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f~wgKv 
 
Avwg eûKvj †_‡K c`v_©weÁv‡bi GKUv cvV¨eB wjL‡Z †P‡qwQjvg, AvR Avgvi †mB ¯^cœ c~iY 
n‡q‡Q| eBwU †jLv †kl n‡q‡QÑ Z‡e G ai‡bi eB KL‡bv †kl nq bv| cÖwZ eQi eB‡qi cwieZ©b 
nq, b~Zb welq ms‡hvRb nq, Kv‡RB GB eBwUi †ejv‡ZI ZvB n‡e| cÖwZeQiB Gi GKUz 
cwieZ©b n‡e, GKUz b~Zb wKQz †hvM n‡e| 

GwU beg-`kg †kÖYxi †Q‡j‡g‡q‡`i Rb¨ †jLv| GB eqmx †Q‡j‡g‡q‡`i c`v_©weÁvb 
†kLvi Rb¨ Kx Kx cov DwPZ †m wel‡q Avgvi wbR¯^ wPšÍvfvebv Av‡Q; wKš‘ eBwU †jLvi mgq 
Avwg Avgvi wPšÍvfvebv‡K ev·ew›` K‡i Zv‡`i †h cvV¨ eBwU Av‡Q †mB eBwUi welq¸‡jvi gv‡S 
mxgve× †i‡LwQ| †mB eB‡q hv wQj Zvi cÖvq me †Kv‡bv bv †Kv‡bvfv‡e GB eB‡q Av‡Q, wKQz wKQz 
RvqMvq GKUz †ewk Av‡Q| c`v_©weÁv‡bi A‡bK mnR welq beg-`kg †kÖYxi †Q‡j‡g‡qiv eyS‡Z 
cv‡i bv ARynv‡Z Zv‡`i KvQ †_‡K Avovj K‡i ivLv nq| Avwg Avovj K‡i ivwLwbÑ D`vifv‡e 
wKQz wKQz D`vniY wn‡m‡e XzwK‡q w`‡qwQ|  

Z‡e †Kv‡bv †Q‡j‡g‡q †hb fz‡jI g‡b bv K‡i †h GwU c‡o Zviv cixÿvq fv‡jv b¤^i 
cv‡e! GwU †gv‡UI cixÿvq fv‡jv b¤^‡ii Rb¨ †jLv nqwbÑ GUv †jLv n‡q‡Q c`v_©weÁvb †kLvi 
Rb¨| Avwg Avgvi g‡Zv K‡i welq¸‡jv †evSv‡bvi †Póv K‡iwQ, wbR nv‡Z cÖwZwU Qwe Gu‡K A‡bK 
D`vniY w`‡q welq¸‡jv mnR Kivi †Póv K‡iwQ| 

Z‡e Avmj cvV¨ eB‡qi mv‡_ GLv‡b GKUv eo cv_©K¨ i‡q‡Q| wVK Kx KviY Rvbv †bB 
Avgv‡`i cvV¨ eB‡q c`v_©weÁv‡bi ivwk¸‡jv‡K evsjvq Abyev` K‡i †djv nq| B‡jKUªb‡K Avwg 
B‡jKUªb ewj wKš‘ PvR©‡K †Kb Avavb ewj †mwU Avgvi Kv‡Q GKUv inm¨| me‡P‡q eo K_v 
GLv‡b †h †Q‡j‡g‡qwU PvR©‡K Avavb ej‡Z wkL‡QÑ `yB eQi c‡iB †m hLb †Kv‡bv wek¦we`¨vj‡q 
c`v_©weÁvb wkL‡e ZLb wKš‘ Zv‡K †mUv‡K PvR©B ej‡Z n‡eÑ Zvn‡j †Kb gvÎ K‡qK eQ‡ii 
Rb¨ ïay ïay GKUv wewPÎ kã wkL‡Z n‡e? 

Kv‡RB GB eB‡q Avwg c`v_©weÁv‡bi ivwk¸‡jvi †h bv‡g Zv‡`i cwiwPZ nIqv DwPZ †mB 
bvg¸‡jv e¨envi K‡iwQ| eªv‡K‡U gv‡S gv‡S wewPÎ bvg¸‡jv w`‡q †i‡LwQ †hb †Q‡j‡g‡qiv Rv‡b 
†KvbUv Kx! Bs‡iwR PvR©‡K evsjv Avavb †jLvq Zey †Rvi K‡i nq‡Zv GKUv hyw³ ùvo Kiv‡bv hvq 
wKš‘ Avqbvi g‡Zv PgrKvi GKUv evsjv kã‡K †Kb `c©Y ej‡Z n‡e, †mwU Avgvi gv_vq wKQz‡ZB 
Xz‡KwbÑ †Kv‡bvw`b XyK‡e bv| 

GLv‡b mevB‡K Av‡iv GKUv wRwbm g‡b Kwi‡q w`B| c`v_©weÁvb †kLv gv‡b bq wKQz 
msÁv gyL¯Í Kiv| c`v_©weÁvb †kLv gv‡b mgm¨vi mgvavb Ki‡Z cviv| GB eB‡q A‡bK¸‡jv 
mgm¨v D`vniY wn‡m‡e †`qv Av‡Q ZvB Kv‡iv hw` c`v_©weÁvb †kLvi B‡”Q nq Zv‡`i‡K GB 
D`vniY¸‡jv cÖ_‡g wb‡R wb‡R Kivi †Póv Ki‡Z n‡e| eB‡qi †k‡l †h Abykxjbx Av‡Q †m¸‡jv 
mevB‡K Ki‡Z n‡e| ïay Zvn‡jB g‡b Ki‡e cy‡iv eBUv cov n‡q‡Q| 



GB eBUv †jLvi mgq Avwg Avgvi wb‡Ri †jLv w_Iix Ae wi‡jwUwfwU, †Kvqv›Uvg 
†gKvwb·, GKUzLvwb weÁvb Ges Av‡iv GKUzLvwb weÁvb eB¸‡jv †_‡K wKQz Ask e¨envi K‡iwQ| 
eB‡qi wKQz Abykxjbx ˆZix Kivi R‡b¨ David Halliday Ges Robert Resnick Gi †jLv 
Avgvi wcÖq c`v_©weÁv‡bi eB Physics †_‡K mvnvh¨ wb‡qwQ| 

GB eBwU GKUv G·‡cwi‡g›U! hw` †`Lv hvq GB G·‡cwi‡g›U wVK wVK KvR K‡i‡Q 
Zvn‡j c‡ii G·‡cwi‡g›U¸‡jv ïiæ K‡i †`qv n‡e! 

 
        

 gyn¤§` Rvdi BKevj 
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cÖ_g Aa¨vq 
†fŠZ ivwk Avi Zvi cwigvc 

(Physical Quantities and Measurement) 

 
AvwK©wgwWm  

 

Archimedes (287 BC‐212 BC) 
 

AvwK©wgwWm wQ‡jb GKRb wMÖK MwYZwe`, c`v_©weÁvbx, BwÄwbqvi, 
Avwe®‹viK Ges †R¨vwZwe©`| wZwb GKw`‡K †hgb †Mvj‡Ki 
AvqZb, cvB‡qi gvb, Amxg wmwi‡Ri †hvMdj G ai‡bi MvwYwZK 
mgm¨vi mgvavb K‡i‡Qb, wVK †m iKg Ab¨w`‡K cvwb Dc‡i 
†Zvjvi Rb¨ ¯Œz cv¤ú, kÎæi hy× RvnvR aŸsm Kivi Rb¨ wewPÎ hš¿ 
wKsev `~i †_‡K Av¸b awi‡q †`qvi Rb¨ we‡kl Avqbv ˆZwi K‡i 
w`‡qwQ‡jb| Zuv‡K me©Kv‡ji me©‡kÖô GKRb MwYZwe` wn‡m‡e 
we‡ePbv Kiv n‡jI Zuvi e¨w³MZ Rxeb m¤ú‡K© Lye †ewk Rvbv hvq 
bv| Zuvi kni †ivgvb ˆmb¨iv hLb `Lj K‡i †bq ZLb wZwb GKUv 
MvwYwZK mgm¨v wb‡q e¨¯Í wQ‡jb| Zuvi †Kv‡bv ÿwZ bv Kivi 
wb‡ ©̀k _vKvi ciI GKRb †ivgvb ˆmb¨ Zuv‡K nZ¨v K‡i 
†d‡jwQj| 
 

 
 

1.1 weÁvb I c`v_©weÁvb (Science and Physics) 
 

weÁvb ej‡ZB nq‡Zv †Zvgv‡`i †Pv‡L weÁv‡bi bvbv hš¿cvwZ, Avwe®‹vi, M‡elYv, j¨ve‡iUwi 
Gm‡ei „̀k¨ dz‡U D‡V wKš‘ weÁv‡bi Avmj welq wKš‘ hš¿cvwZ, M‡elYv ev j¨ve‡iUwi bq, 
weÁv‡bi Avmj welq n‡”Q Zvi `„wóf½x| GB mf¨Zvi me‡P‡q eo Ae`vb †i‡L‡Q weÁvb Avi 
†mwU G‡m‡Q c„w_exi gvby‡li ˆeÁvwbK „̀wóf½x †_‡K| 
 Avgv‡`i Pvicv‡k cÖK…wZi †h inm¨ i‡q‡Q weÁvb Zvi DËi Lyu‡R †eov‡”QÑ Kv‡iv Kv‡iv 
g‡b nq‡Zv cÖkœ RvM‡Z cv‡i †Kb GB AKviY †KŠZ~nj? bv Rvb‡j Kx nq? gvbyl †hw`b Zvi 
gw Í̄‡®‹ eyw×gËv wb‡q Zvi `yB cv‡q †mvRv n‡q `uvwo‡q‡Q †mB w`b †_‡K Zvi wKš‘ Avi wcQ‡b wd‡i 
hvevi Dcvq †bB, †eu‡P _vKvi Rb¨ Zv‡K Rvb‡ZB n‡e| Rvbvi GB AvMÖn, GB Zvobv gvbyl‡K m„wó 
RM‡Zi Ab¨ me wKQz †_‡K Avjv`v K‡i †i‡L‡Q| 
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12                                                                                                                                           †fŠZ ivwk Avi Zvi cwigvc 

 weÁvb‡K Rvbvi wZbwU mywbw`©ó c_ i‡q‡Q, cÖ_gwU n‡”Q hyw³ ZK©| GKUv D`vniY †`qv 
hvK: GKUv fvix wRwbm Av‡iKUv nvjKv wRwbm Dci †_‡K †Q‡o w`‡j ỳ‡Uv wK GKmv‡_ co‡e 
bvwK fvixUv Av‡M co‡e? GB cÖ‡kœi DËi Lyu‡R †ei Kivi Rb¨ wKš‘ †Kv‡bv ˆeÁvwbK m~‡ÎiI 
cÖ‡qvRb †bB †Kv‡bv RwUj cixÿv-wbixÿviI `iKvi †bB, Avgiv ïaygvÎ hyw³ w`‡q Gi DËiUv 
Lyu‡R †ei K‡i †dj‡Z cvie| aiv hvK Avgvi Kv‡Q GKUv fvix Avi GKUv nvjKv wRwbm i‡q‡Q| 
Gev‡i cÖ_‡g a‡i wbB Dci †_‡K †Q‡o w`‡j fvix wRwbmUv nvjKv wRwbm †_‡K Av‡M wb‡P G‡m 
c‡o| GLb fvix wRwbmUvi mv‡_ nvjKv wRwbmUv †eu‡a ỳ‡Uv GKmv‡_ †Q‡o †`qv n‡j, nvjKv 
wRwbmUv †h‡nZy ax‡i ax‡i co‡e ZvB fvix wRwbmUv‡K †mUv GZ ZvovZvwo co‡Z †`‡e bvÑ 
Kv‡RB †eu‡a ivLv ỳ‡Uv wRwbm GKUz †`wi K‡i co‡e| welqUv Avevi Ab¨fv‡e †`L‡Z cvwi, fvix 
wRwbmUvi mv‡_ Av‡iv GKUv wRwbm †eu‡a †`qv n‡q‡Q ZvB †mUv wbðqB Av‡iv fvix n‡q‡QÑ 
Kv‡RB Av‡iv fvix wn‡m‡e Av‡iv 
ZvovZvwo co‡e| Kv‡RB †`Lv hv‡”Q 
Avgiv GKB mv‡_ Av‡iv ax‡i wKsev 
Av‡iv ZvovZvwo ỳ‡Uv DËiB †c‡Z 
cvwiÑ wKš‘ GK cÖ‡kœi †Zv `yB DËi 
nIqv m¤¢e bv! GB RwUjZvi mgvavb 
Kiv m¤¢e ïay GKwU Dcv‡qÑ Avgiv 
hw` a‡i wbB, fvix †nvK nvjKv †nvK 
mewKQz GKmv‡_ wb‡P c‡o| Zvi 
gv‡b ïay gvÎ hyw³ ZK© w`‡q Avgiv 
weÁv‡bi GKUv mgm¨vi mgvavbUv 
Lyu‡R †c‡q †Mjvg!  

weÁvb‡K Rvbvi wØZxq 
DcvqwU n‡”Q ch©‡eÿY| Avgiv hw` 
AvKv‡ki w`‡K ZvKvB Avi AvKv‡ki 
bÿÎ¸jv‡K g‡bv‡hvM w`‡q ch©‡eÿY Kwi Zvn‡j †`Le me bÿÎ cye AvKv‡k D‡V cwðg AvKv‡k 
A¯Í hv‡”Q| Avgv‡`i aviYv n‡Z cv‡i Avm‡jB eywS ZvB NU‡Q, A_©vr w¯’i GKUv c„w_exi Pvicv‡k 
bÿÎ¸‡jv Nyi‡Q| wKš‘ hw` Av‡iv fv‡jv K‡i bÿÎ¸‡jv‡K ch©‡eÿY Kwi Zvn‡j AevK n‡q †`Le 
DËi w`‡K w`MšÍ †_‡K Dc‡i GKUv bÿÎ (aªæeZviv) KL‡bv Ny‡i bv, †mUv GK RvqMvq w¯’i n‡q 
_v‡K, Avi Ab¨ me bÿÎ Avm‡j GUv‡K †K›`ª K‡i Ny‡i (Qwe 1.1)! Avgiv ZLb nVvr K‡i eyS‡Z 
cvwi †h Avm‡j c„w_exi AÿUv wVK GB aªæeZviv eivei Ges c„w_exUvB wbðqB GB A‡ÿ Nyi‡Q 
ZvB g‡b n‡PQ me wKQz eywS aªæeZviv‡K †K›`ª K‡i Nyi‡Q! ïaygvÎ ch©‡eÿY K‡i Avgiv weÁv‡bi 
GKUv Z_¨ †ei K‡i †dj‡Z cvwi| 

 

Qwe 1.1: aªæeZviv‡K wN‡i me bÿÎ¸‡jv Nyi‡Z _v‡K  
 

 weÁvb‡K Rvbvi Z…Zxq c×wZwU n‡”Q cixÿv-wbixÿv Kiv| wbDUb me‡P‡q my›`i K‡i GUv 
K‡i †`wL‡q weÁvb M‡elYvi b~Zb GKUv aviv ˆZwi K‡iwQ‡jb| m~‡h©i eY©nxb Av‡jv wcÖR‡gi 
†fZi w`‡q cvwV‡q †mUv‡K A‡bK¸‡jv is‡q fvM K‡i †`wL‡qwQ‡jb †h eY©nxb is Avm‡j bvbv is w
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w`‡q ˆZwi| ZviciI hw` †mUv wb‡q Kv‡iv g‡b m‡›`n _v‡K †mUv ~̀i Kivi Rb¨ wZwb †mB bvbv 
is‡qi Av‡jv‡K wØZxq GKUv wcÖR‡gi †fZi w`‡q cvwV‡q Avevi eY©nxb Av‡jv ˆZwi K‡i 
†d‡jwQ‡jb! (Qwe 1.2)  

GB wZbwU c×wZi Ici wfwË K‡i weÁvbUv Lye ax‡i ax‡i M‡o D‡V‡Q| AmsL¨ M‡elK 
weÁvbx wg‡j Lye ax‡i ax‡i weÁv‡bi wekvj GKUv myig¨ AÆvwjKv M‡o Zy‡j‡Qb| weÁv‡bi GB 
Avwe®‹v‡ii djvdj bvbv cÖhyw³‡Z e¨envi K‡i Avgiv Avgv‡`i Rxeb‡K mnR K‡i ZzjwQ, A_©c~Y© 
K‡i ZzjwQ| Avevi KL‡bv KL‡bv fqsKi wKQy cÖhyw³ †ei K‡i ïaygvÎ wb‡R‡`i Rxeb bq c„w_exi 
Aw¯ÍZ¡‡KI wecbœ K‡i ZzjwQ! g‡b 
†i‡Lv cÖhyw³i gv‡S fv‡jv cÖhyw³ 
†hgb Av‡Q, wVK †m iKg Lvivc 
cÖhyw³I Av‡Q, weÁv‡bi †ejvq 
wKš‘ †KD †mB K_v ej‡Z cvi‡e 
bvÑ weÁvb n‡”Q Ávb, Gi gv‡S 
†Kv‡bv Lvivc †bB Gi gv‡S 
†Kv‡bv Aïf †bB! 
 
1.1.1 c`v_©weÁvb (Physics) 
Avgiv GZÿb weÁvb wb‡q K_v 
e‡jwQ Ges †Zvgiv mevB Rvb 
weÁv‡bi A‡bK kvLv i‡q‡Q| 
mwZ¨ K_v ej‡Z Kx A‡bK welqÑ 
†h¸‡jv‡K GZw`b weÁv‡bi evB‡i †i‡L G‡mwQ †m¸‡jv‡KI AvRKvj ˆeÁvwbK c×wZ‡Z PP©v Kiv 
nq e‡j Avgiv Zv‡`i weÁvb e‡j fve‡Z ïiæ K‡iwQ| g‡bvweÁvb ev mgvRweÁvb Zvi D`vniY| 

 

Qwe 1.2: wcÖR‡gi †fZi w`‡q hvevi mgq Av‡jvi bvbv is‡q fvM n‡q 
hvIqvi wbDU‡bi wb‡Ri nv‡Z AvuKv Qwe 

 c`v_©weÁvb weÁv‡bi GKUv kvLv Ges ejv †h‡Z cv‡i GUv n‡”Q cÖvPxbZg kvLv, Zvi 
KviY Ab¨ weÁvb¸‡jv `vbv evavi A‡bK Av‡MB weÁvbxiv c`v_©weÁv‡bi ¸iæZ¡c~Y© GKUv kvLv, 
†R¨vwZwe©̀ ¨v PP©v Ki‡Z ïiæ K‡iwQ‡jb| c`v_©weÁvb GwU GKw`‡K †hgb cÖvPxbZg kvLv wVK 
†mfv‡e ejv †h‡Z cv‡i GUv me‡P‡q †gŠwjK (fundamental) kvLv| Gi Ici wfwË K‡i imvqb 
ùvwo‡q‡Q, Avevi imvq‡bi Ici wfwË K‡i RxeweÁvb `uvwo‡q‡QÑ Avevi RxeweÁv‡bi Ici wfwË 

K‡i Ab¨ A‡bK welq ùvwo‡q‡Q| 
 mvaviYfv‡e Avgiv ej‡Z cvwi weÁv‡bi †h kvLv c`v_© Avi kw³ Ges G `yB‡qi gv‡S †h 
m¤úK© (interation) Zv‡K †evSvi †Póv K‡i †mUv n‡”Q c`v_©weÁvb| †Zvgiv wbðqB Abygvb 
Ki‡Z †c‡iQ GLv‡b c`v_© ej‡Z ïay Avgv‡`i Pvicv‡ki `„k¨gvb c`v_© bq, c`v‡_©i MVbÑ AYy 
cigvYy †_‡K ïiæ K‡i B‡jKUªb, †cÖvUb, wbDUªb ev †KvqvK© w÷ªs ch©šÍ †h‡Z cv‡i| Avevi kw³ 
ej‡Z Avgv‡`i cwiwPZ gva¨vKl©Y ev we ỳ¨r †PŠ¤^Kxq kw³ QvovI mej wKsev `ye©j wbDwK¬qvi 
kw³I n‡Z cv‡i! 
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c`v_©weÁvb GKw`‡b M‡o I‡Vwb, kZ kZ erm‡i M‡o D‡V‡Q| c`v_©weÁvbxiv Zv‡`i 
Pvicv‡ki inm¨gq RMr‡K †`‡L cÖ_‡g †Kv‡bv GKUv m~Î w`‡q †mUv e¨vL¨v Kivi †Póv K‡i‡Qb| 
cixÿv-wbixÿv K‡i †mB m~Î‡K KL‡bv MÖnY Kiv n‡q‡Q, KL‡bv cwieZ©b Kiv n‡q‡Q Avevi KL‡bv 
cwiZ¨vM Kiv n‡q‡Q| Gfv‡e Avgiv c`v‡_©i ÿz`ªZg KYv †_‡K ïiæ K‡i gnvwe‡k¦i e„nËg AvKvi 
ch©šÍ e¨vLv¨v Ki‡Z wk‡LwQ| GB †kLvUv nq‡Zv GL‡bv c~Y©v½ bqÑ weÁvbxiv †mUv‡K c~Y©v½ Kivi 
†Póv K‡i hv‡”Qb, †hb †Kv‡bv GKw`b AZ¨šÍ Aí wKQz m~Î w`‡q AvcvZ „̀wó‡Z wfbœ wfbœ wel‡qi me 
wKQz e¨vL¨v Kiv m¤¢e n‡q hv‡e| 
 

2.1 †fŠZ ivwk Avi Zvi cwigvc (Physical Quantities and their Measurement) 

 
cvwb VvÊv n‡j †mUv eid n‡q hvq, Mig Ki‡j †mUv ev®ú n‡q hvqÑ GUv Avgiv mevB Rvwb| 
gvbyl A‡bK cÖvPxb Kvj †_‡KB GUv †`‡L Avm‡Q| GB ÁvbUzKz wKš‘ cy‡ivcywi weÁvb n‡Z cvi‡e 
bv hZÿY chšÍ bv Avgiv ej‡Z cvie †Kvb Ae¯’vq wVK KZ ZvcgvÎvq cvwb R‡g eid nq wKsev 
†mUv evwo‡q †Kvb Ae¯’vq KZ ZvcgvÎvq wb‡q †M‡j †mUv dzU‡Z _v‡K, ev‡®ú cwiYZ n‡Z ïiæ 
K‡i| Zvi A_© cÖK…Z weÁvb Ki‡Z n‡j me wKQzi cwigvc Ki‡Z nq| weÁv‡bi me‡P‡q ¸iæZ¡c~Y© 
welq n‡”Q GB cwigvc K‡i me wKQz‡K wbLuyZfv‡e e¨vL¨v Kiv|  

GB RM‡Z hv wKQz Avgiv cwigvc Ki‡Z cvwi Zv‡K Avgiv ivwk ewj| GB †fŠZ RM‡Z 
AmsL¨ welq i‡q‡Q, hv cwigvc Kiv m¤¢e| D`vniY †`qvi Rb¨ ejv †h‡Z cvwi †Kv‡bv wKQzi 
ˆ`N©¨, cÖ¯’, D”PZv, AvqZb, IRb, ZvcgvÎv, is, KvwVb¨, Zvi Ae¯’vb, †eM, Zvi †fZiKvi 
Dcv`vb, we ỳ¨r cwievwnZv, AcwievwnZv, w¯’wZ¯’vcKZv, Zvc cwievwnZv AcwievwnZv, NbZ¡, 
Av‡cwÿK Zvc, Pvc MjbvsK, ùzUbvsK BZ¨vw` BZ¨vw` A_©vr Avgiv e‡j †kl Ki‡Z cvie bv| 
GK K_vq †fŠZ RM‡Z ivwkgvjvi †Kv‡bv †kl †bB| †Zvgv‡`i ZvB g‡b n‡Z cv‡i GB AmsL¨ 
ivwkgvjv cwigvc Kivi Rb¨ Avgv‡`i eywS AmsL¨ ivwki msÁv Avi AmsL¨ GKK ˆZwi K‡i 
ivL‡Z n‡e! Avm‡j †mwU mwZ¨ bqÑ †Zvgiv ï‡b LyeB AevK n‡e (Ges wbðqB Lywk n‡e) †h gvÎ 
mvZwU ivwki mvZwU GKK wVK K‡i wb‡j †mB mvZwU GKK e¨envi K‡i Avgiv me wKQz †ei K‡i 
‡dj‡Z cvie| GB mvZwU ivwk‡K e‡j †gŠwjK ivwk, †h¸‡jv n‡”Q ˆ`N©̈ , fi, mgq, ‰e`y¨wZK 

                          †Uwej 1.1: SI BDwb‡U mvZwU wfbœ wfbœ †fŠZ ivwk 
 

‰`N©̈  meter  wgUvi  m 
fi kilogram  wK‡jvMÖvg kg 
mgq second  ‡m‡KÛ  s 
‰e ỳ¨wZK cÖevn ampere  Gw¤úqvi  A 
ZvcgvÎv kelvin  †Kjwfb  K 
c`v‡_©i cwigvY mole  ‡gvj mol 
`xcb ZxeªZv candela  K¨v‡Ûjv cd 
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cÖevn, ZvcgvÎv, c`v‡_©i cwigvY Ges `xcb 
ZxeªZv| GB mvZwU †gŠwjK ivwki AvšÍR©vwZK 
fv‡e ¯^xK…Z mvZwU GKK‡K e‡j SI GKK, (SI 
G‡m‡Q †d«Â fvlvi Le  Systeme 
International  d’Unites †_‡K) Ges 
†m¸‡jv 5.1 †Uwe‡j †`Lv‡bv n‡q‡Q| 

GB GKK ¸‡jvi cwigvc KZ †mwU 
mywbw ©̀ófv‡e †NvlYv Kiv Av‡Q| †hgb k~b¨ 
¯’v‡b GK †m‡K‡Ûi 299,792,458 fv‡Mi 
GK fvM mg‡q Av‡jv †h `~iZ¡ AwZμg K‡i 
†mUv n‡”Q GK wgUvi| GK wK‡jvMÖv‡gi 
GKKwU GL‡bv aiv nq d«v‡Ýi GKUv wbw`©ó 
fe‡b ivLv cøvwUwbqvg BwiwWqvg w`‡q ˆZwi 3.9  cm D”PZv Avi e¨v‡mi wbw`©ó GKUv fi| 
(weÁvbxiv GB fiwU‡K wKQzw`‡bi g‡a¨B Ab¨fv‡e e¨vL¨v Ki‡eb †hb wbw ©̀ó †`‡k ivLv wbw ©̀ó 
f‡ii Ici Avi Kv‡iv wbf©i Ki‡Z bv nq|) wmwRqvg 133 (Cs133) cigvYyi 9,192,631,770 wU 
¯ú›`b m¤úbœ Ki‡Z †h cwigvY mgq †bq †mUv n‡”Q GK †m‡KÛ| cvwbi ‰Îa we› ỳ ev wUªcj 
c‡q›U ZvcgvÎv‡K 273.16 w`‡q fvM w`‡j †h ZvcgvÎv cvIqv hvq †mwU n‡”Q GK †Kjwfb| 
A¨vw¤úqv‡ii GKKwU †gvUvgywU RwUjÑ cvkvcvwk `y‡Uv Zv‡ii †fZi w`‡q we`y¨r cÖevn Ki‡j Zviv 
G‡K Ab¨‡K AvKl©Y K‡i| †h cwigvY we`y¨r cÖevn n‡j 1m ~̀i‡Z¡ ivLv ỳwU Zvi cÖwZ wgUvi ˆ`‡N©¨ 

 wbDUb e‡j ci¯úi‡K AvKl©Y K‡i 
†mUv n‡”Q 1 Gw¤úqvi| a‡i †bqv n‡”Q ZviwUi 
ˆ`N©¨ Amxg, cÖ¯’‡”Q` e„ËvKvi Ges GZ †QvU †h 
†mUv Avgiv aZ©‡e¨i gv‡S Avbe bv! (†Zvgiv ï‡b 
Lywk n‡e †h GB GKKUv‡KI Av‡iv mnRfv‡e 
e¨vL¨v Kivi cwiKíbv n‡”Q|)  

      
    †Uwej 1.2: A‡bK eo †_‡K A‡bK †QvU ~̀iZ¡ 
  

~̀iZ¡ m 
wbKUZg M¨vjvw· 6 ൈ 10ଵଽ 
wbKUZg bÿÎ 4 ൈ 10ଵ଺ 
‡mŠi RM‡Zi e¨vmva© 6 ൈ 10ଵଶ 
c„w_exi e¨vmva© 6 ൈ 1 ଺ 0
Gfv‡i‡÷i D”PZv 9 ൈ 1 ଷ 0
fvBiv‡mi ‰`N©̈  1 ൈ 10  ି଼

nvB‡Wªv‡Rb cigvYyi e¨vmva© 5 ൈ 10ିଵଵ 
‡cÖvU‡bi e¨vmva© 1 ൈ 10ିଵହ 

   

2 ൈ 10ି଻

ൈ 10ଵଶ

0.012 wK‡jvMÖv‡g †h KqwU Kve©b 12 cigvYy 
_v‡K †mB msL¨K †gŠwjK KYv (AYy, cigvYy ev 
Avqb)Ñ Gi mgvb c`v_© n‡”Q GK †gvj| GK 
K¨v‡Ûjvi GKKwU m¤¢eZ †evSvi Rb¨ me‡P‡q 
RwUj: †Kv‡bv Av‡jvi Drm †_‡K hw` GK 
†÷‡iwWqvb (Steradian) Nb †Kv‡Y GK Iqv‡Ui 
633 fv‡Mi GK fvM wewKiY ZxeªZv †cuŠQvq Zvn‡j 

†mB Av‡jvi ZxeªZv n‡”Q GK K¨v‡Ûjv| Z‡e †h †Kv‡bv Av‡jvi Drm e¨envi Kiv hv‡e bvÑ †mwU 
n‡Z n‡e †m‡K‡Û 540  evi K¤úbiZ †Kv‡bv Av‡jv| (hviv Nb‡KvY Kx Rv‡bv bv Zvivv 
cwiwkó-1 †`‡Lv)|  ~̀iZ¡ fi ev mg‡qi †ejvq †m¸‡jvi A‡bK †QvU †_‡K ïiæ K‡i A‡bK eo 

    †Uwej 1.3: A‡bK eo †_‡K A‡bK †QvU fi 
   

fi kg 
Avgv‡`i M¨vjvw·  2 ൈ 1 ସଵ 0
m~h©  2 ൈ 1 ଷ଴ 0
c„w_ex  6 ൈ 10ଶସ 
RvnvR  7 ൈ 1 ଻ 0
nvwZ  5 ൈ 0ଷ 1
gvbyl 6 ൈ 0ଵ 1
a~wjKYv 7 ൈ 1 ି଻ 0
B‡jKUªb  9 ൈ 10 ଷଵ ି
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n‡Z cv‡i| †Zvgv‡`i GKUv aviYv †`qvi Rb¨ A‡bK eo †_‡K ïiæ K‡i A‡bK †QvU wKQz ~̀iZ¡ 
fi Ges mg‡qi wKQz D`vniY (†Uwej 1.2, 1.3 Ges 1.4) †`qv n‡jv| †Zvgiv †Uwej¸‡jv †`‡LvÑ 
Abyfe Kivi †Póv Ki! 
 mvZwU GKK‡K AvbyôvwbKfv‡e †Zvgv‡`i mv‡_ cwiPq Kwi‡q †`qv n‡jvÑ †KD Avkv K‡i 
bv GUv †Zvgv‡`i g‡b _vK‡e! g‡b ivLvi cÖ‡qvRbI †bB hw` KL‡bv Rvbvi cÖ‡qvRb nq eB Lyu‡R, 
B›Uvi‡bU †Nu‡U Avevi Zzwg GUv †ei K‡i †dj‡Z cvi‡e| Z‡e GK wgUvi ej‡Z KZUzKz ~̀iZ¡ 
†evSvq ev GK †KwR fi KZUzKz, GK †m‡KÛ KZ mgq, GK wWwMÖ †Kjwfb ZvcgvÎv KZUzKz DËß, 
GK A¨vw¤úqvi Kv‡i›U KZLvwb, GK †gvj c`v_© ej‡Z Kx †evSvB ev GK K¨v‡Ûjv KZLvwb Av‡jv 
†mUv m¤ú‡K© †Zvgv‡`i GKUv ev¯Íe aviYv _vKv DwPZ! GB ‡ejv †Zvgv‡`i †mB ev¯Íe aviYvUv 
‡`Iqvi †Póv K‡i †`Lv hvK| †Zvgv‡`i ïay Rvb‡j n‡e bv, LvwbKUv wKš‘ AbyfeI Ki‡Z n‡e| 
mvaviYfv‡e ejv hvq: 

 
 ¯^vfvweK D”PZvi GKRb gvby‡li gvwU †_‡K †cU ch©šÍ ~̀iZ¡Uv †gvUvgywU GK wgUvi| 
 GK wjUvi cvwbi †evZ‡j wKsev Pvi Møv‡m †h IR‡bi cvwb _v‡K Zvi fi n‡”Q GK †KwRi 
KvQvKvwQ| 

 ÔGK nvRvi GKÕ ej‡Z †hUzKz mgq jv‡M †mUv †gvUvgywU GK †m‡KÛ! 
 ejv †h‡Z cv‡i wZbUv †gvevBj †dvb GKmv‡_ PvR© Kiv n‡j GK Gw¤úqvi we ỳ¨r e¨envi 
Kiv nq| (†gvevBj †dvb 5 †fv‡ëi 
KvQvKvwQ‡Z PvR© Kiv nq| ZvB GLv‡b LiP 
n‡e 5 IqvU| hw` evmvi jvBU, d¨vb, wd«‡R 
220 †fv‡ëi wKQz‡Z GK Gw¤úqvi we`y¨r 
e¨envi nq ZLb wKš‘ LiP n‡e 220 
IqvU!)  

      
    †Uwej 1.4: A‡bK eo †_‡K A‡bK †QvU mgq 
 

mgq s 
weMe¨vs‡qi mgq 4 ൈ 10ଵ଻ 
WvB‡bvm‡ii aŸsm 2 ൈ 10ଵସ 
gvby‡li Rb¥ 8 ൈ 10ଵଶ 
GK w`b 9 ൈ 10ସ 
gvby‡li ü`¯ú›`b 1
wgDI‡bi Avqy 

 nvZ w`‡q Avgiv hw` Kv‡iv R¡i Abyfe 
Ki‡Z cvwi ejv †h‡Z cv‡i Zvi ZvcgvÎ 
GK †Kjwfb †e‡o‡Q| 

2 ൈ 10ି଺ 
¯ú›`b Kvj: meyR Av‡jv  2 ൈ 10ିଵହ 

 †gvjUv Abyfe Kiv GKUz KwVb, ejv †h‡Z 
cv‡i GKUv eo Pvg‡Pi GK PvgP cvwb‡Z 
†gvUvgywU GK †gvj cvwbi AYy _v‡K| GK 
Kvc cvwb‡Z `k †gvj cvwb _v‡K|  

¯ú›`b Kvj: GK  4 ൈ 10ିଶଵMeV
Mvgv †i 

 

  GKUv †gvgevwZi Av‡jv‡K †gvUvgywU fv‡e 
GK K¨v‡Ûjv ejv hvq| 
 

†`L‡ZB cv”Q Gi †Kv‡bvUvB wbLuyZ cwigvc bq wKš‘ Abyfe Kivi Rb¨ mnR| hw` GB 
cwigvc wb‡q Af¨¯Í n‡q hvI Zvn‡j fwel¨‡Z hLb †Kv‡bv GKUv wnmve Ki‡e, ZLb †mUv wb‡q 
†Zvgv‡`i GKUv gvÎvÁvb _vK‡e! w
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 weÁvb ev c`v_©weÁvb PP©v 
Kivi Rb¨ Avgv‡`i bvbv wKQz cwigvc 
Ki‡Z nq| KL‡bv Avgv‡`i nq‡Zv 
M¨vjvw·i ˆ`N©¨ gvc‡Z nq 

 Avevi KL‡bv GKUv 
wbDwK¬qv‡mi e¨vmva© gvc‡Z nq 

 ~̀i‡Z¡i gv‡S GB 
wekvj cv_©K¨ gvcvi Rb¨ me mg‡qB 
GKB ai‡bi msL¨v e¨envi Kiv 
eyw×gv‡bi KvR bq ZvB 
AvšÍR©vwZKfv‡e wKQz SI DcmM© 

(prefix) ‰Zwi K‡i †bqv n‡q‡Q| GB DcmM© _vKvi Kvi‡Y GKUv †QvU DcmM© wj‡L A‡bK eo 
wKsev A‡bK †QvU msL¨v †evSv‡Z cvie| DcmM©¸‡jv †Uwej 1.5 G †`Lv‡bv n‡q‡Q| Avgiv 
ˆ`bw›`b Rxe‡b wKš‘ G¸‡jv me mgq e¨envi Kwi| ~̀iZ¡ †evSv‡bvi Rb¨ GK nvRvi wgUvi bv e‡j 
GK wK‡jvwgUvi ewj| K¨v‡givi Qwei mvBR †evSv‡bvi Rb¨ `k jÿ evBU bv e‡j GK †gMvevBU 
ewj! 

ሺ6 ൈ 10ଶସ݉ሻ

ሺ1 ൈ 10ିଵହ݉ሻ

`~iZ¡

              †Uwej 1.5: SI BDwb‡U e¨eüZ DcmM© 
 

deca   da  101    deci  d  10‐1 
hecto  h  102    centi  c  10‐2 
kilo   k  103    milli  m  10‐3 
mega  M  106    micro  µ  10‐6 
giga  G  109    nano  n  10‐9 
tera  T  1012    pico  p  10‐12 
peta  P  1015    femto f  10‐15 
exa  E  1018    atto  a  10‐18 

 

 
1.2.1 gvÎv (Dimensions) 
Avgiv †R‡b †MwQ †h Avgv‡`i Pvicv‡k AmsL¨ ivwk _vK‡jI gvÎ mvZwU GKK w`‡q GB 
ivwk¸‡jv‡K cwigvc Kiv hvq| GKUv ivwk †Kvb GKK w`‡q cÖKvk Kiv hvq †mwU Avgv‡`i 

Rvb‡ZB nq, cÖvq mg‡qB ivwkwU †Kvb †Kvb †gŠwjK ivwk (‰`N©̈  L, mgq T, fi M BZ¨vw`) w`‡q 
wKfv‡e ˆZwi n‡q‡Q †mUvI Rvbv _vK‡Z nq| GKUv ivwk‡Z wewfbœ †gŠwjK ivwk †Kvb m~P‡K ev 
†Kvb cvIqv‡i Av‡Q †mUv‡K Zvi gvÎv e‡j| †hgb Avgiv c‡i †`Le ej n‡”Q fi Ges Z¡i‡Yi 
¸Ydj| Z¡iY Avevi mg‡qi mv‡_ †e‡Mi cwieZ©‡bi nvi| †eM Avevi mg‡qi mv‡_ Ae¯’v‡bi 
cwieZ©‡bi nvi| 

ൌ ௅
்

 Kv‡RB †eM Gi gvÎv:  
mgq

ൌ ଵିܶܮ

`~iZ¡

(mgq)మ

  

ൌ ௅
்మ
ൌ ଶିܶܮ

  

  BZ¨vw` Z¡i‡Yi gvÎv:   

 
Avgiv GB eB‡q hLbB b~Zb GKwU ivwkgvjvi K_v eje mv‡_ mv‡_B Zvi gvÎvwUi K_v e‡j 
†`Iqvi †Póv Kie| †`L‡e †mUv me mg‡qB ivwkwU‡K eyS‡Z Ab¨fv‡e mvnvh¨ Ki‡e| 
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1.3 cwigv‡ci hš¿cvwZ 

GK mgq c`v_©weÁv‡bi wewfbœ 

 ZvcgvÎ, we`y¨rcÖevn Ges †fv‡ëR gvcv‡jB †gvUvgywU KvR 

.3.1 †¯‹j 
 †¯‹j e¨envi Kiv nq Ges †Zvgiv mevB wbðqB wgUvi †¯‹j 

ch©šÍ gvc‡Z cvwi| wgUvi †¯‹j 
mvaviYZ

Ge ‡Mi gvSvgvwS †Kv_vI G‡m‡Q 
A_©vr e

 

ivwkgvjv m~²fv‡e gvcv Lye Kómva¨ 
e¨vcvi wQj| AvaywbK B‡jKUªwb· 
wbf©i hš¿cvwZi Kvi‡Y GLb KvRwU 
Lye †mvRv n‡q †M‡Q| Avgiv GB 
eB‡q †h cwigvY c`v_©weÁvb †kLvi 
†Póv Kie Zvi Rb¨ `~iZ¡, fi, mgq,
Pvwj‡q wb‡Z cvie| G¸‡jv gvcvi Rb¨ Avgiv †Kvb ai‡bi hš¿cvwZ e¨envi Kwi †m¸‡jv ms‡ÿ‡c 
Av‡jvPbv Kiv hvK : 
 

Qwe 1.3: g~j Ges bvov‡bv m¤¢e fvwb©qvi †¯‹j 

1
†QvULv‡Uv ˆ`N©̈  gvcvi Rb¨ wgUvi
†`‡LQ| 100 cm (†mw›UwgUvi) ev 1 m j¤^v e‡j GUv‡K wgUvi †¯‹j e‡j| †h‡nZz GL‡bv A‡bK 
RvqMvq BwÂ dzU cÖPwjZ Av‡Q (gvwK©b hy³ivóª GKwU D`vniY †`k!) ZvB wgUvi †¯‹‡ji Ab¨cv‡k 
cÖvq me mg‡q BwÂ `vM KvUv _v‡K| GK BwÂ mgvb 2.54 cm. 

GKUv †¯‹‡j me‡P‡q †h m~² `vM _v‡K Avgiv †m 
 wgwjwgUvi ch©šÍ fvM Kiv _v‡K ZvB wgUvi †¯‹j e¨envi K‡i Avgiv †Kv‡bv wKQzi ˆ`N©¨ 

wgwjwgUvi ch©šÍ gvc‡Z cvwi| A_©vr 
Avgiv hw` ewj †Kv‡bv wKQzi ˆ`N©¨ 
0.364  m Zvi A_© ˆ`N©¨wU n‡”Q 36 
†mw›UwgUvi Ges 4 wgwjwgUvi| GKUv 
wgUvi †¯‹j e¨envi K‡i Gi PvB‡Z m~² 
fv‡e ˆ`N©¨ gvcv m¤¢e bqÑ A_©vr mvaviY 
†¯‹‡j Avgiv KL‡bvB ej‡Z cvie bv 
GKUv e¯‘i ˆ`N©̈  0.3643 m wKš‘ gv‡S 
gv‡SB †Kv‡bv GKUv AZ¨šÍ m~² Kv‡R 
Avgv‡`i G iKg m~² fv‡e gvcv cÖ‡qvRb 
nq, ZLb fvwb©qvi (Vernier) †¯‹j  
bv‡g GKUv gRvi †¯‹j e¨envi K‡i †mUv 
Kiv hvq| 
s 5 ỳwU `vaiv hvK †Kv‡bv e¯‘i ˆ`N©¨ wgwjwgUv‡ii 4 

 

Qwe 1.4: GK, ỳB Ges wZb Ni m‡i hvIqv fvwb©qvi †¯‹j 

‘̄wUi ˆ`N©̈  4 wgwjwgUvi †_‡K †ewk wKš‘ 5 wgwjwgUvi †_‡K Kg| 4 wgwjwgUvi †_‡K KZ 
fMœvsk †ewk †mUv †ei Ki‡Z n‡j fvwb©qvi †¯‹j e¨envi Kiv hvq, GB †¯‹jUv g~j †¯‹‡ji cv‡k w
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jvMv‡bv _v‡K Ges mvg‡b †cQ‡b miv‡bv hvq (Qwe 1.3)| Qwei D`vni‡Y †`Lv‡bv n‡q‡Q g~j 
†¯‹‡ji 9 wgwjwgUvi ˆ`N©¨‡K fvwb©qvi †¯‹‡j `k fvM Kiv n‡q‡Q| A_©vr fvwb©qvi †¯‹‡ji cÖ‡Z¨KUv 

fvM n‡”Q  
ଽ
ଵ଴
 mm, Avmj wgwjwgUvi †_‡K 

ଵ
ଵ଴

 wgwjwgUvi Kg| hw` fvwb©qvi †¯‹‡ji ïiæUv 

†Kv‡bv GKUv wgwjwgUvi `v‡Mi mv‡_ wgwj‡q ivLv nq Zvn‡j Zvi c‡ii `vMwU mwZ¨Kvi wgwjwgUvi 

†_‡K 
ଵ
ଵ଴

 wgwjwgUvi m‡i _vK‡e, Gi c‡iiwU 
ଶ
ଵ଴

 wgwjwgUvi m‡i _vK‡eÑ c‡iiwU 
ଷ
ଵ଴

 wgwjwgUvi 
m‡i _vK‡eÑ A_©vr †Kv‡bvUvB g~j †¯‹‡ji wgwjwgUvi `v‡Mi mv‡_ wgj‡e bv, G‡Kev‡i `k b¤^i 
`vMwU Avevi Avmj g~j †¯‹‡ji bq b¤^i wgwjwgUvi `v‡Mi mv‡_ wgj‡e| 

           Qwe 1.5: Qwe‡Z fvwb©qvi †¯‹j hy³ ø̄vBW K¨vwjcvm© Ges GKwU ¯ŒzMR †`Lv‡bv nj 

eyS‡ZB cviQ fvwb©qvi †¯‹jUv hw` Avgiv Ggbfv‡e ivwL †h ïi
ଷ

æUv GKUv wgwjwgUvi `vM 

†_‡K ïiæ bv n‡q GKUy m‡i (†hgb 
ଵ଴
mm) ïiæ n‡q‡Q (Qwe 1.4) Zvn‡j wVK hZ msL¨K 

ଵ଴

 

                   Qwe 1.6: Wvqvj Ges wWwRUvj wiWAvDU jvMv‡bv møvBW K¨vwjcvm© 

ଵ mm m‡i ïiæ n‡q‡Q fvwb©qvi †¯‹‡ji ZZ b¤^i `vMwU g~j †¯‹‡ji wgwjwgUvi `v‡Mi mv‡_ wg‡j 

GKwU fvM Ges g~j †¯‹‡ji GKwU fv‡Mi gv‡S cv_©K¨ KZUzKzÑ GUv‡K e‡j fvwb©qvi aªæeK 
(Vernier  Constant  ms‡ÿ‡c VC)| g~j †¯‹‡ji me‡P‡q †QvUfv‡Mi ሺ1 mmሻ  ~̀iZ¡‡K 
fvwb©qvi †¯‹‡ji fv‡Mi (10) msL¨v w`‡q fvM w`‡jB GUv †ei n‡q hv‡e| Avgiv †h D`vniY 
wb‡qwQ †mLv‡b GUvi gvb: 

hv‡e! Kv‡RB fvwb©qvi †¯‹j e¨envi K‡i ‰`N©¨ gvcv Lye mnR, cÖ_‡g †R‡b wb‡Z nq fvwb©qvi 
†¯‹‡ji 

ܥܸ    ൌ ଵ
ଵ଴
mm ൌ 0.0001 m  

 free Bangla e-books: www.facebook.com/tanbir.ebooks

Any kind of e-book & Software : www.tanbircox.blogspot.com



20                                                                                                                                           †fŠZ ivwk Avi Zvi cwigvc 

†Kv‡bv ‰`N©̈  gvcvi mgq wgwjwgUv‡ii me©‡kl `vM ch©šÍ †g‡c fvwb©qvi †¯‹‡ji w`‡K ZvKv‡Z nq 
Zvi †Kvb `vMwU g~j †¯‹‡ji wgwjwgUvi `v‡Mi mv‡_ wg‡j 
†M‡Q †mwU †ei K‡i Zv‡K fvwb©qvi aªæeK ¸Y w`‡Z nq| 
g~j †¯‹‡j gvcv ˆ`‡N©̈ i mv‡_ †mwU †hvM w`‡jB Avgiv 

¯ŒzwU nq‡Zv 1 mm AMÖmi nq| ¯Œz‡qi GB miY‡K ¯Œ
Nyw bqv nq 

N~Y©‡bi Rb¨ †¯‹jwU wc‡Pi 
ଵ
ଵ଴଴

cªK…Z ˆ`N©¨ †c‡q hve| Qwe 1.4 Gi †kl †¯‹‡j †h ˆ`N©̈  
†`Lv‡bv n‡q‡Q Avgv‡`i GB wbq‡g †mwU n‡e 1.03cm 
ev 0.0103m 
 fvwb©qvi †¯‹‡ji cwie‡Z© GKUv ¯Œz‡K Nywi‡q 
(Qwe 1.5) †¯‹j‡K mvg‡b wcQ‡b wb‡qI ¯ŒzMR (screw 
gauge) bv‡g we‡kl GK ai‡bi †¯‹‡j ˆ`N©̈  gvcv nq| 

 

Qwe 1.7: wWwRUvj IRb gvcvi hš¿ 
GLv‡b ¯Œz‡qi NvU (thread) AZ¨šÍ m~² ivLv nq Ges 
cy‡iv GKevi †Nviv‡bvi ci †¯‹j jvMv‡bv  

z‡qi wcP (pitch) e‡j| †h e„ËvKvi AskwU 
†mwU‡K mgvb 100 fv‡M fvM Kiv n‡j cÖwZ GK Ni i‡q †¯‹jwU‡K mvg‡b wcQ‡b †

 fv‡Mi GK fvM AMÖmi nq| A_©vr GB †¯‹‡j 
ଵ
ଵ଴଴

 = 0.01mm 

fi mi

‡K fiwU †ei Kiv nq| 
v GKUv 

M‡Q| e¨v‡j‡Ýi Ici wbw`©ó e¯‘ ivLv n‡jB e¨v‡j‡Ýi †mÝi 

ch©šÍ gvcv m¤¢e n‡Z cv‡i| 
AvRKvj fvwb©qvi †¯‹‡ji cwie‡Z© Wvqvj jvMv‡bv wKsev wWwRUvj (Qwe 1.6) ¯øvBW 

K¨wjcvm© †ei n‡q‡Q †hUv w`‡q mivmwi wbLuyZfv‡e ˆ`N©¨ gvcv hvq! 
 
1.3.2 fi gvcvi hš¿ 

vmwi gvcv hvq bv ZvB 
mvaviYZ IRb †g‡c †mLvb 
†_
Avgiv hLb ewj †Kv‡b
e ‘̄i IRb 1  gm ev 1  kg 
ZLb Avm‡j †evSvB e ‘̄wUi 
fi 1  gm wKsev 1  kg GK 
mgq e¯‘i fi gvcvi Rb¨ wbw³ 
e¨envi Kiv n‡Zv †hLv‡b 
evULvivi wbw`©ó f‡ii mv‡_ 
e ‘̄i fi‡K Zzjbv Kiv n‡Zv| 
AvRKvj B‡jKUªwbK e¨v‡j‡Ýi 
(Qwe 1.7) e¨envi A‡bK †e‡o †
†mLvb †_‡K wbLuyZfv‡e IRbwU †e
 

 

                 Qwe 1.8: mvaviY Ges B‡j±ªwbK _v‡g©vwgUvi 

i K‡i w`‡Z cv‡i|  
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1.3.3 _v‡g©vwgUvi  
ZvcgvÎv gvcvi Rb¨ _v‡g©vwgUvi e¨envi Kiv nq| Gj‡Kvnj ev cvi‡`i _v‡g©vwgUv‡ii cvkvcvwk 

vRKvj B‡jKUªwbK _v‡g©vwgUv‡iiI (Qwe 1.8) cÖPjb ïiæ n‡q‡Q| R¡i gvcvi Rb¨ †h _v‡g©vwgUvi 
 e¨wß Lye KgÑ KviY gvby‡li kix‡ii ZvcgvÎv Lye †ewk ev‡o bv ev K‡g bv| 

 (Qwe 1.9)| GK mgq 
wbLuyZ ÷c IqvP A‡bK g~j¨evb mvgMÖx n‡jI, B‡KUªwb‡·i 

ye Aí `v‡gi †gvevBj †Uwj‡dv‡bI AvRKvj 

 
1.3.5 I A¨vwgUv
we` vi Rb¨ 
vcvi Rb¨ †fvë wgUvi e¨envi Kiv nq| GB `y‡Uv 

vqMvq _v‡K Ges 

 

A
e¨envi Kiv nq Zvi
Kv‡RB R¡i gvcvi _v‡g©vwgUvi w`‡q Avm‡j cÖK…Z ZvcgvÎv gvcv hvq bv|  
 

1.3.4 ÷c IqvP 
mgq gvcvi Rb¨ ÷c IqvP e¨envi Kiv nq

AMÖMwZi Kvi‡Y L
A‡bK m~² ÷c IqvP cvIqv hvq| ÷c Iqv‡P †h †Kv‡bv GKwU 
gyn~Z© †_‡K mgq gvcv ïiæ Kiv nq Ges wbw`©ó mgq cvi nIqvi ci 
mgq gvcv eÜ K‡i KZLvwb mgq AwZμvšÍ n‡q‡Q †mwU †ei K‡i 
†djv hvq| gRvi e¨vcvi n‡”Q ÷c IqvP hZ wbLuyZ fv‡e mgq 
gvc‡Z cv‡i Avgiv nvZ w`‡q KL‡bvB ZZ wbLuyZ fv‡e GUv ïiæ 
Ki‡Z cvwi bv ev _vgv‡Z cvwi bv| 

i  
A¨vwgUvi Ges †fv‡ëR 

 

Qwe 1.9: ÷c IqvP 

 †fvë wgUvi 
y¨‡Zi cÖevn gvc

           Qwe 1.10: gvwë wgUvi 

g
cwigvc hš¿B mvaviYZ GK R
ỳ‡Uv‡K wgwj‡q A‡bK mgq gvwë wgUvi (Qwe 1.10) 

ejv nq| gvwë wgUv‡i mvaviYZ GKwU Wvqvj _v‡K 
Ges GB WvqvjwU Nywi‡q wewfbœ gvÎvi †fv‡ëR wKsev 
we ỳ¨r cÖevn ev Kv‡i›U gvcv hvq| Avgv‡`i M„n¯’vwj 
†fv‡ëR Gwm nIqvi Kvi‡Y me gvwë wgUv‡iB Gwm 
wKsev wWwm †fv‡ëR Ges Kv‡i›U gvcv hvq| (hviv 
Gwm wKsev wWwm ej‡Z Kx eySvq Rv‡bv bv Zviv 
cwiwkó-1 †`‡Lv|) AvRKvjKvi gvwë wgUvi ïay 
†fv‡ëR Ges Kv‡i›U bq Av‡iv A‡bK wKQz gvc‡Z 
cv‡i| 
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Abykxjbx 
cÖkœ: 
1. hyw³ZK©, cix¶v-wbix¶v Ges ch©‡e¶Y GB wZbwU c×wZi †KvbwU‡K Zzwg weÁvb M‡elYvi Rb¨ 

me‡P‡q ¸iæZ¡c~Y© g‡b Ki? †Kb? 
 Kx hyw³-ZK© w`‡q †`Lv‡Z cvi‡e cÖvBg msL¨v Amxg msL¨K? 

4. hw` nVvr K‡i †Zvgvi Ges †Zvgvi Pvicv‡ki me wKQzi mvBR A‡a©K n‡q hvq Zzwg Kx eyS‡Z 

MvwYwZK mgm¨v: 
 wb‡Pi msL¨v¸‡jv cÖKvk Ki: (a)  10ଵଶݏ݌݋݈ܨ  (b) 

0 10 (c) ݏ݁ݐݕܾ ݃݉ (d) 10   10ିଵ଼݉ (e) ݏ
‡KÛ? (gRv Kivi Rb¨ ߨ w`‡q cÖKvk Ki) 

G

 
 

 
 

 

2. Zzwg
3. mvZwU ܵܫ GK‡Ki GKwU Ab¨¸‡jv †_‡K GKUz Ab¨ iKg| †KvbwU Ges †Kb ej‡Z cvi‡e? 

cvi‡e? 
5. Zzwg wK c„w_exi e¨vmva© gvc‡Z cvi‡e? 
 

1. †Uwej 1.5 Gi DcmM© e¨envi K‡i
ଽ ିଷ ିଽ1

2. GK eQ‡i KZ †m
3.  GK Av‡jvKe‡l© KZ wgUvi? 
4. GKwU fvwb©qvi †¯‹‡j KwU 

`‡Êi ‰`N©¨ gvcvi mgq 1.11 
Qwei g‡Zv †`Lv †M‡Q| `ÊwUi 
ˆ`N©̈  KZ? 

5. kw³i gvÎv ܮܯଶܶିଶ, ܵܫ 
BDwb‡U Gi GKK KZ?                     Qwe 1.11: fvwb©qvi †¯‹‡ji wiwWs 
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wØZxq Aa¨vq 
MwZ 

(Motion) 
 

wb‡Kvjvm †Kvcvwb©Kvm 

Nicolaus Copernicus (1473 1543) 

 

wb‡Kvjvm †Kvcvwb©Kvm wQ‡jb †i‡bmuv hy‡Mi GKRb MwYZwe` Ges 
†R¨vwZwe©`| GKB mv‡_ wZwb wQ‡jb eû fvlvwe`, wPwKrmK, 
Abyev`K, K~UbxwZwe` Ges A_©bxwZwe`| Z‡e c„w_exi BwZnv‡m 
†Kvcvwb©Kvm ¯§iYxq n‡q _vK‡eb m~h©‡K †mŠi RM‡Zi †K‡› ª̀ 
ewm‡q MÖn‡`i Kÿc_ e¨vL¨v Kivi Rb¨| c„w_ex‡K me wKQzi †K› ª̀ 
bv aivi welqwU †mB mg‡qi ag© wek¦v‡mi weiæ‡× wQj e‡j wZwb 
Zvi m~h©‡Kw› ª̀K ZË¡wU cÖKvk Ki‡Z †`wi K‡iwQ‡jb| g„Zz̈ i wVK 
Av‡M Av‡M Zvi m~h©‡Kw› ª̀K ZË¡ †`qv eBwU cÖKvwkZ nq Ges ag©vÜ 
gvby‡li f‡q Zvi AbygwZ bv wb‡qB eB‡qi f~wgKvq †jLv n‡qwQj 
GB e¨vL¨vwU ev Í̄e e¨vL¨v bqÑ ïaygvÎ MvwYwZK wnmve mnR Kivi 
GKwU c×wZ gvÎ! 

 
 

2.1 Ae ’̄vb (Position) 
 
†Zvgiv hviv c‡_Nv‡U Pjv‡div K‡iQ Zviv wbðqB 
jÿ K‡iQ iv¯Ívi cv‡k gvBj‡cv‡÷ †mLvb †_‡K 
bvbv RvqMvi ~̀iZ¡ †jLv _v‡K| hw` †Kv_vI †Kv‡bv 
gvBj‡cv‡÷ †jLv _v‡K ÒXvKv: 9 wK‡jvwgUviÓ Zvi 
A_© †mB RvqMv †_‡K XvKv kn‡ii `~iZ¡ 9 
wK‡jvwgUvi| wKš‘ XvKv kni †Zv wekvj GKUv kni| 
Kv‡RB gvBj‡cv‡÷i †mB Ae¯’vb †_‡K XvKv kn‡ii 
†Kvb RvqMvwU 9 wK‡jvwgUvi ~̀‡i? GK mv‡_ cy‡iv 
kn‡ii me RvqMv wbðqB 9 wK‡jvwgUvi ~̀‡i n‡Z 
cv‡i bv| Kv‡RB †evSv hv‡”Q XvKv kn‡ii †Kv‡bv GKwU RvqMv‡K (AviI mwVKfv‡e ejv DwPZ 

Qwe 2.1: gvBj †cv÷ †_‡K iv Í̄v a‡i †M‡j 

9 ݇݉, D‡o †M‡j 3 ݇݉ 
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†Kv‡bv GKUv we› ỳ‡K) wbw`©ó K‡i w`‡Z n‡e †hLvb †_‡K me RvqMvi `~iZ¡ gvcv n‡e| Avgiv Rvwb 
XvKv kn‡i mwPevjq Avi wRwcI-Gi gvSvgvwS b~i †nv‡mb PZ¡iwU n‡”Q †mB RvqMv- †m 
RvqMvwU‡K ejv nq wR‡iv c‡q›UÑ ev k~b¨ ~̀iZ¡| 

GLb aiv hvK †KD GKRb 9 km ~̀‡ii gvBj‡cv÷ †_‡K XvKv kn‡ii w`‡K nuvU‡Z ïiæ 
Kij, Zv‡K wR‡iv c‡q‡›U †cuŠQv‡Z n‡j cy‡iv bq wK‡jvwgUvi nuvU‡Z n‡e (Qwe 2.1)| aiv hvK 
wVK †mB gvBj†cv÷ †_‡K GKUv KvK wVK Kij †mI D‡o D‡o wR‡iv c‡q›U hv‡e| iv¯Ív hw` 

AvuKveuvKv †Nviv‡b-c¨uvPv‡bv nq Zvn‡j Kv‡Ki †Zv 
Avi iv¯Ív a‡i a‡i Nywi‡q-c¨uwP‡q Dovi cÖ‡qvRb 
†bB, †m †mvRvmywR D‡o wR‡iv c‡q›U †cuŠ‡Q hv‡e! 
Kv‡RB †`Lv hv‡e KvK‡K cy‡iv 9 wK‡jvwgUvi Do‡Z 
n‡”Q bv, A‡bK Kg `~iZ¡, aiv hvK gvÎ 3 
wK‡jvwgUvi D‡oB †m MšÍ‡e¨ †cuŠ‡Q hv‡e| Zvn‡j 
cÖkœ n‡”Q gvBj‡cv‡÷i †mB Ae¯’vb †_‡K wR‡iv 
c‡q‡›Ui `~iZ¡ wK Avgiv 9 wK‡jvwgUvi aie bvwK 3 
wK‡jvwgUvi aie? 

welqwU‡K Avgiv Av‡iv GKUz RwUj K‡i 
w`‡Z cvwi! aiv hvK †mB KvK wR‡iv c‡q‡›U †cuŠ‡Q 
Ab¨ GKwU KvK‡K Rvbvj GB wR‡iv c‡q›U †_‡K 
wVK 3 wK‡jvwgUvi ~̀‡i GKUv gvBj‡cv÷ Av‡Q| 
†KŠZ~njx †mB KvK 3 wK‡jvwgUvi D‡o †M‡j wK †mB 
gvBj‡cv÷wU cv‡e? Zvi DËi GKB mv‡_ Ònu¨vÓ 

Ges ÒbvÓ| cÖ_g KvKwU †h c‡_ D‡o G‡m‡Q wVK †mB c‡_ D‡o †M‡j DËi Ònu¨vÓ Ab¨ †h †Kv‡bv 
c‡_ D‡o †M‡j DËi n‡”Q ÒbvÓ! Zvi gv‡b n‡”Q Avgiv hw` †Kv‡bv GKUv Ae¯’vb‡K wbw`©ó Ki‡Z 
PvB Zvn‡j †Kv‡bv GKUv wbw`©ó we› ỳ †_‡K †mUv KZ `~‡i RvbvUvB h‡_ó bq, †Kvb w`‡K †mB `~iZ¡ 
†h‡Z n‡e †mUvI ¯úó K‡i e‡j w`‡Z n‡e| ~̀i‡Z¡i mv‡_ mv‡_ w`KUvI mgvb ¸iæZ¡c~Y©| DËi-
`wÿY, c~e©-cwðgÑ GB PviwU w`K †gv‡UI h‡_ó bq| (†KD hw` †Kv‡bvfv‡e DËi †giæ‡Z nvwRi 
nq ZLb Avwe®‹vi Ki‡e †mL‡b c~e©-cwðg ev DËi e‡j †Kv‡bv w`K †bB Pvwiw`KB `wÿY- †mwU 
Av‡iK Sv‡gjv!) †evSvB hv‡”Q eyw×gv‡bi KvR n‡e ( ~̀i‡Z¡ mv‡_ mv‡_) GKUv wbw`©ó w`‡Ki 
mv‡c‡ÿ KZ wWwMÖ †Kv‡Y KZ `~iZ¡ †h‡Z n‡e †mUv e‡j †`qv (A_©vr ej‡Z n‡e AgyK we› ỳ †_‡K 
AgyK w`‡Ki mv‡_ GZ wWMÖx †Kv‡Y GZ `~iZ¡ n‡”Q Ae¯’vb) 2.2 Qwe‡Z e¨vcviUv †`Lv‡bv n‡q‡Q, 
ỳ‡Uv †iLv 90 wWwMÖ‡Z GKUv Av‡iKUv‡K †Q` K‡i‡Q, †Q` we›`ywU n‡”Q Avgv‡`i g~j we› ỳ ev cÖm½ 

we› ỳ (Reference Point), GKUv Aÿ‡K a‡i wb‡qwQ k~b¨ wWwMÖ, mv‡_ mv‡_ †`Lvi myweavi Rb¨ 
Avgiv 90 wWwMÖ, 180 wWwMÖ Avi 270 wWwMÖUvI †c‡q †MwQ| GLb †h †Kv‡bv Ae¯’vb‡K g~j we›`y 
†_‡K ~̀iZ¡ Avi g~j A‡ÿi mv‡_ ‰Zwi Kiv †KvY w`‡q cÖKvk Kiv hvq| 2.2 Qwe‡Z P Ae¯’v‡bi 
~̀iZ¡ n‡”Q r, †KvY n‡”Q ϕ, hvi A_© Ab¨ †h †Kv‡bv Ae¯’vb‡KI Avgiv g~j we› ỳ †_‡K GKUv ~̀iZ¡ 

Avi GKUv †KvY w`‡q cÖKvk Ki‡Z cvwi| 

Qwe 2.2: g~j ev cÖmsM we›`y †_‡K †h †Kv‡bv 

we› ỳ‡K ~̀iZ¡ ݎ Ges †KvY ϕ w`‡q cÖKvk Kiv 
hvq| 
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Qwe 2.3: ݔ,  Aÿ e¨envi K‡i g~j ev ݕ

cÖmsM we› ỳ †_‡K †h †Kv‡bv we› ỳ‡K ݎ I 

ϕ Gi cwie‡Z©  ݔ I ݕ w`‡q cÖKvk Kiv 
hvq| 

Avgiv †`LwQ mgZ‡j GKUv Ae¯’vb‡K cÖKvk 
Kivi Rb¨ ~̀iZ¡ Avi †KvY GB ỳwU ivwki `iKvi nq| 
GB ỳ‡Uv ivwk w`‡qB †h Ae¯’vb‡K wbw`©ó Ki‡Z n‡e 
Ggb †Kv‡bv K_v †bB, Avgiv B‡”Q Ki‡j Ab¨ ỳ‡Uv ivwk 
w`‡qI Ae¯’vb‡K wbw`©ó Ki‡Z cvwi| 2.3 Qwe‡Z Avgiv 
†`L‡Z cvw”Q P we› ỳ‡Z Ae¯’vbwU Avgiv x Ges y GB 
ỳ‡Uv ivwkgvjv w`‡q cÖKvk Ki‡Z cvwi| hviv GKUzLvwb 

wÎ‡Kv‡bvwgwZI Rv‡b ZvivB eyS‡Z cvi‡e †h Avm‡j GUv 
†gv‡UI b~Zb wKQz bqÑ Av‡M †`Lv‡bv r Ges ϕ Avi 2.3 
Qwe‡Z †`Lv‡b x Avi y Avm‡j GKB e¨vcvi! Zvi KviY 

Avi Q x  y n‡”

ϕ 
 
ൌ ݔ ݏ݋ܿ ݎ 
ൌ ݕ  ϕ݊݅ݏ ݎ 
 
A_©vr  r Avi ϕ Rvb‡j Avgiv mv‡_ mv‡_ x Ges y †ei K‡i †dj‡Z cvie| D‡ëvUvI mwZ¨ x Ges 
y Rvb‡j mv‡_ mv‡_ Avgiv r Avi ϕ †ei K‡i †dj‡Z cvie| 
 
ݎ ൌ ඥݔଶ ൅    ଶݕ

ϕ ൌ ଵି݊ܽݐ ݕ
 ݔ

 
†Zvgiv Ae¯’vb‡K x, y w`‡q cÖKvk Ki‡Z PvI bvwK  r, ϕ w`‡q cÖKvk Ki‡Z PvI †mUv cy‡ivcywi 
†Zvgvi B‡”Q| Aewk¨ †Zvgiv wb‡RivB †`L‡e †Kv‡bv †Kv‡bv mgm¨v mgvavb Kivi Rb¨ r, ϕ 
e¨envi Kiv eyw×gv‡bi KvRÑ Avevi †Kv‡bv †Kv‡bv mgm¨v mgvavb Ki‡Z x, y e¨envi Kiv 
eyw×gv‡bi KvR| 

Qwe  2.4: MvwowU †h c‡_ wM‡q‡Q 

 
D`vniY 2.1: GKUv Mvwo †Zvgvi ¯‹zj †_‡K c~e©w`‡K 
20  km wM‡q DËi w`‡K 30  km wM‡q‡Q, Zvici 
Avevi c~e©w`‡K 30 km Zvici `wÿY w`‡K 20 km, 
cwðg w`‡K 10 km Zvici Avevi DËi w`‡K 10 km 
wM‡q‡Q| 
(a) MvwowU KZ km ~̀iZ¡ AwZμg K‡i‡Q? 
 
DËi: GUv †ei Kiv LyeB †mvRv, me¸‡jv AwZμvšÍ 
~̀iZ¡ †hvM Ki‡jB †mUv †c‡q hve| 
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20 ݇݉ ൅  30 ݇݉ ൅  30 ݇݉ ൅  20 ݇݉ ൅  10 ݇݉ ൅  10 ݇݉ ൌ  120 ݇݉ 
 
(b) †Zvgvi ¯‹z‡ji mv‡c‡ÿ MvwowUi eZ©gvb Ae ’̄vb †Kv_vq? 

 
DËi : †Zvgvi ¯‹z‡ji mv‡c‡ÿ MvwowUi Ae ’̄vb †ei Kivi Av‡M Avgiv GKUv MÖv‡d (Qwe 2.4) 
MvwowU KLb †Kvb w`‡K wM‡q‡Q †mUv Gu‡K wbB Zvn‡j welqUv †evSv mnR n‡e| Qwei Dc‡i 
DËi `wÿY-c~e© Ges cwðg †Kvb w`‡K †`Lv‡bv n‡q‡QÑ MÖvd AvuvKvi mgq B‡”Q K‡i Avgiv w`K 
†evSv‡bvi Rb¨ x-y ewm‡qwQ| †`LvB hv‡”Q DËi w`K n‡”Q y  (Kv‡RB `wÿY w`K n‡e –y) c~e© 
w`K n‡”Q x (Kv‡RB cwðg w`K n‡”Q –x) 
 
Qwe 2.4 Gi MÖvd †_‡K Avgiv mivmwi †`LwQ GUvi eZ©gvb Ae¯’v‡b x Gi gvb n‡”Q 40 km 
Ges y Gi, gvb n‡”Q 20 km 
 
Avgiv MÖvd bv Gu‡KI GUv †ei Ki‡Z cviZvg| MvwowU hLb c~e© wKsev cwð‡g †M‡Q ZLb x Gi 
gv‡bi cwieZ©b n‡q‡Q wKš‘ y Gi gv‡bi †Kv‡bv cwieZ©b nqwb| Avevi MvwowU hLb DËi wKsev 
`wÿ‡Y wM‡q‡Q ZLb y Gi gv‡bi cwieZ©b n‡q‡Q wKš‘ x Gi gv‡bi †Kv‡bv cwieZ©b nqwb| ZvB 

g  Z  Av iv wjL‡  cvwi :
 

 (c~e© w`‡K †M‡j abvZ¥K ev cwRwUf cwðg w`‡K 
|) 

ൌ ݔ  20 ൅  30 െ  10 ൌ   40 ݇݉
†M‡j FYvZ¥K ev †b‡MwUf e¨envi K‡iwQ

ൌ ݕ  30 –  20 ൅  10 ൌ  20 ݇݉ (DËi w`‡K  abvZ w wÿY w`‡K 
†M‡j FbvZ¥K ev †b‡MwUf a‡i wb‡qwQ|) 

 †M‡j ¥K ev c RwUf `

Kv‡RB †Zvgvi ¯‹z‡ji mv‡c‡ÿ Mvwoi eZ©gvb Ae¯’vb ሺݔ, ,ሻ n‡”Q ሺ40݇݉ݕ 20݇݉ሻ wKsev c~e© 
w`‡K 40 I DËi w`‡K 20 km. 

 
D`vniY 2.2: Qwe 2.5 G †`Lv‡bv P Gi Ae ’̄vb 
 |Ges ϕ w`‡q cÖKvk Ki ݎ
 
DËi: Qwe 2.5 †_‡K Avgiv †`L‡Z cvw”Q P Gi 
Ae¯’vb n‡”Q (2, 2)| Avgiv g~j we› ỳ †_‡K P 
ch©šÍ GKUv †iLv †U‡bwQ, GB †iLvwUi ˆ`N©¨ n‡”Q 
r Ges GB †iLvwU x   Gi mv‡c‡ÿ †h †KvY 
K‡i‡Q †m   Uv n‡”Q ϕ
Zvn‡j  ݎ ൌ ඥ ଶ  ൅ ݔ ଶݕ  ൌ  √2ଶ  ൅  2ଶ ൌ
 √8 ൌ 32.8  

ϕ݊ܽݐ ൌ
ݕ
ݔ

ൌ
2
2

ൌ
Kv‡RB ϕ ൌ  45° 

1 

 
Gev‡i Avgiv GKUv †QvU RwUjZv ‰Zwi Kwi| aiv hvK P Gi Ae ’̄vb n‡”Q (-2, -2) (Qwe 2.6) 
Gev‡i r Ges ϕ KZ n‡e? 

Qwe 2.5: P Gi Ae¯’vb GKB mv‡_ ݔ,  ݕ

Ges ݎ, ϕ  w`‡q cÖKvk Kiv n‡q‡Q| 
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Zvn‡j ሺെ ሻଶ  2ሻଶ   ݎ ൌ ඥ 2 ൅ ሺെ ൌ  √8 ൌ 2.83 

 

 
Ges  ݊ܽݐϕ ൌ ௬

௫
ൌ ିଶ

ିଶ
ൌ 1 

Qwe 2.6: P Gi Ae¯’vb †hLv‡b ϕ Gi 
gvb 225° 

Kv‡RB ϕ ൌ  45° 

 
Avgiv ûeû GKB DËi cvw”Q hw`I P Gi 
Ae ’̄vbUv m¤ú~Y© Ab¨ RvqMvq! GLv‡b AevK 
nIqvi wKQz †bB KviY Avmj DËi ϕ ൌ  225°  
wKš‘ †h‡nZz 45 ݊ܽݐ° ൌ ൌ °225 ݊ܽݐ   1 
Kv‡RB  ϕ ൌ  45°    bv 225° †mUv eyS‡Z 
cviwQjvg bv| †Pv‡L †`L‡j Avgiv †mUv PU K‡i 
a‡i †dj‡Z cvwi Ges ej‡Z cvwi ϕ ൌ  45° bq, 
 ϕ ൌ  225°  , GUv †R‡b ivLv fv‡jv GB Rb¨ 
A‡Üi g‡Zv dg©yjv ewm‡q wnmve Ki‡Z nq bv me 
mg‡qB gv_vi gv‡S Avmj QweUv ivL‡Z nq|  
 
wVK fv‡e mg avb i j Gfv‡e K
 

ൌ  ϕݏ݋ܿ 2.83 

m¨vUv mgv K ‡ i‡Z n‡e : 

ൌ ݔ  ϕ  wKsev െ2ݏ݋ܿ ݎ 

ݏ݋  
െ2

3
ܿ ϕ ൌ  

2.8
ൌ  െ0.707 

 
ϕ ൌ   225°  Kv‡RB Avgiv GL‡bv Rvwb bv mwVK DËi †KvbUv! 135 wKsev

 v െ2 ൌ  ϕ݊݅ݏ 2.83 
°  

Avevi ݔ ൌ ݎ  ϕ  wKse݊݅ݏ

݅݊ϕ ൌ  
െ2
. 3

ݏ ൌ  െ0.707 
2 8

 
ϕ ൌ  225°  wKsev 315°   GLb Avgiv Rvwb †KvbUv mwVK DËi, Avgiv hw` ϕ ൌ  225°  a‡i 
wbB Zvn‡jB ݔ Ges ݕ ỳ‡Uvi Rb¨ mwVK DËi cve| 
 
 
 
 
 
 
 
 

hviv wÎ‡Kv‡bvwgwZ K‡iQ Zv‡`i‡K Avgiv g‡b Kwi‡q w`B ϕ Avgiv ݔ Aÿ †_‡K gvcwQ Ges 
†mUv me mgq abvZ¥K ev cwRwUf (Qwe 2.7) a‡i wbw”Q ݕ A‡ÿ Gi gvb 90°, െݔ A‡ÿ 180°, 

    Qwe 2.7: ݔ, ,ݕ A‡ÿ ݕ െݔ, െݕ Ges ݔ A‡ÿ ϕ Gi gvb   
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െݕ A‡ÿ 270° Ges cy‡ivUv Ny‡i hLb Avevi x A‡ÿ wd‡i Av‡m ZLb GUv 360° Ges †mUv‡K 
Avevi k~b¨ a‡i wbw”Q| 

 
D`vniY 2.3: Qwe 2.8 G †`Lv‡bv P Ges Q Gi Ae ’̄vb ݔ Ges ݕ 
w`‡q cÖKvk Ki| 

Qwe 2.8: ݕ ݔ A‡ÿ P I Q we› ỳi 

Ae ’̄vb ݎ I ϕ  Gi gvb w`‡q cÖKvk Kiv 
n‡q‡Q|  

 
DËi: P Gi Rb¨ ݎ ൌ  5 Ges ϕ ൌ  30° 
 
  Kv‡RB:  .33 ݔ ൌ ൌ °30 ݏ݋ܿ 5   5 ൈ  0.866 ൌ  4
ൌ ݕ    5 ൌ  5 ൈ  0.5 ൌ  °30݊݅ݏ  2.5 

Q Gi Rb¨   ϕ ° 
 

ൌ ݎ   3 Ges  ൌ  285

     °  
 

ൌ ݔ 285 ݏ݋ܿ 3   ൌ  3 ൈ  0.259 ൌ  0.777  
ൌ ݕ    285 ݊݅ݏ 3  3 ൈ ሺെ0.966ሻ ൌ  െ2.898 ° ൌ  

Avgiv †h iKg †f‡ewQjvg ݔ cwRwUf wKš‘  ݕ Gi gvb †b‡MwUf|  
 

 
Kv‡RB †Zvgiv eyS‡Z cviQ GKwU mgZ‡j †Kv‡bv GKwU Ae ’̄vb‡K wbw ©̀ó Ki‡Z Avgv‡`i `ywU 
ivwk `iKvi| hw` †mwU GK mgZ‡j bv nq? †hgb GKUv Mv‡Qi Wv‡j e‡m _vKv GKUv KvK, wKsev 
AvKv‡k Do‡Z _vKv GKUv †cøb? (Qwe 2.9) 
 eyS‡ZB cviQ ZLb `ywU ivwk w`‡q 
Avi †mwU cÖKvk Kiv hv‡e bv, D”PZvUv‡K 
†`Lv‡bvi Rb¨ Avgv‡`i Av‡iv GKwU ivwk 
`iKvi| ݔ,  Gi †ejvq welqUv cvwbi ݕ
g‡Zv †mvRv, Avgiv wÎgvwÎK GKUv ¯’vbvsK 
KvVv‡gv (coordinate  system) ‰Zwi 
K‡i †be, ZLb ݔ,  Gi mv‡_ mv‡_ Z„Zxq ݕ
ivwk ݖ Gi †hvM n‡e, 2.9 Qwe‡Z †hgb 
†`Lv‡bv n‡q‡Q| hw` ݎ,ϕ w`‡q Ki‡Z PvB? 
†mUvI m¤¢e wKš‘ †mUv †Kgb K‡i Kiv hvq 
Zv †Zvgv‡`i Ici †Q‡o †`qv n‡jv| 
(eyS‡ZB cviQ b~Zb Av‡iKUv †KvY θ †hvM 
Ki‡Z n‡eÑ wÎgvwÎK RMZ ZvB Ny‡i-wd‡i 
wZbwU ivwkgvjvB `iKvi! Zvi †ewkI bq, 
KgI bq|) 

 

Qwe 2.9: GKwU †cø‡bi Ae¯’vb †evSv‡bi Rb¨ A‡ÿ 

,ݔ  |Gi gvb `iKvi nq ݖ I ݕ
 
 w
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2.2 w ’̄wZ I MwZ (Rest and Motion) 
 
Avgiv †h‡nZy Ae¯’v‡bi welqUv ey‡SwQ GLb w¯’i ev w¯’wZ Avi Pjgvb ev MwZ eyS‡Z †Kv‡bv mgm¨v 
nevi K_v bq| mg‡qi mv‡_ Ae¯’v‡bi †Kv‡bv cwieZ©b bv n‡jB †mUv w¯’i, Avi hw` Ae¯’v‡bi 
cwieZ©b nq Zvn‡jB †mUv MwZkxj A_©vr †mUvi MwZ Av‡Q eyS‡Z n‡e| 

GLv‡b Aewk¨ †QvU GKUv RwUjZv Av‡QÑ Ae¯’vb cÖKvk Ki‡Z n‡j GKUv g~j we›`y 
`iKvi, Avi †mB g~j we› ỳUvB hw` w¯’i bv nq ZLb Kx n‡e? GLb †hUv‡K Avgiv w¯’i fvewQ †mUvB 
hw` MwZkxj nq? mwZ¨Kv‡ii w¯’i g~j we› ỳ cvIqv †mvRv K_v bv| c„w_exi c„‡ô GKUv g~j we› ỳ a‡i 
wb‡j †KD AvcwË Ki‡ZB cv‡i, c„w_exUv †Zv w¯’i bv †mUv †Zv wb‡Ri A‡ÿi Ici Nyi‡Q Kv‡RB 
c„w_exi c„‡ô me wKQz Nyi‡Q! Avgiv eyw× K‡i ZLb ej‡Z cvwi c„w_exi †K› ª̀we›`yywU n‡”Q g~j we›`y 
wKš‘ ZLb †KD GKRb AvcwË K‡i ej‡Z cv‡i †mwUI †Zv w¯’i bq, †mwU m~‡h©i Pvwiw`‡K Nyi‡Q| 
Avgiv ZLb Av‡iv eyw×gv‡bi gZ ej‡Z cvwi Zvn‡j m~‡h©i †K›`ªwe› ỳwUB †nvK Avgv‡`i g~j we›`y 
wKš‘ ZLb Ab¨ †KD AvcwË K‡i ej‡ZB cv‡i, m~h©I †Zv w ’̄i bq, †mUvI †Zv Avgv‡`i M¨vjvw·i 
(evsjvq bvgwU Qvqvc_, Bs‡iwR‡Z Milky Way) †K›`ª‡K wN‡i Nyi‡Q| eyS‡ZB cviQ GLb mvnm 
K‡i †KD Avi M¨vjvw·i †K›`ª‡K g~j we›`y ai‡e bvÑ KviY M¨vjvw· wek¦åþv‡Ê w ’̄i †K e‡j‡Q? 
 Avm‡j GZ RwUjZvi †Kv‡bv cÖ‡qvRbI †bB, Avgv‡`i KvR Pvjv‡bvi Rb¨ Avgv‡`i Kv‡Q 
w¯’i g‡b nq G iKg †h‡Kv‡bv we› ỳ‡K g~j we› ỳ a‡i me KvR K‡i †dj‡Z cvie, ïay e‡j †`e †mB 
gvc‡RvK †Kvb g~j we› ỳ Gi mv‡c‡ÿ Kiv n‡q‡Q| weÁvbxiv cigvYyi †fZ‡i B‡jKUª‡bi Ae¯’vb 
†_‡K ïiæ K‡i gnvKv‡k cvVv‡bv DcMÖn ch©šÍ me wKQzi gvc‡RvK K‡i †d‡j‡Qb, †Kv‡bv mgm¨v 
nqwb| mwZ¨ K_v ej‡Z Kx hw` Avgv‡`i g~j we› ỳwU mg‡e‡M Pj‡Z _v‡K Zvn‡j Avgiv †Kv‡bvw`b 
†Rvi K‡i ej‡ZI cvie bv †h GUv mg‡e‡M Pj‡Q, bvKx GUv Avm‡j w¯’i Ges Ab¨ me wKQz 
D‡ëvw`‡K mg‡e‡M Pj‡Q! †_‡g _vKv †Uª‡b e‡m cv‡ki jvB‡bi PjšÍ †Uªb‡K †`‡L wK Avgv‡`i 
g‡b nq bv †h IUv †UªbUvB w¯’i, AvgivB PjwQ? Kv‡RB Avgiv ej‡Z cvwi GKUv g~j we› ỳi 
mv‡c‡ÿ hw` †Kv‡bv e¯‘i Ae¯’vb mg‡qi mv‡_ mv‡_ cwieZ©b nq Zvn‡j †mB e¯‘wU MwZkxj| 
†h‡nZz g~j we› ỳwU Avm‡jB w¯’i wKbv †mwU ¸iæZ¡c~Y© bq KviY Avm‡j me MwZB Av‡cwÿK|  
 Avgv‡`i Pvicv‡k Avgiv A‡bK ai‡bi MwZ †`L‡Z cvB, me‡P‡q †mvRvwU n‡”Q mij 
†iLvi MwZ| GKUv gv‡e©j Mwo‡q w`‡j †mUv mvg‡bi w`‡K hvqÑ MwZUv mij †iLvi gv‡S mxgve× 
_v‡K Kv‡RB GUv‡K ‰iwLK MwZ (linear motion) e‡j| GKUv ej Dci †_‡K †Q‡o w`‡j †mUv 
†mvRv wb‡Pi w`‡K c‡o, †mUvI ‰iwLK MwZ| 
 †Kv‡bv wKQy hw` GKUv we› ỳ‡K wN‡i Nyi‡Z _v‡K Zvn‡j †mUv n‡”Q N~Y©b MwZ 
(Rotation)| ‰e ỳ¨wZK cvLv Nwoi KvUv Gme‡K N~Y©b MwZi D`vniY wnmv‡e ejv †M‡jI Gi 
gv‡S N~Y©b MwZi PgKcÖ̀  welqUv †bB, N~Y©b MwZi my›`i D`vnib n‡”Q Puv`| Puv`‡K †Kv‡bv wKQz 
w`‡q c„w_exi mv‡_ †eu‡a ivLv †bB Zey GUv c„w_ex‡K wN‡i Nyi‡QÑ ïay ZvB bq  GUv AvKvk †_‡K 
Uzc K‡i c„w_ex‡Z c‡oI hvq bv! 
 hZ iKg MwZ Av‡Q Zvi gv‡S me‡P‡q PgKcÖ` MwZ n‡”Q ¯ú›`b MwZ (Simple 
Harmonic Motion)| cÖK„wZ‡Z Avgiv GB MwZUvB g‡b nq me‡P‡q †ewk †`L‡Z cvB| hLb 
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GKUv †cÛzjvg‡K ỳwj‡q †`qv nq ZLb Avgiv GB MwZ †`L‡Z cvB, hLb Avgiv K_v ewj ZLb 
evZv‡mi Aby GB MwZ w`‡q kã‡K GwM‡q wb‡q hvq, hLb wMUv‡ii Zv‡i Avgiv †VvKv w`B ZLb 
wMUv‡ii Zv‡i GB ¯ú›`b MwZ †`Lv hvq| 
 ‰iwLK, N~Y©b Avi ¯ú›`b QvovI MwZi aib †`‡L Avgiv Av‡iv bvbvfv‡e MwZ‡K wewfbœ 
bv‡g WvK‡Z cvwiÑ wKš‘ GB gyn~‡Z© Avgiv hv Ki‡Z PvBwQ Zvi Rb¨ Ny‡i wd‡i GB wZbwU w`‡qB 
Avm‡j †gvUvgywUfv‡e cÖ‡qvRbxq MwZ¸‡jv e¨vL¨v Ki m¤¢e| 
 
2.3 †¯‹jvi I †f±i ivwk (Scalar and Vector) 
 
Avgv‡`i cwiwPZ RM‡Z Avgiv hv wKQz cwigvc Ki‡Z cvwi †mUvB ivwk, Avb›` wKsev ỳtL ivwk bq 
wKš‘ ZvcgvÎv ivwk| Zvi KviY Avb›` wKsev ỳtL‡K †g‡c GKUv gvb †`qv hvq bv wKš‘ ZvcgvÎv 
†g‡c gvb †`qv m¤¢e| †Zvgvi kix‡ii ZvcgvÎv 37° C wKsev 98.4° F ZvcgvÎv †evSv‡bvi Rb¨ 
GKwU msL¨v ej‡jB P‡j wKš‘ A‡bK ivwk Av‡Q †h¸‡jv‡K GKwU msL¨v w`‡q cÖKvk Kiv hvq bv, 
nq Zvi gv‡bi mv‡_ GKUv w`K e‡j w`‡Z nq, wKsev GKvwaK gvb e‡j w`‡Z nq †hb †m¸‡jv 
wgwj‡q Zvi gvb Ges w`K `y‡UvB wbw ©̀ó K‡i †`qv hvq| Ae¯’vb wQj †m iKg GKwU ivwk, †mUv 
†evSv‡bvi Rb¨ Avgv‡`i ïay ~̀iZ¡ w`‡q KvR nqwb, Zvi w`KwUI wb‡`©k Ki‡Z n‡qwQj! Avgiv 
w`KwU GKUv †KvY w`‡q cÖKvk K‡i 
†`wL‡qwQjvg,  ݔ Ges ݕ w`‡K ỳ‡Uv Ask w`‡qI 
†`Lv‡bv n‡qwQj| Kv‡RB †h ivwk ïay GKwU 
msL¨v w`‡q cÖKvk Kiv hvq †mUv n‡”Q †¯‹jvi 
Avi †hUv cÖKvk Kivi Rb¨ GKUv w`KI (Qwe 
2.10) e‡j w`‡Z nq †mUv n‡”Q †f±i| 

 
Qwe 2.10: ࡭ I ࡮ †f±i ûeû GK hw`I wfbœ 

Ae¯’v‡b i‡q‡Q, ࡯ †f±i ࡭ I ࡮ †_‡K wfbœ KviY 

gvb mgvb n‡jI w`K wfbœ| ࡰ †f±i ࡯ †f±i †_‡K 
wfbœ, KviY w`K GKB n‡jI gvb mgvb bq 

ZvcgvÎv QvovI †¯‹jv‡ii D`vniY n‡”Q 
mgq, ˆ`N©¨ wKsev fi| KviY G¸‡jv ïay GKUv 
msL¨v w`‡q cÖKvk K‡i †djv hvq| †Zvgiv 
†`L‡e Ae ’̄vb QvovI †f±‡ii D`vniY n‡”Q 
†eM wKsev ej| KviY G¸‡jv cÖKvk Ki‡Z n‡j 
gv‡bi  mv‡_ mv‡_ w`KUvI e‡j w`‡Z nq| 

†f±i ivwk‡K †¯‹jvi ivwk †_‡K Avjv`v 
K‡i †jLvi Rb¨ †mUv‡K †gvUv (Bold) K‡i †jLv 
nq (x, y  wKsev A, B)| eB‡q wKsev Kw¤úDUv‡i 
wcÖ›U Kivi mgq †h †Kv‡bv wKQz †gvUv K‡i †jLv 
mnR| wKš‘ hLb †KD nv‡Z KvM‡R wj‡L ZLb 
†Kv‡bv wKQz‡K †f±i †evSv‡bvi Rb¨ Zvi Dc‡i 
†QvU K‡i GKUv Zxi wPý †`qv nq (ݔԦ,   Ԧݕ wKsev 
ሬԦ)| wܤ ,Ԧܣ
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†Zvgv‡`i GLv‡b †hUzKz c`v_©weÁvb 
†kLv‡bv n‡e †mLv‡b Avm‡j mwZ¨Kvi A‡_© 
†f±‡ii e¨env‡ii cÖ‡qvRb n‡e bv, eo †Rvi 
†KvbUv †¯‹jvi †KvbUv †f±i gv‡S gv‡S †mUv 
g‡b Kwi‡q †`qv n‡e| 

 
D`vniY 2.4: Qwe 2.11 †Z †`Lv‡bv A Ges B ỳwU 
†f±i! Zv‡`i †hvMdj KZ? 
 
DËi: †f±i¸‡jvi gvb Ges w`K ỳ‡UvB Av‡Q| GwU 
†hfv‡e †`Lv‡bv Av‡Q Zv‡Z cÖ‡Z¨KUv †f±i‡KB Avgiv 
ỳ‡Uv ivwk w`‡qB cÖKvk Ki‡Z cvwi| Qwe‡Z †`Lv‡bv 

†f±‡ii Rb¨ x Ges y w`‡q cÖKvk Kiv mnR| 
 

A †f±‡ii x Ges y As‡ki gvb h_vμ‡g 
4 Ges 1  

Qwe 2.11: ࡭ I ࡮ ỳwU †f±i g~j we› ỳ †_‡K AvuKv 
n‡q‡Q  

B †f±‡ii x Ges y As‡ki gvb h_vμ‡g 
2 Ges 3 
 
A Ges B †hvM Ki‡Z n‡j `y‡Uv †f±‡ii x 
Ask Ges y Ask Avjv`vfv‡e †hvM Ki‡Z 
n‡e| 
 
࡭ ൅ ࡮ ൌ  n‡j  C  ࡯ Gi n‡”Q 
4 ൅ 2 ൌ  6 

x Ask 

Ges C Gi y Ask n‡”Q 1 ൅ 3 ൌ  4 
 
Kv‡RB Avgiv C †f±i AvuK‡Z cvwi| 
†Zvgiv B‡”Q Ki‡jB †`Lv‡Z cvi †hLv‡b  A  †f±i †kl n‡q‡Q †mLvb †_‡K B †f±iwU ïiæ 
Ki‡j A †f±‡ii †Mvov †_‡K B †f±‡ii †kl gv_v n‡e  † ± ! (Qwe 2.12) 

Qwe 2.12: ࡭ I ࡮ †f±i †hvM K‡i ࡯ †f±i 
cvIqv †M‡Q 

C f i

GLv‡b GKUv wRwbm jÿ Ki, Avgiv †f±I †jLvi Rb¨ ܣԦ, ሬܤ
 

Ԧ,  Ԧ wjwLwb A, B, C wj‡LwQ, GUvBܥ
cÖPwjZ wbqg| LvZvq Kjg w`‡q †h‡nZz A Ges A Gi cv_©K¨ †evSv‡bv mnR bq ZvB nvZ w`‡q 
†jLvi mgq †f±i‡K ܣԦ, wjL‡j †evSv‡bv mnR nq| 
  
D`vniY 2.5: 2.13  †`Lv‡bv ࡭ െ mgvb KZ? Qwe‡Z ࡮

 evi  ࡭ ൅  |Ask¸‡jv †hvM Ki‡Z n‡qwQj, Gev‡i we‡qvM Ki‡Z n‡e ࡮
 
DËi: Av‡Mi
࡭ െ ࡮ ൌ n‡j D ࡰ 2 ൌ  2  Gi x Ask 4 െ
D Gi y Ask n‡”Q 1 െ 3 ൌ  െ2 
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Kv‡RB Avgiv D ‡Z cvwi: Qwe  †f±i AvuK
2.13 
Avevi jÿ Ki ࡭ െ ࡮ ൌ   K †jLv hvq† ࡰ
࡭ ൌ ࡰ ൅   ࡮ 

 
Qwe 2.13: ࡭ †_‡K ࡮ †f±i we‡qvM K‡i ࡰ 

†f±i cvIqv †M‡Q, hvi A_© ࡭ ൅ ൌ ࡰ  ࡮

Qwe 2.14: Pviw`‡K mgvb gv‡bi PviwU †f±i 
†hvM Kiv n‡j Zvi †hvMdj n‡e k~b¨| 
 

 
 

        
Kv‡RB Av‡Mi ev‡ii g‡Zv Avgiv ej‡Z 
cvwi D †f±i †hLv‡b †kl n‡q‡Q †mLvb 
†_‡K B  †f±i ïiæ Ki‡j Avgiv A†f±i 
†c‡q hve! 
 
D`vniY 2.6: DËi, `wÿY, c~e© Ges cwðg 
w`‡K PviwU mggvb †f±‡ii †hvMdj KZ? 
 
 DËi: 2.14 Qwe‡Z PviwU †f±i †`Lv‡bv 
n‡q‡Q| Avgiv B‡”Q Ki‡j Zv‡`i x Ask 
¸‡jv Ges y Ask¸‡jv Avjv`vfv‡e †hvM 
K‡i P~ovšÍ †f±iUv †ei Ki‡Z cvwi| Avgiv 
Av‡iv mnR Dcv‡q Ab¨fv‡eI †mUv Ki‡Z 
cvwi| †f±‡ii †hvM †ei Kivi mgq Avgiv 
†`wL‡qwQ GKUv †f±i †hLv‡b †kl n‡q‡Q 
†mLvb †_‡K Av‡iKUv †f±i ïiæ Kiv n‡j 
cÖ_gUvi ïiæ Ges wØZxqUvi †kl n‡”Q †hvM 
Kiv †f±i| Kv‡RB PviUv †f±i GKUvi ci 
Av‡iKUv ewm‡q †h‡Z cvwi| Avgiv †mfv‡e 
K‡i †M‡j †`Le †hvMdj k~b¨!! 
 

2.4 †eM, `ªæwZ I miY (Velocity,  Speed 
and Displacement)  
 
†eM ej‡Z Kx †evSv‡bv nq Avgiv mevB †mUv †gvUvgywU Rvwb, †Kv‡bv wKQz KZ `ªæZ hv‡”Q Zvi 
cwigvcUv n‡”Q †eM| †eM n‡”Q †f±i ZvB KZ `ªæZ hv‡”Q ïay †mUv ej‡jB n‡e bv, †mUv †Kvb 
w`‡K hv‡”Q †mUvI e‡j w`‡Z n‡e| c`v_©weÁv‡b †e‡Mi cvkvcvwk Av‡iv GKUv ivwk e¨envi Kiv 
nq †mUv n‡”Q `ªæwZ (Speed)| Avgv‡`i ˆ`bw›`b Rxe‡b K_v ej‡Z wM‡q †eM Ges ª̀æwZ `y‡UvB 
GKUvi cwie‡Z© Av‡iKUv e¨envi K‡i †dwj wKš‘ c`v_©weÁv‡bi †ejvq †mUv G‡Kev‡iB Kiv hv‡e 
bv| †h‡nZy †e‡Mi gvb n‡”Q `ªæwZ ZvB †KD †KD g‡b Ki‡Z cv‡i ª̀æwZ ivwkwU Avjv`v fv‡e ‰Zix 
bv Ki‡jI PjZ, hLb cÖ‡qvRb n‡Zv ZLb e‡j w`Zvg Ò†e‡Mi gvbÓ| wKš‘ †mwU mwZ¨ bq `ªæwZ 
ivwkwU ˆZwi bv K‡i ïay †eM w`‡q KvR Pvjv‡bvi †Póv Ki‡j Kx mgm¨v n‡Zv Zvi GKUv D`vniY 
†`qv hvK| 
 weÁvb wKsev c`v_©weÁv‡b ÒMoÓ GKUv Lye ¸iæZ¡c~Y© e¨vcvi, wbLuyZfv‡e wKQz cwigvc 
Ki‡Z n‡j A‡bKevi GKUv G·‡cwi‡g›U Ki‡Z nq Zvici djvd‡ji Mo wb‡Z nq| A‡bK w
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RvqMvq cÖK…Z gvbwU Rvbv m¤¢e nq bv ZLb Mo gvb wb‡qB mš‘ó _vK‡Z nq| ZvB †evSvB hv‡”Q 
†e‡Mi g‡Zv ¸iæZ¡c~Y© GKUv ivwkgvjviI wbðqB AmsL¨evi Mo wb‡Z n‡Z cv‡i| 
 †eM n‡”Q Ae¯’v‡bi cwieZ©‡bi nvi A_©vr GKK mg‡q Ae¯’v‡bi KZUzKz cwieZ©b n‡q‡Q 
Zvi gvb| Ae¯’v‡bi cwieZ©‡bi Av‡iKUv bvg Av‡Q, †mUv n‡”Q miY (Displacement), Ae¯’vb 
†h‡nZy †f±i ZvB miYI †f±i| ZvB hw` Avgv‡`i †eM †ei Ki‡Z nq Zvn‡j wbw`©ó mg‡q †hUzKz 
miY n‡q‡Q †mUv‡K AwZμvšÍ mgq w`‡q fvM w`‡Z n‡e| H mgqUzKy‡Z †eM †h me mgq mgvb 
_vK‡e Zvi †Kv‡bv M¨vivw›U †bB, KL‡bv †ewk ev Kg n‡Z cv‡i ZvB Avgiv hw` LvwbKUv mg‡q 
†hUzKz miY n‡q‡Q †mUv †_‡K †eM †ei Kwi Zvn‡j Avm‡j †ei n‡e †mB mg‡qi Mo †eM| Gev‡i 
Avgiv cÖ_g D`vniYUv‡Z wd‡i hvB: GKUv gvBj‡cv‡÷ †jLv Av‡Q XvKv kn‡ii ~̀iZ¡ 9 
wK‡jvwgUvi Ges Zzwg wZb N›Uvq †nu‡U XvKv kn‡i †cuŠQ| †Zvgvi †eM KZ? 
 nq‡Zv nuvU‡Z nuvU‡Z Zzwg KL‡bv wekÖvg wb‡qQ, KL‡bv †Rv‡i †nu‡UQ, KLb Av‡¯Í †nu‡UQ 
ZvB cÖwZ gyn~‡Z©i †eM Avgiv Rvwb bv| Avgiv ïaygvÎ GB wZb NÈvq †Zvgvi Mo †eM K‡ZvUzKz 
†mUv †ei Ki‡Z cvwi| Mo †eM †ei Kivi Rb¨ cÖ_‡g †`L‡Z n‡e KZUzKz miY n‡q‡Q| †mUv LyeB 
†mvRv, KvKUv †h c_ w`‡q D‡o G‡m‡Q †mUvB miY A_©vr †k‡l †h Ae¯’v‡b †cuŠ‡QQ †mUv †_‡K 
cÖ_g Ae¯’v‡bi cv_©K¨UzKzB mib! Kv‡RB Avgiv ej‡Z cvwi †Zvgvi miY s n‡”Q DËi w`‡K 3 km. 

 
ൌ ݏ  3 ݇݉ (DËi w`‡K) 

 
mi‡Yi gvÎv L

 
mgq †j‡M‡Q 3 NÈv Kv‡RB Mo †eM (DËi w`‡K) 
  

ܸ ൌ
ݏ
ݐ

ൌ
3
3

ൌ      ݎݑ݋݄/݉݇ 1

 
Kv‡RB †Zvgvi Mo †e‡Mi gvb n‡”Q 1 ݇݉/݄ݎݑ݋! Zzwg wbðqB GLb gv_v Pzj‡K fveQ Avwg wZb 
NÈvq 9 wK‡jvwgUvi †nu‡UwQ, G‡Kev‡i M¨vivw›U w`‡q ejv hvq cÖwZ NÈvq †gvUvgywU 3 km K‡i 
†nu‡UwQ wKš‘ Avgvi †eM gvÎ 1 ݇݉/݄ݎݑ݋ †Kgb K‡i nq? 

‡e‡Mi gvÎv  LTିଵ 

 e¨vcviUv Av‡iv RwUj K‡i w`‡Z cvwi! aiv hvK Zzwg Mvwo K‡i ¯‹zj †_‡K iIbv w`‡qQ| 
WªvBfvi mviv kni Ny‡i Pvi NÈv c‡i ¯‹z‡j wd‡i G‡m‡Q| Mvwoi gvBj wgUv‡i †`Lv †Mj GB Pvi 
NÈvq MvwoUv 100 wK‡jvwgUvi wM‡q‡Q| MvwoUvi Mo †eM KZ? eyS‡Z cviQ cÖ_‡g Pvi NÈvq 
KZUzKz miY n‡q‡Q †mUv †ei Ki‡Z n‡e| †hLvb †_‡K iIbv w`‡qQ †h‡nZy †mLv‡bB wd‡i G‡mQ 
ZvB miY n‡”Q k~b¨! Kv‡RB Pvi NÈvi Mo †eM n‡”Q k~b¨! g‡b †i‡Lv Mo †eM k~b¨, Zvi gv‡b GB 
bv †h ZvrÿwYK †eM k~b¨! MvwoUv hLb hvw”Qj ZLb cÖwZ gyn~‡Z©B wKš‘ Zvi GKUv †eM wQj †hwU 
†gv‡UI k~b¨ bqÑ wKš‘ Pvi NÈv Mo Kivi ci †mUv k~b¨ n‡q‡Q KviY †eM n‡”Q †f±i| †f±‡ii 
w`K _v‡K, Kv‡RB MvwoUvi †eM KL‡bv wQj DËi w`‡K, wVK †m iKg KL‡bv wQj `wÿ‡Y, GKUv 
Av‡iKUv‡K KvUvKvwU K‡i w`‡q‡Q| 
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 †Zvgv‡`i nZvk nevi †Kv‡bv KviY †bB, †e‡Mi Mo wb‡q RwUjZv ~̀i Kivi Rb¨ Ò`ªæwZÓ 
ivwkwU ‰Zwi n‡q‡Q| ª̀æwZ †f±i bq, ZvB hLb Mo †bqv nq ZLb GK Ask Ab¨ Ask‡K KvUvKvwU 

i‡Z cv‡  bv! Kv‡RB wZb NÈvq 9 km †nu‡U Zzwg hLb XvKv †cuŠ‡QQ ZLb †Zvgvi Mo `ªæwZ K  i
 

ܸ ൌ
݀
ݐ

ൌ
9
3

ൌ      ݎݑ݋݄/݉݇ 3

 
wVK Zzwg †h iKg †f‡ewQ‡j| ¯‹z‡ji Mvwoi †ejv‡ZI †mUv mwZ¨, Zvi Mo `ªæwZ  

V ൌ
100

4
ൌ      ݎݑ݋݄/݉݇ 25

ª̀æwZi gvÎv LTିଵ 

  
†hUv †gv‡UI k~b¨  bq| (wbðqB GUvI jÿ K‡iQ `ªæwZi †ejvq †Kv‡bv w`‡Ki K_v ej‡Z nj bv!) 
 

 
D`vniY 2.7:  †eM Avi `ªæwZi gv‡S 
m¤úK©Uv Av‡iv fv‡jv K‡i †evSvi 
Rb¨ Avgiv Av‡iKUv D`vniY †bB| 
aiv hvK GKUv myZv w`‡q †QvU GKUv 
cv_i‡K †eu‡a Zzwg †mUv‡K  gv_vi 
Dc‡i †Nviv”Q| cv_iUv wK mg‡e‡M 
hv‡”Q bvwK mg`ªæwZ‡Z hv‡”Q? bvwK 
mg`ªæwZ Ges mg‡e‡M hv‡”Q? (Qwe 
2.15) 

 
DËi: GKUz wPšÍv Ki‡jB Zzwg eyS‡Z 
cvi‡e †h cv_iUvi `ªæwZi †Kv‡bv 
cwieZ©b n‡”Q bv wKš‘ cÖwZ gyn~‡Z© 
†e‡Mi cwieZ©b n‡”Q! KviY cÖwZ 
gyn~‡Z© cv_iUvi MwZi w`K cv‡ë 
hv‡”Q| GwU hw` †mvRv †hZ Zvn‡j MwZi w`‡Ki cwieZ©b n‡Zv bv wKš‘ †h‡nZz Nyi‡Q ZvB w`KUv 
cv‡ë hv‡”Q| Kv‡RB GwU n‡”Q mg`ªæwZi D`vniYÑ mg‡e‡Mi bq! mg‡eM n‡j mg ª̀æwZ n‡ZB 
n‡e wKš‘ mg ª̀æwZ n‡jB †h mg‡eM n‡Z n‡e Zvi †Kv‡bv M¨vivw›U †bB| 

 
Qwe 2.15: m~Zvq †e‡a GKwU cv_i †Nviv‡bv n‡j 
ª̀æwZ GK _vK‡jI †e‡Mi cwieZ©b nq| 

 
D`vniY 2.8: cv_iwU‡K nVvr †Q‡o w`‡j ZLb wK †mUv mg‡eM Ges mg`ªæwZ‡Z hv‡e? 
 
DËi: cv_iwU nVvr †Q‡o w`‡j GUv †mvRv mg‡eM Ges mg ª̀æwZ‡Z Qz‡U hv‡eÑ evZv‡mi Nl©Y 
gva¨vKl©Y ej Gme hw` bv _vKZ Zvn‡j mg‡eM Ges mg`ªæwZ‡Z †h‡ZB _vKZ! 
 
D`vniY 2.9:  Qwe 2.16 Gi MÖv‡d †Kv‡bv GKUv e¯‘i mg‡qi mv‡_ Ae¯’v‡bi cwieZ©bUzKz 
†`Lv‡bv n‡q‡Q| †KvbwU mg‡eM Ges †KvbwU mg‡eM bq ej| MÖv‡d mg‡qi mv‡_ †e‡Mi gvb 
†`LvI| w
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DËi: ܣ †ÿ‡Î e¯‘wU w¯’i, mg‡qi mv‡_ Ae¯’v‡bi cwieZ©b n‡”Q bv| ZvB Zvi †eM k~b¨| 
 

B †ÿ‡Î e¯‘wU mg‡e‡M hv‡”Q| 
C †ÿ‡Î wbðqB e¯‘wUi †eM †e‡o hv‡”Q|  
cÖ_g MÖv‡d mg‡qi mv‡_ Ae ’̄v‡bi cwieZ©‡bi Rb¨ †h †eM n‡e wØZxq MÖv‡d †mwU †`Lv‡bv 
n‡q‡Q| GKUz LyuwU‡q †`L! 

 

                 
Qwe 2.16: †Kv‡bv GKwU e¯‘i mg‡qi mv‡_ Ae¯’v‡bi cwieZ©b| 

2.5 Z¡iY (Acceleration) 
 
†eM ª̀æwZi e¨vcviUv Avgiv A‡bKUvB mvaviY Ávb w`‡q eyS‡Z cvwi| evsjv ª̀æwZ kãwU †mfv‡e bv 
n‡jI Bs‡iwR Speed kãwU ˆ`bw›`b Rxe‡b Avgiv A‡bK e¨enviI Kwi| Z¡i‡Yi welqUv 
LvwbKUv wfbœ; Avgv‡`i ‰`bw›`b Rxe‡bi A‡bK RvqMv‡ZB †mUv Avgiv †`wL, wKš‘ cwi®‹vi fv‡e 
GUv eyS‡Z cvwi bv| Avgv‡`i ˆ`bw›`b K_vevZ©vq Z¡iY kãwU e¨envi nq bv| Zvi‡P‡q eo K_v 
c`v_©weÁv‡bi me‡P‡q PgKcÖ` †h welq¸‡jv Av‡Q Zvi gv‡S Z¡iY GKwU, Kv‡RB GUv Avgv‡`i 
meviB mwZ¨Kvi fv‡e Abyfe Kiv `iKvi| 
 hLb †Kv‡bv wKQy mg‡e‡M hvq Zvi gv‡S †Kv‡bv Z¡iY †bB| †e‡Mi cwieZ©b Ki‡Z n‡j 
Z¡i‡Yi cÖ‡qvRb| 2.16 Qwe‡Z c Gi †ÿ‡Î †e‡Mi cwieZ©b n‡”Q A_©vr GLv‡b Z¡iY i‡q‡Q| 
Kv‡RB Z¡iY ej‡Z †evSv‡bv nq †e‡Mi cwieZ©‡bi nvi| †eM †h‡nZy †f±i Zvi gvb Avi w`K 
ỳ‡UvB Av‡Q Kv‡RB w`K wVK †i‡L gvb cwieZ©b n‡j †h iKg eyS‡Z n‡e Z¡iY n‡”Q wVK †m iKg 

†e‡Mi gvb AcwiewZ©Z †_‡K w`‡Ki cwieZ©b n‡jI eyS‡Z n‡e Z¡iY n‡”Q| Mvwoi MwZ †e‡o 
hvIqvi A_© Z¡iY nIqv Mvwo Ny‡i hvIqv gv‡bI Z¡iY nIqv| 
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D`vniY 2.10: Qwe 2.17 Gi MÖv‡d †Kv‡bv GKUv e¯‘i mg‡qi mv‡_ †e‡Mi cwieZ©b †`Lv‡bv 
n‡q‡Q| †Kv_vq Z¡iY Av‡Q †Kv_vq †bB ej| 
 
DËi: A †Z Z¡iY Av‡Q, B †Z Z¡iY †bB, C †Z Z¡iY Av‡Q, D †Z g›`b ev †b‡MwUf Z¡iY 
Av‡Q| 

 
 cÖ_‡g w`K AcwiewZ©Z †i‡L ïay gv‡bi 
cwieZ©b wb‡q Av‡jvPbv Kiv hvK, Ab¨fv‡e ejv 
†h‡Z cv‡i ˆiwLK MwZ‡Z Z¡iY ej‡Z Kx †evSvB 
†mUvi Av‡jvPbv| 
 Z¡iY n‡”Q †e‡Mi cwieZ©‡bi nvi, hw` 
mgZ¡iY nq, A_©vr mg‡qi mv‡_ mv‡_ Z¡i‡Yi 
cwieZ©b bv nq Zvn‡j Avgiv wjL‡Z cvwi 
 

Z¡iY =  
†kl †eM - Avw` †eM

AwZμvšÍ mgq
 

 
A_©vr hw` cÖ_‡g †Kv‡bv wKQzi †eM nq ݑ Ges ݐ mgq ci Zvi †eM nq ݒ Zvn‡j Z¡iY ܽ n‡”Q 

 
Qwe 2.17: †Kv‡bv GKwU e¯‘i mg‡qi mv‡_ 
†e‡Mi cwieZ©b| 

 

 ܽ ൌ ௩ି௨
௧

     

 

Z¡i‡Yi gvÎv LTିଶ 

Kv‡RB hw` Z¡iY a Rvbv _v‡K Zvn‡j †Kv‡bv 
e¯‘i Avw` †eM u n‡j t mgq ci Zvi †eM v 
†ei Kiv Lye †mvRv| (Qwe 2.18) 
 
ൌ ݒ ൅ ݑ   ݐܽ 
 
e¯‘wU hw`
 
ൌ ݒ  ݐܽ 

 w¯’i Ae¯’v †_‡K ïiæ K‡i Zvn‡j 

 
Avgiv B‡Zvg‡a¨ e‡jwQ GLb ch©šÍ hv ejv 
n‡q‡Q Zvi me wKQy mwZ¨ mgZ¡i‡Yi Rb¨| hw` 

mgZ¡iY bv nq Zvn‡j wKš‘ GZ mn‡R ïaygvÎ Avw`‡eM Avi †kl †eM †_‡K Z¡iY †ei K‡i †djv 
hv‡e bv| 

Qwe 2.18: w ’̄i Ae ’̄vq ïiæ K‡i mgZ¡i‡Y MwZkxj 
e¯‘i †eM †e‡o hvIqv 
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D`vniY 2.11: GKUv Mvwoi †eM 1 wgwb‡U w¯’i Ae¯’v †_‡K †e‡o 60 km/hour n‡q‡Q, 
MvwowUi Z¡iY KZ? 
 
DËi: Avgiv mg‡qi Rb¨ wgwbU ev NÈv e¨envi bv K‡i GLb †_‡K †m‡KÛ (s) Ges ~̀i‡Z¡i 
Rb¨ gvBj ev km e¨envi bv K‡i m e¨envi Kie| 
 
Mvwoi P~ovšÍ †eM  
 

ݒ ൌ 60
݇݉

ݎݑ݋݄ ൌ
60 ൈ 1000 ݉

60 ൈ ݏ 60 ൌ  ݏ/݉ 16.67

 
Kv RB mgm
MwZ‡Z †cuŠ‡
ൌ ݒ  ݐܽ

‡ ¨vwU n‡”Q G iKg 60 s G GKUv Mvwo w ’̄i Ae ’̄v †_‡K ïiæ K‡i 16.67 m/s 
Q †M‡Q MvwowUi Z¡iY KZ? 

 
 
ܽ ൌ

ݒ
ݐ

ൌ
ݏ/݉ 16.67

ݏ 60
ൌ  ଶݏ/݉ 0.278

 
D`vniY 2.12: GKUv Mvwo 60 mile/hour †e‡M Pj‡Z nVvr Zvi BwÄb eÜ n‡q hvq| MvwowU 
_vg‡Z 5 minute mgq †bq| MvwowUi g›`b KZ? 
 
DËi: Z¡iY _vK‡j †eM evo‡Z _v‡K, Avi †eM Kg‡Z _vKvi A_© FYvZ¥K ev †b‡MwUf Z¡iY ev 
›`b i‡q‡Q| g

Avevi Avgiv mg‡qi Rb¨ s Ges 
 
1 mile = 1.6 km=1600 m 

~̀i‡Z¡i Rb¨ m e¨envi Kie| 

 
MvwowUi Avw` †eM  

ݑ ൌ 60
݈݉݅݁
ݎݑ݋݄ ൌ

60 ൈ 1.6 ൈ 1000 ݉
60 ൈ ݏ 60 ൌ  ݏ/݉ 26.8

 
MvwowUi †kl †eM ݒ ൌ  0 
 Z¡iY  

ܽ ൌ
ݒ െ ݑ

ݐ
ൌ

0 െ ݏ/݉ 26.8
ݏ 60

ൌ െ  

A_©vr MvwowUi Z¡iY െ0.089 ݉/ݏଶ wKsev g›`b 0.089 ݉/ݏଶ 

ଶݏ/݉ 0.089

 

 
Avgv‡`i Pvicv‡k Avgiv hv wKQz †`wL Zvi gv‡S mgZ¡i‡Yi GKUv Lye PgKcÖ` GKUv D`vniY 
Av‡QÑ †mwU n‡”Q gva¨vKl©YRwbZ Z¡iY †hUv‡K †jLv nq g w`‡q| c„w_exi c„‡ôi KvQvKvwQ Zvi 
gvb n‡”Q 9.8 m/s2. Avgiv hw` wKQz GKUv w ’̄i Ae ’̄v †_‡K †Q‡o w`B Zvn‡j †`L‡Z cvB Zvi 
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MwZ‡eM v = gt wnmv‡e †e‡o hv‡”Q| MwZ m¤ú‡K© Avgiv hv wKQz wkLe Zvi †ewki fvM Avgiv GB 
Z¡iYwU e¨envi K‡i cixÿv-wbixÿv K‡i †`L‡Z cvwi| 
 

D`vniY 2.13: Z¡iY wb‡q G·‡cwi‡g›U Kivi Rb¨ †Kv‡bv GKUv e ‘̄i Ici wbw ©̀ó mgq 1m/s2 
Z¡iY cÖ‡qvM Ki‡Z PvB| Kxfv‡e Kie? 
 
DËi: Avgiv hLb †Kv‡bv wKQz Ici †_‡K w¯’i Ae¯’vq †Q‡o w`B †mUv †ek †e‡M wb‡P G‡m 
AvNvZ K‡iÑ hvi A_© †Q‡o †`qv e ‘̄Uvi Z¡iY nq| Avgiv hw` GB Z¡iYUv gvwc Zvn‡j †`L‡Z 
cve Zvi gvb n‡”Q 9.8m/s2. GUv‡K ejv nq gva¨vKl©YRwbZ Z¡iY, GUv‡K †jLv nq g w`‡q| 
(c‡ii Aa¨v‡q Avgiv gva¨vKl©YRwbZ Z¡iY †Kb nq Kxfv‡e nq †mUv wb‡q Av‡jvPbv Kie, 
GLv‡b a‡i wbB GUv Av‡Q, Gi gvb 9.8m/s2 Ges GUv Lvov wb‡Pi w`‡K|) 
 
GB gva¨vKl©YRwbZ Z¡iY g †K e¨envi K‡i Avgiv †h †Kv‡bv gv‡bi Z¡iY ˆZwi Ki‡Z cvwi| 
Avgiv mevB †`‡LwQ KvZ n‡q _vKv GKUv mgZ‡ji Ici wKQz GKUv ivL‡j †mUv wb‡P Mwo‡q 
c‡o| hZ †ewk KvZ K‡i ivLv hvq wRwbmUv ZZ ª̀æZ wb‡P c‡o| GUzKz Rvb‡jB Avgiv 
Avgv‡`i †hUzKz cÖ‡qvRb †mBUzKz Z¡iY ‰Zwi K‡i †dj‡Z cvie| Avgiv †`‡LwQ †h †Kv‡bv 
†f±i‡K Avm‡j GKvwaK †f±‡ii †hvMdj wnmv‡e †jLv hvq ïay Avgv‡`i jÿ ivL‡Z nq †hb 
GKwU †f±i †hLv‡b †kl nq †mLvb †_‡K †hb Ab¨ †f±iUv ïiæ nq| GB Qwe‡ZI g †f±iUv‡K 
Avgiv ỳ‡Uv †f±‡ii †hvMdj wnmv‡e wj‡LwQÑ ïay Ggb fv‡e ỳ‡Uv †f±i †e‡Q wb‡qwQ †hb 

Zv‡`i gv‡S 90° GKUv 
†KvY _v‡K (Qwe 2.19) 
GUv Kivi Kvi‡Y GKUv 
gRvi welq N‡U‡Q, 
Avgiv ej‡Z cviwQ 
wRwbmUvi Ici Avm‡j 
Ò ỳwUÓ Z¡iY KvR Ki‡Q 
GKwU mgZ‡ji w`‡K 

ଵ݃Ab¨wU mgZ‡ji mv‡_ 
Lvovfv‡e ݃ଶ Ñ †Zvgiv 
eyS‡ZB cviQ ݃ଶ †h‡nZz 
mgZ‡ji Ici Lvov 
wb‡Pi w`‡K ZvB 
wRwbmUvi MwZ‡Z †mUvi 

cÖZ¨ÿ †Kv‡bv f~wgKv †bB (wRwbmUv mgZ‡j GKUz IRb cÖ‡qvM Ki‡eÑ Zvi †ewk wKQz bv) 
wKš‘ ଵ݃†h‡nZy mgZ‡ji mv‡_ mgvšÍivj Ges wRwbmUv Gw`‡K †h‡Z cv‡i ZvB ଵ݃ Z¡iYUv 
MwZ‡eM evov‡Z cvi‡e|   

 
Qwe 2.19: GKwU e¯‘i Dci gva¨vKl©Y RwbZ Z¡iY‡K ߠ †Kv‡Yi 

mgZ¡‡ji mv‡_ mgvšÍivj ݃ ݃ ^¤Ges j ߠ݊݅ݏ  GB ỳB ߠݏ݋ܿ
As‡k fvM Kiv hvq| 

 
Kv‡RB Avgiv Avgv‡`i mgm¨vi mgvavb K‡i †d‡jwQ| mgZjwUi †KvY θ Ggb fv‡e wVK Ki‡Z 
n‡e †hb Avgiv ଵ݃ Gi GKUv wbw`©ó gvb cvB| Qwe‡Z †`Lv‡bv R¨vwgwZ †_‡K Avgiv ej‡Z 
cvwi: 
 w

w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



MwZ                                                                                                                                                                                  39 

݃ଵ ൌ θ ݊݅ݏ ݃
݃ଶ ൌ θ

 
  ݏ݋ܿ ݃

Avgiv  1݉ ଶ  Z¡iY PvB, A_©vr ݃ଵݏ ൌ  ଶݏ/݉ 1
 

/
 

݊݅ݏ θ ൌ  
݃ଵ ൌ

1
9.8

ൌ 0.102 
݃

ൌ 5.86° 
 
θ
 
A_v©r Avgiv hw` GK UzKiv mgZj KvV 5.86° wWwMÖ †Kv‡Y ivwL Zvn‡j †mB Kv‡Vi Ici †hUvB 
ivLe †mUvi Z¡iY n‡e 1 ݉/ݏଶ! Gfv‡e Avgiv †h †Kv‡bv wKQzi Ici 0 †_‡K 9.8 ݉/ݏଶ ch©šÍ 
†h †Kv‡bv Z¡iY cÖ‡qvM Ki‡Z cvie| 
 
ïay GKUv ev Í̄e welq g‡b ivL‡Z n‡e, GKUv wRwb‡mi Dci Av‡iKUv wRwbm ivLv n‡j `y‡Uvi 
†fZ‡i Nl©‡Yi Kvi‡Y Avgiv Z¡iY cÖ‡qv‡Mi djUv cy‡ivcywi bvI †`L‡Z cvwi| GRb¨ 
G·‡cwi‡g›U Kivi Rb¨ hv GKUv wKQz bv †i‡L GKUv gv‡e©j wKsev GKUv †Ljbv Mvwo ivL‡Z 
cvwi Zvn‡j Nl©YUv Avi eo mgm¨v n‡e bv| 
 
D`vniY 2.14: GKUv mgZj Kv‡Vi UzKiv 45° †Kv‡Y ivLv n‡q‡Q| Ici †_‡K GKUv gv‡e©j 
†Q‡o †`qv n‡q‡Q| ỳB †m‡KÛ ci gv‡e©‡ji MwZ‡eM KZ n‡e? 
 
DËi: 45° †Kv‡Y ivLv Kv‡Vi Ici Z¡i‡Yi gvb n‡e 

݊݅ݏ ൌ .9ܽ ൌ  ݃  45°  9.8 ൈ  0.707 ൌ 6  ଶݏ/݉ 3
†h‡nZ gv‡e©‡ji Avw`†eM  ൌ  0, v‡RB 2 ݏ ci gv‡e©‡ji MwZ‡eM 
ൌ ݒ ൅ ݑ  ൌ ݐܽ   0 ൅  6.93 ൈ ݏ/݉ 2  ൌ  ݏ/݉ 13.86 

z ݑ K

 
2.6 N~Y©b MwZ (Circular motion) 
 
GZÿY Avgiv ˆiwLK MwZ‡Z Z¡iY wb‡q Av‡jvPbv 
K‡iwQ| Av‡jvPbvUv mxgve× †i‡LwQ mgZ¡i‡Yi 
gv‡S| Gev‡i Avgiv w`K cwieZ©‡bi Rb¨ †h Z¡iY 
nq †mUv wb‡qI GKUz Lvwb Av‡jvPbv Kwi| meP‡q 
mnR D`vniY n‡”Q hLb †Kv‡bv wKQz e„ËvKv‡i Ny‡i| 
m~h©‡K wN‡i c„w_exi N~Y©b ev Zzwg hw` †QvU GKUv 
cv_i‡K my‡Zv w`‡q †eu‡a †NvivI †mUv Zvi D`vniY 
n‡Z cv‡i| ‰iwLK MwZi †ejvq e¨vcviUv mnR wQj, 
cwieZ©bUv wQj MwZ‡eM †e‡o hvIqv ev K‡g hvIqvi 
gv‡S| N~Y©‡bi gv‡S †m iKg wKQz †bB †e‡Mi gvb 
(ev `ªæwZ) AcwiewZ©Z, ïay w`KUvi cwieZ©b n‡”QÑ 

 
Qwe 2.20: †Kv‡bv e¯‘i N~Y©b MwZ e¨vLv Ki‡Z 

ïay gvÎ ݒ Ges ݎ cÖ‡qvRb 
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Gi gv‡S †h Z¡iY n‡”Q †mUvI mvaviYfv‡e PU K‡i †evSv hvq bv| (Qwe 2.20) 
 Pzj‡Piv we‡kølb K‡i N~Y©bRwbZ Z¡iY †ei Kiv hvq wKš‘ Avgiv †mUv bv K‡i GKUv kU©KvU 
c×wZ e¨envi Kwi| Avgiv Rvwb Z¡i‡Yi gvÎv n‡”Q LT‐2 Kv‡RB N~Y©‡bi †ejvq †h Z¡iYwU n‡e 
ZviI gvÎv n‡Z n‡e LT‐2 N~Y©‡bi mgq hv NU‡Q †mwU e¨vL¨v Kivi Rb¨ gvÎ ỳwU ivwki cÖ‡qvRb 
†m¸‡jv n‡”Q `ªæwZ ݒ Ges e„ËvKvi N~Y©‡bi e¨vmva© ݎ, Gi evB‡i wKQz †bB| GLv‡b †h‡nZy Avi 
wKQzB †bB ZvB e„ËvKvi N~Y©‡bi Z¡iYwU ïaygvÎ ݒ Ges ݎ e¨envi K‡i ˆZwi Ki‡Z n‡e| GLb 
Avgiv B‡”Q g‡Zv ݒ Ges r e¨envi v ïiæ Kwi hZÿY ch©šÍ Zvi gvÎv LT‐2 bv n‡”Q| †hgb Ki
  nqwb, KviY gvÎv: ݎ/ݒ

ݎ L2 

 nqwb, KviY gvÎv: T 

T‐1  
nqwb, KviY gvÎv: T‐1   ݒ   

 ݒ/ݎ
n‡q‡Q! gvÎv: LT‐2 ݎ/ଶݒ  v †hUv †P‡qwQ!   Avgi

Kv‡RB Avgiv ej‡Z cvwi m¤¢eZ ݒଶ/ݎ n‡”Q N~Y©bRwbZ Z¡iY! Avm‡jB ZvBÑ N~Y©bRwbZ Z¡iY ܽ 
 

n‡”Q 
 
ܽ ൌ  ݎ/ଶݒ
 
Avwg Rvwb †Zvgv‡`i A‡b‡Ki åæ KzP‡K DV‡Q A‡b‡Ki †PvL eoeo n‡q D‡V‡QÑ wKš‘ GUv mwZ¨! 
†`L‡e Avgiv GB †QvU wbixn msÁvwU w`‡q we¯§qKi me KvÊ K‡i †dje! 

N~Y©bRwbZ Z¡i‡Yi gvÎv    LTିଶ 

 
D`vniY 2.15: Puv‡`i Z¡iY KZ? (c„w_ex †_‡K Puv‡`i ~̀iZ¡ 384,400 km) 
 
DËi: Puv` †h‡n‡Zy c„w_ex‡K wN‡i Nyi‡Q ZvB cªwZ gyn~‡Z© Ges w`K cwieZ©b n‡”Q ZvB Gi 
wbðqB GKUv Z¡iY i‡q‡Q| Avgiv Rvwb N~Y©‡bi Rb¨ Z¡iY n‡”Q:  
 

ܽ ൌ
ଶݒ

ݎ  

 
†hLv‡b ݒ n‡”Q †e‡Mi ZvrÿwYK gvb ev `ªæwZ Ges ݎ n‡”Q e„ËvKvi Kÿc‡_i e¨vmva©Ñ e‡j 

†`qv n‡q‡Q †mUv n‡”Q 384,400 ݇݉. Z¡iY †ei Kivi Rb¨ cÖ_‡g ݒ †ei Ki‡Z n‡e| 
 

ൌ
2πݎ

ݒܶ  

 
2πݎ n‡”Q Kÿc‡_i cwiwa Ges ܶ n‡”Q GB cy‡iv cwiwawU GKevi Ny‡i Avmvi mgq| Avgiv 
hviv AvKv‡ki w`‡K ZvwK‡q Puv` †`wL, c~wY©gv Agvek¨v jÿ Kwi Zviv Rvwb GK c~wY©gv †_‡K 
Ab¨ c~wY©gv Avm‡Z mgq †bq 29.5 w`b| Puv` Avm‡j 27 w`‡b c„w_ex‡K GKevi Ny‡i Av‡m wKš‘ 
c„w_ex †h‡nZy wb‡R †_‡g †bBÑ ZvB c„w_ex †_‡K Puv`‡K wVK GKB RvqMvq GKBfv‡e †`L‡Z w
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GKUy †ewk mgq (29.5 w`b) †bq| Kv‡RB 29.5 w`b bv a‡i mwZ¨Kv‡ii mgq 27 w`b a‡i 
wb‡j: 
 

ݒ ൌ
2π ൈ 384,400 ൈ 1000

27 ൈ 24 ൈ 60 ൈ 60 ݏ/݉  ൌ  ݏ/݉ 1035

 
AvbygvwbK 1 v‡RB Z¡iY : km/s! K
 

ܽ ൌ
ሺ1035ሻଶ

384,400 ൈ 1000 ൌ 2.78 ൈ 10ିଷ ݉/ݏଶ 

 
GB Z¡i‡Yi gvbwU Avgiv c‡i Av‡iv GKevi e¨envi Kie! 

 

2.7 MwZi mgxKiY (Equation of Motions) 
 
MwZ m¤ú‡K© Av‡jvPbv Ki‡Z wM‡q Avgiv GLb ch©šÍ †h †h ivwk¸‡jvi K_v e‡jwQ †m¸‡jv n‡”Q : 
 : Avw` †eM, mg‡qi ïiæ‡Z †h †eM ݑ

  †h mgqUzKz AwZμvšÍ n‡q‡Q 
 : Z¡iY ܽ

 : AwZμvšÍ mg‡qi ci †eM 
:ݐ
ݒ

 |AwZμvšÍ mg‡q †h ~̀iZ¡ AwZμg K‡i‡Q :ݏ 
GB ivwk¸‡jvi gv‡S †h m¤úK© i‡q‡Q Zvi cÖvq me¸‡jv Gi gv‡S Avgiv †ei K‡i †d‡jwQ, ïay 
GKwU evwK i‡q †M‡Q †mwU n‡”Q ݏ ev AwZμvšÍ ~̀iZ¡| hw` †Kv‡bv Z¡iY bv _v‡K Zvn‡j †e‡Mi 
cwieZ©b nq bv ZvB Avw` †eM Avi †kl †eM mgvb (ݒ ൌ   Avi AwZμvšÍ `~iZ¡ n‡”Q (ݑ 
ൌ ݏ   ݐ ݒ 

ൌ ݒ  ൅ ݑ   ݐܽ 
hw` mg Z¡iY _v‡K Zvn‡j 

hvi A_© mg‡qi mv‡_ mv‡_ †e‡Mi cwieZ©b n‡”Q| 
Kv‡RB AwZμvšÍ ~̀iZ¡ †ei Ki‡Z n‡j cÖwZ 
gyn~‡Z©i †e‡Mi mv‡_ †mB gyn~‡Z©i mgq ¸Y K‡i 
K‡i cy‡iv mg‡qi Rb¨ wnmve Ki‡Z n‡e| GB 
ai‡bi wnmve-wbKvk Kivi Rb¨ we‡kl MwYZ 
(K¨vjKzjvm) Rvb‡Z nqÑ Avgiv †m¸‡jv QvovB 
KvRUv K‡i †dje| †mUv m¤¢e n‡e KviY Avgiv 

Z¡iY wb‡q gv_v Nvgvw”Q| 
Qwe 2.21: mgZ¡i‡Yi MwZ‡Z Mo †eM n‡”Q Avw` 
†eM I †kl †e‡Mi gvSvgvwS †eM 

ïaygvÎ mg
cÖwZ gyn~‡Z© †e‡Mi cwieZ©b n‡”Q ZvB Avgiv 
ൌ ݏ  wjL‡Z cviwQ bv wKš‘ Avgiv hw` GKUv ݐݒ 
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Mo †eM B Zvn‡j wKš‘ wjL‡Z cvwi   ܸ a‡i wb
ൌ ݏ    ݐ ܸ 
GLb ïay Avgv‡`i Mo †eM wVK K‡i †ei K‡i wb‡Z n‡e| mgZ¡i‡Yi Rb¨ welqwU mnR| †Kv‡bv 
wKQz hw` mg nv‡i evo‡Z _v‡K Zvn‡j Zvi Mo gvb n‡”Q wVK gvSvgvwS mg‡qi gvb| Ab¨fv‡e 
ejv h  †K nv‡i evo‡Z _v‡K Zvn‡j ïiæ Ges †kl gv‡bi Mo n‡”Q Mo gvb| vq hw` v‡bv wKQz mg 
A_©vr 

ݑ ൅
ܸ ൌ

ݒ
2 ൌ

ݑ ൅ ሺݑ ൅ ሻݐܽ
2  

ܸ ൌ ݑ ൅
1
2  ݐܽ

 
Kv‡RB AwZ všÍ ~̀iZ¡ μ
ൌ ݏ  ݐܸ 

ݏ ൌ ݐݑ ൅
1
2  ଶݐܽ

  
GwU g‡b ivLv fv‡jvÑ AmsL¨evi GUv e¨envi Kiv n‡e! MwZ-msμvšÍ mgxKiY me¸‡jvB †ei n‡q 
†M‡Q| Gev‡i †QvU GKUz Lvwb Gj‡Reiv K‡i ivwL †hUv AvcvZZt wnmve-wbKvk Kivi Kv‡R 

M Kvi gRvi c`v_©weÁvb †ei K‡i †`Lv‡bv hv‡e| jv ‡e, c‡i †fZi

ൌ
 
൅ ݑሺ  ݒ  ሻݐܽ 

൅ ܽଶݐଶ ൌ ଶݑ ൅ 2ܽ ቀݐݑ ൅ ଵ
ଶ

ଶݒ ൌ ଶݑ ൅ ݐܽݑ2   ଶቁݐܽ
ଶݒ ൌ ଶݑ ൅  ݏ2ܽ
 

D`vniY 2.16: mgZ¡i‡Y Pjgvb †Kv‡bv GKwU e¯‘i †e‡Mi gvb cÖwZ 2 †m‡KÛ ci ci †g‡c 
wb‡P †Uwe‡ji gv‡S †`Lv‡bv n‡q‡Q| Mo †eM KZ? 
 
mgq (s) 0 2 4 6 8 
‡eM (m/s) 2 4 6 8 10
 
DËi: Mo †bqv Lye †mvRv, me¸‡jv ivwk me †hvM K‡i †gvU msL¨v w`‡q fvM w`‡Z nq| GLv‡b 
cuvPwU †eM Av‡Q Kv‡RB Mo †eM: 
 

ܸ ൌ
2 ൅ 4 ൅ 6 ൅ 8 ൅ 10

5 ൌ  ݏ/݉ 6

 
hw` Avgv‡`i Kv‡Q cÖwZ †m‡K‡Û gvcv †eM _vKZ Zvn‡j Mo †eM KZ n‡e?  
 
mgq (s) 0 1 2 3 4 5 6 7 8 
†eM(m/s) 2 3 4 5 6 7 8 9 10 w
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GLv‡b M ܸ  9 wU wfbœ mg‡qi †eM †`qv Av‡Q; Kv‡RB Mo †e
 

ܸ ൌ
2 ൅ 3 ൅ 4 ൅ 5 ൅ 6 ൅ 7 ൅ 8 ൅ 9 ൅ 10

9 ൌ  ݏ/݉ 6

  
Avgiv GKB DËi †c‡qwQ! 
hw` ïay cª_‡g Avi †k‡l gvcv †eM _vKZ Zvn‡j Mo †eM KZ? 
 
mgq (s) 0 8 
†eM (m/s) 2 10 

 
Zvn‡j Mo †eM n‡Zv : 
 

ܸ ൌ
2 ൅ 10

2 ൌ  ݏ/݉ 6

 
Avevi GKB DËi †c‡qwQ| Kv‡RB †`Lv hv‡”Q hw` mgZ¡iY _v‡K Zvn‡j Mo †eM †ei Kiv 
†mvRvÑ ïay cÖ_g I †kl †eM †hvM K‡i Zvi Mo wb‡jB nq| 
† g  j Ki‡jB eyS‡Z cvi‡e GB mgm¨vUv‡Z †eMUv wQj G iKg Zv iv GKUz ÿ 

ൌ ݒ 
 

 2 ൅  ݐ2 
A_©vr ݑ ൌ  2, ܽ ൌ  2. 
 
Gev‡i Ab¨ GK ai‡bi †eM †`Lv hvK| 
 
D`vniY 2.17: hw` mgZ¡iY bv nq Zvn‡j †e‡Mi Mo wb‡j Kx n‡e? 
 
 DËi : a h   A_©vr mg‡qi mv‡_ Z¡iYwUi cwieZ©b n‡”Q| ݑ ൌ  2 n‡j iv vK ܽ ൌ ݐ2 
ൌ ݒ   2 ൅  ଶݐ2 
Gev‡i Av‡Mi g‡Zv 2 s ci ci †eM gvcv †nvK n‡j Avgiv cve : 
 
mgq (s) 0 2 4 6 8 
†eM (m/s) 2 10 34 74 130 

 
Mo †ei Kivi wbqg w`‡q hw` Mo †eM †ei Kwi Zvn‡j Avgiv cve : 
 

ܸ ൌ
2 ൅ 10 ൅ 34 ൅ 74 ൅ 130

5 ൌ
250

5 ൌ  ݏ/݉ 50

 
Gev‡i GKB Pjgvb e¯‘wUi †eM cÖwZ †m‡K‡Û gvcv n‡j Avgiv cve : 
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mgq (s) 0 1 2 3 4 5 6 7 8 
†eM (m/s) 2 4 10 20 34 52 74 100 130 

 
Gev‡i M † hw` o wbB Zvn‡j Mo eM 
 

ܸ ൌ
2 ൅ 4 ൅ 10 ൅ 20 ൅ 34 ൅ 52 ൅ 74 ൅ 100 ൅ 130

9 ൌ
426

9 ൌ  ݏ/47.33݉

 
‡`LvB hv‡”Q GUv Av‡Mi †_‡K wfbœ gvb w`‡q‡Q! 
hw` mgZ¡i‡Yi g‡Zv cÖ_g Avi †kl †eM †hvM K‡i Mo wbZvg Zvn‡j Kx n‡Zv? Avgiv †cZvg : 
 

0 8 mgq(s) 
s) 2 130 ‡eM (m/

 

ܸ ൌ
2 ൅ 130

2 ൌ  ݏ/݉ 66

 
cÖ‡Z¨Kevi Avgiv Avjv`v DËi †c‡qwQ| 
†KvbUv mwZ¨? DËi n‡”Q †Kv‡bvUvB bv! ïay gvÎ ej‡Z cvwi hZ †ewk evi †eM †g‡c Mo Kie 
DËiUv ZZ †ewk mwVK DË‡ii KvQvKwQ hv‡e| 
 
2 evi †g‡c †c‡qwQ : 66 ݉/ݏ   

   ݏ/݉ 50
9 evi †g‡c †c‡qwQ : 47.33 ݉/ݏ   
5 evi †g‡c †c‡qwQ : 

 
hw` mwVKfv‡e Mo wbZvg (†mwU Kxfv‡e Ki‡Z nq †Zvgiv Rvb‡Z cvi‡e hLb K¨vjKzjvm 
wkL‡e ZLb) Zvn‡j †cZvg : 44.667 ݉/ݏ   
 
Kv‡RB †R‡b iv‡Lv Avgiv MwZi †h mgxKiY¸‡jv †ei K‡iwQ †m¸‡jv ïay mgZ¡i‡Yi Rb¨ mwZ¨! 
G‡Z †Zvgv‡`i nZvk nevi †Kv‡bv KviY †bBÑ mgZ¡iY w`‡qB PgrKvi c`v_©weÁvb Kiv m¤¢e| 
 
D`vniY 2.18: GKwU ey‡jU 1.5 ݇݉/ݏ †e‡M Qz‡U GKwU †`Iqv‡ji gv‡S 10 ܿ݉ XzK‡Z 
†c‡i‡Q| ey‡j‡Ui g›`b KZ? 
 
DËi: GUv Kivi GKgvÎ Dcvq n‡”Q ݒଶ ൌ ଶݑ െ  :m~ÎwU e¨envi Kiv  ݏ2ܽ
†kl †eM ݒ ൌ  0 

10
0 ൌ ሺ1.5 ൈ 1000ሻଶ െ 2ܽ ൬

100
൰

ܽ ൌ
ሺ1.5 ൈ 1000ሻଶ

0.2

 

ൌ  ଶݏ/1.69݉

g›`b : a = 1.69 m/s2 (wKsev Z¡iY  -1.69 m/s2) 
 w

w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



MwZ                                                                                                                                                                                  45 

D`vniY 2.19: GKUv 2݉ j¤^v mgZj Kv‡Vi UzKiv †`qv‡ji mv‡_ 30° †Kv‡Y †njvb w`‡q 

ivLv Av‡Q (Qwe 2.22)| Kv‡Vi UzKivi Ici †_‡K GKUv †Ljbv Mvwo †Q‡o w`‡j KZ †e‡M 
wb‡P †b‡g Avm‡e| 
 
DËi: †Ljbv Mvwo  30° ൌ  9.8 ൈ  0.5 ൌ ଶ i Z¡iY ܽ ൌݏ/݉ 4.9  ݊݅ݏ ݃ 

Avgiv Rvwb :     ݏ ൌ ݐݑ ൅ ଵ
ଶ

 ଶݐܽ
GLv‡b ݏ ൌ  2݉, ൌ ݑ  0 Ges 

ଶ ܽ ൌݏ/  4.9 ݉
  

ݏ ൌ
1

   

2
ܽ

 

ଶݐ ൌ
ݏ2
ܽ

 ଶݐ

ൌ
4݉

 ଶݏ/݉ 4.9

 

ݐ ൌ ඨ 4
4.9 ൌ  ݏ 0.904

  
Kv‡RB ݒ ൌ ൅ ݑ  ൌ ݐܽ   0 ൅ ൌ ݏ0.904 ݔ 4.9   ݏ/݉ 4.43 

Qwe 2.22: 30° †Kv‡Y ivLv GKUv Kv‡Vi UzK‡iv 
†e‡q GKUv †Ljbv Mvox †b‡g Avm‡Q 

 
Avgiv Ab¨fv‡eI GUv 

ଶ ൌ 0 ൅ 2 ൈ 4.9 ൈ 2 ൌ 19.6 ݉ଶ/ݏଶ  

Ki‡Z cvwi| Avgiv Rvwb 
 
ݒ ൌ ଶݑ ൅ ݏ2ܽ
ݒ ൌ  ݏ/݉ 4.43
 
Avgiv GKB DËi †c‡qwQ Ges †Ljbv MvwowU KZÿ‡Y wb‡P †b‡g G‡m‡Q †mUv bv †R‡bB †eM 
†ei K‡i †d‡jwQ| 
 
†Ljbv MvwowU KZÿ‡b wb‡P wb‡g G‡m‡Q †mUv B‡”Q Ki‡j Avgiv GLvb †_‡K Ab¨ fv‡eI †ei 
Ki‡Z cvwi| 
 
AwZμvš ൌ Mo †eM ൈ mgq ൌ ݏ ܸ  ¡Í ~̀iZ ݐ

o †e  (A w †kl †eM)/2 
 

M M ܸ ൌ v ` †eM+
 
ܸ ൌ

ݑ ൅ ݒ 0 ൅ 4.43
2 ൌ 2 ݏ/2.215݉ ൌ

mgq  

ݐ ൌ
ݏ
ܸ ൌ

2
2.215 ൌ  ݏ0.903
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D`vniY 2.20: (Qwe 2.23) Qwe‡Z †`Lv‡bv `ywU mgZj Kv‡Vi UzK‡iv 30° Ges 45° †Kv‡Y 
ivLv Av‡Q| 30° †Kv‡Y ivLv Kv‡Vi Dc‡i 1 dzU D”PZv †_‡K GKwU gv‡e©j Mwo‡q †`qv n‡jv| 
wVK hLb wb‡P †cuŠQv‡e ZLb MwZ‡eM KZ? 45° †Kv‡Y ivLv Kv‡Vi UzK‡iv‡Z †mwU KZ D”PZvq 
†cuŠQv‡e? 
 
DËi: hLb Avgiv kw³, kw³i wbZ¨Zvi m~Î¸‡jv wkLe ZLb GB mgm¨vUv Lye mn‡R mgvavb 
Kiv hv‡e, AvcvZZ Avgiv Avgv‡`i †kLv Z¡iY †eM Avw`‡eM, P~ovšÍ †eM AwZμvšÍ ~̀iZ¡, 
AwZμvšÍ mgq Gme e¨envi K‡i mgm¨vwU mgvavb Kwi| 
 
mgm¨vwU Gfv‡e mgvavb Kiv n‡e : gv‡e©jwU w ’̄i Ae ’̄v †_‡K Qvov n‡e| 30° †Z ivLv Kv‡Vi 
UzK‡iv †e‡q wb‡P bvgvi mgq Zvi †eM evo‡Z _vK‡eÑ KviY GLv‡b GKUv Z¡iY i‡q‡Q|  

 
G‡Kev‡i wb‡P †cuŠQv‡bvi ci 
Zvi GKUv †eM m„wó n‡e †mB 
†e‡M gv‡e©jwU 45° †Z ivLv 
Kv‡Vi UzK‡iv †e‡q Dc‡i 
DV‡Z ïiæ Ki‡e| GLv‡bI 
GKUv Z¡iY Av‡Q wKš‘ Gev‡i 
GUv †h‡nZz MwZi D‡ëv w`‡K 
KvR Ki‡Q ZvB GUv MwZ 
Kgv‡Z _vK‡e Ges gv‡e©‡ji 
MwZ Kg‡Z Kg‡Z †kl ch©šÍ 
GK RvqMvq †_‡g hv‡e| 

 

Qwe 2.23: 30° Ges  45° †Z ivLv ỳ‡Uv mgZj Kv‡Vi UzK‡ivi GKUv gv‡e©j 
Mwo‡q †`qv n‡q‡Q| 

30° Kv‡Vi UzK‡ivi †k
D”PZv Ges 0° †KvY †
ݏ 3 ݊݅ݏ  1 

l †eM †ei Kivi Rb¨ Avgv‡`i AwZμvšÍ ~̀iZ¡ †ei Ki‡Z n‡e| 1ft 
 3 _‡K GUv †ei Kiv hvq| ~̀iZ¡wU s1 n‡j wÎ‡Kv‡bvwgwZ ev R¨vwgwZ †_‡K 

ଵ 0° ൌ  ݐ݂
 

ଵ ൌ
ݐ݂ 1

sin 30° ൌ
ݐ݂ 1
0.5 ൌ ݏ ݐ݂ 2

 
wKš‘ Avgiv f  w`‡q mgm¨v mgvavb Ki‡Z PvB
 
ൌ ݐ2݂  2 ൈ 12 ൈ 2.54 ൌ  0.61݉ 

t   bv Ñ SI c×wZ e¨envi Ki‡Z PvB, 

 
3 ° Kv‡Vi UzK‡ivq Z¡iY n‡”Q  
 
ܽଵ  ൌ ൌ °30 ݊݅ݏ ݃   ଶݏ/݉ 4.9 

0

 
gv‡e©j hLb wb‡P †cuŠQv‡e ZLbKvi MwZ‡eM v1 n‡j Avgiv wjL‡Z cvwi : 
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ଵݒ
ଶ ൌ ݑ  ଵ

ଶ ൅ 2ܽଵݏଵ

 ൌ ,
 
Avw` †eM ݑଵ  0  Kv‡RB 
 

ଵݒ ൌ ඥ2ܽଵݏଵ ൌ √2 ൈ 4.9 ൈ 0.61 ൌ  ݏ/2.44݉
 
Gev‡i 45° †Z ivLv Kv‡Vi UzK‡ivi m m

ଶ  ൌ °45݊݅ݏ ݃  ൌ   ଶݏ/6.93݉ 

g ¨vwU mgvavb Ki‡Z cvwi| GUvi Rb¨ g›`b 
 
ܽ
 
Avgiv †h‡nZz g›`b e‡jwQ ZvB †b‡MwUf wPý †bB| Kv‡RB GUvi Rb¨ Avw`‡eM ݑଶ, †kl †eM 

 vš ଶ  n‡j ݒଶ AwZμ Í ~̀iZ  ݏ
 
ଶݒ

ଶ ൌ ଶݑ
ଶ െ 2ܽଶݏଶ 

 
†h‡nZz g›`bwU †e‡Mi wecixZ w`‡K KvR Ki‡Q ZvB Gev‡i GKwU †b‡MwUf wPý| Avgiv Rvwb 
ଶݒ ൌ 0 Ges  ݒଵ ൌ   ଶݑ
 

ଶ ൌ
ݏଶݑ

ଶ

2ܽଶ
ൌ 0.429݉ 

 
A vi GKUz Lvwb wÎ‡ vbw wZ w`‡q D”
 
݄ଶ  ൌ ൌ °45 ݊݅ݏଶݏ   0.303݉ 

ve K g PZvUzKz †ei Ki‡Z cvwi : 

 
hw` GUv‡K ft G wjwL? 
 

0.303݉ ൌ
0.303 ൈ 100

2.54 ൈ 12 ൌ  ݐ1݂

 
†Zvgiv wK AevK n‡qQ †h GUv 45° Kv‡Vi UzK‡iv‡Z wVK 1ft Dc‡iB D‡V‡Q? 
  
AevK nevi wKQz †bBÑ GUvB nIqvi K_v! Kv‡Vi UzK‡iv¸wj 30° wKsev 45° bv n‡q †h †Kv‡bv 
†KvY †nvK bv †Kb Ges †h †Kv‡bv D”PZv †_‡KB Zzwg gv‡e©jUv Qvo bv †KbÑ GUv wVK †mB 
GKB D”PZv‡Z DV‡e! wek¦vm bv n‡j Ab¨ †Kv‡bv †KvY Ges Ab¨ †Kv‡bv D”PZv w`‡q wnmv‡e 
K‡i †`L| Gi GKUv KviYI Av‡Q †mUvI †Zvgiv Rvb‡e| 
 
(GLv‡b GKUv wRwbm e‡j ivwL gv‡e©jUv hLb 30° †Z ivLv Kv‡Vi UzK‡iv †e‡q †b‡g G‡m‡Q 
ZLb †e‡Mi w`KwU †hw`‡K wQj, 45° †Z ivLv Kv‡Vi UzK‡iv †e‡q IVvi mgq w`KwU wKš‘ Ab¨ 
w`‡K n‡q‡Q A_©vr †e‡Mi cwieZ©b n‡q‡QÑ †mB gyn~Z©wUi Rb¨ wfbœ GKUv Z¡iY KvR Ki‡Q, KvV 
ỳ‡Uvi Ae ’̄vb †mB Z¡iYUv ˆZwi K‡i w`‡q‡QÑ GB mgm¨vi Rb¨ Avgv‡`i †mUv wb‡q gv_v bv 
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Nvgv‡jI ÿwZ †bB| gv‡e©jwU hw` Nyi‡Z Nyi‡Z wb‡P †b‡g Av‡m ZLb †Nvivi R‡b¨ †mwU GKUz 
kw³ wb‡q †bq| Avgiv †mUvI we‡ePbv KiwQ bv|) 

 
2.8 cošÍ e¯‘i m~Î (Laws of Falling Bodies) 
 
Avgiv mgZ¡i‡Yi D`vniY wnmv‡e ݃ ev gva¨vKl©YRwbZ Z¡i‡Yi K_v e‡jwQjvg| MwZ m¤ú‡K© 
Avgiv †h mgxKiY¸‡jv †ei K‡iwQ †m¸‡jv‡K Lye mn‡RB Avgiv cošÍ e ‘̄i MwZ †ei Kivi Rb¨ 
†ei Ki‡Z cvwi! AwZμvšÍ ~̀i‡Z¡i †ejvq ݏ e¨envi Kiv n‡qwQj, Gev‡i D”PZv †evSv‡bvi Rb¨ ݄ 
e¨envi Ki Z ¨ ܽ bv wj‡L ݃ wjLeÑ ïaygvÎ G ỳ‡UvB n‡e cv_©K¨! e ¡i‡Yi Rb

 
 

ൌ ݒ ൅ ݑ   ݐ݃ 

݄ ൌ ݐݑ ൅
1
2  ଶݐ݃

ଶݒ ൌ ଶݑ ൅ 2݄݃ 
 
M¨vwjwjIi cošÍ e¯‘i †h wZbwU m~Î Av‡Q †m¸‡jv Avm‡j GB m~Î¸‡ z bq! jv Qvov Avi wKQ

D`vniY 2.21: wμ‡K‡Ui GKRb fv‡jv †cm †evjvi NÈvq 150 ݇݉/݄ݎݑ݋ †e‡M ej Qzo‡Z 
cv‡i| †m hw` Lvov Dc‡ii w`‡K ejUv Qz‡o ejUv KZ Dc‡i DV‡e? 

 

 
DËi: 

ݎݑ݋݄/݉݇ 150 ൌ   
150 ൈ 1000 ݉

60 ൈ ݏ 60 ൌ  ݏ/݉  41.67  

 
e
ejwU †_‡g hv‡e| †mB D

ଶ ଶ െ 2

j Dc‡i Qzo‡j gva¨vKl©YRwbZ Z¡iY GB ejUvi Ici g›`b wnmv‡e KvR Ki‡e| †kl ch©šÍ 
”PZvUv‡K h wnmv‡e wjL‡j   

 
ൌ ݑ ݄݃ 

ൌ 0, ݑ ൌ ,ݏ/݉ 41.67  ݃ ൌ  9.8݉  
ݒ
ݒ
 
Kv‡RB  

݄ ൌ
ଶݑ

2݃ ൌ
ሺ41.67ሻଶ

2 ൈ 9.8 ݉ ൌ 88.59݉ 

 
 (cÖvq 30 Zjv `vjv‡bi Qv` ch©šÍ!) 
 
D`vniY 2.22: c„w_ex‡K wN‡i gnvKvkhvb hLb Nyi‡Z _v‡K Zv‡`i ª̀æwZ A‡bK †ewk, cÖvq 10 
km/s! G iKg MwZ‡Z hw` AvKv‡ki w`‡K GKUv Kvgv‡bi †Mvjv Qz‡o w`B †mUv KZ Dc‡i 
DV‡e? 
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DËi: wμ‡KU e‡ji g‡Zv †ei Kivi †Póv Kwi, ïay Avw`‡eM 41.67 ݉/ݏ Gi e`‡j n‡e 
  ݏ/݉ 10,000
 
Kv‡RB  

݄ ൌ
ሺ10,000ሻଶ

2 ൈ 9.8 ݉ ൌ 5,102,000 ݉ ൌ 5,102 ݇݉ 

 
hw`I †`‡L g‡b n‡”Q †Kv_vI †Kv‡bv fzj nqwb wKš‘ Avm‡j DËiUv mwVK bq! Zvi KviY n‡”Q 

vgiv gva¨vKl©YRwbZ Z¡i‡Yi gvb a‡iwQ 9.8݉/ݏଶ, c„w_exi KvQvKvwQ ~̀i‡Z¡i Rb¨ GUv 
ex †_‡K A‡bK Dc‡i D‡V hvIqv hvq Gi gvb Kg‡Z _vK‡e! Avgiv hLb  

A
mwVK Ñ wKš‘ hw` c„w_

 
ଶݒ ൌ ଶݑ െ 2݄݃  
 
mgxKiYwU †ei K‡iwQ †mLv‡b a‡i wb‡qwQ ݃ Gi gv‡bi cwieZ©b n‡”Q bv| GB mgm¨vi †ejvq 
†mUv mwZ¨ bv| ZvB Avgiv GLb ch©šÍ †hUzKz wk‡LwQ †mB we‡`¨ w`‡q GUv mgvavb Ki‡Z cvie 
bv! Kv‡RB Avgiv PvjvwK K‡i Ab¨fv‡e cÖ‡kœi DËi w`B : 
 
GZ Zxeª MwZ‡Z †Kv‡bv wKQz Qy‡o w`‡j evZv‡mi mv‡_ Nl©‡Y †h Zvc m„wó n‡e †mB Zv‡c GUv 
R¡‡j cy‡o †kl n‡q hv‡e! 
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Abykxjbx 
 
cÖkœ: 
1. MwZ k~b¨ wKš‘ Z¡iY k~b¨ bq GwU wK m¤¢e? m¤¢e n‡j †`LvI| 
2. †e‡Mi cwieZ©b n‡”Q wKš‘ `ªæwZi cwieZ©b n‡”Q bv| GUv wK m¤¢e? m¤¢e n‡j †`LvI| 
3. Puv‡` gva¨vKl©Y RwbZ Z¡iY c„w_exi gva¨vKl©YRwbZ Z¡iY †_‡K 6 ¸Y Kg| c„w_ex‡Z GKUv 

cv_i GKUv D”PZv †_‡K †Q‡o w`‡j GwU †h †e‡M wb‡P AvNvZ Ki‡e, Puv‡` GKB D”PZv †_‡K 
†Q‡o w`‡j wK Qq ¸Y Kg †e‡M AvNvZ Ki‡e? (aiv hvK c„w_ex wKsev Pv` †Kv_vI evZv‡mi 
evav mgm¨v bq|) 

4. c„w_ex‡Z wK Ggb †Kv‡bv RvqMv Av‡Q †hLv‡b †_‡K Zzwg `wÿY w`‡K 1 ݇݉ wM‡q hw` c~e© 
w`‡K 1 ݇݉ hvI Ges ZLb DËi w`‡K 1 ݇݉ †M‡j Av‡Mi RvqvMvq †cuŠ‡Q hv‡e? 

5. mgZ¡i‡Yi †ejvq wØ¸Y mg‡q wK wØ¸Y ~̀iZ¡ AwZμg Kwi? 
 
MvwYwZK mgm¨v: 
1. GKwU Mvwo †Zvgvi ¯‹zj †_‡K 40 ݇݉ c~e© w`‡K wM‡q‡Q, Zvici 40 ݇݉ DËi w`‡K wM‡q‡Q 

Zvici 30 ݇݉ cwðg w`‡K wM‡q‡Q, Zvici 30 ݇݉ `w¶Y w`‡K wM‡q‡Q, Zvici 20 ݇݉ 
c~e© w`‡K wM‡  ݇݉ i w`‡K wM‡q‡Q, Zvici 10 ݇݉ cwðg w`‡K wM‡q‡Q, 
Zvcici 10 ݇݉ `wÿY w`‡K wM‡q  MvwowU †Zvgvi †_‡K †Kvb w`‡K KZ ~̀‡i Av‡Q? 

q‡Q, Zvici 20  DË
‡Q|

2. Qwe 2.24 G ܱܥܤ ,ܤܣ ,ܣ Ges ܦܥ 
†Z KLb †eM Ges Z¡iY cwRwUf 
†b‡MwUf Ges b¨ †mwU †`LvI| k~

3. Qwe 2.24 G ݕ Aÿ hw` †eM bv n‡q 
Ae¯’vb n‡Zv Zvn‡j †eM Ges Z¡i‡Yi 
gvb ܥܤ ,ܤܣ ,ܣܦ x  Ges ܦܥ †Z K
n‡Zv ej| 

4. GKwU Mvwoi †eM 30 ݇݉/݄ݎݑ݋, 
 ci MvwowUi MwZ‡eM ݁ݐݑ݊݅݉ 1
mgZ¡i‡Y †e‡o n‡jv 50 ݇݉/݄ݎݑ݋. 
GB mg‡q MvwowU KZ ~̀iZ¡ AwZμg 
K‡i‡Q? 

5. Zzwg 10݉/ݏ †e‡M GKUv ej AvKv‡ki w`‡K Qz‡o w`‡qQ| †mUv KZÿ‡Y KZ DuPz‡Z DV‡e? 

Qwe 2.24: †eM I mg‡qi †jLwPÎ 
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Z…Zxq Aa¨vq 

ej 
(Force) 

 
M¨vwjwjI M¨vwjwj 

 

      Galileo Galilei (1564‐1642) 

M¨vwjwjI wQ‡jb GKRb BZvwjI c`v_©weÁvbx, MwYZwe`, †R¨vwZwe©̀  
Ges `vk©wbK| Zuv‡K AvaywbK weÁv‡bi RbK ejv nq| wZwb cÖ_g 
†Uwj‡¯‹vc e¨envi K‡i e¨envwiK †R¨vwZwe©Áv‡bi m~Pbv K‡iwQ‡jb| 
†Kvcvwb©Kv‡mi m~h©‡Kw› ª̀K †mŠi RM‡Zi e¨vL¨vwU wZwb cÖ_g mwZ¨Kvi 
A‡_© ˆeÁvwbK RM‡Z cwiwPZ K‡ib| G Kvi‡Y wZwb K¨v_wjK Pv‡P©i 
†ivlvb‡j c‡ob, Zuviv Zuv‡K †`vlx mve¨ Í̄ K‡i Ges Zuv‡K evwK Rxeb 
M„new›` n‡q KvUv‡Z nq| Zuvi g„Zz¨i 366 eQi ci 2008 mv‡j 
†ivgvb K¨v_wjK PvP© wb‡R‡`i †`vl ^̄xKvi K‡i wb‡q Zuv‡K ÿgv K‡i! 

 
 
 
 
 

3.1 RoZv, ej I fi (Inertia, Force  and Mass) 
 
Gi Av‡Mi Aa¨v‡q Avgiv †eM, ª̀æwZ, Z¡iY (Ges g›`b), AwZμvšÍ `~iZ¡ Ges Zv‡`i †fZiKvi 
m¤úK©¸‡jv wk‡LwQ, mgxKiY¸‡jv †ei K‡iwQ Ges e¨envi K‡iwQ| GB Aa¨v‡q Avgiv cÖ_gevi 
mwZ¨Kv‡ii wKQz c`v_©weÁvb wkLe| ïiæ Kiv hvK wbDU‡bi cÖ_g m~Î w`‡q: 
 

wbDU‡bi cÖ_g m~Î : ej cÖ‡qvM bv Ki‡j w¯’i e¯‘ w¯’i _vK‡e Ges mg‡e‡M Pj‡Z _vKv 
e¯‘ mg‡e‡M Pj‡Z _vK‡e| (eyS‡ZB cviQ †eM †h‡nZy †f±i ZvB mg‡e‡M Pj‡Z n‡j 
w`K cwieZ©b Ki‡Z cvi‡e bvÑ †mvRv mij †iLvq mgvb `ªæwZ‡Z †h‡Z n‡e|) 

 
 wbDU‡bi cÖ_g m~‡Îi cÖ_g Ask wb‡q Kv‡iv mgm¨v nq bv KviY Avgiv me mg‡qB †`wL 
w¯’i e¯‘‡K av°vavw° bv Kiv ch©šÍ †mUv b‡o bv w¯’i †_‡K hvq| wØZxq AskUv wb‡q mgm¨v, KviY 
Avgiv KL‡bvB †Kv‡bv PjšÍ e¯‘‡K AbšÍKvj Pj‡Z †`wL bv, av°v w`‡q †Kv‡bv e¯‘‡K †Q‡o w`‡jI 
†`Lv hvq †Kv‡bv ej cÖ‡qvM bv Ki‡jI †kl ch©šÍ e ‘̄Uv †_‡g hvq| Avgv‡`i ˆ`bw›`b Rxe‡bi 
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AwfÁZv †_‡K g‡b nq †h †Kv‡bv wKQz‡K mg‡e‡M Pvwj‡q wb‡Z n‡j μgvMZ eywS †mUv‡Z ej 
cÖ‡qvM K‡i †h‡Z nq| wbDU‡bi cÖ_g m~Î †_‡K Avgiv Rvb‡Z †c‡iwQ †mUv mwZ¨ bqÑ mg‡e‡M 
Pj‡Z _vKv †Kv‡bv e¯‘ hw` †_‡g hvq Zvn‡j eyS‡Z n‡e †mLv‡b †Kv‡bv bv †Kv‡bvfv‡e ej cÖ‡qvM 
Kiv n‡q‡Q| Nl©Y, evZv‡mi evav G iKg A‡bK wKQz Avm‡j D‡ëvw`K †_‡K ej cÖ‡qvM K‡i 
Pjgvb GKUv e ‘̄‡K _vwg‡q †`qÑ hw` mwZ¨ mwZ¨ me ej eÜ K‡i †`qv †hZ Zvn‡j Avgiv mwZ¨B 
†`L‡Z †cZvg mg‡e‡M Pj‡Z _vKv GKUv e¯‘ AbšÍKvj a‡i Pj‡Q| 
 wbDU‡bi cÖ_g m~‡Î cÖ_gevi ÒejÓ kãUv e¨envi Kiv n‡q‡Q wKš‘ gRvi e¨vcvi n‡”Q ej 
ej‡Z Avgiv Kx †evSvB †mUv GL‡bv ejv nqwbÑ GUv hw` c`v_© weÁv‡bi eB bv n‡q Ab¨ †Kv‡bv 
eB n‡Zv Zvn‡j Òej cÖ‡qvMÓ -Gi RvqMvq Òkw³ cÖ‡qvMÓ K_vUv e¨envi Ki‡jI evK¨Uvq A‡_©i 
†Kv‡bv Dwbk-wek n‡Zv bv| wKš‘ †h‡nZz GUv c`v_©weÁv‡bi eB ZvB Avgiv GLv‡b kw³ K_vUv 
e¨envi Ki‡Z cvie bvÑ c`v_©weÁv‡bi fvlvq kw³ m¤ú~Y© wfbœ GKUv ivwk! GLv‡b Avgv‡`i ej 
K_vUvB e¨envi Ki‡Z n‡e! wKš‘ ej gv‡b Kx? Avgiv †Zv GLb ch©šÍ e‡ji †Kv‡bv msÁv w`Bwb! 
 Avm‡j wbDU‡bi cÖ_g m~ÎUvB e‡ji msÁv n‡Z cv‡i! †h Kvi‡Y w¯’i e¯‘ Pj‡Z ïiæ K‡i 
Avi mg‡e‡M Pj‡Z _vKv e¯‘i †e‡Mi cwieZ©b nq †mUvB n‡”Q ej| wbDU‡bi cÖ_g m~Î †_‡K 
ejUv Kx, †mUv eyS‡Z cvwi wKš‘ cwigvc Ki‡Z cvwi bv| wØZxq m~Î †_‡K Avgiv ej cwigvc Kiv 
wkLe| 
 ej cÖ‡qvM bv Kiv ch©šÍ w¯’i e¯‘ †h w¯’i _vK‡Z Pvq wKsev MwZkxj e ‘̄ †h MwZkxj _vK‡Z 
Pvq †mUvB n‡”Q RoZv| nVvr Mvwo Pj‡Z ïiæ Ki‡j Avgiv †hfv‡e †cQ‡bi w`‡K GKUv SuvKzwb 
LvB †mUv n‡”Q RoZvi D`vniY| kix‡ii wb‡Pi Ask Mvwoi mv‡_ †j‡M Av‡QÑ Mvwoi mv‡_ mv‡_ 
†mUv Pj‡Z ïiæ K‡i‡Q wKš‘ kix‡ii Dc‡ii Ask GL‡bv w¯’i Ges w¯’i _vK‡Z PvB‡Q! ZvB 
kix‡ii Dc‡ii Ask †cQ‡bi w`‡K SuvKzwb Lv‡”Q| †h‡nZy GUv w¯’i _vKvq RoZv ZvB GUv‡K e‡j 
w¯’wZ RoZv| 
 MwZ RoZvi Kvi‡Y Avgiv gvbylRb‡K PjšÍ evm †Uªb †_‡K bvg‡Z wM‡q AvQvo †L‡Z 
†`wL| PjšÍ evm †Uª‡bi gvbylwUi cy‡iv kixiUvB MwZkxj, †m hLb gvwU‡Z cv w`‡q‡Q ZLb wb‡Pi 
Ask †_‡g wM‡q‡Q, Dc‡ii Ask MwZ RoZvi Kvi‡Y ZL‡bv QyU‡QÑ ZvB †m ûgwo †L‡q co‡Q! 
 RoZvi welqwU hw` ïaygvÎ GKUv msÁv n‡Zv Zvn‡j GUv‡K GZ ¸iæZ¡ w`‡q †kLv‡bv 
n‡Zv bvÑ Avm‡j GUv c`v_©weÁv‡bi `„wó‡KvY †_‡K Lye ¸iæZ¡c~Y© GKUv welq| Avgiv GLb ch©šÍ 
fi wb‡q GKwU K_vI ewjwb wKš‘ †Kv‡bv wKQzi MwZ m¤ú‡K© Rvb‡Z PvB‡j Avgv‡`i †mwUi fi 
m¤ú‡K© Rvb‡Z nq| GKB MwZ‡Z Qz‡U Avmv GKUv nvjKv mvB‡Kj Avi GKUv fvix UªvK‡K Avgiv 
GK „̀wó‡Z †`wL bv, Zvi KviYUv n‡”Q f‡ii cv_©K¨| wKš‘ fiUv Avm‡j Kx? Avgiv A‡bK mg‡qB 
ewj fi n‡”Q KZUv e¯‘ Av‡Q Zvi GKUv cwigvc! Gi PvB‡Z A‡bK weÁvbm¤§Z DËi n‡”Q fi 
n‡”Q RoZvi cwigvc| (†Zvgiv welqUv fv‡jv K‡i jÿ K‡ivÑ Lye ¸iæZ¡c~Y© GKUv K_v ejv 
n‡q‡Q!) †Kv‡bv wKQzi RoZv hw` †ewk nq Zvn‡j eyS‡Z n‡e Zvi fiI wbðqB †ewk! RoZv hw` 
Kg nq Zvn‡j fiI Kg| †Zvgiv wbðqB GUv jÿ¨ K‡iQ mgvb cwigvY ej cÖ‡qvM Kiv n‡j hvi 
fi †ewk †mUv‡K †ewk wePz¨Z Kiv hvq bv| wKš‘ hvi fi Kg †mUv‡K †ewk wePz¨r Kiv hvq| wKsev 
Ab¨fv‡e ejv hvq fi Kg n‡j RoZvi cÖfveUv Zzjbvg~jKfv‡e Kg nq| w
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b
 
3
.
1
:
 
D`vniY 3.1: Qwe 3.1 Gi MÖvd ỳwU‡Z mg‡qi mv‡_ miY Ges †e‡Mi gvb †`Lv‡bv n‡q‡Q, 
†Kv_vq KZÿY ej cÖ‡qvM Kiv n‡q‡Q e¨vL¨v K‡iv| 

                            Qwe 3.1 Ae¯’vb mgq I †eM mg‡qi ỳwU †jLwPÎ| 

 
DËi: ỳwU MÖvdB †`L‡Z KB iKg wKš‘ G‡`i gv‡S m¤ú~Y© wfbœ Z_¨ i‡q‡Q|   G  

(i) cÖ_g MÖv‡d 0 †_‡K ݐଵ  wKsev ݐଶ  †_‡K †kl ch©šÍ mgq ỳwU‡Z Ae¯’v‡bi cwieZ©b n‡”Q bv, 
hvi A_© †Kvb †eM †bB, Kv‡RB †e‡Mi cwieZ©‡bi cÖkœB Av‡m bv hvi A_© G `y‡Uv mg‡q wbðqB 
†Kv‡bv ej cÖ‡qvM Kiv n‡”Q bv| ݐଵ  †_‡K ݐଶ mg‡q Ae¯’v‡bi cwieZ©b n‡”Q wKš‘ †h‡nZz mg 
nv‡i cwieZ©b  (†iLvwU †h‡nZz mij †iLv) n‡”Q Zvi A_© mg‡eMÑ A_©vr †e‡Mi †Kv‡bv cwieZ©b 
†bB Kv‡RB ݐଵ †_‡K ݐଶ mg‡qI †Kv‡bv ej cÖ‡qvM Kiv n‡”Q bv| ïaygvÎ ݐଵ gyn~‡Z© †Kv‡bvfv‡e 
ej cÖ‡qvM K‡i w ’̄i e ‘̄wU‡K mg‡e‡M MwZkxj Kiv n‡q‡Q| Avevi wVK ݐଶgyn~‡Z© ej cÖ‡qvM K‡i 
MwZk g‡  †  Ab¨ v v‡bv ej cÖ‡qvM Kiv nqwb| 

 

xj e ‘̄wU‡K _vw q `qv n‡q‡Q, †K _vI †K

A_v©r 0 ଵ , ൏ݐ ଶݐ ଶ Gesݐ ൏  |Z †Kv‡bv ej †bB† ݐ
 

൏ ݐ ൏ ଵݐ ൏ ݐ
ïaygvÎ ݐ ൌ ݐ ଵ  Gesݐ ൌ ଶ †Z n~‡Z©i Rb¨ ej cÖ‡qvM Kiv n‡q‡Q| gyݐ

(ii) wØZxq MÖv‡d 0 †_‡K ݐଵ Ges ݐଶ †_‡K †kl ch©šÍ e¯‘wU mg‡e‡M hv‡”Q, Kv‡RB †Kv‡bv ej 
cÖ‡qvM Kiv nqwb| ݐଵ †_‡K ݐଶ mg‡q †eMwU mgnv‡i cwiewZ©Z n‡”Q Kv‡RB GLv‡b wbðqB ej 
cÖ‡qvM

 

 Kiv n‡”Q|  

ଶݐ ଵ Gesݐ ൏  |Kv‡bv ej †bB† ݐ
 
A_©vr 0 ൏ ݐ ൏
ଵݐ ൏ ݐ ൏  |ଶ †Z ej cÖ‡qvM Kiv n‡q‡Qݐ
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3.2 e‡ji cÖKvi †f` (Different kinds of Forces) 
 
c„w_ex‡Z KZ ai‡bi ej Av‡Q wR‡Ám Kiv n‡j †Zvgiv wbðqB ej‡e A‡bK ai‡bi! †Kv‡bv 
wKQz‡K hw` av°v w`B †mUv GKUv ej, UªvK hLb †evSv †U‡b wb‡q hvq †mUv GKUv ej, S‡o hLb 
MvQ Dc‡o c‡o †mUv GKUv ej, Pz¤^K hLb †jvnv‡K AvKl©Y K‡i †mUv GKUv ej, †evgv we‡ùvi‡Y 
hLb Ni evwo Dwo‡q †`q †mUv GKUv ej, †μb hLb †Kv‡bv wKQz‡K †U‡b Zz‡j †mUv GKUv ejÑ 
GKUzLvwb mgq w`‡jB G iKg bvbv ai‡bi e‡ji †Zvgiv GKUv wekvj ZvwjKv ‰Zwi Ki‡Z cvi‡e|  
 wKš‘ PgKcÖ` e¨vcviwU Kx Rvb? cÖK…wZ‡Z gvÎ Pvi iK‡gi ej i‡q‡Q, Dc‡i †h ZvwjKv 
†`qv n‡q‡Q †m¸‡jv‡K we‡kølY Kiv n‡j †`Lv hv‡e G¸‡jv Ny‡i-wd‡i GB Pvi iK‡gi evB‡i 
†Kv‡bvUv bq! Avm‡j †gŠwjK ej gvÎ PviwU! †m¸‡jv n‡”Q : 
 
3.2.1 gnvKl© ej (Gravitation) 
GB m„wóRM‡Zi mKj e¯‘ Zv‡`i f‡ii Kvi‡Y G‡K Aci‡K †h ej w`‡q AvKl©Y K‡i †mUvB n‡”Q 
gnvKl© ej| GB gnvKl© e‡ji Kvi‡Y M¨vjvw·i †fZ‡i bÿÎiv NyicvK Lvq wKsev m~h©‡K wN‡i 
c„w_ex Ny‡i, c„w_ex‡K wN‡i Puv` Ny‡i! c„w_exi gnvKl© ej hLb Avgv‡`i Ici KvR K‡i Avgiv 
†mUv‡K ewj gva¨vKl©Y| GB gva¨vKl©Y ej Avgv‡`i‡K wb‡Pi w`‡K †U‡b †i‡L‡Q Ges Gi Kvi‡YB 
Avgiv wb‡R‡`i IR‡bi Abyf~wZ cvB| 
 
3.2.2 Zwor †PŠ¤^K ej ev we ỳ¨r †PŠ¤̂Kxq ej (Electro Magnetic Force) 
wPiæwb w`‡q Pzj AvP‡o †mUv w`‡q KvM‡Ri UzK‡iv‡K AvKl©Y Kiv ev Pz¤^K w`‡q Ab¨ Pz¤̂K‡K 
AvKl©Y-weKl©Y Avgv‡`i A‡b‡KB KL‡bv bv KL‡bv K‡iwQ| hw`I Zwor ev we`y¨r Ges Pz¤^‡Ki 
ej‡K Avjv`v ai‡bi ej g‡b nq Avm‡j `ywU GKB ejÑ ïaygvÎ ỳBfv‡e †`Lv hvq| ïay gvÎ GB 
ejUv AvKl©Y Ges weKl©Y ỳ‡UvB Ki‡Z cv‡i Ab¨¸‡jv ïay AvKl©Y Ki‡Z cv‡i weKl©Y Ki‡Z 
cv‡i bv| gva¨vKl©Y kw³i Zzjbvq GUv A‡bK kw³kvjx (10ଷ଺  ¸Y ev wUªwjIb wUªwjIb wUªwjIb 
¸Y kw³kvjx!) K_vUv †h mwZ¨ †mUv wbðqB †Zvgiv Abygvb Ki‡Z cvi‡e KviY hLb GKUv wPiæwb 
w`‡q Pzj AvP‡o GKUv KvMR‡K AvKl©Y K‡i Zy‡j bvI ZLb wKš‘ †mB KvMRUv‡K cy‡iv c„w_ex Zvi 
mg¯Í fi w`‡q ˆZwi gva¨vKl©Y ej w`‡q †U‡b ivLvi †Póv K‡i ZeyI †Zvgvi wPiæwbi Aí GKUz 
we ỳ¨r †mB wekvj c„w_exi cy‡iv gva¨vKl©Y‡K nvwi‡q †`q| 
 
3.2.3 ỳe©j wbDK¬xq ej (Weak Force)  
GUv‡K ỳe©j ejv nq KviY GUv Zwor †PŠ¤^K ej †_‡K `ye©j (cÖvq wUªwjIb ¸Y) wKš‘ †gv‡UI 
gnvKl© e‡ji g‡Zv G‡Zv ỳe©j bq| gnvKl© Ges Zwor †PŠ¤^K ej †h †Kv‡bv `~iZ¡ †_‡K KvR 
Ki‡Z cv‡i wKš‘ GB ejUv LyeB Aí ~̀i‡Z¡ (10ିଵ଼ ݉) KvR K‡i! †ZRw¯Œq wbDwK¬qvm †_‡K †h 
†eUv (β) iwk¥ ev B‡jKUªb †ei nq †mUvi KviY GB ỳe©j wbDK¬xq ej| 
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3.2.4 mej wbDK¬xq ej (Stro  Nu ar Force)  ng cle
GwU n‡”Q m„wó RM‡Zi me‡P‡q kw³kvjx ej, Zwor †PŠ¤^K ej †_‡KI GKk¸Y †ewk kw³kvjx 
wKš‘ GUvI LyeB Aí ~̀i‡Z¡ (10ିଵହ ݉) KvR K‡i| cigvYyi †K‡›`ª †h wbDwK¬qvm i‡q‡Q Zvi 
†fZiKvi †cÖvUb Ges wbDUª‡bi wb‡R‡`i gv‡S GB cÖPÊ kw³kvjx ej KvR K‡i wb‡R‡`i AvU‡K 
iv‡L| cÖPÊ e‡j AvU‡K _vKvi Kvi‡Y Gi gv‡S A‡bK kw³ Rgv _v‡K ZvB eo wbDwK¬qvm‡K 
†f‡½ wKsev †QvU wbDwK¬qvm‡K †Rvov w`‡q A‡bK kw³ ˆZwi Kiv m¤¢e| wbDwK¬qvi †evgv †m Rb¨ 
GZ kw³kvjx| m~h© †_‡K Av‡jv ZvcI GB ej †_‡K ˆZwi nq| 
 

weÁvbxiv aviYv K‡ib GB Pvi ai‡bi e‡ji g~j GK RvqMvq Ges Zviv me¸‡jv‡K GK 
m~Î w`‡q e¨vL¨v Kivi †Póv Ki‡Qb| Zwor †PŠ¤̂K (we ỳ¨r †PŠ¤^Kxq) Ges ỳe©j wbDwK¬qvi ej‡K Gi 
gv‡S GKB m~Î w`‡q e¨vL¨v Kiv m¤¢e n‡q‡Q Ges †mwU ZvwË¡K c`v_©weÁv‡bi GKwU AvKvk‡Quvqv 
mvdj¨! (Kv‡RB Zzwg B‡”Q Ki‡j ej‡Z cvi ej wZb ai‡bi: gnvKl©, B‡jK‡Uªv DBK (Electro‐
weak) Ges wbDwK¬qvi †KD GUv‡K fzj ej‡Z cvi‡e b!) Ab¨¸‡jv‡KI GK m~‡Î Muv_vi Rb¨ 
weÁvbxiv KvR K‡i hv‡”Qb| 
 †Zvgiv hLb †Zvgv‡`i ˆ`bw›`b Rxe‡b bvbv Kv‡R ej e¨envi K‡iv ZLb †Zvgv‡`i g‡b 
n‡Z cv‡i †Kv‡bv †Kv‡bv ej cÖ‡qvM Ki‡Z n‡j ¯úk© Ki‡Z nq (†μb w`‡q fvix wRwbm †Zvjv, 
†Kv‡bv wKQz‡K av°v †`Iqv, wKsev Pj‡Z Pj‡Z Nl©‡Yi Rb¨ PjšÍ e ‘̄i †_‡g hvIhv) Avevi †Zvgiv 
jÿ K‡iQ †Kv‡bv †Kv‡bv ej cÖ‡qv‡Mi Rb¨ ¯úk© Ki‡Z nq bv  †Kv‡bv wKQz †Q‡o w`‡j gva¨vKl©Y 
e‡ji Rb¨ wb‡P cov, Pz¤^‡Ki AvKl©Y!) Kv‡RB Avgiv ej‡K ¯úk© Ges A¯úk© `yB ai‡bi e‡j 
fvM Ki‡Z cvwi| wKš‘ †Zvgiv wbðqB eyS‡Z cviQ Avgiv †hLv‡b ¯úk© KiwQ e‡j aviYv KiwQ, 
†mLv‡b wKš‘ ci¯ú‡ii AYy-cigvYy, Zv‡`i wN‡i N~Y©vqgvb B‡jKUªb mivmwi ¯úk© w`‡q bq Zv‡`i 
Zwor †PŠ¤̂K ej w`‡q G‡K A‡b¨i mv‡_ KvR Ki‡Q! Ab¨ K_vq ejv hvq Avgiv hw` cvigvYweK 
ch©v‡q P‡j hvB Zvn‡j me ejB A¯úk©K! GK cigvYy Ab¨ cigvYy‡K AvKl©Y-weKl©Y K‡i `~i 
†_‡K, Zv‡`i‡K AvÿwiK A‡_© ¯úk© Ki‡Z nq bv! 
 
3.3 wbDU‡bi wØZxq m~Î (Newton’s Second Law) 
 
Avgv‡`i Pvicv‡k Avgiv hv wKQz †`wL †mwU MÖn-bÿÎ †nvK Avi Mvwo †Uªb-wegvb †nvK wKsev 
K¨vi‡gi ¸wU †nvK Zvi me wKQzB wbDU‡bi wØZxq m~Î w`‡q e¨vL¨v Kiv hvq| wbDU‡bi wØZxq m~Î 
c`v_©weÁv‡bi RM‡Z †h Ac~e© wecøe m„wó K‡iwQj Zvi †Kv‡bv Zzjbv †bB| Av‡jvi †e‡Mi 
KvQvKvwQ hvIqvi mgq wKsev AYy-cigvYyi ÿz`ª RM‡Z hvIqvi Av‡M ch©šÍ wbDU‡bi wØZxq m~‡Îi 
evB‡i wKQz cÖ‡qvRb nq bv| GB AmvaviY m~ÎwU LyeB mnR, GUv G iKg : 
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wbDU‡bi wØZxq m~Î: e¯‘i fi‡e‡Mi cwieZ©‡bi nvi Zvi Dci cÖhy³ e‡ji mvgvbycvwZK 
Ges †h w`‡K ej cÖ‡qvM Kiv nq fi‡e‡Mi cwieZ©bUvI N‡U †mw`‡K|  

 
m~ÎUv‡Z †e‡Mi cwieZ©‡bi nvi bv e‡j fi‡e‡Mi cwieZ©‡bi nvi K_vUv ejv n‡q‡Q| fi †eM 
mnR fv‡e fi Ges †e‡Mi ¸Ydj‡K ejv nq| A_©vr fi hw` nq ݉, †eM hw` nq ݒ Zvn‡j 
fi‡eM ݌ n‡”Q 
ൌ ݌   ݒ݉ 
 
‡evSvB hv‡”Q †h‡nZz ݒ n‡”Q †f±i ZvB ݌ I GKwU †f±i| †Zvgiv aviYv Ki‡Z cvi †h 
mvaviYfv‡e hLb †Kv‡bv wKQz MwZkxj nq ZLb Zvi f‡ii †Kv‡bv cwieZ©b nq bv, ZvB fi‡e‡Mi 
cwieZ©bUzKz Avm‡e †e‡Mi cwieZ©b †_‡K| LyeB we‡kl †Kv‡bv †ÿ‡Î nq‡Zv Avgiv †`Le †e‡Mi 
cwieZ©b nqwb wKš‘ f‡ii cwieZ©b n‡q‡Q e‡j fi †e‡Mi cwieZ©b n‡q †M‡Q! fi‡eM bv‡g GKUv 
b~Zb ivwk Avwe®‹vi bv K‡i fi Ges †e‡Mi ¸Ydj K_vUv ej‡j Kx mgm¨v wQj? eo †Kv‡bv mgm¨v 
†bB wKš‘ †Zvgiv †R‡b iv‡Lv Av‡jv‡K hLb KYv wn‡m‡e †`Lv nq ZLb Zvi wKš‘ fi _v‡K bv wKš‘ 
fi‡eM _v‡K! Kv‡RB fi Ges †e‡Mi †_‡K fi‡eM †ewk †gŠwjK GKwU ivwk! 
 

D`vniY 3.2: Zywg GKwU †Uwbm ej 10 ݉/ݏ †e‡M GKUv †`qv‡j Qz‡o †`qvi ci GUv GKB 
ª̀æwZ‡Z wVK †Zvgvi w`‡K wd‡i G‡m‡Q| ejUvi fi 100݃݉ n‡j fi‡e‡Mi cwieZ©b KZ? 

 
DËi: ejwU Qz‡o †`qvi mgq fi‡eM ݌ ൌ  qv‡j AvNvZ K‡i wVK D‡ëv w`‡K wd‡i`† ,ݒ݉
Avmvi mgq fi‡eM n‡”Q  ݌ᇱ ൌ െ݉ݒ Kv‡RB fi‡e‡Mi cwieZ©b: 

݌ െ ሺ݌ᇱሻ ൌ ݒ݉ െ ሺെ݉ݒሻ ൌ  ݒ2݉
 

 
GB cwieZ©‡bi Rb¨ †Uwbm ejUvi Dci †`qvjUv Lye Aí mg‡qi Rb¨ ej cÖ‡qvM K‡i‡Q| 
wμ‡KU †Ljvi mgq e¨vUmg¨v‡biv Gfv‡e e¨vU w`‡q Lye Aí mg‡qi Rb¨ wμ‡KU ej‡K AvNvZ 
K‡i †mUvi fi‡e‡Mi cwieZ©b K‡i †d‡j| Avgiv †h¸‡jv‡K evDÛvwi wKsev Q°v ewj! 

 
 Gev‡i Avgiv wbDU‡bi wØZxq m~‡Î wd‡i hvB| aiv hvK †Kv‡bv GKUv e ‘̄i Avw`‡eM wQj 
 Kv‡RB fi †e‡Mi ,ݒ Ges †mB †eM cwiewZ©Z n‡q (†e‡o wKsev K‡g) n‡q‡Q ݑ
cwieZ©b n‡”Q : 

 mgq ci ݐ

ݒ݉  െ  ݑ݉
 
Kv‡RB fi‡e‡Mi cwieZ©‡bi n  vi :

ݒ݉ െ ݑ݉
ݐ

ൌ ݉
ሺݒ െ ሻݑ

ݐ
ൌ ݉ܽ w
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†h‡nZy GLv‡b a‡i wb‡qwQ f‡ii †Kv‡bv c vB Gfv‡e wjL‡Z cvwi Avi Avgiv Rvwb 
Z¡iY n‡”Q  

wieZ©b nqwb Z

ܽ ൌ
ݒ െ ݑ

ݐ
 

 
m  Kiv ej hw` ܨ nq Zvn‡j Avgiv wbDU‡bi wØZxq m~Î‡K wjL‡Z cvwi: yZivs cÖ‡qvM

ܨ  ן  ݉ܽ 
 

 
wKš‘ Avgiv m~ÎUv‡K mgvbycvwZKfv‡e wjL‡Z PvB bv, mgxKiY wn‡m‡e wjL‡Z PvB!  

†Zvgiv mevB Rvb mgvb Ges mgvbycvwZK K_v ỳwUi A_© Kx| GKwU ivwk †h nv‡i ev‡o ev 
K‡g Ab¨wUI hw` †mB nv‡i ev‡o ev K‡g Zvn‡j Avgiv ewj ivwk `ywU mgvbycvwZK| †h †Kv‡bv 
GKwU ivwk‡K mwVK GKUv mvgvbycvwZK aªæeK w`‡q Y  ỳwU mgvbycvwZK ivwk‡K mgvb K‡  
†djv hvq| 

 ¸  K‡i i

 A_©vr hw` ݔ, ן ݔ Gi mgvbycvwZK nq, A_©vr ݕ  ݇ nq Zvn‡j GKUv mgvbycvwZK aªæe ݕ 
Lyu‡R †ei Kiv m¤¢e hLb Avgiv wjL‡Z cvie 
 
ൌ ݔ   ݕ݇ 

 
wbDU‡bi wØZxq m~ÎwUi †ejvq Gev‡i GKUv PgKcÖ` e¨vcvi NUv‡bv m¤¢e| †h‡nZy ej 

welqUvB Gi Av‡M †Kv_vI e¨vL¨v Kiv nqwb, (wbDU‡bi cÖ_g m~Î w`‡q ïay †mUvi GKUv aviYv 
†`Iqv n‡q‡Q) wØZxq m~Î w`‡q †mUv‡K cÖ_gevi cwigvc Kiv n‡e ZvB Avgiv ej‡Z cvwi wbDU‡bi 
wØZxq m~Î cÖ‡qvM Kivi mgq mgvbycvwZK aªæeK‡K 1 aiv n‡j †hUv cve †mUvB n‡”Q e‡ji 
cwigvc! Kx mn‡R mgvbycvwZK m¤úK©‡K mgxKiY evwb‡q †djv hvq| 

myZivs Avgiv wbDU‡bi wØZxq m~ÎUv‡K GKUv mgxKiY wn‡m‡e wjL‡Z cvwi| ej hw` F 
nq Ges  aªæeK‡K hw` 1 a‡i †bB Zv n‡j mgvbycvwZK

     
ൌ ܨ  ݉ܽ   

 

 

 
 
GB †QvU Ges mnR mgxKiYwU †h c`v_©weÁv‡bi RM‡Z Kx wecøe K‡i w`‡Z cv‡i †mwU wek¦vm Kiv 
KwVb| 

e‡ji gvÎv: ିܶܮܯଶ

D`vniY 3.3: 3.2 Qwe‡Z †`Lv‡bv Dcv‡q GKwU ݉ f‡ii ỳB cv‡k ỳwU KwcKj e¨envi K‡i 
10 ݇݃ Ges 5 ݇݃ f‡ii ỳwU IRb Szwj‡q †`qv n‡q‡Q| ݉ fiwUi Dci KZ ej KvR Ki‡Q? 
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DËi: 10 ݇݃ Ges 5 ݇݃ fi †Kv‡bv ej bq, 
G¸‡jv fi Kv‡RB G¸‡jv‡K cÖ_‡g ݃ w`‡q ¸Y 
w`‡q e‡j cwiYZ K  ‡i wb‡Z n‡e| 

ଶݏ

 

 
10 ݇݃ ൈ 9.8݉/

ൌ 98 ܰ
5 ݇݃ ൈ ଶݏ/9.8݉

9 ܰ ൌ 4

Kv‡RB ݉ fiwUi Dci evg w`‡K 98 ܰ w`‡q 
Ges Wvb w`‡K 49 ܰ w`‡q Uvbv n‡”Q

 

| 

ỳ‡Uv †hvM n‡q ejv hvq evg w`‡K 49 ܰ KvR 
Ki‡Q| (݉ fiwUi Dci Av‡iKwU ej ݉݃ †mvRv †b‡Pi w`‡K KvR Ki‡Q, wKš‘ †mwU †Uwe‡ji 
cÖwZwμqv ej w`‡q KvUvKvwU n‡q Av‡Q) 

 Qwe 3.2:  KwcKj w`‡q GKwU fi‡K ỳcvk †_‡K ỳwU IR‡bi 
gva¨‡g ej cÖ‡qvM Kiv n‡”Q  

 

D`vniY 3.4: 1݇݃ f‡ii GKUv e ‘̄‡K Qwe 
3.3 G †`Lv‡bv Dcv‡q Szwj‡q ivLv n‡q‡Q| 
 ?ଶ e‡ji gvb KZܨ ଵ Gesܨ

 

Qwe 3.3:   ỳ‡Uv my‡Zv w`‡q †Svjv‡bv GKwU fi  

 
DËi:  †h‡nZz GLv‡b me wKQz w ’̄i Ae ’̄vq 
Av‡Q ZvB †evSv hv‡”Q ܱ we› ỳ‡Z †gvU e‡ji 
wigvY k~b¨| 1݇݃ fi‡K cÖ_‡g ݃ w`‡q ¸Y 

`‡q e i Z Z 
c
w
 

‡j cw Y  K‡i wb‡ n‡e: 

1 ݇݃ ൈ 9. ଶ ൌ ݏ/8݉ ܰ 9.8

wb‡Pi w`‡Ki GB 9.8 ܰ ejwU Dci w`‡Ki 
ỳwU ej ܨଵ Ges ܨଶw`‡q mvg¨ Ae ’̄vq ivLv 

Kiv Av‡Q| A_©vr: Dc‡i wb‡P †Kv‡bv ej 
†bB, Wv‡b ev‡gI †Kv‡bv ej †bB| Wv‡b 
ev‡  e  L

 

q ‡ji Rb¨ wj ‡Z cvwi: 

ଵܨ    sin 45° ൌ ଶܨ sin 45 ° Kv ଶ

 
‡RB ܨଵ ൌ ܨ  

Dc‡i wb‡P e‡ji Rb  w 4 ଶ cos 45° 
 

¨ wjL‡Z cv i  9.8 ܰ ൌ ଵܨ cos 5° ൅ ܨ

cÖ_g mgxKiY †_‡K  9.8 ܰ ൌ ܨ2 cos 2ଵ 45° ൌ ଵܨ2 /√
 

     

ଵܨ ൌ
9.8
√2

ൌ 6.93ܰ  w
w
w
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ൌ 1ܨ K 2ܨ  2ܨ  ൌ 6.93ܰ v‡RB

D`vniY 3.5: 5݇݃  f‡ii GKwU w ’̄i e ‘̄i Ici 100ܰ ej 10ݏ ch©šÍ cÖ‡qvM Kiv n‡jv| 
(a) ej cÖ‡qvM Kivi Kvi‡Y Z¡iY KZ? (b) 10ݏ c‡i †eM KZ? (c) 20ݏ c‡i †eM KZ?  (d) 
 |mg‡q KZUzKz ~̀iZ¡ AwZμg K‡i‡Q? (e) †eM Ges AwZμvšÍ ~̀iZ¡ MÖvd Gu‡K †`LvI ݏ20

 

 

ܽ ൌ
ܨ
݉ ൌ

100 ܰ
5 ݇݃ ൌ  ଶݏ/݉ 20

DËi: (a) Z¡iY  

(b) 10ݏ c‡i †  eM  

ൌ ݒ ൅ ݑ  ൌ ݐܽ   0 ൅  20 ൈ ݏ/10݉ ൌ  ݏ/݉ 200
 

 
(c) 10ݏ ch©šÍ ej cÖ‡qvM Kiv n‡q‡Q Gici  †h‡nZy Avi ej cÖ‡qvM Kiv nqwb Kv‡RB 
200 _eM †cuŠQv‡bv ci †eM AcwiewZ©Z _vK‡e| A† ݏ  ݏ/݉ c‡i †eM 200 ݏ

 

Qwe 3.4:  †eM mgq Ges Ae¯’vb mg‡qi ỳwU MÖvd ev †jLwPÎ  

 ݉/ ©vr 20

(d) 20ݏ   G AwZ Í ~̀iZ¡: 
 

 G AwZμvšÍ `~iZ¡ ỳBev‡i †ei Ki‡Z n‡e| cÖ_g 10ݏ μvš

ݏ   ൌ ൅ ݐݑ  ଶݐܽ    ൌ   ൈ  20 ൈ  10ଶ݉ ൌ  1000݉ ଵ

 
wØZxq 10 ݏ G AwZμvšÍ ` 3~iZ¡ (Qwe  .4) 

ൌ  
 

ଶݏ  ൌ ൈ 200  ݐݒ   10 ݉ ൌ  2000݉
 

†gvU AwZμvšÍ ~̀iZ¡ ݏ ൌ ଵݏ ൅ ݏଶ  ൌ  1000 ݉ ൅  2000 ݉ ൌ  3000  ݉   
 
(e) 3.4 Qwe‡Z †`Lv‡bv n‡q‡Q| 
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D`vniY 3.6: w ’̄i Ae ’̄v †_‡K ïiæ K‡i 10ݏ GKUv e ‘̄ 100݉ ~̀iZ¡ AwZμg Kiv‡Z 20ܰ 
ej w`‡Z n‡q‡Q| e¯‘wUi fi KZ? 
 

DËi: ݏ ൌ ݐ ൅
ଶ

ݑ ଵ ݐܽ
ݑ ൌ 0 

ଶ 

ܽ ൌ
ݏ2
ଶݐ ൌ

2 ൈ 100
ଶ10 ଶݏ/݉    ൌ  ଶݏ/2݉

ܨ ൌ ݉  

݉ ൌ
ܨ
ܽ

ܽ

ൌ
20
2  ݇݃ ൌ 10 ݇݃ 

 
D`vniY 3.7: †Zvgiv mevB AvBb÷vB‡bi †mB weL¨vZ m~ÎwUi K_v Rvb ܧ ൌ ݉ܿଶ GLv‡b ܧ 
n‡”Q kw³ (Avgiv c‡ii Aa¨v‡q coe ݉ ‡”Q  Ges ܿ n‡”Q Av‡jvi †eM| AvBb÷vB‡bi 
Av‡cwÿK m~Î †_‡K Avgiv Rvwb 

)  n  fi

݉ ൌ
 ݉଴

ට െ ଶݒ

ܿଶ1
 

 
†hLv‡b ݉ n‡”Q MwZkxj Ae ’̄vi fi Avi  ݉଴ n‡”Q w ’̄i Ae ’̄vi fi, A_©vr AvBb÷vB‡bi 
Av‡cwÿK ZË¡ Abyhvqx w ’̄i Ae ’̄vi fi †_‡K MwZkxj Ae¯’vi fi †ewk! †`LvI †h Av‡jv‡K 
KYv wn‡m‡e we‡ePbv Ki‡j Gi fi k~b¨ n‡jI Gi fi †eM k~b¨ bq! 
 
DËi: fi‡eM n‡”Q ݌ ൌ  ݒ݉
 Kv‡RB  

݌ ൌ
 ݉଴ݒ

ට ଶݒ
ଶ1 െ ܿ

 

 ỳB cv‡kB eM© Kwi: 

ଶ݌ ൌ
 ݉଴

ଶݒଶ

1 െ ଶݒ

ܿଶ

 

ܿଶw`‡q ¸Y Kwi: 

ଶܿଶ݌ ൌ
 ݉଴

ଶݒଶܿଶ

ଶݒ
1 െ ܿଶ

 

ỳB cv‡k ݉଴
ଶܿସ †hvM Kwi: 

ଶܿଶ݌ ൅ ݉଴
ଶܿସ ൌ

 ݉଴
ଶݒଶܿଶ

1 െ ଶݒ

ܿଶ

൅ ݉଴
ଶܿସ 
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ଶܿଶ݌ ൅ ݉଴
ଶܿସ ൌ

 ݉଴
ଶݒଶܿଶ ൅ ݉଴

ଶܿସ െ  ݉଴
ଶݒଶܿଶ

1 െ ଶݒ

ܿଶ

ൌ
݉଴

ଶܿସ

1 െ ଶݒ

ܿଶ

 

 
ỳBcv‡k eM©g~j †bB 

ට݌ଶܿଶ ൅ ݉଴
ଶܿସ ൌ

 ݉଴ܿଶ

ට1 െ ଶݒ

ܿଶ

ൌ ݉ܿଶ 

 

 

 

 
Avgiv R ܧ ൌ ଶvwb ݉ܿ  

൅ ݉଴
ଶܿସ ඥ݌ଶܿଶ ൌ  ܧ

 

Kv‡RB
hw`  ݉ ൌ
݌

0 nq ଴

ൌ   ܧ
Kv‡RB ݌ ൌ  ܿ/ܧ

 
A_©vr fi k~b¨ n‡jI fi‡eM ݌ k~b¨ bq! KZ mn‡R KZ wewPÎ welq †`Lv‡bv hvq! 

 
3.4 gnvKl© ej (Gravitational Force) 
 
Avgiv ej Kx †mUv e‡jwQ (†hUv Z¡i‡Yi Rb¥ †`q) †mUv †Kgb K‡i cwigvc Ki‡Z nq †mUvI 
e‡jwQ (fi Avi Z¡i‡Yi ¸Ydj) wKš‘ GL‡bv †Zvgv‡`i‡K mwZ¨Kvi †Kv‡bv e‡ji mv‡_ cwiPq 
Kwi‡q w`Bwb| c`v_©weÁv‡bi GKwU PgKcÖ` ej n‡”Q gnvKl© ej, fi Av‡Q †m iKg †h †Kv‡bv 
e¯‘ Ab¨ e¯‘‡K gnvKl© ej w`‡q AvKl©Y K‡i| aiv hvK `ywU fi ݉ଵ Ges ݉ଶ Zv‡`i gv‡S ~̀iZ¡ ݎ 

gv‡S †h ej m„wó n‡e †mUv‡K hw` Avgiv ܨ ewj Zvn‡j  Zvn‡j Zv‡`i 
 
ܨ ൌ ܩ ௠భ௠మ

௥మ  
 
GLv‡b ܩ n‡”Q gnvKl©xq aªæeK Ge  ”Q :s Zvi gvb n‡   

6.67 ൈ 10ିଵଵ ܰ݉ଶ݇݃ଶ 

gvÎv: ିܶܮܯଶ 
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GLv‡b g‡b ivL‡Z n‡e ݉ଵ fiwU  ݉ଶ †K wb‡Ri 
w`‡K ܨ e‡j AvKl©Y K‡i Avevi  ݉ଶ fiwU ݉ଵ †K 
wb‡Ri w`‡K AvKl©Y K‡i|  

GB ỳ‡Uv f‡ii GKUv hw` Avgv‡`i c„w_ex nq 
Ges Avgiv hw` a‡i wbB Zvi fi ܯ, Ges c„w_exi 
Dc‡i ݉ f‡ii Ab¨ GKUv wRwbm ivLv nq Zvn‡j 
c„w_ex ݉ fi‡K Zvi †K‡›`ªi w`‡K ܨ e‡j AvK
Ki‡e 

l©Y 

ܨ ൌ ܩ
ܯ݉
ܴଶ  

 Qwe 3.5:  ỳwU f‡ii †fZi gva¨vKl©Y ej 

 
GB ejwUB Avm‡j e ‘̄wUi IRb| g‡b ivL‡Z n‡e GLv‡b ܴ c„w_exi †K› ª̀ †_‡K ݉ fiwU ch©šÍ 
~̀iZ¡| c„w_exc„ô †_‡K ݉ f‡ii ~̀iZ¡ bq| †h‡nZz c„w_exi e¨vmva© A‡bK (cÖvq 6000 km) 

Kv‡RB c„w_exi c„‡ô †QvULv‡Uv D”PZv‡K aZ©‡e¨i gv‡S Avbvi cÖ‡qvRb †bB| c„w_exi †K›`ª †_‡K 
~̀iZ¡ gvcv nq KviY hw` †MvjvKvi †Kv‡bv e ‘̄ nq Zvn‡j Zvi mg Í̄ fi †K› ª̀we›`y‡Z Rgv n‡q 

Av‡Q a‡i wb‡j †Kv‡bv fzj nq bv| (Zvi KviY c„w_exi cÖ‡Z¨KUv we› ỳB ݉ fi‡K wb‡Ri w`‡K 
AvKl©Y K‡i Ges me¸‡jv AvKl©Y GKÎ Kiv n‡j g‡b nq †hb c„w_exi mg¯Í fiUzKzB †K›`ªwe›`y‡Z 
Rgv n‡q Av‡Q!) 

wbDU‡bi wØZ
 
ൌ ܨ  ݉ܽ, Kv‡RB 

xq m~Î †_‡K Avgiv Rvwb  

 
c„w_exi gva¨vKl©Y e‡ji Rb¨ ݉ fiwU GKwU Z¡iY Abyfe Ki‡e| gva¨vKl©‡Yi Rb¨ †h Z¡iY nq 
†m ܽ bv wj‡L ݃ †jLv nq †mUv Avgiv Av‡MB e‡jwQ| Kv‡RB Uv‡K 
 

ܩ
ܯ݉
ܴଶ ൌ ݉݃ 

c„w_exi ܯ  9 10ଶ ¨v va© ܴ ൌ 6.37 ൈ 10଺ ݉  
 

 fi ൌ 5. 8 ൈ ସ ݇݃, c„w_exi e m
 

݃ ൌ
ܯܩ
ܴଶ ൌ

6.67 ൈ 10ିଵଵ ൈ 5.98 ൈ 10ଶସ 
ሺ6.37 ൈ 10଺ሻଶ ଶݏ/݉ ൌ  ଶݏ/݉ 9.8

 
Avgiv Gi Av‡Mi Aa¨v‡qB MwZi mgxKi‡Y ݃ Gi GB gvb e¨envi K‡iwQ, GLb †Zvgiv Rvb‡Z 
cvi‡j †Kb ݃ Gi GB gvb e¨envi Kiv n‡qwQj| w

w
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D`vniY 3.8: †¯úm †÷k‡bi D”PZv c„w_exc„ô †_‡K AvbygvwbK 100 ݇݉. †mLv‡b ݃ Gi gvb 
KZ?  

 

 
DËi: †¯úm †÷k‡b gva¨vKl©YRwbZ Z¡iY ݃ᇱ n‡j  

݃ᇱ ൌ
ܯܩ

ሺܴ ൅ ሻଶݎ

 

 

 

 

 
GLv‡b ܴ c„w_exi e¨vmva© 6000 ݇݉ Ges †¯úm †÷k‡bi D”PZv ݎ 100 ݇݉ ൌ

݃ᇱ ൌ
ܯܩ

ଶ ൌ
ܯܩ

ܴଶሺ1 ൅ ሻଶܴ/ݎ ൌ
݃

ሺ1 ൅  ሻଶܴ/ݎ

 

ሺܴ ൅ ሻݎ

݃ᇱ ൌ
݃

1.016ଶ ൌ  ଶݏ/݉ 9.49

 

 
݃ᇱ Gi gvb †gv‡UB k~b¨ bq Zvn‡j 
†mLv‡b gnvKvkPvixiv IRbnxb (Qwe 
3.6) †Kb?  
 
D`vniY 3.9: c„w_exi †K› ª̀ †_‡K Puv‡`i 
~̀iZ¡ 3.8 ൈ 10ହ݇݉. Puv‡`i GKevi 

c„w_ex‡K cÖ`wÿY Ki‡Z KZ mgq 
jvM‡e?                 Qwe 3.6: gnvKvkhv‡b fvmgvb G‡÷ªvbU|  
 
DËi: Puv`‡K c„w_ex gva¨vKl©Y e‡j 
Uvb‡Q| †mwU ܨ n‡j 

ܨ ൌ ܩ
ܯ݉
ଶݎ  

ܯ
݉
 ¡c„w_ex †_‡K Puv‡`i ~̀iZ ݎ

 c„w_exi fi     
 Puv‡`i fi    

 
c„w_exi AvKl©‡Yi Rb¨ Puv‡`i Z¡iY ܽ n‡j 

ܽ ൌ
ଶݒ

ݎ  

ݒ ൌ
2πݎ

ܶ  

GLv‡b 
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 GKevi Ny‡i Avm‡Z Puv‡`i †h ܶ c„w_ex‡K

mgq jv‡M 
ܨ ܽ     e¨envi K‡i 

 Qwe 3.7: c„w_ex‡K wN‡i N~Y©vqgvb Puv`| 

ൌ ݉

ܯ
ܩ

݉
ଶݎ ൌ ݉

ቀ2πݎ
ܶ ቁ

ଶ

ݎ  

ܯܩ
ൌ ൬

2πݎ
ܶ ൰

ଶ

ݎ 

ܶ ൌ
2πݎ

ටܯܩ
ݎ

ൌ 2πඨ ଷݎ

 ܯܩ

 
Avgiv GLv‡b cª‡Z¨KUvi gvb ewm‡q wnmve 
Ki‡Z cvwi wKš‘ †mUv bv K‡i GLv‡b 

݃ ൌ ீெ
మோ
 e¨envi K‡i †dwj : 

 

ܶ ൌ
2π
ܴ

ඨ
ଷݎ

݃  

 
G
 

ܶ ൌ
2π ൈ ሺ3.8 ൈ 10ହሻ

ଷ
ଶ

Lv‡b c„w_exi e¨vmva©  ܴ ൌ 6.37 ൈ 10଺ ݉     Ges    ݃ ൌ  ଶݏ/݉ 9.8

6.37 ൈ 10଺ ൈ √9.8  
ݏ ൌ

2π ൈ ሺ3.8 ൈ 10ହሻ
ଷ
ଶ

6.37 ൈ 10଺  ൈ √9.8 ൈ 60 ൈ 60 ൈ 24
 ݏݕܽ݀

ܶ ൌ  ݏݕܽ݀ 27
 

c„w_ex †_‡K g‡b nq Puv` eywS 29.5 w`‡b c„w_ex‡K cÖ`wÿY K‡i (D`vniY 2.15) Avm‡j 
mgqUv 27 w`b| 
†
A
 

ܶ ൌ
2π
ܴ

Zvgiv wbðqB jÿ K‡iQ c„w_ex‡K wN‡i Puv‡`i cÖ`wÿY Ki‡Z KZ mgq jv‡M †mUv †ei Ki‡Z 
vgv‡`i ‡Kv_vI Puv‡`i fi e¨envi Ki‡Z nqwb| Kv‡RB  

ඨ
ଷݎ

݃  

 
 m~ÎUv Avgiv c„w_ex‡K wN‡i Nyi‡Z _vKv †h †Kv‡bv DcMÖni Rb¨I e¨envi Ki‡Z cvie| 
 
D`vniY 3.10: m~h© †_‡K wewfbœ MÖ‡ni ~̀iZ¡¸‡jv n‡”Q (c„w_exi ~̀i‡Z¡i Zzjbvq)  
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MÖn eya ïμ c„w_ex g½j e„n¯úwZ kwb BD‡ibvm †bcPzb 
~̀iZ¡ 0.387 0.723 1 1.524 5.203 9.539 19.18 30.06 

 
†Kvb MÖn KZ mg‡q m~h©‡K GKevi Ny‡i Av‡m?  
 
DËi: ݉ Mª‡ni fi Ges ܯ m~‡h©i fi n‡j, GKwU MÖn‡K m~h© Zvi w`‡K †h e‡j Uvb‡Q: 
  

ܨ ൌ ܩ
ܯ݉
ଶݎ  

 
GB e‡j Uvbvi Kvi‡Y †mB MÖ‡ni Z¡iY:  
 

ܽ ൌ
ଶݒ

ݎ ൌ
ቀ2πݎ

ܶ ቁ
ଶ

ݎ ൌ
4πଶ ݎ

ܶଶ   
 
GLv‡b ܶ  GKevi Ny‡i Avmvi mgq|  n‡”Q m~h©‡K
†h‡nZz  ܨ ൌ  ݉ܽ 

ܩ
ܯ݉
ଶݎ ൌ ݉

4πଶݎ
ܶଶ  

 
Kv‡RB †h †Kv‡bv MÖ‡ni Rb¨ m~h©‡K GKevi Ny‡i Avm‡Z †h mgq jv‡M 
 

ܶ ൌଶ 4πଶݎଷ

ܯܩ  

 
ݎ ൌ ܶ ଴ m~h© †_‡K c„w_exi ~̀iZ¡ n‡jݎ ൌ ܶ  n‡e  m~h©‡K GKevi Ny‡i Avm‡Z c„w_exi †h 
mgq jv‡M, 

଴

଴ܶ
ଶ ൌ

4πଶݎ଴
ଷ

ܯܩ  

 
Kv‡RB †h †Kv‡bv MÖ‡ni Rb¨ m ©‡K Kevi Ny‡i Avmvi mgq ~h  G  

ܶଶ ൌ
4πଶݎଷ

ܯܩ

 

ൌ
4πଶݎ଴

ଷ

ܯܩ ቆ
ଷݎ

଴ݎ
ଷቇ ൌ  ଴ܶ

ଶ ቆ
ଷݎ

଴ݎ
ଷቇ  

ܶ ൌ ଴ܶඨቆ
ଷݎ

଴ݎ
ଷቇ 

 

 free Bangla e-books: www.facebook.com/tanbir.ebooks

Any kind of e-book & Software : www.tanbircox.blogspot.com



66                                                                                                            ej 

GLb Avgiv wfbœ MÖ‡ni Rb¨ ݎ Gi gvb ewm‡q mivmwi c„w_exi Zzjbvq Ab¨vb¨ MÖ‡ni m~h©‡K wN‡i 
Avm‡Z KZ mgq jvM‡e †ei K‡i †dj‡Z cvwi| †h‡nZz c„w_exi m~h‡K wN‡i Avmvi mgqUv‡K 
Avgiv ermi ewj Kv‡RB ZvwjKvUv erm‡i †ei n‡e| 
 
†hgb eya MÖ‡ni Rb¨  

ܶ ൌ ଴ܶඨ൬
0.387

1 ൰
ଷ

ൌ 0.24 

 
Gfv‡e Ab¨¸‡jvI †ei Ki‡Z cvwi| DËi n‡e : 
 

MÖn eya ïμ c„w_ex g½j e„n¯úwZ kwb BD‡ibvm †bcPzb 
ermi 0.24 0.614 1 1.881 11.86 29.46 84.00 164.81 

 
†Zvgiv B›Uvi‡bU eBcÎ NuvUvNuvwU K‡i wgwj‡q †`L †Zvgvi wnmve wK mwZ¨ wK bv! KZ Aí 
†R‡b †Kvb MÖn‡K m~h©‡K wN‡i Avm‡Z eQi jvM‡e †ei Ki‡Z cviQÑ †f‡e †`‡LQ?    

 
3.4.1 c„w_exi †K‡› ª̀ g Gi gvb 
Avgiv †`‡LwQ c„w_exi c„‡ô ݃ Gi gvb 

݃ ൌ
ܯܩ
ܴଶ  

 
hw` c„w_exi †K‡› ª̀i ݃ Gi gvb ei Kivi R‡b¨ GB mgxKi‡Y ܴ ൌ  0 ewm‡q w`B Zvn‡j 
†gv‡UI mwVK DËi cve bv, Kv‡RB wVK K‡i GUv †ei Ki‡Z n‡e| 

 †

 aiv hvK c„w_exi e¨vmva© ܴ Ges Avgiv c„w_exi c„ô †_‡K MZ© K‡i c„w_exi Mfx‡i Xy‡K 
†MwQ Ges †mLv‡b c„w_exi †K› ª̀ †_‡K `~iZ¡ ݎ| Avgiv ݎ †K e¨mva© a‡i Av‡iKUv †MvjK Kíbv 
K‡i wbB| GLb Avgiv c„w_exUv‡K yB fv‡M fvM K‡i wb‡Z cvwi, ݎ e¨vmv‡a©i †MvjK Ges Zvi 
evB‡ii AskUzKz| (Qwe 3.8) 

`

 c„w_exi Mfx‡i †K› ª̀ †_‡K ݎ ~̀i‡Z¡ hw` †Kv‡bv fi ݉ _v‡K Zvn‡j Zvi Ici gva¨vKl©Y 
ejwU‡K Avgiv ỳwU wfbœ e‡ji †hvMdj wn‡m‡e †ei Ki‡Z cvwi| ݎ e¨vmv‡a©i †Mvj‡Ki Kvi‡Y 
gva¨vKl©Y ej Ges evB‡ii AskUzKzi Kvi‡Y gva¨vKl©Y ej| Qwe †`‡LB †Zvgiv eyS‡Z cviQ 
evB‡ii As‡ki Kvi‡Y †h gva¨vKl©Y ej ‰Zwi nq †mUv †hgb wb‡Pi w`‡K Av‡Q wVK †m iKg 
Ic‡ii w`‡KI Av‡Q| Avgiv hw` wVK K‡i wn‡me Kwi Zvn‡j †`Le e¨vmv‡a©i c„‡ô †h †Kv‡bv 
we› ỳ‡Z wb‡Pi wc‡Qi w`‡K †h gva¨vKl©Y ej Uvb‡Q †mUv‡K KvUvKvwU K‡i †dj‡Q Dci w`K †_‡K 
Uvbv gva¨vKl©Y ej Ges me wgwj‡q GB gva¨vKl©Y e‡ji gvb n‡”Q k~b¨! Kv‡RB †K›`ª †_‡K ݎ 
~̀i‡Z¡ _vKv f‡ii Ici gva¨vKl©Y ej Avm‡e ïaygvÎ ݎ †Mvj‡Ki †fZiKvi fiUzKzi Rb¨ evB‡i 

†_‡K wKQz Avm‡e bv| w
w
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 c„w_exi fi ܯ Ges AvqvZb  ቀସπ
ଷ

ቁ ܴଷ ZvB Zvi NbZ¡ ρ  

 

  Qwe 3.8: c„w_exi †fZ‡i GKwU †Mvj‡Ki Dci Ges †Mvj‡Ki evB‡ii As‡k f‡ii Kvi‡Y ‰Zix nIqv g  

ρ ൌ
ܯ

ቀ4π
3 ቁ ܴଷ

 

 

myZivs ݎ e¨vmv‡a©i †Mvj‡K fi ܯᇱ i 

ᇱܯ ൌ ൬
4π
3

 

 

 

൰ ଷρݎ ൌ  ൬
4π
3

൰ ଷݎ ൈ
ܯ

ቀ4π
3 ቁ ܴଷ

ൌ ቀ
ݎ
ܴ

ቁ
ଷ

 ܯ

 
myZivs c„w_exi †fZ‡i ‡K ݎ ‡Z vLv ݉ f‡ii Ici gva¨vKl©Y ej n‡”Q  †K› ª̀ †_  ~̀i ¡ i

ܨ ൌ
ᇱܯ݉ܩ

ଶݎ ൌ
݉ܩ
ଶݎ ቀ

ݎ
ܴ

ቁ
ଷ

ܯ ൌ
ܯ݉ܩ

ܴଶ ቀ
ݎ
ܴ

ቁ ൌ ݉݃ ቀ
ݎ
ܴ

ቁ 

 

  
݃ n‡”Q c„w_exi c„‡ô gva¨vKl©YRwbZ Z¡iY| myZivs c„w_exi †fZ‡i †K› ª̀ †_‡K ݎ ~̀i‡Z¡ 
gva¨vKl©YRwbZ Z¡iY ݃ᇱ n‡j gva¨vKl©Y ej ܨ  ݉݃ Kv‡RB   n‡e ᇱ , 

݉݃ᇱ ൌ ݉݃ ቀ
ݎ
ܴ

 

ቁ 

݃ᇱ ൌ ݃ ቀ
ݎ
ܴ

ቁ 
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Kv‡RB G‡Kev‡i †K‡›`ª (ݎ ൌ  0) ݃ᇱ  Gi gvb k~b¨| A_©vr c„w_exi †K‡› ª̀ †h †Kv‡bv e¯‘ 
IRbnxb| 
 

D`vniY 3.11: c„w_exi 
Af¨šÍ‡i †K› ª̀ †_‡K K‡i 
ïiæ c„w_ex †_‡K evB‡i ݃ 
Gi gvb ~̀i‡Z¡i mv‡_ wKfv‡e 
cwiewZ©Z nq †`LvI| 
 
DËi: c„w_exi Af¨šÍ‡i †K› ª̀ 
†_‡K r ~̀i‡Z¡: 

݃௜௡ ൌ ݃ ቀ
ݎ
ܴቁ 

 c„w_exi evB‡i †K› ª̀ †_‡K r 
~̀i‡Z¡: 

ܨ ൌ ݉݃௢௨௧ ൌ ܩ
ܯ݉
ଶݎ ൌ ܩ

ܯ݉
ܴ ቆ

ܴଶ

ଶݎ ቇ ൌ ݉݃ ቆ
ܴଶ

ଶݎ ቇ 

 Qwe 3.9: c„w_exi †K›`ª †_‡K evB‡ii w`‡K g Gi gvb| 

 

ଶ

݃௢௨௧ ൌ ݃ ቆ
ܴଶ

ଶݎ ቇ 

 

g Gi gvb 3.9 Qwe‡Z †`Lv‡bv n‡q‡Q 

 
3.5 w¯úªs‡qi ej 
 
aiv hvK ¯^vfvweK Ae¯’vq GKUv w¯úªs‡qi ‰`N©¨ ܮ GB w¯úªsUv‡K †Uwe‡j ïB‡q ivLv n‡q‡Q Ges 
aiv hvK GB w¯úªs‡qi GK gv_v GKwU †`qv‡j jvMv‡bv Ab¨ gv_vq GKUv fi ݉ jvMv‡bv Av‡Q| 
¯^fvweK Ae¯’vq ݉ fiwUi Ici w¯úªs‡qi Kvi‡Y †Kv‡bv ej †bB| w¯úªs‡qi cy‡iv ˆ`N©¨ Rvbvi †P‡q 
Zvi ms‡KvPb wKsev cÖmviY Rvb‡Z Avgiv †ewk AvMÖnx ZvB w¯úªs‡qi ¯^vfvweK ˆ`N©¨ ܮ we› ỳwU‡K ݔ 
A‡ÿi †K›`ªwe› ỳ wn‡m‡e Kíbv K‡i wb‡qwQ| (Qwe 3.10) 

Kv‡RB hw` Avgiv fiwU‡K Av½yj w`‡q w¯úªs‡qi w`‡K †P‡c awi, A_©vr ܨ ej cÖ‡qvM Kwi 
Zvn‡j w¯úªsUv msKzwPZ n‡q hv‡e| Avgiv hw` Pvc w`‡q a‡i ivwL A_©vr ej cÖ‡qvM Kwi Zvn‡j 
wbDU‡bi wØZxq m~Î ܨ ൌ  ݉ܽ Abyhvqx Z¡iY nIqvi K_v| wKš‘ †h‡nZy fiwU w¯’i †Kv‡bv Z¡iY 
n‡”Q bv Zvi gv‡b wbðqB Ab¨ GKwU ej wecixZ w`K †_‡K KvR Ki‡Q Ges ỳwU e‡ji †hvMdj 
k~b¨ n‡q hvIqvi Kvi‡Y e ‘̄wUi †gvU ej k~b¨ Ges e¯‘wUi Z¡iY †bB| †Zvgiv wbðqB eyS‡Z cviQ 
wecixZ w`K †_‡K ejwU Avm‡Q w¯úªs †_‡K hvi A_© w¯úªs hw` msKzwPZ nq Zvn‡j †mwU ej cª‡qvM w
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K‡i| cÖ‡Z¨KUv w¯úªs‡qiB GKUv w¯úªs aªæeK _v‡K Ges †`Lv †M‡Q w¯úªs‡K Zvi ¯^vfvweK Ae¯’v 
†_‡K wePz¨Z Kiv n‡j ms‡KvPb A_ev cÖmv cÖ`vb K‡i| wePz¨wZi cwigvY ݔ n‡j iY GKUv ej 

ൌ ܨ  െ݇ݔ 
 

 
GLv‡b GKwU †b‡MwUf wPý i‡q‡Q hvi A_© e‡ji w`KwU wePy¨wZi wecixZ w`‡K| A_©vr 

w¯úªs hw` msKzwPZ nq Zvn‡j ݔ Gi gvb †b‡MwUf Ges †m Kvi‡Y ܨ cwRwUf A_©vr ܨ Gi w`K 
n‡”Q ݔ A‡ÿi cwRwUf w`K Qwe‡Z †hgb †`Lvbv n‡q‡Q| Avevi hw` fiwU‡K †U‡b aiv nq Zvn‡j 
w¯úªsUvi wePz¨wZ n‡e cwRwUf Kv‡RB ܨ Gi gvb n‡e †b‡MwUf A_©vr ejUv n‡e ݔ A‡ÿi wb‡MwUf 

w`‡K, Qwe‡Z †hgb †`Lv‡bv n‡q‡Q| 

  

Qwe 3.10: ¯^vfvweK Ae¯’v, msKzwPZ Ges cÖmvwiZ 
¯úªxs| 

 w¯úªs‡qi GB ejwU c`v_©weÁv‡bi Lye 
¸iæZ¡c~Y© GKwU ej| Avgiv fiwU‡K †Q‡o w`Bwb, 
ZvB e‡ji jwä k~b¨ Ges fiwU‡Z †Kv‡bv Z¡iY 
nqwb| wKš‘ w¯úªswU‡K msKzwPZ wKsev cÖmvwiZ K‡i 
Avgiv †Q‡oI w`‡Z cviZvg Zvnj w¯úªs †_‡K 
cÖ‡qvM Kiv e‡ji Kvi‡Y fiUvi Z¡iY n‡Zv, †eM 
eo‡Zv Ges fiUv bo‡Z ïiæ KiZ| GLv‡b ejwUi 
gvb me mgq mgvb _vK‡e bv, ݔ †e‡o hvIqv, K‡g 
hvIqv, cwRwUf wKsev †b‡MwUf nIqvi Kvi‡Y 
ejwUI evo‡e Kg‡e GgbwK w`KI cwieZ©b Ki‡e, 
Kv‡RB Z¡iYUv n‡e ˆewPÎ¨gq Ges fiwUi MwZ 
Av‡iv †ewk ˆewPÎ¨gq| 
 w¯úªs‡qi Kvi‡Y fiwUi †eM †Kgb nq †mwU 
Avgiv Avgv‡`i AwfÁZv †_‡K Rvwb, †mwU mvg‡b 
wcQ‡b Ki‡Z _vK‡e Ges Nl©‡Yi Kvi‡Y GK mgq 
†_‡g hv‡e| hw` Nl©Y bv _vKZ fiwU Zvn‡j 
AbšÍKvj mvg‡b wcQ‡b Ki‡Z _vKZ| 

 
D`vniY 3.12: 3.10 Qwe‡Z †h fv‡e †`Lv‡bv n‡q‡Q †mfv‡e GKUv (Nl©Ynxb) †Uwe‡j GKUv 
fi ivLv Av‡Q| †Kv‡bv wKQz Kiv bv n‡j w¯úªsUvi ‰`N©̈  iZ¡ †U‡b wb‡q̀~ ݔ `GLb w¯úªsUv‡K hwܮ 
†Q‡o w`B Zvn‡j Kx n‡e? 

DËi: w¯úªsUv fiUv‡K ܨ ൌ െ݇ݔ e‡j Uvb‡e A_©vr ejUv fiUv‡K evg w`‡K Uvb‡e| GB e‡ji 
Rb¨ f‡ii Z¡iY n‡e Ges Z¡i‡Yi Rb¨ †eM evo‡Z ïiæ Ki‡e| †e‡Mi Kvi‡Y fiUv evg w`‡K 
bo‡Z ïiæ Ki‡e Ges ݔ Gi gvb Kg‡Z _vK‡eÑ A_©vr ejUvI Kg‡Z _vK‡e Kv‡RB Z¡iYI 
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Kg‡Z _vK‡e| GUv n‡”Q mgZ¡i‡Y bv Pjvi GKUv D`vniY| Z¡iY Kg‡Z _vK‡jI †h‡nZz Z¡iY 
Av‡Q ZvB †eM wKš‘ evo‡Z _vK‡e| hLb fiUv w¯úªs‡qi Avmj ‰`N©̈  G †cuŠQv‡e ZLb ܮ 
ݔ ൌ 0 Kv‡RB ej ܨ ൌ 0 Ges Z¡iY ൌ 0 A_v©vr †eM Avi e„w× cv‡e bv| wKš‘ e„w× bv †c‡jI 
Gi gv‡S wKš‘ †eM m‡e©v”P gv‡b †e‡o †M‡Q Kv‡RB GUvi †_‡g hvevi †Kv‡bv my‡hvM †bB| GUv 
w¯úªsUv‡K msKzwPZ K‡iB Pj‡Z _vK‡e| hLb w¯úªsUv‡K ms‡KvPb Ki‡e ZLb w¯úªsUv D‡ëvw`‡K 
ej cÖ‡qvM K‡i fiUv‡K _vgv‡bvi †Póv Ki‡e| Ab¨fv‡e ejv hvq Gev‡i D‡ëvw`‡K Z¡iY (ev 
g›`b) n‡Z ïiæ Ki‡e Ges fiUvi MwZ Kg‡Z ïiæ Ki‡e| hLb Avevi ݔ ~̀i‡Z¡ w¯úªsUv‡K 
ms‡KvPb Ki‡e ZLb †eM Kg‡Z Kg‡Z k~b¨ n‡q hv‡e|  

 

          Qwe 3.11: ¯úªxs‡qi MwZ| 

w¯úªsUv †h‡nZy msKywPZ n†q Av‡Q †mUv wKš‘ 
fiUv‡K Wvb w`‡K ej cÖ‡qvM K‡iB hv‡”Q, Kv‡RB 
Z¡iY ˆZwi n‡e Ges Avevi †eM evo‡Z _vK‡e, 
Z‡e Gev‡i D‡ëv w`‡K| Gfv‡e cy‡iv cÖwμqvUv 
evievi NU‡ZB _vK‡e| Qwe‡Z †hiKg †`Lv‡bv 
n‡q‡Q| 

 
D`vniY 3.13: c„w_exi gvSLvb w`‡q hw` GKUv 
dz‡Uv K‡i Zzwg Svc `vI (Qwe  3.12) Zvn‡j Kx 
n‡e? 
 
DËi: wVK w¯úªs‡qi g‡Zv GLv‡bI GKB e¨vcvi 
n‡e, ïiæ‡Z †Zvgvi †eM k~b¨Ñ Av‡ Í̄ Av‡ Í̄ †mUv 
evo‡Z _vK‡e †K‡› ª̀ me‡P‡q †ewk, Zvici †mUv 
Kg‡Z _vK‡eÑ Ab¨ cv‡k †cuŠQv‡Z †cuŠQv‡Z †eM 
k~b¨ n‡q hv‡e| Zvici w`‡Ki cwieZ©b n‡e, Avevi 
GKB e¨vcvi| Zvi gv‡b Zzwg GK w`K †_‡K 
Ab¨w`‡K †h‡Z Avm‡Z _vK‡e| 
 
†Zvgiv †`L‡ZB cv”Q w¯úªs‡qi †ejvq ejUv wQj 
ܨ ൌ െ݇ݔ GLvb ܨ ൌ െ݇ݎ †hLv‡b ݇ ൌ ݃/ܴ 

 
 
3.5 wbDU‡bi Z…Zxq m~Î (Newton’s Third Law) 
 
†Kv‡b ej cÖ‡qvM bv Ki‡j Kx nq †mwU Avgiv Rvb‡Z †c‡iwQ wbDU‡bi cÖ_g m~Î †_‡K| ej 
cÖ‡qvM Ki‡j Kx nq †mUv Avgiv †R‡bwQ wbDU‡bi wØZxq m~Î †_‡K| hLb GKwU e ‘̄ Ab¨ e ‘̄i 
Ici ej cÖ‡qvM K‡i ZLb e¯‘ `ywUi gv‡S Kx ai‡bi cÖwZwμqv nq, †mwU Avgiv Rvb‡Z cvie 
wbDU‡bi Z…Zxq m~Î †_‡K| m~ÎwU GiKg : 
 w

w
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wbDU‡bi Z…Zxq m~Î : hLb GKwU e¯‘ Ab¨ GKwU e¯‘i Ici ej cÖ‡qvM K‡i ZLb †mB 
e¯‘wUI cÖ_g e¯‘wUi Ici wecixZ w`‡K mgvb ej cÖ‡qvM K‡i| 
 

c`v_©weÁv‡bi eB‡q mvaviYZ †hfv‡e wbDU‡bi Z…Zxq m~Î †jLv nq, ÒcÖ‡Z¨KwU wμqvi (action) 
GKUv mgvb Ges wecixZ cÖwZwμqv (reaction) _v‡KÓ, Avgiv GLv‡b †mfv‡e wjwLwb| Avgv‡`i 
GZÿ‡Y ej m¤ú‡K© LvwbKUv aviYv n‡q‡Q nVvr 
K‡i ej‡K ÒwμqvÓ wKsev cÖwZwμqv ej‡j 
weåvwšÍ n‡Z cv‡i! Zvi PvB‡Z eo K_v hviv 
b~Zb c`v_©weÁvb †k‡L Zv‡`i cÖ_g cÖkœB nq †h 
hw` mKj wμqvi (†Kv‡bv GKwU ej) GKwU 
wecixZ cÖwZwμqv (Av‡iKwU ej) _v‡K Zvn‡j 
wμqv-cÖwZwμqv G‡K Aci‡K KvUvKvwU K‡i k~b¨ 
n‡q hvq bv †Kb! GRb¨ Z…Zxq m~ÎwU‡Z Lye ¯úó 
K‡i wj‡L †`qv `iKvi †h Z…Zxq m~Î ej‡Q †h 
hw` ỳwU e¯‘ ܣ Ges ܤ _v‡K Zvn‡j ܣ hLb ܤ 
e‡ji Dci ej cÖ‡qvM K‡i ZLb ܤ ej cÖ‡qvM 
K‡i ܣ Gi Ici! wecixZ `ywU ej wfbœ wfbœ 
e¯‘‡Z KvR K‡i KL‡bvB GK e¯‘‡Z bq| hw` 
GKB e¯‘‡Z ỳwU ej cÖ‡qvM Kiv n‡Zv ïay 
Zvn‡jB G‡K Ab¨‡K KvUvKvwU Ki‡Z cviZ| 
GLv‡b KvUvKvwUi †Kv‡bv my‡hvM †bB| 

 Qwe 3.12: c„w_exi gvSLvb w`‡q †Q‡o †`qv GKRb 

gvbyl Dc‡i wb‡P Ki‡Z _vK‡e| 

 
K‡qKUv D`vniY w`‡j welqUv cwi®‹vi n‡e| aiv hvK Ici †_‡K Avgiv ݉ f‡ii GKUv 

e ‘̄ †Q‡o w`‡qwQ (Qwe 3.13)| Avgiv Rvwb c„w_exi gva¨vKl©Y e‡ji Rb¨ ݉ fi c„w_exi w`‡K 
GKUv ej ܨ Abyfe Ki‡e: 

ܨ ൌ ܩ
ܯ݉
ܴଶ  

 

 
Avgiv Av‡MB †`‡LwQ GB ejUv‡K ݃ wn‡m‡e †jLv hvq|  ݉
 wbDU‡bi Z…Zxq m~Î †kLvi ci Avgiv Rvwb ݉ fiwUI wekvj cy‡iv c„w_exUv‡K wb‡Ri 
w`‡K AvKl©Y Ki‡Q! †mB ejwUI ܨ ïaygvÎ wecixZ w`‡K! Avgiv GB ejwU‡K wb‡q gv_v NvgvBbv, 
Zvi KviY GB ejUvi Kvi‡Y c„w_exi KZUzK ”Q †mUv B‡”Q Ki‡j †ei Ki‡Z cvwi :  z Z¡iY ܽ n‡

ܨ ൌ  ܽܯ
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GLv‡b ܯ n‡”Q c„w_exi fi Ges ܽ n‡”Q c„w_exi Z¡iY 

݉݃
ܯ

ൌ ቀ
݉
ܯ

ቁ ݃ 

Kv‡RB  

ܽ ൌ
ܯ
ܨ

ൌ
 
hw` c„w_exi fi ܯ ൌ 5.98 ൈ 10ଶସ ݇݃ nq Zvn‡j Avgiv hw`  1 ݇݃ f‡ii GKUv e¯‘i Dci 
†_‡K †Q‡o w`B Zvi Rb¨ c„w_exi Z¡iY n‡e 
 
 ܽ ൌ 1.6 ൈ 10ିଶସ݉/ݏଶ 
 
GwU GZ ÿz`ª †h †KD GUv wb‡q gv_v Nvgvq bv! 
Zywg hLb c‡ii evi †Kv‡bv RvqMvq jvd †`‡e 
ZLb g‡b †i‡Lv wb‡P covi mgq cy‡iv c„w_exUv‡K 
Zzwg AvKl©Y K‡i wb‡Ri w`‡K †U‡b wb‡qwQ‡j! 
(hZ KgB ‡nvK Zzwg mviv c„w_ex‡K wb‡Ri w`‡K 
†U‡bwQ‡j, †mUv wb‡q GKUz Me© Ki‡Z cvi|) 
 
 wbDU‡bi Z…Zxq m~Î †evSvi me‡P‡q †mvRv 
Dcvq n‡”Q Avgiv Kxfv‡e nuvwU †mUv †evSv| Avgiv 
mevB nuvU‡Z cvwi Gi †cQ‡b wK c`v_©weÁvb Av‡Q 
†mUv bv †R‡bB mevB nuv‡U| wKš‘ †Zvgiv †h‡nZz 
c`v_©weÁvb wkL‡Z ïiæ K‡iQ †Zvgv‡`i Lye mnR 
GKUv cÖkœ Kiv hvq| Zzwg †h‡nZy w ’̄i Ae ’̄v †_‡K 
nuvU‡Z cvi Kv‡RB Avm‡j †Zvgvi GKwU Z¡iY 
n‡”Q, hvi A_© †Zvgvi Dci ej cÖ‡qvM Kiv n‡”Q| 
wKš‘ Avgiv mevB Rvwb †KD Avgv‡`i Dci ej 
cÖ‡qvM K‡i bv| Avgiv wb‡RivB nuvwU| †Kgb K‡i †mUv m¤¢e? 

 

Qwe 3.13: GKwU fi‡K c„w_ex †hgb AvKl©Y K‡i 
fiwU c„w_ex‡KI †mfv‡e AvKl©Y K‡i|  

 wbDU‡bi Z…Zxq m~Î bv Rvbv _vK‡j Avgiv KL‡bvB nuvUvi welqUv e¨vL¨v Ki‡Z cviZvg 
bv| Avgiv hLb nuvwU ZLb Avgiv cv w`‡q gvwU‡Z av°v w`B (A_©r ej cÖ‡qvM Kwi) ZLb gvwUUv 
wbDU‡bi Z„Zxq m~Î Abyhvqx Avgv‡`i kix‡i mgvb Ges wecixZ ej cÖ‡qvM K‡I (Qwe 3.14)| GB 
mgvb Ges wecixZ ejUv w`‡qB Avgv‡`i Z¡iY nq, Avgiv nuvwU! w
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 welqUv hv‡`i eyS‡Z GKUz mgm¨v n‡”Q 
Zv‡`i‡K g‡b Kwi‡q †`qv hvq, k³ gvwU‡Z nuvUv 
†mvRv wKš‘ SziSz‡i evjyi Dci nuvUv †mvRv bvÑ Zvi 
KviY evjyi Ici ej cÖ‡qvM Kiv hvq bv, evjy m‡i 
hvqÑ ZvB wbDU‡bi Z…Zxq m~Îi cvëv ejUvI wVK 
fv‡e cvIqv hvq bv| e¨vcviUv Av‡iv A‡bK ¯úó K‡i 
†`qv hvq hw` KvD‡K Am¤¢e gm„Y GKUv †g‡S‡Z 
mvevb cvwb wKsev †Zj w`‡q wcw”Qj K‡i nuvU‡Z †`qv 
nq! †mLv‡b Nl©Y Lye Kg, ZvB Avgiv wcQ‡b ej 
cÖ‡qvM Ki‡ZB cvie bv, Ges †m Rb¨ Zvi cÖwZwμqv 
wn‡m‡e Avgv‡`i Ici †Kv‡bv ejI cve bv! Avi ZvB 
nuvU‡ZI cvie bv (wek¦vm bv n‡j †Póv K‡i †`L‡Z 
cvi)| ej cÖ‡qvM Ki‡j wecixZ Ges mgvb ej cvIqv 
hvq, hw` cÖ‡qvM Ki‡ZB bv cvwi Zvn‡j Zvi cÖwZwμqv 
ej cve †Kgb K‡i? Avi nuvUe †Kgb K‡i? 

 

 

 
 wbDU‡bi Z…Zxq m~Î eyS‡Z wM‡q A‡b‡KB cÖ_g 

cÖ_g GKUv fzj K‡i| †mUv n‡”Q Avgiv hw` gvwU‡Z GKUv cv_i ivwL ZLb Kx nq †mUv mwVKfv‡e 
e¨vL¨v Ki‡Z cv‡i bv. cv_iwU †h‡nZz bo‡Q bv Kv‡RB Zvi Z¡iY †bB Kv‡RB Gi Dc‡i wbðqB 
†Kv‡bv ej KvR Ki‡Q bv A_©vr †gvU e‡ji cwigvY k~b¨ wKsev ej¸‡jv GKUv Av‡iKUv‡K 
KvUvKvwU Ki‡Q| welqUv e¨vL¨v Ki‡Z wM‡q Avgiv cÖvqB e‡j †dwj cv_iUv gvwU‡K Zvi IR‡bi 
mgvb ej cÖ‡qvM Ki‡Q wbDU‡bi Z…Zxq m~Î Abyhvqx 
gvwUUvI Zvi wecix‡Z cv_iUv‡K mgvb Ges wecixZ 
ej cÖ‡qvM Ki‡Q Ges GB ỳ‡Uv ej GKUv 
Av‡iKUv‡K KvUvKvwU K‡i †dj‡Q| wKš‘ †Zvgiv 
wbðqB eyS‡Z cviQ GB e¨vL¨vUv mwVK bvÑ KviY 
Z…Zxq m~Î e‡j w`‡q‡Q GKwU e¯‘ Ab¨wUi Ici ej 
cÖ‡qvM Ki‡e| Kv‡RB KvUvKvwU Ki‡Z n‡j GKB 
e ‘̄i Ici ỳwU ej cÖ‡qvM Ki‡Z n‡eÑ wbDU‡bi 
Z…Zxq m~Î †hUv wbwl× K‡i w`‡q‡Q! 

 Qwe 3.14: GKRb gvbyl nuvUvi mgq cv 
w`‡q hLb gvwU‡K av°v †`q ZLb gvwUI 
gvbylwU‡K cvëv av°v †`q| 

Qwe 3.15: gvwUi Ici ivLv cv_i‡K GKUv 
w¯úªs‡qi Ici i‡q‡Q Kíbv Kiv hvq| 

 Gi mwVK DËi †ei Kivi Rb¨ Avgiv cÖ_‡g 
cv_i Ges gvwUi gvSLv‡b GKUv w¯úªs Kíbv K‡i 
wbB (Qwe 3.15)| cv_‡ii IR‡bi Rb¨ ¯úªsUv GKUz 
msKzwPZ n‡q cv_iUvi Ici wecixZ w`‡K ej cÖ‡qvM 
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Ki‡e Ges cv_iUv‡Z ỳwU mgvb Ges wecixZ ej G‡K Ab¨‡K KvUvKvwU K‡i jwä k~b¨ K‡i 
†`‡e| wVK GKBfv‡e w¯úªsUvi Ab¨ AskI gvwU‡K ej cÖ‡qvM Ki‡e, gvwUI wecixZ w`‡K ej 
cÖ‡qvM Ki‡e! Kv‡RB cÖ‡Z¨KUv e¯‘‡ZB ỳ‡Uv wecixZ ej G‡K Ab¨‡K KvUvKvwU K‡i w¯’i Ae¯’vq 
_vK‡e| 
 ¯v̂fvweK fv‡eB †Zvgiv cÖkœ Ki‡Z cvi, Avgiv hLb gvwU‡Z GKUv cv_i ivwL wKsev hLb 
GKUv †Pqv‡i ewm ZLb †Zv Avm‡j gvSLv‡b †Kv‡bv w¯úªs _v‡K bvÑ ZLb Kx nq? w¯úªs bv 
_vK‡jI w¯úªs †h `vwqZ¡Uv cvjb K‡i KwVb e¯‘ cÖ‡qvR‡b GKUz weK…Z, wePz¨Z, evuKv (deform) 
n‡q †mB KvRUzKz K‡i †d‡j! Kv‡RB KwVb e¯‘ w¯úªs‡qi g‡ZvB cvëv GKUv ej mieivn K‡i| 
 

D`vniY 3.14:  (a) aiv hvK Zywg m¤ú~Y© Nl©Ynxb GKUv mgZ‡j ùvwo‡q AvQ| †Zvgvi IRb 
50݇݃ Ges †Zvgvi mvg‡b GKUv 100݇݃ f‡ii cv_i| Zzwg wVK Ki‡j Zzwg cv_iUv‡K 50ܰ 
ej w`‡q av°v w`‡q GK gv_v †_‡K Ab¨ gv_vq wb‡q hv‡e| 10ݏ c‡i cv_iUvi †eM KZ n‡e? 
(Qwe 3.16) 
 
DËi: Zzwg hLb cv_iUv‡K 
50ܰ ej w`‡q av°v †`‡e 
cv_iUvI wKš‘ wbDU‡bi Z…Zxq 
m~Î Abyhvqx †Zvgv‡K 50ܰ ej 
w`‡q av°v †`‡e| cv_iUvi Z¡iY 
n‡e W  w`‡Kvb  

ܽ ൌ
ܨ
݉

 

ൌ
50

100 ଶݏ/݉ 

ൌ 0.5 ݉
 ଶݏ/

 
wVK †m iKg †ZvgviI Z¡iY n‡e 
evg w`‡K  
 

ܽ ൌ
ܨ
݉ ൌ

50
50 ଶݏ/݉  ൌ  ଶݏ/݉ 1  

 
Qwe 3.16: GKRb gvbyl hLb GKUv cv_i‡K av°v †`qv ZLb 
cv_iwUI gvbylwU‡K cvëv av°v †`q|  

 
Kv‡RB Zzwg Ges cv_i ỳwU ỳw`‡K m‡i hv‡e! cv_iUv‡K av°v w`‡q GK gv_v †_‡K Ab¨ gv_vq 
Zzwg wb‡q †h‡Z cvi‡e bv! KviY cv_i Avi †Zvgvi †fZi GKUv ~̀iZ¡ ˆZwi n‡q hv‡eÑ Kv‡RB 
Uvbv 10ݏ cv_iUv‡K av°v †`qv m¤¢e bv! 
 
(b) aiv hvK Zzwg 2ݏ cv_iUv‡K av°v w`‡Z †c‡iQ ZLb Kx n‡e? 
 
DËi : 2ݏ G cv_iUvi †eM †e‡o n‡e: 
 w
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ݒ
ci c_iUv 1݉/ݏ mg‡e‡M †h‡Z _vK‡e| 

ൌ ݑ ൅ ݐܽ ൌ 0 ൅ 0.5 ൈ ൌ  ݏ/݉ 2  ݏ/1݉
Gi
 
G †Zvgvi ݏ2 ‡e :  †eM n

Gi ci Zzwg 2݉/ݏ mg‡e‡M wcQ‡b m‡i †h‡Z _vK‡e| 
ݑ ൅ ݐܽ ൌ 0 ൅ 1 ൈ ൌ  ݏ/݉ 2  ݏ/2݉

 

 

 

3.6 Nl©Y ej (Frictional Force) 
 
Avgiv Gi Av‡M gnvKl© wKsev gva¨vKl©Y ej Ges 
w¯úªs‡qi ej wb‡q Av‡jvPbv K‡iwQ, Gev‡i m¤ú~Y© wfbœ 
GKwU ej wb‡q Av‡jvPbv Kie, †mwU n‡jv Nl©Y ej| 

aiv hvK GKUv †Uwe‡j †Kv‡bv GKUv Kv‡Vi 
UzK‡iv i‡q‡Q Ges †mB Kv‡Vi UzK‡ivi Dci ej 
cÖ‡qvM K‡i †mLv‡b Z¡iY m„wó Ki‡Z Pvw”Q| aiv hvK 
3.17 Qwe‡Z †hfv‡e †`Lv‡bv n‡q‡Q †mfv‡e fiwUi 
Dci evg †_‡K Wv‡b ܨ ej cÖ‡qvM KiwQ, †`Lv hv‡e 
Kv‡Vi UzK‡ivq †Uwe‡ji mv‡_ Kv‡Vi UzK‡ivi Nl©‡Yi 
Kvi‡Y GKUv Nl©Y ej ݂ ˆZwi n‡q‡Q Ges †mwU Wvb †_‡K evg w`‡K KvR K‡i cÖ‡qvM Kiv 

ejwU‡K Kwg‡q w`‡”Q|  

 Qwe 3.17: GKwU f‡ii Dci ej cÖ‡qvM 
Ki‡j Nl©‡Yi R‡b¨ wecixZ w`‡K GKwU ej 
ˆZix n‡Z cv‡i| 

 

Qwe 3.18: Nl©Y cÖK…Zc‡ÿ ỳ‡Uv Ge‡ov †_e‡ov 
c„‡ôi Kvi‡Y ˆZix nq|  

 GLb Zzwg hw` g‡b Ki Nl©‡Yi d‡j Wvb 
†_‡K evg w`‡K GKUv Nl©Y ej ˆZwi nq Kv‡RB 
Kv‡Vi UzK‡ivi Dc‡iI hw` evg w`‡K ej cÖ‡qvM 
Kwi Zvn‡j cÖ‡qvM Kiv ej Avi Nl©Y ej GKB 
w`‡K nIqvi Kvi‡Y evowZ GKUv ej †c‡q hve! 
wKš‘ †`Lv hv‡e Gev‡iI wVK wecixZ w`‡K Nl©Y 
ej KvR Ki‡QÑ Nl©Y ej me mg‡qB cÖ‡qvM Kiv 
e‡ji wecixZ w`‡K KvR K‡i! Kv‡Vi UzK‡ivi 
Dc‡i hw` LvwbKUv IRb ewm‡q w`B †`Lv hv‡e 
Nl©Y ej Av‡iv †e‡o †M‡Q hw`I IRb Ges Nl©Y 
ej ci¯ú‡ii Dci j¤^! 
 Nl©Y ej Kxfv‡e ˆZwi nq e¨vcviUv eyS‡Z 
cvi‡jB Avgiv †`Le G‡Z AevK nevi wKQz †bB| 
hw`I AvcvZ „̀wó‡Z KvV, †Uwej‡K (wKsev †h 
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ỳ‡Uv Zj‡`‡ki gv‡S Nl©Y n‡”Q) A‡bK gm„Y g‡b nq wKš‘ AbyexÿY hš¿ w`‡q †`L‡j †`Lv hv‡e 
(Qwe  3.18)  me Zj‡`‡kB Ge‡ov‡_e‡ov Ges GB Ge‡ov‡_e‡ov Ask¸‡jvi Ask¸‡jv GK 
Ab¨‡K ¯úk© K‡i ev LuvR¸‡jv G‡K A‡b¨i mv‡_ AvU‡K hvq †mUvi Kvi‡YB MwZ evavcÖvß nq Ges 
Avgiv ewj wecixZ w`K †_‡K Nl©Y e‡ji Rb¥ n‡q‡Q| hw` `y‡Uv Zj‡`k‡K Av‡iv Pvc †`qv nq 
Zvn‡j Ge‡ov‡_e‡ov Ask Av‡iv †ewk G‡K Ab¨‡K ¯úk© Ki‡e, GKwUi LuvR Ab¨wUi Av‡iv Mfxi 
Luv‡R Xz‡K hv‡e Ges Nl©Y ej Av‡iv †e‡o hv‡e| 
 Nl©‡Yi Rb¨ Zvc m„wó nq| †mUv A‡bK mg‡qB mgm¨v| †hgb Mvwoi wmwjÛv‡i wc÷b‡K 
IVvbvgv Kivi mg‡q †mLv‡b Nl©‡Yi Rb¨ Zv‡ci m„wó nq Avi †mB Zvc wbqš¿Y Kivi Rb¨ Mvwoi 
BwÄb‡K kxZj ivL‡Z nq| ZvB †mLv‡b Nl©Y Kgv‡bvi Rb¨ bvbv ai‡bi e¨e ’̄v †bqv nq| 

wKš‘ †Zvgiv †hb g‡b bv K‡iv Avgiv me mg‡qB Nl©Y ej Kgv‡Z PvB| †Zvgiv wbðqB 
KL‡bv bv KL‡bv Kv`vi gv‡S †Kv‡bv Mvwo ev UªvK AvU‡K †h‡Z †`‡LQ| ZLb Mvwoi PvKv Nyi‡jI 
Nl©Y Kg e‡j Kv`v †_‡K Mvwo ev UªvK D‡V Avm‡Z cv‡i bv, PvKv wcQwj‡q hvq| Nl©Y evwo‡q 
A‡bK Kó K‡i Mvwo ev UªvK‡K Zz‡j Avb‡Z nq| †m Rb¨ Mvwoi PvKvi †hb iv¯Ívi mv‡_ Nl©Y ej 
A‡bK †ewk nq Zvi Rb¨ A‡bK †Póv Kiv nq, Mvwoi Uvqv‡i A‡bK ai‡bi LuvR KvUv nq| hviv 
Mvwo Pvjvq Zviv me mgq jÿ iv‡L Zv‡`i Uvqv‡ii LuvR K‡g gm„Y n‡q hv‡”Q wK bv KviY ZLb 
†eªK Kivi c‡iI Mvwo bv †_‡g wcQ‡j GwM‡q hv‡e! wVK GKB Kvi‡Y Avgv‡`i Ry‡Zvi Zjvq 
A‡bK ai‡bi LuvR _v‡K †hb wcQ‡j bv hvB| 
 A‡bK ai‡bi Nl©Y ej i‡q‡Q, c`v_©weÁv‡b e¯‘i †eM Ges MwZ‡Z w¯’wZ Nl©Y Ges MwZ 
Nl©Y eo f~wgKv cvjb K‡i| ỳ‡Uv e¯‘ G‡K A‡b¨i mv‡c‡ÿ w¯’i _vKv Ae¯’vq †h Nl©Y ej _v‡K 
†mUv n‡”Q w¯’wZ Nl©Y (static friction)| ỳ‡Uv e¯‘ G‡K A‡b¨i mv‡c‡ÿ Pjgvb n‡j mvaviYZ 
Nl©Y ej GKUy K‡g hvq Ges †mUv‡K e‡j MwZ Nl©Y (Dynamic riction)  F

D`vniY 3.15: Nl©Ynxb GKwU mgZ‡j hw` †Kv‡bv fi ݉ _v‡K Zvn‡j Zvi fi hZB †nvK bv 
†Kb Zvi Dci ܨ ej cÖ‡qvM Kiv n‡j Zvi ‡e 

 

ܽ Z¡iY n

ܽ ൌ
ܨ
݉ 

 
݉ hw` †ewk nq Zvn‡j Z¡iY n‡e Kg, ݉ hw` Kg nq Z¡iY n‡e †ewk| fiwU †h mgZ‡j Av‡Q 
†mLv‡b hw` Nl©Y _v‡K Zvn‡j †`Lv hv‡e ej cÖ‡qvM Ki‡jB Z¡iY n‡”Q bv, GKUv wbw ©̀ó ej ݂ 
cÖ‡qvM Kiv n‡j nVvr K‡i fiwU bo‡Z ïiæ K‡i| GB ݂ n‡”Q Nl©YRwbZ ej| Kv‡RB †Kv_vI 
hw` Nl©Y _v‡K Zvn‡j Avgv‡`i wjL‡Z n‡e 
 
ܨ  െ ൌ ݉ܽ  ݂

Nl©YRwbZ ej ݂ e ‘̄i IR‡bi Ici wbf©i K‡i| e ‘̄i IRb ݓ ሺൌ ݉݃ሻ hZ †ewk n‡e Nl©Y 
RwbZ ej  wk n‡e| 

 

 ݂ ZZ †e

A_v©r ݂ ൌ μݓ    GLv‡b μ  n‡”Q Nl©Y mnM 
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hw` 10݇݃ f‡ii GKUv e ‘̄‡K 5ܰ ej cÖ‡qvM bv Kiv ch©šÍ bov‡bv m¤¢e bv nq Zvn‡j μ KZ? 
 
DËi: 

ݓ ൌ ݉݃ ൌ 1 98ܰ 0 ൈ 9.8 ܰ ൌ

μ ൌ
݂
ܨ ൌ

5
98 ൌ 0.05 
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Abykxjbx 
cÖkœ : 
1. PjšÍ †Uªb †_‡K bvgvi †Póv Ki‡j Zzwg †Kb mvg‡bi w`‡K AvQvo †L‡q 

co? 
2. Qwe 3.19 G †`Lv‡bv myZvq n üvPKv Uvb w`‡j ܣ myZvwU wQo‡e ax‡i ax‡i 

Uvb w`‡j ܤ myZvwU wQo‡e| †Kb? 
3. †ewk f‡ii e ‘̄i IRb †ewk ev ej †ewk ZvB Dci †_‡K †Q‡o w`‡j 

Zvi Z¡iY †ekx n‡eÑ K_vwU wK mwZ¨? 
4. Zzwg GKwU wjd‡Ui †fZi IRb gvcvi h‡š¿i Ici `vuwo‡q AvQ| 

wjd‡Ui K¨vej wQ‡o †MjÑ †Zvgvi IRb KZ †`Lv‡e ? 
5. cy‡ivcywi Nl©Ynxb GKUv c„‡ô GKUv cv_i‡K `wo w`‡q †eu‡a †U‡b 

wb‡Ri w`‡K Avbvi †Póv Ki‡j Kx n‡e? 
 
MvwYwZK mgm¨v : 
1. Qwe 3.20 G †`Lv‡b ݃ f‡ii GKwU †eMÑmgq  †`Lv‡bv n‡q‡Q| ej-mgq 

AvuK| 
v 1 ݇  †jLwPÎ ev MÖvd

†jLwPÎwU 
2. w ’̄i Ae ’̄vq _vKv f‡ii GKUv e ‘̄i Ici 10ܰ ej 2ݏ KvR K‡i‡Q Zvi 5ݏ c‡i 

20ݏ 5 vR K‡i‡Q|  KZUzKz ~̀iZ¡ AwZμg K‡i‡Q? 

 

Qwe 3.19: ỳ‡Uv my‡Zv 
w`‡q †Svjv‡bv GKwU fi 

 5 ݇݃ 
ܰ GKwU ej 3ݏ K  e¯‘wU

3. w¯’i Ae¯’vq _vKv 10 ݇݃ f‡ii GKUv e¯‘i 
Ici 10ܰ ej KvR K‡i‡Q Zvi 10 ݏ 
c‡i 20ܰ ej wecixZ w`‡K 5 ݏ KvR 
K‡i‡Q| e¯‘wU KZU ¡ AwZμg 
K‡i‡Q? 

zKz ~̀iZ

4. GKwU †bŠKv †_‡K Zzwg 10݉/ݏ †e‡M Zx‡i 
jvd w`‡qQ| †Zvgvi fi 50݇݃, †bŠKvi 
fi 100݇݃ n‡j †bŠKvwU †Kvb w`‡K KZ 
†e‡M hv‡e? 

5. †g‡S‡Z ivLv GKwU Kv‡Vi UzK‡ivi Nl©Y 
mnM μ Gi gvb 0.01, Kv‡Vi fi 10݇݃ 
n‡j †mUv‡K bvov‡Z KZ ej cÖ‡qvM Ki‡Z n‡e? Kv‡Vi Dci 100݇݃ f‡ii GKwU cv_i 
ivLv n‡j K‡Zv ej cÖ‡qvM K‡i bvov‡bv m¤¢e? †g‡S Nl©Y nxb n‡j Kx n‡Zv? 

 

     Qwe 3.20: †eM I mg‡qi GKwU †jLwPÎ 
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PZz_© Aa¨vq 
KvR, ÿgZv I kw³ 

(Work Power and Energy) 
 

AvBRvK wbDUb 

 

        Issac Newton (1642‐1727) 

AvBRvK wbDUb wQ‡jb GKRb weªwUk c`v_©weÁvbx Ges MwYZwe` 
Ges Zuv‡K me©Kv‡ji me©‡kÖô GKRb weÁvbx wn‡m‡e ¯§iY Kiv 
nq| wZwb ejwe`¨v Ges gnvKl© m~Î Avwe®‹vi K‡ib †hwU cieZx 
wZbkZ ermi MwZwe`¨vi mKj mgm¨vi e¨vL¨v †`q| kã Avi 
Av‡jvK Z‡Ë¡I Zuvi `ÿZv wQj Ges Rvg©vb MwYZwe` wjewb‡Ri 
cvkvcvwk wZwbI MwY‡Zi AZ¨šÍ cÖ‡qvRbxq welq K¨vjKzjvm 
D™¢veb K‡ib| wbDUb e¨envwiK M‡elYv‡ZI cvi`k©x wQ‡jb Ges 
cÖ_g cÖwZdjb †Uwj‡¯‹vc ˆZwi K‡iwQ‡jb| wZwb GKB mv‡_ 
GKRb cvj©v‡g‡›Ui m`m¨ wQ‡jb| 
 
 
 

4.1 KvR (Work) 
Avgv‡`i ‰`bw›`b Rxe‡b KvR kãUv A‡bKfv‡e e¨envi Kwi wKš‘ c`v_©weÁv‡bi fvlvq KvR 
K_vUvi Lye mywbw`©ó GKUv A_© Av‡Q| †Kv‡bv e¯‘i Ici hw` ܨ ej cÖ‡qvM Kiv nq Ges e ‘̄wU hw` 
e‡ji ܨ Z¡ AwZμg K‡i Zvn‡j H ej w`‡q Kiv Kv‡Ri cwigvY ܹ  w`‡K ݏ ~̀i

 ܹ ൌ  ݏܨ
 

 
Kv‡Ri †Kv‡bv w`K †bB GUv †¯‹jvi ivwk Ges Gi GKK n‡”Q ݈݁ݑ݋ܬ ms‡ÿ‡c ܬ A_©vr 1ܰ ej 
cÖ‡qvM K‡i †Kv‡bv wKQz‡K hw` e‡ji w`‡K 1݉ ~̀iZ¡ AwZμg Kiv‡bv hvq Zvn‡j ejv n‡e ejwU 
   |KvR K‡i‡Q ܬ1

Kv‡Ri gvÎv MLଶTିଶ 

†Zvgiv welqwU nq‡Zv jÿ K‡iQ cÖ‡Z¨Kevi KvR Kivi K_v ejvi mgq Avgiv ejwQ 
ÒejÓwU KvR Ki‡Q| Avgv‡`i ˆ`bw›`b Rxe‡b Avgiv KvR Kwi wKsev GKUv hš¿ KvR K‡i| 
c`v_©weÁv‡bi fvlvq wKš‘ me mgq ÒejÓ KvR K‡iÑ †mB ejwU nq‡Zv Avgiv cÖ‡qvM Kwi wKsev 
†Kv‡bv hš¿ cÖ‡qvM K‡i| 
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 Gevi Kv‡Ri Av‡iv wKQz D`vniY †`Lv 
hvK| †Kv‡bv GKRb GKwU fi ݉ †K ܨ ej 
w`‡q  †Kv‡Y †U‡b w`‡”Q (Qwe 4.1)| hw` 
fiwU‡K ݏ ~̀iZ¡ †U‡b †bq KZUzKz KvR Kiv 
n‡e? 

 

       Qwe 4.1: GKRb gvbyl GKwU fi‡K †U‡b wb‡”Q  

gvbylwU fiUv‡K ܨ ej w`‡q †KvbvKzwb 
fv‡e Uvb‡Q, mgZ‡ji mv‡_  †Kv‡Y, Avgiv 
Kv‡Ri msÁv mgq ¯úó K‡i e‡jwQ e‡ji w`‡K 
†hUzKz ~̀iZ¡ AwZμg K‡i‡Q †mB ~̀iZ¡UzKz 
e¨envi Ki‡Z n‡e| ݏ ~̀iZ¡ ܨ e‡ji w`‡K bq, 
ejv †h‡Z cv‡i ݏ Gi GKUv Ask ܨ e‡ji 
w`‡K| ݏ †h‡nZy GKUv †f±i Avgiv Zvi ܨ 
e‡ji w`‡Ki AskUzKz †ei Ki‡Z cvwi †mUv n‡”Q 
ݏ cos θ  

 
 Kv‡RB ܹ ൌ ݏܨ  cos θ  
 
Kv‡RB gvbylwU †h ej cÖ‡qvM K‡i‡Q †mB ej  ݏܨ  cos θ  cwigvY KvR K‡i‡Q| GLv‡b Av‡iKUv 
welq jÿ Ki‡Z n‡e| fiwUi GKUv IRb Av‡Q, †mUvI ej, Zvi cwigvY ݉݃
wb‡Pi vR Ki‡Q| B  

Ges †mB ejwU 
 w`‡K K G ejwU KZUzKz KvR Ki‡Q?

 ݉݃ ejwU Ges ݏ ~̀iZ¡wU ci¯ú‡ii mv‡_ 90° †KvY K‡i Av‡Q Kv‡RB ݏ ~̀i‡Z¡i †Kv‡bv 
Ask ݉݃ Gi w`‡K †bB| (cos 90° ൌ 0 ) Kv‡RB ݉݃ ej w`‡q Kiv Kv‡Ri cwigvY k~b¨! 
GUv g‡b ivLv fv‡jv, me mg‡qB GUv mwZ¨, †hw`‡K ej cÖ‡qvM Kiv n‡q‡Q miY hw` Zvi mv‡_ 
j¤^fv‡e A_©vr †KvY K‡i nq Zvn‡j Kv‡Ri cwigvY k~b¨ A_©vr †mB ej †Kv‡bv KvR K‡i bv! 
g‡b †iL GKUv e ‘̄i Ici GKB mv‡_ †ek K‡qKUv ej cÖ‡qvM Kiv †h‡Z cv‡i Ges cÖ‡Z¨KUv 
ejB Avjv`v Avjv`v fv‡e wfbœ wfbœ KvR Ki‡Z cv‡i! 

090

D`vniY 4.1: GKUv wbw`©ó mgq ch©šÍ GKUv e¯‘i Ici ܨ ej cÖ‡qvM Kivi ci †mwU ܣ †_‡K  
 |Z wM‡q‡Q (Qwe 4.2)| †Kv_vq KvR n‡q‡Q †Kv_vq nqwb ej† ܤ

 

 
DËi: (a) †Z KvR n‡q‡Q KviY ܨ e‡ji w`‡K miY n‡q‡Q| (b) †Z ej Ges miY wecixZgyLx 
Kv‡RB wb‡MwUf KvR n‡q‡Q A_©vr cÖ‡qvM Kiv ej KvR K‡iwb, cÖ‡qvM Kiv e‡ji Ici KvR 
n‡q‡Q (c) †Z †Kv‡bv KvR nqwb KviY ej Avi miY ci¯ú‡ii Ici j¤^ (d) ܨ ej KvR 
K‡i‡Q KviY mi‡Yi w`‡K GB e‡ji GKUv Ask i‡q‡Q| w
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                               Qwe  4.2: GKwU fi, Zvi Dci cÖhy³ ej ܨ Ges miY ݀

D`vniY 4.2: c„w_exi gva¨vKl©Y e‡ji Rb¨ Puv` c„w_ex‡K wN‡i Nyi‡Q, KZ KvR n‡”Q?  
 

DËi: †Kv‡bv KvRB n‡”Q bv KviY Pv‡`i MwZ gva¨vKl©Y e‡ji mv‡_ †KvY K‡i _v‡K| 090
 
D`vniY 4.3: fvi D‡ËvjbKvix hLb GKwU fvix evi‡ej Dc‡i Zz‡j a‡i iv‡L (Qwe 4.3) ZLb 
†Kv‡bv KvR Kiv n‡”Q bv, Zvn‡j cwikÖg nq †Kb? 
 
DËi: Zvi KviY evi‡ejUv G‡Kev‡i w¯’i _v‡K bv, 
kix‡i, nv‡Z hZ KgB †nvK K¤úb nq, fvix evi‡ej GKUz 
wb‡P bv‡g Avevi Dc‡i Zzj‡Z nqÑ ZvB cÖ‡Z¨Kevi †mB 
Aí GKUz Dc‡i Zzj‡Z wM‡q Kv  nq| R Ki‡Z

D`vniY 4.4: †Zvgvi fi 50 ݇݃ Zzwg 10 Zvjv 
wewìs‡qi Dc‡i D‡VQ, Zzwg KZ KvR K‡iQ? (cÖwZ 
Zvjvi D”PZv 3݉

 

) 
 
DËi: †Zvgvi fi 50 ݇݃ n‡j IRb 50 ൈ 9.8 ൌ
490 ܰ GB IRb GKUv ej, †mUv wb‡Pi w`‡K KvR 
Ki‡Q| Zzwg hw` Dc‡i DV‡Z  PvI Zvn‡j †Zvgv‡K 
GB e‡ji mgvb GKUv ej Dc‡ii w`‡K cÖ‡qvM K‡i 
wb‡R‡K Dc‡i Zzj‡Z n‡e| 
  
 Kv‡RB Dc‡ii w`‡K †Zvgvi cÖ‡qvM Kiv ej 490 ܰ. 

10 ൈ 3݉ ൌ 3 ݉ 
 Kv‡RB †mB Kv‡Ri cwigvY 490ܰ ൈ 30݉ ൌ ܬ14700 ൌ  ܬ݇ 14.7

 

Qwe 4.3: fvi D‡ËvjbKvix 

 Dc‡i w`‡K AwZμvšÍ ~̀iZ¡: 0

 
D`vniY 4.5: GKRb GKUv 10 ݇݃ fi‡K †mvRvmywR Dc‡i Zz‡j‡Q Ab¨ GKRb fiwU‡K 45° 
†Kv‡Yi GKUv Xvjy‡Z †i‡L †U‡b 10 ݉ Dc‡i Zzjj (Qwe 4.4)| †K KZUzKz KvR K‡i‡Q? 
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DËi: 10 ݇݃ f‡ii IRb ܨ ൌ ݉݃ ൌ 10 ݇݃ ൈ ଶݏ/9.8݉ ൌ 980ܰ (a) hw` GUv‡K 
10 ݉ DuPz‡Z Zzj‡Z nq Zvn‡j Dc‡ii w`‡K 980ܰ ej cÖ‡qvM Ki‡Z n‡e| Kwc K‡ji 
gva¨‡g GKRb †mB 980ܰ cÖ‡qvM K‡i fiUv‡K Dc‡i Zzj‡Q| 
 
 ej Ges miY GKB w`‡K Kv‡RB KvR 

 ܹ ൌ ܨ ൈ ݄ ൌ 980ܰ ൈ 10݉ ൌ   ܬ9800
 

 
(
b
)
 
†
h
‡
n
Zz
 
f
i
U
v
 
45° 
†Kv‡Yi Xvjy‡Z ivLv Z K vM Kiv m¤¢e n‡e :  Av‡Q Kv‡RB GUv‡K †U‡b Zzj‡  g ej cÖ‡q

ܨ   ൌ ݉݃ sin45° ൌ 980ܰ ൈ sin45°ܰ  

Qwe 4.4: Lvovfv‡e Ges 45° †Kv‡b GKwU fi‡K Dc‡i †U‡b Dc‡i †Zvjv n‡”Q 

 

 

ܵ ൌ
10

sin45° ݉ 

e‡ji w`‡K ~̀iZ¡ n‡”Q  

 
Kv‡RB Kv‡Ri cwigvY  

ܹ ൌ ܨ ൈ ݏ ൈ sin45° ൌ 980ܰ ൈ
10

sin45° ൈ sin45°ܬ ൌ  ܬ9800

 

 
A_©vr GKB cwigvY KvR Kiv n‡q‡Q| 
 
†Zvgiv wbðqB jÿ KiQ XvjyUv 45° bv n‡q Ab¨ †h †Kv‡bv †KvY n‡jI GKB DËi n‡Zv! 
A_©vr Kv‡Ri cwigvY †Kvb c‡_ Dc‡i †Zvjv n‡q‡Q †mUvi Ici wbf©i K‡ibv, wbf©i K‡i 
KZUzKz Dc‡i †Zvjv n‡q‡Q Zvi Ici| w
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Avgiv Av‡Mi Aa¨v‡q Nl©Y e‡ji K_v c‡owQ| Nl©Y ej Kx cwigvY KvR K‡i? aiv hvK 

GKUv e¯‘i fi ݉ Ges †mUvi Ici ܨ ej cÖ‡qvM K‡i ݀ ~̀iZ¡ †bqv n‡jv, Kv‡RB ܨ ej Øviv 
Kiv KvR 

 ܹ ൌ  ݀ܨ
 

 
wKš‘ GB mg‡q Nl©Y ej ݂ KvR Ki‡Q D‡ëv w`‡K ZvB miY ev AwZμvšÍ ~̀iZ¡ N‡U‡Q Nl©Y ej ݂ 
Gi wecixZ w`‡K| ZvB Nl©Y ej w`‡q Kiv KvR n‡”Q 
 
 ܹ ൌ ሺെ݂ሻ݀ ൌ െ݂݀ 
 
KvR Kivi cwigvY †b‡MwUf| Zvn‡j Avgiv †`LwQ GKUv ej abvZ¥K ev cwRwUf cwigvY KvR 
Ki‡Z cv‡i, Avevi FYvZ¥K ev wb‡MwUf cwigvY KvRI Ki‡Z cv‡i? cwRwUf Ges wb‡MwUf 
cwigvY KvR Kivi A_© Kx? 
 GB welqUv †evSvi Av‡M Avgv‡`i kw³ m¤ú‡K© cwi®‹vi GKUv aviYv _vK‡Z n‡e| 
 
4.2 kw³ (Energy) 
 
Avgv‡`i ˆ`bw›`b Rxe‡bI Avgiv kw³ kãUv A‡bKfv‡e e¨envi Kwi wKš‘ c`v_©weÁv‡bi fvlv‡Z 
kw³ kãUvi GKUv wbw ©̀ó A_© Av‡Q| mvaviY gy‡Li fvlvq ej cÖ‡qvM Kiv Avi kw³ cÖ‡qvM Kivi 
gv‡S †Kv‡bv cv_©K¨ †bB, wKš‘ c`v_©weÁv‡bi fvlvq GB `ywU evK¨vsk m¯ú~Y© wfbœ welq †evSvq| 
ej ej‡Z Kx †evSvq †mUv Avgiv Av‡Mi Aa¨v‡q c‡o G‡mwQ, GB Aa¨v‡q kw³ ej‡Z Kx †evSvq 
†mUv wb‡q Av‡jvPbv Kiv  n‡e|    

kw³ ej‡Z Kx †evSvq Avgv‡`i mevi gv‡S Zvi GKUv fvmvfvmv aviYv Av‡Q, KviY Avgiv 
K_vevZ©vq we ỳ¨r kw³, Zvc kw³i K_v e‡j _vwK| gv‡S gv‡S Avgiv ivmvqwbK kw³ ev wbDwK¬qvi 
kw³i K_vI ï‡b _vwK| Av‡jv‡K kw³ wn‡m‡e †mfv‡e ejv bv n‡jI Avgiv Abygvb Ki‡Z cvwi 
Av‡jvI n‡”Q GK ai‡bi kw³| ‰`bw›`b K_vevZ©vq †h kw³Uvi K_v Lye †ewk ejv nq bvÑ wKš‘ 
c`v_©weÁv‡b AmsL¨evi †h kw³i K_v ejv n‡e †mUv n‡”Q MwZ kw³! Kv‡RB Avgv‡`i aviYv n‡Z 
cv‡i cªK…wZ‡Z eywS A‡bK ai‡bi kw³ Av‡Q, wKš‘ gRvi e¨vcvi n‡”Q me kw³B wKš‘ GK Ges 
Avgiv ïay GK ai‡bi kw³‡K Ab¨ ai‡bi kw³‡Z iƒcvšÍi Kwi! Zvn‡j kw³Uv Kx? 
 kw³ n‡”Q KvR Kivi ÿgZv! ïay ZvB bv hLb †Kv‡bv e ‘̄i Ici †Kv‡bv ej cÖ‡qvM K‡i 
abvZ¥K KvR Kiv nq ZLb †mB ejwU Avm‡j e¯‘wUi gv‡S GKUv kw³ m„wó K‡i| e ‘̄wUi gv‡S 
†hUzKz kw³ m„wó nq ej cÖ‡qvM Kivi mgq †h ej cÖ‡qvM Ki‡Q Zv‡K wVK ZZUzKz kw³ w`‡Z nq! 
`iKvi n‡j Zzwg GB evK¨Uv Av‡iv K‡qKevi coÑ KviY GUv c`v_©weÁv‡bi Lye ¸iæZ¡c~Y© GKUv 
welq! 
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 ¯^vfvweKfv‡eB cªkœ DV‡e Zvn‡j wb‡MwUf KvR gv‡b Kx? hLb †Kv‡bv ej †Kv‡bv wKQzi 
Ici wb‡MwUf KvR K‡i ZLb eyS‡Z n‡e †mB ejwU e¯‘wUi kw³ mwi‡q wb‡q‡Q! wKsev †h ej 
cÖ‡qvM Ki‡Q Zvi †Kv‡bv kw³ w`‡Z n‡e bv D‡ëv †m LvwbKUv kw³ †c‡q hv‡e! Nl©‡Yi mgq Nl©Y 
ej wb‡MwUf KvR Kivi A_© GLb wbðqB eyS‡Z cviQ, Nl©Y ej e¯‘Uvi LvwbKUv kw³ wb‡q wb‡”Q 
(†hUv nq‡Zv Zvc kw³‡Z iƒcvšÍi n‡”Q)| aiv hvK GKUv Mvwo †Zvgvi w`‡K Avm‡Q, Zywg 
MvwoUv‡K _vgv‡bvi Rb¨ D‡ëvw`‡K ܨ ej cÖ‡qvM KiQ wKš‘ ZviciI MvwoUv †Zvgv‡K ݀ ~̀iZ¡ 
†V‡j wb‡q †Mj| Kv‡RB MvwoUv †Zvgvi †`qv ܨ e‡ji D‡ëvw`‡K ݀ ~̀iZ¡ AwZμg K‡i‡Q| Kv‡Ri 
cwigvY െ݀ܨ, A_©vr Zzwg MvwoUv‡K kw³ `vIwb, MvwoUvi kw³ wb‡q wb‡qQ| Zzwg hw` ej cÖ‡qvM 
bv Ki‡Z Zvn‡j MwZ kw³ Av‡iv †ewk n‡ZvÑ Zzwg kw³Uv Kwg‡q w`‡qQ| 

D`vniY 4.6: GKUv cv_‡ii Ici 100ܰ ej 
cÖ‡qvM K‡i 10݉ wb‡q †MQ Nl©Y ej hw` wecixZ 
w`‡K 10ܰ  nq Zvn‡j Zzwg KZUzKz KvR KiQ? 
Nl©Y ej K  

 

ZUzKz KvR K‡i‡Q? (Qwe 4.5)
 
DËi: Zzwg 

ൌ ݇  v K |
ܹ ൌ ܨ ൈ ݏ ൌ 100ܰ ൈ 10݉ ൌ

ܬ1000 1 ܬ K R ‡iQ  
Nl©Y ej ܹ ൌ ݂ ൈ ݏ ൌ െ10ܰ ൈ 10݉ ൌ
െ100ܬ KvR K‡i‡Q| 
 
†Zvgvi Kv‡Ri Kvi‡Y cv_iUv kw³ AR©b K‡i‡Q| 
Nl©Y e‡ji Kvi‡Y kw³ ÿq n‡q‡Q, nq‡Zv Zvc m„wó n‡q‡Q| 

 

Qwe 4.5: GKwU f‡ii Dci ej cÖ‡qvM 
Kiv n‡j Nl©Yej D‡ëv w`‡K KvR K‡i| 

 
D`vniY 4.7: GKwU 10݉ DPz KwcK‡ji ỳB cv‡k 
5݉ DPz‡Z 10݇݃ f‡ii ỳwU e ‘̄ Szj‡Q (Qwe 4.6)| 
GKwU e ‘̄ 5݉ wb‡P gvwU‡Z bvgvi mgq Ab¨wU 5݉ 
Dc‡i D‡V †Mj| †Kvb f‡i KZUzKz KvR n‡jv? (a‡i 
bvI cy‡iv e¨vcviUv N‡U‡Q LzeB ax‡i ax‡i A_©vr 
†Kv‡bv †eM m„wó bv K‡i) 
 
DËi: ỳwU e¯‘i Dc‡iB IR‡bi mgvb ej Dc‡ii 
w`‡K cÖ‡qvM Kiv n‡q‡Q| 
 
evg w`‡K fiwU e‡ji w`‡K D‡V †M‡Q Kv‡RB Kv‡Ri 
cwigvY 
 

 ܹ ൌ ܨ ൈ ݏ ൌ 10 ൈ 9.8ܰ ൈ 5݉ ൌ  ܬ490

 

         Qwe 4.6:  KwcK‡ji ỳB cv‡k ỳwU e¯‘ Szj‡Q  

 
Kv‡RB GB fiwUi Ici KvR Kiv n‡q‡Q Ges fiwU kw³ AR©b K‡i‡Q| 
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Wvb w`‡Ki fiwU wb‡P, A_ ‡ji wecixZ w`‡K †b‡g †M‡
 
ܹ ൌ െܨ ൈ ݏ ൌ െ 9.8ܰ ൈ 5݉ ൌ െ490ܬ  

©vr e  Q 

10 ൈ

A_©vr GB fiwU †_‡K 490ܬ kw³ wb‡q †bqv n‡”Q| eyS‡ZB cvQ Wvb w`‡Ki fiwU †_‡K 490ܬ 
kw³ wb‡q evg w`‡Ki fiwU‡Z †`qv n‡q‡Q| 

 

 
 
4.2.1: MwZ kw³ (Kinetic Energy)  
kw³i me‡P‡q mnR B`vniY n‡”Q MwZ kw³| mvaviYfv‡e ejv hvq MwZi Rb¨ †h kw³ †mUvB 

w³ `v_©weÁv‡bi fvlvq ݀ f‡ii GKwU e¯‘ hw` ݒ MwZ‡Z hvq Zvn‡j Zvi MwZ kw³  ܧ  MwZ k | c
 

ܧ ൌ ଵ
ଶ

  ଶݒ݉
 
MwZ kw³i GKK Avi Kv‡Ri  GKB, A_©vr Ryj (J)  GKK

D`vniY 4.8: 10݇݃ f‡ii GKUv w ’̄i e ‘̄i Ici 10ݏ  e¨vcx 10ܰ ej cÖ‡qvM Kiv n‡q‡Q 
(a) e ‘̄wUi MwZ kw³ KZ? (b) 20ݏ c‡i MwZ kw³ KZ? (c) hw` cy‡iv 20ݏ ej cÖ‡qvM Kiv 
nq Zvn‡j MwZ kw³ KZ? 

kw³i gvÎv MLଶTିଶ 

 

 
DËi: 10ܰ ej cÖ‡qvM Ki‡j Z¡iY :  

ܽ ൌ
ܨ
݉ ൌ

10ܰ
0݇݃ ൌ ଶ 1ݏ/1݉

Kv‡RB 10ݏ c‡i †eM  

ݒ ൌ ݐܽ ൌ
1݉
ଶݏ ൈ ݏ10 ൌ  ݏ/10݉

(a) Kv‡RB MwZ kw³ 
  

1
2 ଶݒ݉ ൌ

1
2 ൈ 10 ൈ 10ଶܬ ൌ  ܬ500

 
(b) 10ݏch©šÍ Z¡iY n‡e Gi c‡i Z¡iY †bB e‡j †eM AcwiewZ©Z Kv‡RB 20ݏ c‡i MwZ kw³ 
GKB _vK‡e| 

(c) cy‡iv 20ݏ ej cÖ‡qvM Kiv n‡j ݒ ൌ ݐܽ ൌ ଶݏ/1݉ ൈ ݏ20 ൌ   ݏ/20݉
 

1
2 ଶݒ݉ ൌ

1
2 ൈ 10 ൈ 20ଶܬ ൌ  ܬ2000

Kv‡RB MwZ kw³  
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D`vniY 4.9: 10݇݃ f‡ii GKwU e ‘̄‡K ej cÖ‡qvM K‡i MwZkxj Kivq Zvi MwZ kw³ n‡q‡Q 
 ?e¯‘wUi †eM KZ ,ܬ80
 

1
2 ݉

DËi: MwZkw³ 

ଶݒ ൌ  ܬ80

ଶݒ ൌ
2 ൈ ܬ80

݉ ൌ
160݉ଶ

ଶݏ10  

ݒ ൌ  ݏ/4݉
 
Avgiv Av‡M e‡jwQ KvR Kivi ÿgZv n‡”Q kw³| Avgiv mevB Rvwb †Kv‡bv e ‘̄ MwZkxj n‡j †mUv 
Ab¨ e¯‘‡K av°v w`‡q †mUv‡KI MwZkxj K‡i LvwbKUv `~iZ¡ †V‡j wb‡q †h‡Z cv‡i| Ab¨ e¯‘‡K 
MwZkxj K‡i †djvi A_© wbðqB †mLv‡b ej cÖ‡qvM n‡q‡Q Ges †mB e‡ji Rb¨ LvwbKUv ~̀iZ¡ 
hvIqvi A_© wbðqB †mLv‡b KvR n‡q‡Q! Kv‡RB Avgiv wbwðZfv‡e ej‡Z cvwi MwZi Rb¨ e¯‘i 
†h kw³ nq †mUv wbðqB GK ai‡bi kw³ ev MwZ kw³| Avgiv iv¯ÍvNv‡U †h fqsKi `yN©Ubv NU‡Z 
_vwK †mLv‡b †h ÿqÿwZ nq Zvi cÖavb KviY GB MwZ kw³| GKUv evm-UªvK ev Mvwo hLb cÖPÊ 
†e‡M QzU‡Z _v‡K ZLb Zvi A‡bK eo MwZ kw³ _v‡K| A¨vKwm‡W‡›Ui mgq GB cy‡iv kw³Uv w`‡q 
Mvwo †f‡OPz‡i hvq, cÖPÊ av°vq gvbyl gviv hvq|  
 MwZ kw³‡Z ݒ Gi eM© i‡q‡Q hvi A_© hw` †Kvb Mvwoi †eM wØ¸Y K‡i †djv nq Zvn‡j 
kw³i cwigvY wKš‘ wØ¸Y nq bv, Pvi¸Y  nq| GRb¨ Mvwoi MwZ evov‡bv GZ wec¾bKÑ wec`wU 

© wn‡m‡e ev‡o| eM
 Gev‡i Avgiv †`wL †Kb †Kvb e¯‘‡Z KvR Kiv n‡j †mLv‡b kw³ m„wó nq| aiv hvK ܨ ej 
݉ f‡ii Ici cÖ‡qvM K‡i ݀ ~̀iZ¡ wb‡q †Mj| A_©vr Kv‡Ri cwigvY : 
 
 ܹ ൌ  ݀ܨ

GLv‡b   
 

Kv‡RB  
 

ej cÖ‡qvM Kivi Av‡M hw` ݉ fiwU w¯’i _v‡K Zvn‡j AwZμvšÍ ~̀iZ¡ : 

v‡RB  

š‘ Avgi

 
 
 
K
 
wK v Rvwb ݒ ൌ  ݐܽ
 w
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Kv‡RB  ܹ ൌ ଵ
ଶ

 ଶݒ݉
 

jwU †h cwigvY KA_©vr e vR K‡i‡Q e¯‘wUi wVK †mB cwigvY MwZ kw³ n‡q‡Q! 

`vniY 4.10:  v‡b Avgiv a‡i wb‡q ïiæ‡Z e¯‘wU w¯
 
D GL wQ ’i wQj| Avgiv hw` a‡i wbB ïiæ‡Z 
e ‘̄wUi Avw`‡eM ݑ Zvn‡j †`Lv‡Z cvie ܨ ej cÖ‡qvM K‡i ݀ ~̀iZ¡ wb‡q †M‡j †hUzKz MwZ kw³ 
†e‡o hv‡e †mUv n‡”Q 

Δܧ ൌ
1
2 ଶݒ݉ െ

1
2  ଶݑ݉

 
GUv †`LvI| 

Ëi: MwZ kw³i m~Î¸‡jv †ei Kivi mgq Avgiv †`‡LwQ 

  

 
D
 

ଶݒ ൌ ଶݑ ൅  ݏ2ܽ

ỳB cv‡k  
ଵ
ଶ

݉  w`‡q ¸Y `vI 
1
2 ଶݒ݉ ൌ

1
2 ଶݑ݉ ൅  ݏܽ݉

 
GLv‡b ݉ܽ ൌ  wjL ܨ

1
2 ଶݒ݉ ൌ

1
2 ଶݑ݉ ൅  ݏܨ

  
wKsev      

1
2 ଶݒ݉ െ

1
2 ଶݑ݉ ൌ  ݏܨ

 
wKš‘ 

ܧ∆ ൌ
1
2 ଶݒ݉ െ

1
2  ଶݑ݉

     
B 

 
vgiv †`‡LwQ ej cÖ‡q j fi †e‡Mi cwieZ©b nq| hw` GK ev GKvwaK e¯‘ MwZkxj 

Kv‡R ܧ∆  ൌ  ݏܨ

vM Kiv n‡A
_v‡K Ges evB‡i †_‡K hw` Zv‡`i Ici †Kv‡bv ej cÖ‡qvM Kiv bv nq Zvn‡j Zv‡`i mw¤§wjZ fi 
†e‡Mi †Kv‡bv cwieZ©b n‡e bv| hw` wb‡R‡`i gv‡S av°v avw° nq Zvn‡j GKwUi fi‡eM †e‡o 
†h‡Z cv‡i Ab¨wUi K‡g †h‡Z cv‡i wKš‘ mw¤§wjZfv‡e Zv‡`i fi‡e‡Mi †Kv‡bv cwieZ©b n‡e bv| 
GUvi bvg fi‡e‡Mi wbZ¨Zv (momentum conservation) | 
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fi‡e‡Mi Rb¨ †hUv mwZ¨ MwZkw³i Rb¨I †mUv mwZ¨| hw` †Kv_vI GK ev GKvwaK 
†Kv‡bv e¯‘ MwZkxj _v‡K Zvn‡j Zv‡`i GKUv mw¤§wjZ MwZ kw³ _vK‡e| hw` evB‡i †_‡K Zv‡`i 
Ici †Kv‡bv ej cÖ‡qvM Kiv bv nq Zvn‡j Zv‡`i GB mw¤§wjZ MwZkw³i †Kv‡bv cwieZ©b n‡e bv| 
GKwUi mv‡_ Ab¨wUi av°v avw° n‡q wb‡R‡`i †Kv‡bvwUi MwZ kw³ †e‡o †h‡Z cv‡i †Kv‡bvwUi 
K‡g †h‡Z cv‡i wKš‘ mw¤§wjZ MwZkw³ AcwiewZ©Z _vK‡e| GUvi bvg kw³i wbZ¨Zv (energy 
conservation) 
 

 

Qwe 4.7: m1 Ges m2 ci¯úi‡K AvNvZ Kivi ci 

Zv‡`i †eM cwiewZ©Z n‡q v1 Ges v2 n‡q‡Q| 

4.3 msNl© (Collision) 
 
 Avgiv hw` Dc‡ii GB ỳ‡Uv wbZ¨Zvi K_v 
g‡b ivwL Zvn‡j c`v_©weÁv‡bi ÒmsNl©Ó e‡j 
AZ¨šÍ PgKcÖ` welqwU we‡kølY Ki‡Z cvie| 
 
 g‡b Kwi GKwU mgZ‡j ݉ଵ Ges 
݉ଶ fi ݑଵ Ges ݑଶ †e‡M mij †iLvq 
hv‡”Q| Zv‡`i †e‡Mi wfbœZvi Kvi‡Y aiv hvK 
Zv‡`i gv‡S msNl© n‡jv, Ges †m Kvi‡Y 
Zv‡`i †eM cv‡ë †Mj, ݉ଵ fiwUi †eM GLb 
 ଶ| Avgiv msN‡l©iݒ ଵ Ges ݉ଶ fiwUi †eMݒ
ci †eM ݒଵ Ges ݒଶ KZ †mUv †ei Ki‡Z 
PvB| 

GKUzLvwb Gj‡Reiv Ki‡j Avgiv Lye 
gRvi wKQz djvdj cve, †Póv K‡i †`Lv hvK| 
  

msN‡l©i Av‡M fi ỳwUi mw¤§wjZ f M  i‡e  ݉ଵݑଵ ൅ ݉ଶݑଶ
eM ݉ଵݒଵ ൅ ݉ଶݒଶ 

 Kv‡RB fi‡e‡Mi wbZ¨Zvi Kvi‡b  ݉ଵݑଵ ൅ ݉ ଶ ݒ ൅ ݉ଶݒଶ  . . . . .  (1) 

  
msN‡l©i ci fi ỳwUi mw¤§wjZ fi‡

ଶݑ ൌ ݉ଵ ଵ

wVK †m iKg msN‡l©i Av‡M mw¤§w k ݉ଵݑଵ
ଶ ൅ ଵ ݉ଶݑଶjZ MwZ w³ 

ଵ ଶ 

 

ଶ ଶ
msN‡l©i ci mw¤§wjZ MwZ k

ଵ
w³  

ଶ
݉ ݒ ൅

ଶଵ ଵ
ଶ ଵ ݉ ݒ  

 MwZkw³i wbZ¨Zvi Kvi‡b  
ଵ
ଶ

ଶ ଶ
ଶ

݉ଵݑଵ
ଶ ൅ ଵ

ଶ
݉ଶݑଶ

ଶ ൌ ଵ
ଶ

݉ଵݒଵ
ଶ ൅ ଵ

ଶ
݉ଶݒଶ

ଶ . . . . . .(2) 
 
Avgiv mgxKiY (1) †K GKUz Ab¨fv‡e wjwL: 
 w

w
w
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݉ଵݑଵ ݒ ଶ  . . . . . . . . . . . . . . . . . . . . . . .  (3)   
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െ ݉ଵ ଵ ൌ ݉ଶݒଶ െ ݉ . .   ଶݑ
wKsev ݉ଵሺݑଵ െ ଵሻݒ ൌ ݉ଶሺݑଶ െ    ଶሻ  . . . . . . . . . . . . . . . . . . . . . . . . (4)ݒ

 
GKBfv‡e xK Y ) †K Ab¨fv‡e wjwL: mg i  (2

  
ଵ
ଶ

 

݉ଵݑଵ
ଶ െ ଵ

ଶ
݉ଵݒଵ

ଶ ൌ ݉ଶݒଶ
ଶ െ ଵ

ଶ
݉ଶݑଶ

ଶ 
 
wKsev  
 
ଵ
ଶ

݉ଵሺݑଵ
ଶ െ ଵݒ

ଶሻ ൌ ଵ
ଶ

݉ଶሺݒଶ
ଶ െ ଶݑ

ଶሻ   . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . (5)   
 
A_©vr

 
ଵ
ଶ

  

݉ଵሺݑଵ ൅ ଵݑଵሻሺݒ െ ଵሻݒ ൌ ଵ
ଶ

݉ଶሺݒଶ ൅ ଶݒଶሻሺݑ െ    ଶሻ . . . . . . . . . . . . . . . . (6)ݑ
 
GLb (6  w v : ) †K (4) `‡q f M w`B

 ൅ ଵݒ ൌ ଶݒ ൅   ଶ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (7)ݑ
 

ଵݑ

(7) †K ݉ଶ w`‡q ¸Y K‡i ‡m vb _ ‡  
 

L  † ‡K (3) we qvM Ki‡j cve 
 

݉ଶݑଵ ൅ ݉ଶݒଵ ൌ ݉ଶݒଶ ൅ ݉ଶݑଶ 
݉ଵݑଵ െ ݉ଵݒଵ ൌ ݉ଶݒଶ െ ݉ଶݑଶ

ሺ݉ଶ െ ݉ଵሻݑଵ ൅ ሺ݉ଵ ൅ ݉ଶሻݒଵ ൌ 2݉ଶݑଶ
 

 
G
 

ଵݒ ൌ
2݉ଶݑଶ ൅ ሺ݉ଵ െ ݉ଶሻݑଵ

݉ଵ ൅ ݉ଶ

Lvb †_‡K ݒଵ †ei Kiv hvq|  

 

 
GKB fv‡e (7) †K ݉ଵ w`‡q ‡ ¸Y w` q (3) Gi mv‡_ †hvM Kwi 
 

݉ଵݑଵ ൅ ݉ଵݒଵ ൌ ݉ଵݒଶ ൅ ݉ଵݑଶ 
݉ଵݑଵ െ ݉ଵݒଵ ൌ ݉ଶݒଶ െ ݉ଶݑଶ

2݉ଵݑଵ ൌ ሺ݉ଵ ൅ ݉ଶሻݒଶ െ ሺ݉ଶ െ ݉ଵሻݑଶ
 

 free Bangla e-books: www.facebook.com/tanbir.ebooks

Any kind of e-book & Software : www.tanbircox.blogspot.com



90                                                                                                                                   KvR, ÿgZv I kw³ 

 
Kv‡RB GLvb †_‡K Avgiv ݒଶ †ei K c i i‡Z vw  

ଶݒ ൌ
2݉ଵݑଵ ൅ ሺ݉ଶ െ ݉ଵሻݑଶ

݉ଵ ൅ ݉ଶ

 

 

 
†h‡nZz m~Î¸‡jv †ei n‡q †M‡Q GLb GLvb †_‡K AZ¨šÍ gRvi wKQz djvdj Avgiv †c‡Z cvwi| 
 
mgvb f‡ii MwZkxj e¯‘i mv  e¯‘i msNl© : ‡_ w¯’i

݉ଵ ywUi f
݉ଵ w¯’i (A_©vr ݑଵ ൌ 0)  msN‡l©i Av‡M ଵ G e  Gi †eM ݑଶ 

ൌ ݉ଶ A_©vr ` i mgvb|  
݉ i † M0 ݉ଶ

msN‡l©i ci ݉ଵ Gi †eM †ei Kivi R‡b¨ ଵ ewm‡q:   
 

ଵ G ݉ଶݒ ൌ ݉

ଵݒ ൌ
2݉ଵݑଶ ൅ ሺ݉ଵ െ ݉ଵሻݑଵ

ଵ ൅ ݉ଵ

 

݉
ൌ  ଶݑ

 
msN‡l©i ci ݉ଶ Gi †e‡M  ݉ q:  ଶ ൌ ݉ଵ Ges ݑଵ ൌ 0 ewm‡

ଶݒ ൌ
2݉ଵ ൈ 0 ൅ ሺ݉ଵ െ ݉ଵሻݑଶ

݉ଶ ൅ ݉ଶ

 

ൌ 0 

 
A_©vr hw` w¯’i GKUv gv‡e©j‡K wØZxq Ab¨ GKUv (mgvb f‡ii) gv‡e©j w`‡q †VvKv †`qv nq Zvn‡j 
wØZxq gv‡e©jUv w¯’i n‡q hv‡e, cÖ_gUv †mB †eM wb‡q †ei n‡q hv‡e| welqUv mwZ¨ wK bv †Zvgiv 
GLbB cixÿv K‡i †`L‡Z cvi| 
 
MwZkxj nvjKv e¯‘i mv‡_ w¯’i fvix e¯‘i msNl© : 

ب  ݉ଶA_©v ݉  fi ݉ଶ †_‡K GZ †ewk †h 
௠మ
௠భ

݉ଵ r  ଵGi  †K k~b¨ aiv †h‡Z cv‡i| 

 ݉ଵ w¯’i (A_©vr ݑଵ ൌ 0) 
 

 ଵ Gi m~ÎwUi Wvb cv‡k Dc‡i I wb‡P ݉ଵ, w`‡q fvM `vI Ges Zviciݒ
௠మ
௠భ

ൌ 0  emvI  
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w
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ଶݑ ൅ ቀ1 െ ݉ଶ
݉ଵ

ቁ ଵݑ

1 ൅ ݉ଶ
݉ଵ

ൌ
2 ൈ 0 ൈ ଶݑ ൅ ሺ1 െ 0ሻ ൈ 0

1 ൅ 0
ൌ 0 

 
A_©vr fvix e¯‘wU w¯’i wQj †mUv w¯’iB _vK‡e| 

Gev‡i ݒଶ Gi m~ÎwUi ‡ ݉ Dc i wb‡P ଵ w`‡q fvM `vI Ges 
1

2

m
=0  emvI

ଶݒ ൌ
ଵݑ2 ൅ ቀ݉ଶ

݉ଵ

m
 

െ 1ቁ ଶݑ

1 ൅ ݉ଶ
݉ଵ

ൌ
2 ൈ 0 ൅ ሺ0 െ 1ሻݑଶ

1 ൅ 0
ൌ െݑଶ 

 
A_©vr ݉ଶ fiwU †h †e‡M ݉ଵ G AvNvZ K‡i‡Q †mB †e‡M D‡ëv w`‡K wd‡i Avm‡e| Zzwg †QvU 
GKUv †Uwbm ej `vwo‡q _vKv wekvj GKUv Uªv‡Ki Mv‡q Qz‡o gv‡iv, †`L‡e †Uwbm ejUv av°v †L‡q 
wVK †Zvgvi w`‡K wd‡i Avm‡e| 
 
MwZkxj fvix e¯‘i mv‡_ nvjKv w¯’i e¯‘i msNl© : 
ب  ݉ଶA_©v ݉  fi ݉ଶ †_‡K GZ †ewk †h  

௠మ
௠భ

݉ଵ r  ଵ Gi

 ଶ w¯’i (A_©vr ݑଶ ൌ 0)  

 †K k~b¨ aiv †h‡Z cv‡i|  

݉

Avevi ݒଵ I ݒଶ Gi m~Î¸‡jvi Dc‡i wb‡P ݉ଵ w`‡q fvM `vI Ges 
1

2

m
m

=0 emvI 

  

ଵݒ ൌ
2 ݉ଶ

݉ଵ
ଶݑ ൅ ቀ1 െ ݉ଶ

݉ଵ
ቁ ଵݑ

ൌ
2 ൈ 0 ൈ 0 ൅ ሺ1 െ 0ሻ ൈ ଵݑ ൌ  ଵݑ

1 ൅ ݉ଶ
݉ଵ

1 ൅ 0

ଶݒ ൌ
ଵݑ2 ൅ ቀ݉ଶ

݉ଵ
െ 1ቁ ଶݑ

1 ൅ ݉ଶ
݉ଵ

ൌ
ଵݑ2 ൅ ሺ0 െ 1ሻ ൈ 0

1 ൅ 0
ൌ  ଵݑ2

 
A_©vr wekvj GKUv UªvK (݉ଵ) hw` ùvwo‡q _vKv †QvU GKUv mvB‡Kj‡K (݉ଶ) AvNvZ K‡i Zvn‡j 
Uªv‡Ki MwZi †Kv‡bv cwieZ©b n‡e bv, wKš‘ mvB‡KjUv Uªv‡Ki MwZi wØ¸Y MwZ‡Z wQU‡K hv‡e! 
 Avgiv gvÎ wZbwU D`vniY w`‡qwQÑ †Zvgiv G iKg Av‡iv bvbv ai‡bi D`vniY wb‡Z 
cv‡iv, GKUv fvix Ges GKUv nvjKv Mvwoi gy‡LvgywL msNl© n‡j †KvbUvi fi‡e‡Mi KZ cwieZ©b 
nq †ei Ki‡Z cvq, †mLvb †_‡K †KvbUvi †ewk ÿwZ nq †mUvI Zzwg Abygvb Ki‡Z cvi‡e| 
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D`vniY 4.11: 50,000݇݃ f‡ii GKUv UªvK ùvwo‡q Av‡Q, Zzwg Ges †Zvgvi mvB‡K‡ji fi 
50݇݃, Zywg 30݇݉/݄ݎݑ݋ †e‡M UªvKwU‡K AvNvZ K‡iQ| AvMvZ †`qvi ci Kvi †eM KZ 
n‡e? 
 
DËi: Uªv‡Ki fi ݉ଶ ൌ 50,00 ݃ ൌ 50݇݃ n‡j  0݇  Ges mvB‡K‡ji fi ݉ଵ

݉ଶ

݉ଵ
ൌ

50
50,000 ൌ 0.001  

GUv‡K k~b¨ a‡i †bqv †h‡Z cv‡i| Kv‡RB MwZkxj nvjKv e ‘̄i mv‡_ w¯’i fvix e¯‘i msN‡l©i 
D`vniY †_‡K ej‡Z cvwi Uªv‡Ki †eM smv 01 =  Ges mvB‡K‡ji †eM 

hkmv 302 − our=  

D`vniY 4.12:  60,000݇݃ f‡ii GKUv UªvK 60݇݉/݄ݎݑ݋ †e‡M †h‡Z †h‡Z 60 ݇݃ 
f‡ii GKUv mvB‡Kj‡K av°v w`j| msN‡l©i ci Kvi †eM KZ? 

 

 
DËi: aiv hvK Uªv‡Ki fi ݉ଵGes mvB‡K‡ji fi ݉  Kv‡RB  ଶ

݉ଶ

݉ଵ
ൌ

60
60,000 ൌ 0.001  

 

GUv‡K k~b¨ aiv hvq| 
 
MwZkxj fvix e ‘̄i mv‡_ w ’̄i nvjKv e ‘̄i msN‡l©i D`vniY †_‡K ej‡Z cvwi msN‡l©i ci 
Uªv‡Ki MwZ‡eM Acwi ©ZewZ   mvB‡K‡ji †eM ,ݎݑ݋݄/60݇݉ ,

2 ൈ ݎݑ݋݄/60݇݉ ൌ  ݎݑ݋݄/
 

ଵݑ2 ൌ   120݇݉
 
D`vniY 4.13: 1000݇݃ f‡ii GKUv Mvwo Ges 50,000݇݃ f‡ii GKUv UªvK 60݇݉/
¯e‡M ci† ݎݑ݋݄ ‡K w`j| msN‡l©i ci Kvi MwZ‡eM KZ n‡e? úi  gy‡LvgywL av°v 

DËi: Uªv‡Ki fi ݉ଵ ൌ 50,000݇݃, †eM 

ൌ
60 ൈ 1000݉

60 ൈ ݏ 60

 

ଵݑ ൌ  ݏ/݉ 16.67

 

 
Mvwoi fi ݉ ൌ 1000݇݃, †e
ଶݑ ൌ െݑଵ ൌ െ16.67݉/ݏ  †h‡nZz  w`K †_‡K Avm‡Q ZvB wb‡MwUf a‡i †bqv 
nj| 

ଶ M  
wecixZ

݉ଶ

݉ଵ
ൌ

1000
50,000 ൌ 0.02 

 
GwU Lye †QvU bq| Kv‡RB GUv‡K k~b¨ bv ai‡Z cvie bv| 
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ଵݒ ൌ
2݉ଶݑଵ ൅ ሺ݉ଵ െ ݉ଶሻݑଵ

݉ଵ ൅ ݉ଶ

ൌ
2 ൈ 1000 ൈ െ 6 0,000 െ 1000ሻ ൈ 16.67

1000
ሺ 1 .67ሻ ൅ ሺ5

50,000 ൅  ݏ/݉

ଵݒ ൌ  ݏ/15.36݉
 
msN‡l©i  U K M e  cwiewZ©Z n‡e bv|  ci ªv‡ i wZ‡ M Lye †ewk
 

ଶݒ ൌ
2݉ଵ ଵݑ ൅ ሺ݉ଶ െ ݉ଵሻݑଶ

݉ଵ ൅ ݉ଶ
 

ൌ
2 ൈ 50,000 ൈ 16.67 ൅ ሺ1000 െ 50,000ሻ ൈ ሺെ16.67ሻ

50,000 ݏ/݉ ൅ 1000

ଶݒ ൌ ݏ/݉ 48.70
 

 

A_©vr MvwowUi †eM െ16.67݉/ݏ †_‡K cwiewZ©Z n‡q 48.70 ݉/ݏ n‡q hv‡e| A_©vr av°v 
†L‡q wecixZ w`‡K cÖK…Z †e‡Mi cÖvq wZb ¸Y †e‡M Qz‡U hv‡e| 

 

 
 GB wekvj kw³ Avm‡j †QvU MvwowU‡K cy‡ivcywi aŸsm K‡i †`‡e| A_©vr gy‡LvgywL 
msN‡l© eo Uªv‡Ki †Kv‡bv ÿwZ nq bv, †QvU Mvwo cy‡ivcywi aŸsm n‡q hvq| 

 

4.4 wefe kw³ (Potential Energy) 
 
KvR m¤ú‡K© ej‡Z w`‡q Avgiv e‡jwQjvg hLb †Kv‡bv ej 
†Kv‡bv wKQzi Ici cwRwUf KvR K‡i ZLb †mLv‡b kw³i 
m„wó nq| MwZ kw³ m¤ú‡K© ejvi mgq Avgiv Zvi GKUv 
D`vniYI w`‡qwQjvg, †`wL‡qwQjvg GKUv e¯‘i Ici ej 
cÖ‡qvM K‡i †mUv‡K LvwbKUv ~̀iZ¡ wb‡q †M‡j MwZ kw³ 
ଵ
ଶ

 |ଶ †e‡o hvqݒ݉
 Gev‡i Ggb GKUv D`vniY †`qv n‡e, †hLv‡b ej 
cÖ‡qvM K‡i LvwbKUv `~iZ¡ AwZμg Kivi ciI †Kv‡bv 
MwZkw³ ˆZwi n‡e bv| g‡b Ki †Uwe‡j GKUv w¯úªs 4.8 
Qwe‡Z †`Lv‡bv Dcv‡q ivLv Av‡Q, Zzwg w¯úªs‡qi †Lvjv gv_vq 
Av½yj w`‡q ܨ ej cÖ‡qvM K‡i w¯úªsUv‡K ݔ ~̀i‡Z¡ msKzwPZ 
K‡i w`‡qQ| G iKg Ae¯’vq †Zvgvi nvZ ev w¯úªs †Kv‡bvUvB MwZkxj bv ZvB †Kv_vI †Kv‡bv MwZ 
kw³ †bB! †h‡nZz †hw`‡K ܨ ej cÖ‡qvM Kiv n‡q‡Q AwZμvšÍ ~̀iZ¡I ݔ †mB w`‡K ZvB KvRwU 
cwRwUf, Avgv‡`i Kv‡Ri msÁv Abyhvqx GLv‡b kw³ m„wó nIqvi K_vÑ wKš‘ †mB kw³wU †Kv_vq? 
†Kv‡bv wKQz MwZkxj bq ZvB GLv‡b wbwðZ fv‡e †Kv‡bv MwZkw³ †bB| 

 

Qwe 4.8: w¯úªs‡qi w ’̄ive ’̄v Ges ej 
cÖ‡qvM K‡i msKzwPZ Kiv 
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 Avgiv hviv w¯úªs e¨envi K‡iwQ Zviv Abygvb Ki‡Z cviwQ †h msKywPZ w¯úªs‡qi †fZi 
wbðqB kw³UzKz jywK‡q i‡q‡Q| KviY Avgiv Rvwb msKzwPZ w¯úªsUvi mvg‡b GKUv ݉ f‡ii e¯‘ 
†i‡L w¯úªsUv †Q‡o w`‡j w¯úªsUv fiUvi Ici ej cÖ‡qvM K‡i GKUv ~̀iZ¡ AwZμg Kiv‡Z cviZ 
hvi A_© KvR Kiv‡Z cviZ| A_©vr GwU GKwU kw³, MwZkw³ bv n‡jI GwU Ab¨ GK ai‡bi kw³| 
GB ai‡bi mwÂZ kw³‡K e‡j wefe kw³ (potential energy)| 

Avgiv B‡”Q Ki‡j wefe kw³i cwigvYUvI †ei Ki‡Z cvie| ej Ges ~̀i‡Z¡i ¸Ydj 
n‡”Q KvR, Av½yj w`‡q †hUzKz ej †`qv n‡q‡Q †mUv hw` me mgq mgvb n‡Zv Zvn‡j KvRUv mnR 
n‡Zv, wKš‘ Avgiv Rvwb w¯úªs‡qi †ejvq †mUv mwZ¨ bv| w¯úªs †h ej cÖ‡qvM K‡i Zvi cwigvY n‡”Q 
 
ܨ  ൌ െ݇ݔ 

A_©vr ݔ †ewk n‡j ܨ Gi gvb †ewk, ݔ Kg n‡j ܨ Gi gvb Kg| (gvBbvm mvBb _vKvi Kvi‡Y 
Avgiv eyS‡Z cviwQ †hw`‡K msKzwPZ Kiv nq ejUv Zvi D‡ëvw`‡K KvR K‡i|) †h‡n‡Zz ejUv me 
mgq mgvb bq ZvB Avgiv cÖ_‡g GKUv Mo (average) ej ܨ௔௩ a‡i wb‡q Kv‡Ri cwigvYUv †ei 
Ki‡Z cvwi| †h‡nZz †hw`‡K ܨ ej cÖ‡qvM Kiv n‡q‡Q AwZμvšÍ ~̀iZ¡ ݔ †mB w`‡K ZvB KvR ܹ 
cwRwUf| hw` Avgiv ݔ଴ ~̀iZ¡ ch©šÍ ms‡K Zvn‡j  

 

vPb Kwi 

௔௩ܨ ൌ
0 െ ଴ݔ݇

 

2
ൌ െ

1
2

 ଴ݔ݇

ms‡KvPb െݔ଴ 

ܹ ൌ ଴ሻݔ௔௩ሺെܨ ൌ ൬െ
1
2

଴൰ݔ݇ ሺെݔ଴ሻ 

 

ܹ ൌ
1
2

݇ ଶ ݔ଴

hw` w¯úªsUv‡K ݔ଴ ~̀iZ¡ ms‡KvPb bv K‡i w¯úªsUv‡K ݔ଴ ~̀iZ¡ †U‡b aiZvg Zvn‡j ej Ges miY 
ỳwUB w`K cwieZ©b KiZ ZvB ¸Ydj Avevi cwRwUf n‡Zv A_©vr GKB DËi †cZvg A_©vr GKB 

gvb †cZvg| GLv‡b D‡jøL Kiv `iKvi Mo ej †ei K‡i Avgiv mwVK djvdj cvB KviY ܨ ejwU 
 Gi mv‡_ mgnv‡i cwiewZ©Z nq (Linear)| mgnv‡i Z¡i‡Yi †e‡Mi †ejv‡ZI Avgiv Av‡M GB ݔ
welqwU GKevi †`‡LwQjvg (D` .16)|  

 

vniY 2

D`vniY 4.14: 10 ݇݃ f‡ii GKUv e  e‡M GKUv w¯úªs‡qi Ici coj| w¯úªs† ݏ/݉ 10 ̄‘
aªæeK ݇ ൌ  ?ଶ †mwU KZUzKz msKzwPZ n‡e݉/ܬ100,000

 

 
DËi: e ‘̄wUi MwZ kw³  w
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1
2 ଶݒ݉ ൌ

1
2 ൈ 10 ൈ 10ଶܬ ൌ  ܬ500

GB kw³UzKz w¯úªsUv‡K msKzwPZ Ki‡e A_©vr 
  

1
2 ݔ݇ ൌ

ଶݔ ൌ
2 ൈ 500
100

ଶ  ܬ500

݉ଶ ൌ
1

100 ݉ଶ 

Kv‡RB  

,000
 

ݔ ൌ 0.1݉ 
 
Avgiv hLb †Kv‡bv wKQy‡K Dc‡i Zzwj ZL‡bv †mUv wefe kw³ AR©b K‡i| GK UzK‡iv cv_i Ici 
†_‡K †Q‡o w`‡j †mUv wb‡P bvgvi mgq Zvi MwZ evo‡Z _v‡K ZvB †mUvi gv‡S MwZ kw³i Rb¥ 
nq| GwU m¤¢e nq KviY cv_iUv hLb Dc‡i wQj ZLb GB ÒDc‡iÓ Ae¯’v‡bi Rb¨ Zvi gv‡S GK 
ai‡bi wefe kw³ Rgv n‡qwQj| GKUv cv_i‡K Dc‡i †Zvjv n‡j Zvi †fZ‡i Kx cwigvY wefe 
kw³ Rgv nq GLb †mUvI Avgiv †ei Ki‡Z cvwi| eyS‡ZB cviQ GKUv e¯‘‡K Dc‡i Zzj‡Z n‡j 
†h cwigvY KvR Ki‡Z nq †mUvB wefe kw³ wn‡m‡e cv_‡ii gv‡S Rgv n‡q hv‡e| Kv‡Ri cwigvY 
ܹ n‡j 

 ൌ  ݄ܨ
 

ܹ

GLv‡b ܨ n‡”Q cÖhy³ ej Ges 
 

 n‡”Q D”PZv| ܨ ejwU Avgv‡`i cÖ‡qvM Ki‡Z nq Dc‡ii w`‡K 
Ges AwZμvšÍ `~iZ¡I Dc‡ii w`‡K, Kv‡RB ܹ cwRwUf| Dc‡i †Zvjvi Rb¨ †h ej cÖ‡qvM Ki‡Z 
nq Zvi gvb w¯úªs‡qi e‡ji g‡Zv cwieZ es GB ejwU cv_iwUi IR‡bi mgvb| 
cv_iwUi IRb ݉݃ n‡j  

©b nq bv G

ܨ ൌ ݉݃ 
Ges       ܹ ൌ ݄݉݃ 

 
g‡b ivL‡Z n‡e, cv_iwUi IRb GKwU ej Ges †mwU wb‡Pi w`‡K KvR K‡i| cv_iUv‡K Dc‡i 
Zzj‡Z n‡j GB IR‡bi mgvb GKUv ej Avgv‡`i Dc‡ii w`‡K cÖ‡qvM Ki‡Z nq| 

݉f‡ii GKUv cv_i‡K  D”PZvq Zy‡j Zvi wfZ‡i wefe kw³ m„wó K‡i hw` cv_iUv‡K 
†Q‡o w`B Zvn‡j †mUv hLb wb‡Pi w`‡K  ~̀iZ¡ †b‡g Avm‡e ZLb Zvi †fZ‡i Kx cwigvY MwZ 
kw³ Rb¥ †b‡e? 

kw³ Awebk¦i, ZvB Zvi wefe kw³i cy‡ivUzKzB MwZ kw³‡Z cwiYZ n‡e| Avgiv Rvwb 

MwZ kw³ n‡”Q 
ଵ
ଶ

 : ଶ ZvB Avgiv wjL‡Z cvwiݒ݉
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ݒ݉ ݄ ଶ ൌ ݉݃
ଶݒ ൌ 2݄݃ 

 
mwZ¨ K_v ej‡Z Kx Avgiv cošÍ e¯‘i mgxKiY †ei Kivi mgq ûeû GB m~ÎwU B‡Zvg‡a¨ GKevi 
†ei K‡iwQjvg! kw³i aviYv w`‡q w`‡q m¤ú~Y© Ab¨fv‡e Avgiv Avevi GKB m~Î †ei K‡iwQ! 
 

D`vniY 4.15: 10݇݃ f‡ii GKUv e ‘̄‡K 100݉/ݏ †e‡M Dc‡ii w`‡K Qz‡o w`‡j GUv KZ 
Dc‡i DV‡e? 
 
DËi: GwU Av‡M MwZ m~Î w`‡q Kiv n‡q‡Q| GLb kw³i iƒcvšÍÍi w`‡q Kiv †h‡Z cv‡i| 
MwZkw³ :  

1
2 ଶݒ݉ ൌ

1
2 ൈ 10 ൈ 100ଶ ൌ  ܬ50,000

 
e¯‘wU hLb h D”PZvq †cuŠQv b w kw³wU wefe kw³‡Z iƒcvšÍwiZ nq Zvn‡j, ‡e ZL  h ` cy‡iv MwZ

݉
 

݄݃ ൌ  ܬ50,000
 

݄ ൌ
ܬ50,000

݉݃ ൌ
50,000

10 ൈ 9.8 ݉ ൌ 510݉ 

 
‡Zvgv‡`i †evSv‡bvi Rb¨ GLv‡b 10݇݃ fi K_vwU ejv n‡q‡Q| GUv wKš‘ f‡ii Dci wbf©i 
K‡i bv| †h‡Kvb fi‡K 100݉/ݏ †e‡M D  w`‡j Avgiv GB DËi cve|  c‡i Qz‡o

D`vniY 4.16: 5݇݃ f‡ii GKUv e ‘̄‡K 50݉/ݏ †e‡M Dc‡ii w`‡K Qz‡o w`‡j †Kvb D”PZvq 
Gi wefe kw³ Ges MwZ kw³ mgvb n‡e? 

 

 
D
 

଴ܶ ൌ
1
2

Ëi: e¯‘wUi cÖv_wgK MwZ kw³  

ଶݒ݉ ൌ
1
2 ൈ 5 ൈ 50ଶܬ ൌ  ܬ6,250

 
hLb MwZ kw³ wefe kw³i mgvb n‡e ZLb †mB ݄ D”PZvq Avgiv ej‡Z cvwi 
 
MwZ kw³ = wefe kw³ 
MwZ kw³ + wefe kw³  = cÖv_wgK MwZ kw³ 
wefe kw³ = MwZ kw³ = cÖv_wgK MwZ kw³/ 2  

݄݉݃ ൌ
ܬ6250

2  
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݄ ൌ
ܬ6250

2 ൈ ݉݃ ൌ
6250

2 ൈ 5 ൈ 9.8 ݉ ൌ 63.78݉ 

 
 ‡Zvgiv wbðqB Abygvb KiQ GB mgm¨vwUI Avm‡j f‡ii gv‡bi Dci wbf©i K‡i bv| 

 
4.5 kw³i iƒcvšÍi (Transformation of Energy) 
 
kw³ Awebk¦i Gi †Kv‡bv ÿq †bB, GwU ïaygvÎ GKwU iƒc †_‡K Ab¨ iƒ‡c cwieZ©b nq| GKUv 
cv_i Dc‡i Zzj‡j Zvi †fZ‡i GK  ai‡bi wefe kw³i Rb¥ nq, cv_iUv  †Q‡o  w`‡j wefe kw³  

 

 

Qwe 4.9: GKwU fimshy³ ¯úªxs msKywPZ Ges cÖmvwiZ n‡”Q, MwZ kw³ Ges wefe kw³i gv‡S kw³ 
wewbgq n‡”Q 
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Kg‡Z _v‡K Ges MwZ kw³ evo‡Z _v‡K| gvwU ¯úk© Kivi c~e© gyn~‡Z© cy‡iv kw³UvB MwZ kw³‡Z 
iƒcvšÍwiZ nq| wKš‘ gvwU‡K ¯úk© Kivi ci cv_iwU hLb †_‡g hvq ZLb Zvi †fZ‡i wefekw³I 
_v‡K bv MwZ kw³I _v‡K bv Zvn‡j kw³UzKz †Kv_vq hvq?  

†Zvgiv wbðqB jÿ K‡iQ cv_iUv hLb †g‡S‡Z AvNvZ K‡i ZLb †mwU kã K‡i, †hLv‡b 
AvNvZ K‡i‡Q †mLv‡b Zv‡ci m„wó K‡i A_©vr MwZkw³UzKz kã kw³ ev Zvc kw³‡Z iƒcvšÍwiZ n‡q 
hvq| 
 wefe kw³ Ges MwZ kw³i GK ai‡bi kw³ †_‡K Ab¨ ai‡bi kw³‡Z iƒcvšÍ‡ii 
D`vniYwU Lye PgKcÖ` KviY wVK wVKfv‡e e¨e¯’v Kiv n‡j GwU GKwU †_‡K Ab¨wU‡Z iƒcvšÍwiZ 
n‡q †kl n‡q hvq bv| wefe kw³ †_‡K MwZ kw³ Avevi MwZ kw³ †_‡K wefe kw³ GB iƒcvšÍi 

cÖwμqv Pj‡ZB _v‡K| Avgiv Gi gv‡SB Zvi GKwU D`vniY †`‡LwQ, w¯úªs‡qi mv‡_ GKwU fi‡K 
Ry‡o †`qv| Qwe 4.9 G Kxfv‡e f‡ii MwZ kw³ Ges w¯úªs‡qi wefe kw³ GKwU †_‡K Ab¨wU‡Z 

 

Qwe 4.10: GKwU †cÊzjvg ỳj‡Q, †gvU kw³Ñ MwZkw³ Ges wefe kw³i gv‡S ’̄vb e`j Ki‡Q| 
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iƒcvšÍwiZ n‡ZB _v‡K †mwU †`Lv‡bv n‡q‡Q| †Zvgiv QwewUi (a) †_‡K (h) ch©šÍ cÖ‡Z¨KwU avc 
GKUz LyuwU‡q †`L| 

 
Avgiv hw` GK UzK‡iv cv_i‡K my‡Zv †eu‡a Szwj‡q †i‡L ỳwj‡q w`B Zvn‡jI wVK GKB 

e¨vcvi NU‡Z _v‡K| GLv‡bI MwZ kw³ Ges wefe kw³i gv‡S iƒcvšÍi NU‡Z _v‡K| 
 

D`vniY 4.17: w¯úªs Ges f‡ii g‡Zv †cÛzjv‡gi wfbœ wfbœ Ae ’̄vb Gu‡K Kxfv‡e wefe kw³ 
Ges MwZ kw³i †fZ‡i iƒcvšÍi N‡U †mwU †`LvI| 
 
DËi: 4.10 Qwe‡Z †`Lv‡bv n‡q‡Q 
 

GKwU w¯úªs‡qi mv‡_ jvMv‡bv GKwU fi‡K msKzwPZ K‡i †Q‡o w`‡j AbšÍKvj GwUi mvg‡b 
wcQ‡b hvevi K_v, wVK †m iKg GKwU †cÛzjvg ỳwj‡q †Q‡o w`‡jI †mwU AbšÍKvj ỳj‡Z _vKvi 
K_v| ev¯Í‡e †mUv KL‡bvB N‡U bv, Av‡¯Í Av‡¯Í †mUv †_‡g hvq| Zvi KviY me mg‡qB Nl©Y ej 
_v‡K Ges GB Nl©Y ej Avm‡j kw³UzKz wb‡q †mUv‡K Zvc kw³‡Z iƒcvšÍwiZ K‡i ax‡i ax‡i 
kw³UzKy LiP K‡i †d‡j| Nl©‡Y †h Zvc ˆZwi nq Avgiv wb‡Riv †mUv Rvwb, kx‡Zi w`‡b nvZ N‡l 
Avgiv mevB KL‡bv bv KL‡bv nvZ‡K Mig K‡iwQ| 
  
Kv‡RB kw³i iƒcvšÍi LyeB ¯^vfvweK GKUv cÖwμqv| Avgiv wewfbœ ai‡bi kw³i iƒcvšÍÍ‡ii Av‡iv 
K‡qKwU D`vniY w`B : 
 
 
(i) we ỳ¨r ev Zwor kw³ 
kw³i iƒcvšÍ‡ii D`vniY w`‡Z n‡j Avgiv mevi Av‡M we`y¨r ev Zwor kw³i D`vniY w`B Zvi 
KviY GB kw³‡K me‡P‡q mn‡R Ab¨vb¨ kw³‡Z iƒcvšÍi Kiv hvq| ïay ZvB bq GK RvqMv †_‡K 
Ab¨ RvqMvq we ỳ¨r kw³ mieivn Kiv me‡P‡q mnR| ZvB Avgv‡`i Pvicv‡k bvbv ai‡bi kw³ 
_vKvi ciI Avgiv Avgv‡`i evmvq Ab¨ †Kv‡bv kw³ mieivn bv K‡i mevi cÖ_‡g Zwor kw³ ev 
B‡jKwUªwmwU mieivn K‡i _vwK| Avgiv Avgv‡`i ‰`bw›`b Rxe‡b ˆe`y¨wZK cvLv ev Ab¨vb¨ †gvU‡i 
Zwor ev ˆe ỳ¨wZK kw³‡K hvwš¿K kw³‡Z iƒcvšÍwiZ n‡Z †`wL| (hw`I †PŠ¤^K kw³ Avm‡j we ỳ¨r 
ev Zwor kw³ †_‡K wfbœ wKQz bq Zvic‡iI Avgiv †gvUi ev ˆe`y¨wZK cvLvi †fZ‡i we`y¨r kw³‡K 
cÖ_‡g †PŠ¤^K kw³‡Z iƒcvšÍi K‡i †mLvb †_‡K hvwš¿K kw³‡Z iƒcvšÍÍi n‡Z †`wL|) ‰e`y¨wZK Bw¯¿ 
ev wnUv‡i GUv Zvc kw³‡Z iƒcvšÍÍwiZ nq| jvBU evj¦, wUDejvBU ev Gj. B. wW. †Z Zwor kw³ 
Av‡jv‡Z iƒcvšÍÍwiZ nq| kã kw³ ˆZwi Kivi Rb¨ mvaviYZ †Kv‡bv wKQz‡K Kvucv‡Z nqÑ †mwU GK 
ai‡bi hvwš¿K kw³ ZviciI Avgiv ej‡Z cvwi w¯úKv‡i we`y¨r kw³ kã kw³ iƒcvšÍÍwiZ nq| 
Avgiv mevB Avgv‡`i †gvevB‡j †Uwj‡dv‡bi e¨vUvwi‡K we`y¨r w`‡q PvR© KwiÑ †hLv‡b Avm‡j Zwor 
kw³ ivmvqwbK kw³‡Z iƒcvšÍÍwiZ nq| 
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(ii) ivmvqwbK kw³ 
kw³ iƒcvšÍ‡ii D`vniY wn‡m‡e ¸iæZ¡c~Y© kw³ wbðqB ivmvqwbK kw³| Avgiv Avgv‡`i evmvq 
ivbœv Kivi Rb¨ †h M¨vm e¨envi Kwi †mUv ivmvqwbK kw³i Zvc kw³‡Z iƒcvšÍÍ‡ii D`vniY| †m 
Kvi‡Y Avgv‡`i evmvq ˆe ỳ¨wZK kw³ mieivn Kivi mv‡_ mv‡_ M¨vmI mieivn Kiv nq| 
ivmvqwbK kw³‡K Zv‡c iƒcvšÍÍi Kivi Kvi‡Y Avgiv Av‡jvI †c‡q _vwKÑ †gvgevwZi Av‡jv Zvi 
GKUv D`vniY| M¨vm †cUªj wW‡Rj ev G ai‡bi R¡vjvwb e¨envi K‡i Avgiv bvbviKg BwÄ‡b 
hvwš¿K kw³‡Z iƒcvšÍÍwiZ n‡Z †`wL hw`I fv‡jv K‡i †`L‡j Avgiv †`Le ivmvqwbK kw³ cÖ_‡g 
Zvc kw³ Ges †mB Zvc kw³ hvwš¿K kw³‡Z iƒcvšÍÍwiZ n‡”Q| Z‡e AvaywbK cÖhyw³i hy‡M 
ivmvqwbK kw³i iƒcvšÍÍ‡ii me‡P‡q eo D`vniYwU n‡”Q e¨vUvwi †hLv‡b GB kw³ ˆe`y¨wZK kw³‡Z 
iƒcvšÍÍwiZ nq| †gvevBj †Uwj‡dvb †_‡K ïiæ K‡i Mvwo wKsev Nwo †_‡K gnvKvkhvb Ggb †Kv‡bv 
RvqMv Luy‡R cvIqv hv‡e bv †hLv‡b e¨vUvwi e¨envi K‡i ivmvqwbK kw³‡K we`y¨r kw³‡Z iƒcvšÍÍwiZ 
Kiv nqwb| ivmvqwbK kw³i me‡P‡q PgKcÖ` D`vniY Aek¨ Avgv‡`i ev RxešÍ cÖvYxi kixi 
†hLv‡b Lv`¨ †_‡K ivmvqwbK kw³ hvwš¿K wKsev we ỳ¨r kw³‡Z iƒcvšÍÍwiZ nq| 
 
(iii) Zvc kw³  
cwigv‡Yi w`K †_‡K we‡ePbv Ki‡j wbtm‡›`‡n c„w_ex‡Z me‡P‡q †ewk kw³i iƒcvšÍÍi nq Zvc kw³ 
†_‡K| hveZxq h‡š¿i hveZxq BwÄ‡b Zvc kw³‡K hvwš¿K kw³‡Z iƒcvšÍÍi Kiv nq| _v‡g©vKvc‡j 
(Thermocouple) ( ỳwU wfbœ avZe c`v‡_©i ms‡hvM ¯’‡j Zvc cÖ`vb Kiv) mivmwi Zvc †_‡K 
we ỳ¨r Drcv`‡bi D`vniY _vK‡jI cÖK„Z c‡ÿ cÖvq me‡ÿ‡ÎB Zvc kw³ †_‡K hvwš¿K kw³ Ges 
hvwš¿K kw³ w`‡q we`y¨r kw³ ˆZwi Kiv nq| (cwi‡ek iÿv Kivi Rb¨ Avgiv AvRKvj kw³i 
AcPq Ki‡Z PvB bv| ZvB Zvc w`‡q Av‡jv ˆZwi nq †m iKg jvBU evj¦ e¨envi bv K‡i AvRKvj 
†ewk we`y¨rmvkÖqx evj¦ e¨envi Kiv nq|) Avgiv †gvgevwZ ev ev‡j¦i wdjv‡g›U Zvc‡K Av‡jvK 
kw³‡Z iƒcvšÍÍwiZ n‡Z †`wL| 
 
(iv) hvwš¿K kw³  
†Rbv‡iU‡i hLb we ỳ¨r ˆZwi nq ZLb Avm‡j hvwš¿K kw³ e¨envi K‡i Zv‡ii KzÛzjx‡K †PŠ¤^K 
†ÿ‡Î Nywi‡q we ỳ¨r kw³‡Z iƒcvšÍi Kiv nq| Nl©‡Yi Kvi‡Y me mgqB Zvc kw³ ˆZwi n‡”Q, 
†mLv‡b Avm‡j hvwš¿K kw³ Zvc kw³‡Z iƒcvšÍÍwiZ n‡”Q| 
 
(v) Av‡jvK kw³  
Av‡jv n‡”Q we`y¨r †PŠ¤^Kxq Zi½ Ges GB Zi‡½i GKUv wbw`©ó gvÎvi Zi½ ˆ`N©¨ Avgiv †Pv‡L 
†`L‡Z cvB †mUv‡K Avgiv Av‡jv ewj| Gi PvB‡Z †ewk Ges Kg Zi½ ˆ`N©¨I cÖK…wZ‡Z i‡q‡Q 
Ges Avgiv bvbv fv‡e ˆZwiI KiwQ| †hgb gvB‡μvI‡qf I‡f‡b Avgiv GB we`y¨r †PŠ¤^Kxq 
Zi½‡K Zvc kw³‡Z iƒcvšÍÍi Kwi| AvRKvj †mvjvi †mj e¨envi K‡i mivmwi Av‡jv †_‡K we ỳ¨r 
ˆZwi Kiv nq| GLb hw`I d‡UvMÖvwdK KvMR ax‡i ax‡i D‡V hv‡”Q wKš‘ Avgiv mevB Rvwb Av‡jvK 
ms‡e`x d‡UvMÖvwdi wd‡j¥ Av‡jvi Dcw¯’wZ ivmvqwbK kw³i Rb¥ †`q| w
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(vi) fi  
†Zvgiv wbðqB wewfbœ ai‡bi kw³i iƒcvšÍÍ‡ii gv‡S nVvr K‡i fi kãwU †`‡L Pg‡K D‡VQ| 
Avgiv hLb kw³‡K †evSvB ZLb KL‡bv mivmwi fi‡K kw³ wn‡m‡e Kíbv Kwi bv wKš‘ 
AvBb÷vBb Zvi Av‡cwÿK m~Î w`‡q †`wL‡q‡Qb ܧ ൌ ݉ܿଶ Ges GB m~ÎwU w`‡q fi‡K kw³‡Z 
iƒcvšÍÍ‡ii m¤¢vebvi K_v Rvwb‡q‡Qb| wbDwK¬qvi †evgv‡Z fi †_‡K kw³ iƒcvšÍÍi Kiv n‡qwQj, 
†mLv‡b cÖPÊ Zvc Av‡jv Ges kã kw³ wn‡ivwkgv I bvMvwmwK kni aŸsm K‡i w`‡qwQj! kw³i 
iƒcvšÍÍ‡ii GB c×wZwU ïay †evgv‡Z bq wbDwK¬qvi we ỳ¨r‡K‡›`ªI e¨envi Kiv nq| mivmwi Zvc 
kw³ ˆZwi n‡jI †mB Zvc‡K e¨envi K‡i ev®ú Ges ev®ú‡K e¨envi K‡i UvievBb Nywi‡q †mB 
UvievBb w`‡q †Rbv‡iU‡i we ỳ¨r ˆZwi Kiv nq| 
 
 kw³i GB ai‡bi iƒcvšÍi Avgv‡`i Pvicv‡k NU‡Z _vK‡jI Avgv‡`i GKwU Lye ¸iæZ¡c~Y© 
welq Rvbv `iKvi| kw³ _vK‡jB wKš‘ me mgq †mB kw³ e¨envi Kiv hvq bv| c„w_exi mgy‡`ª 
wekvj cwigvY Zvc kw³ i‡q‡Q †mB kw³ Avgiv e¨envi Ki‡Z cvwi bv| (N~wY©So gv‡S gv‡S †mB 
kw³ bMi †jvKvjq aŸsm K‡i †`q!) Avevi hLbB kw³‡K GKwU iƒc †_‡K Ab¨ iƒ‡c cwieZ©b 
Kiv nq ZLb LvwbKUv n‡jI kw³i AcPq nq| g~jZ GB AcPqUv nq Zvc kw³‡Z Ges †mUv 
Avgiv e¨envi Kivi Rb¨ wd‡i cvB bv| kw³i GB AcPqwU Avm‡j cÖhyw³i mxgve×Zv bqÑ GwU 
c`v_©weÁv‡bi †eu‡a †`qv wbqg! 

weÁvb †kLvi cÖ_wgK ch©v‡q A‡b‡KB GUv Rv‡b bv Ges Zviv GK kw³‡K Ab¨ kw³‡Z 
iƒcvšÍÍi K‡i AbšÍKvj Pjvi Dc‡hvMx GKUv †gwkb ˆZwi Kivi †Póv K‡i (GKwU †gvUi 
†Rbv‡iUi‡K Nywi‡q we ỳ¨r ‰Zix Ki‡Q †mB we`y¨r w`‡qB Avevi †gvUiwU‡K †Nviv‡bv n‡”QÑ GwU 
AbšÍKvj Pjvi GKwU †gwk‡bi D`vniYÑ †hwU KL‡bvB KvR Ki‡e bv!)  
 

4.6 ÿgZv (Power) 
 
Avgv‡`i ˆ`bw›`b Rxe‡b ÿgZv kãUv A‡bK e¨envi nq Ges me mg‡qB †h kãUv fv‡jv wKQz 
†evSv‡bvi Rb¨ e¨envi nq Zv bq! wKš‘ c`v_©weÁv‡b ÿgZv kãUvi mywbw`©ó A_© Av‡Q, ÿgZv n‡”Q 
KvR Kivi nvi| A_©vr ݐ mg‡q ܹ KvR Kiv n‡q _vK‡j ÿgZv ܲ n‡”Q : 
 

ܲ ൌ
ܹ
ݐ

 
 

Avgiv Av‡MB †`‡LwQ KvR Kivi A_© n‡”Q kw³i iƒcvšÍi| kw³i †h‡nZz aŸsm †bB ZvB KvR 
Kivi gv‡S w`‡q kw³i iƒcvšÍÍi Kiv nq gvÎ ZvB B‡”Q Ki‡j Avgiv ej‡Z cvwi ÿgZv n‡”Q 
kw³i iƒcvšÍÍ‡ii nvi! KvR ev kw³ †h‡nZz †¯‹jvi ZvB ÿgZvI †¯‹jvi| 
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 c`v_©weÁvb wkL‡Z w`‡q Avgiv bvbv ai‡bi ivwk m¤ú‡K© †R‡bwQ Zv‡`i GK‡Ki bvg 
†R‡bwQ Ges †Póv K‡iwQ cÖvq cÖ‡Z¨K †ÿ‡Î †mB ivwkwUi gvÎv m¤ú‡K© Rvb‡Z| ÿgZv ivwkwU 
Avgiv cÖ_g Rvb‡jI Gi GKKwU Avgv‡`i Lye cwiwPZ| hw` cÖwZ †m‡K‡Û 1 Ryj KvR Kiv nq 
Zvn‡j Avgiv ewj 1 ܹ (IqvU) KvR Kiv n‡q‡Q ev kw³i iƒcvšÍi n‡q‡Q| Avgiv hw` 100 
Iq‡Ui GKwU evwZ R¡vjvB Zvi A_© GB evwZ‡Z cÖwZ †m‡K‡Û 100 ܹ kw³ e¨q n‡”Q| hLb 
Avgiv Le‡ii KvM‡R cwo †`‡k 1000 †gMvIqv‡Ui wbDwK¬qvi we ỳ¨r‡K›`ª ˆZwi n‡”Q Zvi A_© 
GLv‡b cÖwZ †m‡K‡Û 1000 ൈ 10଺ ܬ we  Drcv`b Kiv n‡e| ỳ¨r kw³

D`vniY 4.18: †Zvgvi fi 20 ݇݃ †Zvgvi bv ỳm by ỳm eÜzi fi 30 ݇݃. aiv hvK †Zvgvi 
¯‹z‡ji wmuwo w`‡q 10 ݉ Dc‡ii Qv‡` DV‡Z †Zvgvi mgq †j‡M‡Q 50 ݏ, †Zvgvi eÜz †Zvgvi 
†_‡K 10 ݏ c‡i Qv‡` D‡V‡Q| Zzwg Av‡M V m K Z

 

D‡ Q wZ¨ wKš‘ vi ÿg v †ewk? 

DËi: †Zvgvi fi , Kv‡RB IRb  ݉ଵ

 
20 ݇݃ ݃ ൌ 20 ൈ 9.8 ܰ ൌ 196 ܰ 

‡Zvgvi eÜzi fi ݃ Kv‡RB Zvi IRb ݉ଶ݃ ൌ 30 ൈ 9.8 ܰ ൌ 294 ܰ   30 ݇

‡Zvgiv ỳR‡bB 10 ݉ Dc‡i D‡  ‡
 

VQ| Kv RB  

 ‡Zvgvi Kv‡Ri cwigvY ଵܹ ൌ 9
 

1 6 ൈ 10 ܰ݉ ൌ  ܬ 1960
 ‡Zvgvi eÜzi Kv‡Ri cwigv ൌ 10 ܰ݉ ൌ Y ଶܹ ܬ 2940 294 ൈ

ଵܲ ൌ ଵܹ

ଵݐ

‡Zvgvi ÿgZv 

ൌ
ܬ 1960

ݏ 50 ൌ 39.2 ܹ 

‡Zvgvi eÜzi ÿgZv  

ଶܲ ൌ ଶܹ

ଶݐ
ൌ

ܬ 2940
ሺ50 ൅ 10ሻ ݏ ൌ 49 ܹ 

 
Kv‡RB eÜz‡K nvwi‡q w`‡qQ e‡j †Zvgvi Avbw›`Z nevi wKQz †bB, †Zvgvi eÜzi ÿgZv †Zvgvi 
†_‡K †ewk! 
 
D`vniY 4.19: ÿgZv ej‡Z Avgiv Kx †evSvB †mUv fv‡jv K‡i Abyfe Kivi Rb¨ Avgiv GKUv 
D`vniY wbB| aiv hvK Zzwg 1000 kg f‡ii GKUv eo cv_i‡K Dc‡i †Zvjvi Rb¨ GKUv †μb 
fvov K‡i G‡bQ| GB †μbwU †h †Kv‡bv e¯‘‡K †m‡K‡Û 2݉ †U‡b wb‡Z cv‡i| aiv hvK 
†μbwUi ÿgZv 5 ܹ݇.  Zywg wK cv_iwU‡K Dc‡i Zzj‡Z cvi‡e? w
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DËi:  ÿ  ݐ/ܹ
 

gZv  ܲ ൌ

wKš‘    ܹ ൌ  AwZμvšÍ ~̀iZ¡ Kv‡RB ݏ  cÖ‡qvM Kiv ej Ges ܨ  hLv‡b† ݏܨ

 

Qwe 4.11: GKwU †μb w`‡q Lvovfv‡e Ges θ †Kv‡b GKUv e¯‘‡K Dc‡i †Zvjvi 
†Póv Kiv n‡”Q| 

 

ܲ ൌ
ݏܨ
ݐ ൌ  ݒܨ

 

†hLv‡b ݒ †  †bqvi †eM,   μ‡bi †U‡b

GB †ÿ‡Î 1000 ݇݃  Zvi cÖ‡qvRb :   f‡ii GKwU e Í̄‡K 2 ݉/ݏ †e‡M Dc‡i Zzj‡Z ÿg

ܲ ൌ 1000 ൈ 9.8 ൈ 2ܹ ൌ 1.96 ൈ 10ସܹ 

 

 

 

wKš‘ †μbwUi ÿgZv †hwU cÖ‡qvRbxq ÿgZv †_‡K Kg, Kv‡RB †μbwU cv_iwU‡K 
Zzj‡Z cvi‡e bv| wKš‘ cv_iwU   †e‡q †Zvjv nq Zvn‡j cÖhy³ ej 
  : Gi gvb n‡e ’ܨ

W3105×
‡K hw`  θ †Kv‡bi GKUv Xvjy

ᇱܨ ൌ 1000 ൈ 9.8 ൈ  ܰ  θ݊݅ݏ
 
Kv‡RB c bÖ‡qvR xq ÿgZv : 

ܲ 9.8 ൈ 2 ൈ ܹ  θ݊݅ݏ ൌ 1.96 ൈ 10ସ݊݅ݏθ  ܹ 
 

Ԣ ൌ ݒᇱܨ ൌ 1000 ൈ

hw`  ܲᇱ ൌ ଷ  5 ൈ 10 ܹ  
 

  nq 

5 ൈ 10ଷ ܹ ൌ 1.96 ൈ 10ସ݊݅ݏθ  ܹ   
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θ ൌ݊݅ݏ 
5 ൈ 10ଷ 

1.96 ൈ 10ସ ൌ 55 0.2

θ ൌ 14.8° 
 

 
A_©vr  θ ൌ 14.8°  †Kv‡Yi GKUv Xvjy †e‡q cv_iUv‡K GKB †μb w`‡q †U‡b †Zvjv m¤¢e| 

 
4.7 Kg©`ÿZv (Efficiency) 
 
Avgiv GKUz Av‡M e‡jwQjvg †h kw³‡K Zvi GKwU iƒc †_‡K Ab¨ iƒ‡c iƒcvšÍwiZ Kivi †ejvq 
me mg‡qB LvwbKUv kw³i AcPq nq| Kv‡RB me mg‡qB Avgiv †h cwigvY KvR Ki‡Z PvB Zvi 
mgcwigvY kw³ w`‡j nq bv, GKUy †ewk kw³ w`‡Z nq| Avgiv Avgv‡`i ˆ`bw›`b Rxe‡b bvbv 
ai‡bi hš¿ e¨envi Kwi, bvbv ai‡bi BwÄb e¨envi Kwi Zvi me mg‡qB †`Lv hvq †m¸‡jv‡Z Nl©Y 
ev Ab¨vb¨ Kvi‡Y kw³i AcPq nq| †m Rb¨ cÖvq mg‡qB GKwU hš¿ ev BwÄb KZUzKz `ÿZvi mv‡_ 
kw³ e¨envi Ki‡Q Avgv‡`i‡K Zvi cwigvc Ki‡Z nq| †m Rb¨ Avgiv Kg©`ÿZv e‡j GKwU b~Zb 
ivwk e¨envi K‡i _vwK| Kg©̀ ÿZv‡K kZKiv wnmv‡e Gfv‡e †jLv hvq : 
  

 Kg©̀ ÿZv = 
cÖ̀ Ë kw³ - kw³i AcPq

cÖ̀ Ë kw³
 ൈ 100% 

 
D`vniY 4.20: 1000ܹ Gi GKwU †gvUi e¨envi K‡i 15ݏ G GKwU 10݇݃ f‡ii e¯‘‡K 
10݉ Dc‡i †Zvjv n‡jv kw³i AcPq KZ? Kg©`ÿZv KZ? 
 
DËi: Kv‡Ri c  ܬ
cÖ`Ë kw³ : 10

wigvY : 10 ൈ 9.8 ൈ ܬ10 ൌ 9,800
00 ൈ 15 ൌ  ܬ 15,000

kw³i AcPq : 15,000 ܬ െ ܬ 9,800 ൌ  ܬ 5,200
 
Kg©̀ ¶Zv :  

ܬ9,800
ܬ15,000 ൈ 100% ൌ 65.3% 

 
‡Zvgiv ï‡b AevK n‡e GKUv we`y¨r‡K‡› ª̀ we ỳ¨r Drcv`b Kivi mgq cÖwZwU av‡cB kw³i AcPq 
nq Ges me¸‡jv AcPq wn‡m‡e †bqvi ci w K‡›`ªi Kg©`ÿZv 30% G †b‡g Avm‡Z cv‡i! e ỳ¨r‡

D`vni  cÖ‡Z¨KwU av‡c 10% AcPq n‡j Pvi av‡c KZ Kg©`ÿZv? 
 

Y 4.21:

DËi: ሺ90%ሻସ ൌ 65.6% 
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4.8 kw³i wewfbœ Drm (Sources of Energy) 
 
c„w_exi mf¨Zvi BwZnvm‡K mnRfv‡e ejv hvq kw³ e¨env‡ii BwZnvm| †gvUvgywUfv‡e ejv hvq, 
†Kvb †`k KZUv DbœZ †mUv †evSvi GKUv mnR Dcvq n‡”Q gv_vcÖwZ Zviv KZUzKz we ỳ¨r kw³ 
e¨envi K‡i Zvi GKUv wnmve †bqv| c„w_exi wewfbœ ai‡bi kw³i iƒc 4.12 Qwe‡Z †`Lv‡bv 
n‡q‡Q| 
 
4.8.1 Abevqb‡hvM¨ kw³ (Non‐Renewable Energy) 
c„w_exi mf¨Zvi BwZnvmUv †h‡nZz kw³ e¨env‡ii BwZnvm ZvB Avgiv †`L‡Z cvB mviv c„w_ex‡ZB 
me †`k me RvwZi †fZ‡iB kw³i R‡b¨ GK ai‡bi ¶zav KvR Ki‡Q| †h †hfv‡e cvi‡Q †mfv‡e 
kw³i AbymÜvb Ki‡Q, kw³‡K e¨envi 
Ki‡Q| GB gyn‚‡Z© c„w_exi kw³i me‡P‡q 
eo Drm n‡”Q †Zj, M¨vm ev Kqjv| †Zj 
M¨vm ev Kqjv wZbwUB n‡”Q dwmj R¡vjvwb, 
A_©vr jÿ †KvwU eQi Av‡M MvQcvjv gvwUi 
wb‡P Pvcv c‡o `xN©w`‡bi Zvc Avi Pv‡c 
GB iƒc wb‡q‡Q| †Zj, M¨vm Avi Kqjv 
wZbwU‡ZB Kve©‡bi cwigvY †ewk Avi 
G¸‡jv cywo‡q hLb Zvc kw³ ˆZwi nq 
ZLb Kve©b WvB-A·vBW ˆZwi nq †hwU 
cwi‡e‡ki Rb¨ wec¾bK| gvwUi wbP 
†_‡K Kqjv, †Zj Avi M¨vm‡K Zzj‡Z nq| 
gvwUi wbP †_‡K †h †Zj †Zvjv nq 
(crude oil) cÖv_wgK Ae¯’vq †m¸‡jv 
A‡bK Nb _v‡K, widvBbvwi‡Z †m¸‡jv cwi‡kvab K‡i †cUªj, wW‡Rj ev †K‡ivwm‡b iƒcvšÍi Kiv 
nq Ges mv‡_ mv‡_ Av‡iv e¨envi‡hvM¨ c`v_© †ei n‡q Av‡m| gvwUi wbP †_‡K †h M¨vm †ei nq 
†mwU g~jZt wg‡_b , Gi mv‡_ Rjxq ev®ú Ges Ab¨vb¨ M¨vm †gkv‡bv _vK‡Z cv‡i Ges 
†m¸‡jv Avjv`v K‡i wb‡Z nq| Avgv‡`i evsjv‡`‡ki M¨vm Zzjbvg~jKfv‡e A‡bK cwi®‹vi Ges 
mivmwi e¨envi Kivi Dc‡hvMx|  

 

Qwe 4.12: kw³i wewfbœ Drm 

A‡bK †`k wbDwK¬qvi kw³‡K e¨envi Ki‡Q †mLv‡bI GK ai‡bi R¡vjvwbi `iKvi nq, †mB 
R¡vjvwb n‡”Q BD‡iwbqvg| †Zj, M¨vm, Kqjv ev BD‡iwbqvg, GB kw³¸‡jvi gv‡S GKUv wgj 
i‡q‡Q, G¸‡jv e¨envi Ki‡j LiP n‡q hvq| gvwUi wb‡P KZUzKz †Zj, M¨vm, Kqjv Av‡Q wKsev 
c„w_ex‡Z Kx cwigvY BD‡iwbqvg Av‡Q gvbyl Gi gv‡S †mUv Abygvb K‡i †ei K‡i †d‡j‡Q| †`Lv 
†M‡Q c„w_exi gvbyl †h nv‡i kw³ e¨envi Ki‡Q hw` †mB nv‡i kw³ e¨envi Ki‡Z _v‡K Zvn‡j 
c„w_exi kw³i Drm †Zj, M¨vm, Kqjv ev BD‡iwbqvg w`‡q †U‡bUz‡b eo †Rvi ỳBkZ ermi Pj‡e| 
Zvici Avgv‡`i cwiwPZ Drm hv‡e dzwi‡q| ZLb Kx n‡e c„w_exi gvbyl †mUv wb‡q Lye †ewk 
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ỳf©vebvq †bB, Zvi KviY gvbyl †gvUvgywU wbwðZfv‡eB Rv‡b weÁvb Avi cÖhyw³ e¨envi K‡i Gi 
gv‡S Ab¨ wKQy †ei K‡i †djv n‡eÑ †hgb wbDwK¬qvi wdDmvb, †hUv e¨envi K‡i m~h© wKsev 
b¶‡Îiv Zv‡`i kw³ ˆZwi K‡i| wdDmv‡bi Rb¨ R¡vjvwb Av‡m nvB‡Wªv‡R‡bi GKUv AvB‡mvUc 
†_‡K, Avi cvwbi cÖ‡Z¨KUv AYy‡Z ỳ‡Uv K‡i nvB‡Wªv‡Rb, Kv‡RB †mUv dzwi‡q hvevi †Kv‡bv Avk¼v 
†bB| 
 
4.8.2 bevqb‡hvM¨ kw³ (Renewable Energy) 

ïay †h fwel¨‡Z b~Zb ai‡bi kw³i Ici gvbyl fimv K‡i Av‡Q Zv bq, GB gyn‚‡Z©I Zviv 
Ggb kw³i Ici fimv K‡i Av‡Q †h¸‡jv KL‡bv dzwi‡q hv‡e bv| †mB kw³ Av‡m m~‡h©i Av‡jv 
†_‡K, mgy‡ ª̀i †Rvqvi-fvUv wKsev †XD †_‡K, Db¥y³ cÖvšÍ‡ii evZvm †_‡K, c„w_exi Mfx‡ii DËß 
g¨vMgv †_‡K wKsev b`xi engvb cvwb †_‡K| Avgv‡`i eyS‡Z †Kv‡bv Amyweav nq bv †h GB 
kw³¸‡jv ej‡Z †M‡j AdzišÍ| G¸‡jv‡K ejv nq bevqb‡hvM¨ (Renewable Energy) kw³—
A_©vr †h kw³‡K bevqb Kiv hvq, †h Kvi‡Y GUvi dzwi‡q hvevi †Kv‡bv Avk¼v †bB| 

GB gyn‚‡Z© c„w_exi me gvbyl †h cwigvY kw³ e¨envi K‡i Zvi cuvP fv‡Mi GK fvM n‡”Q GB 
bevqb‡hvM¨ kw³| hZ w`b hv‡”Q gvbyl ZZB cwi‡ek m‡PZb n‡”Q ZvB G iKg kw³i e¨envi 
Av‡iv †e‡o hv‡”Q| evZvm e¨envi K‡i †h kw³ ˆZwi Kiv nq cÖwZeQi Zvi e¨envi evo‡Q cÖvq 
wZwik kZvsk, GB msL¨vwU wKš‘ †Kv‡bv †QvU msL¨v bq| 

c„w_exi cy‡iv kw³i cuvP fv‡Mi GK fvM n‡”Q bevqb‡hvM¨ kw³| †mB GK fv‡Mi †ewki fvM 
n‡”Q Rjwe`y¨r, b`x‡Z euva w`‡q we ỳ¨r ˆZwi Kiv| b`xi cvwb †h‡nZz dzwi‡q hvq bv ZvB G iKg 
we ỳ¨r‡K‡›`ªi kw³i DrmI dzwi‡q hvq bv GUv n‡”Q cÖPwjZ aviYv| wKš‘ b`x‡Z euva †`qv n‡j 
cwi‡e‡ki A‡bK eo ¶wZ nq †m Kvi‡Y c„w_exi gvbyl A‡bK mZK© n‡q †M‡Q| hv‡`i GKUz 
ỳi „̀wó Av‡Q Zviv G iKg Rjwe`y¨r‡K› ª̀ Avi ˆZwi K‡i bv| Rjwe`y¨‡Zi ci me‡P‡q eo 

bevqb‡hvM¨ kw³ Av‡m ev‡qvgvm (Biomass)  †_‡K, ev‡qvgvm ej‡Z †evSv‡bv nq jvKwo, 
LoKz‡Uv Gme‡K| c„w_exi GKUv eo As‡ki gvby‡li Kv‡Q †Zj, M¨vm, we`y¨r †bB, Zv‡`i ˆ`bw›`b 
Rxeb Kv‡U jvKwo, LoKz‡Uv R¡vwj‡q| GB `wi`ª gvbyl¸‡jvi e¨envix kw³ c„w_exi cy‡iv kw³i 
GKUv eo Ask| hw`I ïK‡bv MvQ LoKz‡Uv cywo‡q †dj‡j †mUv †kl n‡q hvq ZviciI 
ev‡qvgvm‡K bevqb‡hvM¨ kw³i Drm ejvi KviY b~Zb K‡i Avevi MvQcvjv Rb¥v‡bv hvq| †Zj, 
M¨vm ev Kqjvi g‡Zv c„w_ex †_‡K GUv wPiw`‡bi Rb¨ A „̀k¨ n‡q hvq bv| 

bevqb‡hvM¨ kw³i GB ỳwU iƒc, Rjwe ỳ¨r Avi ev‡qvgv‡mi ci ¸iæZ¡c~Y© kw³i Drm¸‡jv n‡”Q 
†mŠikw³, evqykw³, ev‡qv dz‡qj Avi wRI_vg©vj| 

ï‡b A‡b‡KB AevK n‡q hv‡e, gvÎ GK eM©wK‡jvwgUvi GjvKvq m~h© †_‡K Av‡jv Zvc wn‡m‡e 
cÖvq nvRvi †gMvIqvU kw³ cvIqv hvq †hUv GKUv wbDwK¬qvi kw³ †K‡›`ªi KvQvKvwQ| m~h© †_‡K 
Avmv Av‡jv Avi Zv‡ci GKUv Ask evqygÊ‡j †kvwlZ n‡q hvq, iv‡Zi †ejv †mUv _v‡K bv, †gN 
e„wói Kvi‡Y †mUv Awbqwš¿Z| Zv QvovI kw³Uv Av‡m Zvc wKsev Av‡jv wn‡m‡e we ỳ¨‡Z iƒcvšÍi 
Kivi GKUv avc AwZμg Ki‡Z nqÑ ZviciI ejv hvq GUv Avgv‡`i Lye wbf©ikxj GKUv kw³i 
Drm| m~‡h©i Zvc‡K e¨envi K‡i †mUv w`‡q we`y¨r ˆZwi Kiv hvq| Zvi PvB‡Z †ewk RbwcÖq c×wZ w
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n‡”Q †mUv‡K mivmwi we`y¨‡Z iƒcvšÍi Kiv| AvRKvj c„w_exi GKUv cwiwPZ „̀k¨ n‡”Q †mvjvi 
c¨v‡bj, evmvi Qv‡` jvwM‡q gvbyl Zvi wb‡Ri cÖ‡qvRbxq we`y¨r wb‡Ri evmvq ˆZwi K‡i †bq| 

†mŠikw³i ciB †hwU Lye ª̀yZ ¸iæZ¡c~Y© ’̄vb `Lj K‡i †dj‡Q †mUv n‡”Q evqykw³| Avgv‡`i 
†`‡k Avgiv GL‡bv evqy we ỳ¨‡Zi wekvj UvievBb †`‡L Af¨¯Í bB wKš‘ BD‡iv‡ci A‡bK †`‡kB 
†mUv Lye cwiwPZ GKUv `„k¨| †hLv‡b evqy we ỳ¨‡Zi wekvj UvievBb emv‡bv nq †mLvb †_‡K ïay 
GKUv Lv¤^v Dc‡i D‡V hvq, ZvB †gv‡UI RvqMv bó nq bv †m Rb¨ cwi‡ekev`xiv GUv Lye cQ›` 
K‡ib GKUv evqy UvievBb †_‡K K‡qK †gMvIqvU ch©šÍ we ỳ¨r cvIqv m¤¢e! c„w_exi gvbyl eûw`b 
†_‡K cvb Kivi Rb¨ A¨vj‡Kvnj ˆZwi K‡i Avm‡Q—†mUv GK ai‡bi R¡vjvwb| fzÆv, AvL G 
ai‡bi Lvevi †_‡K R¡vjvwbi Rb¨ A¨vj‡Kvnj ˆZwi Kiv †gvUvgywU GKUv MÖnY‡hvM¨ c×wZ| ivbœv 
Kivi Rb¨ Avgiv †h †Zj e¨envi Kwi †mUv wW‡R‡ji cwie‡Z© e¨envi Kiv hvq| c„w_ex‡Z A‡bK 
ai‡bi MvQcvjv Av‡Q †hLvb †_‡K mivmwi R¡vjvwb †Zj cvIqv hvq| c„w_exi A‡bK †`‡kB GUv 
wb‡q M‡elYv n‡”Q, A‡bK †`kB (†hgb eªvwRj) G ai‡bi ev‡qvdz‡qj †ek eo AvKv‡i e¨envi 
Ki‡Z ïiæ K‡i‡Q| bevqb‡hvM¨ kw³i ¸iæZ¡c~Y© Av‡iKwU n‡”Q wRI_vg©vj (geothermal)| 
Avgv‡`i c„w_exi †fZ‡ii Ask DËß, A‡MœqwMwi w`‡q hLb †mUv †ei n‡q Av‡m ZLb Avgiv †mUv 
†Ui cvB| ZvB †KD hw` K‡qK wK‡jvwgUvi MZ© K‡i †h‡Z cv‡i Zvn‡jB Zvckw³i GKUv wekvj 
Drm †c‡q hvq| cÖwμqvUv GL‡bv mnR bq ZvB e¨vcKfv‡e e¨envi ïiæ nqwb| †Kv‡bv †Kv‡bv 
RvqMvq Zvi f‚-cÖK…wZi Kvi‡Y †mLv‡b G ai‡bi kw³ mn‡RB cvIqv hvq †mLv‡b †m¸‡jv e¨envi 
ïiæ n‡q‡Q|  
 

mviv c„w_ex‡ZB GLb gvby‡liv cwi‡ek wb‡q m‡PZb n‡q DV‡Q| DbœwZi Rb¨ `iKvi kw³, 
wKš‘ kw³i Rb¨ hw` cwi‡ek‡K aŸsm K‡i †`qv nq AvaywbK c„w_exi gvbyl wKš‘ †mUv †g‡b †bq 
bv|  c„w_exi gvbyl GLb †h †Kv‡bv kw³ †h †Kv‡bvfv‡e e¨envi Ki‡Z cÖ¯‘Z bq| c„w_exi me©bvk 
bv K‡i, cÖK…wZi mv‡_ we‡iva bv K‡i Zviv c„w_exi gv‡S jyKv‡bv kw³UzKz e¨envi Ki‡Z Pvq| 

 

 free Bangla e-books: www.facebook.com/tanbir.ebooks

Any kind of e-book & Software : www.tanbircox.blogspot.com



108                                                                                                                                   KvR, ÿgZv I kw³ 

Abykxjbx 
 
cÖkœ : 
1. Nl©YRwbZ ej w`‡q Kiv KvR me mg‡qB 

wb‡MwUf nq †Kb? 
2. GKUv w¯úªs‡K †K‡U `yUzK‡iv Ki‡j 

UzK‡iv¸‡jvi w¯úªs aªæeK ݇ wK evo‡e bv 
Kg‡e? 

          Qwe 4.13: †eM Ges mg‡qi †jLwPÎ| 

3. c„w_ex mPj ivL‡Z wK kw³i cÖ‡qvRb bvwK 
ÿgZvi cÖ‡qvRb? 

4. fi‡K wK kw³ wn‡m‡e we‡ePbv Kiv hvq? 
5. †eM 1 kZvsk evo‡j MwZ kw³ KZ kZvsk 

evo‡e? 
 
MvwYwZK mgm¨v: 
1. GKUv e¯‘i Ici wewfbœ mgq wewfbœ ej cÖ‡qvM Kivi Kvi‡Y Zvi †e‡Mi cwieZ©b nq Ges †mwU 

,ܣ ,ܤܣ G ܥܤ  Gi g‡a¨ KLb cwRwUf KvR KLb ܦܥ
 KvR ev KLb k~b¨ KvR Kiv n‡q‡Q? 

4.13 Qwe‡Z †`Lv‡bv n‡q‡Q| ܱ es 
wb‡MwUf

2.  50݇݃ f‡ii GKwU †g‡q 10ݏ G  †e‡q 5݉ Dc‡i D‡V‡Q| †m KZUzKz KvR K‡i‡Q? 
Zvi ÿgZv KZ? 

 wmuwo

3.   f‡ii GKUv w¯’i e¯‘i Ici 10ݏ GKwU ej 
cÖ‡qvM Kivi ci Zvi MwZ kw³ nj 500ܬ. Kx 
cwigvY ej cÖ‡qvM Kiv n‡qwQj? 

4. GKwU KwcK‡ji GKcv‡k 10݇݃ Ges Ab¨ cv‡k  
5݇݃ f‡ii ỳwU e ‘̄‡K wVK 5݉ Dc‡i w¯’i Ae¯’vq 
a‡i ivLv n‡q‡Q| Zzwg e¯‘ ỳwU‡K †Q‡o w`‡j, ZLb 
10݇݃ fiwU wb‡Pi w`‡K Ges 5݇݃  fiwU Dc‡ii 
w`‡K DV‡Z ïiæ Ki‡e| hLb 10݇݃ fiwU 1݉  
1 P Ges 5݇݃ wU 1݉  Dc‡i D‡V‡Q 
ZLb fi ỳwUi †eM KZ  

Qwe 4.14: ỳwU wfbœ fi KwcKj w`‡q 
†Svjv‡bv|

݉ wb‡   fi
? 

5.  100݉ Ici †_‡K 5݇݃  f‡ii GKwU e¯‘ †Q‡o 
†`qv n‡q‡Q, †Kvb D”PZvq e¯‘wUi MwZ kw³ Zvi 
wefe kw³i wØ¸Y n‡e? 
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cÂg Aa¨vq 
c`v‡_©i Ae¯’v I Pvc 

(Pressure and States of Matter) 
 

‡Rgm K¬vK© g¨v·I‡qj 

 

James Clerk Maxwell (1831‐1879) 

‡Rgm K¬vK© g¨v·I‡qj GKRb ¯‹wUm c`v_©weÁvbx wQ‡jb| Zuvi 
me‡P‡q eo Ae`vb n‡”Q we ỳ¨r Ges †PŠ¤^K Z‡Ë¡i g‡Zv 
AvcvZ „̀wó‡Z wfbœ welq‡K GK m~‡Îi AvIZvq wb‡q Avmv Ges we ỳ¨r 
†PŠ¤̂Kxq Zi½ wn‡m‡e Av‡jv‡K e¨vL¨v Kiv| AvYweK MwZ Z‡Ë¡I 
Zuvi eo Ae`vb Av‡Q| wZwb me©cÖ_g iwOb d‡Uv †Zvjvi c×wZ 
Avwe®‹vi K‡iwQ‡jb| 
 
 
 
 
 
 
 

5.1 Pvc (Pressure) 
 
Avgiv Avgv‡`i ˆ`bw›`b K_vevZ©vq Pvc kãUv bvbvfv‡e e¨envi Ki‡jI c`v_©weÁv‡b Pvc kãUvi 
GKUv mywbw`©ó A_© i‡q‡Q| Avgiv Av‡Mi Aa¨vq¸‡jv‡Z bvbv mgq bvbv ai‡bi ej cÖ‡qvM Kivi 
K_v e‡jwQ, Z‡e ejwU wVK Kxfv‡e cÖ‡qvM Kiv n‡e, †mwU ejv nqwb| †hgb Zzwg GKUv cv_i‡K 
GK nv‡Z †Vj‡Z cvi, ỳB nv‡Z †Vj‡Z cvi wKsev †Zvgvi mviv kixi w`‡q †Vj‡Z cvi (Qwe 

5.1)| cÖ‡Z¨Kevi Zzwg mgvb cwigvY ej cÖ‡qvM Ki‡jI Pvc wKš‘ n‡e wfbœ| cÖ_g‡ÿ‡Î Zzwg 

†Zvgvi nv‡Zi Zvjyi †ÿÎd‡ji †fZi w`‡q ej cÖ‡qvM K‡iQ, hw` †Zvgvi cÖ‡qvM Kiv ej nq ܨ 

Ges nv‡Zi Zvjyi †ÿÎdj nq ܣ Zvn‡j Pvc ܲ n‡”Q 

ܲ ൌ ி
஺

Pv‡ci gvÎv ܮܯ  ିଵܶିଶ 
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Kv‡RB wØZxq †ÿ‡Î `yB nvZ e¨envi Kivq ej cÖ‡qvMKvix †ÿÎdj wØ¸Y †e‡o hv‡e e‡j Pvc 
A‡a©K n‡q hv‡e, Z…Zxq †ÿ‡Î mviv kixi e¨envi K‡i ej cÖ‡qvM Kivq ej cÖ‡qvMKvix †ÿÎdj 
Av‡iv †e‡o hv‡e ZvB Pvc Av‡iv K‡g hv‡e| 
 ej GKwU †f±i, ZvB †Zvgv‡`i aviYv 

n‡Z cv‡i Pvc ܲ eywS †f±i! wKš‘ gRvi e¨vcvi 

n‡”Q Pvc ܲ wKš‘ GKUv †¯‹jvi ivwk Ges Avgiv 
hw` mwVK fv‡e wjL‡Z PvB Zvn‡j GwU †jLv DwPZ 
Gfv‡e 

ࡲ   ൌ ࡭ܲ

50 ݇݃
0.5 ݉

50 ݇݃ 50 ൈ 9.8 ܰ ൌ 490 ܰ

 
A_©vr †ÿÎdj‡KB †f±i wn‡m‡e aiv nq! †f±‡ii 
cwigvY Avi w`K _vK‡Z nq, †ÿÎd‡ji cwigvY 
UzKz n‡”Q †f±‡ii cwigvY, †ÿÎd‡ji Dci j¤^ 
n‡”Q †f±‡ii w`K! 
 Pvc †¯‹jvi nIqvi Kvi‡Y Gi †Kv‡bv w`K 
†bB| GwU LyeB cÖ‡qvRbxq, KviY Pvc aviYvwU 
KwVb c`v‡_© †_‡K A‡bK †ewk cÖ‡qvRbxq Zij 
wKsev evqexq c`v‡_©| Zij ev evqexq c`v‡_© hLb 
Pvc cÖ‡qvM K‡i ZLb Avm‡j †mwU w`‡Ki Dci 
wbf©i K‡i bvÑ GB welqwU Avgiv GKUz c‡iB 
†`Le| 
 

D`vniY 5.1  :  aiv hvK †Zvgvi fi 

, †Zvgvi kix‡ii GK cv‡ki 

†ÿÎdj ଶ Ges ỳB cv‡qi 

Zjvi †ÿÎdj 0.03 ݉ଶ| Zywg wPZ 
n‡q ï‡q _vK‡j †g‡S‡Z KZ Pvc 
cÖ‡qvM Ki‡e Ges ùvwo‡q _vK‡j 

c cÖ‡qvM Ki‡e? 

 

Qwe 5.1: KZUzKz RvqMvq ej cÖ‡qvM Kiv n‡”Q Zvi 
Dc‡i Pvc wbf©i K‡i| 

†g‡S‡Z KZ Pv
 

  DËi : fi  Kv‡RB IRb 
hLb ï‡q _vK ZLb Pvc  
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ܲ ൌ
490 ܰ
0.5 ݉ଶ ൌ 980

ܰ
݉ଶ 

ܲ ൌ
490 ܰ

0.03 ݉ଶ ൌ 16,333
ܰ

݉ଶ

hLb ùvwo‡q _vK ZLb Pvc  

 

1 ܰ ݉ଶ

ρ ൌ
݉
ܸ

†`L‡ZB cv”Q ï‡q co‡j A‡bK Kg Pvc †`qv nq| GRb¨ gvbyl hLb †Pvivevwj‡Z c‡o ZLb 
wb‡R‡K euvPv‡bvi Rb¨ me mgq ï‡q co‡Z nq †hb †m A‡bK Kg Pvc †`q Ges †Pvivevwj‡Z 
mn‡R Wz‡e bv hvq| 

 Pv‡ci GK‡Ki Av‡iKwU bvg c¨v‡¯‹j (ܲ)|  ej 1  †ÿÎd‡ji Dci cÖ‡qvM 

Ki‡j 1 ܲ  (c¨v‡¯‹j) Pvc cÖ‡qvM Kiv nq| 
 

5.2 NbZ¡ (Density) 
 
Zij Ges evqexq c`v‡_©i Pvc †evSvi Av‡M Avgv‡`i NbZ¡ 
m¤ú‡K© aviYvwU A‡bK ¯úó _vKv `iKvi| NbZ¡ n‡”Q GKK 

AvqZ‡b f‡ii cwigvY A_©vr †Kv‡bv e¯‘i fi hw` ݉ Ges 

AvqZb ܸ nq Zvn‡j Zvi NbZ¡ 
 

 

‡Uwej G †Zvgv‡`i cwiwPZ K‡qKwU c`v‡_©i NbZ¡ †`qv 

0.25 ݇݃ 1200 ܿܿ

ଷ

1ܿܿ ൌ 10ିଶ݉ሻଷ ൌ 10ି଺݉ଷ 

 

5.1  

n‡jv| GLv‡b GKUv welq g‡b ivLv fv‡jv, ZvcgvÎv evo‡j wKsev Kgv‡j c`v‡_©i AvqZb evo‡e 
wKsev Kg‡Z cv‡i| †h‡nZz f‡ii †Kv‡bv cwieZ©b nq bv ZvB c`v‡_©i NbZ¡ ZvcgvÎvi mv‡_ 
cwieZ©b n‡Z cv‡i| †mRb¨ c`v‡_©i Nb‡Z¡i K_v ej‡Z n‡j mvaviYZ †mwU †Kvb ZvcgvÎvq gvcv 
n‡q‡Q †mwUI e‡j w`‡Z nq|  

‡Uwej 5.1: wewfbœ c`v‡_©i NbZ¡ 
c`v_© NbZ¡ (gm/cc) 
evZvm 0.00127 
KK© 0.25 
KvV 0.4 ‐ 0.5 
gvbe †`n 0.995 
cvwb 1.00 
KvP 2.60 
‡jvnv 7.80 
cvi` 13.6 
‡mvbv 19.30 

D`vniY 5.2:  1 ݇݃ cvwb‡Z  jeY ¸‡j †bqvi ci Zvi AvqZb n‡jv  
GB cvwbi NbZ¡ KZ? 

 

 
DËi: 1ܿܿ n‡”Q 1ܿ݉  Kv‡RB  

ሺ
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 Kv‡RB jeb †Mvjv cvwbi NbZ¡ 
 

ρ ൌ
1 ݇݃ ൅ 0.25݇݃

1200 ൈ 10ି଺݉ଷ ൌ 1.04 ݇݃/݉ଷ 

ݎ݁ݐ݈݅/

ିଷ݉ଷ

ρ ൌ 1.24
݇݃

ݎ݁ݐ݈݅

 

D`vniY 5.3:  RW©v‡bi †WW mx (Dead sea) Gi NbZ¡ 1.24݇݃  GB mgy‡ ª̀i 1 ݇݃ 
cvwbi AvqZb KZ? 
 
DËi: 1 ݈݅݁ݎݐ n‡”Q 1000 ܿܿ ev 10  Kv‡RB RW©v‡bi †WW mx Gi cvwbi NbZ¡ 
 

ൌ
1.24 ݇݃
10ିଷ݉ଷ ൌ 1.24 ൈ 10ଷ ݇݃ ݉ିଷ 

ܸ ൌ
݉
ρ

 
Kv‡RB 1݇݃ cvwbi AvqvZb: 
 

ൌ
1݇݃

1.24 ൈ 10ଷ ݇݃ ݉ିଷ ൌ 0.81 ൈ 10ିଷ ݉ଷ 

 
wKsev 0.81 ݈݅ݎ݁ݐ 

`vniY 5.4:  wbDwK¬qv‡mi NbZ¡ KZ? 1 Pv PvgyP wbDwK¬qv‡mi fi KZ? 

Ëi: wbDwK¬qvm ˆZwi nq wbDUªb Avi †cÖvUb w`‡q| Zv‡`i GKUvi fi 1.67 ൈ 10ିଶ଻݇݃, 

Uv‡KB wbDwK¬qv‡mi NbZ¡ wn‡m‡e 

DwK¬qv‡mi NbZ¡  

ρ ൌ
݉

4π
3

 

D
 

D
Zv‡`i e¨vmva© AvbygvwbK 1.25 ݂݉ ൌ 1.25 ൈ 10ିଵହ݉ Kv‡RB hw` wbDUªb wKsev †cÖvU‡bi 
NbZ¡ †ei Ki‡Z cvi‡j †m ai‡Z cvwi! 
 
wb
 

ଷݎ
ൌ

1.67 ൈ 10ିଶ଻݇݃
4π
3 ሺ1.25 ൈ 10ିଵହ݉ሻଷ

ൌ 0.204 ൈ 10ଵ଼ ݇݃/݉ଷ 

 
GB msL¨vwU †h KZ wekvj †mUv †Zvgv‡`i AY vb Kiv `iKvi! GK Pv Pvg‡P †gvU wU 1ܿܿ 

 ൈ 10ି଺݉ଷ  ൌ 2 ൈ 10ଵଵ݇݃ 

„w_exi me gvby‡li mw¤§wjZ fi! 

Z wbDwK¬qv‡m wbDUb-†cÖvUb _v‡K, evB‡i 
1800 ¸Y Kg, Kv‡RB †h 

yg vgy
wRwbm Av‡U, Kv‡RB GK Pv-PvgP wbDwK¬qv‡mi fi : 
 

݉ ൌ 0.204 ൈ 10ଵ଼ ݇݃/݉ଷ 
 

ywUfv‡e cGUv †gvUvg
 
Avgvi Ab¨fv‡eI GUv †`L‡Z cvwi| GKUv cigvYy‡
_v‡K B‡jKUªb| B‡jKUª‡bi fi wbDUªb †cÖvU‡bi fi †_‡K cÖvq w
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†Kv‡bv wRwb‡li fiUv Avm‡j wbDwK¬qv‡mi fiÑB‡jKUªb¸‡jv‡K bv ai‡j Lye GKUv ÿwZe„w× 
nq bv| wKš‘ Avgiv Pvicv‡k †hme †`wL Zvi AvKvi wKš‘ wbDwK¬qv‡mi AvqZb bqÑ Zvi 
AvqZb G‡m‡Q cigvYyi AvqZb †_‡K| Lye †QvU GKUv wbDwK¬qvm‡K wN‡i Zzjbvg~jK fv‡e 
A‡bK eo GKUv Kÿc‡_ B‡jKUªb Nyi‡Z _v‡K| wbDwK¬qv‡mi e¨vmva© †_‡K cigvYyi e¨mva© cÖvq 
GK jÿ ¸Y eo| 
 
Kv‡RB hw` †Kv‡bvfv‡e Pvc w`‡q †Zvgvi kix‡ii †h KqwU cigvY Av‡Q †m¸‡jv †f‡O †Zvgvi 
g Í̄ wbDwK¬qvm¸‡jv GKÎ K‡i †djv hvq Zvn‡j †Zvgvi AvqZb KZUzKz n‡e AYygvb Ki‡Z 

ρ

m
PvI? †h‡nZz ZLb †Zvgvi NbZ¡ n‡e wbDwK¬qv‡mi NbZ¡ ZvB †Zvgvi AvqZb n‡e : 
 

ܸ ൌ
݉

ൌ
40݇݃

0.204 ൈ 10ଵ଼ ݇݃/݉ଷ ൌ 2 ൈ 10ିଵ଺ ݉ଷ 

 
hw` a‡i †bB †Zvgv‡K GKUv †QvU †MvjK ˆZwi Kiv n‡q‡Q Zvn‡j †Zvgvi e¨mva© ݎ n‡e:  

3

 
4π

ଷݎ ൌ 2 ൈ 10ିଵ଺ ݉ଷ 

ݎ ൌ 1.68 ൈ 10ିଶ݉݉ 
 

A_©vr †Zvgv‡K Lvwj †Pv‡L †`Lv hv‡e bvÑgvB‡μv‡¯‹v‡c †`L‡Z n‡e! 
 

5.3 evZv‡mi Pv

B Pvc Avjv`vfv‡e Abyfe Kwi 
v KviY Avgi‡`i kix‡ii †fZi †_‡KI evB‡i GKwU Pvc †`qv 

i‡h‡Q Zvi I

 

c (Air Pressure) 
 
evZv‡mi GKUv Pvc Av‡Q| Avgiv G
b
n‡”Q ZvB `y‡Uv Pvc GKUv Av‡iKwU‡K KvUvKvwU K‡i †`q| 
gnvKv‡k evZvm †bB ZvB evZv‡mi PvcI †bB, ZvB †mLv‡b kix‡ii 
†fZ‡ii Pvc‡K KvUvKvwU Kivi Rb¨ wKQz †bB Ges G iKg 
cwi‡e‡k gyn~‡Z©i gv‡S gvby‡li kixi Zvi †fZiKvi Pv‡c we‡ùvwiZ 
n‡q †h‡Z cv‡i| †m Rb¨ gnvKv‡k gnvKvkPvixiv me mg‡qB Pvc 
wb‡ivaK †¯úm my¨U c‡i _v‡Kb| c„w_ex c„‡ô evZv‡mi GB Pvc 

10ହܰ/݉ଶ  hvi A_© Zzwg hw` c„w_ex c„‡ô 1݉ଶ  †ÿÎd‡ji 
LvwbKUv RvqMv Kíbv K‡i bvI Zvn‡j Zvi Dc‡i evZv‡mi †h ¯Í¤¢wU 

Rb 10ହܰ. GUv †gvUvgywUfv‡e GKUv nvwZi IRb!  
GLv‡b GKUv welq GLbB †Zvgv‡`i Lye fv‡jv K‡i eyS‡Z 

n‡e, GwU mwZ¨, IRb n‡”Q ej Ges GB ejwU wb‡Pi w`‡K KvR

 

Qwe 5.2: evZv‡mi PvcwU 
Av‡m evZv‡mi Í̄‡¤¢i IRb 
†_‡K| 
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K‡i| e

 cvZjv wUb ev A¨vjywgwbqv‡gi ˆZwi †Kv‡bv wbw”Q ª̀ wUb ev †KŠUv hw` †Kv‡bvfv‡e evqyk~b¨ 

j n‡”Q †f±i ZvB Gi gvb Ges w`K ỳ‡UviB cÖ‡qvRb Av‡Q| Pvc †f±i bq Zvi †Kv‡bv 
w`K †bB ZvB †h †Kv‡bv RvqMvq Pvwiw`‡K mgvb| Zzwg †hLv‡b GLb `vwo‡q wKsev e‡m AvQ 
†Zvgvi Ici evZvm †h Pvc cÖ‡qvM Ki‡Q, †mUv †Zvgvi Dc‡i Wv‡b ev‡g mvg‡b wcQ‡b ev wb‡P 
Pvwiw`‡KB mgvb| evZvm wKsev Zij c`v‡_©i Rb¨ GUv me mg‡qB 
mwZ¨|

Kiv hvq Zvn‡j †mUv ỳg‡ogyP‡o hv‡e, Zvi KviY ¯^vfvweK Ave¯’vq evB‡ii evZv‡mi Pvc‡K 
†KŠUvi †fZ‡ii evZv‡mi cvëv Pvc w`‡q GKUv mgZv eRvq †i‡LwQj| †fZ‡ii evZvm cv¤ú K‡i 
mwi‡q †bevi ci †fZ‡i evB‡ii evZv‡mi Pvc cÖwZnZ Kivi g‡Zv wKQz †bB ZvB evB‡ii evZv‡mi 

Pvc wUb ev †KŠUvUv‡K ỳg‡ogyP‡o w`‡e (Qwe 5.3)| †Zvgiv †h wRwbmUv jÿ Ki‡e †mwU n‡”Q 
†KŠUvUv ïay Dci w`K †_‡K ỳg‡o gyP‡o hv‡e bvÑ Pvwiw`K †_‡K `yg‡ogyP‡o hv‡e| Pvc hw` ïay 
Dci †_‡K AvmZ Zvn‡j wUbUv ïay Dci †_‡K `yg‡o gyP‡o †hZÑ Pvc †h‡nZz Pvwiw`‡KB mgvb 
ZvB wUbUv Pvwiw`K †_‡KB Avm‡Q Ges Pvwiw`K †_‡K ỳg‡o gyP‡o hv‡”Q| c„w_ex c„‡ô evZv‡mi 
PvcwU Avm‡Q Gi Dc‡ii Í̄¤¢wUi IRb †_‡K| ZvB Avgiv hw` Dc‡i DwV Zvn‡j Avgv‡`i Dc‡ii 
¯Í‡¤¢i D”PZvUzKz K‡g hv‡e, IRbUvI K‡g hv‡e Ges †mRb¨ †mLv‡b evZv‡mi PvcI K‡g hv‡e| 

welqwU mwZ¨ Ges 5.3 Qwe‡Z †Zvgv‡`i †`Lv‡bv n‡q‡Q D”PZvi mv‡_ mv‡_ evZv‡mi Pvc †Kgb 
K‡i K‡g hvq| †h welqUv †Zvgv‡`i Avjv`v K‡i jÿ Kivi K_v †mwU n‡”Q cuvP wK‡jvwgUvi 
D”PZvq †cuŠQv‡bvi ci evZv‡mi Pvc A‡a©K K‡g wM‡q‡QÑ mvaviYfv‡e g‡b n‡Z cv‡i Zvn‡j 
c‡ii cuvP wK‡jvwgUv‡i evwK A‡a©K K‡g †mLv‡b evZv‡mi Pvc k~b¨ n‡q hv‡”Q bv †Kb? Gi GKUv 
mywbw`©ó KviY Av‡Q| evZvm ev M¨vm‡K Pvc w`‡q msKzwPZ Kiv hvq ZvB c„w_exi c„‡ô, †hLv‡b 
evZv‡mi Pvc me‡P‡q †ewk †mLv‡b evZvm me‡P‡q †ewk msKzwPZ n‡q Av‡Q A_©vr evZv‡mi NbZ¡ 

 

Qwe 5.3: (a) †Z †`Lv‡bv wKDewUi †fZi †_‡K cv¤ú K‡i evZvm mwi‡q wb‡j hw` ïay Dci †_‡K Pvc w`‡Zv 

Zvn‡j (b) Qwei gZ P¨vÞv n‡q †h‡Zv| wKš‘ †h‡nZz Pvwiw`K †_‡K Pvc Av‡m ZvB (c) Qwei gZ msKzwPZ nq 
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†mLv‡b me‡P‡q †ewk| Avgiv hZB Dc‡i DV‡Z _vKe evZv‡mi Pvc †h iKg Kg‡Z _vK‡e Zvi 
NbZ¡I †m iKg Kg‡Z _vK‡e| 

D”PZvi mv‡_ mv‡_ evZv‡mi NbZ¡ K‡g hvIqvi A‡bK¸‡jv ev Í̄e w`K Av‡Q| AvKv‡k 
hLb †cø

w· n‡q 

b¨I †mB GKB mgm¨v| hZ Dc‡i DV‡Z _v‡K †mLv‡b 

D`vniY 5.5:  Gfv‡i‡÷i P~ovq (29,029 ݂ݐ) evZv‡m KZUzKz Aw·‡Rb Av‡Q? 

Ëi: 29,029 ݂ݐ ൌ 8,848݉  

Övd †_‡K †`LwQ GB D”P vq evZ‡mi Pvc c„w_ex c„‡ô evZv‡mi Pv‡ci gvÎ 35% 
  

 

.3.1 Uwi‡mwji cixÿv 
L‡bv bv KL‡bv †Kvì wWªsKm †L‡qQ| KL‡bv wK wPšÍv K‡iQ ÷ª‡Z PzgyK 

b D‡o ZLb evZv‡mi Nl©Y †cø‡bi Rb¨ A‡bK eo mgm¨v| hZ Dc‡i IVv hv‡e evZv‡mi 
NbZ¡ ZZ K‡g hv‡e Ges Nl©YI K‡g 
hv‡e ZvB mwZ¨ mwZ¨ eo eo hvÎxevnx 
†cøb¸‡jv AvKv‡k A‡bK Ici w`‡q 
Dovi †Póv K‡i| mvaviYfv‡e g‡b n‡Z 
cv‡i Zvn‡j †cøb¸‡jv Av‡iv Dci w`‡qÑ 
G‡Kev‡i gnvKvk w`‡q D‡o hvq bv 
†Kb, Zvn‡j †Zv Nl©Y Av‡iv K‡g hv‡e| 
Zvi KviY †cøb‡K Iov‡bvi Rb¨ Zvi 
kw³kvjx BwÄb `iKvi Avi †mB BwÄ‡b 
R¡vjvwb R¡vjv‡bvi Rb¨ Aw·‡Rb `iKvi| 
Dci †hLv‡b evZv‡mi NbZ¡ Kg †mLv‡b A
hvq e‡j †cø‡bi BwÄb KvR Ki‡e bv! 
 hviv ce©Zk„‡½ I‡V Zv‡`i R

 

            Qwe 5.4: D”PZvi mv‡_ evZv‡mi Pvc K‡g hvq 

‡RbI Kg ZvB †ewk D”PZvq Aw·‡R‡bi Afve 

evZv‡mi Pvc K‡g hvIqvi mgm¨v †_‡K A‡bK eo mgm¨v evZv‡mi NbZ¡ K‡g hvIqvi Kvi‡Y 
Aw·‡R‡bi cwigvY K‡g hvIqv| hviv ce©Zv‡ivnY K‡i †mRb¨ Zv‡`i AZ¨šÍ Kg Aw·‡R‡b ïay 
†eu‡P _vKv bq ce©Zv‡ivn‡Yi g‡Zv AZ¨šÍ Kómva¨ KvR Kiv wkL‡Z nq, †mRb¨ Zv‡`i kixi‡KI 
cÖ¯‘Z Ki‡Z nq| 
 

 
D
 
wei M ZQ

Kv‡RB †mLv‡b Aw·‡R‡bi cwigvYI c„w_ex c„‡ôi Aw·‡R‡bi cÖvq 1/3 ev GK-Z…Zxqvsk|

5
‡Zvgiv wbðqB ÷ª w`‡q K
w`‡j †Kb †Kvì wWªsKm †Zvgvi gy‡L P‡j Av‡m? Avm‡j e¨vcviwU N‡U evZv‡mi Pv‡ci Rb¨| 

e¨vcviwU †evSv Lye mnR n‡Zv hw` Zzwg KL‡bv 34 dzU j¤^v GKUv ÷ª w`‡q †Kvì wWªsKm LvIqvi 
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†Póv Ki‡Z| (e¨vcviwU †gv‡UI ev¯Íem¤§Z bqÑ wKš‘ hyw³i LvwZ‡i †g‡b bvI!) Zvn‡j Zzwg 

Avwe®‹vi Ki‡Z wWªsKUv 32 dzU ch©šÍ D‡V nVvr K‡i †_‡g †M‡QÑ Avi hZB PzgyK †`Iqvi †Póv 
Ki wWªsKUv Dc‡i DV‡Q bv| (Avgiv a‡i wbw”Q †Kvì wWªs‡Ki NbZ¡ cvwbi Nb‡Z¡i KvQvKvwQ!) 

cvi` gy‡L †bqvi g‡Zv Zij bq wKš‘ hyw³i LvwZ‡i Kíbv K‡iv Zzwg ÷ª w`‡q cvi` PzgyK 

w`‡q gy‡

‡QÑ Z

q †Kvì wWªsK‡mi †evZ‡j 

‡mi Pv‡ci GB cixÿvwU 

i Dc‡i Pvc w`‡”Q Ges †mB Pvc 

  (Qwe 5.5) Ges Uwi‡mwji GB c×wZ w`‡q 

ˆZwi e¨v‡ivwgUv‡i GL‡bv evZv‡mi Pvc gvcv nq| evZv‡mi Pvc eo‡j cvi‡`i D”PZv 76 ܿ݉ 

†_‡K †ewk nq Pvc Kg‡j D”PZv 76 ܿ݉ †_‡K K‡g hvq|  
 

L Avbvi †Póv KiQ Ñ hw` ÷ªwU 76 ܿ݉ †_‡K †ewk j¤^v nq Zvn‡j Zzwg Avwe®‹vi Ki‡e 

cvi` wVK 76 ܿ݉ D”PZvq G‡m †_‡g †M zwg  hZB PzgyK †`Iqvi †Póv Ki cvi` Avi Dci 

DV‡e bv! cvwbi NbZ¡ †_‡K cvi‡`i NbZ¡ 13.6 ¸Y †ewk, ZvB cvwb †hUzKz D”PZvq D‡V‡Q cvi` 

D‡V‡Q Zvi †_‡K 13.6  ¸Y Kg| 
 Ggwb‡Z GKwU ÷ª gy‡L wb‡
a‡i ivL‡j †Kvì wWªsKmUv Dc‡i DV‡‡e bvÑ KviY †Zvgvi 
gy‡Li †fZ‡i evZv‡mi †h Pvc ÷ª Wzwe‡q ivLv Zi‡jI †mB 
GKB evZv‡mi PvcÑ ỳ‡Uv PvcB mgvb, Kv‡RB Gi †fZ‡i 
†Kv‡bv Kvh©Ki ej †bB| GLb hw` Zzwg PzgyK `vIÑ hvi A_© 
Zzwg gy‡Li †fZ‡i k~b¨Zv ˆZwi Kivi †Póv KiÑ ZLb †mLv‡b 
evZv‡mi Pvc K‡g hvq| ZLb Zi‡ji Dc‡i evZv‡mi Pv‡ci 
Rb¨ ZijUv ÷ª †e‡q Dc‡i D‡V| 
 cvi` e¨envi K‡i evZv

weÁvbx Uwi‡mwj K‡iwQ‡jb 1643 mv‡j| wZwb Aewk¨ gyL 
w`‡q cvi`‡K GKwU bj †e‡q †U‡b †Zvjvi †Póv K‡ibwb, wZb 
GK gyL eÜ GKUv b‡ji †fZi cvi` f‡i, bjwU cvi` fiv 
GKUv cv‡Î D‡ëv K‡i †i‡LwQ‡jb| cvi‡`i D”PZv bvg‡Z 

bvg‡Z wVK 76 ܿ݉ G‡m †_‡g †Mj| Zzwg PzgyK w`‡q Lvevi 
mgq gyy‡Li †fZ‡i †h k~b¨Zv ˆZwi Kivi †Póv Ki Kv‡Pi 
b‡ji Dc‡i wVK †mB k~b¨Zv ˆZwi n‡q wM‡qwQj| evZvm cvi‡`
Zi‡ji me RvqMvq mÂvwjZ n‡q b‡ji wb‡PI G‡m‡Q| b‡ji Dc‡i †Kv‡bv dz‡Uv †bB ZvB 
†mw`‡K w`‡q evZvm Pvc w`‡Z cvi‡Q bv| Kv‡RB mgZv Avbvi Rb¨ b‡ji wb‡P GK gvÎ Pvc n‡”Q 

76 ܿ݉ fi cvi‡`i IR‡bi Rb¨ ˆZwi nIqv Pvc! 

evZv‡mi Pvc gvcvi h‡š¿i bvg e¨v‡ivwgUvi

Qwe 5.5: evZv‡mi Pv‡ci Kvi‡Y cvi` 

wVK 76 cm D”PZvq w¯’i n‡q hvq| 
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5 vZv‡mi Pvc Ges AvenvIqv  
evZv‡mi Pv‡ci mv‡_ AvenvIqvi Lye Nwbô GKUv m¤úK© Av‡Q| †Zvgiv wbðqB AvenvIqvi Le‡i 
A‡bKevi mgy‡`ª wb¤œPvc m„wó nIq  ï‡bQ, hvi A_© †m

.3.2 e

vi K_v Lv‡b evZv‡mi Pvc K‡g †M‡Q| ZLb 
vc mgvb Kivi Rb¨ Avkcv‡ki D”P Pvc GjvKv †_‡K evZvm †mB wb¤œPv‡ci w`‡K Avm‡Z _v‡K 

, †mB N~wY©wU we‡kl Ae¯’vq N~wY©S‡oi m„wó K‡i| Avgv‡`i 

 nq e‡j Zvi NbZ¡ K‡g hvq Ges Pvc 

eK fi 16), GwUI `

 32 hv cvwbi AvYweK fi †_‡K A‡bK 
wk AvbweK f‡ii bvB‡Uªv‡Rb Ges Aw·‡R‡bi 

i AYy ¯’vb K‡i †b G Z¡ 
wg v‡mi Pvc †`‡LB ¯’vbxq AvenvIqv 

D”P Pvc †`Lv‡j †evSv hvq evZvm ïK‡bv Ges 

P
Ges gv‡S gv‡S GKUv N~wY©i m„wó nq
†`‡k N~wY©S‡oi fqvenZvi Lei †Zvgiv wbðqB 
Rvb| 
 ‡Zvgiv hLb c‡ii Aa¨v‡q Zvc Ges 
ZvcgvÎv m¤ú‡K© co‡e ZLb †Zvgiv Rvb‡Z 
cvi‡e †h eZv‡mi ZvcgvÎv †e‡o †M‡j †mwU 
cÖmvwiZ
K‡g hvq| evZv‡mi Pvc Av‡iv Kvh©Kifv‡e K‡g 
hw` Zvi gv‡S Rjxq ev‡®úi cwigvY †e‡o hvq| 
Rjxq ev®ú n‡”Q cvwb †hLv‡b cvwbi AYy‡Z GKwU 
Aw·‡Rb Ges ỳwU nvB‡Wªv‡Rb  _v‡K Ges cvwbi 

AYyi AvYweK fi n‡”Q ሺ16 ൅ 1 ൅ 1 ൌሻ 18| 
evZv‡mi g~j Dcv`vb n‡”Q bvB‡Uªv‡Rb 

(cvigvbweK fi 14) ỳ‡Uv cigvYy w`‡q ˆZwi nq 

ZvB Zv‡`i AvbweK fi ሺ14 ൅ 14 ൌሻ 28 

Ges Aw·‡Rb (cvigvYw ywU 

cigvYy w`‡q ˆZwi ZvB AvYweK fi ሺ16 ൅ 16 ൌሻ
†ewk| ZvB hLb evZv‡m Rjxq ev®ú _v‡K ZLb  †e
e`‡j Kg AvbweK f‡ii cvwb q 
Kg n‡j evZv‡mi PvcI K‡g hvq| Kv‡RB e¨v‡iv
m¤ú‡K© fwel¨ØvYx Kiv m¤¢e| e¨v‡ivwgUv‡i 
AvenvIqv fv‡jv| Pvc Kg‡Z _vK‡j †evSv hvq Rjxq ev‡¯úi cwigvY evo‡Q| Pvc †ewk Kg 
†`Lv‡j eyS‡Z n‡e Avkcv‡ki GjvKv †_‡K evZvm Qz‡U G‡m So-e„wó ïiæ n‡Z hv‡”Q| 
 
 
 

5.4 Zi‡ji †fZi Pvc (Pressure in Liquid) 

 

Qwe 5.6: Zi‡ji D”PZvi R‡b¨ wb‡Pi c„‡ô Pvc 
m„wó nq| 

es evZv‡mi NbZ¡ K‡g hvq| evZv‡mi Nb
Uv‡i eZ
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hviv cvwb‡Z SvcvSvwc K‡i‡Q Zviv mevB Rv‡b cvwbi Mfx‡i †M‡j GK ai‡Yi Pvc AYyfe Kiv 
vq (hw`I evqygÊj Avgv‡`i Ici GKUv Pvc †`q wKš‘ Avgiv †mUv AYyfe Kwi bvÑ KviY 

 †Kv‡bv Zi‡ji Mfx‰i †M‡j wVK KZUzKz 
c Abyfe Kiv hv‡e †mwU B‡Zvg‡a¨ †Zvgv‡`i ejv n‡q‡QÑ †Zvgvi Dc‡i Zi‡ji †h ¯Í¤¢UzKz 

h
Avgv‡`i kixiI mgvb cwigvY Pvc †`q| cvwb wKsev Ab¨
Pv

_vK‡e Zvi IRb †_‡KB †Zvgvi Dc‡ii Pvc wbY©q Ki‡Z n‡e| aiv hvK Zzwg Zi‡ji  MfxiZvq 

Pvc wbY©q Ki‡Z PvBQ| †mLv‡b ܣ †ÿÎd‡ji GKwU c„ô Kíbv K‡i bvI (5.6 Qwe)| Zvi Dc‡i 

Zi‡ji †h ¯Í¤¢UzKz n‡e †mLvbKvi ZijUzKzi IRb  ܣ c„‡ô ej cÖ‡qvM Ki‡e| 

 Zi‡ji NbZ¡  hw`  nq Zvn‡j GB Zi‡ji ݄ܣ  c„‡ôi Dc‡ii ZijUzKzi AvqZb ܣ

IRb ev ej  
 

ܨ ൌ ݉݃ ൌ ሺ݄ܣρ ሻ݃ 
 

 
 

ܲ ൌ
ܨ
ܣ

Kv‡RB Pvc : 

ൌ
ρ݄݃ܣ

ܣ
ൌ ݄ρ݃ 

‡Z¡i Zi‡j MfxiZvi 
v‡_ mv‡_ Pvc evo‡Z _v‡K| cvwbi 

†ejvq AvbygvwbK cÖwZ `k wgUvi 
MfxiZvq evZv‡mi Pv‡ci mgcwigvY 
vc †e‡o hvq| 

 w`‡q msKzwPZ K‡i Zvi NbZ¡ ewo‡q †djv hvq Zi‡ji 
j  

5.7  Qwe‡Z mgy‡ ª̀i Zj‡`k †_‡K mgy ª̀c„‡ô 
z cvwbi NbZ¡ cÖvq mgvb 

 
A_v©r wbw`©ó Nb

 

      Qwe 5.7: cvwbi MfxiZvi mv‡_ mv‡_ cvwbi Pvc †e‡o hvq| 

m

P
 evZvm ev M¨vm‡K †h iKg Pvc
†ejvq wKš‘ †mwU mwZ¨ bq (KwV‡bi †e

hvq bv ZvB Zvi NbZ¡ evov‡bv wKsev Kgv‡bv hvq bv| 
IVvi mgq cvwbi Pvc Kxfv‡e Kg‡Z _v‡K †mUv †`Lv‡bv n‡q‡QÑ †h‡nZ

vq †Zv bqB!) Zij‡K Pvc w`‡q †m iKg msKzwPZ Kiv

ZvB PvcUv mgvb nv‡i Kg‡Q| mgy‡`ªi Zj‡`k †_‡K Dc‡i DV‡Z DV‡Z mgy`ªc„‡ô †cuŠQv‡bvi ci 
†mUv k~b¨ n‡q hv‡”Q| 
 w
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D`vniY 5.6 :  wZwg gvQ m ỳ‡ ª̀c„ô †_‡K 2,100݉ MfxiZvq †h‡Z cv‡i †mwU KZ 
Pvc mn¨ Ki‡Z cv‡i?  
 
DËi : wZwg gvQ  

ܲ ൌ ݉ݐܽ/10݉
2,100݉

ൌ  ݉ݐܽ 210

vc mn¨ Ki‡Z cv‡i| 
 

5.4.1 AvwK©wgwW‡mi m~Î 
‡Zvgiv mevB A s †mB 
~‡Îi †cQ‡bi MíwU Rvb! m~ÎwU mnR, 

 Ki‡j e¯‘wU †h 

(GwU wmwjÛvi bv n‡q Ab¨ 

 P

vwK©wgwW‡mi m~Î Ge
m
†Kv‡bv e ‘̄ Zi‡j wbgw¾Z
cwigvY Zij AcmviY K‡i †mBUzKz Zi‡ji 
IR‡bi mgvb IRb nvivq| Avgiv GLb GB 
m~ÎwU †ei Kie| 
 cv‡ki Qwe‡Z †`Lv‡bv n‡q‡Q 
LvwbKUv Zij c`v‡_© GKUv wmwjÛvi 
†Wvev‡bv i‡q‡wQ| 
†h †Kv‡bv AvK…wZi e¯‘ n‡Z cviZ, Avgiv 
wnmv‡ei myweavi Rb¨ wmwjÛvi wb‡qwQ|) aiv 

hvK wmwjÛv‡ii D”PZv  Ges Dc‡ii I 

wb‡Pi cÖ¯’‡”Q‡`i †ÿÎdj ܣ Avgiv Kíbv 

K‡i wbB wmwjÛviwU Ggbfv‡e Zi‡j Wzwe‡q iv

wb‡Pi c„‡ôi MfxiZv ݄ଶ. 
 Avgiv A‡bKevi †Zv v‡`i e‡jwQ †h Z
KvR K‡i bvÑ GwU me w`‡K KvR K‡i| Kv‡RB wmwjÛv‡ii Dc‡ii c„‡ô wb‡Pi w`‡K †h Pvc KvR 
K‡i Zvi cwigvb 

L es 

g ij (wKsev evqexq) c`v‡_© Pvc †Kv‡bv wbw`©ó w`‡K 

ଶܲ ൌ ݄ଶρ݃ 
Kv‡RB wmwjÛ „‡ô wb‡Pi w`‡K Ges wb‡Pi c„‡ô Dc‡ii w`‡K cÖ‡qvM Kiv ej h_vμ‡g : 

ଵ ଵ ଵ  

v n‡q‡Q †hb Zvi Dc‡ii c„ôwUi MfxiZv ݄ଵ G

 

Qwe 5.8: GKwU e ‘̄ hZUzKz Zij AcmvwiZ K‡i Zvi 
mgcwigvb IRb nvivq| 

ଵܲ ൌ ݄ଵρ݃ 
Ges wb‡Pi c„‡ô Dc‡ii w`‡K †h Pvc KvR K‡i Zvi cwigvY  

v‡i Dci c

  
ܨ ൌ ܲܣ ൌ ݄ܣ ρ݃
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ଶܨ ൌ ܣ ଶܲ ൌ  ଶρ݄݃ܣ

yfe K‡i 
Ab¨w`K _‡K wVK Zvi cixZ cwigvb ej Abyfe K‡i Ges G‡K Ab¨‡K KvUvKvwU K‡i †`q|  

‡h‡nZy ଶ Gi gvb ݄ଵ †_‡K †ewk ZvB †`L‡Z cvw”Q ܨଶ Gi gvb ܨଵ †_‡K †ewk| Kv‡RB †gvU 
jwU n‡e Dc‡ii w`‡K G s Zvi cwigvY: 

‡nZz ݄ܣ n‡”Q wmwjÛv‡ii AvqZb, 

 
cv‡ki c„‡ôi ej wb‡q Avgv‡`i gv_v Nvgv‡Z n‡e bv KviY GK w`K †_‡K †h ej Ab

 †

݄
we

ee
 

ܨ ൌ ଶܨ െ ଵܨ ൌ ሺ݄ଶܣ െ ݄ଵሻρ݃ 
ܨ ൌ  ρ݄݃ܣ

 

‡h  Zi‡ji NbZ¡ Ges ݃ gva¨vKl©YRwbZ Z¡iY Kv‡RB Dc‡ii 

w`‡K cÖ‡qvM Kiv e‡ji cwigvY n‡”Q wmwjÛv‡ii AvqZ‡bi mgvb Zi‡ji IRbÑ wVK †hwU 
AvwK©wgwW‡mi m~Î bv‡g cwiwPZ| 

D`vniY 5.7 :  cvwbi wb‡P cÖwZ 33 ݂ݐ ሺ10݉ሻ MfxiZvq 1 ܽ݉ݐ Pvc †e‡o hvq| WvBfviiv 

 Pvc †e‡o †M‡j 330݉ MfxiZvq ݎܾܽ ev 1 ݉ݐܽ 1 
 

330݉

 

m‡e©v”P 1,000 ݂ݐ ሺ330݉ሻ Mfxi ch©šÍ wM‡q‡Qb, †mLv‡b Zuv‡`i KZUzKz Pvc mn¨ Ki‡Z 
n‡q‡Q? 
 
DËi : cÖwZ 10݉ G

݉ݐܽ/10݉ ൌ  

 Pvc mn¨ Ki‡Z n‡e|  

:  †K‡ivwmb (NbZ¡ 800݇ (NbZ¡ ିଷ) Ges ci` 
bZ¡ 13,600݇݃ ݉ିଷ) GB wZbwU Zi‡ji Rb¨ 50 cm  wb‡P Pvc †ei Ki| 

 
DËi: Pvc ܲ ൌ ݄ρ݃ 
‡K‡ivwm‡b

 ݉ିଷ ൈ 9.8 ܰ݇݃ିଵ ൌ 3,920 ܰ݉ିଶ 

݇݃ ݉ିଷ ൈ 4,900 ܰ݉
 Rb¨ 
ܲ ൌ 0.50݉ ൈ 13,600݇݃ ݉ିଷ ൈ 9.8 ܰ݇݃ିଵ ൌ 666,400 ܰ݉ିଶ 

‡ivwmb cvwb Ges cvi` GB wZbwU Zi‡ji K‡Zv MfxiZvq 1 ܽ݉ݐ Gi mgvb 
Pvc n‡e? 

݉ݐ33ܽ

݉ݐܽ 33
 
D`vniY 5.8 ݃ ݉ିଷ) cvwb 1000݇݃ ݉
(N

i Rb¨ 
ܲ ൌ 0.50݉ ൈ 800݇݃

cvwbi Rb¨ 
 ܲ ൌ 0.50݉ ൈ 1000 9.8 ܰ݇݃ିଵ ൌ ିଶ 

cvi‡`i

 
D`vniY 5.9:  †K
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DËi: Avgiv Rvwb cvi‡`i Rb¨ 76 ܿ݉ MfxiZvq 1 ܽ݉ݐ Pvc nq| cvwbi NbZ¡ cvi` †_‡K 

 Kv‡RB cvwbi MfxiZv 13.6 ¸Y †ewk n‡e| A_©vr cvwbi MfxiZv : 
 

 76 ܿ݉ ൈ 13.6 ൌ 1034ܿ݉ ൌ 10.34݉   

 NbZ¡ cvwbi NbZ¡ †_‡K 0.8  ¸Y Kg Kv‡RB †K‡ivwm‡bi Rb¨ MfxiZv cvwbi 
fxiZv †_‡K 1/0.8 ൌ 1.25  ¸Y †ewk n‡e 

 ൌ
 

5.4.2 e¯‘i †f‡ vIqv 
GLb †Zvgiv wbðqB eyS‡Z †c‡iQ †Kb GKUv e ‘̄ †f‡m _v‡K Avevi Ab¨ GKUv e ‘̄ Wz‡e hvq| 
cvwb‡Z †Wvev‡b
mgcwigvb ej Ab wU e¯‘Uvi I j e¯‘Uv †f‡m _vK‡e| wVK †h 
cwigvY Wz‡e _vK‡j e¯‘i mgvb IR‡bi cvwb AcmviY Ki‡eÑ ZZUzKzB Wze‡e evwK AskUzKz 
vwb‡Z Wz‡e hv‡e bv| 

wbi IRb †_‡K †ewk nq Zvn‡j †mwU cvwb‡Z Wz‡e hv‡e| 

  

K‡e? 

ܸρ ൌ ଵܸρௐ 
 

ܸ

13.6 ¸Y Kg

 
 
‡K‡ivwm‡bi
M
 

 10.34݉ ൈ 1.25 12.92݉   

m _vKv ev Wz‡e h

v n‡j †mUv hZUzKz cvwb mwi‡q‡Q Dc‡ii w`‡K †mB cvwbi IR‡bi mgvb 
yfe K‡i| †mB ej R‡bi †ewk n‡

c
 hw` e¯‘Uvi IRb AcmvwiZ cv
Z‡e cvwb‡Z Wz‡e _vKv Ae¯’vq Zvi IRb wKš‘ mwZ¨Kvi IRb †_‡K Kg g‡b n‡e| 
 hw` †Kv‡bvfv‡e e¯‘Uvi IRb AcmvwiZ cvwbi IR‡bi wVK mgvb K‡i †djv hvq Zvn‡j 
e¯‘Uv‡K cvwbi †fZ‡i †hLv‡bB ivLv n‡e †mUv †mLv‡bB _vK‡e, Dc‡iI †f‡m DV‡e bv, wb‡PI 
Wz‡e hv‡e bv| ˆ`bw›`b Rxe‡b †m iKg wKQz †Pv‡L bv co‡jI mve‡gwi‡b GwU Kiv nq cvwbi wb‡P 
w`‡q PjvPj Kivi Rb¨|
 

D`vniY 5.10 :  GK UzK‡iv KvV cvwb‡Z fvwm‡q w`‡j Zvi KZ kZvsk Wz‡e _v
 
DËi : Kv‡Vi NbZ¡ ρ ൌ 0.5 ൈ 10ଷ݇݃/݉ଷ cvwbi NbZ¡ ρௐ ൌ 10ଷ݇݃/݉ଷ 
KvV‡K †f‡m _vK‡Z n‡j Zvi WzešÍ As‡ki mgcwigvY cvwbi fi Kv‡Vi f‡ii mgvb n‡Z n‡e| 
A_©vr hw` Kv‡Vi AvqZb ܸ nq Ges ଵܸ Ask cvwb‡Z Wz‡e _v‡K Zvn‡j, 
 

ଵܸ ൌ
ρௐ

ρ
ൌ 10ଷ݇݃/݉ଷ

0.5 ൈ 10ଷ݇݃/݉ଷ
ൌ 50% 
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D`vniY 5.11:  10݇݃ f‡ii GKUv KvV b`xi cvwb‡Z †f‡m †f‡m mgy‡`ª †Mj| b`xi cvwb‡Z 
†mwU A‡a©K W wQj, mgy‡`ª KZUzKz Wze‡e? (mgy‡`ªi cvwbi NbZ¡ ρௌ ൌ 1.03 ൈ 10ଷ݇݃/

ଷ)  
 
DËi : b`xi cvwbi NbZ¡ ρௐ ൌ 10ଷ݇݃/݉ଷ,  

v‡Vi AvqZb ܸ NbZ¡ ρ n‡j Kv‡Vi IRb ܸρ
K Wz‡e

2

z‡e
݉

K   
b`xi cvwb‡Z A‡a©  _v‡K Kv‡RB  

ܸρ ൌ
1

ܸρௐ 

Kv‡Vi NbZ¡  

ρ ൌ
1
2 ρௐ ൌ 0. 10ଷ݇݃/݉ଷ 

ܸρ ൌ ଵܸρௌ 
 

ଵܸ

ܸ

5 ൈ
 
 mgy‡`ªi cvwb‡Z ଵܸ cwigvY Wz‡e _vK‡j 

ൌ
ρ
ρௌ

ൌ
0.5 ൈ 10ଷ݇݃/݉ଷ

1.03 ൈ 10ଷ݇݃/݉ଷ ൌ 48.5% 

 

 †mvbvi gyKz‡Ui IRb evZv‡m 10 ݇݃ Ges cvwb‡Z 
Wzwe‡q IRb Ki‡j 9.4 ݇݃ n‡q‡Q| gyKz‡Ui NbZ¡ KZ? 

DËi: gyKz‡Ui AvqZb ܸ NbZ¡ ρ n‡j 
ܸρ ൌ 10 ݇݃ 

ܸρ െ ܸρௐ ൌ 9.4 ݇݃ 

 

ܸ ൌ
0
ρ

 
D`vniY 5.12:  aiv hvK AvwK©wgwW‡mi

 

     Ges 
 

ܸρௐ ൌ ܸρ െ 9.4݇݃ ൌ 10݇݃ െ 9.4݇݃ ൌ 0.6݇݃
 

.6݇݃

ௐ
ൌ 10ଷ݇݃/݉ଷ

0.6݇݃
ൌ 0.6 ൈ 10ିଷ݉ଷ 

ρ ൌ ܸ
10݇݃

ൌ
10݇݃

0.6 ൈ 10ିଷ݉ଷ ൌ 16,666 ݇݃/݉ଷ 

vbvi Avmj NbZ¡ 19,300 ݇݃/݉ଷ Kv‡RB †evSvB hv‡”Q GB gyKz‡U Lv` †gkv‡bv Av‡Q!! 
 

5.4.3 c¨v‡¯‹‡ji m~Î 
GB Aa¨v‡q Avgiv A‡bKevi †`wL‡qwQ †h Zij c`v‡_©i Pvc cÖ‡qvM Ki‡j †mUv Pvwiw`‡K mÂvwjZ 
nq| †Zvgiv GKUz wPšÍv Ki‡jB eyS‡Z cvi‡e GUvB ¯^fvweK| Zvi KviY GB PvcUzKz hw` cy‡iv 

 
‡m
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Zij c`v‡_© mÂvwjZ bv nq Zvn‡j Zi‡ji GK As‡k Pvc †ewk Ges Ab¨ As‡k Pvc Kg _vK‡e, 
Kv‡RB †mLv‡b GKUv cȪ ’‡”Q` Kíbv K‡i wb‡j 
GK w`K †_‡K b¨w`K †_‡K 

v‡ivwcZ ej †_‡K †ewk n‡e Ges GB e‡ji 
n‡e hZÿY ch©šÍ bv Pvc 

 cvkvcvwk `ywU wmwjÛvi GKUv bj w`‡q mshy³| 

 ଵcÖ¯’‡”Q‡`i wmwjÛv‡i  ejܣ ଶ Ges Zzwgܣ 

ܲ ൌ
ܨ
ଵܣ

 Av‡ivwcZ ej A
A
Kvi‡Y ZijwU cÖevwnZ 
mgvb n‡q hvq| c¨v‡¯‹j GB welqwU GKUv m~Î 
wn‡m‡e w`‡qwQ‡jb, †mwU G iKg : 
 c¨v‡¯‹‡ji m~Î: GKUv Ave× cv‡Î Zij 
ev evqexq c`v‡_© evB‡i †_‡K Pvc †`qv n‡j 
†mB Pvc mgvbfv‡e mÂvwjZ n‡q cv‡Îi msjMœ 
Mv‡q j¤^ fv‡e KvR Ki‡e|  
 c¨v‡¯‹‡ji GB m~ÎwU e¨envi K‡i 

AZ¨šÍ PgKcÖ` wKQz hš¿ ˆZwi Kiv hvq| 5.9 
Qwe‡Z †m iKg GKUv hš¿ †`Lv‡bv n‡q‡Q, GLv‡b

aiv hvK GKwU wmwjÛv‡ii cÖ¯’‡”Q` ܣଵ Ab¨wUi
cÖ‡qvM K‡iQ Zvn‡j †Zvgvi cÖ‡qvM Kiv Pvc  

 

ଵܨ

ଵ  

Qwe 5.9: ܨଵ ej cÖ‡qvM Ki‡j cȪ ’‡”Q‡`i Dci 

GLb GB Pvc GB Zi‡ji gva¨‡g Pvwiw`‡K mÂvwjZ n‡e Ges wØZxq wmwjÛv‡ii cÖ¯’‡”Q‡`I cÖ‡qvM 
Ki‡e| 
Kv‡RB wØZxq wmwjÛv‡i cÖ‡qvM Kiv e‡ji cwigvY n‡e  

ଶܨ ൌ ଶܣܲ ൌ ଵܨ ൬
ଶܣ

ଵܣ
൰ 

Kv‡RB Zzwg PgrK„Z n‡q †`L‡Z
஺

 cv”Q hw` ( మ
஺భ

) Gi gvb 100 nq Zvn‡j Zzwg cÖ_g wmwjÛv‡i †h 

cwigvY ej cÖ‡qvM KiQ wØZxq wmwjÛv‡i Zvi †_‡K 100 ¸Y †ewk ej †c‡q hv”Q! 
 

 Z‡e †Zvgiv GKUv wRwbl †R‡b iv‡Lv GUv eje„w×KiY bxwZÑ GB c×wZ‡Z kw³ wKš‘ 
 kw³ cÖ‡qvM Ki‡e wØZxq wmwjÛv‡i wVK 

†mB cwigvY kw³ wd‡i cv‡e! 
 

 GB c×wZwU Lye Kvh©Ki, eo eo KjKviLvbv wKsev wegv‡bi wbqš¿‡Y GB c×wZ e¨envi 
Kiv nq|
†gv‡UI evov‡bv hvq bvÑ Zzwg cÖ_g wmwjÛv‡i †h cwigvY

wbf©i K‡i Ab¨ w`‡K ܨଶ  ej cvIqv hvq| 
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D`vniY 5.13:  †`LvI †h ej × Kiv n‡jI cwigvY kw³ cÖ‡qvM Kiv n‡”Q wVK †mB 

DËi : aiv hvK †QvU wc÷‡b ܨଵ ej cÖ‡qvM Kiv n‡q‡Q Ges wc÷bwU ݈ଵ ~̀iZ¡ 

e„w  †h 
cwigvY kw³ wd‡i cv”Q| 

AwZμg K‡i‡Q, 
Kv‡RB Kv‡Ri cwigvb  

ଵܹ ൌ  ଵ݈ଵܨ
 eo wc÷‡b e‡ji cwigvY  

ଶܨ ൌ ଵܨ ൬
ଶܣ

ଵܣ
൰ 

‡h‡nZz †QvU wc÷b AcmvwiZ ZijUzKz eo wc÷bUzKz‡K  ~̀iZ¡ †V‡j wb‡q hvq, Kv‡RB  
݈ଵܣଵ ൌ ݈ଶܣଶ 

 

݈ ൌ ݈ ൬
ଵܣ

2l

eo wc÷‡b AwZμvšÍ ~̀iZ¡: 

ଶ ଵ ଶܣ
൰ 

 Kv‡Ri cwigvY 

ൌ ଵܨ ൬
ଶܣ

ଵܣ

  Kv‡RB
  

ଶܹ ൌ ଶ݈ଶܨ ൰ ݈ଵ ൬
ଵܣ

ଶܣ
൰ ൌ  ଵ݈ଵܨ

A_©vr †QvU wc÷‡bi mgvb| 

5.5 w¯’wZ¯’vcKZv (Elasticity) 
‡Zvgiv mevB KL‡bv bv KL‡bv GKUv w¯úªs wKsev 
GKUv ievi e¨ vi †Q‡o 
w`‡qQ| †Zvgiv wbðqB jÿ K‡iQ w¯úªs wKsev 
ievi e¨vÛ‡K †
Av‡Mi ˆ`‡N©¨ wd‡i G‡m‡Q| †U‡b aiv‡K 
c`v_©weÁv‡bi fvlvq ejv nq ej cÖ‡qvM Kiv Avi 
ˆ`N©¨ cwieZ©b NUv|  
ˆ`bw›`b Rxe‡b weK…wZ kãwU LyeB †bwZevPKÑ 

ZevPK wn‡m‡e 

 

vÛ †U‡b j¤^v K‡i Ave

U b †Q‡o †`qv n‡j †mUv Avevi ‡

nIqv‡K ejv nq weK…wZ 

wKš‘ GLv‡b GUv‡K †Zvgiv †bw
†`‡Lv bv Ñ GUv n‡”Q Ae ’̄vi cwieZ©b gvÎ! 

Kv‡RB †Zvgiv eyS‡Z cviQ hLb †Kv‡bv 
e¯‘‡K ej cÖ`vb Kiv nq ZLb Zvi wfZ‡i GKUv 
weK…wZ N‡U (Ges GB weK…wZi Rb¨ GKUv cvëv 
e‡ji ˆZwi nq) ejwU mwi‡q wb‡j weK…wZi 

 

Qwe 5.10: ej cÖ‡qvM cÖ‡qvM K‡i cxob m„wó Ki‡j 
`‡Êi weK…wZ nq| 

w
w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



c`v‡_©i Ae¯’v I Pvc                                                                                                                                 125 

Aemvb N‡U Avi e¯‘wU Avevi Zvi Av‡Mi Ae¯’vq wd‡i hvq| c`v‡_©i GB a‡g©i bvg 
w¯’wZ¯’vcKZv| Z‡e g‡b ivL‡Z n‡e KZUzKz ej cÖ‡qvM Kiv hv‡e Zvi GKUv mxgv Av‡QÑ GB mxgv 
AwZμg K‡i †dj‡j c`v_© Zvi Av‡Mi Ae¯’vq wd‡i Avm‡Z cvi‡e bvÑ Zvi gv‡S GKUv ¯’vqx 
weK…wZ 

ܮ െ ଴ܮ

଴ܮ

N‡U †h‡Z cv‡i| GB mxgv‡K w¯’wZ¯’vcK mxgv e‡j| GKUv iW‡K Aí GKUz euvKv K‡i 
†Q‡o w`‡j †mUv †mvRv n‡q hvqÑ †ewk euvKv Ki‡j euvKv n‡qB _v‡K Avi †mvRv nq bv| Kv‡RB 
Avgiv welqUv Gfv‡e ej‡Z cvwi : 
 
weK…wZ: evB‡i †_‡K ej cÖ‡qvM Ki‡j c`v‡_©i AvKvi ev ˆ`‡N©̈ i †h Av‡cwÿK cwieZ©b nq †mUv 

n‡”Q weK…wZ| A_©vr ܮ଴ ˆ`‡N©¨i GKwU e¯‘i Ici ej cÖ‡qvM Kiv n‡j Zvi ˆ`N©¨ hw` ܮ nq Zvn‡j 
weK…wZ n‡PQ  

 

ÿÎd‡j weK…wZi Kvi‡Y c`v‡_©i †fZi †h ej ˆZwi nq †mUvB n‡”Q cxob| A_©vr 

cȪ ܣ ’‡”Q‡`i GKUv e¯‘‡Z ej cÖ‡qvM Kiv n‡j hw` Zvi weK…wZ N‡U †mB weK…wZ hw` ܨ cÖwZ‡iva 
ej ˆZwi Ki‡i Zvn‡j cxob n‡”Q  

ܣ

 †`LvB hv‡”Q weK…wZi †Kv‡bv GKK †bB, GwU GKwU msL¨v gvÎ  
 

cxob: GKK †

ܨ
 

†`L‡ZB cv”Q GUv Pv‡ci g‡Zv Ges Gi GKK ܲ ev 
¨v‡¯‹j| Avgiv hw` cxob Ges weK…wZ ey‡S _vwK Zvn‡j 

û‡Ki m~ÎwU †evSv Lye mnR: cxob G
c

es weK…wZ mgvbycvwZK 

 cxob  weK…wZ 

Kv‡RB cxob = aªæeK  weK…wZ 

 †evSv Av‡iv mnR n‡e : 

(i) aiv v N©¨ ܮ଴, Gi mv‡_ 

ܶ 

A_©vr cÖ‡Z¨K c`v‡_©i cxob Ges weK…wZi mv‡_ m¤úK© hy³ 
GKUv aªæeK _v‡K †mB aªæeKUvi bvg w¯’wZ¯’vcK ¸Yv¼| 
 
ỳwU D`vniY w`‡j welqUv

hvK ܣ cÖ¯’‡”Q‡`i GKU Zv‡ii ˆ`
ܹ IR‡bi GKUv fi Szwj‡q †`qv n‡jv GB ejwU 
†Svjv‡bi Kvi‡Y ܮ଴ ˆ`N©̈ wU †e‡o n‡jv ܮ (Qwe 5.10) GB 
ewa©Z ˆ`N©̈  ZviwUi †fZ‡i GKUv cvjUv ej ˆZwi K‡iQ 

‡Uwej 5.2: wewfbœ c`v‡_©i Bqvsm 
gWzjvm 

c`v_© G‐Pa 

ievi 0.01‐0.1

nvo 9 

KvV 10 

KvP 50 ‐ 90 

A¨vjywgwbqvg 69 

Zvgv 117 

‡jvnv 200 

nxiv 1220 
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(GLv‡b ܶ AÿiwU e¨envi Kiv n‡q †Ubkb Tention kãwUi Rb¨| mvaviYZ hLb †Kv‡bv Zvi‡K 

vg †Ubkb!) Kv‡RB cxob n‡”Q 
்
஺

Uvbv  nq ZLb Zvi †fZ‡i †h ej KvR K‡i Zvi b  Ges weK…wZ 

ܮ

n‡”Q  
ܮ െ ଴ܮ

଴
 

Kv‡RB  
ܶ ܮ െ ଴ܮ

ܣ଴ܮ
ן  

wKsev  
ܶ
ܣ

ൌ ܻ ൬
ܮ െ ଴ܮ

଴ܮ
൰ 

 

GLv‡b ܻ n‡”Q GKUv aªæeK GB aªæe‡Ki bvg Bqvsm gWzjvm (Young’s Modulus)| †h‡nZz 

weK…wZi †K ܻ Gi GKK n‡”Q ܰ݉ିଶ. †Uwej 5.2 G K‡qKwU c`v‡_©i Bqvsm 
gWzjvm †`qv n‡jv| 

D`vniY 5.13 Bqvsm gWzjv‡mi gvb †ewk n‡j c`v_© Kxfv‡e ‰`N©¨ cwieZ©b K‡i| 

଴ܮ

଴ܮ

v‡bv GKK †bB ZvB 

:  

 
DËi: ˆ`‡N©¨i cwieZ©‡bi nvi 

ܮ െ
ൌ ܻ

1
൬

ܶ
 ൰ܣ

 
 Kv‡RB ܶ/ܣ hw` mgvb nq ܻ hZ †ewk n‡e ˆ`‡N©¨i cwieZ©b ZZ Kg n‡e| 
 

(ii) aiv hvK GKwU wmwjÛv‡i mvaviY Ae¯’vq ଴ܸAvqZ‡bi M¨vm Av‡Q| GB M¨v‡m ܲ Pvc †`qvi 
Kvi‡Y wmwjÛv‡ii AvqZb K‡g n‡q †Mj 
ܻ. GLv‡b cxob n‡”Q ܲ Ges weK…wZ 
n‡”Q: 
 

ܸ െ ଴ܸ

଴ܸ
 

 
Kv‡RB Avgiv wjL‡Z cvwi 

ܲ ן  ൬
ܸ െ ଴ܸ

଴ܸ
൰ 

Qwe 5.11: Ave× evZv‡m Pvc cÖ‡qvM Ki‡j evZvm msKzwPZ 
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ܲ ൌ ൬ ܤ
ܸ െ ଴ܸ

଴ܸ
൰ 

 
GB aªæe‡Ki bvg evé gWzjvm (Bulk Modulus)| ܤ Gi GKK n‡”Q 

ܰ݉ିଶ  wKsev c¨v‡¯‹j! 
 

5.6 c`v‡_©i AvYweK MwZZË¡ (Kinetic Theory of Molecule) 

 
KY

†cÖvUb , †cÖvUb Ges wbDUªb ˆZwi n‡q‡Q †KvqvK© w`‡q Ges weÁvbxiv aviYv 
Ki‡Qb B‡jKUªb wKsev 
†KvqvK© ˆZwi n‡q‡Q 
w÷ªs w`‡q!) †h‡nZz 

ag© Av‡Q wKš‘ cvwb‡K Zvi cigvYy‡Z †f‡½ wb‡j †mwU Avi cvwb _v‡K b
Aw·‡Rb Avi ỳBUv nvB‡Wªv‡R‡bi cigvYy‡Z, ỳ‡UvB M¨vm| 

GKUv c`v‡_© Zvi AYy¸‡jv Kxfv‡e Av‡Q Zvi Ici wbf©i K‡i †
M¨vm| Gi me‡P‡q cwiwPZ D`vniY n‡”Q cvwb, GwU KwVb Zij wKsev 
cv‡iÑ Zvi AYy¸‡jv Kxfv‡e Av‡Q Zvi Dci wbf©i Ki‡Q GwU wK eid, c

hLb †Kv‡bv c` _v‡K gy³ Ae¯
g
G  KvQvKvwQ _v‡K wKš‘ GKwU AYy Ab¨ 
AYyi mv

A  

GLv‡b ܤ n‡”Q aªæeK Ges 

‡Zvgiv wbðqB Rvb we‡k¦i mewKQz ˆZwi n‡q‡Q AYy w`‡q! (Aewk¨ AYy †gŠwjK v bq, AYy ˆZwi 
n‡q‡Q cigvYy w`‡q, cigvYy ˆZwi n‡q‡Q B‡jKUªb Ges wbDwK¬qvm w`‡q wbDwK¬qvm ˆZwi n‡q‡Q 

Ges wbDUªb w`‡q

GKUv c`v‡_©i ag© Zvi 
AYy‡Z eRvq _v‡K ZvB 
Avgiv AYy‡KB c`v‡_©i 
me‡P‡q †QvU GKK 
wn‡m‡e a‡i †bB| †hgb 
cvwbi AYy‡Z cvwbi me 
vÑ †mUv n‡q hv‡e GKUv 

mwU wK KwVb Zij bvwK 
M¨vm wZb iƒ‡cB _vK‡Z 
vwb bvwK Rjxq ev®ú| 
’vq GKwU †_‡K Ab¨wUi 

v‡S ~̀iZ¡ A‡bK †ewk| hLb Zij Ae ’̄vq _v‡K ZLb AYy¸‡jv Zzjbvg~jK fv‡e Kv‡Q n‡jI 
KUvi mv‡c‡ÿ Ab¨wU bo‡Z cv‡i| KwVb Ae¯’vq AYy¸‡jv

Qwe 5.12: (a) KwVb, (b) Zij Ges (c) M¨vm| 

 

v_© M¨vm Ae¯’vq _v‡K ZLb Zvi AYy¸‡jv 

‡c‡ÿ bo‡Z cv‡i bv| 
GKUv M¨v‡mi AYy¸‡jvi gv‡S ~̀iZ¡ A‡bK †ewk †m¸‡jvi †Kv‡bv wbqwgZ AvqZb ev 

vKvi †bB| Zij c`v‡_©i M¨vm¸‡jv KvQvKvwQ, Zv‡`i wbw`©ó AvqZb _vK‡jI †Kv‡bv wbqwgZ
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AvKvi †bB| KwVb c`v‡_©i AYy¸‡jv cÖvq Mv‡q Mv‡q †j‡M _v‡K ZvB Zv‡`i wbw`©ó AvqZb Ges 
wbqwgZ AvKvi Av‡Q| 
 M¨v‡m AYy¸‡jv gy³fv‡e †QvUvQzwU Ki‡Z cv‡i, Zi‡j AYy¸‡jv Kuv‡c Ges GKUvi cvk 
w`‡q Ab¨wU P‡j †h‡Z cv‡i, KwVb c`v‡_© AYy¸‡jv wbR Ae¯’v‡b †_‡K Kvuc‡jI ¯’vb cwieZ©b 
Ki‡Z c

vq| †hgb : 

 c`v‡_©i PZz_© Ae¯’v 
iI c`v‡_©i PZz_© Av‡iKwU Ae¯’v n‡Z cv‡iÑ 

y wKsev cigvYyi wb RwUf Pv‡R©i †cÖvUb _v‡K 
©i B‡ Uv AYy wKsev cigvYyi 

Yy wKsev c jv hvq wKQz cigvYyi GK 
ev GKvwaK B‡jKUªb‡K gy³ K‡i †djv hvq ZLb Avjv`v Avjv`vfv‡e cigvYy¸‡jv Avi PvR© 

 Ges Avq‡bi GK ai‡bi wgkÖ‡b ˆZwi nq| GwU hw`I M¨v‡mi g‡Zv 

v‡i bv| 
 Ggwb‡Z Avgiv KwVb Zij ev M¨vm †Kv‡bvwUiB AYy‡K †`L‡Z cvB bv, GUv‡K KwVb Zij 
ev M¨vm wn‡m‡e †`wL| Dc‡i AYy¸‡jvi †h ˆewk‡ó¨i K_v ejv n‡q‡Q, Zv‡`i KwVb Zij ev M¨vmxq 
Ae¯’v‡ZI †mUv cÖKvk c

5.6.1
KwVb Zij Ges M¨vm GB wZbwU wfbœ Ae¯’vi evB‡
Gi bvg  cøvRgv| Avgiv Rvwb AY DwK¬qv‡m †h KqwU cw
Zvi evB‡‡i wVK †mB KqwU †b‡MwUf Pv‡R jKUªb _v‡K| †m Kvi‡Y GK
mw¤§wjZ PvR© k~b¨| we‡kl Ae¯’vq A igvYy‡K AvqwbZ K‡i †d

M¨vm: 
AvbweK ag©  

 
M¨v‡m Zvi cÖwZdjb 

Aby¸‡jv GKUv Av‡iKUvi cv‡k QzU‡Z cv‡i ‡h cv‡Î ivLv nq Zvi cy‡iv AvqvZ‡b Qwo‡q c‡o| 
Aby¸‡jvi gv‡S ~̀iZ¡ †ewk duvKv RvqMv i‡q‡Q M¨vm‡K Pvc w`‡q msKzwPZ Kiv hvq| 
GKUz AYy Ab¨ AYyi mv‡c‡ÿ QzU‡Z cv‡i M¨vm mn‡R cÖevwnZ nq| 
 
Zij: 
AvbweK ag© 

 
 
Zij c`v‡_© Zvi cÖwZdjb 

AYy¸‡jv GKUv Av‡iKUvi cv‡k w`‡q †h‡Z cv‡i mn‡R cÖevwnZ nq, †h cv‡Î ivLv nq Zvi AvKvi aviY 
K‡i| 

AYy¸‡jv KvQvKvwQ e‡j duvKv RvqMv †bB Zij‡K Pvc w`‡q msKzwPZ Kiv hvq bv| 
 
KwVb: 
AvbweK ag© 

 
 
KwVb c`v‡_© Zvi cÖwZdjb 

AYy¸‡jv wbR Ae ’̄v‡b „̀p wbw`©ó AvKvi _v‡K 
AYy¸‡jvi gv‡S ~̀iZ¡ †bB Pvc w`‡q msKzwPZ Kiv hvq bv| 
AYy¸‡jv wbR Ae ’̄v‡b AvUKv c‡o _v‡K ‡X‡j cÖevwnZ Kiv hvq bv| 
 

wbi‡cÿ _v‡K bvÑ B‡jKUªb
_v‡K wKš‘ M¨v‡mi me ag© Gi Rb¨ mwZ¨ bq| †hgb Avgiv Rvwb M¨v‡mi †Kv‡bv wbw`©ó AvKvi †bB 
wKš‘ †PŠ¤^K †ÿÎ w`‡q cøvRgvi wbw`©ó AvKvi ˆZwi K‡i †djv hvq| w
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cÖPÊ Zvc w`‡q M¨vm‡K cøvRgv Kiv hvq, kw³kvjx ‰e ỳ¨wZK †ÿÎ cÖ‡qvM K‡iI cøvRgv 
Kiv hvq| Avgv‡`i N‡i wUDejvB‡Ui †fZi cøvRgv ˆZwi nq, wbIb jvB‡Ui †h D¾¡j weÁvcb 
†`Lv hvq †m¸‡jvi †fZ‡iI cøvRgv _v‡K| eRªcvZ n‡j †h weRjxi Av‡jv †`Lv hvq †mwUI cøvRgv 
Avevi ~̀i bÿ‡Îi gv‡SI †h c`v_© †mwUI cøvRgv Ae¯’vq Av‡Q| Avgiv eZ©gv‡b wdDkvb c×wZ‡Z 
fvix wbDwK¬qvm‡K †f‡½ wbDwK¬qvi kw³ e¨envi Kwi| nvjKv wbDwK¬qvm‡K GKÎ K‡i wdDmvb 
c×wZ‡Z kw³ ˆZwi Kivi Rb¨ cøvRgv e¨envi Kivi †Póv Kiv nq Ges GwU GLb c`v_©weÁv‡bi 
M‡elYvq

Abykxjbx 
 

Ökœ: 
. GK Møvm cvwb‡Z GK UzK‡iv eid fvm‡Q, eidwU 

M‡j hvevi ci Møv‡m cvwbi D”PZv wK †e‡o hv‡e 
bvwK mgvb _vK‡e? 

. GKUv Av¯Í wekvj RvnvR‡K gvÎ K‡qK evjwZ 
cvwbi gv‡S fvwm‡q ivLv m¤¢e| Kxfv‡e?

yBgscy‡j GKUv †QvU †bŠKvi gv‡S zwg 
Uv eo cv_i wb‡q e‡m AvQ| cv_iUv †bŠKvi 

‡g hv‡e? 

w` †mvRv bv n‡q AvuKveuvKv nq Zvn‡j Kx 

 

 GKwU ¸iæZ¡c~Y© †ÿÎ! 

 
 
 
 
 
 
 
 

c
1

2
 

3. GKUv m
GK

 Z

†fZi †_‡K wb‡q myBwgscy‡ji cvwb‡Z †d‡j 
w`‡j| myBwgscy‡j cvwbi D”PZv wK †e‡o hv‡e, 
mgvb _vK‡e bvwK K

 

Qwe 5.13: GKRb mvay †c‡i‡Ki weQvbvq e‡m 
Av‡Q| 4. mvayiv †c‡i‡Ki weQvbvq ï‡q _v‡K| PvB‡j ZzwgI 

cvi‡e| †Kb? 
5. Uwi‡mwji cvi‡`i ˆZwi e¨v‡ivwgUv‡ii Kv‡Pi bjwU h

KvR Ki‡e? 
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MvwY

. cvi‡`i cwie‡Z© †K‡ivwmb w`‡q e¨v‡ivwgUvi ˆZwi Ki‡j 
 n‡e?  †K‡ivwm‡bi NbZ¡ 0.8݃݉/

3. †mvbvi gyKzU Ges LvwU
Uv cvwb‡Z †Wvev‡bv n‡j (Qwe 

†gkv‡bv? †Kb? 

bi Dci 70݇݃ IR‡bi GKRb 
gvby~l e‡m Av‡Q, Zv‡K Ic‡i Zzj‡Z †QvU wc÷‡b 

c
vj es 0.01݉ଶ 

vZe `‡Êi wb‡P GKwU 10݇݃ 

wZK mgm¨v : 
1. evZv‡mi NbZ¡ 0.0012݃݉/ܿ݉ଷ, †mvbvi NbZ¡ 

19.30݃݉/ܿ݉ଷ, GKUv wbw³‡Z 1 ݇݃ †mvbv gvcv 
n‡j Zvi cÖK…Z fi KZ? 

2
Zvi D”PZv KZ
ܿ݉ଷ) 

Zvi IR‡bi mgvb  †mvbv GKwU 
`‡Êi ỳB cv‡k Szwj‡q †m
5.14) hw` †`Lv hvq cvwbi wb‡P †mvbvi gyKz‡Ui IRb 
Kg Zvn‡j Zywg gyKzUwU m¤ú‡K© Kx ej‡e? LuvwU bv Lv` 

4. cvwbfwZ© ỳwU wmwjÛvi GKwU bj w`‡q jvMv‡bv| wmwjÛvi 
ỳwUi cÖ¯’‡”Q` 1ܿ݉ଶ Ges 1݉ଶ Ges wbw”Q`ªfv‡e ỳwU 

wc÷b jvMv‡bi 
Av‡Q| eo wc÷‡

 

Qwe 5.14: †mvbvi gyKzU I LuvwU †mvbv 
cvwb‡Z Wzev‡bv n‡”Q| 

†Zvgv‡K KZ ej 
5. Dci †_‡K †S
cȪ ’‡”Q‡`i GKUv a
fi †Svjv‡bvi ci Zvi ˆ`N©¨ n‡q‡Q 0.501݉. GB 
avZe `ÊwUi Bqvsm gWzjvm KZ? 
 

Ö‡qvM Ki‡Z n‡e? 
v‡bv 0.5݉ j¤^v G

 

Qwe 5.15: nvB‡WªvwjK †cÖ‡m Pvc w`‡q GKwU 
gvbyl‡K Dc‡i †Zvjv| w
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lô Aa¨vq 
e¯‘i Dci Zv‡ci cÖfve 
(Effect of Heat on Matter) 

 
jyWDBM †evëRg¨vb 

 

Ludwig Boltzman(1844‐1906) 

jyWDBM †evëRg¨vb wQ‡jb GKRb Aw÷ªqvb c`v_©weÁvbx Ges 
`vk©wbK| Zuv‡K ÷¨vwUw÷K¨vj †gKvwb‡·i RbK ejv hvq †hLv‡b 
AYy-cigvYyi MwZwewa †_‡K c`v_©weÁv‡bi m~Î †ei K‡i wb‡q 
Avmv hvq| wZwb GKB mv‡_ eo `vk©wbK wQ‡jb Ges Zuvi 
wek¦we`¨vj‡q AZ¨šÍ RbwcÖq GKRb e³v wQ‡jb| Zuvi GK ai‡bi 
gvbwmK mgm¨v wQj Ges Zuvi Kvi‡YB AvZ¥nZ¨v K‡i g„Zz¨eiY 
K‡ib| 
 
 
 
 
 

6.1 Zvc I ZvcgvÎv (Heat and Temperature) 

 
Zvc GK ai‡bi kw³| Avgiv †`‡LwQ kw³ KvR Ki‡Z cv‡i A_©vr ej cÖ‡qvM K‡i e¯‘‡K e‡ji 
w`‡K miv‡Z cv‡i, †hgb †Uªb ev Mvwo‡Z Avm‡j R¡vjvwb †Zj R¡vwj‡q Zvc ˆZwi Kiv nq †hUv †Uªb 
Mvwo‡K QzwU‡q wb‡q hvq| †mRb¨ Av‡jv, we ỳ¨r ev MwZkw³i g‡Zv Avgiv b~Zb ai‡bi GB kw³i 
bvg w`‡qwQ Zvc kw³|  
 gRvi e¨vcvi n‡”Q, Avgiv hw` AvYweK ch©v‡q †`L‡Z †cZvg A_©vr †h †Kv‡bv c`v‡_©i 
w`‡K ZvKv‡jB Zvi AYy¸‡jv‡K †`L‡Z †cZvg Zvn‡j m¤¢eZ Zvc kw³ bv‡g GKUv b~Zb bvg bv 
w`‡q GUv‡K ÒMwZ kw³Ó bv‡gB †i‡L w`Zvg| Zvi KviY Zvc kw³ ej‡Z Avgiv †hUv †evSvB 
†mUv Avm‡j c`v‡_©i AYy¸‡jvi mw¤§wjZ MwZkw³ Qvov wKQz bq| GKUv KwVb c`v‡_© AYy¸‡jv hLb 
DËß nq ZLb AYy¸‡jv wb‡Ri wbw`©ó Ae¯’v‡b †_‡K Kuvc‡Z _v‡‡K| hZ‡ewk DËß n‡e AYy¸‡jvi 
Kuvcybx ZZ †e‡o hv‡e| hw` A‡bK †ewk DËß nq Zvn‡j AYy¸‡jvi wb‡R‡`i †fZ‡i †h 
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AvšÍtAvYweK ej i‡q‡Q AYy¸‡jv †mB ej‡K Qvwo‡q gy³ n‡q hv‡e| ZLb Avgiv †mUv‡K ewj 
Zij| ZLb AYy¸‡jv G‡jv‡g‡jvfv‡e G‡K A‡b¨i †fZi w`‡q †QvUvQzwU Ki‡Z _v‡KÑ Zv‡`i 
GKUv MwZ _v‡K, Kv‡RB MwZ kw³ _v‡K| hZ DËß Kiv nq AYy¸‡jv ZZ †Rv‡i †QvUvQzwU K‡i| 
hw` Av‡iv DËß Kiv nq ZLb AYy¸‡jv AvYweK eÜb †_‡K cy‡ivcywi gy³ n‡q †h‡Z cv‡iÑ Avgiv 
ZLb †mUv‡K ewj M¨vm| GKUv M¨vm‡K hZ DËß Kiv n‡e AYy¸‡jv ZZ †Rv‡i †QvUvQzwU Ki‡e| 
MwZ hZ †ewk n‡e MwZ kw³ ZZ †ewk n‡e| 
 ‡h‡nZy Lvwj †Pv‡L Avgiv AYy¸‡jv‡K †`wL bv Zv‡`i †QvUvQzwU †`wL bv ZvB Avgiv 
c‡ivÿfv‡e cy‡iv wRwbmUv †evSvi †Póv Kwi, Avgiv †mUv‡K Zvc kw³ bvg w`B Ges  ZvcgvÎv 
e‡j c`v‡_©i Ae¯’v e¨vL¨v Kivi †Póv Kwi| Kv‡RB Avgiv ej‡Z cvwi c`v‡_©i AYy¸‡jvi K¤úb ev 
MwZi Kvi‡Y †h kw³ cvIqv hvq †mUv n‡”Q Zvc| †h‡nZy GUv kw³ ZvB ¯^vfvweKfv‡e Ab¨ kw³i 

g‡ZvB Zvi GKK n‡”Q Ryj (ܬ). Zv‡ci Av‡iv GKwU GKK Av‡Q, Zvi bvg K¨v‡jvwi (݈ܿܽ) 
1 ݃݉ cvwbi ZvcgvÎv 1°ܥ evo‡Z n‡j †h cwigvY Zv‡ci `iKvi †mUv n‡”Q 1  K¨v‡jvwi|  

K¨v‡jvwi n‡”Q 4.2ܬ Gi mgvb| 
 ‡Zvgiv nq‡Zv Lvev‡ii Rb¨ K¨v‡jvwi kãwU e¨envi Ki‡Z ï‡bQ ÑdzW K¨v‡jvwi ej‡Z 
Avm‡j †evSv‡bv nq gvbyl wbw`©ó Lvevi †_‡K Kx cwigvY kw³ cvq Ges GUvi Rb¨ GKK Avm‡j 

݇ ݈ܿܽ ev 1000 K¨v‡jvwi| Z‡e †mUv wb‡q Avgiv gv_v Nvgve bv Ñ GLv‡b Avgiv Lvevi †_‡K 
cvIqv kw³ bq Zvc kw³ wb‡qB Av‡jvPbv Kie| 
 

6.2 Avf¨šÍixY kw³ (Internal Energy) 
 
Avgiv hw` Zvc‡K GKUv kw³ wn‡m‡e †g‡b wbB, Zvn‡j mv‡_ mv‡_ Gi c‡ii †h welqUv Avgv‡`i 
Rvb‡Z n‡e †mUv n‡”Q Kxfv‡e Zvc kw³ GK RvqMv †_‡K Ab¨ RvqMvq ¯’vbvšÍwiZ nq| mvaviY 
fv‡e Avgv‡`i aviYv me mg‡qB kw³i cÖevn nq eywS †ewk kw³ †_‡K Kg kw³‡Z| †QvU GKUv 
Mig Avjwc‡b †h cwigvY Zvc kw³ i‡q‡Q Zvi †_‡K A‡bK †ewk Zvc kw³ i‡q‡Q GK Møvm 
cvwb‡Z| wKš‘ Mig AvjwcbUv Avgiv hw` cvwb‡Z Wzwe‡q †`B Zvn‡j wKš‘ Avjwc‡bi Aí Zvc 
kw³ †_‡KB LvwbKUv P‡j hv‡e Møv‡mi cvwb‡Z| Zvi KviY Zvc kw³i cÖevnUv Zv‡ci cwigv‡Yi 
Ici wbf©i K‡i bv, GUv wbf©i K‡i ZvcgvÎvi Dc‡i| `y‡Uv wfbœ ZvcgvÎvi wRwbm hw` G‡K A‡b¨i 
ms¯ú‡k© Av‡m Zvn‡j me mgqB †ewk ZvcgvÎv †_‡K Zvc Kg ZvcgvÎvi wRwb‡m †h‡Z _vK‡e 
hZÿY bv ỳ‡Uvi ZvcgvÎv mgvb n‡”Q|  w
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 Avgiv GL‡bv wKš‘ ÒZvcgvÎvÓ bv‡gi ivwkwU 
msÁvwqZ KwiwbÑ wKš‘ ˆ`bw›`b Rxe‡b GwU GZ e¨envi 
nq †h welqwU Kx eyS‡Z Kv‡ivB mgm¨v nq bv| 
c`v_©weÁv‡bi fvlvq ej‡Z cvwi GUv n‡”Q c`v‡_©i 
†fZiKvi AYy¸‡jvi Mo MwZkw³i GKUv cwigvc| 
Avgv‡`i AwfÁZv †_‡K Avgiv ej‡Z cvwi, ZvcgvÎv 
n‡”Q †mB Zvcxq Ae¯’v †hwU wVK K‡i GKUv e¯‘ Ab¨ 
e¯‘i ms¯ú‡k© G‡j †mwU wK Zvc †`‡e bvwK Zvc †b‡e| 
welqUv †evSv‡bi Rb¨ Avgiv cvwbi c„ô‡`‡ki D”PZvi 

mv‡_ Zyjbv Ki‡Z cvwi (Qwe 6.1)| hw` cvwbi ỳwU cv‡Î 
cvwbi c„ô †`‡ki D”PZv wfbœ nqÑ Zvn‡j cvÎ `ywU‡K 
GKwU bj w`‡q GKÎ Kivi ci †Kvb cv‡Î cvwb †ewk 
†Kvb cv‡Î cvwb Kg †mwU cvwbi cÖevn wVK Ki‡e bv| 
†Kvb cvÎ †_‡K †Kvb cv‡Î cvwb hv‡e †mUv wbf©i Ki‡eÑ †Kvb cv‡Îi cvwbi c„ô †`‡ki D”PZv 
KZ Zvi Ici| me mg‡qB †ewk D”PZv †_‡K cvwb Kg D”PZvq cÖevwnZ n‡e hZÿY ch©šÍ bv `ywU 

D”PZv mgvb n‡q hv‡”Q| GLv‡b cvwbi cwigvYUv‡K 
Zvc kw³i mv‡_ Zzjbv Ki‡Z cvwi, cvwbi c„ô 
†`‡ki D”PZv‡K Zzjbv Ki‡Z cvwi ZvcgvÎvi 
mv‡_| ZvcgvÎvi †ejv‡ZI GUv mwZ¨ †h hZÿY 
ch©š‘ bv `ywU e¯‘i ZvcgvÎv mgvb bv n‡”Q ZZÿY 
Zvc cÖevwnZ n‡Z _vK‡e|  

 

Qwe 6.1: ZvcgvÎv Zi‡ji D”PZvi gZ,  
Zvc Zi‡ji AvqZ‡bi gZ 

Qwe 6.2: †mjwmqvm †Kjwfb Ges dv‡ibnvBU 
ZvcgvÎvi †¯‹j| 

 Avgiv hw` ZvcgvÎvi aiYvUzKz wVK K‡i 
†c‡q hvB Zvn‡j Gi c‡iB Avgv‡`i Rvb‡Z n‡e 
Gi GKK Kx wKsev Zvi †_‡KI ¸iæZ¡c~Y© cÖkœ, 
Avgiv †Kgb K‡i ZvcgvÎv gvce| ZvcgvÎvi 

cÖPwjZ GKK n‡”Q †mjwmqvm (°ܥ) mvaviYfv‡e 
ejv hvq GB †¯‹‡j GK GUgwùqvi evZv‡mi Pv‡ci 
†h ZvcgvÎvq eid M‡j cvwb‡Z cwiYZ nq †mUv‡K 

 Ges †h ZvcgvÎvq cvwb dzU‡Z _v‡K †mUv‡K ܥ0°

 aiv n‡q‡Q| Z‡e gRvi e¨vcvi nj weÁvbx ܥ100°
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†mjwmqvm hLb ZvcgvÎvi †¯‹j ˆZwi K‡iwQ‡jb ZLb k~b¨ wWwMÖ a‡iwQ‡jb dzUšÍ cvwbi ZvcgvÎ, 

100 wWwMÖ a‡iwQ‡jb eid Mj i ZvcgvÎvÑ eZ©gvb †¯‹‡ji w ! ‡b VK D‡ëv
 Avgv‡`i ˆ`bw›`b Rxe‡b Avgiv mvaviYZ †mjwmqvm †¯‹j e¨envi Ki‡jI AvšÍR©vwZK 

GKKwUi bvg n‡”Q †Kjwfb (ܭ)| †mjwmqvm †¯‹‡ji mv‡_ 273.15°ܥ †hvM Ki‡jB †Kjwfb 
†¯‹j cvIhv hvq| hw` ïaygvÎ ZvcgvÎvi cv_©K¨ wb‡q gv_v NvgvB Zvn‡j †mjwmqvm †¯‹j Avi 

†Kjwfb †¯‹‡j †Kv‡bv cv_©K¨ †bBÑ A_©vr ZvcgvÎv 10°ܥ †e‡o‡Q ejv †h K_v ZvcgvÎv 10ܭ 
†e‡o‡Q ejv †mB GKB K_v| wKš‘ hw` wR‡Ám Kiv nq GB N‡ii ZvcgvÎv KZ, Zvn‡j hw` †mUv 

nq 30°ܥ Zvn‡j †Kjwfb †¯‹‡j †mUv n‡e (30 + 273.5 =) 303.15 ܭ †Zvgv‡`i g‡b n‡Z 

cv‡i ỳ‡Uv †¯‹j ûeû GKB iKg ïaygvÎ 273.15°  cv_©K¨ Gi wcQ‡b KviYwU Kx? 
 GwU Kivi wcQ‡bi KviYwU LyeB PgKcÖ`| mvaviYfv‡e Avgv‡`i g‡b n‡Z cv‡i Avgiv 
eywS hZ †ewk ev hZ Kg ZvcgvÎv Kíbv Ki‡Z cvie, wKš‘ Avm‡j †mwU mwZ¨ bq| ZvcgvÎ hZ 
B‡”Q †ewk Kíbv Ki‡Z mgm¨v †bB wKš‘ hZ B‡”Q Kg Kíbv Kiv m¤¢e bq, me‡P‡q Kg GKUv 
ZvcgvÎv Av‡Q Ges ZvcgvÎv Gi †_‡K Kg nIqv hvq bv| ïay ZvB bq Avgiv GB ZvcgvÎvi 
KvQvKvwQ †h‡Z cvwi wKš‘ KL‡bvB GB ZvcgvÎvq †cŠQv‡Z cvie bv| GB ZvcgvÎv‡K cig k~b¨ ev 

absolute zero ejv nq| †mjwmqvm †¯‹‡j GB ZvcgvÎvi gvb െ273.15°ܥ Kv‡RB †Kjwfb 
†¯‹‡j Gi gvb n‡”Q k~b¨ wWwMÖ| Ab¨fv‡e ejv hvq †Kjwfb †¯‹jwU ˆZwi n‡q‡Q Pig k~b¨ 
ZvcgvÎv‡K k~b¨ wWwMÖ a‡i|  
 
 ZvcgvÎvi †h †Kv‡bv †¯‹j ˆZwi Ki‡Z n‡j `y‡Uv wbw ©̀ó ZvcgvÎv (ev w¯’iv¼) `iKvi| 
†Kjwfb †¯‹‡j GKwU n‡”Q Pig k~b¨Ñ †hUv‡K k~b¨ wWwMÖ aiv n‡q‡Q| Ab¨wU n‡”Q cvwbi ˆÎa we› ỳ 

ev triple point. GB ZvcgvÎvq GKUv wbw`©ó Pv‡c ሺ0.0060373 ܽ݉ݐሻ eid cvwb Ges Rjxq 

ev®ú GK mv‡_ _vK‡Z cv‡i e‡j ZvcgvÎv‡K A‡bK †ewk m~²fv‡e wbw`©ó Kiv hvq| °ܥ 

†mjwmqvm †¯‹‡j Gi gvb 0.01°ܥ, Ges GB †¯‹‡ji mv‡_ wgj ivLvi Rb¨ †Kjwfb †¯‹‡j Gi gvb 

273.16°. 
 ‡Kjwfb Ges †mjwmqvm †¯‹‡ji cvkvcvwk dv‡ibnvBU †¯‹j e‡jI GKUv †¯‹j Av‡Q 

†hLv‡b eid Mjb Ges cvwbi ev®úxfe‡bi ZvcgvÎv h_vμ‡g 32°ܨ  Ges 212°6.2 ,ܨ Qwe‡Z 

wZbwU †¯‹j‡K Zzjbv Kivi Rb¨ †`Lv‡bv n‡jv, †Kjwfb †¯‹‡j 0°ܥ  ZvcgvÎv 273.15 ܭ  n‡jI 

Avgiv Avgv‡`i ˆ`bw›`b Rxe‡b A‡bK mg‡qB GUv‡K 273 ܭ  a‡i wbBÑ  ‰`bw›`b wn‡m‡e †mUv 
†Kv‡bv ¸iæZ&i mgm¨v K‡i bv| 
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6.2.1 wfbœ †¯‹‡ji gv‡S m¤úK© 
hw` GKwU wbw`ó ZvcgvÎv †mjwmqvm, † w ibnvBU ‹‡ ‡g ஼ܶ, ௄ܶ Avi ிܶ 
†`Lvq Zvn‡j Avgiv w  

Kj fb Ges dv‡ †¯ j h_vμ
jL‡Z cvwi : 

஼ܶ െ 0
100 െ 0

ൌ ௄ܶ െ 273.15
3 37 .15 െ 273.15

ൌ ிܶ െ 32
32212 െ

 

wKsev 

஼ܶ

100
ൌ ௄ܶ െ 273.15

100
ൌ ிܶ െ 32

180
 

 

஼ܶGi mv‡c‡ÿ †Kjwfb †¯‹j Ges i g  dv‡ bnvB †¯‹j h_vμ‡  :

஼ܶ ௄ െ  ܭ

U 

ൌ ܶ 273.15°

஼ܶ ൌ
5
9

ሺ ிܶ െ 32ሻ 

 
D`vniY 6.1:  †Kvb ZvcgvÎvq †mjwmqvm Ges dv‡ibnvBU †¯‹j mgvb? 
 
DËi: †mjwmqvm Ges dv‡ibnvBU ZvcgvÎvi m¤úK©wU G iKg: 
 

஼ܶ ൌ
5
9

ሺ ிܶ െ 32°ሻ 
9 ஼ܶ ൌ 5 ிܶ െ 5 ൈ 32° 

 

஼ܶGes ௙ܶ mgvb n‡j:   
4 ஼ܶ ൌ െ െ160° 5 ൈ 32° ൌ

஼ܶ ൌ െ40° 
 

A_©vr †h ZvcgvÎv െ40° ܥ †`Lvq †mB GKB ZvcgvÎv െ40° ܨ †`Lvq| 
 

D`vniY 6.2:  †Kvb ZvcgvÎvq †Kjwfb Ges dv‡ibnvBU †¯‹j mgvb| 
 
DËi: †Kjwfb Ges dv‡ibn U vvB  Z cgvÎvi m¤úK©wU G iKg: 

௄ܶ െ 273.15° ൌ
5
9

ሺ ிܶ 2° ሻ 
9 ௄ܶ െ 9 ൈ 273.15° ൌ 5 ிܶ െ 5 ൈ 32°  

െ 3

 
hw` ௄ܶ Ges ிܶ mgvb nq: 
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4ܶ ൌ 9 ൈ 27
௄ܶ ൌ 574.59° 

௄ 3.15° െ 5 ൈ 32°  

D`vniY 6.3:  my ’̄ †`‡ni ZvcgvÎv 98.4°ܨ , †mjwmqv‡m †mUv KZ? 

 

 
DËi: †mjwmqvm Ges dv‡ibnvBU ZvcgvÎvi m¤úK©wU G iKg: 

஼ܶ ൌ
5
9

ሺ ிܶ െ 32°ሻ 

 

Kv‡RB ிܶ ൌ 98.4° n‡j  

஼ܶ ൌ
5
9

ሺ98.4° െ 32°ሻ ൌ 36.89° 
 (A_©vr 37°ܥ Gi KvQvKvwQ) 

 
D`vniY 6.4:  †Kvb ZvcgvÎvq †mjwmqvm Ges †Kjwfb †¯‹j mgvb? 
 
DËi: KL‡bvB bv! 

 
6.3 c`v‡_©i Zvcxq cÖmviY (Thermal Expansion 

of Matter) 
 
Zvc w`‡j cÖvq me c`v‡_©i AvqZbB GKUz †e‡o hvq| 
Zvc ZvcgvÎv GB welq¸‡jv hw` Avgiv Avgv‡`i 
AvYweK g‡Wj w`‡q e¨vL¨v Kwi Zvn‡j Gi KviYUv 
†evSv KwVb bq| GKUv KwVb c`v_©‡K Avgiv 
A‡bK¸‡jv AYy wn‡m‡e Kíbv Ki‡Z cvwi Zv‡`i †fZi 
†h AvYweK ej †mUv‡K Avgiv w¯úªs‡qi mv‡_ Zzjbv 
Ki‡Z cvwi| KwVb c`v‡_© AYy¸‡jv Kxfv‡e _v‡K †mUv 

†`Lv‡bvi Rb¨ Avgiv AYy¸‡jvi gv‡S GKUv w¯úªs Kíbv K‡iwQ Ges 6.3 Qwe‡Z †mUv †`Lv‡bv 
n‡q‡Q| KwVb c`v_©wU‡K DËß Ki‡j AYy¸‡jv Kvuc‡Z _vK‡eÑ ZvcgvÎv hZ †ewk n‡e AYy¸‡jv 
ZZ †ewk Kvuc‡e| mwZ¨Kv‡ii KwVb c`v‡_©i cÖK…wZ e¨vL¨v Ki‡Z n‡j Avgv‡`i GB w¯úªs 
g‡WjUv‡K GKUzLvwb DbœZ Ki‡Z n‡e| w¯úªs‡qi †ejvq Avgiv †`‡LwQ GKUv w¯úªs‡K †Kv‡bv wbw`©ó 
~̀i‡Z¡ cÖmvwiZ Ki‡j †mwU †h cwigvY e‡j Uvb‡Z _v‡K †mB GKB `~i‡Z¡ msKzwPZ Ki‡j GwU wVK 

GKB e‡j †Vj‡Z _v‡K| KwVb c`v‡_©i AYy¸‡jvi Rb¨ GwU cy‡ivUzwi mwZ¨ bqÑ AYy¸‡jv‡K GKwU 
†ewk ~̀i‡Z¡ mwi‡q wb‡j GUv †h cwigvY e‡j Uvb‡Z _v‡K †mB GKB `~i‡Z¡ KvQvKvwQ Avb‡j 

 

Qwe 6.3: KwVb c`v‡_©i AYy¸‡jv‡K ¯úªxs‡qi 
mvnv‡h¨ GKwU Ab¨wUi m‡½ mshy³ Kíbv Kiv 
hvq! 
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A‡bK †ewk e‡j †Vj‡Z _v‡K| A_©vr w¯úªswU †hb GKwU we‡kl ai‡bi w¯úªs GUv cÖmvwiZ Ki‡Z 
Kg ej cÖ‡qvM Ki‡Z nq wKš‘ msKzwPZ Ki‡Z †ewk ej cÖ‡qvM Ki‡Z nq| 
 GLb Zzwg Kíbv K‡i bvI GKwU wbw`©ó ZvcgvÎvq _vKvi Kvi‡Y AYy¸‡jv Kuvc‡Q| we‡kl 
ai‡Yi w¯úªs nIqvi Kvi‡b Kuvcvi mgq AYy¸‡jv KvQvKvwQ hvq Kg wKš‘ ~̀‡i m‡i hvq †ewk| 
Gev‡i KwVb c`v_©wU‡K Av‡iv DËß Kiv nj, AYy¸‡jv Av‡iv †ewk Kvuc‡Z _vK‡e Ges †Zvgiv 
eyS‡ZB cviQ AYy¸‡jv GB we‡kl ai‡bi w¯úªs‡qi Rb¨ †h‡nZy †ewk Kv‡Q †h‡Z cv‡i bv wKš‘ 
mn‡RB †ewk ~̀‡i †h‡Z cv‡i ZvB me AYy¸‡jvB G‡K A‡b¨i †_‡K GKUz ~̀‡i m‡i b~Zb GKUv 
mvg¨ Ae ’̄v ˆZwi Ki‡e| me AYy hLb G‡K Ab¨ †_‡K `~‡i m‡i hv‡e ZLb Avgv‡`i Kv‡Q cy‡iv 
KwVb e¯‘UvB GKUz cÖmvwiZ n‡q †M‡Q e‡j g‡b n‡e| 

 Zvc cÖ‡qvM Ki‡j KwVb e¯‘i ˆ`N©¨ cÖ¯’ I D”PZv wZb w`‡KB mgvbfv‡e cÖmvwiZ nq| 
c`v‡_©i GB cÖmviY‡K we‡kølY Kivi Rb¨ ‰`N©¨, †ÿÎdj Avi AvqZb cÖmviY mnM bv‡g wZbwU 
ivwk ˆZw iv n‡q‡Q| 

 

Qwe 6.4: Zvc cÖ‡qvM Ki‡j KwVb c`v‡_©i ˆ`N,© cÖ¯’‡”Q` Ges AvqZb †e‡o hvq| 

i K

 ଵܶ ZvcgvÎvq †Kv‡bv e¯‘i ˆ`N©¨ hw` ܮଵ nq Ges ZvcgvÎv e„w× K‡i †mwU ଶܶ Kivi ci 

hw` ˆ`N©̈  e„w× †c‡q †mwU ܮଶ nq Zvn‡j N  n‡”Q: ˆ` ©¨ cÖmviY mnM α

α ൌ
ሺܮଶ െ ଵܮ/ଵሻܮ

ଶܶ െ ଵܶ
 

ଶܮ ൌ ଵܮ ൅ αܮଵ ଶ െ ଵܶሻ 

Kv‡RB  
ሺܶ

GKBfv‡e ଵܶ ZvcgvÎvq †Kv‡bv e ‘̄i †ÿÎdj hw` ܣଵ nq Ges ZvcgvÎv e„w× K‡i ଶܶ Kivi ci 

†ÿÎdjI hw` †e‡o ܣଵ nq Zvn‡j †ÿÎdj cÖmviY mnM β n‡”Q: 
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β ൌ
ሺܣଶ െ ଵܣ/ଵሻܣ

ଶܶ

                   e¯‘i Dci Zv‡ci cÖfve 

െ ଵܶ
 

ଶܣ ൌ ଵܣ βܣଵሺ ଶܶ െ ଵܶሻ 

Kv‡RB  

൅

wVK GKBfv‡e ଵܶ ZvcgvÎvq hw` AvqZb ଵܸ nq Ges ZvcgvÎv e„w× K‡i ଶܶ Kivi ci hw` 

AvqZb †e‡o ଶܸ nq Zvn‡j AvqZb cÖmviY M

 

 mn  γ n‡”Q: 

γ ൌ
ሺ ଶܸ െ ଵܸሻ/ ଵܸ

ଶܶ ଵ

 

െ ܶ
 

ଶܸ ൌ ଵܸ ൅ γ ଵܸሺ ଶܶ െ ܶ ሻ 

Kv‡RB  

ଵ

‡Zvgiv †`L‡ZB cv”Q α,β Ges  wZbwU iwki GKKB n‡”Q ܶିଵ 

 

D`vniY 6.4:  20°ܥ ZvcgvÎvq Zvgvi `‡Êi ˆ`N©̈ ̈©ZvcgvÎvq `ÊwUi ˆ`N ܥ120° ,10݉   
10.0167݉ Gi ˆ`N©̈  cÖmviY mnM KZ? 

 

 

α ൌ
ଶܮ െ ଵܮ

DËi: ˆ`N©̈  cÖmviY mnM 

ଵሺܮ ଶܶ െ ଵܶሻ
GLv‡b ܮଵ ൌ 10݉ 

 

ଶܮ 6 ݉ ൌ 10.01 7
ଶ ܥ120°
ଵ  ܥ0°

ܶ ൌ  
ܶ ൌ 2

α ൌ
10.0167݉ െ 10݉

10݉ሺ120°ܥ െ ሻܥ100° ൌ 16.7 ൈ 10ି଺°ିܥଵ 

 

 
 ‡Zvgiv Dc‡ii D`vniY ¸‡jv †_‡K †`‡LQ KwVb c`v‡_©i cÖmviY mn‡Mi gvb Avm‡j LyeB 

Kg| †m Kvi‡b α, β Ges   GB wZbwU wfbœ wfbœ mn‡Mi wKš‘ cÖ‡qvRb wQj bv Avgiv KvR 

Pvjv‡bvi Rb¨ ïay ˆ`N©¨ mnMwU vL  ‡j  Z gb aiv hvK †ÿÎdj cÖmvi‡Yi 
e¨vcviwU| Avgiv †`‡LwQ: 

e¨ ¨v K‡i wb B cvi vg| †h

ଶܣ ൌ ଵܣ ൅ βܣଵሺ ଶܶ െ ଵܶሻ w
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wKš‘ †ÿÎdj ܣଵ Avm‡j ˆ`N©̈  Ges cÖ‡ ’̄i ¸Ydj hw` Ges Avgiv eM©vK…wZi †ÿÎdj a‡i wbB hvi 

evûi ˆ`N©¨ ܮଵ Zvn‡j  

ଶܣ ൌ ଶܮ ൌ ሾܮ ൅ αܮ ሺ ଵሻ  

ଶܣ ൌ ଵܮ
ଶ ൅ 2αܮଵ

ଶሺܶ െ ൅ αଶܮଵ
ଶሺ ଶܶ െ ଵܶሻଶ 

ଶ
ଵ ଵ ଶܶ െ ܶ ሿଶ

 wKsev  

ଶ ଵܶሻ

ଵ
ଶ

wKš‘ 

ܣ ൌ  ଵܮ

ଶܣ ൌ ଵܣ ൅ 2αܣଵሺ ଶܶ െ ଵܶሻ ൅ αଶܣଵሺ ଶܶ െ ଵܶሻଶ 

Kv‡RB  

 

Avgiv †`‡LwQ α Gi gvb LyeB †QvU, Kv‡RB αଶ Gi gvb AviI †QvU, mwZ¨ K_v ej‡Z Kx GwU 

GZ †QvU †h Dc‡ii mgxKi‡Y αଶ A w` cy‡ivcywi ev` w`B Avgv‡`i 
we‡kølY ev wnmv‡e Ggb wKQz ÿwZ „w v v  cvwi: 

  mn cy‡iv AskUzKz vgiv h
 e × n‡e bv| Z B Avgi  wjL‡Z

ܣ ൌ ൅ 2α ଵ ଶ  ଶ ଵܣ ܣ ሺܶ െ ଵܶሻ

ଶܣ ൌ ଵܣ ൅ ሺ ଶܶ െ ଵܶሻ 

wKš‘ Avgiv Rvwb  

βܣଵ

β ൌ 2α 

Kv‡RB wbðqB: 

wVK GKBfv‡e Avgiv ܮଵ ˆ`N©̈ , cȪ ’, D”PZv wb‡q GKUv wKDe Kíbv Ki‡Z cvwi ଵܶ 

ZvcgvÎvq hvi AvqZb ଵܸ Ges vc e ‡q ଶ i i AvqZb n‡q‡Q ଶܸ , Kv‡RB  Z  gvÎv vwo  ܶ  K vi ci hv

ଶܸ ൌ ሾ ଵ ൅ αܮଵሺ ଶܶ െ ଵܶሻሿଷ 

 

ܮ
GKB hyw³‡Z GLv‡bI hw` αଶ αଷ s ¸ v‡K ev` w`B Avgv‡`i we‡kølY ev wnmv‡ei 
Ggb †Kv‡bv ÿwZe„w× n‡e bv| R y cÖ_g ` ©vr 

 Ges mn A k ‡j
Kv‡ B ïa ywU Ask _vK‡e A_

ܸ ൌ ଷ αܮଵ
ଷሺ ଶܶ െ ଵܶሻ … ଶ ଵܮ ൅ 3

    ଷ  

wKš‘ Avgiv Rvwb  

ଵܸ ൌ ଵܮ   

ܸ ൌ α ଶ ሻ 

A_©vr 

ଶ ଵܸ ൅ 3 ଵܸሺܶ െ ଵܶ

ଶܸ ൌ ଵܸ ൅ γ ଵܸሺ ଶܶ െ ଵܶሻ 

Kv‡RB 
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Kv‡RB wbðqB: 

γ ൌ 3α 
 ev¯Íe Rxe‡b Avgv‡`i KwVb c`v‡_©i cÖmvi‡Yi welqUv me mg‡qB g‡b ivL‡Z nq| 
†Zvgiv wbðqB †ijjvB‡bi gv‡S dvuKvwU †`‡LQÑ ZvcgvÎvi cÖmviY‡K g‡b †i‡L GUv Kiv n‡q‡Q 
cÖmvi‡Yi GB my‡hvMwU bv w`‡j DËß w`‡b †ijjvBb AuvKv euvKv n‡q †h‡Z cviZ! †ewk wgwó †L‡q 
Ges wbqwgZ ùvZ eªvk bv K‡i †Zvgv‡`i hv‡`i ùv‡Z †KwfwU n‡q‡Q Zviv hLb †Ww›U‡÷i Kv‡Q 
wM‡qQ Zviv nq‡Zv jÿ K‡iQ GKUv we‡kl c`v_© w`‡q `vu‡Zi MZ©wU eyu‡R †`qv n‡q‡Q| GB 
c`v_©wUi cÖmviY mnM A‡bK hZœ K‡i `uv‡Zi cÖmviY mn‡Mi mgvb Kiv n‡q‡Q| hw` cÖmviY mnM 
`vuZ †_‡K Kg n‡Zv Zvn‡j Mig wKQz LvIqvi mgq GUv ùv‡Zi mgvb cÖmvwiZ bv n‡q Ly‡j AvmZ| 
Avevi cÖmviY mnM †ewk n‡j VvÊv wKQz LvIqvi mgq †ewk †QvU n‡q ùvZ †_‡K Ly‡j AvmZ! 
c`v_©weÁvb bv c‡oI A‡bK mvaviY gvbylI ZvcgvÎvq cÖmvi‡Yi welqUv Rv‡b| †Zvgiv jÿ K‡i 
†`L‡e †Kv‡bv †KŠUvi gyL AvU‡K †M‡j †mUv‡Z Mig cvwb Xvjv nqÑ †hb GUv cÖmvwiZ n‡q mn‡R 
Ly‡j Av‡m| 
 

D`vniY 6.5:  Kv‡Pi Møv‡m Mig cvwb Xvj‡j Møvm †d‡U hvq †Kb? 
 
DËi: †Kv‡bv †Kv‡bv As‡k nVvr K‡i ZvcgvÎv †e‡o hvIqvq †Kv_vI cÖmviY †ewk nq, †m 
Kvi‡Y Møvm †d‡U hvq| 
 
D`vniY 6.6:  †mvbvi NbZ¡ 19.30 ݃݉/ܿܿ , Gi ˆ`N©̈  cÖmviY mnM 14 ൈ 10ି଺°ିܥଵGi 
ZvcgvÎv 100°ܥ evov‡j NbZ¡ KZ n‡e? 
 
DËi: NbZ¡  

ρ ൌ
݉
ܸ  

 
†hLv‡b ܸ n‡”Q AvqZb Ges ݉ n‡”Q fi ZvcgvÎ evov‡j fi GK _vK‡jI AvqZb †e‡o hvq| 
Kv‡RB 100°ܥ Z gv Avc Îv evov‡j Zvi vqZb ܸᇱ n‡e: 

  ܸᇱ ൌ ܸ ൅ γܸሺܶ ሺ1 ൅ 3α ൈ 100ሻ 
 

ଶ െ ଵܶሻ ൌ ܸ

 
 

α ൌ 14 ൈ 10ି଺°ିܥଵ

ܸᇱ ܸሺ1 ൅ 4. ିଷሻ
 

ൌ 2 ൈ 10  

ρᇱ ൌ
݉
ܸᇱ

 

ൌ
݉

ܸሺ1 ൅ 4.2 ൈ 10ିଷሻ ൌ
݉
ܸ ൈ 0.9958 ൌ 0.9958ρ 
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ρᇱ ൌ 0.9958 ൈ ݃݉/ܿܿ ൌ 19.22 ݃݉/ܿܿ  19.30 

D`vniY 6.7:  ZvcgvÎv hw` Av‡iv 1000°ܥ evov‡bv nq Zvn‡j NbZ¡ KZ n‡e? 
 

 
DËi: †mvbvi MjbvsK 1064°ܥ Kv‡RB GB ZvcgvÎvq †mvbv M‡j hv‡e! 
 

6.3.2 Zij c`v‡_©i cÖmviY 
Zij c`v‡_©i ˆ`N©¨ ev †ÿÎdj e‡j KQz †bBÑ Zij c`v‡_©i ïay AvqZb 
Av‡Q| Kv‡RB Zij c`v‡_©i cÖmviY ej‡Z Zvi AvqZb cÖmviY‡KB 
†evSvq| Zij c`v‡_©i cÖmviY gvcvi mgq GKUz mZK© _vK‡Z nq KviY 
Zij c`v_©‡K me mg‡qB †Kv‡bv cv‡Î ivL‡Z nq Kv‡RB cÖmviY mnM 
gvc‡Z PvB‡j hLb ZijwU‡K DËß Kivi †Póv Kiv nq ZLb ¯^vfvweK 
fv‡e cvÎwUI DËß n‡q I‡V Ges cvÎwUiI GKwU cÖmviY nq| Kv‡RB 
cv‡Î Zij †h cÖmviY †`Lv hvq †mUv mwZ¨Kv‡ii cÖmviY bv, †mUv n‡PQ 
AvcvZ cÖmviY| Kv‡RB cÖK…Z cÖmviY †ei Ki‡Z n‡j cv‡Îi cÖmvi‡Yi 
e¨vcviUv me mg‡qB g‡b ivL‡Z n‡e| mvaviYZ Zi‡ji cÖmviY KwVb 
c`v‡_©i cÖmviY †_‡K †ewk nq hw` Zv bv n‡Zv Zvn‡j Avgiv AcvZ 
cÖmviYwU nq‡Zv †`L‡ZB †cZvg bvÑ g‡b n‡Zv AvcvZ ms‡KvPb! 
 Zij c`v‡_©i cÖmvi‡Yi me‡P‡q mnR D`vniY n‡”Q 
_v‡g©vwgUvi! bvbv iKg _v‡g©vwgUvi i‡q‡Q Zv‡e R¡i gvcvi _v‡g©vwgUvi 

(Qwe 6.5) m¤¢eZ †Zvgv‡`i Kv‡Q me‡P‡q cwiwPZ| _v‡g©vwgUv‡ii 
†Mvovq GKUv Kv‡Pi wUD‡e cvi` _v‡K| Zvc †`qv n‡j cvi‡`i AvqZb 
†e‡o hvq Ges GKUv Lye miæ bj †e‡q DV‡Z _v‡K, KZ`~i D‡V‡Q †mUv 
n‡”Q ZvcgvÎvi cwigvc| R¡i gvcvi mgq †h‡nZz _v‡g©vwgUvi‡K eMj †_‡K wKsev gyL †_‡K †ei 
K‡i ZvcgvÎv †`L‡Z nq ZLb †hb cvi‡`i KjvgUzKz K‡g bv hvq †mRb¨ miæ bjwUi †Mvovq 
bjwU‡K GKUv Lye miæ eμZv ivLv nqÑ G Kvi‡b GKevi cÖmvwiZ n‡q Dc‡i D‡V †M‡j ZvcgvÎv 
K‡g hvevi ciI †b‡g Avm‡Z cv‡i bv| SuvwK‡q bvgv‡Z nq! 

Qwe 6.5: R¡i gvcvi 
_v‡g©vwgUv‡i cvi` †hb 
†b‡g †h‡Z bv cv‡i 
†mR‡b¨ wUD‡e myÿè 
eμZv ˆZix Kiv nq| 

 

6.3.3 M¨v‡mi cÖmviY 
KwVb c`v‡_©i AvKvi Avi AvqZb `ywUB Av‡Q ZvB Zvi cÖmviY eyS‡Z †Kv‡bv mgm¨v nqwb| 
Zi‡ji wbw`©ó AvKvi bv _vK‡jI Zvi AvqZb Av‡Q ZvB Zvi cÖmviYI Avgiv e¨vL¨v Ki‡Z cvwi 
wKsev gvc‡Z cvwi| M¨v‡mi †ejvq welqUv †ek gRviÑ Zvi KviY Zvi wbw`©ó AvKvi †Zv †bBBÑ 
Zvi wbw`©ó AvqZbI †bB, M¨vm‡K †h cv‡Î †XvKv‡bv n‡e M¨vmwU mv‡_ mv‡_ †mB cv‡Îi AvqZb 
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wb‡q †b‡e! GKB cwigvY M¨vm wfbœ wfbœ AvqvZ‡bi cv‡Î †XvKv‡bv n‡j Zvi Pvc nq wfbœÑ Kv‡RB 
Avgiv wVK K‡i wb‡Z cvwi Avgiv hw` M¨v‡mi AvqZb e„w× gvc‡Z PvB Zvn‡j jÿ ivL‡Z n‡e Zvi 

Pv‡ci †hb cwieZ©b bv nqÑ 6.6 Qwe‡Z †h iKg †`Lv‡bv n‡q‡Q| GKUv wmwjÛv‡ii wc÷‡bi Ici 
wbw`©ó IR‡bi wKQz GKUv ivLv n‡q‡Q †hb GUv me mg‡qB wmwjÛv‡ii Ave× M¨vm‡K mgvb Pvc 
†`q|  
 Zij wKsev KwVb c`v_©‡K Pvc w`‡q Lye †ewk msKzwPZ Kiv hvq bvÑ wKš‘ M¨vm‡K Lye 

mn‡R msKzwPZ Kiv hvq ZvB cÖ_‡gB Avgv‡`i M¨v‡mi 
Pvc Avi AvqvZ‡bi gv‡S m¤úK©Uv Rvbv `iKviÑ GUv‡K 
e‡j Av`k© M¨v‡mi m~Î Ges GUv n‡”Q 
 

ܸܲ ൌ ܴ݊ܶ 
 
GLv‡b ܲ n‡”Q Pvc, ܸ n‡”Q AvqZb, ݊ n‡”Q M¨v‡mi 

cwigvY (†gv‡j gvcv) ܴ GKwU aªæeK 

 Ges ܶ n‡”Q †Kjwfb †¯‹‡j (݈݋ଵ݉ିܭ ܬ 8.314)
ZvcgvÎv| 
 GLb Avgiv M¨v‡mi Rb¨ cÖmviY mnM †ei Ki‡Z 

cvwi| GKUv wbw`©ó Pv‡c hw` ଵܶZvcgvÎvq M¨v‡mi AvqZb nq ଵܸ Ges ଶܶ ZvcgvÎvq M¨v‡mi 

AvqZb nq ଶܸ Zvn‡j M¨v‡mi AvqZb cÖmvi n β   

 

Qwe 6.6: Zvc cÖ‡qvM Ki‡j evZv‡mi 
AvqZb †e‡o hvq| 

Y m M ௉ n‡”Q:

β௉ ൌ
ሺ ଶܸ െ  ଵܸሻ/ ଵܸ

 

ଶܶ െ  ଵܶ
 

ܲ ଵܸ ൌ ܴ݊ ଵܶ

Avgiv Rvwb  

 
ܲ ଶܸ ൌ ܴ݊ ଶܶ 

ܲ െ  ଵܸሻ ൌ ܴ݊ሺ ଶܶ െ  ଵܶሻ 

Kv‡RB 
ሺ ଶܸ

evg cv‡k ܲ ଵܸ Ges Wvb cv‡k ܴ݊ ଵܶ w`‡q fvM w`‡q: 
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ଶܸ െ  ଵܸ

ܸ
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ଵ
ൌ ଶܶ െ  ଵܶ

ଵܶ
 

Kv‡RB  
ሺ ଶܸ െ  ଵܸሻ/ ଵܸ

ଶܶ െ  ଵܶ
ൌ

1
ଵܶ
 

A_©vr 

β௉ ൌ
1
ଵܶ
 

 
Kv‡RB †`L‡ZB cv”Q M¨v‡mi cÖmvi‡Yi mnM †gv‡UB †Kv‡bv aªæe msL¨v bqÑ GUv ZvcgvÎvi 
wecixZ A_©vr ZvcgvÎv hZ Kg n‡e M¨v‡mi cÖmviY n‡e ZZ †ewk! Ab¨fv‡e ejv hvq ZvcgvÎv 
hZ Kg n‡e M¨vm‡K ZZ †ewk msKzwPZ Kiv hv‡e| 
 ‡Zvgiv hviv Mvwoi WªvBfvi‡`i wm.Gb.wR. †÷kb †_‡K wmwÛv‡i M¨vm fi‡Z †`‡LQ Zviv 
nq‡Zv †R‡b _vK‡e kxZKv‡j ZvcgvÎv Kg e‡j M¨v‡mi cÖmviY Ges ms‡KvPb †ewk ZvB ZLb 
Zviv GKB Pv‡c M¨vm wb‡qI †ewk M¨vm fi‡Z cv‡i| 
  

6.4 c`v‡_©i Ae ’̄vi cwieZ©‡b Zv‡ci cÖfve (Effect of Temperature on Change 

of State) 

 
‡Zvgiv B‡Zvg‡a¨ †R‡b †MQ me c`v_© AYy w`‡q ˆZwi Ges KwVb c`v‡_© AYy¸‡jv wbw`©ó Ae¯’v‡b 
†_‡K G‡K Ab¨‡K AvU‡K iv‡L| Zvc †`qv n‡j G¸‡jvi K¤úb †e‡o hvq Ges AvYweK eÜb 
wkw_j n‡q G‡K A‡b¨i Ici MovMwo †L‡q bo‡Z ïiæ K‡i Ges GUv‡K Avgiv ewj Zij| 
ZvcgvÎv hw` Av‡iv †e‡o hvq ZLb AYy¸‡jv gy³ n‡q †QvUvQzwU ïiæ K‡i Zv‡K Avgiv ewj M¨vm| 
GB e¨vcviwU Avgiv GLb Av‡iKUz Mfxi fv‡e †`Le Ges c`v‡_©i Ae¯’vi cwieZ©‡bi mv‡_ m¤úK© 
Av‡Q G iKg wewfbœ ivwki mv‡_ cwiwPZ ne| 
 GKUv KwVb c`v_©‡K hLb Zvc †`qv nq ZLb Zvi ZvcgvÎv evo‡Z _v‡K| (Kx nv‡i 
ZvcgvÎv evo‡e Ges †mUv wK‡mi Ici wbf©i K‡i †mUv Avgiv GKUz c‡oB †R‡b hve|) ZvcgvÎv 
(GKUv wbw`©ó Pv‡c) GKUv wbw`©ó gv‡b †cuŠQv‡j KwVb c`v_©wU Mj‡Z ïiæ K‡iÑ GB cÖwμqvUvi bvg 
Mjb Ges †h ZvcgvÎvq Mjb ïiæ nq †mUv‡K e‡j Mjbv¼| Avgiv hw` KwVb c`v‡_©i ZvcgvÎv 
gvc‡Z _vwK Zvn‡j GKUz AevK n‡q jÿ Kie hLb Mjb ïiæ n‡q‡Q ZLb Zvc †`qv m‡Ë¡I 

LvwbKUv KwVb LvwbKUv Zi‡ji GB wgkÖ‡Yi ZvcgvÎv Avi evo‡Q bv, (6.7 Qwe‡Z †h iKg 
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†`Lv‡bv n‡q‡Q) GB mgqwU‡Z Zvc KwVb c`v‡_©i AYy¸jvi †fZiKvi AvšÍtAvYweK eÜb‡K wkw_j 
Ki‡Z e¨q nq ZvB AYy¸‡jv‡K Av‡iv MwZkxj Ki‡Z cv‡i bv e‡j ZvcgvÎv evo‡Z cv‡i bv| Mjb 
PjvKvjxb mg‡q wbw`©ó Mjbvs‡K †h cwigvY Zvc w`‡q cy‡iv KwVb c`v_©‡K Zi‡j iƒcvšÍi Ki‡Z 
nq †mB Zvc‡K ejv nq Mj‡bi myßZvc| 
 GKevi cy‡iv KwVb c`v_©wU Zi‡j iƒcvšÍwiZ nIqvi ci ZvcgvÎv Avevi evo‡Z ïiæ K‡i 

(6.8 Qwe‡Z †h iKg †`Lv‡bv n‡q‡Q) ZvcgvÎv evo‡Z evo‡Z GK mgq Zij c`v_©wU M¨v‡m 
cwieZ©b n‡Z ïiæ K‡i GB cÖwμqvwUi bvg ev®úxfeb Ges †h ZvcgvÎvq ev®úxfeb N‡U †mUv‡K 
e‡j ùzUvbv¼| Avevi mevB‡K g‡b Kwi‡q †`qv n‡”Q GB ùzUbv¼ Pv‡ci Ici wbf©i K‡i|  
 hLb ev®úxfeb cÖwμqv ïiæ nq ZLb Zi‡ji AYy¸‡jv Zvc kw³ wb‡q ci¯ú‡ii mv‡_ †h 
AvYweK eÜb Av‡Q †mUv †_‡K gy³ n‡Z ïiæ K‡i| Mj‡bi g‡Zv GLv‡bI hw`I Zvc †`qv n‡”Q 
wKš‘ Zi‡ji ZvcgvÎv wKš‘ ev‡o bv| Zij‡K ev®úxf~Z Kivi mgq †h cwigvY Zvc w`‡q cy‡iv 
Zij c`v_©‡K M¨v‡m cwiYZ Kiv nq †mB Zvc‡K ejv nq ev®úxfe‡bi myßZvc| 
cy‡iv ZijUv M¨v‡m iƒcvšÍi Kivi ci Zvc w`‡Z _vK‡j M¨v‡mi ZvcgvÎv Avevi evo‡Z _v‡K| 
ZvcgvÎv †gvUvgywU AwPšÍ¨bxq chv‡q wb‡Z cvi‡j AYy¸‡jv AvqwbZ n‡Z ïiæ Ki‡e Gevs cøvRgv 
bv‡g c`v‡_©i PZz_© Ae¯’v ïiæ n‡eÑ wKš‘ †mwU Ab¨ e¨vcvi! 
 Zvc w`‡q KwVb †_‡K Zij Ges Zij †_‡K M¨v‡m iƒcvšÍ‡ii GB cÖwμqv AšÍZ GKwU 
D`vniYwU Avgiv mevB †`‡LwQ †mwU n‡”Q eid cvwb Ges ev®ú| Avgiv hw`I mivmwi Mj‡bi 
myßZvc wKsev ev®úxfe‡bi myßZvc †`wL bvÑ wKš‘ Zvi GKUv cÖfve A‡bK mgq Abyfe K‡iwQ| 
A‡bK wf‡o wKsev Ave× RvqMvq Mi‡g QUdU K‡i Avgiv hw` nVvr †Lvjv RvqMvq wKsev evZv‡m 
Avwm ZLb kixi kxZj n‡q Rywo‡q hvq| Zvi KviY †Lvjv RvqMvq Avmvi ci kixi †_‡K Nvg 
ev®úxf~Z nIqvi mgq ev®úxfe‡bi myßZvcUzKz kixi †_‡K wb‡q †bqÑ Ges kixiUv‡K kxZj K‡i 
†`q| 
 Zvc w`‡q KwVb †_‡K Zij, Zij †_‡K M¨v‡m †h iKg iƒcvšÍi Kiv nq Zvi D‡ëv 
cÖwμqvwUI wKš‘ N‡U| Zvc mwi‡q wb‡j GKUv M¨vm cÖ_‡g Zij, Zvici KwVb n‡Z cv‡i| 
 Avgiv c`v‡_©i Ae¯’v‡bi cwieZ©‡bi mgq e‡jwQ KwVb †_‡K Zij wKsev Zij †_‡K 
M¨v‡m iƒcvšÍ‡ii Rb¨ GKwU wbw`©ó ZvcgvÎvq †cuŠQv‡Z nq| wKš‘ †mB ZvcgvÎvq bv †cuŠ‡QI wKš‘ 
KwVb †_‡K Zij, Zij †_‡K M¨vm wKsev mivmwi KwVb †_‡K M¨v‡m iƒcvšÍi n‡Z cv‡i| Avgiv 
hw` c`v‡_©i AvYweK g‡W‡j wd‡i hvB Zvn‡j welqUv †evSv †gv‡UI KwVb bq| GKUv AYy hw` 
†Kv‡bvfv‡e h‡_ó kw³ †c‡q hvq Ges Zvi Kvi‡Y hw` Zvi MwZkw³ h‡_ó †e‡o hvq †h †mwU 
KwVb c`v_© wKsev Zij c`v‡_©i c„ô‡`‡k †_‡K †ei n‡q Avm‡Z cv‡i| KwVb wKsev Zi‡ji 
c„ô‡`‡k †h‡nZz evB‡ii evZvm †_‡K AmsL¨ AYy μgvMZ AvNvZ Ki‡Q ZvB Zv‡`i AvNv‡Z KL‡bv 
KL‡bv KwVb wKsev Zi‡ji †Kv‡bv †Kv‡bv AYygy³ n‡q hvevi g‡Zv kw³ †c‡q †h‡Z cv‡i| ZvB w
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c„ô‡`k hZ we¯Í…Z n‡e GB cÖwμqvwU ZZ †ewk KvR Ki‡e| Avgiv mevB GB cÖwμqvwU †`‡LwQÑ 
GKUv wf‡R wRwbm Ggwb‡ZB ïwK‡q hvqÑ Gi Rb¨ GUv‡K ùzUbvs‡Ki ZvcgvÎvq wb‡Z nq bv| 
ïwK‡q hvIqv gv‡bB Zij c`v‡_©i AYyi ev®úvwqZ n‡q hvIqvÑ †h †Kv‡bv ZvcgvÎvq GB cÖwμqv 

NU‡Z cv‡i Ges GB cÖwμqvUvi bvg ev®úvqb (evaporation) | 
 GKUv Zi‡ji c„ô‡`k we Í̄…Z nIqv QvovI, ZvcgvÎv Kg ùzUbvsK, evZv‡mi cÖevn, evZv‡m 
Rjxq ev‡®úi cwigvY evZv‡mi Pvc, GB welq¸‡jvi Ici ev®úvqb wbf©i K‡i| 
 
 cvwbi ev®úvq‡bi mgq cvwb †h iKg Zvi ev®úxfe‡bi myßZvcUzKz wb‡q †bqÑ Gi 
D‡ëvUvI mwZ¨| hw` †Kv‡bv cÖwμqvq ev®ú cvwb‡Z iƒcvšÍwiZ nq ZLb †mwU Zvc mieivn K‡i| 
N~wY©S‡oi mgq mgy‡`ªi Rjxq ev‡®ú fiv evZvm Dc‡i D‡V hLb RjKYvq iƒcvšÍwiZ nq ZLb 
ev®úxfe‡bi myßZvcUv kw³ wn‡m‡e †ei n‡q Av‡mÑ GB kw³Uv N~wY©S‡oi cÖPÊ kw³ wn‡m‡e KvR 
K‡i| 
 

6.5 Av‡cwÿK Zvc (Specific Heat) 

 
Zvc ZvcgvÎv Ges Gi mv‡_ m¤úK© i‡q‡Q G iKg A‡bK¸‡jv welq wb‡q Av‡jvPbv Kiv n‡jI, 
GKUv e¯‘i ZvcgvÎv KZUzKz evo‡Z n‡j †mLv‡b KZUzKz Zvc w`‡Z n‡e †mwU GLv‡bv Av‡jvPbv 
Kiv nqwb| †Zvgiv nq‡Zv jÿ K‡i _vK‡e LvwbKUv cvwb‡K DËß Ki‡Z †ek A‡bÿY Pzjvi Ici 
†i‡L †mUv‡Z Zvc w`‡Z nq| cÖvq mg cwigvY avZe †Kv‡bv e¯‘‡K †mB GKB ZvcgvÎvq DËß 
Ki‡Z wKš‘ †gv‡UI †ewk mgq DËß Ki‡Z nq bv| Gi KviY cvwbi Av‡cwÿK Zvc †ewk †mB 

Zzjbvq avZe c`v‡_©i Av‡cwÿK Zvc A‡bK Kg| 1 ݇݃ c`v‡_©i ZvcgvÎv 1° evov‡Z †h cwigvY 

Zv‡ci cÖ‡qvRb †mwU n‡”Q H c`v‡_©i Av‡cwÿK Zvc| A_©vr hw` ݉ f‡ii †Kv‡bv 

c`v_©‡K ଵܶ†_‡K ଶܶ ZvcgvÎvq wb‡Z ܳ Zv‡ci cÖ‡qvRb nq Zvn‡j Av‡cwÿK Zvc ݏ  n‡”Q: 
 

ݏ ൌ
ܳ

݉ሺ ଶܶ െ  ଵܶሻ 

 

Av‡cwÿK Zv‡ci GKK ି݃݇ܬଵିܭଵ 

Zvc aviY ÿgZv ܥ ej‡Z †evSv‡bv nq GKUv e ‘̄i ZvcgvÎv 1° evov‡Z KZ Zv‡ci cÖ‡qvRb| 

Av‡cwÿK Zvc n‡”Q 1 ݇݃ f‡ii  1° evov‡Z KZ Zv‡ci cÖ‡qvRb ZvB e¯‘i Av‡cwÿK Zvc 
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†R‡b wb‡j Avgiv Lye mn‡RB †h †Kv‡bv e¯‘i Zvc aviYÿgZv ܥ †ei Ki‡Z cvie| KviY e¯‘i 

݉ nq, Av‡cwÿK Zvc ݏ nq Zvn‡j 

ܥ ൌ  ݏ݉

fi hw` 

10 ݇݃ †mvbvi Zvc aviYÿgZv n‡”Q 

ܥ  ൌ 10 ൈ ଵିܭܬ 230  ൌ   ଵିܭܬ 2300

 

 
‡m Zzjbvq cvwbi Zvc aviYÿgZv 
 

ܥ  ൌ 10 ൈ ଵିܭܬ 4200  ൌ   |ଵ cªvq 20 ¸Y †ewkିܭܬ 42,000
 
Zvi A_© †mvbv wKsev Ab¨ †Kv‡bv avZz‡K PU K‡i DËß Kiv hvq wKš‘ cvwb‡K GZ mn‡R DËß Kiv 
hvq bv|  
6.6 K¨v‡jvwiwgwZi g~jbxwZ (Fundaamental principle of Calorimetry) 
 
kxZKv‡j †Mvmj Kivi mgq 
A‡bK mg‡qB Avgiv evjwZi 
VvÊv cvwb‡Z LvwbKUv cÖvq 
dzUšÍ Mig cvwb †X‡j w`B| 
dzUšÍ Mig cvwb evjwZi kxZj 
cvwb‡K Zvc w`‡Z w`‡Z VvÊv 
n‡Z _v‡K| evjwZi kxZj 
cvwbI Mig dzUšÍ cvwb †_‡K 
Zvc wb‡Z wb‡Z DËß n‡Z 
_v‡K| wKQzÿ‡Yi gv‡S †`Lv 
hvq DËß cvwbi ZvcgvÎv K‡g 
Ges kxZj cvwbi ZvcgvÎv 
†e‡o cy‡iv cvwbUzKzB GKUv Avivg`vqK DòZvq P‡j G‡m‡Q| 

Qwe 6.7: Zvc cÖ‡qvM Kivi mgq MjbvsK Ges ùzUbvs‡Ki ZvcgvÎvi 
cwieZ©b nq bv| 

 Avgiv B‡”Q Ki‡jB †Kvb c`v‡_©i †Kvb ZvcgvÎvi e¯‘i mv‡_ Ab¨ †Kvb ZvcgvÎvi †Kvb 
e ‘̄ †gkv‡j †K KZUzKz Zvc †`‡e ev †b‡e Ges †kl ch©šÍ KZ ZvcgvÎvq †cuŠQv‡e GB welq¸‡jv 
†ei K‡i †dj‡Z cvie| Zv Ki‡Z n‡j Avgv‡`i ïay K‡qKUv wbqg g‡b ivL‡Z n‡e: w
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 (i) ‡ewk ZvcgvÎvi e ‘̄ Kg ZvcgvÎvi e ‘̄i Kv‡Q Zvc w`‡Z _vK‡e hZÿb ch©šÍ bv `y‡Uv 

ZvcgvÎvB mgvb nq|  (ii) DËß e ‘̄ hZUzKz Zvc cwiZ¨vM Ki‡e, kxZj e¯‘ wVK ZZUzKz Zvc MÖnY 
Ki‡e| (Avgiv a‡i wb‡qwQ GB cÖwμqv‡Z Ab¨ †Kv‡bvfv‡e †Kv‡bv Zvc bó n‡”Q bv|) 
 

D`vniY 6.8:  30°ܥ ZvcgvÎvq 1 ݈݅ݎ݁ݐ cvwb‡Z 100݃݉ IR‡bi GK UzK‡iv eid †Q‡o 
†`qv nj| cy‡iv eidwU M‡j hvevi ci †gvU cvwbi ZvcgvÎv KZ n‡e? (ei‡di myß Zvc 
ܮ ൌ  (݃݇/ܬ݇ 334
 
DËi : ei vÎ  a‡i ܥ°
ei‡di f 10 ݉
݉ cvwbi fi ݎ݁ݐ݈݅ 1 ݃

‡d gi Zvc v 0 wbB| 
i ݉ଵ ൌ 0݃ ൌ 0.1݇݃ 

ଶ ൌ 1݇  
cvwbi Av‡cwÿK Zvc ݏ ൌ 4.2 ൈ 10ଷ ܥ°/ܬ 
 
eidUzKz Mj‡Z †h Ges eid Mjv cvwbi P~ovšÍ ZvcgvÎvq †cuŠQv‡Z †h Zv‡ci cÖ‡qvRb n‡e †mB 
ZvcUzKz 1݇݃ cvwb‡K mieivn Ki‡Z n‡e| aiv hv  cvwbi P~ovšÍ ZvcgvÎv ܶ, Zvn‡j eid †h 
cwigvY Zvc MªnY Ki‡e †m¸‡jv n‡jv : 

K

  Mjvi Rb¨ cÖ‡qvRbxq Zvc: ݉ଵܮ 
  Mjvi ci 0°ܥ K ܶ ch©šÍ ZvcgvÎv evovi Rb¨ Zvc: ݉ଵݏሺܶ െ 0ሻ   †_‡

GB Zvc¸‡jv mieivn Ki‡e evwK vi ZvcgvÎv K‡g hv‡e| A_©vr: 
 

 ݉ଶ cvwb, Kv‡RB Z

 Zvc mieivn Kiv n‡e: ݉ଶݏሺ30°ܥ െ ܶሻ 
 

 
ỳ‡Uv Zvc mgvb n‡Z n‡e| Kv‡RB: 

݉ଵܮ ൅ ݉ ݏ ܶሻ ଵܶݏ ൌ ݉ଶ ሺ30°ܥ െ

ܶ ൌ
ܥ30° ൈ ݉ଶݏ െ ݉ଵܮ

 

ሺ݉ଵ ൅ ݉ଶሻݏ  

 

ܶ ൌ
30 ൈ 1 ൈ 4.2 ൈ 10ଷ െ 0.1 ൈ 334 ൈ 10ଷ

ሺ1 .2 ൈ 10൅ 0.1ሻ4 ଷ ൌ  ܥ20°

 
D`vniY 6.9:  75°ܥ  ZvcgvÎvi 2 ݈݅ݎ݁ݐ cvwb‡Z 20°ܥ  ZvcgvÎvi 1 ݈݅ݎ݁ݐ cvwb †hvM 
Kiv n‡j P~ovšÍ ZvcgvÎv KZ? 
 
DËi : aiv hvK P~ovšÍ ZvcgvÎv ܶ  Zvn‡j 2 ݈݅ݎ݁ݐ cvwbi ZvcgvÎv 75°ܥ  †_‡K K‡g †mwU ܶ 
†Z †cuŠQv‡e| GB ZvcUzKz MÖnY K‡i 2 ݈݅ݎ݁ݐ cvwbi ZvcgvÎv 20°ܥ  †_‡K †e‡o ܶ †Z 

 Kv‡RB  †cuŠQv‡e|
 
cvwbi fi ݉ଵ ݎ݁ݐ݈݅ 1 ൌ 1݇݃ 
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݉ cvwbi fi ݎ݁ݐ݈݅ 2 ݃ଶ ൌ 2݇  
cvwbi Av‡cwÿK Zvc ݏ ൌ 4 1.2 ൈ 0ଷ ܥ°/ܬ 

ଵ ሺ ܶሻ ൌ ݉ ሻܥ° ݏ ܥ75° െ ݉ଶݏሺܶ െ 20

ܶ ൌ
ሺ75݉ଵ ൅ 20݉ଶሻݏ

൅ ݉ଶሻݏ

 

ܥ° ൌ
75 ൈ 2 ൅ 20

൅ 1 ܥ° ൌ  ܥ56.6°

 

ሺ݉ଵ 2
 
D`vniY 6.10:   120°ܥ  ZvcgvÎvq DËß 10݃݉ IR‡bi GK UzK‡iv †jvnv GKUv cv‡Î 
ivLv 30°ܥ   ZvcgvÎvi 1 ݃ †Q‡o †`qv n‡jv| cvwbi ZvcgvÎv KZ n‡e? ݇  cvwb‡Z 

DËi: ‡jvnvi fi ݇  
 

 ݉ଵ ൌ 0.0
      cvwbi fi ݉ଶ ൌ 1݇

1 ݃
 

 ‡jvnvi Av‡cwÿK Zvc  ܥ°
݃
ଵݏ  ൌ 0.45 ൈ 10ଷܬ/

 cvwbi Av‡cwÿK Zvc ݏଶ ൌ 4.2 ൈ 10ଷ ܥ°/ܬ  
 
†jvnvi UzK‡iv hZUzKz Zvc nviv‡e cvwb wVK ZZUzKz Zvc MÖnY Ki‡e| Kv‡RB   

ܶ n‡jv 

ܥ0° െ ܶሻ ൌ ݉ଶݏଶሺܶ െ  ሻܥ30°

‡jvnvi P~ovšÍ ZvcgvÎv 

݉ଵݏଵሺ12

ܶ ൌ
120݉ଵݏଵ ൅ 30݉ଶݏଶ

݉ଵݏଵ ൅ ݉ଶݏଶ

 

 

ൌ
120 ൈ 0.01 ൈ 0.45 ൈ 10ଷ ൅ 30 ൈ 1 ൈ 4.2 ൈ 10ଷ

0.01 ൈ 0.45 ൈ 10ଷ ൅ 1 ൈ 4.2 ൈ 10ଷ  ܥ°

ܶ ൌ  ܥ30.1°
 

 

6.7 MjbvsK Ges ùzUbvs‡Ki Ici 
Pv‡ci cÖfve (Effect  of  Pressure 

on  Melting  Point  and  Boiling 
Point) 
 
Pvc †`qv n‡j c`v‡_©i MjbvsK K‡g hvq, 
ZvB ỳB UzKiv eid‡K Pvc w`‡q GK 
UzK‡iv ei‡d cwiYZ K‡i †djv hvq| 
ei‡di †hLv‡b Pvc c‡o‡Q †mLv‡b 

 

Qwe 6.8: GKwU eid LÊ‡K myÿè Zv‡ii Pvc w`‡q KvUv m¤¢e| 
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MjbvsK K‡g hvq e‡j ei‡di ZvcgvÎv‡ZB †mLvbKvi eid M‡j hvq, Pvc mwi‡q wb‡j MjbvsK 
Av‡Mi gvb wd‡i cvq ZLb M‡j hvIqv cvwb Avevi ei‡d cv‡ë wM‡q GKUv eid LÊ n‡q hvq| 
GKUv ei‡di Ici GKUv Zvi Ges Zv‡ii `yB cv‡k ỳwU IRb Szwj‡q w`‡j g‡b n‡e ZviwU 
eid‡K †K‡U ỳB UzK‡iv K‡i †d‡j‡Q, wKš‘ eidwU cixÿv Ki‡j †`Lv hv‡e †mwU ALÊ GK 

UzK‡iv eidB Av‡Q (Qwe 6.8:)| 
Pv‡ci Kvi‡Y ùzUvbvs‡Ki cwieZ©b nq| Pvc Kg n‡j ùzUvbvsK K‡g hvq, Pvc †ewk n‡j 

ùzUvbvsK †e‡o hvq| GRb¨ hviv ce©Zv‡ivnb K‡i A‡bK D”PZvq hvq Zv‡`i wKQz ivbœv Ki‡Z mgq 
†ewk †bqÑ evZv‡mi Pvc Kg e‡j †mLv‡b cvwb Zzjbvg~jKfv‡e Kg ZvcgvÎvq dzU‡Z _v‡K ZvB 
ZvcgvÎv evov‡bv hvq bv †mRb¨ ivbœv Ki‡Z mgq †ewk jv‡M| GKB Kvi‡Y †cÖkvi KzKvi ˆZwi 
n‡q‡Q, GwU Avm‡j GKwU wbw”Q ª̀ cvÎ, ZvB ivbœv Kivi mgq ev®ú Ave× n‡q Pvc evwo‡q †`q Ges 
†m Kvi‡b cvwbi ùzUvbvsK †e‡o hvq e‡j †ewk ZvcgvÎvq cvwb dzU‡Z _v‡K| ZvcgvÎv †ewk e‡j 
ivbœvI Kiv hvq ZvovZvwo| 
 M¨vm‡K Pvc w`‡j Zvi MjbvsK †e‡o hvqÑ ZvB Lye †ewk kxZj bv K‡iB Pvc evwo‡q 
M¨vm‡K Zij Kiv hvq| ZLb Aewk¨ A‡bK Zv‡ci m„wó nqÑ †mB Zvc‡K mwi‡q †bqvi e¨e¯’v 
Ki‡Z nq|  
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Abykxjbx 
cÖkœ : 
1. GKwU Kv‡Pi cv‡Î cvi` †i‡L DËß Kiv n‡j cÖ_‡g cvi‡`i D”PZv K‡g Zvici evo‡Z 

_vK‡e| †Kb? 
2. gnvk~b¨Ñ †hLv‡b †Kv‡bv AYy-cigvYy †bB †mLv‡b wK ZvcgvÎvi Aw¯ÍË¡ Av‡Q? 
3. A‡bK wf‡oi †fZ‡i f¨vcmv Mig †_‡K †Lvjv RvqMvq G‡j kxZj Abyfe Kwi †Kb? 
4. Kv‡Pi Møv‡m cvwb‡Z eid w`‡j Møv‡mi Mv‡q we› ỳ we› ỳ cvwb R‡g †Kb? 
5. †cÖkvi KzKv‡i ZvovZvwo ivbœv Kiv hvq †Kb? 
 
MvwYwZK cÖkœ : 
1. weÁvbx †mjwmqvm †h _v‡g©vwgUvi cÖeZ©b K‡iwQ‡jb †mB _v‡g©vwgUv‡i ei‡di MjbvsK wQj 

 cvwbi ev®úxfeb ! †mB _v‡g©vwgUv‡ii †Kvb ZvcgvÎvq †mjwmqvm Ges ,ܥ100°
dv‡ibnvBU Îvi mgvb?

wQj 0°ܥ
 

2. †Kvb ZvcgvÎvq †mvbvi NbZ¡ 0.001% K‡g hv‡e? 
Zvcgv

3. GKUv DËß 1݃݉ ‡bi †jvnvi UzKiv 3  ZvcgvÎvq 1 ݈݅ݎ݁ݐ cvwb‡Z †Q‡o †`qvi ci 
v i ZvcgvÎv  †e‡o †Mj| †jvnvi vwUi ZvcgvÎv KZ wQj? 

 IR ܥ0°
c wb ܥ15° UzK‡i

ZvcgvÎvi 1݃݉ ei‡d cÖwZ †m‡KÛ 10 ܥ0° .4 ‡ Zvc cÖ`vb Ki ZÿY ci cy‡ivwU 
ev®úxf~Z n‡e? 

K ܬ i v n‡j K

5. GKwU wbw”Q`ª wmwjÛv‡i Ave× M¨v‡mi ZvcgvÎv 30°ܥ †_‡K evwo‡q 100°ܥ Kiv n‡j M¨v‡mi 
Pvc KZ kZvsk †e‡o hv‡e? 

 w
w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



 

 

 
 

mßg Aa¨vq 
Zi½ I kã 

(Waves and Sound) 
 

†gix Kzwi 

 

Marie Curie (1867‐1934) 

†gix Kzwi GKRb †cvwjk c`v_©weÁvbx Ges imvqbwe` wQ‡jb| Zuvi Lye 
kL wbR †`‡k KvR Ki‡eb wKš‘ gwnjv e‡j wbR †`‡k †Kv‡bv KvR Lyu‡R 
cvbwb ZvB d«v‡Ý Zvi ¯^vgx wcqv‡i Kzwii mv‡_ Kg©Rxeb KvwU‡q 
w`‡q‡Qb| †ZR¯‹…qZvi Ici Zuvi KvR Zuv‡K c`v_©weÁvb Ges imvq‡b 
ỳwU †bv‡ej cyi¯‹vi G‡b †`q| wZwb GKB mv‡_ wQ‡jb cÖ_g gwnjv 

†bv‡ej cyi¯‹vi weRqx| Zvi Rxeb wQj NUbveûj Ges ag©vÜ gvby‡liv 
Zv‡K bvw¯ÍK e‡jI bvbv fv‡e hš¿Yv w`‡qwQj| †ZR¯Œ„qZv wb‡q KvR 
Kivi Kvi‡Y wZwb †ivMvμvšÍ n‡q g„Zz¨eiY K‡ib| 
 
 
 
 

 
7.1 mij ¯ú›`b MwZ (Simple Harmonic Motion) 
 
GKUv w¯úªs‡qi wb‡P GKUv fi jvwM‡q †mUv †U‡b †Q‡o w`‡j GUv Dc‡i wb‡P Ki‡Z _v‡K| (Z…Zxq 
Ges PZz_© Aa¨v‡q Avgiv GB MwZwU e¨vL¨v K‡iwQ|) Avgiv †`‡LwQ Nl©‡Yi Rb¨ ev Ab¨vb¨fv‡e 
kw³ÿq n‡q e‡j GUv GKmgq †_‡g hvqÑ Zv bv n‡j GUv AbšÍKvj Ici wbP Ki‡Z _vKZ| 
Avgiv GUvI †`‡LwQ mij ¯ú›`b MwZ‡Z w¯úªs‡qi mv‡_ jvMv‡bv fiwUi kw³ MwZkw³ Ges wefe 
kw³i gv‡S wewbgq K‡i Ges G me¸‡jv N‡U KviY w¯úªs‡qi ejwU ûK Gi m~Î †g‡b P‡j| û‡Ki 

m~ÎwU Avevi g‡b Kwi‡q †`qv hvq, w¯úªs‡qi aªæe hw` nq ݇, fi hw` nq ݉ Ges Ae¯’vb hw` nq ݔ 

Zvn‡j Zvi Ici Av‡ivwcZ ej ܨ n‡”Q  

ܨ ൌ െ݇ݔ 
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û‡Ki m~‡Îi Kvi‡Y †h Qw›`Z ev ¯ú›`b MwZ nq †mUv‡K e‡j mej ¯ú›`b MwZ| c`v_©weÁv‡bi 
me‡P‡q ¸iæZ¡c~Y© MwZ¸‡jvi GKwU n‡”Q GB MwZ| 
 ‡Zvgv‡`i GB eB‡q GUv †ei K‡i †`Lv‡bvi my‡hvM †bB wKš‘ Rvwb‡q ivL‡Z ÿwZ Kx? hw` 

GKUv w¯úªs‡qi aªæe nq ݇ Ges fi nq ݉  †`vjbKvj n‡e Zvn‡j fiwUi

ܶ ൌ 2πඨ ݇
݉

 

hw` GUv w¯úªs bv n‡q GKUv my‡Zvq Szjv‡bv †cÛzjvg n‡Zv Ges my‡Zvi ˆ`N©¨ n‡Z ݈ Avi 

gva¨vKl©YRwbZ Z¡iY n‡Zv ݃ Zvn‡j †`vjb Kvj n‡Zv : 

ܶ ൌ 2πඨ
݈
݃

 

 (bv †Kv‡bv fzj nqwb Zzwg GKUv nvjKv fiB †SvjvI Avi fvix fiB †SvjvI †`vjb Kvj GKB 
_vK‡e GUv f‡ii Ici wbf©i K‡i bv|) Zvi †P‡q eo K_v GKUv myZvq GKUv fi Szwj‡q ỳwj‡q 

w`‡qwQ Zvi †`vjb Kv‡j Ab¨ me wKQz Avm‡Z cv‡i wK v_v †_‡K P‡j Gj? †Kb Gj? š‘ π †K

D`vniY 5.1:  1 ݉ j¤^v GKUv myZv w`‡q 10݃݉ f‡ii GKUv cv_i Szwj‡q `vI| Zvi †`vjb 
Kvj KZ? 

 

 
DËi: 

ܶ ൌ 2πඨ
݈
݃ ൌ 2πඨ 1

9.8 ݏ ൌ  ݏ2.0

 
cv_iUvi IRb 10݃݉ bv n‡q Ab¨ wKQz n‡jI †`vjbKvj GKB _vKZ| B‡”Q Ki‡j Zzwg 
GLbB †`vjb Kvj †g‡c Zzwg †mLvb †_‡K ݃ Gi gvb †ei Ki‡Z cvi‡eÑ †Póv K‡i †`‡Lv! 

 
GKUv w¯úªs‡qi wb‡P GKUv fi jvwM‡q †i‡L w`‡j fiUv w¯úªsUv‡K †U‡b GKUz j¤^v K‡i †mB 

Ae¯’v‡b w¯’i n‡q _v‡K| w¯úªs‡qi GB ˆ`N©¨Uv‡K ejv hvq mvg¨ Ae¯’v (Qwe 7.1‐ 0)| 

 GLb hw` fiUv‡K †U‡b GKUz wb‡P ܽ ~̀iZ¡ bvwg‡q G‡b †Q‡o w`B (Qwe 7.1‐1) Zvn‡j 

fiUv Dc‡ii w`‡K DV‡Z _vK‡e, mvg¨ Ae¯’v cvi n‡q GUv Dc‡i ܽ ~̀iZ¡ D‡V hv‡e Zvici Avevi 

wb‡P bvg‡Z _vK‡e mvg¨ Ae¯’v cvi n‡q wb‡P †b‡g hv‡e Ges GUv Pj‡ZB _vK‡e| 

fiUv hLb 2 െ 3 െ 4 െ 1 Ae¯’vb †kl K‡i †h Ae¯’vb ïiæ K‡iwQj wVK GKB  

Ae ’̄v‡b (2) GKBfv‡e (Dc‡ii w`‡K ݒ †e‡M MwZkxj) wd‡i Av‡m ZLb Avgiv ewj GKUv c~Y© w
w
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¯ú›`b n‡q‡Q| g‡b ivL‡Z n‡e 2 െ 3 െ 4 n‡jI wKš‘ †h Ae¯’vb †_‡K ïiæ K‡i‡Q †mB 

Ae¯’v‡b wd‡i Avm‡e wKš‘ GUv c~Y© ¯ú›`b bq KviY cÖ_g 2 wU‡Z Dc‡ii w`‡K hv‡”Q Ges c‡ii 

4 wU‡Z wb‡Pi w`‡K hv‡”Q, Kv‡RB GK Ae¯’v‡b GKBfv‡e wd‡i Avmv n‡jv bv| 
 mij ¯úw›`Z MwZ we‡kølY Ki‡Z n‡j Avgv‡`i K‡qKUv ivwk e¨vL¨v K‡i †bqv fv‡jv| 

cÖ_gwU n‡Z cv‡i ch©vq Kvj ev †`vjb Kvj ܶ| GKUv c~Y© ¯ú›`b n‡Z †h mgq †bq †mUv n‡”Q 

ch©vqKvj ev †`vjb Kvj ܶ| K¤úv¼ ݂ n‡”Q cÖwZ †m‡KÛ c~Y© ¯ú›`‡bi msL¨v A_©vr ݂ ൌ ଵ
்
 

ch©vqKvj ܶ hw` †m‡KÛ cÖKvk Kwi Zvn‡j ݂ Gi GKK n‡”Q nvU©R (ݖܪ) 

Qwe 7.1: (0) n‡”Q mvg¨ Ae¯’v| †U‡b (1) Ae ’̄v‡b wb‡q †Q‡o †`evi ci w¯úswU mij ¯úw›`Z †e‡M ỳj‡Q| 

 
 mij ¯úw›`Z MwZ‡Z we¯Ívi n‡”Q mvg¨ve¯’v †_‡K me‡P‡q †ewk Dc‡i IVv (wKsev wb‡P 

bvgv) ~̀iZ¡| 7.1 Qwe‡Z †hfv‡e †`Lv‡bv n‡q‡Q †mLv‡b we¯Ívi n‡”Q ܽ. 
 

 Gi c‡ii ivwkwU n‡”Q `kv (Phase), w¯úªs‡q jMv‡bv fiwU hLb IVvbvgv Ki‡Q, ZLb 
†Kv‡bv GK gyn~‡Z© hw` fiwUi w`‡K ZvKvB Zvn‡j Avgiv †`Le †mwU mvg¨ve ’̄v †_‡K †Kv‡bv GKwU 
~̀i‡Z¡ _vK‡e †mB Ae¯’vbwU n‡”Q Zvi `kv| mij ¯ú›`b MwZ‡Z fi Ges w¯úªs‡qi GB wbw`©ó 

Ae¯’vwU ûeû GKBfv‡e wd‡i Avm‡e Avevi wVK GKch©vq Kvj c‡i| c`v_©weÁv‡bi fvlvq ejv 
hvq mij ¯úw›`Z MwZ‡Z †Kv‡bv GK gyn~‡Z© †h `kv nq GK †`vjb Kvj ci Avevi †mB `kv wd‡i 
Av‡m| 
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7.2 Zi½ (Wave) 
 
Avgiv mevB Zi½ †`‡LwQ, GKUv cvwb‡Z wXj Qz‡o w`‡j †mB we› ỳ †_‡K cvwbi Zi½ Pvwiw`‡K 
Qwo‡q c‡o| N‡i evwZ R¡vjv‡j †h Av‡jv N‡i Qwo‡q c‡o †mUvI Zi½| Avgiv hLb K_v ewj Avi 
kãUv hLb GK RvqMv †_‡K Ab¨ RvqMvq †cuŠ‡Q hvq †mUvI Zi½| GKUv w¯úªs‡K msKzwPZ K‡i 
†Q‡o w`‡j Zvi †fZi w`‡q †h wePz¨wZwU Qz‡U hvq †mUvI Zi½, GKUv Uvb K‡i ivLv `woi gv‡S 
SuvKzwb w`‡j †h wePz¨wZwU `wo w`‡q Qz‡U hvq †mUvI Zi½| GK K_vq ejv hvq Zi½wU Kx Avgiv 
†mUv Abyfe Ki‡Z cvwi, wKš‘ hw` Zvi Rb¨ c`v_©weÁv‡bi fvlvq GKUv my›`i msÁv w`‡Z PvB 
Zvn‡j Kx eje? 
 mnR fvlvq ejv hvq Zi½ n‡”Q, GKUv gva¨‡gi †fZi w`‡q GK RvqMv †_‡K Ab¨ 
RvqMvq kw³ cvVv‡bvi GKUv cÖwμqv, †hLv‡b gva¨‡gi KYv¸‡jv Zvi wb‡Ri Ae¯’v‡b ¯úw›`Z n‡Z 
cv‡iÑ wKš‘ †mLvb †_‡K m‡i hv‡e bv|  

Avgiv Gev‡i hvPvB K‡i †`L‡Z cvwi Avgv‡`i GB msÁvwU Avgv‡`i AwfÁZvi mv‡_ 
†g‡j wK bv| b`xi gvSLvb w`‡q GKUv jÂ hvevi mgq †h †XD ˆZwi K‡i †mB †XD b`xi K~‡j 
G‡m AvNvZ K‡i, Kv‡RB wbwðZfv‡e ejv hvq GK RvqMv †_‡K Ab¨ RvqMvq kw³ cvVv‡bv 
n‡q‡Q| †mB mg‡q b`xi cvwb‡Z fvmgvb †Kv‡bv KPzwi cvbvi w`‡K ZvKv‡j Avgiv †`Le hLb 
†XDwU hv‡”Q †mB gyn~‡Z© KPzwi cvbvwU Dc‡i D‡V‡Q Ges wb‡P †b‡g‡Q Ges †XD P‡j hvevi ci 
Avevi Av‡Mi g‡Zv w¯’i n‡q †M‡Q Ges †gv‡UI †XD‡qi mv‡_ mv‡_ Zx‡i G‡m AvQ‡o c‡owb| 
 mij ¯ú›`b MwZi mv‡_ Zi‡½i m¤úK©Uv GLb wbðqB †Zvgiv eyS‡Z cviQ| GKUv 
gva¨‡gi †Kv‡bv GKUv  wbw`©ó we› ỳi w`‡K hw` Avgiv ZvwK‡q _vwK Zvn‡j hLb Zvi †fZi w`‡q 
GKUv Zi½ †h‡Z _v‡K ZLb †mB we› ỳwUi mij ¯ú›`b MwZ nq| KPzwi cvbvi †ejvq †hUv 
N‡UwQj, hZÿY Zvi †fZi w`‡q cvwbi Zi½Uv wM‡q‡Q ZZÿY †mLv‡b mij  ¯ú›`b MwZ n‡q‡Q| 
mij ¯ú›`b MwZi gv‡S Zi½ †bB, wKš‘ Zi‡½i cÖ‡Z¨KUv we› ỳ GKUv GKUv mij ¯ú›`b MwZ| 
 Kv‡RB Zi‡½i Rb¨ Avgv‡`i †`qv msÁvwU mwVK| Z‡e g‡b ivL‡Z n‡e Av‡iv A‡bK 
ai‡bi Zi½ Av‡Q hvi Rb¨ GB msÁvwU cy‡ivcywi mwVK bvI n‡Z cv‡i| Avgiv Zi‡½ hvevi Rb¨ 
GKUv gva¨‡gi K_v e‡jwQ wKš‘ m~h© †_‡K Av‡jv hLb c„w_ex‡Z †cuŠQvq ZLb Zvi Rb¨ †Kv‡bv 
gva¨‡gi cÖ‡qvRb nq bv| Av‡jv n‡”Q we ỳ¨r †PŠ¤̂Kxq Zi½Ñ †mUv wb‡q beg Aa¨v‡q Avgiv 
Av‡jvPbv Kie| MÖ¨vwfwU I‡qf bv‡g GK ai‡bi Zi‡½i K_v weÁvbxiv ej‡Qb, †mwU GL‡bv †`Lv 
m¤¢e nqwb wKš‘ Zvi Rb¨I †Kv‡bv gva¨‡gi cÖ‡qvRb †bB| c`v_©weÁv‡bi PgKcÖ` kvLv †Kvqv›Uvg 
†gKvwb‡· I‡qf dvskb e‡j Ab¨ GK ai‡bi Zi‡½i K_v ejv nq †mwU Av‡iv wewPÎ, †mLv‡b 
mivmwi Zi½wU †`Lv hvq bv ïay Zvi cÖwZwμqv Abyfe Kiv hvq|  w
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 Kv‡RB Avgiv AvcvZZ Avgv‡`i Av‡jvPbv mxgve× ivLe ïay †mB me Zi‡½i gv‡S hvi 
Rb¨ KwVb Zij ev M¨v‡mi g‡Zv gva¨‡gi `iKvi nq| GB ai‡bi Zi‡½i bvg hvwš¿K Zi½| 
 

7.2.1 Zi‡½i ˆewkó¨ 
Zi½ wb‡q Av‡jvPbv Kivi mgq Zvi K‡qK ai‡bi ˆewk‡ó¨i K_v D‡V G‡m‡Q, GLv‡b Avgiv 
Zi‡½i, we‡kl K‡i hvwš¿K Zi½i me ˆewkó¨ wb‡q Av‡jvPbv Kie| 

  
(i) hvwš¿K Zi‡½i Rb¨ gva¨‡gi `iKvi nq| cvwb‡Z †XD nq, GKUv w¯úªs‡q Zi½ cvVv‡bv hvq, 
GKUv `wo‡Z Zi½ m„wó Kiv hvq| Avgiv †h kã ïwb †mUvI GKUv Zi½ Ges Zvi gva¨g n‡”Q 
evZvm| 
 

(ii) GKUv gva¨‡gi †fZi w`‡q hLb Zi½ †h‡Z 
_v‡K ZLb KYv¸‡jv wbR Ae¯’v‡b †_‡K ¯úw›`Z 
nq (Kvu‡c wKsev Ici-bx‡P hvq) wKš‘ KYv¸‡jv 
wb‡R Zi‡½i mv‡_ mv‡_ m‡i hvq bv| 
 

(iii) Zi‡½i †fZi w`‡q kw³ GK¯’vb †_‡K Ab¨ 
¯’v‡b †h‡Z cv‡i| kw³ hZ †ewk nq Zi‡½i we¯Ívi 
ZZ †ewk nq| kw³ Zi‡½i we¯Ív‡ii e‡M©i 
mgvbycvwZKÑ A_©vr we¯Ívi hw` wØ¸Y nq kw³ nq 
Pvi ¸Y| 
 

(iv) me Zi‡½B GKUv †eM _v‡K †mB †eM Zvi 
gva¨‡gi cÖK„wZi Ici wbf©i K‡i| evZv‡m k‡ãi †eM 330 ݉/ݏ cvwb‡Z GB †eM 1439 ݉/ݏ! 
wX‡j GKUv `wo‡Z GKUv Zi‡½i hZ †eM n‡e Uvb Uvb K‡i ivLv `wo‡Z n‡e Zvi †_‡K †ewk| 

Qwe 7.2: wfbœ cÖ¯’‡”Q‡`i Zv‡ii †fZi GKwU 
Zi½ cÖwZdwjZ Ges cÖwZmwiZ n‡”Q| miæ Zvi 
†_‡K †gvUv Zv‡i †M‡j GK ai‡bi cÖwZdjb nq 

(a) Avevi †gvUv Zvi †_‡K miæ Zv‡i †M‡j Ab¨ 

ai‡bi cÖwZdjb nq (b) 

 

(v) Zi‡½i cÖwZdjb wKsev cÖwZmiY nq, c‡ii Aa¨v‡q Av‡jvi Rb¨ GwU A‡bK eo K‡i 
Av‡jvPbv Kiv n‡q‡QÑ AvcvZZ †R‡b ivL GK gva¨g †_‡K Ab¨ gva¨‡g hvevi mgq Zi‡½i 

LvwbKUv hw` cÖ_g gva¨‡g wd‡i Av‡m †mUv n‡”Q cÖwZdjb| (Qwe 7.2) Zi½ hLb cÖ_g gva¨g 
†_‡K wØZxq gva¨‡g hvq †mUv n‡”Q cÖwZmiY| Avgiv hLb k‡ãi cÖwZaŸwb ïwb †mUv n‡”Q k‡ãi 
cÖwdjb| cvwb‡Z Wz‡e _vKv Ae¯’vq hw` evB‡ii kã ïwb †mUv n‡”Q cÖwZmiY| 
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(vi) Zi‡½i hZ¸‡jv ˆewkó¨ Av‡Q, Zvi gv‡S me‡P‡q ¸iæZ¡c~Y© ‰ewkó¨ n‡”Q DcwicvZb, hw`I 
Avgv‡`i ˆ`bw›`b Rxe‡b †mUv Avgv‡`i Lye †ewk †Pv‡L c‡obv| aiv hvK `ywU wfbœ wfbœ RvqMv 

†_‡K GK RvqMvq `ywU Zi½ G‡m nvwRi n‡q‡QÑ GKwU Zi½ hLb gva¨gwU‡K Dc‡i Zzj‡Z †Póv 
Ki‡Q Ab¨wU ZLb Zv‡K bvgv‡bvi †Póv Ki‡Q, ZLb Kx n‡e? GB ¸‡jv n‡”Q DcwicvZ‡bi welq, 
hLb Zi‡½i Av‡iv Mfx‡i hv‡e ZLb welq¸‡jv Av‡iv fv‡jvfv‡e †R‡b hv‡e, AvcvZZ ïaygvÎ 

mnR ỳwU welq Qwe 7.3 G †`Lv‡bv n‡q‡Q| ỳ‡Uv Zi½ GKwU Av‡iKwU‡K aŸsmI K‡i w`‡Z cv‡i 
Avevi GKwU Av‡iKwU‡K Av‡iv eoI K‡i w`‡Z cv‡i| 

 

    Qwe 7.3: ỳwU Zi½ †hvM n‡q Av‡iv eo Zi½ n‡Z cv‡i, Avevi GKwU Ab¨wU‡K wbt‡klI K‡i w`‡Z cv‡i| 

 

7.2.2 Zi‡½i cÖKvi †f` 
GKUv w¯úªs‡qi †fZi w`‡q GKUv 
Zi½ hvevi mgq Zi½wU w¯úªs‡K 
msKzwPZ Ges cÖmvwiZ K‡i GwM‡q 
hvq| Avevi GKUv `woi GK cªv‡šÍ 
GKUv SuvKzwb w`‡q GKUv Zi½ ˆZwi 
K‡i `woi gv‡S w`‡q cvVv‡bv hvq| 
ỳwU Zi‡½i gv‡S wKš‘ GKUv 

†gŠwjK cv_©K¨ Av‡Q| w¯úªs‡q 
Zi½wU wQj ms‡KvPb Ges 
cÖmvi‡Yi, w¯úªswUi ms‡KvPb Ges cÖmvi‡Yi w`K Ges Zi‡½i †eM GKB w`‡KÑ GB ai‡bi Zi‡½i 

bvg Aby‰`N©¨ Zi½| kã n‡”Q G iKg Aby‰`N©¨ Zi½ (longitudinal wave)| (Qwe 7.4) 

Qwe 7.4: kã n‡”Q evZv‡mi Pv‡ci Kvi‡ ms‡KvPb Ges cÖmvi‡Yi 

GKwU Aby‰`N©¨ Zi½| GLv‡b λ n‡”Q Zi½ ˆ`N©¨| 

 `woi †ejvq Avgiv hLb `wowU‡Z SuvKzwb w`‡q Zi½ ˆZwi K‡iwQ †mLv‡b `woi K¤úbwU 
wKš‘ Zi‡½i †e‡Mi w`‡K N‡U bv| K¤ú‡bi w`K A_©vr `woi IVv Ges bvgv Zi‡½i †e‡Mi mv‡_ w
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j¤^| GiKg Zi‡½i bvg AbycÖ¯’ Zi½ (transverse wave)| cvwbi †XD n‡”Q Gi GKwU 
D`vniY| 
 

7.2.3 Zi½ mswkøó ivwk 
mij ¯úw›`Z MwZ‡Z Avgiv †h mKj ivwki K_v e‡jwQ Zvi me¸‡jvB Avm‡j Zi‡½i †ejvq 
e¨envi Ki‡Z cvie| GKUv Zi‡½iI c~Y© ¯ú›`b nq, Zvi ch©vqKvj Av‡Q, K¤úv¼ Av‡Q Ges 
we¯Ívi Av‡Q| Avgiv †`‡LwQ †Kv‡bv GKUv Zi½ hvevi mgq Avgiv hw` gva¨‡gi †Kv‡bv GKUv 
KYvi w`‡K ZvwK‡q _vwK Zvn‡j †`Le †mB KYvwUi mij ¯úw›`Z K¤úb n‡”Q! Zi‡½i †ejvq 
Avgiv b~Zb ỳwU ivwki K_v ej‡Z cvwi hvi GKUv n‡”Q Zi½ ˆ`N©¨| Zi‡½i †h †Kv‡bv GKwU `kv 

†_‡K Zvi cieZ©x GKB `kvi gv‡S ~̀iZ¡ n‡”Q Zi½ ˆ`N©¨| (Qwe 7.4) A_©vr GKch©vq Kv‡j GKUv 
Zi½ †hUzKz ~̀iZ¡ AwZμg K‡i †mUvB n‡”Q Zi½ ˆ`N©¨| 

Zi‡½i gv‡S wØZxq Av‡iv GKwU ivwk i‡q‡Q †hUv mij ¯úw›`Z K¤ú‡b †bB, †mwU n‡”Q 
Zi‡½i †eM| cÖwZ †m‡K‡Û GKUv Zi½ †hUzKz ~̀iZ¡ AwZμg K‡i †mUvB n‡”Q Zi‡½i †eM| cÖwZ 

†m‡K‡Û †h KqwU ch©vq Kvj _v‡K †mwU n‡”Q K¤úvsK,  K¤úv¼ hw` ݂ Ges Zi½ ‰`N©¨ hw` λ nq 

Zvn‡j †eM ݒ 
 

ݒ  ൌ ݂λ  
 
GKUv Zi½ hLb GKUv gva¨g †_‡K Ab¨ gva¨‡g 
hvq ZLb Zvi †e‡Mi cwieZ©b nq †h‡nZz K¤úv¼ 
me mgq mgvb _v‡K ZvB Zi½ hLb GK gva¨g 
†_‡K Ab¨ gva¨‡g hvq ZLb Zvi Zi½ ˆ`‡N©¨i 
cwieZ©b nq| A_©vr Zi½ wewfbœ gva¨‡gi †fZi 
w`‡q hvevi mgq Zvi Zi½ ˆ`N©¨ wKsev †e‡Mi 
cwieZ©b nq wKš‘ K¤úv‡¼i ev ch©vqKv‡ji KL‡bv 
cwieZ©b nq bv|  

D`vniY 7.2:  Qwe 7.5 G GKwU Zi½ 
†`Lv‡bv n‡q‡Q Gi we¯ ½ ‰`N©̈  †`vjb K ¤úb Ges †eM †ei K‡iv| 

 

       Qwe 7.5: Ae ’̄v‡bi mv‡c‡ÿ GKwU Zi½|  

Ívi, Zi vj K

DËi: Zi½wUi we Í̄vi 0.1݉ Ges Zi½ ˆ`N©̈  2݉  GB Qwe‡Z †h Z_¨ †`qv Av‡Q †mLvb †_‡K 
ch©vq Kvj, K¤úb ev †eM †ei Kiv m¤¢e bq! Dc‡ii Zi½wU A‡bKUv GKUv Zi‡½i Av‡jvK 
wP‡Îi g‡Zv GLvb †_‡K Avi Ab¨ wKQz †ei Kiv m¤¢e bqÑGwU GKwU wbw`©ó mg‡q Zi‡½i 
Ae¯’v| mg‡qi mv‡_ Ae¯’v‡bi wKfv‡e cwieZ©b n‡q‡Q GLv‡b †m m¤ú‡K© †Kv‡bv Z_¨ †bB!   
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D`vniY 7.3:  Qwe‡Z Ab¨ GKwU Zi½ †`Lv‡bv n‡q‡Q Gi we Í̄vi Zi½ ˆ`N©¨ ch©vq Kvj K¤úb 
Ges †eM †ei K‡iv| 

DËi: GB Zi‡½i we Í̄vi 0.1݉, ch©vq 
Kvj 2ݏ, GB Qwe †_‡K Ab¨ †Kv‡bv Z_¨ 
†ei Kiv m¤¢e bv| GB QwewU‡Z GKUv 
wbw`©ó ¯’v‡b mg‡qi mv‡_ mv‡_ Zi½wU 
Kxfv‡e cwiewZ©Z n‡”Q †mwU †`Lv‡bv 
n‡q‡Q Kv‡RB GLvb †_‡K Zi½ ˆ`N©̈  KZ 
ejv m¤¢e bq| 

 

 
D`vniY 7.4:  7.7 Qwe‡Z GKwU wbw ©̀ó 
mg‡q wewfbœ Ae ’̄v‡b Ges GKwU wbw ©̀ó 

Ae ’̄v‡b wewfbœ mg‡q GKwU Zi‡½i wewfbœ Ae ’̄v †`Lv‡bv n‡q‡Q| Gi we Í̄vi, Zi½ ˆ`N©̈ , 
†`vjbKvj K¤úb Ges †eM †ei K‡iv| 

Qwe 7.6: mg‡qi mv‡c‡ÿ GKwU Zi½ 

 
DËi: cª_g Qwe †_‡K Avgiv †`L‡Z cvw”Q Zi½wUi 
 we Í̄vi ܽ ൌ 1݉ Zi½ ˆ`N©¨ λ ൌ 1݉ 
 
wØZxq Qwe †_‡K Avgiv †`L‡Z cvw”Q Zi½wUi  
 
 we Í̄vi ܽ ൌ  1݉
 ‡`vjb Kvj ܶ ൌ  ݏ0.2

 ‡`vjb Kvj †_‡K K¤úb ݂ †ei Ki‡Z cvwi 
 

݂ ൌ
1
ܶ ൌ ଵିݏ5 ൌ  ݖܪ5

 

Qwe 7.7: Ae¯’vb Ges mg‡qi mv‡c‡ÿ GKwU Zi½ 

 
Kv‡RB ỳwU Q  Z_¨ e¨envi K‡i Avgiv ej‡Z cvwi wei
Zi½wUi †eM ݒ 
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ݒ  ൌ λ݂ ൌ 1݉ ൈ  ଵିݏ/5݉
 

 

Qwe 7.8: wfbœ wfbœ Ae¯’v‡b GKwU Zi‡½i `kv 

D`vniY 7.5:  Qwe 7.8 G GKwU 
Zi‡½i wewfbœ Ae¯’v †`Lv‡bv n‡q‡Q, 
†Kvb †Kvb Ae ’̄v‡b `kv GK? 
 
DË

Ges ܤ †Z Zi‡½i gvb mgvb 
jI `k wecixZ 

i: ܣ Ges ܥ †Z `kv GK 
  ܣ
n‡ v 
 Z gvb mgvb n‡jI `kv† ܧ Ges ܦ
GK bq| 
 

 
7.3 kã Zi½ (Sound Wave) 
 
kã Zi½ ˆZwi Ki‡Z Zvi GKUv Dr‡mi `iKvi, †mUv‡K cvVv‡bvi Rb¨ GKUv gva¨‡gi `iKvi 
Ges †mB kã MÖnY Kivi Rb¨ †Kv‡bv GK ai‡bi wiwmfvi `iKvi| Avgv‡`i Pvicv‡k AmsL¨ 
k‡ãi Drm i‡q‡Q| Aek¨B me‡P‡q cwiwPZ Drm Avgv‡`i KÚ, †mLv‡b †h †fvKvj KW© Av‡Q 
Avgiv Zvi †fZi w`‡q evZvm †ei Kivi mgq †mLv‡b †h K¤úb nq †mUv w`‡q kã ˆZwi nq| K_v 
ejvi mgq Avgiv hw` Mjvq ¯úk© Kwi Zvn‡j Avgiv †mB K¤úbUv Abyfe Ki‡Z cvie| Avgv‡`i 
KÚ QvovI w¯úKvi k‡ãi Drm wn‡m‡e KvR K‡i, †mLv‡b †h cvZjv Wvqvd«vg i‡q‡Q †mwU‡K 
mywbw`©ófv‡e Kvuwc‡q kã ˆZwi Kiv nq| ¯‹z‡ji NÈvi gv‡S AvNvZ Ki‡j †mwU Kvuc‡Z ïiæ K‡i 
kã ˆZwi K‡i Ges ZLb nvZ w`‡q †mUv‡K †P‡c a‡i K¤úb eÜ K‡i †djv hvq mv‡_ mv‡_ kãI 
eÜ n‡q hv‡e| wMUv‡ii Zv‡i †VvKv w`‡j †mwU Kvuc‡Z _v‡K Ges kã ˆZwi K‡i| j¨ve‡iUwi‡Z myi 
kjvKv w`‡q wbw`©ó K¤ú‡b kã ‰Zwi Kiv hvq| 
 K¤úb w`‡q kã ‰Zwi Kivi ci †mwU‡K GK RvqMvq †_‡K Ab¨ RvqMvq cvVv‡bvi Rb¨ 
GKUv gva¨‡gi `iKvi nq| kã Zij wKsev KwVb c`v‡_©i †fZi w`‡qI cvVv‡bv hvq wKš‘ Avgiv 
evZvm‡K gva¨g wn‡m‡e e¨envi K‡iB kã ï‡b Af¨¯Í| gva¨g Qvov †h kã †h‡Z cv‡i bv †mwU 

†`Lv‡bvi Rb¨ j¨ve‡iUwi‡Z 7.9 Qwe‡Z †`Lv‡bv Dcv‡q GKUv Kwjs †ej †i‡L †mUv‡K evB‡i 
†_‡K we ỳ¨r mieivn K‡i evRv‡bv †h‡Z cv‡i| Zvici GKUv cv¤ú w`‡q ax‡i ax‡i evqyk~b¨ Kiv 
ïiæ Ki‡j Kwjs †e‡ji kã g„ ỳ n‡Z ïiæ Ki‡e| †ejRviwU cy‡ivcywi evqyk~b¨ Kiv n‡j †fZ‡i 
Kwjs †ejwU evR‡Z _vK‡jI evB‡i †_‡K gvb n‡e †mwU †Kv‡bv kã ˆZwi Ki‡Q bv| 
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 Avgiv Avgv‡`i Kvb w`‡q kã ïb‡Z cvB| k‡ãi 

K¤úb hw` 20 ݖܪ †_‡K 20,000 ݖܪ Gi gvSLv‡b 
_v‡K Zvn‡j †mB kã †kvbv hvq| (Z‡e Kv‡b †nW‡dvb 
jvwM‡q AweiZ Mvb ï‡b wKsev cÖPÊ kã ~̀l‡Y _vK‡j 
A‡bK mgq †kvbvi ÿgZv K‡g hvq|) k‡ãi K¤úb 

 ݖܪ K Kg n‡j †mUv‡K Bbd«v mvDÛ Ges 20‡_† ݖܪ 20

†_‡K †ewk n‡j AvjUªv mvDÛ e‡j| 20 ݖܪ †_‡K Kg 

wKsev 20,000 ݖܪ †_‡K †ewk K¤úb ˆZwi Kiv n‡j 
†mwU evZv‡m †h Av‡jvob m„wó Ki‡e Avgiv †mwU ïb‡Z 
cvie bv| Z‡e G ai‡bi k‡ãi Aw¯ÍZ¡ eyS‡Z n‡j Avgiv 
we‡kl ai‡bi gvB‡μv‡dvb ev wiwmfvi e¨envi Ki‡Z 
cvwi| A‡bK ckycvwL Kg K¤úv‡¼i kã ïb‡Z cvq| 
f~wgK‡¤úi Av‡M Av‡M G ai‡bi Kg K¤úv‡¼i kã ˆZwi 
nq Ges A‡bK mgq cïcvwL †mB kã ï‡b AvZs‡K 
†QvUvQzwU K‡i‡Q †m ai‡bi NUbv N‡U‡Q e‡j Rvbv †M‡Q| 

D`vniY 7.6:  1݇ݖܪ K¤ú‡bi GKwU myi kjvKv ev wUDwbs dK© w`‡q kã ˆZwi K‡i †mwU 
evZv‡m cvwb‡Z Ges †jvnvi †fZi w`‡q cÖevwnZ n‡Z w`‡q Zvi †eM wbY©q K‡i †`Lv †M‡Q 
k‡ãi †eM evZv‡m 334݉/ݏ, cvwb‡Z 1493݉/ݏ Ges †jvnvi †fZ‡i 5130݉/ݏ †Kvb 
gva¨‡g Zi½ ˆ`N©̈  K

 

Qwe 7.9:  †ejRvi †_‡K evZvm cv¤ú 
K‡i mwi‡q wb‡j Kwjs †e‡j kãwU 
Avi †kvbv hv‡e bv 

 

Z? 
 
DËi: Zi‡½i †eM ݒ ൌ λ݂ †hLv‡b λ Zi‡½i ˆ`N©¨ Ges ݂ K¤úb| GLv‡b K¤úb 1݇ݖܪ ev 
  Kv‡RB .ݖܪ 1000

λ ൌ
ݒ
݂ 

λ ൌ
ଵିݏ334݉

ଵ ൌ 0.3݉ 

 evZv‡m 

10ଷିݏ
cvwb‡Z 

λ ൌ
ଵିݏ1493݉

ൌ 1.49݉ 10ଷିݏଵ

λ ൌ
ଵିݏ5130݉

10ଷିݏଵ ൌ 5.13݉ 

‡jvnvq  
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7.3.1 cÖwZaŸwb  
kã †h‡nZz GK ai‡bi Zi½ ZvB Zvi cÖwZdjb n‡Z cv‡i| mvaviYZ eo duvKv `vjv‡bi †fZi 
K_v ej‡j GK ai‡bi MgMg AvIqvR nq †mwU cÖwZdjb Qvov Avi wKQz bq| `vjv‡bi †fZi ~̀iZ¡ 

†ewk bq e‡j kãUv Avjv`vfv‡e ïb‡Z cvB bv| Avgiv hLb wKQz ïwb Zvi Abyf~wZUv 0.1 ݏ ch©šÍ 

†_‡K hvq ZvB ỳwU kã Avjv`vfv‡e ïb‡Z n‡j ỳwU k‡ãi gv‡S Kgc‡ÿ 0.1 ݏ Gi GKUv e¨eavb 

_vKv `iKvi| k‡ãi †eM 330 ݉/ݏ Kv‡R 0.1 ݏ Gi e¨eavb ˆZwi Ki‡Z kã‡K Kgc‡ÿ 

33 ݉ ~̀iZ¡ AwZμg Ki‡Z nq| GKwU eo †`qvj, `vjvb wKsev Lvov cvnv‡oi mvg‡b Kgc‡ÿ 

GB ~̀i‡Z¡i A‡a©K `~i‡Z¡ (16.5 ݉) ùvov‡j kãwU wM‡q cÖwZdwjZ n‡q wd‡i Avm‡Z 0.1 ݏ mgq 
jvM‡e Ges Avgiv k‡ãi cÖwZaŸwb ïb‡Z cve|  
 ev ỳ‡ii †PvL Av‡Q Ges †mB †Pv‡L †ek fv‡jv †`L‡Z cvq ZviciI Zviv Iovi mgq 
k‡ãi cÖwZaŸwb e¨envi K‡i| ev`yi Iovi mgq Zvi KÚ †_‡K kã ˆZwi K‡i, mvg‡b †Kv‡bv wKQz 
_vK‡j kãwU †mLv‡b cÖwZdwjZ n‡q wd‡i Av‡m, KZÿY ci kãwU wd‡i Gm‡Q †mLvb †_‡K ev`yi 
~̀iZ¡Uv Abygvb Ki‡Z cv‡i| G Rb¨ AÜKv‡iI ev`yi †Kv_vI av°v bv †L‡q D‡o †h‡Z cv‡i| 

ev ỳ‡ii ˆZwi GB kã Avgiv ïb‡Z cvB bv KviY kãwU AvjUªv-mvDÛ A_©vr Avgv‡`i †kvbvi 
evB‡ii K¤úv‡¼i kã| 
 

7.3.2 k‡ãi †e‡Mi cv_©K¨ : 
evZv‡m k‡ãi †eM ZvcgvÎvi eM©g~‡ji e¨¯Í 
AvbycvwZK| A_©vr 

ݒ ן √ܶ 
 

GLv‡b ZvcgvÎv wKš‘ †mjwmqvm ZvcgvÎv bqÑ 
†Kjwfb †¯‹‡j ZvcgvÎv| 

k‡ãi †eM evZv‡mi Pv‡ci Ici wbf©i K‡i 
bv Z‡e evZv‡mi Nb‡Z¡i eM©g~‡ji Ici 
e¨ Í̄vbycvwZK fv‡e wbf©i K‡i| ZvB evZv‡m Rjxq 
ev®ú _vK‡j evZv‡mi NbZ¡ K‡g hvq †m Rb¨ k‡ãi 
†eM †e‡o hvq| 

  ‡Uwej 7.1 wewfbœ gva¨‡g k‡ãi †eM 
gva¨g m/s 
evZvm 330 
nvB‡Wªv‡Rb 1,284 
cvi` 1,450 
cvwb 1,493 
‡jvnv  5,130 
nxiv 12,000 

 

 kã GKwU hvwš¿K Zi½| GwU gva¨‡gi w ’̄wZ¯’vcKZvi Ici wbf©i K‡i| Zij Ges KwVb 
c`v‡_©i cªK…wZ evZvm †_‡K wfbœ Ges ¯^vfvweK Kvi‡YB k‡ãi †eM †mLv‡b wfbœ| Zi‡j k‡ãi †eM 
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evZvm †_‡K †ewk Ges KwVb c`v‡_© k‡ãi †eM Zij †_‡KI †ewk| †Uwej 5.1 G wewfbœ gva¨‡g 
k‡ãi †eM †`Lv‡bv n‡q‡Q| 

D`vniY 7.7:  †Kv‡bv RvqMvq kxZKv‡j ZvcgvÎv 10°ܥ Ges k‡ãi †eM 332 ݉/ݏ, 
MÖx®§Kv‡j ZvcgvÎv †e‡o 30°ܥ n‡j k‡ãi †eM KZ?  

 

 

DËi: ݒ ן √ܶ 

ଵݒ

ଶݒ
ൌ ඨ ଵܶ

ଶܶ
 

ଵݒ ൌ ଶඨݒ ଵܶ

ଶܶ
ൌ 332ඨ273 ൅ 30

273 ൅ 10 ݏ/݉ ൌ  ݏ/݉ 343.5

 

 
7.3.3 k‡ãi e¨envi 
 
AvjUªvm‡bvMÖvwd: k‡ãi cÖPwjZ e¨env‡ii K_v wbðqB Avi 
KvD‡K Avjv`v K‡i ej‡Z n‡e bv, Avgiv K_v ewj, Mvb 
ïwb, Wv³v‡iiv ý`¯ú›`b †kv‡bb, BwÄwbqviiv hš¿cvwZi 
kã †kv‡bb BZ¨vw` BZ¨vw`| k‡ãi Av‡iv wKQz e¨envi 
Av‡Q, hvi K_v †Zvgiv nq‡Zv †kv‡bvwb| mšÍvbm¤¢ev gv‡qi 
M‡f© †h beRvZKwU eo nq evB‡i †_‡K Zv‡K †`Lvi †Kv‡bv 
Dcvq wQj bv, GLb AvjUªv m‡bvMÖvwd bv‡g GKwU cÖwμqvq 
gv‡qi M‡f© AvjUªvmvDÛ cvVv‡bv nq, wkïi kixi †_‡K 
cÖwZdwjZ n‡q †hUzKz wd‡i Av‡m †mUv‡K e¨envi K‡i wkïi 
kix‡ii GKUv iƒc †ei K‡i Avbv nq| ïay mšÍvbm¤¢ev 
gv‡q‡`i Rb¨ bq kix‡ii †fZ‡ii A½cÖZ¨½I GwU e¨envi 
K‡i †`Lv m¤¢e n‡”Q| AvaywbK AvjUªvm‡bvMÖvwdi A‡bK 

DbœwZ n‡q‡Q Ges GKB mv‡_ wfbœ wfbœ w`K †_‡K AvjUªvmvDÛ cvwV‡q †mUv‡K aviY (Detect) 
K‡i GKUv wbLuyZ wÎgvwÎK Qwe cvIqv m¤¢e n‡”Q(Qwe 7.10)|  

 

Qwe 7.10: gv‡qi M‡f©  wbLyZ   
AvjUªvmvDÛ wÎgvwÎK Qwe 

 
wÎgvwÎK wmmwgK mv‡f©: gvwUi wb‡P M¨vm ev †Zj Av‡Q wK bv †`Lvi Rb¨ wmmwgK mv‡f© Kiv nq| 
GwU Kivi Rb¨ gvwUi LvwbKUv wb‡P †QvU we‡ùviY Kiv nq, we‡ùvi‡Yi kã gvwUi wb‡Pi wewfbœ w
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¯Í‡i AvNvZ K‡i cÖwZdwjZ n‡q Dc‡i wd‡i 

Av‡m| wRI‡dvb (Geophone) bv‡g we‡kl 
GK ai‡bi wiwmfv‡i †mB cÖwZdwjZ Zi½‡K 

aviY (Detect) Kiv nq| mg¯Í Z_¨-we‡kølY 
K‡i gvwUi wb‡Pi wbLyuZ wÎgvwÎK Qwe †ei K‡i 
†Kv_vq M¨vm ev †Kv_vq †Zj Av‡Q †ei K‡i 
†bqv nq| k‡ãi DrmwU †Kv_vq Av‡Q Ges 
wRI‡dvb †Kv_vq Av‡Q ỳwUB Rvbv _Kvi Kvi‡Y 
Drm †_‡K wRI‡dv‡b kã Avm‡Z KZUzKz mgq 
†j‡M‡Q Rvb‡Z cvi‡jB wewfbœ ¯Í‡ii `~iZ¡ 
wbLuyZfv‡e †ei Kiv hvq| 

Qwe 7.11: kã Zi‡½ cÖwZdjb †_‡K f~c„‡ôi wfbœ wfbœ 
Í̄i m¤ú‡K© Z_¨ Rvbv hvq| 

 
AvjUªvmvDÛ wK¬bvi: j¨ve‡iUwi‡Z hLb †QvULv‡Uv hš¿cvwZ wbLuyZfv‡e cwi®‹vi Ki‡Z nq ZLb 
AvjUªvmvDÛ wK¬bvi e¨envi Kiv nq| GLv‡b †Kv‡bv GKwU Zi‡j †QvULv‡Uv hš¿cvwZ Wzwe‡q †i‡L 
Zvi †fZi AvëªvmvDÛ cvVv‡bv nq, Zvi K¤ú‡b hš¿cvwZi me gqjv †ei n‡q Av‡m| 
 

7.3.4 myihy³ kã 
Avgv‡`i Pvcv‡k bvbv ai‡bi kã i‡q‡Q 
Zvi gv‡S wKQz wKQz kã ïb‡Z Avgv‡`i 
fv‡jv jv‡M Avevi wKQz wKQz ïb‡Z 
Avgv‡`i weiw³ nq| †h mKj kã ïb‡Z 
Avgv‡`i fv‡jv jv‡M Zvi gv‡S me‡P‡q 

cÖavb n‡”Q wewfbœ ev`¨h‡š¿i kã| 7.12 
Qwe‡Z †ek K‡qKwU ev`¨h‡š¿i k‡ãi 
Zi½ †`Lv‡bv n‡q‡Q| †Zvgiv †`L‡ZB 
cv”Q Gi me¸‡jvB ch©ve„Ë K¤úb| 
myikjvKv ev wUDwbsdK© †_‡K wbLuyZ GKwU 
K¤ú‡bi kã †ei nqÑ wKš‘ myihy³ k‡ã 
ïay GKwU Zi½ _v‡K bv GKvwaK Zi½ ci¯ú‡ii Ici Dc¯’vcb K‡i kãUv‡K myy‡ijv K‡i 
†Zv‡j| my‡ijv kã‡K e¨vL¨v Kivi Rb¨ A‡bK¸‡jv ˆewkó¨ msÁvwqZ Kiv n‡q‡Q| †m¸‡jv n‡”Q:  

            Qwe 7.12: wfbœ wfbœ ev`¨h‡š¿i kã Zi½| 
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†Uvb (Tone): Avjv`vfv‡e †kvbv m¤¢e †m iKg my‡ijv kã (mv †i Mv gv cv av wb mv) 

wcP (Pitch): K¤úv¼ 

wi`g (Rhythm): Zvj 

‡U‡¤úv (Tempo): KZ ª̀æZ 

KbUzi (Contour): my‡ii ZviZg¨  
wU¤^vi (Timbre): wfbœ wfbœ ev`¨h‡š¿i †_‡K Avmv k‡ãi gv‡S cv_©K¨ †h ˆewkó¨ w`‡q 

†evSv hvq †mwU n‡”Q my‡ii ¸Y ev RvZ 

cÖvej¨ (Loudness): my‡ijv k‡ãi cÖvej¨ KZ †Rv‡i †kvbv hv‡”Q 

Ae¯’vb (Spatial location): my‡ijv kã †Kv_v †_‡K Av‡m Zvi Ae¯’vb 

wifvi‡eiv‡kb (Reverberation): cÖwZaŸvbi cwigvc 
 

my‡ijv kã ˆZwi Kivi Rb¨ bvbv ai‡bi ev`¨h‡š¿i e¨envi Kiv nq, †m¸‡jv‡K †gvUvgywU wZb fv‡M 
fvM Kiv hvq :  
 

Zvi w`‡q ‰Zwi ev`¨hš¿: GKZviv, †envjv, †mZvi 
evZv‡mi cÖevn w`‡q ‰Zwi ev`¨hš¿: evuwk, nvi‡gvwbqvgK 

AvNvZ (Percussion) w`‡q kã ˆZwi Kivi ev`¨hš¿: †Xvj, Zejv 
 

AvRKvj B‡j±ªwb· e¨envi K‡i m¤ú~Y© 
wfbœ Dcv‡q my‡ijv kã ˆZwi Kiv nq| 
 
7.3.5 k‡ãi ~̀lY 
kã Avgv‡`i Rxe‡bi Lye cÖ‡qvRbxq 
GKwU welq, wKš‘ Gi evovevwo Avgv‡`i 
Rxeb‡K Amnbxq K‡i Zzj‡Z cv‡i| 
Avgiv hviv kn‡i _vwK, we‡kl K‡i hviv 
eo GKwU iv¯Ívi cv‡k _vwK Zviv wbðqB 
jÿ K‡iwQ iv¯Ívq evm, Mvwo Uªv‡Ki 
BwÄ‡bi kã Ges AbeiZ n‡b©i kã cÖvq 
mg‡qB mnbkxj mn¨ mxgvi evB‡i P‡j hvq| `xN©w`b GB kã `~l‡Y _vK‡Z _vK‡Z Avgiv A‡bK 
mgq Zv‡Z Af¨¯Í n‡q hvB ZLb hw` kã `~lY †bB †m iKg †Kv‡bv wbwiwewj RvqMvq hvIqvi 

        †Uwej 7.2: wewfbœ ai‡bi k‡ãi cwigvb 
‡RU BwÄb 1  10 െ ܤ݀ 140
UªvwdK  80 െ  ܤ݀ 90
Mvox  60 െ  ܤ݀ 80
‡Uwjwfkb 50 െܤ 60 ݀  
K_vevZ©v  40 െ ܤ ݀60 
wbtk¦vm  10 ݀ܤ 
gkvi cvLvi kã  0 ݀ܤ 
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†mŠfvM¨ nq ZLb nVvr K‡i kã `~lY Qvov Rxe‡bi A‡bKUzKzi ¸iæZ¡UzKz ai‡Z cvwi| wewfbœ 

ai‡bi k‡ãi cwigvY 7.2 †Uwe‡j †`Lv‡bv n‡q‡Q| 
 GwU ejvi A‡cÿv iv‡L bv kã ~̀l‡Yi Kvi‡Y Avgv‡`i †kvbvi ÿgZvi A‡bK ÿwZ nq| 
mgm¨vwwU‡K evwo‡q †Zvjvi Rb¨ Avgv‡`i A‡b‡K AcÖ‡qvR‡bI Kv‡b †nW‡dvb jvwM‡q Mvb †kv‡b| 
  

kã ~̀lY Kgv‡bvi Rb¨ cÖ_g cÖ‡qvRb †`‡k Gi weiæ‡× AvBb ˆZwi Kiv †hb †KD kã 
~̀lY Ki‡Z bv cv‡i Ges Kiv n‡j Zvi weiæ‡× AvBwb e¨e¯’v †bqv hvq| Gi ci cÖ‡qvRb 

Rbm‡PZbv| mevB‡K welqwU †evSv‡Z n‡e, h_vm¤¢e Kg nb© e¨envi K‡i PjvPj, KjKviLvbvq 
kã †kvl‡Yi hš¿ Pvjy, gvB‡Ki e¨envi Kwg‡q Ksev eÜ K‡i †`qv, Kg k‡ãi hvbevnb e¨envi 
BZ¨vw`| GKB mv‡_ kn‡ii dvuKv RvqMvq cÖPzi MvQ jvwM‡q kã‡K †kvlY Kivi g‡Zv e¨e¯’vI 
†bqv DwPZ| 
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Abykxjbx 
 
cÖkœ: 
1. †`LvI †h GKwU Zi½ kw³‡K GK RvqMv †_‡K Ab¨ RvqMvq wb‡Z cv‡i| 
2. kxl w`‡j kã nq †Kb? 
3. ÒZi½ cÖevwnZ nIqvi mgq gva¨g cÖevwnZ nq bv, wbR Ae¯’v‡b Zvi mij Qw›`Z ¯ú›`b nqÓ 

mZ¨ bv wg_¨v? 
4. eRªcvZ n‡j kã nq †Kb? 
5. Iovi mgq AvjUªv-mvDÛ kã ˆZwi bv K‡i Bbd«v-mvDÛ kã ˆZwi Ki‡j ev`y‡oi Kx mgm¨v 

n‡Zv? 
 
MvwYwZK mgm¨v: 
1. 7.13 Qwe‡Z Ae¯’vb Ges mg‡qi mv‡c‡ÿ GKwU Zi½ †`Lvbv n‡q‡Q| Zi½wUi †eM KZ? 

2. †eM Ges k‡ãi †eM-Gi AbycvZ‡K ܣܯ e‡j ܪܥ ?hy×wegv‡bi MwZ‡eM KZ 9 ܪܥܣܯ |
3. †Kv‡bv G n‡i MÖx® i †eM 0.05% †e‡o †M‡Q| kxZKv‡j ZvcgvÎv 10°ܥ n‡j 

MÖx®§Kv‡

 

Qwe 7.13: Ae ’̄vb Ges mg‡qi mv‡c‡ÿ GKwU Zi½| 

KwU k §Kv‡j k‡ã
j ZvcgvÎv KZ? 

4. i ݖܪ20 k‡ãi Zi½ Avg ݖܪGes 20݇ ݖܪch©šÍ kã ïb‡Z cvwi| 20 ݖܪ݇ 20 v  †_‡K 
ˆ`N©̈  KZ? 

ܤ݀ .5 ൌ 10 log ቀ௉మ
௉భ

ቁ, ଶܲ †RU BwÄ‡bi kã Ges ଵܲ gkvi cvLvi kã n‡j, †RU BwÄ‡bi kã 

gkvi cvLvi kã †_‡K K‡Zv ¸Y †ewk? w
w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



 
 

Aóg Aa¨vq 
Av‡jvi cÖwZdjb 

(Reflection of Light) 

 
Avi‡b÷ iv`vi‡dvW© 

 

Ernest Rutherford (1871‐1937) 

Avi‡b÷ iv`vi‡dv‡W©i Rb¥ wbDwRKj¨v‡Û Ges Kg©Rxe‡bi GKUv 
eo Ask KvwU‡q‡Qb Bsj¨v‡Û| †ZRw¯ŒqZv wb‡q KvR Kivi Rb¨ 
Zuv‡K imvq‡b †bv‡ej cyi¯‹vi †`qv nq| wZwb Zvi eo KvR¸‡jv 
K‡iwQ‡jb †bv‡ej cyi¯‹vi cvIqvi ci| c`v_©weÁv‡b Zuvi me‡P‡q 
eo Ae`vb cigvYyi †K‡›`ª AZ¨šÍ ÿz`ª wbDwK¬qv‡mi e¨vL¨v †`qv| 
wZwb †h ïay wb‡R AZ¨šÍ eo GKRb e¨envix c`v_©weÁvbx wQ‡jb 
Zv bq, wZwb Zuvi mnKgx Ges QvÎ‡`i w`‡qI A‡bK eo M‡elYv 
Kwi‡q‡Qb| wZwb Zuvi nvwb©qv‡K Ae‡njv K‡i h_vh_ wPwKrmv bv 
Kivq GK ai‡bi RwUjZvq gviv hvb| 
 
 

8.1 Av‡jvi cÖK…wZ (Nature of Light) 
 
Avgiv †Pv‡L †hUv †`L‡Z cvB †mUv n‡”Q Av‡jv| Avgiv †Pv‡L MvQcvjv †`wL, AvKvk †`wL, 
†Pqvi-†Uwej gvbyl †`wL Zvi gv‡b GB bq †h MvQcvjv AvKvk †Pqvi-†Uwej wKsev gvbyl n‡”Q 
Av‡jv! G¸‡jv †_‡K Av‡jv cÖwZdwjZ n‡q †mB Av‡jvUv Avgv‡`i †Pv‡L c‡o, †Pv‡Li †iwUbv †_‡K 
†mB Av‡jv w`‡q ˆZwi ms‡KZ Avgv‡`i gw¯Í‡®‹ †cuŠQvq Avi Avgv‡`i gw¯Í®‹ eyS‡Z cv‡i †KvbUv 
MvQcvjv wKsev †KvbUv gvbyl| cy‡iv e¨vcviUv ïiæ nq †Pv‡Li gv‡S Av‡jv †XvKv †_‡K| 
 Av‡jv n‡”Q we`y¨r †PŠ¤^Kxq Zi½| Zi½ n‡jB Zvi GKUv Zi½ ‰`N©¨ _v‡K Zvi gv‡b 
Av‡jviI wbðqB Zi½ ˆ`N©¨ Av‡Q| Avgiv hviv cyKz‡i wXj Qz‡o wKsev GKUv `wo‡Z SuvKzwb w`‡q 
Zi½ ˆZwi K‡iwQ Zviv Rvwb †h B‡”Q Ki‡jB †QvU eo Zi½ ‰`‡N©̈ i Zi½ ˆZwi Kiv hvq, ZvB 
Av‡jviI wbðqB bvbv ˆ`‡N©¨i Zi½ ˆ`N©¨ _vK‡Z cv‡i| K_vUv mwVK, we`y¨r †PŠ¤^Kxq Zi‡½i ‰`N©¨ 
hv wKQz n‡Z cv‡i| †mUv K‡qK wK‡jvwgUvi †_‡KI †ewk n‡Z cv‡i Avevi GK wgUv‡ii wUªwjIb 
wUªwjIb fv‡Mi GK fvMI n‡Z cv‡i| †h welqUv Avgv‡`i fv‡jv K‡i Rvbv `iKvi †mwU n‡”Q GB 
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m¤¢ve¨ wekvj Zi½ ˆ`‡N©̈ i †QvU GKUv Ask Avgiv †`L‡Z cvB, Zi½ ˆ`N©¨ Gi †_‡K †ewk n‡jI 

Avgiv †`L‡Z cvB bv Avevi Gi †_‡K †QvU n‡jI Avgiv †`L‡Z cvBbv| Zi½ ˆ`N©̈  400 nm 

†_‡K 700 nm Gi wfZ‡i n‡j Avgiv we ỳ¨r †PŠ¤^Kxq Zi½ †`L‡Z cvB Ges †mUv‡K Avgiv ewj 
Av‡jv| Avgiv †h †Pv‡L bvbv is †`L‡Z cvB †m¸‡jvI Avm‡j wewfbœ Zi½ ˆ`‡N©¨i Av‡jv| Zi½ 

ˆ`N©̈  hLb †QvU nq †mUv nq †e¸bx| hLb Zi½ ˆ`N©¨ evo‡Z _v‡K ZLb †mUv bxj meyR njy` 
Kgjv jvj n‡q †Pv‡Li Kv‡Q A „̀k¨ n‡q hvq! gvby‡li †PvL GB e¨vwßi Gi evB‡i Zi½ ˆ`N©̈  
†`L‡Z cvq bvÑ wKš‘ †cvKv gvKo ev Ab¨vb¨ A‡bK cÖvYx Gi evB‡iI †`L‡Z cvq! wewfbœ Av‡jv‡Z 

gvby‡li †Pv‡Li ms‡e`bkxjZv 8.1 Qwe‡Z †`Lv‡bv n‡q‡Q| 

 

           Qwe 8.1: Av‡jvi †¯úKUªvg Ges wfbœ wfbœ is‡q †Pv‡L ms‡e`bkxjZv 

 8.1  Qwe‡Z Av‡jvi wewfbœ Zi½ ˆ`‡N©¨i bvg¸‡jv †`Lv‡bv n‡q‡Q| Zi½ ‰`N©¨ hw` „̀k¨gvb 
Av‡jvi me‡P‡q †QvU Zi½ ˆ`N©¨ †_‡KI †QvU nq †mUv‡K Avgiv ewj AvjUªv fv‡qv‡jU Av‡jv, 
Av‡iv †QvU n‡j G· †i Av‡iv †QvU n‡j Mvgv †iÑ †hUv †ZR¯‹…q wbDwK¬qvm †_‡K †ei nq| Avevi 
Zi½ ‰`N©¨ hw` „̀k¨gvb Av‡jvi me‡P‡q eo Zi½ ‰`N©̈  †_‡KI eo nq †mUv‡‡K Avgiv ewj w
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Bbd«v‡iW Av‡iv eo n‡j gvB‡μvI‡qf Av‡iv eo n‡j †iwWI I‡qf! c`v_© weÁvb wkL‡Z n‡j †h 
welq¸‡jv Rvb‡Z nq, we ỳ¨r †PŠ¤^Kxq Zi‡½i GB wefvRbwU n‡”Q Zvi me‡P‡q ¸iæZ¡c~Y© GKUv 
welq| 
 ‡Zvgiv †`L‡ZB cv”Q Avgiv Avgv‡`i †Pv‡L †h Av‡jv †`L‡Z cvB Zvi Zi½ ˆ`N©¨ LyeB 
†QvU wKš‘ c`v_©weÁv‡bi A‡bK PgKcª` cixÿv Av‡Q †h¸‡jv w`‡q Avgiv GB Zi‡½i bvbv 
PgKcÖ` G·‡cwi‡g›U Ki‡Z cvwi|  
 Av‡jv m¤ú‡K© Avgiv hw` Rvb‡Z PvB Zvn‡j ïiæ Ki‡Z cvwi cÖwZdjb w`‡q| 
 

8.2 cÖwZdjb (Reflection) 
 
cÖwZdjb K_vUv ej‡ZB Avgv‡`i cÖvq mevi †Pv‡LB 
Avqbvi mvg‡b `uvwo‡q _vKvi QweUv †f‡m I‡V wKš‘ 
g‡b ivL‡Z n‡e cÖwZdjb welqUv Av‡iv A‡bK 
e¨vcK| hLbB GK gva¨g †_‡K Ab¨ gva¨‡g 
Av‡jv‡K cvVv‡bv nq ZLbB Avm‡j wZbwU wfbœ wfbœ 
NUbv N‡U, Zvi GKwU n‡”Q cÖwZdjb| Ab¨ `ywU 

n‡”Q cÖwZmiY Avi cÖwZ‡kvlY| (Qwe 8.2) 
 cÖ_g gva¨g †_‡K wØZxq gva¨‡g hvevi mgq 
LvwbKUv Av‡jv Avevi cÖ_g gva¨‡gB wd‡i Av‡m †mUvi bvg n‡”Q cÖwZdjb| LvwbKUv Av‡jv wØZxq 
gva¨‡g Xz‡K †h‡Z cv‡i †mUv n‡”Q cÖwZmiY| Avevi LvwbKUv Av‡jv †kvwlZ n‡q hvq †mUvi bvg 
n‡”Q cÖwZ‡kvlY| GB Aa¨v‡q Avgiv cÖwZdjb Ges c‡ii Aa¨v‡q cÖwZmiY wb‡q Av‡jvPbv Kie| 

Qwe 8.2: GK gva¨g †_‡K Ab¨ gva¨‡g Av‡jvi 
cÖwZdjb, cÖwZmiY I cÖwZ‡kvlY| 

Av‡jv GK ai‡bi Zi½, mvaviYfv‡e Zi‡½i hvIqvi Rb¨ gva¨‡gi cÖ‡qvRb nq, (cvwb bv 
_vK‡j cvwbi †XDUv n‡e †Kv_vq?) wKš‘ Av‡jvi welqUv m¤ú~Y© wfbœ, GUv †h‡nZz we ỳ¨r Ges †PŠ¤^K 
†ÿ‡Îi Zi½ ZvB GUvi Rb¨ †Kv‡bv gva¨‡gi `iKvi †bB, Av‡jv Zvi we`y¨r Avi †PŠ¤^K †ÿÎ `ywUi 
Zi½ ˆZwi K‡i wb‡RivB P‡j †h‡Z cv‡i| Kv‡RB cÖwZdjb ev cÖwZmiY e¨vL¨v Kivi Rb¨ hLb 
cÖ_g Ges wØZxq  gva¨‡gi K_v ejv n‡q‡Q ZLb GKwU gva¨g Avm‡j k~b¨ gva¨gI n‡Z cviZ| 
mwZ¨ K_v ej‡Z Kx Avgv‡`i ˆ`bw›`b Rxe‡b Avgiv KvP ev cvwb‡Z Av‡jvi cÖwZdjb Ges 
cÖwZmi‡Yi †h D`vniY¸‡jv †`wLÑ †mLv‡b GKUv gva¨g evZvm Ab¨wU KvP (wKsev cvwb)| evZvm 
GZ nvjKv gva¨g †h †mUv‡K k~b¨ gva¨g a‡i wb‡j Ggb wKQz eo fzj nq bv| 
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8.2.1 cÖwZdj‡bi m~Î 
cÖwZdj‡bi m~Î †evSvi Av‡M Avgv‡`i 
K‡qKUv welq‡K msÁvwqZ K‡i †bqv 
`iKvi| hLb GK gva¨g †_‡K Ab¨ gva¨‡g 
Av‡jv G‡m c‡o Avgiv AvcvZZ a‡i wbB 
†mwU n‡”Q GKUv mgZj| welqwU †evSvi 
Rb¨ Avgiv a‡i wbB †h Av‡jvUv cÖwZdwjZ 
n‡e †mUv GKUv Av‡jvK †iLv ev Av‡jvK 
iwk¥| hLb GKUv Av‡jvK iwk¥ GK gva¨g 
†_‡K Ab¨ gva¨‡gi Ici GKUv we›`y‡Z G‡m 
c‡o cÖ_‡gB †mB we›`y †_‡K GKUv j¤^ 
Kíbv K‡i wb‡Z n‡e| †h Av‡jvK iwk¥wU 
G‡m †mB we› ỳwU‡Z c‡o‡Q Ges †h j¤^wU 

Kíbv K‡iQ †mB ỳwU †iLv‡K wb‡q GKw Zj Kíbv K‡i bvI| (Qwe 8.3)  

Qwe 8.3: cÖ_g gva¨g †_‡K wØZxq gva¨‡g Av‡jvi 
cÖwZdjb|

U mg
 ‡h iwk¥wU cÖ_g gva¨g †_‡K wØZxq gva¨‡g †XvKvi Rb¨ GKUv we› ỳ‡Z AvcwZZ n‡q‡Q 

Avgiv †mUv‡K eje, AvcvZb iwk¥ (ܱܺ)| †h iwk¥wU cÖwZdwjZ n‡q‡Q (ܱܺ’) †mUv n‡”Q 
cÖwZdwjZ iwk¥ (†evSvB hv‡”Q †hUv wØZxq gva¨‡g Xz‡K hv‡e †mUv cÖwZmwiZ iwk¥Ñ GB Aa¨v‡q 
†mUv wb‡q Avgiv Av‡jvPbv Kie bv|) AvcwZZ iwk¥ j‡¤^i mv‡_ †h †KvY Ki‡e †mUv‡K eje 

AvcvZb †KvY θ௜, cÖwZdwjZ iwk¥ j‡¤^i mv‡_ †h †KvY (θ௥) Ki‡e †mUv‡K eje cÖwZdwjZ 
†Kvb| GLb Avgiv cÖwZdj‡bi m~Î ỳwU ej‡Z cvwi : 
 

cÖ_g m~Î: AvcvZb iwk¥ Ges j¤^ w`‡q Avgiv †h mgZjwU Kíbv K‡i wb‡qwQjvg 
cÖwZdwjZ iwk¥wU †mB mgZ‡jB _vK‡e| 
wØZxq m~Î: cÖwZdjb †KvYwU n‡e AvcvZb †Kv‡Yi mgvb| 

D`vniY 8.1:   8.4 Qwe‡Z †`Lv‡bv Ae ’̄vq ỳwU Avqbv ivLv Av‡Q| gvSLv‡b ݔ we› ỳ‡Z GKwU 
†gvgevwZ ivLv n‡q‡Q| †gvgevwZi cÖwZwe¤^ †Kv_vq n‡e? 

 

 
DËi: Avqvbvq cÖwZwe¤^ †`Lv hv‡e| †mB cÖwZwe‡¤^i cÖwZwe¤^wUI Avqbv `ywU‡Z †`Lv hv‡e Gfv‡e 
Pj‡ZB _vK‡e| Kv‡RB Qwe‡Z †hfv‡e †`Lv‡bv n‡q‡Q †mfv‡e AmsL¨ cÖwZwe¤^ †`Lv hv‡e| 
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cÖwZdj‡bi `ywU m~Î ejv n‡jB cÖwZdjb wb‡q me wKQz ejv nqwb, mwZ¨ K_v ej‡Z Kx cÖwZdj‡bi 

me‡P‡q ¸iæZ¡c~Y© welqUvB ejv nqwb, KZUzKz cÖwZdjb n‡e? cÖwZdj‡bi Rb¨ hw` Avqbv e¨envi 
Kiv nq Zvn‡j cÖvq cy‡ivUvB cÖwZdwjZ nq, wKš‘ cÖwZdjb K_vwU †Zv ïay Avqbvi Rb¨ ˆZwi Kiv 
nqwbÑ GUv †Zv †h †Kv‡bv ỳ‡Uv gva¨‡gi gv‡S n‡Z cv‡i| KZUzKz cÖwZdjb n‡e †mUvi Rb¨ 
m~ÎwUi bvg †d«‡b‡ji (Fresnel) m~Î| m~ÎUv †Zvgiv Av‡iKUz eo n‡q wkL‡e, GLb GUvi g~j 
welqUv †R‡b ïay ivLÑ AvcvZb †KvY hZ †ewk n‡e cÖwZdjbI  n‡e ZZ †ewk| †Zvgiv †`‡LQ 
mvaviY GK UzK‡iv Kuv‡P cÖwZdjb nq Kg gvÎ 4% †_‡K 5%, evKxUv †fZ‡i w`‡q cÖwZmvwiZ 
n‡q hvq| wKš‘ cÖwZdjb †KvY hw` †ewk nq 80° wKsev 90°  Gi KvQvKvwQ, Zvn‡j cÖwZdwjZ 
Av‡jv A‡bK †ewk †e‡o hvq| Rvbvjvi Kv‡Pi cv‡k `uvwo‡q †Zvgiv GLbB †mUv cixÿv K‡i 
†`L‡Z cvi| 

 

Qwe 8.4: ỳwU mgvšÍivj Avqbvi gvSLv‡b GKwU ‡gvgevwZ ݔ ivLv n‡j Zvi cÖwZwe¤^ ݔԢGes cÖwZwe‡¤^i cÖwZwe¤^     
ˆZix n‡Z _v‡K| 

 

8.2.2 cÖwZ‡kvlY  
Avgv‡`i Pvicv‡ki RM‡Zi 
†mŠ›`‡h©i eo GKUv Ask Av‡m 
wewfbœ is †_‡K| wKš‘ iswU Av‡m 
†Kgb K‡i? Avgiv hLb meyR 
cvZvi gv‡S GKUv jvj †Mvjvc 
dzj †`wL, †mwU †Kb jvj wKsev 
Zvi cvZvwU †Kb meyR? welqUv 
Av‡iv we¯§qKi g‡b n‡Z cv‡i 
hLb †Zvgiv †`L‡e meyR Av‡jv‡Z jvj dzjUv‡KB †`Lv‡e KzPKz‡P Kv‡jv wKsev jvj Av‡‡jv‡Z 
meyR cvZv‡K †`Lv‡e KzPKz‡P Kv‡jv! 

 

      Qwe 8.5: AvcvZb †KvY †ewk n‡j cÖwZdjb A‡bK †ewk nq 
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 welqUv Avm‡j mnRÑ mvaviY Av‡jv‡Z (A‡bK mgq e‡j mv`v Av‡jv), Avm‡j me¸‡jv 
Zi½ ˆ`N©¨B _v‡K, is †h‡nZz Zi½ ˆ`‡N¨©i Ici wbf©i K‡i ZvB ejv †h‡Z cv‡i †mLv‡b me is‡qi 
Av‡jv i‡q‡Q| hLb me¸‡jv is _v‡K ZLb †mLv‡b Avjv`vfv‡e †Kvb is †`Lv hvq bvÑ ZLb 
Av‡jvUv‡K Avgiv ewj eY©nxb wKsev mv`v Av‡jv| GB Av‡jvUv hLb GKUv jvj †Mvjvc dz‡j c‡o 
ZLb †Mvjvc dzjUv jvj is Qvov Ab¨ me¸‡jv is †kvlY K‡i †bqÑ ZvB †h Av‡jvUv cÖwZdwjZ 
n‡q Avgv‡`i †Pv‡L c‡o †mLv‡b jvj Qvov Avi †Kv‡bv is _v‡K bv Ges †Mvjvc dzjUv‡K g‡b nq 
jvj| wVK †m iKg meyR cvZvUv‡Z me 
is G‡m c‡o Ges cvZvUv meyR Qvov Ab¨ 
me is †kvlY K‡i †bq ZLb †h isUv 
cÖwZdwjZ nq †mUv‡Z meyR Qvov Ab¨ 
†Kv‡bv is‡qi Av‡jv _v‡K bv e‡j 

cvZvUv‡K †`Lvq meyR| (Qwe 8.6) 
 hw` m¤ú~Y© jvj Av‡jv‡Z GB 
†Mvjvc dzj Ges cvZvUv‡K †`Lv n‡Zv 
Zvn‡j dzjUv‡K wVKB jvj †`Lv †hZ 
KviY GUv jvj is †kvlY K‡i bv wKš‘ 
cvZvUv‡K Zvi mwVK is‡q bv †`wL‡q 
†`Lv‡e Kv‡jv| Kvib cvZvUv jvj is‡K 
†kvlY K‡i †dj‡e Ges †Kv‡bv is 
cÖwZdwjZ Ki‡e bv| wVK GKB Kvi‡b meyR Av‡jv‡Z cvZvUv meyR †`Lv‡jI †mB isUv †Mvjvc 
dzj cy‡ivcywi †kvlY K‡i †b‡e e‡j †Mvjvc dzj †_‡K cÖwZdwjZ nevi g‡Zv †Kv‡bv is _vK‡e bv 
e‡j †mUv‡K †`Lv‡e Kv‡jv| 

 

Qwe 8.6: GKUv e¯‘ me is †kvlY K‡i †hUv cÖwZdwjZ K‡i 
†mUv‡KB Zvi is e‡j g‡b nq 

 
8.2.3 gm„Y Ges Agm„Y c„‡ô cÖwZdjb 
Avqbv wKsev Avqbvi g‡Zv gm„Y c„‡ô 
Av‡jvi mgvšÍivj iwk¥ ¸‡jv cÖwZdj‡bi 
c‡iI mgvšÍivj _v‡KÑ KviY cÖ‡Z¨KUv 
iwk¥B cÖwZdj‡bi m~Î †g‡b AvcvZb 
†Kv‡Yi mgvb cÖwZdjb †Kv‡Y cÖwZdwjZ 
nq| wKš‘ c„ôwU hw` gm„Y bv nq Zvn‡j 

cÖwZdj‡bi ci Av‡jvK iwk¥¸‡jv Avi mgvšÍivj bv †_‡K Pvwiw`‡K Qwo‡q c‡o| (Qwe 8.7) 

 

Qwe 8.7: gm„Y c„‡ô Av‡jv cÖwZdwjZ nq wKš‘ Agm„Y c„‡ô Av‡jv 
we”QywiZ nq 
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8.3 Avqbv (Mirror) 

 
Avgiv mevB Avqbv (`c©Y) †`‡LwQ| Avqbvq wbqwgZ cÖwZdj‡bi Kvi‡Y ¯úó cÖwZwe‡¤^i ˆZwi nq| 
Avqbv ˆZwi Kivi Rb¨ Kv‡Pi wcQ‡b cÖwZdj‡bi Dc‡hvMx iæcvi cÖ‡jc †`qv nq| Kv‡Pi mvg‡bi 

c„ô †_‡K 4%  Av‡jv cÖwZdwjZ n‡jI wcQ‡bi c„ô 
†_‡K cy‡iv Av‡jv cÖwZdwjZ nq e‡j ‡mwU g~j 
cÖwZwe¤^wU ˆZwi K‡i| †Uwj‡¯‹vc ev Ab¨ AcwUK¨vj 

(optical) h‡š¿ hLb g~j cÖwZwe¤^wU Lye ¸iæZ¡c~Y© nq 
ZLb Kv‡Pi Dc‡iB iæcv ev A¨vjywgwbqv‡gi cÖ‡jc 

†`qv nq †hb GKwU 4% nvjKv Av‡iKwU 96% 
¯úó, G iKg `ywU cÖwZwe¤^ ˆZwi bv n‡q GKUv 

100% ¯úó cÖwZwe¤^ ‰Zwi nq|  
 

8.3.1 cÖwZwe¤^:  
Zywg hLb Avqbvi mvg‡b ùvovI ZLb Zzwg wb‡Ri 
cÖwZwe¤^ †`L‡Z cvIÑ Zzwg Avqbvi hZUzKz mvg‡b 

AvQ, †Zvgvi g‡b n‡e cÖwZwe¤ŵU eywS wVK ZZUzKz wcQ‡b Av‡Q| 8.8 Qwe‡Z †`Lv‡bv n‡q‡Q X  

n‡”Q GKwU e¯‘ †mLvb †_‡K wZbwU iwk¥ ܤܣ  Avqbvq cÖwZdwjZ n‡q‡Q (A_v©vr AvcvZb †KvY = 
cÖwZdwjZ †KvY)| cÖwZdwjZ iwk¥¸‡jv‡K Avgiv hw` Avqbvi wcQ‡b evwo‡q w`B Zvn‡j g‡b n‡e 

me¸‡jv X' GK we› ỳ‡Z †K›`ªxf~Z n‡q‡Q| GB we› ỳwUB n‡”Q X  e ‘̄wUi cÖwZwe¤^| mwZ¨Kvi e ‘̄‡Z 
GKUv we› ỳ bv †_‡K A‡bK¸‡jv we› ỳ _v‡K Ges cÖwZ¨KUv we› ỳi GKUv K‡i cÖwZwe¤^ n‡q cy‡iv 
e¯‘wUi cÖwZwe¤^ ˆZwi nq| 

Qwe 8.8: X e ‘̄wUi cÖwZwe¤^ X’ Ae ’̄v‡b †`Lv 
hv‡e 

Avgiv hw` R¨vwgwZ e¨envi K‡i cÖwZwe¤^wUi Ae¯’vb †`Lv‡Z PvB Zvn‡j Kgc‡ÿ ỳwU iwk¥ 
AuvK‡Z n‡e| QweUv AvuKv A‡bK mnR nq hw` Avgiv GKwU iwk¥ wn‡m‡e wbB †mvRv j¤^fv‡e hvIqv 

iwk¥ ܺܲ Ges Zvi mv‡_ Ab¨ †h †Kv‡bv GKUv iwk¥ ܱܺ Qwe‡Z †hfv‡e †`Lv‡bv n‡q‡Q| ܱܲܺ 
Ges ܱܲܺԢ wÎfyR ỳwU me©mg| A_©vr ܺܲ ൌ  ܺԢܲ Zvi gv‡b ܺ we› ỳi cÖwZwe¤^wU ܺԢ Avqbv 
†_‡K e¯‘wUi mgvb ~̀i‡Z¡ ˆZwi n‡q‡Q|  

D`vniY: 8.2 †`LvI ܱܲܺ Ges ܱܲܺԢ wÎf~R ỳwU me©mg| 
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DËi: GLv‡b ܱܲܺס ൌ  Ԣܱܲ KviY ỳwUB GK mg‡KvY †h‡nZz ܺܲ  n‡”Q Avqbvi c„‡ôܺס
AvuKv j¤^| cÖwZdj‡bi wbqg Abyhvqx AvcvZb †KvY cÖwZdjb †Kv‡Yi mgvb Kv‡RB 

ܱܲܺס ൌ ܣܱܴס Avevi ܣܱܴס ൌ  Ԣܱܲ Kv‡RB wÎf~R ܱܲܺ Ges ܱܲܺԢ Gi gv‡Sܺס

ܱܲ mvaviY evû Ges GB evûi `yB w`‡Ki †KvY ỳwU mgvb| ܱܲܺ Ges ܱܲܺԢ wÎf~R ỳwU 

me©mg, ZvB ܺܲ ൌ ܺԢܲ  
 
 ‡Kv‡bv Avqbvq Avgiv hw` GKwU e¯‘i 
cÖwZwe¤^ †`wL Zvn‡j Avgv‡`i g‡b nq cÖwZwe¤^ †_‡K 
eywS Av‡jvK iwk¥ Avm‡QÑ Avm‡j wKš‘ †gv‡UI †mB 
we› ỳ †_‡K Av‡jv Avm‡Q bv| Avgiv c‡i †`Le A‡bK 
mgq wKš‘ mwZ¨ mwZ¨ Ggbfv‡e GKUv cÖwZwe¤^ ˆZwi 
nq †hLv‡b mwZ¨ mwZ¨ Av‡jv †K›`ªxf~Z nq Ges 
†mLvb †_‡K Av‡jvK iwk¥ †ei n‡q Av‡m| G iKg 
cÖwZwe¤^‡K e‡j ev¯Íe cÖwZwe¤^ Ges GB ai‡bi 
cÖwZwe¤^ w`‡q A‡bK KvR Kiv m¤¢e| Avqbvq †h 
cÖwZwe¤^ ˆZwi nq †mLv‡b mwZ¨Kv‡ii Av‡jv †K›`ªxf~Z 
nq bv ZvB Gi bvg Aev¯Íe cÖwZwe¤^| 

8.10 Qwe‡Z GKwU gvÎ we› ỳ bv n‡q GKUv 

we Í̄…Z e¯‘i cÖwZwe¤^ Kxfv‡e ˆZwi nq †`Lv‡bv n‡q‡Q| ܺ Ges ܻ we› ỳ †_‡K Av‡jv Avqbvq 

cÖwZdwjZ n‡q h_vμ‡g ܺᇱ Ges ܻᇱ G 
Aev¯Íe cÖwZwe¤^ ‰Zix K‡i‡Q A_©vr g‡b 

n‡”Q †Pv‡L Av‡jvK iwk¥ Avm‡Q ܺᇱ Ges 

ܻᇱ †_‡K| †`LvB hv‡”Q ܻܺ Gi †h ‰`N©̈  

ܺᇱܻᇱ Gi †mB GKB ˆ`N©̈ | ܻܺ †Z Zx‡ii 

gv_vwU hw` Dc‡ii w`‡K nq Zvn‡j ܺᇱܻᇱ 
†ZI Zx‡ii gv_vwU Dc‡ii w`‡K n‡e| 
A_©vr mvaviY Avqbvq cÖwZwe¤^: 

Qwe 8.9: X Ae¯’v‡bi e¯‘wUi cÖwZwe¤^ †`Lvi 

Rb¨ XP Ges XO GB ỳwU Av‡jvK iwk¥ 
e¨envi KivB h‡_ó 

             Qwe 8.10:  ܻܺ e ‘̄wUi cÖwZwe¤^ ܺԢܻԢ (a) Avqbv †_‡K mg ~̀i‡Z¡  

(b) Aev¯Íe  

(c) †mvRv Ges  

(d) mgvb ˆ`‡N©¨i  w
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Avgiv Avjv`v Avjv`vfv‡e GB welq¸‡jv g‡b 
Kwi‡q w`w”Q KviY GKUz c‡iB †`Le mvaviY 
Avqbvi e`‡j Ab¨ ai‡bi Avqbv e¨envi 
Ki‡j cÖwZwe¤^ wfbœ `~i‡Z¡ n‡Z cv‡i, ev¯Íe 
n‡Z cv‡i, D‡ëv n‡Z cv‡i GgbwK †QvU 
wKsev eoI n‡Z cv‡i| 
 
D`vniY 8.3: c~Y© ‰`N©̈  cªwZwe¤^ †`Lvi R‡b¨ Avqbv 
K‡Zv eo n‡Z nq ?  
 

DËi: 8.11  Qwei R¨vwgwZ †_‡K ejv hvq  0.5 

wgUvi| gRvi e¨vcvi n‡”Q Zzwg Avqbv †_‡K 1 wgUvi 

~̀‡iB _v‡Kv wKsev 10 wgUvi ~̀‡B _v‡Kv †Zvgvi 
Avqbvi ‰`N©¨ wKš‘ memg‡qB n‡e †Zvgvi ˆ`‡N©¨i A‡a©K| †Zvgvi gv evev wKsev Ab¨ †KD hw` 
mvR‡MvR Kivi ci Zv‡`i †Kgb †`Lv‡”Q †`Lvi Rb¨ dzj †js_ wgii wKb‡Z hvq Zv‡`i‡K 
e‡jvÑ A‡a©K †js_ wKb‡jB KvR P‡j hv‡e! 

Qwe 8.11: c~Y©‰`N© cÖwZwe¤^ †`Lvi R‡b¨ c~Y©‰`N© Avqbvi 
cÖ‡qvRb nq bv 

  
D`vniY 8.4:   ỳwU Avqbv ci¯ú‡ii mv‡_ 60° †Kv‡Y 
ivLv Av‡Q| cÖ_g Avqbvq 60° †Z Av‡jv †djv n‡j 
Av‡jvK iwk¥ †Kvb w`‡K hv‡e? 
 
DËi: R¨vwgwZ †_‡K ejv hvq iwk¥wU ܤ we› ỳ‡Z 
AvcwZZ n‡e Ges wVK wecixZ w`‡K cÖwZdwjZ n‡e| 

 
D`vniY 8.5:  GKUv 
AÜKvi N‡i GKUv 
†ev‡W©i gv‡S Lye †QvU 
GKUv dz‡Uv K‡i GKUv R¡jšÍ †gvgevwZi mvg‡b ivL| Qwe‡Z 
†`Lv‡bv Dcv‡q †evW©Uvi Ab¨cv‡k GKUv mv`v KvMR ivL| mv`v 
KvM‡R hw` Ab¨ †Kv_v †_‡K Av‡jv co‡Z bv `vI Zvn‡j 
†mLv‡b †gvgevwZi wkLvi GKUv cÖwZwe¤^ †`L‡e| wcQ‡bi mv`v 
KvMRwU mvg‡b wcQ‡b mwi‡q cªwZwe¤^wU †QvU eo Ki‡Z cvi‡e| 
cÖwZwe¤^wU wK ev Í̄e bvwK Aev Í̄e? †mvRv bv D‡ëv Ñ mg`~i‡Z¡ 
bv wfbœ ~̀i‡Z¡? eo bv †QvU? 

Qwe 8.12: 60º †Kv‡Y ivLv ỳwU 

Avqbvi GKwU‡Z A we› ỳ‡Z 60º 
‡Kv‡Y Av‡jv AvcwZZ n‡”Q 

 

Qwe 8.13: m~² dz‡Uv w`‡q †KvY e ‘̄i cÖwZwe¤^ ˆZwi 
Kiv m¤¢e 
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DËi: ev Í̄e, D‡ëv,  mKj ~̀i‡Z¡ ¯úó, hZ ~̀‡i 
ZZ eo| GB c×wZ‡Z wcb †nvj K¨v‡giv ˆZix 
nq| 

 

Qwe 8.14: mg‡Kv‡b ivLv ỳwU Avqbvq 
ÔÔAv‡jvÓ kãwUi wfbœ wfbœ cÖwZdjb 

 
D`vniY 8.6:  8.14  Qwe‡Z ‡hfv‡e †`Lv‡bv 
n‡q‡Q †mfv‡e  ỳwU Avqbv AO Ges BO 
j¤^fv‡e ivLv Av‡Q| Zvi mvg‡b GKwU e¯‘ ivLv 
n‡jv| e¯‘wUi cÖwZwe¤^ AvuK| 
 
DËi: ܱܣ Ges ܱܤ Avqbv‡Z ỳwU cÖwZwe¤^ 
†`Lv hv‡e| ܣᇱܱܤᇱ †ÿ‡Î cÖwZwe‡¤^i cÖwZwe¤^ 
†`Lv hv‡e| 

 

8.4 †Mvjxq Avqbv (Spherical Mirror) 
 
mvaviY mgZj Avqbv Avgiv mevB †`‡LwQ wKš‘ mwZ¨Kv‡ii †Mvjxq Avqbv Avgiv mevB bvI 
†`L‡Z cvwiÑ Z‡e †Mvjxq Avqbvi g~j welqwU wKš‘ PKP‡K b~Zb Pvg‡P A‡bKUv †`Lv hvq! 
†Mvjxq Avqbv ỳB iK‡gi n‡q _v‡K AeZj Ges DËj| GKUv duvcv †Mvj‡Ki LvwbKUv †K‡U Zvi 
c„‡ô iæcv ev A¨vjywgwbqv‡gi cÖ‡jc jvwM‡q AeZj wKsev DËj †Mvjxq Avqbv ˆZwi Kiv hvq| 
†Kvb c„‡ô iæcv ev A¨vjywgwbqv‡gi cÖ‡jc †`qv n‡e Zvi Ici wbf©i Ki‡e GB †Mvjxq AvqbvwU 
AeZj bv DËj †Mvjxq Avqbv n‡e| 
  

8.5 DËj Avqbv (Convex Mirror)  

 
†Zvgiv hw` KL‡bv GKUv PKP‡K Pvgy‡Pi wb‡Pi ev 
wcQ‡bi As‡k wb‡Ri †Pnviv †`Lvi †Póv K‡i _vK (Qwe 

8.15) Zvn‡j wbðqB jÿ K‡iQ †h †mLv‡b Zzwg †Zvgvi 
†PnvivUv †mvRv †`Lv‡jI †mwU n‡e Zzjbvg~jKfv‡e 
†QvU| Pvg‡Pi GB AskUv DËj Avqbvi g‡Zv KvR K‡i| 
mwZ¨Kv‡ii DËj Avqbv GKUv cÖK„Z †Mvj‡Ki Ask nq| 

aiv hvK †MvjKwUi e¨vmva© ݎ (Qwe 8.16) Ges Zvi 
GKUv Ask †K‡U Zvi DËj AskwUi w`‡K †_‡K Av‡jvi 
cÖwZdj‡bi e¨e¯’v Kiv n‡q‡Q| GB Avqbvq GKUv 

Qwe 8.15: GKwU Pvg‡Pi D‡ëv c„ôv 
DËj †MvjK Avqbvi g‡Zv| 
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mgvšÍivj Av‡jv †djv n‡j Av‡jvwU Pvwiw`‡K Qwo‡q hv‡e, Qwo‡q hvIqv Av‡jvK iwk¥¸‡jv hw` 
Avqbvi †K‡›`ªi w`‡K ewa©Z Kwi Zvn‡j g‡b n‡e †mUv eywS GKUv we› ỳ †_‡K Qwo‡q †M‡Q| H 
we› ỳwU‡K e‡j †dvKvm we› ỳ| DËj Avqbvi †h c„ô †_‡K cÖwZdjb nq Zvi †K›`ª we›`ywU‡K e‡j 
†giæ we› ỳ Ges GB we›`y †_‡K †dvKvm 
we› ỳi ~̀iZ¡wU‡K e‡j †dvKvm ~̀iZ¡ 
ሺ݂ሻ| 

 
D`vniY 8.7:  mgZj 
Avqbv‡K hw` Avgiv 
†Mvjxq DËj Avqbv 
wn‡m‡e Kíbv Kwi Zvn‡j 
Zvi †dvKvm ~̀iZ¡ KZ? 

Qwe 8.16: DËj Avqbvi †dvKvm ~̀iZ¡ †Mvj‡Ki e¨vmv‡a©i A‡a©K  
DËi:  Amxg! 

 
GKUv †Mvjxq Avqbv‡K Avgiv me mg‡qB GKUv †Mvj‡Ki Ask wn‡m‡e Kíbv Ki‡Z cvwi| H 

†MvjKwUi e¨mva© hw` ݎ nq Zvn‡j †dvKvm `~iZ¡ n‡e 
௥
ଶ
 . 

D`vniY 8.8:  cÖgvY Ki ݂ ൌ ௥
ଶ
 

 

 
DËi: gRvi e¨vcvi n‡”Q Zzwg wKš‘ GUv cy‡ivcywi cÖgvb Ki‡Z cvi‡e bvÑ Gi KvQvKvwQ cÖgvY 

Ki‡Z cvi‡e| aiv hvK †Mvjxq Avqbvi g~j A‡ÿi mv‡_ mgvšÍivj ỳwU iwk¥ A Ges B †_‡K 

†giæ we› ỳ ܺ Ges Ab¨ GKwU we›`y ܻ G‡m‡Q (Qwe 8.17)| †h 

iwk¥wU ܺ we› ỳ‡Z G‡m‡Q †mwU cÖwZdwjZ n‡q †hw`‡K G‡m‡Q 
wVK †mw`‡KB wd‡i hv‡e| Avgiv GB †iLvwU‡K †Mvj‡Ki †K› ª̀ 

ܱ we› ỳ ch©šÍ ewa©Z Kwi, †`LvB hv‡”Q ܱܺ ൌ  Mvj‡Ki†) ݎ

e¨mva©) †h iwk¥wU ܻ we› ỳ‡Z G‡m‡Q †mwU †mB we›`y‡Z j¤^ ܱܰ 

Gi mv‡_ θ௜ AvcvZb †KvY K‡i‡Q| cÖwZdjb †KvY θ௥ =θ௜  

Ges †mwU ܻܲ w`‡K hv‡e| Avgiv ܻܲ †K ewa©Z Ki‡j †mwU 

 L ‹we ܨ ỳ

Qwe 8.17: GKUv †Mvjxq DËj Avqbv Avm‡j 
GKUv †Mvj‡Ki Ask 

ܱܺ †i v‡K ‡Z †Q` Ki‡e|  
 

ܱܨ ൌ ܻܱܨס wÎfy‡Ri ܻܨܱ KviY  ܻܨ ൌ  h‡nZy† ܨܻܱס

ܻܱܨס ൌ θ௜ Ges ܱܻܨס ൌ θ௥ 
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ܻܨ ؆  K A‡bK †QvU nq ZLb GwU mZ¨| †ewki fvM DËj‡_† ݎ ©hLb ܺܲ e¨vmva ܺܨ
Avqbvq GUv mwZ¨|  
  

Kv‡RB ܱܨ ൌ ܻܨ ൌ ܺܨ ൌ ௥
ଶ
 

 

8.5.1 †Mvjxq DËj Avqbvq cÖwZwe¤^ 
Avgiv Av‡MB e‡jwQ Pvg‡Pi evB‡ii AskUv †Mvjxq DËj Avqbvi g‡Zv KvR K‡i Ges †mLv‡b 
Zzwg wb‡R‡K †`L‡Z PvB‡j †QvU Ges †mvRv GKUv cÖwZwe¤^ †`L‡Z cvI| hvi A_© Avgiv †Mvjxq 

DËj Avqbvi cÖwZwe¤^wU me mg‡qB †QvU †`Lvi K_v| Qwe‡Z GKUv DËj Avqbvi mvg‡b ܻܺ 

GKwU e ‘̄ ivLv Av‡Q ܻ we› ỳ †_‡K Av‡jv ܴ we› ỳ‡Z G‡j †mwU j¤^fv‡e cÖwZdwjZ n‡q Avevi ܻ 

we› ỳi w`‡KB wd‡i hvq hvi A_© ܻܺ e ‘̄i ܻ we› ỳi cÖwZwe¤^wU GB ܱܻ †iLvi †Kv_vI n‡e| †mwU 

wVK †Kv_vq Rvb‡Z n‡j ܺ we› ỳ †_‡K 
Ab¨ w`‡K Av‡iKwU iwk¥ AuvK‡Z n‡eÑ 
Avgv‡`i †mwU Kivi cÖ‡qvRb †bBÑ 

KviY ܺ we› ỳwUi cÖwZwe¤^wU †ei K‡i 
†mLvb †_‡K Avgiv GwU †R‡b †be| 

 

ܺ we› ỳi cÖwZwe¤^ †ei Kivi 
Rb¨ ỳwU iwk¥ AvuK‡Z n‡e, GKwU 

Av‡Mi g‡Zv mivmwi ܱ we› ỳi mv‡_ hy³ 

Kwi| ܻܴ iwk¥wU †h iKg j¤^fv‡e 

cÖwZdwjZ n‡q ܻ Gi w`‡K wd‡i 

wM‡qwQj GB iwk¥wUI wVK GKBfv‡e ܰ 

we› ỳ‡Z cÖwZdwjZ n‡q  ܺ Gi w`‡K 

wd‡i hv‡e| wØZxq iwk¥wU ܻܴ Gi mv‡_ mgvšÍivjfv‡e AvuKv †h‡Z cv‡i †mUv DËj Avqbvi ܲ 

we› ỳ‡Z ¯úk© Ki‡j g‡b n‡e †hb ܨ e› ỳ †_‡K Qwo‡q hv‡”Q Kv‡RB Avgiv ܲܨ †K hy³ K‡i  
Gi w`‡K evwo‡q w`‡Z cvwi|   

 w ܳ

‹iLvUv ܱܺ  †iLv‡K ܺԢ we† ܲܨ  ỳ‡Z †Q` K‡i‡Q hvi A_© ܺ  we› ỳi cÖwZwe¤^wU n‡e ܺԢ  
we› ỳ‡Z| ‡h‡nZz Avgv‡`i g‡b n‡e ܺ  we› ỳi cÖwZdjbwU Avm‡Q ܺԢ  we› ỳ †_‡K| ܺԢ  †_‡K ܱܻ  

†iLvi Ici j¤^ Uvb‡j †mUv ܻᇱ  we› ỳ‡Z †Q` K‡i‡Q Kv‡RB ܺᇱܻᇱ n‡e ܻܺ Gi cÖwZwe¤^| †`LvB 

hv‡”Q ܺᇱܻᇱ me mgq ܻܺ †_‡K †QvU Ges ܻܺ DËj Avqbv †_‡K hZ `~‡i _vK‡e ܺᇱܻᇱ n‡e 

 

Qwe 8.18: DËj Avqbvq GKwU e ‘̄  ܻܺ †dvKvm ~̀i‡Z¡i 

†fZ‡i ivLv n‡j cÖwZwe¤^wU ܺᇱܻᇱeo †`Lvq| 
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ZZ †QvU! cÖwZdj‡bi wbqg e¨envi K‡i DËj wKsev AeZj Avqbvq cÖwZwe¤^ AvuKvi GB c×wZwU 
fv‡jv K‡i †R‡b ivLv `iKvi, GwU c`v_©weÁv‡bi Lye cÖ‡qvRbxq GKUv c×wZ|  

‡evSvB hv‡”Q ܺᇱܻᇱ †_‡K Avm‡j mwZ¨Kv‡ii Av‡jv we”QzwiZ n‡”Q bv, Avgv‡`i g‡b n‡”Q 
eywS cÖwZwe¤^wU GLv‡b Av‡Q! Kv‡RB GUv Aev¯Íe cÖwZwe¤^| mvaviY Avqbvi cÖwZwe‡¤^i mv‡_ Zzjbv 
K‡i Avgiv ej‡Z cvwi  

 

(a) GB cÖwZwe¤̂wUi Ae¯’vb n‡e †dvKvm we› ỳ Ges †giæ we› ỳi gvSLv‡b| e¯‘wU hZ `~‡i 
_vK‡e cÖwZwe¤^wU †dvKvm we› ỳi ZZ Kv‡Q ˆZwi n‡e| 

(b) GB cÖwZwe¤^wU Aev¯Íe  

(c) GwU †mvRv  

(d) GUv †QvU, e ‘̄wU Avqbv †_‡K hZ ~̀‡i hv‡e cÖwZwe¤^wU  ZZ †QvU n‡Z _vK‡e| 
 

8.6 AeZj †Mvjxq Avqbv (Concave Mirror) 
 
GKUv PKP‡K Pvg‡Pi †fZ‡ii AskUv AeZj †Mvjxq Avqbvi D`vniY n‡Z cv‡i| †Zvgiv hviv 

Pvgy‡Pi †fZ‡ii w`‡K ZvwK‡qQ Zviv wbðqB jÿ (Qwe 8.19) K‡iQ †mLv‡b †Zvgvi cÖwZwe¤^wU 
†QvU Ges me‡P‡q PgKcÖ` n‡”Q cÖwZwe¤^wU D‡ëv! †Zvgiv PvB‡j †Zvgvi AvOzj PvgPUvi Lye Kv‡Q 
a‡i †`L‡Z cvi, †`L‡e AvOzjUv †mvRvB †`Lv‡”Q| Gev‡i Av‡¯Í Av‡¯Í ~̀‡i miv‡Z _vK, †`L‡e 
†Zvgvi AvOzjUv eo †`Lv‡Z ïiæ K‡i‡Q (Avgiv mgZj 
Avqbv wKsev DËj Avqbvq Gi Av‡M cÖwZwe¤^ ˆZwi Ki‡Z 
†c‡iwQ wKš‘ KL‡bvB e¯‘i cÖK…Z AvKvi †_‡K eo cÖwZwe¤ ̂
ˆZwi Ki‡Z cvwiwbÑ GB cÖ_g eo cÖwZwe¤^ †`L‡Z 
cvw”Q|) AvOyjUv hw` Av‡¯Í Av‡¯Í miv‡Z _vK GK mgq 
AevK n‡q †`L‡e AvOz‡ji cÖwZwe¤^Uv D‡ëv n‡q †M‡Q! 
GUv‡K GLb hZB mwi‡q bvI, GUv me mgq D‡ëvB †_‡K 
hv‡e| (mgZj Avqbv wKsev DËj Avqbv w`‡q Avgiv Gi 
Av‡M KL‡bvB D‡ëv cÖwZwe¤^ ‰Zwi Ki‡Z cvwiwbÑ GB 
cÖ_g Avgiv D‡ëv cÖwZwe¤^ †`LwQ!) 
 Kv‡RB †`L‡Z cv”Q Pvg‡Pi evB‡ii AskUv DËj 
Avqbvi g‡Zv Ges †fZ‡ii AskUv AeZj Avqbvi g‡Zv 
KvR K‡i! mwZ¨Kv‡ii AeZj Avqbv Avm‡j GKUv 

Qwe 8.19: GKwU PvgP AeZj Avqbvi 
gZ KvR K‡i 
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†Mvj‡Ki Ask| DËj Avqbvi †ejvq evB‡ii 
DËj Ask †_‡K Av‡jv cÖwZdwjZ n‡Zv, AeZj 
Avqbvi †ejvq Av‡jv‡K †fZ‡ii AeZj Ask 
†_‡K cÖwZdwjZ Kiv n‡e| 

GKwU AeZj Avqbvq mgvšÍivj Av‡jv 
†djv n‡j Av‡jvi iwk¥¸‡jv cÖwZdj‡bi ci GK 

we› ỳ‡Z wgwjZ n‡e (Qwe 8.20)| eyS‡ZB cviQ 
GB we› ỳwU AeZj Avqbvi †dvKvm we› ỳ Ges 
†giæ we› ỳ †_‡K GB we›`y ch©šÍ `~iZ¡Uv n‡”Q 
†dvKvm ~̀iZ¡| Av‡jvi iwk¥i †Zv Avi †_‡g 
_vKvi Dcvq †bB Ges GK we› ỳ‡Z wgwjZ nevi 
ciI †mUv †mvRv mvg‡bi w`‡K G‡Mv‡Z _vK‡e 
Ges †`Lv hv‡e †mB we› ỳ †_‡K Av‡jv¸‡jv Qwo‡q 
co‡Q! A_©vr †dvKvm we› ỳ‡Z †cuŠQv‡bvi Av‡M Av‡jv GKÎ n‡Z _v‡K (Awfmvix) †dvKvm we› ỳ‡Z 
†cuŠQv‡bvi ci Av‡jv Qwo‡q †h‡Z _v‡K (Acmvix!) 

 

Qwe 8.20: AeZj Avqbvi †dvKvm ~̀iZ¡ †Mvj‡Ki 
e¨vmv‡a©i A‡a©K| 

 
D`vniY 8.9:  mgZj Avqbv‡K Avgiv hw` †Mvjxq AeZj Avqbv wn‡m‡e Kíbv Kwi Zvn‡j 
Zvi †dvKvm ~̀iZ¡ KZ? 

 

Qwe 8.21: cÖwZdwjZ Av‡jv 
GKwU †dvKvm we› ỳ‡Z AvcwZZ 
Kivi Rb¨ eμ Avqbvi mwVK 
AvK…wZ 

 
DËi: Amxg!  
 

DËj Avqbvi †ejv‡ZI Avgiv GKB DËi †c‡qwQjvgÑ hvi A_© 
†dvKvm ~̀iZ¡ evo‡Z evo‡Z Amxg n‡q †M‡j DËj Ges AeZj 
Avqbv ỳwUB mgZj Avqbv n‡q hvq! 

DËj Avqbvi g‡Zv AeZj Avqbv‡ZI †dvKvm ~̀iZ¡ n‡”Q 
e¨vmv‡a©i A‡a©K| GwU ûeû cÖgvY Kiv hvq bv, KvQvKvwQ cÖgvYwU 
Gev‡i Avgiv †Zvgv‡`i nv‡Z †Q‡o w`jvg| 

 
D`vniY 8.10:  Avgiv AeZj Avqbv covi mgq a‡i 
wb‡qwQjvg mgvšÍivj Av‡jvK iwk¥ †K‡›`ªi KvQvKvwQ AvcwZZ 
nq KviY hw` Zv bv nq Zvn‡j †mwU 

௥
ଶ
 we› ỳ‡Z †K› ª̀xf~Z n‡e 

bv| hw` Avgiv wbwðZ n‡Z PvB †h mgvšÍivj AvcwZZ iwk¥ 
me mg‡qB GK we› ỳ‡Z †K› ª̀xf~Z n‡e Zvn‡j AvqbvwUi 
AvKvi †Kgb n‡Z n‡e? w
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DËi: R¨vwgwZ †_‡K Avgiv †`Lv‡Z cvwi AeZj AvqbvwU †MvjK bv n‡q Qwe‡Z †`Lv‡bv 
AvK…wZi n‡j Av‡jvK iwk¥ GK we› ỳ‡Z †K› ª̀xf~Z n‡e| GKUv MÖvd †ccv‡i mgvšÍivj iwk¥ G‡uK 
†mUv‡K GK we› ỳ‡Z wgwjZ Kiv‡bvi Rb¨ †mB we› ỳ †_‡K iwk¥ G‡uK †Zvgiv D‡ëvfv‡e AMÖmi 
nq GB we‡kl eμ AvqbvwU AuvK‡Z cvi‡e| †Póv K‡i †`L| 

 
8.6.1 AeZj Avqbvq cÖwZwe¤^ 
Gev‡i G‡mwQ Avgiv me‡P‡q gRvi AskUzKz‡Z! mgZj Avqbv Ges DËj Avqbvq ïay GK ai‡bi 
cÖwZwe¤^ ˆZwi n‡Zv| AeZj Avqbvq `yB ai‡bi cÖwZwe¤^ n‡Z cv‡i| GKUv e¯‘ †dvKvm ~̀iZ¡ †_‡K 
Kg ~̀i‡Z¡ ivL‡j GK ai‡bi cªwZwe¤^ ˆZwi nq, †dvKvm `~iZ¡ †_‡K †ewk ~̀i‡Z¡ ivL‡j Ab¨ iKg  
cÖwZwe¤^ ˆZwi nq|  
 
‡dvKvm ~̀iZ¡ †_‡K Kg ~̀i‡Z¡: 
8.22 Qwe‡Z GKUv AeZj Avqbv †`Lv‡bi n‡q‡Q, AeZj AvqbvwU †h †Mvj‡Ki Ask †mB 

†Mvj‡Ki †K›`ª n‡”Q ܱ, AeZj Avqbvi †dvKvm we› ỳ ܨ Ges aiv hvK ܻܺ e ‘̄wUi cÖwZwe¤^wU 

Avgiv †ei Ki‡Z PvB| ܻ we› ỳwU 

†_‡K Av‡jv AeZj Avqbvi ܲ we› ỳ‡Z 

cÖwZdwjZ n‡q Avevi ܻ  n‡q ܱ 
we› ỳi w`‡K wd‡i hv‡e| Kv‡RB †evSv 

hv‡”Q GwU ܱܲ †iLvq wKsev Zvi 
ewa©Z As‡ki †Kv‡bv GKUv we› ỳ‡Z 
_vK‡e, wVK †Kv_vq †mB we› ỳwU n‡e 

†mwU †ei Ki‡Z n‡j ܻ we› ỳ †_‡K 
Ab¨w`‡K Av‡iv GKwU iwk¥‡K AeZj 
Avqbvi w`‡K AvuK‡Z n‡eÑ Avgiv 

Avi †mwU KiwQ bv, Av‡Mi g‡Zv ܺ 
we› ỳwUi cÖwZwe¤^ †ei Ki‡Z cvi‡jB 

†mLvb †_‡K ܻ we› ỳwUi cÖwZwe‡¤^i mwVK RvqMvwU †ei Kiv hv‡e| ܺ we› ỳi cÖwZwe¤^ †ei Ki‡Z 

n‡j GB we› ỳ †_‡K ỳwU †iLv AuvK‡Z n‡e, †evSvB hv‡”Q cÖ_g †iLvwU n‡e ܱܺ †iLvi ewa©Z Ask, 
G‡Uv AeZj Avqbv‡K j¤^fv‡e ¯úk© K‡i wVK †mB c‡_B cÖwZdwjZ n‡q wd‡i hv‡e| Qwe‡Z 

†hfv‡e †`Lv‡bv n‡q‡Q ܺ we› ỳ †_‡K Av‡iKUv iwk¥ n‡Z cv‡i A‡ÿi mv‡_ mgvšÍivj GKUv iwk¥Ñ 

 

Qwe 8.22: AeZj Avqbvq GKwU e ‘̄ †dvKvm ~̀i‡Z¡i †fZ‡i 
ivLv n‡j cÖwZwe¤^wU eo †`Lvq| 
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KviY Avgiv Gi gv‡S †R‡b †MwQ mgvšÍivj iwk¥ cÖwZdj‡bi ci †dvKvm we›`y w`‡q hvq| Kv‡RB 

GUv ܳ we› ỳ‡Z AvcwZZ n‡q cÖwZdwjZ n‡q ܨ we› ỳ w`‡q P‡j hv‡e| 

ܺ we› ỳ †_‡K †ei nIqv ỳwU iwk¥ cÖwZdj‡bi ci ܱܰ Ges ܳܨ w`‡K hv‡e Ges †`LvB 
hv‡”Q GB iwk¥ `y‡Uv wgwjZ nevi †Kv‡bv my‡hvM †bB! Kv‡RB Wvb cv‡k †Kv‡bv cÖwZwe¤^ ˆZwi n‡Z 

cvi‡e bv| wKš‘ hw` Wvb cvk †_‡K evg cv‡k ZvKv‡bv hvq Zvn‡j gv‡b n‡e ܱܰ †iLv Ges ܳܨ 

†iLv ỳwU eywS ܺԢ we› ỳ‡Z wgwjZ n‡q‡QÑ Kv‡RB ܺԢ n‡e ܺ Gi cÖwZwe¤^| GB we› ỳ †_‡K ܱܲ 

A‡ÿi Ici GKwU j¤^ AvK‡jB Avgiv ܻܺ Gi cy‡iv cÖwZwe¤^ ܺᇱܻᇱ †c‡q hve| ܺᇱܻᇱ †_‡K 
mwZ¨Kvi fv‡e †Kv‡bv Av‡jv hv‡”Q bv, ïay Avgv‡`i g‡b n‡”Q GLv‡b eywS cÖwZwe¤^wU ˆZwi n‡q‡Q| 
Kv‡RB GB cÖwZwe¤^wU Aev¯Íe cÖwZwe¤^| Qwe †_‡K †`Lv hv‡”Q cÖwZwe¤^wU g~j e ‘̄ †_‡K eo| ïay 
Zv-B bq Avgiv e¯‘wU‡K hZB †dvKvm we› ỳi Kv‡Q Avbe cÖwZwe¤^wU ZZB eo n‡e| (hw` GUv‡K 
wVK †dvKvm we› ỳ‡Z emv‡bv nq Zvn‡j cÖwZdwjZ Av‡jvK iwk¥ Avm‡j mgvšÍivj n‡q hv‡eÑ A_©vr 
cÖwZwe¤^ ˆZwi Kivi Rb¨ Av‡jvK iwk¥ Avi wgwjZ n‡Z cvi‡e bv|) AeZj Avqbvq †dvKvm 
~̀i‡Z¡i †fZ‡i †Kv‡bv wKQz ivLv n‡j Zvi cÖwZwe¤^wU †Kgb n‡e †mwU †`‡L †bqv hvK : 

 

(a) cÖwZwe¤^wUi Ae¯’vb †Kv_vq n‡e †mwU wbf©i Ki‡e Avmj e¯‘wUi Ae¯’v‡bi Ici| 
e¯‘wU hZB †dvKv‡mi Kv‡Q ivLv n‡e cÖwZwe‡¤^i Ae¯’vbwU n‡e ZZ ~̀‡i| 

(b) GwU Aev¯Íe 

(c) †mvRv  

(d) cÖwZwe¤^wUi ˆ`N©¨I wbf©i 
Ki‡e Zvi Ae¯’v‡bi 
Ici, hZ †dvKvm we› ỳi 
Kv‡Q hv‡e Zvi ˆ`N©¨I 
ZZ †e‡o hv‡e| 

 
‡dvKvm ~̀iZ¡ †_‡K †ewk ~̀i‡Z¡: 
Avgiv GLb ch©šÍ hZ cÖwZwe¤^ †`‡LwQ 
Zvi gv‡S GB cÖwZwe¤^wU me‡P‡q 
PgKcÖ` KviY GB cÖ_gevi Avgiv 
GKwU ev¯Íe cªwZwe¤^ †`LeÑ A_©vr 
†hLv‡b cÖwZwe¤^wU ˆZwi n‡e †mLv‡b 
mwZ¨ mwZ¨ Av‡jv †K›`ªxf~Z n‡e|  

Qwe 8.23: AeZj Avqbvq GKwU e¯‘ †dvKvm ~̀i‡Z¡i evB‡i ivL‡j 
cÖwZwe¤^wU nq D‡ëv 
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mwZ¨Kv‡ii e¯‘wU n‡”Q ܻܺ Ges ܻ 

we› ỳi cÖwZwe¤^wU Ab¨ev‡ii g‡Zv wbðqB ܻܲ 

†iLvi Dc‡i _vK‡e| ܺ we› ỳwUi cÖwZwe¤^ †ei 
Kivi Rb¨ Avgv‡`i `ywU iwk¥ AvuK‡Z n‡e 

GKwU n‡e A‡ÿi mv‡_ mgvšÍivj ܺܳ Ges 

cÖwZdwjZ n‡q GwU wbðqB †dvKvm we› ỳ ܨ 

Gi wfZi w`‡q ܳܨ wn‡m‡e hv‡e| wØZxq 

iwk¥wU Avgiv ܨ we› ỳi wfZi w`‡q AvuK‡Z 

cvwi GwU AeZj Avqbvq cÖwZdwjZ n‡q ܴܵ 
wn‡m‡e mgvšÍivj n‡q hv‡e, KviY mgvšÍivj 
†iLvi Av‡jv AeZj Avqbv‡Z cÖwZdwjZ n‡q 
†h iKg †dvKvm we› ỳi wfZi w`‡q hvq wVK 
†m iKg Zvi D‡ëvUvI mwZ¨, Av‡jv me 

mg‡qB Zvi MwZc_ D‡ëv c‡_ cy‡ivcywi AbymiY K‡i| ܳܨ Ges ܴܵ †iLv ỳwU ܺԢ we› ỳ‡Z †Q` 

K‡i‡Q Ges ܺԢ  we› ỳwU n‡”Q ܺ  we› ỳi cÖwZwe¤^| Kv‡RB ܺԢ   we› ỳ †_‡K ܱܲ †iLvi Ici j¤^wU 

ܻԢ   we› ỳ‡Z †Q` K‡i‡Q Ges ܺᇱܻᇱ n‡”Q ܻܺ Gi cÖwZwe¤^| ‡`L‡ZB cv”Q GB cÖwZwe¤^wU GLb 
ch©šÍ †`Lv Ab¨vb¨ cÖwZwe¤^ †_‡K wfbœ|  

Qwe 8.24: AeZj Avqbvq GKwU e¯‘ †dvKvj ~̀i‡Z¡i 
wØ¸b ~̀i‡Z¡I evB‡i ivL‡j cÖwZwe¤^wU D‡ëv Ges †QvU 
nq| 

8.24 Qwe‡Z ûeû GKB welq †`Lv‡bv n‡q‡Q ïaygvÎ ܻܺ e ‘̄wU †dvKvj ~̀i‡Z¡i wØ¸Y 
‡_‡K †ekx ~̀i‡Z¡ ivLv n‡q‡Q| Gev‡i e ‘̄wUi cÖwZwe¤^wU n‡q‡Q †QvU| e ‘̄wU hw` wVK †dvKvj 

~̀i‡Z¡i wØ¸Y ~̀i‡Z¡ ivLv n‡Zv Zvn‡j Zvi cÖwZwe¤^wUI n‡Zv GB GKB we› ỳ‡Z, 8.25 Qwe‡Z †hgb 
†`Lv‡bv n‡q‡Q| ïay ZvB bq cÖwZwe¤^wUi AvKvi n‡Zv wVK e¯‘wUi mgvb| †dvKvj `~i‡Z¡i evB‡i 
ivLv GB wZbwU wfbœ wfbœ e¨vcvi Gev‡i ¸wQ‡q †jLv †h‡Z cv‡i| †dvKvj ~̀i‡Z¡i evB‡i †Kv‡bv 
e¯‘‡K ivLv n‡j Zvi cÖwZwe¤^ n‡e G iKg : 
 

(a) cÖwZwe‡¤^i Ae¯’vbUv wbf©i Ki‡e e¯‘wU †Kv_vq Av‡Q Zvi Ici| hZÿY ch©šÍ e¯‘wU 
†dvKvm we› ỳ Ges AeZj Avqbvi †K‡› ª̀i gvSLv‡b Av‡Q cÖwZwe‡¤^i Ae¯’vbUv n‡e 
†K‡›`ªi eB‡i| e¯‘wU hw` AeZj Avqbvi eμZvi †K›`ª †_‡K evB‡i _v‡K Zvn‡j Zvi 
cÖwZwe¤^ n‡e †K‡›`ªi wfZ‡i| hw` e¯‘wU wVK †K‡›`ªi Ici _v‡K Zvn‡j cÖwZwe‡¤^i 
Ae ’̄vbUvI n‡e †K‡› ª̀|  

(b) cÖwZwe¤^wU ev¯Íe| ZvB e¯‘Uv‡K w`‡q Zvi cÖwZwe¤^ †h iKg †ei Ki‡Z cvwi wVK †m 
iKg cÖwZwe¤^Uv‡K e¯‘ aiv n‡j e¯‘UvB n‡e Zvi cÖwZwe¤^! 
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(c) cÖwZwe¤^wU D‡ëv! 

(d) cÖwZwe¤^wUi ˆ`N©¨ wbf©i Ki‡Z GwU †Kv_vq Av‡Q Zvi Ici| hw` GUv †dvKvm we›`y 
Ges eμZvi †K‡›`ªi gvSLv‡b _v‡K Zvn‡j cÖwZwe¤ŵUi cÖwZwe¤ ̂n‡e e ‘̄wU †_‡K eo| 
hZ †dvKvm we› ỳi KvQvKvwQ ZZ eo| hw` e¯‘wU eμZvi †K›`ª †_‡K evB‡i nq Zvn‡j 
Gi AvKvi n‡e Avmj e ‘̄wU †_‡K †QvU| hw` GUv wVK eμZvi †K‡›`ª _v‡K Zvn‡j 
cÖwZwe‡¤̂i AvKvi n‡e wVK e ‘̄wUi AvKv‡ii mgvb! 

 
ev Í̄e cÖwZwe¤^ LyeB ¸iæZ¡c~Y© GKwU aviYv Avgiv c‡ii Aa¨v‡q †`Le †Kgb K‡i †jÝ w`‡qI G 
iKg ev¯Íe cÖwZwe¤^ ˆZwi Kiv hvq| †Zvgiv †`L‡ZB †c‡qQ ev¯Íe cÖwZwe¤^ mwZ¨Kv‡ii Av‡jvK 
iwk¥ _v‡K ZvB GUv‡K hw` †Kv‡bv c ©̀vq †djv hvq †mLv‡b cÖwZwe¤^wU †`LvI m¤¢e nq| mvaviY 
Avqbvq Zzwg †Zvgvi †Pnviv †`L‡Z cvi‡e wKš‘ ïay mvaviY Avqbv w`‡q KL‡bv †Zvgvi †Pnviv 
†Kv‡bv c`©vq †dj‡Z cvi‡e bv|  
 

D`vniY 8.11:    8.24 Qwe‡Z †`Lv‡bv 
n‡q‡Q ܻܺ e¯‘wUi cÖwZwe¤^ ˆZwi n‡q‡Q 
ܺᇱܻᇱ G| hw` ܺᇱܻᇱ wU e ‘̄wU n‡Z Zvn‡j 
Zvi cÖwZwe¤^ †Kv_vq n‡Zv? 
 
DËi: GwU ev Í̄e cÖwZwe¤^| Kv‡RB ܺᇱܻᇱ 
hw` cÖK…Z e¯‘ nq Zvn‡j Zvi cÖwZwe¤^ n‡e 
ܻܺ! 

 
 Avgiv GZÿY †Mvjxq AeZj Avqbvi 
†fZiKvi weÁvbUzKz wk‡LwQ Gev‡i †`Lv hvK Kxfv‡e 
†mUv Avgiv e¨envi Kwi| 

Qwe 8.25: AeZj  Avqbvi †dvKvj ~̀i‡Z¡i 
wØ¸b ~̀i‡Z¡ GKwU e¯‘ ivL‡j cÖwZwe¤^wU wVK 
GKB RvqMvq D‡ëv Ae¯’vq †`Lv hvq|  

8.7 weea©b (Magnification) 

 
 Avgiv †h‡nZy †`L‡Z †c‡qwQ †h GKUv cÖwZwe¤^ KL‡bv cÖK…Z e¯‘ †_‡K †QvU nq KL‡bv eo nq 
ZvB weea©b e‡j GKUv kã e¨envi Kiv ‡h‡Z cv‡i| cÖwZwe¤^wU g~j e ‘̄ †_‡K KZ eo †mUv‡K 

weea©b ݉ ejv nq| hw` GKUv e ‘̄i AvKvi nq ݈ Ges Zvi cÖwZwe‡¤^i AvKvi nq ݈ᇱ Zvn‡j weea©b 
n‡”Q: 
 w
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݉ ൌ
݈ᇱ

݈
 

 
Avgiv hLb †Uwj‡¯‹v‡c †Kv‡bv emZz‡K †`wL Lvwj †Pv‡L †`L‡j †mUv‡K hZ eo †`Lv‡bvi K_vÑ 
†Uwj‡¯‹v‡c †`L‡j †mUv‡K †m Zzjbvq hZ eo †`Lv‡e †mUvB n‡”Q †Uwj‡¯‹v‡ci weea©b| 

 
8.8 Avqbvi e¨envi (Use of Mirror) 
 

8.8.1 mvaviY Avqbv 
ˆ`bw›`b Rxe‡b mvaviY Avqbvi e¨envi me‡P‡q †ewk| hLbB GKw`‡K cvVv‡bv Av‡jv‡K Ab¨ 
w`‡K wb‡Z nq ZLb Avgiv mvaviY Avqbv e¨envi Kwi| †Zvgiv wbðqB jÿ K‡iQ mvaviY 
Avqbvq Wvb Ges evg w`K e`‡j hvq ZvB hw` Avgv‡`i Wvb-evg AweK…Z ivL‡Z nq Zvn‡j GKwU 
Avqbvi cÖwZwe¤^ Ab¨ GKwU Avqbvi wØZxqevi cÖwZdwjZ K‡i Avevi wVK K‡i wb‡Z nq| 

mvaviY Avqbvi cÖwZwe¤^ Wvb Ges ev‡gi cwieZ©b nq| ỳwU Avqbv 90º †Z †i‡L †mUv‡K 
Avqbv wn‡m‡e e¨envi Ki‡j Wvb ev‡gi cwieZ©b nq bv| `ywU Avqbv w`‡q welqUv cixÿv K‡i 

†`‡Lv| (Qwe 8.26) GLv‡b GKUv Lye ¸iæZ¡c~Y© welq †R‡b ivLv fv‡jvÑ hLb Lye fv‡jv 
cÖwZdj‡bi cÖ‡qvRb nq ZLb 
wKš‘ mvaviY Avqbv e¨envi bv 
K‡i m¤ú~Y© wfbœ GK ai‡bi 
cÖwZdjb Kiv nq| Avgiv c‡ii 
Aa¨v‡q †`Le cy‡ivcywi ¯^”Q 
gva¨g w`‡q Kxfv‡e Av‡jv‡K 
cÖwZdwjZ Kiv hvq! 
 

8.8.2 DËj Avqbv  
DËj Avqbvq †h‡nZz †mvRv Ges 
†QvU cÖwZwe¤^ ˆZwi Kiv hvq ZvB 
eo †Kv‡bv „̀k¨‡K †QvU RvqMvq †`L‡Z n‡j  DËj Avqbv e¨envi Kiv nq| Mvwoi `ÿ WªvBfv‡iiv 
Mvwo Pvjv‡bvi mgq me mg‡q wcQ‡b Kx n‡”Q †`Lvi †Póv K‡ibÑ †m Rb¨ Mvoxi WªvBfv‡ii mvg‡b 
wiqvi wfD wgii _v‡KÑ GB wgii¸‡jv‡Z DËj Avqbv e¨envi Kiv nq †hb †QvU GKUv Avqbv 
w`‡qB Mvwoi WªvBfv‡iiv wcQ‡bi eo GKUv RvqMv †`L‡Z cvb| 

 

Qwe  8.26: mvaviY Avqbvq cÖwZwe¤^ Wvb Ges evg cv‡ë hvq, cÖwZwe‡¤^ 
evg Wvb AweK…Z ivL‡Z n‡j ỳwU Avqbv‡K mg‡Kv‡b ivL‡Z n‡e 
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8.8.3 AeZj Avqbv  
AeZj Avqbvi me‡P‡q eo e¨envi n‡”Q †Uwj‡¯‹v‡c| c„w_exi me‡P‡q eo Ges me‡P‡q m~² 
†Uwj‡¯‹v‡c AeZj Avqbv e¨envi Kiv nq| A‡b‡K mvaviYfv‡e g‡b K‡i `~‡ii †Kv‡bv †QvU 
wRwbm‡K A‡bK eo K‡i †`Lv‡bvB eywS fv‡jv †Uwj‡¯‹v‡ci `vwqZ¡| Avm‡j †mwU mwZ¨ bqÑ fv‡jv 
†Uwjw¯‹v‡ci `vwqZ¡ A‡bK Kg Av‡jv‡ZI ¯úó cÖwZwe¤^ ˆZwi Kiv| †mRb¨ AeZj Avqbvi AvKvi 
hZ eo n‡e †mwU ZZ †ewk Av‡jv msMÖn K‡i ZZ ¯úó 
cÖwZwe¤^ ˆZwi Ki‡Z cvi‡e| c„w_exi me eo eo 
†Uwj‡¯‹v‡c AeZj Avqbv e¨envi Kiv nq|  

 

Qwe 8.27: †dvKvm ~̀i‡Z¡ Zxeª Av‡jv 
ˆZix Ki‡j †mwU AeZj Avqbvq 
cÖwZdwjZ n‡q mgvšÍivj Av‡jv wn‡m‡e 
†ei n‡q Avm‡e| 

 AeZj Avqbvi Av‡iKwU e¨envi n‡”Q Av‡jv‡K 
mgvšÍivj exg ˆZwi Kiv| RvnvR j‡Âi mvP©jvB‡U AeZj 
Avqbv e¨envi Kiv nq| Av‡jvi DrmUzKz _v‡K †dvKvm 
we› ỳ‡Z ZvB †mwU AeZj Avqbvq cÖwZdwjZ n‡q mgvšÍivj 
exg wn‡m‡e †ei n‡q hvq| †Zvgiv ˆ`bw›`b Rxe‡b †h 
UP©jvBU e¨envi Ki †mLv‡bI evj¦wU ivLv nq GKwU AeZj 
Avqbvi †dvKvm we› ỳ‡Z! 
 AeZj Avqbvq †dvKvm `~i‡Z¡i †fZ‡i wKQz _vK‡j 
†h‡nZz †mvRv Ges eo cÖwZwe¤^ ˆZwi nq ZvB †Kv‡bv wKQz 
eo K‡i †`L‡Z n‡jI AeZj Avqbv e¨envi Kiv nq| 
Wv³vi wKsev †Ww›U÷iv ZvB A‡bK mg‡qB wKQz †`Lvi Rb¨ 
AeZj Avqbv e¨envi K‡ib| 
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cÖkœ: 

 

Qwe 8.28: wfbœ wfbœ †Kv‡Y ivLv Avqbvi 
GKwU‡Z Av‡jv AvcwZZ n‡”Q| 

1. †Pv‡Li ms‡e`bkxjZvi cwigvcwU †Kgb K‡i 
wbY©q Kiv n‡Z cv‡i? 

2. gvby‡li †PvL me‡P‡q †ewk †`L‡Z cvq njy`vf 
meyR is Zvn‡j wec`ms‡KZ me mgq jvj w`‡q 
†Kb Kiv nq? 

3. Avqbv‡Z Wvb evg D‡ë hvq, Ici wbP Iëvq bv 
†Kb? 

4. †RvQbvi Av‡jv‡Z is †`Lv hvq bv †Kb? 
5. †R¨vwZwe©`‡`i eo †Uwj‡¯‹v‡c me mgq AeZj 

Avqbv e¨envi Kiv nq †Kb? 
 
MvwYwZK mgm¨v: 
1. 8.28 Qwei g‡Zv K‡i Avqbv ivLv Av‡Q| Qwe‡Z †`Lv‡bv Av‡jvK iwk¥wU †Kvb w`‡K hv‡e 
†`LvI| 
2. DËj Avqbvq ܻܺ e ‘̄wUi Rb¨ (Qwe 8.29 a) Av‡jvK iwk¥¸‡jv Gu‡K cÖwZwe¤^wU †Kv_vq n‡e 

†`LvI| 

3. AeZj Avqbvq ܻܺ e¯‘wUi Rb¨ (Qwe 8.29 b) Av‡jvK iwk¥¸‡jv Gu‡K cÖwZwe¤^wU †Kv_vq n‡e 
†`LvI| 

 

Qwe  8.29:  (a)  DËj Avqbvq †dvKvj ~̀i‡Z¡i ‡fZ‡i ivLv GKwU e¯‘| (b) AeZj Avqbvq †dvKvj ~̀i‡Z¡i 
‡fZ‡i ivLv GKwU e¯‘| 
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4. AeZj Avqbvq ܻܺ e ‘̄wUi Rb¨ (Qwe 8.30 a) Av‡jvK iwk¥¸‡jv Gu‡K cÖwZwe¤^wU †Kv_vq n‡e 
†`LvI| 

5. AeZj Avqbvq ܻܺ e¯‘wUi Rb¨ (Qwe 8.30 b) Av‡jvK iwk¥¸‡jv Gu‡K cÖwZwe¤^wU †Kv_vq n‡e 
†`LvI| 

 

Qwe 8.30: (a) AeZj Avqbvq †dvKvj ~̀i‡Z¡i evB‡i ivLv GKwU e¯‘| (b) AeZj Avqbvq wØ¸Y †dvKvj 
~̀i‡Z¡i evB‡i ivLv GKwU e ‘̄| 
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beg Aa¨vq 
Av‡jvi cÖwZmiY 

(Refraction of light) 
 

AvjevU© AvBb÷vBb 

     Albert Einstein (1879‐1955) 

AvBb÷vB‡bi Rb¥ Rvgv©vwb‡Z| Rxe‡bi ïiæ‡Z wZwb GKwU †c‡U›U 
Awd‡mi †Kivwb wn‡m‡e KvR ïiæ Ki‡jI †kl eq‡m c„w_exi †kÖô 
weÁvbx wn‡m‡e cwiwPZ nb| Zuvi me‡P‡q eo Ae`vb †Rbv‡ij 
w_Iwi Ad wi‡jwUwfwU Ges Zuvi E ൌ mcଶ  mgxKiYwU c„w_exi 
me‡P‡q PgKcÖ̀  mgxKiY wn‡m‡e we‡ePbv Kiv nq| wØZxq gnvhyy‡×i 
Av‡M Rvg©vwb‡Z _vKv Zuvi Rb¨ KwVb n‡q co‡j wZwb Av‡gwiKv‡Z 
P‡j Av‡mb Ges evwK Rxeb †mLv‡b KvwU‡q †`b| g„Zz¨i ci Zuvi 
cwievi‡K bv Rvwb‡q GKRb wPwKrmK Zuvi gw Í̄®‹wU †K‡U mwi‡q 
†d‡j Ges cieZ©x‡Z †mwU A‡bK †KŠZ~n‡ji Rb¥ †`q! 
 
 

 
9.1 Av‡jvi cÖwZmiY (Refraction of Light) 
 
B‡Zvg‡a¨ †Zvgiv †R‡b †MQ †h Av‡jv hLb GKwU gva¨g †_‡K Ab¨ gva¨‡g cÖ‡ek Ki‡Z Pvq ZLb 
wZbwU wfbœ wfbœ e¨vcvi N‡U| GKwU n‡PQ cÖwZdjb, hLb cÖ_g gva¨g †_‡K wØZxq gva¨‡g hvevi 
mgq LvwbKUv Av‡jv Avevi cÖ_g gva¨‡gB wd‡i Av‡m Ges †m welqwU Avgiv Av‡Mi Aa¨v‡q 
Av‡jvPbv K‡iwQ| GKwU n‡”Q cÖwZmiY hLb cÖ_g gva¨g †_‡K wØZxq gva¨‡g Av‡jv cÖ‡ek K‡i| 
†h welqwU Avgiv GB Aa¨v‡q Av‡jvPbv Kie| †klwU n‡”Q cÖwZ‡kvlY hLb LvwbKUv Av‡jv †kvwlZ 
nq, Avgiv GB cÖwZ‡kvl‡Yi e¨vcviwU AvcvZZ Avi Av‡jvPbv Kie bv| 

hw` †kvl‡Yi e¨vcviUv Avgiv aZ©‡e¨i gv‡SB bv Avwb Zvn‡j GK gva¨g wKsev Ab¨ 
gva¨‡g Av‡jvi cÖev‡ni g~j welqUv n‡Z cv‡i Av‡jvi †eM| †mvRv K_vq ej‡Z cvwi cÖ‡Z¨KUv 
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gva¨‡gB Av‡jvi †eM wfbœ Ges †Kvb gva¨‡g Av‡jvi †eM KZ †mwU wbw`©ó K‡i w`‡jB Avgiv 
cÖwZmi‡Yi me wKQz †ei K‡i †dj‡Z cvie| 
 cÖ‡Z¨KwU gva¨g‡KB Avm‡j Zvi †fZ‡i Av‡jvi 
†eM cÖK…Z Av‡jvi †eM †_‡K KZ¸Y Kg †mUv w`‡q 
wbw`©ó K‡i †`qv nq Ges Zv‡K ejv nq †mB gva¨‡gi 

cÖwZmvivsK ݊| k~b¨ gva¨‡g Av‡jvi †eM ܿ, Ges ZvB 

†Kv‡bv gva¨‡g Av‡jvi †eM ݒ n‡j gva¨gwUi cÖwZmvivsK 
n‡”Q: 

݊ ൌ
ܿ
ݒ

 

 ݊  GKwU msL¨v gvÎ Ges Gi †Kv‡bv GKK †bB 

Ges †h‡nZz Av‡jvi m‡e©v”P †eM n‡”Q ܿ, Kv‡RB ݊ Gi gvb me mg‡qB 1 †_‡K †ewk| Kv‡RB 

hLb Avgiv ewj cvwbi cÖwZmvivsK 1.33, ZLb 
Avm b‡Z

†Uwej 9.1: wfbœ wfbœ gva¨‡g Av‡jvi 
cÖwZmvivsK 

k~b¨ gva¨g 1.00 
evZvm  1.00029 
cvwb  1.33 
mvaviY KvP 1.52 
nxiv 2.42 

 

‡j Avgiv †evSvB cvw  Av‡jvi †eM: 
 

ݒ  ൌ 3 ൈ ଵ/1.33 ൌିݏ10଼݉   2.26 ൈ
   ଵିݏ10଼݉
 
dvBevi AcwUK K¨ve‡ji Kv‡Pi Zš‘i cÖwZmvivsK 

1.5 Kv‡RB dvBev‡ii †fZi w`‡q Av‡jv 

2 ൈ  e‡M hvq| 9.1 †Uwe‡j wKQz† ݏ/10଼݉
c`v‡_©i cÖwZmvivsK †`qv n‡q‡Q| k~b¨ gva¨‡g 

^̄vfvweK fv‡eB ݊ Gi gvb n‡e 1, evZv‡m GwU 1 Gi GZ KvQvKvwQ †h Avgiv GUv‡K 1 a‡iB 
Avgv‡`i wnmve Kie| 

Qwe 9.1: Kv‡Pi cÖwZmivsK Zi½ ˆ`‡N©i Dci 
wbf©i K‡i| 

 
D`vniY 9.1:  9.1 †Uwe‡j †`Lv‡bv gva¨g¸‡jv‡Z Av‡jvi †eM KZ †ei Ki| 
 

ݒ ൌ
ܿ

DËi: †Kvb gva¨‡g Av‡jvi †eM 

݊ 

 

k~b¨ gva ൌ  1¨‡g ݒ ൌ 3 ൈ ଵ/1.00ିݏ10଼݉  3 ൈ  ଵିݏ0଼݉

evZv‡m ݒ ൌ 3 ൈ ଵ/1.00029ିݏ10଼݉ ൌ   3 ൈ ଵ wିݏ10଼݉
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cvwb‡Z ݒ ൌ 0 3ݏ݉ ൈ 1 ଼ ିଵ/1.33 ൌ   2.26 ൈ  ଵିݏ10଼݉

mvaviY ଵ Kv‡P ݒ ൌ 3 ൈ ଵ/1.52ିݏ10଼݉ ൌ   2 ൈ ିݏ10଼݉

nxiv‡Z ݒ ൌ 3 ൈ ଵ/2.42ିݏ10଼݉ ൌ   1.24 ൈ  ଵିݏ10଼݉

 
GLv‡b D‡jøL¨ †h †Kv‡bv gva¨‡gi 

cÖwZmvivsK ej‡Z n‡j †mwU †Kvb Zi½ ‰`‡N©¨i 
Av‡jv‡Z gvcv n‡q‡Q †mwU e‡j w`‡Z nq| KviY 
Av‡jvi cÖwZmvivsK Av‡jvi Zi½ ˆ`‡N©¨i Ici 
wbf©i K‡i| †KvqvU©R Kv‡Pi cÖwZmvivsK Zi½ 

ˆ`‡N©¨i mv‡_ mv‡_ Kxfv‡e K‡g hv‡”Q †mwU 9.1 
Qwe‡Z †`Lv‡bv n‡q‡Q! 
 

9.1.1 cÖwZmi‡Yi m~Î 
cÖwZmi‡Yi m~Î †evSvi Rb¨ †h welq¸‡jv Rvbv 
cÖ‡qvRb wQj †m¸‡j Rvbv n‡q‡Q| cÖwZdj‡bi 
†ejvq Avgiv Av‡jvK iwk¥ †h we› ỳ‡Z c‡o‡Q 

†mB we› ỳ †_‡K GKwU j¤^ Kíbv K‡i wb‡qwQjvg, GLv‡bI †mB GKB welqwU Ki‡Z n‡e| 9.2 
Qwe‡Z j‡¤^i mv‡_ AvcwZZ iwk¥wUi †KvY‡K eje AvcvZb †KvY, wØZxq gva¨‡g j‡¤^i mv‡_ 
cªwZmvwiZ iwk¥i †KvY‡K eje cÖwZmiY †KvY| 

 

Qwe 9.2: cÖ_g gva¨g †_‡K wØZxq gva¨‡g Av‡jvi 
cÖwZmiY| 

 
cÖwZmi‡Yi cÖ_g m~Î : AvcvZb 
iwk¥ Ges j¤^ w`‡q Avgiv †h 
mgZjwU Kíbv K‡i wb‡qwQ 
cÖwZmwiZ iwk¥ †mB GKB mgZ‡j 
_vK‡e| 
cÖwZmi‡Yi wØZxq m~Î : cÖ_g 

gva¨‡gi cÖwZmvivsK ݊ଵ, wØZxq 

gva¨‡gi cÖwZmvivsK ݊ଶ, AvcvZb 

†KvY θଵ es c i KvY θଶ 
n‡j

 

Qwe 9.3: nvjKv gva¨g †_‡K Nb gva¨‡g hvevi mgq Av‡jv 
j‡¤^i w`‡K †e‡K hvq| Nb gva¨g †_‡K nvjKv gva¨‡g hvevi 
mgq Av‡jv j¤^ †_‡K ~̀‡i m‡i hvq| 

 , G ÖwZmvw Z †
 

݊ଵ sinθଵ ൌ  ݊ଶ sin θଶ 
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GB AwZ mnR m~ÎwU g‡b ivL‡j Zzwg Z ms Í me mgm¨vi mgvavb K‡i †dj‡Z cvi‡e|  cÖw miY-

hw` cÖ_g gva¨gwU evZvm nq Zvn‡j ݊ଵ ൌ 1  cvwi (Qwe 9.3) 

μvš

 a‡i wjL‡Z

݊ଶ ൌ
sinθଵ

sin θଶ
 

‡h‡nZy ݊ଶ Gi gvb  †_‡K †ewk ZvB 

θଶ ൏ θଵ A_©vr cÖwZmi‡Yi ci 
Av‡jvK iwk¥wU j‡¤^i w`‡K †eu‡K 

hv‡e| ݊ †ewk n‡j Avgiv A‡bK mgq 
Zv‡K Nb gva¨g ewjÑ g‡b ivL‡Z n‡e 
GLv‡b gva¨‡gi f‡ii Kvi‡Y Nb ejwQ 
bv| GUv‡K Nb ej‡Z †evSv‡bv n‡”Q 

Gi ݊ †ewk| Kv‡RB cÖwZmi‡Yi 
wØZxq m~Î †_‡K Avgiv ej‡Z cvwi 
Av‡jv nvjKv gva¨g †_‡K Nb gva¨‡g 
hvevi mgq cÖwZmvwiZ iwk¥ j‡¤^i w`‡K 
†eu‡K hv‡e| Avevi Nb gva¨g †_‡K 

nvjKv gva¨‡g hvevi mgq †mwU j¤^ †_‡K ~̀‡i m‡i hv‡e| (Qwe 9.3) 

Qwe 9.4: AvcZb †Kvb †ewk n‡j Av‡jv †ewk cÖwZdwjZ nq| 

cÖwZmiY wb‡q Av‡jvPbv Kiv n‡”Q e‡j GLv‡b ïay gvÎ AvcvZb iwk¥ Ges cÖwZmvwiZ iwk¥ 
AvuKv n‡q‡Q wKš‘ mevB‡K g‡b ivL‡Z n‡e hLbB GKwU Av‡jvK iwk¥ GK gva¨g †_‡K Ab¨ 
gva¨‡g cÖ‡ek K‡i ZLb me mg‡qB LvwbKUv Av‡jv cÖwZdwjZ nq| `y‡Uv gva¨‡gi gv‡S KZLvwb 
cÖwZdwjZ n‡e Ges KZLvwb cÖwZmvwiZ n‡e †mUv wbf©i K‡i AvcvZb †Kv‡Yi Ici| AvcvZb 
†KvY evo‡Z _vK‡j me mg‡qB cÖwZdjb evo‡Z _v‡K| Kv‡RB Dc‡ii ỳ‡Uv Qwe wVK K‡i AvuK‡Z 

n‡j 9.4 Qwei g‡Zv K‡i AvuK‡Z n‡e| 
 

D`vniY 9.2:  GKwU Kv‡ci gv‡S 
GKUv gy`ªv †i‡L †mUv‡K mvg‡b 
Ggbfv‡e iv‡Lv †hb †mwU †`Lv bv 
hvq| gy`ªvwU Kxfv‡e †`Lv m¤¢e?  

 

Qwe 9.5: cvwb I Kv‡Pi †fZi Av‡jv cÖwZmiY| 

 
DËi: Kv‡c cvwb Xvj‡jB gy`ªvwU 

„̀k¨gvb n‡q hv‡e| (Qwe 9.5) 
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D`vniY 9.3: 9.6 Qwe‡Z †`Lv‡bv cvkvcvwk ivLv K‡qKwU wfbœ gva¨‡gi evB‡ii c„‡ô Av‡jv θଵ 

†Kv‡b AvcwZZ n‡q‡Q| θହ Gi gvb KZ? 
 

݊ sin ൌ  ݊ଶ sin
ଶ ଶ ଷ

θ θ  

Qwe 9.6: wfbœ wfbœ gva¨‡gi †fZi 
w`‡q Av‡jvi cÖwZmiY| 

DËi: 

ଵ ଵ ଶ
θ θ  
θ θ  

݊ sin ൌ  ݊ଷ sin
݊ଷ sin ଷ ൌ  ݊ସ sin ସ
݊ସ sinθସ ൌ  ݊ହ sin θହ 
 

K B  
 

݊ଵ sinθଵ ൌ  ݊ହ sin θହ 

v‡R

 
 †h‡nZz 

݊  ଵ ൌ ݊ହ
θଵ ൌ θହ 

 
A_©vr †h †Kv‡Y Av‡jv XzK‡e wVK †mB †Kv‡Y Av‡jvUv †ei n‡e! 

 
D`vniY 9.4:   evZvm †_‡K Av‡jvK iwk¥ 
݊ ൌ 1.6 gva‡g  45°  †Z AvcwZZ 
n‡q‡Q| (Qwe 9.7 a) GwU KZ wWwMÖ †Kv‡Y 
wØZxq gva‡g cÖ‡ek Ki‡e? 
 
DËi: Avgiv Rvwb 

 ݊ଵ sinθଵ ൌ  ݊ଶ sin θଶ 
  
Kv‡RB 
 

 sin θଶ ൌ  ௡భ
௡మ

sinθଵ ൌ ଵ
ଵ.଺

ൈ ଵ
√ଶ

ൌ
0.44 
 

θଶ ൌ 26° 
  

D`vniY 9.5:  9.7 b Qwe‡Z GKwU iwk¥  60°  †Z evZvm †_‡K GKwU gva¨‡g cÖ‡ek K‡i  
45°   †Kv‡Y wØZxq gva¨‡g cÖwZmwiZ n‡”Q| wØZxq gva¨gwUi cÖwZmvivsK KZ? 

Qwe 9.7: (a) Av‡jv 45° †Kv‡Y  AvcwZZ n‡”Q (b) Av‡jv 60°  
†Kv‡Y AvcwZZ n‡q 45° †Kv‡Y cÖwZmwiZ n‡”Q| 

 
DËi: Avgviv Rvwb  
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݊ଵ sin ଵ ൌ  ଶ sin θ

   1 ൈ sin60 sin 45°  

θ ݊ ଶ 

° ൌ  ݊ଶ

݊ଶ ൌ
sin 60°
sin 45°

 

ൌ 1.22 

 

 

9.1.2 wcÖRg 
†Kv‡bv ^̄”Q gva¨‡gi ỳB c„ô mgvšÍivj bv n‡j Zv‡K wcÖRg e‡j| ¯^”Q mgvšÍivj gva¨‡g †h w`‡K 
Av‡jv cÖ‡ek K‡i †mB w`‡Ki mv‡_ mgvšÍivj n‡q Av‡jvK iwk¥ †ei n‡q hvq| w`K AcwiewZ©Z 
_vK‡jI Av‡jvi iwk¥ g~j iwk¥ †_‡K LvwbKUv m‡i 
hvq| wcÖR‡gi †ejvq Av‡jvK iwk¥i w`K cv‡ë 

hvq| (Qwe 9.8) cÖ_g c„ô w`‡q Av‡jvK iwk¥wU 
cÖ‡ek Kivi mgq j‡¤^i w`‡K †eu‡K hvqÑ †h‡nZy 
wØZxq c„ôwU mgvšÍivj bq ZvB †mB c„ô w`‡q Av‡jv 
†ei nevi mgq j¤^ †_‡K m‡i †M‡jI †mwU Avi 
g~j w`‡K Ny‡i †h‡Z cv‡i bv|  
 wcÖR‡g Av‡jvi w`K cv‡ë hvevi NUbv 
NU‡jI †mwU Ab¨ GKwU Kvi‡Y Av‡iv †ewk 
¸iæZ¡c~Y©| wcÖR‡g GKwU Av‡jvK iwk¥ cÖ‡ek Kivi 
ci †mwU g~j w`K †_‡K KZUzKz †eu‡K hv‡e †mwU wcÖR‡gi cÖwZmvivs‡Ki Ici wbf©i K‡i| Avgiv 
Av‡MB e‡jwQ cÖwZmvivsK Avm‡j Av‡jvi Zi½ ‰`N©¨ ev is‡qi Ici wbf©i K‡i| ZvB wfbœ wfbœ 
is‡qi Rb¨ cÖwZmvivsK wfbœ, Kv‡RB GKB Av‡jvK iwk¥‡Z wfbœ wfbœ is _vK‡j wcÖR‡gi †fZi 
w`‡q hvevi mgq †mB is‡qi Av‡jv¸‡jv wfbœ wfbœ †Kv‡Y w`K cwieZ©b Ki‡eÑ Kv‡RB Avgiv †`Le 
wcÖRg †_‡K Av‡jv †ei nevi mgq Zvi is¸‡jv Avjv`v n‡q †M‡Q, wbDUb †hwU cÖ_g †`wL‡qwQ‡jb 

(Qwe 1.2) ! 

Qwe 9.8: wcÖR‡gi Av‡jvK iwk¥ w`K wcÖR‡gi 
fzwgi w`‡K †e‡K hvq| 

 

Qwe 9.9: cvwb I Kv‡Pi †fZi Av‡jv cÖwZmiY 

 

9.1.3 Av‡cwÿK cÖwZmvivsK 

Avgiv e‡jwQ †Kv‡bv gva¨‡gi cÖwZmvivsK memgq 1 
†_‡K †ewk nq| KviY cÖwZmvivsK †h‡nZy k~b¨ gva¨‡g 

mv‡_ †mB gva¨‡g Av‡jvi †e‡Mi Zzjbv GUv 1 †_‡K †ewk 
n‡e| gv‡S gv‡S GK gva¨‡gi cÖwZmvivs‡Ki Zzjbvq Ab¨ 
gva¨‡gi cÖwZmvivsK cÖKvk Kiv nq ZLb †KvbwUi mv‡_ w
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‡hgb cvwb‡K cÖ_g gva¨g Ges KuvP‡  9.9) K wØZxq gva¨g ai‡j (Qwe

݊ଵ sin n θଶ θ ൌ  ݊ଶ si
݊ଵ ൌ 1.33 
݊ 1.52 

ଵ

ଶ ൌ

݊ଶ

݊ଵ

cvwbi Zzjbvq Kv‡Pi cÖwZmvivsK 

ൌ
sinθଵ

sin θଶ
ൌ 1.14 

‡hwU 1 †_‡K †ewk| 
Avevi Kv‡Pi Zzjbvq cvwbi cÖwZmvivsK 

݊ଵ

݊ଶ
ൌ

sinθଶ

sin θଵ
ൌ 0.88 

‡hwU 1 †_‡K Kg| 
 

A_©vr †h gva¨‡gi cÖwZmvivsK †ei Ki‡Z PvBQ †mwU‡K hvi Zzjbvq †ei Ki‡Z PvBQ †mB 
msL¨v w`‡q fvM w`‡Z n‡e|  

cvwbi Zyjbvq nxiv:  

 

1.82
nxivi Zzjbvq cvwb: 0.55 

Kv‡Pi Zzjbvq nxiv:   1.59
nxivi Zzjbvq KvP: 0.63 
 

(Z‡e c`v_©weÁv‡b mvaviYZ `ywUi Zzjbv wn‡m‡e cÖwZmvivsK e¨envi bv K‡i wbw`©ó e¯‘i 
cÖwZmvivsK wn‡m‡eB e¨envi Kiv nq|) 
 

9.2 c~Y© Avf¨šÍixb cÖwZdjb (Total Internal Reflection)  
 
cÖwZdjb m¤ú‡K© Av‡jvPbv Kivi mgq ejv n‡qwQj hLb AZ¨šÍ wbLuyZ Ges c~Yv©½ cÖwZdjb 
cÖ‡qvRb nq ZLb Avqbv e¨envi bv K‡i cy‡ivcwi ¯^”Q gva¨g e¨envi K‡i GK ai‡bi cÖwZdjb 
Kiv‡bv nq Ñ GB cÖwZdj‡bi bvg c~Y© Avf¨šÍixb cÖwZdjb| GwU AZ¨šÍ mnR Ges PgKcÖ` GKwU 
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cÖwμqv, GLv‡b cÖwZmi‡Yi wbqg e¨envi K‡i Av‡jvK iwk¥wU Nb gva¨g †_‡K nvjKv gva¨‡g 
cvVv‡Z nq gvÎ! 

Avgiv Gi gv‡S †R‡b †MwQ ‡bK ¨  K‡iwQ), cÖwZmi‡Yi m~Î n‡”Q  (Ges A evi e envi

݊ଵ sinθଵ ൌ  ݊ଶ sin θଶ 

 

 

A_©vr hw` ݊ଵ †_‡K ݊ଶ eo nq Zvn‡j θଶ †_‡K θଵ eo n‡e| aiv hvK Zzwg GKwU Nb gva¨g 

(݊ଶ) †_‡K GKwU Av‡jvK iwk¥ nvjKv gva¨‡gi (݊ଵ) w`‡K cvVv”Q (Qwe 9.10), cÖwZmiY Ges 

cÖwZdj‡bi wbqg Abyhvqx LvwbKUv Av‡jv cÖwZdwjZ n‡e Ges LvwbKUv cÖwZmvwiZ n‡e| †h‡nZz 

θଶ †_‡K θଵ  eo n‡e Kv‡RB θଶ ൏ 90° _vK‡ZB θଵ ൌ 90° n‡q hv‡e Ges Gi ci †_‡K 

Av‡jvi cÖwZmvwiZ nevi Avi †Kv‡bv my‡hvM _vK‡e bv! A_©vr hLb θଵ ൌ 90° n‡e ZLb †_‡K 

cy‡iv Av‡jv‡KB cÖwZdwjZ n‡Z n‡e| θଶ Gi †h gv‡bi Rb¨ θଵ ൌ 90° nq †mB †KvY‡K μvwšÍ 

†KvY θ௖ e‡j| 

        Qwe 9.10: Nb gva¨g †_‡K nvjKv gva¨‡g hvevi mgq Av‡jvi c~Y© Avf¨šÍixY cÖwZdjb n‡Z cv‡i| 

݊ଵ sin ° ൌ ݊ sin θ௖ 90  ଶ

s
݊

A_©vr  

in θ௖ ൌ ଵ

݊ଶ
 

θ௖ ൌ ଵି݊݅ݏ ൬
݊ଵ

݊ଶ
൰ ww
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Kv‡Pi ݊ଶ ൌ 1.52 Ges :  evZv‡mi ݊ଵ ൌ 1.00 gv‡S μvwšÍ †KvY

θ௖ ൌ ଵି݊݅ݏ ൬
1.00
1.52

൰ ൌ ଵሺ0.66ሻି݊݅ݏ ൌ 41.8° 

 
A_©vr hw` ¯^”Q KvP †_‡K evZv‡mi gv‡S Av‡jv 

cvVv‡bi mgq Av‡jvK iwk¥ 41.8° †_‡K †ewk 
AvcvZb †KvY K‡i Zvn‡j Av‡jvK iwk¥wU ¯^”Q 
KvP †_‡K †ei bv n‡q cy‡ivcywi cªwZdwjZ n‡q 
hvq! †Zvgiv hw` GKwU wcÖRg msMÖn Ki‡Z cvi 
Zvn‡j Lye mn‡RB c~Y© Avf¨šÍixY cÖwZdjb 

e¨vcviwU wb‡Ri †Pv‡L †`L‡Z cv‡e! 9.11 
Qwe‡Z KvP-evZvm we‡f` Z‡j Av‡jvi AvcvZb 

†KvY 45° LuvwU KvP-evZv‡mi μvwšÍ †KvY 

41.8° †_‡K †ewk| Kv‡RB GLv‡b c~Y© 
Avf¨šÍixY cÖwZdjb n‡e| 

Qwe 9.11: me‡P‡q cwic~Y© cÖwZdjb nq c~Y© 
Avf¨šÍixY cÖwZdj‡b| 

 
D`vniY 9.6:  cvwb‡Z Wz‡e hw` GB cixÿvUv Ki‡Z PvI Zvn‡j Kx n‡e? 
 

DËi: cvwb‡Z Kv‡Pi μ Í †KvY n‡e: θ௖ ൌ ଵି݊݅ݏ ቀଵ.ଷଷ
ଵ.ହଶ

vwš ቁ ൌ ଵሺ0.88ሻି݊݅ݏ ൌ 61.6° 
AvcvZb †KvY † 45°, μvwšÍ‡KvY †_‡K Kg ZvB c~Y© Avf¨šÍixY cÖwZdjb n‡e bv| h‡nZz 

D`vniY 9.7:  1.45 cÖwZmvivs‡Ki GKwU gva¨‡gi †fZi †_‡K Av‡jv 75° †Z AvcwZZ 
n‡q‡Q| (Qwe 9.12) gva¨gwUi Ab¨ cv‡k evZvm _vK‡j Av‡jvwU KZ wWwMÖ †Kv‡Y †ei n‡q 
Avm‡e| 

 

Qwe 9.12: Av‡jv 75° †Kv‡b  
AvcwZZ n‡”Q| 

 
D i gviË : Av v Rvwb 

θ ଶ

 
 ݊ଵ sin ଵ ൌ  ݊ sin θଶ 
 

5 ൈ ൌ  1 ൈ sin θଶ 1.4 sin75°

sin θଶ ൌ 1.40
 

 

wKš‘ Avgiv Rvwb sin θଶ Gi gvb KL‡bv 1 †_‡K †ewk 
n‡Z cvi‡e bv| GLv‡b G e¨vcviwU N‡U‡Q KviY Av‡jv 
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cÖwZmvwiZ bv n‡q c~Y© Avf¨šÍixY cÖwZdwjZ n‡q‡Q Kv‡RB hLbB Nb gva¨g †_‡K nvjKv 
gva¨‡g Av‡jvi cÖwZmiY †`L‡Z nq ZLb cÖ_‡g μvwšÍ †KvYwU †ei K‡i †bqv fv‡jv, GB μvwšÍ 
†KvY †_‡K Kg †Kv‡Y Av‡jv AvcwZZ n‡j ïaygvÎ cÖwZmiY nIqv m¤¢e| 
 
GB †ÿ‡Î wšÍ v μv †K Y θ௖ n‡j 

θ௖݊݅ݏ ൌ
1

1.45 ൌ
θ௖ ൌ 43.6°  

0.69 

 
Kv‡RB 75° †Z Av‡jv AvcwZZ n‡j †mwU 
cÖwZmwiZ bv n‡q c~Y© Avf¨šÍixY cÖwZdjb 
n‡e| 
 

9.2.1 isaby  
‡Zvgiv hviv fveQ †h †Zvgiv mwZ¨ mwZ¨ KL‡bv c~Y© 
Avf¨šÍixY cÖwZdjb †`LwbÑ Zv‡`i‡K g‡b Kwi‡q 
†`qv hvq †h hviv isaby †`‡L‡Q ZvivB c~Y© Avf¨šÍixY 
cÖwZdjb †`‡L‡Q! isaby ˆZwi nq cvwbi c~Y© 
Avf¨šÍixY cÖwZdjb w`‡q| ïay ZvB bq, hviv wcÖR‡gi Afv‡e mv`v Av‡jv‡K Zvi is¸‡jv‡Z fvM 
K‡i †`L‡Z cviwb ZvivI GB e¨vcviwU isaby‡Z NU‡Z †`‡LQ|  

 

Qwe 9.13: m~‡h©i Av‡jv cvwbi Kbvi 
‡fZ‡i c~Y© AvfšÍixY cÖwZdwjZ n‡q wfbœ 
wfbœ is‡q fvM n‡q hvq e‡j Avgiv isaby 
†`L‡Z cvB| 

 Avgv‡`i mevi Kv‡Q wcÖRg bv _vK‡jI mv`v Av‡jvi is¸‡jv Avjv`v nIqvi NUbv Avgiv 
mevB †`‡LwQ| e„wó nevi cici hw` †iv` D‡V Zvn‡j 
Avgiv isaby †`wL| Zvi KviY ZLb evZv‡m cvwbi KYv 
_v‡K Ges cvwbi KYvq †mB Av‡jv c~Y© Avf¨šÍixY 
cÖwZdwjZ nevi mgq wfbœ wfbœ is‡qi Av‡jv wfbœ wfbœ 

cwigv‡Y †eu‡K hvq| (Qwe 9.13) GB Av‡jvi iwk¥¸‡jv 

w`‡q isabyi wewfbœ wfbœ is‡qi e¨vÛ (band) ‰Zwi 
nq| 

 

Qwe 9.14: AvaywbK †cwi‡¯‹v‡c Avqbvi 
cwie‡Z© wcÖRg e¨envi nq|  

 ‡Zvgiv hviv isaby †`‡LQ Zviv wbðqB 
Avwe®‹vi K‡iQ GwU me mg‡qB m~‡h©i wecixZ AvKv‡k 
†`Lv hvq Ges KviYwU wbðqB eyS‡Z cviQ| 
 

9.2.2 †cwi‡¯‹vc 
Avgiv mevB Rvwb mve‡gwi‡b †cwi‡¯‹vc _v‡K Ges 
†mB †cwi‡¯‹vc w`‡q cvwbi wb‡P †_‡K cvwbi Dc‡ii w
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„̀k¨ †`Lv m¤¢e| mvaviY Avqbv w`‡q †h ai‡bi †cwi‡¯‹vc ˆZwi Kiv hvq Zvi †_‡K A‡bK †ewk 

Kvh©Ki †cwi‡¯‹vc ˆZwi Kiv nq wcÖRg Ges Zvi c~Y© Avf¨šÍixY cÖwZdjb w`‡q| (Qwe 9.14) 
  

9.2.3 gwiPxKv 
Avgiv mevB gixwPKv kãwUi mv‡_ cwiwPZ, †Kv‡bv wKQz cvIqvi Avkv K‡i †kl ch©šÍ bv †c‡j 
†mUv‡K gixwPKv ejv nq| g~j kãwU G‡m‡Q giæf~wg‡Z DËv‡ci Kvi‡Y eZv‡mi Nb‡Z¡i cwieZ©b 
†_‡K| hw`I Avgiv Rvwb DËß evZvm nvjKv e‡j Dc‡i P‡j hvq wKš‘ giæf~wgi DËß evjyi Kvi‡Y 
Zvi KvQvKvwQ evZvm Dc‡ii evZvm †_‡K DËß _vK‡Z cv‡i| Kv‡RB giæf~wgi evZvm‡K wb‡Pi 

9.15 Qwei g‡Zv K‡i Kíbv K‡i wb‡Z cvwi| 

   Qwe 9.15: giæfywg‡Z evZv‡mi Nb‡Z¡i cv_©‡K¨i Kvi‡Y gixwPKv †`Lv hvq| 

mnRfv‡e †evSv‡bvi Rb¨ GLv‡b gvÎ K‡qKwU ¯Í‡i †`Lv‡bv n‡q‡Q| Dc‡ii ¯Í‡i evZv‡mi 
NbZ¡ †ewk ZvB cÖwZmvivsK †ewk| wb‡Pi ¯Í‡i evZvm DËß ZvB NbZ¡ Kg Ges cÖwZmvivsKI Kg| 

MvQ †_‡K Av‡jv cÖwZwU 
¯Í‡i cÖwZmvwiZ nevi mgq 
cÖwZmiY †KvY †e‡o  hv‡e 
Ges G‡Kev‡i wb‡Pi ¯Í‡i 
G‡m c~Y© Avf¨šÍixY 
cÖwZdjb n‡q †h‡Z cv‡i| 
†ewk cÖwZmvivsK †_‡K Kg 
cÖwZmvivs‡Ki gva¨‡g hvevi 
mgq ~̀i †_‡K †`Lv n‡j 
AvcvZb †Kv‡Yi gvb †ewk 
nIqvi Kvi‡Y μvwšÍ 
†KvY‡K AwZμg Kivi 
m¤¢vebv †ewk _v‡KÑ ZvB 

gixwPKv‡K ~̀i †_‡K †`Lv hvq Kv‡Q G‡j †`Lv hvq bv| †h‡nZy †Kv‡bv gvbyl ~̀‡ii GKwU Mv‡Qi 
w`‡K ZvKv‡j mivmwi MvQwU †`L‡Z cv‡e Ges c~Y© Avf¨šÍixY cÖwZdj‡bi Kvi‡Y Mv‡Qi GKwU 
cÖwZwe¤^ Mv‡Qi wb‡PI †`L‡Z cv‡eÑ g‡b n‡e wb‡P cvwb _vKvi Kvi‡Y †mLv‡b Mv‡Qi cÖwZwe¤^ †`Lv 
hv‡”Q| Kv‡Q †M‡j †`Lv hv‡e †Kv‡bv cvwb †bB! 
 Mi‡gi w`‡b DËß iv¯Ívq Mvwo Pvwj‡q hvevi mgq GKB Kvi‡Y ~̀‡i Kvj‡P †fRv iv¯Ív 
†`Lv hvqÑ †mLv‡b †cuŠQv‡bvi ci †`Lv hvq iv¯ÍvwU LUL‡U ïK‡bvÑ GUvI GK ai‡bi gixwPKv| 
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9.2.4 AcwUK¨vj dvBevi 
b~Zb c„w_exi †hvMv‡hv‡Mi gva¨‡g ˆe ỳ¨wZK Zvi‡K AZ¨šÍ miæ Kv‡Pi Zš‘ w`‡q cv‡ë †`qv 
n‡q‡Q| Av‡M †hLv‡b ˆe ỳ¨wZK wmMb¨vj w`‡q Z_¨ cvVv‡bv n‡Zv GLb †mLv‡b Av‡jvi wmMb¨vj 
w`‡q Z_¨ cvVv‡bv nq| gy³ Ae¯’vq Av‡jv mij 
†iLvq hvq wKš‘ dvBev‡i Av‡jv AvUKv c‡o hvq 
e‡j †mUv‡K Nywi‡q †cuwP‡q †h †Kv‡bv w`‡K †bqv 
m¤¢e| 
 AcwUK¨vj dvBevi AZ¨šÍ miæ Kv‡Pi Zš‘ 

Gi †fZ‡ii Ask‡K e‡j †Kvi (core) evB‡ii 

Ask‡K e‡j K¬¨vW (clad) ỳBwUB GKB KvP w`‡q 
ˆZwi n‡jI †fZ‡ii As‡ki (†Kvi) cÖwZmvivsK 
evB‡ii Ask †_‡K †ewk| G Kvi‡Y Av‡jv‡K c~Y© Avf¨šÍixY cÖwZdj‡bi gva¨‡g †Kv‡ii gv‡S 

AvU‡K †i‡L A‡bK ~̀‡i wb‡q hvIqv hvq| (Qwe 9.16) AcwUK¨vj dvBevi w`‡q Av‡jv kZ kZ 
wK‡jvwgUvi wb‡q hvIhv hvq KviY GB Kv‡Pi Zš‘‡K Av‡jvi †kvlY nq LyeB Kg| „̀k¨gvb Av‡jv 
n‡j †kvlY †ewk n‡Zv e‡j dvBev‡i j¤^v Zi½ ˆ`‡N©¨i Aejvj iwk¥ e¨envi Kiv nq| 

Qwe 9.16: AcwUK¨vj dvBev‡i c~Y© Avf¨šÍixb 
cÖwZdj‡bi gva¨‡g Av‡jv †h‡Z cv‡i| 

 
D`vniY 9.8:  c„w_exi GK c„‡ô †_‡K Ab¨ c„‡ô wmMb¨vj AcwUK¨vj dvBevi w`‡q cvVv‡bv hvq 
Avevi wRI †÷kbvwi m¨v‡UjvB‡Ui gva¨‡gI cvVv‡bv hvq| †Kvb c×wZ‡Z cvVv‡j Z_¨ 
ZvovZvwo cvVv‡bv m¤¢e? 
 

DËi: m¨v‡UjvB‡U †h wmMvb¨vj cvVv‡bv nq †mwU we ỳ¨r †PŠ¤^Kxq Zi½ Zvi †eM 3 ൈ  ݏ/10଼݉

wRI †÷kbvwi m¨v‡UjvBU c„w_ex †K› Ö̀ †_‡K 35,786 ݇݉ Dc‡i _v‡K †mLv‡b wmMb¨vj 
cvVv‡Z Ges wdwi‡q Avb‡Z mgq jvM‡e  

ݐ ൌ 2 ൈ
35,786 ൈ 10ଷ

3 ൈ 10଼ ݏ  ൌ  ݏ 0.238

 

 
dvBev‡i K‡i †h wmMb¨vj cvVv‡bv nq †mwU Aejvj Av‡jv †mwUI we ỳ¨r †PŠ¤^Kxq Zi½ Zvi 

MwZ‡eMI 3 ൈ  wKš‘ hLb dvBev‡ii †fZi w`‡q hvq ZLb Zvi MwZ‡eM ,ݏ/10଼݉

ݒ ൌ
3 ൈ ݏ/10଼݉

ൌ 2 ൈ  ݏ/10଼݉

 

1.5
 

c„w_exi Ab¨ c„‡ôi ~̀iZ¡ πܴ, (ܴ ൌ 6,371 ൈ 10ଷkm) dvBev‡i K‡i cvVv‡Z mgq jvM‡e w
w
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ݐ ൌ
π ൈ 6,371 ൈ 10ଷ

2 ൈ 10଼ ݏ ൌ  ݏ 0.1

 
Kv‡RB dvBev‡i `ªæZ cvVv‡bv m¤¢e| 
 

D`vniY 9.9:   AcwUK¨vj dvBev‡ii †Kv‡ii 

cÖwZmvivsK 1.50 Ges K¬̈ v‡Wi cªwZmvivsK 1.45 

n‡j, (Qwe 9.17) Av‡jv‡K c~Y© Avf¨šÍixY 
cÖwZdjb nIqvi Rb¨ KZ wWwMÖ‡Z AvcwZZ n‡Z 
n‡e? 

 

Qwe 9.17: AcwUK¨vj dvBev‡ii †Kvi 
†_‡K K¬̈ v‡W Av‡jvi c~Y© AvfšÍixY 
cÖwZdjb nq| θ௖ ൌ ଵି݊݅ݏ ൬

݊ଵ

݊ଶ
൰ 

DËi : 

݊ଵ ൌ 1.50 
ൌ 1.45 

GLv‡b 

݊ଶ

θ௖ ൌ ଵି݊݅ݏ ൬
1.45

50

 

1. ൰ ൌ ଵሺ0.97ሻି݊݅ݏ ൌ 75° 

Kv‡RB Kv‡RB Av‡jvK iwk¥‡K 75° wKsev Zvi †P‡q †ewk †Kv‡Y AvcwZZ n‡Z n‡e| 

 

 

9.3 †jÝ I Zvi cÖKvi‡f` (Types of Lenses) 
 
Avgiv DËj Ges AeZj Avqbv covi mgq †`‡LwQ GB 
Avqbv¸‡jvi †fZi w`‡q Av‡jv hvevi mgq KL‡bv GKwe› ỳ‡Z 
†K› ª̀xf~Z (Awfmvix iwk¥) nq Avevi KL‡bv Qwo‡q c‡o (Acmvix 
iwk¥) Ges †m Kvi‡Y cÖwZwe‡¤^i ˆZwi nq| †mB cÖwZwe¤^ KL‡bv 
mwZ¨Kv‡ii cÖwZwe¤^ nq KL‡bv Aev¯Íe nqÑ KL‡bv †QvU nq KL‡bv 
eo nq| Av‡jv GB cÖwZwe¤^ w`‡q bvbv ai‡bi AcwUK¨vj hš¿cvwZ 
ˆZwi Kiv m¤¢e|  

Qwe 9.18: GKwU DËj I 
GKwU AeZj ‡j‡Ýi 
cȪ ’‡”Q` 

 DËj Ges AeZj Avqbv w`‡q †h iKg bvbv ai‡bi cÖwZwe¤^ 
ˆZwi Kiv nq wVK †m iKg †jÝ w`‡qI bvbv ai‡bi cªwZwe¤^ ˆZwi 
nq Ges bvbvfv‡e †m¸‡jv e¨envi nq| Avgiv mevB †jÝ †`‡LwQ 
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(Zvi KviY Pkgvi KvP¸‡jv Avm‡j GK ai‡bi †jÝ)| †Zvgv‡`i gv‡S hviv Pkgv e¨envi K‡iv 
wKsev hviv Ab¨‡`i Pkgv e¨envi Ki‡Z †`‡LQ Zviv wbwðZfv‡eB jÿ K‡iQ †h Pkgvi †jÝ‡K 

ỳBfv‡M fvM Kiv hvqÑ GK ai‡bi †jÝ w`‡q †QvU wRwbm‡K eo †`Lv hvq (mvavibZ eq¯‹‡`i 
Pkgvi †jÝ G iKg nq|) Avevi Ab¨ ai‡bi †jÝ w`‡q 
eo wRwbm‡K †QvU †`Lv hvqÑ (mvaviYZ Kg eqmx‡`i 
Pkgvi †jÝ G iKg nq)| †h †jÝ w`‡q †QvU wRwbm‡K eo 

†`Lv hvq †m¸‡jv‡K DËj (convex) wKsev (K`vwPr) 
Awfmvix †jÝ e‡j| †h †jÝ w`‡q eo wRwbm‡K †QvU †`Lv 

hvq †mB †jÝ¸‡jv‡K  AeZj †jÝ (Concave) wKsev 
(K`vwPr )Acmvix †jÝ e‡j| †h †jÝ w`‡q †QvU wRwbm‡K 
eo †`Lv hvq A_©vr DËj †jÝ¸‡jvi gvSLv‡bi Ask cÖvšÍ 
†_‡K cyiæ nq| Avi AeZj †jÝ¸‡jvi gvSLv‡bi Ask 

cªvšÍ †_‡K miæ nq 9.18 Qwe‡Z †h iKg †`Lv‡bv n‡q‡Q| 
†j‡Ýi cÖ¯’‡”Q‡`i w`‡K ZvKv‡jB Avgiv eyS‡Z cvwi DËj 

wKsev AeZj †j‡Ýi ỳwUB ỳwU †Mvjxq 
e„Ë w`‡q mxgve×| GB ỳwU †Mvjxq 
e„‡Ëi e¨mva© mgvbI n‡Z cv‡i wfbœI 
n‡Z cv‡i| GB e„Ë¸‡jvi †K› ª̀‡K 

eμZvi †K› ª̀ e‡j|  9.19 Qwe‡Z ܥଵ 

Ge ܥଶ eμZvi †K›`ª| 

 

           Qwe 9.19: DËj Ges AeZj †jÝ‡K ỳwU †Mvj‡Ki Ask wn‡m‡e Kíbv Kiv hvq 

 

Qwe 9.20: cyiæ Kv‡Pi †fZi w`‡q hvevi 
mgq cÖwZmi‡Yi Kvi‡Y g~j iwk¥ †_‡K 
Av‡jvK iwk¥ wePz¨Z nq| 

 

Qwe 9.21: cyiæ †j‡Ý ‡K›`ª w`‡q hvIqv Av‡jvK iwk¥ mgvšÍivj 
fv‡e †ei n‡jI GKUz m‡i hvq, cvZjv †j‡Ý †K›`ª w`‡q hvIqv 
Av‡jvK iwk¥ Zvi w`K cwieZ©b bv K‡i †mvRvmywR †ei n‡q hvq 
 

‰`bw›`b Rxe‡b ev weÁv‡bi 
bvbv wel‡q bvbv ai‡bi †jÝ e¨envi 
Kiv nqÑ Z‡e Avgiv Avgv‡`i GB 

w
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eB‡q Avgv‡`i Av‡jvPbv cvZjv †j‡Ýi gv‡S mxgve× ivLe| cvZjv †jÝ Ges cyiæ †j‡Ýi cv_©K¨ 
bvgKiY †_‡KB †evSv †M‡jI Avgiv cv_©K¨UzKz Av‡iKUz cwi®‹vi K‡i wbB| †j‡Ýi cÖ¯’‡”Q‡`i 
w`‡K ZvKv‡j Avgiv †`L‡Z cvB hw`I †j‡Ýi c„ô‡`‡ki GK ai‡bi eμZv Av‡Q wKš‘ wVK 
gvSvgvwS RvqMvq ỳwU c„ô cÖvq mgvšÍivj| Avgiv Rvwb mgvšÍivj c„ô w`‡q Av‡jv hvevi mgq 

cÖwZmi‡Yi Kvi‡Y Av‡jvK iwk¥wU g~j w`K †_‡K LvwbKUv wePz¨r n‡q hvq (Qwe 9.20)| mgvšÍivj 
c„ô ỳwU hZ cyiæ n‡e Av‡jvK iwk¥wU g~j 
iwk¥i w`K †_‡K ZZ †ewk m‡i hv‡e| hw` 
mgvšÍivj c„ô ỳwU Lye KvQvKvwQ nq Zvn‡j 
Avgiv a‡i wb‡Z cvwi g~j Av‡jvK iwk¥ †h 
w`K w`‡q G‡m‡Q †gvUvgywU †mw`K w`‡qB 
†ei n‡q‡Q Zvi †Kvb wePz¨wZ nqwb| †hme 
†j‡Ýi †ejvq Zvi †K›`ª w`‡q Av‡jvK iwk¥ 
hvevi mgq a‡i †bqv hvq †h iwk¥wUi w`K 
AcwiewZ©Z Av‡Q †mB me †jÝ‡K cvZjv 

†jÝ e‡j (Qwe 9.21)| 

 
9.3.1 AeZj †jÝ (concave lens) 
DËj Ges AeZj Avqbv Av‡jvPbv Kivi 
mgq Avgiv cÖ_‡g DËj Avqbv wb‡q Av‡jvPbv K‡iwQjvgÑ †j‡Ýi †ejvq Avgiv cÖ_‡g AeZj 
†jÝ wb‡q Av‡jvPbv KwiÑ KviY DËj Avqbvq †h ai‡bi cÖwZwe¤^ ˆZwi nq AeZj †j‡Ý †mB 

GKB ai‡bi cÖwZwe¤^ ˆZwi nq|  

Qwe 9.22: AeZj †j‡Ýi †fZi w`‡q hvevi mgq 
mgvšÍivj iwk¥ Qwo‡q c‡o| 

Qwe 9.23: AeZj †j‡Ýi †fZi w`‡q hvevi 
mgq Awfmvix iwk¥ mgvšÍivj n‡q hv‡e|  

DËj Avqbvi †ejvq Avgiv †`‡LwQjvg 
†mLv‡b mgvšÍivj Av‡jv co‡j †mwU cÖwZdwjZ nevi 
mgq Pvwiw`‡K Qwo‡q c‡o| AeZj †j‡Ýi †ejv‡ZI 
wVK GB ai‡bi e¨vcvi N‡U GB †j‡Ý mgvšÍivj 
Av‡jv co‡j cÖwZmvwiZ nevi mgq †mwU Qwo‡q 
c‡o| 

cÖwZmwiZ Av‡jv¸‡jv hw` Avgiv wcQ‡bi 
w`‡K evwo‡q wbB Zvn‡j g‡b n‡e †m¸‡jv eywS GKwU 
we› ỳ †_‡K †mvRv Qwo‡q co‡Q| †mB we› ỳwU‡K e‡j 
†dvKvj we› ỳ Ges †j‡Ýi †K› ª̀ †_‡K GB †dvKvj 

 free Bangla e-books: www.facebook.com/tanbir.ebooks

Any kind of e-book & Software : www.tanbircox.blogspot.com



204                                                                                                                                         Av‡jvi cÖwZmiY 

c‡q‡›Ui `~iZ¡wU‡K e‡j †dvKvm `~iZ¡ ev †dvKvj ~̀iZ¡ | (Qwe 9.22) 
 
DËj Avqbvi †ejvq Avgiv ïay GK w`K †_‡K Avqbvi Ici Av‡jv †dj‡Z cviZvgÑ †j‡Ýi 
†ejvq ỳB w`K †_‡KB Av‡jv †djv hvq! cÖ‡Z¨KUv †j‡Ýi GKUv †dvKvj `~iZ¡ _v‡KÑ Av‡jv 
†hw`K w`‡qB †djv †nvK Zvi †dvKvj ~̀iZ¡ mgvb _v‡K| mgvšÍivj Av‡jv †djv n‡j †mwU Qwo‡q 
c‡o Ges g‡b nq †mwU eywS †dvKvj we› ỳ †_‡K we”QzwiZ n‡q Qwo‡q co‡Q| Av‡jv †h‡nZz me 
mgq wb‡Ri MwZc‡_i wecix‡Z hvq ZvB AeZj †j‡Ýi Qov‡bv Av‡jvi MwZc_ †Kv‡bvfv‡e D‡ëv 

K‡i w`‡Z cvi‡j †mwU mgvšÍivj n‡q D‡ëv w`‡K †ei n‡q hv‡e (Qwe 9.23) 
Avgiv GLb B‡”Q Ki‡j AeZj †j‡Ý GKUv e ‘̄i cÖwZwe¤^ †Kgb n‡e †mUv †ei Ki‡Z 

cvwi| aiv hvK GKUv e ‘̄ ܻܺ GKUv 
AeZj †j‡Ýi Kv‡Q ivLv n‡q‡Q| 

(Qwe 9.24) we‡kølYwU mnR Kivi 

Rb¨ a‡i wb‡qwQ e ‘̄wUi ܻ we› ỳwU 

†j‡Ýi g~j Aÿ ܻܴ Gi Dc‡i| 
e ‘̄wUi †Kvb we› ỳi cÖwZwe¤^wU †Kv_vq 
n‡e †mwU †ei Kivi Rb¨ †mB we›`y 
†_‡K AšÍZ ỳwU iwk¥ AvuKv `iKvi| 

Z‡e ܻ  we› ỳ †_‡K ỳwU iwk¥ bv Gu‡KI 

Avgiv cÖwZwe¤^wU †ei Ki‡Z cvie| ܻ 

we› ỳ †_‡K ܻR Aÿ eivei GKwU 

iwk¥ AvuKv m¤¢e, ZvB Avgiv Rvwb ܻ 
we› ỳwUi cÖwZwe¤^ GB A‡ÿi Ici 

ˆZwi n‡e| ܺ we› ỳwUi cÖwZwe¤^ †_‡K A‡ÿi Ici j¤^wU Gu‡K wb‡jB Avgi  we› ỳi cÖwZwe¤^ †c‡q 
hv‡e| 

v ܻ

 ܺ we› ỳ †_‡K ỳwU iwk¥  Kíbv Kwi, GKwU A‡ÿi mv‡_ mgvšÍivj ܺܲ†mwU †jÝ †_‡K †ei 

nIqvi mgq Qwo‡q hv‡e Ges †h‡nZz g‡b n‡e †dvKvm †_‡K we”QzwiZ n‡”Q ZvB †dvKvm ܨ †_‡K 

ܲ ch©šÍ GKwU †iLv †U‡b ewa©Z Ki‡jB †mB iwk¥wU †c‡q hve| wØZxq iwk¥wU ܺ we› ỳ †_‡K †j‡Ýi 

†K‡› ª̀i w`‡K Gu‡K wbB| cvZjv †j‡Ýi wbqg Abyhvqx GwU mivmwi ܺT w`‡K †ei n‡q hv‡e| ܺT 

Ges ܵܨ †iLv ỳwU †h we› ỳ‡Z †Q` Ki‡e †mwUB n‡”Q ܺ Gi cÖwZwe¤^ ܺ ©,  ܺ © †_‡K A‡ÿi Ici 

j¤^ AvuK‡j Avgiv ܻܺ Gi cÖwZwe¤^ ܺᇱܻᇱ †c‡q hve|  

      
Qwe 9.24: AeZj †j‡Ý GKwU e¯‘‡K †QvU †`Lvq| 

DËj Avqbvi †ejvq Avgiv hv †`‡LwQjvg AeZj †j‡Ýi cÖwZwe‡¤̂i †ejv‡ZI †mwU mwZ¨  w
w
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(a) GUvi Ae¯’vb n‡e †j‡Ýi †K›`ª Ges †dvKvm we› ỳi gvSLv‡b  

(b) GUv Aev¯Íe  

(c) GUv †mvRv Ges GUv  

(d) †QvU!  
 

9.3.2 DËj †jÝ (convex lens) 
 DËj †j‡Ýi cÖwZwe¤^¸‡jv A‡bK PgKcÖ`| AeZj 
Avqbvq Avgiv †h ai‡bi cÖwZwe¤^ †c‡qwQjvg DËj 
†j‡Ý wVK †mB GKB ai‡bi cÖwZwe¤^ cvIqv hvq| 
 AeZj Avqbvq Avgiv †`‡LwQjvg Zvi Ici 
mgvšÍivj iwk¥ †djv n‡j †mwU †dvKvm we› ỳ‡Z G‡m 
†K› ª̀xf~Z nq | DËj †j‡ÝI wVK GKB e¨vcvi N‡U, 
mgvšÍivj iwk¥ †djv n‡j †m¸‡jv GB †j‡Ýi 

†dvKvj we› ỳ‡Z †K›`ªxf~Z nq (Qwe 9.25) Ges 
Zvici Avevi Qvwo‡q hvq| 

Qwe 9.25: DËj †j‡Ýi †fZi w`‡q hvevi mgq 
mgvšÍivj iwk¥ †dvKvj we› ỳ‡Z †Kw› ª̀fyZ nq| 

Kv‡RB Av‡Mi hyw³ e¨envi K‡i ejv hvq hw` †Kv‡bv we› ỳ †_‡K Av‡jv we”QzwiZ nq Ges 

GKUv DËj †j‡Ýi †dvKvj we› ỳ‡Z †mB we”QzwiZ Av‡jv DrmUv‡K (Qwe 9.26) ivLv hvq Zvn‡j 
Av‡jvUv †j‡Ýi †fZi w`‡q hvevi mgq mgvšÍivj 
iwk¥ n‡q hv‡e| (Av‡jvi †ejq GwU me mgq mwZ¨, 

GwU hw` ܣ †_‡K ܤ †Z hvq Zvn‡j iwk¥i w`K 

cwieZ©b K‡i w`‡j GwU me mgq ܤ †_‡K ܣ †Z 
hv‡e|) GLb Avgiv wfbœ wfbœ Ae¯’v‡b GKUv e¯‘ 
_vK‡j Zvi cÖwZwe¤^ †Kv_vq n‡e †mwU †ei K‡i 
†dwj|  

Qwe  9.26: †dvKvj ~̀i‡Z¡ Av‡jvK we› ỳ ivLv 
n‡j DËj †jÝ †mwU‡K mgvšÍivj iwk¥‡Z 
cwiYZ K‡i| 

 
‡dvKvm ~̀iZ¡ †_‡K Kg ~̀iZ¡ 
cÖ_‡g aiv hvK GKwU e¯‘ ܻܺ †K †jÝ Ges Zvi 

†dvKvj we› ỳi ܨ gvSLv‡b ivLv n‡jv| (Qwe 9.27) 
Av‡M †h fv‡e e¨vL¨v Kiv n‡q‡Q wVK †mB GKB 

hyw³‡Z ej‡Z cvwi ܻ we› ỳi cÖwZw¤^wU ܻܱܨ Aÿ 
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†iLvi Ici n‡e| ܺ we› ỳwUi cÖwZwe¤^ ܺ © †_‡K GB A‡ÿi Ici j¤^ AvuKv n‡jB Avgiv ܻ Gi 
cÖwZwe‡¤^i Ae¯’vb †c‡q hve| 

 Gev‡i ܺ we› ỳ †_‡K 
ỳwU iwk¥ AvuwK, A‡ÿi mv‡_ 

mgvšÍivj ܺC †iLvwU †dvKvj 

we› ỳ ܨ Gi wfZi w`‡q ܶ Gi 

w`‡K hv‡e| ܺ we› ỳ †_‡K iwk¥ 
†j‡Ýi †K› ª̀ we› ỳ w`‡q AvuKv 
n‡j †mwU †mvRv mij †iLvq 

ܱܺ  n‡q ܵ Gi w`‡K hv‡e| 

†`L‡ZB cv”Q ܶܨܥ Ges ܻܱܵ 
†iLv ỳwU mvg‡b wM‡q wgwjZ 

n‡Z cvi‡e bv| hvi A_© ev¯Íe cÖwZwe¤^ ˆZwi nevi †Kv‡bv my‡MvM †bB| †iLv ỳ‡Uv wcQb w`‡K 

evwo‡q w`‡j †h ܺ © we› ỳ‡Z wgwjZ n‡e †mUvB ܺ we› ỳi cÖwZwe¤^| GB we›`y †_‡K ܻܨ †iLvi Dci 

j¤̂ AuvKv n‡j ܻ’ we› ỳ‡ úk© K‡i †mUv ܻ we› ỳi cÖwZwe¤^| 

Qwe 9.27: †dvKvj ~̀i‡Z¡i †fZ‡i e¯‘ ivLv n‡j DËj †j‡Ý eo 
cÖwZwe¤^ †`Lv hvq| 

Z ¯

‡`LvB hv‡”Q ܻܺ e ‘̄wU hZB †j‡Ýi KvQvKvwQ Avbv n‡e cÖwZwe¤^wU ZZB †QvU n‡Z 

_vK‡e| e¯‘wU hZB †dvKvj we›`y ܨ Gi KvQvKvwQ Avbv n‡e cÖwZwe¤̂wU ZZB eo n‡Z _vK‡e| 

e¯‘wU hLb wVK †dvKvj we› ỳ ܨ Gi Ici n‡e ZLb cÖwZwe¤^wUi AvKvi n‡e Amxg! Avgiv GLb 
ej‡Z cvwi hw` GKUv DËj †j‡Ýi †K› ª̀we›`y 
Ges †dvKvj we› ỳi gvSLv‡b GKwU e¯‘ ivLv 
nq Zvn‡j e¯‘wUi cÖwZwe¤^  

 

(a) †h w`‡K e¯‘wU i‡q‡Q †mB    
w`‡KB ˆZwi n‡e  

Qwe 9.28: †dvKvj ~̀i‡Z¡i evB‡i wKš‘ wØ¸Y †dvKvj 
~̀i‡Z¡i †fZ‡i e ‘̄ ivLv n‡j Zvi ev Í̄e D‡ëv eo cÖwZwe¤^ 

‰Zwi nq| 

(b) cÖwZwe¤^wU n‡e Aev¯Íe  

(c) †mvRv Ges  

(d) †QvU| 
 
‡dvKvm ~̀i‡Z¡i evB‡i 
Gev‡i Avgiv †`wL e¯‘wU †dvKvm ~̀iZ¡ †_‡K 
evB‡i ivL‡j Kx nq| AeZj Avqbvi gZ w
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GLv‡bI wZbwU wfbœ wfbœ welq n‡Z cv‡i| (i) e¯‘wU †dvKvm ~̀i‡Z¡i evB‡i wKš‘ wØ¸Y †dvKvj 

~̀i‡Z¡i wfZ‡i (ii) e¯‘wU wØ¸Y †dvKvj ~̀i‡Z¡i evB‡i Ges (iii) e¯‘wU wVK wØ¸Y †dvKvj ~̀i‡Z¡| 
GKwU GKwU K‡i †`Lv hvK| 

cÖ_‡g Avgiv e¯‘wU‡K †dvKvm ~̀i‡Z¡i evB‡i wKš‘ †dvKvm ~̀i‡Z¡i wØ¸Y ˆ`‡N©¨i †fZ‡i 

ivLv n‡e| 9.28 Qwe‡Z ܻܺ e ‘̄wUi ܻ  we› ỳi cÖwZwe¤^wU ܻܱܤ †iLvi Dc‡i n‡e ZvB Av‡Mi 

g‡Zv Avgiv ïay ܺ we› ỳwUi cÖwZwe¤^ †ei Kwi| ܺ we› ỳ †_‡K A‡ÿi mv‡_ mgvšÍivj iwk¥wU †dvKvj 

we› ỳ ܨ Gi †fZi w`‡q hv‡e| †j‡Ýi †K› ª̀we›`y w`‡q Ab¨ GKwU iwk¥ ܱܺ mij †iLvq hv‡eÑ ỳwU 

†iLv †hLv‡b †Q` Ki‡e †mB ܺ́ we› ỳwU n‡”Q ܺ Gi cÖwZwe¤^| ܺ́ †_‡K Aÿ ܻܱ †iLvi Ici j¤^ 

AvuKv n‡j ܻᇱ we› ỳwU n‡e ܻ Gi cÖwZwe‡¤̂i Ae ’̄vb| Kv‡RB ܺᇱܻᇱ n‡”Q ܻܺ Gi cÖwZwe¤^| A_©vr 
GB cÖwZwe‡¤^i R‡b¨ Avgiv ej‡Z cvwi:  
 

(a) cÖwZwe¤^wUi Ae¯’vb n‡e †dvKvj ~̀i‡Z¡i wØ¸Y ~̀i‡Z¡i evB‡i  

(b) ev Í̄e  

(c) D‡ëv  

(d) Ges e¯‘i AvKvi †  eo _‡K

 Avgiv †`L‡ZB cvw”Q ܻܺ e¯‘wU hw` wVK †dvKvm `~i‡Z¡i wØ¸Y ~̀i‡Z¡ (Qwe 9.29) ivLv 
nq Zvn‡j cÖwZwe¤^wUi AvKvi n‡e 

ܻܺ e ‘̄wUi mgvb Ges cÖwZwe¤^wUi 
Ae ’̄vb n‡e †j‡Ýi †K› ª̀ †_‡K 
wVK mgvb ~̀i‡Z¡| e¯‘wU hZB 
†dvKvj we› ỳi KvQvKvwQ Avbv n‡Z 
_vK‡e cÖwZwe¤^wU ZZB `~‡i ˆZwi 
n‡e Ges Zvi AvKvi eo n‡Z 
_vK‡e| †h‡nZz GB cÖwZwe‡¤^i 
†fZi w`‡q mwZ¨Kvi Av‡jvK iwk¥ 
hvq ZvB GwU ev Í̄e cÖwZwe¤^ Ges 
QwewU‡Z ¯úó †`Lv hv‡”Q 
cÖwZwe¤^wU D‡ëv A_©vr: 

 

 

Qwe 9.29: wVK †dvKvj ~̀i‡Z¡i wØ¸b ~̀i‡Z¡ †Kv‡bv e ‘̄ ivLv n‡j 
Zvi cÖwZwe¤^wU n‡e e¯‘wUi mgvb| 
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(a) cÖwZwe¤^wUi Ae¯’vb n‡e †dvKvj ~̀i‡Z¡i wØ¸Y ~̀i‡Z¡ 

(b) ev Í̄e  

(c) D‡ëv  

(d) Ges e¯‘i mgvb 
 

 Avgiv (i) †dvKvm ~̀i‡Z¡i evB‡i wKš‘ wØ¸Y †dvKvj ~̀i‡Z¡i wfZ‡i Ges (ii) wVK †dvKvm 
~̀i‡Z¡i wØ¸Y ~̀i‡Z¡  †Kv‡bv e¯‘ ivL‡j Zvi Kx ai‡bi cÖwZwe¤^ †Kv_vq ˆZwi nq †mUv e‡jwQ| 

GLb evwK Av‡Q e ‘̄wU hw` †dvKvj ~̀i‡Z¡i wØ¸Y `~i‡Z¡i evB‡i _v‡K Zvn‡j Zvi Kx ai‡bi 
cÖwZwe¤^ †Kv_vq ˆZwi nq †mwU †ei Kiv| 
 

GB cÖwZwe¤^wU AvuKvi c×wZ wVK 

Av‡MiwUi g‡Zv ïay (Qwe 9.30) gvÎ 
e¯‘wU‡K emv‡Z n‡e †dvKvj ~̀i‡Z¡i wØ¸Y 
~̀i‡Z¡i evB‡i| Avgiv Av‡MB e‡jwQ e ‘̄wU 

hw` †dvKvj ~̀i‡Z¡i wØ¸Y ~̀i‡Z¡ ivLv nq 
Zvn‡j Zvi mg ~̀i‡Z¡ mgvb AvKv‡ii 
GKUv cÖwZwe¤^ ˆZwi nq| hZB e¯‘Uv `~‡i 
mwi‡q †bqv n‡Z _v‡K cÖwZwe¤^wU ZZB 
†QvU n‡Z _v‡K Ges †dvKvj we› ỳi w`‡K 
GwM‡q Avm‡Z _v‡K| e¯‘wU hw` Amxg 
~̀i‡Z¡ mwi‡q †bqv nq Zvn‡j Zvi 

cÖwZwe¤^wU ˆZwi n‡e wVK †dvKvm we›`y‡Z| Kv‡RB †dvKvj ~̀i‡Z¡i wØ¸Y `~i‡Z¡i evB‡i †Kv‡bv e¯‘ 
ivLv n‡j e¯‘wUi  

 

Qwe 9.30: wØ¸Y †dvKvj ~̀i‡Z¡i evB‡i e¯‘ ivLv n‡j Zvi †QvU 
D‡ëv ev¯Íe cÖwZwe¤^ ˆZix nq| 

 

(a) cÖwZwe‡¤^i Ae¯’vb nq †dvKvj ~̀iZ¡ Ges †dvKvj `~i‡Z¡i wØ¸Y ~̀i‡Z¡i gvSLv‡b  

(b) ev Í̄e  

(c) D‡ëv  

(d) †QvU| 
 

D`vniY 9.10:  DËj †j‡Ýi †dvKvj ~̀i‡Z¡i evB‡i †Kv‡bv e¯‘ ivLv n‡j Zvi ev¯Íe cÖwZwe¤^ 
ˆZwi nq| cÖwZwe¤^wUi RvqMvq e ‘̄wU ivLv n‡j Zvi cÖwZwe¤^ †Kv_vq n‡e? 
 

w
w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



Av‡jvi cÖwZmiY                                                                                                                                         209 

DËi: Av‡jvi iwk¥i w`K cwieZ©b Ki‡j GKwU Ab¨wU‡Z cwiewZ©Z nq! 
 
9.3.3 †j‡Ýi is wbf©i †dvKvj ‰`N©̈  
Avgiv Rvwb cÖwZmvivsK Av‡jvi Zi½ 
ˆ`‡N©̈ i Ici wbf©i K‡i, Kv‡RB GUv LyeB 
¯^vfvweK GKUv †j‡Ýi †dvKvj ‰`N©¨ wfbœ 
Zi½ ˆ`‡N©¨i Rb¨ wfbœ n‡e| jvj Av‡jvi 
Zi½ ˆ`N©¨ †ewk Ges Zvi †dvKvj ˆ`N©¨ 
†ewk, Avevi bxj is‡qi Av‡jvi Zi½ 
ˆ`N©¨ Kg Ges Zvi †dvKvj ˆ`N©¨I n‡e 
Kg| 9.31 Qwe‡Z GKUv †j‡Ýi wfbœ wfbœ 
is‡qi Av‡jv †h wfbœ wfbœ †dvKvj we› ỳ‡Z 
wgwjZ nq †mUv †`Lv‡bv nj| 
 GB Kvi‡Y mvaviY †jÝ w`‡q m~² 
cÖwZwe¤^ ˆZwi Kiv hvq bvÑ KviY G‡KKwU 
is GKK RvqMvq cÖwZwe¤^ ˆZwi K‡i| m~² 
AcwUK¨vj hš¿ cvwZ‡Z DËj I AeZj †jÝ wgwj‡q we‡kl cÖwμqvq GB mgm¨vi mgvavb Kiv nq| 

 

Qwe 9.31: eY©nxb mv`v Av‡jvi wfbœ wfbœ is wfbœ wfbœ 
†dvKvj ~̀i‡Z¡ †K› ª̀xf~Z nq| 

 

 

Qwe 9.32: †h †j‡Ýi †dvKvj ~̀iZ¡ h‡Zv Kg †mB †j‡Ý 
wRwblwU‡K ZZ eo †`Lvq | 

9.3.4 †j‡Ýi ÿgZv 
†j‡Ýi me‡P‡q cÖPwjZ e¨envi Avgiv 
†`wL Pkgvi gv‡S| †Zvgiv hw` wewfbœ 
gvby‡li Pkgvi †jÝ cixÿv K‡i †`L 
Zvn‡j †`L‡e Kv‡iv Kv‡iv Pkgvi †jÝ 
ˆZwi nq DËj †jÝ w`‡q Kv‡iv Kv‡iv 
Pkgvi †jÝ ˆZwi nq AeZj †jÝ w`‡q| 
Avgiv †jÝ¸‡jv‡K cÖvq mgqB cvIqvi 
w`‡q e¨vL¨v KwiÑ †Zvgiv wbðqB e‡jQ 
wKsev ej‡Z ï‡bQ, Agy‡Ki Pkgvi 
cvIqvi A‡bK †ewk| cvIqvi K_vwU w`‡q 
Avgiv Kx †evSv‡bvi †Póv Kwi? 
 cvIqv‡ii aviYvwU G‡m‡Q †jÝ 
w`‡q eo Ges †QvU †`Lvi e¨vcviwU †_‡K| 
ỳwU DËj †j‡Ýi wcQ‡b wRwbmwU KvQvKvwQ 

GKB ~̀i‡Z¡ hw` †Kv‡bv wKQz ivwL Ges 
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GKwU †jÝ Ab¨wU †_‡K eo †`Lvq Zvn‡j †h †jÝwU‡Z eo †`Lvq Avgiv ewj †mB †j‡Ýi cvIqvi 
†ewk| †Zvgiv GKUz wPšÍv Ki‡jB †`L‡e Avm‡j †h †j‡Ýi †dvKvj `~iZ¡ hZ Kg †mB †j‡Ý 

wRwbmwU‡K ZZ eo †`Lv‡e| (Qwe 9.32) 

Kv‡RB G‡Z AevK nevi wKQz †bB †j‡Ýi cvIqvi ܲ n‡”Q †dvKvj `~i‡Z¡i e¨¯ÍvbycvwZK| 

hw` †dvKvj ~̀iZ¡ ݂ wgUv‡i †`qv nq Zvn‡j cvIqvi ܲ Gi GKK WvqvcUvi| A_©vr †Zvgvi 

cwiwPZ Kv‡iv Pkgvi cvIqvi hw` nq 2.5 (mvaviY K_vevZ©vq WvqvcUvi kãUv †KD e¨envi K‡i 
bv!) Zvn‡j Zvi Pkgvi †j‡Ýi †dvKvj `~iZ¡ n‡e 

݂ ൌ
1
ܲ

ൌ
1

2.5
݉ ൌ 0.4݉ 

cvIqv‡ii aviYvwU ïay DËj †j‡Ýi eo †`Lv‡bvi Rb¨ bqÑ AeZj †j‡Ý †QvU †`Lv‡bvi mgqI 
GKB cvIqvi kãwU e¨envi Kiv nq| †h AeZj †j‡Ý e ‘̄‡K (mgvb `~i‡Z¡) hZ †QvU †`Lv hv‡e 
eyS‡Z n‡e Zvi cvIqvi ZZ †ewk ev †dvKvj ~̀iZ¡ ZZ †QvU| DËj †j‡Ýi †ejvq cvIqvi abvZ¥K 
ev cwRwUf, AeZj †j‡Ýi †ejvq cvIqvi FYvZœK ev †b‡MwUf GUvB n‡”Q cv_©K¨| 
 

9.4 †j‡Ýi e¨envi (Uses of Lens) 
 
‡j‡Ýi e¨env‡ii †Kv‡bv †kl †bB| 
†hLv‡bB Av‡jv‡K †Kv‡bv bv 
†Kv‡bvfv‡e e¨envi Kiv nq †mLv‡bB 
‡j‡Ýi cÖ‡qvRb nq| GLv‡b Avgv‡`i 
Lye cwiwPZ K‡qKwU e¨env‡ii K_v 
ejv hvK| †m¸‡jv n‡”Q Pkgv, 
gvB‡μv‡¯‹vc Ges †Uwj‡¯‹vc| 

 
9.4.1 Pkgv 
‡j‡Ýi me‡P‡q cÖPwjZ e¨envi n‡”Q 
Pkgv| Avgv‡`i †Pv‡L GKwU DËj 
†jÝ i‡q‡Q Ges GB DËj †j‡Ýi 
Kvi‡Y †Pv‡Li Awÿ †Mvj‡Ki wcQ‡b 
~̀‡ii †Kv‡bv e ‘̄i GKwU cÖwZwe¤ ̂

ˆZwi nq| Avwÿ †Mvj‡Ki wcQ‡b 

 

                     Qwe 9.33: †Pv‡Li wewfbœ Ask 
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_v‡K †iwUbv †mLv‡b Av‡jvKms‡e`x †Kvl _v‡K| (Qwe 9.33) GB †Kvl¸‡jv †_‡K †h wmMb¨vj 
ˆZwi nq †mB wmMb¨vj AcwUK¨vj bv‡f© K‡i gw¯Í‡®‹ cvVv‡bv nq Ges gw¯Í®‹ †mB wmMbvj †_‡K 
Avgv‡`i †`Lvi Abyf~wZ †`q| †Pv‡Li †fZ‡i Av‡jvi cwigvY evov‡bv wKsev Kgv‡bvi Rb¨ i‡q‡Q 
AvBwik| †Zvgiv hviv Av‡M KL‡bv jÿ Kiwb Zviv †Pv‡Li Ici UP©jvB‡Ui Av‡jv †d‡j †`L‡Z 
cv‡iv AvBwikUv Kx PgrKvifv‡e msKzwPZ n‡q wcDwcjUv‡K †QvU K‡i †d‡j|  
 ‡Zvgiv wbðqB eyS‡Z cviQ †Kv‡bv wKQz‡K ¯úó K‡i †`L‡Z n‡j †Pv‡Li †iwUvbvq ¯úó 
GKUv cÖwZwe¤^ ˆZwi nIqv `iKvi| †Zvgiv †jÝ m¤ú‡K© †hUzKz †R‡bQ †mLvb †_‡K aviYv Ki‡Z 
cvi †h‡nZz GKUv †j‡Ýi †dvKvj ~̀iZ¡ wbw`©ó Kiv _v‡K ZvB m¤¢eZ GKUv wbw`©ó ~̀i‡Z¡i e¯‘B 
†Pv‡L ¯úó †`Lv hv‡e| e¯‘wU hw` GKUz ~̀‡i nq wKsev Kv‡Q nq Zvn‡j cÖwZwe¤^wU †iwUbvi Dc‡i 
bv n‡q Av‡iv mvg‡b wKsev Av‡iv wcQ‡b ˆZwi n‡e| 

 mvaviY †j‡Ýi †ejvq GwU mwZ¨ wKš‘ gvby‡li †Pv‡Li †jÝ A‡bK PgKcÖ`, Gi mv‡_ 
gvsk‡ckx jvMv‡bv _v‡K Ges GB gvsk‡ckx †jÝUv‡K †U‡b wKsev †V‡j cyiæ wKsev miæ K‡i 
†dvKvj ˆ`N©¨ evov‡Z wKsev Kgv‡Z cv‡i| Kv‡RB †iwUbvi Ici ¯úó cÖwZwe¤^ ˆZwi Kivi Rb¨ 
†jÝwU me mgqB Zvi †dvKvj ‰`N©̈  evwo‡q wKsev Kwg‡q hv‡”Q| †Zvgiv wb‡Riv Lye mn‡R GUv 
cixÿv Ki‡Z cvi, †Pv‡Li mvg‡b GKwU Av½yj †i‡L GKB mv‡_ GB Av½yjwU Ges ~̀‡ii wKQz 

 

Qwe 9.34: †Pv‡Li †jÝ †iwUbvi mwVK RvqMvq cÖwZwe¤^ ˆZwi Ki‡Z bv cvi‡j †jÝ e¨envi K‡i †mB mgm¨v †gUv‡bv 
m¤¢e 
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†`Lvi †Póv Ki| †`L‡e hLb Av½yjwU ¯úó K‡i †`L‡e ZLb ~̀‡ii wRwbmwU Svcmv †`Lv‡e Avevi 
~̀‡ii wRwbmwU hLb ¯úó †`Lv‡e ZLb Av½yjwU Suvcmv †`Lv‡e| 

 ‡Kv‡bv gvbyl hLb Zvi †PvL w`‡q †ewkifvM mgq Kv‡Qi wRwbm †`‡L ZLb Zvi gw¯Í®‹ 
KvRwU mnR Kivi Rb¨ †Pv‡Li †jÝ‡K ’̄vqxfv‡e †gvUv K‡i Zvi †dvKvj `~iZ¡ Kwg‡q †dj‡Z 
cv‡i| ZLb Kv‡Qi wRwbm †`L‡Z mgm¨v bv n‡jI ~̀‡ii wRwbm †`L‡Z mgm¨v n‡q hvq| †Pv‡Li 

GB ÎæwUi bvg gv‡qvwcqv (myopia) G iKg mgm¨v n‡j †Pv‡Li †j‡Ýi †dvKvj `~iZ¡ evov‡bvi 

Rb¨ Zvi mvg‡b Av‡iKwU AeZj †jÝ ivL‡Z nq| (Qwe 9.34 a) A_©vr Zvi †b‡MwUf cvIqv‡ii 
Pkgv co‡Z nq| 

gv‡qvwcqvi wecixZ †Pv‡Li ÎæwUi bvg nvBcvi‡g‡Uªvwcqv (hypermetropia) ZLb wVK 
D‡ëv e¨vcviwU N‡U| †Pv‡Li †j‡Ýi †dvKvj ~̀iZ¡ †e‡o hvq, ZLb cvKvcvwKfv‡e ïay ~̀‡ii wRwbm 
¯úó †`L‡Z cv‡i KviY †iwUbvi Ici †jÝwU ïay ~̀‡ii wRwb‡mi cÖwZwe¤^ mwVKfv‡e ˆZwi Ki‡Z 
cv‡i| ZLb Kv‡Qi wRwb‡mi cÖwZwe¤^ ˆZwi nq Av‡iv `~‡i| G iKg Ae¯’vq †Pv‡Li mvg‡b GKwU 
DËj †jÝ †i‡L mw¤§wjZ †dvKvj `~iZ¡ Kwg‡q mwVKfv‡e †iwUbv‡Z ¯úó cÖwZwe¤^ ‰Zwi Ki‡Z nq| 

(Qwe 9.34 b) 
‡PvL AZ¨šÍ PgKcÖ` welq, GwU wb‡q Avgiv A‡bKwKQz wkL‡Z cvwi| AvcvZZ `„wó wb‡q 

Av‡iv mnR K‡qKUv welq †R‡b wbB|  

(a) †Pv‡Li †iwUbv‡Z Av‡jvKms‡e`x iW Ges †KvY GB `yB ai‡bi †Kvl i‡q‡Q| iW Kg 
Av‡jv‡Z Ges †KvY †ewk Av‡jv‡Z KvR K‡i| †KvY †Kvl is ms‡e`x ZvB ïay †ewk Av‡jv‡Z 
Avgiv is †`L‡Z cvB| Aí Av‡jv‡Z iW KvR K‡i Ges †mLv‡b is‡qi Abyf~wZ nq bv| †mRb¨ 
†RvQbvq me wKQz‡K †Kvgj †`LvqÑ wKš‘ †RvQbvi Av‡jv‡Z Avgiv is †`L‡Z cvB bv| 

(b) Avgv‡`i ỳwU †PvL mvg‡b 
(cvwL‡`i g‡Zv ỳB cv‡k bqÑ Z‡e 
cu¨vPvi K_v Avjv`v, cu¨vPvi †PvL gvby‡li 
g‡Zv mvg‡b) ZvB Avgiv GKB mv‡_ `yB 
†Pv‡L ỳwU cÖwZwe¤^ †`wL| Avgv‡`i 
gw¯Í®‹ GB ỳwU cÖwZwe¤^‡K Dc¯’vcb K‡i 
Avgv‡`i‡K ~̀i‡Z¡i Abyf~wZ †`q| 
†mRb¨ ỳB †PvL †Lvjv †i‡L myB‡qi 
wcQ‡b myZv †XvKv‡bv Lye mnR wKš‘ GK †PvL eÜ †i‡L GB KvRwU Kiv Le KwVb! 

 

Qwe 9.35: †Pv‡Li eøvBÊ ¯ú‡Ui Aw¯ÍË¡ GB QwewU w`‡h †ei Kiv hvq| 

(c) Avgv‡`i †iwUbv‡Z GKUv e ‘̄i D‡ëv cÖwZwe¤^ co‡jI Avgiv e¯‘wU‡K †mvRv †`Lvi 
Abyf~wZ cvB KviY †`Lvi Abyf~wZwU wKš‘ †PvL †_‡K Av‡m bv, †mwU Av‡m gw¯Í®‹ †_‡K| †Pv‡Li w
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†iwUbv‡Z †h cÖwZwe¤^ c‡o †mwU †_‡K Av‡jvi ms‡KZ AcwUK bv‡f© K‡i gw¯Í‡®‹ hvq , gw¯Í®‹ 
†mUv‡K we‡kølY K‡i Avgv‡`i‡K †`Lvi Abyf~wZ †`q| 

 
D`vniY 9.11: †iwUbvi †h As‡k AcwUK bvf© mshy³ n‡q‡Q †mB AskwU †`Lvi Abyf~wZ ˆZwi 
K‡i bv, ZvB GUv‡K e‡j eøvBÛ ¯úU| Zzwg wK †mUv cixÿv Ki‡Z PvI? 
 

DËi: evg †PvL eÜ K‡i Wvb †PvL w`‡q 9.35 Qwe‡Z evg w`‡Ki μm wPýwUi w`‡K ZvwK‡q 
gv_vUv QwewUi w`‡K bvwg‡q Av‡bv, hLb Wvb w`‡Ki Kv‡jv e„ËwUi cÖwZwe¤^ wUK AcwUK bv‡f©i 
ms‡hvM ’̄j eøvBÛ ¯ú‡U co‡e ZLb nVvr K‡i †mwU A „̀k¨ n‡q hv‡e| 

 

 

Qwe 9.36: ỳwU DËj ‡jÝ e¨envi K‡i ˆZwi GKwU †Uwj‡¯‹v‡c D‡ëv cÖwZwe¤^ †`Lv hvq| †Uwj‡¯‹vcwUi ˆ`N©̈  
nq ỳwU †j‡Ýi †dvKvj ~̀i‡Z¡i mgvb| 

9.4.2 †jÝ e¨envi K‡i ˆZwi Kiv hš¿: 
 
†Uwj‡¯‹vc: 9.36 Qwe‡Z ỳwU DËj †jÝ w`‡q ˆZwi GKwU †Uwj‡¯‹vc †`Lv‡bv n‡jv| †Uwj‡¯‹v‡c 
A‡bK ~̀‡ii †Kv‡bv e¯‘ †`Lv nq, †mLvb †_‡K AZ¨šÍ Aí Av‡jv †cŠQv‡Z cv‡i e‡j †Póv Kiv nq 
GKwU eo DËj Ae‡Rw±f †jÝ e¨envi K‡i hZUzKz m¤¢e †ewk Av‡jv msMÖn Kiv hvq| msM„wnZ 
Av‡jv †K›`ªxf~Z n‡q †h ev¯Íe cÖwZwe¤^ ˆZwi K‡i wØZxq GKwU DËj †jÝ w`‡q †mUv‡K †Pv‡L 
†`Lvi e¨e¯’v K‡i †`qv nq| Kv‡RB †Uwj‡¯‹v‡ci ˆ`N©¨ nq Ae‡Rw±f Ges AvB wcm GB `ywUi 
†dvKvm ˆ`‡N¨©i ~̀i‡Z¡i †hvMd‡ji mgvb| GB ai‡Yi †Uwj‡¯‹v‡c cÖwZwe¤^wU †`Lv hvq D‡ëv| AvB 
wc‡m DËj †jÝ e¨envi bv K‡i AeZj †jÝ e¨envi K‡iI †Uwj‡¯‹vc ˆZwi Kiv hvqv| GB ai‡bi 
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†Uwj‡¯‹v‡c cÖwZwe¤^wU †`Lv hvq †mvRv Ges †Uwj‡¯‹v‡ci ˆ`N©¨ nq Ae‡Rw±f Ges AvBwc‡mi 

†dvKvm ˆ`‡N©¨i we‡qvM d‡ji mgvb| (Qwe 9.37) 

 

 

Qwe 9. 37: GKwU DËj Ges GKwU AeZj †jÝ e¨envi K‡i ˆZix GKwU †Uwj‡¯‹v‡c ‡mvRv cÖwZwe¤^ †`Lv hvq| 
†Uwj‡¯‹vcwUi ˆ`N© nq ỳwU †j‡Ýi †dvKvj ~̀i‡Z¡i cv_©‡K¨i mgvb| 

gvB‡μv‡¯‹vc: gvB‡μv‡¯‹v‡ci Kvh© c×wZ ỳwU DËj †jÝ w`‡q ˆZwi †Uwj‡¯‹v‡ci g‡Zv, Z‡e 
†h‡nZz GLv‡b A‡bK ~̀i 
†_‡K msMÖn Kiv Lye Aí 
Av‡jvi cÖwZwe¤^ ˆZwi Kiv 
nq bv, eis Lye Kv‡Qi ÿz ª̀ 
GKUv e¯‘i †fZi w`‡q 
A‡bK Zxeª Av‡jv cvVv‡bv 
nq ZvB Lye †QvU Ges Aí 
†dvKvj ˆ`‡N©¨i Ae‡Rw±f 
†jÝ e¨envi Kiv nq| 
9.38 Qwe‡Z GKUv 
gvB‡μv‡¯‹vc †Kgb K‡i 
KvR K‡i †mUv †`Lv‡bv 
n‡q‡Q| 

Qwe 9.38: ỳwU DËj †jÝ e¨envi K‡i ‡QvU e ‘̄‡K eo K‡i †`Lvi R‡b¨ 
gvB‡μv‡¯‹vc ‰Zix Kiv nq| 

 
 
 
  w

w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



Av‡jvi cÖwZmiY                                                                                                                                         215 

Abykxjbx 
 
cÖkœ: 
1. †Pv‡Li †jÝ †iwUbv‡Z D‡ëv cÖwZwe¤^ ˆZwi K‡i, Zvn‡j Avgiv me wKQz D‡ëv †`wL bv †Kb? 
2. †Pv‡Li mv‡_ K¨v‡givi GKUv ¸iæZ¡c~Y© cv_©‡K¨i K_v ej|  
3. Nb gva¨‡g Av‡jvi †eM Kg, G iKg Ae ’̄vq †Kv‡bv wKQz Kx Av‡jv †_‡K `ªæZ †h‡Z cvi‡e? 
4. fi ỳcy‡i isaby †`Lv hvq bv †Kb? 
5. cvwbi †duvUv †j‡Ýi g‡Zv KvR Ki‡Z cv‡i, GB †j‡Ýi †dvKvj ~̀iZ¡ KZ n‡Z cv‡i? 
 
MvwYwZK mgm¨v: 

1. 9.39  Qwe‡Z †`Lv‡bv AvKv‡ii GKUv Kv‡Pi 
gva¨‡g Av‡jvK iwk¥ cÖ‡ek Kwi‡q c~Y© 
Avf¨š‘ixY cÖwZdj‡bi μvwšÍ †KvY cvIqv 
†M‡Q 65°| wVK †h we› ỳ‡Z Av‡jvK iwk¥wU 
AvcwZZ n‡q‡Q †mLv‡b GK we› ỳ Zij ivLvi 
Kvi‡Y c~Y© Avf¨šÍixY cÖwZdjb n‡q‡Q 75° 

‡ji cÖwZmvivsK KZ? 

 

Qwe 9.39: AvcwZZ we› ỳ‡Z wfbcÖwZmivs‡Ki GK †dvUv Zij ivLv n‡j c~Y© Avf¨šÍixb †Kvb cwiewZ©Z n‡q 
hv‡e| 

†Z| Zi
2. Kv‡Pi ‰Zwi GKwU DËj †j‡Ýi †dvKvj ‰`N©̈  

ܿ݉ wVK GKB AvK…wZi GKwU †jÝ nxiv 
 ˆZwi Ki‡j Zvi †dvKvj ‰`N©¨ KZ n‡e? 

10
w`‡q

3. ܻܺ e ‘̄wUi Rb¨ Zvi iwk¥¸‡jv hZUzKz m¤¢e 
mwVKfv‡e Gu‡K cÖwZwe¤^wU †Kv_vq n‡e 
†`LvI| (Qwe 9.40) 

 

Qwe 9.40: AeZj †j‡Ýi †dvKvj ~̀i‡Z¡i evB‡i 
ivLv GKwU e ‘̄| 
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4.  e¯‘wUi Rb¨ Zvi iwk¥¸‡jv hZUzKz m¤¢e mwVKfv‡e Gu‡K cÖwZwe¤^wU †Kv_vq n‡e †`LvI| 
 9.41 a) 

ܻܺ
(Qwe

5. ܻܺ e¯‘wUi Rb¨ Zvi iwk¥¸‡jv hZUzKz m¤¢e mwVKfv‡e Gu‡K cÖwZwe¤^wU †Kv_vq n‡e †`LvI| 
(Qwe 9.41 b) 

 

 

 

Qwe 9.41: (a) DËj †j‡Ýi †dvKvj ~̀i‡Z¡i ‡fZ‡i ivLv GKwU e¯‘ (b) DËj †j‡Ýi †dvKvj ~̀i‡Z¡i evB‡i 
ivLv GKwU e¯‘ 
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`kg Aa¨vq 
w¯’i we ỳ¨r 

(Static Electricity) 
 

GWDBb nvej 
GWDBb nvej GKRb gvwK©b †R¨vwZwe©`| wZwb cÖ_g 
†`wL‡qwQ‡jb †h wek¦åþvÐ μgvMZ cÖmvwiZ n‡”Q Ges GwU 
wek¦åþvÐ m„wói weM e¨vs w_Iwii mc‡ÿ GKwU eo Avwe®‹vi 
wn‡m‡e we‡ePbv Kiv nq| ch©‡eÿY K‡i †mŠi RMr wKsev 
Qvqvc‡_i evB‡i gnvRvMwZK †R¨vwZwe©̀ ¨vq Zuvi Ae`vb‡K 
hyMvšÍKvix e‡j aviYv Kiv nq| Zuvi evev Zuv‡K GKRb AvBbwe` 
ˆZwi Ki‡Z †P‡qwQ‡jb Ges wZwb †mfv‡e AvBb wb‡q cov‡kvbvI 
K‡iwQ‡jb wKš‘ †k‡l †R¨vwZwe©̀  wn‡m‡eB wb‡R‡K M‡o †Zv‡jb| 
Zuvi g„Zz¨i ci †Kv‡bv A‡šÍ̈ wówμqv nqwb Ges †Kv_vq Zuv‡K Kei 
†`qv n‡q‡Q †mUv †KD Rv‡b bv! 
 

E  dwin Hubble(1889‐1953)  

 
10.1 PvR© (Charge) 
 
kxZKv‡j ïK‡bv Pzj wPiæwb w`‡q AvPwo‡q †Zvgv‡`i cÖvq mevB wbðqB KL‡bv bv KL‡bv †QvU †QvU 
KvM‡Ri UzKiv‡K †mB wPiæwb w`‡q AvKl©Y K‡iQ| kxZcÖavb †`‡k kxZKv‡j evZvm Lye ïK‡bv 
_v‡K, ZLb †QvU wkï hLb Kv‡c©‡U nvgv¸wo †`q ZLb Zv‡`i Pzj Lvov n‡q hvq, †`‡L g‡b nq 
GKwU Pzj eywS Ab¨ Pzj‡K †V‡j Lvov Kwi‡q w`‡q‡Q| †Zvgiv mevB wbðqB S‡oi iv‡Z AvKvk 
wP‡o we ỳ¨‡Zi SjK‡K wb‡P †b‡g Avm‡Z †`‡LQ| 
 KvM‡Ri AvKl©Y, Pz‡ji weKl©Y wKsev eRªcvZÑ GB wZbwU e¨vcv‡ii g~‡jB wKš‘ GKB 
welq KvR K‡i‡Q †mwU n‡”Q PvR© ev Avavb| PvR© (ev Avavb) Kx, †Kb †mUv KL‡bv AvKl©Y K‡i 
KL‡bv weKl©Y K‡i Avevi KL‡bv we ỳ¨r SjK ‰Zwi K‡i †evSvi Rb¨ Avgv‡`i G‡Kev‡i †Mvovq 
†h‡Z n‡e, AYy-cigvYy †Kgb K‡i ˆZwi nq †mUv Rvb‡Z n‡e| 
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Avgiv mevB Rvwb mewKQz AYy-cigvYy w`‡q ˆZwi| c„w_ex‡Z 109 wU cigvYy Av‡Q Gi 

gv‡S gvÎ 83 wU †UKmB, gvÎ GB KqwU cigvYy w`‡q jÿ jÿ wfbœ AYy ˆZwi n‡q‡Q| GKUv 
Aw·‡Rb cigvYyi mv‡_ ỳ‡Uv nvB‡Wªv‡Rb cigvYy w`‡q cvwb, GKUv †mvwWqvg cigvYyi mv‡_ GKUv 
†K¬vwib cigvYy w`‡q jeY GKUv Kve©b cigvYyi mv‡_ PviUv nvB‡Wªv‡Rb cigvYy w`‡q ivbœv Kivi 
M¨vm BZ¨vw` BZ¨vw`| (AevK nevi wKQz †bB evsjvq gvÎ PwjøkUv eY©gvjv †mB eY©gvjv w`‡q nvRvi 
nvRvi kã ˆZwi n‡q‡Q!) 

 cigvYy n‡”Q me wKQzi wewìs eøK (Building Block) GB cigvYyi †K‡›`ª _v‡K †QvU 
GKUv wbDwK¬qvm, Zv‡K wN‡i Nyi‡Z _v‡K B‡jKUªb| wbDwK¬qvm ˆZwi nq †cÖvUb Avi wbDUªb w`‡q| 
Gi †fZ‡i †cÖvU‡bi PvR© n‡”Q abvZ¥K ev cwRwUf (wbDUª‡bi †Kv‡bv PvR© †bB) Avi B‡jKUª‡bi 
PvR© FYvZ¥K ev †b‡MwUf| †cÖvUb Avi B‡jKUª‡bi PvR© mgvb wKš‘ wecixZ A_©vr Zvi gvb 

(1.6 ) wKš‘ GKUv cwRwUf Ab¨Uv †b‡MwUf| GKUv cigvYyi wbDKwøqv‡m †h 
KqUv †cÖvUb _v‡K Zvi evB‡i wVK †mB KqUv B‡jKUªb Nyi‡Z _v‡K ZvB cigvYyi mw¤§wjZ PvR© 
k~b¨, A_v©Z cigvYy n‡”Q we`y¨r wbi‡cÿ ev wb¯Íwor 
ev wbDUªvj| me‡P‡q mnR cigvYy n‡”Q 
nvB‡Wªv‡Rb, Zvi wbDwK¬qvmUv n‡”Q ïay GKUv 
†cÖvUb Zv‡K wN‡i Nyi‡Q GKUv B‡jKUªb| Gi 
c‡ii cigvYy n‡”Q wnwjqvg, wbDwK¬qv‡m ỳBUv 
†cÖvUb (Ges PvR©wenxb `yBUv wbDUªb) Avi evB‡i 
ỳBUv B‡jKUªb| Gfv‡e Av‡¯Í Av‡¯Í Av‡iv eo eo 

cigvYy ˆZwi n‡q‡Q, cwiwkó-2 G †m¸‡jv GKUvi 
ci Av‡iKUv †`Lv‡bv n‡q‡Q| nvB‡Wªv‡Rb‡K hw` 
ev` w`B Zvn‡j ejv hvq wbDwK¬qv‡m hZ¸‡jv 
†cÖvUb _v‡K Kgc‡ÿ ZZ¸‡jv Ges mvaviYZ 
Av‡iv †ewk wbDUªb _v‡K| 

ൈ 10ିଵଽ ݈ܿݑ݋

 wbDwK¬qv‡mi evB‡i B‡jKUªb¸‡jv me 

GKB Kÿc‡_ _v‡K bv,  10.1 Qwe‡Z †hfv‡e 
†`Lv‡bv n‡q‡Q †mfv‡e GKUv Kÿc_ c~Y© K‡i c‡ii Kÿc‡_ †h‡Z _v‡K| †fZ‡ii Kÿc‡_i 
B‡jKUªb¸‡jv A‡bK k³fv‡e AvU‡K _v‡K, Z‡e evB‡ii Kÿc‡_i B‡jKUªb¸‡jv‡K GKUz †Póv 
Ki‡j Avjv`v Kiv hvq| B‡jKUªb Avjv`v Kivi GKUv Dcvq n‡”Q Nl©Y! 

Qwe 10.1: GKwU †jvnvi cigvby| GK Kÿc_ 
c~Y© K‡i B‡j±ªb c‡ii Kÿc‡_ hvq| 

 Ggwb‡Z cigvYy¸‡jv PvR© wbi‡cÿÑ A_©vr cÖ‡Z¨K cigvYy‡Z mgvb msL¨K †cÖvUb Avi 
B‡jKUªb wKš‘ †Kv‡bv Kvi‡Y hw` evB‡ii Kÿc‡_i GKUv B‡jKUªb mwi‡q †bqv nq Zvn‡j w
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B‡jKUª‡bi Zzjbvq †cÖvU‡bi msL¨v †e‡o hvq A_©vr cigvYyUv Avi we`y¨r wbi‡cÿ ev wbDUªvj _v‡K 
bv, Zvi †fZ‡i cwRwUf Pv‡R©i cwigvY †e‡o hvq| GKUv B‡jKUªb mwi‡q wb‡j cigvYyUv GKwU 
cwRwUf PvR© nq, `ywU mwi‡q wb‡j ỳwU cwRwUf PvR© nq| Avgiv ZLb ewj cigvYywU Av‡qvwbZ ev 

AvwnZ n‡q‡Q| GKUv cigvYy †h iKg cwRwUffv‡e Av‡qvwbZ n‡Z cv‡i wVK †m iKg †b‡MwUf 
fv‡eI Av‡qvwbZ n‡Z cv‡iÑ A_©vr ZLb wew”Qbœ GKwU ev `ywU B‡jKUªb cigvYyi mv‡_ hy³ n‡q 
hvq ZLb cigvYyi †gvU PvR© nq †b‡MwUf| 

       Qwe 10.2: KvP‡K wmé w`‡q Ges cøvw÷K‡K d¬v‡bj w`‡q N‡l cwRwUf I †b‡MwUf PvR© MVb Kiv hvq| 

 cigvYy¸‡jvi B‡jKUªb¸‡jv Zvi Kÿc‡_ Nyi‡Z _v‡K, G¸‡jv Kxfv‡e mvRv‡bv n‡e Zvi 
mywbw`©ó wbqg Av‡Q| GLb Zvi Mfx‡i Avgiv hve bvÑ ïay e‡j ivwL KL‡bv KL‡bv †kl Kÿc‡_ 
GKwU ỳwU B‡jKUªb cÖvq gy³ Ae¯’vq _v‡K, G iKg c`v‡_© B‡jKUªb¸‡jv Lye mn‡R cy‡iv c`v‡_©i 
gv‡S †QvUvQzwU Ki‡Z cv‡i| G iKg c`v_©‡K Avgiv ewj we ỳ¨r cwievnx| Avevi wKQz wKQz c`v‡_© 
†QvUvQzwU Kivi g‡Zv B‡jKUªb †bB, †h KqwU Av‡Q Lye k³fv‡e Ave× †m¸‡jv n‡”Q we`y¨r 
Acwievnx| avZe c`v_©Ñ †hgb †mvbv, iæcv, Zvgv n‡”Q we ỳ¨r mycwievnx| KvV, cøvw÷K, KvP, ievi 
Gme n‡”Q we`y¨r Acwievnx| 
 cigvYyi MVb m¤ú‡K GLb ch©šÍ hv hv ejv n‡q‡Q Avgiv hw` †m¸‡jv ey‡S _vwK Zvn‡j 
w¯’i we ỳ¨‡Zi c‡ii welq¸‡jv g‡b n‡e LyeB mnR| 
 

10.2 Nl©‡Y w¯’i we ỳ¨r ˆZwi (Static Electricity by Friction) 
 
GK UzK‡iv KvP‡K hw` GK UzK‡iv wmé w`‡q Nlv nq (10.2 Qwe) Zvn‡j KvP †_‡K B‡jKUªb¸‡jv 
wm‡é Avm‡Z ïiæ Ki‡e A_©vr KvPwU n‡e cwRwUf ev abvZ¥K PvR© hy³ Avi wméwU n‡e †b‡MwUf 
PvR© hy³| e¨vcviwU N‡U KviY B‡jKUª‡bi Rb¨ Kv‡Pi hZ Avmw³ wm‡éi Avmw³ Zvi †_‡K †ewk| 
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Avevi hw` GK UzK‡iv cøvw÷K‡K d¬v‡bj (ev ckwg Kvco) w`‡q Nlv nq Zvn‡j d¬v‡bj †_‡K 
B‡jKUªb P‡j Avm‡e cøvw÷‡Ki UzK‡iv‡Z Zvi KviY B‡jKUª‡bi Rb¨ cøvw÷‡Ki AvKl©Y d¬v‡bj 
†_‡K †ewk| 

Gev‡i Avgiv GKUv G·‡cwi‡g›U Ki‡Z cvwi| aiv hvK KvP Ges wmé e¨eenvi K‡i 
Avgiv ỳB UzK‡iv KvP‡K cwRwUf PvR© w`‡q AvwnZ K‡iwQ| GLb GKUv‡K hw` mveav‡b GKUv 

we ỳ¨r Acwievwn 
wm‡éi my‡Zv w`‡q 
Szwj‡q w`‡q Zvi 
Kv‡Q Ab¨Uv wb‡q 
Avwm Zvn‡j 
†`L‡e SzjšÍ 
Kv‡Pi UzK‡ivwU 
weKwl©Z n‡q m‡i 
hv‡”Q| (Qwe 

10.3) 

 

             Qwe 10.3: GK PvR© weKl©Y K‡i Ges wecixZ PvR© AvKl©Y K‡i| 

 Avgiv hw` GKBfv‡e ỳB UzK‡iv cøvw÷K‡K †b‡MwUf PvR© w`‡q AvwnZ K‡i GKUv‡K 
wm‡éi my‡Zv w`‡q †eu‡a Szwj‡q w`B Ges Ab¨Uv Zvi Kv‡Q wb‡q Avwm Zvn‡j Avgiv GKB e¨vcvi 
†`Le, GKUv Av‡iKUv‡K weKl©Y Ki‡Q| Gev‡i hw` cøvw÷‡Ki `ÐUv hLb Sz‡j Av‡Q ZLb Zvi 
Kv‡Q cwRwUf Pv‡R© AvwnZ Kv‡Pi `ÐUv wb‡q Avwm ZLb †`Le GKUv Av‡iKUv‡K AvKl©Y Ki‡Q|  
 Avgiv hLb gnvKl© ej c‡owQ ZLb †`‡LwQ †mLv‡b ïay GK iKg fi ZvB gvÎ GK iKg 
ejÑ †mwU n‡”Q AvKl©Y| GLb Avgiv †`LwQ GLv‡b `yB iKg PvR© Ges ejwUI ỳB iKg, KL‡bv 
AvKl©Y, KL‡bv weKl©Y| G·‡cwi‡g›UUv hw` wVKfv‡e K‡i _vwK Zvn‡j †`L‡Z cve GKB ai‡bi 
PvR© G‡K Ab¨‡K weKl©Y K‡i Ges wfbœ wfbœ PvR© G‡K Ab¨‡K AvKl©Y K‡i| 
 

10.3 ‰e ỳ¨wZK Av‡ek (Electric Induction) 
 
GB Aa¨v‡qi ïiæ‡Z ejv n‡q‡Q wPiæwb w`‡q Pzj AvPov‡bvi ci †mB wPiæwbwU hLb †QvU †QvU 
KvM‡Ri Kv‡Q Avbv nq ZLb KvMR¸‡jv jvwd‡q wPiæwbi Kv‡Q P‡j Av‡mÑ †evSv hvq wPiæwbUv 
KvM‡Ri UzK‡iv¸‡jv‡K AvKl©Y Ki‡Q| Avgiv GLb Rvwb wPiæwbUv‡Z †b‡MwUf PvR© Rgv n‡q‡Q 
Ges †m Kvi‡YB wPiæwbUv KvM‡Ri UzK‡iv¸‡jv‡K AvKl©Y Ki‡QÑ wKš‘ GLv‡b GKUv †QvU RwUjZv 
Av‡Q| Avgiv †`‡LwQ wecixZ PvR© AvKl©Y K‡i, ZvB KMR¸‡jv‡K AvKl©Y Ki‡Z n‡j †m¸‡jv‡K w
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Aek¨B wPiæwbi wecixiZ PvR© n‡Z n‡eÑ wKš‘ Avgiv Rvwb KvM‡Ri UzK‡iv¸‡jv‡Z †Kv‡bv PvR©B 
†bB Zvn‡j wPiæwb †Kb G¸‡jv‡K 
AvKl©Y Ki‡Q? 
 e¨vcviUv N‡U ˆe ỳ¨wZK Av‡ek 
bv‡gi GKUv cÖwμqvi Rb¨| KvP wKsev 
cøvw÷‡K PvR© Rgv K‡i †mUv‡K hw` 
PvR©nxb †Kv‡bv wKQzi Kv‡Q Avbv nq 
Zvn‡j †mB PvR©nxb e¯‘Uvi gv‡S GK 
ai‡bi PvR© Rb¥ †bq| welqUv 

†evSv‡bvi Rb¨ 10.4 Qwe‡Z GKUv 
avZe †MvjK †`Lv‡bv n‡q‡Q, GUv‡K 
ivLv n‡q‡Q we ỳ¨r Acwievnx ÷¨v‡Ûi 
Ici| GLb GKUv KvP‡K wmé w`‡q 
Lye fv‡jv K‡i N‡l Zvi gv‡S PvR© 
Rgv K‡i wb‡q †mUv avZe †Mvj‡Ki Kv‡Q wb‡q G‡j avZe †Mvj‡Ki †b‡MwUf PvR©¸‡jv AvKwl©Z 
n‡q Kv‡Q P‡j Avm‡e Ges †Mvj‡Ki wcQb w`‡K cwRwUf PvR©¸‡jv m‡i hv‡e| GLb KvP `Ð 
cwRwUf PvR©hy³, KvP `‡Ûi KvQvKvwQ †Mvj‡Ki AskUzKz †b‡MwUf PvR©hy³ Kv‡RB Giv ci¯úi‡K 
AvKl©Y Ki‡e! 

Qwe 10.4: PvR©wenxb e ‘̄I Kv‡Q PvR© mn e ‘̄ Avbv n‡j wecixZ 
PvR© Av‡ewkZ nq| 

Gev‡i Avgiv wPiæwb w`‡q KvM‡Ri 
UzK‡iv‡K AvKl©Y Kivi e¨vcviUv eyS‡Z cvie| 
hLb KvM‡Ri UzK‡ivi KvQvKwQ †b‡MwUf PvR©hy³ 
wPiæwbUv Avbv nq ZLb KvM‡Ri UzK‡ivi †h Ask 
KvQvKvwQ †mLv‡b cwRwUf PvR© Av‡ewkZ nq Avi 
mv‡_ mv‡_ †h Ask `~‡i †mLv‡b †b‡MwUf PvR© 
Rgv nq| KvM‡Ri UzK‡ivi cwRwUf Pv‡R©i 
AskUzKz wPiæwbi AvKl©Y Abyfe K‡i Avi 
KvM‡Ri UzK‡ivi †b‡MwUf AskUzKz wPiæwbi 
weKl©Y Abyfe K‡i| wKš‘ †h‡nZz cwRwUf Pv‡R©i 
AskUzKz wPiæwbi Kv‡Q ZvB AvKl©YUzKz weKl©Y 
†_‡K †ewk †mRb¨ KvM‡Ri UzK‡iv AvKwl©Z n‡q 

jvwd‡q wPiæwbi Kv‡Q P‡j hvq| (Qwe 10.5) 

 

Qwe 10.5: kxZKv‡j wPiæwb w`‡q Pzj AvP‡o †QvU 
KvM‡Ri Kv‡Q ai‡j †m¸‡jv AvKl©Y Abyfe K‡i| 
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Gi ci Av‡iv GKUv e¨vcvi N‡U †Zvgiv nq‡Zv wb‡RivB †mUv jÿ K‡iQ| KvM‡Ri †h 
UzK‡iv¸‡jv jvwd‡q wPiæwbi Mv‡q †j‡M hvq †m¸‡jv Avevi cÖvq mv‡_B wPiæwb †_‡K wQU‡K wb‡P 
P‡j Av‡m! 
 Gi KviYUvI wbðqB †Zvgiv eyS‡Z cviQ, KvM‡Ri UzK‡ivUv hw` AvKwl©Z n‡q wPiæwbi 
Mv‡q †j‡M hvq Zvn‡j †mUvi Avi Av‡ewkZ _vK‡Z nq bv| wPiæwb †_‡K †b‡MwUf PvR© w`‡q GUv 
wb‡RB †b‡MwUf Pv‡R© f‡i hvq| ZLb †m¸‡jv wPiæwb †_‡K weKwl©Z n‡q wQU‡K wb‡P †b‡g Av‡m| 
hviv wek¦vm K‡iv bv Zviv welqUv GKevi cixÿv K‡i †`L‡Z cvi| 
 evZv‡m Rjxqev®ú _vK‡j Rgv nIqv PvR© `ªæZ nvwi‡q hvqÑ ZvB w¯’i we`y¨‡Zi GB 
G·‡cwi‡g›U¸‡jv kxZKv‡j A‡bK †ewk fv‡jv KvR K‡i| 
 

D`vniY 10.1:  ỳwU avZe †MvjK i‡q‡Q GKwU cwRwUf PvR© hy³ Kv‡Pi `Ð w`‡q `ywU †Mvj‡K 
wK ỳB iK‡gi PvR© ˆZwi Ki‡Z cvi‡e? 

 

 

Qwe 10.6: ỳwU avZe †MvjK‡K GKmv‡_ †i‡L Zv‡`i †fZ‡I wfbœ PvR© Av‡ewkZ Kiv m¤¢e| 

DËi: nu¨v 10.6 Qwe‡Z †hfv‡e †`Lv‡bv n‡q‡Q †mfv‡e ỳ‡Uv †Mvj‡K wfbœ PvR© Av‡ewkZ K‡i 
Avjv`v Kiv m¤¢e| 
 

GB Aa¨v‡qi ïiæ‡Z Avgiv wZbwU wfbœ wfbœ NUbvi K_v e‡jwQjvgÑ GZÿ‡Y †m¸‡jv †Kb 
N‡U‡Q †Zvgiv wbðqB †mUv ey‡S †MQ! wPiæwbi welqUv e¨vL¨v Kiv n‡q‡Q| †QvU wkïi nvgv¸wo 
†`qvi welqUvI †evSv KwVb bqÑ Kv‡c©‡U N‡l N‡l hvevi Rb¨ Zvi kix‡i Pv‡R©i Rgv nq, mviv 
kix‡ii mv‡_ mv‡_ Pz‡jI †mB PvR© Qwo‡q c‡o| me Pz‡j GKB PvR©Ñ Avgiv Rvwb GK ai‡bi PvR© 
weKl©Y K‡i ZvB GKUv Pzj Ab¨ Pyj‡K weKl©Y K‡i Lvov n‡q Qwo‡q c‡o! GLb Avgiv eRªcv‡Zi 
welqUvI e¨vL¨v Ki‡Z cvie| †g‡Ni mv‡_ †g‡Ni Nl©‡Y †mLv‡b PvR© Avjv`v n‡q hvq| AvKv‡ki 
†g‡N hLb wecyj cwigvY PvR© Rgv nq ZLb †mUv wb‡P wecixZ Pv‡R©i Av‡ek ˆZwi K‡i Ges gv‡S w
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 w ’̄i we ỳ¨r                                                    223 
gv‡S †mUv GZ †ewk nq †h evZvm †f` K‡i †mUv 
†g‡Ni mv‡_ hy³ n‡q hvqÑ †hUv‡K Avgiv eRªcvZ 

ewj| (Qwe 10.7) 
 

10.3.1 B‡jK‡Uªv‡¯‹vc: 
B‡jK‡Uªv‡¯‹vc w¯’i we ỳ¨r cixÿvi Rb¨ Lye PgrKvi 
GKUv hš¿| hš¿Uv LyeB mnR, GLv‡b Pv‡R©i Aw¯ÍZ¡ 
†evSvi Rb¨ i‡q‡Q LyeB nvjKv †mvbv, A¨vjywgwbqvg 
ev Ab¨ †Kv‡bv avZzi ỳwU cvZ| GB cvZ ỳ‡Uv GKUv 
mycwievnx `Ð w`‡q GKUv avZe PvKwZi mv‡_ 
jvMv‡bv _v‡K cy‡ivUv GKUv Acwievnx wQwc w`‡q 
Kv‡Pi †evZ‡ji †fZi ivLv nq †hb evB‡i †_‡K 
†`Lv hvq wKš‘ evZvm ev Ab¨ wKQz †hb cvZjv avZe cvZ ỳ‡Uv‡K bvov Pvov Ki‡Z bv cv‡i| 

 

Qwe 10.7: †gN †_‡K wecyj cwigvb PvR© hLb 
gvwU‡Z †b‡g Av‡m Zv‡K Avgiv eRªcvZ ewj| 

 
PvR© AvwnZKiY 
GKUv Kv‡Pi UzK‡iv‡K wmé w`‡q Nlv n‡j KvP `ÐUv‡Z cwRwUf PvR© Rgv n‡e| GLb KvP `ÐUv 

hw` B‡jK‡Uªv‡¯‹v‡ci avZe PvKwZ‡Z †Qvqv‡bv hvq Zvn‡j mv‡_ 
mv‡_ LvwbKUv PvR© PvKwZ‡Z P‡j hv‡e| PvKwZ †h‡nZz avZe `Ð 
Avi †mvbvi cv‡Zi mv‡_ jvMv‡bv Av‡Q ZvB PvR©UzKz me RvqMvq 
Qwo‡q co‡e| †mvbvi cv‡Z hLb GKB cwRwUf PvR© G‡m nvwRi 
n‡e Avi ZLb †`Lv hv‡e cvZ ỳ‡Uv weKl©Y K‡i Zv‡`i gv‡S 
GKUv duvK ‰Zwi n‡q‡Q|  

 

Qwe 10.8: B‡j±ª‡¯‹v‡c Pv‡R©i 
Dcw¯’wZi Kvi‡Y m~² avZe 
cvZ ci¯úi †_‡K m‡i hvq 

wVK GKBfv‡e GKUv wPiæwb‡K hw` d¬v‡bj w`‡q Nlv nq 
Zvn‡j wPiæwbUv‡Z †b‡MwUf PvR© Rgv n‡e, GLb †mUv hw` 
PvKwZ‡Z ¯úk© Kiv nq Zvn‡j †b‡MwUf PvR© †mvbvi cvZ ch©šÍ 
Qwo‡q co‡e Ges ỳ‡Uv cvZ GKUv Av‡iKUv‡K weKl©Y K‡i dvuK 
n‡q hv‡e| 
 
Pv‡R©i cÖK…wZ †ei Kiv 
‡Kv‡bv GKUv e¯‘‡Z hw` PvR© Rgv nq Zvn‡j †mUv wK cwRwUf 
bvwK †b‡MwUf PvR© †mUv B‡jK‡Uªv‡¯‹vc w`‡q †ei Kiv hvq| 
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cÖ_‡g B‡jK‡Uªv‡¯‹v‡ci PvKwZ‡Z cwiwPZ †Kv‡bv PvR© w`‡Z n‡e| aiv hvK KvP‡K wmé w`‡q N‡l 
cwRwUf PvR© ˆZwi K‡i Avgiv †mUv‡K PvKwZ‡Z ®úk© Ki‡j hw` †mvbvi cvZ ỳwUi duvK K‡g hvq 
Zvn‡j eyS‡Z n‡e Gi gv‡S †b‡MwUf PvR©| hw` duvKwU Av‡iv †e‡o hvq Zvn‡j eyS‡Z n‡e PvR©wU 
wbðqB cwRwUf| 
 
Pv‡R©i Av‡ek 
‡Kv‡bv GKUv e¯‘‡Z PvR© Av‡Q wK bv †mUv PvKwZ‡K ¯úk© bv K‡iB †evSv m¤¢e| aiv hvK cwRwUf 
PvR© Av‡Q G iKg GKUv `Ð‡K PvKwZi Kv‡Q Av‡bv n‡q‡Q, Zvn‡j PvKwZi gv‡S †b‡MwUf Pv‡R©i 

Av‡ek n‡e| (Qwe 10.8) GB †b‡MwUf Pv‡R©i Av‡e‡k Kivi Rb¨ B‡jK‡Uªv‡¯‹v‡ci Ab¨vb¨ Ask 
†_‡K †b‡MwUf PvR©‡K PvKwZi gv‡S P‡j Avm‡Z n‡e, †m Kvi‡Y †mvbvi cvZ ỳwU‡ZI cwRwUf 
PvR© ˆZwi n‡eÑ †mB cwRwUf PvR© †mvbvi cvZ ỳ‡Uvi gv‡S GKUv dvuK ˆZwi Ki‡e| 
 hw` cwRwUf PvR© †`qv †Kv‡bv wKQy bv G‡b †b‡MwUf PvR© †`qv wKQz Avwb Zvn‡jI Avgiv 
†`Le †mvbvi cvZ ỳ‡Uv duvK n‡q hv‡”Q Z‡e Gev‡i †mwU 
n‡e †mLv‡b †b‡MwUf PvR© Rgv nIqvi Kvi‡Y| 
 

10.4 ‰e ỳ¨wZK ej (Electric Force) 
 
Avgiv GKUz Av‡MB †`‡LwQ wecixZ PvR© G‡K Ab¨‡K 
AvKl©Y K‡i wKš‘ GK ai‡bi PvR© G‡K Ab¨‡K weKl©Y 
K‡i| Z‡e Avgiv GL‡bv Rvwb bv wVK KZLvwb AvKl©Y 
wKsev weKl©Y K‡i, †mUv eyS‡Z n‡j Avgv‡`i Kzj‡¤^i 
m~ÎwU GKUzLvwb †`L‡Z n‡e| weÁvbx Kzj¤̂ ỳwU Pv‡R©i gv‡S KZLvwb ej KvR K‡i †mUv †ei 
K‡iwQ‡jb| G iKg GKUv e‡ji m~Î Avgiv Gi gv‡S GKUv †`‡L †d‡jwQ †mUv n‡”Q wbDU‡bi 
gva¨vKl©Y e‡ji m~Î| †mwU wQj G iKg: 

 

Qwe 10.9: ỳwU PvR© q1 Ges q2 Gi †fZi 

ej F, AvKl©Y Ges weKl©Y ỳBB n‡Z 
cv‡i| 

ܨ ൌ ܩ
݉ଵ݉ଶ

ଶݎ  

gRvi e¨vcvi n‡”Q, fi ݉  Avi ݉  †K PvR© ݍ  Avi ݍ  w`‡q cwieZ©b K‡i w`‡jB Avgiv 

Kzj‡¤^i m~Î †c‡q hve| gva¨vKl©Y e‡ji Rb¨ aªæewU wQj ܩ G‡ev‡i aªæewUi Rb¨ Avgiv ݇ e¨envi 

Kie GBUzKzB cv_©K¨| A_©vr hw` ݍ  Avi ݍ   ỳwU PvR© ݎ  ~̀i‡Z¡ _v‡K Zvn‡j Zv‡`i †fZ‡i ej 

 Gi cwigvY (Qw&e 10.9): 

ଵ ଶ ଵ ଶ

ଵ ଶ

ܨ
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ܨ ൌ ݇
ଵݍ ଶ

ݎ
ݍ
ଶ  

~i

 

Lv‡b ݍଵ Avi ݍଶGi GKK n‡”Q Kzj¤̂ ܥ Ges ݎ ev ` ‡Z¡i GKK n‡”Q ݉ Kv‡RB ݇ Gi GKK 

j  

 9 ൈ 10ଽ ܰ݉ଶ/ܥଶ 

zj¤^ n‡”Q Pv‡R©i GKK, Avgiv c‡ii Aa¨v‡qB †`Le Pv‡R©i cÖevn n‡”Q ˆe`y¨wZK cÖevn ev Kv‡i›U 

‡jKUªb ev †cÖvU‡bi Pv‡R©i cwigvYwU †evSv| 

B‡jKUª‡bi PvR©: െ1.6 ൈ 10ିଵଽ ܥ  
ିଵଽ ܥ 

‡Zvgiv †`L‡ZB cv”Q ݍଵ Ges ݍଶ ỳwUB hw` cwRwUf ev †b‡MwUf nq Zvn‡j ܨ Gi gvb n‡e 

 
D`vniY 10.1:  GKwU  Kzj¤^ PvR© Ges GKwU െ1 Kzj¤^ PvR©  ~̀‡i ivLv n‡jv| 
ỳ‡Uv Pv‡R©i †fZi ej KZUzKz? 

G

Avgiv e ‡Z cvwi ܰ݉ଶ/ܥଶ †hb ܨ Gi GKK nq ܰ  

݇ Gi gvb: 

݇ ൌ
 
K
Ges Kv‡i‡›Ui GKK n‡”Q Gw¤úqvi| GK †m‡KÛ e¨vwc GK Gw¤úqvi Kv‡i›U cÖevn Kiv n‡j †h 

cwigvY PvR© cÖevwnZ nq †mUv n‡”Q GK Kzj¤̂ (ܥ)|  
 Z‡e Kzj¤^ †evSvi me‡P‡q LuvwU c×wZ n‡”Q B
Zvi cwigvY  
 

‡cÖvU‡bi PvR©: 1.6 ൈ 10
 

 

cwRwUf Ges ZLb GKwU Ab¨wU‡K weKl©Y K‡i| hw` GKUv cwRwUf Avi Ab¨wU †b‡MwUf nq 

Zvn‡j ܨ Gi gvb n‡e †b‡MwUf, hvi A_© e‡ji w`K cwieZ©b n‡jv A_©vr PvR© ỳwU GKUv 
Av‡iKwU‡K AvKl©Y Ki‡e| Avgiv Av‡MB †mUv †`‡LwQjvg, myÎ †_‡KI †mUv Avm‡Q| 

൅1 10 ܿ݉

 

Qwe 10.10: (a)  10 cm ~̀‡i Aew ’̄Z +1C Ges -1C PvR© ( b) 1 wgUvi ~̀‡i Aew ’̄Z +5C Ges +3C PvR© 
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DËi: ỳ‡Uv wecixZ PvR© G‡K Ab¨‡K AvKl©Y Ki‡e| Zv‡`i †fZiKvi ej: (Qwe 10.10a)   

ݎ

 

ܨ ൌ ݇
ଶݍଵݍ

ଶ  

 
GLv‡b 

ଵ ൌ  ܥ1
 ܥ1

ൌ 0.10݉ 
݇ ൌ 9 ൈ 10ଽܰ݉ଶ/ܥଶ 

 

ܨ ൌ
9 ൈ 10ଽ ൈ 1 ൈ െ1ሻ

ሺ0.10ሻଶ

ݍ
ଶݍ ൌ െ
ݎ ൌ 10ܿ݉

ሺ
ܰ ൌ 9 ൈ 10ଵଵܰ 

 
D`vniY 10.2:  GKwU ൅5ܥ Ges ൅3ܥ PvR©  1݉ ~̀‡i ivLv n‡q‡Q| GLb Z…Zxq GKwU PvR© 
൅ݍ Ggbfv‡e ỳwU Pv‡R©i gvSLv‡b ivL †hb †mwU †Kv‡bv ej Abyfe bv K‡i| (Qwe 10.10 b) 

 Wvb w`‡K †V‡j †`‡e Ges ൅
GK

 
DËi: ൅ݍ PvR©wU ൅5ܥ  evg w`‡K †V‡j †`‡e| ỳwU PvR© hLb ܥ3

B e‡j †Vj‡e ZLb ൅ݍ PvR©wU †Kv‡bv ej Abyfe Ki‡e bv| 
 
Kv‡RB 

݇
ሺ൅5ሻݍ

ଶݔ ൌ ݇
ሺ൅3ሻݍ

ሺ1 െ  ሻଶݔ

 
5ሺ1 െ ሻଶݔ ൌ  ଶݔ3

 
ଶݔ2 െ ݔ10 ൅ 5 ൌ 0 

ݔ ൌ
10 േ √100 െ

 

40
4  

 
ݔ ൌ 4.435 sev 0.565 

 
  Gi gvb 0 †_‡K 1 Gi †fZ‡i n‡e Kv‡RB GwU wbðqB 0.565 ݔ
 
 (!hw` 4.435 nq Zvn‡j Kx n‡e wb‡Riv wPšÍv K‡i †ei Ki ݔ)

D s evB GKUv B‡jKUªb| †cÖvU‡bi 
R© ൅1.6 ൈ 10 Ges B‡jKUª‡bi PvR© െ1.6 ܥ ൈ 10ିଵଽܥ. hw` wbDwK¬qvm †_‡K 

fZ‡i AvKl©Y KZUzKz? 
 

wK

 
`vniY 10.3:  nvB‡Wªv‡Rb GU‡gi †K‡›`ª GKUv †cÖvUb Ge ‡i 

ିଵଽPv
B‡jKUª‡bi Kÿc‡_i ~̀iZ¡ 0.5 ൈ 10ି଼݉ nq Zvn‡j Zv‡`i †
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DËi:  

ܨଶݎ ൌ ݇
 ଶݍଵݍ

GLv‡b 
1.6 ൈ 10ିଵଽݍ ܥଵ ൌ ൅

ଶݍ ൌ െ1.6 ൈ 10ିଵଽܥ 
.5 ൈ 10ି଼݉  

݇ ൌ 9 ൈ 10ଽܰ݉ଶ/ܥଶ 

 

ܨ ൌ
9 ൈ 10ଽ ൈ 1. ൈ 10ିଵଽ ൈ ሺെ1.6 ൈ 10ିଵଽሻ

0.5 ൈ 10ି଼ሻଶ

ݎ ൌ 0

 Kv‡RB

6
ሺ ܰ ൌ 9.22 ൈ 10ିଵଶܰ 

 
D`vniY 10.4:  c„w_ex‡Z Ges Pvu‡` Kx cwigvY PvR© Rgv ivL‡j gnvKl© ej k~b¨ n‡q Pvu` 

†_‡K Qz‡U †ei n‡q hv‡e? 
 
DËi: c„w_ex Ges Pvu‡`i gv‡S gva¨vKl©Y ej: 

ܨீ ൌ ܩ
ܯ݉
ଶݎ

Kÿc_ 

 

ൌ 6.67 ൈ 10 ܰ݇݃ ݉ଶ 

ݎ ൌ 3.84 ൈ 10଺݇݉ 

  

ܨீ ൌ
6.67 ൈ 10ିଵଵ ൈ 7.35 ൈ 10ଶଶ ൈ 5.97 ൈ 10ଶସ

ሺ3.84 ൈ 10଼ሻଶ

GLv‡b 
 

ିଵଵ ିଶܩ
݉ ൌ 7.35 ൈ 10ଶଶ݇݃ 
ܯ ൌ 5.97 ൈ 10ଶସ݇݃ 

 
Kv‡RB 

ܰ ൌ 1.98 ൈ 10ଶ଴ܰ 

 
c„w_ex Ges Puv‡` mgvb cwigvY PvR© ivLv n‡j weKl©Y ej: 

ாܨ ൌ ݇
ଶݍ

ଶݎ

 

ൌ
9 ൈ 10ଽ ൈ ଶݍ

ሺ3.84 ൈ 10଼ሻଶ  ଶିܥܰ

 
gva¨vKl©Y‡K Kzj¤^ ej w`‡q Kwg‡q w`‡Z n‡j ỳ‡Uv ej mgvb n‡Z n‡e 
 

1.98 ൈ 10ଶ଴ܰ ൌ
9 ൈ 10ଽ ൈ ଶݍ

ሺ3.84 ൈ 10଼ሻଶ

A_©vr ீܨ ൌ  ாܨ

 ଶିܥܰ
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ଶݍ ൌ 3.24 ൈ 10ଶ଻ܥଶ 
ݍ ൌ 5.69 ൈ 10ଵଷܥ 

݊ ൌ
ݍ
݁

 
myZivs B‡jKUª‡bi msL¨v  

ൌ
5.69 ൈ 10 ܥ
1.6 ൈ 10ିଵଽܥ

ଵଷ
ൌ 3.56 ൈ 10ଷଶ 

 
GKUv B‡jKUª‡bi fi   9.11 ൈ 10ିଷଵ ݇݃, Kv‡RB me¸‡jv B‡jKUª‡bi fi: 
 

ሺ3.56 ൈ 10ଷଶሻ ൈ ሺ9.11 ൈ 10ିଷଵሻ݇݃ ൌ 324 ݇݃! 
 

A_©¨vr c„w_ex c„‡ô Ges Pvu‡` gvÎ 32 kg B‡jKUªb †i‡L w`‡Z cvi‡j Puv` Kÿc_ †_‡K Qz‡U †ei 
n‡q hv‡e| (GKUv gvSvwi Miæi f‡ii mgvb!) 
 

10.5 Zwor †ÿÎ (Electric Field) 
 
ỳwU Pv‡R©i †fZiKvi ej Avgiv Kzj‡¤^i m~Î w`‡q †ei Ki‡Z cvwi| †Zvgv‡`i wbðqB g‡b Av‡Q 

gva¨vKl©Y e‡ji Rb¨ cÖ‡Z¨KeviB Avjv`v K‡i gnvKl©Y ej †_‡K ïiæ bv K‡i Avgiv 

sÁvwqZ Ki‡Z cvwi, Zvi mv‡_ PvR© ݍ ¸Y Ki‡jB Avgiv †mB Pv‡R©i Ici Av‡ivwcZ ej ܨ 

 Pvcv‡k GKUv Zwor †ÿÎ ˆZwi K‡i, †mB Zwor †ÿÎ ܧ 

ܳ

4 

gva¨vKl©YRwbZ Z¡iY †ei K‡i wb‡qwQjvg| †mUvi m‡½ fi ¸Y w`‡jB ej †ei n‡q †hZ| 
 Zwor e‡ji †ejv‡ZI Avgiv †mUv Ki‡Z cvwi Avgiv Zwor †ÿÎ e‡j GKUv b~Zb ivwk 

m

†c‡q hve| A_©vr †h †Kv‡bv PvR© ܳ Zvi
n‡”Q  

ܧ ൌ ݇
 ଶݎ

 

GB Zwor †ÿ‡Î hw` †Kv‡bv PvR© ݍ Avbv nq Zvn‡j PvR©wU ܨ ej Abyfe Ki‡e, Avi ܨ e‡ji 

ej ܨ †h‡nZz †f±i, ݍ †h‡nZz †¯‹jvi ZvB ܧ n‡”Q †f±i Ges Zvi GKK n‡”Q ܰ݉ଶ/ܥ †Zvgiv 
†`L‡e Zwor †ÿÎ w`‡q e¨vL¨v Kiv n‡j cy‡iv welqwU we‡kølY Kiv A‡bK mnR nq| 

cwigvY n‡e: 

  
ܨ ൌ  ݍܧ
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 Zwor †ÿÎ †`Lv hvq bv w š‘ KvD‡K †evSv‡bi Rb¨ A‡bK mgq Zwor ej †i v bv‡g 
cy‡ivcywi Kvíw

K  L
bK GK ai‡bi †iLv G‡K †`Lv‡bv nq  cÖ_g †mUv K‡iwQ‡jb|) 

Avgv‡`i cwiwPZ RMr 
wÎgvwÎK Kv‡RB ej 
†iLv¸‡jv Pvwi‡`‡KB Qwo‡q 

vgv‡`i †
KUv mgZ‡j 

 

(a) cwRwUf Pv‡R©i †ejvq ej †iLv PvR© †_‡K †ei n‡e
†iLv Pv‡R© G‡m †K›`ªxf~Z n‡e| GKUv wbw`©ó we› ỳ‡Z ej †iLvi w`K n‡”Q Zwor 
†ÿ‡Îi w`K| 

(b) Pv‡R©i cwigvY hZ †ewk n‡e ej †iLvi msL¨v ZZ

Î ZZ †e

L‡bv Ab¨ Pv‡R©i ej †iLvi Ici w`‡q hv‡e bv| 
 

10.12  a 
Pv‡R©i Rb
n‡q‡Q Ges †Zvgiv †`L‡Z cv”Q 
GK Pv‡R©i 
wM‡q mgvß 
†ÿÎ †ewk 
msL¨vI †ewk ïay ZvB bq QwewU 

 (gvB‡Kj d¨viv‡W

co‡e †Z `Lv‡bvi 
Rb¨ †m¸‡jv G
G‡K †`Lv‡bv n‡q‡Q| (Qwe 
10.11) 
 ej †iLv AvuKvi 
mgq wKQz wbqg †g‡b Pjv 
nq| †hgb  

 †b‡MwUf Pv‡R©i †ejvq ej 

Qwe 10.11: cwRwUf PvR© †_‡K ej‡iLv Pvwiw`‡K Qwo‡q c‡o Ges 
wb‡MwUf Pv‡R©i w`‡K ej‡iLv †K› ª̀xfzZ nq| 

 †ewk n‡e| 

wk n‡e| (c) ej †iLv¸‡jv hZ KvQvKvwQ _vK‡e Zwor †ÿ

(d) GKwU Pv‡R©i ej †iLv K

Qwe‡Z ỳ‡Uv wecixZ 
¨ ej †iLv †`Lv‡bv 

ej †iLv Ab¨ Pv‡R© 
n‡q‡Q| †hLv‡b Zwor 
†mLv‡b ej †iLvi 

†`L‡j ỳ‡Uv PvR© GKUv 
Av‡iKUv‡K Uvb‡Q G iKg GKUv 

Abyf~wZ nq! 10.12  b Qwe‡Z 
ỳ‡UvB cwRwUf PvR© †`Lv‡bv Qwe 10.12: (a) wecixZ Ges (b) mgPv‡R©i R‡b¨ ˆZwi ej ‡iLv 
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n‡q‡Q Ges Qwe †`‡LB `y‡Uv PvR© GKwU Av‡iKwU‡K †V‡j w`‡”Q G iKg Abyf~wZ n‡”Q| ïay ZvB 
bq ỳ‡Uv Pv‡R©i gvSvgvwS As‡k GKwU Pv‡R©i Zwor †ÿÎ Ab¨ Pv‡R©i Zwor †ÿÎ‡K KvUvKvwU K‡i 
†d‡j P‡j †mLv‡b ej †iLv Kg Ges Gi gvSLv‡b GKwU we›`y i‡q‡Q †hLv‡b Zwor †ÿ‡Îi gvb 
k~b¨| hw` ỳ‡UvB †b‡MwUf PvR© n‡Zv Zvn‡j ïay gvÎ ej †iLvi w`K cwieZ©b n‡Zv ZvQvov Ab¨ 
mewKQz Av‡Mi g‡ZvB n‡Zv| 

 
D`vniY 10.5:  5ܥ Pv‡R©i Rb¨ 10݉ ~̀‡i B‡j
 

KwUªK wdì KZ? 

Ëi:  

ଶݎ

D

ܧ ൌ ݇
ݍ

 

 GLv‡b 

5

 
 

ൌ  ܥ
1.6 ൈ 10ିଵଽܥ 

ൌ 10݉ 
ൌ 9 ൈ 10ଽܰ݉ଶ/ܥଶ 

Kv‡RB  

ܧ ൌ
9 ൈ 10ଽ ൈ 5

10ଶ

ݍ
ݍ
ݎ
݇
 

ଶ ൌ െ

ൌ ܥ/ܰ 4.5 ൈ    ܥ/10଼ܰ

10.6:  3C Pv‡R©i GKwU e¯‘ 10ܰ ej Abyfe Ki‡Q, H RvqMvq B‡jKwUªK wdì 
KZ? 
 
Ëi: ࡲ ൌ  ࡱݍ

ܧ ൌ
ܨ
ݍ

 
D`vniY 

D
 Kv‡RB  

 

 
ܨ ൌ 10ܰ 
ݍ ൌ  ܥ3

Kv‡RB 

ܧ ൌ
ܨ
ݍ

GLv‡b 

 

ൌ
10ܰ
ܥ3 ൌ  ܥ/3.33ܰ

D`vniY 10.7:  PvR© Ges Zvi wØ¸Y cwigvY wecixZ PvR© _vK‡j Zvi ej †iLv †Kgb nq|  
 

DËi: 10.13 Qwe‡Z †`Lv‡bv n‡q‡Q| 
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10.6 B‡jKwUªK c‡Ubwkqvj (Electric Potential) 
 
‡Zvgv‡`i wbðq v‡K 

uPz‡Z _vK‡e †mLvb 
‡K Ab¨ cv‡Î cvwb P‡j Avm‡e| †Kvb cvÎ †_‡K 

hv‡e †mUv †mB c`v‡_©i Zv‡ci cwigv‡Yi 
 ZvcgvÎv hvi †ewk †mLvb †_‡K Z  

n ‘ 

‡qKevi e‡jwQ †Kv‡bv GKUv e ‘̄‡Z PvR© 

m‡jB Av‡Q Ges †mUv‡K 

B g‡b Av‡Q `ywU cv‡Î hw` cvwb _
Ges GKwU bj w`‡q hw` cvwbi cvÎ ỳ‡Uv‡K Ry‡o †`qv 

„ôZj Dhvq Zvn‡j †h cvwÎ cvwbi c
†_
†Kvb cv‡Î cvwb Avm‡e †mUv cvwbi cwigv‡Yi Ici 
wbf©i K‡i bv †mUv wbf©i K‡i cvwbi c„ôZ‡ji D”PZvi 
Dc‡i| 
 wVK †m iKgfv‡e Avgiv †`‡LwQjvg wfbœ 
ZvcgvÎvq ỳ‡Uv c`v_©‡K hw` GKUvi mv‡_ Av‡iKUv‡K 
¯úk© Kiv‡bv hvq Zvn‡j Zvc †Kvb c`v_© †_‡K 
†Kv_vq 

 

Qwe 10.13: PvR© Ges wØ¸Y cwigvY wecixZ 
Pv‡R©i R‡b¨  ej‡iLv| 

Ici wbf©i K‡i bv, †mUv wbf©i K‡i ZvcgvÎvi Ici|
cÖevwnZ nq ZvcgvÎ hvi Kg †mLv‡b| ZvcgvÎv †ewk 
†_‡KI Zvc A‡bK †ewk Zvc †hLv‡b Av‡Q †mLv‡b cÖevwn
 Avgiv w¯’i we ỳ¨r Av‡jvPbv Kivi mgq †ek K
Rgv K‡i †mUv hw` Ab¨ †Kv‡bv e ‘̄‡Z ¯úk© Kiv nq Zvn‡j †mLv‡b PvR© cÖevwnZ nq| GLv‡bI wK 
cvwbi cwigvY Avi c„ô‡`‡ki D”PZv wKsev Zvc Ges ZvcgvÎvi g‡Zv PvR© Ges PvR© gvÎv e‡j wKQz 
Av‡Q? †hUv wVK Ki‡e PvR© †Kvb e¯‘ †_‡K †Kvb e¯‘‡Z hv‡e? †mwU Av

vc
‡jI A‡bK Kg Zvc i‡q‡Q †miKg e¯
Z n‡Z cv‡i| 

ejv nq c‡Ubwkqvj ev wefe| hw` ỳ‡Uv e¯‘i †fZ‡i 
wfbœ wfbœ PvR© _v‡K Ges `y‡Uv‡K ¯úk© Kiv‡bv nq 
Zvn‡j †h e¯‘wU‡Z c‡Ubwkqvj †ewk †mLvb †_‡K Kg 
c‡Ubwkqv‡j PvR© cÖevwnZ n‡e! 

 GKUv avZe †Mvj‡Ki e¨vmva© hw` ݎ nq Ges 

Zvi Ici hw` ܳ PvR© †`qv nq Zvn‡j Zvi 

c‡Ubwkqvj n‡e ܸ 
ܳ

ܸ ൌ
ܥ

 

GLv‡b ܥ n‡”Q †Mvj‡Ki aviKË¡ ev Capacitance| 

†MvjvKvi avZe † vj

 

Qwe 10.14: †ekx c‡Ubwkqvj †_‡K Kg 
c‡Ubwkqv

M ‡Ki Rb¨ ܥ Gi gvb 
‡j PvR© cÖevwnZ nq| 
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ܥ ൌ
ݎ
݇

 

†hLv‡b ݇ ൌ 9 ൈ 10  ܰ݉ଶ/ܥଶ 

Kv‡RB hw` ݎଵ Ges ݎଶ e¨vmv‡a©i ỳ‡Uv avZe †MvjK _v‡K Ges `y‡Uv †Mvj‡KB mgvb 

igvY PvR© ܳ †`qv nq Zvn‡j †h †Mvj‡Ki e¨vmva© Kg n‡e †mLv‡b c‡Ubwkqvj ev wefe †ewk 
n‡e| hw` GKwUv Zvi w`‡q `y‡Uv †MvjK‡K Ry‡o †`qv nq Zvn‡j †QvU †MvjK †_‡K eo †Mvj‡K 

PvR© †h‡ b

bv K‡iwQ, 

Y c‡Ubwkqvj ev wefe wKš‘ Av‡iv A‡bK 
¸iæZ¡c~Y

ܸ ൌ ݇
ܳ

  
ଽ

cw

Z _vK‡e hZÿb ch©šÍ v `y‡Uv †Mvj‡Ki c‡Ubwkqvj mgvb nq| (Qwe 10.14) 
 c‡Ubwkqv‡ji GKKwU m¤ú‡K© Avgiv mevB cwiwPZ GUv n‡”Q †fvë| Gev‡i Avgiv Rvbvi 
†Póv Kwi c‡Ubwkqvj ej‡Z Avgiv Avm‡j Kx †evSvB? 

Avgiv wefe ev c‡Ubwkqvj‡K cvwbi c„‡ôi D”PZv wKsev ZvcgvÎvi mv‡_ Zzj
Pv‡R©i cÖevn †Kvb w`‡K n‡e †mUv †evSvi Rb¨ GB ZzjbvwU wVK Av‡Q wKš‘ Avgiv hw` AvÿwiK 
fv‡e †mUv wek¦vm K‡i wbB Zvn‡j wKš‘ n‡e bv, Zvi Kvi

© GKUv ivwk| 

 ‡hgb aiv hvK hw` †Kv‡bv GKUv avZe †Mvj‡K cwRwUf ܳ PvR© †`qv n‡q‡Q Zvn‡j Zvi 
c„ô‡`‡ki wefe ev c‡Ubwkqvj n‡”Q  

ݎ
 

? GwU wKš‘ †gv‡UI k~b¨ bq †Mvj‡Ki Pvicv‡k †Kv_vq KZ 
wefe †mUvI †ei Kiv m¤¢e|  

 ‡Zvgiv Rvb GKUv †Mvj‡K PvR© _vKvi Kvi‡Y Zvi Pvicv‡k B‡jKwUªK wdì ܧ Av‡Q, 

ܨ ൌ  ݍܧ
‡nZz 

¡iY n‡e, 

MwZ evo‡e BZ¨vw` BZ¨vw`! Avevi ݍ PvR©Uv‡K hw` Avgiv †Mvj‡Ki Kv‡Q Avbvi †Póv K‡i (Kíbv 

ݍ  †

 
c„ô †`‡ki evB‡i Zvi c‡Ubwkqvj KZ

Kv‡RB †mLv‡b hw` GKUv PvR© ݍ Avbv nq †mB PvR©wU GKUv ej ܨ Abyfe Ki‡e †hLv‡b 

‡h †Mvj‡K Pv©R© ܳ cwRwUf Ges †Mvj‡Ki evB‡i ivLv ݍ PvR©UvI cwRwUf Kv‡RB †mUv weKl©Y 

Abyfe Ki‡e Ges Avgiv hw` ݍ PvR©Uv‡K hw` †Q‡o w`B Zvn‡j †mB e‡ji Rb¨ Zvi Z

K‡i bvI avZe †MvjKUv k³ K‡i †Kv_vI jvMv‡bv vR© mUv‡K †V‡j miv‡Z cvi‡e bv) Zvn‡j 
e‡ji weiæ‡× KvR Ki‡Z n‡e Kv‡RB hZB Avgiv †Mvj‡Ki Kv‡Q Avbe ZZB Zvi †fZ‡i w¯’wZ 
kw³ n‡Z _vK‡e! 
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 w ’̄i we ỳ¨r                                                    233 
 wefe n‡”Q GKK PvR©‡K (A_©vr ݍ Gi gvb ) †Kv‡bv GKUv RvqMvq nvwRi Ki‡Z (a‡i 

bvI ïiæ K‡Q A‡bK ~̀i †_‡K †hLv‡b B‡jKwUªK wdì Lye Kg, Kv‡RB ej ej‡Z †M‡j †bB) 
UzKz KvR Ki‡Z nq Zvi cwigvY! Avkcv‡k hw` †Kv‡bv PvR© bv _v‡K, Zvn‡j †Kv‡bv B‡jKwUªK †h

wdì I _vK‡e bv, PvR©Uv †Kv‡bv ejI Abyfe Ki‡e bv ZvB GKK PvR©Uv‡K Avb‡Z †K‡bv KvRI 
Ki‡Z n‡e bv, ZvB Avgiv eje †Kv‡bv wefe †bB| 
 wKš‘ hw` PvR© _v‡K Zvn‡j GKK PvR©Uv‡K Avb‡Z KvR Ki‡Z n‡e, Ges wVK †hUyKz KvR 

Ki‡Z n‡q‡Q Zvi cwigvYUv n‡”Q wefe| A_©vr ݍ PvR©‡K Avb‡Z hw` ܹ KvR nq Zvn‡j wefe ܸ 
n‡”Q 

ܸ ൌ
ܹ
ݍ

 

 
 ‡Mvj‡Ki PvR©Uv hw` †b‡MwUf nq Zvn‡j D‡ëv e¨vcvi NU‡e, PvR©Uv‡K †Q‡o w`‡j †mUv 
†Mvj‡Ki Pv‡R©i AvKl©‡Y Zvi w`‡K Qz‡U †h‡Z PvB‡e| ZvB A‡bK `~i †_‡K GB PvR©Uv‡K hw` 

v‡bv iKg Z¡iY ˆZwi bv K‡i †Kv‡bv evowZ MwZkw³ bv w`‡q ax‡i ax‡i Avb‡Z hvB Zvn‡j †K
mvivÿYB PvR©Uvi AvKl©Y ejUv‡K mvgjv‡bvi g‡Zv GKUv ej w`‡q Kv‡Q Avb‡Z n‡e A_©vr Avgiv 
†hw`‡K ej w`”Q Zvi wecixZ w`‡K PvR©Uv hv‡”Q Kv‡RB Avgv‡`i †`qv ej †b‡MwUf KvR Ki‡Q 
A_©vr Avgiv GB Pv‡R©i LvwbKUv kw³ mwi‡q wbw”Q! 
 Z‡e Gev‡iI wefe n‡”Q 

ܸ ൌ
ܹ
ݍ

 

 

ïay g‡b ivL‡Z n‡e ܹ ev KvR †h‡nZz †b‡MwUf ZvB ܸ Gi gvb †b‡MwUf!  
 
Avgiv GZÿY ch©šÍ hv hv wk‡LwQ †m¸‡jv GKevi SvjvB K‡i wbB : 

 vR© _vK‡jB Zvi Avkcv‡k †hgb B‡jKwUªK wdì _v‡K wVK †m iKg c‡UbwkqvjI _v‡K| 
mwZ¨ K wb Zvn‡j B‡jKwUªK 
wdìUv †ei K‡i †dj‡Z cvie| GB eBUv †h‡nZz †Zvgv‡`i c`v_©weÁv‡bi cÖ_g cvV ZvB †Kgb 

 

 
P
_v ej‡Z Kx Avgiv hw` c‡UbwkqvjUv †Kgb fv‡e Av‡Q †mUv Rv

K‡i †Kv_vI c‡Ubwkqvj †ei Ki‡Z nq, †Kgb K‡i †mLvb †_‡K B‡jKwUªK wdì ev Zwor †ÿÎ 
†ei Ki‡Z nq †m¸‡jv Av‡jvPbv Kiv nqwb| Z‡e mvaviY fv‡e GKUv welq †R‡b ivL‡Z cvi 
c‡UwÝqv‡ji cwieZ©b hZ †ewk nq B‡KwUªK wdìI ZZ †ewk nq! 
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D`vniY 10.8:  GKwU cwRwUf Ges GKUv †b‡MwUf Pv‡R©i cv‡k c‡Ubwkqvj †Kgb n‡e? 
 

DËi: wecixZ mgvb Pv‡R©i Rb¨ mg c‡Ubwkqvj †iLv¸‡jv 10.15 Qwe‡Z †`Lv‡bv n‡q‡Q| evg 
cv‡k c‡Ubwkqvj cwRwUf mg cwigv‡b K‡g K‡g Wvb cv‡k †b‡MwUf n‡q‡Q| wVK gvSLv‡b 

 

10.6.1 wefe c
†Zvgiv mevB 
mZK© evYx †`‡ ¾bK `k nvRvi 

vë!Ó †Zvgiv mevB Rvb B‡jKwUªK kK e‡j 
 Lye wec¾bK AmZK© gvbyl 

©i †mB cÖevn KZUzKz Zvi Ici wbf©i K‡i 

vgvi kix‡i PvR© Avm‡e, `y‡UvB we ỳ¨r cÖevn 

cÖevwnZ nq wefe cv_©‡K¨i Rb¨Ñ wef‡ei gv‡bi Rb¨ bq| 

ÖPÛ D”P †fv‡ë‡R Kg©xiv †nwjKÞvi w`‡q Lvwj nv‡Z KvR K‡iÑ Zviv †Kv‡bv 

c‡Ubwkqvj k~Y¨| 

v_©K¨ 
B‡jKwUªK jvB‡bi Mv‡q bvbviKg 
LQ, †hgb, Òwec

†f
GKUv welq Av‡Q, GwU
B‡jKwUªK kK †L‡q gviv †M‡Q †m iKg D`vniYI 
Av‡Q| †Zvgiv hw` wefe welqUv ey‡S _vK Zvn‡j 
wbðqB GLb Abygvb Ki‡Z cviQ Avm‡j Kx N‡U| 
†Kv_vI hw` wefe ev c‡Ubwkqvj †ewk _v‡K Ges 
Zzwg hw` †mUv ¯úk© Ki, †Zvgvi kix‡ii 
c‡Ubwkqvj †h‡nZz Kg †mRb¨ †ewk wef‡ei 
RvqvMv †_‡K PvR© †Zvgvi kix‡i P‡j Avmi‡e Pv‡R
†Zvgvi †fZ‡i A‡bK wKQz n‡Z cv‡i! 
 Zzwg †hUv ¯úk© KiQ Zvi c‡Ubwkqvj cwRwUf
†Zvgvi kixi †_‡K PvR© (B‡jKUªb) hv‡e Ab¨ †ÿ‡Î †Z
ïay w`KUv wfbœ| 
 Zzwg wbðqB eyS‡Z cviQ PvR© 

 

Qwe 10.15:  wecixZ Pv‡R©i R‡b¨ mg c‡Ubwkqvj 
†iLv| 

 ev †b‡MwUf `y‡UvB n‡Z cv‡i GK RvqMvq 

†m Kvi‡Y GKUv KvK hLb nvB‡fv‡ëR B‡jKwUª Zv‡ii Ici e‡m †m B‡jKwUªK kK Lvq bv KviY 
Zv‡ii wefe Ges Zvi wb‡Ri wefe mgvbÑ †Kv‡bv cv_©K¨ †bB! ïay ZvB bq `k nvRvi wKsev wek 
nvRvi †fv‡ëi c
B‡jKwUªK kK Lvq bvÑ KviY k~‡b¨ _vKvi Kvi‡Y Zviv hLb nvB‡fv‡ëR Zvi ¯úk© K‡i Zv‡`i 
kix‡ii †fv‡ëR Zv‡ii mgvb n‡q hvqÑ †Kv‡bv cv_©K¨ †bB ZvB †Kv‡bv PvR© cÖevwnZ nq bvÑ Zviv 
B‡jKwUªK kK Lvq bv! Zvi gv‡b n‡”Q †fv‡ë‡Ri cv_©K¨Uv ¸iæZ¡c~Y©Ñ †fv‡ë‡Ri gvb bq GUv 
mevi Rvbv `iKvi| 
 ZviciI hLb †fv‡ë‡Ri gvb gvc‡Z nq ZLb Zvi Rb¨ GKUv wbw`©ó †fv‡ëR _vK‡j 
fv‡jv| ZvcgvÎvi †ejvq GKUv Pig k~b¨ ZvcgvÎv wQj, A‡bKUv †m iKg| Avgv‡`i Rxe‡b Avgiv w
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 w ’̄i we ỳ¨r                                                    235 
c„w_ex‡K k~b¨ wefe a‡i wbB| c„w_exUv GZ wekvj †h Gi gv‡S LvwbKUv PvR© w`‡jI †mUv MÖnY 
Ki‡Z cv‡i Zvi Rb¨ Zvi wefe †e‡o hvq bv Avevi LvwbKUv PvR© wb‡q †M‡jI Zvi wefe †e‡o 

wi 
q, GB wekvj cwigvY PvR© †hLv‡b nvwRi nq †mLv‡b fqsKi ÿwZ n‡Z cv‡i| eRªcv‡Zi ÿwZ 

Rª wb‡ivaK `Ð jvMv‡bv nq| eRª wb‡ivaK `Ð n‡”Q GKUv avZe `Ð †hUvi 

_ ˆZwi n‡jI Avgiv Av‡jvwU‡K 
wZ

/

hvq bv! ZvB †mUv‡K k~b¨ wefe a‡i me wKQz Zvi mv‡c‡ÿ gvcv nq| †Zvgiv wbðqB jÿ¨ K‡i 

_vK‡e fvix ˆe`y¨wZK hš¿cvwZ me mgq Lye fv‡jv K‡i f~wgi mv‡_ jvMv‡bv (Earthing) nqÑ hvi 
A_© †Kv‡bv ~̀N©Ubvq nVvr K‡i †Kv‡bv Kvi‡Y hw` cÖPzi PvR© P‡j Av‡m Zvn‡j †mUv †hb `ªæZ Ges 
wbivc‡` c„w_exi gvwU‡Z P‡j †h‡Z cv‡iÑ hviv Avkcv‡k Av‡Q Zv‡`i †hb †Kv‡bv ÿwZ bv nq| 
 

10.6.2 eRª wb‡ivaK  
eRª cv‡Zi mgq †gN †_‡K wekvj cwigvY PvR© c„w_ex‡Z †b‡g Av‡mÑ evZv‡mi †fZi w`‡q hvevi 
mgq †mUv evZvm‡K Av‡qvwbZ K‡i †d‡j ZLb †mLv‡b cÖPÐ Zvc Avi Av‡jv ˆZwi nq kã ˆZ
n
†_‡K iÿv cvevi Rb¨ e
wb‡Pi cªvšÍ gvwUi Mfx‡i P‡j †M‡Q, Dc‡ii AskUzKz GKUv wewìs‡qi gZ Dc‡i m¤¢e n‡j †Lvjv 
AvKv‡ki w`‡K ZvK K‡i ivLv nq †Póv Kiv nq †mLv‡b GK ev GKvwaK m~Pv‡jv kjvKv _v‡K| 
mvaviYZ Rjxqev®ú Dc‡i IVvi mgq Nl©‡Y B‡jKUªb¸‡jv Avjv`v n‡q wb‡P †_‡K hvq Ges Dc‡i 
cwRwUf Avqb¸‡jv _v‡K| †g‡Ni wb‡Pi B‡jKUªb¸‡jv hLb nVvr K‡i evZvm †f` K‡i gvwV‡Z 
†b‡g Av‡m Avgiv †mUv‡K ZLb eRªcvZ ewj| Avgiv Av‡MB †`‡LwQ PvR© hy³ †Kv‡bv wKQz PvR©nxb 
†Kv‡bv wKQzi Kv‡Q Avb‡j †mLv‡b wecixZ PvR© Av‡ewkZ nq| ZvB eRªcvZ nevi Dcμg n‡j eRª 
kjvKv‡Z cwRwUf PvR© Rgv nq Ges m~Pv‡jv kjvKv _vKvi Kvi‡Y †mLv‡b Zxeª B‡jKwUªK wdì 
ˆZwi K‡i| †mB B‡jKwUªK wd‡ìi Kvi‡Y Avkcv‡k _vKv evZvm, Rjxq ev®ú Av‡qvwbZ n‡q hvq 
Ges AvKv‡ki w`‡K D‡V †g‡Ni †b‡MwUf PvR©‡K PvR©nxb K‡i eRªcv‡Zi AvksKv‡K Kwg‡q †`q| 
A‡bK DuPz wewìs‡q hLb eRª kjvKv ivLv nq †mwU cÖvq mg‡qB mwZ¨Kvi eRªcvZ MÖnY K‡i Avi 
wekvj cwigvY PvR©‡K †mB `Ð wbivc‡` gvwUi †fZ‡i wb‡q hvq| 

 hLb eRªcvZ nq ZLb GZ wekvj cwigvY PvR© cÖevwnZ nq †h evZv‡mi ZvcgvÎv 20 

†_‡K 30 nvRvi wWwMÖ †mjwmqvm ch©šÍ n‡Z cv‡i †hUv m~h© cÖ‡ôi ZvcgvÎv †_‡K †ewk! †mLv‡b 
ZLb GKUv bxjvf mv`v Av‡jvi SjKvwb †`wL cÖPÐ Zv‡c evZvm hLb wQU‡K m‡i hvq ZLb 
MMbwe`vix GKUv kã nq| Av‡jvi SjKvbx Ges kã GKB mv‡
cÖ_g †`wLÑ Av‡jvi MwZ‡eM GZ †ewk †h †mUv cÖvq mv‡_ mv‡_ †cuŠ‡Q hvq| k‡ãi M  

330 ݉  mgq †bq| Kv‡RB Av‡jvi KZ †m‡KÛ ݏG g‡Zv A_©vr GK wK‡jvwgUvi †h‡Z cÖvq 3 ݏ
ci kãUv †kvbv †M‡Q †mLvb †_‡K Avgiv eRªcvZUv KZ ~̀‡i n‡q‡Q †mUv Abygvb Ki‡Z cvwi| 
AvbygvwbK fv‡e cÖwZ wZb †m‡K‡Ûi Rb¨ GK wK‡jvwgUvi| 
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10.7 aviK (Capacitor) 
v‡_© Zvc †`qv n‡j Zvi ZvcgvÎv 

KZ evo‡e †mUv †mB c`v‡_©©i Zvc avi‡Yi 
ÿgZvi Ici wbf©i K‡i| Zvc aviYÿgZv 

‡Kv‡bv c`

n‡jI ZvcgvÎv 

vR© †`qv n‡jI Zvi wefe evo‡e Aí GKUz Avevi 
 †e‡o hvq| Avgiv Av‡MB e‡jwQ †Kv‡bv wKQ  

‡

†ewk n‡j A‡bK Zvc †`qv 
Aí GKUz ev‡o, Kg n‡j Aí Zvc †`qv n‡jB 
A‡bKLvwb ZvcgvÎ †e‡o hvq| wVK †m iKg 
†Kv‡bv c`v‡_© PvR© †`qv n‡j Zvi wefe 
KZUzKz evo‡e †mUv Zvi aviK‡Z¡i Ici wbf©i 
K‡i| †Kv‡bv e¯‘i aviKZ¡ †ewk n‡j A‡bK P
aviKZ¡ Kg n‡j Aí PvR© w`‡jB wefe A‡bK

aviKZ¡ ܥ n‡j †mLv‡b hw` ܳ PvR© †`qv nq Zvn

 

ܸ ൌ
ܳ
ܥ

zi

j wefe ܸ n‡e  

 

 

A
 

vgiv B‡Zvg‡a¨ †`‡LwQ ݎ e¨vmv‡a©i avZe †Mvj‡Ki Rb¨ ܥ n‡”Q  

ܥ ൌ
ݎ
݇

 

 
nq `y‡Uv avZe cvZ cvkvcvwk 

‡L| avZe cv‡Zi GKwU‡K hw` cwRwUf Ab¨wU‡Z †b‡MwUf PvR© ivLv nq Zvn‡j `ywU cv‡Zi 
gvSLv‡b B‡jKwUªK wdì ˆZwi nq Ges †mB B‡jKwUªK wd‡ì kw³ mwÂZ _v‡K| GKUv 

K¨vcvwmU‡ii aviKZ¡ hw` ܥ Ges †fv‡ëR ܸ nq Zvn‡j Zvi †fZ‡i †h kw³ (Energy) Rgv 

 Z‡e me‡P‡q cwiwPZ mnR Ges Kvh©Ki aviK ˆZwi Kiv 
†i

_v‡K †mwU n‡”Q   

Energy ൌ
1
2

 ଶܸܥ

 
D`vniY 9.9  GKUv 20μܨ K¨vcvwmU‡i 10ܸ ˆe ỳ¨wZK c‡Ubwkqvj †`q nq Zvn‡j †mLv‡b 
wK Y 

: 
 cwigv kw³ mwÂZ _vK‡e? 

 

DËi: kw³ : 
ଵ
ଶ

ଶܸܥ ൌ ଵ
ଶ

ൈ 20 ൈ 10ି଺ ൈ 10ଶܬ ൌ 10ିଷܬ ൌ  ܬ1݉

 

Qwe 10.16: mgvšÍivj avZe †cøU w`‡q ˆZwi 
K¨vcvwmUi| 
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10.8 w¯’i we ỳ¨‡Zi e¨envi (Use of Static Electricity) 
 
Avgv‡`i ˆ`bw›`b Rxe‡ bv j¨ve‡iUwi, wkÿvcÖwZôvb nvmcvZvj me RvqMvq we`y¨r 
e¨envi Kwi, Z‡ e ỳ¨r (c‡ii Aa¨v‡q Avgiv †mUv †`Le) Z‡e 
we‡kl we‡kl RvqMv‡Z GL‡bv w¯’i we ỳ¨r e¨envi Kiv nq: 
 

vgiv mevB KL‡bv bv KL‡bv KvM‡Ri †Kv‡bv 

i‡bi †ivjv‡i †djv nq Ges †mB †ivjv‡i 
Ui g‡Zv K‡i w¯’i PvR© ˆZwi Kiv 

¨vb wW MÖvd †gwk‡b †mwU Kiv m¤¢e nq w¯’i 
e‡ë w¯’i we ỳ¨r †¯úª Kiv nq, †eëwU Nywi‡q 
i †_‡K GKUv ¯úk©K GB PvR©Uv MÖnY K‡i 

Rvwb PvR© me mgqB †ewk †_‡K Kg wef‡e cÖevwnZ nq| 
 N‡U _v‡K KviY avZe †Mvj‡Ki †fZ‡i me mg‡qB 

| †e‡ëi Dc‡ii evowZ wi nq 

b, KjKviLv
e cÖvq me RvqMv‡ZB †mUv nq Pj w

(a) d‡UvKwc 
A
†jLvi Kwc ˆZwi Kivi Rb¨ d‡UvKwc †gwkb 
e¨envi K‡iwQ| GLv‡b KvM‡Ri †jLvi Ici 
Av‡jv †d‡j Zvi GKwU cÖwZ”Qwe GKwU we‡kl 
a
KvM‡Ri †jLvw
nq| Zvici GB †ivjviwU‡K cvDWv‡ii g‡Zv m~² 
Kvwji ms¯ú‡k© Avbv n‡j †hLv‡b †hLv‡b PvR© Rgv 
n‡q‡Q †mLv‡b Kv‡jv Kvwj †j‡M hvq| Zvici 
b~Zb GKUv mv`v KvM‡Ri Ici Qvc w`‡q GB 
KvwjwU ewm‡q †`qv nq| KvwjwU †hb †j‡Þ bv hvq 
†mRb¨ Zvc w`‡q KvwjwU‡K Av‡iv fv‡jv K‡i 
KvM‡R hy³ K‡i cÖwμqvwU †kl Kiv nq| 
 

(b) f¨vb wW MÖvd †gwkb 
AZ¨šÍ D”P wefe w`‡q bvbv ai‡bi KvR Kiv nq| f
we ỳ¨r e¨envi K‡i| GKwU NyišÍ we ỳ¨r Acwievnx †
GKwU avZe †Mvj‡Ki †fZi †bq nq| †e‡ëi Ic
avZe †Mvj‡Ki Kv‡Q †cuŠ‡Q †`q| Avgiv 
¨vb wW MÖvd †RbviU‡i GwU me mgq

         Qwe 10.17: f¨vb wW MÖvd †gwkb  

f
†Mvj‡Ki mgvb wefe _v‡K PvR©UzKzi Rb¨ †h evowZ †fv‡ëR ˆZ
†mwU ZvB me mg‡qB †Mvj‡Ki †fv‡ëR †_‡K †ewk! †m Kvi‡Y †Mvj‡Ki †fZ‡i PvR© _vK‡jB 
†mUv †MvjK c„‡ô P‡j hvq| Gfv‡e wekvj cwigvY PvR© Rgv Kwi‡q A‡bK D”P c‡Ubwkqvj ‰Zwi 
Kiv m¤¢e| 
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‡j †mUv †hb mv‡_ mv‡_ gvwU‡Z P‡j †h‡Z cv‡i|  

 G iKg wK f‡ii GKwU ÿz`ªZg 
gvb Av‡Q? 

. el©vKv‡j w¯’i we ỳ¨‡Zi cixÿv¸‡jv wVK K‡i KvR K‡i bv †Kb? 
 ỳ‡Uv GK AvKv‡ii avZe †MvjK‡K ¯ú v‡`i gv‡S mgvb Ges wecixZ PvR© w`‡Z 
cvi‡e? 
viKZ¡ ev capacitance  †K hw` GKUv cv‡Îi mv‡_ Zzjbv Kiv nq Zvn‡j c‡UbwkqvjwU 
‡mi mv‡_ Zzjbv Kie? 

K wdì k~b¨ bq, 
 

ିଷଵ ିଶ଻݇݃ GB f‡ii 
 †KvbwU eo Ges 

R© ỳwUi Rb¨ B‡jKwUªK wd‡ìi ej †iLv ¸wj Gu‡K †`LvI| 
0.

`LvI| 

 (c) R¡vjvwb UªvK  
†c‡Uªvj ev Ab¨ R¡vjvwbi UªvK hLb Zv‡`i R¡vjvwb mieivn K‡i ZLb Zv‡`i Lye mZK© _vK‡Z nq 
†hb nVvr K‡i †Kv‡bv we`y¨r ùzwj½ ˆZwi n‡q eo †Kv‡bv we‡ùvi‡Yi Rb¥ bv †`q| R¡vjvwb Uªv‡Ki 
PvKvi mv‡_ iv¯Ívi Nl©‡Y w¯’i we ỳ¨r ˆZwi n‡j GUv NU‡Z cv‡i, †mRb¨ GB ai‡bi Uªv‡Ki wcQ‡b 
U¨vsK †_‡K GKUv †kKj Szwj‡q †`qv nqÑ †mUv iv¯Ívi mv‡_ Nlv †L‡Z _v‡K †hb †Kv‡bv w¯’i 
we ỳ¨r ˆZwi n
 

 
Abykxjbx 

 
cÖkœ 
1. Pv‡R©i ÿz ª̀Zg GKwU gvb Av‡Q, †mwU n‡”Q 1.6 ൈ 10ିଵଽܥ

2
3. k© bv K‡i Z

4. a
wK

5. †Kv‡bv we› ỳ‡Z c‡Ubwkqvj k~b¨ wKš‘ B‡jKwUª GwU wK m¤¢e? 

MvwYwZK mgm¨v 
 PvR© 1݉ ~̀‡i ivLv Av‡Q| PvR© `ywUi mshy³ †iLvi †Kv_vq B‡jKwUªK wdì ܥGes െ1 ܥ4 .1

k~b¨? 
2. nvB‡Wªv‡Rb cigvYy‡Z GKwU B‡jKUªb Kzj¤^ e‡ji Kvi‡Y GKwU †cÖvUb‡K wN‡i Nyi‡Z _v‡K| 

B‡jKUª‡bi fi 9.11 ൈ 10 ݇݃ Ges †cÖvU‡bi fi 1.67 ൈ 10
Kvi‡Y Zv‡`i †fZ‡i wbðqB GKwU gva¨vKl©Y ejI Av‡Q| ỳwU e‡ji †fZi
KZ eo? 

3. 1 b¤^i cÖ‡kœi Pv
4. 1 15 Qwe‡Z Pv‡R©i Rb¨ mg c‡Ubwkqvj †iLv †`Lv‡bv n‡q‡Q, †mLvb †_‡K Zzwg B‡jKwUªK 

wdì †
5. 10.13 Qwe ỳwU Pv‡R©i Rb¨ B‡jKwUªK wdì †`Lv‡bv Av‡Q, c‡Ubwkqvj Gu‡K †`LvI| w

w
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GKv`k Aa¨vq 
Pj we ỳ¨r  
(Electricity) 

 
m‡Z¨b †evm 

 

.Satyendra Nath Bose (1894‐1974) 

m‡Z¨› ª̀ bv_ †ev‡mi Rb¥ KjKvZvq, wZwb GKRb evOvwj 
c`v_©weÁvbx| XvKv wek¦we`¨vj‡qi GKRb wkÿK _vKv Ae¯’vq 
wZwb †evm AvBb÷vBb ÷¨vwUw÷· D™¢veb K‡ib| Zuvi GB 
RMwØL¨vZ †ccviwU Rvbv©j Qvcv‡Z A¯^xKvi Kivq wZwb †mwU 
AvBb÷vB‡bi Kv‡Q cvVvb Ges Rvg©vb fvlvq Abyev` K‡i Rvb©v‡j 
Qvcv‡bvi Aby‡iva K‡ib| ZiæY GB weÁvbxi Aby‡iva iÿv K‡i 
AvBb÷vBb †mwU Qvcv‡bvi e¨e¯’v K‡iwQ‡jb| GB Avwe®‹v‡ii 
Kvi‡Y wek¦åþv‡Êi ỳB ai‡bi KYvi GKwU‡K †evRb bv‡g 
AwfwnZ Kiv nq| c`v_©weÁvb QvovI Zuvi MwYZ, imvqb, 
RxeweÁvb, `k©b GgbwK mvwn‡Z¨I AvMÖn wQj| evsjv fvlvq 
weÁvbPP©vi Rb¨ wZwb A‡bK KvR K‡iwQ‡jb| 
 

 
 

11.1 we`y¨r cÖevn (Electric Current)  
 
Avgiv Av‡Mi Aa¨v‡q †`‡LwQ †h hw` ỳ‡Uv wfbœ e¯‘i wef‡ei gv‡S cv_©K¨ _v‡K Zvn‡j †hUvi †ewk 
wefe †mLvb †_‡K †hUvi wefe Kg †mLv‡b PvR© cÖevwnZ nq| hZÿY ch©šÍ wefe `y‡Uv mgvb bv 
n‡”Q Pv‡R©i cÖevn n‡ZB _v‡K| Pv‡R©i GB cÖevn n‡”Q we ỳ¨‡Zi cÖevn Avgiv †hUv‡K mvaviYfv‡e 
ÒB‡jKwUªwmwUÓ ewj, †hUv w`‡q jvBU R¡‡j, d¨vb Ny‡i, †gvevBj †Uwj‡dvb PvR© †`qv nq! 
 GKUv welq wbðqB eyS‡Z cviQ, wefe cv_©K¨ _vK‡jB ïay gvÎ we ỳ¨r cÖevn nq, ZvB 
Avgiv hw` we`y¨r cÖevn Awew”Qbœ ivL‡Z PvB Zvn‡j wefe cv_©K¨UvI eRvq ivL‡Z n‡e, †mUv‡K 
K‡g mgvb n‡q †h‡Z †`qv hv‡e bv| ỳ‡Uv †Mvj‡Ki gv‡S wfbœ PvR© w`‡q wfbœ  wefe ‰Zwi K‡i 
†MvjK ỳ‡Uv‡K hw` GKUv Zvi w`‡q Ry‡o w`B Zvn‡j we`y¨‡Zi cÖevn ïiæ nevi mv‡_ mv‡_ wef‡ei 
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cv_©K¨ Kg‡Z _vK‡e Ges gyn~‡Z©i gv‡S ỳwU wefe mgvb n‡q hv‡e! ỳy‡Uv mgvšÍivj avZe cv‡Zi 
gv‡R PvR© Rgv K‡i hw` wef‡ei cv_©K¨ ˆZwi Kiv nq, Zvn‡j †mB `y‡Uv GKUv Zvi w`‡q Ry‡o 
w`‡jI gyn~‡Z©i gv‡S cy‡iv PvR© cÖevwnZ n‡q Zv‡`i wefe mgvb n‡q hv‡e| Kv‡RB eyS‡ZB cviQ 
Avgiv hw` e¨envi Kivi g‡Zv mve©ÿwYK we`y¨r PvB Zvn‡j Ab¨ †Kv‡bv c×wZ `iKvi †hUv Ggb 
GKUv wefe cv_©K¨ ‰Zwi K‡i †`‡e †hb PvR© cÖevwnZ n‡jI Zvi cv_©K¨ K‡g bv hvq| 
 ‡Zvgiv mevB †m iKg c×wZ †`‡LQ, G¸‡jv n‡”Q e¨vUvwi Ges †Rbv‡iUi| e¨vUvwii 
†fZi ivmvqwbK wewμqv K‡i wefe cv_©K¨ ‰Zwi Kiv nq, †mLvb †_‡K PvR© cÖevn Kiv n‡j 
ivmvqwbK `ªe©¸‡jv LiP n‡Z _v‡K, hLb ivmvqwbK ª̀e¨¸‡jv †kl n‡q hvq ZLb e¨vUvwi Avi we ỳ¨r 

cÖevn Ki‡Z cv‡i bv| Avgiv mvaviY †h e¨vUvwi †`wL †m¸‡jvi wefe cv_©K¨ n‡”Q 1.5 †fvë| 
 ‡Zvgv‡`i ¯‹z‡j wKsev evmvq †h B‡jKwUªwmwU Av‡Q †mLv‡b †Zvgiv mevB †`‡LQ we ỳ¨r†K 
e¨envi Kivi Rb¨ ỳ‡Uv c‡q›U _v‡K, Zvi GKUv‡Z _v‡K Kg wefe Ab¨Uv‡Z †ewk wefe, GB 
cv_©K¨Uv eRvq iv‡L †Rbv‡iUi, †hwU μgvMZ wefe cv_©K¨ ˆZwi Ki‡Z _v‡K! GKUv e¨vUvwi ev 
GKUv †Rbv‡iU‡i μgvMZ we ỳ¨r cÖev‡ni Rb¨ μgvMZ PvR©‡K Kg wefe †_‡K †ewk wef‡e nvwRi 

K‡i ivL‡Z nq Ges Gi Rb¨ kw³i cÖ‡qvRb nq| hw` †Kv‡bv e¨vUvwi‡Z ܳ PvR©‡K Kg wefe †_‡K 

†ewk wef‡e Avb‡Z ܹ cwigvY KvR Ki‡Z vn  e¨vUvwii Zwor PvjK kw³ ev B.Gg.Gd  nqZ ‡j GB

ܨܯܧ ൌ
ܹ
ܳ  

 
e¨vUvwi ev †Rbv‡iUi, †h¸‡jv we`y¨r kw³ mieivn K‡i Zvi Zwor PvjK kw³ ev B.Gg.Gd _v‡K| 
hLb †Kv‡bv e¨vUvwi ev †Rbv‡iUi‡K †Kv‡bv mvwK©‡U jvMv‡bv nq ZLb GB Zwor PvjK kw³B 
PvR©‡K cy‡iv mvwK©‡Ui †fZi w`‡q Nywi‡q Av‡b| GKUv e¨vUvwi †h cwigvY c‡Ubwkqvj ˆZwi K‡i 
†mUvB n‡”Q Zvi Zwor PvjK kw³ ev B.Gg.GdÑ Bs‡iwR‡Z GUv‡K ejv n‡”Q †dvm© ev ÒejÓ 
esjvq ejwQ Òkw³ÓÑ wKš‘ cÖK…Z c‡ÿ B. Gg. Gd. ev Zwor PvjK kw³ ejI bq kw³I bq| 
†Zvgv‡`i ejv n‡q‡Q c`v_©weÁv‡b ÒejÓ Òkw³Ó GB welq¸‡jv LyeB mywbw`©ó, B‡”Q gZb GKUvi 
RvqMvq Ab¨Uv e¨envi Kiv hv‡e bvÑ wKš‘ ỳf©vM¨μ‡g GLv‡b Kiv n‡q †M‡Q! †Zvgv‡`i weåvšÍ 
nIqvi †Kv‡bv KviY †bB KviY †h‡nZz GKUv e¨vUvwi ev †Rbv‡iUi †h cwigvY c‡Ubwkqvj ‰Zwi 
K‡i †mUvB n‡”Q Zvi B.Gg.Gd. ZvB Avgiv †mLvb †_‡KB ïiæ Kie, c‡Ubwkqvj K_vwU w`‡qB 
me KvR K‡i †dje †`L‡e †Kv‡bv mgm¨v n‡e bv| 

Avgiv Av‡MB e‡jwQ c‡Uwkqv‡ji gvbwU ¸iæZ¡c~Y© bq, Zvi cv_©K¨UzKz ¸iæZ¡c~Y©| ZvB 
†`L‡e A‡bK mgq GKUv e¨vUvwii GK gv_vi c‡Ubwkqvj wfbœ K‡i †djv m¤¢e, wKš‘ cv_©K¨Uv me 
mg‡qB mgvb _vK‡e| 
 w
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D`vniY 11.1: GKUv e¨vUvwii wefe cv_©K© 
1.5 ܸ wKš‘ Avm‡j Zv‡`i wefe KZ? †b‡MwUfUv 
ïb¨ Ges cwRwUfUv 1.5 ܸ bvwK †b‡MwUfUv 
െ1.5 ܸ Ges cwRwUfUv k~b¨? 
 
DËi: ỳ‡UvB mZ¨ n‡Z cv‡i| hw` 11.1 (a) Qwei 
gZ nq Zvn‡j †b‡MwUfUv k~b¨ Ges cwRwUfUv 
1.5ܸ, hw` 11.1 (b) Qwei gZ nq Zvn‡j 
cwRwUfUv k~b¨ Ges †b‡MwUfUv െ1.5ܸ. 

 

D`vniY 11.2:  ỳwU 1.5ܸ †fv‡ëi e¨vUvwi 
w`‡q 1.5ܸ, 3.0ܸ, േ1.5ܸ, െ1.5ܸ, 
െ3.0ܸ ˆZwi Ki| 

 

Qwe 11.1: GKwU e¨vUvwi w`‡q 
c‡RwUf ev †b‡MwUf †fv‡ëR 
ỳ‡UvB ‰Zwi Kiv m¤¢e| 

 
DËi: 11.4 Qwe‡Z K‡i †`Lv‡bv n‡q‡Q| 
 
 Pv‡R©i cÖevn n‡”Q we`y¨r cÖevn 
ev Zwor cÖevn| Avgiv GZÿY 
mvaviYfv‡e GUv †evSvi †Póv K‡iwQ 
GLb GUv‡K Av‡iv GKUz wbw`©ó Kiv 

hvK| we ỳ¨r ev Zwor cÖevn ej‡Z Avgiv mg‡qi m _ PvR© cÖev‡ni nvi‡K †evSvB A_©vr ݐ mg‡q 

hw` ܳ PvR cÖevwnZ nq Zvn‡j we ỳ¨r ev Zwor cÖevn n‡”Q :  

 

Qwe 11.2: ỳwU e¨vUvwi w`‡q wewfbœ c‡RwUf ev †b‡MwUf 
†fv‡ëR ‰Zwi Kiv 

v‡

ܫ ൌ
ܳ
ݐ

 

Ges Pv‡R©i GKK hw` Kzj¤̂ ܥ Ges mg‡qi GKK †m‡KÛ ݏ n‡j we ỳ¨r cÖev‡ni GKK n‡”Q 

A¨vw¤úqvi ܣ| gRvi e¨vcvi n‡”Q, Avgiv wKš‘ Pv‡R©i GKK †ei Kivi Rb¨ e‡jwQjvg GK 
†m‡K‡Û GK A¨vw¤úqvi we ỳ¨r cÖevn Ki‡Z †h cwigvY PvR© cÖevwnZ nq †mUvB n‡”Q Kzj¤^! 
 

11.1.1 we ỳ¨r cÖev‡ni w`K 
 
Avgiv hw` c`v‡_©i MVbUv fv‡jv K‡i ey‡S _vwK Zvn‡j GKUv welq Lye fv‡jv K‡i †R‡bwQ| KwVb 
c`v‡_© Zvi AYy-cigvYy k³ K‡i wb‡Ri RvqMvq e‡m _v‡K ZvcgvÎv evo‡j Zviv wb‡Ri RvqvMvq 
KvucvKuvwc Ki‡Z cv‡i wKš‘ †mLvb †_‡K m‡i Ab¨ RvqMvq P‡j hvq bv| †Kv‡bv †Kv‡bv c`v‡_©i 
cigvYyi wKQz B‡jKUªb cÖvq gy³ Ae¯’vq _v‡K †m¸‡jv GK RvqMv †_‡K Ab¨ RvqMvq †h‡Z cv‡i 
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Ges Avgiv †m¸‡jv‡K ewj cwievnx c`v_©| cwievnx c`v_© w`‡q PvR©‡K ¯’vbvšÍi Kiv nq Z‡e me 
mgq g‡b ivL‡Z n‡e GB ¯’vbvšÍi nq B‡jKUªb w`‡q, we`y¨‡Zi cÖevn nq B‡jKUªb w`‡q, †b‡MwUf 
Pv‡R©i B‡jKUªb| 
 ‡Zvgv‡`i †KD †KD wbðqB GLb GKUz fvebvi gv‡S c‡oQ, KviY Avgiv hLb Pv‡R©i 
cÖevn w`‡q ỳwU wfbœ wef‡ei gv‡S mgZv Avbvi K_v e‡jwQ ZLb wKš‘ GKeviI ewjwb GUv ïaygvÎ 
†b‡MwUf Pv‡R©i Rb¨ mwZ¨, KviY ïay †b‡MwUf Pv‡R©i B‡jKUªbB GK RvqMv †_‡K Ab¨ RvqMvq 
†h‡Z cv‡i| cwRwUf 
Pv‡R©i †ejvq Zvn‡j 
Kx nq? cwRwUf Avqb 
†Zv LyeB k³fv‡e 
wb‡Ri RvqMvq AvU‡K 
_v‡K, Zvn‡j †Kgb 
K‡i cwRwUf PvR© GK 
RvqMv †_‡K Ab¨ 
RvqMvq hvq? 

        Qwe 11.3: PvR© mshy³ †MvjK †_‡K PvR©nxb †Mvj‡K we ỳ¨Z cÖevn| 

 ‡Zvgiv wbðqB Kx N‡U †mUv Abygvb K‡i †d‡jQ B‡jKUª‡bi Afve n‡”Q cwRwUf PvR©| 
ZvB B‡jKUªb‡K mwi‡q Afve Av‡iv evwo‡q †`qvi A_© n‡”Q cwRwUf PvR© mieivn Kiv! Kv‡RB 

hw` ejv nq ܣ †_‡K ܤ †Z cwRwUf PvR© wM‡q‡Q (Qwe 11.3) Zvi cÖK…Z A_© n‡”Q ܤ †_‡K ܣ †Z 
B‡jKUªb wM‡q‡Q! 
 Kv‡i›U ev we ỳ¨r cÖevn n‡”Q PvR© cÖev‡ni nvi, †Kv‡bv wKQz †b‡MwUf n‡j †mUv Avjv`v K‡i 

e‡j w`‡Z nq, Avgiv †h‡nZz Avjv`v K‡i e‡j w`B wb ZvB a‡i wb‡ZB n‡e ܣ †_‡K ܤ †Z hw`  

A¨vw¤úqvi Kv‡i›U cÖevwnZ nq Zvi A_©  Kzj¤^ cwRwUf PvR© ܣ †_‡K ܤ†Z wM‡q‡Q| hvi cÖK…Z 

A_©  Kzj¤^ Pv‡R©i mg cwigvY B‡jKUªb ܤ †_‡K ܣ †Z wM‡qQ! hvi A_© we ỳ¨r cÖev‡ni w`K n‡”Q 

B‡jKUªb cÖev‡ni w`‡Ki D‡ëv! (B‡jKUª‡bi PvR©‡K cwRwUf a‡i wb‡jB me mgm¨v wg‡U †h‡Zv 
wKš‘ †mUvi Rb¨ GLb †`wi n‡q †M‡Q!) 
 

11.2 I'‡gi m~Î (Ohm’s Law) 

 
Gev‡i Avgiv mwZ¨Kv‡ii mvwK©‡U mwZ¨Kv‡ii we ỳ¨r cÖevn wb‡q Av‡jvPbv Kie|  
 Avgiv A‡bKevi e‡jwQ †h `ywU RvqMvq hw` wefe cv_©K¨ _v‡K Ges Avgiv hw` GKwU 
cwievnx Zvi w`‡q †mB `ywU RvqMv Ry‡o †`B Zvn‡j we ỳ¨r cÖevn nqÑ wKš‘ KZUzKz we ỳ¨r cÖevn n‡e w

w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks
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†mwU wb‡q wKQz ejv nqwb| ïay ZvB bq GKUv †mvbvi cwievnx Zvi w`‡q Ry‡o w`‡j †hUzKz we ỳ¨r 
cÖevwnZ n‡e GKUv †jvnvi Zvi Ry‡o w`‡jI Kx mgvb cwigvY we ỳ¨r cÖevwnZ n‡e? 
 welqUv †`Lvi Rb¨ Avgiv GKUv G·‡cwi‡g›U Ki‡Z cvwi| wefe gvcvi Rb¨ †h hš¿wU 
e¨envi Kiv nq Zvi bvg †fvë wgUvi, we`y¨r cÖevn ev Kv‡i›U gvcvi Rb¨ †h hš¿ e¨envi Kiv nq 
†mUvi bvg GwgUvi| (Avm‡j GKB h‡š¿i myBP Nywi‡q GUv‡K KL‡bv †fvë wgUvi ev KL‡bv 

GwgUvi wn‡m‡e e¨envi Kiv hvq) Avgiv K‡qKUv e¨vUvwi wb‡Z cvwi, GKUv e¨vUvwii Rb¨ 1.5ܸ 

n‡j ỳwU e¨vUvwii Rb¨ 2 ൈ 1.5 ൌ 3ܸ, wZbwUi Rb¨ 3 ൈ 1.5 ൌ 4.5 ܸ Gfv‡e wfbœ wfbœ 
wefe cv_©K¨ cÖ‡qvM Ki‡Z cvwi| ïay ZvB bv Avgiv e¨vUvwi ¸‡jv D‡ë w`‡q wefe cv_©‡K¨i w`KI 
cwieZ©b K‡i w`‡Z cvwi| Kv‡RB Avgiv hw` GKUv Zvi ev Ab¨ †Kv‡bv cwievnxi `yB cv‡k GKUv 
wewfbœ cwRwUf Ges †b‡MwUf wefe cv_©K¨ cÖ‡qvM K‡i K‡Zv Lvwb we`y¨r cÖevwnZ n‡q‡Q †mUv 
gvcvi †Póv Kwi Zvn‡j †`Le  
 

(a) h‡Zv †ewk wefe cv_©K¨ ZZ †ewk we ỳ¨r cÖevn  

(b) wefe cv_©‡K¨ †b‡MwUf n‡j we ỳ¨r cÖevnI w`K cwieZ©b Ki‡Q|  
 

MÖv‡d G·‡cwi‡g‡›Ui djvdj emv‡bv n‡j 

†mUv 11.4 (a) Qwei g‡Zv †`Lv‡e:  
 

A_©vr ܫ ן ܸ 
 
Avgiv hw` Ab¨ †Kv‡bv Dcv`v‡bi ˆZwi 
GKUv Zvi w`‡q GKB cixÿvwU Kwi Zvn‡j 
GKB ai‡bi djvdj cve Z‡e mij †iLvi 

XvjUv nq‡Zv Ab¨ iKg n‡e (Qwe 11.4 

b)| GLb GB `ywU cixÿvi djvdj hw` 
we‡kølY Kwi Zvn‡j eyS‡Z cvie cÖ_‡g 
GKUv wbw`ó wefe cv_©‡K¨ hZUzKz we ỳ¨r 
cÖevwnZ n‡q‡Q wØZxq e¯‘i Rb¨ †mB GKB 

wefe cv_©‡K¨ we ỳ¨r cÖevn n‡”Q Kg| cÖ_gwU‡Z †hb we`y¨r cÖevn Zzjbvg~jKfv‡e mnR, wØZxqwU‡Z 

†hb we ỳ¨r cÖev‡ni evav GKUz †ewk| welqUv e¨vL¨v Kivi Rb¨ we`y¨r cÖev‡ni evav (Resistance) 

Qwe 11.4: †iwR÷¨vÝ Gi Kvi‡Y we ỳ¨Z cÖev‡ni mv‡c‡ÿ 
wefe cv_©K¨| 
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ev mwZ¨ mwZ¨ †iva bv‡gi GKUv ivwk ˆZwi Kiv n‡q‡Q| Avgiv †`L‡Z cvwi wefe cv_©K¨ Ges 
we ỳ¨r cÖev‡ni m¤úK©wU GKUv m~Î wn‡m‡e †jLv hvq  

ܫ ൌ
ܸ
ܴ

 

 
A_©vr †iva †ewk n‡j we`y¨r cÖevn n‡e Kg| †iva Kg n‡j we ỳ¨r cÖevn n‡e †ewk| 

GB †iva ev Resistance Gi GKK n‡”Q ohm GUv‡K wMÖK Aÿi Ω (wmMgv) w`‡q 

cÖKvk Kiv nq| †Kv‡bv ˆe`y¨wZK mvwK©‡U 1 ܸ wefe cv_©K¨ †`qvi ci hw` †`Lv hvq 1 ܣ we ỳ¨r 

cÖevwnZ n‡”Q Zvn‡j eyS‡Z n‡e †mB mvwK©‡Ui †iva Ω 
 

D
 

ܸ
ܫ ൈ ܴ

`vniY 11.1:  gRv Kivi Rb¨ IÕ‡gi m~ÎwU‡K Ab¨fv‡eI wjL‡Z cviÑ  

 
 
GKUz eo K‡i wj‡L AvOzj w` ܸ, ܫ wKsev ܴ Gi †h †Kv‡bv GKwU †X‡K `vI †hwU †X‡K w`‡qQ 
Zvi gvbwU †hUzKz XvKv c‡owb †mLv‡b †c‡q hv‡e|  

DËi: 11.5 Qwe‡Z welqwU K‡i †`Lv‡bv n‡q‡Q! 

Qwe 11.5: Ig‡mi m~Î GB QwewU w`‡q e¨envi Kiv m¤¢e| Av½yj w`‡q XvKv ivwkwUi gvb 
evKx ỳwU ivwk w`‡q cÖKvk Kiv m¤¢e| 

 

‡iva n‡”Q we`y¨r cÖev‡ni evav, ZvB †Kv‡bv c`v‡_©i ˆ`N©¨ (ܮ) hZ †ewk n‡e Zvi evav ZZ †ewk 
n‡e A_©vr †ivaI †ewk n‡e|  

ܴ ן  ܮ
Avevi miæ GKUv c_ w`‡q hZ mn‡R we ỳ¨r cÖevwnZ n‡Z cvi‡e, PIov GKUv c_ w`‡q Zvi †_‡K 

A‡bK mn‡R we ỳ¨r cÖevwnZ n‡Z cvi‡e A_©vr cÖ¯’‡”Q` (ܣ) hZ †ewk n‡e †iva ZZ Kg n‡e|  
 w
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ܴ ן
1
ܣ

 

 
GB ỳwU welq‡K Avgiv hw` GKmv‡_ AvbycvwZK bv wj‡L mgxKiY wn‡m‡e wjL‡Z PvB Zvn‡j 

GKUv aªæeK ρ e¨envi Ki‡Z n‡e| A_©vr †iva ܴ n‡”Q  

ܴ ൌ ρ
ܮ
ܣ

 

 

 

ρ ൌ ܴ
ܣ
ܮ

 

‡hLv‡b aªyeK ρ n‡”Q 

 

 GKUv wbw ©̀ó c`v‡_©i R‡b¨ ρ n‡”Q Av‡cwÿK †iva Ges ZvB Gi GKK n‡”Q Ω݉. †Zvgv‡`i 

g‡b n‡Z cv‡i GKKwU eywS wVK n‡jv bvÑ GwU nIqv DwPZ wQj Ω݉ିଷ  †hb, GKK AvqZ‡b 
†iva Rvbv n‡j cy‡iv AvqvZb w`‡q ¸Y K‡i cy‡iv †iva †c‡q hve| †`L‡ZB cv”Q e¨vcviwU †m iKg 
bv| 

          ‡Uwej 11.1: c`v‡_©i Av‡cwÿK †iva 

c`v_© Av‡cwÿ )K †iva (Ω࢓
iæcv 1.59 ൈ 10ି଼ 

Zvgv 1.68 ൈ 10ି଼ 
‡mvbv 2.44 ൈ 10ି଼ 

MÖvdvBU 2.50 ൈ 10ି଺ 
nxiv 1.00 ൈ 10ଵଶ 
evZvm 1.30 ൈ 10ଵ଺ 

 
 

 ‡Kv‡bv c`v_© KZUzKy we ỳ¨r cwievnx 
†mUv †evSv‡bvi Rb¨ cwievnKZ¡ e‡j GKUv 

ivwk σ  ‰Zwi Kiv n‡q‡Q, †h c`v_© hZ †ewk 
we ỳ¨r cwievnx Zvi cwievnKZ¡ ZZ †ewk †hUv 

Av‡cwÿK †iva ρ (‡Uwej 11.1) Gi wVK 
wecixZ|  

σ ൌ
1
ρ

 

 

Gi GKK n‡”Q ሺΩ݉ሻିଵ 
 GLv‡b GKUv welq g‡b ivL‡Z n‡e †Kv‡bv c`v‡_©i †iva n‡”Q B‡jKUªb cÖev‡ni evav, 
AYy-cigvYy¸‡jv hZ †ewk KvucvKuvwc K‡i GKUv B‡jKUªb Zv‡`i †fZi w`‡q †h‡Z ZZ †ewk 
evavMÖ¯’ nq, wKsev Zvi †iva ZZ †ewk| ZvcgvÎv evwo‡q w`‡j †h‡nZz AYy-cigvYy¸‡jv †ewk 
KuvcvKuvwc K‡i ZvB me mg‡qB ZvcgvÎv evov‡j c`v‡_©i Av‡cwÿK †iva †e‡o hvq| †mRb¨ hLb 
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†Kv‡bv c`v‡_©i †iva ev Av‡cwÿK †iva cÖKvk Ki‡Z nq ZLb Zvi Rb¨ ZvcgvÎvUv wbw`©ó K‡i 
e‡j w`‡Z nq|  

 
D`vniY 11.4:  iæcv, Zvgv, Uvs‡÷b I bvB‡μvg Zv‡ii †ivaKZ¡ ρ h_vμ‡g 1.6 ൈ 10ି଼, 
1.7 ൈ 10ି଼, 5.5 ൈ 10ି଼, 100 ൈ 10ି଼ Ω݉GB¸‡jv e¨envi K‡i 1Ω †iva ‰Zwi 
Ki| 
 
DËi: Avgiv Rvwb †iva  

ܴ ൌ
ρ݈
ܣ  

†hLv‡b  ܣ cȪ ’‡”Q`| ݈ ˆ`N©̈  Ges
Kv‡RB ܣ ൌ 1݉ଶ a‡i wb‡j 

݈ ൌ
ܣܴ
ρ

ൌ
1 ൈ 1
ρ

 

iæcvi Rb¨ :   

݈ ൌ
1

.6 ൈ 0ି଼1 1 ൌ 6.25 ൈ 10଻݉ 

Zvgvi Rb¨ : 

݈ ൌ
1

1.7 ൈ 10ି଼ ൌ 5.9 ൈ 10଻݉ 

 
Uvs‡÷bi Rb¨ : 

݈ ൌ
1

5.5 ൈ 10ି଼ ൌ 1.8 ൈ 10଻݉ 

 
bvB‡μvgi Rb¨ : 

݈ ൌ
1

100 ൈ 10ି଼ ൌ 10଺݉ 

 
‡`L‡ZB cv”Q gvÎ 1Ω †iva ˆZwi Kivi Rb¨ A‡bK `xN© (cÖvq jÿ wK‡jvwgUvi) c`v_© wb‡Z 
nq| ev Í̄‡e ܣ ൌ 1݉ଶKL‡bvB nq bv| A‡bK miæ Zvi e¨envi Kiv nq| hw` 0.1݉݉ 
cÖ¯’‡”Q` wbw`©ó K‡i w`B Zvn‡j 1Ω †iva ˆZwi Ki‡Z K‡Zv `xN© Zv‡ii cÖ‡qvRb? 
 
Avgiv Rvwb  

݈ ൌ
ܣܴ
ρ

 

 
ܣ ൌ πݎଶ ൌ ଶ ൌ 3.14 ൈ 10ି଼݉ଶ πሺ10ିସሻଶ݉

݈ ൌ
3.14 ൈ 10ି଼

1.6 ൈ 10ି଼

iæcvi Rb¨:   

ൌ 1.96݉ 

Zvgvi Rb¨ : w
w
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݈ ൌ
3.14 ൈ 10ି଼

1.7 ൈ 10ି଼ ൌ 1.84݉ 

 

݈ ൌ
3.14 ൈ 10ି଼

5.5 ൈ 10ି଼ ൌ 0.57݉ 

Uvs‡÷bi Rb¨ : 

 

݈ ൌ
3.14 ൈ 10ି଼

100 ൈ 10ି଼ ൌ 0.03݉ 

bvB‡μvgi Rb¨ : 

 
 cwievnx‡Z ZvcgvÎv evov‡j †iva †e‡o hvq wKš‘ ‡mwgKÛv±‡ii †ejvq wKš‘ wVK Zvi 
D‡ëv e¨vcviUv N‡U! †mwgKÛv±‡i ZvcgvÎv evov‡j †iva K‡g hvq| Zvi KviY KÛv±‡i †hgb 
we ỳ¨r cÖev‡ni Rb¨ gy³ B‡jKUªb i‡q‡Q †mwgKÛv±‡i Zv †bBÑ †lLv‡b ZvcgvÎv evov‡jB ïaygvÎ 
wKQz B‡jKUªb we ỳ¨r cÖev‡ni Rb¨ cvIqv hvq ZvB †mLv‡b ZvcgvÎv evov‡j †iva K‡g hvq| 

 

 
Qwe 11.6: mvwK©U e¨eüZ nq G iKg wKQz cÖZxK 

11.2.1 mvwK©U 
Avgiv hw` IÕ‡gi m~Î ey‡S _vwK Zvn‡j Avgiv GLb mvwK©U we‡kølY Ki‡Z cvwi| †mUv Kivi Av‡M 

mvwK©‡U e¨envi Kiv nq G iKg K‡qKwU cÖZx‡Ki mv‡_ Av‡M cwiwPZ n‡q wbB: (Qwe 11.6) 
me c`v‡_©iB wKQz bv wKQz †iva Av‡Q wKš‘ Avgv‡`i ˆ`bw›`b Rxe‡b mvwK©‡U e¨env‡ii mgq 

ˆe ỳ¨wZK Zv‡ii †iva‡K Avgiv aZ©‡e¨i gv‡S wbB bv| hLb †iva cÖ‡qvRb nq ZLb Avgiv 
we‡klfv‡e ˆZwi wewfbœ gv‡bi †iva e¨envi Kwi| KL‡bv KL‡bv we‡kl cÖ‡qvR‡b Ggb †iva 
e¨envi Kiv n‡q †hLv‡b Zvi gvbwU cwieZ©bI Kiv hvq, G¸‡jv‡K cwieZ©bkxj †iva e‡j| 
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‡Kv‡bv mvwK©U we‡kølY Ki‡Z n‡j wb‡Pi K‡qKUv †mvRv welq g‡b ivLvB h‡_ó: 
 

(a) we ỳ¨‡Zi Dr‡mi (e¨vUvwi †Rbv‡iUi hvB †nvK) DuPz c‡Ubwkqvj †_‡K †h cwigvY 
we ỳ¨r †ei nq cy‡iv mvwK©‡Ui †fZi w`‡q cÖevwnZ n‡q wVK †mB cwigvY we`y¨r Kg 
c‡Ubwkqv‡j wd‡i Av‡m| 

(b) mvwK©‡Ui ‡h ‡Kv‡bv RvqMvq †h †Kv‡bv we› ỳ‡Z †h cwigvY we ỳ¨r †Xv‡K wVK †mB 
cwigvY we ỳ¨r †ei n‡q hvq, mvwK©‡Ui †fZ‡i we ỳ¨‡Zi †Kv‡bv aŸsm †bB| 

(c) mvwK©‡Ui †fZ‡i †h †Kv‡bv As‡ki `yB we› ỳ‡Z IÕ‡gi m~Î me mgq mwZ¨ n‡e, A_©vr 
†mB ỳB As‡ki †h cwigvY wefe cv_©K¨ i‡q‡Q Zv‡K †mB As‡ki †iva w`‡q fvM 
w`‡jB Zvi †fZi w`‡q cÖevwnZ we ỳ¨r †ei n‡q hv‡e! 

 
Avgiv GLb †h †Kv‡bv mvwK©U we‡kølY Ki‡Z cȪ ‘Z! GKUv mvwK©‡Ui †h †Kv‡bv Ask w`‡q 

KZUzKz we ỳ¨r cÖevwnZ n‡”Q Ges †h †Kv‡bv As‡ki wefe KZ †mUv Rvb‡jB Avgiv a‡i †be 
mvwK©UUv Avgiv 
cy‡ivcywi ey‡S †MwQ| 
GKUv mvwK©‡U e¨vUvwi, 
†iva, K¨vcvwmUi, 
Wv‡qvW, UªvbwR÷i 
A‡bK wKQz _vK‡Z 
cv‡iÑ Z‡e Avgiv 
AvcvZZ ïay e¨vUvwi 
Avi †iva w`‡q ˆZwi 
mvwK©U we‡kølY Kie| 
mvwK©‡U wewfbœ †iva 

Zvgvi Zvi w`‡q mshy³ Kiv nqÑ hw`I Avgiv †`‡LwQ ZvgviI GKwU Av‡cwÿK †iva Av‡QÑ wKš‘ 
ev Í̄e Rxe‡bi mvwK©‡U †h †iva e¨envi Kiv nq Zv‡`i Zyjbvq GwU GZ Kg †h Avgiv GUv‡K 
aZ©‡e¨i gv‡SB Avbe bvÑ a‡i †be Zv‡ii †iva †bBÑ Kv‡RB GKUv Zv‡ii me RvqMvq wefe 
mgvb! 

 

           Qwe 11.7: GKwU e¨vUvix I †iwR÷¨vÝ mshy³ ỳwU mvwK©U| 

Gev‡i 11.7 (a) Qwe †`Lv‡bv GKUv mvwK©U we‡kølY Kiv hvK, GLv‡b GKUv †iva‡K `y‡Uv Zvi 

w`‡q GKUv e¨vUvwii ỳB gv_vq jvMv‡bv n‡q‡Q| †h‡nZz ܦܥ AskUzKy f~wgmsjMœ Kiv n‡q‡Q ZvB w
w
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Avgiv ej‡Z cvie e¨vUvwii wbP cÖvšÍwUi wefe n‡”Q k~b¨| ZvB e¨vUvwii Dc‡ii cªv‡šÍi wefe ܸ 

Ges ܥܤ As‡k GKUv †iva, †iv‡ai ỳB cv ¨  ‡k wefe cv_©K

ܸ െ 0 ܸ 

 

ൌ

Kv‡RB †iva hw` ܴ nq Zvn‡j Gi †fZi w`‡q †h ܫ e ỳ¨r cÖevwnZ n‡”Q Zvi gvb 

 

 w

ܫ ൌ
ܸ
ܴ

 

 

 

Kv‡RB e¨vUvwii ܣ †_‡K ܫ we ỳ¨r †ei n‡q ܤ z‡K hv‡”Q| Avgiv GB mvwK©‡Ui cÖ‡Z¨KUv 
we› ỳ‡Z wefe Avi we ỳ¨r †ei K‡i †d‡jwQ|  

we› ỳ‡Z X

 aiv hvK ûeû GKB mvwK©‡U Avgiv hw` ܥܦ Ask f~wg msjMœ bv K‡i ܤܣ Ask f~wgmsjMœ 

Kwi Zvn‡j Kx n‡e? e¨vwUixUv †h‡nZz ܸ †fv‡ëi ZvB ܣ Ges ܦ Gi cv_©K¨ ܸ _vK‡ZB n‡e, 

†h‡nZz ܣ Gi wefe k~b¨ ZvB ܦ Gi wef ‡RB ܤ Ges ܥ Gi wefe cv_©K¨  e wbðqB െܸ. Kv

0 െ ሺെܸሻ ൌ ܸ 

 

 

†fZiKvi †iva ܴ,Kv‡RB we ỳ¨r cÖevn :  

ܫ ൌ
ܸ
ܴ

 

 
A_©vr wVK Av‡Mi gvb, †hUvB nIqvi K_v| jÿ Ki c‡Ubwkqv‡ji gvb cwieZ©b n‡q‡Q cv_©K¨ 
cwieZ©b nqwb| 
 

D`vni 11 :  11.8(a) mvwK©‡U ܣ ‹we ܦ I ܥ , ỳ‡Z †fv‡ëR KZ? Y .5 ܤ ,

i: ܥ I ܦ we› ỳ‡Z †fv‡ëR 0,  ܣ we› ỳ‡Z †fv‡jUR 3ܸ 
 
DË
‹we ܤ ỳ‡Z †fv‡ëR †ei Kivi Rb¨ mvwK©‡Ui Kv‡i›U ܫ †ei Ki‡Z n‡e|  
 

ܫ ൌ
ܸ
ܴ ൌ

3
1 ൅ 2 ܣ ൌ  ܣ 1.0

 
Kv‡RB ܣ †_‡K ܤ we› ỳ‡Z †h UzKz †fv‡ëR Kg Zvi cwigvY  
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 ܸ ൌ ܫܴ ൌ 1 ܣ ܸΩ ൈ 1 ൌ 1  

Kv‡RB ܤ we› ỳi †fv‡ëR 3ܸ െ 1ܸ ൌ 2ܸ 
 

 
‡h‡nZz cÖ‡Z¨KUv we› ỳi †fv‡ëR (c‡Ubwkqvj) †ei n‡q †M‡Q, hvPvB K‡i †`‡Lv me †ÿ‡Î 
IÕ‡gi m~Î KvR Ki‡Q wK bv| 
 
D`vniY 11.6:  11.8 (b) Qwei mvwK©‡U ܦ ,ܥ ,ܤ ,ܣ Ges ܧ we› ỳ‡Z †fv‡ëR KZ? 

DËi: ܦ we› ỳ‡Z †f‡ëR 0 
 

 

Qwe 11.8: e¨vUvwi I †iwR÷i ev †iva w`‡q ˆZwi ỳwU mvwK©U| 

   we› ỳ‡Z †fv‡ëR 6ܸ ܣ

‹we ܧ   ỳ‡Z †fv‡ëR KZ n‡Z cv‡i †mUv †Kgb K‡i †ei Kiv †h‡Z cv‡i 
†mUv wb‡q A‡b‡KB bvbv iKg ỳwðšÍv Ki‡Z †`Lv hvqÑAvm‡j e¨vcviUv LyeB mnR! †iwR÷‡ii 
ev †iv‡ai †fZi w`‡q Kv‡i›U cÖevwnZ n‡jB †fv‡ë‡Ri cwieZ©b nq| mvwK©‡Ui GB As‡k 
†Kv‡bv Kv‡i›U cÖev‡ni my‡hvM †bBÑ ܤ w`‡q iIbv w`‡q ܧ we› ỳ‡Z †cuŠ‡Q Ab¨ †Kv_vI †h‡Z 
cvi‡e bv| Kv‡RB ܤ Ges ܧ (wKsev Gi †fZ‡i †h †Kv‡bv we› ỳ‡Z) †fv‡ë‡Ri †Kv‡bv cwieZ©b 
†bB, ܤ we› ỳ‡Z †h †fv‡ëR ܧ we› ỳ‡Z GKB †fv‡ëR| ܤ Ges ܥ we› ỳi †fv‡ëR †ei Kivi 
Rb¨ Kv‡i›U †ei Ki‡Z n‡e| Kv‡i›U ܫ n‡j 

 

ܫ ൌ
ܸ
ܴ ൌ

6ܸ
5Ω ൅ 10Ω ൅ 15Ω ൌ

1
5  ܣ

 

 
Kv‡RB ܣ †_‡K ܤ †Z †fv‡ë‡Ri cv_©K¨ : 
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ଵܸ ൌ ܴ ܫ ൌ 5Ω ൈ
1
5 ܣ ൌ 1ܸ ଵ

Kv‡RB ܣ e› ỳ‡Z †fv‡ëR 6ܸ n‡j
 

െ ଵܸ ൌ 6ܸ െ 1ܸ ܸ

 
 w   we›`y‡Z †fv‡ëR 1ܸ Kg A_©vr ܤ 

6ܸ ൌ 5   
 
‹we ܤ ỳ‡Z †h‡nZz †fv‡ëR 5ܸ, ܧ we› ỳ‡ZI †fv‡ëR ܸ . wVK GKBfv‡e  ଵ

ଶܸ ൌ ܴଶܫ ൌ 10Ω ൈ
1

ܣ ൌ 2ܸ 

 

5
 

Kv‡RB ܥ we› ỳi †fv‡ëR ܤ we› ỳi †fv‡jUR †_‡K 2ܸ Kg| A_©vr ܥ we› ỳi †fv‡ëR 
5ܸ െ 2ܸ ൌ 3ܸ 

‹we ܦ ỳi †fv‡ëR  0 †mUv Avgiv cÖ_‡gB e‡j w`‡qwQ, 
Avm‡jB †mUv mwZ¨ wK bv cixÿv K‡i †`L‡Z cvwi|  

 we› ỳi †fv‡ëR ܥ we› ỳi †fv‡ëR †_‡K ଷܸ Kg|  ܦ
 

ଷܸ n‡”Q  

ଷܸ ൌ ܴଷܫ ൌ 15Ω ൈ
1
5 ܣ

ൌ 3ܸ 
 
Kv‡RB ܦ we› ỳi †fv‡ëR 3ܸ െ 3ܸ ൌ 0, wVK †h 
iKg †f‡ewQjvg! 
 

D`vni 11.7:  11.9 Qwe‡Z †`Lv‡bv mvwK©‡U ܫଵ Ges ܫଶ Gi gvb KZ? 

 

Qwe 11.9: mgvšÍivj fv‡e ivLv ỳwU †iwR÷‡ii GKwU 
mvwK©U| 

Y 

DËi  Ge  we› ỳ‡Z †fv‡ëR ܤ ,ܣ : 2ܸ s ܥ  
‹we ܨ Ges ܧ ,ܦ ỳ‡Z †fv‡ëR 0 †fvë| v‡RB   †iwR÷v‡ii †fZi w`‡q Kv‡i›U 

 

 K ܧܤ 

ଵܫ ൌ
ܸ
ܴଵ

  

ൌ
2
3  ܣ

ܨܥ i ÷ i ›U  
 

 † wR v‡  †fZi w`‡q Kv‡i

ଶܫ ൌ
ܸ
ܴଶ

ൌ
2
6 ܣ ൌ

1
3  ܣ

‡gvU Kv‡i›U  

ܫ ൌ ଵܫ ൅ ଶܫ ൌ
2
3 ܣ ൅

1
3 ܣ ൌ  ܣ1
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11.2.2 Zzj¨ †iva: †kÖ  eZ©bx wY
Gev‡i GKwU †iva hy³ bv K‡i mvwK©‡U ỳ‡Uv †iva 

jvMv‡bv hvK, †h‡nZz ܥ f~wgmsjMœ ZvB Zvi wefe 

k~b¨ Ges ܣ Gi wefe ܸ. Avgiv ܤ Gi wefe KZ 

Rvwb bv, wKš‘ GUzKz Rvwb †h ܴଵ Ges ܴଶ ỳ‡Uvi 

†fZi w`‡qB mgvb cwigvY we ỳ¨r ܫ cÖevwnZ n‡”Q| 
Avgiv Avgv‡`i Kgb †mÝ e¨envi K‡i e‡j w`‡Z 

cvwi ỳ‡Uv †iv‡ai †hvMdjwU n‡e †gvU †iva R Ges 

we ỳ¨r cÖevn n‡e ܫ ൌ /ܴ wKš‘ †mfv‡e bv wj‡L 
Avgiv eis GUv cÖgvY K‡i †dwj|  

Qwe 11.10: GKwU mvwK©‡U ỳwU †iva ci ci 
jvMv‡bv| 

 ܸ

hw` a‡i wbB ܤGi wefe ஻ܸ Zvn‡j cÖ_g 

†iva ܴଵ Gi Rb¨ wjL‡Z cvwi : 

ܫ ൌ
ܸ െ ஻ܸ

ܴଵ
 

 

 

 Avevi wØZxq †iva ܴଶ Gi Rb¨ wjL  ‡Z cvwi 

ܫ ൌ ஻ܸ െ 0
ൌ ஻ܸ

 

ܴଶܴଶ
 

ൌ ஻ܸܫ ൌ
ܸ െ ஻ܸ

Kv‡RB  

ܴଵ ܴଶ
 

ሺܸ െ ஻ሻܴଶ ൌ ஻ܸܴଵ

஻ܸ ଵ ଶ 

ܸ  

 

ሺܴ ൅ ܴଶሻ ൌ ܸܴ

஻ܸ ൌ
ܴଶ

ܴଵ ൅ ܴଶ
ܸ 

 

Kv‡RB  w
w
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ܫ ൌ ஻ܸ

ܴଶ
ൌ

ܸ
ܴଵ ൅ ܴଶ

 

 

Avgiv ܴଵ Ges ܴଶ GB ỳwU †iva‡K GKwU †iva ܴ ൌ ܴଵ ൅ ܴଶ wn‡m‡e Kíbv Ki‡Z cvwi: 

ܫ ൌ
ܸ
ܴ

 

 

 

hw` GLv‡b `ywU bv n‡q wZb-PviwU ev Av‡iv †ewk †iva _vKZ (Qwe 11.11) Zvn‡jI Avgiv 

†`Lv‡Z cviZvg †h †m¸‡jv‡K mw¤§wjZfv‡e GKwU †iva ܴ Kíbv Ki‡Z cvwi †hwU me¸‡jv †iv‡ai 

†hvM d‡ji mgvb| GUv‡K Zzj¨‡iva e‡j| A_©vr 

hLb †Kv‡bv mvwK©‡U ܴଵ, ܴଶ, ܴଷ..G iKg 
A‡bK¸‡jv †iva ci ci _v‡K (†kÖwY eZ©bx) ZLb 
Zv‡`i Zzj¨ †iva  

ܴ ൌ ܴଵ ൅ ܴଶ ൅ ܴଷ … ܴ௡ 

 

 
11.2.3 Zzj¨ †iva: mgvšÍivj eZ©bx  
Gev‡i Avgiv †iva¸‡jv cici bv †i‡L mgvšÍivj 

fv‡e ivLe (Qwe 11.12)|  

 
Qwe 11.12: GKwU mvwK©‡U ỳwU †iva 
mgvšÍivjfv‡e ivLv 

 

       Qwe 11.11: A‡bK¸wj ch©vqμg †iwR÷¨vÝ‡K GKwU Zzj¨ †iwR÷¨vÝ wn‡m‡e Kíbv Kiv hvq| 
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GB mvwK©‡U Avgiv wewfbœ we› ỳ‡K ܣ, ,ܤ ,ܥ ,ܦ  bvg w`‡qwQ| QwewU †`‡LB †evSv ܨ Ges ܧ

hv‡”Q ܦ, ‹we ܨ Ges ܧ ỳ f~wgmsjMœ nIqvq GB we› ỳ¸‡jvi wefe k~b¨| Kv‡RB ܣ,  ܥ Ges ܤ

we› ỳ‡Z wefe ܸ. 

e¨vUvwi †_‡K ܫ Kv‡i›U †ei n‡q‡Q GB we ỳ¨r ܤ we› ỳ‡Z ỳB fv‡M fvM n‡q ܴଵ Ges ܴଶ 

†iv‡ai wfZi w`‡q h_vμ‡g ܫଵ Ges ܫଶ wn‡m‡e cÖevwnZ n‡q ܧ we› ỳ‡Z GKwÎZ n‡q ܫ wn‡m‡e 
e¨vUvwi‡Z w`‡q hv‡”Q| Avgiv Av‡MB e‡jwQ mvwK©‡U e¨vUvwi †_‡K we`y¨r †ei nq mvwK©‡U Ny‡i 
Avevi e¨vUvwi‡Z wd‡i hvqÑ cy‡iv mvwK©‡U Gi evB‡i †Kv‡bv we ỳ¨‡Zi Rb¥ n‡Z cv‡i bv Avevi ÿq 
n‡Z cv‡i bv| ZvB 

ܫ ൌ ଵܫ ൅  ଶܫ
 

 Gev‡i Avgiv ܫଵ Ges ܫଶ KZ ‡e Ki‡Z

Qwe 11.13: A‡bK¸wj mgvšÍivj †iwR÷¨vÝ‡K GKwU Zzj¨ †iwR÷¨vÝ wn‡m‡e Kíbv Kiv hvq| 

 n  †ei  cvwi 

ଵܫ ൌ ஻ܸ െ ாܸ ൌ
ܸ െ 0

ൌ
ܸ
ܴ

 

ܴଵܴଵ ଵ
 

 

ଶܫ ൌ ஼ܸ െ ஽ܸ

ܴଶ
ൌ

ܸ െ 0
ܴଶ

ൌ
ܸ
ܴଶ

 

 

ܫ ൌ ଵܫ ൅ ଶܫ ൌ
ܸ
ܴଵ

൅
ܸ
ܴଶ

ൌ ܸ ൬
1

ܴଵ
൅

1
ܴଶ

൰ 

Kv‡RB  

 

A_©vr Gev‡iI Avgiv GKUv Z~j¨ †iva ܴ msÁvwqZ Ki‡Z cvwi †hLv‡b w
w
w
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1
ܴ

ൌ
1

ܴଵ
൅

1
ܴଶ

 

 

ܫ ൌ
ܸ
ܴ

 

 

GLv‡b hw` `y‡Uv bv n‡q Av‡iv † k †i  _v‡K (Qwe 1.13) Zvn‡jI Avgiv †`L‡Z cvwi: Z~j¨ 

†iva ܴ n‡”Q 

ew va  1

1
ܴ

ൌ
1

ܴଵ
൅

1
ܴଶ

൅
1

ܴଷ
…   

1
ܴ௡

 

 

11.3 Zwor ÿgZv (Power) 
 
Avgiv hLb wefe ev c‡Ubwkqvj Av‡jvPbv KiwQjvg ZLb †`‡LwQ c‡Ubwkqvj cÖ‡qvM K‡i PvR©‡K 

miv‡bv n‡j KvR Kiv nq ev kw³ ÿq nq| ZvB hw` GKUv mvwK©‡U ܸ wefe cÖ‡qvM K‡i ܳ PvR©‡K 
miv‡bv nq Zvn‡j Kv‡Ri cwigvY ev kw³ cÖ‡qv‡Mi cwigvY 

ܹ ൌ  ݈݁ݑ݋ܬ ܸܳ

 

 

ÿgZv ܲ n‡”Q cÖwZ †m‡K‡Û KvR Kivi ÿgZv Kv‡RB, hw` ݐ mg‡q ܳ PvR© miv‡bv n‡q _v‡K 
Zvn‡j 

ܲ ൌ
ܹ
ݐ

ൌ
ܸܳ

ݐ
ൌ  ݐݐܹܽ  ܫܸ

 

hw` GKUv †iva ܲ Gi Ici GUv e¨envi Kwi '‡gi m~Î e¨envi K‡i wjL‡Z cvwi  Zvn‡j I
‡h‡nZz 

ܸ ൌ  ܫܴ
 

ܲ ൌ  ଶܴܫ
wKsev  
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ܫ ൌ
ܸ
ܴ

 

 
Kv‡RB 

ܲ ൌ ൬
ܸ
ܴ

൰
ଶ

ܴ ൌ
ܸଶ

ܴ
 

 

GKwU †iv‡ai †fZi hw` ݐ mgq we ỳ¨r cÖevwnZ Kiv nq Zvn‡j Zvi †fZi ܲݐ kw³ †`qv nqÑ GB 
kw³wU †Kv_vq hvq? †Zvgiv hLb mvwK©‡U GKwU †iva e¨envi Ki‡e ZLb †`L‡e Zvi †fZi w`‡q 
h‡_ó we ỳ¨r cÖevn Ki‡j me mg‡qB †mUv DËß n‡q I‡V A_©vr kw³UzKz Zvc kw³ wn‡m‡e †ei n‡q 
Av‡m|  

wdjv‡g›U †`qv evj¦¸‡jvi cÖPjb ax‡i ax‡i K‡g Avm‡Q KviY GUv w`‡q Av‡jv ˆZwi Kivi 
Rb¨ wdjv‡g›U‡K DËß Ki‡Z nq, we`y¨r kw³i eo Ask Zvc wn‡m‡e LiP n‡q hvq e‡j GLv‡b 
kw³i AcPq nq| GB ai‡bi evj¦¸‡jv nvZ w`‡q ¯úk© Ki‡jB †`Lv hvq GLv‡b Kx cwigvY Zvc 

kw³ ˆZwi nq Ges GB Zvc kw³ ˆZwi nq ܫଶܴ wKsev *** wn‡m‡e| 
 

D`vni : 100 ܹ ev‡j¦ wdjv‡g‡›Ui †iva KZ? Y 11.8  GKUv 

DËi: 220ܸ Gi ev‡j¦ 100ܹ †jLv Kv‡R
 

B  

ൌ
ܸଶ

ܲ ܴ  

A_©vr  

ܴ ൌ
ܸଶ

ܲ ൌ
ሺ220ሻଶ

100 Ω ൌ 484Ω 

 
GLv‡b Kx cwigvY Kv‡i›U cÖevwnZ n‡”Q? 
 

ܫ ൌ
ܸ
ܴ ൌ

220
484 ൌ  ܣ0.45

 
Ab¨fv‡eI †ei Kiv m¤¢e: ܲ ൌ  ܫܸ
 

ܫ ൌ
ܲ
ܸ ൌ

100
220 ൌ  ܣ0.45
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11.4 Gwm wWwm (AC and DC) 
 
Avgv‡`i Ni-evwo‡Z †h we ỳ¨r e¨envi 
Kiv nq `vwe Kiv nq Zvi †fv‡ëR 

220 †fvë| evmvi we ỳ¨r eY©bv Ki‡Z 

n‡j 220 †fvë e‡jB wKš‘ †_‡g 
hvIqv nq bv, Zvi mv‡_ me mg‡qB 

†hvM Kiv nq 50 ݖܪ, Gi A_© Kx? 

 we ỳ¨‡Zi †ejvq ܥܣ Ges ܥܦ 
GB ỳwU kãvsk e¨envi Kiv nq †hLv‡b 

 n‡”Q Direct Current ܥܦ n‡”Q Alternating Current Gi mswÿß iƒc wVK †m iKg ܥܣ

Gi mswÿß iƒc| ܥܦ Gi me‡P‡q fv‡jv D`vniY n‡”Q e¨vUvwi †h KUv wbw ©̀ó gv‡b 

_v‡K| 6  A_© Gi wefe 6 ܸ Ges †mUvi †Kv‡bv cwieZ©b nq ܥ

 

Qwe 11.14: 220 †fvë Gwm we ỳ¨‡Zi Zi½ 

Lv‡b wefe G

ܦ ܸ bv| 

 A_© Gi K¤úb ݖܪ 50 ܥܣ ,Gi †ejvq †fv‡ë‡Ri gvb wKš‘ AcwieZ©bxq bq ܥܣ 

 cÖwZ †m‡K‡Û 50 evi GB †fv‡ëR cwRwUf †_‡K †b‡MwUf n‡”Q| hLb ejv nq ,ݖܪ 50

Zvi cÖK…Z A_© †fv‡ë‡Ri m‡e©v”P gvb √2 ܥܣ ܸ 220 ൈ 220 ܸ Ges me©wb¤œ gvb െ√2 ൈ
220 ܸ hw`I GwU cÖvq ൫√2 ൈ 220 ܸ ൌ൯310ܸ cwRwUf †_‡K †b‡MwUf 310ܸ †fvë ch©šÍ 

hvq| ZviciI GUv‡K 220 ܸ ܥܣ ejv nq KviY †Kv‡bv †iv‡a 220 ܸ ܥܦ jvMv‡bv n‡j †h 

cwigvY Zvckw³ ˆZwi KiZ cwieZ©bkxj 310ܸ†_‡K െ310ܸ ch©šÍ †fv‡ëR †mB GKB Zvc 
ˆZwi K‡i|  

 ‡Zvgv‡`i g‡b n‡Z cv‡i ܥܦ cÖwμqvwU GZ mnR nIqv m‡Ë¡I †Kb ܥܣ Gi g‡Zv GZ 
RwUj we ỳ¨r ˆZwi Kiv n‡q‡Q? †Zvgiv †`L‡e Gi wbw`©ó wKQz myweav i‡q‡Q hvi Rb¨ c„w_exi me 

RvqMv‡ZB we ỳ¨r mieivn Kivi mgq ܥܣ wn‡m‡e mieivn Kiv nq| 
 

11.5 we ỳ¨r cwienb (Electric Supply) 
 
hLb †`‡ki GK RvqMv †_‡K Ab¨ RvqMvq we`y¨r cwienb Ki‡Z nq ZLb †mwU A‡bK D”P 
†fv‡ë‡R wb‡q hvIqv nq| ˆe ỳ¨wZK Zv‡i we ỳ¨‡Zi AcPq Kgv‡bvi Rb¨ GwU Kiv nq| †Zvgiv 

Rv‡bv Zvc wn‡m‡e †h cÖwZ †m‡K‡Û †h cwigvY kw³ ÿq nq †mwU n‡”Q ܫଶܴ Kv‡RB hw` ˆe`y¨wZK 
Zv‡i †Kv‡bv †iva bv _vKZ Zvn‡j †Kv‡bv Zvc wn‡m‡e kw³i AcPq n‡Zv bv| cÖwZ †m‡K‡Û 
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ˆe ỳ¨wZK kw³ †h‡nZz ܸܫ wn‡m‡e hvq ZvB hw` c‡Ubwkqvj `k¸Y evwo‡q †`qv nq Zvn‡j `k¸Y 

Kg Kv‡i‡›U mgvb kw³ †cÖiY Kiv m¤¢e| wKš‘ cÖwZ †m‡K‡Û Zvc kw³ †h‡nZz ܫଶܴ wn‡m‡e AcPq 

nq ZvB `k¸Y Kg Kv‡i›U cÖevwnZ n‡j 100 ¸Y Kg Zvc kw³i AcPq n‡eÑ KviY Zv‡ii †iva 

ܴ Gi gvb ỳBeviB mgvb| 

 GLv‡b †Zvgv‡`i g‡b n‡Z cv‡i Zvc kw³i AcPq 
௏మ

ோ
 wn‡m‡eI †jLv hvq ZvB `k¸Y 

†ewk †fv‡ëR †bqv n‡j 100 ¸Y †ewk Zvc kw³i AcPq †Kb n‡e bv? g‡b ivL‡Z n‡e Avgiv 

hLb cÖwZ †m‡K‡Û Zvc kw³i AcPq wn‡m‡e 
௏మ

ோ
 †ei K‡iwQjvg ZLb ܸ wQj †iv‡ai ỳB cv‡ki 

wefe cv_©K¨| GLv‡b Avgiv hLb ܸ ejwQ †mwU ‰e ỳ¨wZK Zv‡ii ỳB cv‡ki wefe cv_©K¨ bqÑ GwU 
ˆe ỳ¨wZK Zv‡ii wef‡ei gvb! ˆe`y¨wZK Zv‡ii ỳB cv‡k wefe cÖvq GKB mgvbÑ ‡mB cv_©K¨ 
aZ©‡e¨i gv‡S bq| 

 
11.6 we ỳ¨‡Zi wbivc` e¨envi (Safe Use of Electricity) 
 
we ỳ¨r Qvov Avgiv GLb GK gyn~Z©I wPšÍv Ki‡Z cvwi bv| Avgv‡`i N‡i GwU Av‡jv mieivn K‡i, 
Mi‡gi mgq d¨vb Pvwj‡q GUv Avgv‡`i kxZj iv‡L| GUv w`‡q Avgiv †Uwjwfkb PvjvB, 
Kw¤úDUvi PvjvB| Lvevi msiÿY Kivi Rb¨ GUv w`‡q wd«R Pvjv‡bv nqÑ Kvco Bw¯¿ Kivi Rb¨ 
GwU e¨envi Kiv nq| Avgv‡`i †gvevB‡ji e¨vUvwi †kl n‡q †M‡j Avgiv GB we ỳ¨r w`‡q e¨vUvwi 
PvR© Kwi| wejvmx gvbyl we ỳ¨r w`‡q evmvq Gwm e¨envi K‡i, Kvco †avqvi Rb¨ Iqvwks †gwkb 
e¨envi K‡i, B‡jKwUªK wnUvi w`‡q ivbœv K‡i| gvB‡μvI‡qf I‡f‡b Lvevi Mig K‡i| 
 evmvi evB‡i ¯‹z‡j K‡jR wek¦we`¨vjq, †L‡Z Lvgvi KviLvbv, nvmcvZvj Gm‡ei K_v 
we‡ePbv Ki‡j Avgiv we`y¨‡Zi e¨env‡ii K_v e‡j †kl Ki‡Z cvie bv| Avgv‡`i †`‡k mvaviYZ 

we ỳ¨r 220 ܸ ܥܣ wn‡m‡e mieivn Kiv nq, GB we`y¨r- Gi cwigvY gvbyl‡K B‡jKwUªK kK w`‡Z 
cv‡i GgbwK †mB k‡K g„Zy¨ ch©šÍ NU‡Z cv‡i ZvB mKj ˆe`y¨ vwZ Ggbfv‡e ˆZwi Kiv 
nq †hb fz‡jI KL‡bv †KD mivmwi Gi ms¯ú‡k© P‡j bv Av‡m| 

wZK hš¿c

 mivmwi ürwc‡Ûi †fZi w`‡q we ỳ¨r P‡j †M‡j gvÎ 10 ݉ܣ we ỳ¨‡ZB gvbyl‡K †g‡i 

†dj‡Z cv‡i| e¨envi Kivi Rb¨ Avgiv †h we ỳ¨r e¨envi Kwi †mwU ܥܣ Ges ܥܣ we ỳ¨r ܥܦ 

we ỳ¨r †_‡K cÖvq  ¸Y †ewk ÿwZKi| ïK‡bv Ae¯’vq gvby‡li Pvgovi †iva cÖvq 100,000 Ω 

†_‡K 500,000 Ω  n‡jI †fRv Ae¯’vq †mwU nvRvi ¸Y K‡g Av‡m| Kv‡RB IÕ‡gi m~Î e¨envi 

K‡i Avgiv †`Lv‡Z cvwi Avgv‡`i †`‡ki 220ܸ  kix‡ii †fZi w`‡q gvbyl‡K †g‡i †djvi g‡Zv w
w
w
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we ỳ¨r cÖevn Ki‡Z cv‡i| hLb †KD †fRv gvwU‡Z †fRv cv wb‡q ùvov‡bv Ae¯’vq we ỳ¨r¯ú„ó nq 
†mwU nq me‡P‡q wec¾bK| 
 hLb †KD nVvr K‡i we`y¨r¯ú„ó nq ZLb kix‡ii †fZi w`‡q we ỳ¨r cÖev‡ni Kvi‡Y nvZ cv 
bvov‡Z cv‡i bv, ZvB wec¾bK cwiw ’̄wZ †_‡K wb‡R‡K mwi‡q Avbvi K_v eyS‡Z cvi‡jI †mLvb 
†_‡K m‡i Avm‡Z cv‡i bv| 
  

Avgiv †h we ỳ¨r e¨envi Kwi †mwU h‡_ó wec¾bK n‡Z cv‡i wKš‘ mvaviY mZK©Zv KeRvq 
ivL‡jB wbivc‡` we`y¨r e¨envi Kiv hvqÑ Ges mviv c„w_ex‡Z †KvwU †KvwU gvbyl cÖwZ gyn~‡Z© 
wbivc‡` we ỳ¨r e¨envi Ki‡Q| we ỳ¨‡Zi wbivc` e¨envi Kivi Rb¨ wb‡Pi K‡qKUv welq Rvbv _vKv 
cÖ‡qvRb: 
 

(a) we ỳ¨r AcwienK Av¯ÍiY 
we ỳ¨‡Zi †Lvjv Zvi wec¾bK ZvB memg‡qB †mUv cøvw÷K ev Ab¨ †Kv‡bv ai‡bi we`y¨r Acwievnx 
GKUv Av Í̄iY w`‡q XvKv _v‡K| hw` †Kv‡bv Kvi‡Y kU© mvwK©U nq A_©vr mivmwi †Kv‡bv †iva QvovB 
cwRwUf Ges †b‡MwUf ¯úk© K‡i †d‡j ZLb IÕ‡gi m~Î Abyhvqx A‡bK †ewk we ỳ¨r cÖevn nq, Zvi 
Mig n‡q hvq, cøvw÷K cy‡o wM‡q Av¸b ch©šÍ a‡i hvq| ZvB me mg‡qB mZK© _vK‡Z nq †hb 
ˆe ỳ¨wZK Zv‡ii Ici Acwievnx Av¯ÍiUYUv AweK…Z Ges AÿZ _v‡K| 
 

(b) fv‡jv ms‡hvM 
hLb †Kv‡bv ˆe`y¨wZK hš¿cvwZ e¨envi Kivi mgq A‡bK we ỳ¨r e¨envi nq ZLb ˆe ỳ¨wZK ms‡hvM 

¸‡jv Lye fv‡jv n‡Z nq| ˆe`y¨wZK ms‡hvM fv‡jv bv n‡j †mLv‡b evowZ †iva ˆZwi nq Ges ܫଶܴ 
wn‡m‡e †mUv DËß n‡q †h‡Z cv‡i, DËß n‡q Acwievnx Av¯ÍiY cy‡o †h‡Z cv‡i, ‰e`y¨wZK 
ms‡hvM ÿwZMÖ¯Í n‡Z cv‡i| 
 

(c) Av ©̀ªZv 
cvwb we ỳ¨r cwievnx, Kv‡RB †Kv‡bv ˆe`y¨wZK mvwK©‡U cvwb Xz‡K †M‡j †mLv‡b kU© mvwK©U n‡q 
wec¾bK Ae¯’v n‡Z cv‡i| †nqvi Wªvqvi ev Bw¯¿i g‡Zv wRwbm cvwbi KvQvKvwQ e¨envi Kiv Lye 
wec¾bK, nVvr K‡i cvwb‡Z c‡o †M‡j Ges †mB cvwb †KD ¯úk© Ki‡j ˆe`y¨wZK kK †L‡q 
A‡bK eo wec` n‡Z cv‡i| 
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(d) mvwK©U †eªKvi Ges wdDR  
we ỳ¨‡Zi eo eo ỳN©Ubv nq hLb nVvr K‡i †Kv‡bv GKUv ÎæwUi Kvi‡Y A‡bK †ewk we`y¨r cÖevwnZ 
nq| nVvr K‡i wec¾bK we`y¨r cÖevn eÜ Kivi Rb¨ mvwK©U †eªKvi wKsev wdDR e¨envi Kiv nq| 
mvwK©U †eªKvi Ggbfv‡e ˆZwi Kiv nq †h Gi †fZi †_‡K wbivc` mxgvi †ewk we ỳ¨r cÖevwnZ n‡jB 
mvwK©U †eªK (wew”Qbœ) K‡i †`q| wdDR †m Zzjbvq LyeB mij GKUv c×wZ, GKwU h‡š¿ †h we`y¨r 
cÖevwnZ nq †mwU h‡š¿ †XvKv‡bvi Av‡M miæ GKUv Zv‡ii †fZi w`‡q †bqv nq| hw` †Kv‡bv Kvi‡Y 

†ewk we ỳ¨r hvIqvi †Póv K‡i wdD‡Ri miæ Zvi †mB (‡iva †ewk, Kv‡RB ܫଶܴ †ewk A_©vr Zvc 
†ewk) we ỳ¨‡Zi Kvi‡Y DËß n‡q cy‡o we ỳ¨r mieivn eÜ K‡i †d‡j| 
 

(e) mwVK ms‡hvM 

we ỳ¨r mieiv‡n me mg‡qB ỳwU Zvi _v‡K GKwU‡Z D”P wefe (RxešÍ ev Live) Ab¨wU †fv‡ëRnxb 

wbi‡cÿ (Neutral)| GKUv hš¿ hLb e¨envi Kiv nq ZLb Live Zvi †_‡K we ỳ¨r‡K h‡š¿i †fZi 
w`‡q Nywi‡q wbi‡cÿ Zvi w`‡q Zvi Dr‡m wdwi‡q †bqv nq| †fv‡ëRnxb wbi‡cÿ ZviwU wbivc` 
wKš‘ D”P wef‡ei ZviwU‡K mZK©fv‡e e¨envi Ki‡Z nq| †Kv‡bv hš¿cvwZ‡Z hLb GKUv myBP w`‡q 
we ỳ¨‡Zi ms‡hvM †`qv nq ZLb myBPwU D”P †fv‡ë‡Ri Zvi wKsev wbi‡cÿ Zvi `ywU‡ZB †`qv 
hvq| eyw×gv‡bi KvR nq hvLb myBPwU jvMv‡bv nq D”P †fv‡ë‡Ri Zv‡ii mv‡_ Zvn‡j ïaygvÎ hLb 
hš¿wU Pvj Kiv nq ZLbB D”P †fv‡ëR h‡š¿i †fZi cÖ‡ek K‡i| hLb hš¿wU eÜ _v‡K ZLb h‡š¿i 
†fZi †Kv_vI D”P †fv‡ëR _v‡K bv! 
 

(f) MÖvDÛ 
†Zvgiv hw` †Zvgv‡`i evmvq ¯‹y‡j wKsev Ab¨ †Kv_vI we ỳ¨‡Zi ms‡hvM jÿ K‡i _vK Zvn‡j 
†`L‡e me mgq AšÍZ `ywU ms‡hvM _v‡K GKwU D”P †fv‡ëR Ab¨wU wbDUªvj| wKš‘ †mB we ỳ¨‡Zi 
mv‡_ hw` g~j¨evb †Kv‡bv hš¿ hy³ Kiv nq (†hgb Kw¤úDUvi, wd«R) Zvn‡j †`L‡e †mLv‡b D”P 

wefe Avi wbDUªvj QvovI Z…Zxq GKUv ms‡hvM _v‡K, †hwU n‡q f~wg ms‡hvM ev ground. 
mvaviYZ GUv hš¿cvwZi XvKbv ev KvVv‡gv‡Z jvMv‡bv _v‡K| hw` †Kv‡bv ỳN©Ubvq hš¿cvwZwU 
we ỳ¨ZvwqZ n‡q hvq Zvn‡j XvKbv ev KvVv‡gvwU †_‡K f~wg‡Z mivmwi we ỳ¨r cÖevn n‡q hvqÑ 
we ỳ¨‡Zi GB cÖev‡ni Kvi‡Y mvaviYZ wdDR cy‡o hš¿wU wec`gy³ n‡q hvq| Kv‡RB †KD hw` fz‡j 
hš¿wU ¯úk© K‡i Zvi B‡jKwUªK kK LvIqvi AvksKv _v‡K bv| 
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Abykxjbx 
 
cÖkœ: 

 

Qwe 11.15: 1 wgUvi Ges 10 †m. wg. e‡M©i ỳwU 
eM©vK…wZi ỳwU †iwR÷i 

1. K¨vcvwmUi‡K wK e¨vUvwi wn‡m‡e e¨envi Kiv 
m¤¢e? 

2. wdjv‡g›U hy³ jvBU ev‡j¦i wdjv‡g›U IÕ‡gi 
m~Î gvb‡Q wK bv cixÿv Kiv KwVb †Kb? 

3. we ỳ¨r cÖevn n‡”Q B‡jKUªb cÖevn, hLb we ỳ¨r 
cÖevn nq ZLb B‡jKUªb¸‡jvi MwZ wKš‘ 
Zzjbvg~jKfv‡e Kg _v‡K| wKš‘ we ỳ¨r 
gyn~‡Z©i gv‡S cÖevwnZ nqÑ Kxfv‡e? 

4. mgvb wefe cv_©‡K¨ †ewk †iva †ewk Zvc 
‰Zwi K‡i bvwK Kg †iva †ewk Zvc ˆZwi 
K‡i? 

5. ‰e ỳ¨wZK Zv‡i KvK ev cvwL‡K gviv †h‡Z †`Lv hvq bvÑ wKš‘ eo ev`yo cÖvqB gviv hvqÑ KviY 
Kx? 

 
MvwYwZK mgm¨v: 

1Ω †i  me¸ j  e¨env  2Ω †iwR÷
2. †Zvgvi eÜz 1݉݉ cyiæ bvB‡μv‡gi cvZ w`‡q 1݉ ൈ 1݉ e‡M©i (Qwe 11.15) GKwU 

†iwR÷i ˆZwi K‡i‡Q| Zzwg 1ܿ݉ ൈ 1ܿ݉ e‡M©i GKwU †iwR÷i ˆZwi K‡iQ| †Zvgvi eÜzi 
ˆZwi †iwR÷‡ii gvb KZ? †Zvgvi †iwR÷‡ii gvb KZ? 

1. Amxg msL¨K wR÷v‡ii ‡ v i K‡i  vi ˆZwi K‡iv|  

 

Qwe 11.16: e¨vUvix I †iwR÷¨vÝ mshy³ ỳwU mvwK©U| 
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3. 11.16 (a) Qwe‡Z †`Lv‡bv mvwK©‡U w` ܦ we› ỳ‡K f~wgmsjMœ Kiv nq Zvn‡j ܥ ,ܤ ,ܣ I ܦ 
we› ỳ‡Z †fv‡ëR KZ? ܫ Gi gvb KZ? 

h

4. 11.16 (a) Qwe‡Z †`Lv‡bv mvwK©‡U ܦ e› ỳ‡K f~wgmsjMœ bv K‡i hw` ܥ we› ỳ‡K f  
nq Zvn‡j †fv‡ëR KZ? ܫ Gi gvb KZ?  

 w ~wgmsjMœ Kiv

5. 11.16  (b) Qwe‡Z †`Lv‡bv mvwK©‡U ܦ we› ỳ‡K f~wgmsjMœ Kiv n‡j mvwK©‡U ܥ ,ܤ ,ܣ I ܦ 
we› ỳ‡Z †fv‡ëR KZ? 
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Øv`k Aa¨vq 
we ỳ¨‡Zi †PŠ¤^K wμqv 

(Magnetic Effects of Current) 
 
 

Gbwi‡Kv dviwg 

 

Enrico Fermi (1901‐1954) 

Gbwi‡Kv dviwg GKRb BZvwjqvb c`v_©weÁvbx| wZwb c„w_exi cÖ_g 
wbDwK¬qvi wi-A¨v±i wkKv‡Mv-cvBj 1 ˆZwi K‡iwQ‡jb| Zuvi †Kvqv›Uvg 
w_Iwi, wbDwK¬qvi Ges cvwU©‡Kj w_Iwi‡Z A‡bK eo Ae`vb i‡q‡Q| wZwb 
gvÎ 37 eQi eq‡m c`v_©weÁv‡b †bv‡ej cyi¯‹vi †c‡qwQ‡jb| wØZxq 
gnvhy‡×i mgq Rvg©vwbi AvMÖvm‡bi weiæ‡× cȪ ‘Z _vKvi Rb¨ Av‡gwiKv‡Z 
†h wbDwK¬qvi †evgv ˆZwi Kiv nq wZwb †mLvb A‡bK eo f~wgKv 
†i‡LwQ‡jb| Z‡e Zuvi bvgwU †evR‡bi cvkvcvwk wek¦åþv‡Ði Ab¨ KYv 
dviwgI‡bi gv‡S †eu‡P _vK‡e| 
 
 
 
 
 

 

12.1 Pz¤^K (Magnet) 

 
‡Zvgiv mevB wbðqB Pz¤^K †`‡LQ, GKUv Pz¤^K †jvnv RvZxq c`v‡_©i Kv‡Q Avb‡j †mUv †jvnv‡K 
AvKl©Y K‡i| Pz¤^K Ges †jvnvi gvSLv‡b wKQy †bB wKš‘ GKUv A „̀k¨ kw³ †mUv‡K †U‡b Avb‡Q 
†mwU cÖ_gevi †`Lvi ci meviB GK ai‡bi we¯§q nq| hviv `ywU Pz¤^K nv‡Z wb‡q bvovPvov Kivi 

my‡hvM †c‡qQ Zviv wbðqB j¶ K‡iQ (Qwe 12.1) †h Pz¤^‡Ki ỳwU †giæ Ges †giæ ỳwU GK ai‡bi 
n‡q _v‡K Zvn‡j †mUv weKl©Y K‡i Avi †giæ ỳwU hw` wfbœ ai‡bi nq Zvn‡j AvKl©Y K‡i| 
Pz¤^‡Ki †giæ ỳwU‡K DËi Avi `w¶Y †giæ bvg †`qv n‡q‡Q KviY †`Lv †M‡Q GKUv Pz¤^K‡K Szwj‡q 
w`‡j †mUv DËi-`w¶Y eivei _v‡K, †h AskUzKy DËi w`‡K _v‡K †mUvi bvg DËi †giæÑ †hUv 
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`w¶Y w`K eivei _v‡K 
†mUv `w¶Y †giæ| GUv 
N‡U Zvi KviY c„w_exi 
GKUv †PŠ¤^K †¶Î 
i‡q‡Q, †Kv‡bv Pz¤^K 
†Svjv‡j †mB †¶Î 
eivei Pz¤^KUv wb‡R‡K 
mvwR‡q †bq| 

ỳ‡Uv Pz¤^K †Kgb 
K‡i G‡K Ab¨‡K 
AvKl©Y K‡i Avgiv 

†m¸‡jv wb‡q Av‡jvPbv Ki‡ZB cvwi wKš‘ mevi Av‡M Rvbv `iKvi Pz¤‡̂Ki †h ej †mUv Av‡m 
†Kv_v †_‡K? 

    Qwe 12.1: Pz¤^‡Ki wecixZ †giæ‡Z AvKl©Y I mg‡giæ‡Z weKl©Y nq| 

 

12.2 we ỳ¨‡Zi †PŠ¤^K wμqv (Magnetic Effect of Current) 

 
hviv mvaviYfv‡e Pz¤^K nv‡Z wb‡q bvovPvov K‡i‡Q Zvi wbðqB KíbvI Ki‡Z cvi‡e bv †h GwU 
we ỳ¨r †_‡K Avjv`v wKQz bq Ges we ỳ¨‡Zi cÖevn w`‡q Pz¤^K ˆZwi Kiv hvq| GKUv PvR© _vK‡j Zvi 

cv‡k †hgb Zwor †¶Î _v‡K wVK †m iKg GKUv Zv‡ii †fZi w`‡q we`y¨r cÖevwnZ n‡j †mB 
Zv‡ii Pvi cv‡k †PŠ¤^K †¶Î ˆZwi nq| aiv hvK Zywg GKUv KvW©‡ev‡W©i gvSLvb w`‡q GKUv Zvi 

XywK‡qQ Ges Kv‡W©i Ici A‡bK¸‡jv †QvU †QvU K¤úvm †i‡LQ (Qwe 12.2)| K¤úvm¸‡jv Aek¨B 

 

                                  Qwe 12.2: we ỳ¨r cÖevn‡K wN‡i K¤úv‡mi w`K| 
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DËi `w¶Y eivei _vK‡e wVK 
†h iKg _vKvi K_v| GLb 
hw` GB Zv‡ii †fZi w`‡q 
†Kv‡bvfv‡e we ỳ¨r cÖevwnZ 
Ki‡Z cvi (†gvUvgywU 
kw³kvjx) Zvn‡j Zzwg AevK 
n‡q †`L‡e nVvr K‡i me¸‡jv 
K¤úvm GKUv Av‡iKUvi 
†cQ‡b mvwie×fv‡e wb‡R‡`i 
mvwR‡q †b‡eÑ †Zvgvi ¯úó 
Abyf~wZ n‡e †h GB we ỳ¨r 
cÖev‡ni Rb¨ Zvi‡K wN‡i 
GKUv e„ËvKvi †PŠ¤^K †¶Î 
ˆZwi n‡q‡Q| 

Zzwg hw` we ỳ¨r cÖevn 
eÜ K‡i `vI Zvn‡j Avevi 
me¸‡jv †QvU †QvU K¤úvm 
DËi-`w¶Y eivei n‡q hv‡e| 
Gev‡i Zzwg hw` we ỳ¨r cÖev‡ni 
w`K cv‡ë `vI Zvn‡j †`L‡e 
Avevi K¤úvm¸‡jv wb‡R‡`i mvwR‡q †b‡e wKš‘ Gev‡i e„ËUvq K¤úv‡mi w`KUv n‡e D‡ëv w`‡K! 
Zvi KviY we ỳ¨r cÖevn me mgq Zv‡K wN‡i GKUv  †PŠ¤^K †ÿÎ ‰Zix K‡i| 

 

Qwe 12.3: we ỳ¨Z cÖevn‡K wN‡i ˆZix Pz¤^K †ÿÎ| Pz¤^K †ÿ‡Îi ïiæ 
wKsev †kl †bB (Dc‡ii Qwe)| ˆe`y¨wZK †ÿ‡Î ïiæ wKsev †kl _v‡K 
(wb‡Pi Qwe)|   

GKUv Zv‡ii †fZi w`‡q we ỳ¨r cÖevwnZ n‡j Zvi Rb¨ ˆZwi nIqv †PŠ¤̂K †iLv¸‡jvi w`K 
†Kvb w`‡K n‡e †mUv Wvb nv‡Zi wbqg w`‡q †ei Kiv hvq| ey‡ov AvOzjUv hw` we ỳ¨r cÖev‡ni w`K 
†`Lvq Zvn‡j nv‡Zi Ab¨ AvOzj¸‡jv †PŠ¤̂K †¶‡Îi w`KwU wb‡ ©̀k K‡i| 

eyS‡ZB cviQ PvR© ivLv n‡j Avgiv †h iKg Zvi Rb¨ Zwor †iLv Kíbv K‡i wb‡qwQjvg, 
we ỳ¨r cÖevn n‡j †mUv †evSv‡bvi Rb¨ †PŠ¤^K †iLv Kíbv K‡i †bqv hvq| †Zvgv‡`i Avevi g‡b 
Kwi‡q †`qvi Rb¨ Qwe‡Z cwRwUf PvR©, wb‡MwUf PvR©, wbP †_‡K Dc‡i we ỳ¨r cÖevn Ges Ici 
†_‡K wb‡P we ỳr cÖev‡ni Rb¨ †h Zwor †iLv Ges †PŠ¤^K †iLv n‡Z cv‡i †mUv Gu‡K †`Lv‡bv n‡jv| 

(Qwe‡Z 12.3) ‡PŠ¤^K †iLvi mv‡_ Zzjbv Kivi R‡b¨ cwRwUf Ges wb‡MwUf Pv‡R©i Zwor †iLv 
†`Lv‡bv n‡jv| 
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‡Zvgiv hw` Zwor †iLv Ges †PŠ¤^K †iLv¸‡jv 
Zyjbv Ki Zvn‡j GKUv PgKcÖ̀  welq Avwe®‹vi Ki‡e| 
Zwor †iLvi ïiæ Av‡Q (cwRwUf) wKsev †kl (wb‡MwUf) 
Av‡Q| cwRwUf PvR© n‡j †mLvb †_‡K Zwor †iLv ïiæÑ 
nq Ges wb‡MwUf PvR© _vK‡j †mLv‡b Zwor †iLv †kl nq| 
wKš‘ †PŠ¤^K †iLvi †Kv‡bv ïiæ wKsev †kl †bB! †PŠ¤^K 
†iLv me mg‡q c~Y©v½! GwU c`v_©weÁv‡bi Lye ¸iæZ¡c~Y© 
GKwU welq| 

 

Qwe 12.4: we ỳ¨Z cÖevnx Zvi‡K wN‡i 
†PŠ¤̂K †ÿÎ| 

  
D`vniY 12.1:  12.4 Qwe‡Z †`Lv‡bv Dcv‡q we ỳ¨r eB‡qi †fZi †_‡K Dc‡ii w`‡K hv‡”Q, 
†PŠ¤̂K †ÿÎ †KvbwU mwVK? 
 
DËi: evg w`‡KiwU mwVK| 

 
12.2.1 K‡qj 
GKUv Zvi hw` †mvRv _v‡K Ges Zvi †fZi w`‡q we`y¨r 

cÖevn n‡j †PŠ¤^K †iLv †Kgb nq †mUv 12.3 Qwe‡Z 
†`Lv‡bv n‡qwQj| hw` ZviUv †mvRv bv n‡q e„ËvKvi nq 

Zvn‡j †PŠ¤^K †iLv †Kgb n‡e? 12.5 Qwe‡Z †mUv 
†`Lv‡bv n‡q‡Q| eyS‡ZB cviQ we ỳ¨r cÖevn hZ †ewk n‡e 

†PŠ¤^K †¶ÎwU ZZ 
kw³kvjx n‡e| GKUv 
Zv‡ii †fZi w`‡q 
KZLvwb we ỳ¨r cÖevwnZ Kiv hvq Zvi GKUv mxgv Av‡Q, ZviUv 

  wn‡m‡e Mig n‡q hvqÑ ZvQvovI me‡P‡q †ewk K‡ZvLvwb 
we ỳ¨r cÖevn †`qv m¤¢e †mUv we ỳ¨‡Zi Dr‡mi Ici wbf©i K‡i| 
ZvB hw` kw³kvjx †PŠ¤^K †¶Î ˆZwi Ki‡Z nq Zvn‡j GKUv gvÎ 
e„ËvKvi jyc- Gi Ici wbf©i bv K‡i Acwievnx Av¯ÍiY w`‡q XvKv 
Zvi w`‡q A‡bKevi c üvwP‡q GKUv KÊyjx ev K‡qj ˆZwi Kiv nq| 
†mB KzÊyjx w`‡q kw³kvjx †PŠ¤^K †¶Î ˆZwi Kiv hvq| K‡q‡ji 
cÖ‡Z¨KUv jycB Zvi †fZi w`‡q cÖevwnZ we ỳy¨‡Zi Rb¨ †PŠ¤̂K †ÿÎ 
ˆZwi Ki‡e, ZvB mw¤§wjZ †PŠ¤^K †ÿÎ n‡e A‡bK ¸Y †ewk| 

ଶܴܫ

Qwe 12.5: jy‡ci †fZi w`‡q we ỳ¨r 
cÖev‡ni Kvi‡Y ˆZwi †PŠ¤̂K †ÿÎ| 

 

Qwe 12.6: jy‡ci †fZi 
we ỳ¨r cÖevn Ki‡j Wvb 
nv‡Zi wbqg e¨envi K‡i 
†PŠ¤̂K †ÿÎ †ei Kiv hvq| w
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e„ËvKvi Zv‡ii †fZi w`‡q we`y¨r 
cÖevwnZ n‡j Zvi †PŠ¤^K †¶Î †Kvb w`‡K 
n‡e †mUvI Wvb nv‡Zi wbqg w`‡q †ei Kiv 
hvq| ey‡ov AvOzjwU n‡e †PŠ¤^K †¶‡Îi w`K 
hw` Ab¨ AOyj¸‡jv we ỳ¨r cÖev‡ni w`K 
†`Lvq| GKUv Zv‡ii KzÛyjx Avm‡j `Ê 
Pz¤^‡Ki g‡Zv KvR K‡i Ges ey‡ov AvOy‡ji 
w`KUv n‡e GB Pz¤^‡Ki DËi †giæ|  

GKUv Zv‡ii †fZi w`‡q we ỳ¨r 
cÖevwnZ n‡j Zvi Rb¨ ˆZwi nIqv †PŠ¤^K 
†iLv¸‡jvi w`K †Kvb w`‡K n‡e †mUv Wvb 
nv‡Zi wbqg w`‡q †ei Kiv hvq| ey‡ov 
AvOzjUv hw` we ỳ¨r cÖev‡ni w`K †`Lvq 
Zvn‡j nv‡Zi Ab¨ AvOzj¸‡jv †PŠ¤^K †¶‡Îi 
w`KwU wb‡`©k K‡i| 

 

Qwe 12.7: we ỳ¨Z cÖev‡ni Kvi‡Y G‡jv‡g‡jvfv‡e _vKv 
†QvU †QvU Pz¤^K¸wj mvwie× n‡q kw³kvjx †PŠ¤^K †ÿÎ 
ˆZix K‡i| 

 

12.2.2 Zwor Pz¤̂K 
ïay gvÎ we ỳ¨r e¨envi K‡i †h †PŠ¤̂K †¶Î ˆZwi Kiv hvq Zvi †_‡K A‡bK †ewk kw³kvjx †PŠ¤^K 
†¶Î ˆZwi Kiv m¤¢e hw` GB KyÊyjxi †fZi GK UzK‡iv †jvnv XywK‡q †`qv hvq| †jvnv, †Kvevë 
Avi wb‡Kj GB wZbwU avZyi we‡kl †PŠ¤^Kxq ag© Av‡Q| G ¸‡jv‡K G‡jv‡g‡jvfv‡e _vKv AmsL¨ 
†QvU †QvU Pz¤^K wn‡m‡e Kíbv Kiv hvq| †h‡nZz me¸‡jv †QvU †QvU Pz¤^K G‡jv‡g‡jvfv‡e Av‡Q 

ZvB cy‡iv †jvnvi UyK‡ivUv †Kv‡bv Pz¤^K wn‡m‡e 
KvR K‡i bv|  

Qwe 12.8: w¯úKv‡i Zwor Pz¤^K e¨envi Kiv nq| 

wKš‘ hLb GUv‡K GKUv K‡qj ev 
mwjb‡q‡Wi gv‡S †XvKv‡bv nq Ges †mB 
mwjb‡q‡W we ỳ¨r cÖevwnZ Kiv nq ZLb †mUv †h 
†PŠ¤^K †¶Î ˆZwi K‡i †mUv †jvnvi UzKivi †QvU 
†QvU Pz¤^K¸‡jv‡K mvwie× K‡i †d‡j ZvB we`y¨r 
cÖev‡ni Rb¨ ˆZwi †PŠ¤^K †¶‡Îi mv‡_ mv‡_ 
†jvnvi wbR¯^ †PŠ¤^K †¶Î  GKÎ n‡q A‡bK 
kw³kvjx GKUv †PŠ¤^K †¶Î ˆZwi n‡q hvq (Qwe 
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12.7)| gRvi e¨vcvi n‡”Q we ỳ¨r cÖevn 
eÜ Kivi mv‡_ mv‡_ †jvnvi UzK‡ivi 
†fZiKvi mvwie× †QvU †QvU Pz¤^K¸‡jv 
me Avevi G‡jv‡g‡jv n‡q hv‡e Ges 
cy‡iv †PŠ¤^K †¶Î A „̀k¨ n‡q hv‡e| 

Gfv‡e ˆZwi Kiv Pz¤^K‡K ejv 
nq Zwor Pz¤^K| Zwor Pz¤^‡Ki e¨env‡ii 
†Kv‡bv †kl †bB| w¯úKv‡i ev 
Gqvi‡dv‡b †h kã †kvbv hvq †mLv‡b 

Zwor Pz¤^K e¨envi Kiv nq| (Qwe 12.8) 
GLv‡b k‡ãi K¤úb Ges ZxeªZvi mgvb we`y¨r 
cÖevn cvVv‡bv nq †mB we`y¨r GKUv Zwor 
Pz¤^‡Ki †PŠ¤^KZ¡ k‡ãi K¤úb ev ZxeªZvi 
Dc‡hvMx K‡i ˆZwi K‡i †mUv GKUv 
Wvqvd«vg‡K Kuvcvq Ges ‡mB Wvqvd«vg mwVK 
kã ˆZwi K‡i|   

 

Qwe 12.9: Pz¤^K †ÿ‡Î PvR© avegvb n‡j GKwU ej Abyfe 
K‡i| e‡ji w`K Wvb nv‡Zi wbqg w`‡q †ei Kiv m¤¢e| 

 

Qwe 12.10:  †PŠ¤^K †ÿ‡Î B‡jKUªb Ges cwRUª‡bi 
MwZi wPý| B‡jKUªb Ges cwRUªb Zv‡`i wfbœ Pv‡R©i 
Rb¨ hvevi mgq ỳwU wfbœ w`‡K ej Abyfe K‡i| ZvB 
B‡jKUª‡bi wb‡MwUf PvR© †mwU GK w`‡K ej Abyfe 
K‡i, cwRUª‡bi cwRwUf PvR© ZvB †mwU Ab¨ w`‡K ej 
Abyfe K‡i| 

 

12.3 Zwor †PŠ¤^Kxq ej 
 
Avgiv Rvwb Zwor †¶‡Î GKUv PvR© ivLv n‡j 
†mUv GKUv ej Abyfe K‡i Ges Avgiv 
†mUv‡K Kzj¤̂ ej e‡j _vwK| Avgiv e‡jwQ 
†PŠ¤^K †¶‡Î Av‡iKUv Pz¤^K ivL‡j †mwU 
AvKl©Y Ges weKl©Y ej Abyfe K‡i| GLb 
cÖkœ n‡”Q †PŠ¤^K †¶‡Î GKUv PvR© ivLv n‡j 
†mwU wK †Kv‡bv ej Abyfe K‡i ?   

Gi DËiwU LyeB we¯§qKiÑ PvR©wU hw` 
w¯’i _v‡K Zvn‡j †Kv‡bv ej Abyfe K‡i bv 
wKš‘ PvR©wU hw` Pjgvb nq A_©vr Pv‡R©i hw` 
†eM _v‡K Zvn‡j GKUv ej Abyfe K‡i| GB 
ejwU †PŠ¤̂K †¶‡Îi w`‡KI bq, †e‡Mi w`‡KI 
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bq - GB ejwU †PŠ¤^K †¶Î Ges †eM ỳ‡Uvi mv‡_B j¤^fv‡e KvR K‡i| Kx wewPÎ! 

hw` †eM Ges †PŠ¤^K †¶Î G‡K Ac‡ii Ici j¤^ nq Zvn‡j GB e‡ji cwigvY ܤݒݍ 

†hLv‡b ݍ n‡”Q PvR©, ݒ n‡”Q †eM Ges ܤ n‡”Q †PŠ¤^K †¶‡Îi ZxeªZv| 12.9 Qwe‡Z †`Lv‡bv Wvb 
nv‡Zi wbqg e¨envi K‡i †mB ejwUii w`K †ei Ki‡Z cvi‡e|   

Zxeª †PŠ¤^K †¶‡Î B‡jKUªb Ges cwRUªb hvevi mgq wfbœ w`‡K ej Abyfe K‡i, KviY 
B‡j±ª‡bi PvR© wb‡MwUf wKš‘ Zvi cÖwZ c`v_© cwRUª‡bi PvR© cwRwUf ZvB B‡jKUªb †h w`‡K †eu‡K 

hv‡”Q cwRUªb †eu‡K hvq Zvi D‡ëv w`‡K| (Qwe 12.10) 
 

D`vniY 12.2:  GKwU Zvi †PŠ¤^K †ÿ‡Î †i‡L Zvi 
†fZi w`‡q we ỳ¨r cÖevn Ki‡j †mwU †Kvb w`‡K ej 
Abyfe Ki‡e? 

 

Qwe 12.11: †PŠ¤^K †ÿ‡Î we ỳ¨r cÖev‡ni Kvi‡Y 
AbyfzZ ej| 

 
DËi: Avgiv Wvb nv‡Zi wbqg (Qwe 12.11) †_‡K 
Rvwb nv‡Zi Pvi AvOz‡ji w`KwU hw` Pv‡R©i †eM, 
AvOyj¸‡jv 90° †Z fuvR K‡i Avbvi ci w`K hw` 
†PŠ¤^K †ÿ‡Îi w`K nq Zvn‡j ey‡ov AvOyjwU ej 
†`Lv‡e| 
 
Qwe‡Z ܫ Gi w`‡K PvR© cÖevwnZ n‡”Q Kv‡RB †mwU ࢜ 
Gi w`K, †PŠ¤̂K †ÿÎ ܰ †_‡K ܵ Gi w`‡K Kv‡RB 
Wvb nv‡Zi wbqg w`‡q ej‡Z cvwi ejwU Dc‡ii w`‡K| 

 

12.3.1 Zwor cÖevnx Zv‡ii Ici Pz¤^‡Ki cÖfve 
Avgiv Rvwb GKUv Pz¤^K Ab¨ Pz&¤^‡Ki mg †giæ‡Z weKl©Y Ges wecixZ †giæ‡K AvKl©Y K‡i| 
Avevi GKUv Zv‡ii †fZi w`‡q we`y¨r cªevwnZ n‡j †mwU Zv‡K wN‡i GKwU †PŠ¤^K †¶Î ˆZwi 
K‡i| Kv‡RB GKUv †PŠ¤̂K †¶‡Î hw` GKUv Zvi ivLv nq Ges †mB Zv‡ii †fZi w`‡q we ỳ¨r 

 

      Qwe 12.12: †PŠ¤^K †ÿ‡Î we ỳ¨r cÖevnx Zvi ivLv n‡j †mwU GKwU ej Abyfe K‡i| 
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cÖevwnZ Kiv nq Zvn‡j ZviwU †PŠ¤^K †ÿÎ ‰Zix Kivi Kvi‡Y GKwU ej Abyfe K‡i| 12.12 
Qwe‡Z GKUv Py¤^‡Ki DËi †giæ †_‡K `w¶Y †giæ‡Z hvIqv †PŠ¤^K †iLv Ges Zvi gv‡S GKUv 
Zvi‡K †`Lv‡bv n‡q‡Q, ZviwU KvM‡Ri †fZi †_‡K Dc‡ii w`‡K †ei n‡q G‡m‡Q| Zv‡ii  †fZi 
w`‡q  wbP †_‡K Dc‡i we`y¨r cÖevn n‡j GwU Zv‡K wN‡i e„ËvKvi †PŠ¤^K †¶Î ˆZwi Ki‡e Ges 
DËi †giæ †_‡K `w¶Y hvIqv †PŠ¤^K †¶‡Îi mv‡_ hy³ n‡q †PŠ¤^K †iLv‡K cybwe©b¨vm Ki‡e| 
Zv‡ii wb‡P †ekx msL¨K †PŠ¤^K †iLv Ges Dc‡i Kg msL¨K †PŠ¤^K †iLvi ˆZwi n‡eÑ †hwU 
ZviwU‡K Dc‡ii w`‡K †V‡j w`‡e|  

hw` ZviwU‡Z we ỳ¨r cÖev‡ni w`K cwieZ©b Kiv nq Zvn‡j Zvi‡K wN‡i e„ËvKvi †PŠ¤^K 
†¶‡Îi w`K cv‡ë hv‡e Ges ZLb Zv‡ii Dci †PŠ¤^K †iLvi NbZ¡ †e‡o hv‡e †hwU ZviwU‡K wb‡Pi 
w`‡K †V‡j w`‡e| 

 

 

Qwe 12.13: ˆe ỳ¨wZK †gvUi GKwU Zwor Pz¤^‡Ki †fZi w`‡q Ggbfv‡e we ỳ¨r cÖevn Kiv‡bv nq †hb me mg‡qB 
GwU Nyi‡Z _v‡K 

12.3.2 wWwm †gvUi  
GKwU Zv‡ii †fZi w`‡q Lye †ewk we ỳ¨r cÖevwnZ Kiv hvq 
bv ZvB †PŠ¤^K †¶‡Î Zvi Ici kw³kvjx ej cÖ‡qvM Kiv 
hvqbv| wKš‘ hw` A‡bK¸‡jv cvK w`‡q GKUv Zv‡ii 
KzÊyjx ˆZwi Kiv hvq Ges Zvi †fZ‡i GKUv †jvnvi 
UzK‡iv ev Av‡g©Pvi ivLv nq Zvn‡j Zv‡ii †fZi nvjKv 
we ỳ¨r cÖevwnZ Kiv n‡jB kw³kvjx †PŠ¤^K †¶Î ‰Zwi Kiv 
hvq| GB K‡qj‡K Avgiv GKUv `Ê Pz¤^K wn‡m‡e Kíbv 
K‡i Ab¨ †PŠ¤̂K †¶‡Î Zv‡K ivLv n‡j †mwU Kx ai‡bi 
e‡ji gy‡LvgywL n‡e Ges †m Kvi‡Y †mwUi †Kvb w`‡K MwZ 

n‡e †mUv we‡kølY Ki‡Z cvwi| 12.13 Qwe‡Z G iKg 
GKUv K‡qj †PŠ¤^K †¶‡Î †Kvbw`‡K ej Abyfe Ki‡e 
†`Lv‡bv n‡q‡Q| K‡qjwU‡K hw` Zvi †K› ª̀ eivei GKUv 

Qwe 12.14: GKwU ˆe ỳ¨wZK †gvUi 
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A‡¶ Nyi‡Z †`qv nq Zvn‡j GwU c‡ii Qwei g‡Zv Ae¯’v‡b hvevi †Póv Ki‡e|  
hw` †Kv‡bv we‡kl Ae¯’v ˆZwi K‡i c‡ii Ae¯’v‡b hvevi mv‡_ mv‡_ K‡q‡ji we`y¨r 

cÖev‡ni w`K cwieZ©b K‡i †`qv hvq Zvn‡j †mLv‡b †cuŠQv‡bvi mv‡_ mv‡_ K‡qj w`‡q ˆZwi `Ê 
Pz¤^KwUi DËi †giæ `w¶Y †giæ‡Z Avi `w¶Y †giæ DËi †giæ‡Z cv‡ë hv‡e ZvB Avevi †mwU m‡i 
hvevi †Póv Ki‡e A_©vr GwU GKwU N~Y©b ej Abyfe Ki‡e! GwU †Póv Ki‡e c‡ii ¯’vqx Ae¯’v‡b 
†cuŠQv‡Z wKš‘ †mLv‡b †cuŠQv‡bvi mv‡_ mv‡_ GUvi we`y¨‡Zi w`K cwieZ©b K‡i w`‡j GwU †mLv‡b 
†_‡g hv‡e bvÑ Avevi Nyi‡Z ïiæ Ki‡e| ZvB hLbB GUv GKUv ¯’vqx Ae¯’v‡b †cuŠQv‡e ZLbB hw` 
GUv‡Z Ggbfv‡e we`y¨r cÖevn Kiv‡bv nq †h GwU GKwU NyY©b ej Abyfe K‡i Zvn‡j GwU Nyi‡ZB 
_vK‡e| 

we ỳ¨‡Zi w`K cwieZ©b Kivi Rb¨ LvwbKUv hvwš¿K †KŠkj e¨envi Ki‡Z nq, g~j K‡qj †h 
A‡¶ Nyi‡Z _v‡K †mB N~Y©vqgvb A¶wUi `yB cv‡k K‡q‡ji `ywU Zvi Ggbfv‡e emv‡bv nq †hb 
†mwU g~j we ỳ¨r cÖev‡ni Uvwg©bvj‡K ¯úk© K‡i _v‡KÑ †mUv hLbB ¯úk© K‡i ZLbB Ggbfv‡e 
we ỳ¨r cÖevwnZ Ki‡e †hb me mg‡qB †mwU K‡qjwU‡K mwi‡q †`Iqvi †Póv K‡i|  

‡Zvgv‡`i‡K †evSv‡bvi Rb¨ (Qwe 12.14) GUv‡K mnRfv‡e †`Lv‡bv n‡q‡Q| mwZ¨Kvi 
†gvU‡i Av‡g©Pvi‡K wN‡i †ek A‡bK¸‡jv K‡qj _vK‡Z cv‡i Ges cÖ‡Z¨KUv K‡qj Zviv wb‡Ri 
g‡Zv K‡i KwgDUvi †_‡K we ỳ¨r cÖevn cvq Ges Av‡g©PviwU Nyi‡Z _v‡K| 
 

12.3.3 Gwm †gvUi 
wWwm †gvU‡i Av‡g©Pvi Ges K‡q‡ji N~Y©‡bi Rb¨ cÖwZ N~Y©‡bB we`y¨‡Zi ms‡hvM †K‡U b~Zb K‡i 
w`‡Z nq †hb we`y¨r cÖev‡ni w`K cwieZ©b nq| Gwm †gvU‡i †mUv cÖ‡qvRb nq bv Zvi KviY 
†Zvgiv Rvb| Gwm B‡jKwUªK mvcøvB‡q †m‡K‡Û cÂvkevi wefe w`K cwieZ©b K‡i| ZvB 
Av‡g©PviwU wb‡R wb‡RB Zvi Pz¤^‡Ki w`K cwieZ©b K‡i ! N~Y©bwU Ggbfv‡e mvRv‡bv nq †hb hLbB 
Pz¤^‡Ki w`K cwieZ©b nq ZLb †hb †mwU Ggb GKwU †PŠ¤^K †¶‡Î _v‡K †hLv‡b †PŠ¤^K †¶ÎwU 
Av‡g©Pvi‡K mwi‡q w`‡q Nyiv‡bvi †Póv Ki‡e| 
 

12.4 Zwor †PŠ¤^K Av‡ek (Electromagnetic Induction) 

 
Avgiv Avgv‡`i Pvicv‡k AmsL¨ hš¿cvwZ‡K Nyi‡Z †`wL ZvB Avgv‡`i g‡b n‡Z cv‡i GUvB eywS 
Pz¤^K Ges †PŠ¤^K †¶‡Îi me‡P‡q eo Ae`vb! Avm‡j Pz¤^‡Ki Ges †PŠ¤^K †¶‡Îi me‡P‡q eo 
Ae`vb wKš‘ Zvi Zwor Av‡ekÑ A_©vr †PŠ¤^K †¶Î w`‡q  we`y¨r ˆZwi Kiv| weÁvbx I‡qi‡÷W 
cÖ_‡g †`wL‡qwQ‡jb †Kv‡bv GKUv cwievnx Zv‡ii jy‡ci †fZi hw` †PŠ¤^K †¶‡Îi  cwieZ©b Kiv 
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nq Zvn‡j †mB jy‡ci †fZi Zwo”PvjK 

kw³  ˆZwi nq †hUv †mB jy‡ci 
†fZi w`‡q we ỳ¨r cÖevwnZ Ki‡Z cv‡i| 
GB welqwU e¨envi K‡i we ỳ¨r †Rbv‡iUi 
ˆZwi Kiv n‡q‡Q †hL‡b cwievnx Zv‡ii 
†fZi w`‡q †PŠ¤^K †¶‡Îi cwieZ©b K‡i 
we ỳ¨r ˆZwi nq|  

ሺܨܯܧሻ

†Kv‡bv we ỳ¨r cÖevwnZ n‡e bv| ïaygvÎ hLb Pz¤^KwU bvwo‡q †PŠ¤^K †¶Î cwieZ©b Kiv n‡e ZLb 
we ỳ¨r cÖevwnZ n‡e| 

GKUv K‡q‡ji ỳB gv_v hw` GKUv 
GwgUv‡i jvMv‡bv nq Ges hw` †mB 
K‡q‡ji †fZi GKUv `Ê Pz¤^K †XvKv‡bv 

nq (Qwe 12.15) Zvn‡j Avgiv wVK 
†XvKv‡bvi mgq GwgUv‡i GK SjK we`y¨r 
cÖevn †`L‡Z cve| Avgiv hLb Pz¤^KUv 
†U‡b †ei K‡i Avbe ZLb Avevi Avgiv 
GwgUv‡i GK SjK we`y¨r cÖevn †`LeÑ Z‡e Gev‡i D‡ëv w`‡K| Avgiv hw` Pz¤^‡Ki †giæ cwieZ©b 
Kwi Zvn‡j GwgUv‡iI we ỳ¨‡Zi w`K cwieZ©b †`L‡Z cve ! 

Qwe 12.15: mwjb‡q‡W Pz¤^K cÖ‡ek Kiv‡bvi mgq we ỳ¨Z 
cÖevn †`Lv hvq| 

GB cix¶vwU Kivi mgq Avgiv K‡q‡ji †fZi †PŠ¤^K †¶Î cwieZ©b Kivi Rb¨ GKUv 
Pz¤^K‡K K‡q‡ji †fZi wb‡qwQ Ges †ei K‡i G‡bwQ| Avgiv Ab¨ †Kv‡bvfv‡e †PŠ¤^K †¶Î 
cwieZ©b Ki‡Z cviZvg Zvn‡jI Avgiv GKB welq †`L‡Z †cZvg| K‡q‡ji †fZi †PŠ¤^K †¶Î 
cwieZ©b Kivi Av‡iKUv Dcvq n‡”Q Gi Kv‡Q Pz¤^‡Ki e`‡j wØZxq GKUv K‡qj wb‡q Avmv Ges 
†mB K‡q‡j we`y¨r cÖevwnZ Kwi‡q †mLv‡b †PŠ¤^K †¶Î ˆZwi Kiv| hw` wØZxq K‡qjwU‡Z †PŠ¤^K 
†¶Î ˆZwi Kivi Rb¨ GKUv e¨vUvwi‡K GKUv myBP w`‡q ms‡hvM †`qv nq Zvn‡j myBPwU Ab K‡i 
wØZxq K‡q‡j †PŠ¤^K †¶Î ˆZwi Kiv hv‡e Avevi myBPwU Ad K‡i †PŠ¤^K †¶Î A „̀k¨ K‡i †`qv 
hv‡e| cÖ_g K‡qjwUi Kv‡Q wØZxq K‡qjwU †i‡L hw` †mwU‡Z †PŠ¤̂K †¶Î GKevi ‰Zwi Kiv nq 
Ges Av‡iKevi wbt‡kl Kiv nq Zvn‡j cÖ_g K‡q‡ji †fZi †PŠ¤^K †¶‡Îi cwieZ©b n‡e Ges 
Avgiv GgwgUv‡i †mRb¨ we`y¨r cÖevn †`Le! myBP Ab K‡i hLb we`y¨r cÖevn ˆZwi Kiv n‡e ZLb 
GgwgUv‡ii GKw`‡K Zvi KvUvwU b‡o we ỳ¨r cÖevn †`Lv‡eÑ my&BPwU Ad Kivi mgq Avevi KvUvwU 
Ab¨ w`‡K b‡o wecixZ w`‡K we ỳ¨r cÖevn †`Lv‡e !  

GLv‡b †h welqwU g‡b ivL‡Z n‡e †mwU n‡”Q hLb †PŠ¤^K †¶Î cwieZ©b nq ïaygvÎ ZLb 
we ỳ¨r cÖevn nq| GKUv K‡q‡ji gvSLv‡b cÖPÊ kw³kvjx GKUv Pz¤^K †i‡L w`‡j wKš‘ K‡qj w`‡q 
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12.4.1 †Rbv‡iUi 
†gvUi Kxfv‡e KvR K‡i †mUv hLb Avgiv †evSvi †Póv KiwQjvg ZLb †`‡LwQ †mLv‡b GKUv 

GKUv K‡q‡j we`y¨r cÖevn Kiv‡bv nq †h Kvi‡Y †mUv Ny‡i| Gev‡i e¨vcviUv 

vU‡ii K‡qj‡K Avgiv Nywi‡qwQ, †mB K‡qjwU‡K 
†Nviv‡j

 
‡PŠ¤^K †¶‡Îi cwieZ©b n‡j we`y¨r ˆZwi nqÑ GwU e¨envi K‡i UªvÝdg©vi ˆZwi Kiv nq| UªvÝdg©vi 

evSvi Rb¨ 12.16 Qwe‡Z GKUv AvqZvKvi †jvnvi g¾v ev †Kvi †`Lv‡bv 

Kg‡e 

†PŠ¤^K †¶‡Îi gv‡S 
GKUz Ab¨fv‡e wPšÍv Kiv hvK, †gvU‡ii K‡q‡j hw` Avgiv e¨vUvwii ms‡hvM bv w`‡q †mLv‡b GKUv 
GwgUvi jvwM‡q K‡qjUv †NvivB Zvn‡j Kx n‡e ? 

Aek¨B ZLb K‡q‡ji gv‡S †PŠ¤^K †¶‡Îi cwieZ©b n‡e Kv‡RB KzÊyjxi †fZi w`‡q 
we ỳ¨r cªevn n‡e| A_©vr we`y¨r cÖevn Kwi‡q †h †g

 wVK Zvi D‡ëv e¨vcviUv N‡UÑ we`y¨r ˆZwi nq|  Gfv‡eB †Rbv‡iUi ˆZwi nq| A_©vr wWwm 
†gvU‡ii Av‡g©Pvi‡K †Nviv‡j †mUv wWwm we`y¨r cÖevn †`q, Gwm †gvUi‡K †Nviv‡j wVK †mfv‡e Gwm 
we ỳ¨r cÖevn †`q| 

 

12.4.2 UªvÝdg©vi 

Kxfv‡e KvR K‡i †
n‡q‡Q| GB †Kv‡ii `yB cv‡k cwievnx Zvi cu¨vPv‡bv n‡q‡QÑ Aek¨B GB cwievnx Zv‡ii Ici 
Acwievnx Av¯ÍiY i‡q‡Q †hb GU avZe †Kv‡bv wKQz‡K ¯úk© Ki‡jI ÒkU© mvwK©UÓ bv nq| Qwe‡Z 
†`Lv‡bv n‡q‡Q †Kv‡ii evg cv‡k GKUv Gwm †fv‡ë‡Ri Drm jvMv‡bv n‡q‡Q| ZviwU †h‡nZy 
†jvnvi †Kvi‡K wN‡i jvMv‡bv n‡q‡Q ZvB hLb we`y¨r cÖevwnZ n‡e ZLb †jvnvi †fZ‡i †PŠ¤^KZ¡ 
ˆZwi n‡e Ges †mB †PŠ¤̂K ej †iLv AvqZvKvi †jvnvi †fZi w`‡q hv‡e| 

Avgiv †h‡nZz Gwm †fv‡ë‡Ri Drm 
jvwM‡qwQ ZvB †jvnvi †Kv‡i †PŠ¤^KZ¡ evo‡e 

Ges w`K cwieZ©b Ki‡e, A_©vr 
μgvMZ †PŠ¤^K †¶‡Îi cwieZ©b n‡e| 
†jvnvi †Kv‡ii Ab¨ cv‡kI Zvi c üvPv‡bv 
Av‡Q (Aek¨B Acwievnx Avei‡Y XvKv) 
†mB K‡q‡ji gv‡S †jvnvi †Kv‡ii †fZi 
w`‡q †PŠ¤̂K †¶ÎwUi μgvMZ cwieZ©b n‡Z 
_vK‡e Ges GB cwieZ©b Wvb cv‡ki K‡q‡j 

GKUv Zwo”PvjK kw³ ev ܨܯܧ ˆZwi 
Ki‡eÑ GKUv †fvë wgUv‡i Avgiv †mUv 

Qwe 12.16: UªvÝdg©v‡ii cÖvBgvix K‡q‡j Gwm 
c‡Ubwkqvj cÖevn Kiv n‡j †m‡KÛvix K‡q‡j †mwU 
c‡Ubwkqvj ‰Zix K‡i| 
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B‡”Q Ki‡j †`L‡ZI cvie| GB c×wZ‡Z mivmwi ˆe ỳy¨wZK ms‡hvM QvovB GKwU K‡qj †_‡K Ab¨ 
K‡q‡j we ỳ¨r cvVv‡bvi cÖwμqv‡K e‡j UªvÝdg©vi| 

GB  UªvÝdg©vi w`‡q Avgiv AZ¨šÍ PgKcÖ` wKQz welq Ki‡Z  cvwi| `yB cv‡k K‡q‡ji 
c üvP msL¨v hw` mgvb nq Zvn‡j evg w`‡K Avgiv †h Gwm †fv‡ëR cÖ‡qvM Kie Wvb w`‡K wVK 
†mB Gwm †fv‡ëR †diZ cve| Wvbw`‡K cu¨v‡Pi msL¨v hw` `k ¸Y †ewk nq Zvn‡j †fv‡ëR `k 
¸Y †ewk n‡e| cu¨v‡Pi msL¨v hw` `k¸Y Kg nq Zvn‡j †fv‡ëR `k¸Y Kg n‡e| evg w`‡Ki 
K‡qj †hLv‡b Gwm †fv‡ëR cÖ‡qvM Kiv nq Zvi bvg cÖvBgvwi K‡qj Ges Wvb w`‡K †hLvb †_‡K 
†fv‡ëR †diZ †bqv nq Zvi bvg †m‡KÛvwi K‡qj|   

‡Zvgiv nq‡Zv g‡b Ki‡Z cvi hw` mwZ¨ GUv NUv‡bv m¤¢e nq Zvn‡j Avgiv cÖvBgvwi‡Z 
Aí msL¨K cu¨vP w`‡q nvjKv †fv‡ëR cÖ‡qvM K‡i, †m‡KÛvwi K‡q‡j A‡bK †ewk cu¨vP w`‡q 
wekvj GKUv †fv‡ëR †ei K‡i AdzišÍ ˆe ỳ¨wZK kw³i e¨e ’̄v K‡i †dwj bv †Kb? GLv‡b GKwU 
welq g‡b ivL‡Z n‡e cÖwZ †m‡K‡Û KZUzKz ˆe ỳ¨wZK kw³ cÖ‡qvM Kiv n‡”Q †mUv cwigvc Kiv nq 

 w`‡q, GKUv UªvÝdg©v‡i cÖvBgvwi‡Z †h cwigvY ܸܫ cÖ‡qvM Kiv nq †m‡KÛvwi K‡qj †_‡K wVK 

†mB  cwigvY ܸܫ †dir cvIqv hvq| Kv‡RB †m‡KÛvwi‡Z hw` †fv‡ëR `k¸Y evwo‡q †bqv hvq 

Zvn‡j †mLv‡b we ỳ¨r ܫ `k¸Y K‡g hv‡e|  

ܫܸ

௉ ௌ

௉

ௌܸ

ௌܸ ൌ ൬
݊ௌ

݊௉

‡Zvgv‡`i‡K eySv‡bvi Rb¨ AvqZvKvi GKwU †Kvi †`Lv‡bv n‡q‡Q| mwZ¨Kv‡ii UªvÝdg©vi 
GKUy Ab¨fv‡e ˆZwi nq, †mLv‡b cÖvBgvwii Dc‡iB †m‡KÛvwi K‡qj cu¨vPv‡bv nq Ges †KviUvI 
GKUz Ab¨ iKg nq|  

cÖvBgvwi K‡q‡j cu¨vP msL¨v hw` ݊ Ges †m‡KÛvwi K‡q‡ji cu¨vP msL¨v ݊  nq Zvn‡j 

cÖvBgvwi K‡q‡j hw` Gwm ܸ  †fv‡ëR cÖ‡qvM Kiv nq Zvn‡j †m‡KÛvwi K‡q‡j †h Gwm †fv‡ëR 

 cvIqv hv‡e Zvi cwigvY n‡e 

൰ ௉ܸ 

௉ܫ ௌܫ

ௌܫ ൌ ൬ ௉ܸ

ௌܸ

 

cÖvBgvwi K‡q‡j hw`  we ỳ¨r cÖevwnZ nq Zvn‡j †m‡KÛvwi K‡q‡j we ỳ¨r cÖevn  n‡e 
 

൰ ௉ܫ ൌ ൬
݊௉

݊ௌ
൰  ௉ܫ

 
D`vniY 12.3:  GKwU UªvÝdg©v‡ii cÖvBgvwi K‡q‡ji cu¨vP msL¨v 100, †m‡KÛvwi K‡q‡ji 
cu¨vP msL¨v 1000, cÖvBgvwi K‡qj w`‡q 10ܸ ܥܦ †`qv nj| †m‡KÛvwi K‡q‡j †fv‡ëR KZ? 
 w
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DËi: k~b¨! UªvÝdg©vi wWwm †fv‡ë‡R KvR K‡i bv! 

`vniY 12.4:  GKwU UªvÝdg©v‡ii cÖvBgvwi K‡q‡ji cu¨vP msL¨v 100, †m‡KÛvwi K‡q‡ji 

Ëi: 

ௌܸ ൌ ൬
݊ௌ

݊௉

 
D
cu¨vP msL¨v 1000, cÖvBgvwi K‡qj w`‡q 10ܸ ܥܣ †`qv nj| †m‡KÛvwi K‡q‡j †fv‡ëR KZ? 
 
D

൰ ௉ܸ ൌ ൬
1000
100 ൰ ൈ 12ܸ ൌ  ܥܣ 120ܸ

 
`vniY 12.5:  Dc‡ii UªvÝwgUv‡i cÖvBgvwi K‡qj w`‡q 1ܣ we ỳ¨r cÖevwnZ n‡j †m‡KÛvwi 

ௌܫ ൌ ൬ ௉ܸ

ௌܸ

D
K‡q‡j m‡e©v”P KZ Kv‡i›U cÖevwnZ n‡Z cvi‡e? 
 
Ëi:  D

൰ ௉ܫ ൌ ൬
12

120൰ ൈ ܣ1 ൌ  ܣ 0.1

 
Abykxjbx 

 
Ökœ: 

vgvi N‡ii GK gv_v †_‡K Ab¨ gv_vq B‡jKUª‡bi 

2. ‰ GK UzK‡iv †jvnvi Ici 

3. ` ¨wU bq, bv 

4.  

5. iv nqÑ me mg‡qB GwU cwieZ©b‡K evav w`‡Z PvqÑGUv g‡b 
†i‡L Qwei Pz¤^KwU Dc‡ii w`‡K wb‡j jy‡c †Kvb w`‡K we ỳ¨r cÖevwnZ n‡e ej| 

 

 
 
 
 

c
1. †Z

exg cvVv‡Z wM‡q hw` †`L †mUv Dc‡i D‡V hv‡”Q 
Zvn‡j Zzwg Kx e¨vL¨v †`‡e? 
e ỳ¨wZK Pz¤^K evbv‡bvi mgq 
we ỳ¨r Acwievnx Avei‡Y XvKv Zvi cu¨vPv‡bv nKq| 
†gvUv Zvi w`‡q GKwU cu¨vP †`qv fv‡jv bvwK miæ Zvi 
w`‡q A‡bK¸‡jv cu¨vP †`qv fv‡jv? †Kb? 
y‡Uv †jvnvi `ÊÑ Gi gv‡S GKwU Pz¤^K Ab  

Qwe 12.17: GKwU jy‡ci †fZi GKwU 
Pz¤^‡Ki Ae ’̄v‡bi cwieZ©b| 

Szwj‡q ev Ab¨ †Kv‡bv hš¿ e¨envi bv K‡i †KvbUv 
Pz¤^K Avi †KvbUv mvaviY †jvnv †ei Ki‡Z cvi‡e? 
c„w_ex GKUv wekvj Pz¤^K, DËi †giæ †mB Pz¤^‡Ki
DËi †giæ bvwK `wÿY †giæ? 
Pz¤^K‡K bvwo‡q we`y¨r ˆZwi K
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1. A  †fZi w`‡q ܫ 
cwigvY we ỳ¨r cÖevn Kivi Kvi‡Y ܤ †PŠ¤^K †ÿÎ ˆZwi n‡q‡Q| cu¨v‡Pi msL¨v 100 Kiv n‡j 

 n‡e? 

3. ªb †PŠ¤^K †ÿÎ w`‡q hvevi Kvi‡Y ܨ ej ሺ݁ܤݒሻ Abyfe K‡i‡Q| 

4. 12.18 QwewU †`‡L ej †Kvb Zv‡ii †fZi w`‡q †Kvb w`‡K we ỳ¨r cÖevwnZ n‡”Q? 
5. GKwU UªvÝdg  w`‡q †m‡KÛvwi K‡q‡j ܥܣ 15ܸ 

 ?cvIqv †M‡Q †m‡KÛvwi K‡q‡j cu¨vP msL¨v KZ ܥܣ 105ܸ

MvwYwZK mgm¨v: 
cwievnx Avei‡Y XvKv GKwU Zvi w`‡q 10 cu¨v‡Pi GKwU K‡qj ˆZwi K‡i Zvi

†PŠ¤^K †ÿÎ KZ
2. Dc‡ii †ÿ‡Î cu¨vP msL¨v Avi 50 e„w× Ki‡Z wM‡q fy‡j D‡ëv w`‡K 50 c¨vP †`qvi Kvi‡Y 

†PŠ¤^K †ÿÎ KZ n‡e? 
GKwU MwZkxj B‡jKU
B‡jKUª‡bi MwZkw³ wØ¸Y K‡i †`qv n‡j e‡ji cwigvY KZ n‡e? 

©v‡ii cÖvBgvwi K‡q‡j cu¨vP msL¨v 100. GLv‡b

 

Qwe 12.18: we ỳ¨r cÖevnx Zvi‡K wN‡i †PŠ¤̂K †ÿÎ| 
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Î‡qv`k Aa¨vq 
AvazwbK c`v_©weÁvb I B‡jKUªwb· 
(Modern Physics and Electronics) 

 
 

Iqvb©vi nvB‡RbevM© 

Werner Heisenberg (1901‐1976) 

Iqvb©vi nvB‡RbevM© GKRb Rvg©vb ZvwË¡K c`v_©weÁvbx| 
c`v_©weÁv‡bi Ab¨Zg ¸iæZ¡c~Y© kvLv †Kvqv›Uvg †gKvwb‡·i GKRb 
RbK Ges GRb¨ Zuv‡K †bv‡ej cyi¯‹vi †`qv nq| †Kvqv›Uvg 
†gKvwb‡· †h inm¨gq AwbðqZvi m~ÎwU i‡q‡Q †mwU nvB‡Rbev‡M©i 
†`qv| Z‡e wØZxq gnvhy‡×i mgq bvrwm Rvg©vwb‡Z Zuvi f~wgKvi Rb¨ 
Zuv‡K A‡bK mgv‡jvPbvi gy‡LvgywL n‡Z nq| 

 
 
 
 
 
 

 
13.1 †Kvqv›Uvg †gKvwb· (Quantum Mechanics) 
 
Avgiv mevB Rvwb Av‡jv n‡”Q Zi½; GKUv Zi‡½i Zi½ ˆ`N©¨ KZ, K¤úb KZ Avgiv Zvi me 
wKQy Av‡jvPbv K‡iwQ| A_P we¯§‡qi e¨vcvi n‡”Q, wKQy wKQy RvqMvq †`Lv †M‡Q Av‡jv †hb Zi½ 
bqÑ Av‡jv n‡”Q KYv Ges GKUv KYv †h iKg e¨envi K‡i Av‡jv wVK †m iKg e¨envi Ki‡Q! G 
iKg GKUv D`vniY n‡”Q d‡Uv B‡jKwUªK G‡d± †hLv‡b Av‡jvi KYv GKUv avZe c`v_©‡K AvNvZ 
K‡i †mLvb †_‡K B‡jKUªb‡K gy³ K‡i †`q| we¯§qKi GB e¨vcviUv e¨vL¨v Kivi Rb¨ 
AvBb÷vBb‡K †bv‡ej cyi¯‹vi †`qv n‡qwQj| 

Avevi Avgiv mevB Rvwb B‡jKUªb n‡”Q KYv; Gi fi Av‡Q, GUv †QvUvQywU †VvKvVywK Ki‡Z 
cv‡i| gRvi e¨vcvi n‡”Q weÁvbxiv GK mg‡q mwe¯§‡q Avwe®‹vi Ki‡jb nVvr nVvr B‡jKUªb Ggb 
e¨envi K‡i †hb GwU KYv bq †hb GwU Zi½! GUv GgbB wbwðZfv‡e Zi‡½i g‡Zv e¨envi K‡i 
†h B‡jKUªb w`‡q ixwZg‡Zv gvB‡μv‡¯‹vc ˆZwi K‡i †djv hvq| 
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GLb cÖkœ n‡”Q Zvn‡j Av‡jv wK Zi½ bvwK KYv? Avevi GKB mv‡_ B‡jKUª‡bi Rb¨I 
GKB cÖkœ Ki‡Z cvwi| B‡jKUªb wK KYv bvwK Zi½? †Zvgiv DËiUv ïb‡j nKPwK‡q hv‡e Zvi 
KviY DËi n‡”Q: ỳ‡UvB! A_©vr Av‡jv GKB mv‡_ Zi½ Ges KYv Ges B‡jKUªbI GKB mv‡_ KYv 
Ges Zi½| †Zvgiv nq‡Zv fveQ GwU †Kgb K‡i m¤¢eÑ wKš‘ †R‡b iv‡Lv mwZ¨B GUv m¤¢e| 

ïay †h B‡jKUªb‡K Zi½ wn‡m‡e †`Lv hvq Zv bqÑ weÁvbx wW eªMwj cª_‡g e‡jwQ‡jb †h 
†h‡Kvb c`v_© ev KYvi mv‡_ GKUv Zi½ _v‡K, ïay ZvB bq †mB Zi‡½i Zi½ ˆ`N©¨ KZ n‡e 
†mUvI wZwb e‡j w`‡qwQ‡jb| †Kv‡bv KYvi fi‡eM hw`  Zvn‡j Zvi Zi½ ˆ`N©¨ λ n‡e  ݌ nq

λ ൌ
݄
݌

 

‡hLv‡b p n‡”Q f  Ki K hvi gvb n‡”Q  i‡eM Ges ݄ n‡”Q cøvs‡  aªæe

  ൈ  10ିଷ
 

݄ ൌ  6.634 ସ ݏܬ 
 

‡Zvgvi fi hw` I Zvn‡j †Zvgvi fi‡eM n‡e  50 ݇݃ nq Avi Zzwg hw` 2 ݉/ݏ †e‡M †`Šov

݌   ൌ 50 ൈ ݏ/݉ ݃݇ 2 ൌ   ݏ/݉ 100݇݃
 

 

   

λ ൌ
6.634 ൈ  10ିଷସ 

100
 ݉ ൌ 6.634 ൈ 10ିଷ଺݉ 

Kv‡RB †Zvgvi Zi½ ˆ`N©¨  

 
GwU GZ †QvU †h GUv †`Lvi 
†Kv‡bvB ev Í̄e m¤¢vebv †bBÑ 
wKš‘ Zzwg hw` B‡jKUªb-
†cÖvU‡bi g‡Zv †QvU KYv w`‡q 
we‡ePbv K‡iv Zvn‡j wKš‘ Gi 
Zi½ ˆ`N©¨ wKsev Zi‡½i g‡Zv 
e¨envi Ggb wKQy wewPÎ e¨vcvi 
bq| 

Lye msMZ Kvi‡YB cÖkœ 
Kiv hvq †h, mwZ¨B me KYvi 
hw` GKUv Zi½ _v‡K Zvn‡j 
†mwU Kx‡mi Zi½? Avevi nKPwK‡q hvevi Rb¨ cÖ¯‘Z nI, GB Zi½wU n‡”Q m¤¢vebvi Zi½! GKwU 
e ‘̄ ev KYv‡K †Kv_vq cvIqv hv‡e †mB m¤¢vebv| 13.1 Qwe‡Z Avgiv †Kv‡bv GKUv KYvi mv‡_ 
_vKv Zi‡½i Qwe AvKvi †Póv K‡iwQ; cÖ_g Ges wØZxq Qwei gv‡S cv_©K¨Uv Lye ¯úóÑ Avwg hw` 

          Qwe 13.1: GKwU †QvU Ges GKwU we¯Í…Z Zi½| 
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†Zvgv‡K wR‡Ám Kwi †Kvb Zi‡½ KYvwUi Ae¯’vb mywbw`©ó K‡i ejv mnR? Aek¨B Zzwg ej‡e cÖ_g 
KYvwU‡Z KviY GLv‡b Zi½wU †QvU GKUv RvqMvq Kv‡RB KYvwU wbðqB †mLv‡b Av‡Q| 

Gev‡i Avwg hw` wR‡Ám Kwi †Kvb Zi½wU‡Z KYvwUi fi‡eM wbw`©ó K‡i ejv hv‡e? Avgiv 
KUz Av‡M †`‡LwQ wW eªMjxi m~Î Abyhvqx fi‡eM ݌G  n‡”Q  

 

݌ ൌ
݄
λ
 

 
Kv‡RB Zi½ ˆ`N©¨ λ hZ wbwðZfv‡e gvc‡Z cvie fi‡eMI ZZ wbwðZfv‡e ej‡Z cvie| Gev‡i 
Zi½ ỳwUi w`‡K ZvKvIÑ Zzwg wbðqB ej‡e †h wØZxq Zi‡½ Avwg †ewk fv‡jv K‡i Zi½ ‰`N©̈  
†ei Ki‡Z cvie| cÖ_gwU‡Z cy‡iv GKUv Zi½ ˆ`N©¨B †bBÑ †Kgb K‡i Zvi Zi½ ˆ`N©¨ Abygvb 
Kie ? wØZxqwU‡Z Zi½Uv A‡bK we¯Í…Z †mLv‡b A‡bK¸‡jv Zi½ ˆ`N©¨ †_‡K wbLuyZfv‡e Zi½ ˆ`N©¨ 
†ei Kiv m¤¢e| Avi Zi½ ‰`N©̈  Rvbv _vK‡j wbLuyZfv‡e fi‡eMI †ei Kiv m¤¢e| 

Zvn‡j e¨vcviUv Kx `uvovj? hw` me KYvi mv‡_B GKUv Zi½ _v‡K Zvn‡j ejv hvq 
Ae¯’vbUv fv‡jv K‡i Rvb‡j fi‡eM AwbwðZ n‡q hvq Avevi fi‡eM fv‡jv K‡i Rvb‡j Ae¯’vbUv 
AwbwðZ n‡q hvq| GUv n‡”Q nvB‡Rbev‡M©i RMwØL¨vZ AwbðqZvi m~Î| GUv‡K Gfv‡e †jLv nq  

ΔݔΔ݌ ൒
ħ
2

 

ħ ൌ ݄/2π 
 

‡hLv‡b  Δݔ n‡”Q Ae ’̄v‡bi AwbðqZv (Δݔ Kg nIqv gv‡b Ae¯’v‡b AwbðqZv Kg, A_©vr 
Ae ’̄vbUv fv‡jv K‡i Rvwb), Δ݌ n‡”Q fi‡e‡Mi AwbðqZv (Δ݌ †ewk nIqv gv‡b AwbðqZv †ewk 
A_©vr fi‡eM KZ Rvwb bv)| †KD †h‡bv g‡b bv K‡i GUv weÁvbx‡`i A¶gZvÑ GKmgq hLb 
weÁvb Av‡iv weKwkZ n‡e, Avgv‡`i Kv‡Q hLb Av‡iv fv‡jv hš¿cvwZ _vK‡e ZLb Avgiv eywS 
wbLuyZfv‡e GKB mv‡_ Ae¯’vb Avi fi‡eM †g‡c †dje| †R‡b ivL GUv KL‡bvB n‡e bv! 

weÁv‡b GB AwbðqZv m~‡Îi GKUv my ~̀icÖmvix cÖfve Av‡Q, eo n‡q †Zvgiv hviv 
c`v_©weÁvb wb‡q †jLvcov Ki‡e Zviv †`L‡e GB AwbðqZvi m~Î †_‡K B‡jKUªb-†cÖvUb, Aby-
cigvYyi g‡Zv ¶z`ª KYv‡`i wewPÎ GKUv RMr ˆZwi nqÑ †hUv‡K ejv nq †Kvqv›Uvg †gKvwb·! 
 

D`vniY 13.1: B‡jKUªb †Kb wbDwK¬qv‡mi †fZi c‡o hvq bv? 
 
DËi : AwbðqZvi m~‡Îi Rb¨! 
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13.2 w_Iwi Ad wi‡jwUwfwU (Theory of Relativity) 
 
AvBb÷vB‡bi †¯úkvj w_Iwi Ad wi‡jwUwfwU M‡o D‡V‡Q ỳwU m~Î w`‡q; m~Î ỳwU G iKg :  
 

(i) c`v_©weÁvb me RvqMvq GK 
(ii) Av‡jvi MwZ‡eM me RvqMvq GK 

 
Avgiv Rvwb, †Zvgiv hviv GB m~Î 

ỳwU coQ Zviv GK ai‡bi we¯§q wb‡q 
fveQ GwU Avevi Kx iKg m~Î n‡jv ?  
weÁvb †Zv me RvqMv‡ZB GK n‡Z n‡eÑ 
Av‡jvi †eMI wfbœ n‡e †Kb? e¨vcviwU 
Zvn‡j Av‡iKUz fv‡jv K‡i †`Lv hvK| 

Qwe 13.2: (a) w ’̄i Ges (b) avegvb Avqbvq cÖwZdwjZ 
Av‡jvK iwk¥|

aiv hvK Zzwg †÷k‡b `uvwo‡q 
AvQ Ges †Zvgvi eÜz †Uª‡b e‡m Av‡Q hvi 
MwZ‡eM v, †Zvgvi eÜzi Kv‡Q ỳwU Avqbv 
GKwU wb‡P Av‡iKwU ܪ D”PZvq; Av‡jv 
wb‡Pi Avqbv †_‡K Dc‡i Ges Dc‡ii 
Avqbv †_‡K wb‡P cÖwZdwjZ n‡”Q| (Qwe 
13.2) GUvB Zvi Nwo, Av‡jv wbP †_‡K 
Dc‡i (wKsev Dci †_‡K wb‡P) †h‡Z ݐ଴ 
mg‡q Nwoi GKwU wK¬K nq, A_©vr  

଴ݐ ൌ  ܿ/ܪ
 

‡hLv‡b ܿ n‡”Q Av‡jvi †eM|  
ZzwgI wVK Ki‡j Zzwg †÷k‡b ùvwo‡q PjšÍ †Uª‡bi †fZ‡i ZvwK‡q wK¬K¸‡jv gvc‡e| 

†UªbwU †h‡nZz ݒ †e‡M hv‡”Q ZvB Zzwg Aek¨B †`L‡e Ò†ZvgviÓ Nwoi cÖ_g wK¬KwU hLb N‡U‡Q 
†mB ݐ mg‡q Dc‡ii AvqbvwU ݐݒ ~̀i‡Z¡ m‡i †M‡Q Ges wØZxq wK¬‡Ki mgq Av‡iv ݐݒ ~̀i‡Z¡ m‡i 
†M‡Q| Kv‡RB †Zvgvi Kv‡Q g‡b n‡e Nwoi wK¬K nIqvi mgq Av‡jv †h `~iZ¡ AwZμg K‡i‡Q 
wc_v‡Mviv‡mi m~Îvbyhvqx †mUv n‡”Q:  

 

ଶܪ√    ൅  ଶݐଶݒ
 
AvBb÷vBb e‡j‡Qb me RvqMvq Av‡jvi †eM ܿ mgvb, ZvB †Zvgvi Nwoi GK wK¬‡Ki mgq‡K hw` 
ewj Zvn‡j w ݐ
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ݐ ൌ
ଶܪ√ ൅ ଶݐଶݒ
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ට1 െ ଶݒ
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GB wbixn mgxKiYwU c„w_exi me‡P‡q inm¨gq mgxKi‡Yi GKwU Ges GwU Avgv‡`i 

cwiwPZ RMrwU cy‡iv cywi IjU-cvjU K‡i w`‡q‡Q| Avevi g‡b Kwi‡q w`B, ݐ n‡”Q †Zvgvi Nwoi 
mgq Avi ݐ଴ n‡”Q †Zvgvi eÜzi Nwoi mgq| Zzwg w ’̄i `vwo‡q AvQ Ges †Zvgvi eÜz ݒ †e‡M hv‡”Q, 

UyKzzB cv_©K¨| ݒ Gi gvb Kg n‡j ݐ Ges ݐ଴ Gi gv‡S †Kv‡bv cv_©K¨ †bB wKš‘  hw` Av‡jvi 
e‡Mi KvQvKvwQ nq Zvn‡j wKš‘ m¤ú~Y© Ab¨ e¨cvi| †hgb hw` ݒ ൌ 0.99ܿ nq Zvn‡j  

G
†
 

ݐ ൌ
଴ݐ

ඥ1 െ ሺ0.99ሻଶ
ൌ

଴ݐ

√0.0199
ൌ  ଴ݐ7
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hvi A_© †Zvgvi eÜz hw` †Uª‡b `k ermi KvUvq (ݐ଴ ൌ 10 ermi) Zvn‡j Zvi eqm evo‡e 
`k ermi wKš‘ †Zvgvi eqm evo‡e 70 eQi! c‡b‡iv eQ‡i iIbv w`‡q †m cuwPk eQ‡ii hyeK 
wn‡m‡e wd‡i G‡m †`L‡e Zzwg c‡bi eQ‡i ïiæ K‡i Gi gv‡S 85 eQ‡ii _yi_y‡i ey‡ov n‡q  †MQ! 

    K c`v_©weÁvb I B‡jKUªwb· 

 
D`vniY 13.1: †Zvgvi Zzjbvq †Zvgvi eÜz ݒ †e‡M hv‡”Q wKš‘ †Zvgvi eÜzi Zzjbvq ZzwgI †Zv 
 e‡M hv”Q| Zvn‡j D‡ëvUv †Kb mwZ¨ nq bv? `k ermi KvwU‡q w`‡q Zzwg †Kb Avwe®‹vi Ki† ݒ
bv †h †Zvgvi eÜzi eqm mËyi eQi †e‡o †M‡Q? 
 
DËi: w_Iwi Ad wi‡jwUwfwUi GUv GKUv AZ¨šÍ gRvi cÖkœ| Kvi eqm †e‡o‡Q †`Lvi Rb¨ 
†Zvgvi Ges †Zvgvi eÜzi gv‡S GKRb‡K _vg‡Z n‡e Ges MwZ cwieZ©b K‡i wd‡i Avm‡Z 
n‡e| †h _vg‡e Ges MwZ cwieZ©b Ki‡e Zvi mgq AwZμvšÍ n‡e Kg| GUv Lye mn‡RB cÖgvY 
Kiv hvqÑ GLv‡b Avi K‡i †`Lv‡bv n‡jv bv|  

 
mg‡qi cÖmvi‡Yi GB weL¨vZ mgxKiYwU ïaygvÎ GKUv gRvi m~Î n‡Z cviZ wKš‘ GUv 

†gv‡UI †mUv n‡q _v‡Kwb| Avgiv Avgv‡`i Rxe‡b Gi AmsL¨ D`vniY †`‡LwQ Ges Avgiv Rvwb 
GUv mwZ¨| evqygÊ‡ji Dc‡i KmwgK †i Gi AvNv‡Z wgDIb bv‡g GK ai‡bi KYvi Rb¥ nq 
†hUvi Avqy gvÎ ỳB gvB‡μv †m‡KÛ| GZ Kg mg‡q GUv †Kv‡bvw`b evqygÊ‡ji Dci †_‡K 
c„w_exi c„‡ô †cuŠQ‡Z cvi‡e bv, GwU hw` cÖvq Av‡jvi †e‡M Qy‡U Av‡m ZviciI c„w_ex‡Z †cuŠQv‡Z 
Gi Kgc‡¶ wZb‡kv gvB‡μv‡m‡KÛ mgq jvMvi K_v| wKš‘ Avgiv wbqwgZfv‡e c„w_ex c„‡ô 
wgDIb‡K †`wLÑ Zvi KviY wgDIb wKš‘ Zvi wb‡Ri wn‡m‡e `yB gvB‡μv‡m‡KÛ c‡iB †kl n‡q 
hv‡”Q, wKš‘ Zvi MwZ‡eM †h‡nZy Av‡jvi †e‡Mi KvQvKvwQ ZvB Avgv‡`i Kv‡Q g‡b n‡”Q GUv 
c„w_exc„‡ô P‡j Avmvi Rb¨ cÖ‡qvRbxq mgq wU‡K Av‡Q! 

 
wgDI‡bi c„w_exc„‡ô P‡j Avmvi e¨vcviwU Ab¨fv‡eI e¨vL¨v Kiv hv‡e, †Zvgiv B‡”Q 

Ki‡jB †`L‡Z cvi‡e PjšÍ e¯‘i Rb¨ †h iKg mg‡qi cÖmviY nq wVK †m iKg ˆ`‡N©¨i ms‡KvPb 
nq Ges †mUv Avgiv Gfv‡e wjL‡Z cvwi: 

ܮ ൌ ଴ඨ1ܮ െ
ଶݒ

ܿଶ  

 
GLv‡b Avgv‡`i mv‡c‡ÿ w¯’i †Kv‡bv wKQzi ˆ`N©¨ ܮ଴ n‡j Avgv‡`i mv‡c‡ÿ ݒ †e‡M MwZkxj Zvi 
~̀iZ¡ n‡e ܮ †hwU  ܮ଴ †_‡K Kg| 

Kv‡RB wgDËb hLb cÖPÊ †e‡M c„w_exi w`‡K Qz‡U AvmwQj Zvi g‡b nw”Qj †m eywS w¯’i 
eis c„w_exUvB cÖPÊ †e‡M Zvi w`‡K Qz‡U Avm‡Q| Kv‡RB evqygÊj †_‡K c„w_ex ch©šÍ cy‡iv 
~̀iZ¡UvB msKzwPZ n‡q †QvU GKUzLvwb n‡q †M‡Q| ZvB wgDËb gvÎ `yB †m‡KÛ †eu‡P †_‡KB GB 

†QvU ~̀iZ¡Uv AwZμg K‡i †d‡j‡Q! w
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mg‡qi cÖmviY Ges ‰`‡N©¨i ms‡KvP‡bi g‡ZvB PgKcÖ` Av‡iKwU m~Î n‡”Q e¯‘i fi wb‡q| 
w¯’i Ae¯’vq †Kv‡bv e¯‘i fi hw` ݉଴ nq Zvn‡j †mUv hw` ݒ †e‡M †h‡Z _v‡K Zvn‡j Zvi fi ݉ 
n‡e : 

 ݉ ൌ
݉଴

ට1 െ ଶݒ

ܿଶ

 

 
GKUv †cøb hw` 1000 ݇݉/ݏ †e‡M D‡o hvq Zvi fi ev‡o gvÎ 2 ൈ 10ିଵ଴% †hUv 

aZ©‡e¨i gv‡SB bv| wKš‘ †Kv‡bv wKQz hw` 0.99ܿ †e‡M Qz‡U hvq Zvn‡j Zvi fi †e‡o hv‡e 7 
¸Y| hw` †eM Av‡iv †e‡o 0.999999ܿ hvi Zvn‡j fi †e‡o n‡q hv‡e 700 ¸Y! 

f‡ii GB PgrKvi m~ÎUv e¨envi K RB Avgiv me©Kv‡ji me©‡kÖô m~Î †ei K‡i 
†dj‡Z cvwi| †mUv n‡”Q 

‡i Lye mn‡

ܧ ൌ ݉ܿଶ 
 

hvi A_© c`v‡_©i fi Avm‡j kw³| hw` †KD fi‡K kw³‡Z iƒcvšÍi Ki‡Z cv‡i Zvn‡j 
GKUzLvwb fi †_‡K AwPšÍ¨bxq cwigvY kw³ ˆZwi Ki‡Z cvi‡e| wbDwK¬qvi kw³ †K‡›`ª wVK GB 
e¨vcviUvB Kiv nq, fi‡K kw³‡Z iƒcvšÍi Kiv nq| Avgv‡`i m~‡h©i †fZ‡iI GB c×wZ‡Z kw³ 
ˆZwi nq ZvB nVvr K‡i me R¡vjvbx dzwi‡q m~‡h©i wb‡f hvevi †Kv‡bv AvksKv †bB| gvbeRvwZi 
A‡bK eo ỳfv©M¨ wbDwK¬qvi †evgv‡ZI wVK Gfv‡e fi‡K kw³‡Z iƒcvšÍwiZ K‡i Awek¦vm¨ 
aŸsmjxjv Pvjv‡bv nq! 
 
13.3 wbDwK¬qvi c`v_©weÁvb (Nuclear Physics) 
 
Avgiv mevB Rvwb cigvYyi †K‡›`ª _v‡K wbDwK¬qvm Ges wbDwK¬qvm‡K wN‡i B‡jKUªb Nyi‡Z _v‡K| 
me‡P‡q †QvU cigvYy n‡”Q nvB‡Wªv‡Rb, Zvi †K‡›`ª _v‡K GKUv gvÎ †cÖvUb Ges Zv‡K wN‡i Ny‡i 
gvÎ GKUv B‡jKUªb| †cÖvU‡bi fi B‡jKUªb †_‡K cÖvq 1800 ¸Y †ewk, ZvB GKUv cigvYyi fi 
Avm‡j g~jZ Zvi wbDwK¬qv‡mi fi| Avgiv Gi gv‡S A‡bKevi †`‡LwQ †cÖvU‡bi PvR© cwRwUf Ges 
B‡jKUª‡bi PvR© †b‡MwUf| ZvB †b‡MwUf Pv‡R©i B‡jKUªb †cÖvU‡bi cwRwUf Pv‡R©i Kyj¤^ e‡ji 
AvKl©‡Y Zv‡K wN‡i Nyi‡Z _v‡K| 

nvB‡Wª‡R‡bi c‡ii cigvYy n‡”Q wnwjqvg| wnwjqv‡gi wbDwK¬qv‡m `ywU †cÖvUb Ges Zv‡K 
wN‡i Nyi‡Q ỳwU B‡jKUªb| wbDwK¬qv‡mi AvqvZb LyeB †QvU 10ିଵହ݉ Gi KvQvKvwQ GZ KvQvKvwQ 
ỳ‡Uv †cÖvUb ivLv n‡j Zv‡`i cÖej Kyj¤^ weKl©‡Y Zviv wQU‡K hv‡e Ges †mUv †hb bv N‡U †mRb¨ 

wnwjqv‡gi wbDwK¬qv‡m ỳ‡Uv †cÖvU‡bi cvkvcvwk ỳ‡Uv PvR©nxb wbDUªbI _v‡K| Gfv‡e ˆZwi 
wnwjqv‡gi wbDwK¬qvm Lye k³ Ges w ’̄wZkxj wbDwK¬qvm| 
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wnwjqv‡gi ci wjw_qvg,Zvici †ewiqvg Gfv‡e GKUvi ci GKUv cigvYyi K_v ej‡Z cvwi, 
†hLv‡b wbDwK¬qv‡m GKUv GKUv K‡i †cÖvU‡bi msL¨v †e‡o‡Q Ges evB‡i GKUvi ci GKUv 
B‡jKUªbI †e‡o‡Q| (cwiwkó 2) 

wbDwK¬qvm‡K w ’̄wZkxj ivLvi Rb¨ Zvi †fZ‡i hLbB GKUv †cÖvUb †e‡o‡Q ZLbB Zvi 
†fZ‡i evowZ wbDUªb‡K RvqMv K‡i w`‡Z n‡q‡Q| A‡bK wbDwK¬qvm Av‡Q hv‡`i †cÖvU‡bi msL¨v 
mgvb wKš‘ wbDUª‡bi msL¨v wfbœ| Zv‡`i‡K e‡j AvB‡mv‡Uvc| †hgb nvB‡Wªv‡R‡bi g‡Zv mnR 
cigvYyiI wZbwU AvB‡mv‡Uvc i‡q‡Q: nvB‡Wªv‡Rb, wWD‡Uwiqvg Ges wUªwUqvg| nvB‡Wªv‡R‡b ïay 
GKwU †cÖvUb, wWD‡Uwiqv‡g GKUv †cÖvUb GKUv wbDUªb Ges wUªwUqv‡g GKUv †cÖvUb Ges ỳBUv 
wbDUªb| nvB‡Wªv‡R‡bi wZbUv AvB‡mv‡Uv‡ci Avjv`v Avjv`v bvg †`q Av‡Q, mvaviYZ Ab¨ 
cigvYyi †ejvq †mUv mwZ¨ bq| AvB‡mv‡Uvc¸‡jv‡K Zv‡`i wbDUªb msL¨v w`‡q Avjv`v Kiv n‡q| 
†hgb aiv hvK Kve©‡bi K_v, Gi AvB‡ ‡Uv‡ci msL¨v wZb, †m¸‡jv n‡”Q : mv

 : wbDwK¬qv‡m  Uv †cÖvUb  Uv wbDUªb 
 

 : wbDwK¬qv‡m  Uv †cÖvUb  Uv wbDUªb  
ଵଶܥ 6 6
ଵଷܥ 6 7
  ଵସ: wbDwK¬qv‡m 6 Uv †cÖvUb 8 Uv wbDUªbܥ

 
 ଵଷܥ ଵଶ G  msL¨vwU n‡”Q wbDwK¬Ib msL¨v ev mw¤§wjZ wbDUªb Ges †cÖvU‡bi msL¨v| †m iKgܥ

ଵସ Gܥ 4 n‡”Q wbDwK¬Ib msL¨v| 
12

I  13 I 1
,ଵଶܥ   ଵସ AbšÍKvjܥ ଵସ wbDwK¬qvmwU †ZRw¯Œq ev Aw¯’wZkxj A_©vrܥ ଵସGi gv‡Sܥ ଵଷ Iܥ
 ¨ଵସ wn‡m‡e _vK‡Z cv‡i bv GUv Ab¨ †Kv‡bv wbDwK¬qv‡m cwiewZ©Z n‡q hvq| GB cwieZ©‡bi Rbܥ
wbDwK¬qv‡mi †fZi †_‡K †Kv‡bv GKUv KYv †ei n‡q Av‡m| †hUv †ei n‡q Av‡m Avgiv †mUv‡K 
ewj †ZRw¯Œq iwk¥| 

‡ZRw¯ŒqZvi †h g~j wZbwU cÖwμqv Av‡Q †m¸‡jv n‡”Q Avjvdv, weUv Ges Mvgv iwk¥| cÖ_g 
hLb †ZRw¯Œq wbDwK¬qvm †_‡K G¸‡jv †ei n‡q G‡mwQj ZLb mwVKfv‡e Zvi cwiPq Rvbv wQj bv 
e‡j G iKg bvg †`qv n‡qwQj GLb Avgiv cwi®‹vi fv‡e Gi cwiPq Rvwb wKš‘ bvg¸‡jv GL‡bv 
i‡q †M‡Q| 
 
13.3.1 Avjdv KYv 
Avjdv KYv Avm‡j wnwjqvg wbDwK¬qvm! Avgiv Rvwb wnwjqvg wbDwK¬qv‡m _v‡K `ywU †cÖvUb Avi 
ỳ‡Uv wbDUªb| Kv‡RB †Kv‡bv wbDwK¬qvm †_‡K hw` GKUv Avjdv KYv †ei n‡q Av‡m Zvn‡j †mB 

cigvYyi cvigvYweK msL¨v Kg‡e `yB Ni, wbDwK¬Ib msL¨v Kg‡e Pvi Ni| GKUv wbDwK¬qv‡mi 
†fZi †_‡K hLb GKUv Avjdv KYv †ei n‡q Av‡m ZLb Zvi h‡_ó kw³ _v‡K Ges †mUv 
evZvm‡K Zxeª fv‡e Av‡qvwbZ Ki‡Z cv‡i| A_©vr GUv hLb evZv‡mi †fZi w`‡q hvq ZLb 
evZv‡mi AYy-cigvYyi mv‡_ †h msNl© nq †mB msN‡l© †m¸‡jv‡K Av‡qvwbZ Ki‡Z cv‡i| Avjdv 
KYvi MwZc_ nq mij †iLvi g‡ZvÑ †mvRvmywR GwM‡q hvq| 
 w
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Z‡e Avjdv KYv †h‡nZy wnwjqv‡gi wbDwK¬qvm ZvB GUv c`v‡_©i †fZi w`‡q †ewk ~̀i †h‡Z cv‡i 
bvÑ GUv‡K _vwg‡q †`qv mnR| (GKUv KvMR ev A¨vjywgwbqvg d‡qj w`‡qB Avjdv KYv‡K _vwg‡q 
†`qv hvq|) †Kv_vI AvNvZ Ki‡j †f‡½ A‡bK ÿwZ Ki‡jI Avjdv KYv †ewk ~̀i hvevi Av‡MB 
†_‡g hvq| 

Avjdv KYv hvevi mgq A‡bK B‡jKUªb Ges Avqb ˆZwi K‡i, †m¸‡jv bvbvfv‡e Detect 
Kiv hvq| eZ©gv‡b B‡jKUªwb‡·i A‡bK DbœwZ nIqvq GB ai‡bi Avjdv KYvi Dcw¯’wZ †ei Kiv 
Av‡iv mnR n‡q †M‡Q| 
 
13.3.2 weUv KYv 
weUv KYv Avm‡j B‡jKUªb! †Zvgiv AevK n‡q fve‡Z cvi wbDwK¬qv‡mi †fZi _v‡K ïay wbDUªb 
Avi †cÖvUb †mLvb †_‡K B‡jKUªb †Kgb K‡i †ei nq? wbDwK¬qv‡mi †h wbDUªb i‡q‡Q †mLvb †_‡K 
B‡jKUªbUv †ei n‡q, PvR©‡K wVK ivLvi Rb¨ wbDUªbUv ZLb †cÖvU‡b cv‡ë hvq| 
 
݌ → ݊  ൅ ݁ ൅ ν௘തതത 
 
Dc‡ii mgxKi‡Y wbDUªb‡K †cÖvUb Ges B‡jKUª‡b cv‡ë hvevi mv‡_ mv‡_ Av‡iv GKwU KYv ν௘തതത 
†jLv n‡q‡Q, †mwU Kx? GwU n‡”Q wbDwUª‡bv bv‡gi GKwU KYvi cÖwZ c`v_© Gw›U wbDwUª‡bv! inm¨gq 
GB KYv wb‡q M‡elYvi †Kv‡bv †kl †bB †Zvgiv hLb c`v_©weÁvb wb‡q Av‡iv †jLvcov Ki‡e 
ZLb wbDwUª‡bvi mv‡_ Av‡iv fv‡jvfv‡e cwiwPZ n‡e| weUv KYv †ei nevi ci wbDwUK¬qv‡mi 
wbDwK¬Ib msL¨v mgvb _v‡K wKš‘ cvigvYweK msL¨v †e‡o hvq| 

wbDwK¬qvm †_‡K hLb Avjdv KYv †ei nq ZLb †m cÖwZeviB GKUv wbw`©ó kw³ wb‡q †ei 
nq| weUv KYv †ei nevi mgq Zvi kw³Uv Gw›U wbDwUª‡bvi mv‡_ fvMvfvwM K‡i †bq (†cÖvUb †h‡nZz 
wbDwK¬qv‡mi †fZ‡iB _v‡K Zv‡K kw³ w`‡Z nq bv) ZvB weUv KYvi kw³ wbw`©ó _v‡K bv (Gw›U 
wbDwUª‡bv K‡ZvUzKz kw³ †b‡e Zvi Ici wbf©i K‡i weUv KYvi kw³ †ewk wKsev Kg n‡Z cv‡i|) 

weUv KYv †h‡nZz B‡j±ªb ZvB GUv c`v‡_©i †fZi w`‡q hvevi mgq Nl©‡Yi Kvi‡Y c`v_©‡K 
Av‡qvwbZ Ki‡Z cv‡i| weUv KYv †Kv‡bv wKQyi A‡bK †fZ‡i Xy‡K †h‡Z cv‡i| Avjdv KYv †h 
iKg †mvRvmywR GwM‡q wM‡q GK mgq †_‡g hvq weUv KYv (A_©vr B‡jKUªb) †m iKg bq, wewfbœ 
Aby cigvYy‡Z †VvKv †L‡q Gi MwZc_ AvuKveuvKv n‡q hvq| 

gRvi e¨vcvi n‡”Q, wbDwK¬qvm †_‡K ïay †h B‡jKUªb †ei n‡Z cv‡i Zv bq, †mLvb †_‡K 
B‡jKUª‡bi cÖwZc`v_© cwRUªbI †ei n‡Z cv‡i| Avgiv †mUv‡KI weUv wewKiY ewj| cwRUª‡bi PvR© 
cwRwUf Kv‡RB †mUv ˆZwi nq †cÖvUb †_‡K:  
 
݊ → ݌   ൅ ݁ା ൅ ν௘ 
 
GLv‡bI †Zvgiv inm¨gq wbDwUª‡bv‡K †`L‡Z cv”Q! †Kv‡bv wbDwK¬qvm †_‡K cwRUªb †ei n‡j †mB 
wbDwK¬qv‡mi wbDwK¬Ib msL¨v mgvb _vK‡jI cvigvbweK msL¨v GK K‡g hvq| cwRUªb †h‡nZz 
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B‡jKUª‡bi cÖwZ c`v_© ZvB GUv Pvicv‡ki †Kv‡bv GKUv B‡jKUª‡bi ms¯ú‡k© Avmv gvÎ kw³‡Z   
iƒcvšÍwiZ n‡q A „̀k¨ n‡q hvq|  

‡Zvgiv wbðqB AevK n‡q fveQ, cÖwZevi hLb weUv weKxiY nq ZLb wbDwUª‡bv wKsev Gw›U 
wbDwUª‡bv †ei nq, Zvn‡j ïay Avjdv †eUv Mvgv iwk¥i K_v ejwQ †Kb?  wbDwUª‡bv iwk¥i K_v †Kb 
ewj bv?  Zvi KviY wbDwUª‡bvi PvR© †bB, fi ej‡Z †M‡j †bB Ges c`v‡_©i mv‡_ GwU GZ Kg 
wewμqv K‡i †h Avgiv †mUv †`L‡Z cvB bv| †Zvgiv ïb‡j AevK n‡q hv‡e †h Gi wewμqv GZ 
Kg †h K‡qK Av‡jvK el© `xN© kxmvi cvZ w`‡qI GKUv wbDwUª‡bv‡K _vgv‡bv hvq bv! †mR‡b¨ 
mewKQz †_‡K wbDwUª‡bv ev Gw›UwbDwUª‡bv †ei n‡jI †ZRw¯Œq iwk¥ wn‡m‡e GUv‡K we‡ePbv Ki‡Z 
nq bv| 
 
13.3.3 Mvgv iwk¥ 
Mvgv iwk¥ Avm‡j we`y¨r †PŠ¤^Kxq Zi½| †Zvgiv Rvb Gi fi ev PvR© †bB| ZvB hLb GKUv 
wbDwK¬qvm †_‡K Mvgv iwk¥ †ei nq wbDwK¬qvmUvi †Kv‡bv cwieZ©b nq bv| mvaviYZ hLb †Kv‡bv 
wbDwK¬qvm †_‡K Avvjdv ev weUv KYv †ei nq ZLb wbDwK¬qvmUv ÒD‡ËwRZÓ Ae¯’vq _v‡K ZLb 
evowZ kw³ Mvgv iwk¥ wn‡m‡e †ei K‡i w`‡q GwU Òwbiƒ‡ËRÓ nq| 

Mvgv iwk¥i †h‡nZz PvR© †bB ZvB †mUv AYy-cigvYy‡K  mivmwi Av‡qvwbZ Ki‡Z cv‡i bvÑ 
ZvB c`v‡_©i A‡bK †fZ‡i XyK‡Z cv‡iÑ Mvgv iwk¥ mivmwi Av‡qvwbZ Ki‡Z bv cvi‡jI GwU Ab¨ 
†Kv‡bvfv‡e †Kv‡bv cigvYy †_‡K B‡jKUªb gy³ K‡i Zvi kw³ ¶q K‡iÑ †mB B‡jKUªb ZLb weUv 
KYvi g‡Zv AYy-cigvYy‡K Av‡qvwbZ K‡i|  

‡ZRw¯Œq iwk¥ †`Lv wKsev Zvi cix¶v Kivi Rb¨ Avm‡j PgKcÖ` hš¿cvwZ ˆZwi n‡q‡Q| 
c„w_exi eo eo G·‡cwi‡g‡›U †mB hš¿cvwZ e¨envi K‡i c`v_©weÁv‡bi b~Zb b~Zb RMr D‡b¥vwPZ 
Kiv n‡”Q|  
 
13.3.4 Aa©vq~ 
AYy-cigvYyi e¨envi †evSvi Rb¨ †Kvqv›Uvg †gKvwb· e¨envi Ki‡Z nq Ges †Kvqv›Uvg †gKvwb· 
†_‡K Avgiv Rvwb GB KYv¸‡jvi e¨envi KL‡bvB mywbw ©̀ófv‡e ejv m¤¢e bq, Avgiv ïaygvÎ wKQy 
GKUv NUvi m¤¢vebvUzKz ej‡Z cvwi| †ZRw¯ŒqZvi †ejv‡ZI GwU mwZ¨, hwZ †Kv‡bv GKwU 
wbDwK¬qvm †ZRw¯Œq nq Zvn‡j Avgiv Rvwb Zvi †fZi †_‡K Avjdv weUv ev Mvgv †ei n‡q Avm‡e 
wKš‘ wVK †Kvb gyn~‡Z© †m¸‡jv †ei n‡e †mUv †KD ej‡Z cv‡i bv! †ZRw¯ŒqZvi cwigvc Kivi Rb¨ 
Avgiv †ZRw¯Œq wbDwK¬qv‡mi Aa©vq~ e‡j GKUv K_v e¨envi Kwi| hw` A‡bK¸‡jv wbDwK¬qvm _v‡K 
†h mg‡q Zvi A‡a©K wbDwK¬qvm †_‡K †ZRw¯Œq KYv †ei nq †mwU n‡”Q †mB wbDwK¬qv‡mi Aa©vq~| 
†h mg¯Í wbDwK¬qvm w¯’wZkxj Zv‡`i Aa©vq~ Amxg, KviY †m¸‡jv †_‡K KL‡bvB †ZRw¯Œq KYv †ei 
n‡e bv| Avgiv ܥଵସ Gi K_v e‡jwQjvg, Zvi Aa©vq~ 50 nvRvi eQi, A_©vr †Kv_vI hw` 
A‡bK¸‡jv ܥଵସ _v‡K 50 nvRvi eQi ci Zvi A‡a©K wbDwK¬qvm †_‡K †ZRw¯Œq KYv †ei Ki‡e| 

‡h wbDwK¬qv‡mi Aa©vq~ hZ Kg †mB wbDwK¬qvm ZZ `ªæZ †ZRw¯Œq KYv †ei K‡i w`‡q Zvi 
†ZRw¯Œq ÿgZv nviv‡e| GLv‡b GKUv welq †Zvgv‡`i g‡b ivL‡Z n‡e, †ZRw¯ŒqZvi Kvi‡Y w
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cwieZ©bUv nq wbDwK¬qv‡m| hLb wbDwK¬qvmwU cwiewZ©Z nq ZLb Zvi evB‡ii B‡jKUªb¸‡jvi 
msL¨vI cwieZ©b nq| evB‡ii B‡jKUª‡bi msL¨vi Dci cigvYyi ˆewkó¨ wbf©i K‡iÑ ZvB 
†ZRw¯ŒqZvi Kvi‡Y GKwU cigvYy †kl ch©šÍ Ab¨ cigvYy‡Z cwiewZ©Z nqÑ wKš‘ †mwU nq c‡ivÿ 
fv‡e| wbDwK¬qvi kw³i Zzjbvq cigvYyi B‡jKUª‡bi kw³ LyeB Kg| Kv‡RB cigvYyi Rb¨ 
KvQvKvwQ †Kv_v †_‡K GKwU B‡jKUªb cvIqv wKsev KvQvKvwQ GKUv B‡jKUªb †Q‡o †`qv Lye mnR 
KvRÑ †mwU KL‡bvB †Kv‡bv RwUj e¨vcvi bq| 

‡ZRw¯ŒqZvi bvbv ai‡bi e¨envi Av‡Q| Lye Kg †ZRw¯ŒqZvi ª̀e¨ kix‡ii †fZi XzwK‡q 
evB‡ii †_‡K Zvi MwZwewa †`‡L kix‡ii A‡bK Z_¨ Rvbv hvq| mvaviYZ †m iKg †ZRw¯Œq nq 
Lye Kg Aa©vq~Ñ nq‡Zv K‡qK wgwbUÑ Kv‡RB NÈv Lv‡b‡Ki gv‡S H c`v‡_©i me †ZRw¯ŒqZv †kl 
n‡q hvq| 

‡ZRw¯ŒqZvi Av‡iKUv ¸iæZ¡c~Y© e¨envi n‡”Q cÖvPxb Rxev‡k¥i eqm wbY©q Kiv‡Z| 
Avgv‡`i kix‡i cÖPzi Kve©b i‡q‡Q Ges Zvi †fZ‡i wbw`©ó cwigvY ܥଵସ Av‡Q| hLb cÖvYx gviv hvq 
ZLb Zvi kix‡ii b~Zb K‡i ܥଵସ XzK‡Z cv‡i bv| Av‡M hZUzKz wQj †mUv ZLb Aa©vq~i Kvi‡b 
Kg‡Z _v‡K| Kv‡RB KZUzKz ܥଵସ _vKv ^̄vfvweK Ges KZUzKz K‡g †M‡Q †mUv †_‡K †mB cÖvYx 
K‡Zv cÖvPxb Zv wbLuyZfv‡e †ei Kiv hvq| 

‡ZRw¯Œq KYv kix‡‡ii †Kv‡li ÿwZ Ki‡Z cv‡i †m Rb¨ bvbv ai‡bi mZK©Zv Aej¤^b 
Kiv nq, Avevi kix‡ii ÿwZKi †Kvl aŸsm Kivi Rb¨ GB †ZRw¯ŒqZv e¨envi Kiv hvq| †m 
Kvi‡Y K¨vÝvi wPwKrmvq K¨vÝvi †Kvl aŸsm Kivi Rb¨ †ZRw¯Œq KYv e¨envi Kiv nq| 

 
D`vniY 13.3:  GK kg f‡ii GKwU †ZRw¯Œq †gŠ‡ji Aa©vq 100 eQi| ỳBk eQi ci Zvi 
fi KZ n‡e? 
 
DËi: †ZRw¯ŒqZvi Kvi‡Y mivmwi f‡ii cwieZ©b nqbv| †ZRw¯Œq †gŠjwUi wZb PZz_©vsk 
wbDwK¬qvm †ZRw¯Œq KYv †ei Ki‡e gvÎ! 

 
13.3.5 †ZRw¯ŒqZv  †_‡K mZK©Zv 
Avgv‡`i ˆ`bw›`b Rxe‡b Avgiv Lye †ewk †ZRw¯ŒqZvi gy‡LvgywL nB bv wKš‘ c„w_exi b~Zb cÖhyw³i 
Kvi‡Y GLb A‡b‡KB †ZRw¯ŒqZvi gy‡LvgywL n‡Z ïiæ K‡i‡Q| wbDwK¬qvi kw³ †K‡›`ª wbDwK¬qvi 
wewμqv Kiv‡bv nq †mLv‡b fqsKi iKg †ZRw¯ŒqZv ˆZwi nq, Ges A‡bK ¸‡jvi Aa©vq~ A‡bK 
†ewk Ges jÿ eQi ch©šÍ †m¸‡jv †ZRw¯Œq _v‡K| wbDwK¬qvi kw³ †K‡› ª̀i `yN©Ubvq evB‡i 
†ZRw¯Œq c`v_© Qwo‡q covi D`vniYI Av‡Q| wbDwK¬qvi kw³ w`‡q Pvjv‡bv RvnvR mve‡gwib 
ỳN©Ubv‡ZI A‡bK gvbyl †ZRw¯ŒqZvi gy‡LvgywL n‡q‡Q| me‡P‡q fqsKi e¨vcvi N‡UwQj hLb 

wn‡ivwkgv Ges bvMvmvwK‡Z wbDwK¬qvi †evgv †djv n‡qwQj ZLb AmsL¨ gvbyl †ZRw¯ŒqZvi 
gy‡LvgywL n‡qwQj| Kv‡RB †ZRw¯ŒqZv wb‡q bvbv ai‡bi M‡elYv ïiæ n‡q‡Q Ges wbivc` 
†ZRw¯ŒqZvi gvÎv BZ¨vw` ˆZwi Kiv ïiæ n‡q‡Q| mvaviY gvbyl‡K mZK© Kiv‡bv ïiæ n‡q‡Q| 
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13.4 cvwU©‡K©j wdwR· (Particle Physics) 
 
GB wek¦eªþv‡Êi hZ KYv Av‡Q Zv‡`i me¸‡jv‡K ỳB fv‡M fvM Kiv hvq| GK fv‡Mi bvg 
dviwgIb (Fermion) weÁvbx Gbwi‡Kv dvwg©i bvg Abymv‡i| Ab¨ fv‡Mi bvg †evRb (Boson), 
Avgv‡`i m‡Z¨b †ev‡mi bvg Abymv‡i| †KD hw` GKUz wPšÍv K‡i †`‡L †m wbðqB nZeyw× n‡q 
hv‡e †h, wek¦eªþv‡Êi mKj KYvi A‡a©‡Ki bvgKiY Kiv n‡q‡Q XvKv wek¦we`¨vj‡qi c`v_©weÁvb 
wefv‡Mi GKRb evOvwj Aa¨vc‡Ki bv‡g| 

cy‡iv wek¦eªþvÊ †hme KYv w`‡q ˆZwi n‡q‡Q Zvi †fZ‡i †h¸‡jv dviwgIb †m¸‡jv‡K ejv 
nq e ‘̄KYv| †h¸‡jv †evRb †m¸‡jv GB e¯‘KYvi †fZ‡i ej ev kw³i Av`vb cÖ`vb K‡i| 
dviwgIb bv‡gi e¯‘KYv‡K Avevi `yB fv‡M fvM Kiv hvq| GK fv‡Mi bvg †KvqvK© Ab¨ fv‡Mi 
bvg †jcUb| Kv‡RB Avgiv wjL‡Z cvwi :  
 
 
 
 
 
 
 
wbDUªb Ges †cÖvUb ˆZwi nq Avc I WvDb †KvqvK© w`‡q (D`vniY 13.4)| GUv †gv‡UI AZz¨w³ bq 
†h, Avgv‡`i cwiwPZ „̀k¨gvb RM‡Zi cy‡ivUvB ˆZwi n‡q‡Q ݑ, ݀ Ges ݁ (Avc †KvqvK©, WvDb 
†KvqvK© Ges B‡jKUªb) GB wZbwU gvÎ KYv w`‡q| νe  (B‡jKUªb wbDwUª‡bv) Gi Aw Í̄Z¡ i‡q‡Q Z‡e 
Av‡MB ejv n‡q‡Q †mwU mvaviY gvby‡li †Pv‡L „̀k¨gvb bq wKš‘ cy‡ivcywi mwVKfv‡e ejvi Rb¨ 
Avgv‡`i GUv‡KI MÖnY Ki‡Z n‡e| GUv †gvUvgywUfv‡e GKUv Awek¦vm¨ e¨vcvi †h, cwiwPZ cy‡iv 
wek¦eªþvÊ ݑ, ݀, ݁ Ges νe GB PviwU KYv w`‡qB e¨vL¨v Kiv m¤¢e| 

‡Uwej 13.1: dvwg©Ib 

†KvqvK© ݑ Avc †KvqvK© 
݀ WvDb †KvqvK© 

†jcUb ݁ B‡jKUªb 
ν௘ B‡jKUªb wbDwUª‡bv 

 

Z‡e ïay †h GB PviwU KYv i‡q‡Q Zv bq, Gi mv‡_ mv‡_ GB KYv¸‡jvi cÖwZ c`v_©I 
i‡q‡Q| Kv‡RB Avgv‡`i ZvwjKvwU c~Y©v½ Ki‡Z n‡j dvwg©I‡bi GB cwiev‡i Zv‡`i cÖwZ 
c`v_©¸‡jvI †hvM Ki‡Z n‡e| Kv‡RB ZvwjKvwU n‡e G iKg:  
 

      †Uwej 13.2: dvwg©Ib I  cÖwZ c`v_© 
 c _©`v  cÖwZ c`v_© 

†KvqvK© ݑ ݑത 
݀ ҧ݀

†jcUb ݁ ҧ݁ 
ν௘ ν௘തതത 
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Dc‡ii KYv¸‡jv n‡”Q e ‘̄KYv, G‡`i †fZi ej ev kw³i wewbgq Kivi Rb¨ Avgv‡`I Ab¨ wKQz 
KYvi `iKvi Ges GB KYv¸‡jvi bvg n‡”Q †evRb| GB KYv¸‡jv n‡”Q:  
 
 
  

‡Uwej 13.3: †evRb 

†dvUb γ 
†KvqvK© I B‡jKUª‡bi †fZi 
kw³ wewbgq 

wR bU 
WvewjD cøvm/WvewjD gvBbvm 

ܼ଴

±ܹ

 
 mKj dvwg©I‡bi †fZi kw³ 

wewbgq  
 
 
 
msMZ Kvi‡YB g‡b n‡Z cv‡i GB †evRb KYvi cÖwZ c`v_©¸‡jv Avgv‡`i ZvwjKvq †bIqv `iKvi| 
wKš‘ gRvi e¨vcvi n‡”Q e ‘̄KYvi †fZ‡i ej ev kw³ Av`vb-cÖ̀ vbKvix GB †evRb KYv¸‡jv 
wb‡RivB wb‡R‡`i cÖwZ c`v_©| GLv‡b Avgiv Avgv‡`i cwiwPZ †dvUb ev Av‡jvi KYv‡K wbðqB 
†`LwQ, Ab¨¸‡jvi Aw¯ÍZ¡ Lye fv‡jvfv‡eB Av‡Q wKš‘ LuvwU c`v_©weÁvbx Qvov Ab¨iv nq‡Zv Zv‡`i 
Lei iv‡L bv| 

Møy‡qvb ݃ 
ïay †Kvqv‡K©i †fZi kw³ 
wewbgq 

 

Kv‡RB GKRb †gvUvgywU GB †f‡e Avb›` †c‡Z cviZ †h, gvÎ PviwU dvwg©Ib Ges cuvPwU 
†evRb w`‡qB GB gnvwe‡k¦i mKj c`v‡_©i MVb e¨vL¨v Kiv m¤¢e,  wKš‘ Avm‡j e¨vcviwU †kl ch©šÍ 
GZ mnR _v‡Kwb| †`Lv †Mj dvwg©I‡bi †h cwieviwUi K_v ejv n‡q‡Q †mUv h‡_ó bq| wVK G 
iKg AviI ỳ‡Uv cwievi `iKvi| ݑ, ݀, ݁, ν௘  Gi cwieviwU‡K cÖ_g cÖRb¥ e‡j Avgiv ûeû G 
iKg AviI ỳwU cÖRb¥ cÖ¯‘Z Ki‡Z cvwi| †m¸‡jv n‡”Q: ܿ, ,ݏ μ, νஜ  Ges ݐ, ܾ, τ, ν௧ 
 

 ‡Uwej 13.4: wØZxq cÖRb¥ 

†KvqvK© ܿ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ges Aek¨B Zvi mv‡_ mv‡_ i‡q‡Q Zv‡`i cÖ‡Z¨KwUi cÖwZ c`v_©| 

Pvg© 
 ªÄ÷† ݏ

†jcUb 
μ wgDIb 
νஜ wgDIb wbDwUª‡bv 

 

‡Uwej 13.5: Z…Zxq cÖRb¥ 

†KvqvK© ݐ Uc 
ܾ eUg 

†jcUb τ UvI 
ν௧ UvI wbDwUª‡bv 
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Avgiv hw` cÖwZ c`v_©¸‡jv Avjv`vfv‡e bv wjwL Zvn‡j †QvU GKUv Q‡KB wek¦eªþv‡Êi mKj 
†gŠjKYv wjL‡Z cvwi| Kx PgrKvi! †mUv n‡e G iKg: 

               ‡Uwej 13.5: wek¦eªþv‡Êi mKj †gŠjKYv 

 
dvwg©Ib 

‡evRb cÖ_g 
cÖRb¥ 

wØZxq 
cÖRb¥ 

Z…Zxq 
cÖRb¥ 

†KvqvK© ݑ ܿ  ݐ

 
GB mKj e¨envi K‡i c`v_©weÁv‡bi †h g‡Wj w`‡q cÖK…wZ‡K e¨vL¨v Kiv nq †mUv‡K ejv nq 
÷¨vÛvW© g‡Wj| †h KYv¸‡jv †`Lv‡bv n‡q‡Q Zv‡`i fi wba©viY Kivi Rb¨ wnMm †evRb (Higgs 
Boson) bv‡g Av‡iv GKwU †evR‡bi ܪ Aw¯ÍZ¡ Abygvb Kiv n‡qwQj|  

2013 mv‡j †kl ch©šÍ weÁvbxiv Gi Aw¯ÍZ¡ m¤ú‡K© wbwðZ n‡qwQ‡jbÑ GwU wQj ZvwË¡K 
c`v_©weÁv‡bi GKUv A‡bK eo weRq| †Kv‡bv GKwU wewPÎ Kvi‡Y wnMm †evRb‡K Ck¦i KYv ejv 
nq! 
 

D`vniY 13.4: ݑ †Kvqv‡K©i PvR© 
ଶ 
ଷ

݁  Ges ݀ †Kvqv‡K©i PvR© െ ଵ
ଷ

݁ . 

wbDUªb Ges †c I ݀ †KvqvK© w`‡q Kxfv‡e ˆZwi nq?  ÖvUb ݑ

DËi: wb   ¨gvU PvR© k~b† ݀݀ݑ
 

DUªb: 
‡cÖvUb : ݀ݑݑ †gvU PvR© 1݁ 
 

D`vniY 13.5: †Kvqv‡K©i PvR© hw` 
ଵ
ଷ

݁ n‡Z cv‡i Zvn‡j 1݁ †Kb me‡P‡q †QvU PvR©? 
ଵ
ଷ

݁ †Kb 
bq? 
 
DËi: KviY †KvqvK©‡K KL‡bv Avjv`vfv‡e †`Lv hvq bv| 

 
13.5 B‡jKUªwb· (Electronics) 
 
‡Zvgiv mevB B‡jKwUªwmwU Ges B‡jKUªwb· ỳwU kãB ï‡bQ, Zv‡`i A_©I wfbœ| hw`I ỳ‡Uvi gv‡S 
A‡bK wKQz‡Z wgj Av‡Q wKš‘ GB `y‡Uv kã †gvUvgywUfv‡e ỳ‡Uv wfbœ welq †evSvq| Avgiv hLb 
B‡jKwUªwmwU K_vwU ewj ZLb ˆe ỳ¨wZK kw³i e¨envi Kiv wb‡q gv_v NvgvB| we`y¨r cÖevn, mvwK©U, 
†iwR÷i, cvIqvi G m‡ei gv‡S Av‡jvPbvUv mxgve× _v‡K| hLb B‡jKUªwb· ewj ZLb nVvr K‡i 

 γ 
ܼ
±ܹ 
଴

݃ 

 
 ܾ ݏ ݀ ܪ 

μ
†jcUb 

݁  τ 
ν௘ νஜ ν௧ 
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Zvi gv‡S bvbv ai‡bi Z‡_¨i Av`vb-cÖ`vb 
Ges msiÿ‡Yi welqUv P‡j Av‡m| 11 
Ges 12 Aa¨v‡q B‡jKwUªwmwUi mv‡_ m¤úK© 
Av‡Q G iKg welq¸‡jv wb‡q LvwbKUv 
Av‡jvPbv n‡q‡Q, GLv‡b †Zvgv‡`i Rb¨ 
B‡jKUªwb‡·i m~PbvUv K‡i †`qv n‡”Q|   

Avgiv hLb †nW‡dvb ev w¯úKv‡i 
Mvb ïwb ZLb †mB †nW †dvb ev w¯úKv‡i 
Mv‡bi my‡ijv kã ˆZwi Kivi Rb¨ k‡ãi 
K¤úb Ges ZxeªZvi mv‡_ wgj †i‡L we`y¨r 
cÖevn Kiv nq| Avgiv hw` †mB we`y¨r cÖevn (ev we ỳ¨r cÖevn ˆZwi Kivi Rb¨ cÖ‡qvM Kiv †fv‡ëR) 
†`wL Zvn‡j 13.3  (a) Qwe‡Z †`Lv‡bv GK ai‡bi wmMb¨vj †`Le| mg‡qi mg‡qi mv‡_ mv‡_ 
wmMb¨v‡ji ZxeªZv evo‡Q ev Kg‡Q| †mB wmMb¨vj ZxeªZvi †h †Kv‡bv gvb wb‡Z cv‡i (Aek¨B 
GKUv mxgvi †fZi) Ges Avgiv GB ai‡bi ewj A¨vbvjM wmMb¨vj|  

Qwe 13.3: A¨vbvjM Ges wWwRUvj wmMb¨vj| 

aiv hvK Avgiv †nW †dvb ev w¯úKv‡i †h MvbwU ïbwQ †mUv G‡m‡Q Kw¤úDUvi †_‡K Ges 
Kw¤úDUv‡ii Kv‡Q †mB MvbwU G‡m‡Q B›Uvi‡bU †_‡K| B›Uvi‡bU †_‡K †h Zvi w`‡q wmMb¨vjwU 
Kw¤úDUv‡i G‡m‡Q †mB ZviwUi wmMb¨vj‡K hw` Avgiv †`Lvi †Póv Kwi Zvn‡j †mUv †`Lv‡e 13.3 
(b) Qwei g‡Zv! GLv‡b A¨vbvjM wmMb¨v‡ji g‡Zv Kv‡i›U (ev †fv‡ëR) ZxeªZvi †h †Kv‡bv gvb 
wb‡Z cv‡i bv, GwU ïaygvÎ ỳwU gvb wb‡Z cv‡i, nq Kg (A‡bK mgq k~b¨) wKsev †ewk 

(B‡jKUªwb‡·i fvm©v‡bi Ici wbf©i 
K‡i 3ܸ, 5ܸ ev Ab¨ wKQz) n‡Z 
cv‡i| G iKg wmMb¨vj‡K Avgiv 
ewj wWwRUvj wmMb¨vj| A¨vbvjM 
wmMb¨vj †_‡K Zey Abygvb Kiv hvq 
Avmj wmMb¨vjwU †Kgb wQj, k‡ãi 
ZxeªZv †Kv_vq †ewk †Kv_vq Kg, 
K¤úb †Kv_vq †ewk †Kv_vq Kg 
wKš‘ wWwRUvj wmMb¨vj †`‡L wKQz 
†evSvi Dcvq †bB| wKš‘ †h‡nZy 
Avgiv Rvwb GUv wbwðZ fv‡eB 
Avgv‡`i Mvb ïwb‡q‡Q Kv‡RB 
Mv‡bi Z_¨Uv Gi gv‡SB wbðqB 
jywK‡q Av‡Q|  

               Qwe 13.4: †Wwm‡gj Ges evBbvwi msL¨v| 

A¨vbvjM wmMb¨v‡ji Z_¨ †Kgb K‡i wWwRUvj wmMbv‡j cvVv‡bv nq †mUv Abygvb Kiv Lye 
KwVb wKQz bq| cÖ_‡g A¨vbvjM wmMb¨vj‡K †QvU †QvU mg‡qi UzK‡ivq G fvM K‡i wb‡Z nq, 
cÖ‡Z¨KUv UzK‡ivq A¨vbvjM wmMb¨v‡ji gvbUv KZ †ei Ki‡Z nq, Zvici †mB gvbUzKz msL¨vq 
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cÖKvk K‡i msL¨vUv cvVv‡Z nq| msL¨vi Rb¨ wWwRU kãUv e¨envi Kiv nq e‡j wWwRUvj kãUv 
G‡m‡Q| Avgiv `kwgK msL¨v †`‡L Af¨¯Í †hLv‡b msL¨v cvVv‡bvi Rb¨ 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9 GB `kUv wPý `iKvi| msL¨v‡K `kwfwËK n‡Z n‡e †K e‡j‡Q? 
†lvj wfwËK msL¨v Hexadecimal Anin e¨envi Kiv nqÑ †hLv‡b †lvjUv wPý `iKvi: 
(0, 1, 2, 3, 4, 5, 6, 7, 8, 9, ,ܣ ,ܤ ,ܥ ,ܦ ,ܧ  Avevi AvU wfwËK msL¨vI (ܨ
Av‡Q †hLv‡b `iKvi AvUUv Symbol (0, 1, 2, 3, 4, 5, 6, 7)| gRvi K_v n‡”Q Avgiv B‡”Q 

Ki‡j ỳB wfwËK msL¨vI 
ˆZwi Ki‡Z cvwi †hLv‡b 
`iKvi gvÎ ỳwU wPý 0 
Ges 1. GUv‡K e‡j 
evBbvwi msL¨v| †Zvgiv 
hLb `kwgK msL¨v wk‡LQ 
†mLv‡b †Zvgiv †`‡LQ 
Wvb w`K †_‡K cÖ_g 
msL¨vwU GKK (A_©vr gvb 
n‡”Q 10଴ ൌ 1), 
wØZxqwU `kK (A_©vr gvb 
10ଵ ൌ 10), Z…ZxqwU 
kZK (A_©vr gvb 
10ଶ ൌ 100) BZ¨vw` 
BZ¨vw`| wVK GKB fv‡e 
evBbvwi msL¨vq Wvb w`K 

†_‡K cÖ_gwUi gvb n‡”Q 2଴ ൌ 1, wØZxqwUi gvb n‡”Q 2ଵ ൌ 2, Z…ZxqwUi gvb n‡”Q 2ଶ ൌ 4 
BZ¨vw`| 13.4 Qwe‡Z GKB msL¨v `kwg‡K Ges evBbvwi‡Z cÖKvk K‡i †`Lv‡bv n‡q‡Q| 

     Qwe 13.5: GKwU KÚ¯^i‡K †bUIqv‡K©I gva¨‡g Ab¨ †Kv_vI †cÖiY Kiv| 

‡h‡nZz †h †Kv‡bv msL¨v‡K Avgiv evBbvwi msL¨vq cÖKvk Ki‡Z cvwi ZvB A¨vbvjM 
wmMb¨v‡ji gvbUv evBbvwi msL¨vq cÖKvk K‡i wb‡jB GUv‡K B‡jKUªwb· wmMb¨vj wn‡m‡e GK 
RvqMv †_‡K Ab¨ RvqMvq cvVv‡bv hvq| hLb wmMb¨vjUvi gvb †ewk n‡e †mUv eySv‡e 1, hLb 
gvbUv Kg n‡e †mUv eySv‡e k~b¨! cvVv‡bvi mgq Av‡iv wKQz wbqgKvbyb †`qv nq †hb wmMb¨vjUv 
wb‡q †KD †Mvjgvj cvwK‡q bv †d‡j, †Kv_vq ïiæ †Kv_vq †kl †evSv hvq| 

Avgv‡`i Rxe‡b Avgiv hLb wKQz GKUv e¨envi Kwi †mUv cÖvq mg‡qB nq A¨vbvjM, 
†mUv‡K wWwRUv‡j cwieZ©b K‡i cvVv‡bv nq, cÖwμqv Kiv nq| †cuŠQv‡bvi ci †mUv‡K Avevi 
A¨vbvj‡M cwieZ©b K‡i e¨envi Kiv nq| A¨vbvjM  wmMb¨vj‡K wWwRUv‡j cwieZ©b Kivi Rb¨ 
wKsev wWwRUvj wmMb¨vj‡K A¨vbvj‡M cwieZ©b Kivi Rb¨ we‡kl ai‡bi AvB wm (Integrated 
Circuit) e¨envi Kiv nq Zv‡`i‡K Analog  to  Digitla  Converter (ms‡ÿ‡c ADC) ev w
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Digital to Analog Converter (ms‡ÿ‡c DAC ) ejv nq| 13.5 Qwe‡Z wKfv‡e GK R‡bi 
KvQ †_‡K Av‡iK R‡bi Kv‡Q †Kv‡bv GKUv wmMb¨vj cvVv‡bv nq †mUv †`Lv‡bv n‡jv|  

D`vniY 13.6:  1 †_‡K 32 ch©šÍ †Wwm‡gj msL¨vq evBbvwi msL¨vs cÖKvk K‡i †`LvI| 
 

 
DËi: 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 
1110, 1111, 10000, 10001, 10010, 10011, 10100, 10101, 10110, 10111, 
11000, 11001, 11010, 11011, 11100, 11101, 11110, 11111, 100000 

 
‡Zvgiv eyS‡ZB cviQ A¨vbvjM wmMb¨vj‡K wWwRUvj wmMb¨v‡j iƒcvšÍi Kivi mgq Avgiv †mUv 
A‡bKfv‡e Ki‡Z cvwi, mg‡qi Slot KZUzKy n‡e Ges m‡e©v”P gvb K‡Zv a‡i †be Zvi Dci wbf©i 
K‡i wWwRUvj WvUvi cwigvY| AZ¨šÍ m~²fv‡e Kivi cÖ‡qvRb n‡j Zvi cwigvY A‡bK †ewk n‡q 
†h‡Z cv‡i| Zvi Rb¨ wWwRUvj B‡jKUªwb· RwUj n‡Z cv‡i Ggb wK mgq mv‡cÿI n‡Z cv‡i| 
wKš‘ ZviciI AvaywbK RMr Lye ª̀æZ mewKQz‡K wWwRUvj wmMb¨vj wn‡m‡e cwieZ©b K‡i †mUv‡K 
cÖwμqv Kivi w`‡K GwM‡q hv‡”Q| wWwRUvj wmMb¨vj‡K ïay 0 Ges  1 wn‡m‡e †cÖiY Ki‡Z nq 
e‡j Gi gv‡S AbvKvwÿZ †Mvjgvj Kg Ges A‡bK mg‡qB A¨vbvjM AskUzKz †Pv‡Li Avov‡j 
†i‡L me wKQzB mivmwi Avgv‡`i Kv‡Q wWwRUvj wn‡m‡e P‡j Avm‡Q| 
 
13.5.1 †mwgKÛv±i 
AvaywbK RMr Ges AvaywbK mf¨Zv 
cy‡ivUvB B‡jKUªwb‡·i Dc‡i M‡o 
D‡V‡Q Ges GB B‡jKUªwb‡·i Rb¨ 
Avgiv hw` †Kv‡bv GK ai‡bi c`v‡_©i 
cÖwZ K…ZÁZv cÖKvk Ki‡Z PvB Zvn‡j 
†mB c`v_©wU n‡e †mwgKÛv±i| Avgiv 
Gi Av‡MI cwievnx Ges Acwievnx Ges 
Aa©-cwievnx ev †mwgKÛv±‡ii bvgwU 
D”PviY K‡iwQ GLb e¨vcviUvi 
GKUzLvwb Mfx‡i †h‡Z cvwi|  

13.6 Qwe‡Z †mwgKÛv±‡ii 
A‡bK¸‡jv cigvYy‡K cvkvcvwk †`Lv‡bv 
n‡q‡Q| cigvYi MV‡bi Kvi‡Y Zv‡`i †kl Kÿ c‡_ hw` AvUwU B‡jKUªb _v‡K Zvn‡j †mwU †Kvb 
GK A‡_© cwic~Y© nq Ges A‡bK w¯’wZkxj nq| cigvYy¸‡jv memg‡qB †Póv K‡i Zv‡`i †kl 
Kÿc‡_ AvUwU B‡jKUªb ivL‡Z| wmwjKb n‡”Q me‡P‡q †ewk e¨eüZ †mwgKÛv±i Zvi †kl 
Kÿc‡_ B‡jKUª‡bi msL¨v Pvi, wKš‘ hLb Avgiv wmwjKb wμ÷v‡ji w`‡K ZvKvB ZLb AevK n‡q 
Avwe®‹vi Kwi cÖ‡Z¨KwU cigvYyB fve‡Q Zvi †kl Kÿc‡_ AvUUv B‡jKUªb! GUv N‡U‡Q KviY 
cÖ‡Z¨KUv cigvYyB Pviw`‡K wfbœ PviUv cigvYyi mv‡_ hy³ Ges mevB wb‡Ri B‡jKUªb¸‡jv cv‡ki 

 

Qwe 13.6: wmwjKb wμ÷vj| Wvb w`‡K wmwjKb wμ÷v‡ji 
wÎgvwÎK iƒc|
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cigvYyi mv‡_ fvMvfvwM K‡i e¨envi Ki‡Q| (Avgiv QweUv G‡KwQ GK mgZ‡j, mwZ¨Kvi wmwjKb 
cigvYy¸‡jv wÎgvwÎK, Qwe‡Z †h iKg †`Lv‡bv n‡q‡Q wKš‘ cÖ‡Z¨KUv cigvYyB Avm‡j Ab¨ PviwU 
cigvYy‡K ¯úk© K‡i _v‡K|) 

Ggwb‡Z †mwgKÛv±‡i B‡jKUªb¸‡jv cigvYyi mv‡_ AvU‡K _v‡K, ZvcgvÎv evov‡j nq‡Zv 
GKUv ỳ‡Uv B‡jKUªb gy³ n‡Z cv‡i| cwievn‡K gy³ B‡jKUªb _v‡K ZvB ZLb †mwgKÛv±iUv 
LvwbKUv cwievn‡Ki g‡Zv KvR Ki‡Z cv‡i| c`v_©weÁv‡bi `„wófw½‡Z GUv PgrKvi GKUv 
e¨vcvi, wKš‘ e¨env‡ii Rb¨ GUv ZZUv Dc‡hvMx bv| GUv‡K mwZ¨Kvi A‡_© e¨envi Kivi Rb¨ 
LyeB gRvi GKUv KvR Kiv nq| wmwjKb wμ÷v‡ji mv‡_ Ggb GKUv cigvYy (‡hgb dmdivm) 
wgwk‡q †`qv nq hvi †kl Kÿc‡_ cvuPwU B‡jKUªb| ZLb Avgiv nVvr K‡iB Avwe¯‹vi Kwi †h‡nZz 
cÖ‡Z¨KUv cigvYy Ab¨ cigvYyi mv‡_ wb‡Ri B‡jKUªb fvMvfvwM K‡i GKUv k„•Ljvi gv‡S Av‡Q 
Ges dmdiv‡mi GB cÂg B‡jKUªbwU evowZ (cÖvq AweK…Z) GKUv B‡jKUªbÑ †Kv‡bv cigvYyiB 
Zvi cÖ‡qvRb †bB ZvB †m me cigvYyi gv‡SB cÖvq gy³fv‡e Ny‡ivNywi Ki‡Z cv‡i! GUv‡K 
dmdiv‡mi cigvYyi gv‡S _vK‡Z n‡e Ggb †Kv‡bv K_v †bBÑ dmdivm‡K cwRwUf Avqb evwb‡q 
GB B‡jKUªbwU gy³ B‡jKUª‡bi g‡Zv e¨envi K‡i| ejv †h‡Z cv‡i dmdivm †gkv‡bv G iKg 
†mwgKÛv±i A‡bUvB cwievnx, KviY PvR© cwien‡bi Rb¨ gy³ GLv‡b wKQz B‡jKUªb _v‡K| 
dmdiv‡mi g‡Zv cÂg B‡jKUªbmn cigvYyi †hvM K‡i †mwgKÛv±i‡K †gvUvgywU cwievnK ˆZwi 
K‡i †djv GB †mwgKÛv±i‡K e‡j ݊ ai‡bi †mwgKÛv±i|  

Gev‡i †Zvgiv Av‡iv PgKcÖ` GKUv welq †kvbvi Rb¨ cȪ ‘Z nI| †kl Kÿc‡_ evowZ 
cÂg B‡jKUªb Ggb cigvYy bv w`‡q hw` Avgiv D‡ëv KvRwU Kwi, †kl Kÿc‡_ GKwU Kg A_©vr 
wZbwU B‡jKUªb (‡evib) †`qv wKQz cigvYy wgwk‡q †`qv nq Zvn‡j Kx n‡e? Aek¨B †evSv hv‡”Q 
†evi‡bi cigvYyi Kÿc‡_ GKUv RvqMvq B‡jKUª‡bi Rb¨ GKUv duvKv RvqMv _vK‡e Ges 
cigvYywU †mB duvKv RvqMvUv cv‡ki GKUv B‡jKUªb G‡b fivU K‡i †dj‡Z cv‡iÑ ZLb cv‡ki 
cigvYy‡Z GKUv duvKv RvqMv n‡q hv‡e, †mB duvKv RvqMvwU Avevi Zvi cv‡ki cigvYyi GKUv 
B‡jKUªb G‡m fivU K‡i †dj‡Z cv‡iÑ ZLb †mLv‡b GKUv duvKv RvqMv n‡e| Ab¨fv‡e ejv hvq 
Avgv‡`i Kv‡Q g‡b n‡e GKUv B‡jKUª‡bi Afvehy³ GKUv duvKv RvqMv eywS cigvYy †_‡K 
cigvYy‡Z Ny‡i †eov‡”Q! g‡b n‡Z cv‡i GUv eywS Avm‡j GK ai‡bi  KYv  Ges Zvi PvR© eywS 
cwRwUf! GUv‡K ejv nq †nvj (Hole)| A_©vr Avgiv ej‡ZB cvwi †evib cigvYy‡K †b‡MwUf 
Avqb wn‡m‡e †i‡L Zvi †nvjwU wmwjKb wμ÷v‡ji †fZi Ny‡i †eov‡Z cv‡i| A_©vr GB 
†mwgKÛv±iwU cÖvq cwievnK wn‡m‡e KvR K‡i Ges Zvi †fZi w`‡q we`y¨r cwienb K‡i cwRwUe 
PvR©hy³ †nvj! wZbwU B‡jKUªb wgwk‡q GKUv †mwgKÛv±i‡K hLb cwievnK K‡i †djv nq ZLb 
Zv‡K e‡j ݌ ai‡bi †mwgKÛv±i|  w
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Ggwb‡Z Avjv`vfv‡e ݊ ai‡bi Ges ݌ ai‡bi †mwgKÛv±‡ii †Zgb e¨envi wQj bv wKš‘ 
hLb ݊ Ges ݌ ai‡bi †mwgKÛv±i GKUvi mv‡_ Av‡iKUv hy³ Kiv n‡jv ZLb weÁvb Ges cÖhyw³i 
RM‡Zi me‡P‡q eo wecø‡ei m~Pbv n‡qwQj| 

13.7 Qwe‡Z †`Lv‡bv n‡q‡Q GKUv  ݊ ai‡bi †mwgKÛv±i  ݌ ai‡bi †mwgKÛv±‡ii mv‡_ 
hy³ K‡i Zvi mv‡_ GKUv e¨vUvwi Ggbfv‡e hy³ Kiv n‡q‡Q †hb e¨vUvwii cwRwUf AskwU hy³ 
n‡q‡Q ݊ Gi mv‡_ Ges †b‡MwUf AskwU hy³ n‡q‡Q ݌ Gi mv‡_| Avgiv †R‡bwQ ݊ ai‡bi 

†mwgKÛv±‡i we ỳ¨r cwien‡bi Rb¨ B‡jKUªb _v‡K, Kv‡RB Lye `ªæZ GB B‡jKUªb¸‡jv e¨vUvwii 
cwRwUf cÖvšÍ wb‡Ri Kv‡Q †U‡b wb‡e Kv‡‡RB ݊ UvBc †mwgKÛv±‡i we`y¨r cÖev‡ni Rb¨ †Kv‡bv 
B‡jKUªb _vK‡e bvÑ GUv n‡q hv‡e we`y¨r Avcwievnx| wVK GKBfv‡e e¨vUvwii †b‡MwUf cÖvšÍ †_‡K 
B‡jKUªb nvwRi n‡e ݌ UvBc †mwgKÛv±‡i Ges me¸‡jv †nvj GKUv GKUv B‡jKUªb wb‡q fivU 
n‡q hv‡e Kv‡RB Lye ª̀æZ †`Lv hv‡e we`y¨r cÖevn Kivi Rb¨ GKwUI †nvjI Aewkó †bB, A_©vr GB 
mwgKÛv±iwUI w† ݌  Acwievnx n‡q hv‡e| Kv‡RB e¨vUvwii mv‡_ GB ݊݌ †mwgKÛv±iwU hy³ 
Kiv n‡j, Gi wfZi w`‡q †Kv‡bv we ỳ¨rB cwievwnZ n‡e bv! 

Qwe 13.7: ݊ Ges ݌ hy³ K‡i ‰Zwi Kiv Wv‡qvW| e¨vUvwii GK ms‡hv‡M †Kv‡bv we ỳ¨r cÖevn nq bv, Ab¨ 
ms‡hv‡M we ỳ¨r cÖevn nq| 

e ỳ¨r

Gev‡i hw` ݊݌ †mwgKÛv±iwU‡Z e¨vUvixi D‡ëv ms‡hvM †`qv nq Zvn‡j Kx n‡e? A_©vr 
e¨vUvwii cwRwUf Ask jvMv‡bv nj ݌ ai‡bi †mwgKÛv±‡i Ges †b‡MwUf cÖvšÍ jvMv‡bv nj ݊ 
ai‡bi †mwgKÛv±‡i| Gev‡i e¨vUvwii †b‡MwUf cÖvšÍ †_‡K B‡jKUªb Xz‡K hv‡e ݊ UvBc 
†mwgKÛv±‡i Ges B‡jKUªb¸‡jv‡K ݊݌ Rvsk‡bi w`‡K †V‡j †`‡e| wVK †Zgwbfv‡e ݌ UvBc 
†mwgKÛv±i †_‡K B‡jKUªb †U‡b wb‡q b~Zb †nvj ˆZwi Ki‡Z _vK‡e e¨vUvwii cwRwUf cÖvšÍ Ges 
†mB †nvj¸‡jv Qz‡U hv‡e ݊݌ Rvsk‡bi w`‡K| †mLv‡b B‡jUªb¸‡jv †nvj‡K fivU Ki‡Z _vK‡eÑ 
e¨vcviUv Pj‡ZB _vK‡e Ges †KD hw` e¨vUvwii Zvi¸‡jvi w`‡K ZvKvq Zvn‡j †`L‡e e¨vUvwii 
wb‡MwUf cÖvšÍ †_‡K B‡jKUªb hv‡”Q ݊ Gi w`‡K Ges ݌ †_‡K B‡jKUªb †ei n‡q wd‡i Avm‡Q 
e¨vUvwii cwRwUf cÖv‡šÍ| †mUv Pj‡ZB _vK‡eÑ  Ges Avgiv †`Le GB Rvsk‡bi †fZi w`‡q 
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PgrKvi fv‡e we ỳ¨r cÖevn n‡”Q| ݊ Ges ݌ ai‡Yi †mwgKÛv±i ˆZwi GB Rvskb‡K e‡j Wv‡qvW| 
Wv‡qvW Ggb GKwU B‡jUªwb· wWfvBm †hLv‡b e¨vUvwii GK ai‡Yi ms‡hv‡M we`y¨r cÖevn nq D‡ëv 
ms‡hv‡M nq bv! 

Qwe 13.8: Wv‡qvW e¨envi K‡i Gwm wmMb¨v‡ji †b‡MwUf Ask 
AcmviY K‡i †djv hvq| 

Wv‡qv‡Wi e¨env‡ii †Kv‡bv †kl †bB, mvaviY Wv‡qvW †Zv Av‡QB mwZ¨ ej‡Z Kx †Zvgiv 
me mgq †h jvj bxj meyR njy` †QvU †QvU Av‡jv¸‡jv †`‡Lv †m¸‡jv me LED ev Light 
Emitting  Diode Wv‡qv‡Wi 
Av‡iv GKUv gRvi e¨envi n‡”Q 
AC wmMb¨vj DC ˆZwi Kiv| 
13.8 Qwe‡Z †`Lv‡bv Dcv‡q 
Avgiv hw` Wv‡qv‡Wi †fZi AC 
†fv‡ëR w`B Ab¨ cv‡k 
†b‡MwUf AskUzKz †K‡U ïay 
cwRwUf AskUzKz †ei n‡q 
Avm‡e| 

 
13.5.2 UªvbwR÷i 
hviv weÁv‡bi BwZnvm Rv‡b Zv‡`i‡K hw` wR‡Ám Kiv nq cÖhyw³i me‡P‡q eo Avwe®‹vi Kx, 
m¤¢eZ Zviv UªvbwR÷‡ii K_v ej‡e| UªvbwR÷i ݌ Ges ݊ ai‡bi †mwgKÛv±i w`‡q ˆZwi GK 
ai‡bi wWfvBm, †hUv Zvi †fZi w`‡q we`y¨‡Zi 
cÖevn wbqš¿Y Ki‡Z cv‡i| ݊݊݌ Ges ݌݊݌ ỳB 
ai‡bi UªvbwR÷i Av‡Q| Qwe‡Z †Zvgv‡`i ݊݊݌ 
ai‡bi UªvbwR÷i †`Lv‡bv n‡q‡Q| GUv‡K A‡bKUv 
cvwbi U¨v‡ci mv‡_ Zzjbv Kiv hvq, cvwbi U¨vc 
Lyj‡j cvwbi cÖevn ïiæ nq Avevi U¨vcwU eÜ 
Ki‡j cvwbi cÖevn eÜ n‡q hvq| ݊݊݌ 
UªvbwR÷‡ii †h w`K w`‡q Kv‡i›U Xz„‡K Zvi bvg 
Kv‡j±i Ges †hw`K w`‡q Kv‡i›U †ei nq Zvi bvg 
GwgUvi| gvSLv‡b i‡q‡Q †em, GB e¨vmwU U¨v‡ci g‡ZvÑ GB †e‡m Aí GKUz Kv‡i›U w`‡jB †hb 
U¨vcwU Ly‡j hvq A_©vr Kv‡i‡›Ui cÖevn n‡Z _v‡K| Avevi GB Aí Kv‡i›U eÜ K‡i w`‡jB we`y¨‡Zi 
cÖevn eÜ n‡q hvq ! 

 

Qwe 13.9: GKwU ݊݊݌  UªvbwR÷‡ii MVb, 
cÖZxK Ges we ỳ¨r cÖevn 

GB UªvbwR÷i w`‡q AmsL¨ B‡jKUªwb· hš¿cvwZ ˆZwi Kiv nq| †QvU wmMb¨vj‡K eo Kivi 
Rb¨ UªvbwR÷i e¨envi Kiv nq †hUv‡K Avgiv ewj Ggwcødvqvi| bvbv ai‡bi wmMb¨vj‡K cÖwμqv 
Kivi Rb¨I UªvbwR÷i e¨envi Kiv nq| 
 

UªvbwR÷i †iwR÷i, K¨vcvwmUi, Wv‡qvW BZ¨vw` e¨envi K‡i A‡bK cÖ‡qvRbxq mvwK©U 
ˆZwi Kiv nq| ax‡i ax‡i cÖhyw³i DbœwZ n‡Z _v‡K Ges GB ai‡bi bvbv wKQy e¨envi K‡i ˆZwi w
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Kiv Av¯Í GKwU mvwK©U †QvU GKUv RvqMvi gv‡S XywK‡q †`qv ïiæ n‡jv Ges Zvi bvg †`qv n‡jv 
Bw›U‡MÖ‡UW mvwK©U| GKUv Bw›U‡MÖ‡UW mvwK©U nq‡Zv GKUv b‡Li mgvb Zvi †fZ‡i cÖ_‡g nvRvi 
nvRvi UªvbwR÷i w`‡q ˆZwi mvwK©U XyKv‡bv ïiæ nq Ges †`L‡Z †`L‡Z GKUv AvBwmi †fZi 
wewjIb UªvbwR÷i ch©šÍ emv‡bv m¤¢e n‡q DV‡Z _v‡K! GKwU †QvU wP‡ci wfZi wewjIb UªvbwR÷i 
†XvKv‡bvi GB cÖwμqv‡K ejv nq VLSI ev Very  Large  Scale  Integration. GB cÖwμqvwU 
GL‡bv †_‡g †bB Ges wP‡ci wfZi Av‡iv UªvbwR÷i XywK‡q Av‡iv RwUj mvwK©U ˆZwi Kivi cÖwμqv 
GL‡bv Pj‡Q| 

GKwU †QvU wP‡ci wfZi wewjIb UªvbwR÷i XywK‡q AZ¨šÍ RwUj mvwK©U ˆZwi Kivi Kvi‡Y 
Avgiv Kw¤úDUvi, j¨vcUc, K¨vjKz‡jUi, PgKcÖ` †gvevBj †Uwj‡dvb BZ¨vw` AmsL¨ b~Zb b~Zb 
B‡jKUªwb· hš¿cvwZ e¨envi Ki‡Z cviwQ| GK mgq B‡jKUªwb‡·i †h KvRwU Ki‡Z K‡qKwU Ni 
wKsev GKUv Av¯Í wewìs‡qi cÖ‡qvRb n‡Zv GLb †mUv GKUv †QvU wP‡ci †fZi XywK‡q †`qv m¤¢e 
n‡”Q Ges †m¸‡jv w`‡q ˆZwi bvbv ai‡bi hš¿ Avgiv GLb c‡K‡U wb‡q Ny‡i †eov‡Z cvwi ! 
  
13.5.3 Gd wc wR G (FPGA, Fied Progammable Gate Array) 
B‡jKUªwb‡·i RM‡Zi me©‡kl ms‡hvRb n‡”Q Gd wc wR AvB| GK mgq GKUv AvB wmÕi j¶-
†KvwU UªvbwR÷i w`‡q ˆZwi mvwK©U GKUv we‡kl KvR Kivi Rb¨ e¨eüZ n‡Zv| GLb m¤ú~Y© b~Zb 
ai‡bi AvB wm ˆZwi n‡q‡Q †hLv‡b j¶-†KvwU †QvU †QvU mvwK©U (ev †MU) mvRv‡bv _v‡K wKš‘ 
Zv‡`i †fZ‡i †Kv‡bv Kv‡bKkb †`qv _v‡K bv| †h GUv e¨envi Ki‡Z Pvq †m GB AvB wm wU‡K 
†cÖvMÖvg K‡i †fZ‡ii Kv‡bKkb w`‡q †mUv‡K †h iKg B‡”Q †m iKg GKUv mvwK©‡U ˆZwi K‡i 
†bq| ïay ZvB bq hw` GB mvwK©UUv cQ›` bv nq Zvn‡j †mUv cwieZ©b K‡i b~Zb GKUv mvwK©U 
cv‡ë w`‡Z cv‡i| †mUv †hLv‡b B‡”Q †mLv‡bB Kiv hvq e‡j bvg †`qv n‡q‡Q wdì †cÖvMÖv‡gej ev 
Kg©‡¶‡Î †cÖvMÖvg Kivi Dc‡hvMx| †MU G‡i (Gate Array) K_vwU G‡m‡Q AmsL¨ mvwR‡q _vKv 
†MU Gi Kvi‡Y| wbtm‡›`‡n ejv hvq hZB mgq †h‡Z _vK‡e B‡jKUªwb‡·i RM‡Z GB Gd wc wR 
G ZZB ¸iæZ¡c~Y© f~wgKv ivL‡Z ïiiæ Ki‡e| GKwU mgq wQj hLb cyi‡bv mvwK©U w`‡q ˆZwi GKUv 
hš¿ e¨env‡ii Abyc‡hvMx n‡q †mUv †d‡j w`‡q †mLv‡b b~Zb GKwU mvwK©U emv‡Z n‡Zv| GLb 
wKQyB Ki‡Z nq bvÑ ïaygvÎ Gd wc wR G wP‡ci †fZi cyivZb mvwK©‡Ui †cÖvMÖvgUv mwi‡q b~Zb 
mvwK©‡Ui †cÖvMÖvgwU Pvjv‡Z nq| GK mgq †cÖvMÖvwgs Ges B‡jKUªwb· m¤ú~Y© wfbœ ỳwU welq wQj wKš‘ 
GLb ỳwUi gv‡S GKUv m¤ú~Y© b~Zb ai‡bi mgš^q N‡U‡Q| 
 
13.5.4 Kw¤úDUvi 
‡Zvgiv mevB Kw¤úDUvi e¨envi K‡iQ| hviv GKUz BZ¯ÍZ KiQ Zv‡`i‡K ejv †h‡Z cv‡i 
Kw¤úDUvi ej‡ZB hv‡`i †Pv‡Li mvg‡b GKUv gwbUi GKUv wmwcBD ev wK-‡evW© wKsev j¨vcU‡ci 
Qwe †f‡m I‡VÑ ïay †m¸‡jvB Kw¤úDUvi bq| Avgiv †h †gvevBj †Uwj‡dvb e¨envi Kwi Zvi 
gv‡SI †QvU †QvU Ges c~Y©v½ Kw¤úDUvi i‡q‡Q|  
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AvaywbK RM‡Z Kw¤úDUv‡ii ¸iæZ¡wU wekvj Zvi KviY GwU Ab¨ `kwU h‡š¿i g‡Zv bq| 
Ab¨ †h †Kv‡bv hš¿ ev Uzj (tool) me mg‡qB GKUv wbw`©ó KvR Ki‡Z cv‡i| GKUv ¯Œz WªvBfvi 
w`‡q evwk evRv‡bv m¤¢e bq Avevi euvwk w`‡q ¯Œz 
†Lvjv hvq bv| wKš‘ Kw¤úDUvi Ggb GKUv hš¿, 
†hUv w`‡q m¤¢ve¨ mKj KvR Kiv hvq Ges Kx Kx 
Kiv hv‡e Zvi mxgv‡iLv gvÎ GKwU Ges †mwU n‡”Q 
gvby‡li m„RbkxjZv! GKRb gvbyl hZ m„Rbkxj 
†m Kw¤úDUv‡ii ZZ †ewk e¨envi †ei Ki‡Z 
cvi‡e! ZvB Kw¤úDUvi w`‡q Avgiv †h iKg wnmve 
(Compute) Ki‡Z cvwi wVK †m iKg Mvb ïb‡Z 
cvwi, Qwe AvuK‡Z cvwi, Z_¨ Av`vb-cÖ̀ vb Ki‡Z 
cvwi, hš¿cvwZ wbqš¿Y Ki‡Z cvwiÑ GgbKx hviv 
Nv¸ Acivax Zviv GUv e¨envi K‡i gvbyl‡K 
cÖZviYv ch©šÍ K‡i †d‡j! 

Kw¤úDUv‡ii MVb: hviv Kw¤úDUv‡ii 
†fZi DuwK w`‡qQ, wbtm‡›`‡n Zv‡`i g‡b n‡Z 
cv‡i GwU LyeB RwUj GKwU hš¿ wKš‘ †Zvgiv †R‡b 
Lywk n‡e Gi KvR Kivi g~j welqwU LyeB mnR| 
GKUv Kw¤úDUv‡ii g~j Ask ỳwUÑ GKwU n‡”Q gvB‡μvcÖ‡mmi Ab¨wU n‡”Q †g‡gvwi| (Qwe 13.10) 
†g‡gvwii †fZi bvbv ai‡bi wb‡ ©̀k ev Bb÷ªvKkb Rgv Kiv _v‡K, †m¸‡jv wKQy wWwRUvj wmMb¨vj 
Qvov Avi wKQyB bq| †g‡gvwi †_‡K GB Bb÷ªvKkb¸‡jv gvB‡μvcÖ‡mm‡i cvVv‡bv nq, 
gvB‡μvcÖ‡mmi †Kvb Bb÷ªvKk‡bi Rb¨ Kx Ki‡Z n‡e †mwU Rv‡b Ges Zvi Rb¨ eivÏK…Z KvRwU 
†kl K‡i Ges hLb cÖ‡qvRb nq ZLb djvdjwU Avevi †g‡gvwi‡Z Rgv K‡i †`q| Gfv‡e 
†g‡gvwi‡Z ivLv meMy‡jv Bb÷ªvKkb †kl Kiv n‡j Avgiv e‡j _vwK GUv Zvi †cÖvMªvg cy‡ivUv †kl 
K‡i‡Q| Kw¤úDUv‡ii Z_¨ msi¶Y Kivi Rb¨ ïay †g‡gvwii Ici wbf©i Kiv nq bv, cvKvcvwKfv‡e 
†mLv‡b Z_¨ ivLvi e¨e ’̄v Kiv nqÑ †mUv‡K Avgiv nvW© WªvBf e‡j _vwK| 

 

Qwe 13.10: GKwU Kw¤úDUv‡ii eøK WvqvMÖvg| 

Kw¤úDUv‡i GKUv †cÖvMÖvg Pvjv‡Z n‡j Zvi mv‡_ evB‡i †_‡K †hvMv‡hvM Ki‡Z nq| †h 
me hš¿cvwZ (wK‡evW© wKsev gvDm) w`‡q Kw¤úDUv‡ii mv‡_ †hvMv‡hvM Kiv nq Zv‡`i‡K ejv nq 
BbcyU wWfvBm| Kw¤úDUvi Avevi Zvi Z_¨ e¨enviKvixi Kv‡Q w`‡Z cv‡i, †hme hš¿cvwZ w`‡q 
Kw¤úDUvi evB‡ii RM‡Zi mv‡_ †hvMv‡hvM K‡i (gwbUi, wcÖ›Uvi) Zv‡K ejv nq AvDUcyU 
wWfvBm| 

Z‡e AvRKvj Kw¤úDUv‡ii mv‡_ †hvMv‡hv‡Mi me‡P‡q mnR c×wZ n‡”Q †bUIqvwK©s! 
cÖ‡Z¨KUv Kw¤úDUv‡iB †bUIqvK© B›Uvi‡dm KvW© (NIC) _v‡K †hwU w`‡q †mwU GKwU †bUIqv‡K©i 
mv‡_ hy³ _v‡K Ges Kw¤úDUvi †mwU w`‡q Z_¨ MÖnY K‡i Avevi Z_¨‡K †cÖiY K‡i|  
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13.5.5 †bUIqvK© I B›Uvi‡bU 
GKUv cÖwZôv‡bi Kw¤úDUvi¸‡jv‡K mvaviYZ GKUv †bUIqvK© w`‡q ci¯ú‡ii mv‡_ hy³ K‡i †`qv 
nq †hb GKUv Kw¤úDUvi Ab¨ GKUv Kw¤úDUv‡ii mv‡_ †hvMv‡hvM Ki‡Z cv‡i Avevi cÖ‡qvRb 
n‡j GKUv Kw¤úDUvi Ab¨ Kw¤úDUv‡ii Resource e¨envi Ki‡Z cv‡i| GB ai‡bi 
†bUIqvK©‡K LAN  (Local Area Network) ejv n‡q _v‡K| AvRKvj LAN ˆZwi Kivi Rb¨ 
GKUv myB‡Pi mv‡_ 
A‡bK¸‡jv Kw¤úDUvi hy³ 
K‡i myBP¸‡jv‡K ci¯ú‡ii 
mv‡_ hy³ K‡i w`‡Z nq| hLb 
GKUv Kw¤úDUvi‡K Ab¨ 
Kw¤úDUv‡ii †hvMv‡hvM Ki‡Z 
nq †mwU hw` Zvi wb‡Ri 
myB‡Pi mv‡_ hy³ Kw¤úDUv‡ii 
gv‡S †c‡q hvq Zvn‡j Zvi 
mv‡_ mivmwi †hvMv‡hvM K‡i| 
†mLv‡b bv †c‡j Ab¨ myB‡P 
†LuvR Ki‡Z _v‡K| 

GKwU cÖwZôv‡bi 
GKwU LAN †K Ab¨ GKwU 
cÖwZôv‡bi Ab¨ GKwU LAN Gi mv‡_ hy³ Kivi Rb¨ ivDUvi (Router) e¨envi Kiv nq| (Qwe 
13.11) wewfbœ †bUIqvK© (Network)‐ Gi wb‡R‡`i gv‡S Inter  Connection K‡i 
Networking †K Internet  ejv nq| ejv †h‡Z cv‡i mviv c„w_exi mKj Kw¤úDUviB GLb 
B›Uvi‡b‡Ui gva¨‡g G‡K A‡b¨i mv‡_ hy³ Av‡Q| 

 

         Qwe 13.11: †bUIqv‡K©i m‡½ hy³ GKvw`K LAN 

B›Uvi‡b‡Ui e¨envi c„w_exi Z_¨ Av`vb-cÖ`v‡bi RM‡Z GKwU Lye eo †gŠwjK cwieZ©b 
G‡b‡Q, Gi mwZ¨Kv‡ii cÖfve Kx n‡e, †mwU †`Lvi Rb¨ mevB mvMÖ‡n A‡c¶v K‡i Av‡Q| 
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Abykxjbx 
 
cÖkœ: 
1. ħ Gi gvb Lye Kg e‡j Avgv‡`i ˆ`bw›`b Rxe‡b AwbðqZvi m~Î †Kv‡bv cÖfve †d‡j bv| hw` 

ħ Gi A‡bK eo n‡Zv Avgv‡`i ˆ`bw›`b Rxe‡b Kx mgm¨v n‡Zv?   
2. fi †_‡K hw` kw³ ˆZwi Kiv hvq, Zvn‡j wK kw³ †_‡K fi ˆZwi Kiv m¤¢e n‡e? 
3. wbDUªb hw` weUv KYv †ei K‡i †cÖvU‡b cwiewZ©Z n‡Z cv‡i Zvn‡j wbDwK¬qv‡mi †fZi me 

wbDUªb ax‡i ax‡i †cÖvU‡b cwiewZ©Z n‡q hvq bv †Kb? 
4. Avgv‡`i cwiwPZ RMrUzKz ïay gvÎ wZbwU dvwg©Ib KYv w`‡qB e¨vL¨v Kiv m¤¢e| †mB wZbwU 

dvwg©Ib Kx Kx?  
5. ZvcgvÎv evov‡j †iwR÷‡ii †iva †e‡o hvq wKš‘ †mwgKÛv±‡i K‡g †Kb? 
 
MvwYwZK mgm¨v: 
1. GKwU B‡jKUªb 10଺m/s †e‡M hv‡”Q Zvi wW eªMwj Zi½ ˆ`N©¨ KZ? GKwU †cÖvUb GKB †e‡M 

 Zvi Zi½ ˆ`N©¨ KZ? (meyR Av‡jvi Zi½ ˆ`N©¨ 5 ൈ 10଺m/s) †M‡j

3. 1݇݃ fi‡K kw³‡Z iƒcvšÍwiZ Kiv n‡j †mwU Kx cwigvY kw³ †`‡e? 
2. GKUv B‡jKUªb‡K GKUv †cÖvU‡bi mgvb fi †c‡Z n‡j Zv‡K K‡Zv †e‡M †h‡Z n‡e? 

4. GKwU Rxevk¥‡Z †h cwigvY Cଵସ _vKvi K_v Zvi †_‡K 16 ¸Y Kg Av‡Q| Rxevk¥wU KZ 
b?  cyivZ

5. 317 msL¨vwU‡K evBbvwi, A±vj Ges †n·v-‡Wwm‡g‡j cÖKvk K‡iv| 
 
 w

w
w
.fa

ce
bo

ok
.c
om

/ta
nb

ir.
eb

oo
ks



 
 

PZy©`k Aa¨vq 
gvby‡li Rb¨ c`v_©weÁvb 
(Physics for Humanity) 

 
 

wiPvW© dvBbg¨vb 

 

Richard Feynman(1918‐1988) 

wiPvW© dvBbg¨vb GKRb Av‡gwiKvb ZvwË¡K c`v_©weÁvbx, †Kvqv›Uvg 
B‡jK‡Uªv wWbvwg‡· Ae`v‡bi Rb¨ Zuv‡K †bv‡ej cyi¯‹vi †`qv nq| 
c`v_©weÁv‡bi RwUj mgm¨v mgvav‡bi Rb¨ wZwb GK ai‡bi Qwe e¨envi 
K‡i MvwYwZK wnmv‡ei GKwU b~Zb c×wZ ˆZwi K‡ib, †hwU dvBbg¨vb 
WvqvMÖvg wnmv‡e cwiwPZ| †¯úm kvUj ỳN©Ubvi ci Zuv‡K Z`šÍ Kwgk‡b 
ivLv nq Ges wZwb ỳN©Ubvi KviYwU mwVKfv‡e wPwýZ Ki‡Z †c‡iwQ‡jb| 
wZwb Zuvi wek¦we`¨vjq K¨vj‡U‡K AZ¨šÍ RbwcÖq GKRb wkÿK wQ‡jb| 
K¨vÝv‡i g„Zz¨eiY Kivi AvM ch©šÍ wZwb Zuvi wcÖq wek¦we`¨vjq K¨vj‡U‡K 
wQ‡jb| 
 
 
 
 

 
ARvbv‡K Rvbvi Rb¨ gvby‡li GKUv Zxeª AvKvÿv _v‡K Ges †m Rb¨ weÁvbx M‡elKiv weÁv‡bi 
bvbv inm¨ D‡b¥vPb K‡i hv‡”Qb| c`v_©weÁv‡bi AmsL¨ PgKcÖ` Avwe®‹vi Avgv‡`i‡K nZevK K‡i 
†`q wKš‘ gRvi e¨vcvi n‡”Q, GKB mv‡_ GB PgKcÖ` Avwe®‹vi¸‡jv‡K e¨envi K‡i gvbyy‡li 
Rxeb‡K Av‡iv mnR, Ab›`gq Ges A_©c~Y© Kiv m¤¢e n‡q‡Q| Rxe‡bi bvbv †ÿ‡Î e¨envi Kiv 
weÁv‡bi G iKg PgrKvi K‡qKUv Avwe®‹v‡ii K_v GLv‡b ejv n‡jv:  
 

14.1 w_Iwi Ad wi‡jwUwfwU (Theory of Relativity) 
 
†Zvgiv Rvb weÁvbx AvBb÷vB‡bi w_Iwi Ad wi‡jwUwfwU e‡j‡Q e ‘̄i fi Avi kw³ GKB e¨vcvi, 
Ges fi ݉ †K hw` kw³‡Z iƒcvšÍi Kiv hvq Zvn‡j †mB kw³ ܧ Ges Gi cwigvY n‡”Q 

, †hLv‡b ܿ n‡”Q Av‡jvi †eM| Av‡jvi †eM (3 ൈ 1 ) wekvj, †mUv‡K eM© ܧ ൌ ݉ܿଶ ݏ/0଼݉
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Kiv n‡j Av‡iv wekvj n‡q hvq, hvi v_© Aí GKUz fi‡K kw³‡Z iƒcvšÍi Ki‡Z cvi‡j Avgiv 
wekvj kw³ †c‡q hve, wbDwK¬qvi kw³‡K‡› ª̀ wVK GB e¨vcviwUB Kiv nq|  

wbDwK¬qvi kw³‡K‡›`ª †hme R¡vjvwb e¨envi Kiv nq Zvi GKwU n‡”Q BD‡iwbqvg 235 
GLv‡b 92 wU †cªvUb Ges 143 wU wbDUªb i‡q‡Q| cÖK…wZ‡Z Gi cwigvY Lye Kg, gvÎ 0.7%, Gi 
Aa©vq~  (7  wgwjqb) ermi| GB BD‡iwbqvg 235 wbDwK¬qvm Lye mn‡RB 
Av‡iKUv wbDUªb‡K MÖnY Ki‡Z cv‡i (hw` †m wbDUª‡bi MwZ Kg nq) ZLb BD‡iwbqvg 235 
cy‡ivcywi Aw¯’wZkxj n‡q hvq GUv ZLb ݎܭଽଶ Ges ܽܤଵସଵ GB ỳ‡Uv †QvU wbDwK¬qv‡m fvM n‡q 
hvq Zvi mv‡_ mv‡_ Av‡iv wZbUv wbDUªb †ei n‡q Av‡m (Qwe 14.1) †hUv wb‡Pi mgxKi‡Y †`Lv‡bv 
n‡q‡Q| †KB hw` mgxKi‡Yi evg cv‡k hv Av‡Q Zvi fi †ei K‡i Ges †mUv‡K Wvb cv‡k hv Av‡Q 
Zvi f‡ii mv‡_ Zzjbv K‡i Zvn‡j †`L‡e Wvb cv‡k fi Kg, †hUzKz fi Kg †mUzKz Avm‡j 

ଶ Gi kw³ wn‡m‡e †ei n‡q G‡m‡Q! 

703,800,000 04

ܧ ൌ ݉ܿ

݊଴
ଵ ൅ ܷଽଶ

ଶଷହ → ଺ݎܭ
ଽଶ ൅ ହ଺ܽܤ

ଵସଵ ൅ 3 ݊଴
ଵ  

 

ଷ
 
GB wewμqvq †h wZbwU wbDUªb †ei n‡q G‡m‡Q, Zviv Avm‡j cÖPÊ MwZ‡Z †ei n‡q Av‡m ZvB Lye 
mn‡R Ab¨ BD‡iwbqvg (U235) †mMy‡jv a‡i ivL‡Z cv‡i bv| †Kv‡bvfv‡e hw` G¸‡jvi MwZ kw³ 

Kgv‡bv hvq Zvn‡j †m¸‡jv Ab¨ 
BD‡iwbqvg (U235)  wbDwK¬qv‡m 
AvUKv c‡o †mUv‡KI †f‡½ w`‡q 
Av‡iv wKQz kw³ Ges Av‡iv 
wZbwU b~Zb wbDUªb †ei Ki‡e! 
†mB wbDUªb¸‡jv Avevi Ab¨ 
wbDwK¬qvm‡K †f‡½ †`‡eÑ Ges 
Gfv‡e Pj‡ZB _vK‡e, GB 
cÖwμqv‡K e‡j †PBb wi-
A¨vKkb|  

GB c×wZ‡Z cÖPÊ Zvc 
kw³ †ei n‡q Av‡m, †mB Zvckw³ e¨envi K‡i cvwb‡K ev®úxf~Z K‡i †mB ev®ú w`‡q UvievBb  
Nywi‡q †Rbv‡iUi †_‡K we ỳ¨r ˆZwi Kiv nq Ges G iKg we`y¨r‡K›`ª‡K Avgiv ewj wbDwK¬qvi 
we ỳ¨r‡K›`ª! GiKg GKUv we ỳ¨r‡K›`ª †_‡K Lye mn‡RB nvRvi †gMvIqvU we`y¨r cvIqv m¤¢e| Z‡e 
GB wbDwK¬qvi wewμqvi ci †h eR©̈  c`v_© ˆZwi nq †m¸‡jv fqsKi iKg †ZRw¯Œq, ZvB †m¸‡jv 
cªwμqv Kivi mgq A‡bK iKg mveavbZv wb‡Z nq| wbDwK¬qvi wewμqvi ci †h evowZ wbDUªb †ei 
nq †Kv‡bvfv‡e †m¸‡jv‡K Ab¨ †Kv_vI †kvlY Kwi‡q wb‡Z cvi‡jB wbDwK¬qvi wewμqv eÜ n‡q 
hvq| wbDUªb‡K †kvlY Kivi Rb¨ we‡kl ai‡bi iW wbDwK¬qvi wi-A¨v±‡i _v‡K †h¸‡jv‡K e‡j 
K‡›Uªvj iW| 
 

 

Qwe 14.1: U  wbDwK¬qvm †f‡½ kw³ nvjKv wbDwK¬qvm, wbDUªb 
Ges kw³i Drcv`b| 
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14.2 †jRvi (Laser) 

KUv cigvYyi gv‡S kw³ †`qv n‡j †mwU D”PZi kw³‡Z P‡j †h‡Z cv‡i| †Zvgiv hw` †Kvqv›Uvg 

hLb GKwU cigvYy D”PZi †Kv‡bv kw³ Í̄‡i †cuŠ‡Q hvq †mwU wKš‘ 
†mLv‡b 

mgq Av‡jvK KYvwU †ei n‡q Avm‡e †mwU m¤ú‡K© †Kv‡bv Z_¨ w`‡Z cv‡i

Í‡i Av‡QÑ Zzwg Rvb †h GUv wb‡Pi 
¯Í‡i †b‡

 n‡j †Kv‡bv GKUv c×wZ‡Z cigvYy¸‡jv‡K D”P kw³ Í̄‡i wb‡q †h‡Z 
nq| †h

 
G
†gKvwb· e¨envi K‡i cigvYyi m¤¢ve¨ Kx Kx kw³ _vK‡Z cv‡i †ei K‡iv Zvn‡j †`L‡e GB 
kw³¸‡jvi ¯Íi G‡Kev‡iB mywbw`©óÑ Qwe‡Z GKUv cigvYyi ỳwU kw³ ¯Íi me‡P‡q Kg kw³i ¯Íi 
Ges Zvi Dc‡ii ¯ÍiwU †`Lv‡bv n‡q‡Q| GLb hw` GB cigvYyi Kv‡Q GB ỳ‡Uv kw³¯Í‡ii cv_©‡K¨i 
wVK mgvb kw³ Av‡Q G iKg GKwU Av‡jvi KYv cvVv‡bv nq Zvn‡j cigvYywU †mB Av‡jvi 
KYvwU‡K MÖnY K‡i wb‡Pi kw³¯Íi †_‡K Dc‡ii kw³¯Í‡i P‡j hv‡e| GB cÖwμqvwUi bvg †kvlY 
(absorption)| (Qwe 14.2) 

†Kv‡bv GKUv cÖwμqvq 
†ekx mgq _vK‡Z cv‡i bvÑ †Kv‡bv GK mgq †mwU kw³i wb‡Pi ¯Í‡i †b‡g Av‡m Ges 

†hUzKz kw³ K‡g Av‡m 
wVK †mB cwigvY 
kw³i GKwU Av‡jvK 
KYv †ei n‡q Av‡m| 
†Kvqv›Uvg †gKvwb´ 
GB cÖwμqvwU e¨vL¨v 
K‡i †gvUv‡gvwU GKUv 
Av›`vR Ki‡Z 
cvi‡jI wVK †Kvb 
 bv! A_©vr Avgiv Rvwb 

cigvYywU wb‡Pi ¯Í‡i P‡j G‡m GKwU Av‡jvK KYv †ei K‡i †`‡e wKš‘ KLb †mwU NU‡e Avgiv 
†mwU Rvwb bv| GB cÖwμqv‡K ejv nq we”QziY (emission)| 

GLb Kíbv K‡i bvI †h GKwU cigvYy Dc‡ii kw³ ¯

                      Qwe 14.2: (a) †kvlY (b) we”QziY (c) w÷gy‡j‡UW we”QziY 

g G‡m GKwU Av‡jvi KYv †ei K‡i †`‡e, wKš‘ †KD Rv‡b bv †mwU wVK KLb NU‡e| wKš‘ 
Zzwg hw` wVK GKB kw³i GKwU Av‡jvK KYv †mB cigvYyi Kv‡Q cvVvI Zvn‡j GKU Afvebxq 
e¨vcvi N‡U| GB Av‡jvK KYvwU ZLb cigvYy‡K eva¨ Ki‡e wVK †mB gyn~‡Z© Av‡jvK KYvwU Z¨vM 
Ki‡Z ! A_©vr Zzwg GKwU Av‡jvK KYv cvVv‡e Ges ỳwU Av‡jvK KYv †diZ cv‡e| GB ai‡bi 
Av‡jvi we”QyiY‡K e‡j w÷gy‡j‡UW Gwgkb (stimulated emission)| GB w÷gy‡j‡UW GwgkbB 
n‡”Q †jRvi ˆZwii inm¨| 

‡jRvi ˆZwi Ki‡Z
 c×wZ‡Z cigvYy¸‡jv D”P kw³ Í̄‡i †bqv nq †mUv‡K e‡j cvw¤ús| cvw¤ús K‡i 

cigvYy¸‡jv‡K D”P kw³ Í̄‡i †bqvi ci †mLv‡b †m¸‡jv wb‡Pi kw³¯Í‡i G‡m Av‡jvK KYv †ei 
K‡i †`qvi Rb¨ A‡cÿv Ki‡Z _v‡K| ZLb hw` GKwU  Av‡jvK KYv nvwRi nq †mwU GKwU cigvYy 
†_‡K Av‡iKwU Av‡jvK KYv †ei K‡i Av‡b| †mB `ywU Av‡jv‡K KYv ZLb Ab¨ `ywU cigvYy †_‡K 
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Av‡iv ỳwU Av‡jvK KYv we”QzwiZ K‡i| GB PviwU ZLb Ab¨ PviwU †_‡K we”QzwiZ K‡i Ges gyn~‡Z© 
me¸‡jv †_‡K Av‡jv we”QzwiZ n‡q Zxeª kw³kvjx Av‡jvK iwk¥i Rb¥ †`q! Avgiv †mB Av‡jv‡K 
ewj LASER †hwU Avm‡j Light  Emission  by  Stimulated  Emission  or  Radiation 
K_vwUi cÖ‡Z¨KwU k‡ãi cÖ_g A¶i! 

me cigvYy‡ZB kw³ cÖ‡qvM K‡i 
D”P kw

4.3 †cøb (Plane) 

vgiv mevB AvKv‡k †cøb‡K D‡o †h‡Z †`‡LQ Ges GUv wbðqB †Zvgv‡`i g‡b cÖ‡kœi Rb¥ 

ܲ ൅
1
2

³¯Í‡i †bq hvq, wKš‘ Avm‡j †h 
†Kv‡bv cigvYy w`‡q †jRvi ‰Zwi Kiv hvq 
bvÑ cigvYyi kw³i ¯Íi¸‡jvi Ab¨ 
ˆewkó¨I _vK‡Z nq| Kv‡RB mwVK kw³ 
¯Íi cvw¤ús mnR c×wZ BZ¨vw` A‡bK¸‡jv 
cÖ‡qvRbxq welq _vK‡jB †mUv‡K †jRvi 
evbv‡bv hvq| 14.3 Qwe‡Z GKUv AviMb 
Avqb †jRv‡ii Qwe †`Lv‡bv n‡q‡Q| 
 

 
          
           Qwe 14.3: GKwU AvM©b Avqb †jRvi 

1
 
‡Z
w`‡q‡Q †h †Kgb K‡i GZ eo Ges fvix GKUv †cøb AvKv‡k D‡o †h‡Z cv‡i Ges Do‡Z Do‡Z 
†Kb GUv wb‡P c‡o hvq bv! Gi DËiUvI Avm‡j c`v_©weÁv‡bi GKUv m~‡Îi gv‡S jywK‡q Av‡Q! 
m~ÎwU‡K ejv nq evb©ywji m~Î| †Kv_vI hw` evZv‡mi cÖevn nq Zvn‡j †mB cÖevnwU‡K we‡ePbvq 
†i‡L kw³i wbZ¨Zvi m~ÎwU‡K Gfv‡e †jLv hvq: hw` evZv‡mi Pvc nq ܲ, NbZ¡ ρ †eM ݒ Ges 
D”PZv ݄ nq, Zvn‡j  

ρݒଶ ൅ ρ݄݃ 

 
i gvb AcwiewZ©Z _  ! 

¨envi K‡i 
†`Lv‡Z

ïiæ †_‡K †kl ch©šÍ `~iZ¡ 

G v‡K
Avgiv GB m~ÎwU e

 cvwi †Kb †cøb AvKv‡k DV‡Z 
cv‡i! Lvwj †Pv‡L cvLvi cÖ¯’‡”Q‡`i 
†Kv‡bv ˆewkó¨ †bB g‡b n‡jI Avm‡j 
wKš‘ Gi mywbw`©ó ˆewkó¨ i‡q‡Q; Gi 
wb‡Pi Ask †mvRv wKš‘ Dc‡ii Ask 
euvKv| 14.4 Qwe‡Z †h iKg †`Lv‡bv 
n‡q‡Q †mfv‡e cvLvi wb‡Pi ïiæ †_‡K 
†kl ch©šÍ ~̀iZ¡ Kg, wKš‘ cvLvi Dci 

 

        Qwe 14.4: gv‡bi cvLv wN‡i engvb evZv‡mi ¯Íi| 
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Zzjbvg~jKfv‡e †ewk| 
GKUv †cøb hLb mvg‡bi w`‡K GwM‡q hvq ZLb cvLvi Dci Ges wbP w`‡q evZv‡m e‡q 

hvq| Avgiv e¨vcviwU‡K mnRfv‡e †evSvi Rb¨ Kíbv K‡i wbB †h cvLvwU w¯’i eis evZv‡mi ¯ÍiwU 
†cø‡bi MwZ‡Z cvLvi wbP Ges Dci w`‡q AwZμg Ki‡Q| 

aiv hvK cvLvi wbP w`‡q †h evZvm AwZμg Ki‡Q Zvi †eM ݒ , Zvn‡j cvLvi Dci w`‡q 
†h evZvm AwZμg Ki‡Q Zvi MwZ‡eM hw` ݒ  nq Zvn‡j ݒ  wbðqB ݒ  †_‡K †ewk n‡e| KviY 
cvLvi Dc‡ii As‡ki `~iZ¡ wb‡Pi Ask †_‡K †ewk Ges GKB mg‡q †mB †ewk `~iZ¡ AwZμg 
Ki‡Z n‡j Zvi †eM ݒ  †ewk n‡ZB n‡e| GLb cvLvi wb‡Pi As‡k evZv‡mi Pvc ܲ  Ges Dc‡ii 
As‡ki Pvc hw` ܲ  nq Zvn‡j Avgiv wjL‡Z cvwi :  

ଵ

ଶ ଶ ଵ

ଶ ଵ

ଶ

ଵܲ ൅
1
2
ρݒଵ

ଶ ൅ ρ݄݃ଵ ൌ ଶܲ ൅
1
2

  

ρݒଶ
ଶ ൅ ρ݄݃ଶ 

ଵ ଶ

ଵܲ ൌ
1
2

 
Pvc‡K †ÿÎdj w`‡q ¸Y Ki‡j ej cvIqv hvq| cvLvi Dc‡i Ges wb‡P D”PZv mgvb a‡i wb‡j 
݄ ൌ ݄  

ρሺݒଶ
ଶ െ ଵݒ

ଶሻ ൅ ଶܲ 

 

ଵܲ Gi Pvc ଶܲ †_‡K 
ଵ
ଶ

A_©vr ρሺݒଶ
ଶ െ ଵݒ

ଶሻ †ewk| 

‡h‡nZz wb‡P Pvc †ewk ZvB †mUv wegv‡bi cy‡iv 
cvLvi D

 GB cix¶vwU K‡i †`L‡Z 
cvi| 1

4.4 cÖwZc`v_© (Anti Particle) 

`v_© weÁv‡bi me‡P PgKcÖ` GKwU welq n‡”Q cÖwZc`v_©| cÖ‡Z¨KwU c`v‡_©iB GKwU cÖwZ c`v_© 

 

ci evowZ ej cÖ‡qvM Ki‡e| GB ejwU hLb 
wegv‡bi IRb †_‡K †ewk n‡q hvq ZLb wegvbwU 
AvKv‡k D‡o †h‡Z cv‡i| 

‡Zvgiv Lye mn‡R
4.5 Qwe‡Z †`Lv‡bv Dcv‡q GKUv KvM‡Ri Dci 

duy `vI, †Zvgvi g‡b n‡Z cv‡i duy- Gi Kvi‡Y KvMRUv 
wb‡P †b‡g hv‡e, wKš‘ †`L‡e Avm‡j KvMRUv Dc‡i D‡V 
Avm‡e wVK evb©ywji m~Î †hfv‡e `vwe K‡i‡Q! 
 

 

Qwe 14.5: KvM‡R duy w`‡j †mwU Dc‡i D‡V 
hvq| 1

 
c
_v‡K Ges hw` c`v_© Ges cÖwZc`v_© G‡K A‡b¨i ms¯ú‡k© Av‡m Zvn‡j Zviv G‡K Aci‡K A „̀k¨ 
K‡i kw³‡Z iƒcvšÍwiZ n‡q hvq| A‡b‡Ki aviYv n‡Z cv‡i GwU eywS c`v_©weÁv‡bi GKwU ZvwË¡K 
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welq Ges ev¯Í‡e Zvi †Kv‡bv Aw¯ÍZ¡ 
†bB; wKš‘ †mwU mwZ¨ bq, Gi ïay †h 
Aw¯ÍZ¡ Av‡Q Zv bq c`v_© Ges 
cÖwZc`v‡_©i kw³‡Z iƒcvšÍwiZ nIqv‡K 
e¨envi K‡i Position  Emission 
Tomography bv‡g kix‡ii †fZ‡i 
wÎgvwÎK Qwe †Zvjvi GKwU we¯§qKi 
hš¿ ch©šÍ ˆZwi n‡q‡Q| (Qwe 14.6) 

Kv‡iv kix‡ii †fZ‡i Qwe 
†Zvjvi Av‡M †mB gvbylwUi kix‡i 
cwRUªb wbM©Z K‡i G iKg GKwU 
†ZRw¯Œq AvB‡mv‡Uvc †gkv‡bv Møy‡KvR 
XywK‡q †`qv nq| kix‡ii †h †Kvl hZ 
†ewk mwμq †mB †Kvl ZZ †ewk Møy‡KvR 
e¨envi K‡i Ges †mLv‡b GB †ZRw¯Œq 
AvB‡mv‡UvcwU Rgv nq| GB AvB‡mv‡Uvc †_‡K cwRUªb bv‡g B‡jKUª‡bi cÖwZc`v_©wU †ei nq Ges 
cÖvq mv‡_ mv‡_ KvQvKvwQ †Kv‡bv B‡jKUª‡bi ms¯ú‡k© Gm kw³‡Z iƒcvšÍwiZ nq Ges kw³ wn‡m‡e 
ỳ'‡Uv Mvgv iwk¥ Z¨vM K‡i  

 

Qwe 14.6: cwRUªb Gwgkvb U‡gvMÖvwd (Position Emission 

Tomography)  bv‡g kix‡ii †fZ‡i wÎgvwÎK Qwe †Zvjvi 
GKwU we¯§qKi hš¿ 

݁ ൅ ݁ା→2γ 
 

 
PET bv‡g kix‡ii †fZiKvi mwμq As‡ki Qwe †Zvjvi GB hš¿wU GB `ywU Mvgv iwk¥‡K detect 
K‡i Ges wbLuyZ wnmve K‡i Mvgv iwk¥ `ywU wVK †Kv_v †ei n‡q G‡m‡Q †mwU †ei K‡i †d‡j| †mB 
Z_¨¸‡jv w`‡q †Kv_vq †Kv_vq kix‡ii †Kvl †ewk mwμq †mwU †ei Kiv nq| 

Position  Emission  Tomography e¨envi K‡i gw¯Í‡¯‹i †fZ‡i †Kvb Ask †ewk 
mwμq †mwUI †ei Kiv hvq| GKRb gvbyl hLb wfbœ wfbœ welq wb‡q wPšÍv K‡i ZLb †Kvb welq 
wb‡q wPšÍv Kivi mgq gw¯Í‡¯‹i †Kvb Ask mwμq n‡q D‡V †mLvb †_‡K gw¯Í‡¯‹i Kvh©Kjv‡ci 
GKwU b~Zb w`MšÍ †ei n‡q Avm‡Z ïiæ K‡i‡Q| 

GwU nq‡Zv Lye †ewk †`wi †bB hLb GKRb gvby‡li gw¯Í‡¯‹i mwμqZv †`‡LB Avgiv †mB 
gvby‡li g‡bi K_v e‡j w`‡Z cvie| 
 

gvby‡li Kj¨v‡Yi Rb¨ c`v_©weÁvb e¨envi K‡i Av‡iv Kx Kx Avwe®‹vi Kiv n‡q‡Q Zvi 
ZvwjKv KL‡bv †kl nevi bq| GB eB‡q GB PviwU gvÎ D`vniY †`qv nj †Zvgiv wbðqB G iKg 
Av‡iv AmsL¨ D`vniY Luy‡R †ei Ki‡Z cvi‡e! 
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cwiwkó - 1 
 

A1.1 Nb †KvY 
 
Avgiv R¨vwgwZ covi mgq †h †KvY AuvwK, †mUv me mgq GKUv mgZ‡j AuvKv nq| †mB †KvY¸wj 
wØgvwÎK| wKš‘  wÎgvwÎK †KvYI n‡Z cv‡i (Qwe A.1), †mB †KvYwU‡K e‡j Nb †KvY, Zvi cwigvY 
 

 

                    Qwe A1.1: Nb †KvY  

2r
A

=Ω    

  
‡hLv‡b A  n‡”Q GKUv †ÿÎdj Ges r  n‡”Q 
AvcwZZ †KvY †_‡K †mB †ÿÎd‡ji ~̀iZ¡| †Zvgiv 
Rvb mgZ‡j GKUv we› ỳ‡Z m‡ev©”P †KvY π2 , Nb 
†Kv‡Yi †ejvq GKUv we› ỳ‡Z me‡P‡q eo †KvY π4  
Steredion. 
 

A1.2 Gwm wWwm 
 
Gwm (AC) ej‡Z †evSv‡bv nq Alternating Current A_©vr †h we ỳ¨r cÖevn wbqwgZfv‡e 
cwRwUf †_‡K †b‡MwU‡f cwieZ©b nq| wWwm (DC) n‡”Q Direct Current A_©vr hvi cwieZ©b nq 
bv| beg Aa¨v‡q †mwU Av‡iv we¯Í…Zfv‡e eY©bv Kiv Av‡Q| 
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cwiwkó - 2 

 

cigvbyi ZvwjKv (List of Elements) 
(cÖ_g Kjvg cvigvbweK msL¨v, wØZxq Kjvg cigvbyi bvg, Z…Zxq Kjvg cigvbyi cÖZxK| †ZRw¯Œq †gŠj¸wj ZviKv 

w`‡q †`Lv‡bv n‡q‡Q|) 

1  Hydrogen  H  29 Copper Cu 

2  Helium  He  30 Zinc Zn 

3  Lithium  Li  31 Gallium Ga 

4  Beryllium  Be  32 Germanium Ge 

5  Boron  B  33 Arsenic As 

6  Carbon  C  34 Selenium Se 

7  Nitrogen  N  35 Bromine Br 

8  Oxygen  O  36 Krypton Kr 

9  Fluorine  F  37 Rubidium Rb 

10  Neon  Ne  38 Strontium Sr 

11  Sodium  Na  39 Yttrium Y 

12  Magnesium Mg  40 Zirconium Zr 

13  Aluminum  Al  41 Niobium Nb 

14  Silicon  Si  42 Molybdenum  Mo 

15  Phosphorus P  43 Technetium*  Tc 

16  Sulfur  S  44 Ruthenium Ru 

17  Chlorine  Cl  45 Rhodium Rh 

18  Argon  Ar  46 Palladium Pd 

19  Potassium  K  47 Silver Ag 

20  Calcium  Ca  48 Cadmium Cd 

21  Scandium  Sc  49 Indium In 

22  Titanium  Ti  50 Tin Sn 

23  Vanadium  V  51 Antimony Sb 

24  Chromium  Cr  52 Tellurium Te 

25  Manganese Mn  53 Iodine I 

26  Iron  Fe  54 Xenon Xe 

27  Cobalt  Co  55 Cesium Cs 

28  Nickel  Ni  56 Barium Ba w
w
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57  Lanthanum La  84 Polonium* Po 

58  Cerium  Ce  85 Astatine* At 

59  Praseodymium  Pr  86 Radon* Rn 

60  Neodymium Nd  87 Francium* Fr 

61  Promethium*  Pm  88 Radium* Ra 

62  Samarium  Sm  89 Actinium* Ac 

63  Europium  Eu  90 Thorium* Th 

64  Gadolinium Gd  91 Protactinium*  Pa 

65  Terbium  Tb  92 Uranium* U 

66  Dysprosium Dy  93 Neptunium* Np 

67  Holmium  Ho  94 Plutonium* Pu 

68  Erbium  Er  95 Americium* Am 

69  Thulium  Tm  96 Curium* Cm 

70  Ytterbium  Yb  97 Berkelium* Bk 

71  Lutetium  Lu  98 Californium* Cf 

72  Hafnium  Hf  99 Einsteinium* Es 

73  Tantalum  Ta  100 Fermium* Fm 

74  Tungsten  W  101 Mendelevium*  Md 

75  Rhenium  Re  102 Nobelium* No 

76  Osmium  Os  103 Lawrencium*  Lr 

77  Iridium  Ir  104 Rutherfordium*  Rf 

78  Platinum  Pt  105 Dubnium* Db 

79  Gold  Au  106 Seaborgium*  Sg 

80  Mercury  Hg  107 Bohrium* Bh 

81  Thallium  Tl  108 Hassium* Hs 

82  Lead  Pb  109 Meitnerium* Mt 

83  Bismuth  Bi   
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cwiwkó - 3 

‡gŠwjK aªæe mg~n (Fundamental Constants) 

bvg cÖZxK gvb 

Av‡jvi †eM c  2.9979258 0଼  ൈ 1 ݏ/݉ 

cøvs‡Ki aªæeK h  6.62660755 10 ଷସ ݏܬ ൈ ି

gnvKl©xq aªæeK G  6.6 1 ି ݉ଷ ଶ 7259ݏ ൈ 0 ଵଵ /݇݃ 

‡evëRg¨vb aªæeK k  1 380658. ܭ ൈ 10ିଶଷ ܬ/

M¨vm aªæeK R  8.3144621 /ܬ ݉ ܭ ݈݋

A¨v‡fvMv‡Wªvi msL¨v NA  6.0221 ൈ 10ଶ ଷ ݈݋݉ /

B‡j±ª‡bi PvR© e  1.60217 3 ൈ 0ିଽ 3 ܥ 1

Kzj‡¤^i aªæeK K 8 0  ݉  .987552 ൈ 1 ହ ܰ ଶ/ܥ

B‡j±ª‡bi fi   9.1093897 ൈ 10  ݇݃ିଷଵ  

‡cÖvU‡bi fi   1.6726231 ൈ 10 ݇݃ିଶ଻  

wbDUª‡bi fi   1.6749286 ൈ 10ିଶ଻݇݃ 

evZv‡mi Pvc atm  10132.5 Pa 
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