












2 c`v_©weÁvb  

1.1 c`v_©weÁvb 
Physics

weÁv‡bi †h kvLvq c`v_© I kw³ wb‡q Av‡jvPbv Kiv nq †mB kvLv‡K ejv nq c`v_©weÁvb| c`v_weÁv‡bi g~j 
j¶¨ n‡”Q ch©‡e¶Y, cix¶Y I we‡kl‡Yi Av‡jv‡K e ‘̄ I kw³i iƒcvš—i I m¤úK© D`NvUb Ges 
cwigvYMZfv‡e Zv cÖKvk Kiv |

c`v_©weÁv‡bi cwimi  

weÁv‡bi PvweKvwV n‡jv c`v_©weÁvb| c`v_©weÁvb n‡”Q weÁv‡bi GKwU †gŠwjK kvLv †Kbbv Gi bxwZ¸‡jvB 

weÁv‡bi Ab¨vb¨ kvLvmg~‡ni wfwË ˆZwi K‡i‡Q| D`vniY ¯^iƒc, kw³i msi¶YkxjZv bxwZ n‡”Q c`v_©weÁv‡bi 

GKwU g~j bxwZ hv n‡”Q cigvYyi MVb †_‡K ïi“ K‡i AvenvIqvi c~e©vfvm `vb ch©š— weÁv‡bi  we¯Í…Z GjvKvi  

g~j wfwË| cÖKŠkjkv¯¿ †_‡K ïi“ K‡i wPwKrmv weÁvb, †R¨vwZwe©Ávb ‡_‡K ïi“ K‡i mgỳ ªweÁvb, RxeweÁvb 

†_‡K ïi“ K‡i g‡bvweÁvb me©Î c`v_©weÁv‡bi c×wZ I hš¿cvwZi cÖf~Z e¨envi i‡q‡Q| cVb cvV‡bi 

myweavi Rb¨ c`v_©weÁvb‡K Avgiv cÖavbZ wb‡¤œv³ kvLv¸‡jv‡Z fvM Ki‡Z cvwi : (1) ejweÁvb (2) Zvc I 

ZvcMwZweÁvb (3) kãweÁvb (4) Av‡jvKweÁvb (5) ZvwoZ †PŠ¤^KweÁvb (6) KwVb Ae¯’vi c`v_©weÁvb (7) 

cvigvYweK c`v_©weÁvb (8) wbDK¬xq c`v_©weÁvb (9) †Kvqv›Uvg c`v_©weÁvb (10) B‡jKUªwb· BZ¨vw`| 

c`v_©weÁv‡bi µgweKvk 

AvaywbK mf¨Zv weÁv‡bi dmj| weÁv‡bi GB AMÖMwZi †cQ‡b i‡q‡Q weÁvbx‡`i AK¬vš— cwikÖg, bvbv Avwe®‹vi 

I D™¢veb| weÁv‡bi †Kv‡bv RvZxq ev ivR‰bwZK mxgv †bB| weÁv‡bi DbœwZ, mg„w× I Kj¨vY mKj RvwZi 

mKj gvby‡li Rb¨| cÖvPxbKvj †_‡KB weÁvbxiv  weÁv‡bi Dbœq‡b Ae`vb †i‡L Avm‡Qb| Avgiv GB Aby‡”Q‡` 

c`v_©weÁvbx‡`i Ae`vb Zz‡j ai‡Z †Póv Kie| †_wjm (wLª÷c~e© 624-569) m~h©MÖnY m¤úwK©Z fwel¨ØvYxi Rb¨ 

weL¨vZ| wZwb †jvW‡÷v‡bi †PŠ¤^K ag© m¤ú‡K©I Rvb‡Zb| weÁv‡bi BwZnv‡m wc_v‡Mvivm (wLª÷c~e© 

527Ñ497) GKwU ¯§iYxq bvg| wewfbœ R¨vwgwZK Dccv`¨ QvovI K¤úgvb Zv‡ii Dci Zuvi KvR AwaK ¯’vqx 

Ae`vb ivL‡Z m¶g n‡qwQj| eZ©gv‡b ev`¨hš¿ I msMxZ welqK †h †¯‹j i‡q‡Q Zv Zv‡ii K¤úb welqK Zuvi 

AbymÜv‡bi AvswkK Ae`vb| 

wMÖK `vk©wbK †W‡gvwµUvm (wLª÷c~e© 460-370) aviYv †`b †h c`v‡_©i AwefvR¨ GKK i‡q‡Q| wZwb G‡K bvg 

†`b GUg ev cigvYy| cvigvYy m¤ú‡K© Zvui GB aviYv eZ©gvb aviYvi †P‡q m¤ú~Y© Avjv`v n‡jI †ek Zvrch©c~Y©| 

wMÖK weÁvbx AvwK©wgwWm (wLª÷c~e© 287-212) wjfv‡ii bxwZ I Zi‡j wbgw¾Z e¯‘i Dci wµqvkxj EaŸ©gyLx 

e‡ji m~Î Avwe®‹vi K‡i avZzi †fRvj wbY©‡q m¶g nb| wZwb †Mvjxq `c©‡Yi mvnv‡h¨ m~‡h©i iwk¥ †K›`ªxf~Z K‡i 

Av¸b aiv‡bvi †KŠkjI Rvb‡Zb|  

AvwK©wgwW‡mi ci K‡qK kZvãxKvj ˆeÁvwbK Avwe®‹vi gš’i MwZ‡Z P‡j| cÖK…Zc‡¶ Î‡qv`k kZvãxi c~‡e© 

BD‡iv‡c ˆeÁvwbK AbymwÜrmvi cybR©xeb N‡Uwb| GB mgq cwðg BD‡ivcxq mf¨Zv we‡klfv‡e MÖnY K‡iwQj 

evBRvbUvBb I gymwjg mf¨Zvi Áv‡bi aviv| Avieiv weÁvb, MwYZ, †R¨vwZwe©`¨v, imvqb I wPwKrmv weÁv‡bI  
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we‡kl cvi`k©x wQ‡jb| GB mgq c`v_©weÁv‡bi GKwU kvLv Av‡jvK Z‡Ë¡i †¶‡Î Be‡b Avj nvB_vg (965-

1039) Ges Avj nv‡Rb (965-1038) Gi Ae`vb we‡kl D‡jL‡hvM¨| U‡jwg (127-151) I Ab¨vb¨ cÖvPxb 

weÁvbxiv wek¦vm Ki‡Zb †h †Kv‡bv e¯‘ †`Lvi Rb¨ †PvL wb‡R Av‡jvK iwk¥ cvVvq| Avj nv‡Rb GB g‡Zi 

we‡ivwaZv K‡ib Ges e‡jb †h e¯‘ †_‡K Avgv‡`i †Pv‡L Av‡jv Av‡m e‡jB Avgiv e¯‘‡K †`L‡Z cvB| AvZwk 

KvP wb‡q cix¶v Zvu‡K DËj †j‡Ýi AvaywbKZ‡Ë¡i KvQvKvwQ wb‡q Av‡m| AvjÑgvmỳ x (896-956)  cÖK…wZi 

BwZnvm m¤ú‡K© GKwU GbmvB‡K¬vwcwWqv †j‡Lb| GB eB‡q evqyK‡ji D‡jL cvIqv hvq| eZ©gv‡b c„w_exi 

A‡bK †`‡k GB evqyK‡ji mvnv‡h¨ Zworkw³  Drcv`b Kiv n‡”Q| 

iRvi †eKb (1214-1294) wQ‡jb cix¶vg~jK ˆeÁvwbK c×wZi cÖe³v| Zvui g‡Z ch©‡e¶Y I cix¶vi gva¨‡gB  

weÁv‡bi me mZ¨ hvPvB Kiv DwPZ| wjDbv‡ ©̀v `v wfwÂ (1452Ñ1519) c‡b‡iv kZ‡Ki †klw`‡K cvwLi Iov 

ch©‡e¶Y K‡i D‡ovRvnv‡Ri GKwU g‡Wj ˆZwi K‡iwQ‡jb| wZwb g~jZ GKRb wPÎwkíx n‡jI ejwe`¨v m¤ú‡K© Zvui 

D‡jL‡hvM¨ Ávb wQj| d‡j wZwb wKQz mvaviY hš¿ `¶Zvi mv‡_ D™¢veb Ki‡Z m¶g nb| 

M¨vwjwjI -wbDUbxq hy‡M Ges ZviI Av‡M msL¨vq Kg n‡jI K‡qKRb c`v_©weÁvbx Rb¥MÖnY K‡ib| weÁv‡bi 

AMÖhvÎvq Zviv Acwimxg Ae`vbI iv‡Lb| Wv. wMjevU© (1540Ñ1603) Pz¤^KZ¡ wb‡q we¯ÍvwiZ M‡elYv I ZË¡ 

cÖ̀ v‡bi Rb¨ wPi¯§iYxq n‡q Av‡Qb| Av‡jvi cÖwZmi‡Yi m~Î Avwe®‹vi K‡ib Rvg©vwbi †mœj (1591-1626)| 

nvB‡Mb (1626-1695) †`vjKxq MwZ ch©v‡jvPbv K‡ib, Nwoi hvwš¿K †KŠk‡ji weKvk NUvb Ges Av‡jvi 

Zi½ Z‡Ë¡i D™¢veb K‡ib| ievU© ÊK (1635-1703) c`v‡_©i w¯’wZ¯’vcK a‡g©i AbymÜvb K‡ib| wewfbœ 

Pv‡c M¨v‡mi ag© †ei Kivi Rb¨ cix¶v-bxwi¶v Pvjvb ievU© e‡qj (1627-1691)| fb ¸‡qwiK (1602-

1686)) evqy cv¤ú Avwe®‹vi K‡ib| †ivgvi (1644-1710) e„n¯úwZi GKwU DcMÖ‡ni MÖnY ch©‡e¶Y K‡i 

Av‡jvi †eM cwigvc K‡ib, wKš‘ Zvui mgmvgwqK weÁvbx‡`i †KDB wek¦vm K‡ibwb †h Av‡jvi †eM GZ †ewk 

n‡Z cv‡i| 

†Kvcvwb©Kvm †h †mŠi‡Kw› ª̀K Z‡Ë¡i aviYv Dcw¯’Z  K‡ib †Kcjvi (1571-1630) †mB aviYvi mvaviY 

MvwYwZK eY©bv †`b wZbwU m~‡Îi mvnv‡h¨| †Kcjv‡ii mvd‡j¨i g~j wfwË n‡jv, wZwb cÖPwjZ e„ËvKvi K¶c‡_i 

cwie‡Z© Dce„ËvKvi K¶c_ Kíbv K‡ib| MÖn‡`i MwZc_ m¤ú‡K© Zvui MvwYwZK m~Î¸‡jvi mZ¨Zv wZwb hvPvB 

Ki‡jb Zvi ¸i“ UvB‡Kveªv‡ni (1546-1601) ch©‡e¶Y jä Z‡_¨i Øviv| 

AvaywbK ˆeÁvwbK c×wZi m~Pbv N‡U BZvwji weL¨vZ weÁvbx M¨vwjwjIi (1564-1642) nv‡Z| wZwbB cÖ_g †`Lvb 

†h ch©‡e¶Y, cix¶Y Ges myk„•Ljfv‡e †fŠZ ivwki msÁv cÖ̀ vb I G‡`i g‡a¨ m¤úK© wba©viY ˆeÁvwbK K‡g©i g~j 

wfwË| MvwYwZK ZË¡ wbg©vY I cix¶vi gva¨‡g †m Z‡Ë¡i mZ¨Zv hvPvB‡qi ˆeÁvwbK avivi m~Pbv K‡ib M¨vwjwjI| 

Avi Gi c~Y©Zv `vb K‡ib wbDUb (1642Ñ1727)| M¨vwjwjI miY, MwZ, Z¡iY, mgq BZ¨vw`i msÁv cÖ̀ vb I G‡`i 

g‡a¨ m¤úK© wba©viY K‡ib| d‡j wZwb e¯‘i cZ‡bi wbqg Avwe®‹vi I m„wZwe`¨vi wfwË ¯’vcb K‡ib| wbDUb Zuvi 

we¯§qKi cÖwZfvi Øviv Avwe®‹vi K‡ib ejwe`¨v I ejwe`¨vi weL¨vZ wZbwU m~Î Ges wek¦Rbxb gnvKl© m~Î| Av‡jvK, 

Zvc I kãweÁv‡bI Zvi Ae`vb Av‡Q| MwY‡Zi bZzb kvLv K¨vjKzjvmI Zvui Avwe®‹vi| 
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Aóv`k I Ebwesk kZvãxi Avwe®‹vi I D™¢veb BD‡ivc‡K wkí wec‡ei w`‡K wb‡q hvq| †Rgm Iqv‡Ui 

(1736-1819) Avwe®‹…Z ev®úxq BwÄb wkí wec‡ei †¶‡Î ¸i“Z¡c~Y© f~wgKv cvjb K‡i| n¨vÝ wµwðqvb 

I‡qi‡÷W (1777-1851) †`Lvb †h, Zwor cÖev‡ni †PŠ¤^K wµqv Av‡Q| GB Avwe®‹vi gvB‡Kj d¨viv‡W 

(1791-1867), †nbix (1797-1879) I †jÄ (1804-1865) †K cwiPvwjZ K‡i †PŠ¤^K wµqv Zwor cÖevn 

Drcv`b K‡i GB NUbv Avwe®‹v‡ii w`‡K| Avm‡j GwU n‡jv hvwš¿K kw³‡K Zwor kw³‡Z iƒcvš—‡ii cÖwµqv 

Avwe®‹vi|  

1864 mv‡j †Rgm K¬vK© g¨v·I‡qj (1831-1879) †`Lvb †h  Av‡jv GK cÖKvi ZvwoZ †PŠ¤^K Zi½| wZwb 

Zwor †¶Î I †PŠ¤^K †¶Î‡K GKxf~Z K‡i ZvwoZ †PŠ¤^K Z‡Ë¡i weKvk NUvb| 1888 mv‡j †nbwiL nvR©I 

(1857-1894) GKB iKg wewKiY Drcv`b I D˜NvUb K‡ib| 1896 mv‡j gvK©bx (1874-1937) G iKg 

Zi½ e¨envi K‡i AwaK ~̀i‡Z¡ ‡gvm©‡Kv‡W ms‡KZ cvVv‡bvi e¨e¯’v K‡ib| ZviI Av‡M evOvwj weÁvbx RM`xk 

P› ª̀ emy (1858 Ñ 1937) ZvwoZ †PŠ¤^K Zi‡½i gva¨‡g GK ¯’vb †_‡K Ab¨ ¯’v‡b kw³ †cÖiY Ki‡Z m¶g 

nb|  Gfv‡e †eZvi †hvMv‡hvM Rb¥jvf K‡i| Ebwesk kZvãxi †k‡li w`‡K ib‡Rb (1845-1923) G·-†i 

Ges †e‡K‡ij (1852Ñ1908) BD‡iwbqv‡gi †ZRw¯ŒqZv Avwe®‹vi K‡ib| 

wesk kZvãx‡Z c`v_©weÁv‡bi we¯§qKi AMÖMwZ N‡U| g¨v· c¨v¼ (1858-1947) Avwe®‹vi K‡ib  wewKiY msµvš—

†Kvqv›Uvg ZË¡| AvjevU© AvBb÷vBb (1879-1955) cÖ̀ vb K‡ib  Av‡cw¶K ZË¡| GB ỳB ZË¡ Av‡MKvi cix¶vjä 

djvdj‡KB ïay e¨vL¨v K‡iwb, Ggb fwel¨ØvYxI cÖ̀ vb K‡i‡Q  hv c‡i Av‡iv cix¶v wbix¶v Øviv cÖgvwYZ n‡q‡Q| 

Av‡b©÷ iv`vi‡dv‡W©i (1871-1937) cigvYy welqK wbDK¬xq ZË¡ I bxjm †ev‡ii (1885 Ñ 1962) nvB‡Wªv‡Rb 

cigvYyi B‡jKUªb ¯Í‡ii aviYv cvigvYweK c`v_©weÁv‡bi AZ¨š— ¸i“Z¡c~Y© avc wQj| 

cieZ©x ¸i“Z¡c~Y© Avwe®‹vi N‡U 1938 mv‡j| GB mgq I‡Uv nvb (1879-1968) I †÷ªmg¨vb (1902-1980) 

†ei K‡ib †h wbDK¬xqvm wdkb‡hvM¨| wdk‡bi d‡j GKwU eo fi msL¨v wewkó wbDK¬xqvm cÖvq mgvb fi msL¨v 

wewkó ỳwU wbDK¬xqv‡m iƒcvš—wiZ nq Ges wbDK¬xqv‡mi f‡ii GKwU Ask kw³‡Z iƒcvš—wiZ nq- Rb¥ †bq 

wbDK¬xq †evgv I wbDK¬xq Pzwji| eZ©gv‡b Avgiv wbDK¬xqvm †_‡K †h kw³ cvw”Q Zv AZx‡Zi mKj Drm †_‡K 

cÖvß kw³i Zzjbvq wecyj| w`b w`b wbDK¬xq kw³ kw³i GKwU cÖavb Drm wn‡m‡e cwiMwYZ n‡”Q| GB 

kZvãx‡ZB ZvwË¡K c`v_©weÁv‡b weKvk jvf K‡i‡Q †Kvqv›Uvg ZË¡, Av‡cw¶K ZË¡ cÖf…wZ| XvKv wek¦we`¨vj‡qi 

c`v_©weÁv‡bi cÖ‡dmi m‡Z¨› ª̀ bv_ emy (1894-1974) ZvwË¡K c`v_©weÁv‡b ¸i“Z¡c~Y© Ae`vb iv‡Lb| wZwb 

c¨v‡¼i †Kvqv›Uvg Z‡Ë¡i GKwU ï×Zi cÖgvY Dc¯’vcb K‡ib| Zvi ZË¡ †evm- AvBb÷vBb msL¨vqb bv‡g 

cwiwPZ| Zvui Ae`v‡bi ¯^xK…wZ ¯^iƒc GK‡kÖwYi †gŠwjK KYv‡K Zvui bvgvbymv‡i  Ò†evmbÓ ejv nq| wZbRb 

†bv‡ej cyi¯‹vi weRqx c`v_©weÁvbx cvwK¯Ív‡bi  cÖ‡dmi Ave`ym mvjvg (1926-1996),  gvwK©b hy³iv‡óªi 

†kjWb Mv‡kv (1932-) Ges w÷‡fb IqvBbevM© (1933-) GKxf~Z †¶ÎZ‡Ë¡i †ejvq †gŠwjK ej¸‡jv‡K 

GKÎxKi‡Yi †¶‡Î ZvwoZ ỳe©j ej Avwe®‹vi K‡i Amvgvb¨ Ae`vb iv‡Lb| ZviI Av‡M fviZxq †bv‡ej 

cyi¯‹vi weRqx c`v_©weÁvbx  P›`ª‡kLi igb (1888-1970) igbcÖfve Avwe®‹vi K‡ib| wesk kZvãx‡Z 
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wPwKrmv weÁv‡bi AMÖMwZ‡Z c`v_©weÁvb  ivL‡Q ¸i“Z¡c~Y© Ave`vb| wPwKrmvweÁv‡bi wewfbœ hš¿cvwZ 

Avwe®‹v‡ii cvkvcvwk †ZRw¯Œq AvB‡mvUc wewfbœ wPwKrmvq e¨eüZ n‡q †ivM wbivg‡qi †¶‡ÎI Amvgvb¨ 

Ae`vb ivL‡Q| wesk kZvãx‡Z c`v_©weÁv‡bi  Av‡iKwU ¸iZ¡c~Y© AMÖMwZ gnvk~b¨ Awfhvb| Puv‡` gvby‡li c`vc©Y 

†_‡K ïi“ K‡i g½j MÖ‡n Awfhvbmn gnvk~b¨ †÷k‡b gv‡mi ci gvm gvby‡li emevm Áv‡bi †¶‡Î Amvgvb¨ 

AMÖMwZ| K…wÎg DcMÖn AvenvIqvi c~e©vfvm `v‡b wKsev †hvMv‡hvM‡K mnR Ki‡Z PgrKvi Ae`vb ivL‡Q| 

Avi B‡jKUªwb· †Zv Avgv‡`i ˆ`bw›`b Rxe‡b wb‡q G‡m‡Q wece, cv‡ë w`‡”Q Rxeb hvcb cÖYvwj| 

†iwWI, †Uwjwfkb, wWwRUvj K¨v‡giv, †gvevBj †dvb, AvB c¨vW Avi Kw¤úDUv‡ii K_v GLb N‡i N‡i| wewfbœ  

B‡jKUªwbK miÄvg I Kw¤úDUvi gvby‡li ¶gZv‡K A‡bKLvwb evwo‡q w`‡q‡Q| 

1.2 c`v_©weÁv‡bi D‡Ïk¨ 

 Objectives of Physics 

c`v_©weÁvb cÖK…wZi inm¨ D`NvUb K‡i : c`v_©weÁvb n‡”Q weÁv‡bi GKwU †gŠwjK kvLv †Kbbv Gi bxwZ¸‡jvB 

weÁv‡bi Ab¨vb¨ kvLvmg~‡ni wfwË ˆZwi K‡i‡Q| D`vniY ¯^iƒc, kw³i msi¶YkxjZv bxwZ n‡”Q c`v_©weÁv‡bi 

GKwU g~j bxwZ hv n‡”Q cigvYyi Af¨š—‡ii Ae¯’v †_‡K ïi“ K‡i AvenvIqvi c~e©vfvm `vb ch©š— weÁv‡bi  

we¯Í…Z GjvKvi  †gŠj wfwË|

hw`I c`v_© I kw³i Aa¨qbB c`v_©weÁv‡bi g~j KvR e‡j eY©bv Kiv hvq, wKš‘ c`v_©weÁv‡bi Avmj D‡Ïk¨ 

n‡”Q cÖK…wZi inm¨ D`NvUb Z_v cÖK…wZi wbqg¸‡jv Abyaveb Kiv| wesk kZvãxi ïi“‡Z c`v_©weÁvbxiv 

Avwe®‹vi Ki‡jb †h, cigvYy  abvZ¥Kfv‡e AvwnZ wbDK¬xqvm Øviv MwVZ hvi Pvi cv‡k B‡jKUªb †Nv‡i| cieZ©x 

cix¶v wbix¶v †_‡K cvIqv hvq †h wbDK¬xqvm †cÖvUb I wbDUªb Øviv MwVZ| GLb c`v_©weÁvbxiv Avwe®‹vi 

Ki‡Qb †h †cÖvUb I wbDUªb Av‡iv ¶z̀ ª KYv Øviv MwVZ| 

c`v_©weÁv‡bi M‡elYv cÖvK…wZK NUbv¸‡jv‡K fv‡jvfv‡e eyS‡Z Ges e¨vL¨v Ki‡Z †hgb mvnvh¨ K‡i †Zgwb 

weÁv‡bi Avbvb¨ kvLvq Zvi cÖ‡qvM  ¸i“Z¡c~Y© Ae`vb iv‡L| weÁv‡bi Ab¨vb¨ kvLvq c`v_©weÁv‡bi e¨enviB 

m¤¢eZ c`v_©weÁvb‡K eZ©gvb weÁv‡bi hy‡M Gi †K‡›`ª cwiYZ K‡i‡Q| Dwbk kZ‡Ki †klv‡a© B‡jKUª‡bi 

Avwe®‹viB B‡jKUªb gvB‡µv‡¯‹v‡ci D™¢veb NwU‡q‡Q hv e¯‘weÁvb I †Kvl-Rxewe`¨vq wece G‡b‡Q|  

GKw`‡K c`v_©weÁv‡b  †hgb ZË¡ m„wó  I MwY‡Zi cÖ‡qvM Av‡Q Aci w`‡K G‡Z e¨envwiK Dbœqb ev weKvk 

†hgb cÖ‡KŠkjkv¯¿I i‡q‡Q| imvqbweÁvb, f~ÑZË¡ weÁvb, †R¨vwZwe©Ávb, AvenvIqvweÁvb BZ¨vw` m¤ú‡K© 

†gŠwjK e¨vL¨v I aviYv MV‡b c`v_©weÁvb AZ¨š— cÖ‡qvRbxq| GQvov RxeweÁvb, mgỳ ªweÁvb, g‡bvweÁvb I 

wPwKrmvweÁv‡b c`v_©weÁv‡bi c×wZ I hš¿cvwZi cÖf~Z e¨envi i‡q‡Q| 

c`v_©wÁvb cÖK…wZi wbqg¸‡jv eY©bv K‡i : Avgiv †h cÖvK…wZK RM‡Z evm Kwi, Zv KZ¸‡jv wbw ©̀ó wbqg †hgb 

wbDU‡bi gnvKl© m~Î, kw³i msi¶YkxjZv bxwZ BZ¨vw` †g‡b P‡j| Avgiv Avgv‡`i e¨w³MZ AwfÁZv jv‡fi 

gva¨‡g wkïKvj †_‡K GBme wbqgbxwZ wk‡L AvmwQ| GB Ávb Avgv‡`i Rxe‡bi Rb¨ AZ¨vek¨K| cÖK…wZi 
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Kv‡Ri wbqgÑKvbyb Avgiv cvëv‡Z cvwi bv, wbqg¸‡jv‡K Avgiv Kv‡R jvMv‡Z cvwi| GRb¨ cÖ‡qvRb wbqg¸‡jv 

m¤ú‡K© Avgv‡`i cÖPzi Ávb| GQvovI Avgv‡`i evmf~wg GB c„w_ex‡Z AbymÜvb Pvjvq c`v_©weÁvb|  

c`v_©weÁv‡bi †gŠwjK m~Î¸‡jvi Abymi‡Y cÖhyw³i DbœwZ N‡U : †Uwjwfkb Kx K‡i KvR K‡i, i‡KU Kx K‡i 

gnvk~‡b¨ D‡o hvq, K…wÎg DcMÖn Kxfv‡e c„w_exi Pvicv‡k †Nv‡i, B›Uvi‡bU w`‡q Kxfv‡e gyn~‡Z© c„w_exi GKcÖvš—

†_‡K Ab¨cÖv‡š— Ny‡i Avmv hvq, †gvevBj †dvb Kxfv‡e KvR K‡i, mve‡gwib Kxfv‡e cvwb‡Z Wz‡e _v‡K BZ¨vw` 

eyS‡Z n‡j  Avgv‡`i c`v_©weÁv‡bi †gŠwjK m~Î¸‡jv Rvb‡Z n‡e| GB me cÖhyw³i D™¢ve‡bi g~‡j KvR Ki‡Q 

c`v_©weÁv‡b Avwe®‹…Z wbqgvewj| 

c`v_©weÁvb Aa¨qb GKwU cÖK…ó gvbweK cÖwk¶Y : c`v_©weÁvb cv‡V Avgiv bZzb aviYv jvf Ki‡Z cvwi| Kx 

K‡i wPš—v Ki‡Z nq, KviY `k©v‡Z nq, hyw³ w`‡Z nq, Kxfv‡e hyw³weÁvb I Gi wbKU AvZ¥xq MwYZ‡K Kv‡R 

jvMv‡Z nq c`v_©weÁvb Zv Avgv‡`i wkwL‡q _v‡K| GwU Avgv‡`i Kíbv‡K DÏxß K‡i Ges wPš—v kw³i weKvk 

NUvq|

c`v_©weÁvb Avgv‡`i ch©‡e¶Y Ki‡Z †kLvq : c`v_©weÁvb cv‡Vi gva¨‡g Avgiv Avgv‡`i ch©‡e¶Y ¶gZv e„w×

Ki‡Z cvwi| Kx K‡i mwVK c×wZMZ ch©‡e¶Y Ki‡Z nq, c`v_©weÁvb cv‡V Zv Avgiv Rvb‡Z cvwi| 

1.3  ̄ ’vb I Kvj  

 Space and time 

weÁvb Z_v c`v_©weÁv‡b ¯’vb I Kvj AZ¨š— ¸i“Z¡c~Y© aviYv| †Kv‡bv NUbv eY©bv Ki‡Z Avgv‡`i ¯’vb I Kv‡ji 

cÖ‡qvRb nq| NUbvwU †Kv_vq N‡U‡Q Ges KLb N‡U‡Q -GUv bv Rvb‡j Avgiv NUbvwU m¤ú‡K© ¯^”Q aviYv cve 

bv| †Kv‡bv e¯‘i Ae¯’vb †Kv_vq Ges e¯‘wU KZUv RvqMv `Lj K‡i Zv eyS‡Z ¯’v‡bi aviYv cÖvPxb Kvj †_‡K 

P‡j Avm‡Q| †Kvb NUbv Av‡M N‡U‡Q Ges †Kvb NUbv c‡i N‡U‡Q Ges KZ¶Y a‡i N‡U‡Q Zv eyS‡Z mg‡qi 

aviYv cÖ‡qvRb| 

BDwK¬‡Wi aviYv : 

¯’v‡bi R¨vwgwZK aviYv cÖ_g Dc¯’vcbv K‡ib BDwK¬W| Avgv‡`i Pvicv‡k hv Av‡Q meB ¯’vb| 

M¨vwjwjI-Gi aviYv :

M¨vwjwjI Zvui m„wZwe`¨vq ¯’vb I Kvj‡K e¨envi K‡i‡Qb Zvi MwZ I Z¡i‡Yi m~‡Î| Gi d‡j c`v_©weÁv‡b ¯’vb 

I Kvj AZ¨š— ¸i“Z¡c~Y© ivwk wn‡m‡e MvwYwZK mgxKi‡Y cÖ‡ek K‡i‡Q| 

wbDU‡bi aviYv : 

¯’vb I Kv‡ji aviYv Av‡iv ¯úó I cwigvYMZ iƒc MÖnY K‡i‡Q wbDU‡bi ejwe`¨vi gva¨‡g|  
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wbDUbxq ev wPivqZ c`v_©weÁv‡b ¯’vb n‡”Q wÎgvwÎK GK we¯Í…wZ| ¯’v‡bi †Kv‡bv ïi“ ev †kl †bB| Amxg Gi 

we¯Í…wZ| ¯’vb‡K AwZ¶z`ª As‡k fvM Kiv hvq A_©vr ¯’vb wbiew”Qbœ| ¯’vb mgmË¡ A_©vr ¯’v‡bi  †h †Kv‡bv 

GjvKv Ab¨ GjvKv †_‡K Awfbœ| ¯’vb wbi‡c¶| ¯’v‡bi g‡a¨ me NUbv N‡U Ges ¯’v‡bi we¯Í…wZi g‡a¨B 

mg¯Í e¯‘i Ae¯’vb wKš‘ ¯’vb †Kv‡bv e¯‘ ev NUbv Øviv cÖfvweZ nq bv| ¯’vb †hgb e¯‘ I NUbv wbi‡c¶ 

†ZgbB mgq wbi‡c¶, d‡j Kv‡ji cÖevn ¯’vb‡K e`jv‡Z cv‡i bv|  

wbDU‡bi aviYv Abymv‡i mgq ev Kvj wbR¯^ avivq cÖevwnZ n‡e| †Kv‡bv e¯‘ ev NUbvi Øviv GB KvwjK cÖevn 

cÖevwnZ nq bv| mg‡qi †Kv‡bv ïi“ ev †kl †bB| mgq‡K AwZ¶z̀ ª As‡k fvM Kiv hvq| A_©vr Gi cÖevn 

wbiew”Qbœ| mg‡qi †h †Kv‡bv Ask Ab¨ As‡ki mgiƒc| Gi d‡j †Kv‡bv cix¶v hLbB m¤úv`b Kiv †nvK Zv 

mgq wbe©vP‡bi Dci wbf©i K‡i bv| mgq ¯’vb wbi‡c¶|    

wbDUbxq ¯’vb Kv‡ji aviYvq Avgv‡`i GB gnvwek¦ wÎgvwÎK ¯’vb I GKgvwÎK mgq wb‡q MwVZ| †hLv‡b 

mg¯Í NUbv NU‡Q I mg¯Í e¯‘ aviY Kiv Av‡Q| 

AvaywbK c`v_©weÁv‡b wbDUbxq ¯’vb Kv‡ji aviYvi cwieZ©b G‡m‡Q| Gi g~‡j i‡q‡Q AvBb÷vB‡bi Av‡cw¶K 

ZË¡ Ges c¨v‡¼i †Kvqv›Uvg ZË¡|

1.4  †fŠZ ivwk 

 Physical quantities

G †fŠZ RM‡Z hv wKQz cwigvc Kiv hvq Zv‡K Avgiv ivwk ewj| †hgb †Zvgvi mvg‡bi †W‡¯‹i ˆ`N©̈  cwigvc 

Kiv hvq, ˆ`N©¨ GKwU ivwk| †Zvgvi †`‡ni fi cwigvc Kiv hvq, fi GKwU ivwk| Zzwg KZ¶Y a‡i ¯‹z‡j AvQ 

†mB mgq gvcv hvq, mgq GKwU ivwk| Zzwg hw` GKwU eB‡K Dc‡i DVvI, Zvn‡j KZUzKz KvR Ki‡j Zv 

cwigvc Kiv hvq, myZivs KvR GKwU ivwk| G †fŠZ RM‡Z Giƒc eÊ ivwk Av‡Q| GB mKj ivwki g‡a¨ gvÎ 

K‡qKwU ivwk Av‡Q †h¸‡jv cwigvc Ki‡Z Ab¨ †Kv‡bv ivwki mvnvh¨ cÖ‡qvRb nq bv| G ivwk¸‡jv †gŠwjK ivwk| 

†hgb †W‡¯‹i ˆ`N©̈  gvc‡Z †M‡j †Kej ˆ`N©̈  gvc‡jB P‡j| G ˆ`N©̈  gvcvi Rb¨ Ab¨ †Kv‡bv ivwk gvc‡Z nq bv 

ev Ab¨ †Kv‡bv ivwki mvnvh¨ `iKvi nq bv| myZivs ˆ`N©̈  GKwU †gŠwjK ivwk| Aciw`‡K K‡qKwU ivwk Qvov 

Aci †h mKj ivwk Av‡Q †m¸‡jv gvc‡Z n‡j Ab¨ ivwki `iKvi nq| †hgb Zvgvi NbZ¡ cwigvc Ki‡Z n‡j GK 

LÊ Zvgvi fi Ges AvqZb cwigvc Ki‡Z n‡e Ges fi‡K AvqZb w`‡q fvM K‡i NbZ¡ †ei Ki‡Z n‡e| Avevi 

AvqZb gvc‡Z n‡j ˆ`N©̈ , cȪ ’ I D”PZv gvc‡Z n‡e A_©vr wZbevi ev wZbw`‡K ˆ`N©̈  gvc‡Z n‡e| myZivs, 

†`Lv hv‡”Q wKQz wKQz ivwk Av‡Q, †h¸‡jv g~j ivwk; G¸‡jv Ab¨ ivwki Dci wbf©i K‡i bv| GB ivwk¸‡jv‡K 

†gŠwjK ivwk ejv nq|  

myZivs †h mKj ivwk ¯^vaxb ev wbi‡c¶ †h¸‡jv Ab¨ ivwki Dci wbf©i K‡i bv eis Ab¨vb¨ ivwk G‡`i Dci 

wbf©i K‡i Zv‡`i‡K †gŠwjK ivwk e‡j| Ávb weÁv‡bi mKj kvLv cÖkvLvq gvcÑ†Rv‡Li †¶‡Î weÁvbxiv Giƒc
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mvZwU ivwk‡K †gŠwjK ivwk iƒ‡c wPwýZ K‡i‡Qb| G¸‡jv n‡jv (1)  ˆ`N©̈  (2) fi (3) mgq (4) ZvcgvÎv (5) 

Zwor cÖevn (6) `xcb ZxeªZv  (7) c`v‡_©i cwigvY| 

Avi Ab¨ mKj ivwk †gŠwjK ivwk¸‡jv †_‡K jvf Kiv hvq A_©vr GK ev GKvwaK †gŠwjK ivwki ¸Ydj ev fvMdj 

†_‡K cÖwZcv`b Kiv hvq| G‡`i‡K ejv nq jä ivwk ev †hŠwMK ivwk|

myZivs †h mKj ivwk †gŠwjK ivwki Dci wbf©i K‡i ev †gŠwjK ivwk †_‡K jvf Kiv hvq Zv‡`i‡K jä ivwk e‡j|  

†eM, Z¡iY, ej, KvR, Zvc, Zwor wefe BZ¨vw` ivwk¸‡jv †gŠwjK ivwkmg~n †_‡K jvf Kiv hvq e‡j G¸‡jv jä 

ivwk|  

†hgb : 

2

ej = fi Zi¡ Y

‡eM
    = fi

mgq
~̀ iZ¡

fi
mgq

myZivs, ej GKwU jä ivwk|

1.5  cwigv‡ci GKK 
 Units of measurements

Avgv‡`i ˆ`bw›`b Rxe‡b cÖvq cÖwZwU Kv‡Ri mv‡_ gvc-†Rv‡Li e¨vciwU RwoZ| G QvovI wewfbœ M‡elYvi Kv‡R 

cÖ‡qvRb nq m~² gvc-†Rv‡Li| Avgv‡`i ˆ`bw›`b Rxe‡bi GB gvc-†Rv‡Li welqUv‡K ejv nq cwigvc| 

mvaviYfv‡e cwigvc ej‡Z eySvq †Kv‡bv wKQzi cwigvY wbY©q Kiv| †hgb  wiRyi evwo †_‡K ¯‹z‡ji `~iZ¡ 700

wgUvi| †mv‡nj †`vKvb †_‡K 5 wK‡jvMÖvg Pvj wK‡b Avbj| wibvi K¬vm †_‡K Awdm i“‡g †h‡Z 50 †m‡KÊ mgq 

jv‡M| GLv‡b 700 wgUvi n‡jv evwo †_‡K `~i‡Z¡i cwigvY| 5 wK‡jvMÖvg n‡jv wK‡b Avbv Pv‡ji f‡ii cwigvY 

Ges 50 †m‡KÊ n‡jv mg‡qi cwigvY| †Kv‡bv wKQzi cwigvY wbY©q Ki‡Z n‡j Avgv‡`i `ywU wRwb‡mi cÖ‡qvRb 

nq| GKwU msL¨v Avi GKwU GKK| 

†h †Kv‡bv cwigv‡ci Rb¨ cÖ‡qvRb GKwU ÷¨vÊvW© ev Av`k© cwigv‡Yi hvi mv‡_ Zzjbv K‡i cwigvc Kiv hvq| 

cwigv‡ci GB Av`k© cwigvY‡K ejv nq cwigv‡ci GKK| g‡b Kiv hvK, †Kv‡bv jvwVi ˆ`N©̈  4 wgUvi| GLv‡b 

wgUvi n‡jv ˆ`‡N©̈ i GKK Ges 1 wgUvi ej‡Z wKQz GKUv ˆ`N©̈  Av‡Q| Avi jvwVi ˆ`N©̈  4 wgUvi ej‡Z eySvq 

jvwVwUi ˆ`N©̈  1 wgUv‡ii 4 ¸Y| mgq, AvqZb, †eM, fi, ej, kw³, ZvcgvÎv, Zwor cÖevn BZ¨vw` gvcvi Rb¨ 

wfbœ wfbœ GKK i‡q‡Q| G GKK¸‡jv Ggbfv‡e wVK Kiv n‡q‡Q  hv‡Z G¸‡jv nq myweavRbK AvKv‡ii Ges 

mn‡R I mwVKfv‡e Zv cybi“rcv`b Kiv hvq| GB GK‡Ki K‡qKwU Qvov evwK¸‡jv Avevi ci¯úi m¤úK©hy³|      
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GmAvB (SI)-Gi †gŠwjK GKKmg~n : 

†gŠwjK ivwki GKKmg~n †h‡nZz Ab¨ GKK¸‡jvi Dci wbf©i K‡i bv, ZvB †gŠwjK GKK B‡”Qg‡Zv wbe©vPb Kiv 

hvq| wKš‘ †mB wbe©vP‡bi Avš—R©vwZK ¯^xK…wZ _vK‡Z n‡e| Gi K‡qKwU ˆewkó¨I _vK‡Z n‡e| †hgb GwU 

n‡Z n‡e AcwieZ©xÑ ¯’vb, Kvj, cvÎ †Kv‡bv wKQzi Dci wbf©i Ki‡e bv| Kv‡ji weeZ©‡b ev Ab¨ †Kv‡bv 

cÖvK…wZK cwieZ©‡bi d‡j Gi †Kv‡bv cwieZ©b n‡e bv| mn‡R GKKwU cybi“rcv`b Kiv hv‡e| 1960 mv‡j

GK‡Ki Avš—R©vwZK c×wZ Pvjyi mgq †gŠwjK GKK¸‡jvi †h Av`k© ev ÷¨vÊvW© MÖnY Kiv n‡qwQj cieZ©xKv‡j 

Dc‡iv³ ˆewkó¨¸‡jv AR©‡bi j‡¶¨ G‡`i A‡bK¸‡jvi Av`k© e`j Kiv n‡q‡Q, wKš‘ Zv‡Z GKK¸‡jvi gv‡bi 

†Kv‡bv cwieZ©b nqwb| †hgb GLb Av‡jvi AwZµvš— ~̀iZ¡ w`‡q wgUvi‡K msÁvwqZ Kiv nq, Zvi Av‡M GK 

cÖKvi Av‡jvi Zi½‰`‡N©̈ i mvnv‡h¨ wgUv‡ii msÁv †`Iqv n‡Zv| ZviI Av‡M c¨vwi‡mi wbK‡U m¨v‡å‡Z ivLv 

GKwU `‡Êi ˆ`N©̈ ‡K wgUv‡ii Av`k© aiv n‡Zv| wb‡P Avš—R©vwZK c×wZ‡Z †gŠwjK GKK¸‡jvi Rb¨ me©‡kl 

M„nxZ Av`k© eY©bv Kiv n‡jv| 

ˆ`‡N©̈ i GKK : wgUvi : k~b¨ ¯’v‡b Av‡jv 1

299 792 458
 †m‡K‡Ê †h ~̀iZ¡ AwZµg K‡i Zv‡K 1 wgUvi (m) e‡j| 

f‡ii GKK : wK‡jvMÖvg : d«v‡Ýi m¨v‡å‡Z B›Uvib¨vkbvj I‡qUm GÊ †gRvi‡m G iw¶Z cvwUbvg BwiwWqvg 

msKi avZzi ˆZwi GKwU wmwjÊv‡ii fi‡K 1 wK‡jvMÖvg (kg) e‡j| GB wmwjÊviwUi e¨vm 3.9 cm Ges D”PZv 

3.9 cm |

mg‡qi GKK : †m‡KÊ : GKwU wmwRqvg Ñ 133 cigvYyi 9 192 631 770wU ¯ú›`b m¤úbœ Ki‡Z †h mgq 

jv‡M Zv‡K 1 †m‡KÊ (s) e‡j| 

ZvcgvÎviGKK : †Kjwfb : cvwbi ˆÎa we› ỳi ZvcgvÎvi 1

273.16
 fvM‡K 1 †Kjwfb (K) e‡j| 

Zwor cÖev‡ni GKK : A¨vw¤úqvi : k~b¨ ¯’v‡b 1 wgUvi ~̀i‡Z¡ Aew¯’Z Amxg ˆ`‡N©̈ i Ges Dc‡¶Yxq e„ËvKvi 

cȪ ’‡”Q‡`i ỳwU mgvš—ivj mij cwievn‡Ki cÖ‡Z¨KwU‡Z †h cwigvY Zwor cÖevn Pj‡j ci¯ú‡ii g‡a¨ cÖwZ wgUvi 

ˆ`‡N©̈ 2 10
– 7 wbDUb ej Drcbœ nq Zv‡K 1 A¨vw¤úqvi (A) e‡j| 

`xcb ZxeªZvi GKK : K¨v‡Êjv : K¨v‡Êjv n‡”Q †mB cwigvY `xcb ZxeªZv hv †Kv‡bv Av‡jvK Drm GKwU wbw`©ó 

w`‡K 540 10
12 nvR© K¤úv‡¼i GK eY©x wewKiY wbtmiY K‡i Ges H wbw`©ó w`‡K Zvi wewKiY ZxeªZv n‡”Q 

cÖwZ †÷‡iwWqvb Nb‡Kv‡Y 1

683
  IqvU| 

c`v‡_©i cwigv‡Yi GKK : †gvj : †h cwigvY c`v‡_© 0.012 wK‡jvMÖvg Kve©bÑ 12 G Aew¯’Z cigvYyi mgvb 

msL¨K cÖv_wgK BDwbU (†hgb, cigvYy, AYy, Avqb, B‡jKUªb BZ¨vw` ev G¸‡jvi wbw ©̀ó †Kv‡bv MÖ“c) _v‡K Zv‡K 

1 †gvj (mol) e‡j| 
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mviwY

†gŠwjK ivwk I Zv‡`i GKK 

ivwk ivwki cÖZxK GmAvB GKK GK‡Ki cÖZxK

1.ˆ`N©̈ (length) l wgUvi (meter) m

2. fi (mass) m wK‡jvMÖvg (kilogram) kg 

3. mgq (time) t †m‡KÊ (second) s

4. ZvcgvÎv (temperature) , T †Kjwfb (kelvin) K

5. Zwor cÖevn (electric current) I A¨vw¤úqvi (ampere) A

6. `xcb ZxeªZv (luminous intensity) Iv K¨v‡Êjv (candela) Cd

7. c`v‡_©i cwigvY (amount of 

substance)

n †gvj (mole) mol 

GK‡Ki ¸wYZK I Dc¸wYZK 

A‡bK mgq †gŠwjK GKK¸‡jvi fMœvsk ev ¸wYZK e¨envi Kiv myweavRbK nq| hLb GKwU ivwki gvb Lye eo 

ev Lye †QvU nq, ZLb wb‡Pi mviwY‡Z ewY©Z DcmM©̧ ‡jv LyeB cÖ‡qvRbxq nq| D`vniY ¯^i~c Avgiv hw` evZv‡mi 

ỳwU AYyi ga¨Kvi ~̀iZ¡ we‡ePbv Kwi, Zvn‡j †`wL †h GB ~̀iZ¡ LyeB †QvU| GwU n‡”Q 0.000 00001 m|

Avgiv hw` evi evi GB msL¨vUv e¨envi Kwi, Zvn‡j Avgv‡`i mveavb _vK‡Z n‡e cÖwZ †¶‡Î k~‡b¨i msL¨v 

wVKg‡Zv D‡jL Kiv n‡qwQ wK bv? wKš‘ GB msL¨vUv‡KB hw` Avgiv GKUv DcmM© e¨envi K‡i wjwL, Zvn‡j 

0.000 00001 m ‡K nq‡Zv wjLe 0.01 m, GLv‡b Ô Õ  (gvB‡µv) DcmM©wU 10
-6  wb‡`©k K‡i| †Zgwbfv‡e 

hw` ewj Avgv‡`i bewbwg©Z we ỳ̈ r Drcv`b †K‡› ª̀i ¶gZv 2000 000 000 W| GUv‡K hw` Avgiv 2000

10
6
 W = 2000 MW  wn‡m‡e cÖKvk Kwi Zvn‡j myweav nq| GKK¸‡jvi c~‡e© `‡ki m~P‡Ki wb‡gœv³ 

DcmM©¸‡jv Avš—R©vwZK c×wZ‡Z e¨envi Aby‡gv`b‡hvM¨| 

¸wYZK/Dc¸wYZK Drcv`K ms‡KZ D`vniY

G·v (exa) 10
18

 E 1 G·vwgUvi =  1 Em =  10
18

 m 

†cUv (peta) 10
15

 P 1 †cUvwgUvi  =  1 Pm =10
15

 m

†Uiv (tera) 10
12

 T 1 †UivMÖvg  = 1 Tg= 10
12

 g

wMMv (giga) 10
9
 G 1  wMMvevBU  = 1 GB= 10

9
 B

†gMv (mega) 10
6
 M 1 †gMvIqvU  = 1 MW=10

6
 W

wK‡jv (kilo) 10
3
 k 1 wK‡jv‡fvë = 1 kV=10

3
 V

†n‡±v (hecto) 10
2
 h 1 †n‡±vRyj =  1hJ=10

2
 J

†WKv (deca) 10
1
 da 1 †WKvwbDUb = 1 daN=10

1
 N
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¸wYZK/Dc¸wYZK Drcv`K ms‡KZ D`vniY

†Wwm (deci) 10
-1

 d 1 †WwmIÕg = 1d = 10
-1

†mw›U (centi) 10
- 2

 c 1 †mw›UwgUvi= 1 cm= 10
-2

 m

wgwj milli) 10
-3

 m 1 wgwjA¨vw¤úqvi = 1 mA= 10
-3

 A

gvB‡µv (micro) 10
- 6

 1 gvB‡µv‡fvë =1 V= 10
– 6

 V

b¨v‡bv (nano) 10
- 9

 n 1 b¨v‡bv‡m‡KÊ = 1 ns=10 
– 9

 s

wc‡Kv (pico) 10
- 12

 p 1 wc‡Kvd¨vivW =1 pF= 10
– 12

 F

 †dg‡Uv (femto) 10
- 15

 f 1 †dg‡UvwgUvi = 1 fm=10 
– 15

 m

A‡Uv (atto) 10
- 18

 a 1 A‡UvIqvU = 1 aW=10 
– 18

 W 

†Kv‡bv msL¨v‡K 10 Gi †h †Kv‡bv NvZ Ges 1 †_‡K 10 -Gi g‡a¨ Aci msL¨vi ¸Ydj wn‡m‡e cÖKvk Kiv n‡j 

Zv‡K ˆeÁvwbK cÖZxK e‡j| †hgb 6733000000 n‡jv 6.733 10
9  Ges 0.00000846 n‡jv 8.46 10

-6|

myZivs †`Lv hv‡”Q †h G cÖZx‡K cÖKvwkZ msL¨vwUi 10 -Gi abvZ¥K m~PK  hZ, `kwgK we› ỳ‡K Wvbw`‡K 

ZZNi miv‡j Avi 10 Gi FYvZ¥K m~PK hZ `kwgK we› ỳ‡K evgw`‡K ZZ Ni miv‡j g~j msL¨vwU cvIqv hvq|  

ˆeÁvwbK cÖZx‡K cÖKvwkZ msL¨vi †¶‡Î ¸‡Yi wb‡gœv³ mvaviY wbqgwU Lv‡U : 

10
m

 10
n
 = 10 

m+n

GLv‡b m Ges n †h †Kv‡bv msL¨v Ñ abvZ¥K ev FYvZ¥K n‡Z cv‡i| 

 †hgb 10
6

 10
7
 = 10

13
, 10

7
10

-20
=10

-13

fv‡Mi †¶‡ÎI wb‡gœv³ wbqgwU cÖ‡hvR¨  
n

n m n m

m

10
10 10 10

10

†hgb 10
6

 10
4
 = 10

2 ev 10
3

 10
-7

 =10
3-(-7)

 = 10
10

1.6  gvÎv 

 Dimensions

Avgiv B‡Zvg‡a¨ †R‡bwQ †h †Kv‡bv †fŠZ ivwk GK ev GKvwaK †gŠwjK ivwki mgš^‡q MwVZ| myZivs †h †Kv‡bv  
†fŠZ ivwk‡K wewfbœ m~P‡Ki (power) GK ev GKvwaK †gŠwjK ivwki ¸Ydj wn‡m‡e cÖKvk Kiv hvq| †Kv‡bv 
†fŠZ ivwk‡Z Dcw¯’Z †gŠwjK ivwk¸‡jvi m~PK‡K ivwkwUi gvÎv e‡j|  

†hgb ej = fi  Z¡iY = 
2

‡eM ‰`N©̈
fi fi 

mgq mgq
 | GLv‡b ˆ`‡N©̈ i gvÎv L, f‡ii gvÎv M, mg‡qi gvÎv T

emv‡j e‡ji gvÎv cvIqv hv‡e 
2

ML

T
  ev 2MLT  A_©vr, e‡ji i‡q‡Q f‡ii gvÎv (1), ˆ`‡N©̈ i gvÎv (1) Ges mg‡qi 

gvÎv (- 2)| †Kv‡bv ivwki gvÎv wb‡ ©̀k Ki‡Z Z…Zxq eÜbx [ ] e¨envi Kiv nq| †hgb e‡ji gvÎv [F] = MLT 
-2
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Dc‡i ewY©Z wZbwU †gŠwjK ivwk ˆ`N©̈ , fi I mgq Qvov Ab¨vb¨ †gŠwjK ivwkmg~‡ni gvÎv n‡jv : 

ZvcgvÎvi gvÎv n‡jv  ( eo nv‡Zi wMÖK A¶i ), Zwor cÖev‡ni gvÎv n‡jv I, `xcb ZxeªZvi gvÎv n‡jv J
Ges c`v‡_©i cwigv‡Yi gvÎv n‡jv N|

gvÎv we‡kl‡Yi gva¨‡g Avgiv †Kv‡bv mgxKiY ev dg©yjvi mwVKZv hvPvB Ki‡Z cvwi| D`vniY¯^iƒc
21

2
s ut at

mgxKiYwU we‡ePbv Kiv hvK| Avgiv Rvwb †KejgvÎ GKB RvZxq ivwki †hvM, we‡qvM ev mgZv m¤¢e| myZivs 
GKwU mgxKi‡Yi cÖwZwU c` Aek¨B GKB RvZxq ivwk‡K wb‡ ©̀k Ki‡Z n‡e, A_©vr cÖwZwU c‡`i gvÎv GKB 
n‡Z n‡e| GLb Dc‡iv³ mgxKi‡Y wZbwU c` Av‡Q, euvw`‡K GKwU Ges Wvbw`‡K ỳwU| GB mgxKi‡Y 

s n‡jv miY, Gi gvÎv L

u n‡jv Avw` †eM, Gi gvÎv 1L
LT

T

a n‡jv Z¡iY, Gi gvÎv 2

2

L
LT

T

t  n‡jv mgq, Gi gvÎv T

ut-Gi gvÎv n‡jv 1LT T L

at
2  Gi gvÎv n‡jv 2 2LT T L

†`Lv hv‡”Q Dc‡iv³ mgxKi‡Yi evgw`‡Ki c`wUi gvÎv L Ges Wvb w`‡Ki `ywU c‡`i gvÎvI L|

myZivs, mgxKiYwU wm×|

1.7 ˆeÁvwbK cÖZxK I ms‡KZ 

 Scientific symbols and notations 

ejv n‡q _v‡K c`v_©weÁv‡bi fvlv n‡”Q MwYZ| c`v_©weÁv‡bi m~Î¸‡jv‡K Avgiv mvaviYZ MvwYwZK mgxKiY 

AvKv‡i cÖKvk K‡i _vwK| †mB m~Î ev mgxKiY‡K Kv‡R jvwM‡q c`v_©weÁvbxiv wewfbœ mgm¨v mgvavb K‡i 

_v‡Kb| Gi Rb¨ wewfbœ ivwki ev GK‡Ki Rb¨ wewfbœ ms‡KZ I cÖZxK e¨envi Kiv nq Ges Zv Kiv nq 

GK‡Ki Avš—R©vwZK c×wZ AbymiY K‡i| ïay c`v_©weÁvbB bq †h †Kv‡bv wel‡q Z_v Ávb weÁv‡bi †h †Kv‡bv 

kvLv cÖkvLvqB cwigvc Ki‡Z wM‡q AvRKvj  GK‡Ki Avš—R©vwZK c×wZ e¨eüZ n‡”Q|

GK‡Ki ms‡KZ I wewfbœ ivwki gvb †jLvi Rb¨ GB eB‡q wb‡gœv³ c×wZ AbymiY Kiv n‡q‡Q| 

1| †Kv‡bv ivwki gvb cÖKvk Kivi Rb¨ GKwU msL¨v wj‡L Zvi ci GKwU duvK (dvKv RvqMv ev space hv Avm‡j 

¸Y eySvq) †i‡L GK‡Ki ms‡KZ wj‡L cÖKvk Ki‡Z nq| †hgb "2.21 kg", "7.3 10
2
 m

2
", "22 K"|

kZKiv wPý (%) I GB wbqg †g‡b P‡j| wKš‘ e¨wZµg n‡”Q †Kv‡Yi GKK Z_v wWwMÖ,  wgwbU ev †m‡KÊ 

(°, Ges ) †jLvi mgq| GB mKj †¶‡Î msL¨vi †¶‡Î †Kv‡bv dvuK (space) w`‡Z nq bv| 

2| ¸Y‡b cÖvß jä GKK †jLvi mgq ỳB  GK‡Ki gvS Lv‡b GKUv duvK (space) w`‡Z nq †hgb N m. 
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3| fvM Øviv MwVZ jä GK‡Ki †¶‡Î FYvZ¥K m~PK wn‡m‡e cÖKvk Kiv n‡q‡Q| †hgb wgUvi / †m‡KÊ (wgUvi 

cÖwZ †m‡KÊ metre per second) †K m s
1 w`‡q cÖKvk Kiv n‡q‡Q|

4| cÖZxK¸‡jv †h‡nZz MvwYwZK cÖKvk, †Kv‡bv wKQzi msw¶ß iƒc (abbreviations) bq, Kv‡RB Zv‡`i mv‡_ 

†Kv‡bv hwZ wPý ev dzj ÷c [full stop (.) ] e¨eüZ nq bv|

5|  GK‡Ki ms‡KZ †jLv nq †mvRv A¶‡i (Roman  type) †hgb wgUv‡ii (metre) Rb¨ m, †m‡K‡Êi Rb¨ 

s BZ¨vw`| †Kv‡bv ivwki ms‡KZ wjL‡Z nq euvKv ni‡d (italic type) †hgb f‡ii (mass) Rb¨ m, mi‡Yi 

(displacement) Rb¨ s BZ¨vw`| GB mKj ivwki ms‡KZ I GKK †jLvi mgq Av‡M c‡i †Kv‡bv fvlvi †Kv‡bv 

d›U (font) e¨envi Kiv n‡q‡Q, Zv‡Z wKQz hvq Av‡m bv|  

6| GK‡Ki ms‡KZ †QvU nv‡Zi ni‡d (lower case)  †jLv nq (†hgb "m", "s", "mol")| Z‡e †h mKj 

GKK e¨w³i bvg †_‡K †bIqv n‡q‡Q †m¸‡jvi ms‡KZ †jLvi mgq  (GK A¶‡ii n‡j) eo nv‡Zi ni‡d ev 

cÖ_g A¶i (GKvwaK A¶‡ii †¶‡Î) eo nv‡Zi ni‡d n‡e| †hgb wbDU‡bi bvgvbymv‡i M„nxZ GKK wbDUb 

n‡e N Ges c¨v¯‹v‡ji bvgvbymv‡i M„nxZ GKK n‡e Pa| Z‡e cy‡iv GKK wjL‡j Aek¨B †QvU nv‡Zi ni‡d 

n‡e †hgb newton ev  pascal|

7| GK‡Ki DcmM© GK‡KiB Ask weavq Gi ms‡KZ GK‡Ki mv‡_ †Kv‡bv duvK QvovB hy³ nq| †hgb km-G 

k, MW G M, GHz-G G| GKvwaK DcmM© Aby‡gvw`Z bq †hgb F n‡e bv, n‡e pF|

8| wK‡jv (10
3) Gi †P‡q eo mKj DcmM© eo nv‡Zi ni‡d n‡e| 

9| GK‡Ki ms‡KZ¸‡jvi KL‡bv eÊePb nq bv| †hgb "25 kg", n‡e, wKš‘ "25 kgs" n‡e bv| 

10| †Kv‡bv msL¨v ev †Kv‡bv  †hŠwMK GKK ev msL¨v I GKK ỳB jvB‡b †jLv (line-break)  cwinvi Kiv 

DwPZ| Lye cÖ‡qvRb n‡j msL¨v I  GKK‡K ỳB fvM Kiv †h‡Z cv‡i (line-break)|

1.8  cwigv‡ci hš¿cvwZ 

 Measuring Instruments

wgUvi †¯‹j

cix¶vMv‡i ˆ`N©̈  cwigv‡ci me‡P‡q mij hš¿ n‡jv wgUvi †¯‹j| Gi ˆ`N©̈  1 wgUvi ev 100 †mw›UwgUvi| 
GRb¨ G‡K wgUvi †¯‹j ejv nq| GB †¯‹‡ji GK cvk †mw›UwgUvi Ges Aci cvk BwÂ‡Z `vM KvUv _v‡K| 
cÖ‡Z¨K †mw›UwgUvi‡K mgvb `k fv‡M fvM Kiv _v‡K| GB cÖ‡Z¨K fvM‡K ejv nq 1 wgwjwgUvi ev 0.1

†mw›UwgUvi| cÖ‡Z¨K BwÂ‡K mgvb AvU fvM, `k fvM ev †lv‡jv fv‡M fvM Kiv nq|  

wgUvi †¯‹‡ji mvnv‡h¨ cwigvc : wgUvi †¯‹‡ji mvnv‡h¨ †h `Ê ev KvwVi ˆ`N©̈  gvc‡Z n‡e Zvi GKcÖvš— †¯‹‡ji 

0 `v‡M ev †Kv‡bv myweavRbK `v‡M ¯’vcb Ki‡Z n‡e| `‡Êi Aci cÖv‡š— †¯‹‡ji †h `v‡Mi mv‡_ wg‡k‡Q Zvi 

cvV wb‡Z n‡e| `‡Êi ỳB cÖv‡š—i cv‡Vi we‡qvMdj n‡jv `‡Êi ˆ`N©̈ | mvaviYfv‡e †h `‡Êi ˆ`N©̈  gvc‡Z n‡e 
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Zvi evg cÖvš— †¯‹‡ji x  `v‡M ¯’vcb Ki‡j hw` Wvb cÖvš— y `v‡Mi mv‡_ wg‡k hvq Z‡e `‡Êi ˆ`N©̈  L  n‡e, L

= y – x| G †¯‹‡ji mvnv‡h¨ wgwjwgUvi ch©š— ˆ`N©¨ mwVKfv‡e gvcv hvq| Gi †P‡q m~² cwigvc Ki‡Z n‡j 

e¨envi Ki‡Z nq fvwb©qvi †¯‹j|

fvwb©qvi †¯‹j

mvaviY wgUvi †¯‹‡j Avgiv wgwjwgUvi ch©š— ˆ`N©̈  gvc‡Z cvwi| wgwjwgUv‡ii fMœvsk †hgb 0.2 wgwjwgUvi, 0.6

wgwjwgUvi ev 0.8 wgwjwgUvi BZ¨vw` gvc‡Z n‡j Avgv‡`i e¨envi Ki‡Z nq fvwb©qvi †¯‹j| MwYZ kv¯¿we` 

wc‡q‡i fvwb©qvi G †¯‹j Avwe®‹vi K‡ib| Zuvi bvgvbymv‡i G †¯‹‡ji bvg fvwb©qvi †¯‹j|  

wPÎ : 1.1  fvwb©qvi †¯‹j 

g~j †¯‹‡ji ¶z̀ ªZg fv‡Mi fMœvs‡ki wbf©yj cwigv‡ci Rb¨ g~j †¯‹‡ji cv‡k †h †QvU Avi GKwU †¯‹j e¨envi 

Kiv nq Zvi bvg fvwb©qvi †¯‹j| fvwb©qvi †¯‹j‡K wgUvi ‡¯‹‡ji mv‡_ e¨envi K‡i wgwjwgUv‡ii fMœvsk 

mwVKfv‡e wbY©q Kiv hvq|  

fvwb©qvi †¯‹j g~j ev cÖavb †¯‹‡ji cv‡k mshy³ _v‡K Ges cÖavb †¯‹‡ji cvk w`‡q mvg‡b ev †cQ‡b miv‡bv 
hvq| aiv hvK, GKwU fvwb©qvi †¯‹‡j `kwU fvM Av‡Q Z_v `kwU `vM KvUv Av‡Q| GB `k fvM cÖavb †¯‹‡ji 
bqwU ¶z̀ ªZg fv‡Mi mgvb (wPÎ : 1.1)| cÖavb †¯‹‡ji bqwU ¶z̀ ªZg fvM n‡jv 9 wgwjwgUvi ev 0.9

†mw›UwgUvi|  fvwb©qvi †¯‹‡ji 10 fvM †h‡nZz cÖavb †¯‹‡ji 9 ¶z̀ ªZg fv‡Mi mgvb| myZivs fvwb©qvi †¯‹‡ji 
fvM¸‡jv cÖavb ‡¯‹‡ji ¶z`ªZg fv‡Mi †P‡q mvgb¨ †QvU| cÖavb †¯‹‡ji ¶z̀ ªZg GK fv‡Mi †P‡q fvwb©qvi 
†¯‹‡ji GK fvM KZUzKz †QvU Zvi cwigvY‡K ejv nq fvwb©qvi aª“eK (Vernier Constant)| G‡K mvaviYZ 

VC †jLv nq|  GKwU mnR m~Î Øviv fvwb©qvi aª“eK wbY©q Kiv hvq  Zv n‡jv, fvwb©qvi aª“eK = s

n
 †hLv‡b s

cÖavb †¯‹‡ji 1 ¶z̀ ªZg fv‡Mi ˆ`N©̈  Ges n fvwb©qv‡ii fv‡Mi msL¨v|  

Dc‡iv³ †¶‡Î s = 1 wgwg  Ges n = 10 fvM 

1
0.1 0.01

10

wgwg
fvwb©qvi aª æeK = wgwg =  †mwg 

s

n

†Kv‡bv †Kv‡bv mgq fvwb©qvi †¯‹‡ji 20 fvM cÖavb †¯‹‡ji 19 ¶z̀ ªZg fv‡Mi mgvb _v‡K Ges cÖavb †¯‹‡ji 

GK ¶z̀ ªZg fvM 1 mm -Gi †P‡q Kg _v‡K| ZLb fvwb©qvi aª“eK cwiewZ©Z n‡q hvq| fvwb©qvi aª“eK wbf©i 

K‡i cÖavb †¯‹j I fvwb©qvi †¯‹‡ji `vM KvUvi ˆewk‡ó¨i Dci|  
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¯vBW K¨vwjcvm© 

¯vBW K¨vwjcv‡m©i Aci bvg fvwb©qvi K¨vwjcvm©| KviY GB h‡š¿ gvc‡Rv‡Li †ejvq fvwb©qvi c×wZ e¨envi Kiv 

nq| GKwU AvqZKvi B¯úvZ `‡Êi Mv‡q `vM †K‡U ¯vBW K¨vwjcv‡m©i g~j ev cÖavb †¯‹j ˆZwi Kiv nq| cÖavb 

†¯‹‡ji †h cÖv‡š— k~b¨ `vM KvUv _v‡K A_©vr †h cÖvš— †_‡K †¯‹‡ji m~Pbv nq †mB cÖv‡š— GKwU avZe †Pvqvj 

AvUKv‡bv _v‡K| g~j †¯‹‡ji ¶z`ªZg fv‡Mi fMœvs‡ki wbf©yj cwigv‡ci Rb¨ g~j †¯‹‡ji Mv‡q †Pvqvjhy³ GKwU  

†QvU  †¯‹j civ‡bv _v‡K| Gi bvgB  fvwb©qvi †¯‹j| (wPÎ : 1.2)|

wPÎ : 1.2  ¯vBW K¨vwjcvm© 

GB †Pvqvjhy³ fvwb©qvi cÖavb †¯‹‡ji Dci mvg‡b ev †cQ‡b miv‡bv hvq| GB †¯‹‡ji mv‡_ GKwU ¯Œz _v‡K|  

GB ¯Œzi mvnv‡h¨ fvwb©qvi †¯‹j‡K cÖavb †¯‹‡ji Mv‡q †h †Kv‡bv RvqMvq AvUwK‡q ivLv hvq| cÖavb †¯‹‡ji 

†Pvqvj Ges fvwb©qvi †¯‹‡ji †Pvqvj hLb †j‡M _v‡K ZLb mvaviYZ fvwb©qvi †¯‹‡ji k~b¨ `vM cÖavb †¯‹‡ji 

k~b¨ `v‡Mi mv‡_ wg‡j hvq| 

fvwb©qvi †¯‹j e¨envi K‡i wgwjwgUv‡ii fMœvsk mwVKfv‡e wbY©q Kiv hvq|

Dc‡i fvwb©qvi †¯‹j cwi”Q‡` ewY©Z Dcv‡q ¯vBW K¨vwjcv‡m©i fvwb©qvi aªyeK wbY©q Kiv nq | 

¯vBW K¨vwjcv‡m©i mvnv‡h¨ cwigvc : g‡b Kiv hvK, †Kv‡bv GKwU `‡Êi ˆ`N©̈  †ei Ki‡Z n‡e| `ÊwU‡K ¯vBW

K¨vwjcv‡m©i †Pvqvj `ywUi gvSLv‡b ¯’vcb Ki‡Z nq| fvwb©qvi †¯‹‡ji mv‡_ jvMv‡bv †Pvqvj †V‡j mvg‡b Avb‡Z 

nq hv‡Z cÖavb †¯‹‡ji †Pvqvj I fvwb©qv‡ii †Pvqvj e¯‘wU‡K wecixZ w`K †_‡K ¯úk© K‡i|  `ÊwUi evg cÖvš—

cÖavb †¯‹‡ji k~b¨ (0) `v‡Mi mv‡_ wgwj‡q fvwb©qviwU mvg‡b ev †cQ‡b mwi‡q `‡Êi Wvb cÖv‡š—i mv‡_ wgjv‡bv 

nq| g‡b Kiv hvK, `‡Êi  Wvb cÖvš— †¯‹‡ji M wgwg `vM AwZµg K‡i‡Q| Zvn‡j Gi ˆ`N©̈  M  I (M + 1)

wgwg Gi gvSvgvwS| GB M wgwg -Gi †P‡q evowZ ˆ`N©̈  fvwb©qvi e¨envi K‡i †ei Ki‡Z n‡e| Gi ˆ`N©̈ UzKz 

n‡e fvwb©qvi cvV|  

Gevi †`L‡Z n‡e fvwb©qv‡ii †Kvb `vMwU cÖavb †¯‹‡ji †Kv‡bv GKwU `v‡Mi mv‡_ wg‡j‡Q| hw` †Kv‡bv `vM bv 
wg‡j _v‡K, Zvn‡j †`L‡Z n‡e fvwb©qv‡ii †Kvb `vMwU cÖavb †¯‹‡ji †Kv‡bv GKwU `vv‡Mi mv‡_ me‡P‡q 
KvQvKvwQ n‡q‡Q| fvwb©qvi †¯‹‡ji GB `vMB n‡e fvwb©qv‡ii mgcvZb| 

g‡b Kiv hvK, fvwb©qv‡ii V b¤^i `vMwU cÖavb †¯‹‡ji GKwU `v‡Mi mv‡_ wg‡j‡Q ev KvQvKvwQ n‡q‡Q| myZivs 
h‡š¿i fvwb©qvi aª“eK VC n‡j

`‡Êi ˆ`N©̈  = cÖavb †¯‹j cvV + fvwb©qvi †¯‹j cvV
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             = cÖavb †¯‹j cvV + fvwb©qvi mgcvZb  fvwb©qvi  aª“eK

A_©vr, L = M + V  VC 

D`vniY : aiv hvK, `‡Êi B cÖvš— cÖavb †¯‹‡ji 12  wgwg `vM AwZµg K‡i‡Q Ges fvwb©qv‡ii 7 b¤^i `vMwU 
cÖavb †¯‹‡ji GKwU `v‡Mi mv‡_ wg‡j‡Q| Zvn‡j `‡Êi ˆ`N©̈  n‡e  

L =12  wgwg + 7  0.1  wgwg (fvwb©qvi aª“eK n‡jv 0.1 wgwg) 

=  12.7 mm  = 1.27 cm

cÖavb †¯‹‡ji †Pvqvj Ges fvwb©qvi †¯‹‡ji †Pvqvj hLb †j‡M _v‡K ZLb mvaviYZ fvwb©qvi †¯‹‡ji k~b¨ `vM 
cÖavb †¯‹‡ji k~b¨ `v‡Mi mv‡_ wg‡j hvq| A‡bK h‡š¿ bvI wgj‡Z cv‡i| ZLb eyS‡Z n‡e hvwš¿K Î“wU 
i‡q‡Q Ges Gi Rb¨ cvV ms‡kvab K‡i wb‡Z nq|

¯Œz MR

GB h‡š¿i mvnv‡h¨ Zv‡ii e¨vmva©, mi“ †Pv‡Oi e¨vmva© I †QvU ˆ`N©̈  cwigvc Kiv hvq| G‡Z i‡q‡Q ỳB cÖv‡š—

ỳwU mgvš—ivj evÊ wewkó U AvK…wZi †d«g KvVv‡gv F (wPÎ : 1.3)|

wPÎ : 1.3 

Gi GK evÊi mgZj wcV A Gi mv‡_ GKwU mgZj cÖvš— wewkó `Ê ev KxjK ¯’vqxfv‡e AvUKv‡bv i‡q‡Q Ges 

Aci evÊ‡Z i‡q‡Q GKwU duvcv bj C| GB b‡j i‡q‡Q wgwjwgUv‡i `vMvw¼Z GKwU mij †¯‹j Ges GKwU  

†ejbvK…wZi Uzwc T cwiwnZ GKwU ¯Œz| ¯ŒzwU duvcv bj C Gi wfZi Pjv‡div Ki‡Z cv‡i| †ejbvK…wZ Uzwc     

T- Gi wKbviv‡K mvaviYZ 50 ev 100 fvM Kiv nq| ¯Œzi gv_v B hLb ¯’vqx KxjK ev mgZj cÖvš— wewkó `Ê  

A  ¯úk© K‡i ZLb e„ËvKvi †¯‹‡ji k~b¨ `vM ˆiwLK †¯‹‡ji k~b¨ `v‡Mi mv‡_ wg‡j hvq| GiKg Ae¯’vq ỳwU 

†¯‹‡ji k~b¨ `vM hw` wg‡j bv hvq Zvn‡j eyS‡Z n‡e hvwš¿K Î“wU i‡q‡Q| 

Uzwc T GKevi Nyiv‡j Gi hZUzKz miY N‡U Ges ˆiwLK †¯‹j eivei †h ˆ`N©̈  GwU AwZµg K‡i Zv‡K ejv nq 

¯Œzi wcP (Pitch)| e„ËvKvi †¯‹‡ji gvÎ GK fvM Nyiv‡j Ñ Gi cÖvš— ev ¯ŒzwU hZUzKz m‡i Av‡m Zv‡K ejv nq 

h‡š¿i jwNô MYb (Least Count)| G‡K LC w`‡q cÖKvk Kiv nq| h‡š¿i wcP‡K e„ËvKvi ‡¯‹‡ji msL¨v 

Øviv fvM Ki‡j jwNô MYb cvIqv hvq| myZivs, 

wcP
jwNô MYb = 

eË„ vKvi †¯‹‡ji fv‡Mi msL¨v
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e„ËvKvi †¯‹‡j mvaviYZ 100 fvM _v‡K Ges GB h‡š¿ wcP _v‡K 1 wgwg| 

 jwNô MYb = 1

100
 wgwg = 0.01  wgwg|

¯Œz M‡Ri mvnv‡h¨ cwigvc : †h Zv‡ii e¨vm gvc‡Z n‡e ev †h cv‡Zi cyi“Z¡ †ei Ki‡Z n‡e Zv‡K A I B-Gi

gv‡S ¯’vcb Ki‡Z n‡e| Zvi ev cvZwU Ggbfv‡e ¯’vcb Ki‡Z n‡e hv‡Z Gi GK cvk A-†K Ges Aci cvk 

BÑ†K ¯úk© K‡i| Gevi e„ËvKvi I ˆiwLK †¯‹‡ji cvV wb‡Z n‡e| g‡b Kiv hvK, ˆiwLK †¯‹‡ji cvV L wgwg 

Ges e„ËvKvi †¯‹‡ji fvM msL¨v C| myZivs, Zv‡ii e¨vm ev cv‡Zi cyi“Z¡ n‡e : 

e¨vm ev cyi“Z¡ = ˆiwLK †¯‹j cvV + e„ËvKvi †¯‹‡ji fvM msL¨v  jwNô MYb 

A_©vr D = L + C  LC

D`nviY : g‡b Kiv hvK, ˆiwLK ‡¯‹j cvV 3 wgwg Ges e„ËvKvi †¯‹‡ji fvM msL¨v 20, ZLb Zv‡ii e¨vm

= 3 wgwg + 20 0.01 wgwg = 3  wgwg + 0.2 wgwg = 3.2 wgwg|

¯Œzi gv_v hLb mgZj cÖvš— wewkó `Ê A ¯úk© K‡i ZLb e„ËvKvi †¯‹‡ji k~b¨ `vM hw` ˆiwLK †¯‹‡ji k~b¨ 

`v‡Mi mv‡_ wg‡j bv hvq Zvn‡j eyS‡Z n‡e hvwš¿K Î“wU i‡q‡Q| Gi Rb¨ cvV ms‡kvab K‡i wb‡Z nq|  

Zzjv hš¿

†Kv‡bv †Kv‡bv mgq c`v_©weÁvb ev imvq‡b Lye Aí cwigvY wRwb‡mi fi m~²fv‡e wbY©q Ki‡Z nq, hv mvaviY 

wbw³ w`‡q Kiv hvq bv| e¯‘ ev c`v‡_©i cwigvY hZ Kg n‡e Zvi fi cwigv‡ci wbw³ n‡Z n‡e ZZ m~²| 

GiKg GKwU m~² wbw³ n‡jv Zzjv hš¿ ev e¨vjvÝ| GB hš¿ c`v_©weÁvb I imvqb j¨ve‡iUwi‡Z †Kv‡bv Aí 

wRwb‡mi fi m~² cwigv‡ci Rb¨ e¨eüZ nq| KviY j¨ve‡iUwi ev cix¶vMv‡i †Kv‡bv wRwb‡mi fi cwigvc 

mwVK bv n‡j cix¶Y †_‡K fzj djvdj Avm‡Z cv‡i Ges cix¶YwUi D‡Ïk¨ fÊzj n‡q †h‡Z cv‡i|  

wPÎ : 1.4 

Zzjv h‡š¿ mvaviY wbw³i g‡Zv ỳwU mgvb IR‡bi cvjv P1 I P2 wbw³i ỳBcÖv‡š— _v‡K (wPÎ : 1.4)| GB cvjv ỳwU 

GKwU avZe `Ê AB Gi ỳB cÖv‡š— ỳwU Lvu‡Ri g‡a¨ Dëv‡bv Qzwii dv‡ji Dci ỳwU mgvb IR‡bi †d«‡gi mvnv‡h¨ 

Szjv‡bv _v‡K| AB `‡Êi †K‡› ª̀ GKwU Qzwi (knife) AvUwK‡q †`Iqv nq| GwU wb‡Pi w`‡K gyL K‡i _v‡K| 
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AB `ÊwU‡K GKwU Dj¤^ duvcv _vg P -Gi Dci ivLv nq| GB _vgwU GKwU Kv‡Vi cvUvZb (CC) -Gi 

gvSLv‡b „̀pfv‡e AvUKv‡bv _v‡K| GB cvUvZ‡bi mv‡_ wZbwU †j‡fwjs ¯Œz (LS) _v‡K| (Z…ZxqwU wP‡Î †`Lv‡bv 

nqwb)| Gme ¯Œzi mvnv‡h¨ hš¿wU‡K †j‡fwjs Kiv nq| duvcv _vgwUi g‡a¨ GKwU wb‡iU avZe `Ê cvUvZb 

msjMœ nvZj H Nywi‡q DVv‡bv bvgv‡bv hvq| 

`Ê AB -Gi wVK ga¨¯’‡j GKwU wÎ‡KvYvK…wZ A¨v‡MU cv_‡ii †gvUv w`KUv AvUwK‡q mi“ aviUv _vgwUi wb‡iU 

`‡Êi Dci Aew¯’Z GKwU A¨v‡MU †c‡Ui Dci emv‡bv _v‡K| wb‡iU `Ê‡K Dc‡i Zzj‡j `Ê AB A¨v‡MU 

cv_‡ii mi“ w`KUv‡K dvjµvg K‡i ỳj‡Z cv‡i|  

Zzjv`‡Êi ga¨¯’‡j GKwU j¤^v m~~P‡Ki (PO) PIov w`KUv AvUwK‡q Gi wb‡Pi mi“ cÖvš—‡K GKwU †¯‹‡ji Dci 

gy³ ivLv nq| Zzjv`Ê Avbyf~wgK _vK‡j m~P‡Ki mi“ cÖvš— †¯‹‡ji 0 `v‡Mi Dci _v‡K| Ijb `wo (ML) I 

cvUvZ‡bi wb‡Pi ¯Œzi mvnv‡h¨ `ÊwU‡K Avbyf~wgK Kiv nq| mgMÖ hš¿wU‡K GKwU Kv‡Pi ev‡· ivLv nq|

Zzjv h‡š¿i  mvnv‡h¨ cwigvc : Zzjv hš¿wU e¨env‡ii mgq nvZj H Nywi‡q _vgwU‡K Dc‡i DVv‡Z n‡e, G‡Z 

AB `ÊwUI Dc‡i DV‡e Ges Qzwii wKbvivi Dci gy³fv‡e `yj‡Z _vK‡e| `‡Êi mv‡_ cvjv ỳwUI Dc‡i wb‡P 

ỳj‡Z _vK‡e| nvZj H Dëv w`‡K Nyiv‡j _vg wb‡P †b‡g hv‡e Ges `Ê AB I cvjvi †`vjb eÜ n‡q hv‡e|

AB `Ê ỳj‡Z _vK‡j m~PK KuvUvwU wb‡Pi †¯‹‡ji Dci Wv‡b ev‡g ỳj‡Z _vK‡e| cvjvq †Kv‡bv wRwbm bv 

_vK‡j m~PKwUi †`vjb †¯‹‡ji k~b¨ `v‡Mi ỳÕcv‡k mgvb n‡e| GB †`vjb k~b¨ `v‡Mi ỳÕcv‡k mgvb bv n‡j 

AB `‡Êi `yB cv‡ki mgš^q ¯Œz (BS) Øviv Ggbfv‡e mgš^q K‡i wb‡Z n‡e hv‡Z m~P‡Ki †`vjb †¯‹‡ji 

k~b¨ `v‡Mi ỳÕcv‡k mgvb nq| _vg P Dj¤^ n‡jv wK bv Ijb †iLv ML Øviv †`‡L wb‡Z nq| 

†Kv‡bv e¯‘ ev wRwb‡mi fi gvc‡Z n‡j e¯‘wU‡K evgw`‡Ki cvjvq ivL‡Z nq Ges Wvb w`‡Ki cvjvq GKUv 

GKUv K‡i Rvbv evULviv ax‡i ax‡i ivL‡Z nq hZ¶Y bv m~PKwU †¯‹‡ji k~b¨ `v‡Mi ỳB cv‡k mgvbfv‡e `yj‡Z 

_v‡K| Gfv‡e Rvbv evULvivi mvnv‡h¨ e¯‘i fi wbY©q Kiv hvq| 

_vgv Nwo 

¶z̀ ª mgq e¨eavb cwigv‡ci Rb¨ _vgv Nwo (Stopwatch) e¨envi Kiv nq| GLb _vgv Nwo ỳB ai‡bi n‡q 

_v‡K; wWwRUvj _vgv Nwo Ges GbvjM _vgv Nwo| GbvjM _vgv Nwoi †P‡q wWwRUvj _vgv Nwo A‡bK wbf©yj cvV 

†`q| GKwU GbvjM _vgv Nwo †hLv‡b ± 0.1s ch©š— wbf©yjfv‡e cvV w`‡Z cv‡i †mLv‡b GKwU wWwRUvj _vgv Nwo 

± 0.01 s ch©š— mwVKfv‡e cvV w`‡Z cv‡i| AvRKvj wWwRUvj Nwo Ges †gvevB‡jI _vgv Nwo _v‡K|   

†Kv‡bv mgq cwigvc Ki‡Z n‡j NwowU nvZ w`‡q Pvjy Ki‡Z nq Ges eÜI Ki‡Z nq| G‡Z mgq e¨eav‡bi  

cv‡V GKwU Î“wU  P‡j Av‡m, hv Kgc‡¶ GK †m‡K‡Êi GKwU eomo fMœvsk| hw`I GwU e¨w³ †_‡K e¨w³‡Z 

cwiewZ©Z nq| eq¯‹ †jvK‡`i Zzjbvq Zi“Y‡`i GB Î“wUi cwigvY Kg nq| AwaKvsk †jv‡Ki †¶‡Î GB Î“wUi 

cigvY nq cÖvq 0.3 s|
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1.9  cwigv‡c Î“wU I wbf©yjZv 
 Error and accuracy in measurement 

me cwigv‡ci wbf©yjZviB GKwU mxgv Av‡Q| e¨eüZ hš¿cvwZ Ges cix¶‡Ki `¶Zvi Dci cwigv‡ci wbf©yjZv 

wbf©i K‡i| aiv hvK, GKwU wgUvi †¯‹j †mw›UwgUvi I †mw›UwgUv‡ii `kgvs‡k (wgwjwgUv‡i) `vM KvUv Av‡Q| 

GB wgUvi †¯‹j Øviv hw` Avgiv GB eBwUi ˆ`N©¨ gvc‡Z hvB Zvn‡j djvdj nq‡Zv 0.1 cm  (†¯‹‡ji ¶z`ªZg 

GKfvM) mwVK ev wbf©yj n‡Z cv‡i| hw` †Kv‡bv N‡ii ˆ`N©¨ gvcv nq Zvn‡j wbf©yjZv nq‡Zv Av‡iv K‡g hv‡e| 

KviY †¯‹jwU K‡qKevi ci ci †i‡L ˆ`N©̈  gvc‡Z n‡e| cÖ‡Z¨Kevi †¯‹‡ji m¤§yL cÖv‡š—i Ae¯’vb †g‡S‡Z 

wPwýZ Ki‡Z n‡e| Gi d‡j cwigv‡ci fz‡ji Drm AviI †e‡o hv‡e| A_©vr fzj nIqvi m¤¢vebv e„w× cv‡e|  

cwigv‡ci wbf©yjZv cwigv‡ci g‡ZvB ¸i“Z¡c~Y©| myZivs me cix¶‡KiB DwPZ Zvi cix¶vi djvd‡ji m‡½ 

djvd‡ji wbf©yjZvi cwigvY D‡jL Kiv| GB eB -Gi ˆ`N©¨ nq‡Zv 26.0 cm 0.1 cm  †jLv †h‡Z cv‡i| 

ms‡KZ  Gi A_© n‡jv †h, eB Gi cÖK…Z ˆ`N©̈  25.9 cm I 26.1 cm -Gi g‡a¨ i‡q‡Q| 0.1 cm  n‡jv 

cwigv‡ci AwbðqZv ev Î“wU|

cwigv‡ci †ejvq mvaviYZ wZb ai‡bi Î“wU _vK‡Z cv‡i| G¸‡jv n‡jv : 

(K) ˆ`e Î“wU 
(L) hvwš¿K Î“wU 
(M) e¨w³MZ Î“wU 

(K) ˆ`e Î“wU : †Kv‡bv GKwU aª“e ivwk K‡qKevi cwigvc Ki‡j †h Î“wUi Kvi‡Y cwigvcK…Z gv‡b AmvgÄm¨ 

†`Lv hvq Zv‡K ˆ`e Î“wU e‡j| Ôˆ`eÕ bvg †_‡KB eySv hvq GB Î“wU m¤ú‡K© Av‡MB Abygvb Kiv hvq bv Ges 

GB Î“wUi cÖZ¨vwkZ gvb n‡e k~b¨| †Kbbv cwigvcK…Z gvb¸‡jv mwVK gv‡bi Gw`K †mw`K BZ —̄Z fv‡e 

_vK‡e Ges GKB hš¿ w`‡q GKB ivwki gvb evievi cwigvc Ki‡j G Î“wU¸‡jvi Mo gvb k~b¨ nIqv DwPZ|

N‡ii ˆ`N©̈  gvcvi Rb¨ hZeviB wgUvi †¯‹jwU N‡ii †g‡S‡Z †djv nq ZZeviB ˆ`e Î“wU cwigv‡ci Aš—f©~³

nq| cÖ‡Z¨Kevi wgUvi †¯‹j †djvi ci m¤§yL cÖv‡š—i Ae¯’vb wPwýZ Kivi Rb¨ †g‡S‡Z †h `vM †`Iqv nq, Zv 

cÖK…Z `vM †_‡K wKQzUv mgv‡b ev †cQ‡b †`Iqv nq| GB `v‡Mi mv‡_ wgwj‡q hLb Avevi wgUvi †¯‹jwU †djv nq 

ZLb AviI GKwU ˆ`e Î“wU  cwigv‡c  G‡m hvq| G `v‡Mi mv‡_ wgjv‡bvi mgqI †¯‹jwUi †cQ‡bi cÖvš— KLbI 

`v‡Mi wKQzUv m¤§y‡L ev †cQ‡b wgjv‡bv nq| ˆ`e Î“wUi d‡j Pzovš— djvdj nq‡Zv AZ¨š— †ewk ev Lye Kg n‡q 

†h‡Z cv‡i| ˆ`e Î“wU‡K Gov‡bv m¤¢e bq| wKš‘, mZK©Zv Aej¤^b Ki‡j GB Î“wU Kwg‡q Avbv hvq| ˆ`e 

Î“wU‡K Kwg‡q Avb‡Z n‡j cwigvcwU evievi wb‡q G‡`i Mo wb‡Z nq| 

(L) hvwš¿K Î“wU : c`v_©weÁv‡b cix¶‡Yi Rb¨ Z_v gvc-†Rv‡Li Rb¨ Avgv‡`i h‡š¿i cÖ‡qvRb nq| †mB 

h‡š¿ hw` Î“wU _v‡K Zv‡K hvwš¿K Î“wU e‡j| †hgb ¯vBW K¨vwjcv‡m© cix¶Y ïi“i Av‡M hw` cÖavb †¯‹‡ji 

k~b¨ `vM Avi fvwb©qvi †¯‹‡ji k~b¨ `vM wg‡j bv hvq Zvn‡j cÖvß cwigvc mwVK n‡e bv| GUv hvwš¿K Î“wU| 
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†Zgwbfv‡e A¨vwgUvi ev †fvëwgUv‡ii KuvUv hw` h‡š¿i †¯‹‡ji k~‡b¨i mv‡_ wg‡j bv _v‡K Zvn‡j †mB h‡š¿I 

Î“wU Av‡Q| cix¶Y ïi“i Av‡M GB hvwš¿K Î“wU wbY©q K‡i wb‡Z nq| Zvici cÖvß cvV †_‡K GB cvV we‡qvM 

K‡i cÖK…Z cvV †ei Ki‡Z nq| 

(M) e¨w³MZ Î“wU : cix¶‡Yi mgq Avgv‡`i bvbvwea cvV wb‡Z nq| ch©‡e¶‡Ki wb‡Ri Kvi‡Y cv‡V †h Î“wU 

Av‡m Zv‡K e¨w³MZ Î“wU e‡j| hw` ch©‡e¶‡Ki „̀wói mgm¨v _v‡K Zvn‡j cv‡V  fzj n‡e|  ch©‡e¶‡Ki 

Ae¯’vb, †Kv‡bv `vM †`Lv ev wKQz MYbvi †¶‡Î †h Î“wU nq †m¸‡jvI e¨w³MZ Î“wU| †hgb †¯‹‡ji mvnv‡h¨ 

†Kv‡bv `‡Êi ˆ`N©̈  gvcvi mgq `‡Êi gv_v †¯‹‡ji †Kvb `v‡Mi mv‡_ wg‡j‡Q Zv j¤^fv‡e bv †`‡L hw` 

wZh©Kfv‡e  †`Lv nq Zvn‡j cv‡V Î“wU n‡e| GKwU ¯ŒzM‡Ri e„ËvKvi †¯‹‡ji  KZZg fvM ˆiwLK †¯‹‡ji mv‡_ 

wg‡j‡Q †mUv ¸b‡Z hw` fzj nq Zvn‡j cv‡V fzj Avm‡e| wKsev  †`vj‡Ki †`vjbKvj wbY©‡qi mgq †`vjb msL¨v 

wbY©‡q fzj Ki‡j mwVK †`vjb Kvj cvIqv hv‡e bv| GmeB e¨w³MZ Î“wU| GB mKj Î“wU ~̀i Kivi mgq 

mveav‡b h_vh_fv‡e cvV wb‡Z nq| 

AbymÜvb  1.1 

GKwU AvqZvKvi e¯‘i GKwU c„‡ôi †¶Îdj I e¯‘i AvqZb  wbb©q| 

D‡Ïk¨ : ¯vBW K¨vwjcvm© e¨envi K‡i e¯‘i ˆ`N©̈  wbb©q| 

m~Î : †¶Îdj n‡jv †Kv‡bv e¯‘i c„‡ôi cwigvY| Avi †Kv‡bv e¯‘ †h ¯’vb `Lj K‡i Zv‡K †mB e¯‘i AvqZb 
e‡j| †Kv‡bv AvqZvKvi e¯‘i †Kv‡bv c„‡ôi †¶Îdj A Ges AvqZb V n‡j,  

 A = L  B     ....................................                  (1.1) 

Ges V = L  B  H     .......................                  (1.2) 

GLv‡b, L = e¯‘i ˆ`N©̈  

B = e¯‘i cȪ ’ 

H = e¯‘i D”PZv

¯vBW K¨vwjcv‡m©i mvnv‡h¨ †h †Kv‡bv ˆ`‡N©¨i cvV wbY©‡qi m~Î : 

ˆ`N©¨ = cÖavb †¯‹j cvV (M) + fvwb©qvi mgcvZb (V)  fvwb©qvi aª“eK (VC)

A_©vr L ev B ev H = M + V  VC

hš¿cvwZ : ¯vBW K¨vwjcvm©, AvqZKvi e¯‘| 

Kv‡Ri aviv

1. ¯vBW K¨vwjcvm©wU wb‡q Gi cÖavb †¯‹‡ji ¶z`ªZg GK fv‡Mi gvb Ges fvwb©qvi †¯‹‡ji †gvU fvM msL¨v 
KZ Zv j¶ Ki| Gi ci hš¿wUi fvwb©qvi aª“eK (VC) †ei Ki| 
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2. GLb AvqZvKvi e¯‘wU‡K ˆ`N©̈  eivei ¯vBW K¨vwjcv‡m©i ỳB †Pvqv‡ji g‡a¨ ¯’vcb K‡i †Pvqvj ỳwU‡K 
e¯‘i `yB cÖv‡š—i mv‡_ ¯úk© KivI| GB Ae¯’vq fvwb©qv‡ii k~b¨ `vM cÖavb †¯‹‡ji †h `vM AwZµg K‡i, 
†mB `v‡Mi cvVB n‡jv cÖavb †¯‹j cvV M|

3. GB Ae¯’vq fvwb©qv‡ii KZ msL¨K `vM cÖavb †¯‹‡ji †h †Kv‡bv GKwU `v‡Mi mv‡_ wg‡j hvq Zv wbY©q 
Ki| GwU fvwb©qvi mgcvZb V|

4. e¯‘wU‡K ˆ`N©¨ eivei K‡qKwU Ae¯’v‡b ewm‡q 2 I 3 bs cÖwµqvi cybive„wË Ki Ges cÖvß gvb¸‡jv 
Q‡K ¯’vcb Ki|

5. Gici e¯‘wU cÖ¯’ eivei ¯vBW K¨vwjcv‡m©i †Pvqv‡ji g‡a¨ ¯’vcb K‡i 2 I 3 bs cÖwµqvq K‡qK 
RvqMvq cvV bvI Ges Q‡K ¯’vcb Ki| 

6. Gevi e¯‘wU D”PZv eivei ¯vBW K¨vwjcv‡m©i †Pvqv‡ji g‡a¨ ¯’vcb K‡i 2 I 3 bs cÖwµqvq K‡qK 
RvqMvq cvV bvI Ges Q‡K ¯’vcb Ki| 

7. cÖ‡qvRbxq wnmv‡ei mvnv‡h¨ e¯‘wUi ˆ`N©̈ , cȪ ’ I D”PZv wbb©q K‡i (1.1) Ges (1. 2) mgxKi‡Y Zv 
ewm‡q AvqZKvi e¯‘wUi GKwU c„‡ôi †¶Îdj I e¯‘wUi AvqZb wbb©q Ki| 

AbymÜv‡bi QK 
ch©‡e¶Y

K. fvwb©qvi aª“eK wbb©q : 

cÖavb †¯‹‡ji ¶z̀ ªZg GK N‡ii gvb, s = .....    cm 

   fvwb©qvi †¯‹‡ji †gvU fvM msL¨v, n = ..... 

 fvwb©qvi aª“eK, ....... cm
s

VC
n

L. AvqZKvi e¯‘i ˆ`N©̈ , cȪ ’ I D”PZv wbY©‡qi QK

AvqZKvi
e¯‘i

ch©‡e¶Y
msL¨v

cÖavb †¯‹j
cvV,  
M

(cm) 

fvwb©qvi
mgcvZb

V

fvwb©qvi
aª“eK
VC

(cm) 

cvV
M + V VC

(cm) 

Mo cvV 
(cm) 

ˆ`N©̈
L

1.    
2.    
3.    

cȪ ’
B

1.    
2.    
3.    

D”PZv
H

1.    
2.    
3.    
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wnmve I djvdj : 

AvqZKvi e¯‘i GK c„‡ôj †¶Îdj, A = L  B = ........  cm
2
 = .........  10 

- 4
 m

2

Ges AvqZb, V = L  B  H   =   ..........   cm
3
 = .........  10 

- 6
  m

3

AbymÜvb   1.2 

GKwU e„ËvKvi cȪ ’‡”Q` wewkó Zv‡ii cȪ ’‡”Q‡`i †¶Îdj  wbb©q| 

D‡Ïk¨ : ¯ŒzMR e¨envi K‡i Zv‡ii e¨vm wbb©q| 

m~Î : †¶Îdj n‡jv †Kv‡bv e¯‘i c„‡ôi cwigvY| †Kv‡bv Zv‡ii cȪ ’ eivei ˆ`‡N©¨i mv‡_ j¤^fv‡e †Q` KvU‡j 

†h Zj cvIqv hvq Zvi cwigvYB n‡”Q cȪ ’‡”Q‡`i †¶Îdj| †Kv‡bv e„ËvKvi cȪ ’‡”Q` wewkó Zv‡ii cȪ ’‡”Q‡`i 

†¶Îdj A n‡j

A = r
2

GLv‡b, r = Zv‡ii e¨vmva© 

= 3.14 ; aª“e msL¨v

GLb Zv‡ii e¨vm d n‡j r = d / 2, myZivs 

2

21
4

2

................. .................. (1.3)

d
A

A d

¯Œz M‡Ri  mvnv‡h¨ †h †Kv‡bv ˆ`‡N©̈ i cvV wbY©‡qi m~Î : 

ˆ`N©¨ = ˆiwLK †¯‹j cvV (L) + e„ËvKvi †¯‹‡ji fvM msL¨v  (C)  jwNô MYb (LC)

A_©vr d  = L + C  LC

hš¿cvwZ : ¯Œz MR, Zvi| 

Kv‡Ri aviv

1. cÖ_‡g ˆiwLK †¯‹‡ji ¶z̀ ªZg N‡ii gvb I e„ËvKvi †¯‹‡ji †gvU fvM msL¨v †`‡L bvI| 

2. Gi ci h‡š¿i wcP wbY©q Ki| e„ËvKvi †¯‹j m¤ú~Y© GKevi Nyiv‡j GwU ˆiwLK †¯‹j eivei †h ˆ`N©¨ 

AwZµg K‡i ZvB n‡jv h‡š¿i wcP| wcP‡K e„ËvKvi †¯‹‡ji †gvU fvM msL¨v w`‡q fvM K‡i jwNô MYb 

(LC) †ei Ki| 

3. GLb cix¶vaxb ZviwU‡K ¯Œz M‡Ri ¯’vqx `Ê I ¯Œzi gvSLv‡b †i‡L ¯ŒzwU‡K GKw`K eivei Nywi‡q 

KxjK I ¯Œz‡K Avj‡Zvfv‡e Zv‡ii Mv‡q ¯úk© KivI|  
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4. GB Ae¯’vq ˆiwLK †¯‹‡ji †h `vMwU e„ËvKvi †¯‹‡ji evgw`‡K †`Lv hvq †mB `v‡Mi cvV bvI|GwU 

ˆiwLK †¯‹j cvV (L)| Gevi †`‡Lv e„ËvKvi †¯‹‡ji KZ b¤^i `vM ˆiwLK †¯‹‡ji `v‡Mi mv‡_ wg‡j 

†M‡Q| GwU n‡jv  e„ËvKvi †¯‹‡ji  fvM msL¨v (C)|

5. Gfv‡e Zv‡ii Aš—Z cuvPwU wfbœ RvqMvq cvV wb‡q Q‡K ¯’vcb Ki| 

6. cÖ‡qvRbxq wnmv‡ei mvnv‡h¨ Zv‡ii e¨vm †ei K‡i (1.3) mgxKi‡Y ewm‡q Zv‡ii cȪ ’‡”Q‡`i †¶Îdj 

wbb©q Ki| 

AbymÜv‡bi QK 

ch©‡e¶Y

K. jwNô MYb wbb©q : 

ˆiwLK †¯‹‡ji GK fv‡Mi gvb, s = .....    mm 

   e„ËvKvi †¯‹‡ji  †gvU fvM msL¨v, n = ..... 

wcP (e„ËvKvi †¯‹j m¤ú~Y© GKevi Nyiv‡j ˆiwLK †¯‹‡j †h ˆ`N©̈  AwZµg K‡i), 

p = ..... mm 

 jwNô MYb, ....... mm
p

LC =
n

L. Zv‡ii e¨vm wbY©‡qi QK     

ch©‡e¶Y
msL¨v

ˆiwLK
†¯‹j

cvV, L

(mm) 

e„ËvKvi
†¯‹‡ji

fvM msL¨v 
C

jwNô MYb 
LC

(mm) 

e¨vm
d= L + C LC 

(mm) 

Mo e¨vm
(mm) 

1.

2.

3.

4.

5.

wnmve I djvdj : 

Zv‡ii cȪ ’‡”Q‡`i  †¶Îdj, 21
4

A d   = ........  mm
2
  = .........  10 

- 6
  m

2
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Abykxjbx
K. eÊwbe©vPwb cÖkœ

mwVK DËiwUi cvk wUK ( ) wPý `vI| 
1|  †Kvqv›Uvg ZË¡ †K cÖ`vb K‡ib? 
     (K)  c¨v¼ (L) AvBb÷vBb     
     (M) iv`vi‡dvW© (N) nvB‡RbevM©    
2|  †evmb Kvi bvg †_‡K G‡m‡Q?    
     (K) RM`xk P› ª̀ emy (L) myfvl P› ª̀ emy   
   (M) m‡Z¨› ª̀ bv_ emy (N) kir P› ª̀ emy 
3|  wb‡Pi †Kv‡bvwU †gŠwjK ivwk bq? 
  (K) fi (L)  Zvc       
    (M) Zwor cÖevn (N) c`v‡_©i cwigvY 
4|  GKwU `Ê‡K ¯vBW K¨vwjcv‡m© ¯’vc‡bi ci †h cvV cvIqv †Mj Zv n‡”Q cÖavb †¯‹j 4 cm,   fvwb©qvi  

mgcvZb 7 Ges fvwb©qvi aª“eK 0.1 mm| `ÊwUi ˆ`N©¨ KZ?
 (K)   4.07 cm (L)     4.7 cm

 (M)   4.07 mm (N)  4.7 mm

 wb‡Pi wPÎ †_‡K 5 Ges 6 cÖ‡kœi DËi `vI : 

5| L wPÎwUi AvqZb

 (K)  31
r

3
                 (L) 34

r
3

 (M)    33
r

4
                  (N) 3r

6| K I L wP‡Îi AvqZ‡bi AbycvZ :
      (K) 1 : 0.673                 (L) 1 : 0.0673 

      (M) 1: 0.763                (N) 1 : 0.637 

L. m„Rbkxj cÖkœ
1. iv‡k` Zvi m`¨ †Kbv †¯‹j w`‡q †cwÝ‡ji ˆ`N¨© †g‡c ejj †cwÝjwUi ˆ`N¨© 11.73cm | Zvi eÜz 

myRb ejj GB cwigvc mwVK bvI n‡Z cv‡i| iv‡k` ejj †h GB †¯‹j w`‡q K‡qKevi cwigvc K‡i 
GKB dj †c‡q‡Q| Zviv wk¶‡Ki Kv‡Q †M‡j wk¶K Zv‡`i 0.005 cm fvwb©qvi aªyeK wewkó 
fvwb©qvi †¯‹j e¨envi Ki‡Z ej‡jb| iv‡k` fvwb©qvi †¯‹‡ji mvnv‡h¨ mwVK ˆ`N¨ cwigvc Kij|  
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K. fvwb©qvi aªyeK Kx?  
L. †Kv‡bv ivwki cwigvY cÖKvk Ki‡Z GK‡Ki cÖ‡qvRb nq †Kb?  
M. e¨eüZ fvwb©qvi † ‹̄‡ji Kq fvM cÖavb † ‹̄‡ji KZ fv‡Mi mgvb wbY©q Ki|  
N. iv‡k‡`i cÖ_g ˆ`N ©̈ cwigvc mwVK cwigv‡ci mv‡_ msMwZc~Y© wQj bv hyw³ mnKv‡i 

wjL|

M. mvaviY cÖkœ
 1|  Avgiv †Kb c`v_©weÁvb coe Ñ G m¤ú‡K© GKwU cÖwZ‡e`b iPbv Ki|  
 2|  ÔÔ wesk kZvwã‡Z c`v_©weÁv‡bi we¯§qKi AMÖMwZ N‡UÓ Ñ D`vniYmn Gi mc‡¶ hyw³ `vI| 
 3| (K) ivwk ej‡Z Kx eySvq ?  
       (L) †gŠwjK ivwk I jä ivwki g‡a¨ cv_©K¨ wb‡ ©̀k Ki|  
 4|  (K) GK‡Ki Avš—R©vwZK c×wZ‡Z †Kvb †Kvb ivwk‡K †gŠwjK ivwk aiv n‡q‡Q ? 
      (L) GB mKj ivwki GK‡Ki bvg Ki| 
 5|  gvÎv ej‡Z Kx eyS ?  
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wØZxq Aa¨vq 

MwZ
MOTION

     

[Avgiv Avgv‡`i Pvicv‡k hZ e¯‘ †`wL, †m¸‡jv nq w¯’i bv nq MwZkxj| w¯’wZ I MwZ ej‡Z Avm‡j Avgiv Kx eywS? 

GKwU MwZkxj e¯‘i MwZi ˆewkó¨mg~n cÖKv‡ki Rb¨ Avgv‡`i MwZ msµvš— wewfbœ ivwki cÖ‡qvRb nq| GB Aa¨v‡q 

Avgiv MwZ msµvš— wewfbœ ivwk, Zv‡`i gvÎv, GKK, Zv‡`i ga¨Kvi cvi¯úwiK m¤úK©  BZ¨vw` wb‡q Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv-  

1. w¯’wZ I MwZ e¨vL¨v Ki‡Z cvie|

2. wewfbœ cÖKvi MwZi g‡a¨ cv_©K¨ Ki‡Z cvie|

3. †¯‹jvi I †f±i ivwk e¨vL¨v Ki‡Z cvie|

4. MwZ m¤úwK©Z ivwkmg~‡ni g‡a¨ cvi¯úwiK m¤úK© we‡klY Ki‡Z cvie|

5. evavnxb I gy³fv‡e coš— e¯‘i MwZ e¨vL¨v Ki‡Z cvie|

6. †jLwP‡Îi mvnv‡h¨ MwZ m¤úwK©Z ivwkmg~‡ni g‡a¨ m¤úK© we‡klY Ki‡Z cvie|

7. Avgv‡`i Rxe‡b MwZi cÖfve Dcjwä Ki‡Z cvie| 
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2.1  w¯’wZ I MwZ  

 Rest and motion 

Ae¯’vb :  †Zvgvi ¯‹zj †Kv_vq? GB cÖ‡kœi Reve †_‡K Avgiv Rvb‡Z cvie †Zvgvi ¯‹z‡ji Ae¯’vb| Zzwg  hw` 

ej †Zvgvi ¯‹zj wSjUzwj‡Z Zvn‡j †Zvgvi K_v cy‡ivcywi mZ¨, wKš‘ G †_‡K Avgiv ¯‹z‡ji mwVK Ae¯’vb 

Rvb‡Z cvie bv| mwVK Ae¯’vb Rvb‡Z †M‡j †Zvgv‡K Aek¨B ej‡Z n‡e †Kv_v †_‡K †Kvb w`‡K KZ ~̀‡i| 

Zvn‡jB †Kej Ae¯’vb wVK wVK Rvbv hv‡e| Avgv‡`i cÖ_‡gB GKUv Rvbv we› ỳ ev e¯‘ a‡i wb‡Z n‡e hvi 

mv‡c‡¶ Ab¨ we› ỳ ev e¯‘i Ae¯’vb wbY©q Kiv nq| †hgb hw` ejv nq †Zvgvi evmvi  †MU †_‡K †Zvgvi ¯‹zj 

c~e© w`‡K 1 wK‡jvwgUvi ~̀‡i, Zvn‡j GwUi  Ae¯’vb wbwðZfv‡e ejv hv‡e| myZivs Avgv‡`i Av‡kcv‡k, 

Avgv‡`i MÖv‡g ev kn‡i, Avgv‡`i †`‡k ev GB c„w_ex‡Z wKsev GB gnvwe‡k¦ †Kv‡bv wKQyi Ae¯’vb wb‡ ©̀k Kivi 

Rb¨ Avgv‡`i GKwU we› ỳ‡K w¯’i K‡i wb‡Z nq| GB we› ỳ‡K Avgiv ewj cÖmsM we› ỳ ev g~jwe› ỳ Avi †h „̀p 

e¯‘i mv‡_ Zzjbv K‡i Avgiv Ab¨ e¯‘i Ae¯’vb, w¯’wZ, MwZ BZ¨vw` wbY©q Kwi Zv‡K ewj cÖm½ KvVv‡gv| 

Avgv‡`i myweavg‡Zv Avgiv †h †Kv‡bv we›`y‡K cÖm½ we›`y ai‡Z cvwi| Dc‡iv³ D`vni‡Y Avgiv Ab¨ we›`y‡K 

cÖm½ we› ỳ ai‡Z cviZvg|

w¯’wZ I MwZ : Avgiv Avgv‡`i Pvicv‡k A‡bK e¯‘ †`wL| G‡`i K‡Zv¸‡jv w¯’i evwK¸‡jv MwZkxj| Avm‡j 

Avgiv w¯’i  I MwZkxj e¯‘  ej‡Z Kx eywS?  

Kj‡gi Av‡kcv‡k Kx Av‡Q? Av‡kcv‡ki e¯‘¸‡jvi Zzjbvq Kj‡gi Ae¯’v‡bi †Kv‡bv cwieZ©b n‡”Q wK? bv| 

†Zvgvi nv‡Z a‡i _vKv Kj‡gi Av‡kcv‡ki cÖ‡Z¨K e¯‘ †hgb †Zvgvi †Pqvi, †Uwej, †Zvgvi eB, LvZv,  N‡ii 

`iRv, Rvbvjv mewKQz †_‡K GB Kj‡gi GKwU wbw ©̀ó ~̀iZ¡ I w`K Av‡Q| A_©vr †Zvgvi Kj‡gi Pvicv‡ki  

Ab¨vb¨ e¯‘i Zzjbvq ev mv‡c‡¶ †Zvgvi Kj‡gi Ae¯’vb wbw ©̀ó| mg‡qi mv‡_ KjgwUi Ae¯’v‡bi cwieZ©b 

n‡”Q bv| Avgiv ewj cvwicvwk©¦‡Ki mv‡c‡¶ KjgwU w¯’i| Avi KjgwUi w¯’i _vKvi GB NUbvwUB n‡”Q w¯’wZ| 

myZivs, mg‡qi cwieZ©‡bi mv‡_ cwicv‡k¦©i mv‡c‡¶ hLb †Kv‡bv e¯‘i Ae¯’v‡bi cwieZ©b N‡U bv  ZLb H 

e¯‘‡K w¯’wZkxj  ev w¯’i e¯‘ e‡j| Avi GB Ae¯’vb AcwiewZ©Z _vKv‡K e‡j w¯’wZ| 

Awb iv¯Ívi cv‡k ùvwo‡q Av‡Q| †m e‡j †h, Nievwo, MvQcvjv  ˆe` ÿwZK LyuwU, BZ¨vw`  me w¯’i ùvwo‡q Av‡Q| 

†m †Kb G K_v e‡j? KviY Awbi g‡Z  GB mKj e¯‘ mg‡qi mv‡_ Ae¯’v‡bi cwieZ©b Ki‡Q bv| 

Av‡kcv‡ki e¯‘¸‡jvi Zzjbvq Kj‡gi Ae¯’v‡bi †Kv‡bv cwieZ©b n‡”Q wK? GLb Kj‡gi Av‡kcv‡ki cÖ‡Z¨KwU 

e¯‘ †_‡K Kj‡gi ~̀iZ¡ Ges w`K µgvMZ cwieZ©b n‡”Q| mg‡qi mv‡_ KjgwUi Ae¯’v‡bi cwieZ©b n‡”Q| Avgiv 

ewj cvwicvwk¦©‡Ki mv‡c‡¶ KjgwU MwZkxj| mg‡qi cwieZ©‡bi mv‡_ cwicv‡k¦©i  mv‡c‡¶ hLb †Kv‡bv e¯‘i 

Ae¯’v‡bi cwieZ©b N‡U ZLb Zv‡K MvwZkxj e¯‘ e‡j| Avi Ae¯’v‡bi G cwieZ©‡bi NUbv‡K e‡j MwZ| 

wb‡R Ki : nvZ w`‡q GKUv Kjg a‡i ivL |

wb‡R Ki : †Zvgvi nv‡Z a‡i _vKv  KjgwU‡K Gw`K †mw`K bvo‡Z _vK  |
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Avgiv Av‡MB Av‡jvPbv K‡iwQ †Kv‡bv e¯‘ w¯’i bv MwZkxj Zv eySvi Rb¨ cÖm½ e¯‘ Z_v cÖm½ KvVv‡gv cQ›` 

Kiv Ri“wi| GB cÖm½ e¯‘ I Avgv‡`i Av‡jvP¨ e¯‘i cvi¯úwiK Ae¯’vb hw` mg‡qi mv‡_ AcwiewZ©Z _v‡K 

Zvn‡j Av‡jvP¨ e¯‘wU‡K cÖm½ e¯‘i mv‡c‡¶ w¯’i aiv nq| Av‡jvP¨ e¯‘ I cÖm½ e¯‘  hw` GKB w`‡K 

GKB †e‡M Pj‡Z _v‡K Zvn‡jI wKš‘ mg‡qi mv‡_ e¯‘Ø‡qi ga¨eZ©x `~i‡Z¡i †Kv‡bv cwieZ©b NU‡e bv, hw`I 

cÖK…Zc‡¶ e¯‘wU MwZkxj| Pjš— †Uª‡bi Kvgivq ỳB eÜz hw` gy‡LvgywL e‡m _v‡K, Z‡e GKR‡bi mv‡c‡¶ 

Ab¨R‡bi Ae¯’v‡bi †Kv‡bv cwieZ©b nq bv| myZivs ejv †h‡Z cv‡i GKR‡bi mv‡c‡¶  Ab¨Rb w¯’i| wKš‘ 

hw` †Uªb jvB‡bi cv‡k ùvov‡bv †Kv‡bv e¨w³ Zv‡`i‡K †`‡Lb Z‡e wZwb †`L‡eb Zvi mv‡c‡¶ H ỳB eÜzi 

Ae¯’v‡bi cwieZ©b n‡”Q| A_©vr jvB‡bi cv‡k `vuov‡bv e¨vw³i mv‡c‡¶ Zviv DfqB MwZkxj| 

Zvn‡j Avgiv †`L‡Z cvw”Q †h, †Kv‡bv e¯‘ cÖK…Zc‡¶ w¯’i wK bv Zv wbf©i Ki‡Q cÖm½ e¯‘i Dci| cÖm½ 

e¯‘ hw` cÖK…Zc‡¶ w¯’i nq Zvn‡j Zvi mv‡c‡¶ †h e¯‘ w¯’wZkxj i‡q‡Q †mI cÖK…Zc‡¶ w¯’i| G ai‡bi 

w¯’wZ‡K Avgiv cig w¯’wZ ej‡Z cvwi| A_©vr cÖm½ e¯‘wU hw` cig w¯’wZ‡Z _v‡K Zvn‡jB †Kv‡bv e¯‘ Zvi 

mv‡c‡¶ w¯’i _vK‡j †m e¯‘‡K cig w¯’wZkxj ejv †h‡Z cv‡i| †miƒc cig w¯’wZkxj cÖm½ e¯‘i mv‡c‡¶ 

†Kv‡bv e¯‘i MwZ‡K Avgiv cig MwZ ewj| wKš‘ G gnvwe‡k¦ Ggb †Kv‡bv cÖm½ e¯‘ cvIqv m¤¢e bq hv 

cÖK…Zc‡¶ w¯’i i‡q‡Q| KviY c„w_ex cÖwZwbqZ m~‡h©i Pviw`‡K Nyi‡Q, m~h©I Zvi MÖn, DcMÖn wb‡q Qvqvc‡_ 

Nyi‡Q| Kv‡RB Avgiv hLb †Kv‡bv e¯‘‡K w¯’wZkxj ev MwZkxj ewj, Zv Avgiv †Kv‡bv AvcvZ w¯’wZkxj e¯‘i 

mv‡c‡¶ e‡j _vwK| Kv‡RB Avgiv ej‡Z cvwi G gnvwe‡k¦i mKj w¯’wZB Av‡cw¶KÑ mKj MwZB Av‡cw¶K| 

†Kv‡bv MwZB cig bq, cig bq †Kv‡bv w¯’wZB|

wgZz †Kv_vI hvIqvi Rb¨ evm ÷¨v‡Ê ev‡mi Rb¨  A‡c¶v Ki‡Q| †m †`Lj Zvi eÜz iwb wi·vq Zv‡K  AwZµg 

K‡i hv‡”Q| †m e‡j †h wi·vwU MwZkxj| KviY wgZzi  mv‡c‡¶  mg‡qi mv‡_ mv‡_ wi·vwU  wbiew”Qbœfv‡e Zvi 

Ae¯’v‡bi cwieZ©b Ki‡Q|

†Kv‡bv e¯‘i Ae¯’v‡bi cwieZ©b wKš‘ ỳÕfv‡e n‡Z cv‡i| 

wb‡Pi D`vniY¸‡jv we‡ePbv Kiv hvK : 

(K) †gŠ GKwU Mv‡Qi wb‡P `uvwo‡q Av‡Q Ges †`Lj †h Zvi eÜz Hwk  Zvi †_‡K †`Š‡o ~̀‡i m‡i hv‡”Q| †gŠ I 

Hwki  ga¨eZ©x `~iZ¡ mg‡qi mv‡_ mv‡_ e„w× cv‡”Q| (wPÎ : 2.1K)| 

(L) ivRy‡`i ¯‹z‡ji evwl©K µxov cÖwZ‡hvwMZvq †`Šo cÖwZ‡hvwMZvi  Rb¨ gv‡V GKwU weivU e„ËvKvi Uª̈ vK Kiv 

n‡q‡Q| †mB e„‡Ëi  gvSLv‡b `uvwo‡q ivRy  †`Lj Zvi eÜz wknve H Uª¨vK eivei †`Š‡o cÖ¨vKwUm Ki‡Q (wPÎ : 

2.1L)| ivRy e‡j †h wknve MwZkxj, wKš—y  ivRy I wknv‡ei  ga¨eZ©x ~̀iZ¡ mg‡qi mv‡_ mv‡_ †Zv cwiewZ©Z 

n‡”Q bv| Zvn‡j Kxfv‡e ejv hv‡e †h wknve  ivRyi mv‡c‡¶ MwZkxj?  
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GB MwZ e„ËvKvi, Dce„ËvKvi ev mij‰iwLK n‡Z cv‡i| Nwoi KuvUvi MwZ, m~‡h©i Pviw`‡K c„w_exi MwZ, ev®ú ev 

†c‡Uªvj BwÄ‡bi wmwjÊv‡ii g‡a¨ wc÷‡bi MwZ chv©e„Ë MwZ| 

ch©ve„Ë MwZm¤úbœ †Kv‡bv KYv †h wbw ©̀ó mgq ci ci wbw ©̀ó we› ỳ‡K wbw ©̀ó w`K w`‡q AwZµg K‡i †mB 

mgq‡K ch©vqKvj e‡j| 

¯ú›`b MwZ : ch©ve„Ë MwZm¤úbœ †Kv‡bv e¯‘ hw` ch©vqKv‡ji A‡a©K mgq †Kv‡bv wbw ©̀ó w`‡K Ges evwK A‡a©K 

mgq GKB c‡_ Zvi wecixZ w`‡K P‡j Z‡e Gi MwZ‡K ¯ú›`b MwZ e‡j|  

¯ú›`b MwZi D`vniY n‡”Q mij †`vj‡Ki MwZ, K¤úbkxj myikjvKv I wMUv‡ii Zv‡ii MwZ|

2.3  †¯‹jvi ivwk I †f±i ivwk 

 Scalar and vector quantities

G †fŠZ RM‡Z hv wKQz cwigvc Kiv hvq Zv‡K Avgiv ivwk ewj| †Kv‡bv ivwk hLb cwigvc Kiv nq ZLb Zvi 

GKwU gvb _v‡K| GB gvb cÖKvk Ki‡Z Avgiv GKwU msL¨v Ges GKwU GKK e¨envi Kwi| †hgb Avgiv hw` 

ewj †eÂwUi ˆ`N©̈  1.5 wgUvi, Zvn‡j eySv hvq ˆ`‡N©¨i GKK wgUvi, Avi †e‡Âi ˆ`N©¨ Zvi 1.5 ¸Y| wKš‘ 

†Kej gvb w`‡q mKj ivwk‡K m¤ú~Y©iƒ‡c cÖKvk Kiv hvq bv| wKQz wKQz ivwk cÖKv‡ki Rb¨ gv‡bi mv‡_ w`‡KiI 

cÖ‡qvRb nq|

†hgb Avgiv hw` ewj GKwU Mvwo NÈvq 40 wK‡jvwgUvi †e‡M Pj‡Q, Zvn‡j GUv eySv hv‡e †h MvwowU GK NÈvq 

40 km `~iZ¡ AwZµg K‡i‡Q, wKš‘ MvwowU †Kv‡bvw`‡K †m `~iZ¡ AwZµg K‡i‡Q, Zv Rvbv hv‡e bv| MvwowUi 

cÖK…Z Ae¯’v eyS‡Z n‡j MvwowUi †eM †Kv‡bv w`‡K †mUvI D‡jL Ki‡Z n‡e| myZivs †`Lv hv‡”Q wKQz wKQz ivwk 

Av‡Q  †h¸‡jv m¤ú~Y©iƒ‡c cÖKvk Ki‡Z n‡j gv‡bi mv‡_ w`‡Ki Aek¨B D‡jL Ki‡Z nq| w`‡Ki we‡ePbvq 

Avgiv e¯‘ RM‡Zi mKj ivwk‡K ỳB fv‡M fvM Ki‡Z cvwi; h_vÑ  

1| Aw`K ivwk ev  †¯‹jvi ivwk  

2| w`K ivwk ev †f±i ivwk| 

†¯‹jvi ivwk : †h mKj †fŠZ ivwk‡K ïay gvb w`‡q m¤ú~Y©iƒ‡c cÖKvk Kiv hvq, w`K wb‡`©‡ki cÖ‡qvRb nq bv 

Zv‡`i‡K †¯‹jvi ivwk e‡j| ˆ`N©̈ , fi, ª̀“wZ, KvR, kw³, mgq, ZvcgvÎv BZ¨vw` †¯‹jvi ivwki D`vniY| 

†f±i ivwk : †h mKj †fŠZ ivwk‡K m¤ú~Y©iƒ‡c cÖKvk Kivi Rb¨ gvb I w`K Df‡qi  cÖ‡qvRb nq  Zv‡`i‡K 

†f±i  ivwk e‡j| miY, †eM, Z¡iY, ej, Zwor ZxeªZv BZ¨vw` †f±i ivwki D`vniY| 

2.1 mviwY †_‡K †`Lv h‡”Q †h cÖwZwU †f±i‡K gvb I w`K w`‡q Avi †¯‹jvi ivwk¸‡jv‡K †Kej gvb w`‡q 

wb‡`©k Kiv n‡q‡Q|  
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w`‡K 100 wgUvi ~̀‡i †M‡Q Zv Rvb‡Z n‡e| hw` ejv nq Awf †MU †_‡K 100 wgUvi c~e© w`‡K †`Š‡o †M‡Q, 

Zvn‡j wbwðZfv‡e Awfi Ae¯’vb Rvbv hv‡e| †MU †_‡K †mvRv c~e© w`‡K 100 wgUvi †M‡jB Awf‡K cvIqv 

hv‡e| cÖ_g †¶‡Î Avgiv Awfi Ae¯’v‡bi cwieZ©b eySevi Rb¨ †h ivwkwU e¨envi K‡iwQ Zvn‡jv ~̀iZ¡| GwU 

GKwU †¯‹jvi ivwk| Avi wØZxq †¶‡Î Avgiv `~i‡Z¡i mv‡_ mv‡_ w`KI D‡jL K‡iwQ Ñ†mwU miY| GwU GKwU 

†f±i ivwk| GKwU wbw ©̀ó w`‡K †h ~̀iZ¡ ev Ae¯’v‡bi cwieZ©b Zv n‡jv miY| myZivs wbw ©̀ó w`‡K 

cvwicvwk¦©‡Ki mv‡c‡¶ Ae¯’v‡bi cwieZ©b‡K miY e‡j| 

†Kv‡bv e¯‘i Avw` Ae¯’vb I †kl Ae¯’v‡bi ga¨eZ©x b~̈ bZg ~̀iZ¡ A_©vr mij‰iwLK ~̀iZ¡B n‡”Q mi‡Yi gvb 

Ges mi‡Yi w`K n‡”Q e¯‘i Avw` Ae¯’vb †_‡K †kl Ae¯’v‡bi w`‡K|

miY e¯‘i MwZc‡_i Dci wbf©i K‡i bv| †Kv‡bv GKwU e¯‘ A Ae¯’vb †_‡K B Ae¯’v‡b (wPÎ 2.3) wewfbœ 

c‡_ †h‡Z cv‡i| wKš‘ e¯‘wUi miY n‡e A †_‡K B -Gi w`‡K| A I B Gi ga¨eZ©x b~¨bZg `~iZ¡ A_©vr G 

†¶‡Î AB mij‰iwLK ~̀iZ¡ n‡jv mi‡Yi gvb AB = s Ges w`K n‡jv A †_‡K B -Gi w`‡K| †h‡nZz mi‡Yi 

gvb I w`K DfqB Av‡Q, Kv‡RB GwU GKwU †f±i ivwk| 

 mi‡Yi gvÎv n‡jv ˆ`‡N©¨i gvÎv| 

[ s ]= L

mi‡Yi GKK n‡jv ˆ`‡N©¨i GKK A_©vr wgUvi (m)| †Kv‡bv e¯‘i miY 60 m `w¶Y w`‡K ej‡Z eySvq e¯‘wU 

Zvi Avw` Ae¯’vb †_‡K 60 m `w¶Y w`‡K m‡i †M‡Q| 

ª̀“wZ :

aiv hvK, Av‡Mi D`vni‡Y Awf  H 100 wgUvi `~iZ¡ 50 †m‡K‡Ê cvi n‡jv|  GKB ~̀iZ¡  wgZz  hw` 40

†m‡K‡Ê cvi n‡q _v‡K Zvn‡j †K `ª“Z P‡j‡Q? Awf bv wgZz? wbðqB wgZz| †Kbbv Zvi mgq Kg †j‡M‡Q| 

   g‡b Kiv hvK, Awf 100 wgUvi `~iZ¡ 50 †m‡K‡Ê cvi n‡jv| wgZz 75 wgUvi `~iZ¡ 30 †m‡K‡Ê cvi n‡jv| 

Avgiv wK ej‡Z cvwi Awf wgZzi †P‡q ax‡i P‡j‡Q? Awf wK wgZyi †P‡q †ewk `~iZ¡ AwZµg K‡iwb? †K †ewk 

`ª“Z P‡j‡Q Awf bv wgZz Zv Rvb‡Z n‡j GKwU wbw`©ó mg‡q Df‡qi AwZµvš— `~i‡Z¡i Zyjbv Ki‡Z n‡e|  aiv 

hvK, GB wbw ©̀ó mgq n‡”Q 1 †m‡KÊ| myZivs, 

1 †m‡K‡Ê Awfi AwZµvš—  ~̀iZ¡ 100 /50 = 2 wgUvi 

1 †m‡K‡Ê wgZzi  AwZµvš—  ~̀iZ¡ 75/30 = 2.5 wgUvi 

myZivs, wgZz Awfi †P‡q `ª“Z P‡j‡Q, †Kbbv 1 †m‡K‡Ê wgZz Awfi †P‡q †ewk ~̀iZ¡ AwZµg K‡i‡Q|  

Gi †_‡K Avgiv eyS‡Z cvwi †K `ª“Z Pj‡Q Zv wbf©i K‡i mgq Ges AwZµvš— ~̀i‡Z¡i Dci| †Kv‡bv e¯‘ KZ 

ª̀“Z Pj‡Q Z_v ~̀iZ¡ AwZµg Ki‡Q Zv †h ivwk w`‡q cwigvc Kiv nq Zv‡K ª̀“wZ ejv nq| ª̀“wZ e¯‘i Ae¯’v‡bi 

cwieZ©‡bi nvi wb‡`©k K‡i| mg‡qi mv‡_ †Kv‡bv e¯‘i Ae¯’v‡bi cwieZ©‡bi nvi‡K `ª“wZ  e‡j| 
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e¯‘i GKK mg‡q AwZµvš—  ~̀iZ¡ Øviv ª̀“wZ cwigvc Kiv nq| myZivs, 

~̀ iZ¡
ª̀ æwZ =

mgq

†Kv‡bv MwZkxj e¯‘ hw` t mg‡q d ~̀iZ¡ AwZµg K‡i, Zvn‡j ª̀“wZ  

d
v

t

ª̀“wZ Øviv Ae¯’v‡bi cwieZ©‡bi nvi †Kvb w`‡K N‡U‡Q Zv Rvbv hvq bv, d‡j ª̀“wZi †Kv‡bv w`K †bB| myZivs 

ª̀“wZ  GKwU †¯‹jvi ivwk| 

ª̀“wZi gvÎv n‡jv ~̀ iZ¡
mgq

Gi gvÎv| 

-1L
[ ] = LT

T
v

†h‡nZz ~̀iZ¡‡K mgq w`‡q fvM Ki‡j ª̀“wZ  cvIqv hvq, Kv‡RB ~̀i‡Z¡i GKK‡K mg‡qi GKK w`‡q fvM Ki‡j 
`ª“wZi  GKK cvIqv hv‡e| `~i‡Z¡i GKK wgUvi (m) Ges mg‡qi GKK †m‡KÊ (s) nIqvq ª̀“wZi GKK n‡e 
wgUvi/†m‡KÊ (m s 

– 1
)| †hgb †Kv‡bv e¯‘i ª̀“wZ  4  m s

– 1 ej‡Z eySvq e¯‘wU cÖwZ †m‡K‡Ê 4 wgUvi ~̀iZ¡ 

AwZµg K‡i| 

ª̀“wZi GKK wgUvi/†m‡KÊ n‡jI Avgv‡`i Dcjwäi myweavi Rb¨ Avgiv A‡bK mgq ~̀i‡Z¡i GKK wK‡jvwgUvi 
Ges mg‡qi GKK NÈv a‡i ª̀“wZi  GKK wK‡jvwgUvi/NÈv (km h

-1
) awi| Mvwoi w¯ú‡WvwgUvi †h `ª“wZ wb‡`©k 

K‡i Zv km h
-1

 -G †`Iqv _v‡K| 

Mo ª̀“wZ : †Kv‡bv e¯‘i MwZKv‡j hw` KLbI `ª“wZi gv‡bi †Kv‡bv cwieZ©b bv nq A_©vr e¯‘wU hw` me©`v mgvb 

mg‡q mgvb ~̀iZ¡ AwZµg K‡i Zvn‡j H e¯‘i ª̀“wZ‡K mylg `ª“wZ  e‡j| Avi hw` mgvb mg‡q e¯‘ mgvb `~iZ¡ 
AwZµg bv K‡i Zvn‡j †mB ª̀“wZ‡K Amg ª̀“wZ  e‡j|  

e¯‘ hw` mylg `ª“wZ‡Z bv P‡j Zvn‡j Zvi AwZµvš— †gvU ~̀iZ¡‡K mgq w`‡q fvM Ki‡j M‡o cÖwZ GKK mg‡q 

AwZµvš— `~iZ¡ cvIqv hvq | G‡K Mo `ª“wZ ejv nq |

myZivs, ‡gvU ~̀ iZ¡
Mo ª̀ æwZ =

mgq

hw` †Kv‡bv Mvwo XvKv †_‡K w`bvRcyi  hvIqvi c‡_ mKvj 7 Uvq iIbv n‡q  6 NÈvq 300 wK‡jvwgUvi c_ 

AwZµg K‡i, Z‡e Zvi Mo `ª“wZ  n‡”Q 300 km / 6 h = 50 km h
-1| GLv‡b Mo ª̀“wZ  ejvi KviY MvwowU †h 

Zvi Pjvi c‡_ cÖ‡Z¨K NÈvq 50 wK‡jvwgUvi ~̀iZ¡ AwZµg K‡i‡Q Ggb †Kv‡bv K_v †bB| MvwowU KLbI Gi 
†P‡q `ª“Z wM‡q _vK‡Z cv‡i Avevi Gi †P‡q Av‡¯ÍI Pj‡Z cv‡i| 
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Zvr¶wYK ª̀“wZ : Avgiv hw`  †Kvb GKwU we‡kl gyn~‡Z© †Kv‡bv e¯‘i  ª̀“wZ Rvb‡Z PvB, †hgb Dc‡iv³ MvwowU 

Pjv ïi“ Kivi wVK 33 wgwbU c~Y© nIqvi gyn~‡Z© Zvi ª̀“wZ KZ wQj, Zvn‡j †mUv n‡e Zvi cÖK…Z ª̀“wZ ev 
Zvr¶wYK ª̀“wZ| †h †Kvb gyn~‡Z© cÖK…Z ev Zvr¶wYK ª̀“wZ †ei Ki‡Z  n‡j Avgv‡`i‡K AwZ Aí mgq e¨eav‡b 
AwZµvš—  ~̀iZ¡ Rvb‡Z n‡e| Zvici †mB ~̀iZ¡‡K mgq w`‡q fvM K‡i Zvr¶wYK ª̀“wZ †ei Ki‡Z n‡e| 

†KD hw` mKvj 10Uv 32 wgwbU 43 †m‡K‡Êi mgq MvwowUi `ª“wZ KZ wQj wKsev †Kv‡bv ¯‹z‡ji cv‡k nvBI‡q‡Z 
†`Iqv ¯úxW †eªKvi AwZµg Kv‡j  MvwowUi ª̀“wZ  KZ wQj Zv Rvb‡Z Pvb Zvn‡j Zv‡K H mg‡q w¯ú‡WvwgUv‡ii 
cvV KZ wQj Zv †`L‡Z n‡e| †h †Kv‡bv gyn~‡Z© ª̀“wZ wbY©‡qi Rb¨ †hgb nvBI‡q‡Z  †Kv‡bv Mvwo m‡e©v”P 
MwZmxgv j•Nb Ki‡Q wK bv wKsev evsjv‡`‡ki RvZxq wµ‡KU `‡ji ª̀“ZZg †evjvi gvkivwd web †gvZ©Rvi †Kvb 

e‡ji ª̀“wZ  KZ Zv wbY©q Ki‡Z n‡j Avgv‡`i‡K ivWvi ev †jmvi Mv‡bi mvnvh¨ wb‡Z n‡e| 

†eM :

A‡bK mgq Avgiv mvaviY K_vevZ©vq †eM kã e¨envi Kwi Ges A‡b‡K Zv K‡i _vwK ª̀“wZ  eySv‡Z| wKš‘ 

weÁv‡bi cwifvlvq kã ỳwUi A‡_© wfbœZv Av‡Q| ª̀“wZ †Kej †Kv‡bv e¯‘i `~i‡Z¡i ev Ae¯’v‡bi cwieZ©‡bi nvi 

wb‡ ©̀k K‡i, †Kvb w`‡K †m cwieZ©b n‡q‡Q Zv eySvq bv| †eM ~̀i‡Z¡i cwieZ©‡bi nvi eySvevi cvkvcvwk †Kvb 

w`‡K †m cwieZ©b N‡U ZvI wb‡`©k K‡i| †eM w`‡q  wbw ©̀ó w`‡K ~̀i‡Z¡i cwieZ©‡bi nvi Z_v mi‡Yi nvi‡K 

eySvq| myZivs mg‡qi mv‡_ †Kv‡bv e¯‘i mi‡Yi nvi‡K †eM e‡j A_©vr e¯‘ wbw`©ó w`‡K GKK mg‡q †h c_ 

AwZµg K‡i ZvB †eM| 

hw` †Kv‡bv e¯‘ t mg‡q wbw ©̀ó w`‡K s ~̀iZ¡ AwZµg K‡i Zvn‡j †eM, s
v =

t
 | 

†e‡Mi gvÎv I `ª“wZi gvÎv GKB A_©vr [ LT 
-1

 ] 

†e‡Mi GKK I ª̀“wZi GKK GKB A_©vr m s 
– 1

†e‡Mi gvb I w`K `yBB Av‡Q| ZvB †eM GKwU †f±i 

ivwk| D`vniY wn‡m‡e GKwU iv¯Ívi K_v aiv hvK| 

iv¯ÍvwU †Kv‡bv ¯’v‡b c~e© w`‡Ki mv‡_ 30  †KvY K‡i  

DËi w`‡K P‡j †M‡Q (wPÎ: 2.4)| †mB iv¯Ívq hw` 

GKwU Mvwo 20 km h 
-1 mg`ª“wZ‡Z P‡j, Zvn‡j Avgiv 

mwVKfv‡e ej‡Z cvie MvwowUi †eM c~e© w`‡Ki mv‡_ 

30  †Kv‡Y DËi w`‡K 20 km h 
-1| wKš‘ hw` GB 

MvwowUB GKwU e„ËvKvi c‡_ 20 km h 
-1 mg ª̀“wZ‡ZB P‡j, Zvn‡j Zvi MwZi w`K µgvMZ cwieZ©b n‡e| 

myZivs Gi †eMI µgvMZ cwieZ©b n‡e hw`I Gi ª̀“wZ  memgq GKB _vK‡e| e¯‘i †e‡Mi gvbB Zvi ª̀“wZ| 

wbw ©̀ó w`‡K e¯‘i ª̀“wZB Zvi †eM|  

wPÎ : 2.4 
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hw` MwZkxj †Kv‡bv e¯‘i †e‡Mi gvb I w`K AcwiewZ©Z _v‡K Zvn‡j †mB e¯‘i †eM‡K mylg †eM ev mg‡eM e‡j| 

k‡ãi †eM mylg †e‡Mi GKwU cÖK…ó cÖvK…wZK D`vniY| kã wbw ©̀ó gva¨‡g wbw ©̀ó ZvcgvÎvq wbw ©̀ó w`‡K mgvb mg‡q 

mgvb c_ AwZµg K‡i, Avi Zv n‡”Q 0 C  ZvcgvÎvq evqy‡Z cÖwZ †m‡K‡Ê 332 wgUvi| kã †Kv‡bv wbw ©̀ó w`‡K cÖ_g 

†m‡K‡Ê 332 wgUvi, wØZxq †m‡K‡Ê 332 wgUvi Ges GB iƒc cÖwZ †m‡K‡Ê 332 wgUvi K‡i Pj‡Z _v‡K| GLv‡b 

k‡ãi †e‡Mi gvb I w`K GKB _vKvq k‡ãi †eM 332 m s 
– 1  n‡jv mylg‡eM| 

†Kv‡bv e¯‘i hw` MwZKv‡j Zvi †e‡Mi gvb I w`K ev Df‡qi cwieZ©b N‡U Zvn‡j e¯‘i †mB †eM‡K Amg 

†eM e‡j| A_©vr †Kv‡bv e¯‘ hw` mgvb mg‡q, mgvb ~̀iZ¡ AwZµg bv K‡i wKsev Pjvi mgq MwZi w`K 

cwieZ©b K‡i Zvn‡j †mB †eM Amg †eM n‡e| Avgiv  †h Pjv‡div Kwi, Mvwo P‡j BZ¨vw`i †eM  mvaviYZ 

Amg †eM| 

Z¡iY I g›`b : 

†Kv‡bv e¯‘ hw` mylg †e‡M bv P‡j Zvn‡j e¯‘i †e‡Mi gv‡bi wKsev w`‡Ki wKsev  Df‡qi cwieZ©b n‡Z 

cv‡i| e¯‘i †e‡Mi cwieZ©b n‡j Avgiv ewj e¯‘i Z¡iY n‡”Q| aiv hvK, GKwU Mvwo GKwU †mvRv mo‡K 

Pj‡Q| GB Mvwo‡Z e‡m wgjy  cÖwZ 8 †m‡KÊ ci ci Mvwoi w¯ú‡WvwgUvi †_‡K MvwowUi †eM wjwce× Ki‡Q| 

wewfbœ mg‡q GB Mvwoi †eM km h 
-1 I m s 

-1 GK‡K wb‡Pi mviwY‡Z †`Lv‡bv n‡jv| 

mviwY 2.2 

†eM - mgq mviwY 

µwgK bs mgq (s) †eM (km h
-1 ) †eM (m s

-1
)

1 0 0 0 

2 8 14.4 4 

3 16 28.8 8 

4 24 43.2 12 

5 32 57.6 16 

6 40 72 20 

GB mviwY †_‡K †`Lv hvq †h, MvwowUi †eM cÖ_g 8 †m‡K‡Ê 0 †_‡K 4 m s
-1 G e„w× †c‡q‡Q; c‡ii 8

†m‡K‡ÊI Gi †eM †e‡o‡Q 4 m s
-1 Ges GB iƒ‡c evwK mgqI †eM †e‡o‡Q| myZivs cÖwZ 8 †m‡KÊ mgq 

e¨eav‡b MvwowUi †e‡Mi cwieZ©b n‡q‡Q 4 m s 
-1|  Ab¨ K_vq, GK †m‡KÊ MvwowUi †e‡Mi cwieZ©b n‡q‡Q 

0.5 m s 
-1| Zvn‡j mg‡qi mv‡_ MvwowUi  †e‡Mi cwieZ©‡bi nvi n‡jv  0.5 m s 

-2|

†e‡Mi cwieZ©‡bi nvi Z_v GKK mg‡q †e‡Mi cwieZ©bB Z¡iY| mij c‡_ Pjgvb e¯‘i mg‡qi mv‡_ †eM 

e„w×i nvi‡K abvZ¥K Z¡iY ev Z¡iY Ges mg‡qi mv‡_ †eM n«v‡mi nvi‡K FYvZ¥K Z¡iY  ejv nq| A‡bK mgq 

FYvZ¥K Z¡iY‡K g›`b ejv nq| 
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mg‡qi mv‡_ e¯‘i Amg †e‡Mi e„w×i nvi‡K Z¡iY e‡j|  †Kv‡bv e¯‘i Avw` †eM hw` u nq Ges t mgq c‡i 

Zvi †kl †eM hw` v nq, Zvn‡j

t  mg‡q †e‡Mi cwieZ©b  = v – u

GKK mg‡q †e‡Mi cwieZ©b =  v u

t

†e‡Mi cwieZ©‡bi nvi, A_©vr Z¡iY, a = 
v u

t

myZivs, ‡e‡Mi cwieZb©
Zi¡ Y = 

mgq

Z¡iY GKwU †f±i ivwk| Gi w`K Av‡Q| Gi w`K n‡”Q †e‡Mi cwieZ©‡bi w`‡K| †h‡nZz Avgiv GKwU mij †iLv 
eivei MwZ we‡ePbv KiwQ, Kv‡RB †e‡Mi cwieZ©b  n‡e nq †e‡Mi w`‡K wKsev †e‡Mi wecixZ w`‡K| †eM hw` 
e„w× cvq Zvn‡j †e‡Mi cwieZ©b n‡e †e‡Mi w`‡K| †m‡¶‡Î Z¡iY n‡e abvZ¥K| hw` †eM n«vm cvq Zvn‡j 
†e‡Mi cwieZ©b n‡e †e‡Mi wecixZ w`‡K| †m‡¶‡Î Z¡iY‡K FYvZ¥K aiv nq A_©vr g›`b nq| 

gvÎv : Z¡i‡Yi gvÎv n‡jv ‡eM
mgq

 Gi gvÎv| 

A_©vr,
2

‡eM miY miY
Zi¡ Y = = =

mgq mgq mgq mgq

2

2

L
[ ] = LT

T
a

GKK : Z¡i‡Yi GKK n‡jv ‡eM
mgq

 Gi GKK|

A_©vr,
1m s

s
 ev m s

-2

†Kv‡bv e¯‘i Z¡iY 5 m s
-2 DËi w`‡K ej‡Z eySvq e¯‘wUi †eM DËi w`‡K 1 s - G 5 m s 

-1 e„w× cvq| 

mylg Z¡iY I Amg Z¡iY : Z¡iY `yiK‡gi n‡Z cv‡i, h_v- mylg Z¡iY I Amg Z¡iY| †Kv‡bv e¯‘i †eM hw` 
wbw ©̀ó w`‡K memgq GKB nv‡i evo‡Z _v‡K Zvn‡j †m Z¡iY‡K mylg Z¡iY ev mgZ¡iY e‡j| Avi †eM  e„w×i
nvi hw` mgvb bv _v‡K, Zvn‡j †m Z¡iY‡K Amg Z¡iY ejv nq|  

mylg Z¡i‡Yi GKwU D`vniY n‡jv AwfK‡l©i cÖfv‡e gy³fv‡e coš— e¯‘i Z¡iY| hw` GKwU e¯‘ f~c„‡ô 
gy³fv‡e co‡Z _v‡K ZLb Zvi Z¡iY nq  9.8 m s

-2  A_©vr, e¯‘wU hLb f~c„‡ôi w`‡K Avm‡Z _v‡K ZLb Gi 
†eM  cÖwZ †m‡K‡Ê 9.8 m s

-1  K‡i evo‡Z _v‡K| 

Avi Avgiv mvaviYfv‡e †h mKj Pjgvb e¯‘ †`wL, †hgb Mvwo, mvB‡Kj, wi·v BZ¨vw`i Z¡iY nq Amg| 

MvwYwZK D`vniY 2.1 : GKwU Mvwoi †eM 5 m s
-1  †_‡K mylgfv‡e e„w× †c‡q 10 s  c‡i 45 m s

-1  nq| 
MvwowUi Z¡iY †ei Ki| 
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Avgiv Rvwb, 

v u
a

t

-1 -1

-1

-2

45 m s 5 m s

10 s

40 m s
=

10 s

= 4 m s

aev, 

D : 4 m s
-2

MvwYwZK D`vniY 2.2 : GKwU Mvwoi †eM 20 m s
-1  †_‡K mylgfv‡e n«vm †c‡q  4 s  c‡i 4 m s

-1

nq| MvwowUi Z¡iY †ei Ki|  

Avgiv Rvwb,

v u
a

t

-1 -1

-1

-2

20 m s -  4 m s

4 s

-16 m s
=

4 s

= - 4 m s

aev, 

D :  - 4 m s
-2

2.5 MwZ msµvš— wewfbœ ivwki cvi¯úwiK m¤úK© : MwZi mgxKiY 

 Equations of motion

gvÎ PviwU mgxKiY e¨envi K‡i †Kv‡bv MwZkxj e¯‘i MwZ msµvš— wewfbœ mgm¨vi mgvavb Kiv hvq| GB 

mgxKiY¸‡jv‡K ejv nq MwZi mgxKiY| GB mgxKiY¸‡jv cÖ‡hvR¨ nq e¯‘ hLb mylg Z¡i‡Y mij‡iLvq 

MwZkxj _v‡K| aiv hvK, †Kv‡bv e¯‘ u Avw`‡eM wb‡q a mylg Z¡i‡Y t mgq P‡j s ~̀iZ¡ AwZµg K‡i †kl †eM 

v cÖvß nq| Avgiv MwZi mgxKiY¸‡jv wb‡gœv³ cÖZxK¸‡jvi mvnv‡h¨ cÖKvk Kwi| GB cÖZxK¸‡jv n‡jv : 

u =  Avw` †eM A_©vr mgq MYbvi ïi“‡Z †h †eM 

a = mylg Z¡iY 

t =  AwZµvš— mgq 

GLv‡b,
Avw` †eM, u = 5 m s

-1

†kl †eM, v =  45 m s
-1

mgq, t = 10 s 

Z¡iY, a = ? 

GLv‡b,
Avw` †eM, u = 20 m s

-1

†kl †eM, v =  4 m s
-1

mgq, t = 4 s 

Z¡iY , a = ? 
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s = miY A_©vr t mg‡q AwZµvš— ~̀iZ¡

v = †kl †eM A_©vr t mgq †k‡l e¯‘i †eM| 

GB cuvPwU ivwk “suvat” ci¯úi Ggbfv‡e m¤úK©hy³ †h Gi †h †Kv‡bv wZbwU ivwk Rvbv _vK‡j evwK ỳBwU 

ivwk †ei Kiv hvq| GB Rb¨ PviwU mgxKiY Av‡Q| cÖ‡Z¨KwU mgxKi‡Y PviwU K‡i ivwk Av‡Q| Rvbv ivwk¸‡jvi 

gvb ewm‡q GB mgxKiY¸‡jvi mvnv‡h¨ AÁvZ ivwk¸‡jv mn‡R wbY©q Kiv hvq|  

2.4 Aby‡”Q‡` Avgiv †`‡LwQ Z¡iY, 

a =
v u

t

v u at                                                                                                                   (2.1) 

Avevi H Aby‡”Q‡` Avgiv †c‡qwQ, 

AwZµvšÍ ~̀ iZ¡
Mo ª̀ æwZ =

mgq

2

( )
(2.2)

2

u v s

t

u v
s t

ev,

21
2

s ut at                                                                                                                  (2.3) 

2 2 2v u as                                                                                                                  (2.4)   

hw` †Kv‡bv mgm¨vq ejv nq e¯‘wU w¯’i Ae¯’vb †_‡K hvÎv ïi“ K‡i‡Q, Zvn‡j Avw` †eM  u  = 0 n‡e| 

MvwYwZK D`vniY 2.3 : w¯’i Ave¯’vb †_‡K Pjš— GKwU Mvwo‡Z 2 m s
-2 Z¡iY cÖ‡qvM Kiv n‡j Gi †eM 20 m 

s
-1  n‡jv| KZ mgq a‡i Z¡iY cÖ‡qvM Kiv n‡qwQj? 

Avgiv Rvwb, 

-1

-2

20 m s 0

2 m s

10 s

v u at

v u
t

a
ev,

D : 10 s

wnmve Ki : ( 2.1)  mgxKiY †_‡K t Gi gvb †ei K‡i  (2.2 ) mgxKi‡Y 
ewm‡q eRª ¸Yb Ki Ges c`¸‡jv‡K web¨¯Í Ki  | 

GLv‡b,
Avw`‡eM, u = 0 

†kl †eM, v = 20 m s
-1

Z¡iY, a =  2 m s
-2

mgq, t = ? 

wnmve Ki : ( 2.1)  mgxKi‡Yi v Gi gvb (2.2) mgxKi‡Y emvI| 
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MvwYwZK D`vniY 2.4 : 54 km h
-1  †e‡M Pjš— GKwU Mvwo‡Z  5 s hveZ 4 m s

-2  Z¡iY cÖ‡qvM Kiv n‡jv| 

MvwowUi †kl †eM KZ  Ges Z¡iYKv‡j KZ ~̀iZ¡ AwZµg Ki‡e? 

Avgiv Rvwb, 

-1 -2

-1

15 m s + 4 m s × 5 s

= 35 m s

v u at

Avevi,

21
2

-1 -2 21
2

15 m s ×5 s+ × 4 m s ×(5 s)

= 75 m + 50 m

= 125 m

s ut at

D : †kl †eM 135 m s  ; ~̀iZ¡ 125 m

MvwYwZK D`vniY 2.5 : †mvRv iv¯Ívq w¯’i Ae¯’vb †_‡K GKwU evm  10 m s
-2  myl‡g Z¡i‡Y Pjvi mgq 80

m ~̀i‡Z¡ iv¯Ívi cv‡k ùvov‡bv GK e¨w³‡K KZ †e‡M AwZµg Ki‡e?
Avgiv Rvwb,

2 2

2 -2

2 -2

-1

2

0 + 2×10 m s ×80 m

= 1600 m s

40 m s

v u as

v

v

ev,

D : 140 m s

2.6  coš— e¯‘i MwZ 

 Motion of falling bodies 

AwfKl© : GB gnvwe‡k¦i cÖ‡Z¨KwU e¯‘ KYvB G‡K Aci‡K wb‡Ri w`‡K AvKl©Y K‡i| GB gnvwe‡k¦i †h 

†Kv‡bv ỳwU e¯‘i g‡a¨ †h AvKl©Y Zv‡K gnvKl© e‡j| `ywU e¯‘i GKwU hw` c„w_ex nq Z‡e Zv‡K AwfKl© e‡j 

A_©vr †Kv‡bv e¯‘i Dci c„w_exi AvKl©Y‡K AwfKl© ejv nq| gnvwe‡k¦i †h †Kv‡bv ỳwU e¯‘i AvKl©Y m¤ú‡K© 

wbDU‡bi GKwU m~Î Av‡Q hv wbDU‡bi gnvKl© m~Î bv‡g cwiwPZ| 

wbDU‡bi MwZi wØZxq m~Î †_‡K Avgiv Rvwb †h ej cÖhy³ n‡j †Kv‡bv e¯‘i Z¡iY nq, myZivs AwfKl© e‡ji 

cÖfv‡eI e¯‘i Z¡iY nq| GB Z¡iY‡K AwfKl©R Z¡iY ejv nq|  

AwfKl© e‡ji cÖfv‡e f~c„‡ô gy³fv‡e coš— †Kv‡bv e¯‘i †eM e„w×i nvi‡K AwfKl©R Z¡iY e‡j| G‡K g w`‡q

cÖKvk Kiv nq|

†h‡nZz AwfKl©R Z¡iY GK cÖKvi Z¡iY, myZivs Gi gvÎv n‡e [LT
-2

]  Ges GKK n‡e m s 
-2|

GLv‡b,
Avw`‡eM, u = 54 km h

-1

3
1km 54 10 m

54 15 m s
h 3600 s

Z¡iY, a =  4 m s
-2

mgq, t = 5 s 

†kl †eM, v= ? 

`~iZ¡ , s = ? 

GLv‡b,
Avw`‡eM, u= 0

Z¡iY, a =  10 m s
-2

`~iZ¡ , s = 80 m 

‡kl †eM, v= ? 
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f~c„‡ôi †Kv‡bv ¯’v‡b g -Gi gv‡bi ivwkgvjv n‡”Q  

2

GM
g

R

GLv‡b, M = c„w_exi fi 

G= GKwU wek¦Rbxb aª“eK| G‡K gnvKl©xq aª“eK e‡j| 

R= c„w_exi e¨vmva©|

†h‡nZz c„w_ex m¤ú~Y© †MvjvKvi bq, †gi“ AÂ‡j GKUzLvwb Pvcv, ZvB c„w_exi e¨vmva© RI aª“eK bq| myZivs 

f~c„‡ôi me©Î g Gi gvb mgvb bq| †gi“ AÂ‡j c„w_exi e¨vmva© R me‡P‡q Kg e‡j †mLv‡b g -Gi gvb 

me‡P‡q †ewk| Avi welye AÂ‡j R-Gi gvb me‡P‡q †ewk e‡j g -Gi gvb me‡P‡q Kg| 

f~c„‡ô wewfbœ ¯’v‡b g -Gi gvb wewfbœ  e‡j 45  A¶vs‡k mgỳ ª mgZ‡j g -Gi gvb‡K Av`k© gvb aiv nq| g -Gi 

G Av`k©  gvb n‡”Q 9.80665 m s
-2 | wn‡m‡ei myweavi Rb¨ Av`k©gvb  aiv  nq 9.8 m s

-2  ev 9.81 m s
-2 |  

coš— e¯‘ : 

†Kv‡bv e¯‘‡K Dci †_‡K †Q‡o w`‡j AwfK‡l©i cÖfv‡e f~wg‡Z †cuŠQvq| GKB D”PZv †_‡K GKB mgq GKwU 

fvix I GKwU nvjKv e¯‘ †Q‡o w`‡j G¸‡jv wK GKB mg‡q f~c„‡ô †cuŠQv‡e?

GK UzKiv cv_i I GK UzKiv KvMR GKB D”PZv †_‡K †Q‡o w`‡j †`Lv hvq †h, cv_iwU KvM‡Ri Av‡MB gvwU‡Z 

†cuŠQvq| †h‡nZz e¯‘i Dci wµqvkxj  AwfKl©R Z¡iY e¯‘i f‡ii Dci wbf©i K‡i bv, ZvB KvMR I cv_‡ii 

Dci wµqvkxj  AwfKl©R Z¡iY GKB| myZivs Zv‡`i GKB mg‡q gvwU‡Z †cuŠQv‡bvi K_v| evZv‡mi evavi Rb¨ 

e¯‘ ỳwU wfbœ mg‡q gvwU‡Z †cŠuQvq|  evZv‡mi evav bv _vK‡j G¸‡jv Aek¨B GKB mgq gvwU‡Z †cuŠQvZ|  

coš— e¯‘i m~Îvewj : coš— e¯‘ m¤ú‡K© M¨vwjwjI wZbwU m~Î †ei K‡ib| G¸‡jv‡K coš— e¯‘i m~Î e‡j| GB 

m~Î¸‡jv GKgvÎ w¯’i Ae¯’vb †_‡K webv evavq coš— e¯‘i †¶‡Î cÖ‡hvR¨ A_©vr e¯‘ covi mgq w¯’i Ae¯’vb 

†_‡K co‡e, Gi †Kv‡bv Avw` †eM _vK‡e bv| e¯‘ webv evavq gy³fv‡e co‡e A_©vr Gi Dci AwfKl©R  ej 

Qvov Ab¨ †Kv‡bv ej wµqv Ki‡e bv| †hgbÑ evZv‡mi evav Gi Dci wµqv Ki‡e bv|  

cÖ_g m~Î : w¯’i Ae¯’vb I GKB D”PZv †_‡K webv evavq coš— mKj e¯‘ mgvb mg‡q mgvb c_ AwZµg K‡i|  

wØZxq m~Î : w¯’i Ae¯’vb †_‡K webv evavq coš— e¯‘i wbw ©̀ó mg‡q (t) cÖvß †eM (v) H mg‡qi mgvbycvwZK 

A_©vr, v  t

Z…Zxq m~Î : w¯’i Ae¯’vb †_‡K webv evavq coš— e¯‘ wbw ©̀ó mg‡q †h ~̀iZ¡ (h) AwZµg K‡i Zv H mg‡qi 

(t) e‡M©i mgvbycvwZK A_©vr, h  t
2
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coš— e¯‘i mgxKiY :

aiv hvK, †Kv‡bv e¯‘ u Avw` †eM wb‡q AwfK‡l©i cÖfv‡e gy³fv‡e co‡Q| t mgq c‡i e¯‘wU  v †eM cÖvß 

nq| e¯‘wU hw`  GB mg‡q h `~iZ¡ †b‡g Av‡m, Zvn‡j MwZi mgxKi‡Y `~iZ¡ s Gi cwie‡Z© h Ges  Z¡iY a

Gi cwie‡Z© AwfKl©R Z¡iY g emv‡jB coš— e¯‘i MwZi wb‡gœv³ mgxKiY¸‡jv  cvIqv hv‡e| 

21
2

2 2

( )

2

2

v u gt

u v
h t

h ut gt

v u gh

MvwYwZK D`vniY 2.6 : 50 m  DuPz `vjv‡bi Qv` †_‡K †Kv‡bv e¯‘ †Q‡o w`‡j GwU KZ †e‡M f~c„ô‡K AvNvZ 

Ki‡e ? g = 9.8 m s
-2

Avgiv Rvwb, coš— e¯‘i †¶‡Î 

2 2

2 -2

2 -2

-1

2

0 2 9.8 m s 50 m

980 m s

31.3 m s

v u gh

v

v

ev,

D: 131.3 m s

2.7  MwZ I †jLwPÎ 

 Motion ang Graph

1. ~̀iZ¡ mgq †jLwPÎ

mgq AwZevwnZ nIqvi mv‡_ mv‡_ GKwU MwZkxj e¯‘i Ae¯’v‡bi cwieZ©b N‡U| e¯‘i AwZµvš— ~̀iZ¡ mg‡qi 

Dci wbf©i K‡i| GB m¤úK© GKwU †jLwP‡Îi gva¨‡g cÖKvk Kiv hvq| GB †¶‡Î QK KvM‡Ri X ÑA¶ eivei 

mgq (t) Ges Y- A¶ eivei AwZµvš— ~̀iZ¡ (s) ¯’vcb Kiv nq| GB †jLwPÎ‡K ~̀iZ¡ Ñmgq †jLwPÎ ejv nq| 

GB †jLwPÎ †_‡K mn‡R e¯‘i †eM wbY©q Kiv hvq| wb‡¤œ mylg †eM I Amg †e‡Mi †¶‡Î `~iZ¡ Ñmgq ‡jL wPÎ  

†_‡K †eM wbY©‡qi c×wZ Av‡jvPbv Kiv n‡jv| RwUjZv cwinv‡ii Rb¨ Avgiv GLv‡b †Kej mij †iLv eivei 

Pjgvb e¯‘i MwZ Av‡jvPbv Kie| GB †¶‡Î GKwU MwZkxj e¯‘i †e‡Mi w`‡Ki †Kv‡bv cwieZ©b n‡e bv ; 

myZivs †Kej gv‡bi cwieZ©‡bi Rb¨ †e‡Mi cwieZ©b NU‡e| 

GLv‡b,
Avw`‡eM, u = 0

AwZµvšÍ ~̀iZ¡, h = 50 m 

†kl †eM, v = ? 

g = 9.8 m s
-2
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wPÎ : 2.5 

(K) mylg †e‡Mi †¶‡Î : 

aiv hvK, †Kv‡bv †mvRv mgZj iv¯Ívq wmGbwR (CNG) PvwjZ ~̀lY gy³ GKwU A‡Uvwi·v Pj‡Q| cÖwZ  12

wgwbU ci¯úi Gi AwZµvš— ~̀iZ¡ wb‡Pi mviwY‡Z †`Lv‡bv n‡jv| 

~̀iZ¡ -mgq mviwY

Dc‡ii mviwY‡Z ewY©Z MwZi Rb¨ ~̀iZ¡ -mgq †jL wPÎwU 2.5  wP‡Î †`Lv‡bv n‡jv| GB wPÎ †_‡K †h †Kv‡bv 

mg‡q aiv hvK, 32 wgwb‡U A‡Uvwi·vwU KZ©„K AwZµvš— ~̀iZ¡ †ei Kiv hv‡e| GRb¨ Avgv‡`i‡K cÖ_‡g X-

A‡¶i Dci 32 wgwbU wb‡ ©̀kKvix we› ỳwU (M) wPwýZ Ki‡Z n‡e| Zvici H we› ỳ †_‡K †jLwP‡Îi Dci Y

A‡¶i mgvš—ivj GKwU †iLv AuvK‡Z n‡e| g‡b Kiv hvK, †iLvwU †jLwP‡Îi Dci P we›`y‡Z wgwjZ nq| GLb P

we› ỳ †_‡K Y A‡¶i Dci j¤^ Uvb‡Z n‡e| GB j¤^ Y A¶‡K †h we›`y‡Z (N) †Q` K‡i ZvB n‡”Q 32 wgwb‡U 

AwZµvš— `~iZ¡ (ON)| †`Lv hvq †h, A‡Uvwi·vwU G mg‡q 16 km `~iZ¡ AwZµg K‡i‡Q| myZivs, †jLwPÎ †_‡K 

†h †Kv‡bv mgq t = OM  Gi Rb¨  AwZµvš— ~̀iZ¡ s = PM cvIqv hvq| 

PM ON

OM OM

~̀ iZ¡
†eM =

mgq
,  GLv‡b, PM

OM
  †K OP †iLvi Xvj  (slope) e‡j| 

(L) Amg †e‡Mi †¶‡Î  : 

2.6 wP‡Î Amg †e‡M MwZkxj GKwU e¯‘i ~̀iZ¡-mgq †jLwPÎ  

†`Lv‡bv n‡jv| †h‡nZz G †¶‡Î e¯‘wU mgvb mg‡q mgvb ~̀iZ¡  

AwZµg K‡i bv ZvB †jLwPÎwU mij †iLv n‡e bv| GwU GKwU 

eµ †iLv n‡e| †h‡nZz G †¶‡Î e¯‘wU mylg †e‡M Pj‡Q bv, 

Kv‡RB MwZKv‡ji mKj gyn~‡Z© Gi †eM mgvb nq bv| aiv hvK, wPÎ : 2.6 

wb‡R Ki : GKwU QK KvMR bvI| GB KvM‡R †Zvgvi cQ›`g‡Zv I myweavRbK GKK wb‡q Dc‡ii 
mviwY‡Z ewY©Z MwZi Rb¨ `~iZ¡ -mgq †jL wPÎwU A¼b Ki| GB †jLwPÎ †_‡K 32 wgwb‡U AwZµvšÍ 
`~iZ¡ Ges †eM  †ei Ki| 44  wgwb‡U AwZµvšÍ ~̀iZ¡ I †eM KZ n‡e? 

mgq, t

(min)
`~iZ¡, s

(km)
0 0 

12 6 

24 12 

36 18 

48 24 

60 30 

mviwY 2.3
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†Kv‡bv GK we‡kl gyn~‡Z© e¯‘wUi †eM †ei Ki‡Z n‡e, hv‡K eµ †iLvwU‡Z P we› ỳ w`‡q wb‡ ©̀k Kiv n‡q‡Q| P

we›`y‡Z †eM wbY©q Ki‡Z n‡j Avgv‡`i‡K GKwU AwZ ¶z`ª mg‡KvYx wÎfzR ABC we‡ePbv Ki‡Z n‡e hvi 

AwZfzR AB GZ ¶z`ª †h GwU P we›`yi AwZ mwbœK‡U eµ †iLvi mv‡_ Kvh©Z wg‡j hvq| Ab¨ K_vq, Avgiv GB 

eµ †iLvi GKwU LÊvsk we‡ePbv KiwQ †hwU mij †iLv iƒ‡c MY¨ Kivi g‡Zv h‡_ó ¶z̀ ª|

Zvn‡j, P we› ỳ‡Z

†eM  = AC

BC

Øviv wb‡`w© kZ ~̀ iZ¡
Øviv wb‡`w© kZ mgq e¨eavb

ev, AC
v

BC

wKš‘ GZ †QvU wÎfzR we‡ePbv K‡i Zvi †_‡K cwigvc K‡i mwVK dj cvIqv  gykwKj| ZvB Avgiv P we›`y‡Z 

ED ¯úk©K AuvwK Ges ABC wÎfz‡Ri m „̀k wKš‘ A‡c¶vK…Z eo wÎfzR DEF A¼b Kwi| 

GLb wÎfzR ABC Ges wÎfzR DEF †_‡K cvB, AC DF

BC EF

DF
v

EF

wKš‘ DF

EF
 n‡jv ED -Gi Xvj| 

myZivs P we›`y‡Z †eM n‡jv H we›`y‡Z Aw¼Z ¯úk©‡Ki Xvj| ZvB ejv hvq `~iZ¡ mgq †jLwP‡Îi †h †Kv‡bv 

we›`y‡Z Aw¼Z ¯úk©‡Ki Xvj H we›`y‡Z †eM wb‡`©k K‡i| 

2. †eM-mgq †jLwPÎ  

Amg †e‡M Pjgvb e¯‘i †eM mg‡qi Dci wbf©i K‡i| GB m¤úK© GKwU †jLwP‡Îi gva¨‡g cÖKvk Kiv hvq| 

GB †¶‡Î QK KvM‡Ri X -A¶ eivei mgq (t) Ges Y-A¶ eivei †eM (v) ¯’vcb Kiv nq| GB        

†jLwPÎ‡K †eMÑmgq †jLwPÎ ejv nq| GB †jLwPÎ †_‡K mn‡R †h †Kv‡bv gyn~‡Z© †eM Ges Z¡iY A_©vr mg‡qi 

mv‡_ †e‡Mi cwieZ©‡bi nvi wbY©q Kiv hvq| wb‡gœ mylg Z¡i‡Yi †¶‡Î †eM-mgq †jLwPÎ †_‡K Z¡iY wbY©‡qi 

c×wZ Av‡jvPbv Kiv n‡jv| 

mylg Z¡i‡Yi †¶‡Î : 

GKwU e¯‘ hLb mylg Z¡i‡Y P‡j ZLb Zvi mgvb mg‡q †e‡Mi e„w× mgvb nq| myZivs X-A‡¶i w`‡K mgq 

(t) Ges Y-A‡¶i w`‡K †eM (v) wb‡q †eMÑmgq †jLwPÎ AuvK‡j †mwU GKwU mij †iLv n‡e (wPÎ: 2.7)| GLb 

Avgiv GB †jLwP‡Îi Dci †h †Kv‡bv GKwU we›`y  P †bB| P †_‡K X-A‡¶i Dci PM j¤^ Uvwb| Zvn‡j †h 

†Kv‡bv mgq OM -Gi Rb¨ †e‡Mi cwieZ©b PM cvIqv hvq| 
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wPÎ : 2.7 

myZivs Z¡iY a = PM

OM

‡e‡Mi cwieZb©
mgq e¨eavb

wKš‘ PM

OM
 n‡”Q OP -Gi Xvj| 

ZvB ejv hvq †eM-mgq †jLwP‡Îi †h †Kv‡bv we›`y‡Z Aw¼Z ¯úk©‡Ki Xvj H 

we› ỳ‡Z Z¡iY  wb‡ ©̀k K‡i| 

wb‡R Ki : wb‡Pi mviwY‡Z cuvP †m‡KÛ ci ci GKwU Mvwoi †eM †`Iqv n‡jv |  

mviwY : 2.4 

mgq (s)  †eM ( km h 
-1) †eM (m s 

-1)

0 0 0 

5 9 2.5 

10 18 5.0 

15 27 7.5 

20 36 10.0 

25 45 12.5 

30 54 15.0 

GKwU QK KvMR bvI| GB KvM‡R †Zvgvi cQ›`g‡Zv myweavRbK GKK wb‡q Dc‡ii mviwY‡Z ewY©Z MwZi Rb¨ 

†eM-mgq †jLwPÎwU A¼b Ki| GB †jLwPÎ †_‡K 12 †m‡K‡Ûi mgq MvwowUi †eM I Z¡iY †ei Ki | 

AbymÜvb-2.1

GKwU Xvjy Z³vi Dc‡i gv‡e©j Mwo‡q co‡Z w`‡q Mo ª̀“wZ wbY©q| 

D‡Ïk¨ : wewfbœ  Z¡i‡Y  AwZµvš— GKB ~̀i‡Z¡i Rb¨ mgq wbY©q K‡i cÖwZ‡¶‡Î Mo ª̀“wZ wbY©q| 

hš¿cvwZ : Z³v,  wgUvi †¯‹j,gv‡e©j, _vgv Nwo| 

Kv‡Ri aviv :

1. h_vm¤¢e j¤^v GKLvbv  Z³v bvI| wgUvi †¯‹‡ji mvnv‡h¨ Gi ˆ`N©̈  wbY©q Ki| 

2. Z³vi GK cÖv‡š—i wb‡P BU ev eB w`‡q DuPz Ki, d‡j Z³vwU Xvjy n‡q _vK‡e|  

3. Z³vwUi Dc‡ii cÖv‡š— GKwU gv‡e©j ai| gv‡e©jwU †Q‡o †`Iqvi mv‡_ mv‡_ _vgv Nwo Pvjy Ki| gv‡e©jwU 

hLb Z³v †e‡q f~wg‡Z AvNvZ Ki‡e ZLb _vgv NwowU eÜ K‡i `vI|  

4. Z³vi ˆ`N©̈ ‡K Z_v gv‡e©‡ji AwZµvš— ~̀iZ¡‡K GB mgq w`‡q fvM K‡i Mo ª̀“wZ wbY©q Ki| 

5. Z³vi DuPz cÖv‡š—i wb‡P Av‡iv BU ev eB ẁ ‡q G‡K Av‡iv DuPz K‡iv A_©vr Z³vwU‡K Av‡iv †ewk K‡i Xvjy Ki|  

6. cybivq gv‡e©j †Q‡o w`‡q mgq cwigvc K‡i Mo ª̀“wZ wbY©q Ki| 

7. GBfv‡e wewfbœ Xv‡ji Rb¨ Mo ª̀“wZ cwigvc Ki|  
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AbymÜv‡bi QK 

cvV AwZµvš— `~iZ¡ Z_v Z³vi ˆ`N©̈
(m)

mgq
(s)

~̀ iZ¡
Mo ª̀ æwZ = 

mgq
(m s

-1)

1

2

3

4

5

6

7

1. Mo ª̀“wZi cwieZ©‡bi KviY Av‡jvPbv Ki| 

AbymÜvb-2.2

bvbvwea  Kvh©µ‡gi gva¨‡g wewfbœ cÖKvi MwZi g‡Wj cÖ̀ k©b| 

D‡Ïk¨ : wk¶v_©x‡`i  f~wgKvwfbq Kvh©µ‡gi gva¨‡g wewfbœ cÖKvi MwZi g‡Wj cÖ̀ k©b Kiv  Ges MwZmg~‡ni 

cv_©K¨ AbymÜvb Kiv|  

hš¿cvwZ : j¤^v `wo, P‡Ki ¸‡ov ev Pzb| 

Kv‡Ri aviv :

1. ¯‹z‡ji gv‡V ev Av‡kcv‡ki †Kv‡bv †Ljvi gv‡V †mvRv K‡i j¤^v P‡Ki ev Pz‡bi `vM `vI| 

        A_ev †mvRv K‡i GKMv‡Q j¤^v `wo weQvI| 

2. GLb †mvRv `woi `v‡Mi cvk w`‡q †`Š‡o Aci cÖv‡š— hvI| 

3. gv‡Vi †Kv‡bv RvqMvq GKwU wPý `vI| †mB wP‡ýi Dci GKRb ùvovI| Gi ci Ab¨ GKRb evg nvZ 

w`‡q k³ K‡i Zvi Wvb nvZ ai| Z…Zxq Rb evg nvZ w`‡q wØZxq R‡bi Wvb nvZ ai| GB fv‡e 

µgvš^‡q K‡qKRb nvZ aivawi K‡i ùvovI| GKUv †mvRv I j¤^v  wkK‡ji g‡Zv ˆZwi n‡e|  

4. GLb  GB wkK‡ji evB‡ii †KD †Kv‡bv Bkviv Ki‡j ev kã m„wó Ki‡j cÖ_gRb‡K †K›`ª K‡i  nvZ a‡i 

†i‡L Ggb fv‡e mevB  Av‡¯Í Av‡¯Í †`ŠovI hv‡Z wkKj bv fv‡O ev Gjv‡g‡jv bv nq| 

5. gv‡Vi GK cv‡k K‡qK wgUvi (aiv hvK `k wgUvi) j¤^v GK MvwQ `wo †mvRv K‡i weQvI| `woi `yB 

cÖv‡š— `yB Rb Ges  `woi wVK gvSLv‡b  GKRb `uvovI| GLb GKRb GKRb K‡i  cÖ_g R‡bi KvQ 

†_‡K hvÎv ïi“ K‡i GKBfv‡e †n‡U `woi Aci cÖv‡š— wØZxq R‡bi  †cuŠQvI| Zv‡K †Kej ¯úk© K‡i  bv 

†_‡g Avevi cÖ_g R‡bi Kv‡Q wd‡i Av‡mv| cÖ_g Rb‡K  ¯úk© K‡i Avevi wØZxq R‡bi Kv‡Q hvI| bv 

†_‡g GB iƒc K‡qKevi Ki| 

6. aviv -2 G DwjwLZ MwZi ˆewkó¨¸‡jv LvZvq wjwce× Ki| GwU ˆiwLK MwZ| GwU ˆiwLK MwZ  nIqvi  

KviY e¨vL¨v Ki|  
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7. aviv -4 G DwjwLZ MwZi ˆewkó¨¸‡jv LvZvq wjwce× Ki| G‡¶‡Î cÖ‡Z¨‡Ki MwZ e„ËvKvi MwZ Ges 
ch©ve„Ë MwZ| GB MwZ e„ËvKvi MwZ Ges ch©ve„Ë MwZ  nIqvi  KviY e¨vL¨v Ki| 

8. aviv -5 G DwjwLZ MwZi ˆewkó¨¸‡jv LvZvq wjwce× Ki| G‡¶‡Î cÖ‡Z¨‡Ki MwZ ch©ve„Ë MwZ  Ges 
¯ú›`b MwZ| GB MwZ ch©ve„Ë MwZ  Ges ¯ú›`b MwZ nIqvi  KviY e¨vL¨v Ki| 

9. GB AbymÜv‡bi gva¨‡g cÖvß wewfbœ MwZi Zzjbv Ki| G¸‡jvi g‡a¨ cv_©K¨ wjL| 
AbymÜvb-2.3
100 wgUvi †`Š‡o wk¶v_©xi  ª̀“wZ wbY©©q Ges †jLwP‡Î Zv we‡klY|
D‡Ïk¨ : wewfbœ  mg‡q AwZµvš— `~iZ¡ wbY©q K‡i Mo `ª“wZ wbb©q, `~iZ¡-mgq †jLwPÎ A¼b Ges †h †Kv‡bv 
mg‡q Zvr¶wYK ª̀“wZ Ges Mo Z¡iY  wbY©q| 
hš¿cvwZ : wgUvi †¯‹j, _vgv Nwo, `wo A_ev gvc wdZv| 
Kv‡Ri aviv :

1. ¯‹z‡ji †Ljvi gv‡Vi (¯‹z‡ji wbR¯^ gvV bv _vK‡j Ab¨ †Kv‡bv gv‡V) GK cÖv‡š— GKwU `wo †mvRv K‡i weQvI| 
2. GB  `wo †_‡K 25 wgUvi ~̀‡i ~̀‡i Av‡iv PviwU `wo weQvI| myZivs †kl `wowU n‡e 100 wgUvi `~‡i|  
3. cÖ_g `woi Kv‡Q Zzwg `vovI Ges evwK PviwU `woi cv‡k †Zvgvi Pvi eÜz PviwU _vgv Nwo wb‡q ùvov‡e| 
4. wk¶K evuwk‡Z dzu †`Iqvi mv‡_ mv‡_ Zzwg †`Šo ïi“ Ki‡e Ges cÖ‡Z¨‡K hvi hvi _vgv Nwo Pvjy Ki‡e|  
5. †`Šowe` hLb hvi mvg‡bi `wo AwZµg Ki‡e ZLb †m Zvi _vgv Nwo eÜ Ki‡e| Nwoi cvV †_‡K H 

~̀i‡Z¡i Rb¨ mgq cvIqv hv‡e|  
6. `~iZ¡‡K mgq w`‡q fvM K‡i H mgq e¨eav‡bi Rb¨ ev H `~i‡Z¡i Rb¨ Mo `ª“wZ cvIqv hv‡e|
7. GLb GKwU QK KvM‡R X -A‡¶i w`‡K mgq (t) Ges Y -A‡¶i w`‡K `~iZ¡ (d) ¯’vcb K‡i GKwU 

†jLwPÎ A¼b Ki| 
8. †jLwPÎ †_‡K †h †Kv‡bv mg‡q AwZµvš— ~̀iZ¡ Ges GB mgq e¨eav‡bi Mo ª̀“wZ Ges H gyn~‡Z©i 

Zvr¶wYK ª̀“wZ wbY©q Ki| 
9. †jLwPÎwU cybivq A¼b Ki| GLb †h †Kv‡bv `ywU mg‡qi Rb¨ Zvr¶wYK `ª“wZ †ei Ki| `ª“wZi cv_©K¨‡K 

mgq e¨eavb w`‡q fvM K‡i Mo Z¡iY wbY©q Ki| 
10. wewfbœ `ª“wZ‡Z †nu‡U Ges †`Š‡o GB cix¶YwUi cybive„wË Ki| 
11. GBfv‡e cÖ‡Z¨K wk¶v_©x cix¶YwU m¤úbœ Ki| 

AbymÜv‡bi QK 

cvV AwZµvš— `~iZ¡
(m)

mgq
(s)

~̀ iZ¡
Mo ª̀ æwZ = 

mgq
(m s

-1)

1

2

3

4
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Abykxjbx
K. eûwbe©vPbx cÖkœ

mwVK DËiwUi cvk wUK ( ) wPý `vI| 
1|  Z¡i‡Yi GKK †Kv‡bvwU? 
 (K)  m s

-1                (L) m s
-2         (M)  N s                 (N) kg s

-2 

2|  Nwoi KuvUvi MwZ Kx iKg MwZ ?  
 (K)  ˆiwLK MwZ             (L)  Dce„ËvKvi MwZ        
 (M)   ch©ve„Ë MwZ      (N) ¯ú›`b MwZ 

3|  w¯’i Ae¯’vb †_‡K webv evavq coš— e¯‘ wbw`©ó mg‡q †h `~iZ¡ AwZµg K‡i Zv H mg‡qi- 

 (K) mgvbycvwZK     (L)   e‡M©i mgvbycvwZK    
 (M)   e¨¯ÍvbycvwZK     (N) e‡M©i e¨¯ÍvbycvwZK
4|  GKwU e¯‘ w¯’i Ae¯’vb †_‡K a mgZ¡i‡Y Pj‡Q| wbw ©̀ó mg‡q GB e¯‘i AwZµvš— ~̀iZ¡ n‡e - 

(i) (u v)
s t

2
        (ii)     21

2
s ut at        (iii) 2 2s u 2at

wb‡Pi †Kv‡bvwU mwVK? 
 ( ) i                    ( ) ii    ( ) ii o iii                  ( ) i, ii o iii

5|  wb‡Pi †eM-mgq †jLwP‡Îi †Kv‡bvwU gy³fv‡e coš— e¯‘i †jLwPÎ  wb‡ ©̀k K‡i? 

 (K)     A                (L) B        (M)     C               (N) D

L. m„Rbkxj cÖkœ
1|  ivRxeiv mcwiev‡i wm‡j‡Ui Rvdjs †eov‡Z hvevi Rb¨ GKwU gvB‡µvev‡m iIbv n‡jv| †m hvÎvi ïi“ 

†_‡K wm‡jU hvIqv ch©š— cÖwZ 5 min ci ci Mvwoi w¯ú‡WvwgUvi †_‡K †e‡Mi gvb Z_v `ª“wZ wj‡L 
wbj| †e‡Mi gvb †cj h_vµ‡g cÖwZ N›Uvq 18,36,54,54,54,36 I 18 wK‡jvwgUvi| 

 (K) Zvr¶wYK ª̀“wZ Kx ? 
 (L) mylg‡e‡M MwZkxj †Kv‡bv e ‘̄i Z¡iY e¨vL¨v Ki | 
 (M) cÖ_g 5 wgwb‡U MvwowUi AwZKªvš— ~̀iZ¡ wbY©q Ki| 
 (N) msM„nxZ DcvË w`‡q ‡eM-mgq †jLwPÎ AsKb K‡i Zv e¨vL¨v Ki ? 
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Z…Zxq Aa¨vq 

ej
FORCE

m¨vi AvBRvK wbDUb e¯‘i MwZ wb‡q e¨vcK M‡elYv K‡ib| wZwb MwZi †gŠwjK bxwZ¸‡jv‡K wZbwU m~‡Îi 
gva¨‡g cÖKvk K‡ib| G Aa¨v‡q Avgiv MwZ welqK GB m~Î¸‡jv Av‡jvPbv Kie| G QvovI e¯‘i RoZv, ej, 
e‡ji cÖK…wZ, fi‡eM, Nl©Y I wbivc` ågY wb‡q G Aa¨v‡q Av‡jvwPZ n‡e|

GB Aa¨vq cvV †k‡l Avgiv Ñ 

1. e¯‘i RoZv I e‡ji ¸YMZ aviYv wbDU‡bi MwZi cÖ_g m~Î e¨envi K‡i e¨vL¨v Ki‡Z cvie|  

2. wewfbœ cÖKvi e‡ji cÖK…wZ e¨vL¨v Ki‡Z cvie|  

3. mvg¨ I Amvg¨ e‡ji cÖfve e¨vL¨v Ki‡Z cvie|

4. fi‡eM Ges msNl© e¨vL¨v Ki‡Z cvie|  

5. MwZ Ges e¯‘i  AvKv‡ii Dci e‡ji cÖfve we‡klY Ki‡Z cvie|  

6. wbDU‡bi MwZi wØZxq m~Î e¨envi K‡i ej cwigvc Ki‡Z cvie|  

7. wbDU‡bi MwZi Z…Zxq m~Î e¨envi K‡i wµqv I cÖwZwµqv ej e¨vL¨v Ki‡Z cvie|

8. wbivc` åg‡Y MwZ Ges e‡ji cÖfve we‡klY Ki‡Z cvie|

9. wewfbœ cÖKvi Nl©Y Ges Nl©Y ej e¨vL¨v Ki‡Z cvie| 

10. e¯‘i MwZi Dci Nl©‡Yi cÖfve we‡klY Ki‡Z cvie|

11. Nl©Y n«vm-e„w× Kivi Dcvq e¨vL¨v Ki‡Z cvie|

12. Avgv‡`i Rxe‡b Nl©‡Yi BwZevPK cÖfve we‡klY Ki‡Z cvie|
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3.1  RoZv Ges e‡ji ¸YMZ aviYv- wbDU‡bi cÖ_g m~Î
 Inertia and qualitative concept of force- Newton’s first law  

w¯’wZ, MwZ, miY, †eM, Z¡iY BZ¨vw` m¤ú‡K© Avgiv B‡Zvg‡a¨B †R‡bwQ Avgiv Avgv‡`i Pvicv‡k bvbv ai‡bi 

e¯‘ †`L‡Z cvB| G‡`i †Kv‡bvwU w¯’i, Avevi †Kv‡bvwU MwZkxj| w¯’i e¯‘¸‡jvi g‡a¨ i‡q‡Q †Pqvi, †Uwej, 

Nievwo, Kv‡Vi u̧wo BZ¨vw`| Avevi MwZkxj e¯‘¸‡jvi g‡a¨ i‡q‡Q Pjš— wi·v, evm, mvB‡Kj, cZbkxj e¯‘ 

BZ¨vw`| w¯’i e¯‘¸‡jv wK wb‡R †_‡K wb‡R‡`i MwZkxj Ki‡Z cv‡i? AvR iv‡Z †Zvgvi covi †Uwej‡K 

†hLv‡b †`L‡Z †c‡j AvMvgxKvj mKv‡j GwU wK †mLv‡b _vK‡e? Gme ev¯Íe AwfÁZv †_‡K Avgiv Kx †`L‡Z 

cvB? Avgiv †`wL †h e¯‘¸‡jv w¯’i wQj †m¸‡jv w¯’iB i‡q‡Q| G¸‡jv wb‡R †_‡K MwZkxj n‡Z cv‡i bv| 

Avevi ai, †Zvgvi GK eÜz mgZj iv¯—vq mvB‡Kj Pvwj‡q hv‡”Q| †Kv‡bv GK mgq †m mvB‡K‡j c¨v‡Wj †`Iqv 

eÜ K‡i w`j| mvB‡KjwU wK ms‡M ms‡M †_‡g hv‡e? Avgiv †`L‡Z cvB mvB‡KjwU wKQz c_ Pjvi ci Av‡¯Í 

Av‡¯Í †_‡g hvq| hw` evqyi evav Ges iv¯—vi Nl©Y bv _vKZ Zvn‡j mvB‡KjwU wK Aweivg MwZ‡Z Pj‡Z 

_vKZ?

G mKj NUbv †_‡K Avgiv eyS‡Z cvwi, cÖ‡Z¨K e¯‘B †h Ae¯’vq Av‡Q, †mB Ae¯’vqB _vK‡Z  Pvq| †Kv‡bv 

e¯‘ hw` w¯’i _v‡K, Z‡e GwU w¯’iB _vK‡Z Pvq| Avevi e¯‘ MwZkxj _vK‡j GwU MwZkxj _vK‡Z Pvq|  

e¯‘i wbR¯^ Ae¯’v eRvq ivL‡Z PvIqvi †h cÖeYZv ev ag© ZvB n‡jv RoZv| myZivs e¯‘ †h Ae¯’vq Av‡Q 

wPiKvj †m Ae¯’vq _vK‡Z PvIqvi †h cÖeYZv ev †m Ae¯’v eRvq  ivL‡Z PvIqvi †h ag© Zv‡K RoZv e‡j|  

†Kv‡bv e¯‘i RoZv Gi f‡ii Dci wbf©i K‡i| A_©vr fi n‡”Q Gi RoZvi cwigvc| †h e¯‘i fi †ewk Zvi 

RoZv †ewk| Ab¨fv‡e ejv hvq, †h e¯‘i RoZv †ewk Zv‡K MwZkxj Kiv, †eM n«vm ev e„w× Kiv wKsev †e‡Mi 

w`K cwieZ©b Kiv ZZ KwVb|

wb‡R Ki

GKwU Kjg I GKwU eB †Uwe‡ji Dci ivL| Gevi KjgwU‡K nv‡Zi AvOyj w`‡q †UvKv 

`vI| Kx †`L‡Z †c‡j? KjgwU †Uwe‡ji Dci LvwbKUv ~̀‡i m‡i †Mj|  

Gevi eBwU‡K Av‡Mi g‡ZvB AvOyj w`‡q †UvKv `vI| eBwU Av‡`Š mi‡Q bv| Gevi eBwU‡K 

nvZ w`‡q av°v `vI| GLb eBwU GK ¯’vb †_‡K Ab¨ ¯’v‡b m‡i hv‡e| 

Kjg I eB‡qi g‡a¨ eB‡K miv‡Z †ewk †Póv Ki‡Z n‡q‡Q KviY, Kj‡gi †P‡q eB‡qi fi †ewk A_©vr RoZv 

†ewk|

RoZvi D`vniY 

†_‡g _vKv evm nVvr Pj‡Z ïi“ Ki‡j evmhvÎx †cQ‡bi w`‡K †n‡j c‡ob| Gi KviY n‡jv w¯’wZ RoZv| evm 

hLb w¯’i Ae¯’vq _v‡K ZLb hvÎxi kixiI w¯’i _v‡K| wKš‘ evm Pj‡Z Avi¤¢ Ki‡j hvÎxi kix‡ii evm 
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msjMœ Ask MwZkxj nq| wKš‘ kix‡ii Dc‡ii Ask w¯’wZRoZvi Rb¨ w¯’i Ae¯’vq _vK‡Z Pvq| ZvB kix‡ii 

wb‡Pi Ask mv‡c‡¶ Dc‡ii Ask wcwQ‡q c‡o| hvi d‡j hvÎx †cQ‡bi w`‡K †n‡j c‡ob| Avevi Pjš— ev‡m 

nVvr †eªK Ki‡j hvÎxiv mvg‡bi w`‡K Szu‡K c‡ob| evm hLb Pjš— Ae¯’vq _v‡K, ZLb ev‡mi hvÎxI ev‡mi 

mv‡_ GKB MwZcÖvß nq| evm nVvr †_‡g †M‡j ev‡mi mv‡_ mv‡_ hvÎxi kix‡ii wb‡Pi Ask w¯’i nq| wKš‘ 

evmhvÎxi kix‡ii Dc‡ii Ask MwZ RoZvi Rb¨ mvg‡bi w`‡K GwM‡q hvq|  

Mvwo Pvjv‡bvi mgq Mvwoi PvjKMY wbivcËvi Kvi‡Y wmU‡eë euv‡ab| Gi KviY Kx ? Gi g~‡j i‡q‡Q RoZv| 

hw` wZwb wmU‡eë e¨envi bv K‡ib, Z‡e `ª“Z †eªK Klvi Kvi‡Y MwZ RoZvi Rb¨ mvg‡bi w`‡K Szu‡K co‡eb| 

Gi d‡j wZwb Zvi mvg‡b Mvwoi w÷qvwismn Ab¨vb¨ e¯‘‡Z m‡Rv‡i AvNvZ Ki‡eb, d‡j gvivZ¥K 

`yN©Ubv NU‡Z cv‡i| ïay PvjK bb, †h mKj Mvwo‡Z wmU †e‡ëi e¨e¯’v Av‡Q †mB mKj Mvwoi 

hvÎx‡`iI wmU †eë evuav DwPZ |

ej

Avgv‡`i ˆ`bw›`b AwfÁZv †_‡K ej m¤ú‡K© GKwU mvaviY aviYv Av‡Q| Avgiv hLb †Kv‡bv e¯‘‡K Uvwb ev 

†Vwj, ZLb Avgiv ewj †h e¯‘wU‡Z ej cÖ‡qvM Kiv n‡q‡Q| GB cÖhy³ ej w¯’i e¯‘‡K MwZkxj Ki‡Z cv‡i, 

Avevi MwZ m„wói †PóvI Ki‡Z cv‡i| Avevi e¯‘wU hw` MwZkxj Ae¯’vq _v‡K, Zvn‡j cÖhy³ ej e¯‘wU‡K 

_vgv‡Z cv‡i ev †eM e„w×i †Póv Ki‡Z cv‡i| Dfq †¶‡Î ej cÖ‡qv‡Mi Rb¨ ej cÖ‡qvMKvixi Ges e¯‘i cÖZ¨¶ 

ms¯úk© cÖ‡qvRb| G ai‡bi ej‡K ejv nq ¯úk© ej| `ywU e¯‘ ci¯ú‡ii ms¯ú‡k© bv _vK‡jI G‡K Ac‡ii Dci 

ej cÖ‡qvM Ki‡Z cv‡i| Ggb GKwU AwZ cwiwPZ ej n‡”Q gnvKl© ej, hvi ev¯—e D`vniY n‡jv e¯‘i IRb| 

†Zvgvi nvZ †_‡K hLb †Kv‡bv e¯‘ c‡o hvq, ZLb Zv ª̀“Z gvwU‡K ¯úk© K‡i| Gi KviY Kx? e¯‘i Dci 

c„w_exi AvKl©Y ej Z_v e¯‘i IR‡bi Rb¨ GgbwU N‡U| G ej‡K Avgiv ewj gnvKl© ej| Ggwbfv‡e cÖK…wZi 

bvbv NUbvq Avgiv wewfbœ ai‡bi e‡ji Aw¯ÍZ¡ Abyfe Kwi|

†hgb ỳwU †PŠ¤^K †giyi ga¨Kvi ga¨eZ©x †PŠ¤^K ej, ỳwU AvwnZ e¯‘i g‡a¨ Zwor ej, wbDK¬xqv‡mi g‡a¨ 

wbDK¬xq ej |

GLb Avgiv †`Le wbDU‡bi cÖ_g m~Î †_‡K Kxfv‡e RoZv I ej m¤ú‡K© aviYv jvf Kiv hvq| wbDU‡bi MwZ 

welqK cÖ_g m~ÎwU n‡jv-

Ôevwn¨K †Kv‡bv ej cÖ‡qvM bv Ki‡j w¯’i e¯‘ w¯’i _vK‡e Ges MwZkxj e¯‘ mylg `ª“wZ‡Z mijc‡_ Pj‡Z 

_vK‡e|Õ

wbDU‡bi cÖ_g m~ÎwU c`v‡_©i RoZv ag©‡K cÖKvk K‡i Ges e‡ji msÁv cÖ̀ vb K‡i|  

wbDU‡bi cÖ_g m~Î †_‡K †`L‡Z cvB †h, †Kv‡bv e¯‘ wb‡R †_‡K Zvi Ae¯’vi cwieZ©b NUv‡Z cv‡i bv| e¯‘ 

w¯’i _vK‡j wPiKvj w¯’i _vK‡Z Pvq, Avi MwZkxj _vK‡j wPiKvj mylg `ª“wZ‡Z mijc‡_ Pj‡Z Pvq| e¯‘i G 

ag©B n‡jv RoZv| A_v©r wbDU‡bi cÖ_g m~Î †_‡K RoZvi aviYv cvIqv hvq|  
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Avevi wbDU‡bi cÖ_g m~Î †_‡K Rvbv hvq †h, e¯‘i Ae¯’vi cwieZ©b NUv‡Z n‡j evB‡i †_‡K GKUv wKQz 

cÖ‡qvM Ki‡Z n‡e| A_v©r hv e¯‘i Ae¯’vi cwieZ©b Ki‡Z eva¨ K‡i ev Ki‡Z Pvq ZvB n‡”Q ej| ZvB 

wbDU‡bi cÖ_g m~Î †_‡K e‡ji ¸YMZ msÁv cvIqv hvq|  wbDU‡bi cÖ_g m~Îvbymv‡i hv w¯’i e¯‘i Dci wµqv 

K‡i Zv‡K MwZkxj K‡i ev Kivi †Póv K‡i ev hv MwZkxj e¯‘i Dci wµqv K‡i Zvi MwZi cwieZ©b K‡i ev 

Kivi †Póv K‡i Zv‡K ej e‡j|  

3.2  e‡ji cÖK…wZ  

 Nature of force  

¯úk© ej : 

ˆ`bw›`b Rxe‡b wewfbœ ai‡bi e‡ji m‡½ Avgv‡`i cwiPq N‡U| G‡`i cÖK…wZI wewfbœ ai‡bi| G‡`i 

†Kv‡bvwU `ywU e¯‘i cÖZ¨¶ ms¯ú‡k©i d‡j m„wó nq| Avevi Ggb KZK¸‡jv ej i‡q‡Q †hLv‡b `ywU e¯‘i 

cÖZ¨¶ ms¯ú‡k©i cÖ‡qvRb †bB| †h ej m„wói Rb¨ ỳwU e¯‘i cÖZ¨¶ ms¯ú‡k©i cÖ‡qvRb Zv‡K ¯úk© ej e‡j| 

hLb Avgiv nvZ w`‡q †Kv‡bv e¯‘‡K †Vwj ev Uvwb ZLb Avgv‡`i nvZ e¯‘i Dci GKwU ej cÖ‡qvM K‡i| GB 

†Vjv ev Uvbv ej n‡”Q ¯úk© ej| †Kbbv nvZ I e¯‘i cÖZ¨¶ ms¯ú‡k©i djkÖywZ n‡”Q G ej| ¯úk© e‡ji D`vniY 

n‡jv- Nl©Y ej, Uvb ej Ges msN‡l©i mgq m„ó ej|  

Avgiv Rvwb, GKwU e¯‘ hLb Ab¨ GKwU e¯‘i Dci w`‡q Pj‡Z †Póv K‡i ev Pj‡Z _v‡K ZLb e¯‘Ø‡qi 

¯úk©Z‡j MwZi wei“‡× evav`vbKvix Nl©Y e‡ji m„wó nq| GLv‡b ỳwU e¯‘i Z‡ji g‡a¨ cÖZ¨¶ ms¯ú‡k©i d‡j 

Nl©Y e‡ji D™¢e nq| †g‡Si Dci w`‡q GKwU ev·‡K †U‡b †bIqvi mgq Avgiv Uvb ej cÖ‡qvM Kwi| ev‡·i 

MwZi wecixZ w`‡K ZLb Nl©Y e‡ji m„wó nq| 

A¯úk© ej : 

`ywU e¯‘i cÖZ¨¶ ms¯úk© QvovB †h ej wµqv K‡i Zv‡K A¯úk© ej e‡j| †hgb ỳwU e¯‘i g‡a¨ wµqvkxj 

AvKl©Yg~jK gnvKl© ej, `ywU AvwnZ e¯‘i g‡a¨ wµqvkxj AvKl©Y ev weKl©YKvix Zwor ej, `ywU Pz¤^‡Ki †gi“i

g‡a¨ AvKl©Y ev weKl©Yg~jK ej A_ev GKwU Pz¤^K I GKwU †PŠ¤^K c`v‡_©i g‡a¨ wµqvkxj AvKl©Y ej n‡jv 

A¯úk© ej Z_v `~ieZx© e‡ji D`vniY|  

 wb‡R Ki t Zzwg nvZ †_‡K Kjg ev †cwÝj ev Ab¨ †h †Kv‡bv GKwU e¯‘ †Q‡o `vI | 

e¯‘wU wb‡Pi w`‡K co‡e | †KD wbðqB e¯‘wU‡K wb‡Pi w`‡K Uvb‡Q | †K Uvb‡Q ? c„w_ex e¯‘wU‡K Zvi 

w`‡K Uvb‡Q , hw`I e¯‘ I c„w_exi g‡a¨ mivmwi †Kv‡bv ms‡hvM †bB A_©vr c„w_ex e¯‘wU‡K ¯úk© K‡i bvB | 

c„w_ex e¯‘i Dci gnvKl© ej cÖ‡qvM Ki‡Q | GLv‡b gnvKl© ej n‡”Q A¯úk© ej | gnvwe‡k¦i †h †Kv‡bv ỳwU 

e¯‘ ci¯ú‡ii Dci gnvKl© ej cÖ‡qvM K‡i _v‡K | Aek¨ c„w_ex hLb †Kv‡bv e¯‘i Dci gnvKl© ej cÖ‡qvM 

K‡i ZLb Zv‡K AwfKl© ej ejv n‡q _v‡K |
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cÖK…wZ‡Z Avgiv eû iK‡gi e‡ji †`Lv †c‡jI PviwU n‡”Q †gŠwjK ej | evKx¸‡jv G‡`i †Kv‡bv bv †Kv‡bv iƒc|

†h mKj ej g~j ev ¯^vaxb A_©vr †h mKj ej Ab¨ †Kv‡bv ej †_‡K Drcbœ nq bv ev Ab¨ †Kv‡bv e‡ji †Kv‡bv 

iƒc bq eis Ab¨vb¨ ej GB mKj e‡ji †Kv‡bv bv †Kv‡bv iƒ‡ci cÖKvk Zv‡`i‡K †gŠwjK ej e‡j|  

cÖK…wZ‡Z we`¨gvb PviwU †gŠwjK ej wbgœiƒc:

 1.  gnvKl© ej : 
 2.  ZvwoZ‡PŠ¤^K ej  
 3.  `ye©j wbDK¬xq ej  
 4.  mej wbDK¬xq ej|  

gnvKl© ej :

GB gnvwe‡k¦ cÖ‡Z¨K e¯‘ G‡K Aci‡K GKwU ej Øviv AvKl©Y K‡i| gnvwe‡k¦i †h †Kv‡bv ỳwU e¯‘i ga¨Kvi 
GB cvi¯úwiK AvKl©Y ej‡K gnvKl© e‡j| e¯‘i f‡ii Kvi‡YB GB AvKl©Y N‡U| PviwU †gŠwjK e‡ji g‡a¨ 
gnvKl© ej n‡”Q Zzjbvg~jKfv‡e ỳe©jZg ej| Avgv‡`i IRb gnvKl© e‡ji djkÖywZ| †mŠiRM‡Zi MÖn¸‡jv 
gnvKl© e‡ji cÖfv‡e m~h©‡K †K› ª̀ K‡i m~‡h©i Pviw`‡K Nyi‡Q| gnvKl© e‡ji cvjv Amxg ch©š— we¯Í…Z|

ZvwoZ‡PŠ¤^K ej : 

ỳwU AvwnZ KYv ev e¯‘ Zv‡`i Avav‡bi Kvi‡Y G‡K Ac‡ii Dci †h ej cÖ‡qvM K‡i Zv‡K ZvwoZ‡PŠ¤^K ej e‡j| 
GB ej AvKl©Yagx© I weKl©Yagx©- Dfq cÖKv‡ii n‡Z cv‡i| hLb AvwnZ KYv ỳwU w¯’i _v‡K ZLb Zv‡`i g‡a¨ †Kej 
Zwor ej wµqv K‡i| AvwnZ KYv¸‡jv MwZkxj n‡j Zwor e‡ji cvkvcvwk KYv¸‡jvi g‡a¨ †PŠ¤^K e‡ji m„wó nq| ỳwU 
†PŠ¤^K †gi“i ga¨eZx© AvKl©Y ev weKl©Y ejI ZvwoZ‡PŠ¤^K ej| ỳwU AvwnZ †gŠwjK KYvi g‡a¨ wµqvkxj Zwor ej 
G‡`i g‡a¨ wµqvkxj gnvKl© e‡ji Zzjbvq A‡bK †ewk kw³kvjx| ZeyI mejZvi wePv‡i Zwor ej n‡”Q gvSvwi 
ai‡bi| Nl©Y ej, w¯cÖs ej BZ¨vw` AvwnZ KYv¸‡jvi g‡a¨ Zwor e‡ji Kvi‡YB m„wó nq|  

ỳe©j wbDK¬xq ej : 

†h ¯^í cvjvi Ges ¯^í gv‡bi ej wbDK¬xqv‡mi Af¨š—i¯’ †gŠwjK KYv¸‡jvi g‡a¨ wµqv K‡i Zv‡K `ye©j 
wbDK¬xq ej e‡j| GB e‡ji Kvi‡YB wbDK¬xqv‡m Aw¯’wZkxjZvi m„wó nq Ges wbDK¬xqvm n‡Z weUv¶q ( -

decay) nq| AwaKvsk †ZRw¯Œq fvOb wewµqv ỳe©j wbDK¬xq e‡ji Kvi‡Y msNwUZ nq| G e‡ji cvjv 1610 m

-GiI Kg|

mej wbDK¬xq ej : 

Avgiv Rvwb, cigvYyi wbDK¬xqv‡mi g‡a¨ †cÖvUb I wbDUªb bvgK ỳwU KYv Av‡Q| G‡`i‡K ms‡¶‡c wbDK¬xqb 
e‡j| cigvYyi wbDK¬xqv‡mi wfZ‡i ỳwU wbDK¬xq‡bi g‡a¨ †h kw³kvjx ej KvR K‡i Zv‡K mej wbDK¬xq ej 
e‡j| G ej wbDK¬xqb¸‡jv‡K GK‡Î Ave× iv‡L| wbDK¬xqv‡mi ¯’vwq‡Z¡i Rb¨ `vqx n‡jv mej wbDK¬xq ej| 
GB ej Lye ¯^í cvjvi Ges  AvKl©Yag©x| Gi cvjv 10

-15
m hv wbDK¬xqv‡mi e¨vmv‡a©i mgvb| †gŠwjK ej¸‡jvi 

g‡a¨ G ejB me‡P‡q kw³kvjx|  
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3.4 fi‡eM
 Momentum  

MwZkxj e¯‘i fi I †e‡Mi mgš^‡q †h †fŠZ ivwki D™¢e nq Zv n‡jv H e¯‘i fi‡eM| fi‡eM e¯‘i fi 

Ges †e‡Mi Dci wbf©ikxj| gvjevnx GKwU UªvK Ges GKwU cÖvB‡fU Mvwoi K_v wPš—v Ki| g‡b Ki, ỳwU MvwoB 

mg ª̀“wZ‡Z GKwU wbw`ó w`‡K MwZkxj| Mvwo ỳwU‡K GKB ~̀i‡Z¡i g‡a¨ _vgv‡Z n‡e| †Kv‡bv MvwowU‡K 

_vgv‡Z kw³kvjx †eªK cÖ‡qvM Ki‡Z n‡e? UªvK‡K| KviY UªvK Ges Mvwo GKB `ª“wZ‡Z MwZkxj _vKv m‡Ë¡I UªvK 

†h †fŠZ ivwk †ewk aviY K‡i Zv n‡jv Gi fi‡eM|  

†Kv‡bv MwZkxj e¯‘‡K _vgv‡bv KZ Kómva¨ ev KwVb fi‡eM n‡”Q Zvi GKwU cwigvc| fi‡eM e‡ji m‡½ 

m¤úwK©Z| wbDU‡bi wØZxq m~‡Î G m¤úK©wU cwigvYMZfv‡e cvIqv hvq|  

†Kv‡bv e¯‘i fi I †e‡Mi ¸Ydj‡K Gi fi‡eM e‡j|  

awi, GKwU e¯‘i fi = m

    †eM = v

 fi‡eM = mv                                                                                (3.1)

fi‡eM GKwU †f±i ivwk| Gi w`K †e‡Mi w`‡K|  

mgxKiY (3.1) †_‡K †`Lv hvq, †Kv‡bv e¯‘i fi hZ †ewk n‡e Ges e¯‘ hZ `ª“Z Pj‡e Zvi fi‡eMI ZZ 
†ewk n‡e|  

GKK: fi‡e‡Mi GKK n‡jv, f‡ii GKK †e‡Mi GKK A_©vr -1kg× ms  ev -1kg ms |

1 kg f‡ii †Kv‡bv e¯‘ 1ms
-1 †e‡M Pj‡j Gi fi‡eM n‡e 1kg ms

-1|

fi‡e‡Mi gvÎv : [p] = MLT
-1

3.5  MwZi Dci e‡ji cÖfve 
 Effect of force on motion 

cÖhy³ ej †Kv‡bv w¯’i e¯‘‡K MwZkxj Ki‡Z cv‡i|

hLb †Kv‡bv †L‡jvqvo w¯’i dzUej‡K wKK&& K‡ib ZLb Kx N‡U? †`Lv hvq †h ejwU w¯’i Ae¯’v †_‡K †h w`‡K 

ejwU‡K wKK&& Kiv n‡q‡Q †m w`‡K MwZkxj nq| A_v©r G‡¶‡Î ejwU w¯’i Ae¯’v †_‡K Z¡iY jvf K‡i| G‡¶‡Î 

m„ó Z¡i‡Yi gvb aYvZ¡K Ges Z¡i‡Yi w`K n‡jv wK‡Ki gva¨‡g †h w`‡K ej cÖ‡qvM Kiv nq †mB w`‡K|  

cÖhy³ ej MwZkxj e¯‘i †eM e„w× Ki‡Z cv‡i|  

wµ‡KU †Ljvq wµ‡KU ejwU †h w`‡K MwZkxj e¨vUmg¨vb hw` †mBw`K eivei ejwU‡K AvNvZ K‡ib Z‡e ejwUi 

†eM Kx n‡e ? Zzwg †`L‡Z cv‡e †h, ejwU c~‡e©i †P‡q †ewk †e‡M MwZkxj n‡e| G‡¶‡Î ejwUi Z¡iY abvZ¡K 

Ges Gi †eM e„w× cv‡e| Mov‡bv gv‡e©j †UvKv w`‡j Gi †eM e„w× cvq|
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ej cÖ‡qv‡Mi d‡j MwZkxj e¯‘i †eM n«vm cvq| 

Gevi a‡iv, Zzwg MÖv‡gi iv¯Ívq mvB‡Kj Pvjv”Q| wKQz¶Y Pjvi ci Zzwg †`L‡Z †c‡j †h mvg‡bi iv¯ÍvwU 

A‡bKUv Xvjy| Gevi Zzwg Kx Ki‡e? Zzwg Kx Av‡Mi g‡ZvB mvB‡K‡j c¨v‡Wj †`‡e? bv mvB‡K‡j †eªK Kl‡e? 

wbivc‡` GB Xvjy c_ AwZµg Kivi Rb¨ †Zvgv‡K mvB‡K‡j †eªK Pvc‡Z n‡e| Gi d‡j mvB‡K‡ji MwZ gš’i 

n‡e| A_©vr cÖhy³ ej †Kv‡bv MwZkxj e¯‘i †e‡Mi Z_v MwZi w`K cwieZ©b Ki‡Z cv‡i|

wµ‡KU †Ljvq GKRb †L‡jvqvo wecixZ w`K †_‡K AvMZ wµ‡KU ej‡K e¨vU Øviv AvNvZ K‡ib| e¨vU Øviv 

AvNv‡Zi d‡j ejwUi †e‡Mi gvb I w`K Df‡qB cwiewZ©Z nq| †h w`K †_‡K ejwU AvmwQj e¨vU Øviv AvNv‡Zi 

d‡j GwU Ab¨ †Kv‡bv w`‡K MwZkxj nq| G‡¶‡ÎI ejwUi Z¡iY i‡q‡Q| 

e¯‘i AvKv‡ii Dci e‡ji cÖfve  

Avgv‡`i Pvicv‡k Ggb A‡bK D`vniY i‡q‡Q †hLv‡b e‡ji wµqvq e¯‘i AvKv‡ii cwieZ©b nq| GKwU Lvwj 

cvw÷‡Ki cvwbi †evZj †P‡c ai‡j †evZ‡ji AvKv‡ii cwieZ©b nq| Avevi hLb †Kv‡bv ivevi e¨vÛ‡K †U‡b 

cÖmvwiZ Kiv nq| ZLb GwU mi“ n‡q hvq A_©vr Gi AvKv‡ii cwieZ©b nq|  

KL‡bv KL‡bv e‡ji wµqvq e¯‘i GB AvKvi cwieZ©b ¶Y¯’vqx nq| Avevi KL‡bv ej cÖ‡qv‡Mi d‡j ¯’vqxfv‡e 

e¯‘i AvKv‡ii cwieZ©b msNwUZ nq| D`vniY wn‡m‡e ỳg‡o-gyP‡o hvIqv avZe K¨vb A_ev ỳN©Ubvi c‡i 

†Kv‡bv Mvwoi †¶‡Î G ai‡bi cwieZ©b N‡U|  

ej cÖ‡qv‡Mi d‡j e¯‘i ¶Y¯’vqx AvKvi cwieZ©b‡K Kv‡R jvwM‡q kw³i †kvlY Ges gRy` Kiv hvq| †Ljbv 

Mvwo‡Z Pvwe Nywi‡q w¯úªs‡K msKzwPZ K‡i wefekw³ mÂq K‡i ivLv nq| Mvwo †Q‡o w`‡j GB wefekw³ 

MwZkw³‡Z iƒcvš—wiZ nq| AvKv‡ii ¯’vqx cwieZ©‡bi d‡j †Kv‡bv KvVv‡gv †f‡½ c‡o †hgb K‡i AZ¨waK 

fv‡ii Kvi‡Y †Kv‡bv weªR †f‡½ c‡o|  

3.6  ej Ges Z¡i‡Yi m¤úK© -wbDU‡bi wØZxq m~Î  
 Relation between force and acceleration- Newton’s second law

wbDU‡bi cÖ_g m~Î e‡ji ¸YMZ aviYv †`q| wbDU‡bi wØZxq m~Î ej cwigv‡ci mgxKiY cÖ̀ vb K‡i| 

wbDU‡bi wØZxq m~Î †_‡K e¯‘i Dci wµqvkxj ej Ges Gi d‡j m„ó Z¡i‡Yi g‡a¨ m¤úK© Rvbv hvq| m~ÎwU 
wbgœiƒc :

e¯‘i fi‡e‡Mi cwieZ©‡bi nvi Gi Dci cÖhy³ e‡ji mgvbycvwZK Ges ej †hw`‡K wµqv K‡i e¯‘i fi‡e‡Mi 
cwieZ©bI †mw`‡K N‡U|  

aiv hvK, m fiwewkó GKwU e¯‘ u Avw`‡e‡M Pj‡Q| GLb F aª“e ej e¯‘i Dci t mgq a‡i †e‡Mi Awfgy‡L 
wµqv Kij| aiv hvK, ej cÖ‡qv‡Mi d‡j e¯‘i †eM u n‡Z cwiewZ©Z n‡q v n‡jv|

 e¯‘wUi Avw` fi‡eM = mu

 e¯‘wUi †kl fi‡eM = mv

t mg‡q e¯‘i fi‡e‡Mi cwieZ©b = mv mu
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myZivs, e¯‘i fi‡e‡Mi cwieZ©‡bi nvi mv mu

t

       ma Z¡iY, v u
a

t

wbDU‡bi MwZi wØZxq myÎvbymv‡i, e¯‘i fi‡e‡Mi cwieZ©‡bi nvi cÖhy³ e‡ji mgvbycvwZK|  
A_v©r, ma F

kF (3.1)

GLv‡b k GKwU mgvbycvwZK aª“eK| e‡ji GKK wba©vi‡Yi Rb¨ wbDUb k = 1 a‡ib|
e‡ji GKK‡K ejv nq wbDUb (N)| †h cwigvY ej 1 kg f‡ii †Kv‡bv e¯‘i Dci wµqv K‡i 1ms

-2  Z¡iY 
m„wó K‡i Zv‡K 1 wbDUb e‡j|  
myZivs fi m †K kg, Z¡iY a †K ms

-2 Ges F †K N -Øviv cÖKvk Ki‡j mgxKiY (3.1) †_‡K cvIqv hvq-  

1.ma F

                ev F ma (3.2)

      ev ej = fi  Z¡iY

e‡ji gvÎv : [F] = MLT
-2|

MvwYwZK D`vniY 3.1: 50 kg f‡ii GKwU e¯‘i Dci KZ ej cÖ‡qvM Kiv n‡j Gi Z¡iY 4 ms
-2 n‡e ? 

Avgiv Rvwb       GLv‡b,  
F = ma       e¯‘i fi, m = 50 kg 

   = 50 kg  4 ms
-2                                               Z¡iY, a = 4 ms

-2

   = 200 kg ms
-2       ej, F =  ? 

   = 200 N

DËi : 200 N

MvwYwZK D`vniY 3.2: GKwU evjK 50 N ej Øviv GKwU 20 kg f‡ii GKwU ev·‡K av°v †`q| ev·wUi Z¡iY 
KZ n‡e?

Avgiv Rvwb       GLv‡b,  

F ma      ev‡·i fi, m = 20 kg

F
a

m
      cÖhy³ ej, F = 50 N 

50

20

N

kg
     ev‡·i Z¡iY, a = ? 

   = 2.5 ms
-2      

DËi : 2.5 ms
-2  
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3.7  wµqv I cÖwZwµqv ej- wbDU‡bi Z…Zxq m~Î
 Action and reaction force- Newton’s third law  

e‡ji GKwU ˆewkó¨ n‡”Q cÖK…wZ‡Z ej †Rvovq †Rvovq wµqv K‡i| hLbB †Kv‡bv e¯‘i Dci GKwU ej cÖhy³ 
nq, ZLbB GKwU mggv‡bi Ges wecixZgyLx ej Ab¨ GKwU e¯‘i Dci wµqv K‡i| GB welqwU‡K mvaviYZ 
Gfv‡e ejv nq-

cÖ‡Z¨K wµqviB GKwU mgvb I wecixZ cÖwZwµqv Av‡Q|  

GwU wbDU‡bi MwZi Z…Zxq m~Î wn‡m‡e cwiwPZ| 

A_v©r wbDU‡bi Z…Zxq m~Îvbymv‡i wµqv ej I cÖwZwµqv e‡ji gvb mgvb wKš‘ G‡`i w`K wecixZgyLx| 3.4 
wP‡Î P e¯‘wU hw` Q e¯‘wUi Dci F1 ej cÖ‡qvM K‡i, ZLb m~Îvbymv‡i Q e¯‘wUI P e¯‘i Dci mgvb I 
wecixZgyLx ej F2 cÖ‡qvM Ki‡e| GLv‡b P e¯‘ KZ…©K Q e¯‘i Dci cÖhy³ ej‡K wµqv ej Ges Q e¯‘ KZ…©K 
P e¯‘i Dci cÖhy³ ej‡K cÖwZwµqv ej e‡j|

wPÎ : 3.5  

myZivs, wbDU‡bi Z…Zxq m~Îvbymv‡i, F2 = - F1

j¶Yxq †h, wµqvej Ges cÖwZwµqv ej me mgqB `ywU wfbœ e¯‘i Dci wµqv K‡i| cÖwZwµqv ejwU ZZ¶YB 
_vK‡e hZ¶Y ch©š— wµqvejwU _vK‡e|  

D`vniY

gvwUi Dci nuvUv   

ˆ`bw›`b Rxe‡b Avgiv gvwUi Dci w`‡q nuvwU ev †`ŠovB [wPÎ 3.5]| Avgiv hLb gvwUi Dci w`‡q nuvwU ZLb 
†cQ‡bi cv Øviv gvwUi Dci †cQ‡bi w`‡K wZh©Kfv‡e GKwU ej cÖ‡qvM Kwi| G ej n‡jv wµqv ej| Z…Zxq m~Î 
Abyhvqx GB e‡ji wecix‡Z GKwU cÖwZwµqv ej m„wó nq GB cÖwZwµqv e‡ji cÖfv‡e Avgiv iv¯Ívi Dci w`‡q 
nvuU‡Z m¶g nB|

wPÎ : 3.6

wµqv ej

(cÖwZwµqv ej)
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e›`y‡Ki ¸wj †Quvov

hLb †Kv‡bv e¨w³ e› ỳK n‡Z ¸wj †Quv‡ob, ZLb wZwb †cQ‡bi w`‡K GKwU av°v Abyfe K‡ib| †Kb GgbwU nq?  

G‡¶‡Î ¸wj I e› ỳ‡Ki wµqv I cÖwZwµqv ej mgvb mgqe¨vcx KvR K‡i| wbDU‡bi wØZxq m~Îvbymv‡i, ¸wj I 
e›`yK mggv‡bi wKš‘ wecixZgyLx fi‡eM jvf K‡i| d‡j †h fi‡eM wb‡q ¸wj mvg‡bi w`‡K AMÖmi nq, 
e›`yKI mggv‡bi wKš‘ wecixZgyLx fi‡eM wb‡q †cQ‡bi w`‡K avweZ n‡e| hvi `i“b H e¨w³ †cQ‡bi w`‡K 
av°v Abyfe K‡ib| Aek¨ e›`y‡Ki fi †ewk nIqvq e›`y‡Ki cðv`‡eM ¸wji Zzjbvq AZ¨š— Kg n‡e|

msNl©
†Zvgiv hviv gv‡e©j †L‡jQ Zviv m¤¢eZ †`L‡Z †c‡qQ Kxfv‡e GKwU gv‡e©j Ab¨ GKwU gv‡e©j‡K AvNvZ K‡i| 
GQvov msev`cÎ ev †Uwjwfk‡bi gva¨‡g †Zvgiv wewfbœ ai‡bi moK ỳN©Ubvi Lei Rvb‡Z cvi| G ai‡bi NUbv 
n‡jv msN‡l©i ev¯Íe D`vniY|

A_v©©r hLb GKwU MwZkxj e¯‘ Ab¨ GKwU w¯’i ev MwZkxj e¯‘‡K av°v †`q, ZLb e¯‘ ỳwUi g‡a¨ msNl© 
n‡q‡Q ejv nq| msN‡l©i d‡j e¯‘ `ywUi cÖ‡Z¨KwUi Dci GKwU ej wµqv K‡i| cÖ_g e¯‘ KZ…©K wØZxq e¯‘i 
Dci cÖhy³ ej‡K wµqv ej ejv n‡j wØZxq e¯‘ KZ…©K cÖ_g e¯‘i Dci cÖhy³ ej‡K cÖwZwµqv ej ejv nq| 
msN‡l©i mgq wµqvkxj GB `ywU e‡ji gvb mgvb wKš‘ wecixZgyLx| msN‡l©i mgq `ywU e¯‘i g‡a¨ wµqv I 
cÖwZwµqv ej e¨ZxZ evwn¨K †Kv‡bv ej KvR K‡i bv| wbDU‡bi wØZxq m~Î †_‡K Avgiv cvB 

mv mu
F

t

G mgxiYwU †_‡K Avgiv fi‡e‡Mi cwieZ©b‡K wbgœiƒ‡c cÖKvk Ki‡Z cvwi-  

F t mv mu                                                           (3.3)

A_v©r     ej mgq = fi‡e‡Mi cwieZ©b| 

wKš‘ ej I mg‡qi ¸Ydj‡K ejv nq e‡ji NvZ| 

 e‡ji NvZ = fi‡e‡Mi cwieZ©b 

aiv hvK m1 I m2 fiwewkó ỳwU e¯‘ A I B  h_vµ‡g u1 Ges u2  †eM wb‡q GKB mij †iLv eivei Pj‡Q| 
A -Gi †eM B -Gi †e‡Mi †P‡q †ewk n‡j †Kv‡bv GK mgq A e¯‘wU B e¯‘wU‡K av°v w`‡e [wPÎ 3.6]|

B e¯‘i Dci A e¯‘i G cÖhy³ ej n‡jv wµqv F1, B e¯‘wUI A e¯‘wU‡K F2 ej cÖ‡qvM Ki‡e GB F2 ej
n‡jv cÖwZwµqv| wbDU‡bi MwZi Z…Zxq m~Îvbymv‡i  F2 =  F1

msN‡l©i mgq wµqv I cÖwZwµqv ej GKB mgqe¨vcx KvR K‡i| aiv hvK, wµqv I cÖwZwµqvi mgqKvj t|
msN‡l©i ci e¯‘ ỳwU cwiewZ©Z †e‡M GKB mij‡iLvq Pj‡Z _vK‡e| aiv hvK  A I B  -Gi cwiewZ©Z †eM 
h_vµ‡g v1 I v2| wµqv I cÖwZwµqvi d‡j  A I B  e¯‘ ỳwUi Z¡iY h_vµ‡g a1 I a2 n‡j,  

1 2F F

ev, 1 1 2 2m a m a

ev, 1 1 2 2
1 2

v u v u
m m

t t
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ev, 1 1 1 1 2 2 2 2m v m u m v m u

ev, 1 1 2 2 1 1 2 2m u m u m v m v

AZGe, A I B e¯‘ ỳwUi msN‡l©i c~‡e©i I c‡ii fi‡e‡Mi mgwó me©̀ v mgvb _v‡K| GwUB fi‡e‡Mi msi¶Y m~Î| 

MvwYwZK D`vniY 3.3 : 20 kg f‡ii GKwU e¯‘i Dci 2000 N  ej 0.1 s mgqe¨vcx KvR K‡i| e¯‘i 
fi‡e‡Mi cwieZ©b KZ n‡e?

Avgiv Rvwb       GLv‡b,  

fi‡e‡Mi cwieZ©b = ej  mgq     

mv mu Ft      cÖhy³ ej, F = 2000 N    

               = 2000 N  0.1 s   e‡ji wµqv Kvj, t =0.1 s

   = 200 kg ms
-2 

s
   fi‡e‡Mi cwieZ©b, mv -mu =?  

               = 200 kg ms
-1       

DËi : fi‡e‡Mi cwieZ©b = 200 kg ms
-1

MvwYwZK D`vniY 3.4: GKwU e› ỳK †_‡K 500 ms
-1 †e‡M 10 g f‡ii GKwU ¸wj †Qvov n‡jv| e›`y‡Ki fi 2

kg n‡j e›`y‡Ki cðvr †eM wbY©q Ki|

GLv‡b e› ỳ‡Ki †eM FYvZ¥K, A_v©r e› ỳKwU wcQb w`‡K MwZkxj n‡e|  

DËi : cðvr †eM = 2.5 ms
-1

3.8  wbivc` ågY: MwZ I ej  
 Safe journey : force and motion 

wbivc` åg‡Yi Rb¨ Mvwoi MwZ wbqš¿Y AZ¨š— ¸iyZ¡c~Y© welq| Avgiv Avgv‡`i ˆ`bw›`b cÖ‡qvRb wgUv‡bvi Rb¨ 
Mvwo‡Z ågY Kwi| åg‡Yi mgq Avgiv wewfbœ hvbevnb e¨envi Kwi| KL‡bv ev‡m, KL‡bv †Uª‡b  Avevi 
KL‡bvev e¨w³MZ hvbevnb e¨envi Kwi| Gme hvbevn‡b åg‡Yi mgq hvbevn‡bi MwZ Ges ej IZ‡cÖvZfv‡e 
RwoZ| wbivc` åg‡Yi †¶‡Î Mvwoi MwZ g~L¨ f‚wgKv cvjb K‡i| Mvwoi MwZ ev †eM Ggb nIqv DwPZ bq hv 

aiv hvK ¸wji †e‡Mi w`K A_v©r m¤§yL w`K abvZ¥K |
fi‡e‡Mi  msi¶Y m~Î †_‡K Avgiv Rvwb   

1 1 2 2 1 1 2 2m u m u m v m v

ev m1  0 ms
-1

 + m2 kg  0 ms
-1

= 10
-2

  kg  500 

ms
-1

 + 2 kg v2

ev
-1

2

5kg ms

2kg
v

          = – 2.5 ms
-1  

GLv‡b,
¸wji fi, m1 = 10 g 

                    = 10  10
-3

 kg 

                    = 10
-2

 kg 

e›`y‡Ki fi, m2 = 2 kg 

¸wji Avw`‡eM, u1 = 0 ms
-1

e› ỳ‡Ki Avw`‡eM, u2 = 0 ms
-1

¸wji †kl †eM, v1 = 500 ms
-1

e›`y‡Ki cðvr †eM, v2 =? 
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wbqš¿Y Kiv m¤¢e bq| `~ieZx© Mš—‡e¨ åg‡Yi Rb¨ cÖ_‡gB Mš—e¨¯’‡j hvIqvi iv¯Ív Ges cwi‡ek m¤ú‡K© Av‡M 
†_‡K †R‡b †bIqv cÖ‡qvRb|  

ågY ïiy Kivi c~‡e©B Mvwoi PvjK‡K Zvi Mvwo fv‡jvfv‡e cix¶v K‡i wb‡Z n‡e| D`vniY¯^iƒc- Mvwoi Uvqvi 
I †eªK mwVK Av‡Q wKbv, Mvwoi BwÄb, e¨eüZ e¨vUvwi, mvg‡bi Ges †cQ‡bi evwZmg~n, Mvwoi IqvBcvi Ges 
ỳÕcv‡ki ms‡KZ †`Iqvi evwZ¸‡jv mwVK Ges fv‡jvfv‡e KvR Ki‡Q wKbv Zv wbwðZ Ki‡Z n‡e| GQvov 

Mvwo‡Z e¨eüZ `c©Y¸‡jv mwVKfv‡e Dc‡hvRb K‡i wb‡Z n‡e| 

Mvwo Pvjbvi mgq cÖ_‡gB WªvBfvi Ges Av‡ivnx‡`i wmU †eë †eu‡a †bIqv DwPZ| †`Lv hvq †h, AwaKvsk moK 
ỳN©Ubv Lye ª̀yZ Mvwo Pvjv‡bvi Rb¨ N‡U _v‡K| ZvB Mvwoi MwZ wbqš¿‡Yi g‡a¨ ivL‡Z PvjK‡K m‡Pó _vK‡Z 

n‡e| MwZ e„w×i d‡j MwZkw³ †ewk nq| †hgb- Mvwoi †eM wØ¸Y n‡j Gi MwZkw³ c~‡e©i Zzjbvq Pvi¸Y †e‡o 
hvq| †eM wZb¸Y n‡j Gi MwZkw³ bq ¸Y nq| d‡j Mvwoi †eM Kgv‡bv ev wbqš¿Y KwVb n‡q c‡o Ges 
ỳN©Ubv fqven nq| 

Mvwoi PvjK Ggb hvbevnb Pvjv‡eb, †hwU Pvjv‡bvi c~e© AwfÁZv Zvi i‡q‡Q| nVvr K‡i bZzb †Kv‡bv hvbevnb 
Pvjv‡bvi †Póv Kiv DwPZ bq| †`Lv hvq †h, Zi“Yiv Av‡e‡Mi e‡k bZyb Mvwo Pvjvevi †Póv K‡i|GwU †gv‡UI 
DwPZ bq| Mvwo Pvjv‡bvi mgq hLbB wecixZ w`K  †_‡K †Kv‡bv Mvwo Avm‡Z †`Lv hv‡e ZLbB Mvwoi MwZ 
Kwg‡q †dj‡Z n‡e| UªvwdK mvBb Ges UªvwdK AvBb †g‡b Pjv Mvwo Pvj‡Ki bvMwiK `vwqZ¡| Mvwo Pvjbvi mgq 
PvjK‡K Zvui Mvwo Pvjbvi w`‡K m¤ú~Y©iƒ‡c g‡bvwb‡ek Ki‡Z n‡e| 

3.9 Nl©Y I Nl©Y ej 
 Friction and force of firction  

ˆ`bw›`b Rxe‡b Avgiv Nl©‡Yi m‡½ bvbvfv‡e cwiwPZ| wbDU‡bi MwZi cÖ_g m~Î †_‡K Avgiv Rvwb †h, †Kv‡bv 
e¯‘i Dci ej wµqv bv Ki‡j nq e¯‘wU w¯’i _vK‡e, bv nq e¯‘wU mg‡e‡M mijc‡_ Pj‡Z _vK‡e| ev¯Í‡e 
GgbwU N‡U Kx? Zzwg GKwU gv‡e©j bvI Ges G‡K †g‡S‡Z Mwo‡q `vI| gv‡e©jwU‡K Zzwg hLb Mwo‡q `vI ZLb 
Gi Dci Zzwg ej cÖ‡qvM Ki| hvi d‡j gv‡e©jwU gvwUi Dci w`‡q MwZkxj nq| wbDU‡bi cÖ_g m~Îvbyhvqx 
gv‡e©jwU mg‡e‡M MwZkxj _vKvi K_v| wKš‘ ev¯Í‡e †`Lv hvq †h, gv‡e©jwU LvwbKUv ~̀iZ¡ AwZµg Kivi ci 
†_‡g hvq| †g‡Si Nl©‡Yi Rb¨B GgbwU N‡U| gv‡e©jwU hLb †g‡Si Dci MwZkxj _v‡K, ZLb gv‡e©j I †g‡Si 
cvi¯úwiK Nl©‡Yi d‡j GKwU Nl©Y e‡ji DrcwË nq| G ej MwZi wecixZ w`‡K wµqv K‡i Ges MwZ‡K 
evavMȪ Í K‡i| hw` †g‡Si Nl©Y bv _vKZ Zvn‡j gv‡e©jwU GKB †eM wb‡q Aweivg MwZ‡Z Pj‡Z _vKZ|

GKwU e¯‘ hLb Ab¨ GKwU e¯‘i ms¯ú‡k© †_‡K G‡Ki Dci w`‡q AciwU Pj‡Z †Póv K‡i ev Pj‡Z _v‡K 
ZLb e¯‘Ø‡qi ¯úk©Z‡j MwZi weiy‡× GKwU evavi DrcwË nq, G evav‡K Nl©Y e‡j| Avi GB evav`vbKvix 
ej‡K Nl©Y ej ejv nq|

Nl©Y ej me©̀ v MwZi wecixZ w`‡K wµqv K‡i| Nl©Y memgq MwZ‡K evav †`q| 

Nl©‡Yi DrcwË
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hLb GKwU e¯‘i Zj Aci e¯‘i Z‡ji Dci w`‡q MwZkxj nq, ZLb cÖ‡Z¨K e¯‘ Aci e¯‘i Dci Nl©Y ej 
cÖ‡qvM K‡i| GLb cÖkœ Av‡m Nl©Y †Kb nq? Nl©Y n‡jv †h †Kv‡bv `yÕwU Z‡ji AwbqwgZ cÖK…wZi dj| cÖ‡Z¨K 
e¯‘iB Zj Av‡Q| Avevi Zj gm„Y A_ev Agm„Y ỳÕB n‡Z cv‡i| AvcvZ „̀wó‡Z †Kv‡bv e¯‘i Zj‡K gm„Y e‡j 
g‡b n‡jI Abyex¶Y h‡š¿i mvnv‡h¨ †`L‡j Gi Dci A‡bK DuPz wbPz LvR j¶ Kiv hvq [wPÎ 3.7]| hLb GKwU 
e¯‘ Ab¨ GKwU e¯‘i Dci w`‡q MwZkxj nq, ZLb Dfq e¯‘i ¯úk©Z‡ji G LvR¸‡jv GKwUi wfZi Av‡iKwU 
Xy‡K hvq A_©vr LvR¸‡jv ci¯úi AvU‡K hvq| hvi d‡j GKwU Z‡ji Dci w`‡q Aci Z‡ji MwZ evavcÖvß nq| 

†Kv‡bv Z‡ji DuPy-wbPz LvuR hZ †ewk Ges Mfxi n‡e A_v©r Zj hZ †ewk Agm„Y n‡e, GK Z‡ji Dci w`‡q Ab¨ 
Z‡ji MwZ ZZ †ewk evavMÖ¯Í n‡e| d‡j Nl©Y e‡ji gvbI †e‡o hv‡e| ¯úk©Z‡ji GB evav‡K AwZµg Ki‡Z 
cvi‡j Z‡eB e¯‘wU MwZkxj _v‡K| Nl©‡Yi d‡j e¯‘i MwZ n«vm cvq Ges Ae‡k‡l †_‡g hvq| 

wPÎ 3.8 :

Nl©‡Yi cÖKvi‡f`  

Nl©Y mvaviYZ Pvi cÖKv‡ii nq-

1| w¯’wZ Nl©Y (Static friction)  

2|  wcQjv‡bv Nl©Y (Sliding friction)  

3| AveZ© Nl©Y (Rolling friction)  

4| cÖevnx Nl©Y (Fluid friction)  

w¯’wZ Nl©Y 

ỳwU Z‡ji GKwU AciwUi mv‡c‡¶ MwZkxj bv n‡j G‡`i g‡a¨ †h Nl©Y m„wó nq Zv n‡jv w¯’wZ Nl©Y|   

A_v©r hLb GKwU e¯‘i Dci ej cÖ‡qvM Kiv nq, wKš‘ G ej e¯‘i MwZ m„wó  Ki‡Z cv‡i bv ZLb w¯’wZ 
Nl©Y KvR K‡i| Avevi †g‡Si Dci Aew¯’Z GKwU fvix e¯‘‡K Uvbvi ciI MwZkxj bv n‡j †h Nl©Y ej Drcbœ 
nq Zv n‡jv w¯’wZ Nl©Y ej| A_©vr cÖhy³ e‡ji wecix‡Z w¯’wZ Nl©Y ej Drcbœ nq Ges MwZ m„wó bv nIqv ch©š—

G ej KvR K‡i|

`ywU w¯’i e¯‘ ci¯ú‡ii ms¯ú‡k© _vKv Ae¯’vq GKwU‡K AciwUi Dci w`‡q MwZkxj Kivi †Póv Kiv n‡j, 
G‡`i g‡a¨ Av‡cw¶K MwZ m„wó bv nIqv ch©š— †h Nl©Y ej wµqv K‡i Zv‡K w¯’wZ Nl©Y e‡j|  

wcQjv‡bv Nl©Y : 
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hLb GKwU e¯‘ Ab¨ GKwU e¯‘i Z_v Z‡ji Dci w`‡q wcQwj‡q (Slide) ev N‡l Pj‡Z †Póv K‡i ev P‡j 
ZLb †h Nl©‡Yi m„wó nq Zv‡K wcQjv‡bv Nl©Y ev wemc© Nl©Y e‡j|  

wcw”Qj iv¯Ívq Pjvi mgq A‡bK mgq Avgiv c‡o hvB Ges wcQwj‡q A‡bKUv ỳiZ¡ AwZµg  Kwi| ª̀yZ‡e‡M MwZkxj 
†Kv‡bv Mvwo‡Z nvW© †eªK Kl‡j MvwowU bv †_‡g wcQwj‡q LvwbKUv ~̀iZ¡ AMÖmi nq|  

AveZ© Nl©Y : 

hLb GKwU e¯‘ Aci GKwU Z‡ji Dci w`‡q Mwo‡q P‡j ZLb MwZi wei“‡× †h Nl©Y wµqv K‡i Zv‡K AveZ© 
Nl©Y ej e‡j|

mvB‡K‡ji PvKvi MwZ, gv‡e©‡ji MwZ n‡jv AveZ© Nl©‡Yi D`vniY| åg‡Yi mgq gvjvgvj cwien‡bi Rb¨ Avgiv 
PvKv jvMv‡bv jv‡MR e¨envi Kwi| hw` jv‡M‡R PvKv jvMv‡bv bv _vKZ ZLb GwU‡K GK ¯’vb †_‡K Ab¨ ¯’v‡b 
wcQwj‡q †U‡b wb‡Z †ek Kó n‡Zv| wKš‘ PvKv jvMv‡bvi d‡j jv‡MR †U‡b †bIqv †ek mnRZi nq| A_v©r 
AveZ© Nl©Y ej wcQjv‡bv Nl©‡Yi Zzjbvq Kg|  

cÖevnx Nl©Y : 

hLb †Kv‡bv e¯‘ †h †Kv‡bv cÖevnx c`v_© †hgb- Zij ev evqexq c`v‡_©i g‡a¨ MwZkxj _v‡K ZLb †h Nl©Y wµqv 
K‡i Zv‡K cÖevnx Nl©Y e‡j| 

hLb cyKz‡i muvZvi KvUv nq ZLb cyKz‡ii cvwbi ga¨ w`‡q GKwU evav‡K AwZµg Ki‡Z nq| Avi G euvavB n‡jv 
cÖevnx Nl©Y| c¨vivmyU evqyi evav‡K Kv‡R jvwM‡q KvR K‡i| GLv‡b evqyi evav n‡jv GK ai‡bi Nl©Y ej hv 
c„w_exi AwfKl© e‡ji wecix‡Z wµqv K‡i| †Lvjv Ae¯’vq c¨vivmy‡Ui evwn‡ii Z‡ji †¶Îdj A‡bK †ewk 
nIqvq evqyi evavi cwigvYI †ewk nq, hvi d‡j Av‡ivnxi cZ‡bi MwZ A‡bK n«vm cvq| d‡j Av‡ivnx ax‡i 
ax‡i gvwU‡Z wbivc‡` †b‡g Av‡m| 

3.10  MwZi Dci Nl©‡Yi cÖfve  
  Effect of friction on motion 

†Kv‡bv e¯‘i MwZi Dci Nl©‡Yi e¨vcK cÖfve i‡q‡Q| Nl©Y n‡jv GK ai‡Yi 
evav`vbKvix ej, hv e¯‘i MwZ‡K gš’i K‡i| Nl©Y Avgv‡`i ˆ`bw›`b Rxe‡b A‡bK 
mgm¨v m„wó Ki‡jI PjvPj I hvbevnb Pvjbvi Rb¨ Nl©Y Myi“Z¡c~Y© fzwgKv cvjb K‡i| 
G Aby‡”Q‡` Uvqv‡ii c„ô, iv¯Ívi gm„YZv Ges MwZ wbqš¿‡Y Nl©‡Yi f~wgKv wb‡q 
Av‡jvPbv Kiv  n‡e|  

Uvqv‡ii c„ô : 

Mvwoi Uvqvi Ges iv¯Ívi ga¨eZx© Nl©Y Av‡Q e‡jB Mvwo Pvjbv m¤¢e n‡q‡Q| Uvqvi Ges 
iv¯Ívi ga¨eZx© G Nl©Y e‡ji gvb wbf©i K‡i Uvqv‡ii c„ô Ges iv¯Ívi Z‡ji evwn¨K 
Ae¯’vi Dci| GwU Mvwoi IR‡bi DciI wbf©i K‡i| Mvwoi Uvqv‡i ivev‡ii Dci  wewfbœ bKkvq ùvZ ev LuvR 

wPÎ : 3.9 
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KvUv _v‡K [wPÎ 3.9]| G LuvR¸‡jv _vKvi d‡j Uvqv‡ii c„ô DuPz-wbPz nq| Uvqvi hLb bZzb _v‡K ZLb GB DuPz 
wbPz LvR¸‡jv mȳ úó _v‡K weavq iv¯Ív I Uvqv‡ii ga¨eZx© Nl©Y ej m‡ev©”P nq| Ab¨ w`‡K Uvqvi hLb cyi‡bv 
n‡q hvq ZLb Gi LvR¸‡jv wgwj‡q hvq Ges Uvqv‡ii c„ô mgZj n‡q c‡o| Gi d‡j iv¯Ív I Uvqv‡ii Nl©Y ej 
A‡bKUv K‡g hvq| Gi d‡j Kx Amyweav n‡Z cv‡i ej|

iv¯Ívi gm„YZv : 

e¯‘i MwZi Dci iv¯Ívi gm„YZvi cÖfve A‡bK †ewk| iv¯Ív gm„Y n‡j iv¯Ívq hvbevnb PjvPj mnRZi nq 
Ges ågY Avig`vqK nq| iv¯Ív hZ †ewk gm„Y n‡e evav`vbKvix Nl©Y e‡ji gvbI ZZ Kg n‡e| Mvwoi Uvqvi 
Ges iv¯Ívi ga¨eZx© Nl©Y e‡ji gvb Uvqv‡ii Ges GKB mv‡_ iv¯Ív gm„YZvi Dci wbf©i K‡i| Nl©Y e‡ji 
cwigvY A‡bK K‡g †M‡j bvbv ai‡bi mgm¨viI m„wó nq| ZvB iv¯Ív‡K Lye †ewk gm„Y KivI wVK bq| iv¯Ív 
†ewk gm„Y n‡j †eªK cÖ‡qvM Kiv m‡Ë¡¡I Mvwo‡K mywbw`©ó ¯’v‡b _vgv‡bv m¤¢e n‡q I‡V bv| Mvwoi MwZi Rb¨ 
Nl©Y Lye ¸i“Z¡c~Y©| iv¯Ív †ewk gm„Y n‡j cÖ‡qvRbxq cÖwZwµqv ej m„wó nq bv| iv¯Ív †ewk gm„Y n‡j Nl©Y e‡ji 
gvb AZ¨waK K‡g hvq, d‡j Mvwo mvg‡bi w`‡K AMÖmi nq bv| ZvB iv¯Ívi gm„YZv Ggb n‡e hv‡Z K‡i iv¯Ív 
cÖ‡qvRbxq Nl©Y e‡ji †hvMvb †`q| 

MwZ wbqš¿Y Ges †eªwKs ej 

hvbevnb PjvP‡ji mgq cÖ‡qvRb Abyhvqx hvbevn‡bi MwZ‡K e„w× ev n«vm Ki‡Z nq| A_v©r hvbevn‡bi MwZ‡K 
wbqš¿‡Yi cÖ‡qvRb c‡o|

†eªK n‡”Q Ggb GK e¨e¯’v hv Nl©‡Yi cwigvY e„w× K‡i Mvwoi MwZ Z_v PvKvi N~Y©b‡K cÖ‡qvRb Abyhvqx 
wbqš¿Y K‡i| Gi gva¨‡g hvbevnb‡K wbw ©̀ó ¯’v‡b _vgv‡bv m¤¢eci nq| hLb Mvwoi PvjK †eªK cÖ‡qvM 
K‡ib, ZLb Gm‡e÷‡mi ˆZwi my ev c¨vW PvKvq Aew¯’Z avZe PvKwZ‡K av°v †`q| c¨vW I PvKwZi ga¨eZx© 
Nl©Y PvKvi MwZ‡K Kwg‡q †`q| d‡j Mvwoi †eM n«vm cvq|

3.11 Nl©‡Yi n«vm e„w×
  Increasing and decreasing friction  

Nl©Y Avgv‡`i ˆ`bw›`b Rxe‡bi mv‡_ IZ‡cÖvZfv‡e Rwo‡q Av‡Q| cÖ‡qvR‡b Nl©Y‡K e„w× Kiv hvq, Avevi 
cÖ‡qvR‡b Nl©Y‡K n«vmI Kiv hvq| G Aby‡”Q‡` Nl©Y‡K Kxfv‡e n«vm I e„w× Kiv hvq Zv wb‡q Av‡jvPbv Kiv 
n‡jv|

Nl©‡Yi n«vm 
Zj‡K gm„Y Kiv

Nl©‡Yi d‡j GKwU e¯‘‡K GK ¯’vb †_‡K Ab¨ ¯’v‡b miv‡Z †ek Sv‡gjv †cvnv‡Z nq| ai Zzwg GKwU fvix 
ev·‡K †g‡Si Dci w`‡q miv‡Z PvI| hw` ¯úk©Z‡ji Nl©‡Yi cwigvY Lye †ewk nq Z‡e ev·wU‡K miv‡Z A‡bK 
†ewk cwikªg Ki‡Z n‡e| Zj‡K gm„Y Kivi gva¨‡g G Nl©Y‡K Kgv‡bv †h‡Z cv‡i|  



64 c`v_©weÁvb  

PvKvi e¨envi

evm, UªvKmn wewfbœ hš¿cvwZ‡Z PvKv jvMv‡bv _v‡K| PvKv n‡jv GKwU my‡KŠkj Avwe®‹vi| PvKvi e„ËvKvi 
AvKvi Nl©Y ej‡K b~̈ bZg chv©‡q bvwg‡q Av‡b| PvKv bv _vK‡j  G mKj hš¿cvwZ‡K Pvjv‡bv m¤¢e n‡Zv Kx? 
mÿ U‡K‡m PvKv jvMv‡bvi d‡j Nl©‡Yi gvb K‡g hvq Ges GwU Uvbv mnRZi nq| PvKv jvMv‡bvi d‡j AveZ© 
Nl©‡Yi gvb wcQjv‡bv Nl©‡Yi Zzjbvq A‡bK K‡g hvq|

wcw”QjKvix c`v‡_©i e¨envi

†Zj, gwej Ges MÖxR RvZxq c`v_©‡K ms‡¶‡c jyweª‡K›U ev wcw”QjKvix c`v_© e‡j| ỳwU Z‡ji ga¨eZx© ¯’v‡b 
hLb G ai‡bi jyweª‡K›U e¨envi Kiv nq ZLb Nl©‡Yi cwigvY A‡bKvs‡k K‡g hvq| †Kv‡bv BwÄ‡bi MwZkxj 
hš¿vs‡ki ga¨eZx© ¯’v‡b ZvB jyweª‡K›U e¨envi Kiv nq| GQvov evwo‡Z †mjvB †gwk‡b, Zvjvq ev Kâv‡Z 
Avgiv †Zj e¨envi Kwi|

ej-†eqvwis -Gi e¨envi

PvKv Avwe®‹v‡ii Abyiƒc Av‡iKwU ¸i“Z¡c~Y© Avwe®‹vi n‡jv ej-†eqvwis -Gi Avwe¯‹vi| ej-†eqvwis-Gi 
e¨env‡ii gva¨‡g wewfbœ Z‡ji ga¨eZx© Nl©Y‡K Av‡iv Kgv‡bv m¤¢eci n‡q‡Q| ej-†eqvwis n‡jv ¶z̀ ª, gm„Y 
avZe ej| G¸‡jv mvaviYZ B¯úv‡Zi ˆZwi| ej-†eqvwis †Kv‡bv h‡š¿i MwZkxj Ask¸‡jvi ga¨eZx© ¯’v‡b 
emv‡bv _v‡K| ej-†eqvwis¸‡jvi N~Y©‡bi d‡j h‡š¿i MwZkxj Ask¸‡jv ci¯ú‡ii m‡½ mivmwi Nl©Y m„wó 
Ki‡Z cv‡i bv| A_©vr Zj¸‡jv GKwU AciwUi Dci w`‡q wcQjv‡bvi cwie‡Z© Mwo‡q hvq Ges Nl©Y K‡g hvq| 
Mvwoi PvKvq, mvB‡K‡j Ges ˆe`y¨wZK cvLvq ej-†eqvwis †`L‡Z cvIqv hvq [wPÎ 3.9]|

wPÎ : 3.10  

Nl©‡Yi e„w×
Mvwo Pvjv‡bv   
iv¯Ívi Nl©Y bv _vK‡j Mvwoi Uvqvi GK¯’v‡b ïay NyicvK †LZ| e„wói w`‡b wcw”Qj A_ev K ©̀gv³ iv¯Ívq †Zvgiv nq‡Zv 
†`‡L‡Qv †Kgb K‡i UªvK ev evm GK¯’v‡b AvU‡K _v‡K| Gi KviY Kx? Gi KviY n‡jv Nl©‡Yi cwigvY A‡bK K‡g 
hvIqv| ZvB cÖ‡qvRb Abyhvqx Nl©Y‡K evov‡ZI nq| Mvwoi Uvqvi‡K Ggbfv‡e ˆZwi Kiv nq †hb GwU Pjvi mgq 
iv¯Ív‡K fv‡jvfv‡e AvK‡o a‡i iv‡L Ges cÖ‡qvRbxq Nl©Y ej m„wó K‡i| GRb¨ Uvqv‡ii Dc‡ii c„‡ô wewfbœ ai‡bi 
ùvZ ev LvR KvUv _v‡K| e„wói w`‡b e„wói cvwb ev Kv`v Uvqv‡ii Luv‡Ri  g‡a¨ Xy‡K c‡o Ges Uvqvi cvwb ev Kv`v‡K 

m‡Rv‡i †ei K‡i †`q| d‡j Uvqvi iv¯Ívi Zj‡K fv‡jvfv‡e AuvK‡o a‡i|  

A_©vr Zj‡K Agm„Y Kivi gva¨‡g Nl©Y‡K evov‡bv †h‡Z cv‡i|  
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RyZvi wbP LuvR KvUv 

nuvUvi Rb¨ Nl©Y LyeB cÖ‡qvRb| †Zvgiv †`L‡Z cv‡e RyZvi Zj‡`k †XD †Ljv‡bv ev LuvRKvUv _v‡K| RyZv cv‡q 
nvUvi mgq RyZvi LuvR¸‡jv iv¯Ív‡K AvK‡o a‡i iv‡L Ges cÖ‡qvRbxq Nl©Y e‡ji †hvMvb †`q| RyZv I iv¯Ívi 
ga¨eZx© Nl©Y e„w× Kivi Rb¨B RyZvi Zj‡`k Giƒc n‡q _v‡K| RyZv cyi‡bv n‡q †M‡j LuvR¸‡jv A‡bKvs‡k 
wgwj‡q hvq| hvi `i“b wcw”Qj ev †fRv iv¯Ívq RyZv cv‡q nvUv KóKi n‡q I‡V| j¶ Ki‡j †`L‡e Avgv‡`i 
cv‡qi ZjvI mgZj bq| 

cvnv‡o Av‡ivnY  

†h mKj e¨w³ cvnv‡o Av‡ivnY K‡ib Zv‡`i‡K wkjvLÊ ev cvnv‡oi Zj‡K fv‡jvfv‡e cv Ges nvZ Øviv AuvK‡o 
a‡i ivL‡Z nq| a‡i ivLvi Rb¨ Zviv PK cvDWvi e¨envi K‡ib| 

†L‡jvqvi‡`i ey‡Ui wb‡P ¯úvBK _v‡K hv‡Z †`Šov‡bvi mgq c‡i bv hvq| 

3.12  Nl©Y : GKwU cÖ‡qvRbxq Dc ª̀e  
 Friction: a necessary evil  

Nl©‡Yi A‡bK Amyweav _vKv m‡Ë¡I Nl©Y‡K GKwU cÖ‡qvRbxq Dc ª̀e wn‡m‡e MY¨ Kiv nq| Gi KviY Kx? †Kbbv 
Nl©Y Qvov Avgiv †Kv‡bv wKQzB Ki‡Z cvwibv| hw` Nl©Y bv _vKZ Zv n‡j e¯‘i †Kv‡bv MwZB Avi †kl n‡Zv 
bv, weivgnxbfv‡e Pj‡Z _vKZ| Nl©Y Av‡Q e‡jB †`qv‡j GKwU †c‡iK w¯’ifv‡e AvU‡K _v‡K| Nl©‡Yi 
Kvi‡YB cvKv `vjvb I evwo-Ni wbgv©Y Kiv m¤¢e n‡q‡Q| Nl©‡Yi d‡j KvM‡R †cbwmj ev Kjg w`‡q wjL‡Z 
cviwQ| Avgv‡`i RyZv Ges gvwUi g‡a¨ m„ó Nl©‡Yi Kvi‡Y Avgiv nuvUv-Pjv Ki‡Z cvwi| Nl©‡Yi Rb¨ Avgiv 
cÖ‡qvRb Abyhvqx Mvwoi MwZi w`K cwieZ©b Ki‡Z cvwi| evZv‡mi Nl©Y Av‡Q e‡jB c¨vivmyU e¨envi K‡i wegvb 
†_‡K wbivc‡` gvwU‡Z bvgv m¤¢e n‡q‡Q| GZme DcKvix w`K _vKv m‡Z¡I Nl©‡Yi Rb¨ Avgv‡`i Kg Sv‡gjv 
†cvnv‡Z nq bv| AwZwi³ Nl©‡Yi Kvi‡Y hvbevnb mn‡R Pj‡Z cv‡i bv| hš¿cvwZi MwZkxj Ask¸‡jvi g‡a¨ 
Nl©‡Yi d‡j Giv ¶qcÖvß nq Ges wQu‡o hvq| †h †Kv‡bv ai‡bi hvbevnb Zv Mvwo, †bŠKv ev D‡ovRvnvR †nvK 
bv †Kb, AwZwi³ Nl©Y‡K AwZµg Ki‡Z AwZwi³ R¡vjvwb LiP Ki‡Z nq| hvi `i“b Nl©‡Yi d‡j R¡vjvwbi 
kw³i AcPq nq|

Nl©‡Yi d‡j kw³i †h AcPq nq Zv cÖavbZ Zvckw³iƒ‡c Avwef~©Z nq| Nl©‡Yi d‡j ïay †h kw³ Zv‡c cwiYZ 
nq ZvB bq, Gi d‡j BwÄ‡bi hš¿vsk AZ¨waK DËß n‡q I‡V| hvi `i“b BwÄb bó n‡q †h‡Z cv‡i| 
Nl©‡Yi d‡j RyZvi †mvj ¶qcÖvß nq Ges wQu‡o hvq| ZvB Avgv‡`i KvRKg© I Rxeb hvcb mnR Kivi Rb¨ 
Nl©Y †hgb cÖ‡qvRb, †Zgwb AwZwi³ Nl©Y A‡bK ¶q¶wZiI KviY| ZvB cÖ‡qvRbxq Nl©Y m„wói Rb¨ Nl©Y‡K 
wbqš¿Y Ki‡Z nq| KL‡bv Avgiv Nl©Y‡K wewfbœ cÖwµqvi gva¨‡g Kgv‡Z PvB, Avevi KL‡bv G‡K evov‡Z 
PvB| A_©vr Nl©Y‡K †hgb cy‡ivcywi ev` †`Iqv hvq bv, †Zgwbfv‡e A‡bK †¶‡Î Nl©Y Avgv‡`i DcKv‡i Av‡m|  
GRb¨ Nl©Y‡K ejv nq GKwU cÖ‡qvRbxq Dc ª̀e| 
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cÖwZ‡e`b iPbv  
3.9 †_‡K 3.12 Aby‡”Q‡`i Av‡jv‡K Avgv‡`i Rxe‡b Nl©‡bi BwZevPK cÖfve m¤ú‡K© GKwU cÖwZ‡e`b cȪ ‘Z 
K‡i wk¶‡Ki Kv‡Q Dc¯’vcb Ki| 
wk¶K me‡P‡q fv‡jv cÖwZ‡e`b wbe©vPb K‡i †kªwY K‡¶ Dc¯’vcb Ki‡Z ej‡eb| 

AbymÜvb 3.1 : †Kv‡bv e¯‘i Ici cÖhy³ ej cwigvc 

D‡Ïk¨ : mnR cix¶‡Yi mvnv‡h¨ ej cwigvc Kiv| 

m~Î : Avgiv Rvwb, †Kv‡bv e¯‘i Dci F ej  wµqv Ki‡j Ges ej cÖ‡qv‡Mi d‡j m„ó Z¡iY a n‡j, F ma

GLv‡b m e¯‘i fi| AwfKl© e‡ji †¶‡Î e¯‘i Z¡iY a -†K g  Øviv cÖKvk Kiv hvq| A_©vr AwfKl© ej ev 
e¯‘i IRb, W mg | GLv‡b e‡ji D`vniY wn‡m‡e Avgiv e¯‘i IRb cwigvc Kie| 

hš¿cvwZ t w¯úªs wbw³, e¯‘| 
Kv‡Ri aviv : 

1. wbDUb GK‡K `vMvw¼Z GKwU w¯úªs wbw³ †`qv‡j Szwj‡q bvI| 
2. Gevi w¯úªs -Gi wb‡Pi û‡K e¯‘wU Szwj‡q `vI| 
3. w¯úªs wbw³i †¯‹j †_‡K e¯‘i IRb Z_v AwfKl© e‡ji cvV †iKW© Ki Ges Q‡K emvI| 
4. GKBfv‡e 3 bs cÖwµqv AbymiY K‡i K‡qKevi e¯‘i IRb wbY©q Ki Ges Q‡K ¯’vcb Ki| 
5. Gevi e¯‘i Ici cÖhy³ Mo ej ev IRb wbY©q Ki| 

µwgK
msL¨v

e¯‘i IRb
(wbDUb)

Mo IRb 
wbDUb

1.

2.

3.

4.

5.

GLb GB e¯‘i cwie‡Z© wewfbœ e¯‘ wb‡q K‡qKevi cix¶Y mgvß Ki Ges Zv‡`i IRb wbY©q Ki| 

Abykxjbx
(K) eûwbe©vPbx cÖkœ
mwVK DË‡ii cv‡k wUK  ( ) wPý `vI|  
1|  e ‘̄ †h Ae ’̄vq Av‡Q wPiKvj †m Ae ’̄vq  _vK‡Z PvIqvi †h cÖeYZv ev ag© Zv‡K Kx e‡j?
     (K) ej  (L) Z¡iY    
 (M) RoZv  (N) †eM  
2|  e‡ji gvÎv †Kv‡bvwU?  
  (K) MLT

-2 (L) MLT
-1    

 (M) ML
-2

T
-2 (N) M-1

LT
-2 
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3|  †Kvb ejwU †ewk kw³kvjx? 
     (K) gnvKl© ej  (L) ỳe©j wbDK¬xq ej  
 (M) ZvwoZ‡PŠ¤^Kxq ej  (N) mej wbDK¬xq ej 
4| fi‡e‡Mi GKK †Kv‡bvwU? 
 (K) kg m (L) kg ms

 -1    
 (M) kg m

 2
s

-1 (N) kg ms
 -2 

5| 5 kg f‡ii GKwU e ‘̄i Ici 50 N ej cÖ‡qvM Kiv n‡j, Gi Z¡iY n‡e-  
(K) 12 ms

-2 (L) 8 ms
-2   

 (M) 13 ms
-2 (N) 10 ms

-2 

6| 10 kg f‡ii †Kv‡bv e ‘̄ 10 ms
-1 †e‡M MwZkxj n‡j Gi fi‡eM n‡e-

 (K) 10 kg ms
-1 (L) 120 kg ms

-1

(M) 100 kg ms
-1 (N) 1 kg ms

-1

(L) m„Rbkxj cÖkœ 
1|  dviyK 4kg f‡ii GKwU ev· GKwU †g‡Si Dci w`‡q mge‡j †U‡b wbj| ev· I †g‡Si ga¨Kvi Nl©Y 

e‡ji gvb nj 1.5N| ev·wU‡K †U‡b †bIqvq Gi Z¡iY nj 0.8 ms
-2| Gici ev·wU‡K Nl©Ywenxb 

†g‡S‡Z GKB ej cÖ‡qvM K‡i Uvbv n‡jv| 
     K) mvg¨ ej Kv‡K e‡j? 
     L) Nl©Y ej †Kb Drcbœ nq? 
     M) cÖ_g †¶‡Î ev·wUi Dci cÖhy³ e‡ji gvb wbY©q Ki| 
     N)  Nl©bhy³ I Nl©Ywenxb †g‡S‡Z Z¡i‡Yi Kxiƒc cwieZ©b n‡e? MvwYwZKfv‡e e¨vL¨v Ki|

(M) mvaviY cÖkœ 

1| RoZv Kv‡K e‡j? RoZv Kq cÖKvi?

2| ej Kv‡K e‡j?  

3| †Kv‡bv w¯’i e¯‘i RoZv Kx Øviv cwigvc Kiv nq? 

4| †gŠwjK ej KZ cÖKvi I Kx Kx? G‡`i ZxeªZvi Zzjbv Ki| 

5| mvg¨ ej I Amvg¨ ej ej‡Z Kx eyS ? 

6| †Kv‡bv e¯‘i fi‡eM Kv‡K e‡j?  

7| †`LvI †h, ej = fi Z¡iY| 

8| fi‡e‡Mi msi¶Y bxwZ ej‡Z Kx eyS? 

9| Nl©Y Kv‡K e‡j? wewfbœ cÖKvi Nl©‡Yi bvg wjL| 

10| Nl©Y GKwU cÖ‡qvRbxq Dc ª̀e- Gi mc‡¶ hyw³ `vI| 
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PZz_©  Aa¨vq

KvR, ¶gZv I kw³ 
WORK, POWER AND ENERGY 

[Avgv‡`i cÖvZ¨wnK Rxe‡b †Kv‡bv wKQz Kiv‡K KvR ejv n‡jI c`v_©weÁv‡b KvR Øviv GKwU mywbw`©ó aviYv‡K eySvq| GB 
Aa¨v‡qi ïi“‡Z Avgiv †mB aviYv‡K Dc¯’vwcZ Kie| weÁv‡bi me‡P‡q ¸i“Z¡c~Y© welq n‡”Q kw³| Avgiv Avgv‡`i 
AwfÁZv †_‡K †`wL kw³ Qvov RMr APj| wewfbœiƒ‡c Avgiv kw³ cvB| MwZkxj e¯‘i Rb¨ MwZkw³, f~c„‡ôi LvwbK 
Dc‡i e¯‘i Ae¯’v‡bi Rb¨ wefe kw³, GKwU ms‡KvwPZ ev cÖmvwiZ w¯úªs Gi kw³, Mig e¯‘i Zvc kw³, AvwnZ e¯‘i 
Zwor kw³ BZ¨vw`| kw³ µgvMZ GK iƒc †_‡K Ab¨ iƒ‡c iƒcvš—wiZ n‡”Q, hw`I gnvwe‡k¦i †gvU kw³i cwigvY 
AcwieZ©bxq Ges mywbw`©ó| GB Aa¨v‡q Avgiv kw³i iƒcvš—‡ii NUbv Ges weÁv‡bi ¸i“Z¡c~Y© bxwZ¸‡jvi GKwU kw³i 
msi¶YkxjZvi bxwZ wb‡q Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv- 
1. KvR I kw³i m¤úK© e¨vL¨v Ki‡Z cvie|

2. KvR, ej I mi‡Yi g‡a¨ m¤úK© ¯’vcb Ki‡Z cvie|

3. MwZkw³ I wefe kw³ e¨vL¨v Ki‡Z cvie Ges wnmve Ki‡Z cvie|

4. Dr‡m kw³i iƒcvš—i e¨vL¨v Ki‡Z cvie| 

5. A_©‰bwZK, mvgvwRK I cwi‡ekMZ cÖfve we‡ePbvq kw³i cÖavb Drmmg~‡ni Ae`vb we‡klY Ki‡Z 
cvie|

6. kw³i iƒcvš—i Ges kw³i wbZ¨Zvi g‡a¨ m¤úK© e¨vL¨v Ki‡Z cvie| 

7. kw³i iƒcvš—i I Gi e¨envi cwi‡e‡ki fvimvg¨ e¨vnZ K‡i e¨vL¨v Ki‡Z cvie| 

8. Dbœqb Kvh©µ‡g kw³i Kvh©Ki e¨envi e¨vL¨v  Ki‡Z cvie|

9. kw³i Kvh©Ki I wbivc` e¨env‡i m‡PZb n‡ev|

10. fi kw³i m¤úK© e¨vL¨v Ki‡Z cvie| 

11. kw³ ¯’vbvš—i Ges ¶gZvi g‡a¨ m¤úK© ¯’vcb Ki‡Z cvie| 

12. Kg©̀ ¶Zv cwigvc Ki‡Z cvie| 
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4.1  KvR 
Work

ˆ`bw›`b Rxe‡b †Kv‡bv wKQz Kiv‡K KvR ej‡jI weÁv‡b wKš‘ †Kv‡bv wKQz Kiv n‡jB KvR nq bv| weÁv‡b 
KvR GKwU we‡kl A_© enb K‡i| GKRb `v‡ivqvb mviv¶Y e‡m e‡m GKwU evmv cvnviv w`‡jb| wZwb ej‡eb 
wZwb Zvi KvR K‡i‡Qb| †Kv‡bv †mªv‡Zi b`x ev Lv‡j GKwU †bŠKv †f‡m hvw”Qj, Kwig mv‡ne †mUv‡K †U‡b 
a‡i ivL‡Qb| wZwb ej‡eb wZwb KvR K‡i †bŠKvwU‡K †VwK‡q †i‡L‡Qb bZzev †mwU †mªv‡Zi Uv‡b †Kv_vq †f‡m 
†hZ| ˆ`bw›`b Rxe‡b G¸‡jv‡K Kv‡Ri ¯^xK…wZ w`‡jI weÁv‡bi „̀wó‡Z wKš‘ G¸‡jv KvR nqwb| eis 
`v‡ivqvb e‡m e‡m cvnviv bv w`‡q hw` †nu‡U †nu‡U cvnviv w`‡Zb wKsev †bŠKvwU hw` †mªv‡Zi Uv‡b †f‡m †hZ 
Zvn‡j wKQz KvR n‡Zv| weÁv‡b Kv‡Ri A_© ˆ`bw›`b Rxe‡b Kv‡Ri A‡_©i †P‡q wfbœZi| Avm‡j weÁv‡b KvR 
n‡Z †M‡j ej I Zvi mv‡_ miY mswkó _vK‡Z nq| †Kv‡bv e¯‘i Dci †Kv‡bv ej wµqv K‡i hw` e¯‘wUi wKQz 
miY NUvq Zvn‡j †Kej KvR nq| Avgiv Avgv‡`i ˆ`bw›`b Rxe‡b Avgv‡`i Pvicv‡k Kv‡Ri A‡bK D`vniY 
†`L‡Z cvB| ej` gv‡V jvOj Uvb‡Q, GKRb kÖwgK †Vjv Mvwo †Vj‡Qb, µxov cÖwZ‡hvwMZvq †KD †jŠn †MvjK 
wb‡¶c Ki‡Q BZ¨vw`| 

    wb‡Pi D`vniY¸‡jv we‡ePbv Kiv hvK : 

   (K) iZb GK c¨v‡KU eB nvZ w`‡q a‡i ùvwo‡q Av‡Q| 

   (L) wgZv c`v_©weÁvb eBLvbv‡K †V‡j †Uwe‡ji Dci w`‡q GK cÖvš— †_‡K Ab¨ cÖv‡š— wb‡q h‡”Q| 

   (M) bxi“ GKwU fvix e¨vM‡K wmuwo w`‡q Dc‡i DVv‡”Q| 

   (N) wiwg †Rv‡i †`qvj‡K †Vj‡Q| 

†h‡nZz GKwU ej Øviv †Kv‡bv e¯‘ MwZkxj n‡jB †Kej KvR nq, myZivs DwjwLZ D`vniY¸‡jv‡Z (L) Ges 
(M)-Gi †¶‡Î KvR n‡q‡Q; wKš‘ (K) Ges (N) Gi †¶‡Î †Kv‡bv KvR nqwb| Avgiv †Kv‡bv e¯‘‡K Dc‡i 
DVv‡Z ev wb‡P bvgv‡Z ev GK ¯’vb †_‡K Ab¨ ¯’v‡b wb‡Z ej cÖ‡qvM Ki‡Z cvwi| Avgiv ej cÖ‡qvM K‡i 
†Kv‡bv e¯‘i AvKvi cwieZ©b Ki‡Z cvwi| G mKj †¶‡Î KvR nq| 

hw` GKRb wbg©vY kÖwgK `kLvbv BU wb‡q †Kv‡bv fe‡bi †`vZjvq D‡Vb, Z‡e wZwb GKLvbv BU wb‡q H 
†`vZjvq DV‡j †h KvR Ki‡Zb Zvi †P‡q †ewk KvR Ki‡eb, †Kbbv Zv‡K †ewk ej cÖ‡qvM Ki‡Z nq| Zv‡K 
Av‡iv †ewk KvR Ki‡Z n‡e hw` wZwb H `kLvbv BUB wZbZjvq DVvb| myZivs Kv‡Ri cwigvY wbf©i K‡i cÖhy³ 
e‡ji Dci Ges ~̀i‡Z¡i Dci| †Kv‡bv e¯‘i Dci cÖhy³ ej Ges e‡ji w`‡K e¯‘i AwZµvš— ~̀i‡Z¡i ¸Ydj 
Øviv KvR cwigvc Kiv nq| myZivs, 

    KvR = ej  e‡ji w`‡K AwZµvš— ~̀iZ¡

†Kv‡bv e¯‘i Dci F ej cÖ‡qv‡M hw` e¯‘wU e‡ji w`‡K s `~iZ¡  
AwZµg K‡i (wPÎ 4.1) Z‡e K…Z KvR W n‡e,  

W Fs (4.1)

Kv‡Ri †Kv‡bv w`K †bB| KvR GKwU †¯‹jvi ivwk| 

Kv‡Ri gvÎv : Kv‡Ri gvÎv n‡e ej  mi‡Yi gvÎv  

KvR = ej  miY = fi  Z¡iY  miY   

wPÎ : 4.1
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Avgiv Rvwb, 
W = Fs 

    =   686 N  200 m 

   = 1.372  10 
5
 J

DËi : 1.372  10 
5
 J

2

2

2

2
2 2

2

ML
[W] ML T

T

miY
fi miY

mgq
miY

fi
mgq

Kv‡Ri GKK : e‡ji GKK‡K `~i‡Z¡i GKK w`‡q ¸Y Ki‡j Kv‡Ri GKK cvIqv hvq| †h‡nZz e‡ji GKK 
wbDUb (N) Ges ~̀i‡Z¡i GKK n‡jv wgUvi (m), myZivs Kv‡Ri GKK n‡e wbDUb-wgUvi (N m)| G‡K Ryj 
ejv nq| Ryj‡K J w`‡q cÖKvk Kiv nq| †Kv‡bv e¯‘i Dci GK wbDUb ej cÖ‡qv‡Mi d‡j hw` e¯‘wUi e‡ji 
w`‡K GK wgUvi miY nq Z‡e m¤úbœ Kv‡Ri cwigvY‡K GK Ryj e‡j| 

1 J = 1 N m

hw` ej cÖ‡qv‡Mi d‡j e¯‘ e‡ji w`‡K m‡i hvq Zvn‡j †mB KvR‡K e‡ji Øviv KvR e‡j| 

GKwU Wv÷vi †Uwe‡ji Dci †_‡K †g‡S‡Z †d‡j w`‡j Wv÷viwU AwfKl© e‡ji cÖfv‡e wb‡Pi w`‡K co‡e| 
G‡¶‡Î AwfKl© Øviv KvR n‡q‡Q| 

 hw` ej cÖ‡qv‡Mi d‡j e¯‘ e‡ji wecixZ w`‡K m‡i hvq Zvn‡j †mB KvR‡K e‡ji wei“‡× KvR e‡j| 

GKwU Wv÷vi hw` †g‡S †_‡K †Uwe‡ji Dci DVv‡bv nq Zvn‡j AwfKl© e‡ji wei“‡× KvR n‡e| †Kbbv, G 
†¶‡Î AwfKl© ej †h w`‡K wµqv K‡i miY Zvi wecixZ w`‡K nq| 

MvwYwZK D`vniY 4.1 : 70 kg f‡ii GK e¨w³ 200 m  DuPz cvnv‡o Av‡ivnY Ki‡j wZwb KZ KvR Ki‡eb? 

4.2  kw³  
 Energy

kw³ Qvov †Kv‡bv wKQz Pj‡Z ev KvR Ki‡Z cv‡i bv| Avgv‡`i †eu‡P _vKvi Rb¨ kw³i cÖ‡qvRb nq|  cÖwZw`b 
Avgiv †h KvR Kwi Zv wbf©i K‡i Avgv‡`i KZUzKz kw³ Av‡Q Zvi Dci| Avgiv †h Lvevi LvB Zv †_‡K G kw³ 
cvB| Dw™¢‡`i e„w×i Rb¨ kw³ jv‡M| †Kv‡bv h‡š¿i KvR Kivi Rb¨ kw³i cÖ‡qvRb nq| †Kv‡bv †Kv‡bv hš¿ 
we ỳ̈ r e¨envi K‡i Avevi †Kv‡bvUv R¡vjvwb cywo‡q kw³ cvq| R¡vjvwbi g‡a¨ kw³ mwÂZ _v‡K| 

kw³ ej‡Z Avgiv Kx eywS? kw³ ej‡Z †Kv‡bv e¯‘i KvR Kivi mvg_©̈ ‡K ey‡S _vwK| †h e¯‘ KvR Ki‡Z mg_© 
Zvi g‡a¨B kw³ _v‡K, †h e¯‘ KvR Ki‡Z mg_© bv Zvi g‡a¨ †Kv‡bv kw³ _v‡K bv| 

Avgiv hLb ewj †Kv‡bv e¯‘i g‡a¨ kw³ wbwnZ Av‡Q, ZLb Avgiv eywS e¯‘wU Ab¨ wKQzi Dci ej cÖ‡qvM 
Ki‡Z cv‡i Ges Zvi Dci KvR m¤úv`b Ki‡Z cv‡i| Avevi Avgiv hLb †Kv‡bv e¯‘i Dci KvR K‡i _vwK, 
ZLb Avgiv Zvi Dci Kv‡Ri mgcwigvY kw³ †hvM K‡i _vwK|  

GLv‡b,
e¨w³i fi, m = 70 kg 

ej, F = e¨w³i IRb = mg

       = 70 kg  9.8 m s 
-2  

         
  = 686 N 

miY, s = 200 m 

KvR, W = ? 
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†Kv‡bv e¯‘i KvR Kivi mvg_©̈ B n‡”Q kw³| KvR Kiv gv‡b kw³‡K GK Ae¯’v †_‡K Ab¨ Ae¯’vq iƒcvš—wiZ
Kiv| Gi A_©  n‡”Q e¯‘wU me©‡gvU †h cwigvY KvR Ki‡Z cv‡i ZvB n‡”Q kw³| †h‡nZz †Kv‡bv e¯‘i kw³i 
cwigvc Kiv nq Zvi Øviv m¤úbœ Kv‡Ri cwigvY †_‡K, myZivs kw³ I Kv‡Ri cwigvY Awfbœ|  

AZGe, K…Z KvR = e¨wqZ kw³

   kw³i †Kv‡bv w`K †bB| Kv‡RB kw³ †¯‹jvi ivwk| 

   kw³i GKK I Kv‡Ri GKK GKB  Ges Zv n‡jv  Ryj (J)|

kw³i wewfbœ iƒc : wewfbœ cÖKvi KvR Kivi Rb¨ Avgv‡`i wewfbœ ai‡bi kw³i cÖ‡qvRb nq| †hgb cvwb Mig 
Ki‡Z n‡j Zvc kw³i cÖ‡qvRb nq| GKwU ˆe ỳ̈ wZK evj¦ †_‡K Avgiv Av‡jv kw³ cvB| Avgiv †h msMxZ ïwb 
Zvi g‡a¨ kã kw³ wbwnZ Av‡Q| †Kv‡bv e¯‘‡K Avgv‡`i miv‡Z ev Dc‡i DVv‡Z †cwk kw³i cÖ‡qvRb nq| 
†Kv‡bv ˆe ỳ̈ wZK hš¿‡K Pvjv‡Z n‡j we ỳ̈ r kw³i cÖ‡qvRb nq| Zwor †Kv‡l ivmvqwbK wewµqvi gva¨‡g Avgiv 
ivmvqwbK kw³ cvB| GK UzKiv KvMR evqy  kw³i Kvi‡Y D‡o hvq| hLb cigvYymg~n †Rvov jv‡M ev fv‡O ZLb 
wbDK¬xq kw³ wbM©Z nq| 

kw³ Av‡Q e‡jB RMr MwZkxj| kw³ bv _vK‡j RMr APj n‡q co‡e| Av‡jv kw³ Av‡Q e‡jB Avgiv †`L‡Z 
cvB, kã kw³ Av‡Q e‡jB Avgiv ïb‡Z cvB| hvwš¿K kw³i e‡`Šj‡Z Avgiv Pjv‡div Ki‡Z cvwi| we`y¨r 
kw³i mvnv‡h¨ cvLv Nyi‡Q, KjKviLvbv Pj‡Q| G gnvwe‡k¦ kw³ bvbviƒ‡c weivR Ki‡Q| †gvUvgywUfv‡e Avgiv 
kw³i wb‡gœv³ iƒc¸‡jv ch©‡e¶Y Kwi| h_vÑ hvwš¿K kw³, Zvc kw³, kã kw³, Av‡jvK kw³, †PŠ¤^K kw³, 
we ỳ̈ r kw³, ivmvqwbK kw³, wbDK¬xq kw³  Ges  †mŠi kw³|

kw³i me‡P‡q mvaviY iƒc n‡”Q hvwš¿K kw³| †Kv‡bv e¯‘i Ae¯’vb ev MwZi Kvi‡Y Zvi g‡a¨ †h kw³ wbwnZ 
_v‡K Zv‡K hvwš¿K kw³ e‡j| GB Aby‡”Q‡` Avgiv hvwš¿K kw³i ỳwU fvMÑ MwZi Kvi‡Y †h kw³ MwZkw³  
Ges Ae¯’v‡bi Kvi‡Y †h kw³ wefe kw³ Zv wb‡q Av‡jvPbv Kie| 

MwZkw³ : Avgiv wµ‡KU †Ljvq †`L‡Z cvB A‡bK mgq wµ‡KU ej ÷v¤ú‡K AvNvZ K‡i Zv‡K Dwo‡q wb‡q 
hvq| †Kv‡bv Kv‡Pi Rvbvjvq k³ wKQz AvNvZ Ki‡j KvP †f‡O hvq| wXj Qzu‡o Avg ev eiB cvov hvq| G 
D`vniY¸‡jv †_‡K †`Lv hvq †h, MwZkxj e¯‘i g‡a¨ kw³ _v‡K| †Kv‡bv MwZkxj e¯‘ Zvi MwZi Rb¨ KvR 
Kivi †h mvg_©̈  jvf K‡i Zv‡K MwZkw³ e‡j|  

e¯‘wU RvqMv †_‡K m‡i †Mj †Kb? †UvKvi d‡j KjgwU MwZkxj n‡jv| G‡Z Zvi g‡a¨ KvR Kivi mvg_©̈  Z_v 
MwZkw³ Rb¥vj| †m Rb¨ e¯‘‡K miv‡Z cvij| 

†Kv‡bv w¯’i e¯‘‡Z †e‡Mi mÂvi Kiv Avi MwZkxj e¯‘i †eM e„w× Kivi A_© n‡”Q e¯‘wU‡Z Z¡iY m„wó Kiv| 
Avi G Rb¨ ej cÖ‡qvM Ki‡Z n‡e| d‡j e¯‘i Dci KvR Kiv n‡e| G‡Z e¯‘wU KvR Kivi mvg_©̈  jvf Ki‡e 
Ges G KvR e¯‘‡Z MwZkw³ wn‡m‡e Rgv _vK‡e| †m Kvi‡Y mKj mPj e¯‘B MwZkw³i AwaKvix| e¯‘ 
w¯’wZ‡Z Avmvi c~‡e© G cwigvY KvR m¤úbœ Ki‡Z cvi‡e| 

aiv hvK, m  f‡ii GKwU w¯’i e¯‘i Dci F ej cÖ‡qvM Kivq e¯‘wU v †eM cÖvß n‡jv| aiv hvK, G mgq 
e¯‘wU e‡ji w`‡K s ~̀iZ¡ AwZµg K‡i| e¯‘wU‡K GB †eM w`‡Z K…Z KvRB e¯‘i MwZkw³| 

wb‡R Ki : †Zvgvi mvg‡bi †Uwe‡ji ev †W‡¯‹i Dci GKwU Kjg ivL| Kj‡gi mvg‡b GKwU 
nvjKv e¯‘ ivL| KjgwU‡K H e¯‘i w`‡K nvZ w`‡q †UvKv `vI| 
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wPÎ 4.2 
 MwZkw³ = K…Z KvR 

               = ej  miY 

               = F   s

ev, [ ]kE mas F ma

wKš‘, 2 2 2v u as

ev,
2

2

v
as    [  Avw` †eM u = 0  ] 

21
2

(4.2)kE mv

MwZkw³ = 1
2

fi  (†eM) 2

MwZkw³ e¯‘i f‡ii Dci wbf©i K‡i| e¯‘i fi hZ †ewk nq Zvi MwZkw³I ZZ †ewk nq| GKB †e‡M 
†Zvgvi w`‡K GKwU nvjKv †Uwbm ej Avi GKwU fvix wµ‡KU ej wb‡¶c Kiv n‡j wµ‡KU ej KZ©„K AvNvZ †ewk 
n‡e|

MwZkw³ †e‡Mi DciI wbf©i K‡i| e¯‘i †eM †ewk n‡j Zvi MwZkw³I †ewk n‡e| GKwU UªvK Kg †e‡M †Kv‡bv 
†`qvj‡K AvNvZ Ki‡j †h ¶wZ n‡e Zvi †P‡q †ewk ¶wZ n‡e H UªvKwU hw` †ewk †e‡M H †`Iqvj‡K AvNvZ 
K‡i| 

MvwYwZK D`vniY 4.2 : 70 kg f‡ii GKRb †`Šowe‡`i MwZkw³ 1715 J  n‡j Zvi †eM KZ?  

Avgiv Rvwb 

,

21
2

2

-1

2

2

2 1715 J

70 kg

7 m s

k

k

k

E mv

E
v

m

E
v

m

ev,

       DËi : 7 ms
-1  

GLv‡b,
fi, m =  70 kg 

MwZ kw³, Ek = 1715 J 

†eM, v = ? 
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cix¶Y : GKwU w¯úªs wb‡q Gi GK cÖvšÍ GKwU „̀p Aej¤^‡bi mv‡_ AvUKvI Ges Aci cÖv‡šÍ GKwU 
eK mshy³ Ki| G¸‡jv‡K GKwU gm„Y Z‡ji Dci ¯’vcb Ki| GLb eKwU‡Z ej cÖ‡qvM K‡i w¯úªswU‡K 
msKzwPZ Ki Ges eKwUi mvg‡b Ab¨ GKwU e¯‘ ivL (wPÎ : 4.4)| GLb nvZ †Q‡o `vI |  

wPÎ : 4.5 

wefe kw³ : Qv‡`i Dci †_‡K GK LÊ cv_i ev BU †Kv‡bv e¯‘i Dci co‡j Zv‡K P¨vÞv K‡i †dj‡Z cv‡i ev 
†f‡O †dj‡Z cv‡i| cv_i ev BU hLb Qv‡`i Dci w¯’i wQj ZLb Zvi g‡a¨ kw³ Rgv wQj| cv_iwU hLb wb‡P 
c‡o ZLb H kw³ KvR K‡i| cv_iwUi g‡a¨ kw³ wbwnZ wQj †Kbbv GwU f~c„ô †_‡K Dc‡i wQj| 

 GKwU w¯úªs‡K Uvb Uvb K‡i Gi ỳB gv_v ỳwU e¯‘i mv‡_ AvU‡K †Q‡o w`‡j Kx n‡e? e¯‘Øq Qz‡U G‡m 
ci¯ú‡ii mv‡_ av°v Lv‡e| Uvb Uvb w¯úªs hw`I w¯’i Ae¯’vq wQj Z_vwc Zvi g‡a¨ kw³ mwÂZ wQj| w¯úªswU 
†Q‡o w`‡j GwU KvR Ki‡Z cv‡i| Uvb Uvb w¯úªs -G kw³ wbwnZ wQj †Kbbv GwU weK…Z Ae¯’vq wQj|  

¯^vfvweK Ae¯’vb †_‡K cwieZ©b K‡i †Kv‡bv e¯‘‡K Ab¨ Ae¯’v‡b ev ¯^vfvweK Ae¯’v cwieZ©b K‡i Ab¨ 
†Kv‡bv Ae¯’vq Avb‡j e¯‘ KvR Kivi †h mvg_©̈  AR©b K‡i Zv‡K wefe kw³ e‡j| 

Kx †`L‡Z †c‡j? A e¯‘ wb‡P bvg‡Q Avi B e¯‘ Dc‡i DV‡Q| A e¯‘wU Zvi ¯^vfvweK Ae¯’vb f~c„ô †_‡K 
Dc‡i _vKvi Kvi‡Y Zvi †fZi KvR Kivi mvg_©¨ Z_v wefe kw³ mwÂZ wQj| GwU f~c„ô ch©š— wd‡i Avm‡Z 
KvR Ki‡Z cv‡i| A_©vr B e¯‘‡K Dc‡i DVv‡Z cv‡i|

e¯‘wU wQU‡K `~‡i m‡i †Mj †Kb? w¯úªswU Zvi Av‡Mi wkw_j Ae¯’v‡b wd‡i 
Avmvi mgq KvR Ki‡Z cvij Ñ Ab¨ e¯‘‡K miv‡Z cvij| w¯úªswU GB †h Zvi 
¯^vfvweK Ae¯’v cwieZ©‡bi Rb¨ KvR Kivi mvg_©̈  jvf Kij †mwU Zvi wefe 
kw³| ¯^vfvweK Ae¯’vb ev Ae¯’v †_‡K cwieZ©b K‡i †Kv‡bv e¯‘‡K Ab¨ 
†Kv‡bv Ae¯’vb ev Ae¯’vq Avb‡Z hw` †Kv‡bv e‡ji wei“‡× †Kv‡bv KvR Kiv 
nq ZLb e¯‘wU H cwigvY KvR Kivi mvg_©¨ jvf K‡i A_©vr kw³ mÂq K‡i| 
GB K_vwU Lv‡U msi¶Ykxj ej h_v gnvKl© ej, Zwor ej, †PŠ¤^K ej, w¯úªs 
ej BZ¨vw`i cÖfve ej‡qi g‡a¨| GB cÖfve ejq‡K H e‡ji ej‡¶Î ejv 
nq| †hgb gnvKl© †¶Î, Zwor †¶Î BZ¨vw`| Avgiv hLb f~c„ô †_‡K †Kv‡bv 

e¯‘‡K Dc‡i Zzwj ZLb AwfKl© e‡ji wei“‡× KvR Kwi| d‡j H e¯‘ wKQz 
wefe kw³ jvf K‡i| e¯‘wU hw` f~c„‡ô c‡o ZLb H cwigvY KvR Ki‡Z 
cv‡i|

m f‡ii †Kv‡bv e¯‘‡K f~c„ô †_‡K h  D”PZvq (wPÎ : 4.5) DVv‡Z K…Z 
KvRB n‡”Q e¯‘‡Z mwÂZ wefe kw³i cwigvc| Avi G †¶‡Î K…Z KvR n‡”Q 
e¯‘i Dci cÖhy³ AwfKl© ej Z_v e¯‘i IRb Ges D”PZvi ¸Yd‡ji mgvb| 

m¤úªmvwiZ Kg©KvÊ : GKwU cywj wb‡q Zvi Dci GKwU 
`wo cwi‡q `vI| `woi GK cÖv‡šÍ GKwU fvix e¯‘ A

Ges  Aci cÖv‡šÍ nvjKv e¯‘ B euva †hb A e¯‘ f~c„ô 
†_‡K Dc‡i Ges B e¯‘ f~c„‡ô _v‡K (wPÎ : 4.3)| nvZ 
†Q‡o `vI| 

wPÎ : 4.3 

wPÎ : 4.4 
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 wefe kw³ = e¯‘i IRb  D”PZv 

                   = mgh

Ep = mgh                              (4.3)

A_©vr wefe kw³ = e¯‘i fi  AwfKl©R Z¡iY  D”PZv 

wefe kw³ f~c„ô †_‡K e¯‘i D”PZvi Dci wbf©i K‡i| D”PZv hZ †ewk n‡e, wefe kw³I ZZ †ewk n‡e| 
wefe kw³ e¯‘i f‡ii DciI wbf©i K‡i| fi hZ †ewk n‡e wefe kw³I ZZ †ewk n‡e| 

†Kv‡bv e¯‘i g‡a¨ wefe kw³ _vK‡j Ges Zv‡K e¨envi Ki‡Z n‡j GwU‡K Av‡M Ab¨ kw³‡Z iƒcvš—i K‡i 
wb‡Z n‡e| †hgb Qv‡`i Dci _vKv cv_i LÊwU ZZ¶Y wec¾bK bq hZ¶Y bv Gi wefe kw³ MwZkw³‡Z 
iƒcvš—wiZ nq A_©vr GwU Qv` †_‡K cov ïi“ K‡i| 

MvwYwZK D`vniY 4.3 : GKwU e¯‘i fi 6 kg| G‡K f~c„ô †_‡K 20 m  D”PZvq Zzj‡j wefe kw³ KZ n‡e? 
g = 9.8 ms 

- 2

Avgiv Rvwb, 

Ep = mgh 

     = 6 kg   9.8 m s 
– 2

 20 m 

    = 1176 J 

DËi : 1176 J

4.3  kw³i cÖavb Drm 
 Prime sources of energy

hš¿wbf©i eZ©gvb mf¨Zv kw³ Qvov GK gyn~Z©I Pj‡Z cv‡i bv| kw³i wewbg‡q KvR cvIqv hvq| mKj Rx‡ei 
†eu‡P _vKvi  Rb¨ kw³i wbiew”Qbœ †hvMvb _vK‡Z n‡e| Rxeb hvÎvi gv‡bvbœq‡bi  mv‡_ gvby‡li kw³i Pvwn`v 
w`b w`b †e‡oB P‡j‡Q| evowZ kw³i cÖ‡qvR‡b gvbyl‡K wbZ¨bZzb kw³i Dr‡mi mÜvb Ki‡Z n‡”Q| m„wó‡K 
wUwK‡q ivLvi Rb¨ kw³i †hvMvb Ae¨vnZ ivL‡Z n‡j kw³i Drm m¤ú‡K© Avgv‡`i cwi®‹vi aviYv _vKv 
cÖ‡qvRb| Avgiv Rvwb m~h©B cÖvq mKj kw³i Drm| G QvovI cigvYyi Af¨š—‡i wbDK¬xqv‡mi  wbDK¬xq kw³ I 
c„w_exi Af¨š—‡i Aew¯’Z MwjZ DËß c`v_© †_‡K cÖvß kw³I kw³i Drm wn‡m‡e we‡ewPZ n‡”Q| c„w_ex‡Z 
hZ kw³ Av‡Q Zvi cÖvq meUvB †Kv‡bv bv †Kv‡bvfv‡e m~h© †_‡K Avmv ev m~h© wKiY e¨eüZ n‡qB ˆZwi n‡q‡Q|

ivmvqwbK/R¡vjvwb kw³ : 

Avw`gKv‡j gvbyl mKj Kv‡R cy‡ivcywi wbf©i KiZ Zvi †cwk kw³i Dci| Gici gvbyl cï‡K e‡k Avbj Ges 
cï kw³‡K wewfbœ Kv‡R e¨envi Ki‡Z jvMj| cï kw³i mvnv‡h¨ K…wlKvR, wRwbmcÎ enb BZ¨vw` KvR gvbyl 
KiZ| KvV I Mv‡Qi cvZv cywo‡q Zvc kw³ m„wó, Rj‡mªvZ I evqycÖevn †_‡K hš¿kw³ Drcbœ Kiv wQj mf¨Zvi 
cÖv_wgK ¯Íi| hš¿kw³ e¨env‡ii d‡j gvby‡li A_©‰bwZK DbœwZ ïi“ n‡jv| wkí wece I ev®úxq BwÄ‡bi 
Avwe®‹vi gvby‡li I cï‡`i †cwk kw³i Dci wbf©iZv Kwg‡q w`j| ev®ú kw³i mvnv‡h¨ gvbyl wewfbœ hvš¿cvwZ 
Pvjv‡Z _vKj| G ev®ú kw³  Drcbœ Kivi Rb¨ R¡vjvwb cÖ‡qvRb| wewfbœ cÖKvi R¡vjvwb‡KB ZvB Avgiv kw³i 
Drm wn‡m‡e we‡ePbv Kwi|  

GLv‡b,
e¯‘i fi, m = 6 kg 

D”PZv, h = 20 m 

g = 9.8 m s 
- 2

wefe kw³, Ep = ? 
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kw³i AwZ cwiwPZ Drm n‡jv Kqjv, LwbR †Zj I cÖvK…wZK M¨vm| f~Af¨š—‡i Kqjv, †Zj ev cÖvK…wZK M¨vm 
cvIqv hvq hv mivmwi ev mvgvb¨ cwi‡kvwaZ K‡i R¡vjvwb wn‡m‡e e¨envi Kiv hvq| 

Kqjv : kw³i Drm¸‡jvi g‡a¨ Kqjvi cwiwPwZ me‡P‡q †ewk| Kqjv GKwU ˆRe c`v_©| c„w_ex‡Z GK mgq 
A‡bK MvQcvjv wQj| wewfbœ cÖvK…wZK wech©q I ¯^vfvweKfv‡e Mv‡Qi cvZv ev KvÊ gvwUi wb‡P Pvcv c‡o Ges 
Rg‡Z _v‡K| Mv‡Qi cvZv I KvÊ ivmvqwbK cwieZ©‡bi d‡j Kqjvq iƒcvš—wiZ nq| Kqjv cywo‡q mivmwi Zvc 
cvIqv hvq| GwU GKwU AwZ cwiwPZ  R¡vjvwb| Z‡e R¡vjvwb wn‡m‡e e¨envi QvovI Kqjv †_‡K eû cÖ‡qvRbxq 
c`v_© Drcvw`Z nq| G‡`i g‡a¨ i‡q‡Q †Kvj M¨vm, AvjKvZiv, †ewÄb, A¨v‡gvwbqv, Ujywqb cÖf…wZ| ivbœv Ki‡Z 
I ev®úxq BwÄb Pvjv‡Z Kqjv e¨eüZ nq| AvaywbK Kv‡j Kqjvi cÖavb e¨envi we ỳ̈ r Drcv`b †K‡› ª̀| 
Zvcwe ỳ̈ r †K‡› ª̀i cÖavb Dcv`vb Kqjv| 

Kqjv PvwjZ we`y¨r Drcv`b †K‡›`ªi cÖavb mgm¨v n‡”Q GwU mvjdv‡ii †auvqv wbM©gY K‡i| GB †auvqv GwmW 
e„wói m„wó K‡i| GB GwmW hw`I Lye ỳe©j, wKš‘ Zv cyKzi, n«̀  I  Lv‡j  we‡j gvQ †g‡i †d‡j, eb aŸsm 
K‡i Ges cÖvPxb cv_y‡i †Lv`vB Kiv KvR bó K‡i †d‡j| 

LwbR †Zj : kw³i Ab¨Zg cÖavb Drm LwbR †Zj ev †c‡Uªvwjqvg| eZ©gvb mf¨Zvq †c‡Uªvwjqv‡gi e¨envi AZ¨š—
e¨vcK| MÖv‡gi Kzu‡oNi †_‡K ïi“ K‡i AvaywbKZg cwienb e¨e¯’v me©ÎB Gi e¨envi  i‡q‡Q| †c‡Uªvwjqvg 
†_‡K wb®‹vwkZ †Zj †c‡Uªvj, cvKv iv¯Ívi Dci †`Iqv wcP, †K‡ivwmb I Pvlvev‡`i Rb¨ e¨eüZ ivmvqwbK mvi 
cvIqv hvq| cwien‡bi R¡vjvwb wn‡m‡e †c‡Uªv‡ji Rywo †bB| †c‡Uªvwjqvg †_‡K Av‡iv cvIqv hvq bvbvb iKg 
K…wÎg e¯¿| G¸‡jv n‡jv †Uwiwjb, cwj‡q÷vi, K¨vkwgjb BZ¨vw`| GQvov †c‡Uªvwjqvg †_‡K ˆZwi nq bvbv 
iKg cÖmvabx| GZme e¨envi _vKv m‡Ë¡I Gi g~j e¨envi R¡vjvwb wnwm‡e| †c‡UªvwjqvgRvZ mvgMÖxi cÖavb 
e¨envi n‡jv Zwor I hvwš¿K kw³ Drcv`b| †c‡Uªvwjqvg GKwU j¨vwUb kã| GwU ˆZwi n‡q‡Q †c‡Uªv I Awjqvg 
wg‡j| j¨vwUb fvlvq †c‡Uªv k‡ãi A_© cv_i Ges Awjqvg k‡ãi A_© †Zj| myZivs †c‡Uªvwjqvg n‡jv cv_‡ii †Zj A_©vr 
cv_‡ii g‡a¨ mwÂZ †Zj| Uviwkqvwi hy‡M A_©vr AvR †_‡K cuvP Qq †KvwU eQi Av‡M mgy‡ ª̀i Zj‡`‡k cvjwjK wkjvi 
¯Í‡i ¯Í‡i MvQcvjv I mvgyw ª̀K cÖvYx Pvcv c‡o hvq| wewfbœ ivmvqwbK cwieZ©‡bi d‡j Giv iƒcvš—wiZ nq LwbR †Z‡j| 
AvR‡Ki ¯’jfv‡Mi A‡bKvsk cÖv‰MwZnvwmK hy‡M mgy‡ ª̀i Zj‡`‡k wQj| 

cÖvK…wZK M¨vm : cÖvK…wZK M¨vm kw³i GKwU cwiwPZ Drm| we‡kl K‡i evsjv‡`‡k cÖvK…wZK M¨v‡mi e¨envi 
e¨vcK| DbœZ †`k¸‡jv‡ZI cÖvK…wZK M¨v‡mi e¨envi Lye †ewk| wewfbœ wkí KviLvbvq Gi e¨envi i‡q‡Q| Gi 
e¨envi cÖavbZ R¡vjvwb wn‡m‡e| evsjv‡`‡k ivbœvi Kv‡R Gi e¨vcK e¨envi i‡q‡Q| GQvovI e¨envi i‡q‡Q 
A‡bK mvi KviLvbvq| M¨v‡mi mvnv‡h¨ Zvckw³ Drcvw`Z nq Ges Zv †_‡K Zvc we ỳ̈ r †K‡› ª̀ Drcvw`Z nq 
we ỳ̈ r| 

cÖvK…wZK M¨vm cvIqv hvq f~Mf© †_‡K| myMfxi K~c Lbb K‡i f~Mf© †_‡K G M¨vm D‡Ëvjb Kiv nq| c„w_exi 
Af¨š—‡i cÖPÊ Zvc I Pvc G ai‡Yi M¨vm m„wói g~j KviY| †c‡Uªvwjqvg K~c †_‡KI cÖvK…wZK M¨vm cvIqv hvq| 
cÖvK…wZK M¨v‡mi cÖavb Dcv`vb wg‡_b M¨vm| GB mKj kw³‡K Rxevk¥ kw³I  ejv nq| 

Dc‡i kw³i †h wZbwU Drm m¤ú‡K© Av‡jvPbv Kiv n‡jv gvby‡li kw³i Pvwn`v e„w×i d‡j G¸‡jv Lye `ª“Z dzwi‡q 
Avm‡Q| c„w_exi eZ©gvb †fŠZ Ae¯’v hv Zv‡Z K‡i G mKj Drm †hgb Kqjv, LwbR †Zj, cÖvK…wZK M¨vm Avi 
bZzb K‡i m„wó nIqvi bq G‡`i‡K Abevqb‡hvM¨ kw³ ejv nq|  d‡j kw³i  weKí Dr‡mi w`‡K SzuK‡Q 
gvbyl| G mKj kw³i wecix‡Z weKí †h mKj Drm e¨env‡ii w`‡K gvbyl AvK…ó n‡”Q Zvi g‡a¨ †mŠikw³, 
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cvwb cÖevn †_‡K cÖvß kw³, †RvqviÑfvUv kw³, f~ÑZvcxq kw³, evqy kw³, ev‡qvgvm BZ¨vw` Drm¸‡jv cÖavb| G 
Drm¸‡jv cÖZ¨¶ ev c‡iv¶fv‡e m~‡h©i Dci wbf©ikxj| hZw`b c„w_ex m~‡h©i Av‡jv †c‡Z _vK‡e ZZw`b ch©š— G 
mKj Drm †_‡K kw³i mieivn cvIqv m¤¢e n‡e| ZvB GB mKj Drm‡K bevqb‡hvM¨ kw³i Drm ejv nq|  

†mŠikw³ : m~h© †_‡K †h kw³ cvIqv hvq Zv‡K e‡j †mŠikw³| Avgiv Rvwb m~h© mKj kw³i Drm| c„w_ex‡Z  hZ 
kw³ Av‡Q Zvi cÖvq meB †Kv‡bv bv †Kv‡bvfv‡e m~h© †_‡K Avmv ev m~h© wKiY e¨eüZ n‡qB ˆZwi n‡q‡Q| †hgb 
AvaywbK mf¨Zvi aviK Rxevk¥ R¡vjvwb (Kqjv, LwbR †Zj, cÖvK…wZK M¨vm) Avm‡j eû w`‡bi mwÂZ †mŠikw³|  

cÖvPxbKvj †_‡K gvbyl m~h© wKiY‡K mivmwi e¨envi Ki‡Q †Kv‡bv wKQz ïKv‡bvi Kv‡R| eZ©gv‡b m~‡h©i kw³‡K 
memgq e¨env‡ii Rb¨ gvbyl bvbvb iKg Dcvq Aej¤^b Ki‡Q| †jÝ ev `c©‡Yi mvnv‡h¨ m~h© iwk¥‡K Awfmvix 
K‡i Av¸b R¡vjv‡bv hvq| m~h© wKiY‡K avZe cÖwZdj‡Ki mvnv‡h¨ cÖwZdwjZ K‡i ˆZwi nq †mŠiPzwj| G Pzwj‡Z
ivbœv Kiv hvq|  

†mŠikw³‡K kx‡Zi †`‡k Nievwo Mig Kivi Kv‡R e¨envi Kiv nq| km¨, gvQ, mewR ïKv‡bvi Kv‡R †mŠikw³ 
e¨eüZ nq| gvQ ïwK‡q ïuUwK ˆZwi K‡i Zv eûw`b msi¶Y Kiv hvq| †mŠikw³i Av‡iv D`vniY n‡”Q Ñ 
†mvjvi IqvUvi wnUvi, †mvjvi KzKvi BZ¨vw`|  

AvaywbK †KŠkj e¨envi K‡i ˆZwi n‡q‡Q †mŠi‡Kvl| †mŠi‡Kv‡li ˆewkó¨ n‡jv Gi Dci m~‡h©i Av‡jv co‡j G 
†_‡K mivmwi Zwor cvIqv hvq| †mŠi‡Kv‡li bvbv iKg e¨envi i‡q‡Q|

   1| K…wÎg DcMÖ‡n Zwor kw³ mieiv‡ni Rb¨ G †Kvl e¨eüZ nq| G Rb¨ K…wÎg DcMÖn eûw`b a‡i Zvi 
K¶c‡_ Nyi‡Z cv‡i| 

   2| wewfbœ B‡jKUªwbK hš¿cvwZ †hgb c‡KU K¨vjKz‡jUi, c‡KU †iwWI, B‡jKUªwbK Nwo †mŠikw³i 
mvnv‡h¨ Pvjv‡bv n‡”Q| 

   3| eZ©gv‡b Avgv‡`i †`‡kI †mŠikw³i mvnv‡h¨ A‡bK MÖv‡g, evmv-evwo ev Awd‡m we ỳ̈ r kw³ Drcv`b K‡i 
we`y¨‡Zi Pvwn`v †gUv‡bv n‡”Q| 

†mŠikw³ e¨env‡ii myweav n‡jv G kw³ e¨env‡i cwi‡ek ~̀l‡Yi m¤¢vebv Kg| G kw³ e¨env‡i wec‡`i Avk¼v 
†bB ej‡jB P‡j| †mŠikw³i mnmv wbt‡kl n‡q hvIqvi †Kv‡bv m¤¢vebv †bB| G kw³i ZvB cÖPwjZ kw³ Drm 
Rxevk¥ R¡vjvwbi weKí wn‡m‡e e¨env‡ii m¤¢vebv Lye †ewk| 

Rjwe ỳ̈ r (hvwš¿K kw³i iƒcvš—i)

cvwb bevqb‡hvM¨ kw³i Ab¨Zg Drm| cvwbi †mªvZ I †RvqviÑfvUv‡K e¨envi K‡i kw³ Drcv`b Kiv hvq|  
cÖevwnZ cvwbi †mªv‡Z wewfbœ  ai‡bi kw³ Av‡Q †hgb MwZkw³ I wefe kw³| cvwbi cÖevn ev †mªvZ‡K Kv‡R 
jvwM‡q †h Zwor ev we ỳ̈ r Drcv`b Kiv nq Zv‡K ejv nq Rjwe ỳ̈ | c„w_exi wewfbœ †`‡ki Rjwe ỳr cÖK‡í 
Rjwe ỳ̈ r Drcv`‡bi Rb¨ wefe kw³ e¨envi Kiv nq| cÖevwnZ cvwbi †mªvZ‡K e¨envi K‡i we ỳ̈ r Drcv`‡bi 
cÖwµqvwU mnR| cvwbi †mªv‡Zi mvnv‡h¨ GKwU Uve©vBb †Nviv‡bv nq| GB Uve©vB‡bi N~Y©b †_‡KB GLv‡b hvwš¿K 
kw³ I †PŠ¤^Kkw³i mgš^q NUv‡bv nq| 

K‡i †`L : 15 cm ev 20 cm †dvKvm `~i‡Z¡i GKwU AeZj `c©Y bvI| `c©YwU‡K m~‡h©i w`‡K gyL 
K‡i ai| KvM‡Ri UzKivwU nv‡Z wb‡q `c©‡Yi mvnv‡h¨ KvM‡Ri Dci m~h©v‡jvK †K› ª̀xf~Z Ki| 
Gfv‡e KvM‡Ri UzKivwU‡Z Av¸b bv R¡jv ch©šÍ a‡i _vK| 
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g‡Wj ˆZwi :  cošÍ cvwbi kw³‡K Kv‡R jvwM‡q 
Uve©vBb Nywi‡q GKwU Wvqbv‡gv Pvwj‡q Rjwe ỳ̈ r 
Drcv`b †K‡›`ªi GKwU g‡Wj ˆZwi Ki| wPÎ : 
(4.6)|

cÖevwnZ cvwbi †mªvZ †_‡K hvwš¿K kw³ msMÖn K‡i †PŠ¤^K kw³i mgš^‡q Zwor Drcv`b Kiv nq e‡j G 

ai‡Yi Zwo‡Zi bvg Rjwe`y¨r| Avgv‡`i †`‡k KvßvB we`y¨r Drcv`b †K‡›`ª cvwbi wefe kw³‡K e¨envi K‡i 
we`y¨r Drcv`b Kiv nq|  

b`x ev mgy‡ ª̀i cvwbi †RvqviÑfvUvi kw³‡K e¨env‡ii cÖ‡Póv gvbyl eûw`b †_‡K Pvwj‡q hv‡”Q|  †RvqviÑfvUvi 
kw³‡K Kv‡R jvwM‡q wewfbœ hš¿ Pvjbvi e¨vcviwU A‡bKw`b Av‡MB D™¢vweZ n‡q‡Q|  

d«v‡Ý †RvqviÑfvUvi kw³i mvnv‡h¨  Zwor kw³ cÖKí mdjZvi mv‡_ KvR Ki‡Q|  eZ©gv‡b c„w_exi wewfbœ †`‡k 
†RvqviÑfvUvi kw³‡K Kv‡R jvwM‡q Zwor Drcv`‡bi †Póv Pj‡Q| 

evqy kw³ : c„w_ex c„‡ôi ZvcgvÎvi cv_©‡K¨i Kvi‡Y evqy cÖevwnZ nq| evqy cÖevnRwbZ MwZkw³‡K Avgiv hvwš¿K 
ev Zwor kw³‡Z iƒcvš—wiZ Ki‡Z cvwi| kw³ iƒcvš—‡ii Giƒc hš¿‡K evqyKj e‡j|evqy cÖevn‡K Kv‡R jvwM‡q 
cÖvPxbKv‡ji gvby‡liv Kyqv †_‡K cvwb †Zvjv, RvnvR Pvjv‡bv BZ¨vw` KvR m¤úv`b Ki‡Zv| †bŠKvq cvj Zz‡j 
AvRI evqy kw³‡K Kv‡R jvMv‡bv nq| eZ©gv‡b cÖhyw³ e¨envi K‡i evqyKj Kv‡R jvwM‡q Zwor Drcv`b Kiv 
n‡”Q|

f~ÑZvcxq kw³ : f~ÑAf¨š—‡ii Zvc‡K kw³i Drm wn‡m‡e e¨envi Kiv †h‡Z cv‡i| f~ÑAf¨š—‡ii Mfx‡i Zv‡ci 
cwigvY GZ †ewk †h Zv kxjvLÊ‡K Mwj‡q †dj‡Z cv‡i| G MwjZ kxjv‡K g¨vMgv e‡j| f~ZvwË¡K cwieZ©‡bi 
d‡j KL‡bv KL‡bv GB g¨vMgv Dc‡ii w`‡K D‡V Av‡m hv f~c„‡ôi LvwbK wb‡P Rgv nq| G mKj RvqMv nU 
¯úU (Hot spot) bv‡g cwiwPZ| f~-Mf©¯’ cvwb G nU ¯ú‡Ui ms¯ú‡k© G‡m ev‡®ú cwiYZ nq| GB ev®ú f~ÑM‡f© 
AvUKv c‡o hvq| nU ¯ú‡Ui Dci MZ© K‡i cvBc XzwK‡q D”P Pv‡c GB ev®ú‡K †ei K‡i Avbv hvq hv w`‡q 
Uve©vBb Nywi‡q we ỳ̈ r Drcv`b m¤¢e| wbDwRj¨v‡Û G iKg we ỳ̈ r Drcv`b †K› ª̀ Av‡Q| 

ev‡qvgvm kw³ : †mŠi kw³i GKwU ¶z̀ ª fMœvsk hv meyR MvQcvjv Øviv mv‡jvK ms‡klY cÖwµqvq ivmvqwbK kw³‡Z 
iƒcvš—wiZ n‡q ev‡qvgvmiƒ‡c MvQcvjvi wewfbœ  As‡k gRỳ  _v‡K| ev‡qvgvm ej‡Z †mB me ˆRe c`v_©‡K eySvq 
hv‡`i‡K kw³‡Z iƒcvš—wiZ Kiv hvq| gvbylmn A‡bK cÖvYx Lv`¨ wn‡m‡e ev‡qvgvm MÖnY K‡i Zv‡K kw³‡Z  
iƒcvš—wiZ K‡i Rxe‡bi Kg©KvÊ mPj iv‡L| ev‡qvgvm‡K kw³i GKwU eûgyLx Drm wn‡m‡e we‡ePbv Kiv hvq| 
ˆRe c`v_©mg~n hv‡`i‡K ev‡qvgvm kw³i Drm wn‡m‡e e¨envi Kiv hvq †m¸‡jv n‡”Q MvQÑMvQvjx, R¡vjvwb KvV, 
Kv‡Vi eR©¨, km¨, av‡bi Zzl I Kzov, jZvÑcvZv, cï cvwLi gj, †cŠi eR©¨ BZ¨vw`| ev‡qvgvm cÖavbZ Kve©b I 
nvB‡Wªv‡Rb Øviv MwVZ| bevqb‡hvM¨ kw³i Ab¨Zg Drm ev‡qvgvm|  

ev‡qvgvm †_‡K mn‡R Drcv`b Kiv hvq ev‡qvM¨vm| G M¨vm Avgiv cÖvK…wZK M¨v‡mi weKí wn‡m‡e ivbœvi Kv‡R 
GgbwK we ỳ̈ r Drcv`‡bi Kv‡RI e¨envi Ki‡Z cvwi| Gi Drcv`b c×wZI †ek mnR| GKwU Ave× cv‡Îi 

wPÎ : 4.6 
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wnmve Ki : 1 kg  e¯‘‡K hw` m¤ú~Y©i~‡c kw³‡Z i~cvšÍwiZ Kiv m¤¢e n‡Zv, Zvn‡j KZ wK‡jvIqvU N›Uv 
kw³ Drcbœ n‡Zv? 1 wK‡jvIqvU N›Uv (1kWh) =  3.6  10 

6
 J 

g‡a¨ †Mvei I cvwbi wgkÖY 1 t 2 Abycv‡Z †i‡L cPv‡bv n‡j ev‡qvM¨vm Drcbœ nq| hv b‡ji mvnv‡h¨ †ewi‡q 
Av‡m| G M¨vm ivbœvi Kv‡R e¨envi Kiv hvq| 4/5 R‡bi GKwU cwiev‡ii ivbœv I evwZ R¡vjv‡bvi M¨v‡mi Rb¨ 
2/3 wU Mi“i †MveiB h‡_ó|  

wbDK¬xq kw³ : wbDK¬xq wewµqvq Drcbœ kw³ e¨envi K‡i we ỳ̈ r Drcv`b Kiv hvq| †h wbDK¬xq wewµqvq cÖvß 
kw³‡K we ỳ̈ r Drcv`‡b e¨envi Kiv nq †mB wewµqv‡K ejv nq wbDK¬xq wdkb| G‡Z BD‡iwbqv‡gi mv‡_ 
wbw`©ó kw³i wbDUª‡bi wewµqv NU‡bv nq| wbDK¬xq Pzjx‡Z GB wewµqv NU‡bv nq| 

wbDK¬xq wewµqvq mvaviYZ c`v_© Z_v fi kw³‡Z iƒcvš—wiZ nq| Aek¨ wbDK¬xq wewµqvq †gvU f‡ii †Kej 
GKwU ¶z̀ ª fMœvsk kw³‡Z iƒcvš—wiZ nq| c`v_© kw³‡Z iƒcvš—wiZ n‡j hw` E cwigvY kw³ cvIqv hvq, Zvn‡j  

E = mc
2

GLv‡b m n‡”Q kw³‡Z iƒcvš—wiZ fi Ges 

c n‡”Q Av‡jvi †eM hv 3  10
 8
 m s 

-1 Gi mgvb|

cix¶v K‡i †`Lv †M‡Q GKwU wdkb wewµqvq A_©vr GKwU wbw ©̀ó kw³i wbDUªb hw` GKwU BD‡iwbqvg  

wbDK¬xqvm‡K AvNvZ K‡i Zvn‡j cÖvq 

200 Mev = 200  10 
6
 ev = 200  10 

6
 1.6  10 

-19
 J = 3.2  10 

-11
 J  kw³  wbM©Z 

nq| ‡h‡nZz wdkb wewµqv GKwU k„•Lj wewµqv, gyn~‡Z©i g‡a¨ †KvwU †KvwU weµqv msNwUZ nq Ges wecyj cwigvY 
kw³ wbM©Z nq|  

GB wewµqvq cÖvß kw³‡K wbqwš¿Z Dcv‡q D”P Pv‡ci Kve©b WvB A·vBW M¨v‡mi Af¨š—ixY kw³ wn‡m‡e 
wbiew”Qbœfv‡e cv¤ú K‡i Ab¨ cv‡Î †bIqv nq| GB DËß M¨vm GKwU we‡kl ev®ú eqjv‡ii Pvicv‡k¦© Ny‡i 
eqjv‡ii wfZ‡ii ev®ú‡K DËß K‡i hv Uve©vBb Nywi‡q we ỳ̈ r Drcv`b K‡i| wbDK¬xq wewµqvq GK Ub 
BD‡iwbqvg †_‡K †h kw³ cvIqv hvq Zv `k j¶ Ub Kqjv cywo‡q cvIqv kw³i mgvb| 

wKš‘ wbDK¬xq we ỳ̈ r Drcv`b †K‡› ª̀i A‡bK Amyweav Av‡Q| wbDK¬xq R¡vjvwbi eR©̈  AwZgvÎvq †ZRw¯Œq Ges 
GB eR©̈ ‡K wbivc‡` cwiYZ Ki‡Z nvRvi nvRvi eQi a‡i msi¶Y Ki‡Z nq| GQvov wbDK¬xq Pzjx‡Z D”P 
ZvcgvÎv I Pvc ˆZwi nq| ZvB G‡K Ggb c`v_© w`‡q ˆZwi Ki‡Z n‡e †hb Zv mn¨ Ki‡Z cv‡i| †Kv‡bv 
~̀N©Ubv †h KZ gvivZ¥K Zv Avgiv †mvwf‡qZ BDwbq‡bi (eZ©gv‡b BD‡µ‡bi)  †Pi‡bvwej Ges Rvcv‡bi dzKzwkgv 

Gi AwfÁZv †_‡K Rvwb| Z‡e wbDK¬xq we ỳ̈ r Drcv`‡b cwi‡e‡k wMÖb nvDm M¨vm Kg Drcbœ nq| 

bevqb‡hvM¨ kw³i  mvgvwRK cÖfve I myweav : Avgv‡`i mvgvwRK Rxe‡b bevqb‡hvM¨ kw³ e¨env‡ii mỳ ~i cÖmvix 
cÖfve i‡q‡Q| Avgv‡`i †`‡k Pvwn`vi Zzjbvq cÖvK…wZK kw³ †hgb Kqjv, LwbR †Zj I cÖvK…wZK M¨v‡mi gRỳ  
AwZ bMY¨| ZvB Avgv‡`i kw³i  cÖ‡qvRb †gUv‡Z Ag~j¨ ˆe‡`wkK gy`ªv e¨q K‡i we‡`k †_‡K LwbR †Zj, 
Kqjv Avg`vwb Ki‡Z nq| wKš‘ Avgv‡`i †`‡k †h mKj bevqb‡hvM¨ kw³i Drm i‡q‡Q †m¸‡jv we‡kl K‡i 
ev‡qvM¨vm Drcv`b I e¨env‡i cjx AÂ‡ji gvbyl‡K DØy× Ki‡Z cvi‡j mn‡RB Avgv‡`i cjx AÂ‡ji †Pnviv 
e`‡j †`Iqv m¤¢e n‡e| 
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evqyKj e¨envi K‡i we ỳ̈ r Drcv`‡bi w`‡KI Avgiv bRi w`‡Z cvwi| M‡elYvi gva¨‡g †mŠikw³i e¨envi myjf 
Ki‡Z cvi‡j Avgv‡`i kw³i hveZxq cÖ‡qvRb Adziš— G Drm †_‡K †gUv‡bv m¤¢e n‡e|

bevqb‡hvM¨ kw³ e¨env‡ii cÖavb myweavB n‡”QÑG Drm †kl n‡q hvIqvi Avk¼v †bB| ZvQvov cwi‡ek ~̀l‡Yi 
nvZ †_‡K †`k‡K evPv‡bv m¤¢e n‡e| 

4.4 kw³i iƒcvš—i
 Transformation of energy

kw³ Anin GKiƒc †_‡K Ab¨iƒ‡c iƒcvš—wiZ n‡”Q| G gnvwe‡k¦ bvbv NUbv cÖevn Pj‡Q kw³i iƒcvš—i Av‡Q e‡j| 
kw³ GKiƒc †_‡K GKvwaKiƒ‡c iƒcvš—wiZ n‡jI gnvwe‡k¦i †gvU kw³ fvÊv‡i †Kv‡bv cwieZ©b n‡”Q bv| 

gvbyl, Kw¤úDUvi wKsev †Kv‡bv hš¿‡K †Kv‡bv KvR Ki‡Z n‡j wKsev †Kv‡bv cÖwµqv ev cwieZ©b mvab Ki‡Z 
n‡j kw³i iƒcvš—‡ii cÖ‡qvRb nq| GKiƒ‡ci kw³‡K Ab¨ iƒ‡ci kw³ Drcv`‡b e¨envi Kiv †h‡Z cv‡i| 
cÖK…Zc‡¶, GKiƒ‡ci kw³ mviv¶YB Ab¨vb¨iƒ‡ci kw³‡Z cwiewZ©Z n‡”Q| GwUB kw³i iƒcvš—i wn‡m‡e 
cwiwPZ| hLb †KD wMUvi evRvq ZLb Kx nq? wkíxi nv‡Zi AvOy‡ji †cwk kw³ K¤úgvb Zv‡i hvwš¿K kw³‡Z 
iƒcvš—wiZ n‡q hv mygayi wgDwRKiƒ‡c kã kw³‡Z iƒcvš—wiZ n‡q Avgv‡`i Kv‡b cÖ‡ek K‡i| hLb KvV ev Lwo 
†cvov‡bv nq, ZLb ivmvqwbK kw³ gy³ nq Ges Zv Zvc I Av‡jvK kw³‡Z iƒcvš—wiZ nq| GKwU Zwor †Kv‡li 
Af¨š—‡i ivmvqwbK wewµqv N‡U Ges GB mKj wewµqvi ivmvqwbK kw³ Zwor kw³‡Z iƒcvš—wiZ nq hv bvbvwea 
Kv‡R e¨eüZ nq| 

GKiƒ‡ci wbw ©̀ó cwigvY kw³ Ab¨iƒ‡c iƒcvš—wiZ Ki‡j KZUzKz kw³ cvIqv hv‡e? kw³i wbZ¨Zv ev 
msi¶YkxjZv bxwZ †_‡K Zv Rvbv hvq| kw³ hLb GKiƒc †_‡K Ab¨iƒ‡c cwiewZ©Z nq ZLb kw³i †Kv‡bv ¶q 
nq bv| GK e¯‘ †h cwigvY kw³ nvivq Aci e¯‘ wVK †mB cwigvY kw³ jvf K‡i| cÖK…Zc‡¶ Avgiv bZzb 
†Kv‡bv kw³ m„wó Ki‡Z cvwi bv ev kw³ aŸsmI Ki‡Z cvwi bv| A_©vr we‡k¦i mvgwMÖK kw³ fvÊv‡ii †Kv‡bv 
ZviZg¨ N‡U bv| G wek¦ m„wói cÖ_g gyn~‡Z© †h cwigvY kw³ wQj AvRI gnvwe‡k¦ †mB cwigvY kw³ eZ©gvb| 
GUvB kw³i Awebk¦iZv ev wbZ¨Zv ev msi¶YkxjZv| 

kw³i msi¶YkxjZv bxwZ : kw³i m„wó ev webvk †bB, kw³ †Kej GKiƒc †_‡K Aci GK ev GKvwaKiƒ‡c
cwiewZ©Z n‡Z cv‡i| gnvwe‡k¦i †gvU kw³i cwigvY wbw ©̀ó I AcwieZ©bxq| 

kw³i iƒcvš—i : Avgiv Av‡MB wewfbœ cÖKvi kw³i K_v e‡jwQ †m¸‡jv mK‡jB ci¯ú‡ii mv‡_ m¤úwK©Z| A_©vr 
†Kv‡bv GKUv †_‡K Ab¨Uv‡Z cwieZ©b m¤¢e| G cwieZ©b‡K kw³i iƒcvš—i e‡j| Avm‡j cÖvq cÖ‡Z¨K cÖvK…wZK 
NUbv‡KB kw³i iƒcvš—i wn‡m‡e aiv †h‡Z cv‡i| wb‡P kw³i iƒcvš—‡ii K‡qKwU D`vniY †`Iqv  n‡jv : 

1| hvwš¿K kw³i iƒcvš—i : nv‡Z nvZ Nl‡j Zvc Drcbœ nq| G‡¶‡Î hvwš¿K kw³ Zvc kw³‡Z iƒcvš—wiZ nq| 
Kj‡gi Lvwj gy‡L duy w`‡j hvwš¿K kw³ kã kw³‡Z iƒcvš—wiZ nq| cvwb hLb cvnvo ce©‡Zi  Dc‡i _v‡K ZLb 
Zv‡Z wefe kw³ mwÂZ _v‡K| GB cvwb hLb Sibv ev b`xiƒ‡c Dci †_‡K wb‡P †b‡g Av‡m ZLb  wefe kw³ 
MwZkw³‡Z cwiYZ nq| GB cvwb cÖev‡ni mvnv‡h¨ PvKv Nywi‡q we ỳ̈ r Drcv`b Kiv nq| Gfv‡e hvwš¿K kw³ 
Zwor kw³‡Z iƒcvš—wiZ nq| 
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2| Zvc kw³i iƒcvš—i : ev®úxq BwÄ‡b Zv‡ci mvnv‡h¨ ev®ú Drcbœ K‡i †ijMvwo BZ¨vw` Pvjv‡bv nq| GLv‡b 
Zvc kw³ hvwš¿K kw³‡Z iƒcvš—wiZ n‡”Q| ev‡j¦i wdjv‡g‡›Ui ga¨ w`‡q Zwor cÖev‡ni d‡j Zvc kw³ Av‡jvK 
kw³‡Z iƒcvš—wiZ nq| `ywU wfbœ avZe c`v‡_©i ms‡hvM¯’‡j Zvc cÖ‡qvM Ki‡j Zvc Zwor kw³‡Z iƒcvš—wiZ nq|

3| Av‡jvK kw³i iƒcvš—i : nvwi‡K‡bi wPgwb‡Z nvZ w`‡j Mig Abyf~Z nq| GLv‡b Av‡jvK kw³ Zvc kw³‡Z 
iƒcvš—wiZ n‡”Q| d‡Uv-†fvjUvBK †Kv‡li Dci Av‡jvi wµqvq Av‡jvK kw³ Zwor kw³‡Z iƒcvš—wiZ nq| 
d‡UvMÖvwdK KvM‡Ri Dci Av‡jvi wµqvq d‡j Av‡jvK kw³ ivmvqwbK kw³‡Z iƒcvš—wiZ nq|  

4| ivmvqwbK kw³i iƒcvš—i : Lv`¨ Ges R¡vjvwb †hgb †Zj, M¨vm, Kqjv I KvV n‡”Q ivmvqwbK kw³i Avavi| 
ivmvqwbK wewµqvi gva¨‡g Lv‡`¨i kw³ Avgv‡`i †`‡n gy³ nq Ges Ab¨ kw³‡Z iƒcvš—wiZ nIqvi mgq Avgiv 
`iKvix KvR Ki‡Z cvwi| BwÄ‡b ev eqjv‡i hLb R¡vjvwb †cvov‡bv nq ZLb kw³i iƒcvš—i NUvq| Zwor †Kvl I  
e¨vUvwi‡Z ivmvqwbK kw³ Zwor kw³‡Z iƒcvš—wiZ nq| Zwor kw³ Avevi evwZi wdjv‡g‡›U Av‡jvK kw³ I Zvc 
kw³‡Z iƒcvš—wiZ nq|

5| Zwor kw³i iƒcvš—i : ˆe ỳ̈ wZK †gvU‡i Zwor kw³ hvwš¿K kw³‡Z iƒcvš—wiZ nq| ˆe ỳ̈ wZK Bw¯¿, wnUvi 
BZ¨vw`‡Z Zwor kw³ Zvc kw³‡Z iƒcvš—wiZ nq| ˆe`y¨wZK ev‡j¦ Zwor kw³ Av‡jvK kw³‡Z iƒcvš—wiZ nq| 
†Uwj‡dvb I †iwWIi MÖvnK h‡š¿ Zwor kw³ kã kw³‡Z iƒcvš—wiZ nq| mÂqK †Kv‡l Zwor kw³ ivmvqwbK 
kw³‡Z iƒcvš—wiZ nq| ZvwoZPy¤^‡K Zwor kw³ †PŠ¤^K kw³‡Z iƒcvš—wiZ nq| 

6| wbDK¬xq kw³i iƒcvš—i : wbDK¬xq mve‡gwi‡b wbDK¬xq kw³‡K hvwš¿K kw³‡Z iƒcvš—wiZ Kiv nq| wbDK¬xq 
†evgvi aŸsm jxjv wbDK¬xq kw³i iƒcvš—i wfbœ Avi wKQzB bq| wbDK¬xq  Pzjx‡Z wbDK¬xq kw³ Ab¨vb¨ kw³ we‡kl 
K‡i Zwor kw³‡Z i“cvš—wiZ n‡q AvRKvj kw³i Pvwn`v A‡bKvs‡kB c~iY K‡i _v‡K| 

ˆe` ÿwZK cvIqvi †÷kb †_‡K eySv hvq kw³ Kxfv‡e GKiƒc †_‡K Ab¨iƒ‡c iƒcvš—i n‡q Avgiv evwo N‡i Av‡jv 
I Zvc kw³ cvB| cvIqvi †÷k‡b Kqjv I cÖvK…wZK M¨vm cywo‡q ivmvqwbK kw³ †_‡K Zvc kw³ cvIqv hvq| 
Uve©vB‡bi mvnv‡h¨ Zvc kw³‡K hvwš¿K kw³‡Z iƒcvš—wiZ Kiv nq hv ˆe ỳ̈ wZK †Rbv‡iU‡ii KzÊjx‡K Nyivq| 
G‡Z Zwor kw³ Drcbœ nq| evwo N‡i, Kj KviLvbvq ˆe`y¨wZK evwZ I wnUvi Zwor  kw³‡K Av‡jv I Zvc 
kw³‡Z iƒcvš—wiZ K‡i|  

Avevi Avgiv hLb nvZzwo w`‡q AvNvZ K‡i †Kv‡bv †c‡iK‡K Kv‡Vi g‡a¨ cÖ‡ek KivB ZLb †Kvb †Kvb kw³ 
†Kvb †Kvb kw³‡Z iƒcvš—wiZ nq? Avgv‡`i kix‡ii ivmvqwbK kw³ nvZzwo‡K Dc‡i DVv‡Z K…Z Kv‡R e¨q nq 
hv nvZzwoi D”P Ae¯’v‡b wefe kw³iƒ‡c Rgv _v‡K| hLb nvZzwo wb‡P bv‡g ZLb GB wefe kw³  MwZkxj 
nvZzwoi MwZkw³‡Z iƒcvš—wiZ nq| GB MwZkw³ †c‡iKwU‡K Kv‡Vi g‡a¨ cÖ‡ek Kiv‡Z cÖ‡qvRbxq Kv‡R e¨eüZ 
nq Ges mv‡_ mv‡_ kã kw³ Drcbœ nq Ges †c‡iK, KvV I nvZzwo‡Z Zvc kw³ Drcbœ nq| 

kw³ iƒcvš—wiZ nIqvi mgq kw³ m„wó ev aŸsm bv n‡jI kw³i AebwZ NU‡Z cv‡i| †hgb Av‡jv ev Zwor kw³i 
g‡Zv Zvc kw³i meUvB Avgiv Kv‡R jvMv‡Z cvwi bv|  
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4.5  ¶gZv 
 Power 

¶gZv kãwUi mv‡_ Avgiv mevB cwiwPZ| ˆ`bw›`b Rxe‡b ¶gZv mvaviYZ wm×vš— MÖnY I ev¯Íevq‡bi mv‡_ 
m¤úwK©Z| weÁv‡b ¶gZv kãwU †gvUi, cv¤ú, BwÄb BZ¨vw` hš¿ Z_v KvR m¤úv`bKvix †Kv‡bv wKQzi mv‡_ 
mswkó| A‡bK mgq Avgiv †Kv‡bv KvR ª̀“Z mgvav Ki‡Z PvB| aiv hvK, Avgiv †Kv‡bv eûZj fe‡bi  
wbPZjvi wiRvf©vi ev cyKzi †_‡K cvwb wb‡q Qv‡`i U¨vsK cvwb c~Y© Ki‡Z PvB| Avgiv hw` evjwZ w`‡q cvwb enb 
K‡i G KvRwU Ki‡Z hvB Zvn‡j A‡bK mgq jvM‡e| Avi hw` GKwU †gvUi ev cv‡¤úi mvnv‡h¨ mivmwi U¨vsKwU 
cvwb c~Y© Kiv nq, Zvn‡j mgq A‡bK Kg jvM‡e|  

†Kv‡bv KvR KLbI `ª“Z Kiv nq KLbI ax‡i Kiv nq| KZ `ª“Z ev KZ ax‡i KvR Kiv nq Zvi cwigvc n‡jv 
¶gZv| g‡b Ki iwb I Awb `yB eÜz GKwU fe‡bi cuvPZjvq evm K‡i| Zv‡`i `yR‡bi fi mgvb| Zviv 
wbPZjvq wjd‡Ui `iRvi mvg‡b G‡m †`Lj wjdU bó| Zv‡`i wmuwo w`‡q Dc‡i DV‡Z n‡jv| iwbi cuvP Zjvq 
DV‡Z mgq jvMj 40 †m‡KÛ  Avi Awbi jvMj 80  †m‡KÛ| Avgiv ewj iwb Awbi †P‡q †ewk ¶gZvevb hw`I 
Zviv `yR‡bB GKB D”PZv DVvi Rb¨ GKB cwigvY KvR K‡i‡Q| iwbi ¶gZv †ewk KviY †m GKB KvR `ª“Z 
K‡i‡Q| ¶gZv n‡”Q KvR Kivi ev kw³ iƒcvš—‡ii nvi| †Kv‡bv e¯‘ ev e¨w³ GKK mg‡q KZUzKz KvR Kij Zv 
Øviv ¶gZv cwigvc Kiv nq|  

KvR
ÿgZv =

mgq

†Kv‡bv e¨w³ ev hš¿ Øviv t mg‡q W cwigvY KvR m¤úbœ n‡j ev kw³ iƒcvš—wiZ n‡j ¶gZv P n‡e                 

(4.4)
W

P
t

¶gZvi w`K †bB| Kv‡RB ¶gZv GKwU †¯‹jvi ivwk| 

gvÎv : ¶gZvi gvÎv KvR
mgq

 -Gi gvÎv| 

3

2 3

2
2  - 3

3

ML
[ ] = ML T

T
P

KvR ej miY fi Zi¡ Y miY
ÿgZv = = =

mgq mgq mgq
fi miY miY fi miY

mgq mgq mgq

GKK : Kv‡Ri GKK‡K mg‡qi GKK w`‡q fvM K‡i ¶gZvi GKK cvIqv hvq| †h‡nZz Kv‡Ri GKK Ryj (J)
Ges mg‡qi GKK n‡jv †m‡KÛ (s), myZivs ¶gZvi GKK n‡e Ryj/†m‡KÛ (Joule / second)| G‡K IqvU 
ejv nq| IqvU‡K W w`‡q cÖKvk Kiv nq| 

 GK †m‡K‡Û GK Ryj KvR Kiv ev kw³ iƒcvš—‡ii nvi‡K GK IqvU e‡j|
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11J
1 W 1 Js

1s

IqvU Lye †QvU GKK nIqvq A‡bK mgq Gi †P‡q nvRvi¸Y eo GKK wK‡jvIqvU e¨envi Kiv nq|

1 wK‡jvIqvU = 1000 IqvU 

Zzwg nq‡Zv KLbI Ak¦ ¶gZvi K_v ï‡b _vK‡Z cvi| Av‡M ¶gZvi GB GKKwU e¨envi Kiv n‡Zv| GLbI 
A‡bK mgq Mvwo ev †gvU‡ii ¶gZv eySv‡bvi Rb¨ GwU e¨envi Kiv nq| 

1 Ak¦ ¶gZv  = 746 IqvU| 

Zzwg wK wK‡jvIqvU NÈvi K_v ï‡b‡Qv? GwU Kx eySvq? Avm‡j GwU KvR ev kw³i GKwU GKK| Avgiv evwo Ni 
KjKviLvbv BZ¨vw`‡Z e¨eüZ we ỳ̈ r kw³i we ỳ̈ r wej GB GK‡K cwi‡kva K‡i _vwK| GK wK‡jvIqvU N›Uv ej‡Z 
eySvq GK wK‡jvIqvU ¶gZvm¤úbœ †Kv‡bv hš¿ GK NÈv a‡i KvR Ki‡j †h kw³ e¨q nq Zv| †Kv‡bv evwZi Mv‡q 
60 IqvU †jLv _vKvi A_© G evwZwU cÖwZ †m‡K‡Û 60 Ryj Zwor kw³‡K Av‡jv I Zvc kw³‡Z iƒcvš—wiZ K‡i| 

†Kv‡bv ˆe` ÿwZK cvIqvi †÷k‡bi ¶gZv 200 †gMvIqvU ej‡Z eySvq H cvIqvi †÷kbwU cÖwZ †m‡K‡Û 
200000000 Ryj Zwor kw³ mieivn Ki‡Q| G Zwor kw³ Avgiv evwo Ni, Kj KviLvbv I Awdm Av`vj‡Z 
e¨envi KiwQ| 

MvwYwZK D`vniY 4.4 : 70 kg  f‡ii GK  e¨w³ cÖwZwU 25 cm  DuPz 30wU wmuwo 15 s -G DV‡Z cv‡ib| Zvi 
¶gZv KZ? (g = 9.8 ms 

- 2)

Avgiv Rvwb, 

Fs

t

686 N × 7.5 m

15 s

= 343 W

P
KvR
mgq

DËi : 343 W 

†Zvgvi K…Z KvR n‡e †Zvgvi IRb †gvU D”PZv| 

†Zvgvi ¶gZv n‡e †Zvgvi †gvU K…Z KvR  †gvU mgq A_©vr KZ„  KvR
‡gvU mgq

|

†Zvgvi eÜz‡`i mv‡_ wb‡q GB Kg©KvÊwU cwiPvjbv Ki Ges Zv‡`i mv‡_ †Zvgvi ¶gZv Zzjbv Ki| 
†Zvgvi K¬v‡ki me‡P‡q ¶gZvevb wk¶v_©xwU †K?

K‡i †`L : †Zvgvi ¯‹y‡ji ev evmvi ev †Kv‡bv `vjv‡bi Qv‡` IVvi wmuwoi msL¨v MYbv Ki| cÖwZwU wmuwoi 
D”PZv †¯‹‡ji mvnv‡h¨ wbY©q Ki| Gi †_‡K Qv‡`i D”PZv KZ wgUvi wbY©q Ki| I‡qU †gwk‡bi mvnv‡h¨ 
†Zvgvi fi KZ wK‡jvMÖvg Zv wbb©q Ki| †Zvgvi fi‡K 9.8 w`‡q ¸Y Ki‡j †Zvgvi IRb KZ wbDUb Zv 
cv‡e| Gi ci Zzwg †`Š‡o Qv‡`i Dci IV| ÷c Iqv‡Pi mvnv‡h¨ Qv‡` IVvi †gvU mgq wbY©q Ki| 

GLv‡b,
e¨w³i fi, m = 70 kg 

ej, F = e¨w³i IRb = mg

        = 70 kg  9.8 ms 
-2

        = 686 N

miY, s = 30  25 cm = 750 cm  

          = 7.5 m 

mgq, t = 15 s 

¶gZv , P = ? 
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4.6  Kg©`¶Zv  
 Efficiency 

kw³ iƒcvš—‡ii mnvqZvq Avgiv ˆ`bw›`b Rxe‡bi cÖ‡qvRb †gUvB| †hgb †c‡Uªv‡j mwÂZ ivmvqwbK kw³ 
MwZkw³‡Z iƒcvš—‡ii gva¨‡g Avgiv BwÄb Pvjv‡Z cvwi| kw³i msi¶YkxjZv bxwZ Abymv‡i †Kv‡bv BwÄb †_‡K 
†mB cwigvY kw³ Avgv‡`i cvIqv DwPZ †h cwigvY kw³ BwÄ‡b cÖ̀ Ë nq| wKš‘ GUv †`Lv hvq †h cwigvY kw³ 
BwÄ‡b cÖ̀ Ë  nq me©̀ vB  Zvi †P‡q Kg cwigvY kw³ jvf Kiv  hvq| GwU cÖavbZ nq GB Kvi‡Y †h BwÄ‡b 
Nl©Y e‡ji wei“‡× †h KvR Ki‡Z nq, Zv Zvc kw³iƒ‡c AcPq nq| BwÄb †_‡K †h cwigvY kw³ cvIqv hvq 
Zv‡K jf¨ Kvh©Ki kw³  e‡j| G‡¶‡Î kw³i mgxKiY ùvovq : 

cÖ̀ Ë kw³  = jf¨ Kvh©Ki kw³  + Ab¨fv‡e e¨wqZ kw³| 

†Kv‡bv h‡š¿i Kg©̀ ¶Zv ej‡Z eySvq, h‡š¿ †h cwigvY kw³ cÖ̀ vb Kiv nq Zvi KZ Ask Kvh©Ki kw³ wn‡m‡e 
cvIqv hvq| myZivs, Kg©̀ ¶Zv ej‡Z †gvU †h Kvh©Ki kw³ cvIqv hvq Ges †gvU †h kw³ †`Iqv n‡q‡Q Zvi 
AbycvZ‡K eySvq| G‡K mvaviYZ kZKiv wn‡m‡e cÖKvk Kiv n‡q _v‡K| 

 ,  100 %   (4.5)   
jf¨ Kvh©Ki kw³

Kg©̀ ÿZv
‡gvU cÖ̀ Ë kw³

GKwU mvaviY we`y¨r Drcv`b †K‡›`ª, A‡bK av‡c kw³i iƒcvš—i N‡U| GB iƒcvš—i  Kqjv, †Zj, cÖvK…wZK M¨vm 
ev BD‡iwbqvg †_‡K ïi“ K‡i we ỳ̈ r kw³  cvIqv ch©š— Pj‡Z _v‡K| †`Lv †M‡Q kw³i GB iƒcvš—img~‡ni †¶‡Î 
cÖ̀ Ë kw³i  cÖvq 70 % ch©š— AcPq nq Ges Zvc kw³iƒ‡c nvwi‡q hvq| 

cÖ̀ Ë kw³i †Kej  30 %  †kl ch©š— e¨envi‡hvM¨ Zwor kw³‡Z iƒcvš—wiZ nq| myZivs Avgiv  ej‡Z cvwi †h 
Drcv`b †K‡› ª̀i Kg©̀ ¶Zv gvÎ 30 % |

MvwYwZK D`vniY 4.5 : GKwU  50 N IR‡bi e¯‘‡K 5 m D”PZvq DVv‡bvi Rb¨ GKwU ˆe` ÿwZK †gvUi 
e¨envi Ki n‡jv| GwU 65 J Zwor kw³ e¨envi K‡i|

(K) †gvUi KZ©„K AcPqK…Z kw³i cwigvY KZ? 
(L) †gvU‡ii Kg©`¶Zv KZ?

(K) GLv‡b e¨wqZ kw³ = K…Z KvR = ej  miY = IRb  D”PZv

           = 10 N 5 m

                          =  50 J 

myZivs AcPqK…Z kw³  = mieivn K…Z kw³ Ñe¨wqZ kw³  

             = 65 J – 50 J 

                                = 15 J 

 ,  100 %      

50 J
100 %

65 J

76.92 %

jf¨ KvhK© i kw³
(L) Kg©̀ ÿZv

‡gvU cÖ̀ Ë kw³
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AbymÜvbÑ 4.1 

wmuwo w`‡q †`Š‡o  D‡V wk¶v_©xi ¶gZv wbb©q| 

D‡Ïk¨ : ¶gZv wbY©q Ges wb‡Ri wewfbœ mg‡q cÖ‡qvMK…Z ¶gZvi  Zzjbv Ges Ac‡ii ¶gZvi mv‡_ Zzjbv| 

hš¿cvwZ : _vgv Nwo| 

Kv‡Ri aviv :
1. GKwU `vjvb wVK Ki (wZbZjv †_‡K QqZjvi g‡a¨ n‡j fv‡jv nq)| †mwU †Zvgvi ¯‹zj, evmv ev †h 

†Kv‡bv feb n‡Z cv‡i| 
2. GB `vjv‡bi Qv‡` DVvi wmuwoi msL¨v MYbv Ki| 
3. GKwU wmuwoi D”PZv †¯‹‡ji mvnv‡h¨ wbY©q K‡i Zv‡K wmuwoi msL¨v w`‡q ¸Y K‡i Qv‡`i ‡gvU D”PZv 

wbY©q Ki| 
4. GKwU I‡qU †gwk‡bi (IRb gvcvi hš¿) mvnv‡h¨ †Zvgvi fi wbY©q Ki| 
5. Zzwg hZ †Rv‡i cv‡iv †`Š‡o Qv‡`i Dci IV| 
6. _vgv Nwoi mvnv‡h¨ Qv‡` IVvi mgq wbY©q Ki| 
7. Gi ci Zzwg Av‡¯Í †`Š‡o, †Rv‡i †nu‡U, ¯^vfvweKfv‡e †nu‡U Ges Av‡¯Í Av‡¯Í †nu‡U GKBfv‡e  Qv‡` 

IVvi mgq wbY©q Ki| 
8. wb‡¤œv³ QK Abymv‡i cÖwZ‡¶‡Î †Zvgvi ¶gZv †ei Ki| 

AbymÜv‡bi QK 
†Zvgvi fi, m =            kg

Qv‡`i D”PZv, h =             m

AwfKl©R Z¡iY, g = 9.8 m s
-2

cvV  †`Š‡oi cÖK…wZ Qv‡` DVvi mgq, t

(s)
mgh

t
ÿgZv =  (W)

1 †Rv‡i †`Š‡o 
2 Av‡¯Í †`Š‡o 
3 †Rv‡i †n‡U 
4 ¯^vfvweK fv‡e †n‡U 
5 Av‡¯Í †n‡U  

9. wewfbœ mgq ‡Zvgvi ¶gZv wewfbœ n‡jv †Kb, Zv Av‡jvPbv Ki| 
10. GKB fv‡e cÖvß †Zvgvi eÜz‡`i ¶gZvi mv‡_ †Zvgvi ¶gZvi Zzjbv Ki|  
11. †Zvgvi K¬v‡ki me‡P‡q †ewk Ges me‡P‡q ¶gZv cÖ‡qvMKvix cvuPRb wk¶v_©xi bvg wjL|

AbymÜvb - 4.2 

ev‡qvgvm †_‡K ev‡qvM¨vm Drcv`b| 

D‡Ïk¨ : bevqb‡hvM¨ kw³i e¨envi cÖ̀ k©b| 

hš¿cvwZ/DcKiY : †Mvei, PvD‡ji Zzl,Kv‡Vi ¸u‡ov, cvw÷K ev Kv‡Pi eo †evZj (ev j¨ve‡iUwi‡Z _vK‡j 
KwbK¨vj d¬v·), KK©, bj BZ¨vw` | 
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Kv‡Ri aviv :

1.  †evZ‡ji g‡a¨ †Mvei, Zzl,Kv‡Vi u̧‡ovi wgkÖY Ges cvwb 1 t 2 Abycv‡Z bvI| 

2.  Gevi bj jvMv‡bv KK© w`‡q †evZ‡ji ev d¬v‡·i gyL eÜ K‡i `vI|  

3.  b‡ji gyLwUI KK© w`‡q fv‡jv K‡i eÜ K‡i `vI|  

4.  †evZj ev  d¬v·wU‡K N‡ii GK †Kv‡Y †i‡L `vI| 

5.  ỳ GK w`b ci b‡ji gy‡Li KK© mwi‡q †`L M¨vm †ei n‡”Q wK bv |  

6.  M¨vm †ei n‡j b‡ji gy‡L R¡jš— w`qvkjvB‡qi KvwV ai|| 

7.  M¨v‡m Av¸b R¡j‡e |  

Abykxjbx

eûwbev©Pbx cÖkœ : 
1|  Kv‡Ri GKK †KvbwU ? 
 (K) Ryj             (L) wbDUb         
 (M) †Kjwfb     (N) IqvU  
2|  GKwU e¯‘‡K Uvb Uvb Ki‡j Gi g‡a¨ †Kvb kw³ Rgv _v‡K ? 

(K) MwZ kw³      (L) wefe kw³      
 (M) Zvc kw³   (N) ivmvqwbK kw³  
3| m f‡ii GKwU e¯‘‡K 20 m, 30 m, 40 m I 50 m Dc‡i ivLv n‡jv| †Kvb Ae¯’v‡b Zvi wefe kw³ 

me‡P‡q †ewk? 
 (K)  20 m      (L) 30 m     

 (M)   40 m (N) 50 m 

wb‡Pi †jL wPÎ Abymv‡i 4 I 5 bs cÖ‡kœi DËi `vI | 

4|  †jL wP‡Îi †Kvb As‡k †eM mg‡qi mgvbycv‡Z e„w× cvq Ñ 
 (K) OA As‡k             (L) AB As‡k     
 (M) CDAs‡k               (N) DE  As‡k       
5|   m‡e©v”P MwZ kw³ KZ ? 
 (K) 1.25  10 

5
 J                     (L) 5  10 

4
 J

 (M)  1.25  10 
4
 J    (N) 6.2  10 

3
 J
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6|  kw³i msi¶YkxjZv bxwZ †_‡K cvIqv hvq  Ñ 
 (i) kw³i m„wó I webvk bvB| gnvwe‡k¦i †gvU kw³ wbw`ó I AcwieZ©bxq|
 (ii) Abevqb‡hvM¨ kw³ ª̀yZ wbt‡kl n‡q hv‡e, ZvB bevqb‡hvM¨ kw³ e¨envi Ki‡Z n‡e|

(iii) kw³‡K i¶v Ki‡Z Gi Kvh©Ki e¨envi Ges wm‡÷g jm Kgv‡bv Riywi |
wb‡Pi †KvbwU mwVK 
 (K) i                                           (L) ii
 (M)  iii                  (N) i, iiI iii

m„Rbkxj cÖkœ
1| 40 kg f‡ii GKwU evjK Ges 60 kg f‡ii GKRb hyeK GKwU fe‡bi wbPZjv †_‡K GK mv‡_ †`Šo ïiy 

K‡i †`Š‡o GKB mg‡q Qv‡`i GKB RvqMvq †cuŠQv‡jb| †`uŠ‡oi mgq Df‡qi †eM wQj 30 m/min|
  (K) ¶gZv wK ? 
  (L) 50J KvR ej‡Z Kx eySvq ? 
 (M) hye‡Ki MwZkw³ wbY©q Ki 
 (N) Qv‡` DVvi †¶‡Î ỳRbvi ¶gZv mgvb wQj wKbv MvwYwZK hyw³mn hvPvB Ki 

M. mvaviY cÖkœ

1|  GKwU †`qvkjvB Gi KvwV †`qvkjvB ev‡· 5 N e‡j Nlv n‡jv| KvwVwU‡K 5 cm Uvbv n‡jv| 

 (K) KvwV Nlv‡Z KZ kw³ e¨q n‡jv ? 
(L) KvwV Uvb‡Z hw` 0.5 s mgq jv‡M Zvn‡j KZ ¶gZv jvMj ? 

2|  GKwU Rjwe ỳ̈ r cÖK‡íi wiRvf©vi mgỳ ª mgZj †_‡K 800 m  DuPz‡Z Ges cvIqvi †÷kbwU 250 m DuPz‡Z 
Aew¯’Z| wiRvf©v‡ii cvwb cvB‡ci gva¨‡g G‡m cvIqvi †÷k‡bi Uve©vBb Nyivq|  wiRvf©v‡i 2 10

8

wjUvi cvwb Av‡Q| hw` 1 wjUvi cvwbi fi 1 kg nq, Z‡e wiRvf©v‡ii cvwb‡Z KZ wefe kw³ mwÂZ 
Av‡Q|

3| 40 kg f‡ii GK evjK wmwo w`‡q 12 s Qv‡` D‡V| wmwo‡Z av‡ci msL¨v 20 wU Ges cÖwZwU av‡ci 
D”PZv 20 cm|
(K) H evj‡Ki IRb KZ ? 
(L) evjKwU  †gvU KZ D”PZvq Av‡ivnY K‡iwQj ? 
(M) Qv‡` IV‡Z †m  KZ KvR Kij ? 

 (N) wmwo w`‡q †`Š‡o DV‡Z †m  KZ ¶gZv Kv‡R jvMvj ? 

4| †h mKj cvIqvi  †÷kb Rxevk¥ R¡vjvwb e¨envi K‡i Zv‡`i †P‡q wbDK¬xq kw³  Drcv`‡bi GKwU g¯Íeo 
myweav n‡”Q †h, G‡Z wMÖbnvDm M¨vm Drcbœ nq bv| 
(K) wbDK¬xq kw³ e¨env‡i Ab¨vb¨ myweav¸‡jv Kx Kx ? 
(L) wbDK¬xq kw³ e¨env‡i  Amyweav¸‡jv Kx Kx ? 
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cÂg Aa¨vq 

c`v‡_©i Ae¯’v I Pvc 
PRESSURE AND STATES OF MATTER 

[Avgiv c`v‡_©i wZbwU Ae¯’vi K_v Rvwb-KwVb, Zij I evqexq| c`v‡_©i Av‡iv GKwU Ae¯’v Av‡Q hvi bvg 
cvRgv| Zij I evqexq c`v_© mn‡R cÖevwnZ n‡Z cv‡i e‡j G‡`i‡K cÖevnx e‡j| cÖevnx Pvc cÖ̀ vb K‡i| 
cÖevnxi Pvc‡K Kv‡R jvwM‡q A‡bK KvR mn‡R Kiv hvq| c`v‡_©i GKwU we‡kl ag© n‡jv w¯’wZ¯’vcKZv| 
eZ©gvb Aa¨v‡q Avgiv G me welq wb‡q Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv- 
1. ej I †¶Îd‡ji cwieZ©‡bi mv‡_ Pv‡ci cwieZ©b e¨vL¨v Ki‡Z cvie|
2. NbZ¡ e¨vL¨v Ki‡Z cvie| 
3. ˆ`bw›`b Rxe‡b Nb‡Z¡i e¨envi e¨vL¨v Ki‡Z cvie| 
4. evqygÊ‡ji Pvc e¨vL¨v Ki‡Z cvie|          
5. Zij ¯Í‡¤¢i D”PZv e¨envi K‡i evqygÊjxq Pvc cwigvc Ki‡Z cvie  
6.  D”PZv e„w×i mv‡_ evqygÊ†ji Pv‡ci cwieZ©b we‡klY Ki‡Z cvie|
7. AvenvIqvi Dci evqygÊjxq Pv‡ci cwieZ©b we‡klY Ki‡Z cvie|
8. w¯’i Zi‡ji g‡a¨ †Kv‡bv we› ỳ‡Z Pv‡ci ivwkgvjv cwigvc Ki‡Z cvie|
9. Zi‡j wbgw¾Z e¯‘i EaŸ©gyLx Pv‡ci Abyf~wZ e¨vL¨v Ki‡Z cvie|               
10. e¯‘ †Kb cvwb‡Z fv‡m Zv e¨vL¨v Ki‡Z cvie|  
11. evsjv‡`‡k †bŠc‡_ `~N©Ubvi KviY we‡klY Ki‡Z cvie|
12. c¨vm‡K‡ji m~Î e¨vL¨v Ki‡Z cvie|        
13. c¨vm‡K‡ji m~‡Îi e¨envwiK wµqv cÖ̀ k©b Ki‡Z cvie|     
14. cxob I weK…wZ e¨vL¨v Ki‡Z cvie| 
15. û‡Ki m~Î e¨vL¨v Ki‡Z cvie|       
16.  c`v‡_©i AvYweK MwZZË¡ e¨vL¨v Ki‡Z cvie| 
17.  c`v‡_©i cvRgv Ae¯’v e¨vL¨v Ki‡Z  cvie|
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5.1|  Pvc I †¶Îdj  
 Pressure and Area

Zzwg ỳB cv‡q hZ mn‡R ùvwo‡q _vK‡Z cvi, GK cv‡q Kx Zv cvi? nvBwnj RyZv c‡i †KD big gvwUi Dci 
w`‡q nvU‡j RyZv gvwUi g‡a¨ †`‡e hvq| Avevi hw` †KD P¨vÞv ZjvIqvjv RyZv c‡ib, Z‡e Zv gvwU‡Z `v‡e bv| 
Pv‡ci ZviZ‡g¨i Kvi‡Y †h GUv nq Zv Avgiv †`Le|  

               wPÎ 5.1 

†Kv‡bv e¯‘i cÖwZ GKK †¶Îd‡ji Dci j¤^fv‡e cÖhy³ ej‡K Pvc e‡j| aiv hvK A †¶‡Îd‡ji Dci wµqviZ 
j¤fv‡e cÖhy³ ej F

Zvn‡j Pvc, p = A_©vr, Pvc = 
ej

†¶Îdj

j¶Yxq †h, †¶Îdj A hZ Kg nq, Pvc p ZZ †ewk nq Ges ej F hZ †ewk nq, Pvc p ZZ †ewk nq| 

D`vniY

i) GKwU †c‡i‡Ki m~Pv‡jv gy‡Li †¶Îdj Lye Kg| ZvB KvV RvZxq †Kv‡bv Z‡ji Dci m~Pv‡jv gyLwU †i‡L 
†c‡i‡Ki PIov gv_vq AvNvZ Ki‡j m~Pv‡jv gv_vq A‡c¶vK…Z †ewk Pvc c‡o, d‡j †c‡iKwU mn‡RB 
e¯‘wUi g‡a¨ Xy‡K hvq| 

ii) Qywii aviv‡jv cÖv‡šZi †¶Îdj Lye Kg| ZvB †Kv‡bv e¯‘i Dci aviv‡jv cÖvšZwU‡K a‡i ej cÖ‡qvM Qzwii 
cÖvš— eivei  e¯‘i Dci †ewk Pvc c‡o| d‡j e¯‘wU mn‡RB KvUv hvq| 

Zx² aviv‡jv Avjwc‡bi PIov gv_vq ej w`‡j mi“ gv_vq †ewk Pvc Abyf~Z nq| 

†fuvZv Avjwc‡bi PIov gv_vq ej w`‡j †fuvZv gv_vq AZ Pvc Abyf~Z nq bv| d‡j aviv‡jv Avjwcb w`‡q KvMR 
wQ`ª Kiv mnR| 

wb‡R Ki : 
GKwU Zx¶è aviv‡jv Avjwcb Ges GKwU †fvZv Avjwcb wb‡q KvMR wQ ª̀ Ki| †KvbwU w`‡q 
wQ ª̀ Kiv mnR? e¨vL¨v Ki|                 
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Pv‡ci GKK

e‡ji GKK‡K †¶Îd‡ji GKK w`‡q fvM Ki‡j Pv‡ci GKK cvIqv hvq| AZGe Pv‡ci GKK  N m
-2| G‡K 

c¨vm‡Kj (Pa) e‡j| 

 1 Pa = 1 Nm
-2.

cÖwZ 1m
2 †¶Îd‡ji Dci 1N ej j¤^fv‡e wµqv Ki‡j †h Pvc nq Zv‡K 1Pa e‡j|

MvwYwZK D`vniY 5.1 : RyZv cv‡q †Kv‡bv gwnjvi fi 50 kg| Zvi RyZvi Zjvi †¶Îdj 200 cm
2 n‡j Pvc 

†ei Ki|

Avgiv Rvwb 

Pvc, p =
F

A
 = 

W

A

=
490 N

200  10-4 m2 = 2.45  10
4

Pa

5.2| NbZ¡  
 Density

†Kv‡bv e¯‘ †h RvqMv Ry‡o _v‡K Zv‡K Gi AvqZb e‡j| mgvb AvqZ‡bi GK UzKiv KK© Avi GK UzKiv †jvnv 
cvwb‡Z †Q‡o w`‡j †`Lv hv‡e K‡K©i UzKiv †f‡m Av‡Q Avi †jvnvi UzKiv Wz‡e †M‡Q|mvaviYfv‡e ejv hvq K‡K©i 
†P‡q †jvnvi NbZ¡ †ewk ZvB Wz‡e †M‡Q| Avm‡j AvqZb mgvb n‡jI hvi NbZ¡ †ewk †mwU fvix Avi hvi NbZ¡ 
Kg †mwU nvjKv| †Kv‡bv e¯‘i GKK AvqZ‡bi fi‡K Zvi Dcv̀ v‡bi NbZ¡ e‡j| NbZ¡ c`v‡_©i GKwU mvaviY ag©| 
NbZ¡ e¯‘i Dcv v̀b I ZvcgvÎvi Dci wbf©ikxj| 

NbZ¡‡K  Øviv cÖKvk Kiv nq| m f‡ii †Kv‡bv e¯‘i AvqZb V n‡j, NbZ¡  n‡e| 

 = 
m

V
=

e¯‘i fi
e¯‘i AvqZb (5.2)

       Nb‡Z¡i GKK kg m
-3  

gay fwZ© RMwU †ewk fvix g‡b n‡e KviY gayi NbZ¡ †ewk| 

KvR :  
`ywU RM bvI hv‡`i AvqZb mgvb| GKwU RM cvwb Øviv fi Ges GKwU gay Øviv c~Y© Ki| nvZ w`‡q DVvI| 
†KvbwU fvix g‡b n‡”Q?  

†`Iqv Av‡Q, fi, m = 50 kg                          

ej, F = W = mg = 50 kg  9.8 ms
-2

                     = 490 N

RyZvi Zjvi †¶Îdj, A = 200 cm
2

                                  = 200 10
-4  

m
2

hvPvB Ki : 
mgvb B‡Ui iv¯Zvq Lvwj cv‡q nuvUv Avi B‡Ui †Lvqvi Dci w`‡q nuvUv| †KvbwU Kómva¨| e¨vL¨v Ki? 



90 c`v_©weÁvb  

K‡qKwU c`v_© I Zv‡`i NbZ¡ : 

c`v_© NbZ¡ (kgm
-3

) c`v_© NbZ¡ (kgm
-3

)

evqy 1.29 cvwb (4 0
CG) 1000

KK© 250 †jvnv 7,800

wMmvwib 1260 iycv 10,500

eid 920 †mvbv 19,300

†Zvgiv wbðqB g„Z mvM‡ii (Dead Sea) bvg ï‡b‡Qv| GUv RW©v‡b 
Aew¯’Z| jeY I Ab¨vb¨ Ac ª̀e¨ wgwkÖZ _vKvi Rb¨ GB mvM‡ii cvwbi 
NbZ¡ GZ †ewk †h gvbyl †mLv‡b Wy‡e bv|  

ˆ`bw›`b Rxe‡b Nb‡Z¡i e¨envi:

wewfbœ Abyôv‡bi D‡Øvabx‡Z  †ejyb Dov‡bv nq| GB †ejy‡bi g‡a¨  
nvB‡Wªv‡Rb M¨vm _v‡K| nvB‡Wªv‡Rb M¨v‡mi NbZ¡ evqyi Nb‡Z¡i †P‡q †ek 
Kg| ZvB GB M¨vmfwZ© nvjKv †ejyb mn‡R Dc‡ii w`‡K D‡V hvq|  

we ỳ̈ r P‡j †M‡j Avgiv A‡b‡KB AvB.wc.Gm e¨venvi K‡i _vwK| G‡Z eo 
e¨vUvwi _v‡K| Mvwo‡Z ev gvB‡KI Abyi~c e¨vUvwi _v‡K hv‡`i‡K mÂqx †Kvl e‡j| GB mKj †Kv‡l e¨en„Z 

mvjwdDwiK Gwm‡Wi NbZ¡ 1.5 10
3

 kg m
-3 †_‡K 1.3 10

3
 kg m

-3| nvB‡WªvwgUvi w`‡q gv‡S gv‡S NbZ¡ 
†g‡c †`L‡Z nq| NbZ¡ †ewk n‡j ‡KvlUv bó n‡q hvq| G Rb¨ gv‡S g‡a¨ cÖ‡qvRbxq cvwb w`‡q NbZ¡ wVK 
ivL‡Z nq|  

fv‡jv wWg cvwb‡Z Wz‡e hvq wKš‘ cPv wWg cvwb‡Z fv‡m| cPv wW‡gi NbZ¡ cvwbi †P‡q Kg e‡j Zv fv‡m| 

MvwYwZK D`vniY 5.2: 2 m
3 AvqZ‡bi Zi‡ji fi 2000 kg n‡j Zi‡ji NbZ¡ KZ?

 Avgiv Rvwb, 

 NbZ¡,  = 
fi

AvqZb = 
m

 V

=
2000 kg

2 m
3  = 1000 kg m

-3   

5.3  evqygÊ‡ji Pvc  
 Atmospheric pressure

GB c„w_ex evqygÊj Øviv cwie¨ß|  evqygÊ‡ji IRb Av‡Q| ZvB evqygÊ‡ji Pvc Av‡Q| c„w_exc„‡ô GB Pvc cÖwZ 
eM©wgUv‡i cÖvq 10

5
N| GKRb c~Y©eq¯‹ gvby‡li †`‡ni †¶Îdj 1.5 m

2 ai‡j evqygÊj Zvi †`‡ni Dci  
1.5 10

5
N ej cÖ‡qvM K‡i| Z‡e gvby‡li kix‡ii wfZ‡i i‡³i Pvc evB‡ii GB Pvc A‡c¶v mvgvb¨ †ewk e‡j 

gvbyl mvaviYZ evqyi GB Pvc Abyfe K‡i bv| 

†`Iqv Av‡Q
fi, m =2000 kg

AvqZb, V = 2  m
3                           

NbZ¡, = ? 
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evqygÊj Zvi IR‡bi Rb¨ f~c„‡ô cÖwZ GKK †¶Îd‡j j¤^fv‡e †h cwigvb ej cÖ‡qvM K‡i Zv‡K H ¯’v‡bi 
evqygÊjxq Pvc e‡j|  

Uwi‡mwji cix¶v I evqygÊjxq Pv‡ci cwigvc 

cÖvq GK wgUvi j¤^v, GKgyL †Lvjv Ges mylg e¨vmhy³ cyiy Kv‡Pi bj bvI| 
bjwU weï× cvi` Øviv c~Y© K‡i KvPb‡ji †LvjvgyL AvOyj w`‡q AvUwK‡q 
bjwU‡K Dëv K‡i GKwU cvi`c~Y© cv‡Îi g‡a¨ WyevI (wPÎ 5.3)| Gevi AvOyj 
mwi‡q bj‡K Lvov K‡i ivLvi e¨e¯’v Ki‡j †`Lv hv‡e cvi` wKQy`~i †b‡g G‡m 
w¯’i n‡q `uvwo‡q Av‡Q| AvcvZ`„wó‡Z g‡b n‡e †h b‡ji wfZ‡ii cvi`¯Z¤¢ 
Avcbv-Avcwb `uvwo‡q Av‡Q, wKš‘ ev¯Í‡e  Zv bq| evqygÊjxq Pv‡ci `iyb 
Giƒc n‡”Q| cv‡Îi cvi‡`i Dci evqygÊj me©`v Pvc w`‡”Q| GB Pvc cvi‡`i 
ga¨ w`‡q mÂvwjZ n‡q b‡ji wfZ‡i DaŸ©gy‡L wµqv K‡i| GB PvcB b‡ji 
wfZ‡i cvi`¯Z¤¢‡K a‡i iv‡L| GB Pvc bv _vK‡j AwfK‡l©i Rb¨ b‡ji wfZ‡ii cvi` wb‡P †b‡g AvmZ| 
myZivs evqygÊjxq Pvc = b‡ji cvi`¯Z‡¤¢i Pvc| mvaviY †¶‡Î b‡ji wfZi †h cvi`¯Z¤¢ _vK‡e Zvi D”PZv 
cÖvq 76 cm A_©vr evqygÊ‡ji Pvc 76 cm DPz cvi`¯Z¤¢‡K a‡i ivL‡Z m¶g| Gfv‡e Zij ¯Í‡¤¢i D”PZv 
e¨envi K‡i evqygÊjxq Pv‡ci cwigvc Kiv hvq| 

KvPb‡j †h cvi`¯Z¤¢ ùvwo‡q _v‡K Zvi Dci b‡ji e× cÖvšZ ch©šZ ¯’vb k~b¨| GB ïb¨ ¯’vb‡K Uwi‡mwji 
k~b¨¯’vb e‡j| GLv‡b mvgvb¨ cvi` ev®ú _v‡K| evqyi Pvc cwigvc Kivi hš¿‡K e¨v‡ivwgUvi e‡j|  

5.4|  D”PZv I evqygÊjxq Pvc  
 Altitude and atmospheric pressure                                                             

evqygÊjxq Pvc wbf©i K‡i evqygÊ‡ji D”PZv Ges evqyi Nb‡Z¡i 
Dci| f~c„‡ô A_©vr mgỳ ª mgZ‡j evqyi mvaviY Pvc n‡jv 76cm

cvi`¯Z‡¤¢i Pv‡ci mgvb| f~c„‡ôi mgy`ª mgZj †_‡K hZ Dc‡i DVv 
hvq ZZ evqȳ Z‡¤¢i IRb Ges NbZ¡ DfqB n«vm cvq| GRb¨ D”PZv 
e„w×i mv‡_ mv‡_ evqygšWjxq Pvc Kg nq| Gfv‡ió ce©Zk„‡½i 
Dc‡i evqygÊjxq Pvc mgy`ª mgZ‡ji Pv‡ci cÖvq 30%| †mRb¨ †ewk 
D”PZvq DV‡j k¦vm-cÖk¦vm †bIqv KóKi nq| Avevi †ewk D”PZvq evqygÊjxq Pv‡ci †P‡q gvby‡li i³Pvc †ewk 
_v‡K e‡j bvK w`‡q i³ co‡Z cv‡i| AvRKvj wegvb hLb †ewk D”PZvi wbgèPvc AÂj w`‡q D‡o hvq ZLb  
Gi Af¨šZ‡i hvÎx‡`i myweav‡_© ¯^vfvweK Pvc eRvq ivLvi e¨e¯’v Kiv nq| 
f~c„ô †_‡K hZ Dc‡i DVv hvq ZZ evqygÊjx‡Z Pvc Kg| D”PZvi mv‡_ evqygÊjxq Pv‡ci cwieZ©b †jLwP‡Î 
†`Lv‡bv n‡jv (wPÎ 5.4)| 

5.5| evqygÊjxq Pv‡ci cwieZ©b I AvenvIqv  
 Change in atmospheric pressure and weather 

†Kv‡bv ¯’v‡b mg‡qi m‡½ m‡½ evqygÊjxq Pv‡ci cwieZ©b N‡U| Gi KviY evqy‡Z Dcw¯’Z Rjxq ev‡®úi 
cwigv‡Yi n«vme„w× Z_v evqyi Nb‡Z¡i cwieZ©b nq| Avgiv evqygÊjxq Pv‡ci cwieZ©b eyS‡Z cvwi e¨v‡ivwgUv‡ii 
cvi`¯Z‡¤¢i D”PZvi cwieZ©b †`‡L|  

wPÎ 5.3 

wPÎ 5.4 
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†`Iqv Av‡Q'
Zi‡ji MfxiZv,
h = 75 cm= 0.75 m

Zi‡ji NbZ¡, = 800 kg m
-1

Pvc p = ? 

wPÎ 5.5 

1| e¨v‡ivwgUv‡ii cvi`¯Z‡¤¢i D”PZv ax‡i ax‡i Kg‡Z _vK‡j †evSv hv‡e evqy‡Z Rjxq ev‡®úi cwigvY 
ax‡i ax‡i evo‡Q| KviY Rjxq ev®ú evqyi †P‡q nvjKv| G‡¶‡Î e„wócv‡Zi m¤¢vebv Av‡Q| 

2| nVvr hw` cvi`¯Z‡¤¢i  D”PZv Lye K‡g hvq Z‡e eyS‡Z n‡e Pviw`‡K evqygÊ‡ji Pvc mnmv K‡g †M‡Q 
Ges H ¯’v‡b wbgèPv‡ci m„wó n‡q‡Q| cvk¦©eZ©x D”PPv‡ci ¯’vb †_‡K cÖej †e‡M evqy H wbgèPv‡ci 
AÂ‡j Qy‡U Avm‡e| myZivs S‡oi m¤¢vebv Av‡Q| 

3| e¨v‡ivwgUv‡i cvi`¯Z‡¤¢i D”PZv ax‡i ax‡i evo‡j eyS‡Z n‡e evqygÊj †_‡K Rjxq ev®ú AcmvwiZ 
n‡”Q Ges ï®‹ evZvm †mB ¯’vb AwaKvi Ki‡Q| myZivs; AvenvIqv ï®‹ I cwi¯‹vi _vK‡e| Gfv‡e 
evqyi Pv‡ci cwieZ©b e¨v‡ivwgUvi Øviv wbY©q K‡i AvenvIqvi c~e©vfvm †`Iqv hvq|

5.6| w¯’i Zi‡ji g‡a¨ †Kv‡bv we› ỳ‡Z Pvc
 Pressure at a point in a liquid at equlibrium

Zij c`v‡_©i wfZ‡i †Kv‡bv we› ỳ‡Z Pvc ej‡Z wVK H we› ỳi Pviw`‡K cÖwZ GKK †¶Îd‡ji Dci j¤^fv‡e 
Abyf~Z ej‡K eySvq| 5.5 bs wP‡Î GKwU cv‡Î wKQz cwigvY Zij c`v_© Av‡Q|  
    aiv hvK, cv‡Îi  f~wgi †¶Îdj = A

Zi‡ji NbZ¡ =
       Zi‡ji MfxiZv =  h
        AwfKl©R Z¡iY = g

Avgiv Rvwb, Pvc = ej  †¶Îdj
GLvb A †¶Îd‡j cÖhy³ ej = Zi‡ji IRb

 = Zi‡ji fi g

 = Zi‡ji AvqZb NbZ¡ g

 = Zi‡ji †¶Îdj Zi‡ji MfxiZv NbZ¡ g

= A h   g

  Pvc, p = A h  g / A

ev   Pvc, p  =  h  g  (5.3) 

Avevi †h‡nZz g aªyeK ZvB, p  h

A_©vr w¯’i Zi‡ji Af¨š—‡i †Kv‡bv we› ỳ‡Z Pvc H we› ỳi MfxiZv I Nb‡Z¡i 
mgvbycvwZK| myZivs Zi‡ji MfxiZv evo‡j Pvc ev‡o Ges NbZ¡ evo‡jI 
Pvc ev‡o| MfxiZv evo‡j Pvc ev‡o weavq wP‡Î †ewk MfxiZvi wQ`ª †_‡K 
wbM©Z Zi‡ji †eM †ewk (wPÎ 5.6)| 
MvwYwZK D`vniY  5.4 : GKwU cv‡Î †K‡ivwmb Av‡Q| †K‡ivwm‡bi 
DcwiZj †_‡K 75 cm Mfx‡i †Kv‡bv we› ỳ‡Z Pv‡ci gvb wbY©q Ki| 
†K‡ivwm‡bi NbZ¡ 800 kg m

-3
.

Avgiv Rvwb, 
p  = h g    

           = 0.75 m 800  kg m
-3

9.8  ms
-2

 = 5880 Pa

         D: 5880
                    

wPÎ 5.6 
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5.7| cÖevnxi Pvc I ceZv
Pressure of a fluid and buoyancy

†h c`v_© cÖevwnZ nq ev n‡Z cv‡i Zv‡K cÖevnx (fluid) e‡j| Zij I evqexq G ỳB †kªwYi c`v_© cÖevnxi Aš—f©y³| 

cÖevnxi Pvc: †Kv‡bv Z‡j w¯’i Ae¯’vq †_‡K cÖevnx Zvi cÖwZ GKK †¶Îd‡j j¤^fv‡e †h ej cÖ‡qvM K‡i Zvi 
gvb‡K cÖevnxi Pvc e‡j| hw` GKwU Z‡ji †¶Îdj A Ges cÖevnx KZ©„K j¤^fv‡e cÖhy³ ej F nq Zvn‡j Pvc, 

p = 
F

A
.

ceZv : cvwbc~Y© GKwU Kjwm‡K cvwbi g‡a¨ miv‡bv hZ mnR, cvwb‡Z bv †i‡L miv‡bv ZZ mnR bq| cvwbi 
g‡a¨ Wyeš— Ae¯’vq KjwmwU †ek nvjKv g‡b nq KviY Kjwmi Dci GKwU DaŸ©gyLx ej KvR K‡i| 

Zij ev evqexq c`v‡_©  AvswkK ev m¤ú~Y©fv‡e wbgw¾Z †Kv‡bv e¯‘i Dci Zij ev 
evqexq c`v_© j¤^fv‡e †h DaŸ©gyLx ej wµqv K‡i Zv‡K ceZv e‡j| ceZvi gvb 
e¯‘i wbgw¾Z Ask KZ…©K AcmvwiZ Zij ev evqexq c`v‡_©i IR‡bi mgvb nq| 

ceZvi gvb :

Zi‡ji  g‡a¨ †Kv‡bv KwVb e¯‘‡K wbgw¾Z Ki‡j e¯‘i cÖwZ we›`y‡Z me©gyLx Pvc 
Abyf~Z n‡e| aiv hvK A cÖ¯’‡”Q‡`i Ges h D”PZvi GKwU wmwjÛvi PQRS| GUv 
Nb‡Z¡i cÖevnx‡Z m¤ú~Y© wbgw¾Z Av‡Q (wPÎ : 5.7)| Zi‡ji gy³ Zj †_‡K wmwjÛv‡ii 
Dc‡ii Ges wb‡Pi c„‡ôi MfxiZv h_vµ‡g h1 I h2

myZivs h = h2 - h1

wmwjÛv‡ii Dcwi c„ô PQ-G Zij  KZ…©K wbgœgyLx ej, F1  = Ah1 g

wmwjÛviwUi wbgœ c„ô SR- G Zij KZ…©K DaŸ©gyLx ej, F2 = Ah2 g

wmwjÛv‡ii eµc„‡ô Zij KZ…©K cÖhy³ cvk¦©Pvc ci¯úi wecixZgyLx I mgvb weavq bvKP n‡q hvq|  
myZivs jwä DaŸ©gyLx ej ev ceZv - 

= F2- F1

  = Ah2 g – Ah1 g

  = A(h2-h1) g

  = Ah g

  = (hA) g

  = V g, [ V = hA = wmwjÛv‡ii AvqZb] 
  = e¯‘ KZ…©K AcmvwiZ cÖevnxi IRb| 

myZivs wbgw¾Z e¯‘i Dci wµqviZ DaŸ©gyLx ej ev ceZv e¯‘ KZ…©K AcmvwiZ cÖevnxi IR‡bi mgvb| GB 
EaŸ©gyLx e‡ji Rb¨B Zi‡j wbgw¾Z e¯‘ IRb nvivq e‡j g‡b nq| 

5.8  e ‘̄i fvmb I wbg¾b 
Floatation and immersion of a body 

w¯’i Zi‡j †Kv‡bv e¯‘‡K †Q‡o w`‡j e¯‘wUi Dci GKB m‡½ ỳwU ej wµqv K‡i- 

1| e¯‘i IRb W1 Lvov wb‡Pi w`‡K wµqv K‡i 

wPÎ : 5.7 
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2| wbgw¾Z e¯‘i Dci Zi‡ji  ceZv W2 Dj¤^fv‡e Ic‡ii ẁ ‡K wµqv K‡i| 

e¯‘i fvmb I wbg¾‡bi †¶‡Î wZbwU Ae¯’vi m„wó n‡Z cv‡i- 

K) hw` W1 > W2 nq, A_©vr hw` e¯‘i IRb Zi‡ji ceZvi †P‡q †ewk nq 
Zvn‡j e¯‘ Zi‡j Wy‡e hv‡e| 

 G‡¶‡Î e¯‘i IRb e¯‘ KZ…©K AcmvwiZ Zi‡ji IRb A‡c¶v †ewk|

L) hw` W1 = W2 nq, A_©vr e¯‘i IRb Zi‡ji ceZvi mgvb nq Zvn‡j 
e¯‘wU Zi‡j m¤ú~Y© wbgw¾Z Ae¯’vq fvm‡e| G‡¶‡Î e¯‘i IRb, 
e¯‘ KZ…©K AcmvwiZ Zi‡ji IR‡bi mgvb|

M) hw` W1 < W2 nq, A_©vr hw` e¯‘i IRb Zi‡ji ceZvi †P‡q Kg nq Zvn‡j e¯‘wU Zi‡j AvswkK 
wbgw¾Z Ae¯’vq fv‡m| G‡¶‡Î e¯‘i IRb e¯‘ KZ…©K AcmvwiZ Zi‡ji IR‡bi †P‡q Kg|

5.9  AvwK©wgwW‡mi m~Î
 Archemedes’ Law

Avgv‡`i cÖvZ¨wnK Rxe‡bi AwfÁZv †_‡K †`L‡Z cvB †h †Kv‡bv KwVb e¯‘‡K 
cvwb‡Z Wzev‡j nvév e‡j g‡b nq| Gi KviY Wzeš— e¯‘i Dci GKUv EaŸ©gyLx ej ev 
ceZv KvR K‡i| wLªóc~e© Z…Zxq kZvãx‡Z wMÖK `vk©wbK AvwK©wgwWm Avwe®‹vi K‡ib 
†h, †Kv‡bv e¯‘‡K w¯’i Zij A_ev evqexq c`v‡_© AvswkK ev m¤ú~Y© Wyev‡j 
e¯‘wU wKQy IRb nvivq e‡j g‡b nq| GB nviv‡bv IRb e¯‘wUi Øviv 
AcmvwiZ Zij ev evqexq c`v‡_©i IR‡bi mgvb| 

cix¶Y : GKwU e¯‘ bvI hvi IRb Rvbv| Gevi e¯‘wU‡K GKwU nvjKv my‡Zvq †eu‡a Kvbvq Kvbvq cvwb fwZ©  
eo weKv‡ii g‡a¨ WyevI| Gi d‡j wKQy cvwb Dc‡P co‡e| cvwb‡Z wbgw¾Z Ae¯’vq e¯‘wUi IRb bvI| Rvbv 
IRb †_‡K GB IRb we‡qvM K‡i AvcvZ IRb n«vm †ei Ki| Gevi Dc‡P cov cvwbi IRb †ei Ki| †`Lv hv‡e 
e¯‘i IR‡bi AvcvZ n«v‡mi cwigvY AcmvwiZ Zi‡ji IR‡bi mgvb| Gfv‡e Avgiv  AvwK©wgwW‡mi bxwZi 
GKUv mnR cÖgvY †c‡Z cvwi|

wnmve Ki : GKwU AvqZvKvi  e‡Ki Zj‡`‡ki †¶Îdj 25 cm
2, G‡K cvwbi g‡a¨ Wyev‡bv n‡jv| cvwbi 

NbZ¡ 1000 kg m
-3| cvwbi DcwiZj †_‡K e‡Ki Dc‡ii c„‡ôi MfxiZv = 5 cm, e‡Ki D”PZv 2 cm. n‡j

1| e‡Ki DcwiZ‡j cvwbi Pvc  p1 †ei Ki
2| e‡Ki Zj‡`‡k cvwbi Pvc p2 †ei Ki 
3| e‡Ki DcwiZ‡j cvwb Kx cwigvY ej cÖ‡qvM Ki‡e? 
4| e‡Ki wbgœZ‡j cvwb Kx cwigvY ej cÖ‡qvM Ki‡e? djvd‡j †Zvgvi gš—e¨ wjL| 

evsjv‡`‡k †bŠc‡_ ~̀N©Ubvi KviY:  

Avgv‡`i †`‡k cÖvqB †bŠ-`~N©Ubv N‡U| GKUv †bŠhvb hLb ˆZwi  Kiv nq ZLb Zvi AvK…wZ I AvKvi Ggb nq 
†h cvwb‡Z fvmv‡j Wyeš— AskUzKz KZ…©K AcmvwiZ cvwbi IRb †bŠhv‡bi IR‡bi mgvb| GLb hZ hvÎx DV‡e 
ZZ †bŠhvbwU fvix n‡e Ges cvwbi g‡a¨ Wye‡Z _vK‡e| aviY ¶gZvi †ewk hvÎx DV‡j †mUv Wy‡e hv‡e| †h‡nZz 
b`x‡Z †mªvZ _v‡K, †XD _v‡K ZvB aviY¶gZvi †P‡q eis wKQy Kg hvÎx wb‡q ev AvenvIqvi mZK© ms‡KZ 

wPÎ 5.9

wPÎ 5.8 
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AbymiY K‡i mZK©KZvi mv‡_ †bŠhvb Pvjv‡bv DwPZ| †bŠhv‡bi Î“wUc~Y© b·vi Rb¨I A‡bKmgq fi‡K› ª̀ 
cwiewZ©Z n†q ~̀N©Ubv NUvq| KLbI AwZwi³ hvÎx n‡q †bŠhv‡b DVv wVK bq| 

5.10| c¨vm‡K‡ji m~Î  
 Pascal’s Law

†Kv‡bv Ave× Zij ev evqexq c`v‡_©i †Kv‡bv As‡k Pvc cÖ‡qvM Ki‡j †mB Pvc mew`‡K mÂvwjZ nq| c¨vm‡Kj 
Pv‡ci G mÂvjb m¤ú‡K© wb‡gœv³ m~Î cÖ`vb K‡ibÑ 

Ave× cv‡Î Zij ev evqexq c`v‡_©i †Kv‡bv As‡ki Dci evB‡i †_‡K Pvc cÖ‡qvM Ki‡j †mB Pvc wKQy gvÎ bv 
K‡g Zij ev evqexq c`v‡_©i mew`‡K mgvbfv‡e mÂvwjZ nq Ges Zij ev evqexq c`v‡_©i msjMœ cv‡Îi Mv‡q 
j¤^fv‡e wµqvK‡i| 

c¨vm‡K‡ji m~‡Îi MvwYwZK e¨vL¨v : eje„w×KiY bxwZ 

Ave× Zij c`v‡_©i ¶z`ªZg As‡ki Dci wc÷b Øviv †Kv‡bv ej cÖ‡qvM Ki‡j Gi e„nËg wc÷b  †mB e‡ji 
eû¸b †ewk ej cÖhy³ n‡Z cv‡i| G‡K ej e„w×KiY bxwZ e‡j| 

aiv hvK, C1 I C2 ỳwU wmwjÛvi (wPÎ 5.10)| G‡`i cȪ ’‡”Q‡`i †¶Îdj h_vµ‡g A1 I A2| wmwjÛvi `ywU 
GKwU bj Øviv mshy³ Ges cÖ‡Z¨K wmwjÛv‡i GKwU K‡i wc÷b wbw”Q`ªfv‡e jvMv‡bv Av‡Q| GLb wmwjÛvi `ywU 
†h †Kv‡bv Zij c`v‡_© c~Y© K‡i hw` †QvU wc÷‡b F1 ej 

cÖ‡qvM Kiv nq Zvn‡j H wc÷‡b Abyf~Z Pv‡ci gvb 
F1

A1
|

c¨vm‡K‡ji m~Îvbymv‡i G Pvc Zij c`v_© Øviv mew`‡K 

mÂvwjZ n‡e| myZivs eo wc÷‡b cÖhy³ D× ©Pvc
F1

A1
 n‡e| 

G Pv‡ci Rb¨ eo wc÷‡b Abyf~Z D× ©gyLx ej n‡e,  Pvc 

 †¶Îdj ev   
F1

A1
A2 Gi mgvb|  myZivs eo wc÷‡b 

Abyf~Z DaŸ©gyLx ej F2 n‡j,

F2 = 
F1

A1
A2

F2

F1
 = 

A2

A1
(5.4)

Kv‡RB eo wc÷‡bi cȪ ’‡”Q‡`i †¶Îdj hZ †ewk n‡e ejI ZZ †ewk Abyf~Z n‡e| †QvU wc÷‡bi †P‡q eo 
wc÷b hw` 100 ¸Y eo nq Zvn‡j †QvU wc÷‡b 1 wbDUb ej cÖ‡qvM Ki‡j eo wc÷‡b 100 wbDUb DaŸ©gyLx 
ej Abyf~Z n‡e|

wPÎ 5.10 
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5.11| w¯’wZ¯’vcKZv: cxob I weK…wZ 
Elastcity : stress and strain

mvaviY AwfÁZv †_‡K Avgiv Rvwb GKUv iev‡ii wdZv Uvb‡j Zv ˆ`‡N©¨ †e‡o hvq| Avevi Uvb †Q‡o w`‡j 
c~bivq c~‡e©i ˆ`N©̈  wd‡i cvq ev wd‡i †c‡Z †Póv K‡i| GLv‡b Uvbv A_© ej cÖ‡qvM Kiv Avi ˆ`N©̈   †e‡o hvIqv 
A_© weK…Z nIqvq| g~jZ : hLbB e¯‘ weK…Z nq ZLbB e¯‘i wfZ‡i GKUv evav`vbKvix e‡ji m„wó nq hvi 
Rb¨ c~‡e©i Ae¯’vq wd‡i Avm‡Z m‡Pó nq| 

evwn¨K ej cÖ‡qvM K‡i †Kv‡bv e¯‘i AvKvi ev AvqZb ev Df‡qi cwieZ©‡bi †Póv Ki‡j, †h a‡g©i Rb¨ e¯‘wU GB 
cÖ‡Póv‡K evav †`q Ges ej AcmvwiZ n‡j e¯‘ Zvi c~‡e©i AvKvi ev AvqZb wd‡i cvq †mB ag©‡K w¯’wZ¯’vcKZv 
e‡j| †h me c`v‡_©i GB ag© Av‡Q Zv‡`i‡K w¯’wZ¯’vcK c`v_© e‡j| Z‡e e‡ji GKwU mxgv Av‡Q, hvi †ewk ej cÖ‡qvM 
Ki‡j e¯‘ Avi c~‡e©i AvKvi wd‡i cvq bv| GB mxgv‡K w¯’wZ¯’vcK mxgv e‡j| 

hLb w¯’wZ¯’vcK e¯‘i Dci evwn¨K ej cÖ‡qvM Kiv nq ZLb e¯‘i AYy¸‡jv ci¯úi †_‡K m‡i hvq| Zvi d‡j 
e¯‘i ˆ`N©̈ , AvqZb ev AvK…wZi cwieZ©b N‡U| GKK ˆ`‡N©̈ i ev GKK AvqZ‡bi GB cwieZ©b‡K weK…wZ e‡j| 
evwn¨K e‡ji cÖfve †Kv‡bv e¯‘i g‡a¨ weK…wZi m„wó n‡j w¯’wZ¯’vcKZvi Rb¨ e¯‘i wfZ‡i GKwU cÖwZ‡iva 
e‡ji D™¢e nq| GB cÖwZ‡iva ej evwn¨K ej‡K evav`v‡bi †Póv K‡i| e¯‘i wfZi GKK †¶Îd‡j j¤^fv‡e 
D™¢yZ G cÖwZ‡ivaKvix ej‡K cxob e‡j|  

û‡Ki m~Î (Hooke’s law) : weÁvbx ievU© ûK w¯’wZ¯’vcKZvi g~jm~ÎwU Avwe¯‹vi K‡ib| GB m~Îvbymv‡i-

 w¯’wZ¯’vcK mxgvi g‡a¨ cxob weK…wZi mgvbycvwZK| 

MvwYwZKfv‡e 

 cxob  weK…wZ 

 cxob = aªyeK  weK…wZ

      ev, 
cxob
weK…wZ = aªyeK 

GB aªyeKwU‡K e¯‘i Dcv`v‡bi w¯’wZ¯’vcK ¸Yv¼ e‡j| D‡jL¨ †h weK…wZi †Kv‡bv GKK †bB| cxo‡bi GKK 
N m

-2| w¯’wZ¯’vcK ¸Yv‡¼i GKKI N m
-2|

5.12| c`v‡_©i AvYweK MwZZË¡
 Molecular Kinetic Theory of Matter 

c`v‡_©i AYy̧ ‡jv MwZkxj Ae¯’vq Av‡Q, GB aviYv a‡i †bIqvB 
c`v‡_©i AvYweK MwZZ‡Ë¡i g~j welq| wbgœewY©Z ¯^xKvh©¸‡jvi Dci 
c`v‡_©i AvYweK MwZZË¡ cÖwZwôZ:   

1| †h †Kv‡bv c`v_© AmsL¨ ¶z̀ ª ¶z̀ ª   KYvi mgš^‡q MwVZ|

     GB KYv¸‡jv‡K c`v‡_©i AYy e‡j|

      2| AYy¸‡jv G‡Zv ¶z`ª †h Zv‡`i‡K we›`yer we‡ePbv Kiv nq| 

3| c`v‡_©i KYv¸‡jv me©`v MwZkxj|

wPÎ 5.11 
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4| M¨v‡mi †¶‡Î AYy̧ ‡jv †ek ~̀‡i ~̀‡i _v‡K, G Rb¨ Zv‡`i g‡a¨ †Kv‡bv AvKl©Y ev weKl©Y ej KvR K‡i 
bv ej‡jB P‡j| Zi‡ji †¶‡Î AYy̧ ‡jv wKQyUv ~̀‡i ~̀‡i _vK‡jI Zv‡`i g‡a¨ AvKl©Y ej KvR K‡i Ges 
Zij‡K cv‡Îi AvKv‡i aviY Ki‡Z eva¨ K‡i| KwVb c`v‡_©i †¶‡Î KYv¸‡jv Lye KvQvKvwQ _v‡K Ges 
Zv‡`i gv‡S Zxeª AvKl©Y ej KvR K‡i weavq KwVb c`v‡_©i wbR¯^  AvKvi I AvqZb _v‡K|  

5|  M¨vm I Zi‡ji †¶‡Î KYv¸‡jv G‡jv‡g‡jv QzUvQzwU K‡i GRb¨ Giv ci¯ú†ii mv‡_ Ges cv‡Îi 
†`qv‡ji  mv‡_ msN‡l© wjß nq   

5.13| c`v‡_©i cvRgv Ae¯’v 
 Plasma state of matter

c`v‡_©i PZz_© Ae¯’vi bvg cvRgv| GB cvRgv n‡jv AwZ D”P ZvcgvÎvq AvqwbZ M¨vm| cvRgvi eo Drm n‡”Q 
m~h©| ZvQvov Ab¨vb¨ b¶Î¸‡jvI cvRgvi Drm| cÖvq K‡qK nvRvi wWwMÖ †mjwmqvm ZvcgvÎvq cvRgv Ae¯’vi 
DrcwË nq| M¨v‡mi b¨vq cvRgvi †Kv‡bv wbw`©ó AvKvi ev AvqZb †bB| cvRgv KYv¸‡jv Zwor Avavb enb 
K‡i ZvB cvRgv Zwor cwievnx wn‡m‡e KvR K‡i| wkí KviLvbvi cvRgv UP© w`‡q avZe c`v_© KvUv nq| 

AbymÜvb 5.1 
KwVb e¯‘i NbZ¡ wbY©q
D‡Ïk¨ : †h †Kv‡bv AvKv‡ii Nbe¯‘i NbZ¡ wbY©q Kiv| 
hš¿cvwZ : gvc‡PvO, wbw³, †h‡Kv‡bv AvKv‡ii Nbe¯‘  
ZË¡ : †Kv‡bv KwVb e¯‘ hZUzKz ¯’vb `Lj K‡i _v‡K Zv‡K H e¯Zzi AvqZb e‡j| Avi e¯‘i GKK AvqZ‡bi 
fi‡K Zvi NbZ¡ e‡j|  
†Kv‡bv KwVb e¯‘‡K Zij c`v‡_© m¤ú~Y© Wzev‡j Zvi wb‡Ri 
AvqZ‡bi mgvb Zij ¯’vbPÿ Z K‡i| KwVb e¯‘‡K  cvwb‡Z 
Wzev‡bvi c~‡e© I c‡i gvc‡Pv‡Oi cvwbi Dcwifv‡Mi cvV h_vµ‡g
V1 cm

3 Ges V2 cm
3 n‡j KwVb e¯‘i AvqZb, 

V = (V2 - V1 ) cm
3
 ...   ...   ...   (1)

GLb e¯‘i fi M gm n‡j, Gi NbZ,

d = 
M gm

V cm
3  = 

M

V
 × 10

3
 kg m

-3
   ...   (2) 

Kv‡Ri aviv :
1. GKwU wbw³i mvnv‡h¨ cix¶Yxq KwVb e¯‘wUi fi wbY©q Ki|  
2. gvc †Pv‡Oi A‡a©K cvwb Øviv c~Y© K‡i cvwbi Dcwifv‡Mi cvV bvI|  
3. KwVb e¯‘wU‡K myZv w`‡q †e‡a mveav‡b †Pv‡Oi cvwb‡Z WzevI †hb Zv †Pv‡Oi Zjvq Ae¯’vb K‡i| GB 

Ae¯’vq cvwb w¯’i n‡j Gi Dcwifv‡Mi cvV bvI| 
4.  gvc‡Pv‡O wewfbœ cwigvY cvwb wb‡q 2 I 3 bs cÖwµqv cybive„wË K‡i cvV Q‡K Dc¯’vcb Ki| 
5. cÖ‡qvRbxq wnmv‡ei mvnv‡h¨ KwVb e¯‘i AvqZb wbY©q K‡i 2 bs mgxKi‡Yi mvnv‡h¨ NbZ¡ wbY©q Ki| 

wPÎ 5.12 
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e¯‘i fi I AvqZb wbY©‡qi QK: 
ch©‡e¶Y  msL¨v KwVb e¯‘i fi 

M

gm

cvwbi
Dcwifv‡Mi 
cvV, e¯‘‡K 

Wzev‡bvi
c~‡e© V1 cm

3

cvwbi
Dcwifv‡Mi cvV 

e¯Zz‡K
Wzev‡bvi

c‡i V2 cm
3

KwVb e¯‘i 
AvqZb

V’ = (V2 -
V1 ) cm

3

Mo AvqZb
V cm

3

1      
2      
3      

wnmve: 
KwVb e¯‘i AvqZb V = (V2 - V1) cm

3
 = ……. × 10

-6
 m

3

KwVb e¯‘i NbZ¡ d =
M

V
 × 10

3
 kg m

-3

Abykxjbx
K.  eûwbe©vPwb cÖkœ : 
1|  evqyPvc cwigv‡ci h‡š¿i bvg Kx ? 
 K) _v‡g©vwgUvi         L) e¨v‡ivwgUvi  
 M) g¨v‡bvwgUvi         N) wmm‡gvwgUvi 
2|  Zi‡ji Pv‡ci cwigvY Kx n‡e ? 
        K) MfxiZvi mgvbycvwZK       L) †¶Îd‡ji mgvbycvwZK  
        M) Nb‡Z¡i e¨¯ÍvbycvwZK        N) AwfKl©xq Z¡i‡Yi mgvb  
3|  c`v‡_©i PZz_© Ae¯’vi bvg Kx? 
 K) M¨vm          L) cvRgv
 M) KwVb           N) Zij 
wPÎ †_‡K wb‡Pi 4 I 5 bs cÖ‡kœi DËi `vI : 

4| cv‡Îi wbgœZ‡j Kx cwigvY Pvc Abyf~Z n‡e ? 
 K)  98 Pa L) 980 Pa

M) 196 Pa N) 1960 Pa

5| hw` cv‡Îi gy‡L F ej cÖ‡qvM Kiv nq Z‡e G ej-  
i. ïaygvÎ cv‡Îi Zjvq Pvc cÖ‡qvM Ki‡e  

 ii.  ïaygvÎ cv‡Îi eµ Z‡j Pvc cÖ‡qvM Ki‡e
 iii. cv‡Îi mKj w`‡K Pvc cÖ‡qvM Ki‡e
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wb‡Pi †KvbwU mwVK ? 
 K.   i L. ii

M.  iii N. i, ii I iii

(L) m„Rbkxj cÖkœ : 
 wPÎ †`‡L wb‡Pi cÖkœ̧ ‡jvi DËi `vI : 

       K) NbZ¡ Kv‡j e‡j ? 
       L) wP‡Î e ‘̄wUi Gfv‡e †f‡m _vKvi KviY e¨vL¨v Ki| 
       M) e ‘̄wUi NbZ¡ wbY©q Ki| 
       N) Zi‡ji ZvcgvÎv µgvMZ e„w×i djvdj e¨vL¨v Ki| 

(M)  mvaviY cÖkœ :   

 1|  ej, Pvc I †¶Îd‡ji m¤úK© Kx?  

 2|  NbZ¡ Kv‡K e‡j? Gi GKK Kx? 

 3|  evqygÊjxq Pvc Kv‡K e‡j? 

 4|  Uwi‡mwji k~b¨¯’vb wK cÖK…Z c‡¶ k~b¨? e¨vL¨v Ki| 

 5|  Zi‡ji Pvc I D”PZvi g‡a¨ m¤úK© wbY©q Ki| 
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lô Aa¨vq

e¯‘i Dci Zv‡ci cÖfve 
EFFECT OF HEAT ON SUBSTANCES 

[Zvc GKcÖKvi kw³ hv c`v‡_©i AYyi MwZi mv‡_ m¤úwK©Z| ZvcgvÎv n‡”Q Zvckw³ †Kvb w`‡K cÖevwnZ n‡e Zvi GKwU 
wb‡`©kK| Zvc cÖ‡qv‡M ev Acmvi‡Y KwVb c`v‡_©i AvKv‡ii cwieZ©b N‡U, Zij c`v‡_©i AvqZb cwiewZ©Z nq Ges 
evqexq c`v‡_©i AvqZb I Pv‡ci cwieZ©b N‡U| Zvc cÖ‡qv‡M ev Acmvi‡Y c`v_© GK Ae¯’v †_‡K Ab¨ Ae¯’vq iƒcvš—wiZ
nq| e¯‘i Dci Zv‡ci G mKj cÖfve GB Aa¨v‡q Av‡jvPbv Kiv n‡e|] 

GB Aa¨vq cvV †k‡l Avgiv- 
1. Zvc I ZvcgvÎv e¨vL¨v Ki‡Z cvie| 
2.  c`v‡_©i ZvcgvwÎK ag© e¨vL¨v Ki‡Z cvie| 
3.  dv‡ibnvBU, †mjwmqvm Ges †Kjwfb †¯‹‡ji g‡a¨ m¤úK© we‡klY Ki‡Z cvie| 
4.  e¯‘i Af¨š—ixY kw³ e„w×i mv‡c‡¶ ZvcgvÎv e„w× e¨vL¨v Ki‡Z cvie| 
5.  c`v‡_©i Zvcxq cÖmviY e¨vL¨v Ki‡Z cvie| 
6.  KwVb c`v‡_©i ˆ`N ©̈, †¶Îdj Ges AvqZb cÖmviY e¨vL¨v Ki‡Z cvie| 
7.  Zi‡ji AvcvZ Ges cÖK…Z cÖmviY e¨vL¨v Ki‡Z cvie| 
8.  c`v‡_©i Ae¯’vi cwieZ©‡b Zv‡ci cÖfve e¨vL¨v Ki‡Z cvie| 
9.  Mjb, ev®úxfeb I Nbxfeb e¨vL¨v Ki‡Z cvie| 
10.  Mjbv¼ I ùzUbv¼ e¨vL¨v Ki‡Z cvie| 
11.  Mjbv‡¼i Dci Pv‡ci cÖfve e¨vL¨v Ki‡Z cvie| 
12.  ùzUb I ev®úvqb e¨vL¨v Ki‡Z cvie| 
13.  Mjb Ges ev®úxfe‡bi myßZvc e¨vL¨v Ki‡Z cvie| 
14.  ev®úvqb kxZjxKi‡Yi KviY e¨vL¨v Ki‡Z cvie|  
15.  ev®úvq‡bi Dci wbqvg‡Ki cÖfve e¨vL¨v Ki‡Z cvie| 
16.  Av‡cw¶K Zvc I ZvcaviY ¶gZv e¨vL¨v Ki‡Z cvie| 
17.  Zvc cwigv‡ci g~jbxwZ e¨vL¨v Ki‡Z cvie| 
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wPÎ 6.1 

6.1 Zvc I ZvcgvÎv
       Heat and temperature 

Zvc :

Zvc n‡jv GK cÖKvi kw³ hv VvÛv I Mi‡gi Abyf~wZ RvMvq| Zvc DòZi e¯‘ †_‡K kxZjZi e¯‘i w`‡K 
cÖevwnZ nq| myZivs DòZvi cv_©‡K¨i Rb¨ †h kw³ GK e¯‘ †_‡K Ab¨ e¯‘‡Z cÖevwnZ nq Zv‡K Zvc e‡j|  

c`v‡_©i AYy¸‡jv me mgq MwZkxj Ae¯’vq _v‡K| ZvB G‡`i MwZkw³ Av‡Q| †Kv‡bv c`v‡_©i †gvU Zv‡ci 
cwigvY Gi ga¨w¯’Z AYy̧ ‡jvi †gvU MwZkw³i mgvbycvwZK| †Kv‡bv e¯‘‡Z Zvc cÖ̀ vb Kiv n‡j AYy̧ ‡jvi MwZ 
†e‡o hvq d‡j MwZkw³I †e‡o hvq| 

Zv‡ci GKK : SI c×wZ‡Z Zv‡ci GKK n‡jv Ryj (J)| c~‡e© Zv‡ci GKK wnmv‡e K¨vjwi (Cal) e¨eüZ
n‡Zv| K¨vjwi Ges Ry‡ji g‡a¨ m¤úK© n‡jv  1 cal = 4.2 J|

hw`I C- cv‡Î GKwU wbw`©ó ZvcgvÎvi cvwb Av‡Q ZeyI Wvb nv‡Z Mig Ges evg nv‡Z VvÛv Abyf~Z n‡e| 
KviY Wvb nvZ Av‡M †h cvwbi g‡a¨ Wzev‡bv wQj Zvi †P‡q B Gi cvwbi ZvcgvÎv †ewk| Abyi~cfv‡e evg nv‡Z 
VvÛv Abyf~Z n‡e KviY evg nvZ Av‡M †h cvwbi g‡a¨ Wzev‡bv wQj Zvi †P‡q B Gi cvwbi ZvcgvÎv Kg|

ZvcgvÎv

ZvcgvÎv n‡”Q †Kv‡bv e¯‘i Ggb GK Zvcxq Ae¯’v hv wba©viY K‡i H e¯‘wU Ab¨ e¯‘i Zvcxq ms¯ú‡k© G‡j 
e¯‘wU Zvc nviv‡e bv MÖnY Ki‡e|   

ZvcgvÎv‡K Zi‡ji gy³ Z‡ji  mv‡_ Zzjbv Kiv †h‡Z cv‡i| 
Avgiv Rvwb D”PZi Zj †_‡K Zij me©`v wb¤œZi Z‡ji w`‡K 
cÖevwnZ nq| wP‡Î A cv‡Îi Zi‡ji D”PZv B cv‡Îi Zi‡ji 
D”PZvi †P‡q †ewk| wKš‘ A cv‡Î Zi‡ji cwigvY Kg Ges  B
cv‡Î Zi‡ji cwigvY †ewk| ÷c KK S Ly‡j w`‡j  A cvÎ †_‡K  
B cv‡Î Zij cÖevwnZ n‡Z _vK‡e hZ¶Y bv Dfq cv‡k Zi‡ji 
D”PZv mgvb nq| †Zgwbfv‡e Zvcxq ms‡hvM ¯’vcb Ki‡j DòZi 
e¯‘ †_‡K kxZjZi e¯‘‡Z Zvc cÖevwnZ nq hZ¶Y bv Df‡qi 
ZvcgvÎv mgvb nq|      

†h e¯‘i ZvcgvÎv †ewk †m Zvc nvivq Avi †h e¯‘i ZvcgvÎv Kg 

KvR  : 
†Uwe‡j iw¶Z wZbwU cv‡Î A, B, C †j‡ej `vI| 
cvÎ¸‡jvi A-†Z K¶ ZvcgvÎvi cvwb Ges C -†Z 
†ek Mig cvwb (Z‡e †Zvgvi nv‡Z mnbxq) bvI| B
-†Z LvwbKUv Mig I K¶ ZvcgvÎvi cvwb †gkvI| 
Gevi A -cv‡Î †Zvgvi Wvb nvZ Ges C- cv‡Î evg 
nvZ WzevI| GK wgwbU ci nvZ `ywU DVvI Ges 
GKmv‡_ `yB nvZ B -cv‡Î WzevI| Gevi †Zvgvi `yB 
nv‡Zi Abyf~wZ Kx ?   

wPÎ 6.2 
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wPÎ  6.3 

†m Zvc MÖnY K‡i| ZvcgvÎv cwigv‡ci h‡š¿i bvg _v‡g©vwgUvi| 

ZvcgvÎvi GKK:  Avš—R©vwZK c×wZ‡Z ZvcgvÎvi GKK †Kjwfb (K)|

†Kjwfb : †h wbw ©̀ó ZvcgvÎv I Pv‡c cvwb wZb Ae¯’v‡ZB A_©vr eid, cvwb Ges Rjxq ev®úi~‡c Ae¯’vb K‡i 
Zv‡K cvwbi ˆÎawe› ỳ (Triple Point) e‡j| GB ˆÎawe› ỳi ZvcgvÎv 273 K aiv nq| cvwbi ˆÎawe›`yi 

ZvcgvÎvi
1

273.16
 fvM †K GK †Kjwfb (1 K) e‡j|

6.2 c`v‡_©i ZvcgvwÎK ag©  
      Thermometric properties of matter

ZvcgvÎv cwigv‡ci †¶‡Î c`v‡_©i we‡kl we‡kl ag©‡K Kv‡R jvMv‡bv nq| ZvcgvÎvi ZviZ‡g¨i Rb¨ c`v‡_©i 
†h ag© wbqwgZfv‡e cwiewZ©Z nq Ges GB cwieZ©b j¶ K‡i mnR I m~²fv‡e ZvcgvÎv wbiƒcb Kiv hvq †mB 
ag©‡KB c`v‡_©i ZvcgvwÎK ag© e‡j| H c`v_©‡K ZvcgvwÎK c`v_© e‡j| _v‡g©vwgUv‡ii g‡a¨ ZvcgvwÎK c`v_© 
e¨envi Kiv nq| 

ZvcgvwÎK ag©̧ ‡jv n‡”Q c`v‡_©i AvqZb, †iva, Pvc BZ¨vw`| cvi` _v‡g©vwgUv‡ii †¶‡Î Kv‡Pi ˆKwkK  b‡ji 
wfZ‡i iw¶Z cvi`‡K ZvcgvwÎK c`v_© Ges cvi` ˆ`N ©̈‡K ZvcgvwÎK ag© ejv nq| GKBfv‡e M¨vm 
_v‡g©vwgUv‡ii †¶‡Î  aª“e AvqZ‡b cv‡Î iw¶Z M¨vm‡K ZvcgvwÎK c`v_© Ges M¨v‡mi Pvc‡K ZvcgvwÎK ag© ejv 
nq|

6.3 :  †mjwmqvm, dv‡ibnvBU I †Kjwfb †¯‹‡ji g‡a¨ m¤úK©
        Relation between Celsius, Farenheit and Kelvin scale 

†Kv‡bv e¯‘i ZvcgvÎv mwVKfv‡e wb‡ ©̀k Kivi Rb¨ ZvcgvÎvi GKwU †¯‹j cÖ‡qvRb| ZvcgvÎvi †¯‹j ˆZwii  
Rb¨ ỳwU wbw ©̀ó ZvcgvÎv‡K w¯’i a‡i †bIqv nq|GB ZvcgvÎv ỳwU‡K w¯’iv¼ e‡j| w¯’iv¼ ỳwU- 
wbgœw¯’iv¼ I EaŸ©w¯’iv¼| cÖgvY Pv‡c †h ZvcgvÎvq weï× eid M‡j cvwb nq A_ev weï× cvwb R‡g eid 
nq Zv‡K wbgœw¯’iv¼ e‡j| G‡K wngv¼ ev eid we›`yI e‡j| Avevi cÖgvY Pv‡c dzUš— weï× cvwb †h 
ZvcgvÎvq Rjxq ev‡®ú cwiYZ nq Zv‡K EaŸ©w¯’iv¼ e‡j| EaŸ©w¯’iv¼‡K ùzUbvsK ev ev®úwe› ỳI e‡j| 
w¯’iv¼ ỳwUi ga¨eZ©x ZvcgvÎvi e¨eavb‡K †gŠwjK e¨eavb e‡j| †gŠwjK e¨eavb‡K bvbvfv‡e fvM K‡i 
ZvcgvÎvi wewfbœ †¯‹j  ˆZwi Kiv n‡q‡Q|ZvcgvÎvi cÖPwjZ †¯‹j wZbwU : †mjwmqvm, dv‡ibnvBU I †Kjwfb| 
†mjwmqvm, dv‡ibnvBU I †Kjwfb †¯‹‡j ZvcgvÎvi GKK 
h_vµ‡g 0

C,
0
F Ges K| †mjwmqvm †¯‹‡j wbgœ w¯’iv¼ 

00
C, dv‡ibnvBU †¯‹‡j 320

F Ges †Kjwfb †¯‹‡j 273

K| DaŸ©w¯’iv¼ †mjwmqvm †¯‹‡j 1000
F, dv‡ibnvBU 

†¯‹‡j 2120
F Ges †Kjwfb †¯‹‡j 373K |

ZvcgvÎvi wewfbœ †¯‹‡ji g‡a¨ m¤úK© ¯’vcb :   

wbgœw¯’iv¼ A Ges EaŸ©w¯’iv¼ B wPwýZ GKwU 
_v‡g©vwgUvi †bIqv n‡jv (wPÎ 6.3)| Zvici †mjwmqvm, 
dv‡ibnvBU I †Kjwfb †¯‹‡j `vMvw¼Z Av‡iv wZbwU 
_v‡g©vwgUvi cvkvcvwk ivLv n‡jv| AB _v‡g©vwgUv†ii P

Ae¯’v‡bi cvV Aci wZbwU †¯‹‡j h_vµ‡g C, F Ges K|
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myZivs GB wZb †¯‹‡j PA `~iZ¡ h_vµ‡g C-0, F-32 Ges K-273| Avevi 
PA

BA
aª“eK nIqvq †jLv hvq,  

PA

BA
 =

C-0

100-0
 =

F-32

212-32
 =

K-273

373-273

ev,
C

100
 =

F-32

180
 =

K-273

100

ev,
C

5
 =

F-32

9
 =

K-273

5
     (6.1)

mgxKiY (6.1) n‡jv †mjwmqvm,dv‡ibnvBU I †Kjwfb †¯‹‡ji g‡a¨ m¤úK© wb‡ ©̀k K‡i| 

 Z‡e †mjwmqvm I †Kjwfb †¯‹‡ji mnR m¤úK© n‡jv- †mjwmqvm †¯‹‡ji cv‡Vi mv‡_ 273 †hvM Ki‡j 
†Kjwfb †¯‹‡j cvV cvIqv hvq| †hgb 10

C ZvcgvÎv = (1+273) K = 274K  ZvcgvÎv|

Z‡e ZvcgvÎvi cv_©K¨ 10
C n‡j †mUv 1K Gi mgvb n‡e| 

MvwYwZK D`vniY 6.1 : my¯’ gvby‡li †`‡ni ZvcgvÎv 98.4
0

F | †mjwmqvm †¯‹‡j GB ZvcgvÎv KZ n‡e?  

Avgiv Rvwb

C

5
 =

F-32

9

     ev 
C

5
 =

98.4-32

9

ev C = 36.89
0
C

DËi : 36.89
0
 C

6.4  e¯‘i ZvcgvÎv e„w× I Af¨š—ixY kw³
        Raise of temperature and internal energy of a body

c`v‡_©i AvYweK MwZZ‡Ë¡i wfwË‡Z Avgiv Rvwb †h, c`v‡_©i AYy¸‡jv me©`v MwZkxj| KwVb c`v‡_©i AYy¸‡jv 
GK¯’v‡b †_‡K Gw`K-Iw`K ¯úw›`Z nq| Zij I M¨vmxq c`v‡_©i AYy̧ ‡jv G‡jv‡g‡jvfv‡e QzUvQzwU K‡i| 
AYy̧ ‡jvi GB MwZi Rb¨ MwZkw³i mÂvi nq| Avevi KwVb c`v‡_©i AYy̧ ‡jvi g‡a¨ AvKl©Y-weKl©Y ej Av‡Q  
e‡j wefekw³ Av‡Q| M¨vmxq c`v‡_©i AYy̧ ‡jvi g‡a¨ AvKl©Y-weKl©Y ej †bB e‡j wefekw³ †bB| c`v‡_©i 
AYy¸‡jvi MwZkw³ I wefekw³i mgwó‡K Af¨š—ixY kw³ e‡j| ¯úóZ Af¨š—ixY kw³i GK Ask MwZkw³ Aci 
Ask wefekw³| †Kv‡bv e¯‘‡Z Zvcxq kw³ cÖ`vb Ki‡j Zvi Af¨š—ixY kw³ ev‡o| Z‡e Af¨š—ixY kw³i 
MwZkw³ AskUzKz ïaygvÎ ZvcgvÎv e„w× NUvq| 

6.5 c`v‡_©i Zvcxq cÖmviY 
        Thermal expansion of substance 

cÖvq mKj c`v_©B Zvc cÖ‡qv‡M cÖmvwiZ nq Avi Zvc Acmvi‡Y msKzwPZ nq| hLb †Kv‡bv e¯‘ DËß nq, ZLb 
e¯‘wUi cÖ‡Z¨K AYyi Zvckw³ Z_v MwZkw³ e„w× cvq| KwVb c`v‡_©i †ejvq Avš—tAvYweK e‡ji wecix‡Z 
AYy̧ ‡jv Av‡iv ewa©Z kw³‡Z ¯úw›`Z n‡Z _v‡K d‡j mvg¨ve¯’v †_‡K AYy̧ ‡jvi miY e„w× cvq| wKš‘ †Kv‡bv 

†`Iqv Av‡Q,
dv‡ibnvBU †¯‹‡j ZvcgvÎv,    
F =98.4

0
 F

†mjwmqvm †¯‹‡j ZvcgvÎv, C = ?  
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AYy Gi mvg¨ve¯’v †_‡K m‡i hvevi mgq Uvb Abyfe K‡i| A_©vr, AYywU hLb cvk©¦eZ©x AYyi KvQvKvwQ †h‡Z Pvq 
ZLb weKl©Y Abyfe K‡i| Avevi Avš—tAvYweK `~iZ¡ hLb e„w× cvq ZLb AvKl©Y Abyfe K‡i| ZvcgvÎv e„w×i
Kvi‡Y KwVb e¯‘i  AYy̧ ‡jv ¯úw›`Z n‡Z _v‡K Z‡e Zv mij Qw›`Z ¯ú›`b bq| Gi KviY, ỳB  AYyi g‡a¨ 
~̀iZ¡ mvg¨ve¯’vi Zzjbvq hw` K‡g hvq Zvn‡j weKl©Y ej ª̀“Z e„w× cvq| wKš‘ G‡`i  g‡a¨ ~̀iZ¡ mvg¨ve¯’vi 

Zzjbvq e„w× †c‡j AvKl©Y ej ZZ `ª“Z e„w× cvq bv|d‡j ZvcgvÎv e„w× cvevi d‡j KwVb e¯‘i g‡a¨ AYy¸‡jv  
hLb Kvuc‡Z _v‡K ZLb GKB kw³ wb‡q wfZi w`‡K hZUv m‡i Avm‡Z cv‡i, evB‡ii w`‡K Zvi †P‡q †ewk 
m‡i  †h‡Z cv‡i| Gi d‡j cÖ‡Z¨K   AYyi  Mo mvg¨ve¯’vb  evB‡ii w`‡K m‡i hvq Ges e¯‘wU cÖmviY jvf 
K‡i|Zij c`v‡_©i †ejvq Avš—tAvYweK e‡ji cÖfve Kg e‡j Zv‡ci Kvi‡Y Gi cÖmviY †ewk nq| evqexq 
c`v‡_©i †ejvq ZvcgvÎv e„w×i d‡j AYy̧ ‡jvi  QzUvQzwU e„w× cvq| Zvcxq cÖmviY M¨vmxq c`v‡_© me‡P‡q †ewk, 
Zi‡j Zvi †P‡q Kg Ges KwVb c`v‡_© me‡P‡q Kg| 

6.6 KwVb c`v‡_©i cÖmviY 
       Expansion of solids

Zvc cÖ‡qvM Ki‡j KwVb c`v‡_©i ˆ`N ©̈, †¶Îdj Ges AvqZb e„w× cvq| 

KwVb c`v‡_©i ˆ`N©̈  cÖmviY I ˆ`N©̈  cÖmviY  mnM:

KwVb e¯‘‡Z Zvc cÖ‡qvM Ki‡j wbw`©ó w`‡K ˆ`N¨© eivei †h cÖmviY nq Zv‡K e¯‘wUi ˆ`N©¨ cÖmviY e‡j| 

aiv hvK, 
1
 ZvcgvÎvq †Kv‡bv `‡Êi ˆ`N ©̈ l1 ZvcgvÎv e„w× K‡i 

2
 n‡j †kl ˆ`N©̈  = l2,

ˆ`N ©̈ e„w× =  l2  l1

Ges ZvcgvÎv e„w× =
2 1

ˆ`N ©̈ cÖmviY mnM  Øviv cÖKvk Kiv nq hvi ivwkgvjv  

 = 
l2-l1

 l1( 2- 1)
                                                      (6.2)

    = 
‰`N©¨ e„w×

Avw` ˆ`N©¨ ZvcgvÎvi e„w×

6.2 bs mgxKi‡Y hw` Avw` ˆ`N©̈  l1 =1m Ges ZvcgvÎv e„w×

2 1 = 1 K nq Z‡e,  

= l2  l1 = ˆ`N ©̈ e„w×

myZivs 1 m ˆ`‡N©¨i †Kv‡bv KwVb c`v‡_©i `‡Êi ZvcgvÎv 1 K e„w×i d‡j hZUzKz ˆ`N©¨ e„w× cvq Zv‡K H 

`‡Êi Dcv`v‡bi ˆ`N ©̈ cÖmviY mnM e‡j| Gi GKK K
-1| Zvgvi ˆ`N©̈  cÖmviY mnM 16.7 10

-6
K

-1 ej‡Z 
eySvq †h 1 m ˆ`‡N©¨i Zvgvi `‡Êi ZvcgvÎv 1 K e„w× Ki‡j Gi ˆ`N©̈  16.7 10

-6
 m e„w× cvq| 

MvwYwZK D`vniY 6.2 : 20
0
C ZvcgvÎvq GKwU B¯úv‡Zi `‡Êi ˆ`N©¨ 100 m| 50

0
 C ZvcgvÎvq Gi ˆ`N©̈  

100.033 m n‡j B¯úv‡Zi ˆ`N©¨ cÖmviY mnM wbY©q Ki| 

wPÎ 6.4 
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ch©‡e¶Y: †ij jvB‡b †hLv‡b `ywU †jvnvi evi wgwjZ nq †mLv‡b duvK _v‡K †Kb? 

Avgiv Rvwb,  ˆ`N©¨ cÖmviY mnM,  = 
l2-l1

 l1( 2- 1)

=
0.033 m

 100 m×30K

=  11  10
-6

 K
-1

†`Iqv Av‡Q, 

Avw` ˆ`N©¨, l1 = 100 m

†kl ˆ`N©̈ , l2 = 100.033 m

Avw` ZvcgvÎv, 1 = 20 C

†kl ZvcgvÎv, 2 = 50 C

ZvcgvÎv e„w×, 2 - 1 = 30K

ˆ`N©̈  e„w×, l2 – l1 = 0.033m 

ˆ`N©̈  cÖmviY mnM,  = ?

†iŠ‡`ªi Zv‡c I PvKvi Nl©‡Y †jvnv DËß n‡q cÖmvwiZ nq| GB 
cÖmvi‡Yi myweavi Rb¨ dvuK ivLv nq|dvuK bv _vK‡j cÖmvi‡Yi Rb¨ †ij 
jvBb †eu‡K hv‡e| 

†¶Î cÖmviY I †¶Î cÖmviY mnM: 

GKwU KwVb e¯‘i ZvcgvÎv e„w× Ki‡j Gi †¶Îdj e„w× cvq| G‡K 
†¶Î cÖmviY e‡j| aiv hvK 1 ZvcgvÎvq †Kv‡bv KwVb c`v‡_©i c„‡ôi 
Avw` †¶Îdj=A1

ZvcgvÎv e„w× K‡i 2 Ki‡j †kl †¶Îdj= A2

myZivs ZvcgvÎv e„w×= 2 - 1

†¶Îdj e„w×= A2  A1

†¶Î cÖmviY mnM‡K  Øviv cÖKvk Kiv nq hvi ivwkgvjv   

 = 
A2-A1

A1( 2- 1)
(6.3)

                 = 
†¶Îdj e„w×

Avw` †¶Îdj  ZvcgvÎvi e„w×

6.3 bs mgxKi‡Y hw` Avw` †¶Îdj A1= 1 m
2 Ges ZvcgvÎv e„w× ( 2 - 1) = 1 K nq Z‡e 

= A2- A1= †¶Îdj e„w×|

myZivs 1 m
2 †¶Îd‡ji †Kv‡bv KwVb c`v‡_©i ZvcgvÎv 1 K e„w×i d‡j hZUzKz †¶Îdj e„w× cvq Zv‡K H 

e¯‘i Dcv`v‡bi †¶Î cÖmviY mnM e‡j| Gi GKK K-1|

Zvgvi †¶Î cÖmviY mnM 33.4 10
-6 

K
-1 ej‡Z eySvq †h 1 m

2 †¶Îd‡ji †Kv‡bv Zvgv L‡Êi ZvcgvÎv 1 K 

e„w× Ki‡j Zvi †¶Îdj 33.4 10
-6 

m
2 e„w× cvq|

wPÎ 6.6 

wPÎ 6.5 
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AvqZb cÖmviY I AvqZb cÖmviY mnM

†Kv‡bv KwVb c`v‡_©i ZvcgvÎv e„w× Ki‡j Gi AvqZb e„w× cvq| G‡K 
AvqZb cÖmviY e‡j| 

aiv hvK, †Kv‡bv KwVb c`v‡_©i Avw` AvqZb V1 Ges Avw` ZvcgvÎv 
1|

Gi ZvcgvÎv evwo‡q hLb 2 Kiv n‡jv ZLb AvqZb e„w× †c‡q V2

n‡jv| myZivs AvqZb e„w× = V2 - V1| ZvcgvÎv e„w×= 2 - 1|

AvqZb cÖmviY mnM‡K  Øviv cÖKvk Kiv nq hvi ivwkgvjv wb¤œi“c,

 = 
V2 - V1

V1( 2- 1)
(6.4)

     = 
AvqZb e„w×

Avw` AvqZb ZvcgvÎvi e„w×

6.4 bs mgxKi‡Y hw` Avw` AvqZb V1 = 1 m
3 Ges ZvcgvÎv e„w× 2 - 1 = 1 K nq Z‡e 

 = V2- V1 = AvqZb  e„w×|

myZivs 1 m
3 AvqZ‡bi †Kv‡bv KwVb c`v‡_©i ZvcgvÎv 1 K e„w×i d‡j hZUzKz AvqZb e„w× cvq Zv‡K H 

e¯‘i Dcv`v‡bi AvqZb cÖmviY mnM e‡j| 

Zvgvi AvqZb cÖmviY mnM 50.1 10
-6 

K
-1 ej‡Z eySvq 1 m

3 AvqZ‡bi Zvgvi  ZvcgvÎv 1 K e„w× Ki‡j 
AvqZb 50.1 10

-6 
m

3 e„w× cv‡e|

G‡`i g‡a¨ m¤úK© : 

 = 3 Ges =2

6.7   Zij c`v‡_©i cÖmviY
         Expansion of liquid

Zij c`v‡_©i wbw`©ó ˆ`N¨© ev †¶Îdj †bB| Z‡e wbw`©ó AvqZb Av‡Q| Zi‡ji ZvcgvÎv e„w× Ki‡j Gi 
AvqZb e„w× cvq| myZivs Zi‡ji cÖmviY ej‡Z Zi‡ji AvqZb cÖmviY‡KB †evSvq| ZvcgvÎv e„w×i mv‡_ mv‡_ 
mKj Zij mgvb nv‡i e„w× cvq bv| GKB ZvcgvÎv e„w×i Rb¨ mg-AvqZ‡bi wewfbœ Zij c`v‡_©i cÖmviY 
wewfbœ nq|  

cix¶v :

j¤^v bjhy³ mgAvqZ‡bi I mgAvKv‡ii K‡qKwU Kv‡Pi evj¦ †bIqv 
n‡jv| G‡Z mgAvqZb cvwb, A¨vj‡Kvn‡jv, †K‡ivwmb,B_vi cÖf…wZ 
K‡qKwU Zij †bIqv n‡jv (wPÎ : 6.8) Gevi GKwU A‡c¶vK…Z eo cv‡Î 
K¶ ZvcgvÎvi cvwb wb‡q Zvi g‡a¨ GB evj¦̧ ‡jv‡K Dj¤^fv‡e ¯’vcb Kiv 
n‡jv| me KwU ev‡j¦i g‡a¨ Zi‡ji DcwiZj GKB _vK‡e| GLb cv‡Î 
wKQz Mig cvwb Xvjv n‡jv| wKQz¶Y ci hLb evj¦̧ ‡jv D”P ZvcgvÎv cÖvß 

wPÎ  6.7 

wPÎ : 6.8 
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n‡e ZLb †`Lv hv‡e ev‡j¦i b‡j Zi‡ji DcwiZj  GKB D”PZvq †bB, wewfbœ b‡j Zi‡ji D”PZv wewfbœ| G 
†_‡K †evSv hvq †h wbw ©̀ó ZvcgvÎv e„w×‡Z mgAvqZ‡bi wewfbœ Zi‡ji AvqZb cÖmviY wewfbœ nq| 

6.8   Zi‡ji cÖK…Z I AvcvZ cÖmviY 
          Real and apparent expansion of liquids 

Zij‡K me©̀ v †Kv‡bv cv‡Î †i‡L DËß Ki‡Z nq| Zvc cÖ‡qvM Ki‡j Zij I cvÎ Df‡qiB cÖmviY N‡U| GB 
Kvi‡Y Zi‡ji †h cÖmviY Avgiv j¶¨ Kwi Zv Zvi cÖK…Z cÖmviY bq - AvcvZ cÖmviY|  myZivs Zi‡ji cÖmviY 
ỳB cÖKvi :

K) cÖK…Z cÖmviY  I   L) AvcvZ cÖmviY 

cÖK…Z cÖmviY : Zij‡K †Kv‡bv cv‡Î bv †i‡L (hw` m¤¢e nq) Zvc w`‡j Zvi †h AvqZb cÖmviY n‡Zv Zv‡K  
Zi‡ji cÖK…Z cÖmviY e‡j| Z‡e Zv m¤¢e bq d‡j cv‡Îi cÖmviY we‡ePbv K‡i cÖK…ZB Zi‡ji †hUzKz cÖmviY 
N‡U ZvB cÖK„Z cÖmviY| G‡K Vr  Øviv cÖKvk Kiv nq|

AvcvZ cÖmviY : †Kv‡bv cv‡Î Zij †i‡L Zvc w`‡j Zi‡ji †h AvqZb cÖmviY †`L‡Z cvIqv hvq, A_©vr cv‡Îi 
cÖmviY we‡ePbvq bv G‡b Zi‡ji †h cÖmviY cvIhv hvq Zv‡K Zi‡ji AvcvZ cÖmviY e‡j| G‡K Va Øviv cÖKvk 
Kiv nq| 

cÖK…Z cÖmviY I AvcvZ cÖmvi‡Yi g‡a¨ m¤úK©  :

GKUv `vM KvUv mi“ bjwewkó Kv‡Pi evj¦ wb‡q Zvi A `vM ch©š— †Kv‡bv Zij Øviv c~Y© Kiv n‡jv| GLb Zij 
¯Í‡¤¢i w`‡K j¶ †i‡L evj¦wU‡K Mig Ki‡j †`Lv hv‡e †h, Zi‡ji DcwiZj A †_‡K B `vM ch©š— †b‡g Av‡m| 
Zvici Avevi B `vM †_‡K ïi“ K‡i A `vM AwZµg K‡i C `vM ch©š— I‡V| Gi KviY Zvc cÖ‡qv‡M cÖ_‡g 
evj¦wUi AvqZb e„w× cvq| hvi Rb¨ Zij A †_‡K B †Z †b‡g hvq| c‡i Zij †hB Mig nq †mB Zvi AvqZb 
e„w× ïi“ nq Ges  B †_†K C ch©š—  I‡V| KwVb c`v‡_©i †P‡q Zi‡ji cÖmviY †ewk weavq Gi~c N‡U| AvcvZ 
„̀wó‡Z g‡b n‡e Zij cÖ_‡g A `vM  ch©š— wQj Ges me‡k‡l C `v‡M D‡V‡Q| ZvB CA n‡jv AvcvZ cÖmviY|  

CB  n‡jv cÖK…Z cÖmviY Ges AB   n‡jv  cv‡Îi cÖmviY|

wPÎ †_‡K †`Lv hvq †h,

CB = CA + AB 

ev cÖK„Z cÖmviY = AvcvZ cÖmviY + cv‡Îi cÖmviY 

Vr  = Va + Vg         (6.5)

6.9   c`v‡_©i Ae¯’vi cwieZ©‡b Zv‡ci cÖfve  
         Effect of heat on change of state.

c`v_© wZbwU Ae¯’vq _vK‡Z cv‡i| †hgb- KwVb, Zij I evqexq| cvwbi wZbwU 
Ae¯’v Avgiv mK‡jB Rvwb- eid, cvwb I Rjxqev®ú| G wZbwU Ae¯’v‡K h_vµ‡g 
KwVb, Zij I evqexq ejv nq| cvwbi GB Ae¯’v¸‡jv wbf©i K‡i evqyPvc I 
ZvcgvÎvi Dci|

†Kv‡bv KwVb c`v_©‡K Zvc cÖ‡qvM K‡i Zi‡j cwiYZ Kiv hvq, G‡K Mjb e‡j| cÖ_‡g Zvc w`‡j e¯‘i 
ZvcgvÎv evo‡Z _v‡K Ges GK ch©v‡q Zvc cÖ‡qvM Ki‡jI e¯‘i ZvcgvÎv ev‡o bv| G mg‡q †h Zvc e¯‘ 
†kvlY K‡i Zv Øviv KwVb c`v_©wU Zi‡j cwiYZ nq| 00

C ZvcgvÎvi wb‡Pi eid‡K Zvc w`‡Z _vK‡j ZvcgvÎv 

       wPÎ 6.9 
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e„w× †c‡q 0 C -G Avm‡e| Gi ci Zvc w`‡j ZvcgvÎv e„w× cv‡e bv wKš‘ eid M‡j 0
0
C ZvcgvÎvi 

cvwb‡Z cwiYZ n‡Z _vK‡e| KwVb Ae¯’v †_‡K Zij Ae¯’vq iƒcvš—‡ii mgq c`v_© †h Zvc †kvlY K‡i Zv 
Zvi Avš—tAvYweK eÜb fvO‡Z KvR K‡i|

0
0
C ZvcgvÎvi D³ cvwb‡K  Avi Zvc cÖ‡qvM Ki‡j  ZvcgvÎv evo‡Z _v‡K| Avevi GK ch©v‡q G‡m cvwb hLb 

Rjxqev‡®ú cwiYZ n‡Z _v‡K ZLb Avi ZvcgvÎv ev‡o bv| GB mgq cvwb Zvc †kvlY K‡i evqexq Ae¯’vq 
iƒcvšZwiZ nq| G‡¶‡ÎI Zi‡ji Avš—tAvYweK eÜb fvO‡Z Zv‡ci cÖfve we`¨gvb| wecixZµg evqexq c`v_© 
†_‡K Zvc AcmviY K‡i Zv‡K cÖ_‡g Zi‡j Ges Zij †_‡K Zvc AcmviY K‡i Zv‡K KwV‡b cwiYZ Kiv hvq| 
myZivs c`v‡_©i Ae¯’vi cwieZ©‡b Zv‡ci cÖfve D‡jL‡hvM¨|

6.10  Mjb, ev®úxfeb I Nbxfeb  
           Fusion,vaporization and condensation

Mjb
Zvc cÖ‡qv‡M KwVb c`v_©‡K Zi‡j cwiYZ Kiv‡K Mjb e‡j| †h wbw ©̀ó ZvcgvÎvq KwVb c`v_© Mj‡Z ïiy K‡i 
†mB ZvcgvÎv‡K Mjbv¼ e‡j| mg¯Í c`v_© bv Mjv ch©š— GB ZvcgvÎv w¯’i _v‡K| 
ev®úxfeb  
c`v‡_©i Zij Ae¯’v †_‡K ev®úxq Ae¯’vq cwiYZ nIqvi NUbv‡K ev®úxfeb e‡j| GB ev®úxfeb ỳwU c×wZ‡Z 
n‡Z cv‡i- 

(i) ev®úvqb (Evaporation) I 
(ii) ùzUb (Boiling)

ev®úvqb:

†h †Kv‡bv ZvcgvÎvq Zi‡ji ïaygvÎ DcwiZj †_‡K ax‡i ax‡i ev‡®ú cwiYZ nIqvi cÖwµqv‡K ev®úvqb e‡j| 

N‡ii ZvcgvÎv‡ZI cvwb Rjxqev‡®ú cwiYZ n‡q‡Q| ZvB cvwb K‡g †M‡Q| GUvB ev®úvqb| 

ùzUb : Zvc cÖ‡qv‡M GKU wbw ©̀ó ZvcgvÎvq Zi‡ji mKj ¯’vb †_‡K ª̀yZ ev‡®ú cwiYZ nIqvi NUbv‡K ùzUb 
e‡j| †h wbw`©ó ZvcgvÎvq  †Kv‡bv Zi‡ji ùzUb nq, Zv‡K H Zi‡ji ùzUbv¼ e‡j| ùzUbv‡¼i gvb Pv‡ci 
Dci wbf©i K‡i|  

Nbxfeb :

DòZvi n«vm NwU‡q †Kv‡bv c`v‡_©i evqixq Ae¯’v †_‡K Zij Ae¯’vq iƒcvšZwiZ nIqvi cÖwµqv‡K Nbxfeb 
e‡j| 

Kg©KvÊ:
GKwU evwU‡Z wKQyUv cvwb wb‡q †Zvgvi N‡ii GK †Kv‡Y †i‡L `vI| ỳB GKw`b c‡i †`L cvwbi Kx n‡q‡Q? 
†`Lv hv‡e evwUi cvwb K‡g †M‡Q GB cvwb Kgvi KviY Kx?

cix¶v: 
hw` wKQy cwigvY cvwb cv‡Î wb‡q Mig Kiv nq Z‡e †`Lv hv‡e ZvcgvÎv e„w× †c‡q cvwb GKwU wbw`©ó 
ZvcgvÎvq dzU‡Z ïi“ K‡i‡Q Ges Rjxq ev‡®ú i~cvš—wiZ n‡”Q GUvB ùzUb| myZivs †evSv †Mj Zij †h 
†Kv‡bv ZvcgvÎvq evqexq Ae¯’vq †h‡Z cv‡i Avevi ùzUbv‡¼i ZvcgvÎvqI evqexq Ae¯’vq †h‡Z cv‡i|
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6.11  Mjbv‡¼i Dci Pv‡ci cÖfve 
 Effect of pressure on boiling point 

eid UzKiv `y‡Uvi ¯úk©Z‡j Pvc covq †mLv‡b Mjbv¼ K‡g hvq A_©vr Mjbv¼ 
0 C Gi †P‡q Kg nq| wKš‘ ¯úk©Z‡ji DòZv 0 C _v‡K| ZvB ¯úk©Z‡ji 
eid M‡j hvq| Mjvi Rb¨ cÖ‡qvRbxq Zvc eid †_‡K msM„nxZ n‡e| Pvc AcmviY 
Ki‡j Mjbv¼ cybivq 0 C- nq|

ZvB ¯úk©Z‡ji eid Mjv cvwb R‡g ei‡d cwiYZ nq| GB  

Kvi‡Y Pvc cÖ‡qvM Ki‡j ỳB UzKiv eid GK UzKivq cwiYZ nq|  

Pvc w`‡q KwVb e¯‘‡K Zi‡j cwiYZ K‡i I Pvc n«vm K‡i Avevi 

 KwVb Ae¯’vq Avbv‡K cybtwkjxfeb e‡j|

c`v‡_©i Dci Pv‡ci n«vm-e„w×i Rb¨ Mjbv¼ cwiewZ©Z nq| Pv‡ci Rb¨ Mjbv¼ cwieZ©b `yB fv‡e n‡Z cv‡i| 

KwVb †_‡K Zi‡j iƒcvš—‡ii mgq †hme c`v‡_©i AvqZb n«vm cvq  (†hgb eid), Pvc evo‡j Zv‡`i 
Mjbv¼ K‡g hvq A_©vr Kg ZvcgvÎvq M‡j| 
KwVb †_‡K Zi‡j iƒcvš—‡ii mgq †hme c`v‡_©i AvqZb †e‡o hvq  (†hgb  †gvg), Pvc evo‡j Zv‡`i 
Mjbv¼ ‡e‡o  hvq A_©vr †ewk  ZvcgvÎvq M‡j| 

6.12  Mj‡bi myßZvc I ev®úxfe‡bi myßZvc 
          Latent heat of fusion and Latent heat of  vaporisation

Mj‡bi myßZvc: Avgiv Rvwb, Zvc cÖ‡qv‡Mi d‡j KwVb c`v‡_©i ZvcgvÎv hLb Mjbv‡¼ †cŠQvq ZLb m¤ú~Y© 
c`v_© Zi‡j i~cvš—wiZ nIqv ch©š— ZvcgvÎvi Avi cwieZ©b nq bv| GLv‡b †h cwigvY Zvc KwVb c`v_©‡K 
Zij Ae¯’vq iƒcvšZi Kij ZvB Mj‡bi myßZvc|  
  GB Zvc e¯‘i ZvcgvÎvi cwieZ©b K‡i bv wKš—z Avš—tAvYweK eÜb wkw_j Ki‡Z e¨q nq| 
ev®úxfe‡bi myßZvc: Zij c`v_©‡K Zvc cÖ‡qvM Ki‡Z _vK‡j hLb ZvcgvÎv ùzUbv‡¼ P‡j Av‡m ZLb hZB 
Zvc cÖ‡qvM Kiv †nvK bv †Kb m¤ú~Y© Zij ev‡®ú i~cvš—wiZ nIqv ch©š— ZvcgvÎv w¯’i _v‡K| GLv‡b †h 
cwigvY Zvc Zij c`v_©‡K ev®úxq Ae¯’vq iƒcvšZi Kij ZvB ev®úxfe‡bi myßZvc| 
ev®úvq‡b kxZjZvi D™¢e: Mi‡gi w`‡b bZzb gvwUi Kjwm‡Z cvwb ivL‡j H cvwb VvÛv nq| gvwUi Kjwmi Mv‡q 
AmsL¨ wQ ª̀ _v‡K H wQ ª̀ w`‡q me©̀ v cvwb PzB‡q evwn‡i Av‡m I ev‡®ú cwiYZ nq| GRb¨ cÖ‡qvRbxq myßZvc 
Kjwmi cvwb mieivn K‡i Ges  VvÛv nq| 
KvP ev wcZ‡ji cv‡Î cvwb ivL‡j Zv VvÛv nq bv| KviY, H cv‡Îi Mv‡q wQ`ª _v‡K bv Ges ev®úvq‡bi †Kv‡bv 
my‡hvM m„wó nq bv|

Gevi ej †Zvgvi †`n †_‡K hLb Nvg †ei nq; ZLb cvLvi evZv‡m VvÛv Abyf~Z nq †Kb? 

wb‡R K‡i †`‡Lv : ỳB UzK‡iv eid‡K GK m‡½ wb‡q wKQy¶Y †Rv‡i †P‡c a‡i †Q‡o `vI| Kx †`L‡Z 
cv”Q? UzKiv `yBwU †Rvov †j‡M wM‡q‡Q| †Kb? 

       wPÎ 6.10 
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6.13  wewfbœ wel‡qi Dci ev®úvq‡bi wbf©ikxjZv   
Dependence of evaporation on various factors 

wbgœwjwLZ wel‡qi Bci ev®úvqb wbf©i K‡i : 
evqy cÖevn  : Zi‡ji Dci evqy cÖevn  e„w× †c‡j ev®úvqb ª̀yZ nq|  
Zi‡ji DcwiZ‡ji  
†¶Îdj :  Zi‡ji DcwiZ‡ji †¶Îdj hZ †ewk nq, ev®úvqb ZZ ª̀yZ nq| 
Zi‡ji cÖK…wZ  :  wewfbœ Zi‡ji ev®úvq‡bi nvi wewfbœ| Zi‡ji ùzUbv¼ Kg n‡j ev®úvq‡bi nvi †ewk 

nq| DØvqx Zi‡ji ev®úvq‡bi nvi me©vwaK| 
Zi‡ji Dci Pvc :  Zi‡ji Dci evqygÊ‡ji Pvc evo‡j ev®úvq‡bi nvi K‡g hvq| Pvc Kg‡j ev®úvq‡bi nvi 

ev‡o| k~b¨¯’v‡b ev®úvq‡bi nvi me©vwaK|  
Zij I Zij msjMœ 
evqyi DòZv :   Zij I Zij msjMœ evqyi DòZv evo‡j ev®úvqb ª̀yZ nq| 
evqyi ï®‹Zv  :  Zij c`v‡_©i DcwiZ‡ji evZvm hZ ï®‹ n‡e, A_v©r evqy‡Z hZ Kg cwigvY  Rjxq 

ev®ú _vK‡e ev®úvqb ZZ ª̀zZ n‡e| kxZKv‡j evqy ï®‹ _v‡K e‡j wfRv Kvco ZvovZvwo 
ïKvq| 

6.14  ZvcaviY ¶gZv  
 Thermal  capacity

†Kv‡bv e¯‘i ZvcgvÎv 1K evov‡Z †h cwigvY Zv‡ci cÖ‡qvRb Zv‡K H e¯‘i ZvcaviY ¶gZv e‡j| 
ZvcaviY¶gZv e¯‘i Dcv`vb Ges f‡ii Dci wbf©ikxj| Gi GKK JK

-1| †Kv‡bv e¯‘i ZvcaviY¶gZv 10

JK
-1 ej‡Z eySvq †h H e¯‘i ZvcgvÎv 1K evov‡Z 10 J Zv‡ci cÖ‡qvRb| 

†Kv‡bv e¯‘i ZvcgvÎv evov‡Z aiv hvK Q cwigvY Zvc jv‡M| myZivs 1K ZvcgvÎv evov‡Z Zvc 

jv‡M= Q |

myZivs ZvcaviY ¶gZv, C = 
Q

(6.6)

6.15  Av‡cw¶K Zvc  
          Specific heat 

1kg f‡ii e¯‘i ZvcgvÎv 1K evov‡Z †h cwigvY Zv‡ci cÖ‡qvRb nq Zv‡K 
H e¯‘i Dcv`v‡bi Av‡cw¶K Zvc e‡j| Av‡cw¶K Zvc‡K s Øviv cÖKvk Kiv 
nq|

MvwYwZKfv‡e, Av‡cw¶K Zvc S n‡j, S =
C

m
 = 

1

m

Q
 = 

Q

m
                                                        

(6.7)

GKK: Av‡cw¶K Zv‡ci GKK J kg
-1 

K
-1

mxmvi Av‡cw¶K Zvc 130 J kg
-1 

K
-1 ej‡Z eySvq 1 kg mxmvi ZvcgvÎv 1 K evov‡Z 130 J Zv‡ci cÖ‡qvRb| 

GLv‡b, C = ZvcaviY ¶gZv,
Q = †kwlZ Zvc

= ZvcgvÎv cwieZ©b      
m = e¯‘i fi 
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c`v_© Av‡cw¶K Zvc (J kg
-1 

K
-1

)

cvwb
eid
Rjxq ev®ú 
mxmv
Zvgv 
iƒcv

4200

2100

2000

130

400

230

6.16   Av‡cw¶K Zvc I ZvcaviY ¶gZvi m¤úK©
 Relation between specific heat and thermal capacity

Avgiv Rvwb, †Kv‡bv e¯‘i ZvcgvÎv 1 K evov‡Z †h Zv‡ci cÖ‡qvRb nq Zv‡K H e¯‘i Zvc aviY ¶gZv e‡j| 
Avevi hw` e¯‘i Dcv`v‡bi Av‡cw¶K Zvc S nq, Z‡e GKK f‡ii e¯‘i ZvcgvÎv 1 K evov‡Z S Ryj Zv‡ci 
cÖ‡qvRb nq| 

AZGe,

1 kg e¯‘i ZvcgvÎv 1 K evov‡Z Zv‡ci cÖ‡qvRb= S Ryj 

m kg    Ó      Ó      1 K   Ó        Ó         Ó   = mS Ryj 

GUvB mkg f‡ii e¯‘i Zvc aviY ¶gZv|

AZGe, ZvcaviY ¶gZv C= mS Ryj (6.8)

ev,  ZvcaviY ¶gZv= fi  Av‡cw¶K Zvc 

myZivs, Av‡cw¶K Zvc= 
ZvcaviY ¶gZv

 fi     

GUvB, Av‡cw¶K Zvc I ZvcaviY ¶gZvi m¤úK©| 

6.17  K¨vjwiwgwZi g~jbxwZ  
 Fundamental principle of calorimetry

wfbœ ZvcgvÎvi ỳwU e¯‘‡K Zvcxq ms¯ú‡k© Avbv n‡j Zv‡`i g‡a¨ Zv‡ci Av`vb-cÖ̀ vb nq| †h e¯‘i ZvcgvÎv 
†ewk †m Zvc eR©b Ki‡e Avi †h e¯‘i ZvcgvÎv Kg †m Zvc MÖnY Ki‡e| Zv‡ci GB MÖnY I eR©b Pj‡Z 
_vK‡e hZ¶Y bv Df‡qi ZvcgvÎv mgvb nq| 

hw` MÖnY I eR©‡bi mgq †Kv‡bv Zvc bó bv nq, Z‡e †ewk ZvcgvÎvi e¯‘ †h cwigvY Zvc eR©b Ki‡e Kg 
ZvcgvÎvi e¯‘ †mB cwigvY Zvc MÖnY Ki‡e|

A_©vr †gvU ewR©Z Zvc = †gvU M„wnZ Zvc (6.9)

GUvB K¨vjwiwgwZi g~jbxwZ|



112 c`v_©weÁvb  

AbymÜvb bs 6.1 
ei‡di Mjbv¼ wbY©q| 
D‡Ïk¨ : ei‡di Mjb ch©‡e¶Y I Mjbv‡¼i mv‡_ ZvcgvÎvi m¤úK© wbY©q I †jLwPÎ A¼b| 
hš¿cvwZ: †mjwmqvm _v‡g©vwgUvi, eid, ÷¨vÛ, evY©vi, weKvi, ÷cIqvP| 
Kvh©c×wZ : 1.  wKQy eid wb‡q P~Y© K‡i GKwU weKv‡i ivL| 
 2.  _v‡g©vwgUvi‡K mZK©Zvi mv‡_ eid P~‡Y©i g‡a¨ WyevI hv‡Z evj¦wU ei‡di g‡a¨ _v‡K wKš‘ 

weKv‡ii Mv‡q bv jv‡M|  
 3.  Zvc cÖ‡qvM K‡i ax‡i ax‡i ZvcgvÎv †iKW© Ki‡Z n‡e| 
 4.  cÖwZ wgwb‡U ZvcgvÎv †iKW© Ki hZ¶Y ch©š— me eid bv M‡j hvq| 
 5.  Dc‡ii wbq‡g eid m¤ú~Y© M‡j cvwb nevi ciI Zvc w`‡Z _v‡Kv hZ¶Y bv ZvcgvÎv 20 C-

25 C nq| cÖwZ wgwb‡U ZvcgvÎv wjwce× Ki| 
 6.  cÖvß Z‡_¨i Av‡jv‡K ZvcgvÎv ebvg mgq †jLwPÎ A¼b Ki| 
 7.  †jLwPÎ ev MÖvd †_‡K ei‡di Mjbv¼ †ei Ki| 
 8.  †jLwP‡Îi cÖK…wZ Av‡jvPbv Ki| 

AbymÜvb bs 6.2 

cix¶vi bvg: cvwbi ùzUbv¼ wbY©q| 

D‡Ïk¨ : cvwbi ùzUb ch©‡e¶Y I ùzUbv‡¼i mv‡_ ZvcgvÎvi m¤úK© wbY©q Kiv|

hš¿cvwZ: _v‡g©vwgUvi, evb©vi, weKvi, ÷c IqvP| 
Kvh©c×wZ: 1. GKwU weKv‡i K¶ ZvcgvÎvi cvwb bvI Ges weKv‡ii cvwb‡Z _v‡g©vwgUviwU Ggbfv‡e ¯’vcb Ki 

†hb evj¦wU weKv‡ii Mv‡q bv jv‡M| 
2. evb©v‡ii mvnv‡h¨ cvwb‡Z Zvc `vI Ges 1 wgwbU ci ci cvwbi ZvcgvÎv e„w× †iKW© Ki| 

 3.  j¶ Ki cvwbi ZvcgvÎv 100 C nIqvi ci Avi hZB Zvc e„w× KiQ ZvcgvÎv e„w× cv‡”Q bv| 
 4. cÖvß Z‡_¨i Av‡jv‡K ZvcgvÎv-mgq †jLwPÎ A¼b Ki| 
 5. †jLwPÎ †_‡K ei‡di Mjbv¼ wbY©q Ki| 
 6. †jLwP‡Îi cÖK…wZ Av‡jvPbv Ki| 

ZvcgvÎv ebvg mgq †jLwP‡Î (Graph) A¼b|
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Abykxjbx
K. eûwbe©vPbx cÖkœ 
mwVK DËiwUi cv‡k wUK ( ) wPý `vI| 
1|   †ij jvBb wbgv©‡Yi mgq ỳ‡Uv †ij †hLv‡b wgwjZ nq †mLv‡b GKUz dvuKv ivLv nq †Kb ? 
 K. †jvnv mvkªq Kivi Rb¨| 
   L. MÖx®§Kv‡j †ijjvB‡bi ZvcgvÎv e„w× n«vm Kivi Rb¨| 
   M. †ijMvwo Pjvi mgq LU LU kã Kivi Rb¨| 
   N. Zvcxq cÖmvi‡Yi Rb¨ †ij jvB‡bi weK…wZ cwinvi Kivi Rb¨| 
2| Ng©v³ †`‡n cvLvi evZvm Avivg †`q †Kb ? 
 K. cvLvi evZvm Mv‡qi Nvg †ei n‡Z ‡`q bv ZvB 
 L. ev®úvqb kxZjZvi m„wó K‡i ZvB 
 M. cvLvi evZvm kxZj Rjxq ev®ú aviY K‡i ZvB 
 N. cvLvi evZvm mivmwi †jvgK~c w`‡q kix‡i Xz‡K hvq ZvB| 
3|  myßZv‡ci gva¨‡g Ñ 
 i. e¯‘i ZvcgvÎv e„w× nq|
 ii. e¯‘i Ae¯’vi cwieZ©b nq|
 iii. e¯‘i Af¨šÍixY kw³ e„w× cvq|
wb‡Pi †KvbwU mwVK ? 
     K. i L. ii M.  ii I iii N. i, ii I iii   

wP‡Îi mvnv‡h¨ 5 I 6 bs cÖ‡kœi DËi `vI 

4| m¤ú~Y© eid Mj‡Z KZ mgq †j‡MwQj ? 
 K. 2 wgwbU             L. 4 wgwbU
 M. 6 wgwbU                              N. 8  wgwbU 
5| MwjZ cvwbi ZvcgvÎv ùzUbv‡¼ †cŠQv‡Z cÖ‡qvRbxq mgq KZ wgwbU 
 K. 6                 L. 8

 M.  12 N. 18

m„Rbkxj cÖkœ : 
1|  ỳwU ˆe ỳ̈ wZK LywUi ga¨eZx© ~̀iZ¡ 30 m| LywU ỳwUi mv‡_ 30.01m ˆ`‡N ©̈i Zvgvi Zvi †hw`b ms‡hvM 

†`qv nq H w`b evqyi ZvcgvÎv wQj 30
o
 C | Zvgvi ˆ`N¨© cÖmviY mnM 16.7× 10

-6
 K

-1| kxZKv‡j 
†hw`b evqyi ZvcgvÎv 4o

 C n‡jv †mw`b ZviwU wQ‡o †Mj|  
K. cvwbi ˆÎawe› ỳi ms½v `vI|
L. ỳwU e ‘̄i Zvc mgvb n‡jI G‡`i ZvcgvÎv wfbœ n‡Z cv‡i wK? e¨vL¨v Ki|
M. evqyi ZvcgvÎv‡K dv‡ibnvBU †¯‹‡j cÖKvk Ki|
N. ZviwU wQ‡o hvevi KviY MvwYwZK hyw³mn e¨vL¨v Ki| 
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mßg Aa¨vq 

Zi½ I kã 
WAVES AND SOUND 

[cyKz‡ii cvwb‡Z wXj Qyo‡j Avgiv Zi½ †`L‡Z cvB| Zi½ kw³‡K GK ¯’vb †_‡K Ab¨ ¯’v‡b e‡q wb‡q hvq| 

kã GK cÖKvi Zi½| kã kw³ Avgv‡`i‡K kªe‡Yi Abyf~wZ RvMvq| k‡ãi gva¨‡gB Avgiv Z_¨ †cÖiY Ki‡Z 

cvwi| ZvB kã Avgv‡`i Rxe‡bi mv‡_ IZ‡cÖvZfv‡e RwoZ| Avevi kã ~̀lY Avgv‡`i gvivZ¥K ¶wZ K‡i| GB 

Aa¨v‡q Avgiv Zi½, kã, k‡ãi cÖwZaŸwb, k‡ãi †eM, kã ~̀lY cÖf„wZ wb‡q Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv- 
1.  Zi‡½i ˆewkó¨ e¨vL¨v Ki‡Z cvie| 
2.  Zi½mswkó ivwkmg~‡ni g‡a¨ mij MvwYwZK m¤úK© ¯’vcb Ges cwigvc Ki‡Z cvie| 

3.  kã Zi‡½i ˆewkó¨ e¨vL¨v Ki‡Z cvie| 

4.  cÖwZaŸwb m„wó e¨vL¨v Ki‡Z cvie| 

5.  ˆ`bw›`b Rxe‡b cÖwZaŸwbi e¨envi e¨vL¨v Ki‡Z cvie| 

6.  k‡ãi †eM, K¤úv¼ Ges Zi½ ˆ`‡N ©̈i MvwYwZK m¤úK© ¯’vcb Ges Zv †_‡K ivwkmg~n  

     cwigvc Ki‡Z cvie| 

7.  k‡ãi †e‡Mi cwieZ©b e¨vL¨v Ki‡Z cvie| 

8.  kªve¨Zvi mxgv I G‡`i e¨envi e¨vL¨v Ki‡Z cvie| 

9.  k‡ãi cxP I Zx¶èZv e¨vL¨v Ki‡Z cvie| 

10. kã `~l‡Yi KviY I djvdj Ges cÖwZ‡iv‡ai †KŠkj e¨vL¨v Ki‡Z cvie| 
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wPÎ 7.3 

7.1  ch©ve„Ë MwZ, ¯ú›`b ev Qw›`Z MwZ 
 Periodic motion, oscillatory or harmonic motion 

ch©ve„Ë MwZ : †Kv‡bv MwZkxj e¯‘KYvi MwZ hw` Ggb nq †h, GwU Gi 
MwZc‡_i †Kv‡bv wbw ©̀ó we› ỳ‡K wbw ©̀ó mgq cici GKB w`K †_‡K AwZµg 
K‡i Z‡e †mB MwZ‡K chv©e„Ë  MwZ e‡j| Nwoi KvuUv Ges ˆe` ÿwZK cvLvi MwZ  
e„ËvKvi ch©ve„Ë MwZ| w¯úªs Gi ms‡KvPb I cÖmvi‡Yi MwZ ˆiwLK ch©ve„Ë MwZ| 
ch©ve„Ë MwZm¤úbœ †Kv‡bv e¯‘i GKwU c~Y© ch©vq m¤úbœ Ki‡Z †h mgq jv‡M 
Zv‡K ch©vq Kvj e‡j| 

¯ú›`b MwZ : ch©ve„Ë MwZm¤úbœ †Kv‡bv KYv hw` Zvi ch©vq Kv‡ji A‡a©K mgq †h w`‡K P‡j, 
evKx A‡a©K mgq Zvi wecixZ w`‡K P‡j Z‡e †mB MwZ‡K ¯ú›`b MwZ e‡j| GKwU w¯cÖs‡K 
†Kvb `„p Aej¤^b †_‡K Szwj‡q w`‡q Zvi wb‡Pi cÖv‡š— GKwU e¯‘ AvUKv‡bv n‡j [wPÎ 7.2] 
Gevi hw` e¯‘wU‡K GKUz Lvwb †Uª‡b †Q‡o †`Iqv hvq, Zvn‡j e¯‘i Dci-wbP `yj‡Z 
_vK‡e| e¯‘wUi GB MwZ n‡jv ¯ú›`b MwZ ev †`vjb MwZ ev K¤úb MwZ| mij †`vj‡Ki MwZ, 
myikjvKvi K¤ú‡bi MwZ ¯ú›`b MwZ|

7.2 Zi½
Waves

cyKz‡ii w¯’i cvwb‡Z GKwU wXj Qy‡o gviv n‡jv| wXjwU hLb cvwb‡Z AvNvZ K‡i ZLb H ¯’v‡bi  cvwbi 
KYv¸‡jv Av‡›`vwjZ nq| GB Av‡›`vwjZ KYv¸‡jv cvk¦©eZx©© w¯’i KYv¸‡jv‡K  Av‡›`vwjZ K‡i| Gfv‡e KYv n‡Z 
KYv‡Z ¯’vbvšZwiZ n‡q Av‡›`vjb Ae‡k‡l cyKz‡ii wKbvivq wM‡q †cŠQvq| cvwbi KYv¸‡jv ïay Dci wb‡P 
IVvbvgv K‡i wKš‘ mvg‡bi w`‡K AMÖmi nq bv| cÖ‡Z¨K KYvi GB 
ai‡bi MwZi d‡j †h ch©ve„Ë Av‡›`vjb cvwbi Dci w`‡q P‡j hvq 
Zv‡KB Zi½ e‡j| cvwb‡Z Av‡›`vj‡bi Kvi‡Y cvwbi KYvmg~‡n †h 
hvwš¿K kw³i m„wó nq Zv K¤ú‡bi gva¨‡g GK¯’vb n‡Z 
Ab¨¯’v‡b mÂvwjZ nq| myZivs Zi½ Øviv kw³ GK¯’vb †_‡K Ab¨ 
¯’v‡b mÂvwjZ nq|

†h ch©ve„Ë Av‡›`vjb †Kv‡bv Ro gva¨‡gi GK¯’vb †_‡K Ab¨¯’v‡b 
kw³ mÂvwjZ K‡i wKš‘ gva¨‡gi KYv¸‡jv‡K ¯’vqxfv‡e  ’vbvšZwiZ K‡i bv Zv‡K Zi½ e‡j| 

KwVb, Zij ev M¨vmxq gva¨‡g †h Zi‡½i D™¢e nq Zv hvwš¿K Zi½| cvwbi Zi½,kã Zi½ cÖf„wZ hvwš¿K 
Zi½| hvwš¿K Zi½ mÂvj‡bi Rb¨ w¯’wZ¯’vcK gva¨‡gi cÖ‡qvRb| Avi GK ai‡bi Zi½ Av‡Q hv mÂvj‡bi Rb¨ 
†Kv‡bv gva¨g jv‡M bv| Giv n‡jv ZvwoZ †PŠ¤^Kxq Zi½|  

D‡jL¨ †h eZ©gvb Aa¨v‡q Avgv‡`i Av‡jvPbv ïaygvÎ hvwš¿K Zi‡½i g‡a¨ mxgve× ivL‡ev| GLv‡b Zi½ 
ej‡Z w¯’wZ¯’vcK gva¨‡g m„ó Zi½‡K eyS‡ev| 

Zi‡½i ˆewkó¨mg~n wbgœiƒc: 
1. gva¨‡gi KYv¸‡jvi ¯ú›`b MwZi d‡j Zi½ m„wó nq wKš‘ KYv¸‡jvi ¯’vqx ¯’vbvš—i nq bv| 

wPÎ 7.1 

wPÎ 7.2
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2. hvwš¿K Zi½ mÂvj‡bi Rb¨ gva¨g cÖ‡qvRb| 
3. Zi½ GK¯’vb †_‡K Ab¨¯’v‡b kw³ mÂvjb K‡i| 
4. Zi‡½i †eM gva¨‡gi cÖK…wZi Dci wbf©i K‡i| 
5. Zi‡½i cÖwZdjb I cÖwZmiY I DcwicvZb N‡U| 

Zi‡½i cÖKvi‡f`: 
Zi½ ỳB cÖKvi: 1) AbycȪ ’ Zi½ 2) Aby‰`N ©̈ Zi½|

`wo‡Z Gevi 7.4 wP‡Îi  b¨vq GKwU Zi‡½i m„wó n‡e| j¶ Ki 
nv‡Zi mÂvjb ev K¤ú‡bi w`K Dci-wbP ev Wv‡b-ev‡g wKš‘ 
Zi‡½i MwZi w`K AbyfzwgK| GLv‡b K¤ú‡bi w`K Zi‡½i MwZi  
w`‡Ki mv‡_ AvovAvwo ev cÖ¯’ eivei| GB Zi½B n‡”Q AbycÖ¯’ 
Zi½| myZivs Avgiv ej‡Z cvwi, †h Zi½ K¤ú‡bi w`‡Ki mv‡_  
j¤^fv‡e AMÖmi nq Zv‡K AbycȪ ’ Zi½ e‡j| cvwbi Zi½ AbycȪ ’ 
Zi‡½i D`vniY|  

GKwU w¯cÖs‡K wP‡Îi b¨vq 7.5 AvUKv‡bv n‡jv| Gevi Avgiv D³ w¯úªswUi gy³ cÖvšZ a‡i wP‡Îi b¨vq mvg‡b-
wc‡Q nvZ mÂvjb Kwi| nvZ mvg‡bi w`‡K wb‡j w¯úªs-G GKwU m‡¼vPb cÖev‡ni m„wó n‡e Avevi nvZ wcQ‡bi 
w`‡K wb‡j GKwU cÖmviY cÖev‡ni m„wó n‡e| m‡¼vPb I cÖmviY cÖevn mvg‡bi w`‡K AMÖmi n‡Z _v‡K| GLv‡b 
nv‡Zi mÂvjb ev K¤úb †hw`‡K Zi½I †mB w`‡K AMÖmi nq| A_©vr GLv‡b K¤ú‡bi w`K Ges Zi‡½i MwZi  
w`K ci¯úi mgvšZivj ev GKB| myZivs Avgiv ej‡Z cvwi, †h Zi½ K¤ú‡bi w`‡Ki mv‡_ mgvšZivjfv‡e 
AMÖmi nq Zv‡K Aby‰`N©̈  Zi½ e‡j| evqy gva¨‡g k‡ãi Zi½ Aby‰`N©̈  Zi‡½i D`vniY|  

AbycȪ ’ Zi‡½i m‡e©v”P I me©wb¤œ we› ỳ‡K Zi½kxl© I Zi½cv`  e‡j| Aby‰`N©̈   Zi‡½ Abyi~c ivwk n‡”Q 
m‡¼vPb I cÖmviY| 

7.3   Zi½ mswkó ivwk
          Wave Related Quantities 

c~Y© ¯ú›`b : Zi‡½i Dci¯’ †Kv‡bv KYv GKwU wbw ©̀ó we› ỳ †_‡K hvÎv ïiy K‡i 
Avevi GKB w`K †_‡K †mB we› ỳ‡Z wd‡i G‡j Zv‡K GKwU c~Y© ¯ú›`b ejv nq|

ch©vqKvj : †h mgq ci ci Zi‡½i cybive„wË N‡U| A_©vr †h mg‡q Zi‡½i Dci¯’ 
†Kvb KYvi GKwU c~Y© ¯ú›`b m¤úbœ nq Zv‡K ch©vqKvj e‡j| ch©vqKvj‡K T Øviv cÖKvk Kiv nq| Gi GKK 
†m‡KÛ (s)|

KvR : wP‡Îi b¨vq GKUv j¤^v `wo bvI| `woi GKcÖvš— GKwU k³ Aej¤^‡bi mv‡_ AvUKvI| Aci 
cÖvš— a‡i nvZ Dci-wb‡P ev Wv‡b-ev‡g mÂvjb Ki|

wPÎ 7.4 

wPÎ 7.6

wPÎ 7.5
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K¤úv¼ :  cÖwZ †m‡K‡Û hZ¸‡jv c~Y© Zi½ m„wó nq Zv‡K Zi‡½i K¤úv¼ e‡j| Zi½ m„wó nq K¤úbkxj 
e¯‘ †_‡K|ZvB K¤úbkxj e¯‘i K¤úv¼ Zi‡½i K¤úv‡¼i mgvb| K¤úv‡¼i GKK nvR© (Hz)| ¯ú›`bkxj 
†Kv‡bv e¯ZzKYv GK †m‡K‡Û GKwU c~Y© ¯ú›`b m¤úbœ Ki‡j Zvi K¤úv¼‡K 1 Hz e‡j| G‡K  f Øviv cÖKvk 

Kiv nq| K¤úv¼ I ch©vqKv‡ji m¤úK© n‡jv f =
T

1

we¯Zvi : Zi‡½i m„wó n‡Z n‡j gva¨‡gi KYv¸‡jv mvg¨ve¯’v‡bi ỳB cv‡k Kw¤úZ n‡Z n‡e| mvg¨ve¯’vb 
†_‡K †h †Kv‡bv GKw`‡K Zi½w¯’Z †Kvb KYvi me©vwaK miY‡K we¯Zvi e‡j| wP‡Î a n‡jv we¯Zvi|  

`kv : †Kv‡bv GKwU Zi½vwqZ KYvi †h †Kv‡bv gyû‡Z©i MwZi mvgwMÖK Ae¯’v cÖKvkK ivwk‡K Zvi `kv e‡j| 
MwZi mvgwMÖK Ae¯’v ej‡Z KYvi MwZi w`K, miY, †eM,Z¡iY BZ¨vw` eySvq| AbycȪ ’  Zi‡½i DaŸ©P~ovmg~n ev 
wb¤œP~ovmg~n me©̀ v GKB `kvq _v‡K| 

wP‡Î P Ges P
/ ev R I R

/ Ae¯’v‡bi KYv¸‡jv GKB `kvq Av‡Q| 

Zi½ ˆ`N ©̈ :   Zi‡½i Dci  GKB `kvq Av‡Q Ggb ci ci ỳÕwU KYvi ga¨eZ©x `~iZ¡B Zi½ ‰`N ©̈| K¤úgvb 
e¯‘i GKwU c~Y© K¤ú‡b †h mgq jv‡M †mB mg‡q Zi½ †hUzKz ~̀iZ¡ AwZµg K‡i Zv‡K Zi½ ˆ`N ©̈ e‡j| 
Zi½ ˆ ©̀N¨‡K Øviv wPwýZ Kiv nq| Gi GKK wgUvi (m)| 

wP‡Î PP
/ ev RR

/ ev SS
/  ˆ`N©̈  n‡jv Zi½ˆ`N©̈  |

Zi½ †eM :   wbw ©̀ó w`‡K Zi½ GK †m‡K‡Û †h ~̀iZ¡ AwZµg K‡i Zv‡K Zi½  †eM e‡j|

7.4 K‡qKwU m¤úK© 
A few relations 

K¤úv¼ I chv©qKv‡ji g‡a¨ m¤úK© : 
Avgiv Rvwb ¯ú›`bkxj e¯‘KYv 1 †m‡K‡Û hZUv c~Y©¤ú›`b m¤úbœ K‡i Zv‡K K¤úv¼ e‡j| GB K¤úv¼‡K f
Øviv m~wPZ Kiv nq| Avevi chv©qKvj T n‡j  
T †m‡K‡Û ¯ú›`‡bi msL¨v  1wU 

1 †m‡K‡Û   ,,        ,,
1

T
 wU 

wPÎ 7.7

wPÎ 7.8
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1 †m‡K‡Ûi GB ¯ú›`b msL¨vB K¤úv¼| myZivs K¤úbv¼ f = 
1

T
(7.1)

Zi½‡eM I Zi½‰`‡N©̈ i g‡a¨ m¤úK© : 
Avgiv Rvwb 1 †m‡K‡Û hZ¸‡jv c~Y©̄ ú›`b m¤úbœ nq Zv‡K K¤úv¼ e‡j| Avevi 1 wU c~Y© ¯ú›`‡bi mg‡q 
Zi‡½i AwZµvšZ ~̀iZ¡‡K Zi½‰`N©̈  e‡j| myZivs Zi½‰`N©̈   n‡j,
1 wU c~Y© K¤ú‡bi mg‡q Zi‡½i AwZµvšZ ~̀iZ¡ = 

f wU c~Y© K¤ú‡bi mg‡q Zi‡½i AwZµvšZ ~̀iZ¡ = f

†h‡nZz K¤úv¼ f ZvB f wU c~Y© Zi½ ˆZwi nq 1 †m‡K‡Ê 

myZivs 1 †m‡K‡Û Zi‡½i  AwZµvšZ  ~̀iZ¡ = f

GUvB Zi½‡eM v. myZivs Zi½ †eM

v = f (7.2)

MvwYwZK D`vniY 7.1 : GKwU e¯‘ evZv‡m †h kã m„wó K‡i Zvi Zi½ ˆ`N©¨ 20 cm| evZv‡m k‡ãi †eM 
340 ms

-1 n‡j Gi K¤úv¼ I ch©vqKvj †ei Ki| 

Avgiv Rvwb, 

      †eM, v = f

f =
v

=
340 ms

-1

0.2 m
= 1700 Hz

T =
1

f
=

1

1700 s
-1  = 0.000588 s 

                             = 5.88  10
-4

 s

wb‡Y©q K¤úv¼   1700 Hz ; ch©vqKvj 5.88 10
-4

  s

7.5  kã Zi½  
      Sound Wave 

Avgiv Rvwb kã GK cÖKvi kw³| GB kw³ mÂvwjZ nq kã-Zi‡½i gva¨‡g| kã Zi½ n‡jv GKwU  Aby‰`N ©̈ 
Zi½| GB Zi½ mÂvj‡bi mgq gva¨‡gi KYv¸‡jvi ev ¯Zimg~‡ni 
ms‡KvPb I cÖmvi‡Yi m„wó nq (wPÎ 7.9)| gva¨g w`‡q mÂvwjZ n‡q 
GB kã-Zi½ Avgv‡`i Kv‡b G‡m kÖe‡Yi Abyf~wZ RvMvq| D‡jL¨ †h 
Dr‡mi K¤úb Qvov k‡ãi DrcwË nq bv| myikjvKv, Kvmvi evwU, 
¯‹z‡ji N›Uv hLb ev‡R ZLb nvZ w`‡q Av‡¯Z Av‡¯Z ¯úk© Ki‡j 
eyS‡Z cvi‡e †h IUv Kuvc‡Q| hLb Zzwg K_v ej ZLb hw` †Zvgvi 
KÉbvjx ¯úk© Ki †`L‡e †Zvgvi KÉbvjx Kuvc‡Q|  

†`Iqv Av‡Q,
Zi½‰`N©̈ ,   = 20 cm = 0.2 m

k‡ãi †eM , v = 340 ms
-1

 K¤úv¼, f = ? 

 ch©vqKvj, T=?

Kg©KvÊ :
GKwU Kvumvi evwU‡Z cvwb bvI| evwU‡K AvNvZ Ki| kã ïb‡Z cv†”Qv| cvwb‡Z ¶z̀ ª ¶z̀ ª †XDI †`L‡Z 
cv‡”Qv| Gevi nvZ w`‡q evwUwU†K a‡iv| kã wK GLb ïb‡Z cv‡”Qv? cvwbi †XD wK Av‡Q? 

wPÎ 7.9 
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hZ¶Y evwUwU kã m„wó KiwQj ZZ¶Y †mwU †Ku‡c‡Q ZvB ¶z`ª ¶z`ª 
Zi‡½i m„wó n‡q‡Q| evwUwUi kã †_‡g †M‡j Zvi K¤úbI †_‡g 
†M‡Q Avi †XDI †_‡g †M‡Q| myZivs †evSv †Mj K¤úgvb e¯‘ kã 
m„wó K‡i| wKš‘ †Kv‡bv e¯‘ Kuvc‡jB †h Avgiv †mB kã ïb‡Z 
cvi‡ev Ggb †Kv‡bv K_v †bB| k‡ãi Drm I †kªvZvi gv‡S GKwU 
Ro gva¨g _vK‡Z n‡e Ges Dr‡mi K¤úv¼ 20Hz †_‡K 
20,000Hz Gi g‡a¨ n‡Z n‡e|  
kã Zi‡½i ˆewkó¨:  
†Kv‡bv e¯Ízi K¤ú‡bi d‡j kã Zi½ m„wó nq Ges mÂvj‡bi Rb¨ w¯’wZ¯’vcK Ro gva¨†gi cÖ‡qvRb nq| 
ZvB  kã‡K  GKwU hvwš¿K Zi½ ejv nq| GB Zi‡½i cÖev‡ni w`K Ges K¤ú‡bi w`K GKB e‡j GwU GKwU 
Aby‰`N©̈  Zi½| kã Zi‡½i †eM gva¨‡gi cÖK…wZi Dci wbf©ikxj| evqexq gva¨‡g Gi †eM Kg, Zi‡j Zvi 
†P‡q †ewk, KwVb c`v‡_© Av‡iv †ewk| k‡ãi ZxeªZv Zi‡½i we¯Zv‡ii e‡M©i mgvbycvwZK| A_©vr Zi‡½i 
we¯Ívi  †ewk n‡j k‡ãi ZxeªZv  †ewk n‡e| kã Zi‡½i cÖwZdjb, cÖwZmiY I DcwicvZb m¤¢e| k‡ãi  †eM 
gva¨‡gi ZvcgvÎv I Av ª̀©Zvi DciI wbf©ikxj| 
7.6  cÖwZaŸwb  

Echo
b`xi cv‡o ùvwo‡q kã Ki‡j wKQy¶Y ci †mB k‡ãi c~bive„wË †kvbvi AwfÁZv  nq‡Zv Avgv‡`i A‡b‡KiB 
Av‡Q| cvnvo ev `vjv‡bi Kv‡Q †Rv‡i kã Ki‡j Abyiƒc NUbv N‡U| eo Lvwj N‡ii GKcÖv‡šZ aŸwb Ki‡j 
wKQy¶Y ci wVK †mB kã †kvbv hvq| Gme NUbv k‡ãi cÖwZdj‡bi Rb¨ N‡U| 
hLb †Kv‡bv kã g~j kã †_‡K Avjv`v n‡q g~j k‡ãi cybive„wË K‡i, ZLb H cÖwZdwjZ kã‡K cÖwZaŸwb e‡j| 
mnR K_vq cÖwZdj‡bi Rb¨ aŸwbi cybive„wË‡K cÖwZaŸwb e‡j| 
cÖwZdj‡Ki b~b¨Zg ~̀iZ¡: 

†Kv‡bv ¶Y¯’vqx kã  ev aŸwb Kv‡b †kvbvi ci †mB k‡ãi †ik cÖvq 
1

10
†m‡KÛ hver Avgv‡`i gw¯Z‡®‹ †_‡K hvq| 

G‡K kãvbyfywZi ¯’vqxZ¡Kvj e‡j| GB 
1

10
†m‡K‡Ûi g‡a¨ Ab¨ kã 

1

10
Kv‡b G‡m †cŠuQv‡j Zv Avgiv Avjv`v K‡i 

kyb‡Z cvB bv| myZivs †Kv‡bv ¶Y¯’vqx k‡ãi cÖwZaŸwb ïb‡Z n‡j cÖwZdjK‡K Drm †_‡K Ggb ~̀i‡Z¡ ivL‡Z n‡e 

hv‡Z g~j kã cÖwZdwjZ n‡q Kv‡b wd‡i Avm‡Z AšZZ 
1

10
†m‡KÛ mgq †bq| hw` 00

C ZvcgvÎvq evqy‡Z k‡ãi 

†eM 332 ms
-1  aiv nq Zvn‡j  †m‡K‡Û kã  33.2 m hvq| myZivs 

cÖwZdjK‡K †kªvZv †_‡K Kgc‡¶ 
33.2

 2
 ev 16.6 m  ~̀i‡Z¡ ivL‡Z n‡e| Gevi 

ej †QvÆ N‡i k‡ãi cÖwZaŸwb †kvbv hvq bv †Kb? 

7.7  cÖwZaŸwbi e¨envi 
Uses of echo 

K‚‡ci MfxiZv wbY©q : cÖwZaŸwbi mvnv‡h¨ Lye mn‡R K~‡ci g‡a¨ cvwbi 
DcwiZj KZ Mfx‡i Av‡Q Zv wbY©q Kiv hvq| K‚‡ci Dc‡i †Kv‡bv kã Drcbœ 
Ki‡j †mB kã cvwb c„ô †_‡K cÖwZdwjZ n‡q wd‡i G‡j cÖwZaŸwb †kvbv hvq| 

wPÎ 7.10 

wPÎ 7.11 
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GLb kã Drcbœ Kiv I †mB k‡ãi cÖwZwaŸwb †kvbvi ga¨eZx© mgq _vgv Nwoi mvnv‡h¨ wbY©q Kiv hvq|aiv hvK, 
cvwbc„‡ôi MfxiZv = h ,

kã Drcbœ Kiv I cÖwZaŸwb †kvbvi ga¨eZx© mgq = t,

k‡ãi †eM = v,

GLb kã Drcbœ nIqvi ci cvwb c„‡ô cÖwZdwjZ n‡q †kªvZvi Kv‡Q wd‡i Avm‡Z †h‡nZz 2h ~̀iZ¡ AwZµg K‡i  

AZGe, 2h = v t

         ev h = v t/2|

Kz‡ci cvwbc„‡ôi MfxiZv 16.6 wgUv‡ii Kg n‡j, cÖwZaŸwb wfwËK GB cix¶vwU Kiv m¤¢e n‡e bv|  

GKBfv‡e f~-M‡f©i LwbR c`v‡_©i mÜvb jv‡f G c×wZi e¨envi n‡”Q| 

ev ỳ‡ii c_Pjv :  

k‡ãi cÖwZaŸwbi mvnv‡h¨B ev ỳi c_ P‡j| ev ỳi †Pv‡L †`‡L bv| ev ỳi k‡ãvËi K¤úv‡¼i kã ˆZwi Ki‡Z 
cv‡i Avevi ïb‡ZI cv‡i|GB kã Avgiv ïb‡Z cvB bv| ev ỳi k‡ãvËi K¤úv‡¼i kã ˆZwi K‡i mvg‡b 
Qwo‡q †`q| H kã †Kv‡bv cÖwZeÜ‡K evav †c‡q Avevi ev`y‡ii Kv‡Q P‡j Av‡m|wd‡i Avmv kã ï‡b eyS‡Z 
cv‡i †h mvg‡b †Kv‡bv e¯‘ Av‡Q wKbv| ev ỳi Gfv‡e Zvi wkKviI a‡i| hw` evav †c‡q kã 

wPÎ : 7.12 

wd‡i bv Av‡m Z‡e eyS‡Z cv‡i †h dvuKv RvqMv Av‡Q, †mB c_ eivei †m D‡o P‡j| A‡bK mgq ˆe`¨ywZK 
Zv‡ii mwVK Ae¯’vb wbY©q Ki‡Z e¨_© n‡j mgvšZivj ỳB Zv‡ii ga¨ w`‡q D‡o Pjvi mgq †hB gvÎ abvZ¥K 
I FYvZ¥K Zv‡i (ev mwµq I wbi‡c¶ Zv‡i) ev`y‡ii kix‡ii gva¨‡g ms‡hvM †c‡q hvq †mB ev`y‡ii kix‡ii 
ga¨ w`‡q we ỳ̈ r cÖevwnZ nq Avi †m gviv hvq| gv‡Sg‡a¨ ˆe ỳwZK Zv‡i SzjšZ giv ev ỳi †`Lv hvq| 

ev`yi cÖvq 1,00000 nvR© K¤úvs‡Ki kã ˆZwi Ki‡Z I ïb‡Z cv‡i|

7.8  k‡ãi †e‡Mi cwieZ©b  
      Variation of velocity of sound 

kã Drm †_‡K Avgv‡`i Kv‡b kã Avm‡Z wKQzUv mgq †bq| cÖwZ †m‡K‡Û kã hZUv c_ AwZµg K‡i Zv‡K 
k‡ãi †eM e‡j| k‡ãi †eM K‡qKwU wel‡qi Dci wbf©i K‡i| 

gva¨‡gi cÖK…wZ : wewfbœ gva¨‡g k‡ãi †eM wewfbœ| D`vniY ¯^i~c evqy, cvwb Ges †jvnv‡Z k‡ãi †eM wfbœ 
wfbœ| 20

0
C ZvcgvÎvq evqy‡Z k‡ãi †eM 344 ms

-1, cvwb‡Z 1450 ms
-1, Avi †jvnvq 5130 ms

-1|
mvaviYfv‡e ejv hvq evqy‡Z k‡ãi †eM Kg,Zi‡j Zvi †P‡q †ewk Avi KwVb c`v‡_© me‡P‡q †ewk| 
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Zzwg wK K_v ïb‡Z cv‡”Qv? n üv kã ïb‡Z cvw”Q| GLv‡b kã mÂvwjZ n‡”Q Zvi Øviv hv GKwU KwVb c`v_©|

ZvcgvÎv: evqyi ZvcgvÎv h‡Zv ev‡o evqy‡Z k‡ãi †eMI Z‡Zv ev‡o| GRb¨ kxZKvj A‡c¶v MÖx®§Kv‡j k‡ãi 
†eM †ewk| 

evqyi Av`©ªZv : evqyi Av ª̀©Zv e„w× †c‡j k‡ãi †eM e„w× cvq| GRb¨ ï®‹ evqyi †P‡q wfRv evqy‡Z k‡ãi †eM 
†ewk|

7.9  kªve¨Zvi mxgv I G‡`i e¨envi  
 Audibility range and their uses 

Avgiv Rvwb, e¯‘i K¤úb Qvov kã Drcbœ nq bv| hw` †Kv‡bv e¯‘ cÖwZ †m‡K‡Û Kgc‡¶ 20 evi Kv‡uc Z‡e 

†mB e¯‘ †_‡K Drcbœ kã †kvbv hv‡e| Gfv‡e Avevi K¤úb hw` cÖwZ †m‡K‡Û 20,000  evi Gi †ewk nq 

Zvn‡jI kã †kvbv hv‡e bv| myZivs Avgv‡`i Kv‡b †h kã †kvbv hvq Zvi K¤úv‡¼i mxgv n‡jv 20 Hz †_‡K 

20,000 Hz| K¤úv‡¼i GB cvjv‡K kªve¨Zvi cvjv (Audible Range) e‡j| hw` K¤úv¼ 20 Hz Gi Kg 

nq Z‡e Zv‡K  k‡ãZi (Infrasonic)K¤úb e‡j| hw` K¤úv¼ 20,000Hz Gi †ewk nq Z‡e Zv‡K k‡ãvËi 

(Ultrasonic) K¤úb e‡j| k‡ãvËi K¤úv‡¼i kã gvby‡l ïb‡Z bv †c‡jI ev`yi, KzKzi, †gŠgvwQi b¨vq wKQz 

wKQz cÖvYx Drcbœ Ki‡Z cv‡i Avevi ïb‡ZI cv‡i| 

k‡ãvËi k‡ãi cÖ‡qvM I e¨envi :

mgy‡`ªi MfxiZv wbY©q: mgy‡`ªi MfxiZv wbY©‡qi Rb¨ SONAR bvgK hš¿ e¨eüZ nq| SONAR Gi c~‡iv 
bvg Sound Navigation And Ranging. GB h‡š¿ k‡ãvËi K¤úv‡¼i kã †cÖiY I MÖn‡Yi e¨e¯’v

wb‡Riv K‡iv : `y‡Uv Lvwj wU‡bi †KŠUv bvI| cÖvq wek wgUvi j¤^v wPKb Zvi Øviv †KŠUv `y‡Uv‡K mshy³ 
Ki| †Zvgvi eÜz GKUv †KŠUvq gyL jvwM‡q K_v ej‡Q| Aci †KŠUvq Zzwg Kvb jvwM‡q †mB K_v †kvbvi 
†Póv Ki|

wnmve K‡iv : 20
0
C ZvcgvÎvq evqy‡Z k‡ãi †eM 344 ms

-1| 0
0
C ZvcgvÎvq †eM 332 ms

-1

cÖwZ 1
0
C ZvcgvÎv e„w×‡Z evqy‡Z k‡ãi †eM KZUzKz e„w× cvq?

wPÎ 7.13
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wPÎ-7.14

Av‡Q|cvwbi g‡a¨ GB h‡š¿i mvnv‡h¨ k‡ãvËi K¤úv‡¼i kã Drcbœ  K‡i †cÖiY Kiv nq Ges GB kã mgy‡ ª̀i 
Zj‡`‡k evuav †c‡q Avevi Dc‡i D‡V Avm‡j MÖvnK h‡š¿i mvnv‡h¨ MÖnY Kiv nq| kã †cÖiY I MÖn‡Yi mgq 
‡iKW© K‡i we‡qvM Ki‡j k‡ãi fªgYKvj ‡ei Kiv nq| aiv hvK GB mgq t Ges mgy‡ ª̀i
MfxiZv d hw` cvwb‡Z k‡ãi †eM v nq Z‡e,
2d = vt

or, d = 
vt

2 (7.3)

kã hvIqv I Avmv wg‡j d + d = 2d  c_ AwZµg K‡i| GLb k‡ãi †eM ‡R‡b Dc‡ii mgxKi‡Yi mnv‡h¨ 
mgy‡ ª̀i MfxiZv wbY©q Kiv hvq| 
Kvc‡oi gqjv cwi¯‹vi Kiv: AvRKvj AvaywbK Iqvwks †gwkb †ei n‡q‡Q hvi Øviv mn‡R Kvco cwi¯‹vi Kiv 
hvq| cvwbi g‡a¨ mvevb ev ¸‡ov mvevb wgwkªZ K‡i Kvco wfwR‡q †i‡L †mB cvwbi g‡a¨ k‡ãvËi K¤ú‡bi kã 
†cÖiY Kiv nq| GB kã Kvc‡oi gqjv‡K evB‡i †ei K‡i Av‡b Ges Kvco cwi¯‹vi n‡q hvq| 
†ivM wbY©‡q : gvby‡li †`‡ni Af¨š—ixY Qwe G·-†i Øviv †hgb ‡Zvjv hvq †Zgb k‡ãvËi K¤ú‡bi k‡ãi 
mvnv‡h¨ Qwe Zz‡j †ivM wbY©q Kiv hvq| GB cÖwµqvi bvg Avëªvm‡bvMÖwd (Ultrasonography)| GB kã †`‡ni 
Af¨š—‡i †cÖiY Kiv nq Ges cÖwZdwjZ kã‡K Av‡jvK kw³‡Z i~cvšZi K‡i †Uwjwfk‡bi c ©̀vq †djv nq| d‡j 
†Kv‡bv †ivM _vK‡j aiv c‡o|  
wPwKrmv‡¶‡Î:  ùv‡Zi †¯‹wjs ev cv_i †Zvjvi Rb¨ k‡ãvËi K¤ú‡bi  kã e¨eüZ nq| wKWwbi †QvU cv_i 
†f‡O ¸ov K‡i Zv Acmvi‡Yi Kv‡RI GB kã e¨eüZ nq| 
Ab¨vb¨ Kv‡R: avZe wcÊ ev cv‡Z m~²Zg dvUj AbymÜv‡b,m~² B‡jKUªwbK hš¿cvwZ cwi®‹vi Kivi Kv‡R, 
¶wZKi †ivMRxevYy aŸs‡mi Kv‡RI  k‡ãvËi K¤ú‡bi  kã e¨eüZ nq|

k‡ãZi K¤úv‡¼i k‡ãi e¨envi : 

k‡ãZi K¤ú‡bi mxgv n‡”Q 1 Hz †_‡K 20 Hz.| GB K¤ú‡bi kã 
gvbyl ïb‡Z cvqbv Z‡e †Kv‡bv †Kv‡bv Rxe-Rš‘ ïb‡Z cvq| nvwZ GB 
K¤ú‡bi kã Øviv wb‡R‡`i g‡a¨ †hvMv‡hvM i¶v K‡i P‡j| †Kv‡bviƒc
weK„wZ Qvov GB kã eû ~̀i ch©š— †h‡Z cv‡i| f~wgK¤ú Ges cvigvYweK 
we‡ùvi‡Yi mgq GB k‡ãZi K¤ú‡bi m„wó nq Ges cÖej SvKzwbi 
gva¨‡g aŸsm hÁ Pvjvq|

wPÎ 7.15 
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MvwYwZK D`vniY 7.3 : b`xi GK cv‡o `vuwo‡q GK e¨w³ nvZZvwj w`j| IB kã b`xi Aci cvo †_‡K wd‡i 
G‡m 1.5 s  ci cÖwZaŸwb †kvbv †Mj|IB mgq evqy‡Z k‡ãi †eM 340 ms

-1 n‡j b`xwUi cÖk¯ÍZv KZ ? 
mgvavb : aiv hvK b`xi cÖk¯ÍZv d| myZivs Avgiv cvB,

2d = v . t

          AZGe d =
vt

2

                        = 
340 ms

-1
×1.5 s

2

                        =  255 m 

myZivs b`xi cÖk¯ÍZv  255 m  

7.10  myihy³ kã I Zvi ˆewkó¨  
        Musical sound and its characteristics

Avgiv cÖwZw`b eû iKg kã ïb‡Z cvB| iv¯Zv w`‡q hvbevnb PjvP‡ji kã, nvUevRv‡ii kã,el©vKv‡j e„wó 
covi kã,wewfbœ ev`¨h‡š¿i kã BZ¨vw` Avgiv cÖwZw`b ï‡b _vwK| GmKj k‡ãi wKQy wKQy ïb‡Z kÖywZgayi 
jv‡M Avi wKQz wKQz ïb‡Z kÖywZKUz jv‡M| Abyf~wZi w`K w`‡q wePvi Ki‡j kÖywZgayi kã n‡”Q myihy³ kã| 

g~jZ kã Dr‡mi wbqwgZ I ch©ve„Ë K¤ú‡bi d‡j †h kã Drcbœ nq Ges hv Avgv‡`i Kv‡b kÖywZgayi e‡j g‡b 
nq Zv‡K myihy³ kã e‡j|  wMUvi, ‡envjv, ev‡ki euvwk cÖf„wZ ev`¨h‡š¿i kã myihy³ kã| 

myihy³ k‡ãi ˆewkó¨: 

myihy³ k‡ãi wZbwU ˆewkó¨ Av‡Q- i) cÖvej¨ ev ZxeªZv (Loudness or Intensity) ii) Zx¶èZv (Pitch) Ges
iii) ¸Y ev RvwZ  (Quality or Timbre)

cÖvej¨ ev ZxeªZv: cÖvej¨ ev ZxeªZv ej‡Z kã KZUv †Rv‡i n‡”Q Zv eySvq| kã we¯Zv‡ii Awfgy‡L j¤^fv‡e 
ivLv GKK †¶Îd‡ji ga¨ w`‡q cÖwZ †m‡K‡Û †h cwigvY kãkw³ cÖevwnZ nq Zv‡K k‡ãi ZxeªZv e‡j| SI

c×wZ‡Z k‡ãi ZxeªZvi GKK Wm
-2|

Zx¶èZv: myihy³ k‡ãi †h ‰ewkó¨ w`‡q GKB cÖve‡j¨i Lv‡`i myi Ges Pov my‡ii g‡a¨ cv_©K¨ eySv hvq Zv‡K 
Zx¶èZv ev cxP e‡j| Zx¶èZv Dr‡mi K¤úv‡¼i Dci wbf©i K‡i| K¤úv¼ hZ †ewk nq, myi ZZ Pov nq Ges 
Zx¶èZv ev cxP Z‡Zv †ewk nq| 

¸Y ev RvwZ: myihy³ k‡ãi †h ˆewk‡ó¨i Rb¨ wewfbœ Drm †_‡K Drcbœ GKB cÖvej¨ I Zx¶èZvhy³ k‡ãi g‡a¨ 
cv_©K¨ eySv hvq Zv‡K ¸Y ev RvwZ e‡j| 

cyiy‡li Mjvi ¯^i †gvUv wKš‘ bvix I wkïi Mjvi ¯^i Zx¶è †Kb? 

gvby‡li Mjvi ¯^ih‡š¿ `y'†Uv c`©v Av‡Q G‡`i‡K e‡j ¯^iZš¿x ev Vocal Chord| GB †fvKvj K‡W©i K¤ú‡b  
d‡j Mjv †_‡K kã wbM©Z nq Ges gvbyl K_v e‡j| eq¯‹ cyiyl‡`i †fvKvj KW© eq‡mi m‡½ m‡½ `„p n‡q 
c‡o| wKš‘ wkï ev bvix‡`i †fvKvj KW© „̀p _v‡K bv, d‡j eq®‹ cyiyl‡`i Mjvi ¯^‡ii K¤úv¼ Kg Ges bvix 
ev wkky‡`i ¯^‡ii K¤úv¼ †ewk nq| ZvB cyi“l‡`i Mjvi ¯^i †gvUv wKš‘ wkï ev bvix‡`i KÚ¯^i Zx¶è| 

GLv‡b,
†eM v = 340 ms

-1                        

mgq t = 1.5 s,

cÖk¯ÍZv d =  ?
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7.11   kã `~lY
         Noise pollution   

cvi¯úwiK †hvMv‡hvM I fve Av`vb-cÖ̀ v‡bi Rb¨ kã cÖ‡qvRb| wKš‘ Acª‡qvRbxq kã I ‡Kvjvn‡jv Amn¨ 
jv‡M| wewfbœ Drm †_‡K Drcbœ †Rviv‡jv Ges AcÖ‡qvRbxq kã hLb gvby‡li mnbkxjZvi gvÎv Qvwo‡q weiw³ 
NUvq Ges ¯^v‡¯’¨i ¶wZmvab K‡i ZLb Zv‡K kã ~̀lY e‡j| 

gvB‡Ki Aeva e¨envi, †Xv‡ji kã, †evgvevwR, cUKv †dvUv‡bvi AvIqvR, Kj KviLvbvi kã, Mvwoi n‡b©i 
AvIqvR, D”P fjy‡g PvwjZ †Uc ‡iKW©vi I †Uwjwfk‡bi kã, cyi‡bv Mvwoi BwÄ‡bi kã, D‡ovRvnvR I R½x 
wegv‡bi Zxeª kã cÖf„wZ kã ~̀l‡Yi cÖavb KviY| 

Aweivg Zxeª kã gvbwmK D‡ËRbv evovq I †gRvR wLUwL‡U K‡i| kã ~̀lY ewg ewg fve, ¶yav g›`v, i³Pvc e„w×,
ü`wcÊ I gw¯Z‡®‹i RwUj †ivM,Awb ª̀vRwbZ Amȳ ’Zv, K¬vwšZ I Aemv`MȪ ’ n‡q cov, Kg©¶gZv n«vm, ¯§„wZkw³  n«vm, 
gv_v †Nviv cÖf„wZ ¶wZKviK cÖfve m„wó K‡i| nVvr Zxeª kã gvby‡li kªeYkw³  bó Ki‡Z cv‡i| 

eZ©gv‡b kã `~lY gvivZ¥K mgm¨vi m„wó Ki‡Q| Gi Ke‡j c‡o cÖvqB Amy¯’ †ivMx Ges cix¶v_x©iv ¶wZMÖ¯’ 
n‡”Q| kã ~̀l‡Yi nvZ †_‡K evPuvi  Dcvq n‡jv kã Kgv‡bv| GcÖm‡½ Avgiv wKQz c`‡¶c MÖnY Ki‡Z cvwi| 
†h †Kv‡bv Drme ev Abyôv‡b D”P¯^‡i gvBK evRv‡bv †_‡K weiZ _vK‡Z n‡e| Drm‡e cUKv, evwR dvUv‡bv 
cÖf„wZ wbwl×  Ki‡Z n‡e| Mvwoi nb© Ah_v evRv‡bv ev †Rv‡i evRv‡bv cwinvi Kiv DwPZ| Kg kã 
Drcv`bKvix BwÄb ev hš¿cvwZ ˆZwi Ges  ‡jvKvjq †_‡K `~‡i KjKviLvbv I wegvb e›`i ¯’vcb K‡iI Avgiv 
kã ~̀l‡Yi nvZ †_‡K †invB †c‡Z cvwi| kn‡ii gv‡S gv‡S Db¥y³ RvqMv ivLv Ges iv¯Zvi av‡i kã †kvlYKvix 
MvQcvjv jvMv‡bv DwPZ| KjKviLvbvq kã †kvlY h‡š¿i e¨envi Pvjy K‡i Ges Rbm‡PZbZv  e„w× K‡i kã 
~̀lY wbqš¿Y Kiv m¤¢e|  

                 

Abykxjbx
K.eûwbe©vPbx cÖkœ : 
mwVK DËiwUi cv‡k wUK ( ) wPý `vI| 
1|  kã †Kvb& ai‡bi Zi½? 
 K. wZh©K Zi½   L. ZvwoZ‡PŠ¤^Kxq Zi½  
 M. Aby‰`N©̈  Zi½  N. †eZvi Zi½ 
2|  k‡ãi †eM †Kvb& gva‡g me‡P‡q †ewk| 
 K. KwVb  L. Zij    
 M. M¨vmxq  N. cvRgv

3|  ˆe`y¨wZK jvB‡b g„Z ev`yi Sz‡j _vK‡Z †`Lv hvq †Kb ?

      i.   ˆe ỳ̈ wZK Zvi¸‡jvi Ae¯’vb Ges ga¨eZ©x ~̀iZ¡ m¤ú‡K© Zvr¶wYKfv‡e mȳ úó aviYv  bv _vKvq| 

      ii. mvg‡bi w`‡Ki k‡ãvËi Zi‡½i cÖwZaŸwb ïb‡Z bv cvIqvq| 

     iii. ev ỳi GKwU Zv‡i Sz‡j Aci ZviwU ¯úk© Kivq| 
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Aóg Aa¨vq 

Av‡jvi cÖwZdjb 
REFLECTION OF LIGHT 

[ Avgiv Avgv‡`i Pvicv‡k bvbviKg e¯‘ †`L‡Z cvB| hLb †Kv‡bv Av‡jvK Drm †_‡K Av‡jv mivmwi Avgv‡`i †Pv‡L 
Av‡m ZLb Avgiv DrmwU †`L‡Z cvB| Avevi Av‡jvK Drm †_‡K wbM©Z Av‡jv †Kv‡bv e¯‘i c„ô †_‡K cÖwZdwjZ n‡q 
hLb Avgv‡`i ‡Pv‡L Av‡m ZLbI Avgiv e¯‘wU †`L‡Z cvB| Av‡jv n‡”Q GK cÖKvi kw³ ev evwn¨K KviY hv Avgv‡`i 
†`L‡Z mvnvh¨ K‡i ev `k©‡bi Abyf~wZ m„wó K‡i| G Aa¨v‡q Avgiv Av‡jvi cÖK…wZ, `c©Y, Av‡jvi cÖwZdj‡bi m~Îvejx, 
`c©‡Yi cÖKvi‡f`, `c©‡Y Kxfv‡e cÖwZwe¤^ m„wó nq, `c©‡Yi e¨envi I cªwZwe‡¤^i  weea©b m¤ú‡K© Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l AvgivÑ 

1. Av‡jvi cÖK…wZ e¨vL¨v Ki‡Z cvie| 

2. Av‡jvi cÖwZdj‡bi m~Î e¨vL¨v Ki‡Z cvie| 

3. `c©Y e¨vL¨v Ki‡Z cvie| 

4. cÖwZwe¤^ e¨vL¨v Ki‡Z cvie| 

5. Av‡jvK iwk¥i wµqv‡iLv A¼b K‡i `c©‡Y Av‡jvi cªwZwe¤^ e¨vL¨v Ki‡Z cvie| 

6. mgZj I †Mvjxq `c©‡Y cÖwZwe¤^ m„wói wKQz mvaviY NUbv e¨vL¨v  Ki‡Z cvie| 

7. `c©‡Yi e¨envi e¨vL¨v  Ki‡Z cvie| 

8. weea©b e¨vL¨v  Ki‡Z cvie| 

9. cÖwZwe¤^ m„wó  cÖ̀ k©b Ki‡Z cvie| 

10. Avgv‡`i Rxe‡b wewfbœ Av‡jvKxq NUbvi cÖfve Ges G‡`i Ae`vb Dcjwä Ki‡Z cvie Ges cÖksmv Ki‡Z 
cvie|
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8.1  Av‡jvi cÖK…wZ 
      Nature of light 

Avgiv Rvwb, Av‡jv n‡jv GK cÖKvi kw³ hvi gva¨‡g Avgiv †Kv‡bv e¯‘ †`L‡Z cvB| Avgiv hLb Kv‡bv e¯‘ 
†`wL, ZLb e¯‘ †_‡K Av‡jv Avgv‡`i †Pv‡L Av‡m| †Pv‡L cÖweó Av‡jv †Pv‡Li †iwUbvq e¯‘wUi  cÖwZwe¤^ m„wó 
K‡i Ges RwUj cÖwµqvi gva¨‡g Avgv‡`i gw¯Í‡®‹ e¯‘wUi Abyiƒc GKwU e¯‘i Abyf~wZ m„wó K‡i| cÖvPxbKvj 
n‡Z gvbyl Av‡jvi cÖK…wZ m¤ú‡K© Ávb jv‡fi †Póv K‡i Avm‡Q| GK mgq aviYv Kiv n‡Zv Avgv‡`i †PvL n‡Z 
Av‡jv †Kv‡bv e¯‘i Dci c‡o, ZvB Avgiv †mB e¯‘ †`L‡Z cvB| Avm‡j hLb †Kv‡bv e¯‘ †_‡K Av‡jv 
Avgv‡`i †Pv‡L Av‡m, ZLbB ‡Kej Avgiv †mB e¯‘ †`L‡Z cvB|
Av‡jvi cªavb cÖavb ag©̧ ‡jv wbgœiƒc:

1. †Kv‡bv ¯^”Q mgmZ¡ gva¨‡g Av‡jv mijc†_ P‡j| 
2. †Kv‡bv wbw`©ó gva¨‡g Av‡jv GKwU wbw`©ó †e‡M P‡j| k~b¨¯’v‡b GB †e‡Mi gvb, c = 3  10

8
 ms

-1|
3. Av‡jvi cÖwZdjb, cÖwZmiY, e¨wZPvi, AceZ©b, we”QziY Ges mgeZ©b N‡U| 
4. Av‡jv GK cÖKvi kw³| 
5. Av‡jv GK ai‡bi ZvwoZ‡PŠ¤^K Zi½| 
6. †Kv‡bv †Kv‡bv NUbvq Av‡jv Zi‡½i b¨vq, Avevi KL‡bv KL‡bv Av‡jv KYvi b¨vq AvPiY K‡i|

8.2  Av‡jvi cÖwZdjb 
        Laws of reflection of light

Avgiv Avgv‡`i Pvicv‡k A‡bK iKg e¯‘ †`‡L _vwK| G‡`i †Kv‡bvwU Pviw`‡K Av‡jv Qovq Avevi †Kv‡bvwU 
Av‡jv Qovq bv| ‡h mKj e¯‘ †hgb-m~h©,Zviv, Rjš— †gvgevwZ, b¶Î BZ¨vw` wb‡R †_‡K Av‡jv wbtmiY K‡i 
Zv‡`i‡K ejv nq `xwßgvb e¯‘| Avevi †h mKj e¯‘ †hgb- gvbyl, MvQcvjv, †Uwej, ‡`qvj, Qwe, PK †evW© 
BZ¨vw`i wb‡Ri Av‡jv ‡bB ev wb‡R Av‡jv wbtmiY Ki‡Z cv‡i bv Zv‡`i‡K ejv nq `xwßnxb e¯‘| hLb 
`xwßgvb e¯‘ †_‡K Av‡jv Avgv‡`i †Pv‡L Av‡m ZLb Avgiv †mB e¯‘wU †`L‡Z cvB| Avgv‡`i Pvicv‡k †h 
mKj mvaviY e¯‘ †`L‡Z cvB †m¸‡jv `xwßgvb e¯‘ bq, ZeyI Avgiv †m¸‡jv †`L‡Z cvB| Gi KviY n‡”Q 
Av‡jvi cÖwZdjb| 8.1 wP‡Î †Zvgiv †`L‡Z cv‡”Qv Kxfv‡e Avgiv GKwU `xwßgvb e¯‘ (m~h©) Ges GKwU 
`xwßnxb e¯‘‡K (weovj) †`L‡Z cvw”Q| ‡PvL `xwßgvb e¯‘wU‡K †`L‡Z cvq †Kbbv GwU †_‡K Av‡jv mivmwi 
†Pv‡L cÖ‡ek K‡i| Øxwßgvb e¯‘ †_‡K Avmv Av‡jv weovj †_‡K cÖwZdwjZ n‡q Avgv‡`i †Pv‡L cÖ‡ek K‡i e‡j 
weovjwU Avgiv †`L‡Z cvB|  

wPÎ 8.1 

`xwßnxb

`xwßgvb
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GKwU ¯^”Q I mgmË¡ gva¨‡g (†hgb-KvP) Av‡jvKiwk¥ mijc‡_ Mgb K‡i Ges GKB †e‡M P‡j| wKš‘ 
Av‡jvKiwk¥ hLb GK gva¨g w`‡q Pj‡Z Pj‡Z Ab¨ GK gva¨‡gi †Kv‡bv Z‡j AvcwZZ nq ZLb ỳB gva¨‡gi 
we‡f`Zj n‡Z wKQz cwigvY Av‡jv Avevi cÖ_g gva¨‡g wd‡i Av‡m| G NUbv‡K Av‡jvi cÖwZdjb e‡j| 
‡h c„ô n‡Z Av‡jvKiwk¥ cÖwZdwjZ n‡q wd‡i Av‡m Zv‡K cÖwZdjK c„ô e‡j| 
cÖwZdj‡bi m~Î: 
AvcwZZ iwk¥ Ges cÖwZdwjZ iwk¥ ỳwU mnR m~Î †g‡b P‡j- 
1. cÖ_g m~Î: AvcwZZ iwk¥, cÖwZdwjZ iwk¥  Ges AvcZb we› ỳ‡Z cÖwZdj‡Ki Dci Aw¼Z Awfj¤^ GKB 

mgZ‡j Ae¯’vb K‡i| 
2.  wØZxq m~Î: cÖwZdjb †KvY AvcZb †Kv‡Yi mgvb nq| 

wPÎ 8.2: Av‡jvi cÖwZdjb 

hLb Av‡jv †Kv‡bv c„ô †_‡K cÖwZdwjZ nq ZLb Zv Aek¨B cÖwZdj‡bi m~Î †g‡b P‡j| †Kv‡bv c„ô †_‡K 
Kxfv‡e Av‡jv cÖwZdwjZ n‡e Zv wbf©i K‡i cÖwZdj‡Ki c„‡ôi cÖK…wZi Dci| cÖwZdjK c„‡ôi cÖK„wZi Dci 
wbf©i K‡i cÖwZdjb‡K `yBfv‡M fvM Kiv hvq| h_v- 

1. wbqwgZ ev mylg cÖwZdjb 

2. e¨vß ev AwbqwgZ cÖwZdjb 

1. wbqwgZ cÖwZdjb : 

hw` GK¸”Q mgvš—ivj Av‡jvKiwk¥ †Kv‡bv gm„Y Z‡j AvcwZZ n‡q cÖwZdj‡bi ci mgvš—ivj iwk¥¸”Q ev Awfmvix 
ev Acmvix iwk¥¸‡”Q cwiYZ nq Z‡e G ai‡Yi cÖwZdjb‡K Av‡jvi wbqwgZ cÖwZdjb e‡j| D`vniY wn‡m‡e 
ejv hvq- hw` GK¸”Q mgvš—ivj Av‡jvKiwk¥ †Kv‡bv mgZj `c©‡Y ev Lye fv‡jvfv‡e cvwjk Kiv †Kv‡bv avZe 
c„‡ô AvcwZZ nq, Z‡e cÖwZdj‡bi c‡iI iwk¥¸”Q mgvš—ivj _v‡K| G †¶‡Î iwk¥¸‡”Qi cÖ‡Z¨KwU Av‡jvKiwk¥i 
AvcZb †Kv‡Yi gvb mgvb Ges wbqwgZ cÖwZdj‡bi d‡j cÖ‡Z¨KwU iwk¥i cÖwZdjb †Kv‡YiI gvb mgvb nq [ 
wPÎ 8.3]| 

wPÎ 8.3: wbqwgZ cÖwZdjb        wPÎ 8.4 : e¨vß cÖwZdjb 
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2. e¨vß cÖwZdjb 

hw` GK¸”Q mgvš—ivj Av‡jvKiwk¥ †Kv‡bv Z‡j AvcwZZ n‡q cÖwZdj‡bi ci Avi mgvš—ivj bv _v‡K ev Awfmvix 
ev Acmvix iwk¥¸‡”Q cwiYZ bv nq Z‡e G ai‡Yi cÖwZdjb‡K Av‡jvi e¨vß ev AwbqwgZ cÖwZdjb e‡j|  

8.4 wP‡Î ‡`Lv hv‡”Q †h, GK¸”Q mgvš—ivj Av‡jvKiwk¥ GKwU Agm„Y Z‡j AvcwZZ n‡”Q| G‡¶‡Î iwk¥¸‡jv 
Agm„Y Z‡ji wewfbœ AvcZb we› ỳ‡Z wewfbœ AvcZb †Kv‡Y AvcwZZ nq, d‡j GmKj iwk¥i Avbylw½K cÖwZdjb 
†KvY¸‡jvI wewfbœ nq| hvi d‡j cÖwZdwjZ iwk¥¸‡jv Avi mgvš—ivj _v‡K bv| Avgv‡`i Pvicv‡k ‡h mKj e¯Íy 
†`L‡Z cvB, Zv‡`i AwaKvs‡ki c„ô gm„Y bq| djkÖywZ‡Z Avgv‡`i †Pv‡L †h mKj cÖwZdwjZ iwk¥ cÖ‡ek K‡i 
Zviv e¨vß cÖK…wZi| hvi d‡j e¯‘¸‡jv Avgv‡`i wbKU D¾¡j bv  n‡q Aby¾¡j †`Lvq| Lvwj †Pv‡L †`Lv 
AwaKvsk c„ô AvcvZ „̀wó‡Z gm„Y g‡b n‡jI cÖK…Zc‡¶ G mKj c„ô  gm„Y bq| hLb Abyex¶Y hš¿ Øviv G 
mKj c„ô †`Lv nq ZLb Zv †evSv hvq| 

8.3  `c©Y  
 Mirror

`c©Y n‡jv Ggb GKwU gm„Y Zj †hLv‡b Av‡jvi wbqwgZ cÖwZdjb N‡U| `c©‡Y Av‡jvi cÖwZdj‡bi d‡j `c©‡Yi 
mvg‡b ¯’vwcZ e¯‘i GKwU ¯úó cÖwZwe¤^ MwVZ nq| 

GKwU gm„Y Z‡j cÖwZdjK Av¯ÍiY w`‡q `c©Y cÖ¯‘Z Kiv nq| mvaviYZ Kv‡Pi GK c„‡ô avZzi cÖ‡jc jvwM‡q 
`c©Y ˆZwi Kiv nq| Kv‡Pi Dci cvi` ev iycvi cÖ‡jc jvMv‡bvi GB cÖwµqv‡K Ôcviv jvMv‡bvÕ ev wmjfvwis ejv 
nq| avZzi cÖ‡jc jvMv‡bv c„‡ôi wecixZ c„ôwU G‡¶‡Î cÖwZdjK c„ô wn‡m‡e KvR K‡i| GQvovI w¯’i cvwb 
c„ô, gm„Y eid BZ¨vw`I `c©‡Yi b¨vq KvR K‡i _v‡K| 

`c©Y cÖavbZ ỳB cÖKvi| h_v- 

1. mgZj `c©Y

2. †Mvjxq `c©Y

mgZj `c©Y 

cÖwZdjK c„ôwU hw` gm„Y I mgZj nq Ges Zv‡Z Av‡jvi wbqwgZ cÖwZdjb N‡U,Z‡e †m c„ô‡K mgZj `c©Y 
e‡j| Avgiv mPivPi †h `c©Y ev Avqbv e¨envi K‡i _vwK| †mwU n‡jv mgZj `c©Y|

†Mvjxq `c©Y 

cÖwZdjK c„ôwU hw` gm„Y Ges †Mvjxq nq A_©vr cÖwZdjK c„ôwU hw` †Kv‡bv †Mvj‡Ki Askwe‡kl nq Ges Zv‡Z 
Av‡jvi wbqwgZ cÖwZdjb N‡U Z‡e Zv‡K †Mvjxq `c©Y e‡j| 8.5 I 8.6 wP‡Î †MvjKxq `c©Y †`Lv‡bv  n‡q‡Q| 
GKwU Kv‡Pi dvcv †Mvj‡Ki LvwbKUv Ask †K‡U wb‡q hw` Zvi GK c„‡ô cviv jvMv‡bv nq, Z‡e †Mvjxq `c©Y 
ˆZwi nq| ‡Mvjxq `c©Y Avevi ỳB cÖKvi| h_v- 

1. AeZj `c©Y 

2. DËj `c©Y

AeZj `c©Y: ‡Kv‡bv ‡Mvj‡Ki AeZj c„ô hw` cÖwZdjKi~‡c KvR K‡i A_v©r Av‡jvi wbqwgZ cÖwZdjb hw` 
†Mvjxq `c©‡Yi AeZj c„ô n‡Z msNwUZ nq Z‡e †m `c©Y‡K AeZj `c©Y e‡j| G‡¶‡Î †Mvj‡Ki †K‡U ‡bqv 
As‡ki DËj c„‡ô cviv jvwM‡q AeZj `c©Y ˆZwi Kiv nq [wPÎ 8.5]| AeZj `c©Y GKwU Awfmvix `c©Y †Kbbv 
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mgvš—ivj Av‡jvKiwk¥ AeZj `c©‡Y AvcwZZ nIqvi ci cÖwZdwjZ n‡q GKwU we›`y‡Z AwfmvixZ nq ev GK‡Î 
wgwjZ nq| 

        wPÎ 8.5: AeZj `c©Y    wPÎ 8.6: DËj `c©Y 

DËj `c©Y: ‡Kv‡bv †Mvj‡Ki DËj c„ô hw` cÖwZdjKi~‡c KvR K‡i A_©vr Av‡jvi wbqwgZ cÖwZdjb hw` †Mvjxq 
`c©‡Yi DËj c„ô n‡Z msNwUZ nq, Z‡e †m `c©Y‡K DËj `c©Y e‡j| G‡¶‡Î †Mvj‡Ki †K‡U †bIqv As‡ki 
AeZj c„‡ô A_©vr wfZ‡ii w`‡K cviv jvwM‡q DËj `c©Y ˆZwi Kiv nq  [wPÎ 8.6]| 

DËj `c©Y GKwU Acmvix `c©Y, KviY mgvš—ivj Av‡jvKiwk¥ DËj `c©‡Y AvcwZZ n‡q cÖwZdwjZ nevi ci 
Acmvix iwk¥¸‡”Q cwiYZ nq A_©vr Qwo‡q c‡o Ges KLbB GKwU we›`y‡Z wgwjZ nq bv|  

†Mvjxq `c©Y msµvš— K‡qKwU msÁv 

†giy (Pole) : †Mvjxq `c©‡Yi cÖwZdjK c„‡ôi ga¨we›`y‡K `c©‡Yi †giy e‡j| 8.7 wP‡Î P `c©‡Yi †giy| AeZj 
`c©‡Yi †¶‡Î cÖwZdjK c„‡ôi me‡P‡q wbPz we›`y Ges DËj `c©‡Yi †¶‡Î cÖwZdjK c„‡ôi me‡P‡q DPz we›`yB 
`c©‡Yi ‡giy|

eµZvi †K› ª̀ : †Mvjxq `c©Y †h †Mvj‡Ki Askwe‡kl, †mB †Mvj‡Ki †K› ª̀‡K H `c©‡Yi eµZvi †K› ª̀ e‡j| 8.7 
wP‡Î C  we› ỳ `c©‡Yi eµZvi †K› ª̀|

eµZvi e¨vmva© : †Mvjxq `c©Y †h †Mvj‡Ki Ask, †mB †Mvj‡Ki e¨mva©‡K H `c©‡Yi eµZvi e¨vmva© e‡j| 8.7 
wP‡Î PC ev MC n‡jv †Mvjxq `c©‡Yi eµZvi e¨vmva©| eµZvi e¨vmva©‡K r Øviv cÖKvk Kiv nq| 

wPÎ 8.7: †Mvjxq `c©Y 

cÖavb A¶ : †Mvjxq `c©‡Yi ‡giy I eµZvi †K‡› ª̀i ga¨ w`‡q AwZµgKvix mij‡iLv‡K `c©‡Yi cÖavb A¶ e‡j| 
8.7 wP‡Î PC mij‡iLv n‡jv `c©‡Yi cÖavb A¶|  

†MŠY A¶ : †giy we›`y e¨wZZ `c©‡Yi cÖwZdjK c„‡ôi Dci¯’ †h †Kv‡bv we›`y I eµZvi †K‡›`ªi ga¨ w`‡q 
AwZµgKvix mij‡iLv‡K †MŠY A¶ e‡j| 8.7 wP‡Î P C mij‡iLv `c©‡Yi †MŠY A¶| 
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cÖavb †dvKvm : cÖavb A‡¶i wbKUeZx© I mgvš—ivj iwk¥¸”Q †Kv‡bv ‡Mvjxq `c©‡Y AvcwZZ n‡q cÖwZdj‡bi ci 
cÖavb A‡¶i Dci †h we› ỳ‡Z wgwjZ nq (AeZj `c©‡Y) ev †h we› ỳ †_‡K Acm„Z n‡”Q e‡j g‡b nq (DËj 
`c©‡Y) Zv‡K H `c©‡Yi cÖavb †dvKvm e‡j| 8.8 I 8.9 wP‡Î F we› ỳ n‡jv h_vµ‡g AeZj I DËj `c©‡Yi 
cÖavb †dvKvm|  

wPÎ 8.8: cÖavb †dvKvm  wPÎ 8.9: cÖavb †dvKvm 

†dvKvm `~iZ¡ : †Mvjxq `c©‡Yi †giy we› ỳ †_‡K cÖavb †dvKvm ch©š— ~̀iZ¡‡K †dvKvm ~̀iZ¡ e‡j| G‡K f Øviv 
cÖKvk Kiv nq| 8.8 I 8.9 wP‡Î PF n‡jv †dvKvm ~̀iZ¡| †Mvjxq `c©‡Yi †dvKvm ~̀iZ¡ eµZvi e¨vmv‡a©i 

A‡a©K, A_©vr 
2

r
f |

†dvKvm Zj : †Mvjxq `c©‡Yi cÖavb †dvKv‡mi ga¨ w`‡q cÖavb A‡¶i mv‡_ j¤^fv‡e †h mgZj Kíbv Kiv nq 
Zv‡K †dvKvm Zj e‡j|  

8.4  cÖwZwe¤^  
        Image 

Zzwg hLb ‡Kv‡bv Avqbvi w`‡K ZvKvI, ZLb Zzwg †Zvgvi cÖwZ”Qwe †`L‡Z cvI| ïay Avqbv †Kb, Zzwg hLb 
†Kv‡bv cyKzi ev b`xi cvo w`‡q ‡nu‡U hvI ZLbI cvwbi g‡a¨ †Zvgvi cÖwZ”Qwe †f‡m I‡V| GB cÖwZ”QweB n‡jv 
†Zvgvi cÖwZwe¤^| hLb †Zvgvi †`n ev †Kv‡bv e¯yÍ †_‡K Av‡jvKiwk¥ Avqbvq cÖwZdwjZ n‡q †Zvgvi †Pv‡L Av‡m 
ZLbB Avgiv cÖwZwe¤^ †`wL|

‡Kv‡bv e¯‘ †_‡K cÖwZdwjZ Av‡jvKiwk¥ hLb mivmwi Avgv‡`i †Pv‡L cÖ‡ek K‡i ZLb Avgiv †mB e¯‘wU 
†`L‡Z cvB| Avevi e¯‘ †_‡K Av‡jvKiwk¥ hw` mivmwi Avgv‡`i †Pv‡L bv G‡m Ab¨ †Kv‡bv gva¨‡g cÖwZdwjZ 
ev cÖwZm„Z n‡q †Pv‡L cÖ‡ek K‡i ZLbI Avgiv e¯‘wU‡K ‡`L‡Z cvB| ZLb g‡b nq †hb e¯‘wU Zvi Av‡Mi 
Ae¯’v‡b †bB| Zzwg hLb Avqbvq †Zvgvi cÖwZ”Qwe †`L, ZLb †Zvgvi Kv‡Q g‡b nq †hb Zzwg Avqbvi wcQ‡b 
AvQ| cÖK…Z c‡¶ Zywg Avqbvi mvg‡bB AvQ| Avqbvi Dcw¯’wZi Rb¨ bZzb Ae¯’v‡b Avgiv e¯‘i †h cÖwZ”Qwe 
†`L‡Z cvB ZvB n‡jv e¯‘i cÖwZwe¤^|  

wPÎ 8.10 
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wP‡Î 8.10-G AeZj `c©‡Yi m¤§y‡L O GKwU we› ỳ j¶e¯‘| O n‡Z cÖavb A‡¶i mgvš—ivj iwk¥ OM `c©‡Y 
AvcwZZ n‡q cÖavb †dvKvm w`‡q MFI c‡_ cÖwZdwjZ nq| OP iwk¥ `c©‡Yi †gi“we› ỳ P-‡Z AvcwZZ n‡q 
cÖwZdj‡bi ci PI c‡_ hvq| cÖwZdwjZ iwk¥ `ywU I we›`y‡Z †Q` K‡i| GB I we›`yB n‡jv O we› ỳi cÖwZwe¤^| 

wPÎ 8.11: cÖwZdj‡bi Rb¨ Aev¯Íe cÖwZwe¤^|
wP‡Î 8.11-G O mgZj `c©‡Yi mvg‡b Aew¯’Z GKwU we›`y j¶e¯‘| O n‡Z OT iwk¥ Awfj¤^fv‡e `c©‡Y 
AvcwZZ nq Ges TO c‡_ cÖwZdwjZ nq| OQ iwk¥ Zxh©Kfv‡e `c©‡Y AvcwZZ nq Ges QR c‡_ cÖwZdwjZ 
nq| G iwk¥ ỳwU Acmvix nIqvq iwk¥¸‡jv‡K wcQ‡bi w`‡K ewa©Z Ki‡j G¸‡jv I we› ỳ‡Z wgwjZ nq| A_©vr 
cÖwZdwjZ iwk¥¸‡jv `c©‡Yi wcQ‡b I we› ỳ †_‡K AcmvwiZ n‡”Q e‡j g‡b nq| GB I we› ỳB n‡jv O we› ỳi 
cÖwZwe¤^|
†Kv‡bv we› ỳ n‡Z wbM©Z Av‡jvKiwk¥¸”Q †Kv‡bv Z‡j cÖwZdwjZ ev cÖwZmwiZ nevi ci wØZxq †Kv‡bv we›`y‡Z 
wgwjZ nq ev wØZxq †Kv‡bv we› ỳ n‡Z AcmvwiZ n‡”Q e‡j g‡b nq, ZLb H wØZxq we› ỳwU‡K cÖ_g we› ỳi 
cÖwZwe¤^ e‡j| GKwU e¯‘ n‡jv AmsL¨ we› ỳi mgwó| d‡j we› ỳi b¨vq e¯‘iI cÖwZwe¤^ MwVZ nq| 
cÖwZwe‡¤^i cÖKvi‡f`
Zzwg hLb Avqbvq †Zvgvi ‡Pnviv †`L, ZLb Avqbvi wcQ‡b †Zvgvi cÖwZwe¤^ †`L‡Z cvI| Av‡jvi cÖwZdj‡bi 
Rb¨ GgbwU N‡U| Avqbvq †`Lv †Zvgvi Giƒc cÖwZwe‡¤^ mwZ¨Kvi A‡_© Av‡jv wgwjZ nq bv| G ai‡bi 
cÖwZwe¤^‡K e‡j Aev¯Íe cÖwZwe¤^| Avi †h mKj cÖwZwe‡¤^ Av‡jv mwZ¨Kvi A‡_© wgwjZ nq (†hgb- wm‡bgvi 
c ©̀vq †djv †Kv‡bv „̀k¨) †m¸‡jv‡K ejv nq ev¯Íe cÖwZwe¤^| wWwRUvj K¨v‡givi c ©̀vq †f‡m IVv Qwe n‡jv 
ev¯Íe cÖwZwe¤^| ev¯Íe cÖwZwe¤^ c ©̀vq †djv hvq wKš‘ Aev¯Íe cÖwZwe¤^ c ©̀vq †djv hvq bv| cÖwZwe¤^ ỳB 
cÖKv‡ii nq- 
(K) ev¯Íe cÖwZwe¤^ 
(L) Aev¯Íe cÖwZwe¤^ 
(K) ev¯Íe cÖwZwe¤^: ‡Kv‡bv we› ỳ n‡Z wbtm„Z Av‡jvK iwk¥My”Q ‡Kv‡bv Z‡j cÖwZdwjZ ev cÖwZmwiZ nevi ci 
hw` wØZxq †Kv‡bv we› ỳ‡Z cÖK…Zc‡¶ wgwjZ nq Zvn‡j H wØZxq we› ỳwU‡K cÖ_g we› ỳi ev¯Íe cÖwZwe¤^ e‡j| 
wPÎ : 8.10 G I n‡jv cÖwZdj‡bi Rb¨ ev¯Íe cÖwZwe¤^| 
(L) Aev¯Íe cÖwZwe¤^: †Kv‡bv we›`y n‡Z wbtm„Z Av‡jvK iwk¥¸”Q ‡Kv‡bv Z‡j cÖwZdwjZ ev cÖwZmwiZ nevi ci 
hw` wØZxq †Kv‡bv we› ỳ ‡_‡K AcmvwiZ n‡”Q e‡j g‡b nq, Z‡e H wØZxq we› ỳwU‡K cÖ_g we› ỳi Aev¯Íe 
cÖwZwe¤^ e‡j| wPÎ 8.11 G I n‡jv cÖwZdj‡bi Rb¨ m„ó Aev¯Íe cÖwZwe¤^| 

8.5 `c©‡Y e¯‘i cÖwZwe¤^ 
Image in Mirror

Avgiv Rvwb `c©Y ỳB cÖKvi| (K) mgZj `c©Y Ges (L) †Mvjxq `c©Y| mgZj Ges †Mvjxq `c©‡Y Kxfv‡e cÖwZwe¤^ 
m„wó nq Zv Avgiv Av‡jvPbv Kie| 
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mgZj `c©‡Y m„ó cÖwZwe¤^ :

(K) we›`y j¶e¯‘

wPÎ 8.12 G M mgZj `c‡©Yi mvg‡b O GKwU we› ỳ j¶e¯‘| O †_‡K OT iwk¥  Awfj¤^fv‡e `c©‡Y 
AvcwZZ nq Ges TO c‡_ wd‡i Av‡m| OQ iwk¥  `c©‡Y Zxh©Kfv‡e AvcwZZ nq Ges QR c‡_ cÖwZdwjZ nq| 
cÖwZdwjZ iwk¥ QR Ges TO wcQ‡b ewa©Z Ki‡j Giv I we›`y‡Z wgwjZ nq| A_©vr cÖwZdwjZ iwk¥ `ywU †hb 
`c©‡Yi wcQ‡b Aew¯’Z I we› ỳ †_‡K Avm‡Q| AZGe, GB I we›`yB n‡jv O we› ỳi Aev¯Íe cÖwZwe¤^| 

wPÎ : 8.12 

Q we› ỳ‡Z QN Awfj¤^ AvuKv n‡jv| 

wP‡Î TO Ges QN mgvš—ivj| OQ †Q`K| 

TOQ = OQN = i   

(8.1)

Avevi, OI Ges QN mgvš—ivj, RQI mij‡iLv G‡`i †Q`K| 

TIQ = NQR = r (8.2)

Avgiv Rvwb, i = r

(8.1) I (8.2) mgxKiY n‡Z cvB, 

TOQ = TIQ

GLb, QOT Ges QIT-Gi g‡a¨, 

 TOQ = TIQ, TQ mvaviY evû, 

Ges QTO = QTI = 90°

myZivs, wÎfzRØq me©mg| 

myZivs, TO = TI

A_©vr, j¶e¯‘ O `c©‡Yi hZ mvg‡b Aew¯’Z, cÖwZwe¤^ I `c©‡Yi wVK ZZUv wcQ‡b MwVZ nq| 
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(L) we¯—…Z j¶e¯‘ 
we›`y j¶e¯‘i b¨vq we¯—…Z j¶e¯‘i Rb¨I cÖwZwe¤^ AvuKv hvq| G‡¶‡Î, we¯Í…Z j¶e¯‘‡K AmsL¨ 
we›`yi mgwó wn‡m‡e MY¨ Ki‡Z n‡e| G‡¶‡Î, cÖ‡Z¨K we›`yi Rb¨ `c©‡Yi wcQ‡b Aev¯Íe cÖwZwe¤^ 
MwVZ nq [wPÎ 8.13]| 

wPÎ : 8.13 
wP‡Î AO j¶e¯‘ Ges Gi cÖwZwe¤^ BI †`Lv‡bv n‡q‡Q| O Ges A n‡Z M1M2 `c©‡Yi Dci j¤^ 
Uvbv n‡jv| Giv `c©Y‡K h_vµ‡g R Ges L we›`y‡Z †Q` K‡i| GLb OR Ges. AL -‡K wcQ‡bi 
w`‡K h_vµ‡g I Ges B ch©šÍ ewa©Z Kiv n‡jv †hb OR = IR Ges AL= BL nq| 
O Ges A n‡Z `ywU K‡i iwk¥ Zxh©Kfv‡e `c©‡Y AvcwZZ n‡q cÖwZdwjZ nq| cÖwZdwjZ iwk¥ `ywU‡K 
†cQ‡bi w`‡K ewa©Z Ki‡j G¸‡jv h_vµ‡g I I B we› ỳ †_‡K Avm‡Q e‡j g‡b nq| I I B †hvM Kiv 
n‡jv| Zvn‡j BI-B n‡jv mgZj `c©‡Y MwVZ AO j¶¨e¯‘i Aev¯Íe cÖwZwe¤^| 

mgZj `c©‡Y m„ó cÖwZwe‡¤^i AvKvi j¶e¯‘i AvKv‡ii mgvb nq|

mgZj `c©‡Y MwVZ cÖwZwe‡¤^i ˆewkó¨
mgZj `c©‡Y m„ó cÖwZwe‡¤^i wb¤œwjwLZ ag©̧ ‡jv i‡q‡Q: 
1. mgZj `c©Y †_‡K e¯‘i ~̀iZ¡ hZ, `c©Y †_‡K cÖwZwe‡¤^i ~̀iZ¡I ZZ| 
2. cÖwZwe‡¤^i AvKvi j¶e¯‘i AvKv‡ii mgvb| 
3. cÖwZwe¤^ Aev¯Íe Ges †mvRv| 

†Mvjxq `c©‡Y m„ó cÖwZwe¤¦

‡Mvjxq `c©Y Zv AeZj †nvK wKsev DËj †nvK, G‡`i mvg‡b †Kv‡bv e¯‘ ivL‡j `c©‡Y Zvi cÖwZwe¤^ m„wó nq| 
GB cÖwZwe‡¤^i Ae¯’vb, AvK…wZ I cÖK…wZ Rvb‡Z n‡j, e¯‘ †_‡K wbtm„Z Av‡jvK iwk¥¸”Q cÖwZdj‡bi ci 
†Kv‡bv w`‡K cÖwZdwjZ n‡e Zv Rvbv `iKvi| wb¤œewY©Z wZbwU iwk¥i †h ‡Kv‡bv ỳÕwU e¨envi K‡i Avgiv ‡Mvjxq 
`c©‡Y cÖwZwe¤^  AvuK‡Z cvwi| 

1. †Mvjxq `c©‡Yi eµZvi e¨vmva© eivei AvcwZZ iwk¥ cÖwZdj‡bi ci cybivq †mB c‡_B wd‡i Av‡m [wPÎ 8.14]| 

wPÎ: 8.14
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2. AeZj `c©‡Yi cÖavb A‡¶i mgvš—iv‡j AvcwZZ iwk¥ cÖwZdj‡bi ci cÖavb †dvKvm w`‡q hvq; [wPÎ 8.15 K] 
DËj `c©‡Yi cÖavb A‡¶i mgvš—iv‡j AvcwZZ iwk¥ cÖwZdj‡bi ci cÖavb †dvKvm n‡Z Avm‡Q e‡j g‡b nq [wPÎ 
8.15 L]| 

            (K)                         (L) 

wPÎ : 8.15 

3. AeZj `c©‡Yi cÖavb †dvKv‡mi ga¨ w`‡q AvcwZZ iwk¥ cÖavb A‡¶i mgvš—iv‡j cÖwZdwjZ nq; DËj `c©‡Yi 
cÖavb †dvKvm Awfgy‡L AvcwZZ iwk¥ cÖwZdj‡bi ci cÖavb A‡¶i mgvš—ivj nq| [wPÎ : 8.16]| 

wPÎ : 8.16 

AeZj `c©‡Y cÖwZwe¤^: †Mvjxq `c©‡Y MwVZ cÖwZwe‡¤^i Ae¯’vb, AvK…wZ I cÖK…wZ `c©‡Yi mvg‡b Aew¯’Z 
j¶e¯‘i Ae¯’v‡bi Dci wbf©i K‡i| j¶e¯‘i Ae¯’v‡bi cwieZ©b n‡j cÖwZwe‡¤^i Ae¯’vb, AvK…wZ I 
cÖK…wZiI cwieZ©b N‡U| aiv hvK MPM  GKwU AeZj `c©Y| P n‡jv Gi †giy Ges F cÖavb †dvKvm Ges C
eµZvi †K›`ª| `c©‡Yi mvg‡b cÖavb A‡¶i Dci j¤^ fv‡e Aew¯’Z j¶e¯‘ AO|

j¶¨e¯‘‡K Amxg Ges cÖavb †dvKv‡mi g‡a¨ `c©‡Yi mvg‡b †hLv‡bB ivLv †nvK bv †Kb m„ó cÖZwe¤^ me©̀ v 
ev¯Íe I D‡ëv n‡e| Avevi j¶¨e¯‘‡K cÖavb †dvKvm I †gi“i g‡a¨ ¯’vcb Kiv n‡j MwVZ cÖwZwe¤^ n‡e 
Aev¯Íe Ges †mvRv| wb‡¤œ AeZj `c©‡Y m„ó ev¯Íe Ges Aev¯Íe cÖwZwe¤^ eY©bv Kiv n‡jv: 

ev¯Íe cÖwZwe¤^ 

O we› ỳ †_‡K GKwU iwk¥ OM cÖavb A‡¶i mgvš—iv‡j `c©‡Yi M we› ỳ‡Z AvcwZZ n‡q cÖavb †dvKv‡mi ga¨ 
w`‡q MI c‡_ cÖwZdwjZ nq| O n‡Z Aci GKwU iwk¥ OCM eµZvi †K› ª̀ C eivei `c©‡Y AvcwZZ n‡q 
cÖwZdj‡bi ci †mwU GKB c‡_ wd‡i hvq| cÖwZdj‡bi ci iwk¥ ỳwU I we›`y‡Z cÖK…Zc‡¶ wgwjZ nq| myZivs I
n‡jv O we› ỳi ev¯Íe cÖwZwe¤^| A ‡_‡K cÖavb A¶ eivei AvcwZZ iwk¥ H c‡_B wd‡i hvq| d‡j A -Gi
cÖwZwe¤^ H †iLvi DciB n‡e| I †_‡K cÖavb A‡¶i Dci IB j¤^ A¼b Kwi| BI -B n‡jv j¶e¯‘ OA -
Gi ev¯Íe cÖwZwe¤^ [wPÎ 8.17]| 
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wPÎ : 8.17 

cÖwZwe‡¤^i cÖK…wZ n‡jv ev¯Íe I D‡ëv| 

Aev¯Íe cÖwZwe¤^: wP‡Î : 8.18-G j¶e¯‘ cÖavb †dvKvm Ges ‡giyi g‡a¨ Aew¯’Z| O we›`y †_‡K GKwU iwk¥ 
cÖavb A‡¶i mgvš—iv‡j AvcwZZ n‡q cÖavb †dvKv‡mi ga¨ w`‡q cÖwZdwjZ nq Ges Aci GKwU iwk¥ eµZvi 
e¨vmva© eivei `c©‡Y AvcwZZ n‡q cÖwZdj‡bi ci †mwU GKB c‡_ wd‡i hvq| cÖwZdj‡bi d‡j iwk¥ `ywU ci®úi 
Acmvix iwk¥‡Z cwiYZ nq| iwk¥ `ywU‡K wcQ‡bi w`‡K evov‡j Giv I we› ỳ †_‡K Avm‡Q e‡j g‡b nq| A_©vr, I
we›`yB n‡jv O we›`yi Aev¯Íe cÖwZwe¤^| I we› ỳ †_‡K cÖavb A‡¶i Dci Aw¼Z IB j¤^ Uvbv n‡jv| myZivs BI

nj e¯‘i Aev¯—e I †mvRv cÖwZwe¤^| 

wPÎ : 8.18 

m„ó cÖwZwe‡¤^i Ae¯’vb n‡jv `c©‡Yi wcQ‡b, cÖK…wZ Aev¯Íe Ges †mvRv Ges AvKv‡i weewa©Z A_©vr e¯‘i †P‡q 
AvKv‡i eo| 

(L) DËj `c©‡Y cÖwZwe¤^: Avgiv Rvwb, AeZj `c©‡Y j¶e¯Íyi Ae¯’v‡bi Dci wbf©i K‡i ev¯Íe A_ev Aev¯Íe 
cÖwZwe¤^ MwVZ nq| wKš‘ DËj `c©Y me©̀ v e¯‘i Aev¯Íe cÖwZwe¤^ MVb K‡i| GB cÖwZwe¤^ memgq †mvRv 
Ges e¯‘i †P‡q AvKv‡i †QvU nq| wPÎ 8.19 G 
MPM GKwU DËj `c©Y| C Gi eµZvi †K› ª̀, F cÖavb 
†dvKvm Ges P `c©‡Yi †giy| AO j¶e¯‘ `c©‡Yi 
mvg‡b cÖavb A‡¶i Dci j¤^fv‡e Aew¯’Z| O we› ỳ
†_‡K cÖavb A‡¶i mgvš—ivj OM iwk¥ `c©‡Y AvcwZZ 
nq| cÖwZdj‡bi ci iwk¥wU `c©‡Yi cÖavb †dvKvm F

†_‡K Acm„Z n‡”Q e‡j g‡b nq| Aci GKwU iwk¥ OD

`c©‡Yi eµZvi †K› ª̀ eivei j¤^fv‡e AvcwZZ n‡q GKB 
c‡_ cÖwZdwjZ nq| GLb GB Acmvix cÖwZdwjZ iwk¥ 
ỳwU‡K wcQ‡bi w`‡K evwo‡q w`‡j Giv I we› ỳ‡Z †Q` K‡i Ges I we› ỳ †_‡K Avm‡Q e‡j g‡b nq| myZivs, I

we›`yB n‡jv O we›`yi Aev¯Íe cÖwZwe¤^| GLb I we› ỳ †_‡K cÖavb A‡¶i Dci IB j¤^ A¼b Kiv n‡jv| GB 
BI n‡jv j¶e¯‘ AO -Gi Aev¯Íe cÖwZwe¤^| cÖwZwe¤^ `c©‡Yi wcQ‡b MwVZ nq Ges Zv Aev¯Íe, †mvRv Ges 

wPÎ : 8.19
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wPÎ 8.20 : †cwi‡¯‹vc

AvKv‡i j¶e¯‘i †P‡q †QvU nq| j¶e¯‘‡K µgk `c©‡Yi wbK‡U Avbv n‡j cÖwZwe¤^I `c©‡Yi Kv‡Q m‡i 
Avm‡e Ges cÖwZwe‡¤^i AvK…wZ µgk eo n‡Z _vK‡e Z‡e Zv me©̀ vB e¯‘i AvKv‡ii †P‡q †QvU _vK‡e| 

8.6  mgZj I †Mvjxq `c©‡Y cÖwZwe¤^ m„wói wKQz mvaviY NUbv 

1. mij †cwi‡¯‹vc: ~̀‡ii †Kv‡bv wRwbm †mvRvmywR ‡`L‡Z evav _vK‡j †cwi‡¯‹vc e¨envi Kiv nq| GKwU 
mij †cwi‡¯‹vc ỳwU mgZj `c©Y Øviv MwVZ| Av‡jvi µwgK cÖwZdjb e¨envi K‡i G hš¿ ˆZwi Kiv nq|  
8.20  wP‡Î GKwU mij †cwi‡¯‹vc †`Lv‡bv n‡q‡Q| GKwU j¤^v AvqZvKvi KvV ev avZe b‡ji g‡a¨ ỳwU 
mgZj `c©Y‡K ci¯ú‡ii mgvš—ivj Ges b‡ji A‡¶i mv‡_ 45 †KvY K‡i 
ivLv nq| ~̀‡ii e¯‘ †_‡K mgvš—ivj Av‡jvKiwk¥ cÖ_‡g M1 `c©‡Y
Awfj‡¤^i mv‡_ 45 †Kv‡Y AvcwZZ nq| AvcwZZ iwk¥ M1 `c©Y Øviv
45  †Kv‡Y cÖwZdwjZ n‡q b‡ji A¶ eivei G‡m M2 `c©‡Y AvcwZZ nq| 
Av‡jvK iwk¥ M2 `c©‡Y cybivq cÖwZdwjZ n‡q Abyf~wgKfv‡e †Pv‡L c‡o 
d‡j e¯‘wU †`Lv hvq|

mgZj `c©Y e¨envi K‡i Gfv‡e Av‡jvK iwk¥i w`K cwieZ©b K‡i Avgiv 
mivmwi †`L‡Z cvB bv Ggb  e¯‘‡KI †`L‡Z cvB| 

fx‡oi g‡a¨ †Ljv †`Lv, DuPz †`qv‡ji Dci w`‡q †`Lv, kÎ“ ‰m‡b¨i 
MwZwewa ch©‡e¶Y BZ¨vw` Kv‡R †cwi‡¯‹vc e¨envi Kiv nq| Wz‡evRvnv‡R 
wcÖRg e¨envi K‡i Av‡iv DbœZ ai‡bi †cwi‡¯‹vc e¨envi Kiv nq| 

2. †mjy‡b mgZj `c©Y: †mjy‡b ev cvj©v‡i Pzj KvUv‡bvi mgq Avgiv mvg‡b I †cQ‡b mgZj `c©Y †`L‡Z cvB| 
mvg‡bi `c©‡Y Avgiv gv_vi m¤§yLfvM †`L‡Z cvB| gv_vi †cQ‡b Aew¯’Z `c©‡Y gv_vi ‡cQ‡bi As‡ki cÖwZwe¤^ 
MwVZ nq| GB cÖwZwe¤^ mvg‡bi `c©‡Yi Rb¨ Aev¯Íe e¯‘ wn‡m‡e KvR K‡i Ges mvg‡bi `c©‡Y cybivq 
cÖwZwe¤^ MVb K‡i| d‡j mvg‡b Aew¯’Z `c©‡Y Avgiv gv_vi cðv`fvMI †`L‡Z cvB| 

3. wPwKrmv †¶‡Î AeZj `c©Y: `uv‡Zi wPwKrmKiv `uvZ cix¶v Kivi Kv‡R AeZj `c©Y e¨envi K‡ib| `uvZ 
cix¶v Kivi mgq `c©YwU‡K `uv‡Zi ‡ek wbK‡U aiv nq| d‡j `c©‡Y `uv‡Zi GKwU Aev¯Íe I weewa©Z cÖwZwe¤^ 
MwVZ nq| G Qvov bvK-Kvb-Mjv wefv‡Mi wPwKrmKivI wewfbœ cÖ‡qvR‡b AeZj `c©Y e¨envi K‡i _v‡Kb| 

8.7  `c©‡Yi e¨envi 
 Uses of Mirror

wewfbœ ai‡Yi `c©Y Avgiv wewfbœ Kv‡R e¨envi K‡i _vwK| G¸‡jv wb‡¤œ eY©bv Kiv n‡jv: 

mgZj `c©Y 
1.  mgZj `c©‡Yi mvnv‡h¨ Avgiv Avgv‡`i †Pnviv †`wL| 
2.  †Pv‡Li Wv³viMY †ivMxi „̀wó kw³ cix¶v Kivi Rb¨ eY©gvjv cv‡Vi myweav‡_© mgZj `c©Y e¨envi K‡i 

_v‡Kb|
3.  mgZj `c©Y e¨envi K‡i †cwi‡¯‹vc ˆZwi Kiv nq| 
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4.  cvnvwo iv¯Ívi euv‡K ỳN©Ubv Gov‡Z GwU e¨envi Kiv nq| 
5.  wewfbœ Av‡jvKxq hš¿cvwZ †hgb- †Uwj‡¯‹vc,Ifvi‡nW cÖ‡R±i, †jRvi ˆZwi Ki‡Z mgZj `c©Y e¨envi 

Kiv nq| 
6.  bvUK, Pjw”PÎ BZ¨vw`i mywUs Gi mgq mgZj `c©Y w`‡q Av‡jv cÖwZdwjZ K‡i †Kv‡bv ¯’v‡bi J¾¡j¨ 

e„w× Kiv nq|

    AeZj `c©Y 
1. myweavRbK AvK…wZi AeZj `c©Y e¨envi K‡i gyLgÊ‡ji weewa©Z Ges †mvRv cÖwZwe¤^ ˆZwi Kiv nq, G‡Z 

i~cPP©v I `uvwo KuvUvi myweav nq|  
2. `š— wPwKrmKMY AeZj `c©Y e¨envi K‡ib| 
3.   cÖwZdjK wn‡m‡e AeZj `c©Y e¨envi Kiv nq| †hgb- UP©jvBU, w÷gvi ev j‡Âi mvP©jvB‡U AeZj  `c©Y 

e¨envi K‡i MwZc_ wba©viY Kiv nq| 
4.  AeZj `c©‡Yi mvnv‡h¨ Av‡jvKkw³, Zvckw³ BZ¨vw` †K› ª̀xf‚Z K‡i †Kv‡bv e¯‘‡K DËß Ki‡Z e¨envi 

Kiv nq| GQvovI GwU ivWvi Ges wUwf ms‡KZ msMÖ‡n e¨eüZ nq| †hgb- wWk G‡›Ubv, †mŠiPzjx,
†Uwj‡¯‹vc Ges ivWvi msMÖvnK BZ¨vw`| 

5.  AeZj `c©‡Yi mvnv‡h¨ Av‡jvK iwk¥¸”Q‡K GKwU we›`y‡Z †K›`ªxf~Z Kiv hvq e‡j Wv³viiv †PvL, bvK, Kvb 
I Mjv cix¶v Kivi mgq G `c©Y e¨envi K‡ib| 

DËj `c©Y 
1.  DËj `c©Y me©̀ v Aev¯Íe, †mvRv Ges Lwe©Z cÖwZwe¤^ MVb K‡i weavq †cQ‡bi hvbevnb ev c_Pvix †`Lvi 

Rb¨ Mvwo‡Z Ges we‡qi mgq wfD wgii wn‡m‡e G `c©Y e¨envi Kiv nq| 
2.  DËj `c©‡Yi mvnv‡h¨ we¯Í…Z GjvKv ‡`L‡Z cviv hvq e‡j †`vKvb ev kwcsg‡j wbivcËvi Kv‡R DËj `c©Y 

e¨envi Kiv nq| 
3.  cÖwZdjK †Uwj‡¯‹vc ˆZwi‡Z G `c©Y e¨eüZ nq| 
4.  G `c©Y we¯Í…Z GjvKvq Av‡jvKiwk¥ Qwo‡q †`q e‡j iv¯Ívi evwZ‡Z cÖwZdjKiƒ‡c e¨eüZ nq| 

8.8  wbivc` WªvBwfs 
       Safe driving 

wbivc‡` Mvwo, †gvUi mvB‡Kj BZ¨vw` hvbevnb Pvjv‡bvi Rb¨ PvjK‡K A‡bK wKQy †Lqvj Ki‡Z nq| cÖ_‡gB 
Zv‡K Mvwoi mKj evwZ R¡vwj‡q G¸‡jv wVK Av‡Q wKbv Zv cix¶v K‡i wb‡Z nq| wbuLyZ Ges wbivc` Mvwo 
Pvjv‡Z n‡j PvjK‡K ïaygvÎ Mvwoi mvg‡b Kx Av‡Q Zv †`L‡jB P‡j bv| eis Mvwoi wcQ‡b Kx Av‡Q G 
e¨vcv‡iI mRvM _vK‡Z nq| Mvwoi Rb¨ `c©Y¸‡jv AZ¨š— ¸iyZ¡c~Y© Ges Acwinvh© A½| GRb¨ Mvwo PvjK‡K 
Mvwo‡Z DVvi ciciB `c©YMy‡jv‡K wVKgZ Dc‡hvRb Ki‡Z nq| 

8.9  cvnvox iv¯Ívi A`„k¨ euvK 
       Blind turns on hilly roads 

wbivc` MvwoPvjbv mKj MvwoPvj‡Ki Rb¨ Aek¨B KZ©e¨| GQvov Lvivc AvenvIqv †hgb- e„wócvZ,  Kzqvkvi 
gv‡S Mvwo Pvjv‡bv AviI KwVb KvR| we‡klZ cvnvwo iv¯Ívq Mvwo Pvjv‡bv AZ¨waK SuzwKc~Y©| ‡Kbbv cve©Z¨ 
moK †hgb AvKveuvKv, †Zgwb h‡_ó DPz wbPz [wPÎ 8.23]| cvnvwo iv¯Ívq MvwoPvjbvi Rb¨ A‡bK mgq 90
†Kv‡Y euvK wb‡Z nq| GB euvK †bIqvi mgq h‡_ó mveavbZv Aej¤^b Ki‡Z n‡e| A`„k¨ euv‡K wecixZ w`K 



c`v_©weÁvb 139 

†_‡K Avmv Mvwoi PvjK ci¯úi‡K †`L‡Z cvb bv, GQvov euv‡Ki Aci cv‡k Kx Av‡Q Zv Av‡`Š Zviv Rv‡bb bv| 
G mgm¨v mgvav‡bi Rb¨ wec¾bK euv‡K 45  †Kv‡Y e„nr AvK…wZi mgZj `c©Y emv‡bv nq| Gi d‡j 
MvwoPvjKMY euv‡Ki Av‡kcv‡k mewKQz †`L‡Z cvb Ges wbivc‡` Mvwo Pvjv‡Z m¶g nb| g‡b ivL‡Z n‡e, 
cvnvwo iv¯Ívi euv‡K KLbI †Rv‡i Mvwo Pvjv‡bv wVK bq| GQvov Riywi †Kv‡bv KvR bv _vK‡j iv‡Zi †ejvq 
cvnvwo iv¯Ívq Mvwo Pvjv‡bv DwPZ bq| †Kbbv Av‡jvK ¯^íZvi Rb¨ iv‡Zi †ejvq „̀wóMÖvn¨Zv A‡bK K‡g hvq|

wPÎ : 8.21 

8.10  weea©b  
 Magnification 

Avgiv hLb †Kv‡bv `c©Y ev †j‡Ý m„ó cÖwZwe¤^ †`wL, ZLb †mwU j¶ e¯‘i Zzjbvq eo, †QvU ev mgvb AvKv‡ii 
n‡Z cv‡i|
†Kv‡bv `c©Y ev †j‡Ý MwVZ cÖwZwe¤^ e¯‘i †P‡q AvKv‡i KZUzKz eo ev †QvU weea©b Øviv Zv cwigvc Kiv nq| 
Ab¨fv‡e ejv hvq cÖwZwe‡¤^i ˆ`N©̈  I j¶e¯‘i ˆ`‡N©̈ i AbycvZ‡K ˆiwLK weea©b ev ms‡¶‡c weea©b e‡j| 

hw` l ˆ`‡N ©̈i GKwU e¯‘i Rb¨ †Kv‡bv `c©Y ev †j‡Ý l  ˆ`‡N©̈ i GKwU cÖwZwe¤^ MwVZ nq Z‡e H e¯‘i 
weea©b n‡e  l I  l  Gi Abycv‡Zi mgvb| 

            A_©vr, m = 

l

l
(8.3)

weea©b m Gi gvb †_‡K Avgiv cÖwZwe¤^ j¶¨e¯‘i Zzjbvq KZ¸Y eo ev †QvU Zv Rvb‡Z cvwi|
AbymÜvb : 8.1 
AeZj `c©Y e¨envi K‡i cÖwZwe¤^ m„wó I cÖ̀ k©b 
D‡Ïk¨ : j¨ve‡iUwi‡Z AeZj `c©Y e¨envi Ges ev¯Íe cÖwZwe¤^ m„wó Kiv| 
hš¿cvwZ : GKwU AeZj `c©Y| 
Kv‡Ri aviv :
1.  GKwU AeZj `c©Y bvI| 
2. `c©YwU wb‡q †Zvgvi j¨ve‡iUwii `iRv A_ev Rvbvjvi wbKU `uvovI| 
3. Gevi `c©YwU‡K evwn‡ii †Kv‡bv `„k¨ †hgb-MvQcvjv, `vjvb BZ¨vw`i w`‡K a‡iv| 
4. `c©YwU‡K Wv‡b ev‡g bovPov K‡i ‡Zvgvi Lye wbKUeZ©x gm„Y †`qv‡j H `„‡k¨i cÖwZwe¤^ ‰Zwi Ki| 
5. cÖwZwe¤^wU‡K ¯úó Kivi Rb¨ `c©YwU‡K ‡`qvj n‡Z mvg‡b ev wcQ‡b mivI| 
6. †Kv‡bv GKwU wbw ©̀ó ~̀i‡Z¡ Zzwg e¯‘i ¯úó cÖwZwe¤^ †`qv‡j †`L‡Z cv‡e| 
7. Gfv‡e ~̀‡ii e¯‘i ¯úó cÖwZwe¤^ †`qv‡j cÖ̀ k©b Kiv hvq| 
8. cÖwZwe‡¤^i cÖK…wZ Av‡jvPbv Ki| 
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beg Aa¨vq 

Av‡jvi cÖwZmiY 
REFRACTION OF LIGHT 

[GKUv jvwV‡K wZh©Kfv‡e cvwbi g‡a¨ Wyev‡j euvKv †`Lvq| RM fiv ¯^”Q cvwbi w`‡K Dci †_‡K ZvKv‡j R‡Mi  Zjv 
Dc‡i D‡V‡Q e‡j g‡b nq| Gme NUbv Avgiv ˆ`bw›`b Rxe‡b wbðqB j¶ K‡iwQ| G NUbv¸‡jvi g~‡j i‡q‡Q Av‡jvi 
GKUv we‡kl ag© hv n‡”Q ÔcÖwZmiYÕ| cÖwZmi‡Yi GKUv we‡kl NUbv n‡”Q c~Y© Af¨šZixY cÖwZdjb| c~Y© Af¨šZixY 
cÖwZdj‡bi Rb¨B giyf~wg‡Z gixwPKvi m„wó nq, nxiK‡K D¾¡j †`Lvq, AcwUK¨vj dvBev‡ii mvnv‡h¨ Z_¨ ms‡KZ †cÖiY 
Kiv nq| Avgiv A‡b‡KB `„wói Î“wU `~i Kivi Rb¨ Pkgv e¨envi K‡i _vwK| GB Pkgvi KvP GKUv †jÝ| Avgiv GB 
Aa¨v‡q Gme welq Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv - 

1.  cÖwZmi‡Yi m~Î e¨vL¨v Ki‡Z cvie 

2. cÖwZmiYv¼ e¨vL¨v Ki‡Z cvie 

3. c~Y© Af¨šÍixY cÖwZdjb e¨vL¨v Ki‡Z cvie 

4. AcwUK¨vj dvBev‡ii e¨envi e¨vL¨v Ki‡Z cvie 

5. †jÝ Ges Gi cÖKvi‡f` e¨vL¨v Ki‡Z cvie 

6.  Av‡jvKiwk¥i wµqv‡iLv A¼b K‡i †jÝ msµvšÍ wewfbœ ivwk eY©bv Ki‡Z cvie 

7.  †j‡Ý m„ó cÖwZwe¤^ Av‡jvK iwk¥i wµqv‡iLv A¼b K‡i eY©bv Ki‡Z cvie 

8.  †j‡Ýi ¶gZv e¨vL¨v Ki‡Z cvie 

9. Av‡jvK iwk¥i wµqv‡iLv A¼b K‡i †Pv‡Li wµqv e¨vL¨v Ki‡Z cvie 

10. ¯úó `k©‡bi wbKUZg we› ỳ e¨vL¨v Ki‡Z cvie 

11. „̀wói Î“wU e¨vL¨v Ki‡Z cvie 

12. Av‡jvK iwk¥i wµqv‡iLv A¼b K‡i „̀wói Î“wU ms‡kva‡b †j‡Ýi e¨envi e¨vL¨v Ki‡Z cvie 

13. iwOb e¯‘i Av‡jvKxq Dcjwä e¨vL¨v Ki‡Z cvie 

14.  ̂ `bw›`b Rxe‡b Av‡jvi cÖwZmi‡Yi e¨envi e¨vL¨v Ki‡Z cvie 
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9.1  Av‡jvi cÖwZmiY  
 Refraction of Light 

wPÎ 9.1 j¶ Ki| GLv‡b evqy Ges KvP ỳwU gva¨g †`Lv‡bv n‡q‡Q| Av‡jvK iwk¥ evqy gva¨‡g AB c‡_ G‡m 
gva¨gØ‡qi we‡f`Zj PQ Gi B we›`y‡Z wZh©Kfv‡e AvcwZZ n‡jv| †mvRv c‡_ †M‡j Av‡jv Kv‡Pi g‡a¨ BC

c‡_ †h‡Zv wKš‘ Zv bv †h‡q BC c‡_ †eu‡K wM‡q‡Q| Av‡jvK iwk¥i GB †eu‡K hvevi NUbvB n‡”Q cÖwZmiY| 
myZivs Av‡jvK iwk¥ GK ¯^”Q gva¨‡gi †_‡K wfbœ ¯^”Q gva¨‡g wZh©Kfv‡e cÖ‡ek Ki‡j ỳB gva¨‡gi we‡f`Z‡j 
Gi w`K cwiewZ©Z nq| Av‡jvK iwk¥i GB w`K cwieZ©‡bi NUbv‡K Av‡jvi cÖwZmiY e‡j|  

wPÎ 9.1-G AB AvcwZZ iwk¥, BC cÖwZm„Z iwk¥ Ges NBN , B we› ỳ‡Z  PQ Gi Dci Aw¼Z Awfj¤^| 

ABN †K AvcZb †KvY i Ges N BC †K cÖwZmiY †KvY r e‡j| 

wewfbœ gva¨‡g Av‡jvi †eM wewfbœ ZvB gva¨g cwieZ©‡bi mgq Av‡jvi cÖwZmiY N‡U| Av‡jvK iwk¥ nvjKv gva¨g 

(†hgb evqy) †_‡K Nb gva¨‡g (†hgb Kv‡P) cÖwZm„Z n‡j cÖwZm„Z iwk¥ Awfj‡¤^i w`‡K †eu‡K hvq A_©vr i > r|
Avevi wecixZfv‡e Nb gva¨g †_‡K Av‡jvK iwk¥ nvjKv gva¨‡g cÖwZm„Z n‡j (wPÎ 9.2) Av‡jvK  iwk¥ Awfj¤^ 
†_‡K `~‡i †eu‡K hv‡e| A_©vr G‡¶‡Î r > i|

O we› ỳ O  we›`y‡Z D‡V G‡m‡Q| Av‡jvi cÖwZmi‡Yi Rb¨ Gi~c N‡U| O we› ỳ †_‡K AvMZ Av‡jvK iwk¥ Nb 

gva¨g  †_‡K G‡m nvjKv gva¨‡g cÖwZm„Z nq (wPÎ 9.3) d‡j Awfj¤^ †_‡K cÖwZm„Z iwk¥¸‡jv  ~̀‡i †eu‡K hvq| 

cÖwZm„Z iwk¥¸‡jv‡K wcQ‡b ewa©Z Ki‡j O  we›`y †_‡K Avm‡Q e‡j g‡b nq| O  we› ỳ O we›`yi  Aev¯Íe 

cÖwZwe¤^| ZvB Dci †_‡K †`L‡j O we› ỳ O  we› ỳ‡Z D‡V G‡m‡Q e‡j g‡b nq| 

i

r

N

P Q
B

N C C

A

evqy

KvP

wPÎ : 9.1 

evqy

KvP

N

N
A

B
P Q

i

r

wPÎ : 9.2

C

C

K‡i †`L :

GKwU mv`v KvM‡Ri Dci GKwU Kvwji `vM `vI Ges Zvi Dci GKwU ¯^”Q Kv‡Pi djK ivL| Kx †`L‡j? 
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Av‡jvi cÖwZmi‡Yi m~Î  
Avgiv B‡Zvg‡a¨ wPÎ : 9.1 (GLv‡b wPÎ : 9.4) G j¶ K‡iwQ AB AvcwZZ iwk¥, BC cÖwZm„Z iwk¥ Ges 
NBN , B we›`y‡Z PQ Gi Dci Aw¼Z Awfj¤^| ABN †K AvcZb †KvY i Ges N BC †K cÖwZmiY 
†KvY r e‡j|  

GLb hw` AvcZb †KvY e„w× Kiv nq Z‡e cÖwZmiY †KvYI 
e„w× cv‡e| wKš‘ cÖwZmiY †KvY AvcZb †Kv‡Yi mgvYycvwZK 
n‡e bv, A_©vr AvcZb †KvY i wØ¸Y Ki‡j cÖwZmiY †KvY r

wØ¸Y n‡e bv| †`Lv †M‡Q i1, i2, i3 ....... AvcZb †Kv‡Yi Rb¨ 

cÖwZmiY †KvY h_vµ‡g r1, r2, r3 ...... BZ¨vw` n‡j, 
sini1

sinr1
 = 

sini2

sinr2
 = 

sini3

sinr3
 = ........ = aª“eK n‡e| GB aª“eKwUi gvb 

wbf©i Ki‡e AvcZb I cÖwZmiY gva¨‡gi cÖK…wZ Ges AvcwZZ 
Av‡jvi e‡Y©i Dci| Avevi †`Lv hv‡”Q AB, BC Ges 
Awfj¤^ NBN  wZbwU †iLvB †Zvgvi eB‡qi c„ôvi mgZ‡j 
Av‡Q| Gi †_‡K †`Lv hvq Av‡jvi cÖwZmiY wb‡gœv³ ỳwU m~Î †g‡b P‡j| 

cÖ_g m~Î : AvcwZZ iwk¥, cÖwZm„Z iwk¥ Ges AvcZb we› ỳ‡Z we‡f`Z‡ji Dci Aw¼Z Awfj¤^ GKB mgZ‡j 
Ae¯’vb K‡i|  

wØZxq m~Î: GK‡Rvov wbw ©̀ó gva¨g Ges wbw ©̀ó e‡Y©i Av‡jvK iwk¥i †¶‡Î AvcZb †Kv‡Yi mvBb Ges cÖwZmiY 
†Kv‡Yi mvBb-Gi AbycvZ me©̀ v aªyeK|

GB wØZxq m~Î‡K † œ̄‡ji m~ÎI e‡j| 

9.2  cÖwZmiYv¼ 
Refractive index 

GK‡Rvov wbw ©̀ó gva¨g Ges †Kv‡bv GKwU wbw ©̀ó e‡Y©i Av‡jvKiwk¥ GK gva¨g †_‡K Aci gva¨‡g cÖwZm„Z n‡j 

hw` AvcZb  †KvY i Ges cÖwZmiY †KvY r nq Zvn‡j  
sin i

sin r
†h aª“e msL¨v nq Zv‡K ejv nq H e‡Y©i Av‡jvi 

Rb¨ cÖ_g gva¨‡gi mv‡c‡¶ wØZxq gva¨‡gi cÖwZmiYv¼| G‡K n w`‡q cÖKvk Kiv nq|

i

r

N

P Q
B

N C C

A

evqy (nvjKv gva¨g)

KvP (Nb gva¨g) 

wPÎ : 9.4 
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Av‡jvKiwk¥ hw` a gva¨g †_‡K b gva¨‡g cÖ‡ek K‡i Z‡e, a gva¨‡gi mv‡c‡¶ b gva¨‡gi Av‡cw¶K 
cÖwZmiYv¼, (wPÎ 9.5) 

                          anb  =
sin i

sin r
 (9.1)

n Gi wb‡P Wvbw`‡Ki A¶iwU wb‡`©k K‡i †Kvb gva¨‡gi cÖwZmiYv¼ Ges evgw`‡Ki A¶iwU wb‡ ©̀k K‡i †Kvb 
gva¨‡gi mv‡c‡¶| 

Avevi k~b¨ ¯’vb †_‡K hLb Av‡jvK iwk¥ †Kv‡bv gva¨‡g cÖ‡ek K‡i ZLb gva¨‡gi †h cÖwZmiYv¼ nq Zv‡K H 
e‡Y©i Rb¨ H gva¨‡gi cig cÖwZmiYv¼ e‡j (wPÎ 9.6)| hw` k~b¨ ¯’vb †_‡K b gva¨‡g Av‡jv cÖwZm„Z nq 

Z‡e, b gva¨‡gi cig cÖwZmiYv¼ nb = 
sin i

sin r
| G‡¶‡Î n Gi evgw`‡K wKQz bv wj‡L †Kej Wvbw`‡K gva¨g 

†jLv nq| †hgb b gva¨‡gi cig cÖwZmiYv¼ nb|

Avevi Av‡jvKiwk¥ hw` b gva¨g †_‡K a gva¨‡g cÖ‡ek K‡i Z‡e †m‡¶‡Î Av‡jvKiwk¥i cÖZ¨veZ©‡bi m~Îvbymv‡i 
(9.6 wP‡Î) CB n‡e AvcwZZ iwk¥, BA cÖwZm„Z iwk¥,A_©vr AvcZb †KvY = r I cÖwZmiY †KvY = i Ges b

gva¨‡gi mv‡c‡¶ a gva¨‡gi Av‡cw¶K cÖwZmiYv¼ n‡e [mgxKiY 9.1 Abymv‡i] 

bna  = 
sin r

sin i = 
1

 sin i / sin r  = 
1

anb
                    (9.2)

myZivs g‡b ivL‡Z n‡e

bna =
1

anb
Ges wecixZµ‡g anb = 

1

bna

Avevi,

cÖwZmiYv¼‡K Av‡jvi †e‡Mi mvnv‡h¨I cÖKvk Kiv hvq,

anb = 
a gva¨‡g Av‡jvi †eM
b gva¨‡g Av‡jvi †eM  Ges 

onb = 
k~b¨ gva¨‡g Av‡jvi †eM
b gva¨‡g Av‡jvi †eM  | 

i

r

N

P Q
B

N C

A

wPÎ : 9.5 

a

b

i

r

N

P Q
B

N C

A

wPÎ : 9.6 

k~b¨

b
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†h gva¨‡gi cÖwZmiYv¼ †ewk †mB gva¨g †ewk Nb Ges Zv‡Z Av‡jvi †eM Kg| Avi †h gva¨‡gi cÖwZmiYv¼ 
Kg †mB gva¨g Kg Nb Ges Zv‡Z Av‡jvi †eM †ewk| 

MvwYwZK D`vniY 9.1 : evqy †_‡K cvwb‡Z cÖwZmi‡Yi †¶‡Î AvcZb †KvY 30
0 Ges cÖwZmiY †KvY 19

0 n‡j, 
evqy mv‡c‡¶ cvwbi cÖwZmiYv¼ KZ ?  

Avgiv Rvwb,
sin i

sin r
=   n

anw = 
sin i

sin r
= 538.1

325.0

5.0

19sin

30sin

DËi : wb‡Y©q cÖwZmiYv¼ 1.538

MvwYwZK D`vniY 9.2 : evqyi mv‡c‡¶ cvwbi cÖwZmiYv¼  1.33 n‡j cvwb mv‡c‡¶ evqyi cÖwZmiYv¼ KZ ?  

Avgiv Rvwb

wna  = 
1

anw

       =
1

1.33
= 0.75

D : 0.75

9.3  µvwšZ †KvY I c~Y© Af¨šZixY cÖwZdjb 
 Critical angle and total internal reflection 

µvwšZ †KvY : Nb gva¨g †_‡K Av‡jvK-iwk¥ hLb nvjKv gva¨‡g cÖwZm„Z nq, ZLb cÖwZm„Z iwk¥wU nvjKv 
gva¨‡g Awfj¤^ †_‡K AviI ~̀‡i †eu‡K hvq, d‡j AvcZb †Kv‡Yi †P‡q cÖwZmiY †KvY eo nq| 

1. awi, AB n‡jv KvP Ges evqy gva¨‡gi we‡f` Zj| KvP Nb gva¨g Ges evqy nvjKv gva¨g| Kv‡Pi g‡a¨ P
we› ỳ †_‡K PQ iwk¥ ¶y`ª AvcZb †Kv‡Y AB we‡f` Z‡ji Q we› ỳ‡Z AvcwZZ n‡j evqy gva¨‡g cÖwZm„Z iwk¥ 
QR n‡e  [wPÎ : 9.7 K]| G‡¶‡Î AvcZb †KvY ( PQN ) Gi †P‡q cÖwZmiY †KvY ( NQR) eo n‡e| 

             wPÎ : 9.7 

†`Iqv Av‡Q,
AvcZb †KvY i = 30

0

cÖwZmiY †KvY  r = 19
0

evqy mv‡c‡¶ cvwbi cÖwZmiYv¼
anw = ?  

c i> c

†`Iqv Av‡Q,                
evqyi mv‡c‡¶ cvwbi cÖwZmiYv¼, anw = 1.33          

cvwbi mv‡c‡¶   evqyi cÖwZmiYv¼,  wna = ?
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2. GLb Nb gva¨‡g AvcZb †KvY  e„w× Ki‡j, nvjKv gva¨‡g cÖwZmiY †KvYI  e„w× cv‡e| GBfv‡e AvcZb 

†KvY e„w× Ki‡j †k‡l GKwU we‡kl AvcZb †KvY P1QN   cvIqv hv‡e (wPÎ 9.7 L) hvi Rb¨ cÖwZm„Z iwk¥ 

QR1 gva¨g ỳwUi we‡f` Zj AB eivei P‡j hv‡e A_©vr cÖwZmiY †KvY NQR1 = 90
0 n‡e| GB Ae¯’vq 

Nb gva¨‡gi AvcZb †KvYwU‡K ( P1QN ) nvjKv gva¨‡gi mv‡c‡¶ Nb gva¨‡gi µvwšZ †KvY e‡j| 9.7 L 

bs wP‡Î P1QN  = c = µvwšZ ‡KvY| GB µvwš— †Kv‡Yi gvbI gva¨gØ‡qi cÖK…wZ Ges Av‡jvi e‡Y©i Dci 
wbf©i K‡i| 

c~Y© Af¨šZixY cÖwZdjb : Nb gva¨‡g AvcZb †KvYwU‡K µvwšZ †Kv‡Yi †P‡q AviI GKUz evov‡j (i > c)

Av‡jvK iwk¥i meUzKzB `yB gva¨‡gi we‡f`-Z‡j m¤ú~Y© cÖwZdwjZ n‡q Nb gva¨‡gB wd‡i Av‡m| GB Ae¯’vq 
Avi †Kv‡bv cÖwZm„Z iwk¥ cvIqv hvq bv| GB Ae¯’vq gva¨g ỳÕwUi we‡f`-Zj `c©‡bi gZ AvPiY K‡i| GB 
NUbv‡K c~Y© Af¨šZixY cÖwZdjb e‡j| 

[wPÎ 9.7 M] G Nb gva¨‡g AvcZb †KvY P2QN  gva¨g `ywUi µvwš— †KvY c - Gi †P‡q eo| †mBRb¨ P2Q

iwk¥wU `yB gva¨‡gi we‡f` Zj AB- Gi Dci AvcwZZ n‡q cÖwZdj‡bi wbqgvbymv‡i QR2 c‡_ cÖwZdwjZ 
n‡q‡Q|  

c~Y© Af¨šZixY cÖwZdj‡bi kZ© :

Av‡jvK-iwk¥‡K Aek¨B Nb gva¨g †_‡K nvjKv gva¨‡gi Awfgy‡L †h‡Z n‡e Ges `yB gva¨‡gi we‡f`-
Z‡j AvcwZZ n‡Z n‡e|
Nb gva¨‡g AvcZb †KvY µvwšZ †Kv‡Yi †P‡q eo n‡Z n‡e| 

9.4  gixwPKv  
Mirage

gizf~wg‡Z Z…òvZ© cw_K mg‡q mg‡q ~̀ieZ©x Mv‡Qi Dëv‡bv cÖwZwe¤^ †`‡L g‡b K‡ib †mLv‡b cvwb Av‡Q| 
wKš‘ Mv‡Qi Kv‡Q †M‡j wZwb Zvi fyj eyS‡Z cv‡ib †h †mLv‡b †Kv‡bv cvwb bvB| Av‡jvi c~Y© Af¨šZixY 
cÖwZdj‡bi Rb¨B G iKg nq| GUvB gixwPKv| 

wPÎ : 9.8 

m~‡h©i cÖPÊZv‡c gizf~wgi evwj DËß nIqvi m‡½ m‡½ evwjmsjMœ evqy¯Zi¸‡jvI Mig n‡q I‡V| wb‡Pi evqy 
DËß I nvjKv nq, Z‡e Dc‡ii evqy wb‡Pi evqy ¯Z‡ii Zzjbvq VvÛv _vKvq Nb _v‡K| GLb MvQ †_‡K †h 
Av‡jv Av‡m Zv NbZi gva¨g †_‡K nvjKv gva¨‡g cÖ‡ek Ki‡Z _v‡K| Gi d‡j cÖwZm„Z iwk¥ Awfj¤^ †_‡K 
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`~‡i m‡i †h‡Z _v‡K| GK mgq H Av‡jvK-iwk¥ †Kv‡bv GKwU evqy¯Z‡i µvwš— †Kv‡Yi †P‡q eo †Kv‡Y AvcwZZ 
nq I Av‡jvi c~Y© Af¨šZixY cÖwZdjb N‡U| H mg‡qB Mv‡Qi Dëv‡bv cÖwZwe¤^ †`Lv hvq [wPÎ 9.8], hv‡K 
Avgiv gixwPKv ewj| 

9.5  AcwUK¨vj dvBevi ev Av‡jvKxq Zš‘  
        Optical fiber 

AcwUK¨vj dvBevi ˆZwi Kiv nq KvP ev cvw÷‡Ki Lye miy, 
`xN© bgbxq A_P wb‡iU dvBevi ev Zš‘ Øviv| GB dvBev‡ii 
c`v‡_©i cÖwZmiYv¼ 1.7| dvBev‡ii Dci A‡c¶K…Z Kg 
cÖwZmiYv‡¼i (1.5) c`v‡_©i GKwU AveiY †`Iqv nq| 
dvBev†ii GKcÖv‡šZ ¶z`ª †Kv‡Y AvcwZZ Av‡jvK iwk¥ 
dvBev‡ii  wfZ‡i evievi c~Y© Af¨š—ixYfv‡e cÖwZdwjZ n‡q 
†kl ch©šZ Ab¨ cÖvšZ w`‡q †ewi‡q Av‡m| 

dvBeviwU evKuv ev cvKv‡bv Ae¯’vq _vK‡jI Av‡jvK Gi wfZi w`‡q cÖvq †Kv‡bv kw³¶q QvovB cvVv‡bv hvq 
(wPÎ 9.9)| GK¸”Q AcwUK¨vj dvBevi‡K Av‡jvK bj  e‡j|

¯^v¯’¨‡¶Î Ges †UwjKwgDwb‡Kk‡b AcwUK¨vj dvBev‡ii e¨envi:
†Kv‡bv †ivMxi cvK¯’wji wfZ‡ii †`qvj cix¶v Ki‡Z n‡j GKwU Av‡jvK bj‡K gy‡Li wfZi w`‡q cvK¯’wj‡Z 
†XvKv‡bv nq| GB Av‡jvK b‡ji GK †mU Av‡jvKxq Zš‘ w`‡q Av‡jv cvwV‡q cvK¯’wji †`qv‡ji mswkó Ask‡K 
Av‡jvwKZ Kiv nq, Ab¨ †mU w`‡q IB Av‡jvwKZ Ask‡K evB‡i †_‡K †`Lv hvq| GB c×wZ G‡Ûv‡¯‹vwc  bv‡g 
cwiwPZ| Gfv‡e Av‡jvK bj XzwK‡q i³evnx agwb ev wkivi eK ev ürwc‡Êi fvjf¸‡jvi wµqv †`Lv hvq| 
GK ¯’vb †_‡K Ab¨ ¯’v‡b ˆe ỳ̈ wZK ms‡KZ Av`vb-cÖ̀ v‡bi Rb¨ AcwUK¨vj dvBevi e¨envi Kiv nq; Aek¨ Av‡M 
ˆe ỳ̈ wZK ms‡KZ‡K cÖ_‡g Av‡jvK ms‡K‡Z iƒcvš—wiZ K‡i wb‡Z nq| cÖvq 2000 †Uwj‡dvb ms‡KZ‡K Gfv‡e 
GKm‡½ GKwU AcwUK¨vj dvBev‡ii ga¨ w`‡q mÂvjb Kiv hvq| G‡Z ms‡KZ¸‡jvi ZxeªZvi cÖvq †Kv‡bv cwieZ©b nq 
bv| AcwUK¨vj dvBev‡ii e¨envi eZ©gv‡b †hvMv‡hvM e¨e¯’vq D‡jL‡hvM¨ cwieZ©b NwU‡q‡Q| 

9.6 †jÝ I Zvi cÖKvi‡f`  
 Lenses and their classification 
ỳwU †Mvjxq c„ô Øviv mxgve× †Kv‡bv ¯ ”̂Q cÖwZmviK gva¨g‡K †jÝ e‡j| 

†jÝ `yB iK‡gi nq : (i) DËj †jÝ ev Awfmvix †jÝ I (ii) AeZj †jÝ ev 
Acmvix †jÝ
DËj †jÝ : †h †j‡Ýi ga¨fvM cyi“ Ges cÖvšZfvM mi“ Zv‡K DËj †jÝ e‡j| 
DËj †j‡Ýi Dci mgvšZivj iwk¸”Q AvcwZZ n‡j cÖwZmi‡Yi ci wbM©Z nIqvi 
mgq Awfmvix K‡i e‡j DËj †jÝ‡K Awfmvix †jÝI e‡j [wPÎ 9.10 K]| 

ch©‡e¶Y: MÖx®§Kv‡j cÖLi †iv‡` wcP Xvjv c‡_ nvUvi mgq ev hvbevn‡b hvevi mgq gv‡S g‡a¨ nq‡Zv †`‡L _vK‡e 
iv¯—v wPKwPK Ki‡Q| g‡b n‡e †hb iv¯Zvq cvwb R‡g‡Q| GLv‡bI giyfzwgi gwiwPKvi b¨vq NUbv N‡U‡Q|  

wPÎ 9.9

K                        L 
wPÎ : 9.10
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AeZj †jÝ : †h †j‡Ýi ga¨fvM mi“ Ges cÖvšZfvM µgk: cyi“ Zv‡K AeZj †jÝ e‡j| AeZj †j‡Ý mgvšZivj 
iwk¥¸”Q AvcwZZ n‡j cÖwZmi‡Yi ci wbM©Z nIqvi mgq Acmvix nq e‡j AeZj †jÝ‡K Acmvix †jÝI e‡j 
[wPÎ 9.10 L]|

9.7  †jÝ msµvšZ K‡qKwU msÁv  
 Few definitions 

eµZvi †K› ª̀ : †j‡Ýi Dfq c„ôB GK GKwU wbw ©̀ó †Mvj‡Ki Ask| cÖ‡Z¨K  †Mvj‡Ki †K› ª̀‡K H c„‡ôi eµZvi 

†K› ª̀ e‡j| 9.11 bs wP‡Î C1 Ges C2, LN †j‡Ýi ỳÕwU  eµZv †K› ª̀| hw` †j‡Ýi †Kv‡bv GKwU c„ô  †Mvjxq 
bv n‡q mgZj nq Z‡e Zvi eµZv †K› ª̀ Amx‡g Aew¯’Z n‡e|

cÖavb A¶ : †j‡Ýi ỳwU †Mvjxq c„ô _v‡K| GB c„ôØ‡qi eµZv †K› ª̀ ỳÕwU‡K †hvM Ki‡j †h mij‡iLv cvIqv hvq 

Zv‡K H †j‡Ýi cÖavb A¶ e‡j| 9.11bs wP‡Î, C1C2 mij‡iLvwU †j‡Ýi cÖavb A¶| 

wPÎ t 9.11 

Av‡jvK †K› ª̀ : Av‡jvK †K› ª̀ n‡jv †j‡Ýi g‡a¨ cÖavb A‡¶i Dci Aew¯’Z GKwU wbw ©̀ó we› ỳ, hvi ga¨ w`‡q †Kv‡bv 
iwk¥ AwZµg Ki‡j cÖwZmi‡Yi ci †j‡Ýi Aci c„ô †_‡K wbM©Z nIqvi mgq AvcwZZ iwk¥i mgvšZivjfv‡e wbM©Z 
nq| 9.12 bs wP‡Î †j‡Ýi GKc„‡ô PQ iwk¥ AvcwZZ n‡q QR c‡_ cÖwZm„Z n‡q‡Q| GB iwk¥ Aci c„ô †_‡K RS

c‡_ wbM©Z n‡q‡Q| wbM©Z iwk¥ RS Ges AvcwZZ iwk¥ PQ ci¯úi mgvšZivj| GLb †j‡Ýi g‡a¨ cÖwZm„Z iwk¥ 
QR cÖavb A¶ C1C2 †K O we› ỳ‡Z †Q` K‡i‡Q, O we› ỳ n‡jv †j‡Ýi Av‡jvK †K› ª̀|  

†jÝwU hw` cvZjv nq n‡e Av‡jvK †K›`ª n‡”Q †j‡Ýi g‡a¨ Aew¯’Z cÖavb A‡¶i Dci Ggb GKwU we›`y †h we›`y 
w`‡q Av‡jvK iwk¥ AvcwZZ n‡j w`K cwieZ©b bv K‡i cÖwZm„Z nq| 

cÖavb †dvKvm : †j‡Ýi cÖavb A‡¶i mgvšZivj Ges wbKUeZ©x iwk¥¸”Q cÖwZmi‡Yi ci cÖavb A‡¶i Dci †h 
we› ỳ‡Z wgwjZ nq (DËj †j‡Ýi †¶‡Î) A_ev †h we› ỳ †_‡K Acm„Z n‡”Q e‡j g‡b nq (AeZj †j‡Ýi †¶‡Î), 
†mB we› ỳ‡K †j‡Ýi cÖavb †dvKvm e‡j| 9.13 bs  wP‡Î †j‡Ýi cÖavb †dvKvm F|

2 1 2 1

2 1

cyiy †jÝ 

C2 C1o

cvZjv †jÝ wPÎ : 9.12
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†dvKvm ~̀iZ¡ : †j‡Ýi Av‡jvK †K› ª̀ †_‡K cÖavb †dvKvm ch©š— ~̀iZ¡‡K †dvKvm ~̀iZ¡ e‡j| 9.13 bs  wP‡Î  
OF †j‡Ýi  †dvKvm ~̀iZ¡| †dvKvm ~̀iZ¡‡K f Øviv m~wPZ Kiv nq|

    wPÎ : 9.13 
†dvKvm Zj : cÖavb †dvKv‡mi ga¨ w`‡q †j‡Ýi cÖavb A‡¶i m‡½ j¤^fv‡e Aew¯’Z KwíZ mgZj‡K †j‡Ýi 
†dvKvm Zj e‡j| 9.14 bs wP‡Î ABCD n‡”Q †dvKvm Zj| 

wPÎ 9.14 

†j‡Ý iwk¥ wPÎ A¼‡bi wbqgvejx : 
1. †j‡Ýi Av‡jvK †K›`ª w`‡q AvcwZZ iwk¥ cÖwZmi‡Yi ci †mvRvmywR P‡j hvq (wPÎ 9.15 K I L) 
2. †j‡Ýi cÖavb A‡¶i mgvš—ivj iwk¥ cÖwZmi‡Yi ci cÖavb †dvKvm w`‡q hvq (DËj †j‡Ý) [wPÎ 15 M] ev 

cÖavb †dvKvm †_‡K Avm‡Q e‡j g‡b nq (AeZj †j‡Ý) [wPÎ 15 N) 
3. †j‡Ýi cÖavb †dvKv‡mi ga¨ w`‡q (DËj †j‡Ý) [wPÎ 15 O] ev cÖavb †dvKvm AwfgyLx (AeZj †j‡Ý) [wPÎ 

15 P] AvcwZZ iwk¥ cÖwZmi‡Yi ci cÖavb A‡¶i mgvš—ivj n‡q hvq| 

wPÎ 9.16 
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DËj †j‡Ý cÖwZwe¤^ MVb : 

LOL1 GKwU DËj †jÝ| FOF  cÖavb A¶, O Av‡jvK †K› ª̀, cÖavb F †dvKvm GB †j‡Ýi cÖavb A‡¶i Dci PQ

GKwU e¯‘‡K †jÝwUi †dvKvm ~̀i‡Z¡i †P‡q †ewk wKš‘ wØ¸Y †dvKvm ~̀i‡Z¡i Kg ~̀‡i Lvovfv‡e ivLv n‡jv| 

GLb P †_‡K AvMZ PR iwk¥ cÖavb A‡¶i mgvšZivjfv‡e G‡m †j‡Ýi ga¨ w`‡q cÖwZm„Z nIqvi ci cÖavb 
†dvKvm  F-Gi ga¨ w`‡q RFP1 c‡_ hvq| P †_‡K wbM©Z Ab¨ GKwU iwk¥ PO c‡_  Av‡jvK †K›`ª O-‡Z
AvcwZZ n‡q †mvRvmywR OP1 eivei cÖwZm„Z n‡jv| RFP1 Ges OP1 iwk¥ `ywU ci¯úi P1 we› ỳ‡Z †Q` K‡i| 
P1 we› ỳ †_‡K A‡¶i Dci P1Q1 j¤^Uvbv n‡jv| P1Q1 n‡jv PQ Gi ev¯Íe cÖwZwe¤^| GLv‡b OQ e¯‘i
`~iZ¡ Ges OQ1 cÖwZwe†¤^i ~̀iZ¡ (wPÎ 9.16)| 

GB †¶‡Î cÖwZwe¤^ ev¯—e, Dëv I weewa©Z n‡q‡Q| 
j¶e¯‘i wewfbœ Ae¯’v‡bi Dci wbf©i K‡i cÖwZwe¤^ ev¯Íe, Aev¯Íe; †mvRv, Dëv; weewa©Z, Lwe©Z ev AvKv‡i 
mgvb n‡Z cv‡i| 
j¶e¯‘ DËj †j‡Ýi cÖavb †dvKv‡mi wfZ‡i _vK‡j cÖwZwe¤^ Aev¯—e †mvRv I weewa©Z n‡e| 

AeZj †j‡Ý cÖwZwe¤^ MVb : 

aiv hvK LOL1 GKwU AeZj †jÝ| FOF  Gi cÖavb A¶, O Av‡jvK  †K›`ª, F cÖavb †dvKvm| †j‡Ýi 
mvg‡b PQ GKwU j¶e¯‘ cÖavb A‡¶i Dci j¤^fv‡e Aew¯’Z (wPÎ 9.17) PQ Gi cÖwZwe¤^ A¼b Ki‡Z 
n‡e|

P we›`y †_‡K wbtm„Z GKwU Av‡jvK iwk¥ PR cÖavb A‡¶i mgvš—ivj n‡q †j‡Ý R we› ỳ‡Z AvcwZZ n‡j 
cÖwZmi‡Yi ci RM c‡_ Ggbfv‡e cÖwZmwiZ nq †hb iwk¥wU cÖavb †dvKvm F †_‡K Avm‡Q e‡j g‡b nq| P
†_‡K Avi GKwU iwk¥ PO Av‡jvK †K› ª̀ w`‡q †j‡Ý AvcwZZ n‡q †mvRvmywR PON c‡_ cÖwZm„Z nq| GB 
cÖwZm„Z iwk¥ `ywU Acmvix e‡j wgwjZ nq bv| G‡`i‡K †cQb w`‡K evwo‡q w`‡j P1 we›`y †_‡K Avm‡Q e‡j g‡b 
nq| myZivs P1 we› ỳB n‡”Q P we›`yi Aev —̄e cÖwZwe¤^| GLb P1 †_‡K cÖavb A‡¶i P1Q1 j¤^ Uvb‡j P1Q1

n‡e PQ j¶e¯‘i cÖwZwe¤^| GB cÖwZwe¤^ Aev¯Íe, †mvRv Ges AvKv‡i j¶e¯‘i †P‡q †QvU| AeZj †j‡Ý 
me©`v Aev¯Íe, †mvRv Ges †QvU AvKv‡ii cÖwZwe¤^ MVb K‡i|  
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†jÝ †Pbvi Dcvq : †j‡Ýi Lye KvQvKvwQ wKš‘ wcQ‡b GKUv AvOyj ai‡j hw` GwU‡K †mvRv Ges AvKv‡i eo 
†`Lvq Z‡e †jÝwU DËj| †mvRv Ges AvKv‡i †QvU †`Lv‡j †jÝwU AeZj| Gfv‡e †jÝ mbv³ Kiv hvq| 

DËj †jÝ KZ©„K cÖwZmi‡Yi ci weewa©Z cÖwZwe¤^ †Zvgvi †Pv‡L c‡o‡Q e‡j †jLv¸‡jv eo †`Lv‡”Q| 

9.8  †j‡Ýi ¶gZv  
 Power of a lens 

g‡b K‡iv `yÕwU DËj †jÝ (wPÎ 9.18)| cÖ_gwUi †dvKvm `~iZ¡ †ewk Ges wØZxqwUi †dvKvm `~iZ¡ Kg| GLb 
hw` GK¸”Q mgvš—ivj

          wPÎ  9.18             wPÎ  9.19 
iwk¥ †jÝ ỳÕwUi cÖavb A‡¶i mgvšZivjfv‡e G‡m AvcwZZ nq Z‡e Zviv †jÝ KZ…©K cÖwZm„Z n‡q cÖavb 
†dvKv‡m wgwjZ n‡e| cÖ_g †j‡Ýi †¶‡Î H †dvKvm we› ỳ †j‡Ýi hZ ~̀‡i n‡e wØZxq †j‡Ýi †¶‡Î Zv n‡e bv 
eis Kg n‡e| DËj †j‡Ýi ¶gZv ej‡Z Avgiv eywS †h H †jÝ mgvšZivj iwk¥¸”Q‡K KZ †ewk Kv‡Q wgjv‡Z 
cv‡i ev Awfmvix Ki‡Z cv‡i| G‡¶‡Î ejv hvq cÖ_g †j‡Ýi ¶gZv Kg Avi wØZxq †j‡Ýi ¶gZv †ewk| †j‡Ýi 
¶gZv Kg n‡j †dvKvm ~̀iZ¡ †ewk Avi ¶gZv †ewk n‡j †dvKvm ~̀iZ¡ Kg| 

9.19 bs wP‡Î AeZj †j‡Ý mgvš—ivjfv‡e AvMZ Av‡jvK iwk¥¸‡”Qi cÖwZmiY †`Lv‡bv n‡q‡Q| G‡¶‡Î †h †jÝ 
mgvšZivjfv‡e AvMZ Av‡jvK iwk¥¸”Q‡K cÖwZmi‡Yi ci  hZ †ewk Qwo‡q w`‡Z cv‡i ev Acmvix Ki‡Z cv‡i 
Zvi ¶gZv ZZ †ewk| G‡¶‡ÎI †j‡Ýi †dvKvm ~̀iZ¡ hZ Kg, ¶gZv ZZ †ewk| 

myZivs Avgiv mvaviYfv‡e ej‡Z cvwi †Kv‡bv †j‡Ýi Awfmvix ev Acmvix Kivi mvg_©‡K Zvi ¶gZv e‡j| 

¶gZv P Ges †dvKvm ~̀iZ¡ f Gi g‡a¨ GKwU m¤úK© Av‡Q| m¤úK©wU n‡”Q, P = 
1

f

K‡i †`‡Lv : †Zvgvi eB Gi †jLvi KvQvKvwQ GKwU DËj †jÝ a‡iv| †jLv¸‡jv eo †`L‡Z cv‡”Qv Kx ? 

†Kb?
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GK wgUvi †dvKvm ~̀iZ¡wewkó †Kv‡bv †j‡Ýi ¶gZv‡K 1 WvqvÞvi e‡j| P¶z we‡klÁiv Pkgvi Kv‡Pi †h 
¶gZv wj‡L _v‡Kb Zv WvqvÞvi GK‡K wj‡Lb|  

wP‡ýi cÖ_v : mKj ~̀iZ¡ †j‡Ýi Av‡jvK †K› ª̀ †_‡K cwigvc Ki‡Z n‡e| mKj ev¯Íe ~̀iZ¡ abvZ¥K, ev¯Íe 
~̀iZ¡ ej‡Z Av‡jvKiwk¥ cÖK…Kc‡¶ †h ~̀iZ¡ AwZµg K‡i †mB ~̀iZ¡‡K eySvq| myZivs mKj ev¯Íe 

j¶e¯‘,ev¯Íe cªwZwe¤^ ev ev¯Íe †dvKv‡mi  ~̀iZ¡‡K abvZ¥K aiv nq|mKj Aev¯Íe  ~̀iZ¡ FYvZ¥K|Aev¯Íe 
j¶e¯‘,Aev¯Íe cÖwZwe¤^ I Aev¯Íe †dvKv‡mi ~̀iZ¡‡K Aev¯Íe ~̀iZ¡ aiv nq| 

DËj †j‡Ýi †dvKvm ~̀iZ¡ abvZ¥K Ges AeZj †j‡Ýi †dvKvm ~̀iZ¡ DfqB FYvZ¥K| 

MvwYwZK D`vniY  9.3 :  †Kv‡bv †j‡Ýi †dvKvm ~̀iZ¡ + 0.1 m n‡j ¶gZv KZ? 

Avgiv Rvwb, P = 
1

f
 = 

1

+0.1 m
 =  10 D

D: 10 D

9.9 †Pv‡Li MVb 
1.  Aw¶‡MvjK (Eye-ball) : †Pv‡Li †KvU‡ii g‡a¨ Aew¯’Z Gi †MvjvKvi Ask‡K Aw¶‡MvjK e‡j| Gi mvg‡b I 

wcQ‡bi Ask LvwbKUv P¨vÞv| GwU †Pv‡Li †KvU‡ii g‡a¨ GKUv wbw ©̀ó mxgvi Pviw`‡K Nyi‡Z cv‡i|  
2. †k¦ZgÊj (Sclerotic) : GwU k³, mv`v, A¯^”Q Zš‘ w`‡q ˆZwi Aw¶‡Mvj‡Ki evB‡ii AveiY (wPÎ 

9.20)| GwU †Pv‡Li AvK…wZ wVK iv‡L| evB‡ii bvbv cÖKvi Awbó n‡Z †PvL‡K i¶v K‡i|
3. Kwb©qv (Cornea) : GwU †k¦ZgÊ‡ji mvg‡bi Ask| †k¦ZgÊ‡ji G Ask ¯^”Q Ges evB‡ii w`‡K wKQzUv 

DËj|
4. K…ògÊj (Choroid) : †k¦ZgÊ‡ji wfZ‡ii Mv‡q Kv‡jv i‡Oi 

GKwU Av¯ÍiY _v‡K hv‡K K…ògÊj e‡j| GB Kv‡jv Av¯Zi‡Yi 
Rb¨ †Pv‡Li wfZ‡i Af¨šZixY cÖwZdjb nq bv| 

5. AvBwim (Iris) : Kwb©qvi wVK wcQ‡b Aew¯’Z GKwU A¯^”Q c`©v‡K 
AvBwim e‡j| AvBwi‡mi is wewfbœ †jv‡Ki wewfbœ iK‡gi nq| 
mvaviYZ Gi is Kv‡jv, nvjKv bxj ev Mvp ev`vgx nq| AvBwim P¶z 
†j‡Ýi Dci AvcwZZ Av‡jvi cwigvY wbqš¿Y K‡i| 

6. †Pv‡Li gwY I ZviviÜ« (Pupil) : AvBwi‡mi gvSLv‡b GKwU †QvU 
wQ`ª _v‡K| G‡K †Pv‡Li gwY ev ZviviÜ« e‡j| Zvivi‡Ü«i ga¨ w`‡q Av‡jv †Pv‡Li wfZ‡i cÖ‡ek K‡i| 

7| P¶y‡jÝ (Eye Lens) : †Pv‡Li gwYi wVK wcQ‡b Aew¯’Z GwU †Pv‡Li me‡P‡q ¸iyZ¡c~Y© Ask| GwU ¯^”Q 
ˆRe c`v‡_©i ˆZwi| †j‡Ýi wcQ‡bi w`‡Ki eµZv mvg‡bi w`‡Ki eµZvi †P‡q wKQzUv †ewk| †jÝwU 
Aw¶‡Mvj‡Ki mv‡_ wmwjqvwi gvsm‡cwk I mvm‡cÝwi wjMv‡g›U Øviv AvUKv‡bv _v‡K| GB gvsm‡cwk I 
wjMv‡g›U¸‡jvi ms‡KvPb I cÖmvi‡Yi d‡j P¶z †j‡Ýi eµZv cwiewZ©Z nq d‡j †j‡Ýi †dvKvm `~i‡Z¡i 
cwieZ©b N‡U| ~̀‡ii ev Kv‡Qi wRwbm †`Lvi Rb¨ P¶z †j‡Ýi †dvKvm `~i‡Z¡i cwieZ©b Kivi cÖ‡qvRb 
nq|

†`Iqv Av‡Q,
†dvKvm `~iZ¡, f =  + 0.1 m                                    

¶gZv, P =?

wPÎ : 9.20
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8. †iwUbv (Retina) : P¶z †j‡Ýi †cQ‡b Aew¯’Z Aw¶‡Mvj‡Ki wfZ‡ii c„‡ôi †Mvjvcx i‡Oi Cl`”Q Av‡jvK 
ms‡e`b AveiY‡K †iwUbv e‡j| GwU iW I †Kvb (rods & cones) bv‡g KZ¸‡jv mœvqyZš‘ Øviv ˆZwi| 
GB Zš‘¸‡jv P¶y mœvqyi mv‡_ mshy³ _v‡K| †iwUbvi Dci Av‡jv co‡j Zv H mœvqyZš‘‡Z GK cÖKvi 
D‡ËRbv m„wó K‡i d‡j gw¯Z‡®‹ `k©‡bi AbyfywZ Rv‡M| 

A¨vKzqvm wnDgvi I wfwUªqvm wnDgvi (Aqueous humour and Vitreous humour) : Kwb©qv I P¶z 
†j‡Ýi ga¨eZ©x ¯’vb †h ¯^”Q jeYv³ Rjxq c`v‡_© c~Y© _v‡K Zv‡K A¨vKzqvm wnDgvi e‡j| †iwUbv I P¶z †j‡Ýi 
ga¨eZ©x ¯’vb †h †Rwj RvZxq c`v‡_© c~Y© _v‡K Zv‡K wfwUªqvm wnDgvi e‡j| 

†Pv‡Li Dc‡hvRb : GKwU DËj †j‡Ýi mvg‡b †dvKvm `~i‡Z¡i evB‡i †Kv‡bv e¯‘ ivL‡j †j‡Ýi wcQ‡b e¯‘wUi 
GKwU ev¯Ze cÖwZwe¤^ MwVZ nq| †j‡Ýi wcQ‡b GKU c`©v ivL‡j c ©̀vi Dci e¯‘wUi GKwU D‡ëv cÖwZwe¤^ 
†`Lv hvq| cix¶v Ki‡j †`Lv hvq †h c`©vwUi GKwU wbw`©ó Ae¯’v‡b cÖwZwe¤^ me‡P‡q cwi®‹vi nq| GKwU 
e¯‘‡K hw` †j‡Ýi wbK‡U Avbv nq ev †jÝ †_‡K `~‡i mwi‡q †bIqv nq Zvn‡j cwi®‹vi cÖwZwe¤^ cvIqvi Rb¨ 
c`©vwU‡K mvg‡b ev wcQ‡b miv‡Z nq| GLb Avgiv hw` c`©vi c~e© Ae¯’v‡b cwi®‹vi we¤^ †c‡Z PvB Zvn‡j wfbœ 
†dvKvm ~̀i‡Z¡i †jÝ e¨envi Ki‡Z n‡e| 

†Pv‡Li †¶‡Î wVK GKB iKg NUbv N‡U| Kwb©qv, A¨vKzqvm wnDgvi, P¶z †jÝ I wfwUªqvm wnDgvi GK‡Î GKwU 
Awfmvix †j‡Ýi KvR K‡i| †Pv‡Li mvg‡b †Kv‡bv e¯‘ _vK‡j †mB e¯‘i cÖwZwe¤^ hw` †iwUbvi Dci c‡o 
Zvn‡j gw¯Z‡®‹i `k©‡bi Abyf~wZ Rv‡M Ges Avgiv †mB e¯‘ †`L‡Z cvB| Avgiv †Pv‡Li mvnv‡h¨ wewfbœ 
~̀i‡Z¡i e¯‘ †`wL| †Pv‡Li †j‡Ýi GKwU we‡kl ¸Y n‡”Q Gi AvK…wZ cÖ‡qvRb g‡Zv e`‡j hvq d‡j †dvKvm 

`~i‡Z¡i cwieZ©b N‡U| †dvKvm `~i‡Z¡i cwieZ©‡bi d‡j j¶e¯‘i †h †Kv‡bv Ae¯’v‡bi Rb¨ †jÝ †_‡K GKB 
`~i‡Z¡ A_©vr, †iwUbvi Dci ¯úó we¤^ MwVZ nq| †h †Kv‡bv `~i‡Z¡i e¯‘ †`Lvi Rb¨ †Pv‡Li †j‡Ýi †dvKvm 
~̀iZ¡ wbqš¿Y Kivi GB ¶gZv‡K †Pv‡Li Dc‡hvRb e‡j| 

¯úó `k©‡bi b~̈ bZg ~̀iZ¡ : Avgv‡`i ˆ`bw›`b Rxe‡bi AwfÁZv †_‡K Avgiv †`L‡Z cvB †h †Kv‡bv e¯‘‡K 
†Pv‡Li hZ wbK‡U wb‡q Avmv hvq e¯‘wUI ZZ ¯úó †`Lv hvq| wKš‘ Kv‡Q Avb‡Z Avb‡Z Ggb GKUv ~̀iZ¡ 
Av‡m hLb Avi e¯‘wU Lye ¯úó †`Lv hvq bv| †h b~̈ bZg ~̀iZ¡ ch©š— †PvL webv kªvwš—‡Z ¯úó †`L‡Z cvq Zv‡K 
¯úó `k©‡bi b~̈ bZg ~̀iZ¡ e‡j| ¯^vfvweK †Pv‡Li Rb¨ ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ cÖvq 25 †mw›UwgUvi| †PvL 
†_‡K 25 †mw›UwgUvi ~̀ieZ©x we› ỳ‡K †Pv‡Li wbKU we› ỳ e‡j| †Kv‡bv e¯‘ 25 †mw›UwgUv‡ii Kg ~̀i‡Z¡ _vK‡j 
Zv‡K ¯úó †`Lv hvq bv| 

me‡P‡q †ewk †h `~i‡Z¡ †Kv‡bv e¯‘ _vK‡j Zv ¯úó †`Lv hvq Zv‡K †Pv‡Li `~iwe›`yI e‡j| ¯^vfvweK †Pv‡Li 
Rb¨ ~̀iwe› ỳ Amxg ~̀i‡Z¡ Awe¯’Z nq| A_©vr ¯^vfvweK †PvL eû ~̀i ch©š— ¯úó †`L‡Z cvq| 

`k©bvbyf~wZi ¯’vwqZ¡Kvj : †Pv‡Li mvg‡b †Kv‡bv e¯‘ ivL‡j †iwUbvq Zvi cÖwZwe¤^ MwVZ nq Ges Avgiv e¯‘wU 

†`L‡Z cvB| GLb hw` e¯‘wU‡K †Pv‡Li m¤§yL †_‡K mwi‡q †bIqv nq Zvn‡j mwi‡q †bIqvi 0.1 †m‡KÛ 
ch©šZ Gi Abyf~wZ gw¯Z‡®‹ †_‡K hvq| GB mgq‡K `k©bvbyfzwZi ¯’vwqZ¡Kvj e‡j|  
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ỳÕwU †PvL _vKvi myweav : ỳÕwU †PvL w`‡q GKwU e¯‘ †`L‡j Avgiv †KejgvÎ GKwU e¯‘B †`L‡Z cvB| hw`I 
cÖ‡Z¨KwU †PvL Avcb Avcb †iwUbvq cÖwZwe¤^ MVb K‡i, wKš‘ gw¯Í®‹ ỳwU wfbœ cÖwZwe¤^‡K GKwU cÖwZwe‡¤^ 
cwiYZ K‡i| ỳwU †PvL _vKvi Rb¨ ~̀iZ¡ wbfz©jfv‡e cwigvc Kiv hvq| ZvB GKwU †PvL eÜ †i‡L myB‡q myZv 
civ‡Z LyeB Amyweav nq| ZvQvov e¯‘i Zzjbvq `ywU †Pv‡Li wewfbœ Ae¯’v‡bi Rb¨ Wvb †PvL Wvb w`KUv †ewk 
Ges evg †PvL evg w`KUv †ewk †`‡L| ỳB †PvL w`‡q e¯‘ †`L‡j ỳÕwU wfbœ cÖwZwe‡¤^i DcwicvZ NU‡e Ges 
e¯‘‡K fv‡jvfv‡e †`Lv hv‡e| 

9.10   †Pv‡Li wµqv
          Function of an eye

c~‡e©B Avgiv †R‡bwQ †h,Avgv‡`i ‡Pv‡Li gwYi wVK wcQ‡b GKwU K‡i DËj †jÝ Av‡Q hvi bvg P¶z †jÝ| `~‡ii 
ev Kv‡Qi wRwbm †`Lvi Rb¨ P¶z †j‡Ýi †dvKvm `~i‡Z¡i cwieZ©b Kivi cÖ‡qvRb nq|  

wP‡Î P¶z †jÝ †`Lv‡bv n‡q‡Q| †Pv‡Li mvg‡b Z_v †j‡Ýi mvg‡b PQ  GKwU e¯‘| e¯‘wUi  P  we› ỳ †_‡K 
GKwU Av‡jvKiwk¥ PR,  cÖavb A‡¶i mgvšZiv‡j †h‡q †j‡Ýi  R we› ỳ‡Z AvcwZZ n‡jv| †j‡Ý cÖwZmi‡Yi 
ci Zv RFP1 c‡_  †Mj|  P †_‡K Avi GKwU Av‡jvKiwk¥  PO  c‡_ †j‡Ýi   Av‡jvK‡K› ª̀  AvcwZZ n‡q 
†mvRvmywR OP1 eivei cÖwZm„Z n‡jv| RP1 Ges OP1 cÖwZm„Z iwk¥ `ywU P1 we›`y‡Z wgwjZ n‡jv| Gevi cÖavb 
A‡¶i Dci P1Q1 jg¦ AvuK‡j P1Q1 n‡e  PQ  n‡e ev¯Íe I DjUv cÖwZwe¤^|

cÖwZwe¤ewU †hLv‡b MwVZ n‡jv Zv n‡jv †Pv‡Li †iwUbv| GwU iW I †KvY (rods and cones) bv‡g KZ¸‡jv 
Av‡jvK ms‡e`bkxj †Kvl Z_v mœvqyZš‘ Øviv ˆZwi| †iwUbvi Dci we¤^ ev Av‡jv co‡j Zv H mœvqyZš‘‡Z GK 
cÖKvi D‡ËRbv m„wó K‡i d‡j gw¯Z‡®‹ `k©‡bi Abyf~wZ Rv‡M Ges Avgiv †mB e¯‘ †`L‡Z cvB|  

D‡jL¨ †h †iwUbvi Dci e¯‘i D‡ëv cÖwZwe¤^ c‡o| GB Abyf~wZ P¶y bv‡f©i mvnv‡h¨ gw¯Z‡®‹ P‡j hvq| 
†iwUbvq MwVZ e¯‘i cÖwZwe¤^ D‡ëv n‡jI gw¯Z‡®‹i we‡kl cÖwµqvi Rb¨ Avgiv e¯‘‡K †mvRv †`wL| 

9.11  †Pv‡Li ÎywU I Zvi cÖwZKvi  
   Defects of vision and their remedy 

¯^vfvweK †Pv‡Li „̀wói cvjv 25cm †_‡K Amxg ch©šZ we¯Z…Z A_©vr, ¯^vfvweK †PvL 25cm †_‡K Amxg 
~̀i‡Z¡i g‡a¨ †h †Kv‡bv e¯‘ ¯úó †`L‡Z cvq| hw` †Kv‡bv †PvL GB cvjvi g‡a¨ †Kv‡bv e¯‘‡K ¯úó †`L‡Z 

bv cvq Zvn‡j †mB †PvL Î“wUc~Y© e‡j aiv nq| †Pv‡L cÖavbZ ỳB ai‡bi Î“wU †`Lv hvq| h_v- 
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1.  n«̄ ^ „̀wó (Short sight or Myopia)

2.  `xN© „̀wó (Long sight or Hypermetropia)

1. n«̄ ^ „̀wó: GB Î“wUMȪ Í †PvL ~̀‡ii wRwbm fv‡jvfv‡e †`L‡Z cvq bv wKš‘ Kv‡Qi wRwbm ¯úó †`L‡Z cvq| GgbwK 
GB †Pv‡Li wbKU we› ỳ 25 cm GiI Kg nq|myZivs †Pv‡Li wbKUwe› ỳ 25 cm  GiI Kg n‡j †mUvI  n«̄ ^ „̀wó| 

KviY : Aw¶‡Mvj‡Ki e¨vmva© †e‡o †M‡j ev †Pv‡Li †j‡Ýi †dvKvm 
~̀iZ¡ K‡g †M‡j A_©vr, Awfmvix ¶gZv †e‡o †M‡j GB Î“wU †`Lv †`q 

[9.22 (K)]| 

Î“wUi dj : G‡¶‡Î A‡bK ~̀ieZ©x e¯‘ †_‡K AvMZ mgvš—ivj 

iwk¥¸”Q †Pv‡Li †j‡Ý cÖwZmwiZ n‡q †iwUbvi mvg‡b I we› ỳ‡Z wgwjZ 
nq [wPÎ 9.22 (K)] d‡j j¶e¯‘ ¯úó †`Lv hvq bv| GB †Pv‡Li 
`~iwe›`y Amx‡gi cwie‡Z©  F we›`y‡Z nq ZvB GB †PvL F Gi †ewk 
`~‡ii †Kv‡bv e¯‘ ¯úó †`L‡Z cvq bv [wPÎ 9.22 (L)]  

cÖwZKvi : †Pv‡Li †j‡Ýi Awfmvix ¶gZv †e‡o hvevi Rb¨ GB Î“wUi 
D™¢e nq| „̀wói G Î“wU ms‡kvab Kivi Rb¨ mnvqK †jÝ ev Pkgv 
wn‡m‡e AeZj †jÝ e¨envi Kiv nq wPÎ 9.22 (M)| 

ZvQvov GKgvÎ AeZj †jÝB j¶e¯‘i †P‡qI wbK‡U †mvRv I Aev¯Íe cÖwZwe¤^ MVb K‡i e‡j G‡¶‡Î †Pv‡Li 
†j‡Ýi mvg‡b mnvqK †jÝ ev Pkgv wn‡m‡e AeZj †jÝ e¨envi Ki‡Z n‡e| GB †j‡ÝwUi  ¶gZv Z_v †dvKvm 
~̀iZ¡ Ggb n‡e hv Amxg ~̀i‡Z¡ Aew¯’Z j¶e¯‘i cÖwZwe¤^ 

Î“wUc~Y© †Pv‡Li ~̀iwe› ỳ‡Z MVb K‡i [wPÎ 9.22 (M)]| Avgiv 
Rvwb Amxg `~i‡Z¡ Aew¯’Z j¶e¯‘i cÖwZwe¤^ †dvKv‡m MwVZ 
nq| myZivs AeZj †j‡Ýi †dvKvm ~̀iZ¡ Î“wUc~Y© †Pv‡Li 
~̀iwe› ỳi ~̀i‡Z¡i mgvb n‡Z n‡e| 

2. `xN©̀ „wó : GB Î“wUMȪ Í †PvL ~̀‡ii wRwbm †`L‡Z cvq wKš‘ 
Kv‡Qi wRwbm ¯ú÷ †`L‡Z cvq bv| ev †Pv‡Li †j‡Ýi †dvKvm 
~̀iZ¡ †e‡o †M‡j A_©vr, Awfmvix ¶gZv K‡g †M‡j †Pv‡L G 

ai‡bi Î“wU †`Lv †`q [wPÎ 9.23 (K)]| 

Î“wUi dj: G‡¶‡Î †Pv‡Li mvg‡b j¶e¯‘ †_‡K AvMZ Av‡jvK 
iwk¥¸”Q †Pv‡Li †j‡Ý cÖwZmwiZ n‡q †iwUbvi †cQ‡b I we› ỳ‡Z

wgwjZ nq [wPÎ 9.23 (K)]| d‡j j¶e¯‘ ¯úó †`Lv hvq bv| [GB †Pv‡Li wbKU we› ỳ N †_‡K `~‡i m‡i O
we›`y‡Z P‡j hvq hv 25cm †P‡q A‡bK †ewk| ZvB G †Pv‡L O-Gi †P‡q wbKUeZx ¯’v‡bi e¯‘ ¯úó †`Lv 
hvq bv [wPÎ 9.24 (L)]| 

wPÎ : 9.22

wPÎ : 9.23 



c`v_©weÁvb 157

cÖwZKvi : †Pv‡Li †j‡Ýi Awfmvix ¶gZv K‡g hvIqvi `i“b G ÎywUi D™¢e nq| ZvB G Î“wU `~i (wPÎ 9.23) 
Ki‡Z †Pv‡Li †j‡Ýi Awfmvix ¶gZv evov‡Z nq| G R‡b¨ mnvqK †jÝ wn‡m‡e DËj †jÝ e¨envi Kiv nq| 

ZvQvov GKgvÎ DËj †jÝB j¶e¯‘i †P‡qI ~̀‡i †mvRv Aev¯Íe cÖwZwe¤^ MVb K‡i| G‡¶‡Î ZvB †Pv‡Li 
†j‡Ýi mvg‡b mnvqK †jÝ ev Pkgv wn‡m‡e Ggb ¶gZv Z_v †dvKvm `~iZ¡wewkó DËj †jÝ e¨envi Ki‡Z n‡e 
hv ¯^vfvweK †Pv‡Li wbKU we›`y N-G ¯’vwcZ j¶e¯‘i we¤^ Î“wUc~Y© †Pv‡Li wbKU we›`y O-†Z MVb K‡i [wPÎ 
9.23 (M)]| 

9.12   iwOb e¯‘i Av‡jvKxq Dcjwä 
           Perceptions of coloured objects

Avgiv hLb †Kv‡bv e¯‘ †`wL ZLb e¯‘ †_‡K Av‡jv G‡m Avgv‡`i †Pv‡L c‡o| P¶z †jÝ KZ©„K D³ Av‡jv 
cÖwZmwiZ n‡q e¯‘i GKwU cÖwZwe¤^ †iwUbvq MVb K‡i| †iwUbvq eûmsL¨K mœvqy _v‡K hviv GB AbyfzwZ 
gw¯Í‡®‹ †cÖiY K‡i| gw¯Í‡®‹ wbLyuZ we‡kl‡Yi ci Avgiv †mB e¯‘‡K †`L‡Z cvB| †iwUbv †_‡K †h bvf©̧ ‡jv 
gw¯Í‡®‹ wM‡q‡Q †m¸‡jvi bvg iW I †KvY (rods and cones)| G‡`i g‡a¨ †KvY¸‡jv eY© ms‡e`bkxj 
(colour sensitive)| wZb ai‡Yi †KvY Av‡Q bxjeY© ms‡e`bkxj †KvY, jvj eY© ms‡e`bkxj †KvY Ges meyR 
eY© ms‡e`bkxj †KvY| †Kv‡bv eY© hZB wgkª ev RwUj †nvK bv †Kb †PvL mKj eY©‡K gvÎ GB wZbwU e‡Y© aviY 
K‡i| †iwUbvi †KvY¸‡jv GB  aviYK…Z Z_¨ gw¯Í‡®‹ †cÖiY K‡i| gw¯Í®‹ Avevi we‡kl cÖwµqvi gva¨‡g mKj 
eY©‡K Avjv`v K‡i †`q| Gfv‡eB Avgiv iwOb e¯‘i Av‡jvKxq Dcjwä cvB|

9.13   ˆ`bw›`b Rxe‡b Av‡jvi cÖwZmi‡Yi e¨envi 
            Uses of refraction in our daily life

Avgv‡`i †Pv‡L GKwU DËj †jÝ Av‡Q| hLb Avgiv †Kv‡bv e¯‘ †`wL ZLb Av‡jv H e¯‘ †_‡K G‡m †Pv‡Li 
†jÝ KZ©„K cÖwZm„Z n‡q †iwUbvi Dci c‡o| †iwUbvq H e¯‘i GKwU ev¯Ze I Dëv cÖwZwe¤^ MVb Kivi ci 
Avgiv e¯‘‡K †`L‡Z cvB| myZivs Avgv‡`i‡K †`Lvi Kv‡R mvnvh¨ Ki‡Q Av‡jvi cÖwZmiY| 

A‡b‡Ki †Pv‡L `„wói ÎywU Av‡Q| †KD nq‡Zv Kv‡Qi e¯‘ †`‡L bv †KD Avevi `~‡iiUv †`‡L bv| Gme ÎywU `~i 
Kivi Rb¨ Avgiv wbw ©̀ó ¶gZvi †jÝ Øviv ˆZwi Pkgv e¨envi Kwi| Pkgvi ga¨ w`‡q AvMZ Av‡jvK iwk¥ 
cÖwZm„Z n‡q †Pv‡L c‡o Ges e¯‘ mwVKfv‡e †`L‡Z mnvqZv K‡i| myZivs `„wói ÎywU `~i Ki‡Z Av‡jvi 
cÖwZmiY  KvR K‡i| 

Avgiv K¨v‡giv w`‡q Qwe Zzwj, gvB‡µv‡¯‹vc w`‡q AwZ¶z`ª wRwbm eo K‡i †`wL, †Uwj‡¯‹vc w`‡q `~‡ii wRwbm 
Kv‡Q †`wL Gme h‡š¿B Av‡jvi cÖwZmiY ag©‡K e¨envi Kiv nq| 

¯^v¯’¨‡¶‡Î I †UwjKwgDwb‡Kk‡b Avgiv †h AcwUK¨vj dvBevi e¨envi K‡i _vwK ZvI Av‡jvi cÖwZmiY a‡g©i Ae`vb|  

Avgv‡`i A‡b‡Ki N‡i gv‡Qi G¨vKzwiqvg Av‡Q| GLv‡b wKQz iwOb gvQ ivL‡j Zv‡`i gRvi MwZwewa †`Lv hvq| 
gvQ †_‡K cÖ_‡g Av‡jv cvwbi ga¨ w`‡q G‡m Kv‡Pi ev‡· AvcwZZ nq| Kv‡P cÖwZmi‡Yi ci Avgv‡`i †Pv‡L 
†mB „̀k¨ Av‡m| myZivs GLv‡bI cÖwZmi‡Yi Ae`vb i‡q‡Q| 
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AbymÜvb : 9.1 
DËj †jÝ e¨envi K‡i cÖwZwe¤^ m„wó I cÖ̀ k©b 
D‡Ïk¨ : j¨ve‡iUwi‡Z DËj †jÝ e¨envi Ges ev¯Íe cÖwZwe¤^ m„wó| 
hš¿cvwZ : GKwU DËj †jÝ| 
Kv‡Ri aviv :
1.  GKwU DËj †jÝ bvI| 
2. †jÝwU wb‡q †Zvgvi j¨ve‡iUwii `iRv A_ev Rvbvjvi wbKU ùvovI| 
3. Gevi †jÝwU‡K evwn‡ii †Kv‡bv „̀k¨ †hgb-MvQcvjv, `vjvb BZ¨vw`i w`‡K a‡iv| 
4. †jÝwU‡K Wv‡b ev‡g bovPov K‡i †j‡Ýi †cQ‡bi ivLv mv`v KvM‡Ri Dci H „̀‡k¨i cÖwZwe¤^ ‰Zwi Ki| 
5. cÖwZwe¤^wU‡K ¯úó Kivi Rb¨ †jÝwU‡K KvMR n‡Z mvg‡b ev wcQ‡b mivI| 
6. †Kv‡bv GKwU wbw ©̀ó ~̀i‡Z¡ Zzwg e¯‘i ¯úó cÖwZwe¤^ KvM‡R †`L‡Z cv‡e| 
7. Gfv‡e ~̀‡ii e¯‘i ¯úó cÖwZwe¤^ †`qv‡j cÖ̀ k©b Kiv hvq| 
8. cÖwZwe‡¤^i MVb Av‡jvPbv Ki| 

AbymÜvb : 9.2 
wewfbœ e¨w³i †Pv‡Li ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ wbY©q I e¨envi‡hvM¨ Pkgv mbv³KiY 
D‡Ïk¨ : ¯úó `k©‡bi b~¨bZg `~iZ¡ cwigvc K‡i †Pv‡Li Î“wU wPwýZ Ki I e¨envi‡hvM¨ Pkgv mbv³ Kiv| 
DcKiY : Le‡ii KvMR A_ev eB| 
Kv‡Ri aviv :
1.  †Zvgvi wk¶K, mncvVx, gv-evev, eo fvB-†evb‡`i ga¨ †_‡K Pkgv e¨envi K‡i bv Ggb cuvPRb‡K 

evQvB Ki| 
2.  evQvBKiv GKRb‡K Le‡ii KvMRwU co‡Z `vI| 
3.  wZwb Le‡ii KvMRwU †PvL †_‡K †h Ae¯’v‡b †i‡L fv‡jvfv‡e co‡Z ¯^v”Q›`¨‡eva K‡i †m Ae¯’vbwU 

wPwýZ Ki| 
4.  Gevi GKwU †mw›UwgUvi †¯‹j e¨envi K‡i †PvL †_‡K Le‡ii KvM‡Ri Ae¯’vb cwigvc Ki| GUvB Zvi 

¯úó `k©‡bi b~̈ bZg ~̀iZ¡| 
5.  GBfv‡e cuvPRb e¨w³iB ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ cwigvc K‡i Q‡K wjL| 
6. QK †_‡K cÖ‡Z¨‡Ki ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ hvPvB (25cm Gi Kg ev †ewk n‡j) K‡i cÖ‡qvRbxq Pkgv 

mycvwik Ki‡Z cvi| 
7.  wfbœ wfbœ e¨w³i Avjv`v ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ nIqvi KviY Av‡jvPbv Ki| 

ch©‡e¶Y QK 
e¨w³i bvg AvbygvwbK eqm ¯úó `k©‡bi b~̈ bZg ~̀iZ¡ mycvwikK…Z Pkgv 

(cÖ‡qvRb n‡j)
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Abykxjbx
K. eûwbe©vPbx cÖkœ :
mwVK DË‡i wUK ( ) wPý `vI : 

1|  Nb gva¨‡gi wfZ‡i ivLv †Kv‡bv e¯‘‡K nvjKv gva¨g †_‡K †`L‡j Gi cÖwZwe¤^ ‡Kv_vq n‡e? 
 K)  Dc‡ii w`‡K D‡V Avm‡e  L)  wb‡Pi w`‡K m‡i hv‡e 
 M)  GKB RvqMvq _vK‡e|            N)  cv‡k m‡i hv‡e  

cv‡ki wPÎ †_‡K 2 I 3 bs cÖ‡kœi DËi `vI|                
2|  GLv‡b cÖwZmiY †KvY KZ? 

      K) 0
0          L) 90

0

           M) 180
0                                                           N) 45

0

3|  AvcZb †KvYwU hw` µvwšZ †Kv‡Yi †P‡q eo nq Zvn‡j Kx NU‡e ? 
 K) c~Y© Af¨šZixY cÖwZmiY     L)  c~Y© Af¨šZixY cÖwZdjb 
  M) cÖwZmiY     N)  cÖwZdjb 
4|  DËj †j‡Ý cÖwZwe¤^ A¼‡bi †¶‡Î mPivPi e¨eüZ iwk¥ wPÎ - 

      

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

5| †j‡Ýi ¶gZvi GKK †Kv‡bvwU ? 
 K) WvqvÞvi L) IqvU 
 M) Ak¦ ¶gZv N) wK‡jvIqvU-N›Uv   
L. m„Rbkxj cÖkœ 
1| `kg †kªwYi QvÎx wkDjx †kªwY K‡¶ e¨vK †ev‡W©i †jLv fvjfv‡e †`L‡Z cvq bv| d‡j Wv³v‡ii 

mibvcbœ n‡j Wv³vi Zv‡K -2D ¶gZvm¤úbœ †jÝ Pkgv wnmv‡e e¨env‡ii civgk© w`‡jb| 
K) †jÝ Kv‡K e‡j?

L) ¯úk© bv K‡i Kxfv‡e GKwU †jÝ mbv³ Kiv hvq?

M) wkDjxi Pkgvi †dvKvm ~̀iZ¡ wbY©q Ki|

N) wkDjx‡K FYvZ¥K (-) ¶gZvi †jÝ e¨env‡ii civgk© †`evi †hŠw³KZv we‡klY Ki|

oF F
o

F F
O

FF

(i)

(ii) (iii)
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`kg Aa¨vq

w¯’iZwor
STATICAL  ELECTRICITY 

     

[Avgiv Rvwb cÖ‡Z¨K c`v‡_©B †cÖvUb I B‡jKUªb _v‡K| Zzwg wK Rvb †h †Zvgvi kix‡i 1028 wU Gi †P‡qI †ewk †cÖvUb 
Ges cÖvq mgvb msL¨K B‡jKUªb Av‡Q| GB B‡jKUªb I †cÖvU‡bi GKwU †gŠwjK ag© n‡PQ Avavb (Charge)| †cÖvU‡bi 
Avavb‡K abvZ¥K I B‡jKUª‡bi Avavb‡K FYvZ¥K aiv nq| AvwnZ eš‘ ci¯ú‡ii Dci ej cÖ‡qvM K‡i Ñ hv Zwor ej 
bv‡g cwiwPZ| Zwor ej cÖK…wZi GKwU †gŠwjK I ¸i“Z¡c~Y© ej| GB Aa¨v‡q Avgiv †`Le Kxfv‡e †Kv‡bv e¯‘‡K AvwnZ 
Kiv hvq| Avgiv Av‡iv †`Le Kxfv‡e Avav‡bi Aw¯ÍZ¡ †evSv hvq, Kxfv‡e Zv‡`i ga¨Kvi ej wn‡me Ki‡Z nq| GB 
Aa¨v‡q Avgv‡`i Av‡jvwPZ Avavb¸‡jv GK¯’v‡b w¯’i _vK‡e, GB Rb¨ Avgiv GB Aa¨vq‡K w¯’i Zwor wn‡m‡e AvL¨vwqZ 
K‡iwQ| Avgiv me‡k‡l GB w¯’i Avav‡bi e¨envi Ges Gi †_‡K wKQz wec` I †mB wec` †_‡K Kxfv‡e mveavb _vK‡Z 
n‡e ZvI Av‡jvPbv Kie|] 

GB Aa¨vq cvV †k‡l Avgiv Ñ 

1. cigvYy MV‡bi wfwË‡Z Avavb m„wói †gŠwjK KviY e¨vL¨v Ki‡Z cvie| 

2. Nl©Y I Av‡ek cÖwµqvq Avavb m„wó e¨vL¨v Ki‡Z cvie| 

3 Zworex¶Y h‡š¿i mvnv‡h¨ Avavb mbv³KiY Ki‡Z cvie|

4 Kzj‡¤^i m~Î e¨envi K‡i Zwor  ej cwigvc Ki‡Z cvie|

5. Zwor †¶Î  m„wói KviY e¨vL¨v Ki‡Z cvie| 

6 Zwor ej‡iLvi w`K Zwor †¶‡Îi w`K‡K wb‡ ©̀k K‡i e¨vL¨v Ki‡Z cvie| 

7. Zwor wefe e¨vL¨v Ki‡Z cvie| 

8. Zwor kw³ msi¶‡Y avi‡Ki Kvh©µg e¨vL¨v Ki‡Z cvie| 

9. w¯’i Zwor e¨envi e¨vL¨v Ki‡Z cvie| 

10. w¯’i Zwor wec`RbK SuywK n‡Z i¶vi †KŠkj e¨vL¨v Ki‡Z cvie|  
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10.1  Avavb  
            Charge

GK kx‡Zi mKv‡j †mŠif Zvi cvw÷‡Ki wPi“bxwU nv‡Z wbj Pzj AvPov‡bvi Rb¨| wKš‘ Pzj AuvPov‡bvi Av‡M 
†mŠif wPi“bxwU‡K Zvi D‡ji cyjIfv‡ii mv‡_ wKQz¶Y N‡l wbj| Gevi Pzj AvPov‡Z †M‡j †m we¯§‡qi mv‡_ 
j¶ Kij †h H wPi“bx w`‡q Pzj AuvPov‡bv hv‡”Q bv, Pzj¸‡jv me Lvov n‡q †M‡Q †hb ci¯úi‡K weKl©Y K‡i `~‡i 
†V‡j w`‡”Q| †mŠif GLb wPi“bxwU‡K †Uwe‡ji Kv‡Q Avb‡ZB †`L‡Z †cj †h, †Uwe‡ji Dci c‡o _vKv UzK‡iv 
KvMR¸‡jv‡K wPi“bxwU AvKl©Y Ki‡Q| †mŠi‡fi gZ G iKg AwfÁZv nq‡Zv †Zvgv‡`i A‡b‡KiB n‡q‡Q| 
Avgv‡`i ˆ`bw›`b Rxe‡b Avgiv †`wL †h Avgv‡`i Pvicv‡ki A‡bK wRwbmB †mŠi‡fi wPi“bxi gZ AvPiY K‡i|  

Avgiv †`wL †h, †Kv‡bv e¯‘ we‡kl Ae¯’vq Ab¨ e¯‘‡K AvKl©Y K‡i ev ZworMȪ ’ ev AvwnZ  nq A_©vr e¯‘‡Z 
Zwo‡Zi DrcwË nq| GB Zwor †hLv‡b Drcbœ nq †mLv‡bB _v‡K e‡j G‡K w¯’i Zwor ejv nq| GLb †`Lv 
hvK, ZworMȪ ’  ev AvwnZ nIqv ej‡Z Avgiv Kx eywS ? 

Avgiv Rvwb cÖ‡Z¨K c`v_© ¶z̀ ª ¶z̀ ª KYv Øviv MwVZ| G‡`i‡K cigvYy e‡j| cÖ‡Z¨K c`v‡_©i cigvYy, 
wbDK¬xqv‡mi Pviw`‡K N~Y©vqgvb  B‡jKUªb Øviv MwVZ| wbDK¬xqv‡mi g‡a¨ `yB ai‡Yi KYv _v‡K-†cÖvUb I 
wbDUªb| c`v_© m„wóKvix †gŠwjK KYvmg~‡ni (B‡j±ªb I †cÖvUb) †gŠwjK I ˆewkó¨g~jK ag©B n‡”Q Avavb ev 
PvR©| B‡jKUª‡bi Avavb‡K FYvZ¥K Ges ‡cÖvU‡bi Avavb‡K abvZ¥K aiv nq| wbDUªb Zwor wbi‡c¶ A_©vr 
G‡Z †Kv‡bv Avavb †bB|GKwU ‡cÖvU‡b Avav‡bi cwigvY B‡jKUª‡bi Avav‡bi mgvb| ¯^vfvweKfv‡e GKwU 
cigvYy‡Z B‡jKUª‡bi msL¨v †cÖvU‡bi msL¨vi mgvb _v‡K| d‡j GKUv †MvUv cigvYy‡Z †Kv‡bv Zwor ag© cÖKvk 
cvq bv| wewfbœ c`v‡_©i  cigvYy‡Z †cÖvUb I B‡jKUª‡bi msL¨v wewfbœ nq|  

†Kv‡bv cigvYy‡Z hZ¶Y ch©š— B‡jKUªb I †cÖvU‡bi msL¨v mgvb _v‡K ZZ¶Y ch©š— Zv wb¯Íwor ev Zwor 
wbi‡c¶ _v‡K| wKš‘ cigvYy‡Z G‡`i msL¨v mgvb bv n‡j cigvYy ZworMȪ ’  nq A_©vr AvwnZ nq| †Kv‡bv 
cigvYy‡Z B‡jKUª‡bi msL¨v K‡g †M‡j †cÖvU‡bi AvwaK¨ †`Lv †`q| G Ae¯’v‡K ejv nq abvZ¥K Avav‡b AvwnZ 
nIqv| Avevi GB wew”Qbœ B‡jKUªb Aci †Kv‡bv cigvYyi mv‡_ hy³ n‡j †m cigvYy‡Z †cÖvU‡bi †P‡q B‡jKUª‡bi 
msL¨v †e‡o hvq, d‡j FYvZ¥K Avav‡b AvwnZ nq| cigvYy‡Z B‡jKUª‡bi msL¨v ¯^vfvwe‡Ki †P‡q Kg ev †ewk 
nIqv‡K AvwnZ nIqv e‡j| 

†h mKj c`v‡_©i ga¨ w`‡q Zwor Z_v Avavb mn‡R PjvPj Ki‡Z cv‡i Zv‡`i‡K cwievnK ev cwievnx e‡j, 
†hgb avZe c`v_©, gvwU, gvbe‡`n cÖf…wZ| mvaviYZ avZe c`v_© Zwor mycwievnK nq| Zvgv, iƒcv,
A¨vjywgwbqvg BZ¨vw` mycwievnK| Aci c‡¶ †h mKj c`v‡_©i ga¨ w`‡q Zwor Z_v Avavb PjvPj Ki‡Z cv‡i bv 
Zv‡`i‡K Aš—iK ev AcwievnK e‡j, †hgb KvV, KvMR, KvP  BZ¨vw`|  

10.2  Nl©‡Y AvwnZKiY
           Electrification by friction 

K‡i †`L : †Zvgvi cvw÷‡Ki †¯‹jwU‡K †Zvgvi ïK‡bv Pz‡ji mv‡_ wKQz¶Y N‡l KZ¸‡jv KvM‡Ri 
UzK‡ivi Kv‡Q ai | 

cix¶Y: GKwU nvjKv †kvjvi ej‡K GKwU myZvi mvnv‡h¨ †Kvb ÷¨vÛ ev ûK †_‡K Szwj‡q `vI| GLb GKwU 
ïK‡bv wm‡éi Kvc‡oi UzKiv w`‡q GKwU ïK‡bv KvP`‡Êi GKcÖvšÍ fv‡jvfv‡e N‡lv| KvP`Ê I †ikwg 
Kvc‡oi UzKiv m~‡h©i wKi‡Y ïwK‡q Mig K‡i wb‡j fv‡jv nq| GLb KvP`‡Êi Nlv cÖvšÍwU gy³fv‡e 
Szjv‡bv nvjKv †kvjvi e‡ji Kv‡Q Av‡bv| 
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¯^vfvweK Ae¯’vq c`v‡_©i cigvYy‡Z B‡jKUªb I †cÖvUb mgcwigv‡Y _v‡K| Z‡e cÖ‡Z¨K cigvYyiB cÖ‡qvR‡bi 
AwZwi³ B‡jKUª‡bi cÖwZ Avmw³ _v‡K| B‡jKUª‡bi cÖwZ GB Avmw³ wewfbœ  

e¯‘‡Z wewfbœ iKg| ZvB ỳwU e¯‘‡K hLb ci¯ú‡ii ms¯ú‡k© Avbv nq ZLb †h e¯‘i B‡jKUªb Avmw³ †ewk 
†m e¯‘ Aci e¯‘wU †_‡K B‡jKUªb msMÖn K‡i FYvZ¥K Avav‡b AvwnZ nq| GKwU KvP`Ê‡K wmé Øviv Nl‡j 
GiKg NUbv N‡U (wPÎ 10.1)| wm‡éi B‡jKUªb Avmw³ Kv‡Pi †P‡q †ewk e‡j, G‡`i hLb ci¯ú‡ii mv‡_ Nlv 
nq, ZLb KvP †_‡K B‡jKUªb wm‡é P‡j hvq| Gi d‡j wmé FYvZ¥K Avav‡b Ges KvP`Ê abvZ¥K Aav‡b 
AvwnZ nq| GRb¨ KvP`Ê ‡kvjvej‡K AvKl©Y K‡i (wPÎ 10.2)| Avevi d¬v‡b‡ji Kvc‡oi mv‡_ B‡evbvBU ev 
cwjw_b `Ê Nl‡j, cwjw_b `Ê FYvZ¥K Avav‡b AvwnZ Ges d¬v‡b‡ji Kvco abvZ¥K Avav‡b AvwnZ nq| 
KviY, cwjw_‡bi B‡jKUªb Avmw³ d¬v‡b‡ji †P‡q †ewk e‡j, ci¯ú‡ii mv‡_ Nl©‡Yi d‡j d¬v‡b‡ji Kvco   
†_‡K B‡jKUªb B‡evbvBU `‡Ê P‡j Av‡m (wPÎ 10.3)| 

10.3   Zwor Av‡ek 
    Electric Induction 

Avgiv †`‡LwQ †h, `ywU e¯‘i cvi¯úwiK Nl©‡Yi d‡j  Avav‡bi D™¢e nq| Avevi AvwnZ e¯‘‡K AbvwnZ e¯‘i 
ms¯ú‡k© Avb‡j AbvwnZ e¯‘wU AvwnZ nq| wKš‘ AbvwnZ e¯‘‡K AvwnZ e¯‘i ms¯ú‡k© bv G‡b ïay KvQvKvwQ 
wb‡q G‡jI GwU AvwnZ nq| Zwor Av‡e‡ki Rb¨ GiKg nq|GKwU AvwnZ e¯‘i Kv‡Q G‡b ¯úk© bv K‡i 
ïaygvÎ Gi Dcw¯’wZ‡Z †Kv‡bv AbvwnZ e¯‘‡K AvwnZ Kivi c×wZ‡K Zwor Av‡ek e‡j| wb‡Pi mnR cix¶vi 
mvnv‡h¨ Zwor Av‡ek e¨vL¨v Kiv hvq|

wPÎ : 10.4 

cix¶Y  : ivev‡ii nvZj wewkó GKwU ïK‡bv KvP`Ê‡K †ikg w`‡q fv‡jv K‡i N‡l Gi GK cÖvš— nv‡Z

a‡i Aci cÖvš— GKwU AbvwnZ cwievnK `Ê AB Gi  A cÖv‡š—i wbK‡U Avb‡j, cwievn‡Ki gy³ B‡jKUªb¸‡jv 
KvP`‡Êi abvZ¥K Avavb Øviv AvK…ó n‡q A cÖv‡š— m‡i Av‡m (wPÎ 10.4 K)| d‡j B cÖv‡š— B‡jKUªb NvUwZ 
m„wó nq, A_©vr B cÖvš— abvZ¥K Avav‡b AvwnZ nq Ges A cÖvš— FYvZ¥K Avavbhy³ nq| Avavb msMÖvnK [GKwU 
Acwievnx nvZ‡ji cÖv‡š— jvMv‡bv ¶z̀ ª avZe cvZ ev ej] w`‡q B cÖvš— †_‡K wKQz Avavb msMÖn K‡i (wPÎ 10.4 L) 
Zworex¶Y h‡š¿i mvnv‡h¨ Gi cÖK…wZ  wbY©q Ki‡j, DcwiD³ e³‡e¨i mZ¨Zv cÖgvwYZ n‡e| 

GLv‡b bZzb †Kv‡bv Avavb Drcbœ nq bv| AvwnZ KvP`‡Êi Dcw¯’wZi Kvi‡Y mgcwigvY wecixZ RvZxq Avavb 
c„_K n‡q cwievnxi `yB cÖv‡š— m‡i †M‡Q gvÎ| hZ¶Y KvP`ÊwU AB cwievnxi Kv‡Q _vK‡e ZZ¶Y wecixZ 
Avavb Gfv‡e c„_K n‡q cwievnxi ỳB cÖv‡š— Ae¯’vb Ki‡e| Dc‡ii cix¶vq KvP`‡Êi abvZ¥K Avavb hv AB

wPÎ : 10.1 wPÎ : 10.2 wPÎ : 10.3
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m¤úªmvwiZ Kg©KvÊ  : GKwU dzjv‡bv †ejyb‡K †Zvgvi Rvgvi mv‡_ Nl | Gi ci GwU‡K N‡ii 
†`Iqv‡ji mv‡_ GKUz Lvwb †P‡c a‡i †Q‡o `vI| wK †`L‡j ? †ejybwU †`Iqv‡j AvU‡K Av‡Q|  
m¤úªmvwiZ Kg©KvÊ : GKwU cvw÷‡Ki e¯‘‡K Rvgvi mv‡_ Nl | Gi ci cvwbi Kj †_‡K cov 
GKwU ¶xY cvwbi avivi Kv‡Q ai | cvwbi aviv e¯‘i w`‡K †e‡K Avm‡e |  

cwievnx‡Z Av‡ek m„wó Kij Zv‡K Av‡ekx Avavb e‡j| Avi AB cwievnx‡Z †h Avav‡bi mÂvi nq Zv‡K 
Avweó Avavb e‡j| 

†ejy‡b m„ó FYvZ¥K Avavb †`Iqv‡j Av‡ek m„wó K‡i| †`Iqv‡j Avweó abvZ¥K Avavb FYvZ¥K Avavbwewkó 
†ejyb‡K AvKl©b K‡i iv‡L (wPÎ 10.5)| GKB NUbv N‡U cvwbi avivi †¶‡Î (wPÎ 10.6)|  

10.4   Zworex¶Y hš¿ 
             Electroscope

MVb : †h h‡š¿i mvnv‡h¨ †Kv‡bv e¯‘‡Z Avav‡bi Aw¯ÍZ¡ I cÖK…wZ wbb©q Kiv hvq Zv‡K Zworex¶Y hš¿ 
e‡j| GB h‡š¿ GKwU wcZj ev Ab¨ †Kv‡bv avZe `Ê R Gi Dc‡i GKwU avZe PvKwZ ev †MvjK AvUKv‡bv 
_v‡K (wPÎ 10.7)| `‡Êi wb‡Pi cÖv‡š— `ywU nvjKv †mvbvi cvZ mshy³ _v‡K| cvZ `ywU †mvbvi e`‡j 
A¨vjywgwbqvg ev Ab¨ †Kv‡bv nvjKv avZziI n‡Z cv‡i| cvZmn `‡Êi wb‡Pi Ask Acwievnx c`v_© w`‡q ˆZwi 
wQwc C Gi ga¨ w`‡q GKwU KvP cv‡Îi g‡a¨ cÖ‡ek Kiv‡bv _v‡K| hš¿wU KvP cv‡Îi wfZ‡i  _vKvq evqy cÖevn 
Gi ¶wZ Ki‡Z cv‡i bv|

Zworex¶Y hš¿‡K AvwnZKiY : GKwU KvP`Ê‡K †ikg w`‡q Nl‡j KvP`‡Ê 
abvZ¥K Avav‡bi D™¢e nq| H AvwnZ KvP`Ê‡K Zworex¶‡Yi PvKwZ ev 
†Mvj‡Ki Mv‡q ¯úk© Kiv‡j `Ê n‡Z LvwbKUv Avavb PvKwZ‡Z P‡j hvq| GB 
Avavb mycwievnx avZe `‡Êi ga¨ w`‡q †mvbvi cvZØ‡q †cŠu‡Q| d‡j †mvbvi cvZ 
ỳwU GKB RvZxq Avavb †c‡q ci¯úi‡K weKl©Y K‡i Ges ci¯úi †_‡K ~̀‡i m‡i 

hvq ev we‡ùvwiZ nq| GB Ae¯’vq KvP`Ê mwi‡q wb‡j hw` cvZØ‡qi ga¨eZ©x 
dvuK bv K‡g, Zvn‡j hš¿wU  abvZ¥K Avav‡b AvwnZ n‡q‡Q e‡j wm×vš— †bIqv 
hvq|hš¿‡K FYvZ¥K Avav‡b AvwnZ Ki‡Z n‡j GKwU B‡evbvBU `Ê‡K d¬v‡bj 
Øviv N‡l FYvZ¥K Avavbhy³ K‡i DcwiD³ cÖwµqvq PvKwZ ¯úk© Kiv nq|  Gi 
d‡j ¯^Y©cvZ ỳwU FYvZ¥K Avavb †c‡q ci¯úi †_‡K ~̀‡i m‡i dvuK n‡q hv‡e Ges 
†mB Ae¯’vqB _vK‡e| Avavb hZ †ewk n‡e, avZe cvZ¸‡jvI ZZ †ewk dvuK n‡q hv‡e| 

wPÎ 10.5

wPÎ : 10.6 

wPÎ : 10.7 
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Avav‡bi Dcw¯’wZ wbY©q : †Kv‡bv e¯‘‡Z Avav‡bi Aw¯ÍZ¡ A_©vr †Kv‡bv e¯‘‡Z Avavb Av‡Q wK bv wbY©‡qi Rb¨ 
e¯‘wU‡K GKwU AbvwnZ Zworex¶Y h‡š¿i PvKwZi Kv‡Q Avb‡Z n‡e| G‡Z hw` cvZ ỳwU ci¯úi †_‡K ~̀‡i 
m‡i hvq, Zvn‡j eyS‡Z n‡e e¯‘wU‡Z Avav‡bi Aw¯ÍZ¡ Av‡Q| wKš‘ hw` cvZ ỳwU ci¯úi †_‡K ~̀‡i m‡i bv 
hvq, Zvn‡j eyS‡Z n‡e e¯‘wU‡Z Avavb †bB|

Avav‡bi cÖK…wZ wbY©q :  †Kv‡bv ZworMÖ¯Í e¯‘‡Z Kx ai‡Yi Avavb Av‡Q Zv Rvb‡Z n‡j Zworex¶Y hš¿wU‡K 
cÖ_‡g abvZ¥K wKsev FYvZ¥K Avav‡b AvwnZ Ki‡Z n‡e| aiv hvK, hš¿wU‡K abvZ¥K Avav‡b AvwnZ Kiv 
n‡jv| H Ave¯’vq cvZØ‡q abvZ¥K Avavb _vKvq Giv dvuK n‡q hv‡e|  GLb cix¶Yxq e¯‘wU‡K Zworex¶Y 
h‡š¿i PvKwZi ms¯ú‡k© Avb‡j hw` cvZ ỳwUi dvuK K‡g hvq, Zvn‡j eyS‡Z n‡e H e¯‘wU FYvZ¥K Avav‡b 
AvwnZ| c¶vš—‡i cix¶Yxq e¯‘wU‡K PvKwZi ms¯ú‡k© Avb‡j hw` dvuK †e‡o hvq, Zvn‡j eyS‡Z n‡e e¯‘wU 
abvZ¥K Avav‡b AvwnZ|

10.5  Zwor ej 
        Electric force 

e‡ji cÖK…wZ : GKwU abvZ¥K Avav‡b AvwnZ cvw÷K `Ê‡K bvBj‡bi myZv w`‡q  Szwj‡q †`Iqv n‡jv (wPÎ 10.8 
K)| Gevi GKwU FYvZ¥K Avav‡b AvwnZ cwjw_‡bi `Ê‡K Gi wbK‡U Avbv n‡jv| wK †`Lv hv‡e ? cvw÷‡Ki
`ÊwU cwjw_‡bi `‡Êi w`‡K Ny‡i hv‡e| G †_‡K eySv hvq, ỳwU wecixZ Avav‡b AvwnZ e¯‘ ci¯úi‡K AvKl©Y 
K‡i| 

(K)                  (L) 
wPÎ : 10.8 

Gevi GKwU abvZ¥K Avav‡b AvwnZ cvw÷K `Ê‡K Szjvb abvZ¥K Avav‡b AvwnZ cvw÷‡Ki `‡Êi w`‡K wb‡q G‡j 
(wPÎ 10.8 L) wK †`Lv hv‡e? Szjvb `ÊwU ª̀“Z ~̀‡i m‡i hv‡e| A_©vr mgRvZxq Avavb ci¯úi‡K weKl©Y K‡i| 

Kzj‡¤^i m~Î : Avgiv ‡`Ljvg, `ywU wecixZ RvZxq Avavb ci®úi‡K AvKl©Y K‡i, `ywU mgRvZxq Avavb 
ci¯úi‡K weKl©Y K‡i| ỳwU Avav‡bi ga¨eZ©x GB AvKl©Y ev weKl©‡Yi e‡ji gvb wbf©i K‡i, 
1. Avavb ỳwUi cwigv‡Yi Dci| 
2. Avavb ỳwUi ga¨eZ©x ~̀i‡Z¡i Dci| 
3. Avavb ỳwU †h gva¨‡g Aew¯’Z Zvi cÖK…wZi Dci| 

ỳwU Avav‡bi ga¨eZ©x AvKl©Y ev weKl©Y ej m¤ú‡K© weÁvbx Kzj¤^ 
GKwU m~Î wee„Z K‡ib| G‡K Kzj‡¤^i m~Î e‡j| 

m~Î : wbw ©̀ó gva¨‡g ỳwU we› ỳ Avav‡bi  g‡a¨ wµqvkxj AvKl©Y ev weKl©Y 
e‡ji gvb AvavbØ‡qi ¸Yd‡ji mgvbycvwZK, ga¨eZ©x ~̀i‡Z¡i e‡M©i 
e¨¯ÍvbycvwZK Ges GB ej G‡`i ms‡hvRK mij‡iLv eivei wµqv K‡i| 

aiv hvK, ỳwU Avav‡bi cwigvb h_vµ‡g q1 I q2 Ges G‡`i ga¨eZ©x 
`~iZ¡ d (wPÎ 10.9)| G‡`i ga¨eZ©x wµqvkxj AvKl©Y ev weKl©Y ej F  n‡j, Kzj‡¤^i m~Îvbymv‡i, 

wPÎ : 10.9 
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1 2

2

1 2

2
(10.1)

q q
F

d

q q
F C

d
ev,

GLv‡b C GKwU mgvbycvwZK aª“eK| k~b¨¯’v‡bi Rb¨ Gi gvb 9 2 29 10 Nm C | G‡K A‡bK mgq 
Kzj‡¤^i aª“eK ejv nq| 

Avav‡bi GKK : Avav‡bi GKK n‡”Q Kzj¤^ (C)| GwU GKwU jä GKK| A¨w¤úqv‡ii mvnv‡h¨ Gi msÁv †`Iqv 
nq|

†Kv‡bv cwievn‡Ki ga¨ w`‡q GK A¨vw¤úqvi (1 A) cÖevn GK †m‡KÛ (1 s) a‡i Pj‡j Gi †h †Kv‡bv cÖ¯’‡”Q` 
w`‡q †h cwigvY Avavb cÖevwnZ nq Zv‡K GK Kzj¤^ (1 C) e‡j| 

MvwYwZK D`vniY 10.1 : GKwU 20 C Gi AvwnZ e¯‘‡K k~b¨¯’v‡b Avci GKwU 50 C Gi AvwnZ e¯‘ †_‡K 
2 m  ~̀‡i ivLv n‡jv| G‡`i ga¨eZ©x e‡ji gvb wbb©q Ki| 

Avgiv Rvwb,

1 2

2

9 2 -2

2

12

20 C× 50 C
9 10 N m C ×

( 2 m)

= 2.25×10 N

q q
F C

d

10.6  Zwor †¶Î 
        Electric field 

aiv hvK A GKwU abvZ¥K  Avav‡bi e¯‘| GLb P we› ỳ‡Z (wPÎ 10.10) hw` GKwU Avavb +q  ivLv nq 
Zvn‡j A e¯‘i  Avav‡bi Rb¨  +q  Avavb wU GKwU ej Abyfe Ki‡e| Avgiv 
ewj P we› ỳ‡Z GKwU  Zwor ‡¶Î weivR Ki‡Q hvi Drm n‡”Q AvwnZ e¯‘ A|
A_©vr, GKwU AvwnZ e¯‘i wbK‡U Ab¨ GKwU AvwnZ e¯‘ Avb‡j †mwU AvKl©Y 
ev weKl©Y ej Abyfe K‡i| AvwnZ e¯‘i Pviw`‡K †h AÂj Ry‡o GB cÖfve 
we`¨gvb _v‡K †mB AÂj‡KB GB e¯‘wUi Zwor †¶Î  e‡j| 

Zwor ZxeªZv: Kzj‡¤^i m~Î †_‡K †`Lv hvq †h, P  we› ỳwU A  e¯‘wUi  hZ 
wbKUeZ©x nq H we› ỳ‡Z Zwor †¶‡Îi mejZvI ZZ e„w× cvq| Zwor †¶‡Îi 
mejZv‡K ZxeªZv ejv nq | Zwor †¶‡Îi †Kv‡bv we› ỳ‡Z GKwU GKK abvZ¥K 
Avavb ¯’vcb Ki‡j †mwU †h ej Abyfe K‡i Zv‡K H we› ỳi Zwor ZxeªZv e‡j|  

hw` P  we›`y‡Z ¯’vwcZ AvavbwU  F ej jvf K‡i Zvn‡j P  we› ỳi Zwor ZxeªZv, 

F
E

q
               (10.2)

Zwor ZxeªZv GKwU †f±i ivwk Ges Gi w`K n‡”Q Zwor †¶‡Î ¯’vwcZ abvZ¥K Avav‡bi Dci wµqvkxj e‡ji w`‡K| 

Zwor ZxeªZvi GKK n‡”Q wbDUb / Kzj¤^ (N C 
– 1

)|

GLv‡b,
1g Avavb, q1 = 20 C 

2q Avavb, q2 = 50 C 

`~iZ¡, d = 2 m 

ej, F = ? 

wPÎ : 10.10 
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wPÎ : 10.11 

MvwYwZK D`vniY 10.2 : †Kv‡bv Zwor †¶‡Î 5 C Gi GKwU AvwnZ e¯‘ ¯’vcb Ki‡j hw` †mwU 200 N ej
jvf K‡i Z‡e H we›`y‡Z Zwor †¶‡Îi ZxeªZvi gvb wbY©q Ki| 

Avgiv Rvwb,

-1

200 N

5 C

= 40 N C

F
E

q

Dt 140 N C

Zwor ej‡iLv : Zwor ‡¶Î m¤ú‡K© aviYv cvIqvi Rb¨ gvB‡Kj d¨viv‡W Zwor ej‡iLvi AeZviYv K‡ib|

†Kv‡bv Zwor †¶‡Î GKwU abvZ¥K Avavb ¯’vcb Ki‡j GwU ej jvf Ki‡e| hw` AvavbwU gy³ nq Z‡e †mwU GB ej 
jv‡fi d‡j w¯’i bv †_‡K GKwU wbw ©̀ó c‡_ Pj‡e| Zwor †¶‡Î GKwU gy³ abvZ¥K Avavb ¯’vcb Ki‡j GwU †h 
c‡_ cwiågY K‡i Zv‡K Zwor ej‡iLv e‡j| ej‡iLvi ev¯Íe †Kv‡bv Aw¯ÍZ¡ †bB| GB †iLv¸‡jv KvíwbK| Zwor 
ej‡iLv Zwor †¶‡Îi †Kv‡bv we› ỳ‡Z Zwor ZxeªZvi cwigvc I w`K e¨vL¨v Kivi Rb¨ e¨envi Kiv nq|Zwor †¶‡Îi 
ej‡iLv¸‡jv Ggb nq †h, Zwor †¶‡Îi †Kv‡bv we› ỳ‡Z ej‡iLvi mv‡_ Aw¼Z ¯úk©K H we› ỳ‡Z Zwor ZxeªZvi w`K 
wb‡ ©̀k K‡i| ej‡iLvi mv‡_ j¤^fv‡e Aew¯’Z GKK ‡¶Îd‡ji ga¨ w`‡q AwZµvš— ej‡iLvi msL¨v ZxeªZvi 
mgvbycvwZK|  †Kv‡bv Zwor †¶‡Îi ej‡iLvi wP‡Î ej‡iLvi ga¨eZ©x dvuK Zwor ZxeªZvi gvb wb‡ ©̀k K‡i| Zwor 
†¶‡Îi †h me GjvKvq ej‡iLv¸‡jv KvQvKvwQ Aew¯’Z, A_©vr Nbmwbœweó †mLv‡b E  Gi gvb †ewk, Avi †h me 
GjvKvq ej‡iLv¸‡jv ~̀‡i ~̀‡i Aew¯’Z †m me ¯’v‡b E  Gi gvb †QvU ev Kg nq|

AvwnZ e¯‘i wewfbœ Ae¯’v‡bi Rb¨ Zwor †¶‡Îi ej‡iLvi cÖK…wZ wfbœ nq| wb‡P K‡qKwU Zwor †¶‡Îi 
ej‡iLv eY©bv Kiv n‡jv| Av‡jvPbvi myweav‡_© cwievnK¸‡jv‡K †MvjvKvi aiv n‡q‡Q| 

1.  GKwU c„_K abvZ¥K Avav‡bi Rb¨ ej‡iLvi cÖK…wZ 10.11 (K) wP‡Î †`Lv‡bv n‡jv| G‡¶‡Î ej‡iLv¸‡jv
cwievn‡Ki c„ô †_‡K j¤^ eivei mylgfv‡e †ei n‡q‡Q| e¯‘wUi Avav‡bi cwigvY evo‡j ej‡iLvi 
msL¨vI evo‡e| 

2.  `ywU mgvb I wecixZ RvZxq Avavb Øviv m„ó Zwor 
†¶‡Îi ej‡iLv 1.11 (L) wP‡Î †`Lv‡bv n‡jv| G‡¶‡Î 
ej‡iLv¸‡jv abvZ¥K Avavb †_‡K †ei n‡q FYvZ¥K 
Avav‡b cÖ‡ek K‡i| 

3.  mgvb gv‡bi ỳwU abvZ¥K Avavb cvkvcvwk ¯’vcb Ki‡j 
G‡`i m„ó Zwor †¶‡Îi ej‡iLv 1.11 (M) wP‡Î †`Lv‡bv 
n‡jv| G‡¶‡Î ej‡iLv¸‡jv ci¯úi †_‡K ~̀‡i m‡i hv‡e, 
d‡j ỳB Avav‡bi gvSLv‡b †Kv‡bv ej‡iLv _v‡K bv| 
wP‡Î GB ¯’vb‡K X  wPý w`‡q †`Lv‡bv n‡jv| GB ¯’v‡b 
†Kv‡bv Avavb ¯’vcb Ki‡j †mwU †Kv‡bv ej jvf Ki‡e 
bv| GB we›`y‡K wbi‡c¶ we›`y ejv nq|  

GLv‡b,
Avavb, q = 5 C 

ej, F = 200 N 

Zwor ZxeªZv , E = ? 
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4.  ỳwU Amgvb abvZ¥K Avav‡bi Rb¨ m„ó Zwor †¶‡Îi ej‡iLv 1.11 (N) wP‡Î †`Lv‡bv n‡jv| G‡¶‡Î 
wbi‡c¶ we› ỳ N ¶z̀ ªZi Avav‡bi wbKUeZ©x n‡e| 

10.7  Zwor wefe 
        Electric potential 

Zwor †¶‡Îi †hgb ZxeªZv _v‡K, †Zgwb Zwor †¶‡Îi wefeI _v‡K| wefe Øviv wba©vwiZ n‡e Zwor †¶‡Î  
GKwU Avavb †Kv‡bv w`‡K MwZkxj n‡e ev `ywU cwievnK mshy³ Ki‡j †Kvb cwievnK †_‡K †Kvb cwievn‡K 
Avavb cÖevwnZ n‡e| Zwor ‡¶Î m„wóKvix AvwnZ e¯‘wUi Avavb  abvZ¥K n‡j GKwU abvZ¥K Avavb‡K e¯‘i 
w`‡K Avb‡Z weKl©Y e‡ji wei“‡× KvR Ki‡Z nq| myZivs, Amxg †_‡K GKwU GKK abvZ¥K Avavb‡K e¯‘i 
hZ wbKUeZ©x †Kv‡bv we› ỳ‡Z Avb‡Z n‡e ZZ †ewk KvR Ki‡Z n‡e| ZvB abvZ¥Kfv‡e AvwnZ GKwU e¯‘i 
Zwor †¶‡Îi g‡a¨ GKwU we›`y e¯‘wUi hZ wbK‡U n‡e Zvi wefeI ZZ †ewk n‡e|abvZ¥Kfv‡e AvwnZ GKwU 
e¯‘i Zwor †¶‡Î ¯’vwcZ GKwU abvZ¥K Avavb hw` gy³fv‡e Pj‡Z cv‡i, Z‡e †mwU abvZ¥Kfv‡e AvwnZ e¯‘ 
†_‡K ~̀‡i m‡i hv‡e| myZivs ejv P‡j abvZ¥K Avavb D”P wefe †_‡K wb¤œ wef‡ei w`‡K P‡j| Acic‡¶ 
FYvZ¥K Avavb abvZ¥K fv‡e AvwnZ e¯‘i w`‡K P‡j| myZivs, FYvZ¥K Avavb wb¤œwefe †_‡K D”P wef‡ei 
w`‡K P‡j| ‡¶Î m„wóKvix AvwnZ e¯‘wU FYvZ¥Kfv‡e AvwnZ n‡j GKwU GKK abvZ¥K Avavb‡K H e¯‘i 
w`‡K Avb‡Z AvKl©Y ej Øviv KvR m¤úbœ n‡e| FYvZ¥Kfv‡e AvwnZ e¯‘i Zwor †¶‡Î Amxg †_‡K abvZ¥K 
Avavb e¯‘i w`‡K Avm‡Z wb‡RB KvR K‡i| d‡j AvavbwU kw³ nvivq Ges Zwor †¶‡Îi †Kv‡bv we› ỳi 
wefe‡K FYvZ¥K aiv nq|  

wef‡ei cwigvc :  Amxg ~̀iZ¡ †_‡K cÖwZ GKK  abvZ¥K Avavb‡K Zwor †¶‡Îi †Kv‡bv we›`y‡Z Avb‡Z †h 
cwigvb KvR m¤úbœ nq Zv‡K H we› ỳi Zwor wefe e‡j| Avevi, Amxg †_‡K cÖwZ GKK abvZ¥K Avavb‡K 
cwievn‡Ki Lye wbK‡U Avb‡Z Zwor ej Øviv ev Zwor e‡ji wei“‡× †h cwigvY KvR m¤úbœ nq, Zv‡K H 
cwievn‡Ki wefe e‡j|  

Amxg †_‡K ¶z`ª Avavb q †K Zwor †¶‡Îi †Kv‡bv we› ỳ‡Z ev cwievn‡Ki Lye wbK‡U Avb‡Z hw` m¤úbœ Kv‡Ri 

cwigvY W nq, Z‡e H we›`yi ev H cwievn‡Ki wefe V n‡e W
V

q
       (10.3)

ỳwU AvwnZ cwievnK‡K ZworMZfv‡e hy³ Ki‡j †Kvb w`K w`‡q Avavb cÖevwnZ n‡e Zwor wefe Øviv Zv 
wba©vwiZ nq| 

ỳwU Avavbhy³ avZe †MvjK‡K GKwU cwievnK Zvi Øviv hy³ Ki‡j (wPÎ 10.12) wb‡Pi †h †Kv‡bv GKUv NUbv 
NU‡Z cv‡i| 

1. evg †MvjK †_‡K wKQz Avavb Wvb †Mvj‡K †h‡Z cv‡i| 

2. Wvb †MvjK †_‡K wKQz Avavb evg †Mvj‡K †h‡Z cv‡i|

3. Avavb ‡hgb wQj †ZgbB _vK‡Z cv‡i|  

Avavb †Kvb †MvjK †_‡K †Kvb †Mvj‡K hv‡e Zv wKš‘ †MvjKØ‡qi 
Avav‡bi cwigv‡Yi Dci wbf©i K‡i bv| GwU wbf©i K‡i †h welqwUi 
Dci Zv‡K Zwor wefe ejv nq| ‡h †Mvj‡Ki wefe †ewk Zv †_‡K Kg 
wef‡ei †Mvj‡K abvZ¥K Avavb cÖevwnZ n‡e| `ywU †Mvj‡Ki wefe mgvb 
bv nIqv ch©š— Avav‡bi GB cÖevn Pj‡e| wPÎ : 10.12
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myZivs, wefe n‡”Q AvwnZ cwievn‡Ki Zwor Ae¯’v hv wba©viY K‡i H cwievnKwU Ab¨ †Kv‡bv cwievn‡Ki mv‡_ 
ZworMZfv‡e hy³ Ki‡j Avavb †`‡e bv †b‡e| 

ZvcgvÎv  I Zi‡ji gy³Z‡ji mv‡_ wef‡ei mv`„k¨ : ZvcweÁvb I D`w¯’wZwe`¨vq h_vµ‡g ZvcgvÎv I Zi‡ji 
gy³Zj †h f~wgKv cvjb K‡i _v‡K w¯’i Zworwe`¨vq wefeI †mB GKB f~wgKv cvjb K‡i _v‡K| Avgiv Rvwb, 
`ywU e¯‘‡K Zvcxqfv‡e mshy³ Ki‡j Zv‡`i g‡a¨ Zv‡ci Av`vb cÖ̀ vb n‡Z cv‡i| Zv‡ci cÖevn e¯‘i fi Z_v 
Zv‡ci cwigv‡Yi Dci wbf©i K‡i bv -Zv‡ci cÖevn wbf©i K‡i ZvcgvÎvi Dci| AZ¨š— DËß GKwU  e¯‘‡K 
Zvi †P‡q A‡bK¸Y fvix wKš‘ Kg ZvcgvÎv wewkó Aci e¯‘i mv‡_ mshy³ Ki‡j Zvc †QvU e¯‘ †_‡K eo 
e¯‘‡Z cÖevwnZ n‡e, hw`I eo e¯‘i Zv‡ci cwigvY †QvU e¯‘i ga¨¯’ Zv‡ci cwigv‡Yi †P‡q A‡bK †ewk| 

GKB Abyf~wgK Z‡j ¯’vwcZ ỳwU cvÎ A  I B GKwU 
bj Øviv ÷c-KK S Gi gva¨‡g hy³ Av‡Q (wPÎ 
10.13)| ÷c-KK eÜ K‡i A  I B †Z cvwb Xvjv 
n‡jv hv‡Z A  I B Dfq b‡j cvwbi D”PZv mgvb nq| 
B b‡ji e¨vm A b‡ji e¨v‡mi †P‡q A‡bK eo nIqvq 
GKB D”PZv ch©š— cvwb c~Y© Ki‡Z B b‡ji Rb¨ A‡bK 
†ewk cvwbi cÖ‡qvRb n‡e| GLb hw` ÷c-KK Ly‡j 
†`Iqv nq Z‡e †`Lv hv‡e Zv‡`i D”PZvi †Kv‡bv  
cwieZ©b nq bv, A_©vr cvwbi cÖevn N‡U bv| ỳB b‡ji 
g‡a¨ cvwbi cwigvY wfbœ nIqv m‡Ë¡I D”PZv mgvb 
_vKvi Rb¨ cvwbi cÖevn n‡”Q bv| GLb hw` cybivq 
÷c-KK eÜ K‡i A b‡j mvgvb¨ cwigvY cvwb Xvjv nq Z‡e A-†Z cvwbi cwigvY B Gi †P‡q KgB _vK‡e 
wKš‘ Gi D”PZv Aí e„w× cv‡e| Gici ÷c-KK Ly‡j †`Lv hvq †h A †_‡K cvwb B †Z cÖevwnZ nq Ges 
cybivq A  I B -Gi cvwbi ¯Í‡¤¢i D”PZv mgvb nq| G †_‡K eySv hvq, cvwbi cÖevn A_©vr Av`vb-cÖ`vb cvwbi 
cwigv‡Yi Dci wbf©i K‡i bv D”PZvi Dci wbf©i K‡i| 

aiv hvK, `ywU cwievnK abvZ¥Kfv‡e AvwnZ| cÖ_g cwievn‡Ki Avav‡bi cwigvY wØZxq cwievn‡Ki Avav‡bi 
†P‡q †ewk, wKš‘ cÖ_gwUi wefe wØZxqwUi †P‡q Kg| GLb cwievnK ỳwU‡K GKwU cwievnK Zvi w`‡q mshy³ 
Ki‡j wØZxq cwievnK †_‡K cÖ_g cwievn‡K abvZ¥K Avavb cÖevwnZ n‡e| Avav‡bi cwigvY cÖ_g cwievn‡K 
†ewk nIqv m‡Ë¡I wefe Kg nIqvq GwU Avavb MÖnY K‡i| Avav‡bi cÖev‡ni d‡j hLb cwievnK `ywUi wefe 
mgvb n‡e ZLb Avav‡bi cÖevn eÜ n‡q hv‡e| 

myZivs, ejv hvq, ZvcweÁv‡b ZvcgvÎvi f~wgKv, D`w¯’wZwe`¨vq Zi‡ji gy³Z‡ji f~wgKv Avi w¯’i  
Zworwe`¨vq wef‡ei f~wgKv GKB| 

c„w_ex ev f~wgi wefe k~b¨ : c„w_ex GKwU Zwor cwievnK| †Kv‡bv AvwnZ e¯‘‡K c„w_exi mv‡_ hy³ Ki‡j 
e¯‘wU wb¯ÍwoZ nq| abvZ¥Kfv‡e AvwnZ e¯‘‡K f~-mshy³ Ki‡j c„w_ex †_‡K B‡jKUªb G‡m e¯‘‡K 
wb¯ÍwoZ K‡i| Avi FYvZ¥Kfv‡e AvwnZ e¯‘‡K c„w_exi mv‡_ mshy³ Ki‡j e¯‘ †_‡K B‡jKUªb f~wg‡Z 
cÖevwnZ nq, d‡j e¯‘wU wb¯ÍwoZ nq| c„w_ex GZ weivU †h, G‡Z Avavb †hvM-we‡qvM Ki‡j Gi wef‡ei 
cwieZ©b nq bv| †hgb, mgy`ª †_‡K cvwb Zz‡j wb‡j ev mgy‡`ª cvwb Xvjv n‡j Gi cvwb Z‡ji †Kv‡bv cv_©K¨ nq 
bv| c„w_ex wewfbœ e¯‘ †_‡K cÖwZwbqZ Avavb MÖnY K‡i Avevi mv‡_ mv‡_ Ab¨ e¯‘‡K Avavb mieivnI K‡i, 
d‡j c„w_ex‡K Avavbnxb g‡b Kiv nq| †Kv‡bv ¯’v‡bi D”PZv wbY©‡qi mgq mgy‡`ªi DcwiZ‡ji D”PZv‡K †hgb 
k~b¨ aiv nq †Zgwb wefe wbY©‡qi mgq c„w_exi wefe‡KI k~b¨ aiv nq| 

wPÎ : 10.13 
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k~b¨, abvZ¥K I FYvZ¥K wefe : †Kv‡bv Avavbnxb cwievn‡Ki wefe‡K k~b¨ aiv nq| †Kv‡bv AvwnZ 
cwievnK‡K c„w_exi mv‡_ mshy³ Ki‡j Zvi wefeI k~b¨ nq| †Kbbv, mshy³ Ae¯’vq c„w_ex I cwievnK GK‡Î 
GKwU cwievn‡K cwiYZ nq| abvZ¥K Avav‡b AvwnZ cwievn‡Ki wefe abvZ¥K Avi FYvZ¥K Avav‡b AvwnZ 
cwievn‡Ki wefe FYvZ¥K |   

wef‡ei GKK †fvë : Amxg †_‡K cÖwZ Kzj¤^ (1C) abvZ¥K Avavb‡K Zwor †¶‡Îi †Kv‡bv we›`y‡Z Avb‡Z hw` 
GK Ryj (1J) KvR m¤úbœ nq, Z‡e H we› ỳi wefe‡K GK †fvë (1V) e‡j| 

Zwor †¶‡Îi †Kv‡bv we›`yi wefe 20V ej‡Z eySvq Amxg †_‡K cÖwZ Kzj¤^ abvZ¥K Avavb‡K Zwor †¶‡Îi H 
we› ỳ‡Z Avb‡Z 20J KvR m¤úbœ nq| 

wefe cv_©K¨ : aiv hvK, Zwor †¶‡Îi g‡a¨ Aew¯’Z A I B
`ywU we›`y hv‡`i wefe h_vµ‡g VA I VB (wPÎ 10.14)| 
Amxg †_‡K cÖwZ GKK abvZ¥K Avavb‡K A we› ỳ‡Z Avb‡Z 
Kv‡Ri cwigvY VA Ges B we›`y‡Z Avb‡Z Kv‡Ri cwigvY 
VB| AZGe cÖwZ GKK abvZ¥K Avavb‡K B we›`y †_‡K A

we› ỳ‡Z Avb‡Z Kv‡Ri cwigvY VA - VB A_©vr GB ỳB we› ỳi wefe cv_©K¨| 

cÖwZ GKK abvZ¥K Avavb‡K Zwor †¶‡Îi GK we› ỳ †_‡K Ab¨ we› ỳ‡Z ¯’vbvš—i Ki‡Z m¤úbœ Kv‡Ri 
cwigvY‡K GB ỳB we› ỳi wefe cv_©K¨ e‡j| wefe cv_‡K¨i GKK Aek¨B †fvë| 

10.8  Zwor aviK 
       Electric capacitor 

Zwor Avavbiƒ‡c kw³ mÂq Kivi mvg_©̈ ‡K aviKZ¡ ejv nq| aviKZ¡ eRvq ivLvi Rb¨ D™¢vweZ hvwš¿K 
†KŠkjB aviK| †Kv‡bv Drm †_‡K †hgb Zwor †Kvl †_‡K 
aviK kw³ mÂq K‡i Zv cybivq e¨envi Kiv nq| †h 
†Kv‡bv AvK…wZi ỳwU cwievn‡Ki ga¨eZ©x ¯’v‡b †Kv‡bv Aš—
iK c`v_© †hgb-  evqy, KvP, cvw÷K BZ¨vw` ¯’vcb K‡i 
aviK ˆZwi Kiv nq| myZivs, KvQvKvwQ ¯’vwcZ `ywU 
cwievn‡Ki ga¨eZ©x ¯’v‡b Aš—iK c`v_© †i‡L Zwor 
Avavbiƒ‡c kw³ mÂq K‡i  ivLvi hvwš¿K †KŠkj‡KB 
aviK e‡j| 

GKwU mij aviK ˆZwi Kiv nq ỳwU Aš—wiZ avZecvZ‡K 
ci¯úi mgvš—ivjfv‡e †i‡L| hLb GKwU e¨vUvwi‡K Gi ỳwU cv‡Zi mv‡_ mshy³ Kiv nq (wPÎ 10.15), ZLb 
e¨vUvwii FYvZ¥K `Ê †_‡K B‡jKUªb GKwU cv‡Z cÖevwnZ nq Ges GwU FYvZ¥K Avav‡b AvwnZ nq| avi‡Ki 
Ab¨ cvZ †_‡K B‡jKUªb e¨vUvwii abvZ¥K `‡Ê cÖevwnZ nq, d‡j H cvZ abvZ¥Kfv‡e AvwnZ nq| cvZ¸‡jv‡Z 
KZ Avavb Rgv n‡e  Zv e¨vUvwii †fv‡ë‡Ri Dci wbf©i K‡i| 

aviK †iwWI, †Uwjwfkb, †iKW© †cqvi Ges Avb¨vb¨ B‡jKUªwbK hš¿cvwZ m¤^wjZ eZ©bx‡Z e¨vcKfv‡e e¨eüZ 
nq|

wPÎ : 10.14 

wPÎ : 10.15 
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wPÎ 10.16 

wPÎ 10.17 

10.9  w¯’i Zwo‡Zi e¨envi I wec`  
         Uses and dangers of static electricity

1| w¯’i ˆe` ÿwZK is †¯úª : Mvwo, mvB‡Kj Avjgvwi ev Ab¨vb¨ 
wRwbm is Kivi Rb¨ B`vwbs is Gi †¯úª e¨envi Kiv nq|  GwU 
Kiv nq w¯’i Zwor e¨envi K‡i| †¯úª Mvb Ggbfv‡e ˆZwi Kiv 
nq †h GwU is Gi AwZ ¶ỳ ªª ¶ỳ ª AvwnZ KYv ˆZwi K‡i| is ‡¯úª 
Mv‡bi m~Pv‡jv cÖvš—wU  GKwU w¯’i Zwor †Rbv‡iUi Gi GK 
cÖv‡š—i mv‡_ mshy³ Kiv nq| †Rbv‡iU‡ii Aci cÖvš—wU †h avZe 
cvZwU is Ki‡Z n‡e Zvi mv‡_ mshy³ Kiv nq hv Aek¨B f~-
mshy³ _v‡K| GKwU Mvwo is Kivi †¶‡Î †¯úª Mvb †_‡K wbM©Z  
AvwnZ ¶z̀ ª ¶z`ª KYv Mvwoi evB‡ii KvVv‡gv Øviv AvK…ó nq| d‡j Mvwoi ewnivei‡Yi Gi Dci is Gi GKwU 
mylg Av¯ÍiY c‡o| GQvovI GB ¶z`ª KYv¸‡jv Zwor †¶‡Îi ej †iLv eivei P‡j KvVv‡gvi wPcvPvcv  A_©vr Gi 
AcÖKvk¨ ¯’v‡b †cuŠ‡Q †mLv‡bI is K‡i| 

2| B¼ †RU wcÖ›Uvi : GwU n‡”Q me‡P‡q mvaviY ai‡bi wcÖ›Uvi hv Kw¤úDUv‡ii mv‡_ ms‡hvM †`Iqv _v‡K| 
GKwU B¼-Mvb Zvi m~Pv‡jv gyL w`‡q AwZ ¶z`ª ¶z`ª Kvwji KYv wb‡¶c K‡i| GB ¶z`ª KYv¸‡jv abvZ¥K (+) 
fv‡e AvwnZ| GB Kvwji KYv¸‡jv `ywU cv‡Zi ga¨¯’j w`‡q P‡j 
(wPÎ 10.17)| GB abvZ¥K Kvwji KYv¸‡jv‡K abvZ¥K cvZ 
weKl©Y K‡i Ges G¸‡jv FYvZ¥K cv‡Z AvK…ó nq|

GKwU Kw¤úDUvi cvZ¸‡jvi †fv‡ëR Ggbfv‡e  wbqš¿Y K‡i †h 
cvZ¸‡jv KL‡bv  abvZ¥K, KL‡bv FYvZ¥K Avav‡b AvwnZ nq Ges 
Kvwji KYv¸‡jv wew¶ß n‡q  Pjgvb KvM‡Ri Dci wewfbœ ¯’v‡b 
c‡o Ges cÖ‡qvRbgZ A¶i ev Qwei AvK…wZ Qv‡c| iwOb Qvcvi 
Rb¨ Pvi iK‡gi iwOb Kvwj e¨envi Kiv nq| 

3| d‡Uv Kwcqvi : AvRKvj d‡Uv Kwcqvi ev d‡Uv Kwc †gwkb LyeB cÖ‡qvRbxq Ges RbwcÖq GKwU hš¿| wk¶v 
cÖwZôvb  I wewea Awdm QvovI mvaviY RbMY †h †Kv‡bv cÖ‡qvRbxq `wjj ev KvMRc‡Îi GK ev GKvwaK AweKj  
Kwci Rb¨ GB hš¿ e¨envi K‡i _v‡Kb| GB h‡š¿I w¯’i Zwor e¨envi Kiv nq| d‡Uv Kwcqv‡ii wfZ‡i AÜKv‡i 
GKwU N~Y©vqgvb Wªvg _v‡K| GB Wªv‡gi Dci abvZ¥K Avavb †¯úª Kiv nq| †h c„ôv d‡UvKwc Ki‡Z n‡e GKwU D¾¡j 
Av‡jv Zv‡K Av‡jvwKZ K‡i| c„ôvi mv`v Ask Av‡jv cÖwZdwjZ K‡i, wKš‘ AÜKvi ev Qvcv‡bv Ask †Kv‡bv Av‡jv 
cÖwZdwjZ K‡i bv|  cÖwZdwjZ Av‡jv Wªv‡gi Dci †Kw› ª̀f~Z nq| Wªv‡gi  †h ¯’vbwU mv`v KvMR Øviv cÖwZdwjZ Av‡jv 
c‡o D¾¡j nq, †mB Ask †_‡K Avavb †ei n‡q hvq| Wªv‡gi †Kej AÜKvi AskB abvZ¥K Avav‡b AvwnZ _v‡K| 
FYvZ¥Kfv‡e AvwnZ Kve©‡bi cvDWvi Kvwj (†Uvbvi) Wªv‡gi Dci †¯úª Kiv nq| FYvZ¥K fv‡e AvwnZ GB Kvwji KYv¸‡jv 
Wªv‡gi  abvZ¥Kfv‡e AvwnZ As‡ki mv‡_ AvVv‡jvfv‡e †j‡M _v‡K| GK UzKiv mv`v KvMR‡K abvZ¥Kfv‡e AvwnZ Kiv 
nq| GwU‡K Wªv‡gi mv‡_ †P‡c ivLv nq| GB KvMRwU Wªvg †_‡K Kve©b cvDWv‡ii c¨vUvY© Zvi Mv‡q Zz‡j Av‡b| †Uvbvi 
(-) wU KvMR (+) KZ©„K AvK…ó n‡e| KvMRLvbv DËß †ivjv‡ii ga¨ w`‡q Pvjbv Kiv nq| G‡Z ‡Uvbv‡ii Kvwj M‡j 
hvq Ges KvM‡Ri mv‡_ wg‡k hvq, d‡j GKwU ¯’vqx Kwc ˆZwi nq| 
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w¯’i Zwo‡Zi wec`

A‡bK †¶‡Î w¯’i Zwo‡Zi Dcw¯’wZ AmyweavRbK Ges wec` †W‡K Avb‡Z cv‡i| 

wegv‡b R¡vjvwb fiv : AvKv‡k hLb wegvb D‡o ZLb evqyi mv‡_ Nl©‡Yi d‡j GwU ZwoZvwnZ n‡Z cv‡i| 
wegv‡bi Avavb evo‡Z _vK‡j wegvb I f~c„‡ôi g‡a¨ wefe cv_©K¨ evo‡Z _v‡K| GZ D”P wefe cv_©‡K¨i 
Kvi‡Y wegv‡b hLb R¡vjvwb fiv nq ZLb wKQz Avavb f~wg‡Z P‡j hvIqvi mgq ùzwj½ m„wó nIqvi m¤¢vebv 
_v‡K, hv weivU we‡ùvi‡Yi KviY n‡Z cv‡i| GB Rb¨ wegv‡bi PvKv cwievnK ivevi Øviv ˆZwi Kiv _v‡K, 
hv‡Z wegvb f~wg ¯úk© Ki‡j wegv‡b Rgv nIqv Avavb wbivc‡` f~wg‡Z P‡j †h‡Z cv‡i| GB mgm¨vi mgvavb 
n‡”Q wegvb f~wg‡Z AeZi‡Yi ci h_v m¤¢e Zvovovwo Ges R¡vjvwb fiv ïi“ Kivi Av‡MB GKwU cwievnK Øviv 
f~Ñmshy³ Kiv|

U¨vsKv‡i R¡vjvwb fiv : †h mKj U¨vsKvi jix †c‡Uªvj, wW‡Rj BZ¨vw` R¡vjvwb wb‡q iv¯Ív w`‡q GK ¯’vb †_‡K 
Ab¨ ¯’v‡b hvZvqvZ K‡i Zv‡`i †ejvqI ùywj½ m„wó I we‡ùviY †_‡K i¶v cvIqvi Rb¨ R¡vjvwb ¯’vbvš—‡ii
Av‡M f~Ñmshy³ K‡i wb‡Z nq| 

†Uwjwfkb I Kw¤úDUv‡ii gwbUi : e¨enviKv‡j †Uwjwfk‡bi c ©̀v I Kw¤úDUv‡ii gwbUi w¯’i Zwo‡Z AvwnZ 
nq| GB Avavb¸‡jv AbvwnZ KYv †hgb ay‡jv evwj BZ¨vw` AvKl©Y K‡i, d‡j G¸‡jv ZvovZvwo gqjv n‡q hvq| 

Kvco cvëv‡bv : Avgv‡`i cwi‡aq Kvco †Pvco A‡bK mgq wb‡R‡`i ga¨Kvi Nl©‡Yi d‡j AvwnZ n‡q †h‡Z cv‡i| 
hLb Avgiv Kvco e`jvB ZLb ZLb Avavb f~wg‡Z P‡j hvIqvi mgq Avgv‡`i Aí kK& LvIqvi GKUv m¤¢vebv _v‡K 

Acv‡ikb w_‡qUvi : †h‡nZz ay‡jvevwj I RxevYy AvwnZ e¯‘ Øviv AvK…ó nq, Kv‡RB  nvmcvZv‡ji Acv‡ikb 
w_‡qUv‡i mveabZv Aej¤^b Kiv nq †hb mvR©b, mswkó e¨vw³eM© Ges wPwKwrmvmvgMÖx Avavbgy³ _v‡K| G Rb¨ 
Zv‡`i‡K f~Ñmshy³ ivLvi Rb¨ cwievnK  ivev‡ii RyZv ci‡Z nq Ges nv‡Z ivev‡ii Mvfm e¨envi Ki‡Z nq, 
hv‡Z f~wg †_‡K mn‡R B‡jKUªb Avmv hvIqv Ki‡Z cv‡i| 

†c‡Uªvjevnx Uªv‡Ki mv‡_ avZe wkKj Szjv‡bv _v‡K : †c‡Uªvj, wW‡Rj ev Ab¨ Zij R¡vjvwbevnx U¨vsKvi ev  Uªv‡Ki 
mv‡_ GKwU avZe wkKj jvMv‡bv _v‡K hv UªvK Pjvi mgq iv¯Ív Qzu‡q Qzu‡q hvq| hLb iv¯Ív w`‡q UªvK P‡j ZLb 
†c‡Uªvj U¨vs‡Ki Mv‡q evievi av°v Lvq Ges Gw`K Iw`K `yj‡Z _v‡K| U¨vs‡Ki mv‡_ †c‡Uªv‡ji GB Nl©‡Yi d‡j 
Avavb mwÂZ nq| hw` U¨vs‡Ki wKbviv †_‡K GKUv ùzwj½ m„wó nq Zvn‡j gg©vwš—K ~̀N©Ubv NU‡Z cv‡i Ges 
†c‡Uªv‡j Av¸b a‡i hv‡e| Kv‡RB †c‡Uªvj Avav‡bi Rb¨ wbivc` ¯’vb bq| U¨vs‡Ki †cQ‡b wkKj jvwM‡q GB 
Zwor f~wg‡Z P‡j hvevi c_ ˆZwi Kiv nq| †h‡nZz avZz Lye fv‡jv cwievnx, ZvB Zwor ax‡i ax‡i avZe 
wkK‡ji ga¨ w`‡q gvwU‡Z P‡j hvq| 

we`y¨r jvB‡bi mv‡_ avZe LywUi mivmwi ms‡hvM _v‡K bv : iv¯Ívq we`y¨r jvB‡bi Zvi LvUvevi mgq avZe LywUi 
mv‡_ mivmwi mshy³ Kiv nq bv| avZz Zwo‡Zi mycwievnx| avZe LywUi mv‡_ mivmwi ms‡hvM Kiv n‡j Zv‡ii 
Zwor LywUi ga¨ w`‡q gvwU‡Z P‡j †hZ| †KD H LywU ¯úk© Ki‡j mv‡_ mv‡_ Zwor¯ú„ó n‡Zv Ges gvivZ¥K 
`yN©Ubv NU‡Zv| ZvB Acwievnx †cv‡m©wj‡bi Kv‡ci ga¨ w`‡q Zvi‡K LywUi mv‡_ ms‡hvM †`Iqv nq| 

eRªcvZ I eRª wb‡ivaK : Avgiv Rvwb evqygÊ‡j Rjxq ev®ú _v‡K| GB Rjxq ev®ú evqygÊ‡ji AvwnZ 
Avqb¸‡jvi Dci Nbxf~Z n‡q cvwb KYvi m„wó K‡i Ges ZwoZvwnZ nq| GB ai‡Yi cvwbi KYv¸‡jv GKwÎZ 
n‡jB †g‡Ni DrcwË nq| †gN abvZ¥K ev FYvZ¥K †h †Kv‡bv fv‡eB AvwnZ n‡Z cv‡i| ZwoZvwnZ ỳwU †gN 
KvQvKvwQ G‡j Zv‡`i g‡a¨ Zwor¶iY nq, ZLb weivU AwMœùzwj‡½i m„wó nq| G‡K we` ÿ”PgK ejv nq| 
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wPÎ : 10.18 

we` ÿ”Pg‡Ki mgq †g‡Ni Pvicv‡ki evqygÊj nVvr Zvc †c‡q cÖmvwiZ nq| nVvr cÖmvi‡Yi d‡j evqygÊ‡ji Pvc 
K‡g hvq| ZLb Av‡k-cv‡ki †ewk Pv‡ci evqy G‡m GB cÖmvwiZ evqy‡K msKzwPZ K‡i| Lye ZvovZvwo G ai‡Yi 
ms‡KvPb I cÖmviY nq e‡j cÖPÊ k‡ãi m„wó nq| G‡KB †gN MR©b e‡j| ZwoZvwnZ †g‡N hw` Zwo‡Zi 
cwigvY †ewk nq, Zvn‡j Zv Zwor¶i‡Yi gva¨‡g c„w_ex‡Z P‡j Av‡m| G‡K e‡j eRªcvZ| 
eRªcv‡Zi mv‡_ mv‡_ †h kã †kvbv hvq Zv‡K e‡j eRªbv`| 

eRª wb‡ivaK : eRªcv‡Zi d‡j hv‡Z  evwoÑN‡ii ¶wZ bv nq Zvi Rb¨ eRª wb‡ivaK e¨envi 
Kiv nq| GKwU avZe `Ê R  †K (wPÎ 10.18) evwoi Mv †N‡l Ggbfv‡e ¯’vcb Kiv nq †hb 
Gi DcwifvM Qv‡`i †P‡qI †ewk DuPz‡Z _v‡K Ges Gi wb¤œfvM fv‡jvfv‡e gvwU‡Z cy‡Z ivLv 
nq| `‡Êi Dcwifv‡M K‡qKwU m~wPgyL _v‡K| 

hLb ZworMȪ ’ †gN evwoi Dc‡i Av‡m, ZLb GwU  R `‡Ê wecixZ Avavb Avweó K‡i| wKš‘ 
`‡Êi Dcwi cÖvš— Zx¶œvMÖ wewkó nIqvq H Zx¶èvMÖ̧ ‡jv‡Z †ewk Avavb Rgv nq Ges m~wPgyL w`‡q 
Zwor¶iY nq| evqyKYv¸‡jv GB Avavb wb‡q AvwnZ nq Ges †g‡Ni wecixZ Avavb KZ©„K AvK…ó 
n‡q †g‡Ni w`‡K P‡j hvq Ges †gN‡K wb¯ÍwoZ K‡i| d‡j eRªcv‡Zi m¤¢vebv Kg _v‡K| 

Zwor memgq cwievnxi ga¨ w`‡q msw¶ßZg c‡_ P‡j| †g‡N †g‡N m„ó Zwor DuPz e¯‘i wfZi w`‡q c„w_ex‡Z 
Avm‡Z Pvq| So e„wói mgq ZvB QvZvi wb‡P, †Kv‡bv Mv‡Qi wb‡P, Zwor cwievnx avZzi Kv‡Q, †jvnvi ˆZwi cyj 
wKsev KvuUv Zv‡ii †eov †`Iqv‡ji KvQvKvwQ `vuov‡bvi †P‡q e„wó‡Z †fRv A‡bK fv‡jv| 

AbymÜvbÑ10.1 
Nl©Y I Av‡ek cÖwµqvq Avavb m„wó| 
D‡Ïk¨ : Nl©b I Av‡ek cÖwµqvq Avavb m„wó K‡i Zv cÖ̀ k©b| 
hš¿cvwZ : †kvjvi ej, KvP `Ê, wm‡éi Kvco, ivev‡ii UzKiv Ges GKwU cwievnK `Ê| 
Kv‡Ri aviv :

1. GKwU nvjKv †kvjvi ej‡K GKwU myZvi mvnv‡h¨ †Kv‡bv ÷¨vÊ ev ûK †_‡K Szwj‡q `vI| 
2. GKwU ïK‡bv KvP`Ê bvI| 
3. GK UzKiv ivev‡ii mvnv‡h¨ Kv‡Pi GK cÖvš— Ave„Z K‡i †mB cÖvš— nvZ w`‡q a‡iv| 
4. GKwU ïK‡bv wm‡éi Kvc‡oi UzKiv w`‡q KvP`‡Êi Aci cÖvš— fv‡jvfv‡e N‡lv| 
5. GLb KvP`‡Êi Nlv cÖvš—wU gy³fv‡e Szjv‡bv †kvjvi e‡ji Kv‡Q Av‡bv| 
6. KvP `Ê †kvjvi ej‡K Zvi w`‡K AvKl©Y Ki‡Q A_©vr Nl©‡Yi d‡j KvP`ÊwU AvwnZ n‡q‡Q| 
7. KvP  `ÊwU abvZ¥Kfv‡e AvwnZ n‡q‡Q| (Zworex¶Y h‡š¿i mvnv‡h¨ cix¶v Ki‡j ZvB cvIqv hv‡e|) 
8. GLb AvwnZ KvP  `ÊwU GKwU AbvwnZ cwievn‡Ki GK cÖv‡š—i wbKU Av‡bv| 
9. Av‡e‡ki d‡j AbvwnZ cwievnKwU AvwnZ n‡e|KvP `‡Êi wbKU cÖv‡š—  FYvZ¥K Ges ~̀ieZ©x cÖv‡š—

abvZ¥K Avavb Avweó n‡e| 
10. KvP `ÊwU bv mwi‡q Avweó `ÊwUi ~̀ieZ©x cÖvš— f~Ñmshy³ Ki‡j (GKwU Zvi w`‡q ev gvwU‡Z Lvwj cv‡q 

`vwo‡h `ÊwU‡K ¯úk© K‡i) f~wg †_‡K B‡j±ªb G‡m abvZ¥K Avavb‡K wbw®Œq K‡i †`‡e| d‡j `ÊwU‡Z 
†Kej FYvZ¥K Avavb _vK‡e| 

11. GLb †mB `ÊwU‡K †kvjvi e‡ji Kv‡Q wb‡j †kvjvi ej‡K AvKl©b Ki‡e| 
12.  cwievnKwU Av‡ek cÖwµqvq AvwnZ n‡q‡Q| 
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Abykxjbx
K.  eû wbe©vPbx cÖkœ 
1|  †Kvb e ‘̄‡Z Avav‡bi Aw —̄Z¡ wbY©‡qi hš¿ njÑ 

(K) A¨vwgUvi          (L) †fwëwgUvi   
(M) AYyex¶Y hš¿         (N) Zworex¶Y hš¿ 

2|  ̀ ywU Avav‡bi ga¨Kvi Zwor ej wb‡Pi †KvbwUi Dci wbf©i K‡i bv ? 
i. Avavb ỳwUi ga¨eZ©x ~̀i‡Z¡i Dci| 
ii Avavb ỳwU †h gva¨‡g Aew ’̄Z Zvi cÖK…wZi Dci | 
iii Avavb ỳwUi f‡ii Dci| 
†KvbwU mwVK 
K) i I ii 

L) i I iii

M) ii I iii

N) i, i I iii

3| Zwor ZxeªZvi GKK n‡yQ  
(K) N         (L) N m             (M)  N m

-1              (N)  N C 
-1       

4| †fvë wK‡mi GKK ?  
 (K) Zwor †¶Î     (L) Zwor wefe (M) Zwor Avavb   (N)  Zwor cÖevn 
5| wb‡Pi wP‡Î   

(i)    A †MvjK †_‡K wKQz Avavb B †Mvj‡K hv‡e  
(ii ) B †MvjK †_‡K wKQz Avavb A  †Mvj‡K hv‡e 
(iii)  Avavb cv©_K¨ me©̀ v mgvb _v‡K| 
wb‡Pi †KvbwU mwVK ? 
(K) i        (L)     ii                 (M)    iii              (N)  i,ii I   iii 

m„Rbkxj
1|  wigv Pzj AvPov‡bvi ci †`L‡Z †cj Zvi wPi“bx †QvU †QvU KvM‡Ri UzKiv‡K AvKl©Y Ki‡Q| mxgv ejj 

wPi“bxwU aYvZ¥K fv‡e AvwnZ n‡q‡Q, hvi Rb¨ GUv N‡U‡Q| wigvi e³e¨ wPi“YwU FYvZ¥K Avav‡b 
AvwnZ n‡q‡Q| welqwUi myivnvi Rb¨ ỳÕRb Zv‡`i c`v_©weÁvb wk¶K‡K LyuR‡Z wM‡q Zv‡K c`v_©weÁvb  
M‡elYvMv‡i †cj| wZwb me ï‡b Zv‡`i‡K Zworex¶Y h‡š¿i mvnv‡h¨ cix¶v K‡i wPi“bxi Avav‡bi 
cÖK…wZ wbb©q Ki‡Z ej‡jb | 
(K) Avavb ej‡Z wK eyS ? 
(L) Nl©‡Y †Kb e ‘̄ AvwnZ nq eywS‡q `vI | 
(M) wPi“wbwU AvwnZ nIqvi KviY eY©bv Ki | 
(N) hš¿wUi mvnv‡h¨ wKfv‡e wPi“wbwUi Avav‡bi cÖK…wZ wbY©q Kiv hv‡e e¨vL¨v Ki|
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2|

(K) Zwor †¶Î wK ? 
(L) P we› ỳ‡Z ’̄vwcZ e ‘̄i Ae ’̄vb cwieZ©b Ki‡j GwUi Dci Abyf~Z e‡ji wKiƒc cwieZ©b NU‡e ? 
(M) ÔKÕ wP‡Î P we› ỳ‡Z Zwor cÖvej¨ wbb©q Ki | 
(N) wPÎ ÕKÕ A‡c¶v wPÎ ÕLÕ G Abyf~Z e‡ji cwieZ©b we‡klY Ki| 

M.    mvaviY cÖkœ 

1| cigvYyi MV‡bi wfwË‡Z †Kv‡bv e¯‘i AvwnZ nIqvi NUbv e¨vL¨v Ki|

2| †Kv‡bv e¯‘‡K Nl©Y c×wZ‡Z Kxfv‡e AvwnZ Kiv hvq eY©bv Ki| 

3| Zwor Av‡ek Kx?

4| Av‡ewk Avavb I Avweó Avavb ej‡Z Kx †evS? 

5| †Kv‡bv e¯‘‡K Av‡ek c×wZ‡Z Kxfv‡e AvwnZ Kiv hvq eY©bv Ki| 

6| GKwU ¯^Y©cvZ Zworex¶Y h‡š¿i MVb eY©bv Ki| 

7| GKwU ¯^Y©cvZ Zworex¶Y hš¿‡K Kxfv‡e abvZ¥K Avav‡b AvwnZ Kiv hvq eY©bv Ki| 

8| GKwU ¯^Y©cvZ Zworex¶Y h‡š¿i mvnv‡h¨ Kxfv‡e †Kv‡bv AvwnZ e¯‘i Avav‡bi cÖK…wZ wbb©q Kiv hvq 
eY©bv Ki| 

9| ỳwU Avav‡bi ga¨eZ©x Zwor ej †Kvb †Kvb wel‡qi Dci wbf©i K‡i?
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GKv`k Aa¨vq 

Pj Zwor 
CURRENT ELECTRICITY 

[Avgv‡`i ˆ`bw›`b Rxe‡bi wewfbœ †¶‡Î Avgiv Zwor ev we`y¨‡Zi Dci wbf©i K‡i _vwK| AvaywbK hš¿cvwZ ev miÄv‡gi 
cÖvq meB Zwo‡Zi mvnv‡h¨ P‡j| Avgiv Zwo‡Zi Dci GZUvB wbf©ikxj †h, ZwoZ Qvov Avgv‡`i Rxeb †Kgb n‡e Zv 
KíbvI Ki‡Z cvwi bv| c~e©eZ©x Aa¨v‡q Avgiv w¯’i Zwor wb‡q Av‡jvPbv K‡iwQ| G Aa¨v‡q Avgiv Pj Zwo‡Zi wewfbœ 
ˆe`y¨wZK ivwk †hgbÑZwor cÖevngvÎv, ‡iva, Zwo”PvjK kw³ Ges wefe cv_©K¨ m¤ú‡K© Rvb‡Z cvie| GQvovI Zwor 
cÖev‡ni w`K, cwievnx, Acwievnx Ges Aa©cwievnx, Zwor eZ©bx, In‡gi m~Î, w¯’i Ges cwieZ©bkxj †iva, ‡iv‡ai 
wbf©ikxjZv, †iv‡ai †kªwY I mgvš—ivj mgevq, Zwor ¶gZvi wnmve, Zwo‡Zi wm‡÷g jm Ges †jvW‡kwWs, Zwo‡Zi 
wbivc` I Kvh©Ki e¨envi wb‡q Av‡jvPbv Kie|] 

G Aa¨vq cvV †k‡l AvgivÑ 
1.  w¯’i Zwor n‡Z Pj Zwor m„wó cÖ̀ k©b Ki‡Z cvie| 
2.  Zwor cÖev‡ni w`K Ges B‡jKUªb cÖev‡ni w`K e¨vL¨v Ki‡Z cvie| 
3.  Zwor hš¿ I DcKi‡Yi cÖZxK e¨envi K‡i eZ©bx A¼b Ki‡Z cvie| 
4.  cwievnx,Acwievnx Ges Aa©cwievnx e¨vL¨v Ki‡Z cvie| 
5.  †jLwP‡Îi mvnv‡h¨ Zwor cÖevn Ges wefe cv_©K¨ GB ỳB‡qi g‡a¨ m¤úK© ¯’vcb Ki‡Z cvie|
6.  w¯’i †iva Ges cwieZ©bkxj †iva e¨vL¨v Ki‡Z cvie| 
7.  Zwo”PvjK kw³ Ges wefe cv_©K¨ e¨vL¨v Ki‡Z cvie| 
8.  †iv‡ai wbf©ikxjZv e¨vL¨v Ki‡Z cvie| 
9.  †ivaKZ¡ I cwievnKZ¡ e¨vL¨v Ki‡Z cvie| 
10.  †kÖwY I mgvš—ivj eZ©bx e¨envi Ki‡Z cvie| 
11.  eZ©bx‡Z Zzj¨ †iva e¨envi Ki‡Z cvie| 
12.  Zwor ¶gZvi wnmve Ki‡Z cvie| 
13.  Zwo‡Zi wm‡÷g jm Ges †jvW‡kwWs e¨vL¨v Ki‡Z cvie| 
14.  Zwo‡Zi wbivc` I Kvh©Ki e¨envi eY©bv Ki‡Z cvie| 
15.  evmv evwo‡Z e¨envi Dc‡hvMx eZ©bxi bKkv cÖYqb K‡i Gi wewfbœ As‡k Gwm Drm-Gi e¨envi cÖ̀ k©b 

Ki‡Z cvie| 
16.  Zwo‡Zi wbivc` I Kvh©Ki e¨env‡ii wel‡q m‡PZbZv m„wó Ki‡Z cvie| 
17.  Zwor kw³i AcPq †iva I msi¶‡Y m‡PZbZv m„wói Rb¨ †cvóvi A¼b Ki‡Z cvie| 
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11.1| w¯’i Zwor n‡Z Pj Zwor m„wó 
 Production of current electricity from static electricity 

Zwor cÖevn 

`ywU wfbœ wef‡ei e¯‘‡K hLb cwievnx Zvi Øviv mshy³ Kiv nq, ZLb wb¤œ wef‡ei e¯‘ †_‡K D”P wef‡ei 
e¯‘‡Z B‡jKUªb cÖevwnZ nq| hZ¶Y ch©š— e¯‘Ø‡qi g‡a¨ wefe cv_©K¨ k~b¨ bv nq ZZ¶Y ch©š— GB cÖevn 
eRvq _v‡K| †Kv‡bv cÖwµqvi gva¨‡g hw` e¯‘Ø‡qi g‡a¨ wefe cv_©K¨ eRvq ivLv hvq ZLb GB B‡jKUªb cÖevn 
wbiew”Qbœfv‡e Pj‡Z _v‡K| B‡jKUª‡bi GB wbiew”Qbœ cÖevnB n‡jv Zwor cÖevn|  

†Kv‡bv cwievnxi †h †Kv‡bv cȪ ’‡”Q‡`i ga¨ w`‡q GKK mg‡q †h cwigvY Avavb cÖevwnZ nq Zv‡K Zwor cÖevn e‡j|

†Kv‡bv cwievnxi †h †Kv‡bv cȪ ’‡”Q‡`i ga¨ w`‡q t mg‡q hw` Q cwigvY Avavb cÖevwnZ nq, Zvn‡j Zwor cÖevn 

I n‡e, Q
I

t

GKK : Zwor cÖev‡ni GKK n‡jv A¨vw¤úqvi| 

†Kv‡bv wew”Qbœ  AvwnZ cwievnx‡Z Avavb Gi c„‡ô Ae¯’vb K‡i Ges PjvPj Ki‡Z cv‡i bv| G ai‡bi Avavb‡K ejv 
nq w¯’i Zwor Avavb| hw` GB Avav‡bi PjvP‡ji Rb¨ cwienb c‡_i e¨e¯’v Kiv nq ZLb GB Avavb cwievnx‡Z 
Ave× bv †_‡K cÖevwnZ ïiy K‡i| hLb GgbwU N‡U, ZLb Avgiv ewj ‡h, Zwor cÖev‡ni m„wó n‡q‡Q|  

G‡K A Øviv m~wPZ Kiv nq| k~b¨ gva¨‡g †Kv‡bv cwievnxi †h †Kv‡bv cȪ ’‡”Q‡`i ga¨ w`‡q 1s -G 1 C Avavb cÖevwnZ 
n‡j †h cwigvY Zwor cÖev‡ni m„wó nq Zv‡K 1 A e‡j|

-11C
I = = 1Cs = 1 A

1s

wPÎ: 11.1

MwZkxj Avavb KZ©„K Kxfv‡e PjZwor Drcbœ nq Zv Dc‡ii 11.1 wP‡Îi eZ©bxi Av‡jv‡K eY©bv Kiv n‡jv| 
ïiy‡ZB ỳwU cvM Pvwe K1 Ges K2 DwV‡q †djv nq Ges avZe cvZ A Ges B †K nvZ Øviv ¯úk© K‡i AbvwnZ 
Kiv nq| Gevi Pvwe K1 eÜ K‡i w`‡j D”P wefe DrmwU avZe cvZ `ywUi mv‡_ mshy³ n‡e| 

Gici D”P wefe Dr‡mi myBPwU Ab& K‡i avZe cvZ ỳwU‡K mgcwigvY abvZ¡K Ges FYvZ¡K Avav‡b AvwnZ Kiv 
nq| Gevi Pvwe K1 Ly‡j †d‡j Ges K2 Pvwe cv‡M cÖ‡ek Kiv‡j abvZ¡K Ges FYvZ¡K Avav‡b AvwnZ cvZ ỳwU
M¨vjfv‡bvwgUv‡ii mv‡_ ms‡hv‡Mi d‡j GKwU Awew”Qbœ cwienY c‡_i m„wó Ki‡e| GLv‡b M¨vjfv‡bvwgUvi n‡jv Ggb 
GKwU hš¿ hv Zwor cÖev‡ni Aw¯ÍZ¡ wbY©q Ki‡Z cv‡i| †`Lv hv‡e M¨vjfv‡bvwgUv‡ii KuvUvwU ¶wY‡Ki Rb¨ GKw`‡K 
wew¶ß n‡q‡Q Ges ci¶‡YB Zv c~‡e©i Ae¯’v‡b wd‡i G‡m‡Q| 
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M¨vjfv‡bvwgUv‡ii we‡¶c wb‡`©k K‡i †h Zwor cÖev‡ni m„wó n‡q‡Q| GB Zwor cÖevn Kxfv‡e m„wó n‡jv? 
FYvZ¡K Avav‡b AvwnZ cvZ B †_‡K B‡jKUªb M¨vjfv‡bvwgUv‡ii ga¨ w`‡q cÖevwnZ n‡q abvZ¡K Avav‡b AvwnZ 
cvZ A -G †cŠQvq Ges Gi d‡j Zwor cÖev‡ni m„wó nq| 

A cv‡Zi abvZ¡K Avavb, B cvZ †_‡K AvMZ FYvZ¡K AvavbMȪ Í B‡jKUªb Øviv wbw®Œq nq| hvi d‡j avZe cvZ ỳwUi 
Avavb ¶i‡Yi gva¨‡g ¶Y¯’vqx cÖev‡ni m„wó nq, hv M¨vjfv‡bvwgUv‡ii we‡¶c Øviv mbv³ Kiv hvq|

11.2|  Zwor cÖev‡ni w`K Ges B‡jKUªb cÖev‡ni w`K  
         Direction of electricity and direction of electron flow 

cÖ_g hLb Pj Zwor Avwe®‹…Z nq, ZLb g‡b Kiv n‡Zv †h abvZ¡K Avav‡bi cÖev‡ni d‡j Zwor cÖev‡ni m„wó 
nq Ges GB abvZœK Avavb D”PZi wefe †_‡K wb¤œZi wef‡ei w`‡K cÖevwnZ nq| ZvB Zwor cÖev‡ni cÖPwjZ 
w`K aiv nq D”PZi wefe †_‡K wb¤œZi wef‡ei w`‡K A_ev Zwor †Kv‡li abvZœK cvZ †_‡K FYvZ¡K cv‡Zi 
w`‡K| wKš‘ Avgiv Rvwb †h, cÖK…Zc‡¶ Zwor cÖevn n‡jv FYvZ¡K Avavb Z_v B‡jKUª‡bi cÖev‡ni Rb¨, d‡j 
Zwor cÖev‡ni cÖK…Z w`K n‡jv wb¤œZi wefe †_‡K D”PZi wef‡ei w`‡K A_©vr Zwor †Kv‡li FYvZ¡K cvZ ‡_‡K 
abvZ¡K cv‡Zi w`‡K| myZivs Zwor cÖev‡ni cÖK…Z w`K cÖPwjZ w`‡Ki wecixZ| wP‡Î cÖ̀ wk©Z Zxi wPý Zwor 
cÖev‡ni cÖPwjZ w`K wb‡`©k Ki‡Q| 

wPÎ 11.2 

eZ©bx wPÎ A¼b Kivi mgq Avgiv Zwor cÖev‡ni cÖPwjZ w`K‡KB AbymiY Kie|  

11.3|  Zwor cÖZxK 
 Electric symbols 

Zwor cÖevn Pjvi m¤ú~Y© c_‡K Zwor eZ©bx e‡j| hLb †Kv‡bv ‡Kv‡li cvZ ỳwU‡K †Kv‡bv †iva‡Ki ỳB cÖvš— ev  
Zwor DcKi‡Yi ỳB cÖv‡š—i mv‡_ mshy³ Kiv nq, ZLb GKwU Zwor eZ©bx ˆZwi nq| 

PjZwor cv‡Vi mgq Avgv‡`i‡K mnR Ges cwi®‹vi eZ©bx wPÎ AuvK‡Z nq| wb‡Pi mviwY‡Z wKQz ˆe ỳ̈ wZK 
DcKi‡Yi cÖZxK †`Lv‡bv n‡jv †h¸‡jv mvaviYZ Zwor eZ©bx AuvK‡Z e¨eüZ nq| 
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11.1: eZ©bxi cÖZxKmg~n    
DcKiY cÖÖZxK

myBP

†Kvl

e¨vUvwi

w¯’i †iva

cwieZ©bkxj †iva

wdDR

A¨vwgUvi

†fvëwgUvi

M¨vjfv‡bvwgUvi

f‚ms‡hvM

AvovAvwo Zvi

ms‡hvMwenxb Zvi

evj¦  ev

wb‡R Ki: 
GKwU myBP, Zwor ‡Kvl, w¯’i gv‡bi †iva Ges A¨vwgUvi e¨envi K‡i GKwU‡kÖwY eZ©bx A¼b Ki| 
Gevi GKwU †fvëwgUvi‡K w¯’i gv‡bi †iv‡ai `yB cÖv‡š— mgvš—iv‡j hy³ Ki| 

11.4|  cwievnx, Acwievnx Ges Aa©cwievnx 
            Conductor, insulator, semiconductor
Avgiv Rvwb, Zwor cÖevn n‡jv †Kv‡bv c`v‡_©i ga¨ w`‡q Avav‡bi cÖevn| GB Zwor cÖevn †Kv‡bv †Kv‡bv c`v‡_©i 
ga¨ w`‡q Lye mn‡RB PjvPj Ki‡Z cv‡i| Avevi Ggb wKQz c`v_© Av‡Q †h¸‡jvi ga¨ w`‡q Zwor Av‡`Š PjvPj 
Ki‡Z cv‡i bv| Zwor cwievwnZv a‡g©i Dci wfwË K‡i KwVb c`v_©‡K wZb †kÖwY‡Z fvM Kiv hvq|  h_v- (1) 
cwievnx  (2) Acwievnx (3) Aa©cwievnx| 

1. cwievnx: ‡h mKj c`v‡_©i ga¨ w`‡q Lye mn‡RB Zwor cÖevn Pj‡Z cv‡i Zv‡`i‡K cwievnx e‡j| GmKj 
c`v‡_©i ga¨ w`‡q B‡jKUªb gy³fv‡e PjvPj Ki‡Z cv‡i| avZe Zv‡ii ga¨ w`‡q Avavb B‡jKUªb Øviv 
cwievwnZ nq| G Kvi‡Y avZe c`v_©¸‡jv Zwor mycwievnx| Zvgv, i“cv, A¨vjywgwbqvg BZ¨vw` mycwievnx c`v_©| 
†h Kvi‡Y ˆe ỳ̈ wZK ms‡hvR‡K avZe Zvi e¨envi Kiv nq| 

2. Acwievnx: †h mKj c`v‡_©i ga¨ w`‡q Zwor cÖevn Pj‡Z cv‡i bv Zv‡`i‡K Acwievnx ev Aš—iK c`v_© e‡j| A_©vr 
‡h mKj c`v‡_©i ga¨ w`‡q B‡jKUªb PjvPj Ki‡Z cv‡i bv †m¸‡jv n‡jv Acwievnx c`v_©| ‡hgb- cvwóK, ivevi, 
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KvV, KvP BZ¨vw`| Acwievnx c`v‡_©i g‡a¨ gy³ B‡jKUªb _v‡K bv| cvwóK RvZxq c`v‡_©i ga¨ w`‡q mn‡R B‡jKUªb 
cÖevwnZ n‡Z cv‡i bv| hvi d‡j cvwóK n‡jv we ỳ̈ ‡Zi Rb¨ Acwievnx c`v_©| G Kvi‡YB ˆe ỳ̈ wZK wgw¯¿MY †h mKj 
¯Œz WªvBfvi Ges cvqvi e¨envi K‡ib Zv‡`i nvZj cvwóK RvZxq c`v_© Øviv †gvov‡bv _v‡K| G Qvov Avgv‡`i ˆ`bw›`b 
cÖ‡qvR‡b †h mKj Zvgvi ˆe ỳ̈ wZK Zvi e¨envi Kwi †m¸‡jv cvwóK Øviv Ave„Z _v‡K| 

3. Aa©cwievnx: ‡h mKj c`v‡_©i Zwor cwienb ¶gZv mvaviY ZvcgvÎvq cwievnx Ges Acwievnx c`v‡_©i 
gvSvgvwS, ‡m mKj c`v_©‡K Aa©cwievnx e‡j| †hgb- Rv‡g©wbqvg, wmwjKb BZ¨vw`| myweavgZ Ac ª̀e¨ wgwk‡q 
Aa©cwievnx c`v‡_©i Zwor cwievnKZ¡ e„w× Kiv hvq|

11.5|  wefe cv_©K¨ Ges Zwor cÖev‡ni g‡a¨ m¤úK©: IÕ‡gi m~Î
 Relationship between potential difference and electricity- Ohm’s law 

Avgiv Rvwb †Kv‡bv cwievnxi `yB cÖv‡š—i g‡a¨ wefe cv_©K¨ _vK‡j Zvi ga¨ w`‡q Zwor cÖevwnZ nq| GB Zwor 
cÖev‡ni gvb wbf©i K‡i cwievnxi `yB cÖv‡š— Kx cwigvY wefe cv_©K¨ cÖ‡qvM Kiv n‡q‡Q Zvi Dci, cwievnx Ges 
Zvi ZvcgvÎvi Dci| RR© mvBgb IÕg †Kv‡bv cwievnx Zv‡ii ga¨ w`‡q cÖevwnZ Zwor cÖevngvÎv Ges Gi ỳB 
cÖv‡š—i wefe cv_©‡K¨i g‡a¨ †h m¤úK© i‡q‡Q †m wel‡q wb¤œewY©Z m~Î cÖ̀ vb K‡ib hv IÕ‡gi m~Î bv‡g cwiwPZ|  

IÕ‡gi m~Î 

ZvcgvÎv w¯’i _vK‡j †Kv‡bv cwievnxi ga¨ w`‡q †h Zwor cÖevn P‡j Zv H cwievnxi ỳB cÖv‡š—i wefe cv_©‡K¨i 
mgvbycvwZK| mgvbycvwZK ej‡Z eySvq hw` cwievnxi `yB cÖv‡š—i wefe cv_©K¨ wØ¸Y Kiv nq, Z‡e cwievnxi ga¨ 
w`‡q cÖevwnZ Zwor cÖevn wØ¸Y n‡e| Avevi, hw` cwievnxi ỳB cÖv‡š—i wefe cv_©K¨ GK-Z…Zxqvsk Kiv nq, 
Z‡e cwievnxi ga¨ w`‡q cÖevwnZ Zwor cÖevnI GK-Z…Zxqvsk n‡e| 

g‡b Kwi, AB GKwU cwievnx Zvi| Gi ỳB cÖv‡š—i wefe h_vµ‡g VA Ges VB [ wPÎ 11.3]| hw` VA VB

nq, Zvn‡j cwievnxi ỳB cÖv‡š—i wefe cv_©K¨ n‡e V = VA - VB|

wPÎ: 11.3 

GLb w¯’i ZvcgvÎvq cwievnxi ga¨ w`‡q cÖevwnZ Zwor cÖevn I n‡j, IÕ‡gi m~Îvbymv‡i, 

I  V

V
R

I
 = aªyeK

GB aª“eK‡K H ZvcgvÎvq H cwievnxi †iva e‡j| 

              A_ev V
I

R

GKwU QK KvM‡Ri X A¶ eivei cwievnxi `yB cÖv‡š—i wefe cv_©K¨ V Ges Y A¶ eivei Zwor cÖevn I ¯’vcb 
K‡i †jLwPÎ A¼b Ki‡j GwU g~jwe› ỳMvgx GKwU mij‡iLv n‡e [ wPÎ 11.4 ]|  

V

I

wPÎ 11.4
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MvwYwZK D`vniY 11.1 : GKwU †gvUi Mvwoi †nWjvB‡Ui wdjv‡g‡›Ui ga¨w`‡q 4 A Zwor cÖevwnZ n‡”Q| 
wdjv‡g‡›Ui cÖvš—Ø‡qi wefe cv_©K¨ 12 V n‡j Gi †iva KZ?

Avgiv Rvwb, 

V
I

R

       ev V
R

I

12

4

V

A

            = 3 D: 3  |

11.6|  †iva: w¯’i Ges cwieZ©x †iva 
 Resistance : constant and variable 

Avgiv Rvwb, Zwor cÖevn n‡jv B‡jKUª‡bi cÖevn| B‡jKUªb †Kv‡bv cwievnxi ga¨ w`‡q Pjvi mgq Gi Af¨š—‡ii
AYy-cigvYyi mv‡_ msN‡l© wjß nq| d‡j G‡`i MwZ evavMÖ¯Í nq Ges Zwor cÖevn wewNœZ nq| cwievnxi GB 
ag©‡K †iva e‡j| IÕ‡gi m~Î †_‡K Avgiv cvB,  

    wbw ©̀ó ZvcgvÎvq, †iva V
R

I

                =
Zv‡ii ỳB cÖv‡š—i wefe cv_©K¨

Zv‡ii ZworcÖevn
A_©vr, wbw`ó ZvcgvÎvq †Kv‡bv cwievnx `yB cÖv‡š—i wefe cv_©K¨ Ges Zworcªevn I Gi AbycvZ Øviv H 
ZvcgvÎvq H cwievnxi ‡iva cwigvc Kiv nq| 
†iv‡ai SI GKK n‡jv IÕg| G‡K eo ni‡di I‡gMv ( ) Øviv cÖKvk Kiv nq| †h cwievnxi `yB cÖv‡š—i wefe 
cv_©K¨ 1V n‡j Zvi ga¨ w`‡q 1A Zwor cÖevn P‡j, Zvi †iva‡K 1  e‡j| 
†ivaK: wbw ©̀ó gv‡bi †ivawewkó †h cwievnx Zvi †Kv‡bv eZ©bx‡Z e¨envi Kiv nq Zv‡K †ivaK e‡j| †ivaK 
e¨env‡ii cÖv_wgK D‡Ïk¨ n‡jv eZ©bx‡Z cÖevwnZ Zwo‡Zi gvb wbqš¿Y Kiv| eZ©bx‡Z e¨eüZ †ivaK ỳB 
cÖKvi| h_v- 

1. w¯’i gv‡bi †ivaK 
2. cwieZx© †ivaK 

1. w¯’i gv‡bi †ivaK: †h mKj †iva‡Ki †iv‡ai gvb wbw ©̀ó Zv‡`i‡K w¯’i gv‡bi †ivaK e‡j| mvaviYZ 
j¨ve‡iUwi‡Z †h mKj w¯’i gv‡bi †ivaK e¨envi Kiv nq †m¸‡jv 11.5 bs wP‡Î †`Lv‡bv n‡jv: 

wPÎ 11.5 

GLv‡b,
Zwor cÖevn, I = 4 A 

wefe cv_©K¨ , V = 12 V

†iva , R = ?
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wPÎ 11.6 

2. cwieZx© †ivaK: cwieZx© †ivaK n‡jv †mB mKj †ivaK hv‡`i †iv‡ai 
gvb cÖ‡qvRb Abyhvqx cwieZ©b Kiv hvq| G‡`i‡K wiI‡÷UI ejv nq| 
†Kv‡bv eZ©bx‡Z hLb Zwor cÖev‡ni gv‡bi cwieZ©‡bi cÖ‡qvRbxqZv †`Lv 
†`q ZLbB †Kej eZ©bx‡Z wiI‡÷U Aš—©f~³ Kiv nq| 

11.6 bs wP‡Î j¨ve‡iUwi‡Z mvaviYZ †h ai‡bi wiI‡÷U e¨envi Kiv 
Zv †`Lv‡bv n‡q‡Q|  

11.7  Zwo”PvjK kw³ Ges wefe cv_©K¨  
         Electromotive force and potential difference 

Zwo”PvjK kw³  

†Kv‡bv eZ©bx‡Z Zwor cÖevn Pvjbv Kivi Rb¨ Zworkw³i cÖ‡qvRb nq| †Kv‡bv Zwor Drm GKK abvZœK 
Avavb‡K eZ©bxi GK we› ỳ †_‡K Drmmn m¤ú~Y© eZ©bx Nywi‡q Avevi H we› ỳ‡Z Avb‡Z †h cwigvY KvR m¤úbœ 
K‡i, Z_v Drm ‡h Zworkw³ e¨q K‡i, Zv‡K H Dr‡mi Zwo”PvjK kw³ e‡j| hw` Q Avavb‡K m¤ú~Y© eZ©bx 
Nywi‡q Avb‡Z W J cwigvY KvR m¤úbœ nq, Zvn‡j 1 C Avavb‡K m¤ú~Y© eZ©bx Nywi‡q Avb‡Z Kv‡Ri cwigvY 

n‡e W

Q
|  AZGe Dr‡mi Zwo”PvjK kw³,     

W
E

Q

GKK: Zwo”PvjK kw³i SI GKK n‡jv  JC
-1 hv‡K  †fvë (V) ejv nq| †h mKj hš¿ Ab¨ †Kv‡bv ai‡bi 

kw³‡K Zworkw³‡Z iƒcvš—wiZ Ki‡Z cv‡i Zv‡`iB †Kej Zwo”PvjK kw³ Av‡Q| †hgb- ‡Kvl, ‡Rbv‡iUi 
BZ¨vw`| Zwor‡Kvl ivmvqwbK kw³‡K Zworkw³‡Z iƒcvš—wiZ K‡i Ges †Rbv‡iUi hvwš¿K kw³‡K 
Zworkw³‡Z iƒcvš—wiZ K‡i| †Kv‡bv †Kv‡li Zwo”PvjK kw³ †Kvlmn eZ©bxi wewfbœ As‡k †h mKj wefe 
cv_©‡K¨i m„wó nq Zv‡`i †hvMd‡ji mgvb| 

wefe cv_©K¨ 
cwievnx ỳB cÖv‡š—i  wefe cv_©‡K¨i Kvi‡Y cwievnxi ga¨ w`‡q Zwor cÖevwnZ nq| GKK abvZ¡K Avavb‡K 
eZ©bxi GK we› ỳ †_‡K Aci we› ỳ‡Z ¯’vbvš—i Ki‡Z ‡h cwigvY KvR m¤úbœ nq Zv‡K H ỳB we› ỳi wefe cv_©K¨ 
e‡j|  WªvB‡mj w`‡q UP© R¡vjv‡j †mj †h Zwor kw³ mieivn K‡i Zv Av‡jv I Zvc kw³‡Z i~cvš—wiZ nq| 
kw³i GB iƒcvš—i cÖwµqvq kw³i wbZ¨Zv msiw¶Z nq| ev‡j¦i ga¨ w`‡q GKK Avavb ¯’vbvš—‡ii d‡j †h 
cwigvY kw³ iƒcvš—wiZ nq Zvi cwigvYB n‡jv ev‡j¦i ỳB cÖv‡š—i wefe cv_©K¨| 
myZivs ˆe ỳ̈ wZK eZ©bxi ỳwU we› ỳi ga¨ w`‡q GKK abvZ¡K Avavb ¯’vbvš—wiZ n‡j †h cwigvY Zworkw³ Ab¨ 
†Kv‡bv ai‡bi kw³‡Z (†hgb- Zvc I Av‡jv) iƒcvš—wiZ nq, Zvi cwigvYB H `yB  we›`yi wefe cv_©K¨|  Q
Avavb ¯’vbvš—‡ii Rb¨ iƒcvš—wiZ Zworkw³i cwigvY W n‡j, H ỳB  
we› ỳi wefe cv_©K¨ n‡jv 

W
V

Q
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wefe cv_©K¨ Ges Zwo”PvjK kw³i SI GKK Awfbœ| A_©vr †fvë (V)| ỳwU we› ỳi wefe cv_©K¨ 1 †fvë n‡e 
hw` 1 Kzj¤^ abvZ¡K Avavb eZ©bxi H `yB we›`yi ga¨ w`‡q cÖevwnZ nevi d‡j 1 Ryj Zworkw³ Ab¨ †Kv‡bv 
ai‡Yi kw³‡Z iƒcvš—wiZ nq|   

cix¶Y :

†fvëwgUv‡ii mvnv‡h¨ GKwU WªvB‡m‡ji ỳB cÖv‡š—i wefe cv_©K¨ cwigvc Ki GwUB †Kv‡li Zwo”PvjK 
kw³| Gevi †KvlwU w`‡q U‡P©i evj¦ R¡vjv‡bv Ae¯’vq †Kv‡li ỳB cÖv‡š—i wefe cv_©K¨ cwigvc Ki| 

cªevn PjvKvjxb †fvëwgUv‡ii cvVB n‡jv ev‡j¦i ev †iv‡ai `yB cÖv‡š—i wefe cv_©K¨ V| Gevi cwigvcK…Z 
Zwo”PvjKkw³ Ges wefe cv_©‡K¨i gv‡bi Zzjbv Ki| Zzwg †`L‡Z cv‡e E -Gi gvb V -Gi gv‡bi †P‡q eo|

11.8  †iv‡ai wbf©ikxjZv 
 Dependence of resistance  

Avgiv Rvwb, hLb ZvcgvÎv Ges Ab¨vb¨ †fŠZ Ae¯’v (†hgb- ˆ`N©̈ , cȪ ’‡”Q`, Dcv`vb) AcwiewZ©Z _v‡K ZLb 
cwievnxi †iva w¯’i _v‡K|  

†Kv‡bv cwievnxi †iva wb‡¤œi PviwU wel‡qi Dci wbf©i K‡i| 

1. cwievnxi ˆ`N©̈  
2. cwievnxi cȪ ’‡”Q‡`i †¶Îdj 
3. cwievnxi Dcv`vb Ges 
4. cwievnxi ZvcgvÎv 

ZvcgvÎv w¯’i _vK‡j †Kv‡bv cwievnxi †iva ïaygvÎ Gi ˆ`N©̈ , cȪ ’‡”Q‡`i †¶Îdj Ges Dcv`v‡bi Dci wbf©i 
K‡i| †iv‡ai GB wbf©ikxjZv ỳBwU m~‡Îi mvnv‡h¨ cÖKvk Kiv hvq| 

11.7 wP‡Î GKB cÖ¯’‡”Q‡`i †¶Îdj Ges GKB Dcv`vb Øviv ˆZwi `ywU cwievnx Zvi P Ges Q †`Lv‡bv 
n‡q‡Q| P Zv‡ii ˆ`N©̈  Q Zv‡ii †P‡q †ewk| †ewk nIqvq Zvi †ivaI †ewk| 

wPÎ 11.7 

ˆ`‡N©̈ i m~Î: wbw`©ó ZvcgvÎvq wbw`©ó Dcv`v‡bi cwievnxi cÖ¯’‡”Q‡`i ‡¶Îdj w¯’i _vK‡j cwievnxi †iva Gi 
ˆ`‡N©̈ i mgvbycvwZK| 

cwievwni ˆ`N©̈  L, cȪ ’‡”Q‡`i †¶Îdj A Ges †iva R n‡j, GB m~Îvbymv‡i

R L  hLb ZvcgvÎv, Dcv`vb Ges A aªye _v‡K|        (11.1)

P

Q



c`v_©weÁvb 183

11.8 wP‡Î GKB ˆ`‡N©̈ i Ges GKB Dcv`vb Øviv ˆZwi ỳwU cwievnx Zvi S Ges T †`Lv‡bv n‡q‡Q| S Zv‡ii 
cȪ ’‡”Q‡`i †¶Îdj T Zv‡ii cȪ ’‡”Q‡`i †¶Îdj A‡c¶v †ewk| †h Zv‡ii cȪ ’‡”Q‡`i †¶Îdj †ewk Zvi †iva Kg|  

wPÎ 11.8 

cȪ ’‡”Q‡`i m~Î: wbw`©ó ZvcgvÎvq wbw`©ó Dcv`v‡bi cwievnxi ˆ`N©¨ w¯’i _vK‡j cwievnxi †iva Gi cȪ ’‡”Q‡`i 
†¶Îd‡ji e¨¯ÍvbycvwZK| 

            A_©vr 1
R

A
 hLb ZvcgvÎv, Dcv`vb Ges L aªye _v‡K (11.2)

11.9|  Av‡cw¶K †iva Ges cwievnKZ¡
            Resitivity and conductivity 

wbw ©̀ó ZvcgvÎvq wbw ©̀ó Dcv`v‡bi cwievnxi ‡iva Zvi ˆ`‡N ©̈i mgvbycv‡Z Ges cȪ ’‡”Q‡`i †¶Îd‡ji 
e¨¯Ívbycv‡Z cwiewZ©Z nq| myZivs †iv‡ai m~Î †_‡K cvB,

L
R

A
hLb ZvcgvÎv I Dcv`vb aª“e _v‡K| 

                A_ev L
R

A
                          (11.3)

GLv‡b GKwU aªyeK, hvi gvb cwievnxi Dcv`vb Ges ZvcgvÎvi Dci wbf©ikxj| G‡K H ZvcgvÎvq cwievnxi 
Dcv`v‡bi †ivaKZ¡ ev Av‡cw¶K †iva e‡j| 
(11.3)  mgxKi‡Y L= 1 GKK Ges A= 1 GKK n‡j, A = R nq| 

A_©vr †Kv‡bv wbw ©̀ó ZvcgvÎvq GKK ˆ`N©̈  I GKK cȪ ’‡”Q‡`i †¶Îdjwewkó †Kv‡bv cwievnxi †iva‡K H 
ZvcgvÎvq Gi Dcv`v‡bi Av‡cw¶K †iva e‡j|

wbw ©̀ó ZvcgvÎvq †Kv‡bv cwievnxi ‡iva Gi †fŠZ Ae¯’vi (†hgb ‰`N©̈ , cȪ ’‡”Q` BZ¨vw`) Dci wbf©i K‡i| 
wKš‘ Gi Av‡cw¶K †iva ïaygvÎ Gi Dcv`v‡bi Dci wbf©ikxj| 

Av‡cw¶K †iv‡ai GKK: (11.3) mgxKiY‡K mvwR‡q †jLv hvq, 

A
R

L
             (11.4)

mgxKi‡Yi Wvbcv‡ki ivwk¸‡jvi GKK ewm‡q ‡ivaKZ¡  -Gi GKK cvIqv hvq| 
2m

m
m

S

T
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Zvrch©: 20 C ZvcgvÎvq iycvi †ivaKZ¡ 1.6 10
-8

m| A_©vr 20 C ZvcgvÎvq 1m ˆ`N©̈  I 1m
2

cȪ ’‡”Q‡`i †¶Îdjwewkó iycvi Zv‡ii †iva n‡e 1.6 10
-8 | Wvb cv‡ki mviwY‡Z wKQz mvaviY c`v‡_©i 

†ivaKZ¡ †`Lv‡bv n‡q‡Q|  

mviwY 11.2: wewfbœ c`v‡_©i †ivaKZ¡
c`v_© †ivaKZ¡ ( m)

iycv 1.6 10
-8

Zvgv 1.7 10
-8

Uvs‡÷b 5.5 10
-8

bvB‡µvg 100 10
-8

Dc‡ii mviwY †_‡K Avgiv †`L‡Z cvB, †h mKj c`v‡_©i †ivaKZ¡ Kg †m¸‡jv Zwo‡Zi Rb¨ mycwievnK wn‡m‡e 
KvR K‡i| †hgb, Zvgv bvB‡µv‡gi Zzjbvq Zwor mycwievnx| G Kvi‡YB ˆe ỳ̈ wZK eZ©bx‡Z ms‡hvM Zvi 
wn‡m‡e Zvgvi e¨vcK e¨envi i‡q‡Q| 

GQvov †h mKj c`v‡_©i ‡ivaK‡Z¡i gvb Z~jbvg~jKfv‡e †ewk Zv‡`iI eûwea e¨envi i‡q‡Q| D`vniY wn‡m‡e 
bvB‡µvg Zv‡ii K_vB aiv hvK| bvB‡µv‡gi †ivaKZ¡ Ges Mjbv¼ Zvgvi Zzjbvq A‡bK †ewk| D”P ‡ivaK‡Z¡i 
Kvi‡YB bvB‡µvg Zv‡ii ga¨ w`‡q Zwor cÖevwnZ n‡j cÖPzi Zvc Drcbœ nq| bvB‡µv‡gi G a‡g©i Kvi‡YB 
ˆe ỳ̈ wZK †KUjx‡Z cvwb Lye ª̀yZ Mig nq| Avgiv evwo‡Z †h mKj ˆe ỳ̈ wZK evj¦ e¨envi Kwi Zv‡`i wdjv‡g›U 
Uvs‡÷b Øviv ˆZwi nq| Uvs‡÷‡bi D”P †ivaKZ¡ I Mjbv‡¼i Kvi‡Y GwU ˆe ỳ̈ wZK kw³‡K Lye mn‡R 
Av‡jvKkw³‡Z iƒcvš—wiZ Ki‡Z cv‡i| 

cwievnKZ¡
†iv‡ai wecixZ ivwk n‡jv cwievwnZv, †Zgwb Av‡cw¶K †iv‡ai wecixZ ivwk‡K cwievnKZ¡ e‡j| cwievnKZ¡‡K 

 A¶i Øviv cÖKvk Kiv nq| Gi gvb cwievnxi Dcv`vb I ZvcgvÎvi Dci wbf©ikxj| 

g‡b Kwi, GKwU cwievnxi Dcv`v‡bi Av‡cw¶K †iva = 

myZivs, H cwievnxi Dcv`v‡bi cwievnKZ¡  n‡e- 
1

†h‡nZz  -Gi GKK m, myZivs -Gi GKK n‡jv ( m)
-1|

MvwYwZK D`vniY 11.4| GKwU ˆe ỳ̈ wZK wnUv‡i e¨eüZ bvB‡µvg Zv‡ii Av‡cw¶K †iva 100  10
-8 

m|
15 m j¤^v Ges 2.0  10

-7 
m

2  cȪ ’‡”Q‡`i †¶Îdjwewkó Zv‡ii †iva KZ n‡e ?  
Avgiv Rvwb, 

L
R

A

       = 
8

7 2

(100 10 m)(15 m)

2.0 10 m

       = 75

DËi : †iva  75 |

GLv‡b,
Av‡cw¶K †iva,  =100 10

-8
m

Zv‡ii cȪ ’‡”Q‡`i †¶Îdj, A = 2.0 10
-7 

m
2

Zv‡ii ˆ`N©¨, L = 15 m  

‡iva, R = ?  
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11.10| †kÖwY Ges mgvš—ivj eZ©bx ‰Zwi I e¨envi 
            Making series and parallel circuits and their uses 

B1 B2

wPÎ : 11.9 

†kÖwY eZ©bx 

†h eZ©bx‡Z Zwor DcKiY¸‡jv ci ci mvRv‡bv _v‡K Zv‡K †kªwY eZ©bx e‡j| 11.9 wP‡Î †Kvl E, `ywU evj¦  
B1, B2 ci ci mvwR‡q †kªwY eZ©bx ˆZwi Kiv n‡q‡Q| †h‡nZz GB eZ©bx‡Z GKwU gvÎ c_ i‡q‡Q, ZvB Gi 
me©Î GKB cÖevn Pj‡e| GLb hw` GKwU A¨vwgUvi‡K A, B, ev C we› ỳ‡ZI ms‡hvM †`Iqv hvq Zvn‡jI Zwor 
cÖev‡ni GKB gvb cvIqv hv‡e| 
we‡q evwo‡Z ev wewfbœ Abyôv‡bi Av‡jvKm¾vq †h mKj †QvU †QvU evwZ e¨envi Kiv nq G¸‡jv †kÖwYe×fv‡e
mshy³ Kiv nq| Avgiv UP© jvB‡U GKvwaK e¨vUvwi‡K †kªwY‡Z mshy³ K‡i †fv‡ëR e„w× K‡i _vwK| Zwor cÖevn 
cwigv‡ci Rb¨ A¨vwgUvi‡K eZ©bx‡Z †kÖwY‡Z hy³ Kiv nq| 
mgvš—ivj eZ©bx  
†h eZ©bx‡Z Zwor DcKiY¸‡jv Ggbfv‡e mvRv‡bv _v‡K †h cÖ‡Z¨KwUi GK cÖvšÍ¸‡jv GKwU mvaviY we› ỳ‡Z 
Ges AcicÖvšÍ¸‡jv Ab¨ GKwU mvaviY we› ỳ‡Z mshy³ _v‡K Z‡e Zv‡K mgvšÍivj eZ©bx e‡j| 11.10 wP‡Î 
evj¦ B1 I B2 Gi GKcÖvšÍ a we› ỳ‡Z Ges Aci cÖvšÍ b we› ỳ‡Z mshy³ _vKvq G¸‡jv GKwU mgvšÍivj 
eZ©bx ˆZwi K‡i| mgvšÍivj eZ©bx‡Z GKvwaK c_ _vKvq cÖ‡Z¨K c_ w`‡q Zwor cÖevn P‡j|

wPÎ 11.13 

A

B

C

a

Q

b
P

A R
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aiv hvK eZ©bxi †gvU cÖevn I| GB cÖevn a we›`y‡Z G‡m `ywU fv‡M wef³ nq| Zwor cÖev‡ni GKwU Ask I1 hvq 
cÖ_g evj¦ B1 w`‡q Ges evKx Ask I2 hvq wØZxq evj¦ B2 w`‡q| b we›`y‡Z G‡m cÖevn `ywU GKwÎZ n‡q cybivq I
cÖevn MVb K‡i| P, Q Ges R we› ỳ‡Z A¨vwgUvi -Gi mvnv‡h¨ Zwor cÖevn cwigvc Ki‡j †`Lv hv‡e,

I = I1 + I2

GLv‡b eZ©bxi g~j ZworcÖevn = I

A_©vr, mgvš—ivj eZ©bx‡Z cÖ‡Z¨K mgvš—ivj kvLvq cÖevwnZ ¯^Zš¿ Zwor cÖevnmg~‡ni †hvMdj eZ©bxi g~j 
cÖev‡ni mgvb| 

Avgiv evwo‡Z ev Awd‡m †h mKj ˆe ỳ̈ wZK DcKiY ‡hgb- evwZ, d¨vb BZ¨vw` e¨envi Kwi G¸‡jv Gwm †gBb 
jvB‡bi mv‡_ mgvš—ivjfv‡e mshy³ Kiv nq| mgvš—ivjfv‡e ms‡hv‡Mi d‡j cÖ‡Z¨KwU DcKiY GKB †fv‡ëR 
mieivn cvq| wKš‘ DcKiY¸‡jv wfbœ wfbœ cÖevn MÖnY K‡i| 

11.11|  Zzj¨‡iva Ges eZ©bx‡Z Zzj¨‡iv‡ai e¨envi 
Equivalent resistance and its uses in circuit 

A‡bK mgq wewfbœ cÖ‡qvR‡b GKvwaK †iva‡K GK‡Î e¨envi Ki‡Z nq| GKvwaK †iva‡K GK‡Î ms‡hvM 
Kiv‡KB †iv‡ai mwbœ‡ek e‡j| 

Zzj¨‡iva: †iv‡ai †Kv‡bv mwbœ‡e‡ki cwie‡Z© †h GKwU gvÎ †iva e¨envi Ki‡j eZ©bxi cÖevngvÎv I wefe 
cv_©‡K¨i †Kv‡bv cwieZ©b nq bv, Zv‡K H mwbœ‡e‡ki Zzj¨ ‡iva e‡j| 

†iv‡ai mwbœ‡ek `yÕai‡bi n‡Z cv‡i, h_v- †kªwY mwbœ‡ek I mgvš—ivj mwbœ‡ek| 

†iv‡ai †kÖwY mwbœ‡ek  

wP‡Î †ivaK R1, R2 Ges R3 †kÖwYe×fv‡e mshy³ Av‡Q| †iva¸‡jv ch©vqµ‡g GKwUi ci Ab¨wU mshy³ Kiv 
n‡q‡Q| G‡¶‡Î cÖ‡Z¨KwU †iv‡ai ga¨ w`‡q GKB gv‡bi Zwor cÖevn I cÖevwnZ n‡”Q| GLb Avgiv †kÖwY 
mwbœ‡e‡k mshy³ GB wZbwU †iv‡ai Zzj¨ †iva wbY©q Ki‡ev|  

wPÎ : 11.11 

I'‡gi m~Î †_‡K Avgiv Rvwb, 

R1 †iv‡ai `yB cÖv‡š—i wefe cv_©K¨, 1 1V IR

R2 †iv‡ai `yB cÖv‡š—i wefe cv_©K¨, 2 2V IR

R3 †iv‡ai `yB cÖv‡š—i wefe cv_©K¨, 3 3V IR

me¸‡jv †iv‡ai ỳB cÖv‡š—i wefe cv_©K¨ A_©vr mwbœ‡e‡ki `yB cÖv‡š—i wefe cv_©K¨ V n‡j

1 2 3V V V V
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= 1 2 3IR IR IR

1 2 3( )I R R R (11.5)

GLb R1, R2 I R3 gv‡bi †iva wZbwU‡K hw` Rs gv‡bi Ggb GKwU †iva Øviv cÖwZ¯’vcb Kiv nq †h, G‡Z 
eZ©bx‡Z GKB cÖevn I P‡j Ges †iva¸‡jvi ỳB cÖv‡š—i wefe cv_©K¨ V AcwiewZ©Z _v‡K Zvn‡j Rs B n‡e GB 
mwbœ‡e‡ki Zzj¨ †iva| 
Zzj¨‡iv‡ai †¶‡Î V = IRs (11.6)

mgxKiY Zzjbv K‡i cvB, 

SIR 1 2 3( )I R R R

1 2 3SR R R R

wZbwU †iv‡ai cwie‡Z© hw` n msL¨K †iva †kÖwY mwbœ‡e‡k hy³ _v‡K, Zv n‡j Zzj¨ †iva 
sR  n‡e

1 2 3 ...S nR R R R R

A_©vr †kÖwY mwbœ‡e‡k mshy³ †iva¸‡jvi Zzj¨‡iv‡ai gvb mwbœ‡e‡k Aš—f~©³ wewfbœ †iv‡ai gv‡bi †hvMd‡ji mgvb| 
†kÖwY mwbœ‡e‡k Zzj¨‡iv‡ai gvb Avjv`v Avjv`v cÖ‡Z¨KwU †iv‡ai gv‡bi †P‡q eo| 

mgvš—ivj mwbœ‡ek: KZK¸‡jv †iva hw` Ggbfv‡e mshy³ Kiv nq †h, meKqwU †iv‡ai GKcÖvš— GKwU mvaviY 
we›`y A-‡Z  Ges Aci cÖvš—̧ ‡jv Ab¨ GKwU mvaviY we› ỳ B -‡Z mshy³ _v‡K Ges cÖ‡Z¨KwU †iv‡ai `yB cÖv‡š—
GKB wefe cv_©K¨ eRvq _v‡K, Z‡e †iva¸‡jvi GB mwbœ‡ek‡K mgvš—ivj mwbœ‡ek ejv nq| 

wPÎ : 11.12 

11.12 wP‡Î wZbwU †ivaK R1, R2 Ges R3 mgvš—ivj mwbœ‡e‡k mshy³ Kiv n‡q‡Q| G‡¶‡Î wZbwU †iv‡ai ỳB 
cÖv‡š— GKB wefe cv_©K¨ V eRvq Av‡Q| ‡iv‡ai gv‡bi wewfbœZvi Rb¨ Zv‡`i cÖ‡Z¨‡Ki ga¨ w`‡q Avjv`v 
gv‡bi Zwor cÖevwnZ n‡”Q| G‡¶‡Î eZ©bxi g~j cÖevn I, A -ms‡hvM we›`y‡Z G‡m wZbwU fv‡M wef³ nq Ges 
cybivq B we› ỳ‡Z G‡m wgwjZ nq| aiv hvK, R1, R2 Ges R3 †iv‡ai ga¨ w`‡q cÖevwnZ Zwor cÖev‡ni gvb 
h_vµ‡g I1, I2 Ges I3| myZivs mgvš—ivj c_¸‡jvi cÖevn I1, I2 Ges I3 -Gi †hvMdj ms‡hvM we›`y A -Gi cÖevn 
I Gi mgvb| A_©vr  

I = I1 + I2 + I3 (11.7)

G‡¶‡Î, cÖ‡Z¨KwU †iv‡ai ỳB cÖv‡š—i wefe cv_©K¨ V nIqvq I'‡gi m~Î cÖ‡qvM K‡i Avgiv cvB, 

1

1

V
I

R
, 2

2

V
I

R
Ges 3

3

V
I

R

A B
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(11.7) bs mgxKi‡Y I1, I2 Ges I3 -Gi gvb ewm‡q cvB,  

1 2 3

V V V
I

R R R

1 2 3

1 1 1
( )V
R R R

(11.8)

GLb R1, R2 I R3 gv‡bi †iva wZbwU‡K hw` RP gv‡bi Ggb GKwU †iva Øviv cÖwZ¯’vcb Kiv nq †h, G‡Z 
eZ©bx‡Z GKB cÖevn I P‡j Ges †iva¸‡jvi ỳB cÖv‡š—i wefe cv_©K¨ V AcwiewZ©Z _v‡K, Zvn‡j RP B n‡e H 
mwbœ‡e‡ki Zzj¨ †iva| 

P

V
I

R
                             (11.9)

(11.8) I (11.9) mgxKiY Zzjbv K‡i cvIqv hvq, 

P

V

R 1 2 3

1 1 1
( )V
R R R

1

PR 1 2 3

1 1 1
( )
R R R

wZbwU †iv‡ai cwie‡Z© hw` n msL¨K †iva mgvš—ivj mwbœ‡e‡k hy³ _v‡K, Zvn‡j Zzj¨‡iva RP †K wb¤œwjwLZ 
fv‡e cÖKvk Kiv hvq|  

1

PR 1 2 3

1 1 1 1
...

nR R R R
              (11.10)

A_v©r mgvš—ivj mwbœ‡e‡k mshy³ cÖ‡Z¨KwU †iv‡ai wecixZ ivwki mgwó Zzj¨‡iv‡ai wecixZ ivwki mgvb| 
MvwYwZK D`vniY 11.6 : 5 Ges 10  gv‡bi `ywU †iva Avjv`vfv‡e †kÖwY Ges mgvš—ivj mwbœ‡e‡k mshy³ 
Ki‡j Dfq †¶‡Î Zzj¨ †iv‡ai gvb wbY©q Ki| 

Avgiv Rvwb, 

1 2SR R R

       = 5   + 10 

       = 15

Avevi,

1 2

1 1 1

PR R R

1 1 1

5 10PR

                   = 12 1

10

GLv‡b,
cÖ_g †iva, R1 = 5 

wØZxq †iva, R2 = 10 

‡kªwY mgev‡q Zzj¨ †iva, RS = ?

mgvšÍjvj mgev‡q Zzj¨ †iva, RP = ?
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                   = 13

10

RP = 3.33 

D: RS = 15 Ges RP = 3.33 

11.12  Zwor ¶gZvi wnmve 
Electric power

hLb †Kv‡bv cwievnxi `yB cÖv†š— wefe cv_©K¨ cÖ‡qvM Kiv nq, ZLb H cwievnx‡Z ZworcÖev‡ni m„wó nq| Gi 
d‡j KvR m¤úbœ nq Ges B‡jKUªb¸‡jv kw³ AR©b K‡i| GB Zworkw³ eZ©bxi cÖK…wZ Abyhvqx wewfbœ cÖKvi 
kw³‡Z †hgb- Zvc, Av‡jv, hvwš¿Kkw³ BZ¨vw`‡Z iƒcvš—wiZ n‡Z cv‡i|

wPÎ : 11.13 

aiv hvK, AB, R †iv‡ai GKwU cwievnx Gi ga¨ w`‡q t mg‡q Q cwigvY Avavb cÖevwnZ nq Ges A I B

we› ỳi wefe cv_©K¨ V| Avgiv Rvwb hw`, †Kv‡bv cwievwni `yB cÖv‡š—i wefe cv_©K¨ 1 ‡fvë nq Ges Gi ga¨ 
w`‡q 1 Kzj¤^ Avavb cÖevwnZ nq, ZLb K…Z Kv‡Ri cwigvY nq Z_v e¨wqZ kw³i cwigvY nq 1 Ryj| myZivs 
cwievnxi ga¨ w`‡q Q Kzj¤^ Avavb cwievwnZ n‡j K…Z KvR = VQ Ryj|

myZivs, e¨wqZ kw³  Z_v iƒcvš—wiZ †gvU kw³i cwigvY 

W VQ

Avevi ZworcÖevn, Q
I

t

               ev, Q It

W VIt (11.11)

IÕ‡gi m~Î e¨envi K‡i G m¤úK©‡K wb‡gœv³fv‡eI cÖKvk Kiv hvq| 
2

2 V
W VIt I Rt t

R
 Ryj (11.12)

Zwor ¶gZv 

Avgiv evwo I Kj-KviLvbvq †h mKj ˆe ỳ̈ wZK hš¿cvwZ e¨envi Kwi Zv‡`i cÖ‡Z¨KwUi Mv‡q mvaviYZ Kx 
cwigvY †fv‡ë‡R GwU P‡j Zv Ges Gi Zwor ¶gZv IqvU †jLv _v‡K| Avgiv Rvwb KvR m¤úv`‡bi nvi Z_v 
kw³ i~cvš—‡ii nvi‡K ¶gZv e‡j| myZivs, †Kv‡bv ˆe ỳ̈ wZK h‡š¿ Zworkw³ Ab¨vb¨ kw³‡Z iƒcvš—wiZ nq, 
ZvB n‡jv G h‡š¿i ¶gZv P|

       A_©vr,  ¶gZv = 
K…Z KvR

mgq  = 
i~cvš—wiZ kw³

 mgq
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W
P

t
(11.13)

mgxKiY (11.11) †_‡K W -Gi gvb ewm‡q cvB, 

P VI (11.14)

IÕ‡gi m~Î cÖ‡qvM K‡i  ‡K V, I Ges R -Gi mvnv‡h¨ wb‡¤œv³fv‡e cÖKvk Kiv hvq- 
2

2 V
P VI I R

R
(11.15)

Avgiv Rvwb ¶gZvi GKK nj IqvU (W)| Zwor kw³ wn‡m‡ei mgq mvaviYZ Iqv‡Ui cwie‡Z© kW, MW

BZ¨vw` e¨envi Kiv nq| 1kW = 10
3
W Ges 1MW = 10

6
W|

Avgiv evmvevwo‡Z †h mKj ˆe ỳ̈ wZK hš¿cvwZ e¨envi Kwi Zvi g‡a¨ K‡qKwUi ¶gZv D‡jL Kiv n‡jv| 
‰e`y¨wZK ev‡j¦i ¶gZv 40, 60, 100 W n‡q _v‡K| ˆe`y¨wZK cvLvi ¶gZv mvaviYZ 65-75 W nq|
†Uwjwfk‡bi ¶gZv mvaviYZ 60-70 W| AvRKvj Avgiv †h mKj GbvwR© †mwfs evj¦ e¨envi Kwi G¸‡jvi 
¶gZv mvaviYZ 11-30 W nq| 

GQvovI Avgiv evmvq wd«R, wnUvi, Bw¯¿, e¨envi Kwi G‡`i ¶gZv A‡bK †ewk| ZvB wcK AvIqv‡i Gme 
hš¿cvwZ e¨envi bv Kiv fv‡jv| 

Zworkw³ e¨‡qi wnmve 

Avgiv evmv-evwo, †`vKvb, Kj-KviLvbvq †h Zwor kw³ e¨envi Kwi Zvi Rb¨ g~j¨ cwi‡kva Ki‡Z nq| Zwor 
kw³ e¨envi K‡i Ggb cÖ‡Z¨K evwo‡Z GKwU ˆe ỳ̈ wZK wgUvi _v‡K hv evwo‡Z e¨wqZ Zwor kw³i wnmve iv‡L| 
wek¦e¨vcx Zwor mieivn cÖwZôvb wK‡jvIqvU-NÈv (kWh) GKK‡K e¨wqZ Zworkw³i cwigvY wba©viY K‡i| 
Avgiv GB wK‡jvIqvU-N›Uv GKK‡K †evW© Ae †UªW BDwbU ev ms‡¶‡c BDwbU e‡j _vwK| ˆe`y¨wZK wgUv‡i `yB 
mg‡qi wiwWs-Gi cv_©K¨ †_‡K H mg‡qi e¨eüZ Zwor-kw³i cwigvY cvIqv hvq| 

†h‡nZz ¶gZv P =
KZ„  KvR

mgq
 = 

i~cvš—wiZ kw³
 mgq , P = 

w

t

W = Ptw

hw` P=1 kW Ges t =1h nq,  ZLb W=1 kW 1h=1 kWh nq| 
A_©vr GK wK‡jvIqvU ¶gZvm¤úbœ †Kv‡bv Zwor hš¿ GK NÈv a‡i KvR Ki‡j †h cwigvY Zworkw³‡K Ab¨ 
kw³‡Z iƒcvš—i K‡i ev e¨q K‡i Zv‡K GK wK‡jvIqvU-NÈv ev GK BDwbU e‡j| 

wb‡R Ki : 1kWh  †K Ry‡j cÖKvk Ki| 

1 kWh = 3.6  10
6
 J

¶gZv‡K Iqv‡U Ges mgq‡K NÈvq cÖKvk Ki‡j, e¨wqZ Zworkw³ W -†K †jLv hvq- 
W Pt  Wh 

G‡K 1000 w`‡q fvM Ki‡j e¨wqZ kw³ kWh G cvIqv hv‡e| 



c`v_©weÁvb 191 

wb‡R Ki: 

Zzwg †h N‡i evm K‡iv, †mB N‡i hw` ˆe`y¨wZK ms‡hvM _v‡K, Zvn‡j H N‡i Kx Kx ˆe`y¨wZK 
DcKiY Av‡Q, Zvi GKwU ZvwjKv ˆZwi Ki| Gi †_‡K H N‡ii Rb¨ GK gv‡mi m¤¢ve¨ e¨wqZ 
kw³i cwigvY wbY©q Ki| 

MvwYwZK D`vniY 11.7 : GKwU ev‡j¦i Mv‡q 100 W- 220 V wjLv Av‡Q| Gi wdjv‡g‡›Ui †iva KZ ? Gi 
ga¨w`‡q Kx cwigvY Zwor cÖevwnZ n‡e ?  

Avgiv Rvwb,   
2V

P
R

2V
R

P

               = 220V  220 V

100W

              = 484

       Avevi, P VI

P
I

V

                = 
100w

220v

              = 0.455 A 

D: 484 Ges 0.455 A 

11.13  Zwo‡Zi wm‡÷g jm Ges †jvW †kwWs 
        System loss and load sheding 

Avgiv Rvwb, †`‡ki wewfbœ ¯’v‡b Aew¯’Z we`y¨r cvIqvi  cv›U¸‡jv‡Z we`y¨r kw³  Drcvw`Z nq| Drcbœ GB 
we ỳ̈ r‡K cÖ‡qvRb Abyhvqx wewfbœ̄ ’v‡b mÂvjb Ki‡Z nq| we ỳ̈ r mÂvjb e¨e¯’vi gva¨‡g Drcvw`Z we ỳ̈ r 
kw³‡K we ỳ̈ r †K› ª̀ †_‡K wewfbœ ¯’v‡b Aew¯’Z we ỳ̈ r mve‡÷k‡b ¯’vbvš—i Kiv nq| Gi ci wewfbœ mve‡÷kb 
†_‡K cybivq we ỳ̈ r weZiY e¨e¯’vi gva¨‡g we ỳ̈ r kw³‡K MÖvnK chv©‡q weZiY Kiv nq|  

we ỳ̈ r †K‡› ª̀ we ỳ̈ r kw³ wb¤œ †fv‡ë‡R Drcv`b Kiv nq| c‡i GB †fv‡ëR‡K †÷c Avc UªvÝdg©vi -Gi 
mvnv‡h¨ D”P †fv‡ë‡R iƒcvš—wiZ Kiv nq| we ỳ̈ r mÂvj‡bi Rb¨ †h mKj cwievnx Zvi e¨envi Kiv nq Zv‡`i 
GKwU wbw`©ó cwigvY †iva _v‡K| d‡j GB †iva‡K AwZµ‡gi Rb¨ Zworkw³i GKwU Ask Zv‡c iƒcvš—wiZ nq| 
A_v©r kw³i jm ev ¶q nq| GB jmB n‡jv Zwo‡Zi wm‡÷g jm| D”P †fv‡ë‡R we`y¨r mÂvj‡bi d‡j we`y¨r 
wMÖW Z_v cwievnxi †iv‡ai Kvi‡Y †h jm nq Zv A‡bKvs‡k K‡g hvq| GKwU wbw ©̀ó cwigvY we ỳ̈ rkw³i Rb¨, 

GLv‡b
wefe cv_©K¨, V = 220 V

¶gZv, P = 100 W 

†iva, R = ?

Zwor cÖevn, I = ?
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D”P †fv‡ë‡R we ỳ̈ r mÂvj‡bi d‡j Zwor cÖev‡ni gvb Kg nq| Gi d‡j †ivaRwbZ j‡mi cwigvYI K‡g hvq| 
D`vnviY wnmv‡e ejv hvq- hw` mÂvjb jvBb †fv‡ëR‡K `k ¸Y e„w× Kiv nq, ZLb Zwor cÖev‡ni gvb GK 
`kgvsk nq| hvi d‡j we`y¨r wMÖ‡Wi I

2
R j‡mi cwigvY GKkZ fv‡Mi GK fvM nq| A_v©r mÂvjb jvB‡bi

†fv‡ëR‡K e„w× K‡i wm‡÷g jm Kgv‡bv ‡h‡Z cv‡i|  

†jvW †kwWs 

cÖ‡Z¨KwU we ỳ̈ r‡K› ª̀ GKwU wbw ©̀ó cwigvY we ỳ̈ rkw³ Drcv`b K‡i| me¸‡jv we ỳ̈ r †K› ª̀ †_‡K Drcvw`Z we ỳ̈ r 
RvZxq wMÖ‡W †hvM nq| wewfbœ GjvKvi Pvwn`v Abyhvqx we ỳ̈ r Dc‡K› ª̀ RvZxq wMÖW †_‡K we ỳ̈ r msMÖn K‡i| 
cieZx©‡Z we ỳ̈ r Dc‡K› ª̀ MÖvnK chv©‡q G we ỳ̈ r‡K †cŠu‡Q †`q ev weZiY K‡i| †Kv‡bv wbw ©̀ó GjvKvi we ỳ̈ ‡Zi 
Pvwn`v Drcv`b ev mieiv‡ni Zzjbvq †ewk n‡j ZLb we ỳ̈ r Dc‡K‡› ª̀i c‡¶ Pvwn`v †gUv‡bv m¤¢e n‡q D‡V bv| 
ZLb eva¨ n‡q Dc‡K› ª̀ KZ„©c¶ weZiY e¨e¯’vi wbw ©̀ó wKQz GjvKvq wKQz mg‡qi Rb¨ we ỳ̈ r weZiY eÜ K‡i 
†`q ev we`y¨r ms‡hvM wew”Qbœ K‡i| G‡K †jvW †kwWs e‡j| Avevi Dc‡K›`ª hLb cÖ‡qvRbxq Pvwn`v Abyhvqx 
mieivn cvq ZLb cybivq H GjvKvq we ỳ̈ r mieivn K‡i|

hw` †jvW †kwWs GK bvMv‡o K‡qK N›Uv ¯’vqx nq ZLb MÖvnK ch©v‡q †jvW†kwWs‡K mnbxq Ki‡Z KZ„©c¶ 
PµvKv‡i wewfbœ GjvKvq †jvW †kwWs K‡i _v‡K|   

11.14  Zwo‡Zi wbivc` I Kvh©Ki e¨envi 
Safe and effective use of electricity

Zwo‡Zi wec¾bK w`Kmg~n: Zwor Avgv‡`i ˆ`bw›`b Rxe‡b AZ¨š— ¸iZ¡c~Y© f~wgKv cvjb K‡i| Zwor 
Avgv‡`i †hgb A‡bK DcKv‡i Av‡m †Zgwb Gi AmZK© e¨envi AZ¨š— wec¾bK n‡Z cv‡i| ˆe`y¨wZK 
hš¿cvwZ Ges eZ©bx‡Z †h ‡Kv‡bv ai‡bi ÎywU ˆe ỳ̈ wZK kK&& w`‡Z cv‡i Ges AwMœKvÊ NU‡Z cv‡i| kix‡ii 
ga¨ w`‡q we`y¨r cÖev‡ni d‡j gvby‡li g„Zy¨iI SuzwK i‡q‡Q| Zworkw³i e¨envi wb¤œewY©Z wZbwU Kvi‡Y 
wec¾bK n‡Z cv‡i| 
1. Aš—i‡Ki ¶wZmvab; 
2. K¨ve‡ji AwZ DËß nIqv; 
3. Av`©ª Ae¯’v| 

1.Aš—i‡Ki ¶wZmvab : ˆe ỳ̈ wZK hš¿cvwZ‡K KvR Ki‡Z n‡j Zv‡`i‡K †fv‡ëR Drm-Gi mv‡_ ỳwU cwievnx 
Zvi Øviv mshy³ K‡i eZ©bx m¤ú~Y© Ki‡Z nq| GB `ywU Zvi‡K Avgiv ewj Rxeš— (Live) Ges wbi‡c¶ 
(Neutral) Zvi| G mKj cwievnx Zvi mvaviYZ ivevi Øviv Aš—wiZ Ae¯’vq _v‡K|  `ywU Zvi‡K c‡i GKwÎZ 
Ae¯’vq wcwfwm ev ivevi Øviv Ave„Z K‡i K¨vej ˆZwi Kiv nq|

mgq Ges e¨envi Gi mv‡_ mv‡_ G mKj Aš—iK c`v_© ¶wZMȪ Í nq| †hgb Avgiv evwo‡Z †h ˆe ỳ̈ wZK Bw¯¿ 
e¨envi Kwi Gi K¨vej e¨env‡ii mgq †eu‡K hvq Ges †gvPo Lvq| G‡Z K‡i Af¨š—i¯’ Aš—iK e¨e¯’v †d‡U 
Ges †f‡O †h‡Z cv‡i| d‡j cwievnx Zvi Db¥y³ n‡q hvq| GLb †Kv‡bvfv‡e hw` Rxeš— Zvi kix‡ii ms¯ú‡k© 
Av‡m, ZLb gvivZ¥K ˆe ỳ̈ wZK kK& Øviv Avµvš— n‡Z nq| GQvov Aš—iK e¨e¯’v ¶wZMȪ Í nIqvi d‡j Rxeš—
Zvi Ges wbi‡c¶ Zvi ci®ú‡ii ms¯ú‡k© Avm‡j kU© mvwK©‡Ui m„wó n‡e Ges AwMœKvÊ NU‡Z cv‡i|

wPÎ : 3.3 
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wPÎ 11.14: wec¾bK Ae¯’vq 
†nqvi Wªvqvi  

2. K¨ve‡ji AwZ DËß nIqv: hLb A¯^vfvweKfv‡e †ewk cwigvY ZworcÖevn ˆe ỳ̈ wZK K¨vej ev cwievnx  Zvi 
w`‡q hvq ZLb GwU DËß nq| †hgb -hLb ˆe`y¨wZK cvLvi †gvUi AwZ DËß nq Ges M‡j hvq, djkÖywZ‡Z 
Rxeš— Zvi Ges wbi‡c¶ Zvi GKwÎZ n‡q hvq Ges A¯^vfvweKfv‡e D”Pgv‡bi Zwor cÖevwnZ nq| GQvov 
A‡bK mgq Avgiv m‡K‡U gvwëcvM e¨envi K‡i A‡bK¸‡jv  ˆe ỳ̈ wZK hš¿cvwZ‡K  GKm‡½ ms‡hvM †`B| 
Gi d‡j m‡K‡Ui Af¨š—i¯’ cwievnx Zvi †gBb jvBb †_‡K †h cwigvY Zwor MÖnY K‡i Zv GB cwievnx Zvi 
wbivc‡` †h cwigvY Zwor cÖevn MÖnY Ki‡Z cv‡i Zvi †P‡q A‡bK †ewk nq| Gi d‡j K¨vej Zvi AZ¨waK 
DËß n‡q I‡V, Aš—iK e¨e¯’v M‡j hvq Ges AwMœKvÊ NUvq|  

3. Av ©̀ª Ae¯’v: Av ©̀ª Ae¯’vq A‡bK ˆe ỳ̈ wZK ~̀N©Ubv N‡U _v‡K| Avgiv Rvwb, 
cvwbi ga¨ w`‡q Zwor cÖevwnZ  n‡Z cv‡i| G Kvi‡Y †Kv‡bv ˆe ỳ̈ wZK miÄv‡gi 
‡h mKj Ask Aš—wiZ Ae¯’vq _v‡K bv †m¸‡jv memgq ï®‹ ivL‡Z n‡e| 
Ab¨_vq ˆe ỳ̈ wZK kU©mvwK©U Ges kK& Øviv Avµvš— nIqvi SzuwK _vK‡e| D`vniY 
wn‡m‡e ejv hvq, †Kv‡bv †nqvi Wªvqvi‡K †fRv wm‡¼ †i‡L †`Iqv AZ¨š—

wec¾bK| hw` †nqvi Wªvqv‡ii Zvi Db¥y³ _v‡K wKsev Zv‡ii Aš—iK e¨e¯’v 
¶wZMȪ Í n‡q hvq, ZLb whwb wm¼ e¨envi Ki‡Qb wZwb ˆe ỳ̈ wZK kK& Øviv 
Avµvš— n‡Z cv‡ib| GQvovI †fRv nvZ Øviv †Kv‡bv ˆe ỳ̈ wZK myBP Ab& ev Ad& KivI wec¾bK|  

Zwo‡Zi wbivc` e¨envi

c~e©eZ©x Aby‡”Q‡` †Zvgiv Zwor e¨env‡ii wec¾bK w`K m¤ú‡K© AewnZ n‡qQ| eZ©gvb Aby‡”Q‡` Avgiv 
evwo‡Z wKfv‡e Zwo‡Zi wbivc` e¨envi m¤ú‡K© Rvbe|  

evwo‡Z Zwor e¨env‡ii mgq †h mKj wbivcËvg~jK e¨e¯’v MÖnY Kiv cÖ‡qvRb G¸‡jv n‡jv: 
1. mvwK©U †eªKvi
2. wdDR 
3. myB‡Pi mwVK ms‡hvM 
4. f~-ms‡hvM Zvi 

1. mvwK©U †eªKvi: wbivcËvg~jK †KŠkj wnmv‡e mvwK©U †eªKvi  e¨envi Kiv nq| GwU mvaviYZ evwoi mb¥yL 
`iRvi Av‡kcv‡k ¯’vcb Kiv nq| hLb †Kv‡bv eZ©bx‡Z wbw ©̀ó gv‡bi AwaK Zwor cÖevwnZ nq ZLb mvwK©U 
†eªKvi eZ©bxi Zwor mieivn eÜ K‡i †`q| mvwK©U †eªKvi evwoi †Kv‡bv wbw`©ó As‡ki Zwor mieivn wew”Qbœ 
K‡i| eZ©bx‡Z mvwK©U †eªKvi bv _vK‡j AwZwi³ Zwor cÖev‡ni Rb¨ evwoi Zwor miÄvg webó n‡q †h‡Z 
cv‡i, GgbwK AwMœKvÊI NU‡Z cv‡i|

2. wdDR: wdDR n‡jv GKwU wbivcËvg~jK †KŠkj| ˆe ỳ̈ wZK eZ©bx‡Z AwaK ZworcÖevn cÖwZ‡iv‡ai Rb¨ 
wdDR Aš—f©y³ Kiv nq| wdDRwU‡K memgq ˆe ỳ̈ wZK K¨ve‡ji Rxeš— Zv‡i ms‡hvM †`Iqv nq| GKwU ¯^í 
ˆ`‡N©̈ i wPKb Zvi wdDR wn‡m‡e e¨envi Kiv nq| wbw ©̀ó gv‡bi ZworcÖevn A‡c¶v †ewk Zwor cÖevwnZ n‡j 
wdDRwU DËß nq Ges M‡j hvq| G‡Z eZ©bx wew”Qbœ nq Ges ˆe ỳ̈ wZK hš¿cvwZ bó nIqvi nvZ †_‡K i¶v 
cvq| wdD‡Ri Mv‡q wbw`©ó gv‡bi ZworcÖev‡ni D‡jL _v‡K| †Kv‡bv ˆe ỳ̈ wZK hš¿ ev miÄvg m‡e©v”P †h 
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gv‡bi ZworcÖevn enb Ki‡Z cv‡i Zvi †P‡q mvgvb¨ †ewk ZworcÖevn en‡b m¶g Ggb wdDR e¨envi Ki‡Z 
n‡e| G‡Z K‡i wdDR cy‡o †M‡jI ˆe`y¨wZK miÄvgwU ZwoZvwqZ _vK‡e bv| GQvovI wdDR cwieZ©‡bi mgq 
we ỳ̈ r mieiv‡ni †gBb myBP& eÜ Ki‡Z n‡e| 

3. myB‡Pi mwVK ms‡hvM: myB‡Pi KvR n‡jv †Kv‡bv ˆe ỳ̈ wZK eZ©bx‡K m¤ú~Y© Kiv A_ev eZ©bx‡K wew”Qbœ Kiv| 
eZ©bx‡Z myBP jvMv‡bvi mgq †Lqvj ivL‡Z n‡e, GwU †hb Rxeš— Zv‡i ms‡hvM †`Iqv nq| G‡Z K‡i myBP eÜ 
Kiv gvÎ D”P wefe Drm †_‡K ˆe ỳ̈ wZK miÄvg wew”Qbœ n‡e [wPÎ 11.15]| myBPwU‡K hw` fzjekZ wbi‡c¶ 
Zv‡i ms‡hvM †`Iqv nq, ZLb myBP eÜ Kivi ciI ‰e`y¨wZK miÄvgwU Rxeš— _vK‡e [wPÎ 11.16] Ges 
ˆe ỳ̈ wZK k‡K&i SuywK evo‡e| 

                  wPÎ 11.15: myB‡Pi mwVK ms‡hvM       wPÎ 11.16: myB‡Pi fzj ms‡hvM 

3. f~ms‡hvM Zvi: mKj ‰e ỳ̈ wZK miÄvg ev DcKi‡Yi ˆe ỳ̈ wZK eZ©bx m¤ú~Y© Kivi Rb¨ Kgc‡¶ ỳwU Zv‡ii 
`iKvi| G¸‡jv n‡jv Rxeš— (L) I wbi‡c¶ (N) Zvi| Rxeš— Zvi ˆe`y¨wZK miÄv‡g ‰e`y¨wZK kw³ mieivn 
K‡i| Aciw`‡K wbi‡c¶ Zv‡ii gva¨‡g ZworcÖevn Dr‡m wd‡i Av‡m Ges eZ©bx m¤ú~Y© K‡i| wbi‡c¶ Zv‡ii 
wefe k~b¨| f~ms‡hvM Zvi n‡jv wb¤œ‡iv‡ai Zvi| GwU mvaviYZ ˆe`y¨wZK miÄv‡gi avZe XvKbvi (Casing)

mv‡_ mshy³ _v‡K| wewfbœ Kvi‡Y eZ©bx ÎywUhy³ _vK‡Z cv‡i| †hgb- hw` Rxeš— Zvi mwVKfv‡e mshy³ bv _v‡K 
Ges Zv hw` ˆe ỳ̈ wZK h‡š¿i avZe XvKbv‡K ¯úk© K‡i Z‡e e¨enviKvix ˆe ỳ̈ wZK kK& Øviv Avµvš— n‡Z 
cv‡ib| avZe  XvKbvwU f~mshy³ Ae¯’vq _vK‡j GgbwU NU‡e bv| G‡¶‡Î Rxeš— Zvi †_‡K D”Pgv‡bi 
ZworcÖevn avZe XvKbv n‡q f~ms‡hvM Zvi w`‡q gvwU‡Z P‡j hv‡e| d‡j wdDRwU cy‡o hv‡e Ges Zworh‡š¿i 
we`y¨r mieivn eÜ n‡q hv‡e| evwo‡Z e¨eüZ wd«‡Ri wbivc` e¨env‡ii Rb¨ Aek¨B  f~ms‡hvM ev Avw_©s ‡`Iqv 
DwPr| 11.17 wP‡Î f~ms‡hvM Zviwenxb Iqvwks †gwkb Kxfv‡e wec¾bK n‡Z cv‡i Zv Zz‡j aiv n‡q‡Q|  
11.18 wP‡Î f~ms‡hvMZvi Kxfv‡e wbicËvg~jK mZK©Zv wn‡m‡e KvR K‡i Zv †`Lv‡bv n‡q‡Q| 

wPÎ 11.18: f~ms‡hvMnxb Iqvwks †gwkb 
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wPÎ 11.21 f~ms‡hvMmn Iqvwks †gwkb 

G QvovI AvRKvj wewfbœ enb‡hvM¨ hš¿cvwZ‡Z w_ª wcb cvM e¨envi Kiv nq| G¸‡jv‡Z wbivcËvg~jK e¨e¯’v 
wn‡m‡e wdDR mshy³ _v‡K| wdDRwU Zwor hš¿wU‡K wbivc` iv‡L| 

AbymÜvb- 11.1 
evmv evwo Dc‡hvMx Zwor eZ©bx bKkv cÖYqb Ges e¨envi cÖ̀ k©b| 
D‡Ïk¨: wk¶v_©xiv evmv evwo‡Z e¨envi Dc‡hvMx Zwor eZ©bxi bKkv cÖYqb K‡i Gi wewfbœ As‡k Gwm 
Dr‡mi e¨envi cÖ̀ k©b Ki‡Z cvi‡e|
Kv‡Ri aviv :

1. Kv‡Ri ïi“‡ZB ˆe ỳ̈ wZK K¨ve‡ji Rxeš— (L)Ges wbi‡c¶ (N) Zvi A¼b Ki|
2. Gevi G ỳwU Zvi‡K cªavb wdDR ev·, ˆe ỳ̈ wZK wgUvi Ges wWw÷ªweDkb ev‡·i m‡½ cici ms‡hvM 

`vI|  
3. wWw÷ªweDkb ev‡· †gBb myBP A¼b Ki| 

4. wWw÷ªweDkb ev‡· ỳBwU wdDR AsKb Ki| wdDR¸‡jv‡K Aek¨B L Zv‡i ms‡hvM w`‡Z n‡e| 
5. Gevi GKwU wdDR-Gi m‡½ ỳBwU evwZ, GKwU d¨vb mgvš—ivjfv‡e ms‡hvM w`‡q eZ©bx m¤ú~Y© Ki| 

cÖ‡Z¨K evwZ I d¨v‡bi Rb¨ LZv‡i Avjv`v myBP A¼b Ki|  
6. Ab¨ wdDRwU e¨envi K‡i †Uwjwfkb †mU, Bw¯¿ BZ¨vw`i Rb¨ Avjv`v Avjv`v cvIqvi m‡K‡U ms‡hvM 

`vI|

wb‡R Ki: 
Zwor kw³i AcPq †iva I msi¶‡Y m‡PZbZv m„wói Rb¨ †cv÷vi A¼b|
1. †`vKvb †_‡K †cv÷vi ‰Zwii Rb¨ †cv÷vi †ccvi msMÖn Ki| 
2. wewfbœ i‡Oi Kjg e¨envi K‡i Zwor kw³i AcPq †iva I msi¶‡Y Kx Kx e¨e¯’v 

MÖnY Kiv DwPr Zv †cv÷v‡i wjL| 
3. wk¶K †miv †cv÷viwU wbe©vPb Ki‡eb Ges cyi¯‹v‡ii e¨e ’̄v Ki‡eb|
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Abykxjbx
K. eûwbev©Pbx cÖkœ

mwVK DË‡ii cv‡k wUK ( ) wPý `vI| 
1|  †h mKj c`v‡_©i ga¨w`‡q Lye mn‡RB Zwor cÖevn Pj‡Z cv‡i Zv‡`i‡K Kx e‡j?
  (K) Acwievnx  (L) Kzcwievnx    
 (N) Aa©cwievnx  (N) cwievwn 
2| 2 , 3 I 4 gv‡bi wZbwU †iva †kÖwY mgev‡qi mshy³ _vK‡j Zzj¨ †iv‡ai gvb n‡e- 

(K) 8 (L) 7     

(M) 9 (N) 20

3|  †Kv‡bv cwievnxi ỳB cÖv‡š—i wefe cv_©K¨ 100 V Ges Zwor cÖevn gvÎv 10 A n‡j Gi ‡iva KZ?
(K) 1000 (L) 0.1     

(M) 10 (N) †KvbwUB bq
4|  eZ©bx‡Z ˆe` ÿwZK Ae¯’v cwigv‡ci Rb¨ e¨envi Kiv nq -
      i. †fvë wgUvi   
 ii. A¨vwgUvi    
 iii. †Rbv‡iUi
†KvbwU mwVK 

(K) i I ii (L) i I iii 

(M) ii I  iii (N) i, ii I iii

L. m„Rbkxj cÖkœ

1| GKwU ˆe ỳ̈ wZK wnUv‡i e¨eüZ bvB‡µvg Zv‡ii ˆ`N©̈  I cȪ ’‡”Q‡`i †¶Îdj h_vµ‡g 30 m Ges 2×10-7

m2| bvB‡µv‡gi Av‡cw¶K †iva 100 × 10-8  m| bvB‡µvg ZviwU‡K GKB ˆ`‡N©̈ i Ges cȪ ’‡”Q‡`i 

†¶Îdj wewkó Zvgvi Zvi Øviv cÖwZ¯’vcb Kiv n‡jv| Zvgvi Zv‡ii Av‡cw¶K †iva 1.7×10-8   m|
 (K) †iva Kv‡K e‡j? 
 (L) ZvcgvÎv evov‡j cwievnxi †iva e„w× cvq †Kb?
 (M) Zvgvi Zv‡ii †iva wbY©q Ki| 
 (N) Zvgvi Zvi e¨env‡ii †hŠw³KZv we‡klY Ki| 
2| covi mgq Avjwf 220V 100 W Gi GKwU evwZ ˆ`wbK 3 NÈv K‡i Ab¨w`‡K Zvi fvB Avwjd 220V

 40 W GKwU †Uwej j¨v¤ú ˆ`wbK 4 NÈv K‡i e¨envi K‡i| cÖwZ BDwbU we`y¨r kw³i g~j¨ 3.5 UvKv|
 K. IÕ†gi m~ÎwU wjL|
 L. wbẁ ©ó ZvcgvÎv, Dcv̀ vb I cȪ ’‡Q‡`i cwievn‡Ki ˆ`N ©̈ 5 ¸Y eo Ki‡j †iv‡ai Kx cwieZ©b n‡e e v̈L v̈ Ki| 
 M. Avwj‡di evwZ cÖevngvÎv wbY©q Ki|
 N. Avw_©K w`K we‡ePbvq Avjwf I Avwj‡di g‡a¨ †K wgZe¨qx? MvwYwZK hyw³mn we‡klY Ki| 
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M.  mvaviY cÖkœ  

1|  Zwor cÖevn Kv‡K e‡j? 

2|  Zwor cÖev‡ni cªPwjZ w`K Ges B‡jKUªb cÖev‡ni w`K †Kv‡bvwU? 

3|  cwievnx, Acwievwn Ges Aa© cwievnx c`v_© Kv‡K e‡j? 

4|  IÕ‡gi m~ÎwU wee„Z Ki|  

5|  †`LvI †h, V = IR|

6|  GKwU QK KvM‡R I ebvg V †jLwPÎ A¼b Ki|
7|  Av‡cw¶K †iv‡ai msÁv `vI| 
8|  †`LvI †h, †kÖwY mgev‡q mshy³ †iva¸‡jvi Zzj¨‡iv‡ai gvb mgev‡qi Aš—f‚©³ wewfbœ †iv‡ai gv‡bi †hvM 

d‡ji mgvb| 
9|  Kx Kx Kvi‡Y Zworkw³ e¨envi wec¾bK n‡Z cv‡i? 
10| GKwU ev‡mi †nW jvB‡Ui wdjv‡g‡›Ui 2.5 A Zwor cÖevwnZ nq| wdjv‡g‡›Ui cÖvš—Ø‡qi wefe cv_©K¨ 12

V n‡j Gi †iva KZ?
11| GKwU ï®‹ †Kv‡li Zwo”PvjK kw³ 1.5 V| 0.5 C Avavb‡K m¤ú~Y© eZ©bx Nywi‡q Avb‡Z †Kv‡li e¨wqZ    

kw³i cwigvY wbY©q Ki|  

12| w¯’i Ges cwieZx© †iva Kv‡K e‡j? 

13| Zwo”PvjK kw³ Ges wefe cv_©K¨ ej‡Z Kx †evS? 
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Øv`k Aa¨vq 

Zwo‡Zi †PŠ¤^K wµqv 
MAGNETIC EFFECT OF CURRENT 

Zwo‡Zi †PŠ¤^K cÖfve †hgb Av‡Q †Zgwb Pz¤^‡Ki Zwor cÖfve Av‡Q| GB `yB cÖfve‡K Kv‡R jvwM‡q A‡bK 
Zwor hš¿cvwZ ˆZwi Kiv n‡q‡Q| GB me hš¿cvwZ Avgv‡`i A‡bK mgm¨vi mgvavb K‡i‡Q, Rxe‡b A‡bK 
Avivg Av‡qm G‡b w`‡q‡Q, Avgv‡`i  Rxebgvb DbœZ K‡i‡Q| GB Aa¨v‡q Avgiv  ZvwoZPz¤^K,ZvwoZ‡PŠ¤^K 
Av‡ek, Avweó ZworcÖevn I  Avweó Zwo”PvjK kw³, Zwor †gvUi, †Rbv‡iUi, Uª̈ vÝdg©vi BZ¨vw`i Kvh©cÖYvwj 
I e¨envi wb‡q Av‡jvPbv Kie| 

GB Aa¨vq cvV †k‡l Avgiv- 

1| Zwor cÖev‡ni †PŠ¤^K wµqv e¨vL¨v Ki‡Z cvie| 

2| ZvwoZ‡PŠ¤^K Av‡ek e¨vL¨v Ki‡Z cvie| 

3| Avweó ZworcÖevn I Avweó Zwo”PvjK kw³ e¨vL¨v Ki‡Z cvie| 

4| gUi I †Rbv‡iU‡ii g~jbxwZ e¨vL¨v Ki‡Z cvie| 

5| UªvÝdg©v‡ii g~jbxwZ e¨vL¨v Ki‡Z cvie| 

6| †÷c Avc I †÷c WvDb UªvÝdg©v‡ii Kvh©cÖYvwj e¨vL¨v Ki‡Z cvie| 

7|Avgv‡`i Rxe‡b Zwo‡Zi bvbviƒ‡ci e¨envi I Gi Ae`vb‡K cÖksmv Ki‡Z cvie| 
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wPÎ 12.3 

wPÎ : 12.4

12.4|  ZvwoZPz¤^K 
 Electromagnet 

mwjb‡q‡Wi wfZi †Kv‡bv †jvnvi `Ê ev †c‡iK‡K XyKv‡j mwjb‡q‡Wi wb‡Ri 
†h †PŠ¤^K‡¶Î n‡q‡Q Zvi †P‡q †ewk kw³kvjx †PŠ¤^K‡¶Î ˆZwi K‡i d‡j 
mwjb‡qW †_‡K †ewk †PŠ¤^K‡¶Î cvIqv hvq| Zwor cÖevn PjvKvjxb GwU 
†ek kw³kvjx Pz¤^‡K cwiYZ nq| G‡K ejv nq ZvwoZPz¤^K|GB Pz¤^‡Ki 
cÖvej¨ wb‡gœv³fv‡e AviI evov‡bv hvqÑ 

Ñ  Zwor cÖevn evwo‡q 

Ñ  mwjb‡q‡Wi †cu‡Pi msL¨v evwo‡q 

Ñ  Bs‡iwR U A¶‡ii g‡Zv euvwK‡q Pz¤^K †gi“ `ywU‡K AviI KvQvKvwQ G‡b|  

wewfbœ Zwor cÖev‡ni d‡j ev mwjb‡q‡Wi †cu‡Pi msL¨v euvov‡j mwjb‡qW Øviv Pz¤^KvwqZ `Ê ev †c‡iKwU Kx 
cwigvY Avjwcb ev †ccvi wK¬c AvKl©Y Ki‡Z cv‡i Zv †Zvgv‡`i wk¶K‡Ki mvnvh¨ wb‡q cix¶v K‡i †`L| 
ˆe ỳ̈ wZK NÈv ˆZwi, †jvnv ev B¯úv‡Zi fvix wRwbm DVvbvgv Kiv ev AveR©bv miv‡bvi †µb ˆZwi‡Z 
ZvwoZPz¤^K e¨envi Kiv nq| †Pv‡Li wfZi †jvnv ev B¯úv‡Zi u̧ov XzK‡j Zv †ei Kivi Kv‡R GB Pz¤^K 
e¨envi Ki nq GQvov †Uwj‡dv‡bi Bqviwcm I `iRvi ZvwoZ‡PŠ¤^K Zvjvq ZvwoZPz¤^K e¨envi Kiv nq| 

12.5|  ZvwoZ‡PŠ¤^K Av‡ek  
Electromagnetic Induction 

weÁvbx I‡qi‡÷‡Wi Zwo‡Zi †PŠ¤^K wµqv  Avwe®‹v‡ii ci A‡bK weÁvbx †Póv Ki‡Z _v‡Kb †PŠ¤^K‡¶Î 
†_‡K Zwor cÖevn m„wó Kiv hvq wK-bv| GB wb‡q hviv KvR KiwQ‡jb Zv‡`i g‡a¨ Bsj¨v‡Êi gvB‡Kj 
d¨viv‡W, Av‡gwiKvq †Rv‡md †nbwi Ges ivwkqv‡Z GBP.Gd.B.†jÄ wZbRbB c„_K c„_Kfv‡e mvdj¨ jvf 
K‡ib| wKš‘ 1831 mv‡j gvB‡Kj d¨viv‡W Zuvi cix¶vjä djvdj cÖ_g cÖKvk K‡ib| wZwb †`Lvb †h, GKwU 
cwieZ©bkxj †PŠ¤^K‡¶Î Zwo”PvjKkw³ m„wó Ki‡Z cv‡i hv GKwU Ave× eZ©bx w`‡q GKwU Avweó ZworcÖevn 
Pvjv‡Z cv‡i| cwieZ©bkxj †PŠ¤^K‡¶‡Îi Øviv †Kv‡bv eZ©bx‡Z Zwo”PvjKkw³ ev ZwoZ cÖevn m„wói NUbv‡K  
ZvwoZ‡PŠ¤^K Av‡ek e‡j| ZvwoZ‡PŠ¤^K Av‡ek Avwe®‹v‡ii Rb¨ d¨viv‡W ỳBwU cix¶v K‡iwQ‡jb| 
cix¶v¸‡jv †ZvgivI Ki‡Z cvi| 

cix¶v-1  : KvW© †ev‡W©i GKwU †Pv‡Oi Mv‡q Aš—ixZ Zvi †cuwP‡q GKwU 
KzÊjx ˆZwi Ki| GB KzÊjx‡Z Zwor cÖev‡ni Dcw¯’wZ †evSvi Rb¨ Gi ỳB 
cÖv‡š—i mv‡_ GKwU M¨vjfv‡bvwgUvi hy³ Ki| ms‡hvM †`Iqvi mgq Zv‡ii 
cÖv‡š—i Acwievnx AveiY Ly‡j †dj‡Z n‡e|GLb GKwU `Ê Pz¤^‡Ki `w¶Y 
†gi“‡K `ª“Z †Pv‡Oi wfZi XzKvI| Kx NU‡Q? A_©vr KzÊjx w`‡q Zwor cÖevn 
Pj‡Q| M¨vjfv‡bvwgUv‡ii KuvUvi we‡¶c NU‡Q| Gevi Pz¤^KwU †ei K‡i bvI| 
Kx NU‡Q? Pz¤^K cÖ‡ek Kiv‡bvi mgq M¨vjfv‡bvwgUv‡ii KuvUvi we‡¶c †h 
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w`‡K n‡qwQj Pz¤^K‡K †ei Kiv‡bvi mgq we‡¶c n‡q‡Q Zvi wecixZ w`‡K| Pz¤^KwU‡K w¯’i †i‡L Gevi hw` 
M¨vjfv‡bvwgUvimn KzÊjxwU‡K Pz¤^‡Ki w`‡K ª̀yZ †bIqv nq Zvn‡jI M¨vjfv‡bvwgUv‡i ¶wYK we‡¶c †`Lv 
hv‡e| KzÊjxwU‡K Pz¤^K †_‡K ~̀‡i mwi‡q wb‡j we‡¶c wecixZ w`‡K †`Lv hv‡e| 

cix¶v-2 : GB cix¶vi Rb¨ Aš—ixZ Zvgvi Zv‡ii ỳÕwU eÜ KyÊjx wb‡Z n‡e| cÖ_g KzÊjx‡Z ïay GKwU 
M¨vjfv‡bvwgUvi mshy³ Ki‡Z n‡e| wØZxq KzÊjx‡Z GKwU Zwo”PvjK kw³i Drmiƒ‡c GKwU e¨vUvwi, GKwU 
cwieZ©bkxj †iva I GKwU †Ucv Pvwe mshy³ Ki‡Z n‡e [wPÎ 12.5 K)| †h KzÊjx‡Z GKwU Zwo”PvjK kw³i 
Drm mshy³ Zv‡K gyL¨ KzÊjx e‡j| Avi †h KzÊjx‡Z M¨vjfv‡bvwgUvi mshy³ †mwU †MŠY KzÊjx| gyL¨ KzÊjx‡Z 
Zwor cÖevn Pvjv‡j †MŠY KzÊjxi M¨vjfv‡bvwgUv‡i ¶wYK we‡¶c †`Lv hv‡e wPÎ : 12.5 L| Avevi Zwor cÖevn 
eÜ Kivi mgqI M¨vjfv‡bvwgUv‡i we‡¶c †`Lv hv‡e| Z‡e Gevi we‡¶c wecixZ w`‡K nq|  

wPÎ : 12.5 K           wPÎ : 12.5 L 

gyL¨ KzÊjxi ZworcÖevn µgvMZ cwieZ©b Ki‡Z _vK‡j M¨vjfv‡bvwgUv‡i we‡¶c †`Lv hv‡e| G †¶‡Î ZworcÖevn 
e„w×i mgq we‡¶c †hw`‡K n‡e Zwor cÖevn n«v‡mi mgq we‡¶c Zvi wecixZ w`‡K n‡e| gyL¨ KzÊjxi 
ZworcÖevn w¯’i †i‡L hw` KzÊjxØ‡qi ga¨eZ©x ~̀iZ¡ cwieZ©b Kiv nq Zvn‡jI M¨vjfv‡bvwgUv‡i ¶wYK we‡¶c 
†`Lv hv‡e| ~̀iZ¡ e„w× Ki‡j we‡¶c †hw`‡K n‡e, ~̀iZ¡ n«vm Ki‡j we‡¶c Zvi wecixZ w`‡K n‡e| we‡¶‡ci 
nvi wbf©i Ki‡e KZ `ª“Z KzÊjxØ‡qi `~iZ¡ cwieZ©b Kiv nq| 

15.6|   Avweó Zwor cÖevn I Avweó ‡fv‡ëR ev wefe cv_©K¨ 
 Induced current and induced voltage 

cix¶v `ywU †_‡K M¨vjfv‡bvwgUv‡i we‡¶c eZ©bx‡Z ‡fv‡ëR Z_v Zwor cÖev‡ni Aw¯ÍZ¡ j¶ Kiv hvq| myZivs 
†Kv‡bv Zvi KzÊjxi Kv‡Q Avgiv hw` †Kv‡bv Pz¤^K‡K bvovPvov Kwi, ev Avbv †bIqv Kwi ev †Kv‡bv Pz¤^‡Ki 
wbKU †Kv‡bv Zvi KzÊjx‡K Avbv †bIqv Kwi Zvn‡j Zvi KzÊjx‡Z ZworcÖevn Drcbœ nq| G‡K ZvwoZ‡PŠ¤^K 
Av‡ek e‡j| †Kv‡bv Zworevnx Zvi ev eZ©bxi wbKU †Kv‡bv Zvi KzÊjx Avbv †bIqv Ki‡jI Zvi KzÊjx‡Z 
ZworcÖevn Drcbœ nq| G‡KI ZvwoZ‡PŠ¤^K Av‡ek e‡j| myZivs Avgiv ej‡Z cvwi †h, GKwU MwZkxj Py¤^K 
ev Zworevnx eZ©bxi `~iZ¡ ev ZworcÖev‡ni cwieZ©‡bi mvnv‡h¨ Ab¨ GKwU mse× eZ©bx‡Z ¶Y¯’vqx †fv‡ëR I 
Zwor cÖevn Drcbœ nIqvi c×wZ‡K ZvwoZ‡PŠ¤^K Av‡ek e‡j| GB †fv‡ëR‡K Avweó †fv‡ëR Ges cÖevn‡K 
Avweó ZworcÖevn e‡j|

Pz¤^K I KzÊjxi ga¨eZ©x Av‡cw¶K MwZ bv _vK‡j M¨vjfv‡bvwgUv‡i †Kv‡bv we‡¶c †`Lv hvq bv| Av‡cw¶K MwZ 
hZ †ewk nq we‡¶‡ci cwigvYI ZZ e„w× cvq| myZivs ejv hvq, Pz¤^K I KzÊjxi ga¨eZ©x Av‡cw¶K MwZ 
hZ¶Y _v‡K Avweó Zwor cÖevnI ZZ¶Y ¯’vqx nq| Pz¤^‡Ki †gi“ cwieZ©b Ki‡j Avweó Zwor cÖev‡ni w`KI 
cwiewZ©Z nq| Avweó †fv‡ëR ev ZworcÖevn wb‡¤œv³fv‡e e„w× Kiv hvqÑ 
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Pz¤^‡Ki †gi“kw³ e„w× K‡i|
Pz¤^K‡K  ev ZviKzÊjx‡K ª̀“Z Avbv-†bIqv K‡i| 
ZviKzÊjxi cvK ev †cu‡Pi msL¨v e„w× K‡i| 

12.7|   Zwor cÖevnx Zv‡ii Dci Pz¤^‡Ki cÖfve 
Effect of magnet on current carrying wire

Avgiv Rvwb †h, Zworevnx Zvi wbR¯^ GKwU †PŠ¤^K‡¶‡Îi m„wó K‡i| 
kw³kvjx Pz¤^‡Ki wecixZ †gi“Ø‡qi g‡a¨ m„ó †PŠ¤^K‡¶Î Ges Zworevnx 
Zv‡ii †PŠ¤^K †¶‡Îi g‡a¨ wµqv-cÖwZwµqv N‡U|  

†Zvgv‡`i wk¶K GB wµqv cÖwZwµqv †Zvgv‡`i †`Lv‡Z cv‡ib| †Zvgiv wb‡R 
ev wk¶‡Ki mnvqZvq GUv K‡i †`L‡Z cvi| wP‡Îi gZ K‡i GKwU kw³kvjx 
Pz¤^‡Ki `yB cÖv‡š—i g‡a¨ GKwU Zworevnx Zvi‡K ivL|  GB Zv‡ii ga¨ w`‡q 
Zwor cÖevwnZ Ki| †`L‡e GwU Dc‡ii w`‡K jvwd‡q DV‡e| Gi d‡j †evSv 
hvq †h, GKwU ej Gi Dci KvR Ki‡Q| GB ej †Kv_v †_‡K Gj?  

Zzwg hw` wPÎ : 12.7 (K) Gi w`‡K ZvKvI Zvn‡j Pz¤^‡Ki †gi“Ø‡qi ga¨eZ©x ej‡iLv¸‡jv †`L‡Z cv‡e| 
ZworcÖev‡ni `i“Y m„ó †PŠ¤^K †¶ÎwUI †`Lv‡bv n‡q‡Q| `yBwU †¶‡Îi mgš^‡q m„ó ej‡iLv¸‡jvI 12.7 
(L)-‡Z †`Lv‡bv n‡q‡Q| Zv‡ii wb‡P Zv‡ii Dc‡ii †P‡q ej‡iLv †ewk| Gi KviY n‡jv Dfq †¶Î GKB 
Awfgy‡L wµqv Ki‡Q| [wPÎ 12.7 (K) Avevi †`L]| Zv‡ii Dc‡i †¶ÎØq ci®ú‡ii we‡ivwaZv Ki‡Q, K‡qKwU 
ej‡iLv G‡K Aci‡K evwZj K‡i w`‡”Q d‡j †mLv‡b †iLvi msL¨v Kg| †h‡nZz †iLv¸‡jv ci¯úi‡K Uvb Uvb 
ivL‡Z Pvq (w¯’wZ¯’vcK ievi e¨v‡Ûi gZ) Zviv Zv‡ii Dci EaŸ©gyLx ej cÖ‡qvM K‡i,  

wPÎ 12.7 (K)              wPÎ 12.7 (L) 

ZviwU gy³ Ae¯’vq _vK‡j Dc‡ii w`‡K jvwd‡q I‡V| Zwor cÖev‡ni AwfgyL wecixZ Kiv n‡j †m †¶‡Î ZviwU 
wb‡Pi w`‡K hv‡e|  

12.8|  †gvUi ev Zwor ‡gvUi  
         Electric motor 

aiv hvK Pz¤^‡Ki †gi“Ø‡qi g‡a¨ GKwU Uvb Uvb Zvi e¨envi bv K‡i wPÎ 12.8 (K) Gi g‡Zv Avgiv Zv‡ii 
GKwU jyc ev KzÊjx e¨envi Kiv n‡jv| †h‡nZz jycwU A †_‡K †eu‡K B †Z wecixZ AwfgyLx n‡q wd‡i G‡m‡Q, 
jy‡ci `yB A‡a©‡Ki g‡a¨ (hZ¶Y ch©š— Pz¤^KwU Av‡Q) ci¯ú‡ii wecixZgyLx Zwor cÖevwnZ n‡e| myZivs A †Z 
ZviwU Dc‡ii w`‡K DV‡e Ges B †Z ZviwU wb‡Pi w`‡K bvg‡e| Gi d‡j ZviwU `w¶Yve‡Z© (Nwoi KvUvi 
g‡Zv) Nyi‡e| wPÎ : 12.8 (L)-Gi gZ ZviwU hLb Luvov Ae¯’vq _vK‡e ZLb Gi Dci †Kv‡bv ej wµqv Ki‡e 

wPÎ : 12.6: wbgœ †fv‡ëR 
Zwor Drm 
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wPÎ : 12.9 

bv| d‡j GwU †_‡g hv‡e| jycwU‡K N~Y©vqgvb ivLvi Rb¨ Avgiv Kg~¨‡UUi bvgK GKwU †KŠkj (Device) e¨envi
Kie| GwU mgvb ỳB As‡k wef³ GKwU Zvgvi ejq ev AvswU (wPÎ 12.9 †`L)-Gi cÖ‡Z¨K Aa©vsk K‡q‡ji 
GKwU cÖv‡š—i mv‡_ mshy³ _v‡K (h_vµ‡g A I B †Z)| wef³ ej‡qi evB‡ii cÖvš—wU GKwU mỳ „p Kve©b eªv‡ki 
Øviv Zwor Dr‡mi mv‡_ ms¯úk© ¯’vcb K‡i| wef³ ejqwU K‡q‡ji mv‡_ Ny‡i Ges hLb Gi `yB A‡a©‡Ki 
ga¨Kvi duvK Kve©b eªv‡ki wecix‡Z _v‡K ZLb †Kv‡bv Zwor cÖevwnZ n‡e bv| wKš‘ Zv m‡Z¡I Gi N~Y©b MwZi 
RoZvi Kvi‡Y N~Y©b Ae¨vnZ _vK‡e Ges cybivq eªv‡ki ms¯ú‡k© G‡j N~Y©‡bi Rb¨ bZybfv‡e ej jvf Ki‡e| 
Gfv‡e N~Y©b AweiZ Pj‡Z _vK‡e|

wPÎ 12.8 (K)              wPÎ 12.8 (L) 

j¶Yxq †h, hw`I A I B Zv‡`i ¯’vb cwieZ©b K‡i‡Q Kgy¨‡UU‡ii Kv‡i›UwU Av‡Mi gZB jy‡ci Wvb cÖvš— w`‡q 
cÖ‡ek Ki‡e Ges evg cÖvš— w`‡q †iwe‡q hv‡e| (wPÎ 12.9 †`L) Ges K‡qjwU `w¶Yve‡Z©B Nyi‡Z _vK‡e| GwUB 
ˆe ỳ̈ wZK †gvU‡ii Kvh©bxwZ| ˆe ỳ̈ wZK †gvU‡i Zwor kw³ hvwš¿K kw³‡Z cwiewZ©Z nq| Gi ª̀“wZ I ¶gZv 
e„w×i Rb¨ †PŠ¤^K‡¶‡Îi cÖvej¨ evov‡Z n‡e|  

†PŠ¤^K‡¶‡Îi cÖvej¨  wewfbœfv‡e evov‡bv  †h‡Z cv‡i| †m¸‡jv n‡jvÑ 

Ñ ZworcÖevn  e„w× K‡i 

Ñ K‡qj jyc ev †cu‡Pi msL¨v e„w× K‡i 

Ñ AwaKZi kw³kvjx Pz¤^K ev AwaK msL¨K †cuPwewkó Zwor Pz¤^K e¨envi 
K‡i

Ñ K‡q‡ji ˆ`N©̈  I †ea evwo‡q

†h ˆe ỳ̈ wZK †gvUi Avgiv e¨envi Kwi Zv GB bxwZ‡Z KvR K‡i| wKš‘ 
G‡`i ¶gZv I †Nvivi gm„YZv e„w×i Rb¨ G‡Z AwZwi³ Dcvsk †hvM 
Ki‡Z nq| GKgvÎ GKwU K‡qj ev GKwU jy‡ci cwie‡Z© A‡bK¸‡jv 
K‡qj ev jyc ˆZwi Kiv nq Ges †K› ª̀xq A‡¶i Pviw`‡K Zv‡`i‡K 
e„ËvKv‡i mvRv‡bv nq| G‡`i cÖ‡Z¨KwU‡K Zvi wbR wbR Kgÿ ‡UU‡ii 
mv‡_ mshy³ Kiv nq| GwU wbiew”Qbœ I gm„Yfv‡e Pj‡Z mnvqZv cÖ̀ vb 
K‡i|

wPÎ : 12.10 

cÖwZwU K‡qj big †jvnvi UzKivi (hv‡K Av‡g©Pvi ejv nq) Dci Zv‡ii kZ kZ †cuP w`‡q ˆZwi| Gi d‡j Zwor 
cÖevwnZ nIqvi mgq Av‡g©PviwU Pz¤^KvwqZ nq Ges †PŠ¤^K †¶‡Îi cÖvej¨ e„w× K‡i| wPÎ 12.10 †Z wZbwU 
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Av‡g©Pv‡ii 2wU fvOv †iLv Øviv †`Lv‡bv n‡q‡Q| Pz¤^K‡K euvwK‡q †gi“¸‡jv KvQvKvwQ G‡bI N~Y©b‡K e„w× Kiv 
†h‡Z cv‡i|

e¨envi : ˆe ỳ̈ wZK cvLv, cv¤ú, †ivwjs wgj BZ¨vw`‡Z Zwor †gvUi e¨eüZ nq|

12.11|  †Rbv‡iUi 
 Generator

‡h Zworh‡š¿ hvwš¿K kw³‡K Zworkw³‡Z i“cvš—wiZ Kiv nq Zv‡K †Rbv‡iUi e‡j| ZvwoZ†PŠ¤^K Av‡e‡ki 
Dci wfwË K‡i GB h‡š¿i g~j bxwZ cÖwZwôZ| †Rbv‡iUiI `yB cÖKvi n‡Z cv‡i| h_vÑ 

1| Gwm †Rbv‡iUi

2| wW.wm †Rbv‡iUi

1| Gwm †Rbv‡iUi : Gwm †Rbv‡iUi AwaK cÖPwjZ weavq Gi MVb I Kvh©cÖYvjx m¤ú‡K© wb‡gœ Av‡jvPbv Kiv 
n‡jv :

MVb : G‡Z GKwU  †¶ÎPz¤^K NS _v‡K| Pz¤^‡Ki ga¨eZ©x ¯’v‡b GKwU 
KvPv †jvnvi cv‡Zi Dci GKwU Zv‡ii AvqZKv‡i KzÊjx (wP‡Î AB) _v‡K| 
KvPv †jvnvi cvZwU‡K Av‡g©Pvi e‡j| Av‡g©PviwU‡K Pz¤^‡Ki ỳB †gi“i
ga¨eZ©x ¯’v‡b hvwš¿K Dcv‡q mg ª̀ywZ‡Z Nyiv‡bv nq| AvqZKvi KyÊjxi 
ỳB cÖvš— ỳBwU w¯c wis Gi mv‡_ mshy³ _v‡K| w¯c wis `yBwU Av‡g©Pv‡ii 

GKB A¶ eivei Nyi‡Z cv‡i| ỳBwU Kve©b wbwg©Z eªvk Ggbfv‡e ¯’vcb 
Kiv nq †hb Zviv hLb Av‡g©Pvi Nyi‡Z _v‡K ZLb w¯c wis ỳBwU‡K ¯úk© 
K‡i _v‡K| eªvm `yBwUi mv‡_ ewneZ©bxi R †iva mshy³ _v‡K|

wPÎ : 12.11 

Kvh©cÖYvjx : hLb Av‡g©PviwU‡K Nyiv‡bv nq ZLb Av‡g©Pvi KzÊjx †PŠ¤^K‡¶‡Îi ej‡iLv¸‡jv‡K †Q` K‡i Ges 
ZvwoZ‡PŠ¤^K Av‡e‡ki wbqgvbyhvqx KzÊjx‡Z Zwo”PvjK kw³ Avweó nq| GLb KzÊjxwUi `yB cÖvš— ewneZ©bxi 
mv‡_ mshy³ _vKvq eZ©bx‡Z ch©ve„Ë ZworcÖev‡ni DrcwË nq| Avwe÷ ZworcÖev‡ni gvb cÖavbZ †PŠ¤^K†¶‡Îi 
cÖvej¨ I N~Y©b †e‡Mi Dci wbf©i K‡i| KzÊjxi GKevi N~Y©‡bi g‡a¨ Avwe÷ ZworcÖev‡ni AwfgyLI GKevi 
cwiewZ©Z nq| Gfv‡e hvwš¿K kw³ †_‡K cwieZ©x cÖevn Drcbœ nq|

12.12|  UªvÝdg©vi 
          Transformer 

†h h‡š¿i mvnv‡h¨ ch©ve„Ë D”P wefe‡K wbgœ wef‡e ev ch©ve„Ë wbgœ wefe‡K D”P wef‡e iƒcvš—wiZ Kiv hvq 
Zv‡K UªvÝdg©vi e‡j| ZvwoZ‡PŠ¤^K Av‡e‡ki Dci wfwË K‡i GB hš¿ ˆZwi Kiv nq| GB h‡š¿ GKwU 
K‡q‡j ZworcÖevn cwieZ©b K‡i Ab¨ K‡q‡j Avweó Zwo”PvjK kw³ ev Zwor Drcv`b Kiv nq| UªvÝdg©vi 
mvaviYZ `yB cÖKv‡ii nq| h_vÑ 
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1. Av‡ivnx ev †÷c Avc UªvÝdg©vi (Step up Transformer) : †h UªvÝdg©vi Aí wef‡ei AwaK Zwor 
cÖevn‡K AwaK wef‡ei Aí ZworcÖev‡n iƒcvš—wiZ K‡i Zv‡K Av‡ivnx ev †÷c Avc UªvÝdg©vi e‡j| 

2.  Ae‡ivnx ev †÷c WvDb UªvÝdg©vi (Step down Transformer):  †h UªvÝdg©vi AwaK wef‡ei Aí 
ZworcÖevn‡K Aí wef‡ei AwaK Zwor cÖev‡n iƒcvš—wiZ K‡i Zv‡K Ae‡ivnx ev †÷c WvDb UªvÝdg©vi e‡j|

UªvÝdg©v‡ii MVb  : GKwU KvPv †jvnvi AvqZvKvi g¾v ev †Kvi †bIqv nq| Gi ci¯úi wecixZ ỳB evû‡Z Aš—

ixZ Zvi †cuwP‡q UªvÝdg©vi ˆZwi Kiv nq [wPÎ 12.12]| AvhZvKvi g¾vi GK evûi KzÊjx‡Z cwiewZ© cÖevn ev 
wefe cÖ‡qvM Kiv nq, G‡K gyL¨ KzÊjx e‡j| Aci  †h wecixZ evûi KzÊjx‡Z cwieZ©x wefe Avweó nq Zv‡K 
†MŠY KzÊjx e‡j| Av‡ivnx ev †÷cAvc UªvÝdg©v‡ii g~L¨ KzÊjxi †P‡q †MŠY KzÊjx‡Z Zv‡ii cvK msL¨v †ewk 
_v‡K| Ae‡ivnx ev †÷cWvDb UªvÝdg©v‡i g~L¨ KzÊjxi †P‡q †MŠY KzÊjxi Zv‡ii cvK msL¨v Kg _v‡K|  

wPÎ : 12.12 (K) D”Pavcx UªvÝdg©vi        wPÎ : 12.12 (L) wbgœavcx UªvÝdg©vi

G‡b Ki †Kv‡bv UªvÝdg©v‡i np †cuP wewkó g~L¨ KzÊjx‡Z Ep cwieZ©x wefe cÖ‡qvM Kivi d‡j GB KzÊjx‡Z Ip

cÖevn cvIqv †Mj| GB cÖevn g¾vwU‡K Pz¤^wKZ K‡i †PŠ¤^K ej‡iLv Drcbœ K‡i hv g~L¨ KzÊjx‡Z GKwU Avweó 
†fv‡ëR ev Zwo”PvjK kw³ Drcbœ K‡i| †PŠ¤^K ej‡iLvi hw` †Kv‡bv ¶iY bv nq Zvn‡j †MŠY KzÊjxi cÖwZ 
cv‡KI GKB msL¨K ej‡iLv mshy³ n‡e| d‡j †MŠY KzÊjx‡ZI ‡fv‡ëR ev Zwo”PvjK kw³ Avweó n‡e| †MŠY 
KzÊjxi cvK msL¨v ns Ges †MŠY KzÊjx‡Z Avweó ‡fv‡ëR ev Zwo”PvjK kw³ Es n‡j gyL¨ I †MŠY KzÊjxi 
†fv‡ëR I Zv‡ii cvKmsL¨vi m¤úK© n‡e,  

S

P

S

P

n

n

E

E
                         (12.1)

hLb ns > np, ZLb UªvÝdg©viwU Av‡ivnx ev †÷cAvc UªvÝdg©vi Ges hLb ns < np, ZLb UªvÝdg©viwU Ae‡ivnx ev 
†÷cWvDb  UªvÝdg©vi| †Kv‡bv ¶gZvi AcPq bv NU‡j g~L¨ KzÊjxi cÖhy³ mKj ¶gZv †MŠY KyÊjx‡Z mieivn n‡e|  
myZivs, g~L¨ K‡q‡ji †fv‡ëR  g~L¨ K‡q‡ji ZworcÖevn = †MŠY K‡q‡ji †fv‡ëR  †MŠY K‡q‡ji 
ZworcÖevn  
A_©vr SSPP IEIE

P

S

S

P

I

I

E

E

Gi A_© GB †h, †Kv‡bv UªvÝdg©vi †h nv‡i †fv‡ëR Kgvq wVK †m nv‡i Zwor cÖevn e„w× K‡i hv‡Z ¶gZvi 
cwigvY mgvb ev aªye _v‡K| myZivs UªvÝdg©vi †fv‡ëR I Zwor cÖevn Dfq‡KB iƒcvš—i K‡i|  
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~̀i ~̀iv‡š— Zwor †cÖi‡Yi Rb¨ Av‡ivnx ev †÷cAvc UªvÝdg©vi e¨eüZ nq| Ae‡ivnx ev †÷cWvDb UªvÝdg©vi 
e¨eüZ nq wbgœ †fv‡ëR e¨enviKvixi hš¿cvwZ †hgb †iwWI, †Uwjwfkb, †Uc‡iKW©vi, wfwmAvi, wfwmwc, 
B‡jKwUªK Nwo, IqvKg¨vb BZ¨vw`‡Z|  

MvwYwZK D`vniY : 12.1| GKwU UªvÝdg©v‡ii g~L¨ KzÊjx‡Z †fv‡ëR 10V Ges cÖevn 6A| †MŠY KzÊjxi 
†fv‡ëR 20Vn‡j, †MŠY KzÊjxi cÖevn wbY©q Ki|  

Avgiv Rvwb :

P

S

S

P

I

I

E

E

ev, A
V

AV
I

E

E
I P

S

P
S 3

20

610

DËi : A3

GLv‡b,  

gyL¨ KzÊjxi ‡fv‡ëR, VE p 10

†MŠY KzÊjxi †fv‡ëR, VES 20

gyL¨ KzÊjxi cÖevn, AI P 6

†MŠY KzÊjxi cÖevn,  ?sI

MvwYwZK D`vniY : 12.2| GKwU UªvÝdg©v‡ii gyL¨ KzÊjxi cvK msL¨v 50, †fv‡ëR 210V| Gi †MŠY KzÊjxi 
cvK msL¨v 100 n‡j †fv‡ëR KZ ?  

Avgiv Rvwb :

S

P

S

P

N

N

E

E

ev,
SE P

N

S E
n

P

 = V210
50

100   = V420

DËi : V420

GLv‡b,  

gyL¨ KzÊjxi cvK msL¨v 50Pn

gyL¨ KzÊjxi †fv‡ëR, VEP 210

†MŠY KzÊjxi cvK msL¨v, 100Sn

†MŠY KzÊjxi †fv‡ëR, ?SE

MvwYwZK D`vniY : 12.3| GKwU UªvÝdg©v‡ii gyL¨ KzÊjxi cvK msL¨v 18 Ges †MŠY KzÊjxi cvK msL¨v 90,

gyL¨ KzÊjxi Zwor cÖevn 7A n‡j †MŠY KzÊjxi cÖevn KZ ?

Avgiv Rvwb :

S

P

P

S

n

n

I

I

ev, P

S

P
S I

n

n
I

AAAI S 4.1
5

7
7

90

18

DËi : A4.1

GLv‡b,  

gyL¨ KzÊjxi cvK msL¨v np = 18

gyL¨ KzÊjxi  ZworcÖevn Ip= 7A

†MŠY KzÊjxi cvK msL¨v, ns = 90

†MŠY KzÊjxi ZworcÖevn Is =?



c`v_©weÁvb 207

Abykxjbx

K. eûwbe©vPbx cÖkœ 

mwVK DË‡ii cv‡k wUK ( ) wPý `vI :  
1| †Kv‡bv †Pv‡Oi Dci Aš—ixZ Zvi †cuwP‡q mwjb‡qW ˆZwi K‡i Zv‡Z ZworcÖevn Pvjv‡j †PŠ¤^K‡¶‡Îi Kx 

NU‡e?

 (K) Nbxf~Z I ỳe©j n‡e (L) Nbxf~Z I kw³kvjx n‡e

 (M) Kg Nbxf~Z I `ye©j n‡e (N) Kg Nbxf~Z wKš‘ kw³kvjx n‡e

2| †Kv‡bvwUi Kvh©cÖYvjx‡Z ZvwoZ‡PŠ¤^K Av‡ek‡K e¨envi Kiv nq ? 

 (K) UªvbwR÷i (L) †gvUi

 (M) A¨vgwcdvqvi (N) UªvÝdg©vi

3| †Kvb cÖwµqv ev Kvh©avivq  Zwo”PvjKkw³ Drcbœ nq Ñ

 (i) ‡Kv‡bv ZviKzÊjxi wfZi †Kv‡bv Pz¤^K w¯’i Ae¯’vq ivL‡j  

 (ii) †Kv‡bv †PŠ¤^K‡¶‡Î †Kv‡bv ZviKzÊjx Nyiv‡j 

 (iii) ‡Kv‡bv w¯’i ZviKzÊjxi Pviw`‡K †Kv‡bv Pz¤^K Nyiv‡j   

 wb‡Pi †Kv‡bvwU mwVK?  

 (K)  i                    (L) ii

 (M) i  I ii (N) ii I iii   

†Kv‡bv ZviKzÊjxi wfZi GKwU `Ê Pz¤^K Avbv-†bIqv Kiv n‡”Q| G‡Z ZviKzÊjx‡Z †fv‡ëR Avweó n‡”Q| 
Avweó †fv‡ëR K‡qKwU wel‡qi Dci wbf©i K‡i| Gevi wb‡Pi 4 I 5 b¤^i cÖ‡kœi Reve `vI|  

4| ZvwoZ‡PŠ¤^K Av‡e‡ki †ejvq Avweó †fv‡ëR †Kv‡bvwUi Dci wbf©i K‡i ?

    (i)  ZviKzÊjxi mv‡_ mswkó †PŠ¤^K‡¶‡Îi cÖvej¨  

     (ii)  †PŠ¤^K‡¶‡Î Avbv-†bIqv Kiv ZviKzÊjxi ‡iva 

    (iii) †PŠ¤^K‡¶‡Î Avbv-‡bIqv Kiv ZviKzÊjxi `ª“wZ   

     wb‡Pi †Kv‡bvwU mwVK?

 (K)  i                   (L)  ii

(M) i I  ii (N) ii I iii   

5| ZviKzÊwji cv‡Ki msL¨v evov‡j  Avweó ZworcÖev‡ni Kx NU‡e?  

   (K) ZworcÖevn K‡g hv‡e     (L) ZworcÖevn †e‡o hv‡e 

 (M) ZworcÖev‡ni gvb k~b¨ n‡e (N) ZworcÖev‡ni gvb FYvZ¥K n‡e
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Î‡qv`k Aa¨vq 

AvaywbK c`v_©weÁvb I B‡jKUªwb· 
MODERN PHYSICS AND ELECTRONICS 

[ wesk kZvãxi ïiy‡Z c`v_©weÁv‡bi RM‡Z GK bZzb hy‡Mi m~Pbv nq| GB mgq †Kvqv›Uvg ZË¡ I Av‡cw¶K ZË¡ 
Avwe®K…Z nq| AwZ D”P MwZm¤úbœ KYvi MwZ Ges wbDK¬xq I cvigvYweK c`v_©weÁv‡bi wewfbœ NUbv e¨vL¨vi Rb¨ ZË¡ 
`ywU cÖ‡qvRb n‡q c‡o| G Qvov B‡jKUªwb· bvbv weeZ©‡bi ga¨ w`‡q GK DbœZZi Ae¯’vq †cuŠQvq d‡j Avgiv Z_¨ I 
†hvMv‡hv‡Mi bvbvbiKg DbœZ hš¿cvwZ wbg©vY I e¨env‡i m¶g nB| Gfv‡e AvaywbK c`v_©weÁvb weKvk jvf K‡i| GB 
Aa¨v‡q Avgiv †ZRw¯ŒqZv, †ZRw¯ŒqKYv I iwk¥, B‡jKUªwb· Gi µgweKvk, Aa© cwievnx I mgwš^Z eZ©bx, wewfbœ 
B‡jKUªwb· wWfvBm, gvB‡µv‡dvb, ¯úxKvi, †iwWI, †Uwjwfkb, †dvb,d¨v·‡gwkb, B›Uvi‡bU I B‡gBj wb‡q Av‡jvPbv 
Kie|]

G Aa¨vq cvV †k‡l AvgivÑ 

1.  †ZRw¯ŒqZv e¨vL¨v Ki‡Z cvie 

2.  Avjdv, weUv I Mvgviwk¥i ˆewkó¨ e¨vL¨v Ki‡Z cvie 

3.  B‡jKUªwb· Gi µgweKvk eY©bv Ki‡Z cvie|  

4.  GbvjM I wWwRUvj B‡jKUªwb‡·i cv_©K¨ Ki‡Z cvie|  

5. Aa©cwievnx I mgwš^Z eZ©bx e¨vL¨v Ki‡Z cvie| 

6.  gvB‡µv‡dvb I ¯úxKv‡ii Kvh©µg e¨vL¨v Ki‡Z cvie| 

7.  wbe©vwPZ †hvMv‡hvM cÖhyw³ wWfvB‡mi Kvh©µ‡gi g~jbxwZ e¨vL¨v Ki‡Z cvie| 

8.  B›Uvi‡bU Ges B-†gB‡ji mvnv‡h¨ †hvMv‡hvM cÖwµqv e¨vL¨v Ki‡Z cvie| 

9.  Z_¨ I †hvMv‡hvM cÖhyw³MZ wWfvBm Kxfv‡e Avgv‡`i RxebhvÎv‡K cÖfvweZ Ki‡Q Zv AbymÜvb Ki‡Z 
cvie|

10.  Z_¨ I †hvMv‡hvM cÖhyw³ wWfvBm mwVK I Kvh©Ki e¨env‡i wb‡R m‡PZb n‡ev Ges Ab¨‡`i m‡PZb 
Kie|
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13.1| †ZRw®ŒqZv  
 Radioactivity 

divmx weÁvbx †nbix †eK‡ij (Henry Becquerel) 1896 mv‡j †`L‡Z cvb †h, BD‡iwbqvg avZzi wbDK¬xqvm 
†_‡K ¯^ZtùyZ©fv‡e we‡kl †f`bkw³ m¤úbœ wewKiY AweiZ wbM©Z nq| †eK‡ij Av‡iv j¶ K‡ib, †h †gŠj 
†_‡K GB wewKiY wbM©Z nq Zv GKwU m¤ú~Y© bZzb †gŠ‡j iƒcvš—wiZ nq| GwU GKwU    wbDK¬xq NUbv| NUbvwU 
¯^Ztù~Z© I Aweivg NUbv Ges m¤ú~Y©fv‡e cÖK…wZ wbqwš¿Z| gvbe m„ó †Kv‡bv evwn¨K cÖfve †hgb Pvc, Zvc, 
we ỳ̈ r I †PŠ¤^K †¶Î GB iwk¥i wbM©gb eÜ Ki‡Z ev n«vme„w× NUv‡Z cv‡i bv|  cieZ©xKv‡j gv`vg Kzix 
(Madame Marie Curie, 1867-1934) I Zuvi ¯^vgx cxqv‡i Kzix (Piree Curie, 1859-1906) GKB iKg 
NUbv j¶ K‡ib| Zuviv †`L‡Z cvb †h, †iwWqvg, †cv‡jvwbqvg, †_vwiqvg, A¨vKwUwbqvg, cÖf„wZ fvix †gŠ‡ji 
wbDK¬xqvm †_‡KI GKB ai‡bi wewKiY wbM©Z nq| GB wewKiY GLb †ZRw®Œq iwk¥ (Radioactive rays)

bv‡g cwiwPZ| †Kv‡bv †gŠj †_‡K †ZRw¯Œq KYv ev iwk¥ wbM©g‡bi NUbv‡K †ZRw¯ŒqZv  (Radioactivity)

e‡j| †ZRw¯Œq †gŠj Avjdv, weUv I Mvgv bv‡g wZb ai‡bi kw³kvjx iwk¥ wbM©gb K‡i| d‡j Giv †f‡O Ab¨vb¨ 
jNyZi †gŠ‡j iƒcvš—wiZ nq| †hgb †iwWqvg avZy †ZRw¯Œq fv½‡bi d‡j av‡c av‡c cwiewZ©Z n‡q mxmvq 
cwiYZ nq| †ZRw¯ŒqZv cwigv‡ci Rb¨ †h GKK e¨envi Kiv nq Zvi bvg †eK‡ij|  

13.2|  Avjdv KYv, weUv KYv I Mvgv iwk¥i ˆewkó¨  
 Properties of alpha, beta and & gamma rays 

Avjdv KYv : AvjdvKYv n‡jv GKwU wnwjqvg wbDK¬xqvm| Gi wbDK¬xqv‡m i‡q‡Q ỳwU †cÖvUb I ỳwU wbDUªb|  

AvjdvKYvi †f`b ¶gZv Kg, 6 cm evZvm †f` K‡i †h‡Z cv‡i bv| GB KYv †PŠ¤^K I Zwor †¶Î Øviv 
cÖfvweZ nq| GB KYv Zxeª Avqbvqb m„wó Ki‡Z cv‡i Ges gvivZ¥K ¶wZKi I wec`RbK| Gi fi 
nvB‡Wªv‡Rb cigvYyi Pvi ¸Y Ges Avavb 3.2 10

19
C| d‡UvMÖvwdK wdj¥, K¬vDW †P¤^vi, ¯^Y©cvZ Zworex¶Y 

h‡š¿i mvnv‡h¨ Gi Dcw¯’wZ wbY©q Kiv hvq| GB KYv wR¼ mvjdvBW c`©vq cÖwZcÖfv m„wó K‡i| Gi †eM 
Av‡jvi †e‡Mi kZKiv 10 fvM| 

weUv KYv:  GB KYv FYvZ¥K Avavbhy³ Ges †PŠ¤^K I ZwoZ †¶Î Øviv A‡bK †ewk wew¶ß nq| Gi `ªywZ 
Av‡jvi ª̀ywZi kZKiv 50 fvM Z‡e kZKiv 98 fvM ch©š— n‡Z cv‡i| Gi fi B‡jKUª‡bi mgvb A_©vr 
9.11 10

-31
kg| d‡UvMÖvwdK wdj¥ I K¬vDW †P¤^vi w`‡q Gi Dcw¯’wZ wbY©q Kiv hvq| GB KYv cÖwZcÖfv 

m„wó Ki‡Z cv‡i| Gi †f`b ¶gZv Avjdv KYv †P‡q †ewk| Gi MwZ 3 mm cyiy A¨vjywgwbqvg cvZ Øviv _vwg‡q 
†`Iqv hvq| weUvKYv M¨v‡m h‡_ó Avqbvqb m„wó Ki‡Z cv‡i| 

Mvgv iwk¥: GB iwk¥ Avavb wbi‡c¶| GKwU ZvwoZ‡PŠ¤^K Zi½| ¯^í‰`N©¨ Zi½ wewkó| Gi †Kv‡bv fi 

†bB| GB iwk¥ Zwor I †PŠ¤^K †¶Î Øviv wePz̈ Z nq bv| Gi ª̀ywZ Av‡jvi mgvb A_©vr  3 10
8

ms
-1|GB 

iwk¥i †f`b ¶gZv A‡bK †ewk| GwU †ek K‡qK †mw›UwgUvi cyiy mxmvi cvZ †f` K‡i †h‡Z cv‡i| `ye©j 
Avqbvqb ¶gZv m¤úbœn‡jI GB iwk¥ cÖwZcÖfv m„wó Ki‡Z cv‡i| d‡UvMÖvwdK wdj¥, K¬vDW †P¤^vi I MvBMvK 
g~jvi KvD›Uvi w`‡q Gi Dcw¯’wZ wbY©q Kiv hvq|  



c`v_©weÁvb 211

13.3|  †ZRw¯Œq †gŠ‡ji Aa©vqy  
 Half-life of a radioactive element 

GKwU †ZRw®Œq †gŠ‡ji †Kv‡bv cigvYywU KLb ¶qcÖvß nq Zv Avgiv ej‡Z cvwi bv| wKš‘ KZ¸‡jv cigvYy 
†Kv‡bv mg‡q ¶qcÖvß n‡e Zv Avgiv wnmve K‡i †ei Ki‡Z cvwi| cigvYyi ¶q we‡ePbvi Rb¨ GK ¸”Q cigvYy 
we‡ePbv Kiv nq| †h mg‡q †Kv‡bv †ZRw®Œq c`v‡_©i †gvU cigvYyi wVK A‡a©K cwigvY  ¶qcÖvß nq Zv‡K H 
c`v‡_©i Aa©vqy e‡j| D`vniY¯^iƒc aiv hvK, †Kv‡bv †gŠ‡j 800000 wU †ZRw¯Œq cigvYy Av‡Q| Gi A‡a©K 
A_©vr 400000 wU cigvYy ¶q n‡q †Kv‡bv bZzb †gŠ‡j iƒcvš—wiZ n‡Z †h mgq jv‡M Zv‡K H c`v‡_©i Aa©vqy 
e‡j| cieZ©x Aa©vqyi ci G‡Z Aewkó _vK‡e 200000wU cigvY~| Avi GKwU Aa©vqyi ci GB cigvYyi msL¨v 
ùvov‡e 100000wU‡Z, Gfv‡e Pj‡Z _vK‡e|  

GLv‡b GKwU m¤¢vebvi wbqg KvR K‡I †Kv‡bv cigvYywU KLb †f‡O hv‡e Zv †KD ej‡Z cv‡i bv| 

13.4| †ZRw¯ŒqZvi e¨envi 
 Uses of radioactivity 

†ZRw¯ŒqZvi eûj e¨envi  i‡q‡Q wPwKrmv weÁv‡b, K…wl‡¶‡Î I wkí KviLvbv‡Z| wPwKrmv weÁv‡b we‡kl 
K‡i ~̀iv‡ivM¨ K¨vbmvi †ivM wbivg‡q †ZRw®ŒqZvi e¨envi AvR eisj cÖPwjZ| GQvov wewfbœ †ivM †hgb 
wKWwbi e‡KW, _vBi‡q‡Wi mgm¨v wbY©‡q wPwKrmv weÁv‡b †ZRw¯Œq AvB‡mv‡Uvc  †ZRw¯Œq †Uªmvi (tracer)

ev cÖ̀ k©K ev mÜvqK wn‡m‡e e¨eüZ nq| K…wl‡¶‡Î we‡kl K‡i DbœZ Rv‡Zi exR ˆZwi I Mv‡Qi Rb¨ 
cÖ‡qvRbxq we‡kl ai‡bi mvi Drcv`‡bi M‡elYvq †ZRw®Œq †Uªmvi mdjZvi mv‡_ e¨eüZ n‡”Q| wkí 
KviLvbv‡ZI †ZRw¯ŒqZv e¨vcKfv‡e e¨eüZ n‡PQ| hš¿cvwZ RxevYygy³ Ki†Z, KvMRK‡j KvM‡Ri cyi“Z¡ 
wbqš¿‡Y, Av¸‡bi †auvqvi Dcw¯’wZ wbY©‡q, avZe SvjvB hvPvB‡q †ZRw¯ŒqZv e¨eüZ n‡PQ| LwbR c`v‡_© 
wewfbœ avZzi cwigvY wbY©‡qI Gi e¨envi i‡q‡Q| GgbwK †ivM wbY©‡qi Kv‡RI †ZRw¯Œq mÜvqK mdjZvi 
mv‡_ Kv‡R jvMv‡bv n‡”Q|  

A‡bK Nwoi KuvUv I b¤^i AÜKv‡iI R¡jR¡j Ki‡Z †`Lv hvq| Gi KviY n‡jv †ZRw¯Œq †_vwiqv‡gi mv‡_ 
wR¼ mvjdvBW wgwk‡q Nwoi KuvUv I b¤^‡i cÖ‡jc †`Iqv nq d‡j Giv AÜKv‡i R¡jR¡j K‡i| j¶ j¶ 
eQ‡ii cy‡iv‡bv wRwb‡mi eqm ev Kvj wbY©‡q †ZRw¯ŒqZv e¨envi Kiv nq| 

13.5| †ZRw¯ŒqZvi wec`  
 Danger of radioactivity  

†ZRw¯ŒqZv Avgv‡`i A‡bK DcKv‡i jv‡M wKš‘ G †_‡K gvivZ¥K wec`I NU‡Z cv‡i| D”P gvÎvi †ZRw¯Œq 
wewKiY gvbe‡`‡n bvbv iKg mgm¨vi m„wó K‡i| GB wewKiY †_‡K giYNvwZ K¨vbmvi n‡Z cv‡i| `xN© w`b 
gvÎvwZwi³ †ZRw¯Œq wewKi‡Yi ms¯ú‡k© _vK‡j gvby‡li †ivM cÖwZ‡iva ¶gZv n«vm cvq| gvbyl gvbwmK 
weKviMȪ ’ n‡Z cv‡i| Ggb wK weKjv½ZvI m„wó n‡Z cv‡i| †ZRw¯ŒqZvi ¶wZKi cÖfve esk ci¤úivqI 
cwijw¶Z nq| myZivs hviv †ZRw¯Œq wewKiY wb‡q KvR K‡ib Zv‡`i mZK© _vK‡Z n‡e| gvÎvwZwi³ 
†ZRw¯Œq wewKiY †_‡K i¶vi Rb¨ cÖ‡qvRbxq e¨e¯’v wb‡Z n‡e| 
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13.6|  B‡jKUªwb‡·i µgweKvk 
 Development of electronics 

eZ©gvb hyM n‡jv B‡jKUªwb‡·i hyM| †iwWI, †Uwjwfkb, †dvb, d¨v·, Kw¤úDUvi, K¨v‡giv,Nwo BZ¨vw` mKj 
wWfvBm B‡jKUªwb‡·i Ae`vb| f¨vKzqvg wUDe, we‡kl ai‡bi †Kjvm I wPc‡mi ga¨w`‡q ZworcÖev‡ni 
wbqš¿Y n‡jv B‡jKUªwb·| B‡jKUªwb‡·i BwZnvm cÖvq GKkZ eQ‡iiI †ewk cy‡iv‡bv| B‡jKUªwb‡·i cÖK…Z 
hvÎv ïi“ 1883 mv‡j GwWmb wµqv Avwe®‹v‡ii ga¨ w`‡q| GwWmb hLb ZworevwZ wb‡q KvR KiwQ‡jb ZLb 
GKwU wRwbm Zv‡K Lye weeªZ KiwQj| Zvi evwZi Kve©b wdjv‡g‡›Ui abvZ¥K cÖvš— evi evi cy‡o hvw”Qj| G 
Amyweav `~i Kivi Rb¨ wZwb wdjv‡g‡›Ui mv‡_ GKwU †cU wmjK‡i XzwK‡q w`‡jb| wZwb †`L‡Z cvb wdjv‡g›U 
mv‡c‡¶ †cU‡K hLb abvZ¥K wefe †`Iqv n‡”Q f¨vKzqvg wUD‡ei ga¨ w`‡q GKwU ZworcÖevn P‡j|wKš‘ 
†cU‡K FYvZ¥K wefe w`‡j ZworcÖevn P‡j bv| GwWmb welqwUi e¨vL¨v Gfv‡e †`b, †h‡nZz DËß wdjv‡g›U 
†_‡K wbtm„Z Avavb abvZ¥K †c‡Ui w`‡K hvq,myZivs G Avavb FYvZ¥K| †cU FYvZ¥K n‡j H wbtm„Z Avavb‡K 
weKl©Y K‡I d‡j eZ©bx‡Z †Kv‡bv ZworcÖevn _v‡K bv| GUvB GwWmb wµqv bv‡g cwiwPZ| e„wUk c`v_©weÁvbx 
†d¬wgs GwWmb wµqv‡K Kv‡R jvwM‡q cÖ_g f¨vKzqvg wUDe Avwe®‹vi K‡ib| GB wUDe †iKwUdvqvi ev 
GKgywLKviK wnmv‡e KvR K‡i A_©vr GwU w`K cwieZ©x ZworcÖevn‡K (Gwm) GKgywL ZworcÖevn‡Z (wWwm) 
cwiewZ©Z K‡i| GwUB B‡jKUªwb‡·i Avmj Rb¥| Gmgq gvK©wbi †iwWIi Rb¨ wW‡UKU‡ii Lye cÖ‡qvRb 
wQj|GB wUDe †m Afve c~iY K‡i| G‡Z ỳwU B‡jK‡UªvW wQj e‡j Gi bvg Wv‡qvW| 

Gi ỳB eQi ci Av‡gwiKvq `¨ d‡i÷ Uªv‡qvW bv‡g Avi GKwU f¨vKzqvg wUDe Avwe®‹vi K‡ib| G‡Z wZbwU 
B‡jK‡UªvW wQj ZvB Gi bvg †`Iqv nq Uªv‡qvW| Gi g‡a¨ A¨v‡bvW I K¨v‡_vW Qvov Z…Zxq GKwU B‡jK‡UªvW wQj hvi 
bvg †`Iqv nq wMÖW| wMÖW A¨v‡bvW †_‡K K¨v‡_v‡W ZworcÖevn wbqš¿Y K‡i| GUv we¯§qKi †h Uªv‡qvW A¨vw¤údvqvi
wnmv‡e KvR Ki‡Z cv‡i| myZivs †hvMv‡hv‡Mi †¶‡Îi weKv‡k Uªv‡qvW  ¸i“Z¡c~Y© f~wgKv cvjb K‡i|  

(Wv‡qvW I Uªv‡qv‡Wi wPÎ) 

Wv‡qvW I Uªv‡qvW fvj‡fi AvKvi A‡bK eo nIqvq wewfbœ B‡jKUªwb· wWfvB‡m ¯’vcb Ki‡Z mgm¨v †`Lv 
†`q| Gi Rb¨ kw³i e¨q †ewk,  GwUi wbf©i‡hvM¨Zv Kg Ges G‡K VvÛv ivLvi Rb¨ AwaK kxZjxKiY e¨e¯’v 
_vKv cÖ‡qvRb| weÄvbxiv ZvB Gi weKí wnmv‡e †Kv‡bv Aa©cwievnx wWfvBm LuyRwQ‡jb| cieZ©x‡Z Zuviv p-n

Rskb Wv‡qvW Avwe®‹vi K‡ib| Gi ci `xN© cix¶v wbwi¶vi ci Zviv  n- p-n UªvbwR÷i Avwe®‹vi Ki‡Z 
m¶g nb| UªvbwR÷i A¨vw¤údvqvi ev weea©K wnmv‡e KvR Ki‡Z cv‡i| 
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A‡bK¸‡jv B‡jKUªwbK Dcvsk‡K GKwU GKK gv`vi‡ev‡W© ms‡hvRb Ki‡Z mgm¨v †`Lv †Kv‡bv †Kv‡bv †¶‡Î 
m¤¢eI nq bv| ZvB Avwe®‹…Z nq mgwš^Z eZ©bx ev AvBwm| AvBwm n‡jv wmwjK‡bi g‡Zv Aa©cwievnx e¨envi 
K‡i ˆZwi Ggb GKwU wbg©vY hv‡Z Avgv‡`i AvOz‡ji b‡Li mgvb RvqMvq j¶ j¶ AvYyex¶wYK ZworeZ©bx 
A½xfyZ _v‡K| 1960 mv‡j Gi Avwe®‹v‡ii ci †_‡KB AvBwm wPc‡mi wWRvB‡b wece NU‡Z _v‡K| 

13.7|  GbvjM I wWwRUvj B‡jKUªwb· 
 Analogue and digital electronics 

GbvjM ms‡KZ : †hme NUbvi gvb wbiew”Qbœfv‡e cwiewZ©Z nq Zv‡`i ejv nq GbvjM| kã, Av‡jv, ZvcgvÎv, 
Pvc Gi gvb †Kv‡bv wbw`©ó cwim‡ii g‡a¨ †h †Kv‡bv gvb n‡Z cv‡i| GbvjM DcvË wbiew”Qbœfv‡e †cÖwiZ nq| 
†Uwj‡dvb, †iwWI, wUwf m¤cÖPvi I †Kej wUwf mvaviYZ GbvjM †WUv ev DcvË †cÖiY K‡i _v‡K|

myZivs GbvjM ms‡KZ n‡jv wbiew”Qbœfv‡e cwieZ©bkxj †fv‡ëR ev Kv‡i›U| GB †fv‡ëR ev Kv‡i›U 
¯^vfvweKfv‡e cwiewZ©Z nq Ges wb¤œZg †_‡K D”PZg gv‡bi g‡a¨ †h‡Kv‡bv gvb MÖnY Ki‡Z cv‡i| GbvjM 
ms‡KZ Avm‡j GKwU mvBb Zi½| AwWI I wfwWI †fv‡ëR n‡jv GbvjM ms‡K‡Zi D`vniY|  

    wPÎ 13.1: GbvjM ms‡KZ            wPÎ 13.2: wWwRUvj ms‡KZ 

wWwRUvj ms‡KZ : mvaviYfv‡e wWwRU K_vwUi A_© msL¨v| wWwRUvj K_vwU G‡m‡Q ÔwWwRUÕ ev msL¨v K_vwU 
†_‡K| wWwRUvj ms‡KZ ej‡Z †mB †hvMv‡hvM ms‡KZ †evSvq hv ïay wKQz wbw`©ó gvb MÖnY Ki‡Z cv‡i| Giv 
wQbœvwqZ gv‡b cwiewZ©Z n‡Z cv‡i  G‡`i cÖ‡Z¨K‡K c„_Kfv‡e †Pbv hvq| G e¨e¯’vq evBbvwi †KvW A_©vr 0 I 
1 Gi mvnvh¨ wb‡q †h †Kv‡bv Z_v, msL¨v, A¶i, we‡kl ms‡KZ BZ¨vw` †evSv‡bv Ges †cÖwiZ nq| GB ms‡KZ 
e¨e¯’vqq ÕAbÕ Ae¯’vi gvb 1 Ges ÕAdÕ Ae¯’vi gvb 0| 

wPÎ  13.3 t GbvjM ms‡KZ‡K wWwRUvj ms‡K‡Z iƒcvš—i

Kw¤úDUvi †h †Kv‡bv DcvË (†WUv) msi¶Y, cÖwµqvKiY Ges †cÖiY K‡i _v‡K wWwRUvj †WUv wn‡m‡e| †gv‡Wg 
Gi mvnv‡h¨ GbvjM †WUv‡K wWwRUvj Ges wWwRUvj †WUv‡K GbvjM †WUvq iƒcvš—wiZ Kiv hvq| GbvjM Nwo‡Z 
Nwoi KvUv AweiZ Ny‡i mgq †`q, Avi wWwRUvj Nwo‡Z GK wgwbU ci ci msL¨v cwiewZ©Z n‡q mgq †`q|  

GbvjM I wWwRUvj ms‡K‡Zi myweav I Amyweav  

GbvjM I wWwRUvj ms‡K‡Zi g‡a¨ †Kv‡bvwU DËg Zv wZbwU welq w`‡q wePvi Kiv hvq| G¸‡jv n‡jv ms‡K‡Zi 
¸YMZ gvY, cÖwµqv Pvjv‡bvi Rb¨ cÖ‡qvRbxq gvjgkjv I `vg ev e¨q|
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wPÎ 13.4:  Wv‡qvW I Gi cÖZxK wPý

wPÎ 13.5:  UªvbwR÷vi I Gi cÖZxK wPý

AwaK `~i‡Z¡ ms‡KZ †cÖi‡Yi Rb¨ wWwRUvj ms‡KZ DËg| KviY `~iZ¡ †ewk n‡j GbvjM ms‡K‡Zi ¶gZv ax‡i 
ax‡i Kg‡Z _v‡K| G‡K euvwP‡q ivL‡Z cybwe©ea©b Ki‡Z nq| wKš‘ G‡Z b‡qR †e‡o hvq d‡j ms‡K‡Zi gvb 
n«vm cvq ev ms‡KZ weK…Z nq Ges GK mgq nvwi‡qI †h‡Z cv‡i|| wKš‘ wWwRUvj wmMb¨vj †h‡Z †h‡Z 
weewa©Z nq| d‡j ms‡KZ GKB iKg _v‡K| AcwUK¨vj dvBevi Øviv ms‡KZ †cÖi‡Y wWwRUvj ms‡KZ e¨envi 
Kiv nq| KviY me©‡kl ms‡KZwUiI DËg ¸YMZ gvb eRvq _v‡K| GQvov cÖwZ †m‡K‡Û A‡bK †ewk ms‡KZ 
†cÖiY Kiv hvq| GbvjM wWfvB‡mi †P‡q wWwRUvj wWfvBm e¨qeûj n‡jI wWwRUvj mvwf©‡mi †ejvq me©m‡gZ 
e¨q Kg| GbvjM wWfvB‡m µm Kv‡bKkb n‡Z cv‡i, wWwRUv‡j Zv nq bv|  

13.8|  Aa©cwievnx I mgwš^Z eZ©bx 
 Semiconductor and integrated circuit 

Aa©cwievnx: wKQz wKQz c`v_©  (†hgb wmwjKb I Rv‡g©wbqvg) Av‡Q †h¸‡jv mycwievnx bq, Aš—iKI bq| G‡`i 
ejv nq Aa©cwievnx| weï× Aa©cwievnx kxZj Ae¯’vq Aš—i‡Ki g‡Zv KvR K‡i Ges ¯^vfvweK K¶ZvcgvÎvq 
Lye mvgvb¨ cwievnx| wKš‘ wKQz wbw`ó Ab¨ c`v_© Gi mv‡_ †hvM K‡i Gi cwievwnZv evov‡bv hvq| †Kv‡bv 
c`v_© †hvM Kiv n‡q‡Q Zvi wfwË‡Z Aa©cwievnx‡K n- UvBc I  p- UvBc wnmv‡e fvM Kiv nq| wmwjK‡bi mv‡_ 
dmdivm †hvM K‡i ˆZwi Aa©cwievnx n‡jv n- UvBc Aa©cwievnxi GKwU D`vniY| dmdivm cigvYyi Dcw¯’wZ 
G‡Z FYvZ¥K B‡jKUª‡bi msL¨v e„w× K‡i hv c`v‡_©i g‡a¨ gy³fv‡e PjvPj Ki‡Z cv‡i| 

wmwjK‡bi mv‡_ ‡evib †hvM K‡i ˆZwi Aa©cwievnx n‡jv p- UvBc 
Aa©cwievnxi GKwU D`vniY| †evib  cigvYy B‡jKUªb KvVv‡gvi g‡a¨ 
duvK ev abvZ¥K †nvj ˆZwi K‡i| B‡jKUªb GK †nvj †_‡K Ab¨ †nv‡j 
jvwd‡q jvwd‡q c`v‡_©i g‡a¨ PjvPj K‡i|  

 hw` p- UvBc c`v‡_©i mv‡_ n- UvBc Aa©cwievnxi †Rvov jvMv‡bv nq 
Zvn‡j GKwU AwZ cÖ‡qvRbxq wWfvBm ˆZwi nq hv‡K p- n Rskb 
Wv‡qvW e‡j| GwU †iKwUdvqvi ev GKgywLKviK wnmv‡e KvR K‡i|

Wv‡qvW ZworcÖevn‡K GKgywL K‡i A_©vr Wv‡qvW w`K cwieZ©x ZworcÖevn (Gwm) †K GKgywL ZworcÖev‡n (wWwm) 
iƒcvš—wiZ K‡i| 

wewfbœ Kv‡R ZworcÖevn I †fv‡ëR weea©‡bi cÖ‡qvRb nq| G KvRwU †h hš¿ K‡i Zvi bvg A¨vw¤úødvqvi| 
UªvbwR÷vi n‡jv  GKwU wWfvBm hv A¨vgwcdvqvi I D”P ª̀“wZ myBP wnmv‡e KvR K‡i| ỳwU n- UvBc Aa©cwievnxi 
gv‡S GKwU p- UvBc Aa©cwievnx m¨vÛyB‡Pi g‡Zv †Rvov jvwM‡q 
UªvbwR÷vi ˆZwi Kiv nq| Gi wZbwU ¯Íi‡K ejv nq msMÖvnK 
(collector), f~wg (base) I wbtmviK (emitter)| n- UvBc AÂj 
n‡jv UªvbwR÷v‡ii msMÖvnK I wbtmviK Ges mi“ p- UvBc AÂj n‡jv 
f~wg| 
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GKBfv‡e ỳwU p UvBc I GKwU n UvBc Aa©cwievnx e¨envi K‡i UªvbwR÷vi ˆZwi Kiv hvq| hvi p UvBc AÂj 
n‡jv msMÖvnK I wbtmviK Ges mi“ n UvBc AÂj n‡jv f~wg| 

ZworcÖevn weea©‡Yi Kv‡R UªvbwR÷vi e¨envi Kiv nq|

mgwš^Z eZ©bx: mgwš^Z eZ©bx ev Bw›U‡MÖ‡UW mvwK©U AvBwm (IC) bv‡g †ewk cwiwPZ| Kw¤úDUvi, †gvevBj‡dvb 
†_‡K ïi“ K‡i gvB‡µvI‡fb ch©š— hZ iKg ˆe`y¨wZK hš¿cvwZ eZ©gv‡b Avgiv †`wL Zvi AwaKvskwU‡ZB 
AvBwm e¨envi ‡`Lv hvq| AvBwm n‡jv wmwjK‡bi g‡Zv Aa©cwievnx e¨envi K‡i ˆZwi Ggb GKwU wbg©vY hv‡Z 
Avgv‡`i AvOz‡ji b‡Li mgvb RvqMvq j¶ j¶ AvYyex¶wYK ZworeZ©bx mshy³ ev A½xfyZ _v‡K| 1960 mv‡j 
Gi Avwe®‹v‡ii ci †_‡KB AvBwm wPc‡mi wWRvB‡b wece NU‡Z _v‡K| cÖ_g w`‡K AvBwm wPc‡m ïay K‡qK 
kZ eZ©bx Dcvsk ev A½xfzZ wQj| 1970 mv‡ji g‡a¨ GB msL¨v †e‡o nvRv‡i †cuŠQvq| H mgq AvBwm ïay 
Kw¤úDUvi I c‡KU K¨vjKz‡jU‡i e¨eüZ nZ| eZ©gv‡b GKwU GKK AvBwm wPc j¶ j¶ Dcvsk aviY Ki‡Z 
cv‡i hv eû RwUj wWfvBm ev hš¿ Pvjv‡Z e¨eüZ nq| weL¨vZ Bb‡Uj wPc GiKg GKwU D`vniY| gRvi 
e¨vcvi n‡jv eQ‡ii ci eQi wPc‡m Dcvs‡ki msL¨v hZ †e‡o‡Q wPc‡mi AvKvi ZZ †QvU n‡q G‡m‡Q Ges 
wWfvB‡mi gvb n‡q‡Q ZZ DbœZ|  

AvBwm wPcm hw` Avwe®‹…Z Ges Gfv‡e weKwkZ bv nZ Zvn‡j Avgiv †gvevBj‡dvb, B›Uvi‡bU, Ggwcw_ª †cqvi
I AviI A‡bK m„Rbkxj wWfvBm †cZvg bv| AvaywbK AvBwm wPc wece G‡b‡Q, w`‡q‡Q A‡bK my‡qvM-myweav I 
Avivg-Av‡qm|

13.9| gvB‡µv‡dvb I ¯úxKvi 

gvB‡µv‡dvb †K PjwZ K_vq gvBK e‡j| †Kv‡bv eo mfv ev Abyôv‡b e³v †h B‡jKUªwbK wWfvB‡mi mvg‡b 
ùvwo‡q K_v e‡jb Zv‡K ejv nq gvB‡µv‡dvb ev gvBK| gvB‡µv‡dvb kã‡K Zwor ms‡K‡Z iƒcvš—i K‡i| 

†kªvZv  GB K_v †Rv‡i ïb‡Z cvb Zv n‡jv jvDW ¯úxKvi ev ¯úxKv†i| KviY ¯úxKvi gvB‡µv‡dv‡bi Zwor 
ms‡KZ‡K k‡ã cwiewZ©Z K‡i| †Zvgv‡`i ¯‹z‡ji wewfbœ Abyôv‡b gvB‡µv‡dvb I ¯úxKv‡ii e¨envi †Zvgiv 
†`‡L _vK‡e| †Uc‡iKW©vi, wfwmAvi BZ¨vw`‡Z gvB‡µv‡dvb I ¯úxKvi ỳ‡UvB _v‡K| 

gvB‡µv‡dvb I Gi Kvh©µg t Avgiv Av‡MB e‡jwQ †h, gvB‡µv‡dvb n‡jv Ggb 
GKwU wWfvBm hv kãZi½†K 

ZvwoZ AwWI Zi½ ev ms‡K‡Z cwiewZ©Z K‡i| ZvwoZ AwWI Zi‡½i 
K¤úv¼ I Av‡cw¶K we¯Ívi kã Zi‡½i gZB _v‡K| gvB‡µv‡dv‡bi g‡a¨ 
GKwU PjKzÊjx I Wvqvd«vg bv‡g avZzi GKwU cvZjv cvZ _v‡K| hLb 
gvB‡µv‡dv‡b †KD K_v e‡j ZLb kã Zi½ Øviv G Wvqvd«vg Kw¤úZ nq| 
Wvqvd«vg n‡jv gvB‡µv‡dv‡bi †m Ask hv k‡ãi K¤úb‡K Zwo‡Z iƒcvš—‡ii
Rb¨ wWRvBb Kiv _v‡K| wewfbœ iK‡gi k‡ãi K¤úb Wvqvd«vg‡K wewfbœfv‡e 
Kw¤úZ K‡i| GB K¤úb †PŠ¤^K‡¶‡Îi g‡a¨ AMÖ-cðvr MwZkxj K‡i| d‡j 
PjKzÊjx‡Z cwieZ©bkxj ZworcÖevn Avweó K‡i| gvB‡Kªv‡dvb Gfv‡eB kã 
kw³‡K  Zworkw³‡Z iƒcvš—wiZ K‡i| G‡K ejv nq AwWI ms‡KZ|

wPÎ t 13.6 : gvB‡µv‡dvb 
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G ZvwoZ AwWI ms‡KZ‡K weewa©Z K‡i †Uwj‡dvb jvBb ev †iwWIi gva¨‡g A‡bK ~̀‡i cvVv‡bv hvq| myZivs 
wUwf Ges †iwWI m¤cÖPvi, †iKwW©s I †Uwj‡dv‡bi †¶‡Î gvB‡µv‡dvb AZ¨š— ¸iyZ¡c~Y© f~wgKv cvjb K‡i|  

¯úxKvi (Speaker) :  ¯úxKvi gvB‡µv‡dv‡bi wVK wecixZ 
KvRwU K‡i| ¯úxKvi gvB‡µv‡dv‡bi Zwor ms‡KZ‡K Abyiƒc
k‡ã iƒcvš—wiZ K‡i|  

wPÎ t 13.7 t ¯úxKv‡ii evwn¨K iƒc

¯úxKv‡ii Kvh©µg t AwaKvsk jvDW¯úxKvi n‡jv PjKzÊjx jvDW¯úxKvi| G‡Z _v‡K  

1. †ejbvK…wZi GKwU ¯’vqx Pz¤^K hv GKwU kw³kvjx †PŠ¤^K‡¶Î ˆZwi K‡i|  

2. GKwU †QvU K‡qj ev ZviKzÊjx Szjv‡bv _v‡K| GB ZviKyÊjx †PŠ¤^K‡¶i g‡a¨ gy³fv‡e AMÖ-cðvr `yj‡Z 
cv‡i|

3. ZviKzÊjxi mv‡_ k¼z AvK…wZi KvMR (a paper cone) jvMv‡bv _v‡K| 

hLb kã †_‡K ˆZwi cieZ©x ZworcÖevn G ZviKzÊjx w`‡q cÖevwnZ nq, ZLb ZviKzÊjxwU AMÖ-cðvr hvIqv 
Avmv K‡i| G‡Z KvM‡Ri k¼zwU Kw¤úZ nq|d‡j k‡ãi m„wó nq|  

13.10|Z_¨ I †hvMv‡hvM cÖhyw³ 

Z_¨ I †hvMv‡hvM cÖhyw³ GLb LyeB cwiwPZ I RbwcÖq welq| Avgv‡`i ˆ`bw›`b Rxe‡bi mvaviY KvR †_‡K ïiy 
K‡i †ckvMZ Rxe‡bi A‡bK ¸iyZ¡c~Y© KvR Z_¨ cÖhyw³ e¨envi K‡i mn‡RB Ki‡Z cvwi| wesk kZK Ges 
GKwesk kZ‡Ki cÖvi‡¤¢ gvby‡li Kvh©µg‡K me‡P‡q †ewk cÖfvweZ K‡i‡Q †hvMv‡hvM| Dbwesk kZ‡K †Uwj‡dvb 
I †UwjMÖv‡di weKvk Dbœq‡b gvby‡li †hvMv‡hvM ¶gZv AviI GKavc GwM‡q †M‡Q| wesk kZ‡K †hvMv‡hv‡Mi 
wece G‡b‡Q †iwWI, †Uwjwfkb, †mj‡dvb, d¨v· †gwkb|Gme e¨e¯’vi ci ‡hvMv‡hv‡Mi †¶‡Î me‡P‡q †ewk 
Ae`vb †i‡L‡Q Kw¤úDUvi I B›Uvi‡bU| 

†iwWI t †iwWI we‡bv`b I †hvMv‡hv‡Mi GKwU e¨vcK I ¸i“Z¡c~Y© 
gva¨g|†iwWI‡Z Avgiv Lei,Mvb evRbv, bvUK, Av‡jvPbv weZK© Ges 
c‡Y¨i weÁvcb ïb‡Z cvB| †mbvevwnbx I cywjkevwnbx‡Z Z_¨ Av`vb 
cÖ̀ v‡bi Rb¨ †iwWI e¨envi Kiv nq| †gvevBj ev †mjyjvi †Uwj‡dvb 
†hvMv‡hv‡M †iwWI e¨eüZ nq| †iwWI Avwe®‹v‡i †hme weÁvbx Ae`vb 
†i‡L‡Qb, Zviv n‡jb BZvwji ¸Mwj‡qj‡gv gvK©wb I evsjv‡`‡ki 
weµgcy‡ii m¨vi RM`xk P› ª̀ emy|    

wPÎ13.8: ‡iwWI

†iwWI‡Z Avgiv kã ïb‡Z cvB| G kã Kxfv‡e †cÖwiZ nq Ges Kxfv‡eB ev Avgiv ïb‡Z cvB? †Kv‡bv †eZvi 
m¤cÖPvi †÷k‡bi ÷zwWI‡Z †Kv‡bv e¨w³ gvB‡µv‡dv‡bi mvg‡b K_v e‡jb| gvB‡µv‡dvb H kã‡K 
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ZworZi‡½ iƒcvš—wiZ K‡i| G Zi‡½i bvg AwWI ms‡KZ| G ms‡K‡Zi K¤úv¼ ev kw³ LyeB Kg, 20 nvR© 
†_‡K 20000 nvR©| G Zi½ †ewk `~i †h‡Z cv‡i bv| Z_¨ enbKvix Kg K¤úv‡¼i  G Zi½‡K ZvB GK 
cÖKvi D”P K¤úv¼ wewkó ZvwoZ‡PŠ¤^K Zi‡½i mv‡_ wgwkªZ Kiv nq| D”P K¤úv¼ wewkó GB Zi½‡K 
evnK Zi½ e‡j|  wgwkªZ Zi½‡K ejv nq gWy¨‡j‡UW ev iƒcv‡ivwcZ Zi½| G `yB Zi‡½i wgkª‡Yi cÖwµqv‡K 
ejv nq gWy‡jkb| iƒcv‡ivwcZ Zi½‡K †eZvi Zi&½I ejv nq| †eZvi Zi½‡K A¨vgwcdvqv‡i weewa©Z K‡i 
†cÖiK h‡š¿i G‡›Ubvi mvnv‡h¨ ZvwoZ†PŠ¤^K Zi½ wnmv‡e ï‡b¨ (Space) †cÖiY K‡i| G †eZvi Zi½ ï‡b¨ 
Qwo‡q c‡o Ges f~wg Zi½ (Ground wave) I AvKvk Zi½ (Sky wave) bv‡g `yB ai‡Yi Zi‡½ fvM 
nq| f~wg Zi½ mivmwi MÖvnK h‡š¿i Gwi‡q‡j †cuŠQvq| Avgv‡`i N‡i †h †iwWI †mUwU _v‡K Zvn‡jv 
MÖvnKhš¿| AvKvkZi½ AvqbgÊ‡j cÖwZdwjZ n‡q c„w_ex‡Z wd‡i Av‡m Ges MÖvnKh‡š¿i Gwi‡q‡j aiv c‡o|  

MÖvnKhš¿ †eZvi Zi½‡K MÖnY K‡i G‡K ZvworcÖev‡n iƒcvš—wiZ K‡i| Gici wW-gWy‡jkb ev weiƒcv‡ivcY cÖwµqvq 
evnKZi½ n‡Z k&ã Avjv`v K‡i †bIqv nq| AZtci A¨vgwcdvqv‡ii mvnv‡h¨ ZworcÖevn‡K weewa©Z K‡i Ges 
jvDW¯úxKv‡i †cÖiY K‡i| jvDW ¯úxKvi Zwor cÖevn‡K cybivq k‡ã iƒcvš—wiZ K‡i| G kã Avgiv ïb‡Z cvB|  

wPÎ 13.9: †iwWI m¤cÖPvi I MÖnY cÖwµqv 
myZivs, †iwWI‡Z †cÖiK hš¿ †_‡K kã †cÖiY Kiv nq bv| kãZi½‡K ZvwoZ‡PŠ¤^K Zi‡½ iƒcvš—wiZ K‡i 
cvVv‡bv nq, MÖvnKhš¿ †eZvi Zi½ MÖnY K‡i jvDW ¯úxKvi G‡K k‡ã iƒcvš—wiZ K‡i|  

†Uwjwfkb: †Uwjwfkb n‡jv Ggb GKwU hš¿ hvi mvnv‡h¨ Avgiv ~̀ieZ©x †Kv‡bv ¯’vb ‡_‡K kã †kvbvi m‡½ 
e³vi Qwe †Uwjwfk‡bi c ©̀vq †`L‡Z cvB| 

wPÎ 13.10 : †Uwjwfkb
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jwR †eqvW© 1926 mv‡j †Uwjwfk‡b wPÎ †cÖi‡Y m¶g nb| †mw`bKvi wUwf wkíx wQj GKwU K_v ejv cyZzj| 

†Uwjwfkb Kx K‡i KvR K‡i : Avgiv Rvwb, †Uwjwfk‡b Qwe †̀ Lvi mv‡_ mv‡_ kãI †kvbv hvq| †Uwjwfk‡b kã I Qwe 
†cÖi‡Yi Rb¨ †cÖiK †÷k‡b _v‡K c„_K c„_K †cÖiK hš¿, hvi mvnv‡h¨ ZvwoZ‡PŠ¤^K Zi½iƒ‡c kã I Qwe †cÖiY Kiv nq|

wPÎ 13.10 : †Uwjwfkb m¤úªPvi cÖwµqv 

GKwU †cÖiK h‡š¿i mvnv‡h¨ Qwe‡K Zwor ms‡K‡Z iƒcvš—wiZ K‡i †cÖiY Kiv nq| Ab¨ GKwU †cÖiK h‡š¿i 
mvnv‡h¨ Qwe‡K Zworms‡K‡Z iƒcvš—wiZ K‡i Zv ZvwoZ†PŠ¤^K Zi½ wn‡m‡e †cÖiY Kiv nq| cÖ_‡g Qwe †cÖiY 
I MÖn‡Yi K_vB ejv hvK| †h Qwe ev `„k¨ †cÖiY Ki‡Z n‡e Zv †Uwjwfkb K¨v‡giv ZvwoZ ms‡K‡Z iƒcvš—wiZ 
K‡i| G ms‡KZ‡K gWy‡jkb cÖwµqvq D”P K¤úv‡¼i evnK Zi‡½i mv‡_ wgwkªZ Kiv nq| c‡i G‡›Ubvi 
mvnv‡h¨ ZvwoZ‡PŠ¤^K †eZvi Zi½ wn‡m‡e †cÖiY Kiv nq| 

G‡›Ubvi mvnv‡h¨ wUwf †mU Qwei Rb¨ †cÖwiZ ZvwoZ‡PŠ¤^K evnK Zi½ MÖnY K‡i| †iKwUdvqvi evnK Zi½ 
†_‡K wfwWI Zwor ms‡KZ‡K c„_K K‡i| weea©‡Ki mvnv‡h¨ G Zwor ms‡KZ‡K weewa©Z Kiv nq Ges 
B‡jKUªbMv‡b Zv cÖ`vb Kiv nq| wUwfi wcKPvi wUD‡ei wcQ‡bi cÖv‡š— B‡jKUªb Mvb mshy³ _v‡K| wfwWI 
ms‡KZ MÖn‡Yi ci B‡jKUªbMvb myB‡qi b¨vq miy B‡jKUªb exg Quyo‡Z _v‡K| wUwfi c`©vi cÖwZcÖf dmd‡i 
B‡jKUªb Mvb †_‡K hLb B‡jKUªb exg G‡m c‡o ZLb G‡Z Av‡jvK Sj‡Ki m„wó nq| G D¾¡j I Aby¾¡j 
Av‡jvK we› ỳi mgš^‡qB wUwfi c ©̀vq D¾¡j I Aby¾¡j Av‡jvK we› ỳ I Sj‡Ki m„wó nq| G D¾¡j I Aby¾¡j 
Av‡jvKwe› ỳi mgš^‡qB wUwfi c ©̀vq dz‡U D‡V K¨v‡giv †_‡K cvVv‡bv Qwe| ‡Uwjwfk‡bi c ©̀vi Dci cÖwZ 
†m‡K‡Ê 25wU w¯’i wPÎ MVb K‡i hv Avgv‡`I †PvL Pjgvb Qwe wn‡m‡e †`‡L| 

kã †cÖiY I MÖnY

†Uwjwfk‡b †h wPÎ †cÖiY Kiv n‡e Zvi mv‡_ mswkó kã‡KI gvB‡µv‡dv‡bi mvnv‡h¨ ZwoZ ms‡K‡Z iƒcvš—wiZ 
Kiv nq| G Zwor Zi½‡K evnKZi½ bvgK GK cÖKvi D”P K¤úv¼ wewkó ZvwoZ‡PŠ¤^K Zi‡½i mv‡_ 
wgwkªZ Kiv nq Ges †cÖiK h‡š¿i mvnv‡h¨ †cÖiY Kiv nq|

Avgiv evwo‡Z †h †Uwjwfkb †mU e¨envi Kwi Zv‡Z kã I Qwe ms‡KZ MÖn‡Yi Rb¨ c„_K e¨e¯’v _v‡K| ‡cÖiK 
hš¿ KZ©„K †cÖwiZ ZvwoZ‡PŠ¤^K Zi½ Avgv‡`i wUwf †m‡Ui G‡›Ubvq Av‡m Ges Zwor cÖev‡ni m„wó K‡i| G 
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wPÎ 13.11; j¨vÊ I †gvevBj 
†Uwj‡dvb

wPÎ 13.12: j¨vÊ‡Uwj‡dv‡bi Kvh©cÖYvjx 

ZworcÖevn Zv‡ii gva¨‡g †Uwjwfkb †m‡Ui MÖvnKh‡š¿ hvq| †Uwjwfkb †m‡Ui kã MÖnYKvix MÖvnKhš¿ G 
ZwoZ ms‡KZ MÖnY K‡i weewa©Z K‡i| c‡i G‡K jvDW¯úxKv‡i †cÖiY K‡i| jvDW¯úxKvi G Zwor ms‡KZ‡K 
g~j kã iƒcvš—wiZ K‡i| G k‡ã Avgiv ïb‡Z cvB|

†gvUvgywUfv‡e G n‡jv mv`vKv‡jv †Uwjwfk‡bi Kvh©-cÖYvjx|  

iwOb †Uwjwfkb: iwOb I mv`vKv‡jv †Uwjwfk‡bi g~j Kvh©bxwZ‡Z †Zgb †Kv‡bv cv_©K¨ †bB| iwOb †Uwjwfkb K¨v‡givq 
wZbwU †gŠwjK iO (jvj, Avmgvbx Ges meyR)ÑGi Rb¨ wZbwU c„_K B‡jKUªbMvb _v‡K| iwOb †Uwjwfkb MÖvnK h‡š¿I 
wZbwU B‡jKUªb Mvb _v‡K| iwOb †Uwjwfk‡bi c ©̀v ‰Zwi nq wZb iKg dmdi `vbv w`‡q| GKwU we‡kl iO ïay Zvi 
we‡kl i‡Oi dmdivm `vbv¸‡jv‡K Av‡jvwKZ K‡i| d‡j †Uwjwfkb wUD‡ei c ©̀vq GKB mv‡_ dz‡U I‡V jvj, Avmgvbx 
I meyR i‡Oi we› ỳ Ges G‡`i wewfbœ iKg wgkª‡Y †Uwjwfk‡bi c ©̀vq dy‡U I‡V wewfbœ iwOb Qwe| 

†Uwj‡dvb

f~wgKv : †Uwj‡dvb n‡jv we‡k¦i me©e„nr, me‡P‡q eûj e¨eüZ I RbwcÖq GK RwUj †hvMv‡hvM gva¨g| †h †Kv‡bv †`‡k 
K_vevZ©v ejv, evZ©v, d v̈·evZ©v cvVv‡bv, Kw¤úDUvi †hvMv‡hvM, BÑ‡gBj Av`vbÑcÖ̀ vb BZ¨vw` †¶‡Î GwU e¨eüZ nq|

Av‡jKRvÛvi MÖvng †ej (Alexander Graham Bell) 1875 mv‡j †Uwj‡dvb Avwe¯‹vi K‡ib| eû weeZ©‡bi ga¨ 
w`‡q MÖvnvg †e‡ji Avwe®K…Z †Uwj‡dvb AvR‡Ki AvaywbK †Uwj‡dv‡b G‡m †cuŠ‡Q‡Q, ˆZwi n‡q‡Q KW‡jm, 
†mjyjvi, †gvevBj BZ¨vw` bv‡gi †Uwj‡dvb|  

†Uwj‡dvb Kxfv‡e KvR K‡i

cÖwZ †Uwj‡dvb †m‡UB ms‡KZ MÖnY I †cÖi‡Yi e¨e¯’v _v‡K| †Uwj‡dv‡bi 
n¨vÛ‡m‡Ui gvD_ wcmwU n‡jv gvB‡µv‡dvb,GwU n‡jv †cÖiK Ges BqviwcmwU n‡jv 
¯úxKvi, GwU n‡jv MÖvnK| ‡Uwj‡dvb †m‡U _v‡K wµs wµs N›Uv evRv‡bvi GKwU 
wisMvi I GKwU Wvqvwjs e¨e¯’v| Avgiv hLb K_v ewj gvD_wc‡mi gvB‡µv‡dvbwU 
KÉ¯^‡ii kãZi½‡K Zworms‡K‡Z iƒcvš—wiZ K‡i| G ms‡KZ †Uwj‡dv‡bi 
Zvi w`‡q Aci †Uwj‡dv‡bi Bqviwc‡m hvq| Bqviwc‡mi ¯úxKvi Zworms‡KZ‡K 
k‡ã iƒcvš—wiZ K‡i, d‡j MÖvnK ev †kªvZv kã ïb‡Z cvb Ges K_vi Reve †`b| 
G Reve †kªvZvi †Uwj‡dvb †m‡Ui gvD_wc‡mi gvB‡µv‡dv‡bi mvnv‡h¨ 
Zworms‡K‡Z cwiYZ n‡q †cÖi‡Ki †Uwj‡dv‡b wd‡i Av‡m Ges ‡cÖi‡Ki 
Bqviwc‡mi ¯úxKv‡i k‡ã cwiYZ nq, †cÖiK ZLb MÖvn‡Ki K_v ïb‡Z cvq| 

†Uwj‡dv‡bi Zv‡i Zwor ms‡KZ GZ ª̀yZ mÂvwjZ nq †h, G‡Z 
†Kv‡bv wej¤^ N‡U bv| cÖwZwU †Uwj‡dvb †mU Gi AvÂwjK cÖavb 
Awd‡mi mv‡_ Zv‡ii gva¨‡g mshy³ _v‡K| AvÂwjK cÖavb Awd‡mi 
gva¨‡g Ab¨ †Uwj‡dv‡bi mv‡_ †hvMv‡hvM N‡U|  

†mj †dvb ev †gvevBj †dvb: †gvevBj †dvb ev gy‡Vv‡dvb eZ©gv‡b 
me‡P‡h †ewk e¨eüZ I RbwcÖq †hvMv‡hvM gva¨g| ïay †hvMv‡hvM 
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bq, GB †dv‡b †Zvgiv †MBg †Lj‡Z cvi,wgDwRK WvDb‡jvW Ki‡Z cvi, Mvb ïb‡Z cvi, wm‡bgv †`L‡Z cvi Ges 
B›Uvi‡bU e¨envi Ki‡Z cvi| GQvov G †dv‡b K¨vk †c‡g›U, wej cwi‡kva, Gqvi‡cv‡U© †PK-Bb I K‡jR ev 
wek¦we`¨vj‡q fwZ©i `iLv¯Í Ki‡Z cvi| G ‡dv‡bi mvnv‡h¨ †`‡ki †h †Kv‡bv cÖvš— †_‡K Aci †h †Kv‡bv cÖv‡š—

†hvMv‡hvM Kiv hvq|   

†gvevB‡j Kj Kiv I Kj wiwmf Kiv

G †dvb wKš‘ cÖavb Awdm ev Ab¨ †dv‡bi mv‡_ Zvi w`‡q mshy³ _v‡K bv| 
G ai‡Yi †dvb Zv‡ii cwie‡Z© †iwWI ev †eZv‡ii mvnv‡h¨ K_vevZ©v ev Z_¨ 
†cÖiY I MÖnY K‡i _v‡K| †gvevBj †dv‡b †Uwj‡dvb †bUIqv‡K©i mv‡_ ms‡hvM 
N‡U GK †gvevBj †m‡Ui Kx‡evW© †_‡K Ab¨ †gvevB‡j Wvqvj Kivi gva¨‡g| 
hLb Zzwg †Kv‡bv †gvevBj †_‡K †dvb Ki Zzwg †hLv‡bB _vK bv †Kb KjwU 
†eZvi Zi½ wn‡m‡e †Kv‡bv †cÖiKÑMÖvnK UvIqv‡i hvq| 

wPÎ 13.13: †gvevBj †bUIqvK© 

Gici KjwU Zvi ev gvB‡µvI‡q‡fi gva¨‡g †gvevBj myBP †÷k‡b hvq| G †÷kb KjwU‡K ¯’vbxq †Uwj‡dvb 
G·‡P‡Ä cvVvq| †mLv‡b GwU cÖPwjZ †dvb Kj n‡q MÖvn‡Ki wbKU †cuŠQvq| eZ©gv‡b cÖPwjZ AwaKvsk †gvevBj 
†dvb KvR K‡i †eZvi Zi½ †cÖiY Ges cÖPwjZ †Uwj‡dvb mvwK©U myBwPs Gi mgš^‡q|

d¨v· : d¨vw·wgj Gi msw¶ß bvg d¨v·| †Kv‡bv WKz‡g›U ûeû Kwc K‡i cvVv‡Z d¨v· e¨envi Kiv nq| 

d¨v· Kx : d¨v· n‡jv Ggb GKwU B‡jKUªwbK e¨e¯’v hvi gva¨‡g †h †Kv‡bv Z_¨, Qwe, wPÎ, WvqvMÖvg ev †jLv 
ûeû Kwc K‡i †cÖiY Kiv hvq| G h‡š¿i mvnv‡h¨ †h †Kv‡bv g~j `wjj ûeû cybiyrcv`b Kiv nq|   

1842 mv‡j d¨v· †gwkb Avwe®K…Z n‡jI †iwWI d¨v· Gi hvÎv kyi“ nq 1930 mv‡j| weÁvbx Av‡jKRvÛvi 
†eBb d¨v· Avwe®‹vi K‡ib| 

wPÎ 13.14: d¨v· †gwkb I Gi Kvh©µg
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d¨v· Kxfv‡e KvR K‡i : AvaywbK d¨v· †gwkb n‡jv GKwU AwZ DbœZ cÖhyw³i Zwor Av‡jvKxq †gwkb| GLv‡b 
B‡jKUªwbK Dcv‡q g~j WKz‡g›U‡K ¯‹¨vwbs Kiv nq| Gici ¯‹¨vbK…Z ms‡KZ‡K evBbvix ms‡K‡Z iƒcvš—i Kiv 
nq| GB ms‡KZ ÷¨vÛvW© †gv‡Wg †KŠkj e¨envi K‡i †Uwj‡dv‡bi gva¨‡g †cÖiY Kiv nq| MÖvnK d¨v· †gwkb 
†cÖwiZ B‡jKUªwbK ms‡KZ MÖnY K‡i †gv‡W‡gi mvnv‡h¨ wWgWy‡jU K‡i g~j WKz‡g‡›U cwiYZ K‡i| GKwU 
wcÖ›Uvi GB g~j WKz‡g›U‡K ûeû ‡Q‡c †ei K‡i| 

Kw¤úDUvi (Computer)

G hyM Z_¨ I cÖhyw³i hyM| Z_¨ cÖhyw³ I †hvMv‡hvMmn Rxe‡bi cÖwZwU †¶‡Î Kw¤úDUv‡ii e¨envi GZ †ewk †h 
G hyM‡K Kw¤úDUv‡ii hyMI ejv nq| Avgv‡`i ˆ`bw›`b Rxe‡bi KvRK‡g©i A‡bK wKQzB Kw¤úDUv‡ii e¨envi 
Øviv cÖfvweZ n‡PQ| weÁvb I cÖhyw³ wel‡q Kw¤úDUvi n‡q D‡V‡Q Acwinvh©| Kw¤úDUvi MvwYwZK wnmve Ki‡Z 
cv‡i, MvwYwZK hyw³ w`‡Z cv‡i| MvwYwZK wnmve QvovI Kw¤úDUvi †Kv‡bv wKQz cQ›` Kiv ev wbe©vPb Kiv, bKj 
Kiv, Zzjbv Kiv, avivevwnKfv‡e mvRv‡bv BZ¨vw` wewfbœ KvR Ki‡Z cv‡i| e¨emv, evwYR¨, cÖkvmb, wk¶v, 
wkí, wPwKrmv, †hvMv‡hvM, cÖwZi¶v, we‡bv`b cÖf„wZ †¶‡Î Kw¤úDUv‡ii cÖ‡qvM w`b w`b †e‡o P‡j‡Q|  

Kw¤úDUvi Kx

Kw¤úDUvi k‡ãi A_© MYK ev wnmveKvix| Kw¤úDUvi ïay GKwU wnmveKvix hš¿B bq, Av‡iv A‡bK wKQz|  
Kw¤úDUvi n‡jv GKwU B‡jKUªwbK wWfvBm hv DcvË MÖnY,cÖwµqvKiY, iƒcvš—i,msi¶Y I †cªiY K‡i| †h ai‡Yi 
Kw¤úDUviB †nvKbv †Kb, cÖwZwU Kw¤úDUvi †cÖvMÖvgK…Z wb‡ ©̀k Øviv wbqwš¿Z nq, hv Kw¤úDUvi‡K e‡j †`q 
Zv‡K Kx Ki‡Z n‡e ? 

wPÎ 13.16 : Kw¤úDUvi 

Kw¤úDUv‡ii MVb 
Kw¤úDUvi GKwU DbœZ B‡jKUªwbK e¨e¯’v| Kw¤úDUvi Z_¨ msMÖn K‡i, mywbw ©̀ó wb‡ ©̀k Abyhvqx Z_¨‡K cÖwµqvRvZ 
K‡i Ges cÖ‡qvRbvbyhvqx djvdj Dc¯’vcb K‡i| Kw¤úDUvi †hLv‡b Z_¨ MÖnY K‡i Zv‡K ejv nq Aš—M©vgx (Input)

ev MÖnYgyL| GLv‡b Kw¤úDUv‡ii DcvË cÖ̀ vb Kiv nq| GRb¨ †hme BbcyU wWfvBm mvaviYZ e¨envi Kiv nq 
Zvn‡jv Kx-‡evW©, gvDmUvPc¨vW, ¯‹¨vbvi, wWwRUvj K¨v‡giv I gvB‡µv‡dvb| †hLv‡b Z_¨ cÖwµqvRvZ K‡i Zv‡K ejv 
nq wmwcBD ev †K› ª̀xq cÖwµqvKiY BDwbU (Central Processing Unit)| †K› ª̀xq cÖwµqvKiY BDwb‡U _v‡K ¯§„wZ 
BDwbU, wbqš¿YÑBDwbU I MvwYwZK hyw³ BDwbU| †h cÖvš— †_‡K djvdj cvIqv hvq Zv‡K ejv nq ewnM©vgx (Out 

put) ev wbM©gb gyL| AvDUcyU wWfvB‡m wnmv‡e cÖavbZ _v‡K gwbUi, ¯úxKvi I wcÖ›Uvi| G‡`i gva¨‡g cÖwµqvK…Z 
†WUv ev DcvË Avgiv cvB| wb‡P Kw¤úDUv‡ii GKwU †gŠwjK KvVv‡gv †`Iqv n‡jv : 
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wPÎ : 13.17: Kw¤úDUv‡ii MVb 

†h mKj †fŠZ wWfvBm w`‡q Kw¤úDUvi ˆZwi Zv‡`i ejv nq nvW©Iq¨vi| †hgbÑKx‡evW©, gvDm, cÖ‡mmi, 
gwbUi, wcÖ›Uvi BZ¨vw`| mdUIq¨vi n‡jv GK †mU wb‡ ©̀kbv hv Kw¤úDUvi‡K Kx KvR Ki‡Z n‡e Zv e‡j †`q| 
G¸‡jv n‡jv wewfbœ †cÖvMÖvg †hgbÑDB‡ÛvR 98, DB‡ÛvR 2003 I 2007|

nvW©Iq¨vi n‡jv Kw¤úDUv‡ii †`n Ges mdUIq¨vi n‡jv Kw¤úDUv‡ii cÖvY|

Gi KvR Kivi ª̀yZZv, Z_¨ Rgv K‡i ivLvi ¶gZv, m½wZc~Y©Zv, wbf©yjZv, K¬vwš—nxbZv I ¯^qswµqZv Rb¨ 
Kw¤úDUvi AZ¨š— cÖ‡qvRbxq hš¿ wn‡m‡e we‡ewPZ| Kw¤úDUvi Awek¦vm¨ ª̀yZ KvR Ki‡Z cv‡i, †m‡K‡Û nvRvi 
nvRvi, j¶ j¶ MvwYwZK wnmve Ki‡Z cv‡i|  

Kw¤úDUv‡ii e¨envi : Avgv‡`i Rxe‡bi wewfbœ †¶‡Î Kw¤úDUvi e¨eüZ n‡”Q| Kw¤úDUvi e¨env‡ii †¶Î¸‡jv 
n‡jv :

wPwKrmv : †ivMxi †ivMxi A¨vc‡q›U‡g›U, cwiPq, wVKvbv, †iv‡Mi j¶Y, BZ¨vw` †iKW© K‡i ivLv, Jla wbe©vPb, 
†PvL cix¶v, G·‡i ev Ab¨vb¨ cix¶vq,nvU© Acv‡ikb I wPwKrmv M‡elYvq Kw¤úDUvi e¨eüZ nq|

e¨emvÑevwYR¨ : c‡Y¨i gRỳ  wbqš¿Y, e¨emvwqK †hvMv‡hvM, wU‡KU eywKs, e¨vswKs wm‡÷g, ÷vd‡`i †eZb, 
AvqÑe¨‡qi ev‡RU I wnmve wbqš¿Y BZ¨vw` e¨emvwqK Kv‡R Kw¤úDUvi e¨eüZ nq|

hvZvqvZ e¨e¯’v : RvnvR, wegvb I †gvUiMvwo, †Uªb BZ¨vw` hvbevn‡bi UªvwdK K‡›Uªvj, MwZ wbqš¿Y, wU‡KU 
eywKs BZ¨vw` Kv‡R Kw¤úDUvi e¨eüZ nq| GQov gnvïb¨hvb cvVv‡bv, wbqš¿Y, Pvjbv BZ¨vw`‡Z Kw¤úDUvi 
e¨eüZ n‡”Q|

wkí KviLvbv : cY¨ Drcv`‡b ¯^qswµq wbqš¿Y, c‡Y¨i ¸YMZ gvb hvPvB, Z_¨ msMÖn, Kg©Pvix‡`i †eZb-
fvZv, Kv‡Ri wmwWI‡ji wnmve BZ¨vw` Kv‡R Kw¤úDUvi e¨eüZ n‡”Q| cvigvYweK wiG¨v±i Pvjbv ev G ai‡Yi 
RwUj I AvaywbK me h‡š¿i e¨env‡i Kw¤úDUvi Acwinvh©|

wk¶v : †kªwYK‡¶Ñwk¶Y, ¯^wkLb, cix¶vi DËicÎ g~j¨vqb I djvdj cÖKvk BZ¨vw` Kv‡R Kw¤úDUvi e¨eüZ 
nq|

¯§„wZ BDwbU 
Memory Unit

wbqš¿Y BDwbU 
Control Unit

MvwYwZK BDwbU
Arithmatical logic Unit 

Aš—M©vgx
Input

ewnM©vgx
Output



c`v_©weÁvb 223

cÖwZi¶v : †mbvevwnbx cwiPvjbv, Av‡Mœqv¯¿ wbqš¿Y, †hvMv‡hvM BZ¨vw` Kv‡R Kw¤úDUvi e¨eüZ nq|

M‡elYv : wewfbœ M‡elYv K‡g© Kw¤úDUv‡ii e¨envi w`b w`b evo‡Q|

gy`ªY : Kw¤úDUv‡ii e¨envi gy`ªY wk‡í wece G‡b‡Q| gỳ ª‡Yi Rb¨ K‡¤úvR, wWRvBb BZ¨vw` Kv‡R Kw¤úDUvi 
e¨env‡ii d‡j A¯^vfvweK gy ª̀Y e¨q K‡g G‡m‡Q|

B›Uvi‡bU I BÑ‡gBj (Internet and e-mail) :B›Uvi‡bU I BÑ‡gBj Gi bvg †Zvgiv wbðqB ï‡bQ| hviv 
kn‡i evm Ki Zv‡`I A‡b‡K evmvq ev ¯‹z‡j nqZ B›Uvi‡bU e¨envi K‡i  BÑ‡gB‡ji cvwV‡qQ| wKš‘ †Zvgiv 
hviv MÖv‡g evm Ki Zv‡`i A‡b‡K nqZ BÑ‡gBj I d¨v‡·i †`vKvb †_‡K AvZ¥xq¯^Rb ev eÜz-evÜe‡K 
BÑ‡gBj cvwV‡qQ| BÑ‡gBj eZ©gv‡b eÊj e¨eüZ WvK gva¨g| 

B›Uvi‡bU Kx ? B›Uvi‡bU n‡jv Ô†bUIqv‡K©i †bUIqvK©Õ ev ÔmKj †bUIqv‡K©i RbbxÕ| GwU GKwU Avš—R©vwZK
†bUIqvK© hv mshy³ K‡i‡Q wewfbœ †`‡ki cÖvq 4,00,000 Gi †ewk †QvU †QvU †bUIqvK©‡K| 1969 mv‡j 
Av‡gwiKvb cÖwZi¶v wefvM B›Uvi‡bU Pvjy K‡i‡Q&| B›Uvi‡bU n‡jv Ggb GK`j †bUIqvK© hv AmsL¨ Kw¤úDUvi, 
†gv‡Wg, †Uwj‡dvb jvBb w`‡q ‰Zwi| Gme Dcv`vb ci¯ú‡ii mv‡_ †fŠZfv‡e mshy³| G †bUIqvK© ci¯ú‡ii 
mv‡_ †h †Kv‡bv Z_¨ ev DcvË Av`vb cÖ̀ v‡b m¶g| B›Uvi‡bU A‡bK¸‡jv †bUIqv‡K©i mgwó Ges mK‡j wg‡j 
GKwU GKK †bUIqv‡K©i g‡Zv KvR K‡i|

wPÎ 13.18: B›Uvi‡bU †hfv‡e KvR K‡i 

B›Uvi‡b‡Ui gva¨‡g Avgiv I‡qe mvBU eªvDwRs Ki‡Z cvwi, BÑ†gBj cvVv‡Z Ges MÖnY Ki‡Z cvwi I wfwWI 
Kbdv‡ibwms Ki‡Z cvwi| AvÇv w`‡Z cvwi Ges Mí ¸Re Ki‡Z cvwi,†Uªb, evm ev †c‡bi wUwKU eywKs w`‡Z 
cvwi Ges B‡jKUªwbK Kgvm© ev e¨emv-evwYR¨,B-e¨vswKs I kwcs Ki‡Z cvwi| B‡jKUªwbKfv‡e †h †Kv‡bv 
dvBj, WKz‡g›U BZ¨vw` cvVv‡Z I MÖnY Ki‡Z cvwi| GQvov ‡h †Kv‡bv mgq AbjvBb jvB‡eªwii nvRvi-nvRvi, 
j¶ j¶ eB, Rvb©vj, g¨vMvwRb BZ¨vw`i mÜvb †c‡Z cvwi Ges cÖ‡qvR‡b cvV Ki‡Z cvwi A_ev ÔWvDb‡jvWÕ 
K‡i †Q‡c †ei K‡i wb‡Z cvwi| 

BÑ‡gBj: B‡jKUªwbK †gBj‡K ms‡¶‡c ejv nq BÑ†gBj| BÑ†gBj n‡jv B›Uv‡b‡Ui gva¨‡g  
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eÜz-evÜe, mncvwV, AvZ¥xq¯^Rb ev mnKg©x‡`i mv‡_ ª̀yZ Ges `¶ †hvMv‡hv‡Mi Dcvq| GB †gBj ev wPwV 
cvVv‡Z †Kv‡bv ÷¨v¤ú, †cvóKvW© ev Gb‡fjc ev †Kv‡bv WvKwcq‡bi `iKvi nq bv| B›Uvi‡b‡Ui mvnv‡h¨ GK 
Kw¤úDUvi †_‡K Ab¨ Kw¤úDUv‡i wPwV cvVv‡bv I MÖnY Kiv hvq, WKz‡g›U, wPÎ, Qwe Ges †h †Kv‡bv Z_¨ 
Av`vbÑcÖ̀ vb Kiv hvq| BÑ‡gBj Kxfv‡e cvVv‡bv nq Zvi GKwU eK wPÎ wb‡P ‡`Iqv n‡jv : 

      †Uwj‡dvb               †Uwj‡dvb 

        jvBb                  jvBb 

wPÎ : 13.19 : BÑ†gBj MÖnY I †cÖiY 

BÑ†gBj, B‡jKUªwbK †g‡mR ev evZ©v I dvBj‡K GK ev GKvwaK B‡jKUªwbK †gBje· ev WvKe‡· e›Ub 
K‡i| K‡qK †m‡K‡Ûi g‡a¨ BÑ†gBj evZ©v c„w_exi GK cÖvš— †_‡K Ab¨ cÖv‡š— †cuŠ‡Q †h‡Z cv‡i Ges we‡k¦i †h 
†Kv‡bv cÖvš— †_‡K evZ©v †m‡K‡Ûi g‡a¨ Avm‡ZI cv‡i| BÑ†gBj e¨env‡ii Rb¨ †cÖiK I MÖvnK Df‡qi cÖ‡qvRb 
nq BÑ†gBj G‡Wªm ev wVKvbvi| wb‡Pi BÑ†gBj G‡WªmwU j¶ Ki t 
                                                        smtapan  @   iut - dhaka . edu  

          e¨enviKvixi         kni ev †`‡ki bvg 
     ID

        cÖwZôv‡bi bvg   †Wv‡gBb           wk¶v cÖwZôvb 

AviI GKwU mnR B-‡gBj G‡Wªm n‡Z cv‡i, 

smtapan@gmail.com 

Z_¨ I ‡hvMv‡hvM m¤úwK©Z hš¿cvwZi Kvh©Ki e¨envi 

†hvMv‡hv‡Mi Rb¨ Avgiv e¨envi KiwQ bvbvb iKg hš¿cvwZ †hgb †dvb (j¨vÛ, †gvevBj I KW©‡jm), †iwWI, 
†Uwjwfkb, d¨v· †gwkb, Kw¤úDUvi BZ¨vw`| Gme hš¿cvwZ e¨env‡ii d‡j c„w_ex †hgb P‡j G‡m‡Q Avgv‡`i 
nv‡Zi gy‡Vvq, †Zgwb m„wó n‡q‡Q bvbvb iKg mgm¨v| myZivs G‡`i †_‡K m‡e©v”P myweav †c‡Z G‡`i Kvh©Ki 
e¨envi Ki‡Z n‡e| 

Avgv‡`i †`‡k we ỳ̈ ‡Zi Lye Afve ZvB Gme wWfvBm Ah_v e¨envi K‡i we ỳ̈ ‡Zi AcPq Kie bv| A‡b‡K 
AvaywbK †hvMv‡hvM e¨e¯’v‡K e¨envi K‡i bvbvb iKg Acivag~jK KvR K‡i| G‡`i †_‡K mveavb ne Ges Gi 
mvnv‡h¨ Avgiv wb‡RivI †Kv‡bv Aciv‡ai KvR Kie bv| 

AwaK¶Y a‡i Kw¤úDUvi e¨envi Kie bv| KviY, hviv AwaK¶Y a‡i Kw¤úDUvi wb‡q KvR K‡ib, 
Kw¤úDUv‡ii Kx‡evW© I gvD‡mi `xN©¶Y I `xN©w`b e¨env‡ii d‡j Zv‡`i nv‡Zi iM, mœvqy, Kwâ, evû‡Z, Kuva 
I Nv‡o AwZwi³ Uvb (stress) ev Pvc c‡o| d‡j Kv‡Ri duv‡K h‡_ó wekªvg bv wb‡j Gme A‡½ e¨_vmn bvbvb 
iKg mgm¨vi m„wó n‡Z cv‡i| Gme mgm¨vi g‡a¨ i‡q‡Q nvZ, evû I AvOy‡ji e¨_v, AvOyj dz‡j hvIqv 
BZ¨vw`|  

†cÖiK
Kw¤úDUvi

B›Uvi‡bU
ms‡hvM

MÖvnK
Kw¤úDUvi
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Kv‡Ri duv‡K duv‡K wekªvg bv wb‡q `xN©w`b I `xN©¶Y Kw¤úDUv‡i KvR Ki‡j †Pv‡L bvbvb iKg mgm¨vi m„w÷ 
nq, G‡K ejv nq Kw¤úDUvi wfkb wmb‡Wªvg| GB wmb‡Wªv‡gi g‡a¨ i‡q‡Q †PvL R¡vjv †cvov Kiv, †PvL ï®‹ 
n‡q hvIqv, †PvL PzjKv‡bv, †PvL jvj n‡q hvIqv Ges †Pv‡Li cvwb ïwK‡q hvIqv|  

Kw¤úDUv‡i KvR Kivi mgq mwVKfv‡e em‡Z n‡e Ges †mvRv mvg‡b ZvKv‡Z n‡e| UvBc Kivi mgq nvZ †hb 
†Kv‡bv wKQzi Dci ivLv bv _v‡K Ges nvZ I AvOyj †hb †mvRv _v‡K| Kw¤úDUv‡ii w¯Œb ev c ©̀vwU †hb Aek¨B 
†PvL †_‡K 20 †_‡K 24 BwÂ (cÖvq 50Ñ60 †mwg) ~̀‡i _v‡K| gv_vi Dci evwZi Av‡jv Ges †Uwe‡ji evwZi 
Av‡jv Ggbfv‡e Kwg‡q w`‡Z n‡e Zv †Zvgvi †Pv‡L ev Kw¤úDUv‡ii c ©̀vq †hb bv c‡o|  

†iwWI Ges †Uwjwfkb †_‡K †h mgm¨v †`Lv †`q Zv cÖavbZ kã ~̀lYRwbZ ¯^v¯’¨ mgm¨v| †Zvgiv A‡b‡K Lye 
nvBÑfwjqy‡g †iwWI I †Uwjwfkb PvjvI| G‡Z †Zvgvi Kv‡bi †hgb mgm¨v m„wó n‡Z cv‡i, †Zgwb hviv †Zvgvi 
Av‡kcv‡ki evwo‡Z evm K‡ib, Zv‡`i g‡a¨ hw` D”P i³Pv‡c Avµvš— †ivMx Ges ü`‡ivMx _v‡Kb ev Ab¨ †h 
†Kv‡bv Amȳ ’ †ivMx _v‡Kb kã ~̀lYRwbZ Kvi‡Y Zviv AviI †ewk Amȳ ’Zv I Aw¯’iZv †eva Ki‡Z cv‡ib| hviv 
Lye †ewk k‡ã †iwWI ev wUwf Pvjvb, Zviv gv_v e¨_v, Kv‡b Kg †Kv‡bv, AembœZv BZ¨vw` ¯^v¯’¨ mgm¨vq co‡Z 
cv‡ib| myZivs †ewk †Rv‡i wUwf I †iwWI Pvjv‡e bv| 

A‡b‡K †gvevBj †dvb e¨envi K‡i gvbyl‡K wei³ K‡i| Gme KvR †_‡K Avgv‡`i weiZ _vK‡Z n‡e| 

Abykxjbx
K. eûwbe©vPbx cÖkœ

mwVK DË‡ii cv‡k wUK ( ) wPý `vI| 
1|  †ZRw¯Œq †gŠj †_‡K wbM©Z Avjdv KYv Kx? 
 (K)GKwU nvB‡Wªv‡Rb wbDK¬xqvm                  (L) GKwU wnwjqvg wbDK¬xqvm 
 (M) GKwU Zwor wbi‡c¶ KYv                     (N) GKwU FYvZ¥K KYv 
2|  †ZRw¯Œq ¶‡qi d‡j †h weUviwk¥ wbM©Z nq Zv Avm‡j Kx? 
 (K) FYvZ¥K B‡jKUª‡bi †mªvZ                    (L) GKwU Zwor wbi‡c¶ KYv 
 (M) GKwU abvZ¥K wbDK¬xqvm         (N) abvZ¥K †cÖvU‡bi † ª̄vZ 
3|  †Kvb wmwjKb wP‡c j¶ j¶ eZ©bx ms‡hvwRZ n‡j Zv‡K Kx e‡j? 
 (K) mgvš—ivj eZ©bx  (L) Aa©cwievnx UªvbwR÷i 
 (M) mgwš^Z eZ©bx (N) Aa©cwievnx Wv‡qvW 
4|  †Uwjwfkb m¤úªPv‡i K¨v‡givi KvR Kx? 
 (K) Qwe‡K Zworms‡K‡Z i~cvšÍi Kiv     (L) Qwe‡K kã Zi‡½ i~cvšÍi Kiv 
 (M) Zworm‡¼Z†K Qwe‡Z i~cvšÍi Kiv    (N) kã Zi½‡K Qwe‡Z i~cvšÍi Kiv 
L. m„Rbkxj cÖkœ 
1| †QvU n‡q Avm‡Q c„w_ex, Avgiv evm KiwQ †Mvevj wf‡j‡R| Z_¨ I †hvMv‡hvM cÖhyw³ h‡š¿i gva¨‡g c„w_exi 

mKj gvbyl‡K Kvh©Ki I `¶Zvi mv‡_ mshy³ K‡i‡Q| †hvMv‡hv‡Mi cÖavb evnb¸‡jv n‡”Q †Uwjwfkb, †iwWI 
Ges †Uwj‡dvb| 
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(K)  †hvMv‡hvM hš¿ Kv‡K e‡j? 
(L)   Kxfv‡e †Uwj‡dvb KvR K‡i e¨vL¨v Ki| 
(M)   Kxfv‡e †iwWI †÷kb wbw ©̀ó K¤úv‡¼i ms‡KZ mÂvjb K‡i Ges Zv MÖvn‡Ki wbKU †cuŠQvq, wPÎmn 

e¨vL¨v Ki| 
(N)†hvMv‡hv‡Mi hš¿ wnmv‡e †Uwjwfkb I †iwWIi Kvh©KvwiZv we‡klY I Zzjbv Ki| 

2| kÖxj¼vi †cÖgv`vmv †÷wWqv‡g evsjv‡`k I fvi‡Zi g‡a¨ AbywôZ †LjvwU f~-DcMÖ‡ni gva¨‡g wewUwf 
m¤úªPvi Ki‡Q|d‡j N‡i e‡mB †Uwjwfk‡b †LjvwU Dc‡fvM Kiv hv‡”Q| 

 (K) GbvjM m‡¼Z Kv‡K e‡j? 
 (L) wP‡Îi mvn‡h¨ GKwU wWwRUvj m‡¼Z e¨vL¨v Ki| 
 (M) †Uwjwfk‡b †LjvwUi m¤úªPvi †KŠkj e¨vL¨v Ki| 
 (N) G ai‡bi †hvMv‡hvM cÖhyw³ Rxebgvb‡K Kxfv‡e DbœZ Ki‡Q -Av‡jvPbv Ki| 
M.  mvaviY cÖkœ 
 1| †ZRw¯ŒqZv Kx e¨vL¨v Ki| 
 2| Avjdv I weUv KYvi cv_©K¨ e¨vL¨v Ki| 
 3| mgwš^Z eZ©bx Kx? 
 4| B›Uvi‡bU Kv‡K e‡j? Gi Øviv Kx Kx KvR Kiv hvq? 
 5| d¨v· Kxfv‡e KvR K‡i eY©bv Ki| 
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PZz̀ ©k Aa¨vq 

Rxeb evuPv‡Z c`v_©weÁvb 
PHYSICS TO SAVE LIFE 

[c`v_©weÁv‡bi mv‡_ RxeweÁv‡bi m¤úK© ¯’vcb K‡i GKwU bZzb wel‡qi weKvk N‡U‡Q Zvi bvg Rxec`v_©weÁvb| †eu‡P 
_vKvi Rb¨ Avgv‡`i `iKvi mȳ ’, mej I wb‡ivM †`n| mȳ ’ _vKvi Rb¨ cÖ‡qvRb  mwVK wPwKrmv| wPwKrmv weÁv‡b †ivM 
wbY©q AZ¨š— ¸iyZ¡c~Y© welq| c`v_©weÁv‡bi wewfbœ ZË¡ I bxwZi Dci wfwË K‡i ˆZwi n‡q‡Q bvbv ai‡bi wPwKrmv 
hš¿cvwZ| GmKj hš¿cvwZ c`v_©weÁv‡bi †Kv‡bv bxwZ ev ZË¡‡K Kv‡R jvwM‡q KvR K‡i| Ggb wKQz hš¿cvwZ m¤ú‡K© 
G Aa¨v‡q Av‡jvPbv Kiv n‡e|] 

GB Aa¨vq cvV †k‡l Avgiv-  

1. Rxec`v_©weÁv‡bi wfwË  e¨vL¨v Ki‡Z cvie| 
2. Rxec`v_©weÁv‡b RM`xkP› ª̀ emyi Ae`vb e¨vL¨v Ki‡Z cvie| 
3. gvbe‡`n c`v_©weÁv‡bi wbq‡g cwiPvwjZ nq Zv e¨vL¨v Ki‡Z cvie|  
4. wPwKrmv weÁv‡b †ivM wbY©‡q e¨eüZ hš¿cvwZ‡Z c`v_©weÁv‡bi aviYv I Z‡Ë¡i e¨envi e¨vL¨v Ki‡Z 

cvie|
5. AvaywbK cÖhyw³ Ges hš¿cvwZ e¨env‡ii d‡j m„ó ¯^v¯’¨ mgm¨v Ges cÖwZ‡iv‡ai †KŠkj e¨vL¨v Ki‡Z 

cvie|
6. mwVK wPwKrmvi Rb¨ †ivM wbY©‡qi cÖ‡qvRbxqZv m¤ú‡K© wb‡R m‡PZb n‡ev Ges Ab¨‡`i m‡PZb Ki‡Z 

cvie|
7. ‡ivM wbY©‡q weÁvb I cÖhyw³i cÖksmv Ki‡Z cvie| 

14.1 Rxec`v_©weÁvb Gi wfwË  
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           Background of bio-physics 

Rxec`v_©weÁvb n‡jv Ggb GK weÁvb hv weÁv‡bi A‡bK¸‡jv kvLvi Dci wfwË K‡i cÖwZwôZ n‡q‡Q| 
Rxec`v_©weÁv‡b RxeweÁv‡bi ‡Kv‡bv e¨e¯’v‡K Aa¨q‡bi Rb¨ ‡fŠZweÁv‡bi ZË¡ I c×wZ e¨envi Kiv nq| 
RxeweÁvb n‡jv RxeRMr Aa¨q‡bi weÁvb| Kxfv‡e Dw™¢̀  I cÖvYx Lv`¨ AvniY K‡i, †hvMv‡hvM i¶v K‡i, 
cwi‡ek m¤ú‡K© Dcjwä jvf K‡i Ges eske„w× K‡i Gwelq¸‡jv RxeweÁv‡b eY©bv Kiv nq| Ab¨w`‡K cÖK…wZ 
†h me MvwYwZK wbqg ‡g‡b P‡j †m¸‡jv n‡jv c`v_©weÁv‡bi Av‡jvP¨ welq| `xN©w`b GKwU aviYv weÁvbxiv 
†cvlY K‡i G‡m‡Qb †h RxeRM‡Zi wbqg I ‡fŠZRM‡Zi wbqg Avjv`v| wKš‘ †fŠZweÁvb I RxeweÁv‡bi 
AMÖMwZi wfZi w`‡q GB ỳB AvcvZ wfbœ k„•Ljvi g‡a¨ Mfxi wgj cvIqv †M‡Q| cÖ_‡g c`v_©weÁvb I RxeweÁvb 
ỳwU wfbœ welq wn‡m‡e weKvk jvf K‡i‡Q| weÁv‡bi AMÖMwZi ga¨ w`‡q GB ỳB wel‡qi g‡a¨ cvi¯úwiK m¤úK© 

I mgš^q A‡bK e„w× †c‡q‡Q| Av‡M g‡b Kiv n‡Zv cÖvwYRMZ wfbœ GK wbqg P‡j Ges Ro c`v‡_©i †¶‡Î ïay 
‡fŠZweÁv‡bi wbqg¸‡jv cÖ‡hvR¨| wKš‘ Avgiv GLb Rvwb cÖvwY‡`n‡K A‡bK w`K †_‡K h‡š¿i m‡½ Zzjbv 
Kiv hvq Ges cÖvwY‡`‡ni A‡bK AvPiY‡K †fŠZ wbqg Øviv e¨vL¨v Kiv m¤¢e| e¯‘Z c`v_©weÁv‡bi wbqg¸‡jv 
mve©Rbxb| d‡j ïay RoRMZ bq, cÖvwYRMZ‡KI  c`v_©weÁv‡bi wbq‡g A‡bK †¶‡Î e¨vL¨v Kiv m¤¢e| GwUB 
Rxec`v_©weÁ‡bi wfwË| 

Rxec`v_©weÁv‡bi P¨v‡jÄ n‡jv Kxfv‡e Rxe‡bi bvbv RwUjZv‡K c`v_©weÁv‡bi mnR wbq‡gi wfwË‡Z e¨vL¨v 
Kiv hvq| MwYZ Ges c`v_©weÁvb e¨envi K‡i Rxe‡bi bvbvwea inm¨ AbymÜvb I wewfbœ NUbv we‡kl‡Yi
gva¨‡g Gi Mfx‡i cÖ‡ek Kivi kw³kvjx gva¨g n‡jv Rxec`v_©weÁvb| Rxec`v_©weÁvb n‡jv RxeweÁvb Ges 
c`v_©weÁv‡bi g‡a¨ †mZzeÜ ¯^iƒc|

14.2  RM`xkP›`ª emyi Ae`vb 
Contributions of Jagadish Chandra Bose 

AvPvh© m¨vi RM`xkP›`ª emy wQ‡jb GKvav‡i GKRb cÖL¨vZ c`v_©weÁvbx, Ab¨w`‡K GKRb RxeweÁvbx| Avg‡`i  
Dcgnv‡`‡k wZwbB cÖ_g Avš—R©vwZK m¦xK…wZcÖvß weÁvbx| emy cwiev‡ii Avw` wbevm wQj XvKv †Rjvi Aš—M©Z
weµgcy‡ii ivwpLvj bvgK MÖv‡g| 1858 mv‡ji 30 b‡f¤^i RM`xkP› ª̀ emy gqgbwms‡n Rb¥MÖnY K‡ib| wcZv 
fMevbP› ª̀ emy dwi`cyi †Rjvi GKRb †WcywU g¨vwR‡÷ªU wQ‡jb| cÖ_‡g dwi`cy‡ii MÖvgxY we`¨vj‡q gvZ…fvlvq 
†jLvcov ïiy K‡ib| c‡i ‡KvjKvZvi †nqvi ¯‹zj I †m›U †Rwfqvi ¯‹zj I K‡j‡R Zvui QvÎRxeb AwZevwnZ 
nq| 1880 mv‡j we.G cvk Kivi ci H eQiB wZwb D”P wk¶vi Rb¨ Bsj¨vÊ hvb| Bsj¨v‡Ê Zvi wk¶v Rxeb 
wQj 1880-1884 mvj ch©š—| H mg‡q wZwb K¨vw¤^ªªR wek¦we`¨vjq †_‡K c`v_©weÁv‡b Abvm©mn we.G Ges jÛb 
wek¦we`¨vjq †_‡K we.Gmwm. wWwMÖ AR©b K‡ib| 1885 mv‡j wZwb ‡cÖwm‡WwÝ K‡j‡R c`v_©weÁvb wel‡q 
Aa¨vcbv ïiy K‡ib| †cÖwm‡WwÝ K‡j‡R M‡elYvi †Zgb my‡hvM bv _vKv m‡Ë¡I  wZwb †mLv‡b M‡elYvi KvR 
Pvwj‡q hvb| w`‡bi †ejvq mgq bv _vKvq †ewkifvM mgq Zvu‡K iv‡Zi †ejvq M‡elYvi KvR Ki‡Z n‡Zv|
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M‡elYvMv‡i wZwb Kxfv‡e `~ieZ©x ¯’v‡b Zv‡ii mvnvh¨ Qvov †Kv‡bv †iwWI ms‡KZ‡K cvVv‡bv hvq Gwel‡q 
we¯Íi M‡elYv K‡ib Ges mdj nb| 1895 mv‡j wZwb BwZnv‡m cÖ_g ev‡ii g‡Zv ~̀ieZ©x ¯’v‡b webv Zv‡i 
†iwWI ms‡KZ †cÖiY K‡i Rbmg‡¶ †`Lvb| gvB‡µvI‡qf M‡elYvi 
†¶‡Î Zvui D‡jL‡hvM¨ Ae`vb i‡q‡Q| wZwbB cÖ_g Drcbœ Zi‡½i 
Zi½ˆ`N©̈ ‡K wgwjwgUvi (cÖvq 5 wgwjwgUvi) chv©‡q bvwg‡q Avb‡Z 
m¶g nb| wZwbB cÖ_g †iwWI ms‡KZ‡K kbv³ Kivi Kv‡R 
Aa©cwievwn Rsk‡bi e¨envi K‡ib| GB Avwe®‹vi †_‡K e¨emvwqK 
myweav †bIqvi cwie‡Z© wZwb Zuvi Avwe®‹vi‡K mevi Rb¨ Db¥y³ K‡i 
†`b, †hb Ab¨iv GB M‡elYv‡K Av‡iv mg„× Kivi my‡hvM cvq|  

cieZx©Kv‡j RM`xkP› ª̀ emy Dw™¢̀  kvixiZ‡Ë¡i Dci A‡bK¸‡jv 
¸i“Z¡c~Y© Ges D‡jL‡hvM¨ Avwe®‹vi K‡ib| G¸‡jvi g‡a¨ Dw™¢‡`i 
e„w× †iKW© Kivi Rb¨ Ô‡µ‡¯‹vMÖvdÕ Avwe®‹vi, AwZmxwgZ gvÎvq 
bovPov Ges Kxfv‡e Dw™¢̀  wewfbœ DÏxc‡Ki cÖwZ mvov †`q Zv D‡jL‡hvM¨|  

Rxec`v_©weÁv‡b Zuvi D‡jL‡hvM¨ Ae`vb n‡jv, Dw™¢̀  Kxfv‡e DÏxc‡Ki cÖwZ mvov ‡`q, Gi cwien‡bi cÖK…wZ 
wb‡q| Av‡M aviYv Kiv n‡Zv wewfbœ DÏxcbvq Dw™¢‡`i mvov †`Iqvi cÖK…wZ ivmvqwbK, wKš‘ wZwb †`Lv‡Z mg_© 
n‡jb †h Gi  cÖK…wZ ˆe ỳ̈ wZK| 

1917 mv‡j Dw™¢̀ -kvixiZË¡  wb‡q M‡elYvi Rb¨ wZwb KjKvZvq Ôemy weÁvb gw›`iÕ cÖwZôv K‡ib| RM`xkP› ª̀ 
emyi evsjv fvlvq iwPZ iPbvejx ÔAe¨³Õ bvgK MÖ‡š’ msKwjZ n‡q‡Q| Zvui D‡jL‡hvM¨ GKwU MÖš’ n‡jv 
ÔResponse in the Living and Non-Living’| 1937 mv‡ji 23‡k b‡f¤^i RM`xkP› ª̀ emy g„Zz̈ eiY 
K‡ib|

14.3  gvbe‡`n Ges hš¿ 
         Human body and machine 

cÖvZ¨wnK Rxe‡bi wewfbœ cÖ‡qvR‡b Avgiv bvbv ai‡bi hš¿ e¨envi Kwi| †hgb- A‡Uv‡gvevBj, †iwd«Rv‡iUi, 
†Uwjwfkb, ev®úxq BwÄb, Aš—̀ ©nb BwÄb BZ¨vw`| gvbe‡`n‡K A‡b‡K GKwU hš¿iƒ‡c AwfwnZ K‡i _v‡Kb| 
hw`I gvbe‡`n Avm‡j hš¿ bq, Zey GwU A‡bKvs‡k h‡š¿i b¨vq AvPiY K‡i| h‡š¿i g‡Zv GwUI A‡bK¸‡jv 
¶y`ª ¶y`ª  Ask ev A½ wb‡q MwVZ; hvi GKwUi Afv‡e ev  weKj n‡q hvIqvq m¤ú~Y© †`‡ni Kg©KvÊ wewNœZ nq| 
h‡š¿i cÖ‡Z¨KwU Ask †hgwbfv‡e we‡kl KvR m¤úbœ K‡i, †Zgwbfv‡e gvbe‡`‡ni cÖ‡Z¨KwU A½ Avjv`v 
Avjv`v Kv‡R wb‡qvwRZ| gvbe‡`‡ni cÖ‡Z¨KwU A½ G‡K A‡b¨i mv‡_ Avš—m¤úwK©Z, cÖ‡Z¨KwU A½ wbR¯^ 
MwZ‡Z P‡j, wKš‘ me¸‡jv KvRB mywbw ©̀ó Ges G‡`i g‡a¨ c~e©wbav©wiZ m¤úK© i‡q‡Q| G Kvi‡YB gvbe‡`n 
gvbem„ó me‡P‡q RwUj h‡š¿i mgZzj¨|  

gvbe‡`‡ni Ggb Ask¸‡jvi g‡a¨ i‡q‡Q ürhš¿, e„°, dzmdzm, hK…Z BZ¨vw`| D`vniY wn‡m‡e ejv hvq, 
ürwcÊ Avm‡j GKwU ¯^qswµq cv¤ú, hv evB‡ii †Kv‡bv DÏxcbv QvovB wbR¯^ ˆe ỳ̈ wZK wmMb¨vj Øviv mgMÖ‡`‡n 

wPÎ 14.1: AvPvh© m¨vi RM`xkP›`ª emy
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i³ mÂvjb Ki‡Z m¶g| Aciw`‡K, e„° GKwU we‡kl QvuKb hš¿ hv gvby‡li kix‡ii bvB‡Uªv‡Rbhy³ eR ©̈ 
c`v_© AcmviY K‡i _v‡K| GiKg AmsL¨ †QvU †QvU h‡š¿i Kv‡Ri mgš^‡qi d‡j m¤ú~Y© gvbe‡`n mPj _v‡K|  

gvbe‡`n GKwU ˆRehš¿ ¯^iƒc| hš¿ Øviv KvR Kivi Rb¨ kw³i cÖ‡qvRb| wewfbœ BwÄ‡b Avgiv †c‡Uªvj, 
wW‡Rj, wm.Gb.wR BZ¨vw` R¡vjvwb e¨envi K‡i ivmvqwbK kw³‡K hvwš¿K kw³‡Z iƒcvš—wiZ Kwi| wVK 
†Zgwbfv‡e, Lv`¨ MÖnY I k¦mb cÖwµqvi gva¨‡g gvbe‡`nI ivmvqwbK kw³‡K Zvckw³ I hvwš¿K kw³‡Z iƒcvš—wiZ
K‡i| myZivs gvbe‡`n Avm‡j GKwU ˆRweK h‡š¿i g‡Zv| wKš‘ A‡bK w`K w`‡q gvbe‡`n gvbem„ó 
RwUjZg h‡š¿i †P‡qI wek¦qKi| gvbe‡`n Ggb wKQz KvR Ki‡Z cv‡i, hv †Kv‡bv h‡š¿i c‡¶ Kiv m¤¢e 
bq| †hgb- gvby‡li †`n GKwU gvÎ †Kvl †_‡K DrcwË jvf K‡i| mg‡qi cwieZ©‡bi mv‡_ mv‡_ GB GKwU 
†KvlB c~Y©v½ gvbe‡`‡n cwiYZ nq, hv j¶ †KvwU †Kvl Øviv MwVZ| wKš‘ †Kv‡bv h‡š¿B GgbwU N‡U bv| 
KL‡bv KL‡bv kix‡ii GKwU gvÎ Ask weKj n‡j mgMÖ gvbe‡`‡ni Kg©KvÊ eÜ n‡q hvq| †hgb- ürwc‡Êi 
wµqv †_‡g †M‡j kix‡ii Ab¨vb¨ mKj A½¸‡jvi Kg©KvÊI eÜ n‡q hvq Ges Lye ª̀“Z gw¯Í‡¯‹i wµqvI †_‡g 
hvq|

14.4  †ivM wbY©‡q e¨eüZ hš¿cvwZ 
          Instruments used for diagnosis of diseases 

GK mgq wPwKrmKMY †ivMxi evwn¨K wewfbœ j¶Y †`‡L ‡ivM wbY©q Ki‡Zb Ges †m Abyhvqx Jla I c_¨ 
w`‡Zb| †m mgq †ivM wbY©‡qi Rb¨ AvaywbK hš¿cvwZ Avwe®‹vi nqwb| d‡j evB‡i †_‡K wewfbœ A½ cÖZ¨‡½i 
mwVK Ae¯’vb †evSv †hZ bv| GQvov †ivMxi †Kv‡bv wbw ©̀ó A½ Kx gvÎvq ‡ivMvµvš— n‡q‡Q, ZvI Rvbv m¤¢e 
wQj bv| weÁv‡bi bvbv Avwe®‹vi‡K Kv‡R jvwM‡q †ivM wbY©‡qi Rb¨ A‡bK ai‡bi hš¿cvwZ Avwe®‹„Z n‡q‡Q| 
G hš¿cvwZ¸‡jvi mvnv‡h¨ mwVKfv‡e ‡ivM wbi“cY Kiv m¤¢e n‡q‡Q| mwVK hš¿cvwZ Qvov wPwKrm‡Ki c‡¶ 
mwVKfv‡e †ivM wbi“cY Kiv m¤¢e bq, ‡hwUi mvnv‡h¨ H cÖ‡qvRbxq cix¶vwU m¤úbœ Ki‡Z n‡e| AvaywbK wewfbœ 
hš¿ D™¢vweZ nIqvi d‡j †iv‡Mi KviY wbw ©̀ófv‡e Rvbv m¤¢e n‡q‡Q| GK mgq AÁZvi Kvi‡Y gvbyl 
†ivMmsµvš— A‡bK Kzms¯‹v‡i  wek¦vm Ki‡Zv| AvaywbK mgv‡R g„Zz̈ nvi A‡bK K‡g †M‡Q, Zvi cÖavb KviY †ivM 
wbY©q I wPwKrmvq wewfbœ ‡fŠZ hš¿ e¨eüZ n‡”Q| 

G Aby‡”Q‡` †ivM wbY©‡qi Rb¨ mvaviYZ †h me hš¿cvwZ e¨envi Kiv nq Gi K‡qKwU wb‡q Av‡jvPbv Kiv 
n‡jv|

G·‡i  
Xray

G·‡i n‡jv GK ai‡bi ZvwoZ‡PŠ¤^K  wewKiY| G·‡ii Zi½ ˆ`N ©̈  mvaviY Av‡jvi Zi½‰`‡N©̈ i †P‡q 
A‡bK Kg| GB iwk¥i Zi½‰`N©̈  10

-10
 m Gi KvQvKvwQ| 1895 mv‡j Dn&j‡n‡jvg  i›U‡Rb G·‡i Avwe¯‹vi 

K‡ib| iÄbiwk¥i Av‡iK bvg G·‡i| iÄbiwk¥i  cÖK…wZ hLb Rvbv wQj bv ZLb ARvbv iwk¥ wn‡m‡e Gi 
bvgKiY Kiv nq G·‡i| Zi½‰`N©̈  hZ †QvU n‡e G·‡ii †Kv‡bv c`v_© †f` Kivi ¶gZv ZZ †ewk n‡e| 
mvaviY  Av‡jv `„k¨gvb Ges wewfbœ i‡O wef³ wKš‘ G·‡i `„k¨gvb bq| mvaviY Av‡jvi c‡_ †Kv‡bv A¯^”Q 
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c`v_© _vK‡j Zv †f` Ki‡Z cv‡i bv| Aciw`‡K G·‡i D”P †f`b ¶gZv m¤úbœ| G·‡i b‡j G·‡i Drcbœ 
nq| G·‡i bj GKwU evqyïb¨ KvP bj| KvP b‡ji ỳÕcªv‡š— ỳwU ZworØvi ev B‡jK‡UªvW jvMv‡bv _v‡K| G‡`i 
GKwUi bvg K¨v‡_vW Ges AciwU A¨v‡bvW| K¨v‡_v‡W Uvs‡÷b avZzi GKwU KzÊjx _v‡K, G‡K wdjv‡g›U e‡j| 
wdjv‡g‡›Ui ga¨ w`‡q cÖevwnZ ZworcÖevn K¨v‡_vW‡K DËß K‡i| d‡j K¨v‡_vW †_‡K B‡jKUªb gy³ nq Ges 
†ei n‡q Av‡m| K¨v‡_vW Ges A¨v‡bv‡Wi g‡a¨ Lye D”P wefe cv_©K¨ cÖ‡qvM Kiv n‡j K¨v‡_vW ‡_‡K 
B‡jKUªb¸‡jv Lye `ª“ZMwZ‡Z Qz‡U hvq Ges j¶¨e¯‘ A¨v‡bvW‡K AvNvZ K‡i| Gi d‡j B‡jKUª‡bi MwZ nVvr 
†_‡g hvq Ges G·‡i Drcbœ nq| B‡jKUª‡bi MwZkw³ ZvwoZ‡PŠ¤^K Zi½iƒ‡c i~cvš—wiZ nq| ¶z`ª 
Zi½‡`‡N©¨i GB wewKiYB n‡jv G·‡i| A_v©r `ª“ZMwZ m¤úbœ B‡jKUªb †Kv‡bv avZz‡K AvNvZ Ki‡j Zv †_‡K 
AwZ ¶z̀ ª Zi½‰`‡N©̈ i Ges D”P †f`b¶gZv m¤úbœ ARvbv cÖK…wZi GK cÖKvi wewKiY Drcbœ nq| G wewKiY‡K 
G·‡i ev G· iwk¥ e‡j| wPÎ 14.1-G G·‡i wUD‡ei cÖ‡qvRbxq Ask¸‡jv †`Lv‡bv n‡q‡Q|

            wPÎ 14.1: G·‡i wUDe          wPÎ 14.2: G·‡i cix¶v 

G·‡i bvbv Kv‡R e¨envi Kiv hvq| †ivM wbY©‡qi Rb¨ wPwKrmv weÁv‡b Gi Ae`vb Acwimxg|

1. ¯’vbPz̈ Z nvo, nv‡o dvUj, †f‡O hvIqv nvo BZ¨vw` G·‡ii mvnv‡h¨ Lye mn‡RB kbv³ Kiv hvq|
2. gyLgÊ‡ji †h †Kv‡bv ai‡bi †ivM wbY©‡q G·‡ii e¨envi A‡bK †hgb- `vu‡Zi †Mvovq Nv Ges ¶q wbY©‡q    

G·‡i e¨eüZ nq| 

3.  †c‡Ui G·‡ii mvnv‡h¨ A‡š¿i cÖwZeÜKZv (Intestinal Obstruction) kbv³ Kiv hvq|

4.  G·‡ii mvnv‡h¨ wcË _wj I wKWwbi cv_i‡K kbv³ Kiv hvq| 

5.  ey‡Ki G·‡ii mvnv‡h¨ dzmdz‡mi †ivM ‡hgb- wbD‡gvwbqv, dzmdz‡mi K¨vÝvi BZ¨vw` wbY©q Kiv hvq| 

6.  wPwKrmvi Kv‡RI G·‡i e¨envi Kiv hvq| GwU K¨vÝvi †Kvl‡K †g‡i †dj‡Z cv‡i| †iwWI‡_ivwc cÖ‡qvM 
K‡i K¨vÝv‡ii wPwKrmv Kiv hvq| 

G·‡ii AcÖ‡qvRbxq wewKiYm¤úvZ hv‡Z †ivMxi ¶wZ Ki‡Z bv cv‡i G e¨vcv‡i cÖ‡qvRbxq mZK©Zv Aej¤^b 
Ki‡Z n‡e| GRb¨ G·‡i †bIqvi mgq †ivMx‡K mxmv wbwg©Z G‡cÖvb Øviv h_vm¤¢e Av”Qvw`Z Ki‡Z n‡e| AwZ 
Ri“ix bv n‡j Mf©eZx gwnjv‡`i D`i Ges †cjwfK AÂ‡ji G·‡i Kiv DwPZ bq| Ab¨ †Kv‡bv G·‡i cix¶v 
cÖ‡qvRb n‡j mxmv wbwg©Z G‡cÖvb Aek¨B e¨envi Ki‡Z n‡e| 
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Avëªvm‡bvMÖvwd
Ultrasonography

Avëªvm‡bvMÖvwd n‡jv Ggb GKwU cÖwµqv hv D”P K¤úvs‡Ki k‡ãi cÖwZdj‡bi Dci wbf©ikxj| D”P K¤úvs‡Ki 
kã hLb kix‡ii Mfx‡ii †Kv‡bv A½ ev †cwk †_‡K cÖwZdwjZ nq ZLb cÖwZdwjZ Zi‡½i mvnv‡h¨ H A‡½i 
Abyiƒc GKwU cÖwZwe¤^ gwbU‡ii c`v©q MVb Kiv nq|   

‡ivM wbY©‡qi Rb¨ †h Avëªvm‡bvMÖvwd Kiv nq †mB k‡ãi K¤úvsK 1-10 †gMvnvU©R  n‡q _v‡K| Avëªvm‡bvMÖvwd 
h‡š¿ UªvÝwWDmvi bvgK GKwU ùwUK‡K ˆe ỳ̈ wZKfv‡e D‡ËwRZ ev DÏxwcZ K‡i D”P K¤úvs‡Ki AvëªvmwbK 
Zi½ Drcbœ Kiv nq| Avëªvm‡bvMÖvwd h‡š¿ AvëªvmwbK Zi½¸‡jv‡K GKwU mi“ exg-G cwiYZ Kiv nq| c‡i 
GB exgwU‡K †h A‡½i cÖwZwe¤^ †iKW© Ki‡Z n‡e Zvi w`‡K ‡cÖiY Kiv nq| †h A‡½i w`‡K GwU wb‡ ©̀k Kiv 
nq †mB Z‡ji cÖK…wZ Abyhvqx exgwU cÖwZdwjZ, ‡kvwlZ ev msevwnZ nq| hLb exgwU wewfbœ Nb‡Z¡i †cwki         
(†hgb- gvsm‡cwk, i³) we‡f`Z‡j AvcwZZ nq ZLb Zi‡½i GKwU Ask cÖwZaŸwb wnmv‡e cyibvq  
UªvÝwWDmv‡i wd‡i Av‡m| c‡i GB cÖwZaŸwb¸‡jv‡K Zwor ms‡K‡Z iƒcvš—wiZ Kiv nq| GB Zwor ms‡KZ¸‡jv  
GK‡Î gwbU‡ii c`v©q cix¶Yxq e¯‘ ev †cwki GKwU cÖwZwe¤^ MVb K‡i| 

Avëªvm‡bvMÖvwdi me‡P‡q ¸i“Z¡c~Y© e¨envi ¯¿x‡ivM Ges cÖm~wZweÁv‡b j¶ Kiv hvq| Gi mvnv‡h¨ åy‡Yi AvKvi, 
c~Y©Zv, åy‡Yi ¯^vfvweK ev A¯^vfvweK Ae¯’vb Rvbv hvq| cÖm~wZwe`¨vq GwU GKwU ª̀“Z, wbivc` Ges wbf©i‡hvM¨ 
†KŠkj| Avëªvm‡bvMÖvwdi mvnv‡h¨ Rovqyi wUDgvi Ges 
Ab¨vb¨ †cjwfK gv‡mi  (Pelvic Mass) Dcw¯’wZI kbv³ 
Kiv hvq|

wewfbœ ai‡bi  Wv³vix cix¶v †hgb- wcËcv_i, ü`h‡š¿i 
Î“wU Ges wUDgvi kbv³Ki‡Y Avëªvm‡bvMÖvg e¨envi Kiv 
nq| ürwcÊ cix¶v Kivi Rb¨ hLb AvëªvmvDÛ e¨envi 
Kiv nq ZLb G cix¶v‡K B‡KvKvwW©IMÖvwd e‡j| 

G·‡ii Zzjbvq Avëªvm‡bvMÖvwd AwaKZi wbivc` †ivM wbY©q 
c×wZ| ZeyI AvëªvmvDÛ Lye mxwgZ mg‡qi Rb¨ e¨envi 
Ki‡Z n‡e| GQvov UªvÝwWDmvi‡K memgq bovPovi g‡a¨ 
ivL‡Z n‡e, †hb GwU †Kv‡bv wbw ©̀ó ¯’v‡b w¯’i bv _v‡K|

wmwU¯‹¨vb
CT scan 

wmwU¯‹¨vb kãwU Bs‡iwR Computed Tomography Scan Gi msw¶ß iƒc| wPwKrmvweÁv‡b  GwU cÖwZwe¤^ 
ˆZwii GKwU cÖwµqv| †h cÖwµqvq †Kv‡bv wÎgvwÎK e¯‘i †Kv‡bv dvwj (Slice) ev As‡ki wØgvwÎK cÖwZwe¤^ 
ˆZwi Kiv nq †m cÖwµqv‡K  U‡gvMÖvwd e‡j| wmwU¯‹¨vb GKwU e„nr hš¿| G h‡š¿ G·‡i e¨eüZ nq| G·‡i 
†hLv‡b kix‡ii Af¨š—‡ii †Kv‡bv wÎgvwÎK A‡½i wØgvwÎK cÖwZwe¤^ MVb K‡i, †mLv‡b wmwU ¯‹¨vb hš¿ Øviv 
m„ó cÖwZwe¤^ wÎgvwÎK| 

wPÎ 14.3 :Avëªvm‡bvMÖvwd    
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wmwU¯‹¨vb hš¿ wWwRUvj R¨vwgwZK cÖwµqv e¨envi K‡i †Kv‡bv e¯‘i Af¨š—‡ii wÎgvwÎK cÖwZwe¤^ MVb K‡i| 
GKwU N~Y©b A‡¶i mv‡c‡¶ A‡bK¸‡jv wØgvwÎK G·‡i cÖwZwe¤^ †bIqvi ci G¸‡jv‡K GKwÎZ K‡i wÎgvwÎK 
cÖwZwe¤^ MVb Kiv nq| G KvRwU Kw¤úDUvi e¨env‡ii gva¨‡g m¤úbœ Kiv nq| e„ËvKvi c‡_ Nyivi mgq 
wmwU¯‹¨vb hš¿ cici A‡bK¸‡jv mi“ G·‡i exg †ivMxi kix‡ii ga¨ w`‡q †cÖiY K‡i| A_P G·‡i Kivi 
mgq †ivMxi †`‡n ïaygvÎ GKevi G·‡i exgwU AwZµg K‡i| d‡j G·‡ii Zzjbvq wmwU¯‹¨v‡bi wPÎ A‡bK 
wbLuyZ Ges we¯Í…Z nq| wmwU¯‹¨vb h‡š¿ e¨eüZ G·‡i wW‡UKUiwUi mvnv‡h¨ †ivMxi †`‡ni wewfbœ Nb‡Z¡i kZ 
kZ ¯Íi kbv³ Kiv hvq| wW‡UKUi Øviv msM„nxZ WvUv Kw¤úDUv‡i †cÖiY Kiv nq| Kw¤úDUvi c‡i kix‡ii 
†Kv‡bv As‡ki wÎgvwÎK Qwe MVb K‡i Ges c`v©q wWm‡c K‡i|  

wPÎ 14.4: wmwU¯‹¨vb hš¿ 

wmwU¯‹¨v‡bi mvnv‡h¨ kix‡ii big wUmÿ , i³evnx wkiv ev agbx, dzmdzm, †eªY BZ¨vw`i wÎgvwÎK Qwe cvIqv 
hvq| hK…Z, dzmdzm Ges AMœvk‡qi K¨vÝvi kbv³ Kivi Kv‡R wmwU¯‹¨vb e¨eüZ nq| wmwU¯‹¨v‡bi cÖwZwe¤^ 
wPwKrmK‡K wUDgvi kbv³KiY, wUDgv‡ii AvKvi, Ae¯’vb Ges wUDgviwU cvk¦eZx© Ab¨ wUmy¨‡K Kx cwigvY 

Avµvš— K‡i‡Q Zv wba©vi‡YI mvnvh¨ K‡i| gv_vi wmwU¯‹¨v‡bi mvnv‡h¨ gw¯Í‡®‹i ‡fZ‡i †Kv‡bv ai‡bi 
i³cvZ, agbxi dzjv Ges wUDgv‡ii Dcw¯’wZ m¤ú‡K© Rvbv hvq| wmwU¯‹¨v‡bi Øviv i³ mÂvj‡b mgm¨v Av‡Q 
Kxbv ZvI Rvbv hvq| mvaviYZ Mf©eZx gwn‡jvv‡`i wmwU ¯‹¨vb cix¶v Kiv nq bv| wmwU ¯‹¨vb cix¶vq ÔWvBÕ 
e¨eüZ n‡j GjvwR©RwbZ wewµqvi m¤¢vebv i‡q‡Q|

GgAviAvB
Magnetic Resonance Imaging 

GgAviAvB Bs‡iRx Magnetic Resonance Imaging Gi msw¶ß iƒc| GgAviAvB  h‡š¿ kw³kvjx 
†PŠ¤^K‡¶Î Ges †iwWI Zi½ e¨envi K‡i kix‡ii †Kv‡bv ¯’v‡bi ev A‡½i we¯Í…Z cÖwZwe¤^ MVb Kiv nq| 
wbDK¬xq †PŠ¤^K Abybv` ev Nuclear Magnetic Resonance Gi †fŠZ Ges ivmvqwbK bxwZi Dci wfwË K‡i 
GgAviAvB hš¿ KvR K‡i| GB bxwZ e¨envi K‡i †Kv‡bv AYyi cÖK…wZ m¤ú‡K© Z_¨ Rvbv hvq| 
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GgAviAvB n‡jv e¨_vnxb Ges wbivc` †ivM wbY©q c×wZ| GB h‡š¿ G·‡i ev Ab¨ †Kv‡bv ai‡bi wewKiY 
e¨envi Kiv nq bv| kix‡ii †h As‡ki GgAviAvB ¯‹¨vb Kiv nq †mLvb †_‡K cÖvß ms‡KZ‡K GKwU 
Kw¤úDv‡ii mvnv‡h¨ cwiewZ©Z K‡i †mB As‡ki AZ¨š— ¯úó cÖwZwe¤^ MVb Kiv nq| cÖ‡Z¨KwU cÖwZwe¤^ kix‡ii 
†Kv‡bv ¯’v‡bi GK GKwU dvwj ev ¯vB‡mi g‡Zv KvR K‡i| Gfv‡e A‡bK¸‡jv cÖwZwe¤^ ˆZwi Kiv nq, †h¸‡jv 
kix‡ii H As‡ki mKj ˆewkó¨‡K  dzwU‡q Zz‡j| 

wPÎ 14.5: GgAviAvB hš¿

GgAviAvB Gi gva¨‡g cÖvß cÖwZwe¤^‡K cvDi“wUi GK GKwU dvwji m‡½ Zzjbv Kiv hvq| hLb cvDi“wU †_‡K 
GK GKwU dvwj IVv‡bv nq, ZLb dvwji mv‡_ mv‡_ cvDi“wUi †fZ‡ii meUzKz †`Lv hvq| GKBfv‡e  
GgAviAvB Gi gva¨‡g cÖvß cÖ‡Z¨KwU cÖwZwe¤^ kix‡ii Af¨š—‡ii mewKQz †`L‡Z mvnvh¨ K‡i|  

cv‡qi †Mvovwji gPKv‡bv Ges wc‡Vi e¨v_vq GgAviAvB e¨envi K‡i RL‡gi ev AvNv‡Zi ZxeªZv wbi“cY Kiv nq| †eªY 
Ges †gi“ i¾yi (Spinal cord) we¯Í…Z cÖwZwe¤^ ˆZwii Rb¨ GgAviAvB n‡jv AZ¨š— g~j¨evb cix¶v| 

BwmwR
ECG

BwmwR n‡jv B‡jK‡UªvKvwW©IMÖvg (Electrocardiogram) k‡ãi msw¶ß iƒc| BwmwR Ggb GKwU ‡ivM wbY©q 
c×wZ hvi mvnv‡h¨ wbqwgZfv‡e ‡Kv‡bv e¨w³i ürwc‡Êi ‰e ỳ̈ wZK Ges †cwkRwbZ Kvh©Kjvc ch©‡e¶Y Kiv 
hvq| Avgiv Rvwb †h, evwn‡ii †Kv‡bv DÏxcbv QvovB ürhš¿ ¶z̀ ª ˆe ỳ̈ wZK ms‡KZ Drcbœ K‡i| GB ˆe ỳ̈ wZK 
ms‡KZ ürh‡š¿i †cwki ga¨ w`‡q Qwo‡q c‡o, Gi d‡j ürhš¿ msKzwPZ nq| BwmwR h‡š¿i mvnv‡h¨ Avgiv 
GB Zwor ms‡KZmg~n‡K kbv³ Kwi|  BwmwR Gi mvnv‡h¨ Avgiv ürwc‡Êi ¯ú›`‡bi nvi Ges Q›`gqZv cwigvc 
Ki‡Z cvwi| GwU ürwc‡Êi g‡a¨ i³cÖev‡ni c‡iv¶ cÖgvY †`q|  

kix‡ii wewfbœ ¯’v‡b ¯’vwcZ ZworØvi ev B‡jK‡UªvWmg~n ürh‡š¿i wewfbœ w`K †_‡K AvMZ ˆe ỳ̈ wZK 
ms‡KZ¸‡jv‡K kbv³ K‡i| ürwc‡Êi GKwU m¤ú~Y© Qwe cvevi Rb¨ `kwU B‡jK‡UªvW e¨envi K‡i ev‡ivwU 
ˆe ỳ̈ wZK ms‡KZ‡K kbv³ Kiv nq| cÖ‡Z¨KwU nv‡Z Ges cv‡q GKwU K‡i †gvU PviwU Ges evKx QqwU 
B‡jK‡UªvW ürwc‡Êi cÖvPxi eivei ¯’vcb Kiv nq [wPÎ 14.6 ]| cÖ‡Z¨KwU B‡jK‡UªvW Øviv msM„nxZ Zwor 
ms‡KZ‡K †iKW© Kiv nq| GB †iKW© mg~‡ni gyw ª̀Z iƒcB n‡jv B‡jK‡UªvKvwW©IMÖvg| 
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wPÎ 14.6: BwmwR c×wZ

mȳ ’ gvby‡li Rb¨ cÖ‡Z¨K B‡jK‡UªvW †_‡K cÖvß Zwor ms‡K‡Zi GKwU ¯^vfvweK bKkv _v‡K| hw` †Kv‡bv 
e¨w³i ürh‡š¿ †Kv‡bv ai‡bi A¯^vfvweK Ae¯’v j¶ Kiv hvq ZLb B‡jK‡UªvWmg~n ‡_‡K cÖvß bKkv 
¯^vfvweK bKkv †_‡K wfbœZi n‡e| 

mvaviYZ †Kv‡bv †iv‡Mi evwn¨K j¶Y †hgb- ey‡Ki aocovwb, AwbqwgZ I ª̀“Z ür¯ú›`b, ey‡K e¨v_v BZ¨vw`i 
KviY wbY©q Kivi Rb¨ BwmwR cix¶v Ki‡Z nq| GQvovI wbqwgZ cix¶vi Ask wn‡m‡e †hgb- Acv‡ik‡bi 
c~‡e© BwmwRi mvnvh¨ †bIqv nq|

ürwc‡Êi †h mKj A¯^vfvweK cÖK…wZ BwmwRi gva¨‡g kbv³ Kiv hvq G¸‡jv n‡jv-  

1. ürwc‡Êi A¯^vfvweK ¯ú›`b †hgb- ürwc‡Êi ¯ú›`‡bi nvi †ewk ev Kg ev AwbqwgZ n‡j; 

2. nvU© A¨vUvK hv m¤úªwZ ev wKQzw`b c~‡e© msNwUZ n‡q‡Q;  

3. m¤úªmvwiZ ürwcÊ A_v©r ürwc‡Êi AvKvi eo n‡q hvIqv|  

G‡Ûvm‡Kvwc
Endoscopy

G‡Ûvm‡Kvwc ej‡Z mvaviYfv‡e †Kv‡bv wKQzi wfZ‡i †`Lv‡K eySvq| wKš‘ G‡ÛvmKwc ej‡Z Avgiv eywS 
wPwKrmvRwbZ Kvi‡Y ev cÖ‡qvR‡b †`‡ni Af¨š—i¯’ †Kv‡bv A½ ev MnŸi‡K evwni †_‡K ch©‡e¶Y|  
G‡Ûvm‡Kvc h‡š¿i gva¨‡g Avgiv kix‡ii dvudv A½mg~‡ni Af¨š—ifvM cix¶v K‡i _vwK| 

wPÎ 14.7: G‡Êvm‡Kvwc hš¿

G‡Ûvm‡Kvc h‡š¿ ỳwU bj _v‡K, G‡`i GKwUi ga¨ w`‡q evB‡i †_‡K †ivMxi kix‡ii wbw ©̀ó A‡½ Av‡jv 
†cÖiY Kiv nq| Av‡jvK Zš‘i wfZ‡ii †`qv‡j Av‡jvi c~Y© Af¨š—ixY cÖwZdj‡bi gva¨‡g D¾¡j Av‡jv †ivMxi 
†`n MnŸ‡i cÖ‡ek K‡i| GB Av‡jv †ivMvµvš— ev ¶wZMȪ Í A½‡K Av‡jvwKZ K‡i| wØZxq Av‡jvK Zš‘ b‡ji 
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wfZi w`‡q Av‡jvi cÖwZdwjZ Ask GKBfv‡e wd‡i Av‡m| cÖwZdwjZ Av‡jv Awf‡bÎ †j‡Ýi gva¨‡g 
wPwKrm‡Ki †Pv‡L cÖ‡ek K‡i| d‡j wPwKrmK cix¶Yxq A‡½i Af¨š—‡i Kx NU‡Q ev n‡”Q Zv †`L‡Z cv‡ib|  

G‡Ûvm‡Kvwci gva¨‡g wPwKrmKMY kix‡ii Af¨š—‡i †h †Kv‡bv ai‡Yi A¯^w¯Í‡eva, ¶Z, cÖ`vn Ges 
A¯^vfvweK †Kvle„w× cix¶v K‡i _v‡Kb| wb¤œewY©Z wewfbœ A½ cix¶v Kivi Rb¨ G‡Ûvm‡Kvwc e¨eüZ nq| 
G¸‡jv n‡jv-

(K) dzmdzm, ey‡Ki †K› ª̀xq wefvRb Ask; (L) cvK¯’jx, ¶z̀ ªvš¿, e„n`vš¿ ev †Kvjb; (M) ¯¿x cÖRbb A½; (N) 
D`i Ges †cjwfm; (O) g~Î_wji Af¨š—ifvM; (P) bvmvMnŸi Ges bv‡Ki Pvicv‡ki mvBbvmmg~n; (Q) Kvb|  

†iwWI‡_ivwc  
Radiotherapy  

‡iwWI‡_ivwc kãwU Bs‡iRx  ‘Radiation Therapy’ k‡ãi msw¶ß iƒc| GwU e¨envi K‡i wewfbœ †ivM 
†hgb- K¨vÝvi, _vBi‡qW MÖwš’i A¯^vfvweK cÖK…wZ, i‡³i wKQz e¨vwai wPwKrmv Kiv nq| mvaviYZ 
†iwWI‡_ivwc D”Pkw³m¤úbœ G·‡i e¨envi K‡i K¨vÝvi †Kvl aŸsm K‡i| GwU wUDgvi †Kv‡li Af¨š—i¯’
wWGbG (DNA) -‡K aŸs‡mi gva¨‡g †Kv‡li msL¨ve„w× Kivi ¶gZv webó K‡i †d‡j| g~jZt GwU n‡jv 
†Kv‡bv ‡iv‡Mi wPwKrmvq Avqbm„wóKvix (†ZRw®Œq) wewKi‡Yi e¨envi|

†iwWI‡_ivwc ỳÕai‡bi: (1) evwn¨K exg wewKiY ev evwn¨K †iwWI‡_ivwc (2) Af¨š—ixY †iwWI‡_ivwc|  

evwn¨K †iwWI‡_ivwci †¶‡Î kix‡ii  evwni †_‡K D”Pkw³m¤úbœ G·‡i, †Kvevë wewKiY, B‡jKUªb ev †cÖvUb 
exg e¨envi Kiv nq| kix‡ii †h ¯’v‡b wUDgviwU Aew¯’Z, †mB w`‡K ZvK K‡i exgwU cÖ‡qvM Kiv nq| Gi 
d‡j K¨vÝvi †Kv‡li e„w× Ges wefvRb ¶gZv aŸsm n‡q hvq| G cÖwµqvq Aí msL¨K mȳ ’ †KvlI ¶wZMȪ Í 
nq| ZeyI Avgv‡`i D‡Ïk¨ n‡jv hZ Kg msL¨K mȳ ’ †Kvl‡K ¶wZMȪ Í K‡i hZ †ewk msL¨K K¨vÝvi †Kvl‡K 
aŸsm Kiv| ¶wZMȪ Í AwaKvsk mȳ ’ †Kvl wb‡R †_‡K GB ¶wZ †givgZ K‡i †d‡j|  

wPÎ 14.8: †iwWI‡_ivwc hš¿

Af¨š—ixY †iwWI‡_ivwci †¶‡Î †ivMx‡K kix‡ii †fZi †_‡K †iwWI‡_ivwc †`Iqv nq| G cÖwµqvq †ivMx 
†ZRw¯Œq Zij c`v_© cvbxq wn‡m‡e MÖnY K‡i| A_ev Bb‡RKk‡bi gva¨‡g †ivMxi †`‡n †ZRw¯Œq Zij c`v_© 
cÖ‡ek Kwi‡q †`Iqv nq| i‡³i K¨vÝv‡ii †¶‡Î G Zij c`v‡_© †ZRw¯Œq dmdivm, nv‡oi K¨vÝv‡ii †¶‡Î 
†ZRw¯Œq ÷ªbwkqvg Ges _vBi‡qW K¨vÝv‡ii †¶‡Î †ZRw®Œq Av‡qvwWb e¨envi Kiv nq| G cÖwµqv‡K 
eªvwK‡_ivwc e‡j| 
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BwUwU
ETT

Bs‡iRx Exercise Tolerence Test Gi msw¶ß iƒc n‡jv ETT ev BwUwU| DÏxwcZ ürh‡š¿i GKwU cix¶v 
n‡jv BwUwU| e¨vqvg ev Abykxjb PjvKvjxb ürwc‡Êi ˆe`y¨wZK mwµqZv ev Kvh©Kjvc (¯ú›`‡bi nvi, Q›`gqZv) 
BwUwU cix¶vi gva¨‡g †iKW© Kiv nq| GwU Avm‡j AbykxjbiZ Ae¯’vq †ivMxi BwmwR cix¶v| K‡ivbvix AvU©vix 
†iv‡Mi †ivM wbi“c‡Yi Rb¨ G cix¶vwU LyeB DcKvix| GB cix¶vi mgq ü`h‡š¿i Dci Abykxj‡bi AwZwi³ 
Pvc cÖ‡qvM Kiv nq| cix¶vwUi gva¨‡g ürwc‡Êi K‡ivbvix agbx‡Z m„ó AvswkK Aei“× Ae¯’v (Partial

Blockage) kbv³ Kiv n‡q _v‡K| mvaviYZ wekÖv‡g _vKv Ae¯’vq †ivMxi †`‡n G ai‡bi A¯^vfvweK Ae¯’v 
kbv³ Kiv m¤¢e n‡q I‡V bv|  

wPÎ 14.9: BwUwU cix¶v 

cix¶vi mgq †ivMx‡K GKwU w¯’i evBmvB‡Kj Pvjv‡Z ejv nq A_ev GKwU †UªWwgj h‡š¿ AbeiZ nvuUvi 
wb‡ ©̀kbv †`Iqv nq| Abykxjb Pjv Ae¯’vq wPwKrmK †ivMxi BwmwR †iKW© K‡ib| cix¶vi mgq PvKvi N~Y©b 
`ª“wZ Ges Z‡ji Xvj Dc‡hvR‡bi gva¨‡g hvwš¿K cxo‡bi gvÎv µgkt e„w× Kiv nq| BwUwU cix¶vi gva¨‡g 
Abykxj‡bi mgq †ivMxi ürh‡š¿ †h mKj cwieZ©b msNwUZ nq wPwKrmK †m¸‡jv kbv³ Ki‡Z m¶g nb|  

GbwRIMÖvwd
Angiography

GbwRIMÖvwd n‡jv Ggb GKwU cÖwZwe¤^ ‰Zixi cix¶v ‡hLv‡b kix‡ii i³bvwjKvmg~n †`Lvi Rb¨ G·‡i e¨envi Kiv 
nq| GB cix¶vi gva¨‡g i³evnx wkiv ev  agbx¸‡jv mi“, eK I cÖmvwiZ n‡q‡Q Kx bv Zv wbY©q Kiv hvq| i³bvwj‡Z 
eK Ges i³bvwj mi“ Ges AcÖm¯’ n‡j kix‡i i‡³i ¯^vfvweK cÖevn wewNœZ nq| GbwRIMÖvg Kivi mgq wPwKrmK 
†ivMxi †`‡n GKwU Zij c`v_© GKwU mi“ I bgbxq b‡ji ga¨ w`‡q cÖ‡ek Kwi‡q †`b| Zij c`v_©wU‡K ÔWvBÕ Ges 
bjwU‡K K¨v‡_Uvi e‡j| GB WvB e¨env‡ii d‡j i³evnx bvwjKv¸‡jv G·‡ii mvnv‡h¨ „̀k¨gvb nq| GB WvB c‡i 
wKWbx Ges g~‡Îi gva¨‡g kixi †_‡K †ei n‡q hvq| GKwU wbw ©̀ó cÖ‡ek we› ỳi  ga¨ w`‡q K¨v‡_UviwU‡K wbw ©̀ó agbx 
ev wkivi g‡a¨ cÖ‡ek Kiv‡bv nq| cÖ‡ek we› ỳwU kix‡ii †h †Kv‡bv ¯’v‡bi i³bvwj‡Z n‡Z cv‡i| e¨eüZ WvBwU‡K 

KL‡bv KL‡bv ˆemv „̀k¨ ev Contrast wn‡m‡e AwfwnZ Kiv  nq|  
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wPÎ 14.10: GbwRIMÖvg 

mvaviYZ †h mKj Kvi‡Y wPwKrmKMY GbwRIMÖvg Kivi civgk© †`b, G¸‡jv n‡jv-  

(K) ürwc‡Êi evwn‡i agbx‡Z e‡KR n‡j; 

(L) agbx cÖmvwiZ n‡j;

(M) wKWwbi agbxi Ae¯’v eySvi Rb¨;  

(N) wkivi †Kv‡bv mgm¨v n‡j| 

KL‡bv KL‡bv wPwKrmKMY GbwRIMÖvg Kivi mgq GKB mg‡q mvR©vix QvovB i³bvwji e‡Ki wPwKrmv K‡i 
_v‡Kb| †h †KŠk‡j ev cÖwµqvq GbwRIMÖvg Kivi mgq agbxi eK gy³ Kiv nq Zv‡K GbwRIcvwó e‡j|  

AvB‡mv‡Uvc Ges Gi e¨envi  
Isotopes and its uses 

AvB‡mv‡Uvc¸‡jv n‡jv GKwU wbw`©ó †gŠ‡ji iƒc‡f`| wewfbœ fimsL¨v wewkó GKB †gŠ‡ji cigvYy‡K H †gŠ‡ji 
AvB‡mv‡Uvc e‡j| A_v©r †Kv‡bv †gŠ‡ji AvB‡mv‡Uvcmg~‡n †cÖvU‡bi msL¨v mgvb _v‡K, wKš‘ wbDUª‡bi msL¨v 
wewfbœ nq| †Kv‡bv cigvYyi wbDK¬xqv‡m Aew¯’Z †cÖvU‡bi msL¨v †gŠjwU‡K Abb¨iƒ‡c kbv³ K‡i| wKš‘ 
bxwZMZfv‡e GKwU †gŠ‡ji †h †Kv‡bv msL¨K wbDUªb _vK‡Z cv‡i| †gŠ‡ji wbDK¬xqv‡m Aew¯’Z †cÖvUb Ges 
wbDUª‡bi msL¨vB n‡jv Gi fimsL¨v| G Kvi‡YB †Kv‡bv ‡gŠ‡ji cÖ‡Z¨KwU AvB‡mv‡Uv‡ci fimsL¨v wewfbœ nq| 

D`vniY wn‡m‡e Kve©‡bi K_v ejv †h‡Z cv‡i| Kve©‡bi wZbwU AvB‡mv‡Uvc 12

6C , 13

6C Ges 14

6C , hv‡`i 

fimsL¨v h_vµ‡g 12,13,14| Kve©‡bi cvigvYweK msL¨v 6, A_v©r cÖ‡Z¨KwU Kve©b cigvYy‡Z QqwU †cÖvUb 
Av‡Q| hvi d‡j Kve©‡bi AvB‡mv‡Uvc¸‡jv‡Z h_vµ‡g 6,7Ges 8 wU wbDUªb i‡q‡Q|  

wPwKrmv‡¶‡Î ÔcigvYy wPwKrmvqÕ †ZRw¯Œq AvB‡mv‡Uv‡ci e¨vcK e¨envi i‡q‡Q| †ZRw¯Œq AvB‡mv‡Uv‡ci 
cÖavbZ ỳÕai‡bi e¨envi Av‡Q|

(K) †ivM wbY©‡qi †¶‡Î  

(L) †ivM wbivg‡qi †¶‡Î 
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†ivMxi kix‡i †Kv‡bv ¯’v‡b ev A‡½ ¶wZKi K¨vÝvi wUDgv‡ii Dcw¯’wZ †ZRw®Œq AvB‡mv‡Uv‡ci mvnv‡h¨ 
kbv³ Kiv hvq| †Kvevë-60 (

60
Co) AvB‡mv‡Uvc †_‡K wbM©Z kw³kvjx Mvgv iwk¥ K¨vÝvi wPwKrmvq e¨eüZ 

nq| †Kvevë-60 †_‡K wbM©Z Mvgv iwk¥i mvnv‡h¨ Acv‡ik‡bi hš¿cvwZ ‡ivM RxevYy gy³KiY Kiv nq| 
_vBi‡qW MÖwš’ ev M¨v‡Ûi A¯^vfvweK e„w× RwbZ †iv‡Mi wPwKrmvq Av‡qvwWb-131(

131
I) e¨eüZ nq| 

†UKwbwkqvg- 99m ‡ivM wbY©‡qi Rb¨ cigvYy wPwKrmvq eûj e¨eüZ GKwU †ZRw®Œq AvB‡mv‡Uvc| GwUi 
mvnv‡h¨ ‡eªY, wjfvi, cxnv Ges nv‡oi B‡gwRs ev ¯‹¨vwbs m¤úbœ Kiv nq| i‡³i †k¦Z KwYKvi AZ¨waK e„w×i
d‡j i³víZv (Blood-Leucaemia) †iv‡Mi wPwKrmvq †ZRw®Œq dmdivm-32 (32

P) Gi dm‡dU e¨eüZ nq| 
cigvYy wPwKrmvq †ivM wbY©‡qi Rb¨ wkivi ga¨ w`‡q Bb‡RKk‡bi gva¨‡g †ZRw¯Œq AvB‡mv‡Uvc †ivMxi †`‡n 
cÖ‡ek Kiv‡bv nq| †ivMxi †Kv‡bv A‡½i cix¶v Kiv n‡e Zvi Dci wbf©i K‡iB †ZRw¯Œq c`v_© wbev©Pb Kiv 
nq| GQvov K…wl‡¶‡Î, Lv`¨msi¶‡Y, KxUcZ½ `g‡b Ges wkí†¶‡Î †ZRw®Œq AvB‡mv‡Uv‡ci e¨vcK e¨envi 
i‡q‡Q|  

Abykxjbx

eûwbe©vPwb cÖkœ 

1|  weÁvbx RMxkP›`ª emyi mv‡_ †Kvb welqwU mswkó?

 i)   emy gw›`i cÖwZôv
ii)  †ZRw¯Œq †gŠ‡ji e¨envi
iii)  †µ‡¯‹vMÖvd Avwe®‹vi

wb‡Pi †KvbwU mwVK? 

 K)  i                    L) i I ii                   

 M)  i I iii                  N) i,ii I iii 

2| X-ray wd‡j¥ nv‡oi Qwe ¯úó †`Lv hvIqvi KviYÑ 

 K) nvo X-ray Øviv A‡f`¨ L) gvsm‡cwk X-ray Øviv A‡f`¨ 

 M) Zi½ ˆ`N©̈  A‡bK †ewk N) DyP ‡f`b¶gZvm¤úbœ 

3| m~² i³bvwjKvi e‡KR cix¶v Kivi cÖhyw³i bvg n‡jvÑ 

 K) GbwRIMÖvg L) GbwRIcvw÷

 M) BwUwU N) BwmwR 

4|  n„̀  ¯ú›`‡bi nvi I Q›`gqZv cwigvc Kiv nq Kx Dcv‡q? 

 K)  Zwor ms‡KZ mbv³ K‡i L) X-ray Gi gva¨‡g 

 M)  wbDK¬xq †PŠ¤^K Abybv‡`i gva¨‡g N) kã Zi½ e¨envi K‡i  
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m„Rbkxj cÖkœ 
 webyi PvPx gv n‡Z P‡j‡Qb| †PK Av‡ci Rb¨ wZwb wbqwgZ Wv³v‡ii Kv‡Q hvb| †Kvb GK gv‡m Wv³vi 

åƒ‡Yi mwVK Ae ’̄vb I AvKvi Rvbvi Rb¨ Zv‡K GKwU cix¶v Kivi civgk© w`‡jb| AvjUªvm‡bvMÖvwdi 
gva¨‡g wZwb cix¶vwU Kiv‡jb Ges Gi gva¨‡g Wv³vi åƒY m¤ú‡K© ¯úó avibv jvf K‡ib| 

 K) Gg Avi AvB Gi c~Y©iƒc Kx? 

 L) AvB‡mv‡Uvc¸‡jv GKwU wbw ©̀ó †gŠ‡ji iƒc‡f` †Kb? 

 M) åƒY m¤ú‡K© ¯úó aviYv jv‡f AvjUªvm‡bvMÖvwdi f~wgKv Av‡jvPbv Ki| 

 N) wgbvi PvPxi cix¶vwU Ab¨ †Kvb wPwKrmv cÖhyw³i gva¨‡g Kiv hv‡e wK?-DË‡ii ^̄c‡¶ hyw³ `vI| 

K. mvaviY cÖkœ
 1| †fŠZRMr I RxeRMr Kx m¤ú~Y© wfbœ wbq‡g P‡j? 
 2| Rxec`v_©weÁv‡bi m~Pbv Kxfv‡e n‡jv| 
 3| c`v_©weÁv‡bi wbqg¸‡jv †Kb RxeRM‡Zi †¶‡Î cÖ‡qvM Kiv hvq? 
 4| c`v_©weÁv‡b RM`xkP› ª̀ emyi Ae`vb eY©bv Ki| 
 5| Rxec`v_©weÁv‡b Zuvi Ae`vb Kx? 
 6| gvbe‡`n KL‡bv KL‡bv h‡š¿i g‡Zv AvPiY K‡i e¨vL¨v Ki| 
 7| gvbe‡`n GKwU ˆRe hš¿- Gi mc‡¶ hyw³ `vI| 
 8| c`v_©weÁv‡bi D™¢vweZ hš¿cvwZ Kxfv‡e wPwKrmv †¶‡Î Kv‡R jv‡M| 
 9| †ivM wbY©‡qi Rb¨ e¨eüZ KZ¸‡jv hš¿cvwZi bvg wjL| 
 10| G·‡i Kx ? †ivM wbY©q I wPwKrmv †¶‡Î Gi e¨envi wjL| 
 11| Avëªvm‡bvMÖvwd Kxfv‡e wPwKrmv‡¶‡Î †ivM wbY©q K‡i|  
 12| GgAviAvB Gi gva¨‡g cÖvß cÖwZwe‡¤^i eY©bv `vI| 
 13| BwmwRi mvnv‡h¨ †Kv‡bv †Kv‡bv †ivM wbY©q Kiv hvq? 
 14| G‡Ûvm‡Kvwc hš¿ KxKv‡R e¨eüZ nq? 
 15| wPwKrmv‡¶‡Î †iwWI‡_ivwc †Kb e¨envi Kiv nq? 
 16| BwUwU GK ai‡bi BwmwR cix¶v- eY©bv Ki| 
 17| †Kv‡bv †Kv‡bv †¶‡Î GbwRIMÖvg Kiv nq? 
 18| AvB‡mv‡Uvc Kx? wPwKrmv‡¶‡Î GwU Kx Kv‡R jv‡M? 

wPÎ : 3.3 






