV14.4 (cÖvq) 

14| †Kvb avZzi d‡Uv B‡jKUªb wbtmi‡Yi m‡e©v”P Zi½‰`N©̈  5000 Å n‡j Gi Kvh©v‡c¶K wbY©q Ki“b| 

 (Dt eV48.2 ) 

15| cvwUbv‡gi Kvh©v‡c¶K 6.31 eV n‡j Gi m~Pb K¤cv¼ KZ?  (Dt Hz10524.1 15 )  

16| cvwUbv‡gi Kvh©v‡c¶K 6.2 eV n‡j Gi m~Pb K¤cv¼ KZ? †`qv Av‡Q, Js1063.6 34h |  

  (Dt Hz105.1 15 ) 

17| m10633.6 7  Zi½‰`‡N©̈ i †dvU‡bi kw³ wbY©q Ki“b| Js1063.6 34h | (Dt eV875.1 )  

18| †Kvb avZzi Dci 2500 Å Zi½‰`‡N©̈ i AwZ‡e¸Yx iwk¥ †djv nj| avZzwUi Kvh©v‡c¶K eV3.2  n‡j wbtm„Z 

B‡jKUª‡bi m‡e©v”P †eM wbY©q Ki“b| (Dt 

15 ms1056.9  ) 

19| 5000 Å Zi½‰`‡N©̈ i Av‡jv †Kvb avZe c„‡ô AvcwZZ n‡j wbM©Z B‡jKUª‡bi m‡e©v”P MwZkw³ eV5.0 | H 

avZzi Kvh©v‡c¶K wbY©q Ki“b| (Dt eV986.1 ) 

20| †Kv‡bv GKwU avZz n‡Z B‡jKUªb gy³ Ki‡Z eV2.2 kw³i cÖ‡qvRb| H avZzi Dci 6800 Å Zi½‰`‡N©̈ i Av‡jv 

cwZZ n‡j †Kv‡bv B‡jKUªb gy³ n‡e wK ? GLv‡b, Js1063.6 34h  Ges J101.6eV1 -19 |  

 (Dt †Kvb B‡jKUªb wbM©Z n‡e bv) 

21| 10 kV wefe cv_©K¨ cÖ‡qvM Ki‡j w¯’i Ae¯’v †_‡K GKwU B‡jKUªb †h P~ovš— †eM cÖvß n‡e Zvi gvb wbY©q 

Ki“b| (Dt 

17 ms1093.5  )  

 

 

DËigvjv 

eûwbe©vPbx cÖkœ: 

cvV 8.1 1M 2L      

cvV 8.2 1L 2M      

cvV 8.3 1L 2L      

cvV 8.4 1M 2K      

cvV 8.5 1L 2K      

cvV 8.6 1K 2K      

cvV 8.7 1N 2N      

cvV 8.8 1N 1K      

cvV 8.9 1M 2K      

cvV 8.10 1N 2N 3K     

 

P~ovš— g~j¨vqb 

eûwbe©vPbx cÖkœ: 
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1M 2K 3N 4N 5M 6K 7L 8L 9M 10M  

 


