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eq \o((((,cÖkœ(1) evey 4 ( 1015 Hz K¤úv‡¼i †Kvb wewKiY †Kvb avZe cv‡Zi Dci AvcwZZ K‡ib| wZwb cix¶v K‡i †`‡Lb †m‡¶‡Î m‡e©v”P 3.6 ( 10–19J kw³m¤úbœ B‡jKUªb wbM©Z nq| jvejy GKB K¤úv‡¼i wewKiY Ab¨ avZe cv‡Z AvcwZZ K‡ib| bZzb avZe cv‡Zi m‡e©v”P kw³m¤úbœ B‡j±ª‡bi kw³ c~‡e©i A‡a©K|
[XvKv K‡jR]
K.
Av‡cw¶K Z‡Ë¡i we‡kl ¯^xKv‡h©i wØZxq ¯^xKvh©wU wjL|
1

L.
ÒRi“ix cÖ‡qvRb Qvov Avgv‡`i G·‡i Kiv DwPr bqÓÑ e¨vL¨v Ki| 
2

M.
evey †h avZe cvZ e¨envi K‡iwQj Zvi m~Pb K¤úv¼ KZ?
3

N.
Òjvejy cix¶v †k‡l e‡jb Zvi e¨en„Z avZe cvZ †_‡K B‡j±ªb wbM©Z nqwbÓ( Zvi gZvg‡Zi mv‡_ †Zvgvi wgj ev Awgj we‡k­lY Ki|
4

1 bs cÖ‡kœi DËi

eq \o((,K) Av‡cw¶KZvi we‡kl Z‡Ë¡i wØZxq ¯^xKvh©wU n‡jv, k~b¨ ¯’v‡b ev evqy gva¨‡g Av‡jvi †eM aª“e Ges G †eM Av‡jvi Drm I ch©‡e¶‡Ki Av‡cw¶K MwZ‡e‡Mi Ici wbf©ikxj bq|  

eq \o((,L) G·‡i GK cÖKvi ZvwoZ †PŠ¤^K wewKiY| Gi K¤úv¼ (() D”P| ZvB E = h( m~Îvbymv‡i Gi kw³ I D”Pgv‡bi| †`‡ni †Kv‡bv As‡k G·‡i Kiv‡bv n‡j Zvi h‡_ó cvk¦©cÖwZwµqv Av‡Q| GwU A‡bKUv †iwWI‡_ivwci g‡Zv KvR K‡i| d‡j eûmsL¨K my¯’‡Kvl webó K‡i| cici K‡qKevi †`‡ni GKB A‡½i G·‡i Kiv‡j H A‡½i cÖf‚Z ¶wZ nq, GgbwK Zv weKjv½ n‡q †h‡Z cv‡i| Aí wKQyw`‡bi e¨eav‡b gyLgÛ‡ji G·‡i Kiv‡bv n‡j `uvZ I Pzj c‡o †h‡Z cv‡i| Mf©ve¯’vq we‡kl cÖ‡qvRb Qvov G·‡i Kiv‡bv DwPZ bq| cÖwZevi G·‡i‡Z beRvZ‡Ki †`‡ni †ek wKQy ¶wZmvab nq| myZivs, Ri“ix cÖ‡qvRb Qvov Avgv‡`i G·‡i Kiv DwPZ bq| 

eq \o((,M) †`Iqv Av‡Q,


AvcwZZ wewKi‡Yi K¤úv¼, ( = 4 ( 1015 Hz


wb:m„Z B‡jKUª‡bi m‡e©v”P MwZkw³, Kmax = 3.6 ( 10–19J

Rvbv Av‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34​Js

†ei Ki‡Z n‡e, m~Pb K¤úvsK, (o = ?

Avgiv Rvwb, AvBb÷vB‡bi mgxKiY n‡Z,


h( = h(o + Kmax 

ev, 
h(o= h( ( Kmax
( 
(o =  eq \f(h( ( kmax, h)  


=  eq \f(6.63 ( 10(34 J.s ( 4 ( 1015 Hz ( 3.6 ( 10(19J, 6.63 ( 10(34 Js) 

= 3.457 ( 1015Hz  (Ans.)

eq \o((,N) bZzb avZecv‡Zi m‡e©v”P kw³m¤úbœ B‡jKUª‡bi kw³, Kmax =  eq \f(3.6 ( 10(19J,2) = 1.8 ( 10(19J

G‡¶‡Î, AvcwZZ wewKi‡Yi K¤úv¼ , ( = 4 ( 1015 Hz

Ges jvejyi avZzLÛwUi †¶‡Î m~Pb K¤úv¼ (o n‡j,

h( = h(o + Kmax
ev, h(o = h( ( Kmax
( (o =  eq \f(h( ( Kmax,h) =  eq \f(6.63 ( 10(34 ( 4 ( 1015 ( 1.8 ( 10(19, 6.63 ( 10(34 ) 

= 3.73 ( 1015 Hz

hv AvcwZZ wewKi‡Yi K¤úv¼ (4 ( 1015Hz) A‡c¶v Kg|

myZivs, jvejyi cix¶vq D³ avZzLÊ †_‡K B‡jKUªb wbM©Z nIqvi K_v| AZGe, Zvi gZvg‡Zi mv‡_ Avwg GKgZ bB| 
eq \o((((,cÖkœ(2) GKwU KvíwbK Pjgvb †Uª‡b GKwU e¯‘i fi 100 kg Ges ˆ`N©¨ wbðj ˆ`‡N©¨i 50% .
[ivRDK DËiv g‡Wj K‡jR, XvKv]
K.
Kvh© A‡c¶K Kx?
1

L.
AwbwðqZv bxwZ n‡Z †`LvI †h, wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i bv|
2

M.
KvíwbK †UªbwUi MwZ‡eM wbY©q Ki|
3

N.
†UªbwU †_‡g †M‡j e¯‘wUi f‡ii †Kvb cwieZ©b n‡e Kx? MvwYwZKfv‡e we‡k­lY Ki|
4

2 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv avZzL‡Ûi Ici b~¨bZg †h kw³i †dvUb AvcwZZ n‡j GwU n‡Z B‡jKUªb wbtm„Z nevi Dcµg nq Zv‡K H avZzL‡Ûi Kvh©‡c¶K e‡j| 

eq \o((,L) cigvYyi wbDwK¬qv‡mi e¨vmva© 10(14 m cÖvq| myZivs B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i Ave× _vK‡Z n‡j Gi Ae¯’v‡bi AwbðqZv Aek¨B 2 ( 10(14 m Gi AwaK n‡ebv|

GLb (x Ges (p h_vµ‡g Ae¯’vb I fi‡e‡Mi AwbðqZv n‡j,

(x (p Gi b~¨bZg gvb =  eq \f((,2) =  eq \f(h,4() 
GB mgxKiY Abyhvqx B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i _vK‡Z n‡j G‡K 23.9MeV kw³i AwaKvix n‡Z n‡e| wKš‘ cix¶vjä djvdj †_‡K †`Lvhvq †h, B‡jKUª‡bi kw³ 4 MeV Gi AwaK nq bv| myZivs wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i bv|

eq \o((,M) †`Iqv Av‡Q,

wbðj ˆ`N©¨ Lo n‡j MwZkxj ˆ`N©¨, L = Lo ( 50% =  eq \f(Lo,2) 
RvbvAv‡Q, k~b¨¯’v‡b Av‡jvi MwZ‡eM , c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, KvíwbK †UªbwUi MwZ‡eM, v = ?

AvgivRvwb, L = Lo  eq \r(1 ( \f(v2,c2))  ev,  eq 1 ( \f(v2,c2)  =  eq \b\bc(\f(L,Lo))2 
ev,  eq \f(v2, c2) = 1 (  eq \b\bc(\f(L,Lo))2 ev, v = c  eq \r(1(\b(\f(L,Lo)))2 
( v = 3 (108 ms(1 (   eq \r(1(\b(\f(\f(Lo,2), Lo))2) = 2.598 ( 108 ms(1 (Ans.)
eq \o((,N) DÏxcKg‡Z, e¯‘wUi Pjgvb fi, m = 100 kg

Ges ÔMÕ Askn‡Z, †Uª‡bi Z_v H e¯‘i MwZ‡eM,

v = 2. 598 ( 108 ms(3
( e¯‘wUi wbðj fi mo n‡j| m =  eq \f(mo, \r(1 ( \f(v2, c2)))   

( mo = m  eq \r(1 ( \f(v2,c2)) 

= 100 kg (  eq \r(1( \b(\f(2.598 ( 108, 3 ( 108)))2 

= 50 kg

†h‡nZz 50 kg ( 100 kg ev, mo ( m

A_©vr wbðj fi ( Pjgvb fi 

myZivs, †UªbwU †_‡g †M‡j e¯‘wUi f‡ii cwieZ©b NU‡e, n«vm cv‡e|

eq \o((((,cÖkœ(3) A Ges B `yBRb hgR fvB‡qi eqm hLb 25 yrs ZLb B b‡fvhv‡b P‡o 0.8c †e‡M gnvKvk åg‡Y †Mj| c„w_ex‡Z A A‡c¶v K‡i †`L‡jv B 50 yrs c‡i c„w_ex‡Z wd‡i Av‡m| (GLv‡b, Av‡jvi †eM c = 3 ( 108 ms(1,)
[wfKvi“bwbmv b~b ¯‹zj GÛ K‡jR, XvKv]
K.
AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡i wØZxq ¯^xKvh©wU wjL|
1

L.
†dvU‡bi KYv Zi½ ˆØZiƒc Av‡Q- e¨vL¨v Ki|
2

M.
DÏxcK n‡Z A Ges B Dfq fvB‡qi eZ©gvb eqm KZ?
3

N.
w¯’i ch©‡e¶K n‡j MwZkxj `‡Ûi ˆ`N©¨ m‡¼vPb nq| Dw³Uv AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡i Øviv( e¨vL¨v Ki|
4

3 bs cÖ‡kœi DËi

eq \o((,K) AvBb÷vB‡bi we‡kl Av‡cw¶K Z‡Ë¡i wØZxq ¯^xKvh©wU n‡jv- k~b¨¯’v‡bi ev evqy gva¨‡g Av‡jvi †eM aª“e Ges G †eM Av‡jvi Drm I ch©‡e¶‡Ki Av‡cw¶K †e‡Mi Ici wbf©ikxj bq| 

eq \o((,L) Av‡jv‡K †dvUb bvgK ¶z`ª AmsL¨ KYvi mgwóiƒ‡c we‡ePbv Kiv nq| e¨wZPvi, AceZ©b-mgeZ©b- G K‡qKwU Av‡jvKxq NUbv Zi½ ZË¡ Qvov e¨vL¨v Kiv hvq bv| Avevi d‡UvZwor wµqv, K¤úUb wµqv, igb wµqv- G¸‡jv †Kvqv›Uvg ZË¡ Qvov e¨vL¨v Kiv hvq bv, †h Z‡Ë¡ †dvUb‡K KYviƒ‡c we‡ePbv Kiv n‡q‡Q| GQvov wWeªMjx ZË¡ Abyhvqx, gnvwe‡k¦i mKj e¯‘ ev mË¡vi `yBwU iƒc i‡q‡Q KYv I Zi½| †cÖvUb, B‡jKUªb, wbDUªb-G mKj KYvi †hgb Zi½iƒc i‡q‡Q, wVK †Zgb †dvU‡bi I KYviƒc i‡q‡Q| GKvi‡Y ejv nq, †dvU‡bi KYv-Zi½ ˆØZiƒc Av‡Q| 

eq \o((,M) †`Iqv Av‡Q,

c„w_ex‡Z ev w¯’i KvVv‡gv‡Z AwZevwnZ mgq Kvj, t = 50 years 

k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
b‡fvhv‡bi †eM, v = 0.8c

†ei Ki‡Z n‡e, A I B e¨w³i eZ©gvb eqm = ?
b‡fvhv‡b AwZevwnZ mgqKvj to n‡j,

Avgiv Rvwb, t =  eq \f(to, \r(1 ( \f(v2,c2))) 
( to = t  eq \r(1( \f(v2,c2)) = 50 years  (  eq \r(1 ( \b(\f(0.8c,c)))2 

= 50 years ( 0.6


= 30 years 

( B (gnvk~b¨Pvix) Gi eZ©gvb eqm = 25 + 30 = 55 eQi

Ges A- Gi eZ©gvb eqm = 25 + 50 = 75 eQi|
eq \o((,N) aiv hvK, GKwU `Û GKwU MwZkxj KvVv‡gv S(- Gi X(- A¶ eivei w¯’i Ae¯’vq Ae¯’vb Ki‡Q|
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GB KvVv‡gv‡Z Ae¯’vbiZ GKRb ch©‡e¶K `ÛwUi `ycÖv‡š—i ¯’vbv¼ cwigvc K‡i wb‡jb x1( Ges x2(| AZGe Zvi wm×vš— n‡e †h `ÛwUi ˆ`N©¨, Lo = x2( ( x1(|

G¯’‡j Lo n‡jv †Kv‡bv cÖm½ KvVv‡gv‡Z w¯’i Ae¯’vq Ae¯’vbiZ `ÛwUi ˆ`N©¨| g‡b Kwi, `ÛwUi ˆ`N©¨ Aci GKwU cÖm½ KvVv‡gv S n‡Z wbY©q Kiv n‡jv hvi mv‡c‡¶ S( KvVv‡gv X A¶ eivei v †e‡M MwZkxj| aiv hvK, S KvVv‡gv‡Z ˆ`N©¨ = L;

S KvVv‡gv‡Z `‡Ûi `yÕcÖv‡š—i ¯’vbvsK x1 I x2 |

( L = x2 ( x1 

aiv hvK, x1 I x2 ¯’vbv¼Øq GKB mg‡q (t) cwigvc Kiv n‡jv|

j‡iÄ iƒcvš—‡ii cÖ_g mgxKiY x( =  eq \f(x ( vt, \r(1 ( \f(v2,c2))) 
n‡Z Avgiv cvB,

x1( =   eq \f(x1 ( vt, \r(1( \f(v2,c2))) 
Ges x2( =  eq \f(x2 ( vt, \r(1( \f(v2,c2))) 
myZivs, Lo = x2( ( x1(

=  eq \f(x2 ( x1, \r(1( \f(v2,c2))) =  eq \f(L, \r(1( \f(v2,c2))) 
( L = Lo  eq \r(1( \f(v2,c2)) 
(  eq \r(1( \f(v2,c2)) < 1

( Lo > L

myZivs, GKRb ch©‡e¶‡Ki mv‡c‡¶ MwZkxj GKwU e¯‘i ˆ`N©¨ GKB e¯‘i H ch©‡e¶‡Ki mv‡c‡¶ w¯’i Ae¯’vq ˆ`N©¨ A‡c¶v Kg g‡b nq| A_©vr, w¯’i ch©‡e¶K n‡j- MwZkxj `‡Ûi ˆ`N©¨ ms‡KvPb nq|
eq \o((((,cÖkœ(4) b‡fvPvix Avikvwfb 17-11-15 Zvwi‡L iIqvbv w`‡q gnvk~‡b¨ Av‡jvi †e‡Mi cÖvq KvQvKvwQ †e‡M ågY Ki‡jv| Zvi gnvk~b¨hv‡bi ˆ`N©¨ wQj 100m I fi wQj 2 ton| wKš‘ Avikvwfb Zvi Nwo Abyhvqx 18-11-15 Zvwi‡L c„w_ex‡Z wd‡i G‡m †`L‡jv c„w_ex‡Z 25-11-15 ZvwiL Pj‡Q|
[†iwm‡Wbwmqvj g‡Wj K‡jR, XvKv]
K.
f‡ii Av‡cw¶KZv Kx?
1

L.
AvBb÷vB‡bi ¯^xKvh© `ywU wee„Z Ki|
2

M.
Avikvwf‡bi gnvk~b¨hv‡bi †eM KZ wQj?
3

N.
Avikvwf‡bi gnvk~b¨hv‡bi ˆ`N©¨ I f‡ii wK ai‡bi cwieZ©b n‡qwQj? MvwYwZK we‡k­lY Ki|
4

4 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv e¯‘i †eM e„w×i mv‡_ mv‡_ Gi fi e„w× cvIqvi NUbvwU‡K f‡ii Av‡cw¶KZv e‡j| 

eq \o((,L) AvBb÷vB‡bi ¯^xKvh© `ywU n‡jv:

1.
ci¯ú‡ii mv‡c‡¶ ayªe‡e‡M avegvb mKj cÖm½ KvVv‡gv‡Z A_©vr Ro cÖm½ KvVv‡gv¸‡jv‡Z c`v_©weÁv‡bi †h †Kv‡bv m~Î GKB iKg mgxKiY Øviv cÖKvk Kiv hvq|

2.
k~b¨¯’v‡b ev evqy gva¨‡g Av‡jvi †eM aª“e Ges G †eM Av‡jvi Drm I ch©‡e¶‡Ki Av‡cw¶K †e‡Mi Ici wbf©ikxj nq| 

eq \o((,M) †`Iqv Av‡Q,

MwZkxj KvVv‡gv‡Z (gnvKvkhv‡b) iw¶Z Nwo‡Z mgq e¨eavb, to = 18/11/15–17/11/15 = 1 day

w¯’i KvVv‡gv‡Z (c„w_ex) iw¶Z Nwo‡Z mgq e¨eavb,

t = 25/11/15g- 17/11/15 = 8 day

RvbvAv‡Q, k~b¨hv‡b Av‡jvi `ª“wZ, c = 3 ( 108ms(1
†ei Ki‡Z n‡e, gnvk~b¨hv‡bi †eM, v = ?

Avgiv Rvwb, t =  eq \f(to, \r(1( \f(v2,c2)))  
ev,  eq \r(1( \f(v2,c2)) =  eq \f(to,t) 
ev, 1 -  eq \f(v2,c2) =  eq \b\bc(\f(to,t))2  
ev,  eq \f(v2,c2) = 1 (  eq \b\bc(\f(to,t))2 
ev, v2 = c2  eq \b\bc\{(1( \b(\f(to,t)) 2) 
( v = c  eq \r(1( \b(\f(to,t))2) = 3 ( 108 ms(1 (  eq \r(1( \b(\f(1 day, 8 day))2) 

= 2. 9765 ( 108 ms(1 (Ans.)

eq \o((,N) DÏxcKg‡Z,

gnvk~b¨hvbwUi wbðj ˆ`N©¨, Lo = 100 m

Ges wbðj fi, mo = 2 ton = 2000 kg

Rvbv Av‡Q, k~b¨hv‡b Av‡jvi †eM, c = 3 ( 108 ms(1
†h‡nZz gnvk~b¨hvbwUi †eM wQj, v = 2.9765 ( 108 ms(1
( gnvk~b¨hvbwUi Pjgvb ˆ`N©¨,  L = Lo  eq \r(1( \f(v2,c2)) 

= 100 m  eq \r(1( \b(\f(2.9765 ( 108 ms(1, 3 ( 108 ms(1))2) 

= 12.5m

( ˆ`‡N©¨i cwieZ©b N‡UwQj = Lo ( L


= 100m ( 12.5 m = 87.5m (n«vm)

Avevi, gnvk~b¨hvbwUi Pjgvb fi, m =  eq \f(mo, \r(1( \f(v2,c2))) 
= ( \b(\f(2.9765 ( 108 ms(1, 3 ( 108 ms(1))2)  eq \f(2000 kg, ) 
 = 16010kg = 16.01 ton

( fie„w× †c‡qwQj = m ( mo = 16.01 ton ( 2 ton = 14.01 ton

eq \o((((,cÖkœ(5) GKwU avZe cv‡Zi wbDwK¬qvm n‡Z 10(9m `~i‡Z¡ B‡jKUªb i‡q‡Q| H avZzwUi †¶‡Î d‡UvZwor wµqv ch©‡e¶‡Yi Rb¨ †Zvgv‡K wbe„wË wefe (Vs) ebvg K¤úv‡¼i (f) GKwU †jLwPÎ mieivn Kiv n‡jv Ges †j‡Li Xvj 4.12 (( 10(15 volt sec.
[bUi †Wg K‡jR, XvKv]

K.
Kvj `xN©vqb Kx?
1

L.
GKB MwZkw³m¤úbœ †cÖvUb I B‡jKUª‡bi g‡a¨ B‡jKUª‡bi wWÕeªMjx Zi½‰`N©¨ †ewk †Kb?
2

M.
DÏxc‡Ki B‡jKUª‡bi †e‡Mi AwbðqZv wbY©q Ki|
3

N.
DÏxc‡K ewY©Z Z_¨ w`‡q c­¨v‡¼i aª“eK ÔhÕ Gi gvb wKfv‡e wbY©q Kiv m¤¢eÑ MvwYwZKfv‡e †`LvI|
4

5 bs cÖ‡kœi DËi

eq \o((,K) †Kvb ch©‡e¶‡Ki mv‡c‡¶ MwZkxj Ae¯’vq msNwUZ `ywU NUbvi ga¨eZ©x Kvj e¨eavb H ch©‡e¶‡Ki mv‡c‡¶ wbðj Ae¯’vq msNwUZ H GKB NUbvØ‡qi Kvj e¨eav‡bi †P‡q †ewk nq; GB cÖfve‡K Kvj `xN©vqb e‡j|

eq \o((,L) g‡bKwi, †cÖvUb I B‡jKUª‡bi †eM h_vµ‡g v1 I v2 Ges G‡`i fi h_vµ‡g m1 I m2 ( m1 >> m2)

Zvn‡j G‡`i MwZkw³ h_vµ‡g, Ek1 =  eq \f(1,2) m1v12 Ges  

Ek2 =  eq \f(1,2) m2v22.

cÖkœg‡Z, Ek1 = Ek2 ev,  eq \f(1,2) m1v12 =  eq \f(1,2) m2v22.

ev,  eq \f(m1,m2) =  eq \b\bc(\f(v2,v1))2 
ev,  eq \f(v2,v1) = 1,m2)  eq \r()

Zvn‡j G‡`i fi‡e‡Mi AbycvZ =  eq \f(p1,p2) =  eq \f(m1v1, m2v2) = 2,m1)  eq \f(m1,m2) 

 eq \r()
= 1,m2)  eq \r()
>1  (( m2 >> m1)

ev, p1 > p2; A_©vr †cÖvU‡bi fi‡eM B‡jKUª‡bi fi‡e‡Mi Zzjbvq †ewk| Avevi wWeªMjx Zi½‰`N©¨, (d =  eq \f(h,p) ; G m~Îvbymv‡i B‡jKUª‡bi fi‡eM Kg nIqvq Gi wWªeMjx Zi½ †ewk|

eq \o((,M) cÖkœg‡Z, 

B‡jKUª‡bi Ae¯’v‡bi me©vwaK AwbðqZv, (x = 10(9m

GLb B‡jKUª‡bi fi‡e‡Mi AwbðqZv (p n‡j,

(x (p (   eq \f(h,2() 
ev, (p (  eq \f(h,2( (x) =  eq \f( 6.63 ( 10(34 J.S, 2 ( 3.1416 ( 10(9m) 
ev, m (v ( 1.0552 ( 10(25    [ (v = ‡e‡Mi AwbðqZv]

( (v (  eq \f( 1.0552 ( 10(25 kg ms(1, me) =  eq \f(1.0552 ( 10(25 kgms(1, 9.1 ( 10(31 kg) 

= 1.16 ( 105ms(1
myZivs DÏxc‡Ki B‡jKUª‡bi †e‡Mi AwbwðqZv b~¨bZg 

1.16 ( 105ms(1 
[image: image7.wmf]eq \o((,N) DÏxc‡Ki DcvË Abymv‡i wb‡æv³ †jL cvB,

wbe„wË wefe‡K B‡jKUª‡bi PvR© Øviv ¸Y Ki‡j d‡UvZwor wµqvq wb:m„Z B‡jKUª‡bi me©vwaK MwZkw³ cvIqv hvq|

†m‡¶‡Î Ic‡iv³ †jLwP‡Î Dj­¤^ A¶ Ges Xvj Dfq‡K e (B‡jKUª‡bi PvR©) Øviv ¸Y Ki‡Z n‡e| Ges cÖvß †jLwPÎ wbæiƒc:
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AvBb÷vB‡bi d‡Uv- Zwor wµqv m¤úwK©Z mgxKiY n‡jv ,h( = h(o + Tmax
ev, Tmax = h( – h(o
h(o  ivwkwU aª“egv‡bi nIqvq Ges Tmax I ( h_vµ‡g Aaxb PjK I ¯^vaxb PjK nIqvq  Tmax ebvg ( †jLwPÎ wbæiƒc: 
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Ic‡iv³ †jLwPÎØq g~jZ GKB| Zvn‡j G‡`i XvjI mgvb|

( c­vs‡Ki aª“eK, h = e ( 4.12 ( 10(15 volt. sec. C


= 1.6 ( 10(19 ( 4.12 ( 10(15 Jc(1 sec.C


= 6.592 ( 10(34 Js

G fv‡eB DÏxc‡K ewY©Z Z_¨ w`‡q c­vs‡Ki aª“eK ÔhÕ Gi gvb wbY©q Kiv m¤¢e|  

eq \o((((,cÖkœ(6) GKwU B‡jKUª‡bi cigvYy Af¨š—‡i Ae¯’v‡bi AwbðqZv 0.0100 nm.
[nwj µm K‡jR, XvKv]

K.
K¤úUb wµqv Kv‡K e‡j?
1

L.
nvB‡Rbev‡M©i AwbðqZv bxwZ ej‡Z Kx †evS?
2

M.
Ae¯’v‡bi GB AwbðqZvi Rb¨ B‡jKUª‡bi wW-eªMwj Zi½ ˆ`N©¨ KZ n‡e?
3

N.
Ae¯’v‡bi GB AwbðqZvi Rb¨ B‡jKUª‡bi MwZkw³ wbY©q m¤¢e wK? h_vh_fv‡e e¨vL¨v Ki|
4

6 bs cÖ‡kœi DËi

eq \o((,K) wew¶ß †dvU‡bi Zi½‰`N©¨ AvcwZZ †dvU‡bi Zi½‰`‡N©¨i †P‡q †ewk nIqv‡KB K¤úUb wµqv e‡j| 

eq \o((,L) nvB‡Rbev‡M©i AwbðqZv bxwZ n‡jvÑ †Kv‡bv KYvi Ae¯’vb I fi‡eM wbfz©jfv‡e hyMcr cwigvc Kiv hvq bv|

wb‡æv³ m¤úK© Øviv mxgve× wbf©yjZvmn G ivwk¸‡jvi gvb wbY©q Kiv †h‡Z cv‡iÑ

(x (p (  eq \f(1,p)   eq \f(h,2() 
ev, (x (p (  eq \f((,2)    eq \b\bc( ( ( = \f(h, 2())
GLv‡b (x Ges (p h_vµ‡g Ae¯’vb I fi‡eM wbY©‡q AwbðqZvi cwigvY| m¤úK©wU †_‡K †evSv hvq| e¯‘i Ae¯’vb h‡Zv †ewk wbf©yjfv‡e wbY©q Kiv hvq Zvi fi‡eM ZZ Kg wbf©yjfv‡e wbY©q Kiv hv‡e| Avevi, †ewk wbf©yjfv‡e fi‡eM wbY©q Ki‡Z n‡j Kg wbf©yjfv‡e Ae¯’vb wbY©q Ki‡Z n‡e|

eq \o((,M) †`Iqv Av‡Q,

B‡jKUª‡bi Ae¯’v‡bi AwbðqZv, (x = 0.0100 nm = 1 ( 10–11m

AwbðqZvi bxwZ Abymv‡i, (x (p (  eq \f(1,2) ( (
ev, (x (p (  eq \f(1,2)  (  eq \f(h,2()     eq \b\bc\[( ( ( = \f(h,2()) 
ev, (p (  eq \f(h, (x 4() 
=  eq \f(6.63 ( 10(34 J(s,1 ( 10(11 m ( 4 ( 3.1416) 
= 5.28 ( 10–24 kgms(1
GLv‡b, (p = mv = 5.28 ( 10(24 kgms(1

GLv‡b,

B‡jKUª‡bi wW-eªMwj Zi½ ˆ`N©¨, ( =  eq \f(h,(p) 

=  eq \f(6.63 ( 10(34 Js,  5.28(10(24 kgms(1)

= 1.255 ( 10(10 m

( Ae¯’v‡bi GB AwbðqZvi Rb¨ B‡jKUª‡bi wW- eªMwj Zi½ ˆ`N©¨ = 1.255 ( 10(10 m

eq \o((,N) †`Iqv Av‡Q,

B‡jKUª‡bi Ae¯’v‡bi AwbðqZv, (x = 0.0100 nm


= 1 ( 10(11m

AwbðqZvi bxwZ Abymv‡i, (x (p (  eq \f((,2) 
ev, (x (p (  eq \f(1,2) (  eq \f(h,2()
ev, (p (  eq \f(h,4( (x)
 (  eq \f(6.63 ( 10(34 Js, 4 ( 3.1416 ( 1 ( 10(11​m) = 5.28 ( 10–24 kg ms–1
GLv‡b,

(p = mv = 5.28 ( 10–24 kgms(1
ev, v =  eq \f(5.28 ( 10–24, 9.1 ( 10(31) ms(1

= 5.8 ( 106 ms(1
( B‡jKUª‡bi MwZkw³, Ek =  eq \f(1,2) mv2

=   eq \f(1,2) ( 9.1 ( 10(31 ( (5.8 ( 106)2


= 1.53 ( 10(17 J

A_©vr Ae¯’v‡bi GB AwbðqZvi Rb¨ B‡jKUª‡bi MwZkw³ wbY©q m¤¢e|

eq \o((((,cÖkœ(7) wb‡Pi wPÎvbymv‡i GKwU B‡jKUªb wPÎ (a) †cÖvUb wPÎ (b) wb‡P cwZZ n‡”Q| GLv‡b Dc‡ii †c­U †_‡K wb‡Pi †c­‡Ui `~iZ¡ 1.5 †mwg Ges Zwor †¶Î cÖvej¨ 2 ( 108 NC(1 (GLv‡b †cÖvU‡bi fi B‡jKUª‡bi f‡ii 1830 ¸Y)|
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[nwj µm K‡jR, XvKv]

K.
dvg©v‡Ui m~ÎwU †jL|
1

L.
WvqvPz¤^K c`v‡_©i †PŠ¤^K †gv‡g›U _v‡K wK? e¨vL¨v Ki|
2

M.
B‡jKUªb I †cÖvU‡bi Z¡iY wbY©q Ki|
3

N.
B‡jKUªb I †cÖvUb wK GKB mg‡q h_vµ‡g †b‡MwUf †c­U †_‡K c‡RwUf †c­‡U Ges c‡RwUf †c­U †_‡K †b‡MwUf †c­‡U G‡m †cuŠQv‡e? †Zvgvi DË‡ii h_v_©Zv h_vh_fv‡e e¨vL¨v Ki|
4

7 bs cÖ‡kœi DËi

eq \o((,K) †Kvb  Av‡jvKiwk¥ hLb cÖwZdjb ev cÖwZmi‡Yi m~Î †g‡b †Kvb mgZj c„‡ô cÖwZdwjZ ev cÖwZm„Z nq ZLb Zv me©`v ¶z`ªZg c_ AbymiY K‡i|

eq \o((,L) Wvqv †PŠ¤^K c`v‡_©i A¯’vqx †PŠ¤^K †gv‡g›U _v‡K| cÖwZwU N~Y©vqgvb B‡jKUª‡bi m‡½ GKwU K¶xq †PŠ¤^K †gv‡g›U i‡q‡Q| wKš‘ cigvYyi K¶mg~‡ni Ôw`K fw½Õ, wfbœ wfbœ nIqvi Kvi‡Y cigvYywUi K¶xq †Kv‡bv bxU †PŠ¤^K cÖfve †bB| B‡jKUªb mg~‡ni †PŠ¤^K cÖfve ci¯úi‡K G‡Kev‡i wejxb K‡i †`q| A_©vr, Wvqv‡PŠ¤^K c`v‡_©i †Kv‡bv ¯’vqx †PŠ¤^K †gv‡g›U _v‡K bv|

eq \o((,M) Avgiv Rvwb, E =  eq \f(F,q) 
wKš‘, F = ma

( E =  eq \f(ma,q) 
†h‡nZz †cÖvUb I B‡jKUª‡bi fi A‡bK Kg ZvB AwfKl© e‡ji gvb A‡bK Kg n‡e hv we‡ePbvq bv Avb‡jI G‡¶‡Î Pj‡e|

GLv‡b Zwor †¶‡Îi cÖvej¨, E = 2 ( 108 NC(1
B‡jKUª‡bi fi, me = 9.1 ( 10(31 kg.

†cÖvU‡bi fi, mp = 1.67 ( 10(27 kg. 

B‡jKUª‡bi Avavb, qe = ( 1.6 ( 10(19 C

†cÖvU‡bi Avavb, qp = 1.6 ( 10(19C

( B‡jKUª‡bi Z¡iY, ae =  eq \f(E ( qe,me) 

=  eq \f(2 ( 108 NC(1 ( 1.6 ( 10(19C, 9.1 ( 10(31 kg)

= 3.52 ( 1019 ms(2
( †cÖvU‡bi Z¡iY, ap =  eq \f(E ( qp,mp) 

=  eq \f(2 ( 108 NC(1 ( 1.6 ( 10(19C, 1.67 ( 10(27 kg) 

= 1.92 ( 1016 ms(2
eq \o((,N) (M) bs n‡Z cvB,

B‡jKUª‡bi Z¡iY, ae = 3.52 ( 1019ms(2  

†cÖvU‡bi Z¡iY, ap = 1.92 ( 1016 ms(2
†c­UØ‡qi ga¨eZ©x `~iZ¡, S = 1.5 cm = 0.015m

B‡jKUª‡bi Avw`‡eM, ue = 0 ms(1
†cÖvU‡bi Avw`‡eM, uP = 0 ms(1
B‡jKUª‡bi cZ‡bi mgq, te = ?
†cÖvU‡bi cZ‡bi mgq, tp = ?

Avgiv Rvwb, S = uete +  eq \f(1,2) ae t eq \a(2,e)  
ev, 0.015 = 0 ( te +  eq \f(1,2)  ( 3.52 ( 1019 ( t eq \a(2,e) 
ev, 2 ( 0.015 = 3.52 ( 1019 ( t eq \a(2,e) 
ev, t eq \a(2,e)  =  eq \f(2 ( 0.015, 3.52 ( 1019) 
ev, te = ( 0.015, 3.52 ( 1019)  eq \r() 

( te = 2 . 92 ( 10(11 s.

( †cÖvU‡bi cZ‡bi mgq tp n‡j,

Avgiv Rvwb,

S = up tp +  eq \f(1,2) ap tp2

ev, 0.015 m = 0 ( tp +  eq \f(1,2)  ( 1.92 ( 1016 ( t eq \a(2,p) 
ev, t eq \a(2,p) =  eq \f(0.015 ( 2, 1.92 ( 1016) 
ev, tp = ( 2, 1.92 ( 1016)  eq \r()

( tp = 1.25 ( 10(9 s.

A_©vr, B‡jKUª‡bi cZ‡bi Rb¨ †cÖvUb A‡c¶v Kg mgq jvM‡e|

eq \o((((,cÖkœ(8) 
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AvcwZZ †dvUb I wbM©Z †dvU‡bi g‡a¨ Zi½ ˆ`‡N©¨i cwieZ©b †`Lv †Mj| wb‡Pi cÖkœ¸‡jvi DËi `vI:
[D`qb D”P gva¨wgK we`¨vjq, XvKv]
K.
K¤úUb wµqv Kx?
1

L.
†Kvb B‡j±ªb wbDwK¬qv‡m _vK‡Z cv‡i bv – nvB‡mbev‡M©i AwbðqZvi m~‡Îi mvnv‡h¨ e¨vL¨v Ki|
2

M.
AvcwZZ I wbM©Z †dvU‡bi Zi½‰`‡N©¨i cv_©K¨ wbY©q Ki|
3

N.
DÏxc‡Ki †dvUbwU Av‡iv 2( Kg †Kv‡Y wew¶ß nq Z‡e †dvUbwUi kw³i cwieZ©b we‡k­lY Ki|
4

8 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv GKwU kw³kvjx †dvU‡bi mv‡_ gy³ B‡jKUª‡bi msNl© NU‡j †dvUbwU B‡jKUªb‡K wKQy kw³ cÖ`vb K‡i| G‡Z wew¶ß †dvU‡bi Zi½‰`N©¨ AvcwZZ †dvU‡bi Zi½‰`‡N©¨i †P‡q †ewk nIqvi NUbv‡K K¤úUb wµqv e‡j| 

eq \o((,L) cigvYyi wbDwK¬qv‡mi e¨vmva© 10(14 m cÖvq| myZivs B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i Ave× _vK‡Z n‡j Gi Ae¯’v‡bi AwbðqZv Aek¨B 2 ( 10(14 m Gi AwaK n‡ebv|

GLb (x Ges (p h_vµ‡g Ae¯’vb I fi‡e‡Mi AwbðqZv n‡j,

(x (p Gi b~¨bZg gvb =  eq \f((,2) =  eq \f(h,4() 
GB mgxKiY Abyhvqx B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i _vK‡Z n‡j G‡K 23.9MeV kw³i AwaKvix n‡Z n‡e| wKš‘ cix¶vjä djvdj †_‡K †`Lvhvq †h, B‡jKUª‡bi kw³ 4 MeV Gi AwaK nq bv| myZivs wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i bv|

eq \o((,M) †`Iqv Av‡Q,

AvcwZZ †dvU‡bi Zi½‰`N©¨, ( = 0.1Å = 0.1 ( 10(10m = 10(11m

we‡¶cb‡KvY, ( = 30(
Rvbv Av‡Q c­vs‡Ki aª“eK, h = 6.63 ( 10(34​J.s

k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108ms(1 

B‡jKUª‡bi fi, mo = 9.1 ( 10(31 kg

wbM©Z ev wew¶ß †dvU‡bi Zi½‰`N©¨ (( n‡j,

AvcwZZ I wbM©Z †dvU‡bi Zi½‰`‡N©¨i cv_©K¨ = ( ( ((

=  eq \f(h,moc) (1 ( cos()


=  eq \f(6.63 ( 10(34J.s, 9.1 ( 10(31 kg ( 3 ( 108 ms(1) (1 ( cos 30()


= 3.25 ( 10–13m (Ans.)

eq \o((,N) DÏxc‡Ki eY©bvbyhvqx wbM©Z ev wew¶ß †dvU‡bi Zi½‰`N©¨, (( 



= ( +  eq \f(h,moc)  (1 ( cos()


= 10(11m + 3.25 ( 10(13m = 1.0325 ( 10(11m

†dvUbwUi kw³i cwieZ©b, h( ( h(( =  eq \f(hc, () (  eq \f(hc, (() = hc  eq \b\bc(\f(1, () ( \f(1, (()) 
= 6.63 ( 10(34J.s ( 3 ( 108 ms(1 (  eq \b\bc(\f(1, 10(11m) ( \f(1, 1.0325 ( 10(11m)) 
= 6.26 ( 10–16J

DÏxc‡Ki †dvUbwU Av‡M 2( Kg †Kv‡Y wew¶ß n‡j, we‡¶cb †Kv‡Yi gvb n‡Zv, (( = 30( ( 2( = 28(
†m‡¶‡Î wew¶ß ev wbM©Z †dvU‡bi Zi½‰`N©¨ n‡Zv,

(( = ( +  eq \f(h, moc) (1 ( cos(()

= 10(11m +  eq \f(6.63 ( 10(34, 9.1(10(31 ( 3 ( 108) (1 ( cos28()

= 10(11 m + 2.843 ( 10(13m = 1.02843 ( 10(11m

( (( = 28( †Kv‡Y we‡¶c‡Yi `i“b †dvUbwUi kw³i cwieZ©b = h( ( h(( = hc  eq \b\bc(\f(1, () ( \f(1, (()) 
= 6.63 ( 10(34J.s ( 3 ( 108ms(1 (  eq \b\bc(\f(1, 10(11m) ( \f(1, 1.02843 ( 10(11m)) 
= 5.5 ( 10(16J

MvwYwZK we‡k­l‡Y †`Lv hv‡”Q †h, 30( †Kv‡Y we‡¶c‡bi `i“b †dvUbwU 6.26 ( 10(16J cwigvY kw³ nvivq Ges Gi †P‡q 2( Kg †Kv‡Y A_©vr 28( †Kv‡Y we‡¶c‡Yi `i“b †dvUbwU 5.5 ( 10(16J cwigvY kw³ nvivq| nviv‡bv GB `yB kw³i cwigv‡Yi cv_©K¨

= 6.26 ( 10(16J ( 5.5 ( 10(16J = 7.6(10(17J
eq \o((((,cÖkœ(9) 
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wP‡Î ÔPÕ I ÔQÕ avZzi †¶‡Î K¤úv¼ ebvg MwZkw³i †jLwPÎ †`Lv‡bv n‡q‡Q|
[K¨v›Ub‡g›U cvewjK ¯‹zj I K‡jR, †gv‡gbkvnx]
K.
j‡iÄ ej Kv‡K e‡j?
1

L.
d‡UvZwor wµqvq †Kv‡bv avZz †_‡K B‡jKUªb wb:miY nIqvi kZ© e¨vL¨v Ki|
2

M.
Q avZzi m~Pb K¤úvsK P avZzi Dci AvcwZZ Ki‡j 7.45 eV MwZ kw³i B‡jKUªb wbM©Z n‡j P Gi m~PK K¤úvsK KZ?
3
N.
hw` 8 ( 1015Hz K¤úvs‡Ki Av‡jv Dfq avZzi Dci AvcwZZ Kiv nq Zvn‡j G‡`i wbe„wË wef‡ei ZviZg¨ MvwYwZK fv‡e we‡k­lY Ki|
4

9 bs cÖ‡kœi DËi

eq \o((,K) †Kvb ¯’v‡b Zwor †¶Î I †PŠ¤^K †¶Î hyMcr we`¨gvb _vK‡j †mLv‡b GKwU MwZkxj PvR© †h jwä ej Abyfe K‡i Zv‡K j‡iÄ ej e‡j|

 eq \o((,F) = q eq \o((,E) + q eq \o((,V) ( eq \o((,B) . 
eq \o((,L) cÖwZwU  avZzi B‡jKUªb wbM©g‡bi †¶‡Î AvcwZZ Av‡jvK iwk¥i GKwU wbw`©ó b~¨bZg K¤úv¼ i‡q‡Q hvi bvg cÖvi¤¢ K¤úv¼| d‡UvZwor wµqvq †Kv‡bv avZz †_‡K B‡jKUªb wbtmiY n‡Z n‡j AvcwZZ Av‡jvK iwk¥i K¤úv¼ avZzi cÖvi¤¢ K¤úv¼ A‡c¶v †ewk n‡Z nq| 

eq \o((,M) †`qv Av‡Q,

Q avZzi m~Pb K¤úv¼, (o = 3 ( 1015 Hz

B‡jKUª‡bi MwZ kw³, EkP = 7.45eV


= 7.45 ( 1.6 ( 10–19J


= 1.192 ( 10(18J.

Avgiv Rvwb, 

EkP = h( ( h(o 

( (o = (h( ( EkP)/h =  eq \f(6.6 ( 10(34 ( 3 ( 1015 – 1.192 ( 10(18, 6.6 ( 10(34) 
( (o = 1.19 ( 1015 Hz (Ans.)
eq \o((,N) †`qv Av‡Q,


AvcwZZ Av‡jvK iwk¥i K¤úv¼, ( = 8 ( 1015 Hz


P avZzi m~Pb K¤úv¼, (oP = 1.19 ( 1015 Hz


Q avZzi m~Pb K¤úv¼, (oQ = 3 ( 1015Hz


c­v‡¼i aª“eK, h = 6.6 ( 10(34 m2kg/s.

Avgiv Rvwb,


P Gi †¶‡Î, EkP = h( ( h(oP

= h((( (oP)


= 6.6 ( 10(34(8 ( 1015(1.19 ( 1015)


= 4.49 ( 10(18J

( P avZzi wbe„wË wefe, Vp =  eq \f(4.49 ( 10(18, 1.6 ( 10(19) 

= 28.09V

Avevi, Q avZzi †¶‡Î, EkQ  = h( – h(oQ

= h(( – (oQ)


= 6.6 ( 10–34 (8 ( 1015 – 3 ( 1015)


= 3.3 ( 10–19J
Q avZzi wbe„wË wefe, VQ =  eq \f(3.3 ( 10(18,1.6 ( 10(19) 

= 20.625 V

(P avZz I Q avZzi wbe„wË wef‡ei cv_©K¨ 

= (28.09 ( 20.625) V = 7.465 V
eq \o((((,cÖkœ(10) Rwbi fi 55 †KwR Ges eqm 40 eQi| †m 2.4 ( 108ms(1 ‡e‡M MwZkxj gnvk~b¨hv‡b P‡o Qvqvc_ AbymÜv‡b †Mj| Zvi hgR fvB iwbi eqm hLb 80 eQi n‡jv ZLb †m c„w_ex‡Z wd‡i G‡jv|
[K¨v›Ub‡g›U cvewjK ¯‹zj I K‡jR, iscyi]
K.
f‡ii Av‡cw¶KZv Kv‡K e‡j?
1

L.
AeZj †j‡Ý MwVZ cÖwZwe¤^ c`©vq Drcbœ nq wK-bv- e¨vL¨v Ki|
2

M.
gnvk~b¨hv‡b Rwbi fi wbY©q Ki|
3

N.
DÏxc‡K `yÕfvB‡qi eZ©gvb eqm mgvb _vK‡e wK-bv- MvwYwZK we‡k­lYmn gZvgZ `vI|
4

10 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv e¯‘i MwZ‡eM e„w×i mv‡_ mv‡_ Gi fi e„w×i welqwU‡K f‡ii Av‡cw¶KZv e‡j| 

eq \o((,L) AeZj †jÝ Acmvwi ¶gZvm¤úbœ| A_©vr †ewkifvM †¶‡Î Av‡jvKiwk¥¸”Q AeZj †j‡Ý cÖwZmi‡Yi ci Acmvix¸‡”Q cwiYZ nq, A_©vr Av‡jvK iwk¥¸‡jv G‡K Aci n‡Z `~‡i m‡i hvq, d‡j Giv mvg‡b wM‡q wgwjZ nq bv, Z‡e AvcvZfv‡e iwk¥¸‡jv (Aev¯—e) †Kv‡bv we›`y n‡Z wb:m„Z n‡”Q e‡j g‡b nq| H we›`y‡Z Aev¯—e we¤^ MwVZ nq| Av‡jvK iwk¥¸‡”Qi cÖK…Z wgj‡bi d‡j GB we¤^ MwVZ nq bv, ZvB GB we¤^ c`©vq †djv hvq bv| Z‡e, AZ¨waK Awfmvix iwk¥¸”Q AeZj †j‡Ý cÖwZmi‡Yi ciI AwfmvixB †_‡K †h‡Z cv‡i (c~‡e©i Zzjbvq Kg Awfmvix)| GB Awfmvix¸”Q †Kv‡bv c`©vq †dvKv‡mi gva¨‡g †mLv‡b we¤^ MVb Ki‡Z cv‡i| 

eq \o((,M) †`Iqv Av‡Q,
Rwbi wbðj fi, mo = 55kg


gnvk~b¨hv‡bi †eM, v = 2.4 ( 108ms(1

k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e,
gnvk~b¨hv‡b Rwbi fi, m = ?

Avgiv Rvwb,

m =  eq \f(mo, \r(1(\f(v2,c2))) =  eq \f(55kg, \r(1( \b(\f(2.4(108ms(1, 3 ( 108ms(1)))2)  


= 91.67 kg (Ans.)

eq \o((,N) c„w_ex‡Z (A_©vr cÖm½ KvVv‡gv‡Z) AwZevwnZ mgqKvj, t = 80y ( 40y = 40 y

c„w_exi mv‡c‡¶ gnvk~b¨hv‡bi MwZ‡eM, v = 2.4 ( 108 ms(1
RvbvAv‡Q, k~b¨¯’v‡b Av‡jvi MwZ‡eM, c  = 3 ( 108 ms(1
gnvk~b¨hv‡b AwZevwnZ mgqKvj to n‡j,

t =  eq \f(to, \r(1(\f(v2,c2)))  

(to = t  eq \r(1( \f(v2,c2)) = 40y (  eq \r(1( \b(\f(2.4 ( 108ms(1, 3 ( 108ms(1))2) 

= 24 y 

( c„w_ex‡Z wd‡i Avmvi gyn~‡Z© Rwbi eqm = 40y + 24y = 64 y

Ges ZLb iwbi eqm 80y †h‡nZz 64y ( 80y 

myZivs, DÏxc‡K `yÕfvB‡qi eZ©gvb eqm mgvb _vK‡e bv|

eq \o((((,cÖkœ(11) 
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[Avb›` †gvnb K‡jR, gqgbwmsn]
K.
d‡Uv Zwor cÖevn Kx?
1

L.
nvB‡Wªv‡Rb cigvYyi fzwg Ae¯’vi kw³ †_‡K 1g D‡ËwRZ Ae¯’vi kw³ †ewk e¨vL¨v Ki|
2

M.
DÏxc‡Ki wbDwK¬qvmwU hw` D³ wbDUªb Øviv AvNvZcÖvß n‡q †f‡½ hvq Z‡e wbDUªbwUi Pjgvb fi wbY©q Ki|
3

N.
wbDUªbwU 0.82c ‡e‡M MwZcÖvß n‡j DÏxc‡K D‡j­wLZ wbDwK¬qvmwU‡K wK fvO‡Z cvi‡e? MvwYwZKfv‡e †Zvgvi DË‡ii ¯^c‡¶ hyw³ `vI|
4

11 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv avZz L‡Ûi Ici D”P K¤úbv‡¼i Zwo”Pz¤^Kxq wewKiY AvcwZZ n‡j Gi c„ô n‡Z B‡jKUªb wb:mi‡bi gva¨‡g Zwor cÖevn m„wó nIqvi NUbv‡K d‡Uv Zwor cÖevn e‡j| 

eq \o((,L) Avgiv Rvwb, nvB‡Wªv‡Rb cigvYyi f‚wg Ae¯’vq kw³, E1 = (13.6 ev

Ges n- Zg †evi K¶c‡_ B‡jKUª‡bi kw³, En =  eq \f(E1,n2) 
( 2q †evi K¶c‡_ B‡jKUª‡bi kw³ ev 1g D‡ËwRZ Ae¯’vq kw³,

E2 =  eq \f(E1,22) =  eq \f((13.6eV,4) = ( 3.4eV

msL¨vZZ¡ we‡ePbvq, ( 3.4eV > – 13.6eV

KviY ( 13.6eV Gi Zzjbvq ( 3.4eV Kg FYvÍK| myZivs nvB‡Wªv‡Rb cigvYyi f‚wg Ae¯’vi kw³ †_‡K 1g D‡ËwRZ Ae¯’vq kw³ †ewk| Z`ycwi g‡b ivL‡Z n‡e †h, †Kv‡bv Zwo”Pz¤^Kxq wewKiY ev †dvUb †kvl‡bi  gva¨‡gB GKwU B‡jKUªb f‚wg Ae¯’v †_‡K 1g D‡ËwRZ ( ev 2q K¶c‡_) Ae¯’vq Av‡m| 

eq \o((,M) cÖkœg‡Z,

wbDUªbwUi MwZkw³, Ek = wbDwK¬qvmwUi eÜbkw³-


= 650 MeV = 650 ( 106 ( 1.6 ( 10(19J

†`Iqv Av‡Q, wbDUªbwUi w¯’i fi, mo = 1.675 ( 10(27kg

Rvbv Av‡Q, k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, wbDUªbwUi Pjgvb fi, m = ?

AvgivRvwb, Ek = (m ( mo) c2
ev, m ( mo =  eq \f(Ek,c2) 
( m = mo +  eq \f(Ek,c2) = 1.675 ( 10(27kg +  eq \f(650 ( 106 ( 1.6 ( 10(19J, (3 ( 108ms(1)2) 

= 2.83 ( 10(27 kg (Ans.)

eq \o((,N) DÏxcKg‡Z,

wbDUªbwUi w¯’i fi, mo = 1.675 ( 10(27kg

cÖkœg‡Z, wbDUªbwUi MwZ‡eM, v = 0.82c 

†hLv‡b k~b¨¯’v‡b Av‡jvi MwZ‡eM, c = 3 ( 108 ms(1
v = 0.82c MwZ‡e‡M Pjš— Ae¯’vq wbDUª‡bi Av‡cw¶KZvev` wfwËK MwZkw³,

Ek = (m ( mo)c2 =  eq \b\bc(\f(mo, \r(1(\f(v2,c2))) (mo)c2 

= moc2  eq \b\bc(\f(1, \r(1(\f(v2,c2))) (1) 

= 1.675 ( 10(27 kg ( (3 ( 108ms(1)2 eq \b\bc\{(\f(1, \r(1( \b(\f(0.82c,c))2)) –1)

= 1.675 ( 10(27 kg ( 9 ( 1016 m2s(2 ( 0.74714


= 1.1263 ( 10(10J =  eq \f(1.1263 ( 10(10, 1.6 ( 10(19) eV


= 704 ( 106eV


= 704 MeV > 650 MeV (wbDwK¬qvmwUi eÜbkw³)

myZivs, wbDUªbwU 0.82c ‡e‡M MwZcÖvß n‡j DÏxc‡K D‡j­wLZ wbDwK¬qvmwU‡K fvO‡Z cvi‡e|
eq \o((((,cÖkœ(12) Zzwnb I iweb `yB eÜy Zv‡`i eqm h_vµ‡g 30 Ges 37 eQi| Zviv 35m ˆ`‡N©¨i GKwU gnvKvkhvb wb‡q 0.7c †e‡M gnvKvk åg‡Y †M‡jb| c„w_exi wn‡m‡e Zviv 22 eQi ci wd‡i G‡jb| c„w_ex‡Z gvby‡li m‡e©v”P Avqy 60 eQi|
[bUi †Wg K‡jR, gqgbwmsn]
K.
Av‡jvi AceZ©b Kx?
1

L.
MVbg~jK e¨wZPvi m„wói kZ© e¨vL¨v Ki|
2

M.
c„w_exi GKRb ch©‡e¶‡Ki Kv‡Q DÏxc‡Ki gnvKvkhvbwUi ˆ`N©¨ KZ g‡b n‡e?
3

N.
DÏxc‡Ki Zzwnb I iweb c„w_ex‡Z RxweZ bv g„Z Ae¯’vq wd‡i Avm‡e MvwYwZKfv‡e e¨vL¨v Ki|
4

12 bs cÖ‡kœi DËi

eq \o((,K) †Kvb cÖwZeÜ‡Ki avi †Nu‡l ev mi“ wP‡ii ga¨ w`‡q hvIqvi mgq R¨vwgwZK Qvqv AÂ‡ji g‡a¨ Av‡jvi †eu‡K hvIqvi NUbv‡K Av‡jvi AceZ©b e‡j| 

eq \o((,L) `ywU Zi½ hLb GKB `kvq wgwjZ nq ZLb jwä Zi‡½i we¯—vi Z_v cÖvej¨ me©vwaK nq d‡j D¾¡j †Wvivi m„wó nq I MVbg~jK e¨wZPvi N‡U|

c`©vi Dci †h mKj we›`y‡Z AvcwZZ Zi½Ø‡qi c_ cv_©K¨  eq \f((,2) Gi †Rvo ¸wYZK †m mKj we›`y‡Z MVbg~jK e¨wZPvi m„wó nq|

eq \o((,M) GLv‡b,


gnvKvkhv‡b Avw` ˆ`N©¨, Lo = 35 m


gnvKvkhv‡bi †eM, v = 0.7c


ch©‡e¶‡Ki Kv‡Q gnvKvkhv‡bi ˆ`N©¨, L = ?

Avgiv Rvwb,


L = Lo  eq \r(1( \f(v2,c2)) 
ev, 
L = 35 (  eq \r(1( \b(\f(0.7c,c)))2  
( 
L = 24.995m (Ans.)
eq \o((,N) GLv‡b,


Zzwn‡bi eqm = 30 eQi


iwe‡bi eqm = 37 eQi


c„w_ex‡Z gvby‡li m‡e©v”P Avqy = 60 eQi


gnvKvkhv‡bi †eM, v = 0.7c


c„w_exi wn‡m‡e e¨wqZ mgq t = 22 eQi|

awi, MwZkxj Ae¯’vq e¨wqZ mgq, = to 

Avgiv Rvwb,t =  eq \f(to, \r(1( \f(v2,c2))) 
ev, to = t  eq \r(1( \f(v2,c2)) 
ev, to = 22  eq \r(1( \f((0.7c)2,c2)) 
(to = 15.71 evQi

( wd‡i Avmvi ci Zzwn‡bi eqm = (30 + 15.71) eQi = 45.71 eQi < 60 eQi wd‡i Avmvi ci iwe‡bi eqm = (37 + 15.71) eQi = 52.71 eQi <60 eQi 

myZivs, Zzwnb I iweb c„w_ex‡Z RxweZ Ae¯’vq wd‡i Avm‡e|
eq \o((((,cÖkœ(13) bvRgy‡ji fi 60 kg Ges eqm 35 eQi| †m 2.4(108ms(1 ‡e‡M MwZkxj gnvk~b¨hv‡b P‡o Qvqvc_ AbymÜv‡b †Mj| Zvi hgR fvB Avwi‡di eqm hLb 70 eQi n‡jv ZLb †m c„w_ex‡Z wd‡i G‡jv|
[BwÄwbqvwis BDwbfviwmwU ¯‹zj GÛ K‡jR, XvKv]
K.
nvB‡Rb-ev‡M©i AwbðqZv ZË¡ wee„Z Ki|
1

L.
d‡Uv Zwor wµqv GKwU Zvr¶wYK NUbv e¨vL¨v Ki|
2

M.
gnvk~b¨hv‡b bvRgy‡ji kw³ KZ?
3

N.
DÏxc‡K `yB fvB‡qi eZ©gvb eqm mgvb _vK‡e wKbv, _vK‡j KZ cv_©K¨ n‡e? MvwYwZKfv‡e e¨vL¨v K‡i gZvgZ `vI|
4

13 bs cÖ‡kœi DËi

eq \o((,K) nvB‡Rbev‡M©i AwbðqZv ZË¡ Abymv‡i, †Kvb MwZkxj e¯‘KYvi Ae¯’vb Ges fi‡eM DfqB- hyMcrfv‡e mwVKfv‡e cwigvc Kiv m¤¢e bq| 

eq \o((,L) wPivwqZ c`v_©weÁvb Abymv‡i, d‡UvZwor cÖwµqvi gva¨‡g B‡jKUªb gy³ n‡Z K‡qK mßvn mgq jvMvi K_v| wKš‘ ev¯—‡e Zv wfbœ Ges Zvr¶wYK| KviY kw³i wewKiY ev †kvlY N‡U ¸”Q ¸”Q ev c¨v‡KU AvKv‡i| hv‡K †dvUb e‡j| †dvUb B‡jKUªb‡K AvNvZ Ki‡jB kw³ †kvwlZ nq Ges B‡jKUªb wb:m„Z nq| iwk¥i AvcZb I B‡jKUªb wb:miY GB `yB‡qi g‡a¨ †Kvb Kvj wej¤^ †bB, A_©vr, cÖwµqvwU Zvr¶wYK| 

eq \o((,M)  

	AvgivRvwb,

Pjgvb fi m n‡j,

m =  eq \f(mo, \r(1 ( \f(v2,c2))) 

=  eq \f(60 kg,\r(1 ( \f((2.4 ( 108ms(1)2, ( 3 ( 108ms(1)2))) 

= 100 kg
	GLv‡b,


bvRgy‡ji fi = A_©vr


wbðj fi, mo = 60 kg


eqm = 35 eQi


†eM, v = 2.4 ( 108ms(1

Av‡jvi †eM, c = 3 ( 108ms(1


 (gnvk~b¨hv‡b bvRgy‡ji MwZkw³, k = (m ( mo)c2

= (100kg ( 60kg) ( (3 ( 108ms(1)2

= 3.6 ( 1018 J

†gvU kw³, E = mc2

= 100kg ( (3 ( 108ms(1)2

= 9 ( 1018 J (Ans.)

eq \o((,N)  GLv‡b,


f‚c„ô n‡Z wbY©xZ mgq e¨eavb, t = (70 ( 35) years


= 35 years


Av‡jvi `ª“wZ, c = 3 ( 108ms(1

gnvk~b¨hv‡bi `ª“wZ, v = 2.4 ( 108ms(1

gnvk~b¨hv‡b bvRgy‡ji eqm, to = ?

Avgiv Rvwb,


t =  eq \f(to, \r(1 ( \f(v2,c2))) 
ev, 
to = t  eq \r(1( \f(v2,c2)) 

= (35years)  eq \r(1( \f((2.4 ( 108ms(1)2, (3 ( 108ms(1)2)) 

= 21 years
 ( bvRgy‡ji eqm n‡e = (35 years + 21 years)


= 56 years

(DÏxc‡Ki `yB fvB‡qi eqm mgvb n‡ebv| bvRgy‡ji hgR fvB‡qi eqm  70 years n‡jI bvRgy‡ji eqm 56 years n‡e|
eq \o((((,cÖkœ(14) f‚-c„‡ôi GKwU i‡K‡Ui ˆ`N©¨ 100m| GwU f‚-c„‡ôi †Kv‡bv w¯’i ch©‡e¶‡Ki mv‡c‡¶ 3(109 cms(1 ‡e‡M Pj‡Z ïi“ Kij|
[AvgW© cywjk e¨vUvwjqb cvewjK ¯‹zj GÛ K‡jR, e¸ov]
K.
Zwor wefe Kx?
1

L.
Zwor Av‡ek ej‡Z Kx eyS?
2

M.
f‚-c„‡ôi i‡KUwUi Pjgvb ˆ`N©¨ I wbðj Ae¯’vq ˆ`‡N©¨i cv_©K¨ wbY©q Ki|
3

N.
i‡KUwU KZ `ª“wZ‡Z Pj‡j Gi Pjgvb ˆ`N©¨ wbðj ˆ`‡N©¨i GK Z…Zxqvsk n‡e? MvwYwZKfv‡e we‡k­lY Ki|
4

14 bs cÖ‡kœi DËi

eq \o((,K) Amxg n‡Z GKK abvÍK Avavb‡K Zwor‡¶Î ev cwievnxi †Kvb we›`y‡Z Avb‡Z †h cwigvY KvR Ki‡Z nq Zv‡K H we›`yi Zwor wefe e‡j| 

eq \o((,L) †Kvb cwievnxi wbKU GKwU AvwnZ e¯‘‡K †i‡L AvwnZ e¯‘i cÖfv‡e cwievnKwU mvgwqKfv‡e AvwnZ Kivi c×wZ‡K Zwor Av‡ek e‡j|

GKwU ïK‡bv KvP`Û‡K †ikg w`‡q fvj K‡i N‡l abvÍKfv‡e AvwnZ Kiv nj| Gevi GKwU AbvwnZ cwievnK `Û‡K KvP`‡Ûi wbKU Avb‡j gy³ B‡jKUªb¸‡jv KvP`‡Ûi abvÍK Avav‡bi cv‡k P‡j hvq Ges Aci cÖv‡š— abvÍK Avav‡bi D™¢e nq| Gfv‡e AbvwnZ e¯‘wU KvP`‡Ûi cÖfv‡e AvwnZ nq| 

eq \o((,M) GLv‡b, 


w¯’i Ae¯’vq ˆ`N©¨, Lo = 100m

i‡K‡Ui †eM, v = 3(109 cms(1 


= 3 ( 107ms(1

Pjgvb ˆ`N©¨, L = ?


Av‡jvi †eM, c = 3 ( 108ms(1

Avgiv Rvwb,


L = Lo  eq \r(1( \f(v2,c2)) 

= 100 (  eq \r(1( \b(\f(3 ( 107,3 ( 108))2)  


= 100 (  eq \r(1 ( 0.01) 

= 99.498 m
( Pjgvb ˆ`N©¨ = 99.5 m

wbðj ev w¯’ive¯’vq ˆ`N©¨ = 100m

Pjgvb I wbðj ˆ`‡N©¨i cv_©K¨ = (100 ( 99.5)m


= 0.5 m  (Ans.)

eq \o((,N)  

	Avgiv Rvwb,

L = Lo  eq \r(1( \f(v2,c2)) 
ev,  eq \f(Lo,3) = Lo  eq \r(1( \f(v2,c2)) 
(  eq \f(1,3) =  eq \r(1( \f(v2,c2)) 
(  eq \f(v2,c2) = 1 (  eq \f(1,9) 
(  eq \f(v2,c2) =  eq \f(8,9) 
( v2 =  eq \f(8,9) ( ( 3 ( 108)2
( v = 2.82 ( 108ms(1
	GLv‡b,

wbðj ˆ`N©¨ = Lo (awi)

Pjgvb ˆ`N©¨, L =  eq \f(Lo,3) 
Av‡jvi †eM, c = 3 ( 108ms(1
i‡K‡Ui `yªwZ, v = ?




 A_©vr, i‡KUwU  2.82 ( 108ms(1 `ª“wZ‡Z Pj‡j Gi Pjgvb ˆ`N©¨ wbðj ˆ`‡N©¨i GK Z…Zxqvsk n‡e|

eq \o((((,cÖkœ(15) GKwU Kve©b LÛ †_‡K 10pm Zi½ ˆ`‡N©¨i X iwk¥ †Kvb j¶¨e¯‘‡Z AvNvZ nvbvq wew¶ß wewKiYwU AvcwZZ iwk¥i w`‡Ki mv‡_ 60( †Kv‡Y wew¶ß nq| [†cÖwm‡W›U cÖ‡dmi W. BqvRDwÏb Avn‡g` †iwm‡Wbwmqvj g‡Wj ¯‹zj GÛ K‡jR, gywÝMÄ]
K.
m~Pb K¤úv¼ Kx?
1

L.
wbDwK¬qv‡mi wfZ‡i B‡jKUªb _vK‡Z cv‡i bv †Kb? e¨vL¨v Ki|
2

M.
wew¶ß X iwk¥i m‡e©v”P Zi½ ˆ`N©¨ wbY©q Ki|
3

N.
wew¶ß B‡jKUª‡bi m‡e©v”P MwZkw³ wbY©q Ki|
4

15 bs cÖ‡kœi DËi

eq \o((,K) cÖ‡Z¨K avZzi †¶‡Î GKwU b~¨bZg K¤úv¼ Av‡Q hvi †P‡q Kg K¤úv¼ wewkó †Kv‡bv Av‡jv H avZz †_‡K B‡jKUªb wbM©Z Ki‡Z cv‡i bv| H b~¨bZg K¤úv¼‡K H avZzi m~Pb K¤úv¼ e‡j| 

eq \o((,L) cigvYyi wbDwK¬qv‡mi e¨vmva© 10(14 m cÖvq| myZivs B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i Ave× _vK‡Z n‡j Gi Ae¯’v‡bi AwbðqZv Aek¨B 2 ( 10(14 m Gi AwaK n‡ebv|

GLb (x Ges (p h_vµ‡g Ae¯’vb I fi‡e‡Mi AwbðqZv n‡j,

(x (p Gi b~¨bZg gvb =  eq \f((,2) =  eq \f(h,4() 
GB mgxKiY Abyhvqx B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i _vK‡Z n‡j G‡K 23.9MeV kw³i AwaKvix n‡Z n‡e| wKš‘ cix¶vjä djvdj †_‡K †`Lvhvq †h, B‡jKUª‡bi kw³ 4 MeV Gi AwaK nq bv| myZivs wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i bv|

eq \o((,M) GLv‡b,


AvcwZZ Zi½‰`N©¨, ( = 10pm
= 10(10(12m


m‡e©v”P K¤úv¼, (( = ?

we‡¶c‡Yi cwigvY, ( = 60(

wbðj fi, mo = 9.1 ( 10(31 kg

Av‡jvi †eM, c = 3 ( 108ms(1

c­v¼ aª“eK, h = 6.63 ( 10–34 J.s
Avgiv Rvwb,

wew¶ß iwk¥i m‡e©v”P Zi½‰`N©¨, (( = ( +  eq \f(h,moc) (1 ( cos()

= 10(10(12 +  eq \f(6.63 ( 10(34, 9.1(10(31(3 ( 108)  ( (1( cos60()

= 1.12(10–11m
( wew¶ß x- iwk¥i m‡e©v”P Zi½‰`N©¨ = 1.12(10(11m
eq \o((,N) GLv‡b,


AvcwZZ Zi½‰`N©¨, ( = 10(10–12m


m‡e©v”P Zi½‰`N©¨, (( = 1.12 ( 10(11m


c­v¼ aª“eK, h = 6.63 ( 10(34J.s


Av‡jvi †eM, c = 3 ( 108ms(1

m‡e©v”P MwZkw³, Ekmax = ?

B‡jKUª‡bi mv‡_ msN‡l©i c~‡e© I c‡i †dvU‡bi K¤úv¼ h_vµ‡g ( I (( n‡j,

msN‡l©i c~‡e© †dvU‡bi kw³, E = h( = h  eq \f(c, () 
Ges msN‡l©i ci †dvU‡bi kw³, E( = h eq \f(c,(() 
Avgiv Rvwb,


Ekmax  = E ( E( 

 
=  eq \f(hc, () (  eq \f(hc, (() 

= hc  eq \b\bc(\f(1, () ( \f(1, (()) 
= 6.63 ( 10(34 ( 3 ( 108 (  eq \b\bc(\f(1,10(10(12) ( \f(1, 1.12(10(11)) 
= 2.13(10(15 J
( B‡jKUª‡bi m‡e©v”P MwZkw³ = 2.13 ( 10(15 J  (Ans.)

eq \o((((,cÖkœ(16) GKwU B‡jKUª‡bi MwZkxj Ae¯’vi †gvU kw³ Zvi w¯’i Ae¯’vi kw³i wØ-¸Y| Ae‡k‡l MwZkxj B‡jKUªbwU aŸsm n‡q hvq| (w¯’i B‡jKUª‡bi fi = 9.1 ( 10(31kg)
[m„wó K‡jR Ae Uv½vBj]
K.
†Wvwcs Kx?
1

L.
Forward bias Ges Reverse bias Gi eZ©bx wPÎ AuvK|
2

M.
MwZkxj B‡jKUª‡bi †eM wbY©q Ki|
3

N.
DÏxc‡K D‡j­wLZ aŸsm cÖvß B‡jKUªbwU n‡Z wbM©Z kw³ MvwYwZK we‡k­l‡Yi gva¨‡g †ei Ki|
4

16 bs cÖ‡kœi DËi

eq \o((,K) weï× Aa© cwievnxi cwievnxZv e„w×i Rb¨ Gi mv‡_ ch©vq mviYxi Z…Zxq ev cÂg †kÖwYi †gŠj Lv` wn‡m‡e wgwkÖZ Kiv‡K †Wvwcs e‡j| 

eq \o((,L) 
[image: image6.png]Fowward bias





eq \o((,M) awi,


w¯’i B‡j±ª‡bi fi = mo

I MwZkxj B‡j±ª‡bi fi = m


MwZkxj B‡j±ª‡bi †eM, v = ?


Av‡jvi †eM, c = 3 ( 108ms(1
cÖkœg‡Z,

2moc2 = mc2
ev, 2mo = o, \r(1( \f(v2,c2)))  eq \f(mo, \r(1( \f(v2,c2))) 

 eq \b\bc\[((m = )  

ev, 2 =  eq \f(1, \r(1( \f(v2,c2))) 
ev, 1 (  eq \f(v2, (3 ( 108)2) =  eq \f(1,4) 
( v = 2.6 ( 108 ms(1  (Ans.)

eq \o((,N) GLv‡b,


B‡j±ª‡bi fi, m = 9.1 ( 10(31 kg


Av‡jvi †eM, c = 3 ( 108 ms(1

mg¯— B‡j±ªbwU aŸsmcÖvß n‡j,


wbM©Z kw³, E = mc2

= 9.1 ( 10(31 ( (3 ( 108)2

= 8.19 ( 10(14 J  

eq \o((((,cÖkœ(17) GKwU avZzi Dci 2500Å Zi½‰`‡N©¨i AwZ‡e¸Yx iwk¥ †djv n‡jv| d‡j avZz c„ô n‡Z B‡j±ªb wbM©Z n‡jv| avZzwUi m~Pb K¤úv¼ 5.55 ( 1014Hz|[K¨v›Ub‡g›U cvewjK ¯‹zj I K‡jR, cve©Zxcyi, w`bvRcyi]
K.
d‡UvZwor wµqv Kx?
1

L.
†Kv‡bv e¯‘‡K Av‡jvi †e‡Mi †P‡q †ewk †e‡M Pvjv‡bv m¤¢e bq- e¨vL¨v Ki|
2

M.
DÏxc‡K D‡j­wLZ avZz n‡Z wbM©Z B‡j±ª‡bi m‡e©v”P MwZ‡eM KZ n‡e?
3

N.
D³ avZzi Dci 6800Å Zi½‰`‡N©¨i Av‡jvK iwk¥ AvcwZZ n‡j B‡jKUªb wbM©Z n‡e Kx? MvwYwZK we‡k­l‡Yi gva¨‡g mZ¨Zv hvPvB Ki|
4

17 bs cÖ‡kœi DËi

eq \o((,K) h‡_vchy³ D”P K¤úv¼wewkó †Kvb Av‡jvK iwk¥ avZe c„‡ô AvcwZZ n‡j Zv †_‡K B‡j±ªb wbM©Z nIqvi NUbv‡KB d‡UvZwor wµqv e‡j| 

eq \o((,L) f‡ii Av‡cw¶KZv n‡Z Avgiv Rvwb †h,


m =  eq \f(mo, \r(1( \f(v2,c2))) 
GLv‡b, mo = w¯’i e¯‘i fi 


m = MwZkxj Ae¯’vq e¯‘i fi


c = Av‡jvi †eM


v = e¯‘i †eM

GLv‡b, v>c n‡j m Aev¯—e nq Ges v = c n‡j m = ( nq, hv Am¤¢e|

ZvB †Kvb e¯—z‡K Av‡jvi †e‡Mi †P‡q †ewk †e‡M Pvjv‡bv m¤¢e bq|

eq \o((,M) GLv‡b,


AvcwZZ Av‡jvi Zi½‰`N©¨, ( = 2500Å = 2500 ( 10(10m


avZzi m~Pb K¤úv¼, (o = 5.55 ( 1014Hz


B‡j±ª‡bi fi m = 9.11 ( 10(31 kg


c­v‡¼i aª“eK h = 6.63 ( 10(34 Js


wbM©Z B‡j±ª‡bi m‡e©v”P †eM vmax = ?

Avgiv Rvwb,


h( = h(o +  eq \f(1,2) mv2max
ev, 
 eq \f(1,2) mv2max =  eq \f(hc, () ( h(o
ev, 
 eq \f(1,2) ( 9.11 ( 10(31 ( v2max =  eq \f(6.63 ( 10(34 ( 3 ( 108, 2500 ( 10(10) ( 6.63 

( 10(34 ( 5.55 ( 1014
( 
vmax = 9.69 ( 105 ms(1     (Ans.)

eq \o((,N) GLv‡b,

avZzi m~Pb K¤úv¼, (o = 5.55 ( 1014 Hz

c­v‡½i aª“eK, h = 6.63 ( 10(34 J.s

AvcwZZ Av‡jvi Zi½‰`N©¨, ( = 6800Å = 6800 ( 10(10m

Av‡jvi †eM, c = 3 (108 ms(1
( avZzi Kvh©A‡c¶K, ( = h(o

= (5.55 ( 1014( 6.63 ( 10(34) J


= 3.68 ( 10(19 J

AvcwZZ Av‡jvi kw³ E = h(

=  eq \f(hc, () 

=  eq \f(6.63 ( 10(34 ( 3 ( 108, 6800 ( 10(10) 

= 2.93 ( 10(19J


( E<Q

myZivs †Kvb B‡j±ªb wbM©Z n‡e bv|

eq \o((((,cÖkœ(18) GKwU †Uªb †Kvb †QvU †ók‡bi c­vUdg© AwZµg K‡i hvw”Qj| Pjgvb Ae¯’vq †Uª‡bi fi Zvi wbðj Ae¯’vi f‡ii wZb ¸Y n‡jv| c­vUd‡g© `vov‡bv hvÎx Pjgvb †Uª‡bi ˆ`N©¨ gv‡c 200m hv c­vUd‡g©i ˆ`‡N©¨i mgvb|
[VvKziMuvI miKvwi K‡jR, VvKziMuvI]
K.
Kvj `xN©vqb Kx?
1

L.
Aweï× Aa© cwievnxi cÖ‡qvRbxqZv Kx?
2

M.
MwZkxj Ae¯’vq †Uª‡bi †eM KZ wQj Zv wbY©q Ki|
3

N.
†Uª‡bi †Kvb hvÎxi wbKU c­vUd‡g©i ˆ`N©¨ †ekx bv Kg g‡b n‡e MvwYwZK fv‡e hvPvB Ki|
4

18 bs cÖ‡kœi DËi

eq \o((,K) †Kvb ch©‡e¶‡Ki mv‡c‡¶ MwZkxj Ae¯’vq msNwUZ `ywU NUbvi ga¨eZ©x Kvj e¨eavb H ch©‡e¶‡Ki mv‡c‡¶ wbðj Ae¯’vq msNwUZ H GKB NUbvØ‡qi Kvj e¨eav‡bi †P‡q †ewk nq; GB cÖfve‡K Kvj `xN©vqb e‡j| 

eq \o((,L) weï× Aa©cwievnx K¶ ZvcgvÎvq Aš—i‡Ki gZ KvR K‡i| Gi cwievwnZv e„w×i Rb¨ Gi mv‡_ ch©vq mviYxi Z…Zxq ev cÂg MÖ“‡ci †gŠj wgwkÖZ K‡i G‡K Aweï× Aa©cwievnx‡Z cwiYZ Kiv nq| AwaK cwievwnZv cvIqvi Rb¨ Aweï× Aa©cwievnx cÖ‡qvRb nq|

eq \o((,M) GLv‡b, †Uª‡bi wbðj fi, mo = m( (awi)

( Pjgvb Ae¯’vq †Uª‡bi fi, m = 3m(
Av‡jvi †eM, c = 3 ( 108ms(1
MwZkxj †Uª‡bi †eM, v = ?

Avgiv Rvwb, m =  eq \f(mo, \r(1( \f(v2,c2))) 

ev, 3m( =  eq \f(m(, \r(1( \f(v2,c2))) 

ev,  eq \r(1( \f(v2,c2)) =  eq \f(1,3) 

ev, 1 (  eq \f(v2,(3 ( 108)2)  =  eq \f(1,9) 

ev,  eq \f(v2,(3 ( 108)2) = 1 (  eq \f(1,9) 

ev, v = 2.83 ( 108ms(1    (Ans.)

eq \o((,N) GLv‡b,

†Uª‡bi †eM, v = 2.83 ( 108ms(1
Av‡jvi †eM, c = 3 ( 108 ms(1
c­vUd‡g©i w¯’i Ae¯’vq ˆ`N©¨, Lo = 200m

MwZkxj Ae¯’vq hvÎxi wbKU c­vUd‡g©i ˆ`N©¨, L = ?

Avgiv Rvwb, L = Lo  eq \r(1( \f(v2,c2)) 
ev, L = 200  eq \r(1 ( \b(\f(2.83 ( 108,3 ( 108))2) 
ev, L = 66.37m <Lo
myZivs, †Uª‡bi †Kvb hvÎxi wbKU c­vUd‡g©i ˆ`N©¨ Kg g‡b n‡e| 

eq \o((((,cÖkœ(19) Rb Gd †K‡bwW i‡KU †÷kb †_‡K v ‡e‡M MwZkxj GKwU i‡KU‡K f‚c„ô †_‡K Zvi cÖK…Z ˆ`‡N©¨i `yB-Z…Zxqvsk e‡j g‡b n‡jv|
[nvwg`cyi Avj †niv K‡jR, h‡kvi]
K.
G·-†i Kx?
1

L.
E = mc2 mgxKiYwU e¨vL¨v Ki|
2

M.
i‡KUwUi †eM †ei Ki|
3

N.
i‡KUwUi Av‡jvi †e‡M MwZkxj nIqv m¤¢e wK-bv-†Zvgvi gZvgZ MvwYwZK hyw³ mnKv‡i Dc¯’vcb Ki|
4

19 bs cÖ‡kœi DËi

eq \o((,K) D”P MwZm¤úbœ B‡j±ªb †Kvb avZzi LÛ‡K AvNvZ Ki‡j Zv †_‡K †h D”P †f`b ¶gZv m¤úbœ wewKiY Drcbœ nq Zv‡K G·‡i e‡j|

eq \o((,L) E = mc2 mgxKiYwU fi kw³ m¤úK© cÖKvk K‡i|

GLv‡b,
E = kw³


m = e¯‘i fi


c = Av‡jvi `ª“wZ|

hw` m fi‡K kw³‡Z iƒcvš—wiZ Kiv nq Zvn‡j Zv †_‡K mc2 cwigvY kw³ cvIqv hvq| 

eq \o((,M) awi,
i‡K‡Ui cÖK…Z ˆ`N©¨, Lo = lm


( MwZkxj Ae¯’vq i‡K‡Ui ˆ`N©¨, L =  eq \f(2,3) lm


Av‡jvi †eM, c = 3 ( 108ms(1 

i‡K‡Ui †eM, v = ?

Avgiv Rvwb, L = Lo eq \r(1( \f(v2,c2)) 

ev  eq \f(2,3) l = l  eq \r(1( \f(v2,c2)) 

ev,  eq \f(4,9) = 1 (  eq \f(v2,c2) 

ev,  eq \f(v2, (3 ( 108)2) =  eq \f(1 ( 4,9) 

( v = 2.24 ( 108 ms(1  (Ans.)

eq \o((,N) g‡bKwi, 
i‡K‡Ui cÖK…Z ˆ`N©¨ = Lo

i‡K‡Ui MwZkxj Ae¯’vq ˆ`N©¨ = L


i‡KUwU Av‡jvi †e‡M MwZkxj n‡j, 

i‡K‡Ui †eM, v = Av‡jvi †eM = c

Avgiv Rvwb,


L = Lo  eq \r(1( \f(v2,c2)) 
ev, 
L = Lo eq \r(1( \f(c2,c2))  [(v= c]

ev, 
L = Lo ( 0

( 
L = 0, hv Am¤¢e|

myZivs, i‡KUwU Av‡jvi †e‡M MwZkxj nIqv m¤¢e bq|

eq \o((((,cÖkœ(20) GKwU cvigvYweK fvOb cÖwµqvq 236 amu f‡ii cigvYy †f‡½ 233 amu f‡ii cigvYymg~n cvIqv †Mj| G‡`i GKwU KwYKvi wbðj fi 2.5 ( 10(27 kg Ges KwYKvwU 0.9c ‡e‡M MwZkxj Av‡Q|
[Avãyj Kvw`i †gvj­v wmwU K‡jR, biwms`x]

K.
Av‡jvK Zwor wµqv Kv‡K e‡j?
1

L.
ÔcigvYy‡Z Ave× B‡jKUª‡bi †gvU kw³ me©`v FYvÍK nqÕ- e¨vL¨v Ki|
2

M.
Aewkó f‡ii mgZzj¨ kw³ MeV GK‡K wbY©q Ki|
3

N.
Ô DÏxc‡Ki KwYKvi MwZkxj kw³ wbðj kw³i wØ¸‡Yi †ewkÕ- K_vwUi h_v_©Zv MvwYwZKfv‡e e¨vL¨v Ki|
4

20 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv †Kv‡bv avZzc„‡ôi Ici D”P K¤úvs‡Ki Zwo”Pz¤^Kxq wewKiY AvcwZZ n‡j avZzc„ô n‡Z B‡jKUªb wb:m„Z nIqvi NUbv‡K Av‡jvK Zworwµqv e‡j|

eq \o((,L) B‡jKUª‡bi fi m, k~b¨¯’v‡bi Zwor †f`b‡hvM¨Zv (o, B‡jKUª‡bi PvR© e, c­vs‡Ki aª“eK h n‡j n Zg K¶c‡_ B‡jKUª‡bi MwZkw³, Ek =  eq \f(me4, 8 n2h2(o2) ; Ges wefe kw³, Ep = –  eq \f(me4,4n2h2(o2)  myZivs n Zg K¶c‡_ B‡jKUª‡bi †gvU kw³, ET = EK + EP

=  eq \f(me4, 8n2h2(o2) (  eq \f(me4, 4n2h2(o2) 

= (  eq \f(me4, 8n2h2(o2) 
n, h, (o, m, e mKj ivwki gvb abvÍK nIqvq ¯úóZ, D³ †gvU kw³ ET FYvÍK| Gfv‡e cigvYy‡Z Ave× B‡jKUª‡bi †gvU kw³ me©`v FYvÍK nIqvi Zvrch© n‡jv D³ B‡jKUªb Aegy³ Ki‡Z evB‡i †_‡K kw³ LiP Ki‡Z nq|
eq \o((,M) DÏxcK g‡Z Aewkó fi, (m = 236 amu ( 233 amu 

= 3 amu = 3 ( 1.66057 ( 10(27 kg

RvbvAv‡Q, k~b¨¯’v‡b Av‡jvi MwZ‡eM, c = 3 ( 108 ms(1
(Aewkó f‡ii mgZzj¨ kw³, E = ((m)c2
= 3 ( 1.66057 ( 10(27 kg ( (3 ( 108 ms(1)2

= 4.48354 ( 10(10 J

=  eq \f(4.48354 ( 10(10, 1.6 ( 10(19) eV

= 2.8022 ( 109 eV

= 2 802.2 ( 106 eV

= 2802.2 MeV (Ans.) 
eq \o((,N) DÏxc‡Ki KYvwUi wbðj fi, mo = 2.5 ( 10(27 kg

Ges †eM, v = 0.9 c

( KYvwUi wbðj kw³, Eo = moc2
= 2.5 ( 10(27 kg ( (3 ( 108 ms(1)2 = 2.25 ( 10(10 J

Ges MwZkxj kw³, E = mc2=  eq \f(mo, \r(1 ( \f(v2,c2))) c2

=  eq \f( 2.5 ( 10(27 kg, \r( 1 ( \b(\f(0.9c,c))2))( (3 ( 108 ms(1)2


= 5. 162 ( 10(10 J

GLv‡b,  eq \f(E,Eo) =  eq \f(5.162 ( 10(10 J, 2.25 ( 10(10 J) = 2.294

myZivs, DÏxc‡Ki KYvwUi MwZkxj kw³ wbðj kw³i wØ¸‡Yi †ewk|

eq \o((((,cÖkœ(21) GKwU e¯‘KYvi wbðj fi 15 a.m.u| KYvwU‡K 0.866c †e‡M MwZkxj Kiv n‡jv|
[Gg. wm. K‡jR, wm‡jU]

K.
Av‡jvK Zwor wµqv Kv‡K e‡j?
1

L.
†Kvb e¯‘i †eM Av‡jvi †e‡Mi mgvb n‡Z cv‡i bv †KbÑ e¨vL¨v Ki|
2

M.
DÏxc‡Ki KYvwUi wbðj f‡ii mgZzj¨ kw³ MeV GK‡K wbY©q Ki|
3

N.
DÏxcK Abymv‡i e¯‘KYvwU MwZkxj n‡j Pjgvb fi wbðj f‡ii wØ¸Y n‡eÑ MvwYwZKfv‡e we‡k­lY Ki|
4

21 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv †Kv‡bv avZzi Ici D”P K¤úv‡¼i Zwo”Pz¤^Kxq wewKiY AvcwZZ n‡j avZzc„ô n‡Z gy³ B‡jKUªb wb:m„Z nIqvi NUbv‡K Av‡jvK Zwor wµqv e‡j| 

eq \o((,L) †Kv‡bv e¯‘i wbðj fi mo n‡j f‡ii Av‡cw¶KZvi m~Î n‡Z

Avgiv Rvwb, e¯‘wU v †e‡M MwZkxj _vK‡j Gi MwZkxj fi,

m =  eq \f(mo, \r(1 ( \f(v2,c2))); GLv‡b c n‡jv k~b¨¯’v‡b Av‡jvi `ª“wZ|

e¯‘wUi Av‡jvi †e‡M (v = c) MwZkxj n‡j, Gi MwZkxj Ae¯’vq fi|

m =  eq \f(mo, \r(1 ( \f(v2,c2))) =  eq \f(mo, \r(1 ( 1)) =  eq \f(mo, \r(o)) = ( (Amxg)

wKš‘ gnvwe‡k¦i Amxg fim¤úbœ †Kv‡bv e¯‘ _vK‡j Zv Gi cÖej gv‡bi gnvKl© Øviv me wKQy‡K wb‡Ri Kv‡Q †U‡b wb‡Zv| myZivs, gnvwe‡k¦ Amxg f‡ii †Kv‡bv e¯‘ †bB Ges KL‡bv wQjbv A_©vr gnvwe‡k¦i †Kv‡bv e¯‘B eZ©gv‡b Av‡jvi †e‡M Pj‡Q bv| Ges AZx‡ZI KL‡bv P‡jwb| Ab¨K_vq, †Kv‡bv e¯‘i †eM Av‡jvi †e‡Mi mgvb n‡Z cv‡i bv| 

eq \o((,M) †`Iqv Av‡Q,

DÏxc‡Ki KYvwUi wbðj fi, mo = 15 amu


= 15 ( 1.66057 ( 10(27 kg

Rvbv Av‡Q, k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, KYvwUi wbðj f‡ii mgZzj¨ kw³, (MeV GK‡K), 


E = ?

AvBb÷vB‡bi fi- kw³ mgxKiY n‡Z Avgiv Rvwb, E = mc2
G‡¶‡Î, D³ m~‡Îi iƒc, E = moc2
= 15 ( 1.66057 ( 10(27 kg ( (3 ( 108 ms(1)2
= 2.24 ( 10(9 J =  eq \f(2.24 ( 10(9, 1.6 ( 10(19) eV

= 1.4 ( 1010 eV

= 1.4 ( 104 ( 106 eV = 14000 MeV (Ans.) 
eq \o((,N) DÏxcKg‡Z,

KYvwUi wbðj fi, mo = 15 amu

KYvwUi MwZ‡eM, v = 0.866c

†hLv‡b c n‡jv k~b¨¯’v‡b Av‡jvi MwZ‡eM,

KYvwUi MwZkxj fi, m =  eq \f(mo, \r(1 ( \f(v2,c2))) 
=  eq \f(mo, \r(1 ( \b(\f(0.866c,c))2)) =  eq \f(mo, \r(1 ( 0.75)) =  eq \f( mo, \r(0.25)) = 2mo
myZivs, DÏxcK Abymv‡i e¯‘KYvwU MwZkxj n‡j Pjgvb fi wbðj f‡ii wØ¸Y n‡e|

eq \o((((,cÖkœ(22) 56 kg f‡ii GKRb gnvk~b¨Pvix 32 eQi eq‡m 2.2 ( 108ms(1 †e‡M MwZkxj gnvk~b¨hv‡b P‡o 1m ˆ`‡N©¨i GKwU †Uwj‡¯‹vc hš¿ wb‡q Qvqvc_ AbymÜv‡b †M‡jb|
[XvKv wmwU K‡jR]

K.
K¤úUb wµqv Kx?
1

L.
M¨vwjwjI iƒcvš—i mgxKi‡Yi e¨_©Zv e¨vL¨v Ki|
2

M.
DÏxc‡K †Uwj‡¯‹vcwUi ˆ`N©¨ c„w_exi †Kvb `k©‡Ki Kv‡Q KZ n‡e?
3

N.
gnvk~b¨Pvixi fi c„w_exi †Kvb `k©‡Ki Kv‡Q KZ n‡e Ges wZwb 20 eQi ci c„w_ex‡Z wd‡i G‡j Zvi eqm Zvi hgR fvB‡qi mgvb n‡e Kx? MvwYwZKfv‡e we‡k­lY Ki|
4

22 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv B‡jKUª‡bi mv‡_ †Kv‡bv †dvU‡bi msNl© n‡j †dvU‡bi Zi½‰`N©¨ e„w× cvIqvi NUbv‡K K¤úUb wµqv e‡j| 

eq \o((,L) M¨vwjwjI iƒcvš—i Abymv‡i, k~b¨ ¯’v‡b Av‡jvi †eM ch©‡e¶K I ch©‡e¶‡Yi ga¨Kvi Av‡cw¶K †e‡Mi Ici wbf©i K‡i| A_P, AvBb÷vB‡bi Av‡cw¶KZvi ZË¡vbymv‡i, Giƒc wbf©ikxjZvi Aw¯—Z¡ †bB| AvR ch©š— meKqwU ˆeÁvwbK cix¶‡Y AvBb÷vB‡bi Av‡cw¶KZv ZË¡ mZ¨ e‡j cÖgvwYZ n‡q‡Q, myZivs M¨vwjwjI iƒcvš—i mwVK bq| 

eq \o((,M) †`Iqv Av‡Q,

†Uwj‡¯‹vc h‡š¿i wbðj ˆ`N©¨, Lo = 1m

gnvk~b¨hv‡bi †eM, v = 2.2 ( 108 ms(1
Rvbv Av‡Q, k~b¨¯’v‡bi Av‡jvi †eM, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, †Uwj‡¯‹vcwUi Pjgvb ˆ`N©¨, L = ?

Avgiv Rvwb,

L = Lo  eq \r( 1 ( \f(v2,c2))  


= 1m (  eq \r(1 ( \b(\f( 2.2 ( 108 ms(1, 3 ( 108 ms(1)))2 

=  0.68 m (Ans.)

eq \o((,N) DÏxcKg‡Z, 

gnvk~b¨Pvixi w¯’i fi, mo = 56 kg

gnvk~b¨hv‡bi †eM, v = 2.2 ( 108 ms(1 

Rvbv Av‡Q, k~b¨ ¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
( c„w_exi †Kv‡bv `k©‡Ki Kv‡Q gvnk~b¨Pvixi AvcvZ fi,

m =  eq \f( mo, \r(1 ( \f(v2,c2))) =  eq \f( 56 kg, \r( 1 ( \b(\f(2.2 ( 108 ms(1, 3 ( 108 ms(1)))2) = 82.4 kg

c„w_ex‡Z AwZevwnZ mgqKvj, t = 20 y

gnvk~b¨hv‡b AwZevwnZ mgqKvj, to = t  eq \r( 1 ( \f(v2,c2)) 
= 20y (  eq \r(1 ( \b(\f( 2.2 ( 108 ms(1, 3 ( 108 ms(1)))2 = 13.6 y

c„w_ex‡Z wd‡i G‡j gnvk~b¨Pvixi eqm n‡e = 32 y + 13.6 y



= 45.6 y

Ges Zvi RgR fvB‡qi eqm n‡e = 32 y + 20 y = 52 y

‡h‡nZz 45.6y ( 52 y

myZivs, c„w_ex‡Z wd‡i Avmvi ci Zvi eqm I Zvi RgR fvB‡qi mgvb n‡ebv|

eq \o((((,cÖkœ(23) j¨ve‡iUix‡Z G·-†i h‡š¿ 40 kV wefe cv_©K¨ cÖ‡qvM Kivq GKwU B‡jKUªb A¨v‡bv‡Wi avZe cv‡Z AvNvZ K‡i| d‡j 
2 ( 10(10m Zi½‰`‡N©¨i G·-†i wbM©Z nq Ges cÖPzi Zvc Drcbœ nq|
[MvRxcyi K¨v›Ub‡g›U K‡jR]

K.
Kvj `xN©vqb wK?
1

L.
wW-eªMjxi Zi½‰`‡N©¨i mgxKiY †`LvI|
2

M.
DÏxc‡Ki NUbvq Drcbœ Zvckw³i cwigvY wbY©q Ki|
3

N.
DÏxc‡K B‡jKUªbwUi mg¯— kw³ G·-†i Drcbœ Ki‡j †mB iwk¥i Zi½‰`N©¨ wKiƒc n‡eÑ MvwYwZKfv‡e gZvgZ `vI|
4

23 bs cÖ‡kœi DËi

eq \o((,K) aª“e‡e‡M MwZkxj KvVv‡gv‡Z cwigvcK…Z mgq e¨eav‡bi Zzjbvq w¯’i KvVv‡gv‡Z cwigvcK…Z mgq e¨eavb †ewk| G welqwU Kvj `xN©vqb bv‡g cwiwPZ|

eq \o((,L) c­vs‡Ki †Kvqv›Uvg ZË¡ Abymv‡i †dvU‡bi kw³ E = h(|

Avevi †dvUb KYvi fi m n‡j AvBb÷vB‡bi fi kw³ mgxKiY

Abymv‡i E = mc2 |

myZivs E = mc2 = h( 

( m =  eq \f(h(,c2) 
myZivs †dvU‡bi fi‡eM, p = mc =   eq \f(h(,c)  =  eq \f(h,() [ †h‡nZz c = ((]

†dvU‡bi K¤úv¼‡K Zi½‰`‡N©¨ cÖKvk Ki‡j cvB,

( =  eq \f(c,() =  eq \f(h,p) ; G mgxKi‡Y kw³i ˆØZ cÖK…wZ cÖKvwkZ n‡q‡Q| A_©vr mgxKiYwU‡Z KYv cÖK…wZi fi‡eM Ges Zi½ cÖK…wZi Zi½‰`‡N©¨i g‡a¨ m¤úK© ¯’vwcZ n‡q‡Q| GLb `¨ eªMjxi gZev` Abymv‡i c`v‡_©i m f‡ii GKwU ¶z`ª KYvi ( †hgb, B‡jKUªb) Zi½‰`N©¨ n‡e, ( =  eq \f(h,p) =  eq \f(h,mv) ; GLv‡b, v = c`v_© KYvi †eM|

GB mgxKiYwUB `¨ eªMjx mgxKiY bv‡g cwiwPZ|

eq \o((,M) †`Iqv Av‡Q, 

A¨v‡bvW I K¨v‡_v‡Wi wefe cv_©K¨, V = 40kV = 40000V

G·iwk¥i Zi½‰`N©¨, ( = 2 ( 10–10m

Rvbv Av‡Q, c­vs‡Ki aª“eK , h = 6.63 ( 10–34J. s

k~b¨ ¯’v‡b Av‡jvi `ª“wZ, e = 3 ( 108ms–1
B‡jKUª‡bi PvR©, e = 1.6 ( 10–19C

†ei Ki‡Z n‡e, 

cÖwZwU B‡jKUª‡bi Nl©‡Yi d‡j Drcbœ Zvckw³i cwigvY, Q = ?

GLv‡b, B‡jKUª‡bi m‡e©v”P MwZkw³, Tmax = eV

G·‡ii †dvU‡bi kw³ =  eq \f(hc,()
kw³i msi¶YkxjZv bxwZ Abyhvqx Tmax =  eq \f(hc,() + Q
( Q = Tmax –  eq \f(hc,() = eV –  eq \f(hc,()

= 1.6 ( 10–19C ( 40000JC–1 –  eq \f(6.63 ( 10–34J.s ( 3 ( 108 ms–1,2 ( 10–10m)

= 5.4055 ( 10–15J (Ans.)
eq \o((,N) DÏxcKg‡Z,

G·‡i wUD‡e A¨v‡bvW I K¨v‡_v‡Wi ga¨Kvi wefe cv_©K¨, 


V = 40 kV = 40 ( 103 volt

RvbvAv‡Q, B‡jKUª‡bi Avavb, e = 1.6 ( 10(9 C

( B‡jKUª‡bi m‡e©v”P MwZkw³ = eV = 1.6 ( 10(19C ( 40 ( 103 JC(1

= 6.4 ( 10(15 J

GB kw³ cy‡ivcywi G·‡i †Z iƒcvš—wiZ n‡j g‡b Kwi, D³ G·‡ii Zi½‰`N©¨ ( I K¤úv¼, (
Zvn‡j, h( =  eq \f(hc,() = 6.4 ( 10(15 J [ c = k~b¨¯’v‡b Av‡jvi †eM]

( ( =  eq \f(hc, 6.4 ( 10(15J) =  eq \f(6.63 ( 10(34 J.s ( 3 ( 108 ms(1, 6.4 ( 10(15 J) 

= 3. 10 ( 10(11 m

BnvB wb‡Y©q Zi½‰`N©¨|
eq \o((((,cÖkœ(24) 

 [ivRkvnx K‡jR]
K.
†jRvi Kv‡K e‡j?
1

L.
M¨vwjjxq iƒcvš—i Av‡cw¶K Z‡Ë¡ MÖnY‡hvM¨ bq, gvB‡Kjmb gwj©i cix¶vi Av‡jv‡K e¨vL¨v Ki|
2

M.
wbM©Z B‡jKUª‡bi †eM (vm) wbY©q Ki|
3

N.
AvcwZZ mKj †dvUb Øviv B‡jKUªb wbtmiY N‡Uwb, Dw³wUi h_v_©Zv hvPvB Ki|
4

24 bs cÖ‡kœi DËi

eq \o((,K) †jRvi n‡jv GKeY©x cÖPÛ ZxeªZv I kw³m¤úbœ Ges mymsnZ Av‡jvKiwk¥i exg| 

eq \o((,L) gvB‡Kjmb gwj©i cix¶vq e¨wZPvi bKkvq AcmviY e¨wZPvi †iLvq we¯—…wZi 25 fv‡Mi GK fvM hv gvB‡Kjm‡bi m~² h‡š¿ gvcv m¤¢e nq| GB Acmvi‡Yi cwigvY GZB mvgvb¨ †h, Zv‡K bMY¨ aiv hvq| A_©vr gvB‡Kjm‡bi g‡Z e¨wZPvi †iLv¸‡jvi †Kv‡bv AcmviY nqwb| GwU n‡Z wZwb GB wm×v‡š— DcbxZ nb †h, w¯’wZkxj B_vi cÖK‡íi djvdj fzj A_©vr c„w_ex I B_v‡ii g‡a¨ †K‡bv Av‡cw¶K †eM †bB| GB cix¶vwU c„w_exi Mfx‡i Dc‡i, eQ‡ii wewfbœ mg‡q wewfbœ ¯’v‡b, GgbwK †jRvi iwk¥ e¨envi K‡iI GKB djvdj cvIqv hvq| d‡j B_vi cÖevn ZË¡wU fzj cÖgvwYZ n‡q‡Q| GB mg¯— djvdj we‡k­lY K‡i AvBb÷vBb Zuvi wØZxq ¯^xKv‡h© e‡jwQ‡jb, k~b¨ ¯’v‡b Av‡jvi †eM wek¦Rbxb fv‡e aª“e, GwU Drm ev ch©‡e¶Y ev gva¨‡gi MwZi Ici wbf©i K‡ibv| wKš‘ M¨vwjwjqvb iƒcvš—i Abymv‡i cix¶vq cÖvß k~b¨ ¯’v‡b Av‡jvi †e‡Mi gvb, Drm A_ev ch©‡e¶Y ev gva¨‡gi MwZi Ici wbf©i K‡i| G Kvi‡YB M¨vwjjxq iƒcvš—i Av‡cw¶K Z‡Ë¡ MÖnY‡hvM¨ bq| 

eq \o((,M) †`Iqv Av‡Q,

AvcwZZ Av‡jvi Zi½ ˆ`N©¨, ( = 300 nm 


= 300 ( 10(9 m 

Kvh©v‡c¶K, Wo = 2.3 eV = 2.3 ( 1.6 ( 10(19 J

RvbvAv‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34 J.s

B‡jKUª‡bi fi, m = 9.1 ( 10(31 kg

k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, wbM©Z B‡jKUª‡bi m‡e©v”P †eM, vmax = ?

AvBb÷vB‡bi mgxKiY n‡Z Avgiv Rvwb, h  eq \f(c,()  = Wo +  eq \f(1,2) mv2max
ev,  eq \f(1,2) mv2max =  eq \f(hc,() ( Wo 


=  eq \f(6.63 ( 10(34 J.s ( 3 ( 108 ms(1, 3 ( 10(7m) ( 2.3 ( 1.6 ( 10(19 J


= 2.95 ( 10(19 J

( vmax =  eq \f(2 ( 2.95 ( 10(19 J, m) =  eq \f(2 ( 2.95 ( 10(19 J, 9.1 ( 10(31 kg) 

= 6.4835 ( 1011 m2s(2
( vmax2 =  eq \r(6.4835 ( 1011 m2s(2) = 8.052 ( 105 ms(1 (Ans.)
eq \o((,N) DÏxc‡Ki avZzwUi Kvh©v‡c¶K, Wo = 2.3 ( 1.6 ( 10(19 J

Rvbv Av‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34 J.s

Ges k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
m~Pb K¤úvsK (o n‡j, Wo = h(o
( (o =  eq \f(Wo,h) =  eq \f(2.3 ( 1.6 ( 10(19 J, 6.63 ( 10(34 J.s)= 5.55 ( 1014 Hz

Ges m~Pb Zi½‡`N©¨ (o n‡j,

(o =  eq \f(c, (o) =  eq \f(3 ( 108 ms(1, 5.55( 1014 Hz) = 5.405 ( 10(7 m

hw` AvcwZZ Av‡jvK Drm †_‡K me ai‡bi Zi½‰`‡N©¨i †dvUb †ei nq Z‡e AvcwZZ Av‡jvi g‡a¨ †h mKj †dvU‡bi K¤úv¼ 

5.55 ( 1014 Hz Gi mgvb ev †ewk Ges Zi½‰`N©¨ 5.405 ( 10(7 m Gi mgvb ev Kg, Zv‡`i Øviv B‡jKUªb wbtmiY N‡U‡Q| †h mKj †dvU‡bi K¤úv¼ 5.55 ( 1014 Hz Gi Kg Ges Zi½‰`N©¨ 5.405 ( 10(7 m Gi †ewk, Zv‡`i Øviv B‡jKUªb wbtmiY N‡Uwb|
AvcwZZ †dvUb¸‡jvi me¸‡jvi Zi½‰`N©¨ hw` 300nm ev 3 ( 10–9 m nq Z‡e Zv m~Pb Zi½‰`N©¨ †_‡K Kg n‡e d‡j B‡jKUªb wbtmiY n‡e|

eq \o((((,cÖkœ(25) GKwU e¯‘KYvi fi 9 ( 10(31 kg| e¯‘KYvwU  eq \f(c, \r(2)) †e‡M MwZkxj| 
[knx` †j: Av‡bvqvi Mvj©m K‡jR, XvKv]

K.
wbe„wË wef‡ei msÁv `vI|
1

L.
KLb j‡iÄ iƒcvš—i M¨vwjjxq iƒcvš—‡ii iƒc †bq?
2

M.
KYvwUi fi‡eM KZ n‡e?
3

N.
KYvwUi Av‡cw¶KZvi MwZkw³ I wbDUbxqb MwZkw³i g‡a¨ †KvbwU eo Ges †Kb? MvwYwZK we‡k­l‡Yi gva¨‡g DÏxc‡Ki Av‡jv‡K e¨vL¨v Ki|
4

25 bs cÖ‡kœi DËi

eq \o((,K) d‡Uv Zwor wµqvi hvwš¿K e¨e¯’vq K¨v‡_vW †c­‡Ui mv‡c‡¶ A¨v‡bvW †c­‡U †h b~¨bZg abvÍK wefe w`‡j Av‡jvK Zwor cÖevngvÎv Zvr¶wYKfv‡e eÜ n‡q hvq, †mB wefe‡K wbe„wË wefe ejv nq| 

eq \o((,L) Avgiv Rvwb, cÖm½ KvVv‡gvi mv‡c‡¶ †Kv‡bv e¯‘ v MwZ‡e‡M Pj‡Z _vK‡j e¯‘wUi AvcvZ ˆ`N©¨ n‡e, L = Lo  eq \r( 1 ( \f(v2,c2)) .........(i)

j‡iÄ iƒcvš—i n‡Z cvB; Lo n‡jv e¯‘wUi wbðj ˆ`N©¨|

wKš‘ M¨vwjwjI iƒcvš—i Abymv‡i L = Lo nIqvi K_v| j¶¨ Kwi,

k~b¨¯’v‡b Av‡jvi †e‡Mi (c) Zzjbvq e¯‘i MwZ‡eM (v) A‡bK Kg gv‡bi n‡j A_©vr,  eq \f(v,c) ( 0 n‡j (i) bs n‡Z cvB, L = Lo  eq \r(1 ( 02) = Lo; myZivs ch©‡e¶K I ch©‡e¶‡Yi ga¨Kvi Av‡cw¶K †eM k~b¨¯’v‡b Av‡jvi †e‡Mi Zzjbvq A‡bK Kg n‡j j‡iÄ iƒcvš—i M¨vwjjxq iƒcvš—‡ii iƒc †bq| 

eq \o((,M) †`Iqv Av‡Q, e¯‘KYvwUi wbðj fi, mo = 9 ( 10(31kg

e¯‘KYvwUi MwZ‡eM, v =  eq \f(c,\r(2)) =  eq \f( 3 ( 108 ms(1, \r(2)) 
GLv‡b c = k~b¨¯’v‡b Av‡jvi MwZ‡eM

†ei Ki‡Z n‡e, KYvwUi fi‡eM, p = ?

KYvwUi MwZkxj fi, m =  eq \f(mo, \r( 1 ( \f(v2,c2))) 

=  eq \f(9(10(31 kg, \r( 1 ( \f(\b(\f(c,\r(2)2))2, c2)))  


=  eq \f( 9 ( 10(31 kg, \r(1 ( \f(1,2)))

=  eq \f( 9 ( 10(31 kg, \r(\f(1,2))) 

=  eq \r(2)  ( 9 ( 10(31 kg

( KYvwUi fi‡eM, mv =  eq \r(2)  ( 9 ( 10(31 kg (  eq \f( 3 ( 108 ms(1, \r(2)) 

= 2.7 ( 10(22 kgms(1   (Ans.)

eq \o((,N) KYvwUi Av‡cw¶KZvi MvwZkw³, Ek = (m ( mo) c2
= ( eq \r(2) ( 9 ( 10(31 kg ( 9 ( 10(31 kg) ( (3 ( 108 ms(1)2
= 3.3534 ( 10(14 J

Ges wbDUbxqvb MwZkw³, Ek( =  eq \f(1,2) mov2
=  eq \f(1,2)  ( 9 ( 10(31 kg (   eq \b\bc(\f(3 ( 108 ms(1, ))
 = 2.025 ( 10(14 J

j¶Kwi, 3.3534 ( 10(14 J > 2.025 ( 10(14 J

ev, Ek > Ek(
A_©vr, KYvwUi Av‡cw¶KZvi MwZkw³ I wbDUbxqvb MwZkw³i g‡a¨ Av‡cw¶KZvi MwZkw³ eo, Gi KviY n‡jv Av‡jvi †e‡Mi Zzjbvq Kg †e‡M e¯‘wU hLb Pj‡Z _v‡K, ZLb Gi fi e„w× cvq| D‡j­L¨ †h, KYvwUi Av‡cw¶KZvi MwZkw³B Gi cÖK…Z MwZkw³|

eq \o((((,cÖkœ(26) GKwU wbDwK¬qv‡mi e¨vmva© 10(14 m Ges GKwU B‡jKUª‡bi kw³ 4 MeV|
 [ivRkvnx K¨v‡WU K‡jR]

K.
Aa©vqyi msÁv `vI|
1

L.
Kzj‡¤^i m~‡Îi mxgve×Zv e¨vL¨v Ki|
2

M.
DÏxc‡K cÖ`Ë DcvË e¨envi K‡i GKwU B‡jKUª‡bi fi †e‡Mi AwbðqZv wbY©q Ki|
3

N.
wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡ibvÑ MvwYwZK fv‡e we‡k­lY Ki|
4

26 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv †ZRw®µq c`v‡_©i bgybvq Dcw¯’Z cigvYy msL¨v †h mgqKv‡j A‡a©‡K †b‡g Av‡m Zv‡K H †ZRw¯µq c`v‡_©i Aa©vqy e‡j| 

eq \o((,L) `ywU we›`y Pv‡R©i †¶‡Î wµqvkxj ej wbY©‡q Kzj‡¤^i m~Î Dc‡hvMx n‡jI wKQy †¶‡Î Gi mxgve×Zv †`Lv hvq| wb‡P Gi wKQy mxgve×Zv Av‡jvPbv Kiv n‡jv| AwbqwgZ AvK…wZi PvwR©Z e¯‘i Rb¨ G m~Î cÖ‡qvM Kiv `yiƒn| G‡¶‡Î PvR©Ø‡qi ga¨eZx© `~iZ¡ mwVKfv‡e wbY©q Kiv hvq bv| KviY AwbqwgZ AvK…wZi PvwR©Z e¯‘i †K›`ª mwVKfv‡e wbY©q Kiv hvq bv| PvwR©Z e¯‘ Aek¨B ¶z`ª n‡Z n‡e| Zv bv n‡j Zwor e‡ji Ici gnvKl© e‡ji GKUv cÖfve co‡e| 

eq \o((,M) †`Iqv Av‡Q,

B‡jKUª‡bi kw³ , E = 4MeV = 4 ( 106 eV


= 4 ( 106 ( 1 .6 ( 10(19 J
RvbvAv‡Q, B‡jKUª‡bi fi‡eM n‡j Avgiv Rvwb Gi MwZkw³,

Ek =  eq \f(p2, 2m) 
( p =  eq \r(2mEk) 

=  eq \r( 2 ( 9.1 ( 10(31 kg ( 4 ( 106 ( 1.6 ( 10(19 J)  


= 1.07926 ( 10(21 kgms(1
Avgiv Rvwb, cigvYyi e¨vmva©, = 1Å = 10(10 m

(B‡jKUª‡bi Ae¯’v‡bi AwbðqZv, (x = 10(10 m

Gi fi‡e‡Mi AwbðqZv (p n‡j, (p (x ( ( =  eq \f(h,2() 

=  eq \f(6.63 ( 10(34 J.S, 2 ( 3.1416) 

= 1.056 ( 10(34 kgms(1
( (p (x Gi b~¨bZg gvb 1.056 ( 10(34  kgm2s(1
((p Gi b~¨bZg gvb =  eq \f(1.056 ( 10(34 kgm2s(1, (x) 

=  eq \f(1.056 ( 10(34 kgm2s(1, 10(10 m) 

= 1.056 ( 10(34 kgms(1
( B‡jKUªbwUi fi‡e‡Mi AwbðqZvi nv‡ii b~¨bZg gvb 

=  eq \f((p,p) =  eq \f(1.056 ( 10(34 kgms(1, 1.07926 ( 10(21 kgms(1) 
= 9.78 ( 10(4
= 9.78 ( 10(4 ( 100% = 0.098 %

eq \o((,N) cigvYyi wbDwK¬qv‡mi e¨vmva© 10(14 m cÖvq| myZivs B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i Ave× _vK‡Z n‡j Gi Ae¯’v‡bi AwbðqZv Aek¨B 2 ( 10(14 m Gi AwaK n‡ebv|

GLb (x Ges (p h_vµ‡g Ae¯’vb I fi‡e‡Mi AwbðqZv n‡j,

(x (p Gi b~¨bZg gvb =  eq \f((,2) =  eq \f(h,4() =  eq \f( 6.63 ( 10(34 J.S, 4 ( 3.1416) 

= 5.276 ( 10(35 kgm2s(1
( (p Gi b~¨bZg gvb =  eq \f(5.276 ( 10(35 kgm2s(1, (x) 
=    eq \f(5.276 ( 10(35 kgm2s(1, 2 ( 10(14m) = 2.638 ( 10(21 kgms(1
GLb fi‡e‡Mi AwbðqZv b~¨bZgfv‡e GB gv‡bi n‡j B‡jKUª‡bi fi‡eM Aek¨B b~¨bZg c‡¶ GB gv‡bi mgZzj¨ n‡e, A_©vr

p = 2.638 ( 10(21 kgms(1
Zvn‡j B‡jKUª‡bi MwZkw³, E =  eq \f(p2,2m) =  eq \f((2.638 ( 10(21 kgms(1)2, 2 ( 9.1 ( 10(31 kg) 

= 3. 824 ( 10(12 J 


=  eq \f( 3.824 ( 10(12, 1.6 ( 10(19) eV


= 23.9 ( 106eV = 23.9 MeV

A_© n‡jv,B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i _vK‡Z n‡j G‡K 23.9MeV kw³i AwaKvix n‡Z n‡e| wKš‘ cix¶vjä djvdj †_‡K †`Lvhvq †h, B‡jKUª‡bi kw³ 4 MeV Gi AwaK nq bv| myZivs wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i bv|

eq \o((((,cÖkœ(27) Zvwg‡gi fi 55 kg Ges eqm 40 eQi| †m 2.4 ( 108 ms(1 †e‡M MwZkxj gnvk~b¨hv‡b P‡o Qvqvc_ AbymÜv‡b †Mj| Zvi hgR fvB bvwdR Gi eqm hLb 80 eQi n‡jv ZLb †m c„w_ex‡Z wd‡i G‡jv|
 [e¸ov K¨v›Ub‡g›U cvewjK ¯‹zj GÛ K‡jR]

K.
fi Î“wU Kv‡K e‡j?
1

L.
wbDwK¬q wdkb wewµqvq K¨vWwgqvg `Ê e¨envi Kiv nq †Kb? e¨vL¨v Ki|
2

M.
DÏxcK Abymv‡i gnvk~b¨¯’v‡b Zvwg‡gi fi wbY©q Ki|
3

N.
DÏxc‡K `yB fvB Gi eZ©gvb eqm mgvb _vK‡e wKbvÑ MvwYwZK we‡k­lYmn gZvgZ `vI|
4

27 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv wbDwK¬qv‡mi fi wbDwK¬qvm MVbKvix KYvmg~‡ni (†cÖvUb I wbDUªb) f‡ii mgwó A‡c¶v mvgvb¨ Kg nq| f‡ii G cv_©K¨‡K fi Î“wU e‡j| 

eq \o((,L) wbDwK¬q wdkb wewµqvq K¨vWwgqvg `Û e¨envi Kiv nq wewµqvi MwZ gš’i Kivi Rb¨| cÖwZwU wbDwK¬q wdk‡b †h wZbwU wbDUªb wbM©Z nq Zvi `yÕwU‡K K¨vWwgqvg `Û Øviv †kvlY Kiv nq| evwK wbDUªbwU wdkb cÖwµqv Pvjy iv‡L| K¨vWwgqv‡gi e`‡j A‡bK mgq †evib `Û e¨envi Kiv nq| D‡j­L¨ †h, cvigvYweK we`y¨r Drcv`b †K‡›`ª wbqwš¿Z wdkb wewµqv e¨en„Z nq, Z‡e cvigvYweK †evgvi Awbqwš¿Z wdkb wewµqv e¨en„Z nq| myZivs †evSv hv‡”Q †h, K¨vWwgqvg `‡Ûi e¨envi Øviv wbDwK¬q wdkb wewµqvi MwZ gš’i Kiv bv n‡j Zv cÖPÛ we‡ùvi‡bi gva¨‡g aŸsmvÍK cwiYwZ †W‡K Avb‡e| 

eq \o((,M) †`Iqv Av‡Q,

Zvwg‡gi wbðj fi, mo = 55 kg

gnvk~b¨hv‡bi †eM, v = 2.4 ( 108 ms(1
Rvbv Av‡Q, k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, gnvk~b¨hv‡b Zvwg‡gi fi, m = ?

AvgivRvwb, m =  eq \f(mo, \r(1 ( \f(v2,c2))) =  eq \f(55 kg, \r(1 ( \b(\f( 2.4 ( 108 ms(1, 3 ( 108 ms(1)))2) 

= 91. 67 kg (Ans.)

eq \o((,N) c„w_ex‡Z AwZevwnZ mgq e¨eavb,


t = 80y ( 40y = 40y

gnvk~b¨hv‡bi †eM, v = 2.4 ( 108 ms(1
k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108 ms(1
( gnvk~b¨hv‡b AwZevwnZ mgq e¨eavb, to n‡j, t =  eq \f(to, \r(1 ( \f(v2,c2))) 
( to = t  eq \r(1 ( \f(v2,c2)) 

= 40y (  eq \r( 1 ( \b(\f(2.4 ( 108ms(1, 3 ( 108 ms(1))2) 

= 24y

gnvk~b¨hvbwU c„w_ex‡Z wd‡i Avmvi mgq Zvwg‡gi eqm n‡e = 40y + 24y = 64 y Ges bvwd‡Ri eqm n‡e = 80 y

‡h‡nZz 64y ( 80y 

myZivs, DÏxc‡K ewY©Z `yB fvB Gi eZ©gvb eqm mgvb _vK‡e bv|  

eq \o((((,cÖkœ(28) GKw`b c`v_©weÁvb K¬v‡m gvB‡Kj mv‡ne Av‡cw¶K ZË¡ wb‡q Av‡jvPbv KiwQ‡jb| wZwb ej‡jb, fi aª“eK wKš‘ Av‡cw¶K ZË¡ Abymv‡i fi cwiewZ©Z nq| ïay ZvB bq ˆ`‡N©¨iI cwieZ©b nq|


[wgR©vcyi K¨v‡WU K‡jR]

K.
Ro cÖm½ KvVv‡gv Kv‡K e‡j?
1

L.
weM- e¨v½ ZË¡ e¨vL¨v Ki|
2

M.
gvB‡Kj mv‡ne fi m¤ú‡K© wK ej‡jb? Av‡cw¶K ZË¡ Abymv‡i Zv‡`i g‡a¨ m¤úK© ¯’vcb Ki|
3

N.
gvB‡Kj mv‡ne ej‡jb, Òˆ`N©¨ cwiewZ©Z nq|Ó GUv wKfv‡e nq? MvwYwZK fv‡e we‡k­lY Ki|
4

28 bs cÖ‡kœi DËi

eq \o((,K) ci¯ú‡ii mv‡c‡¶ aª“e †e‡M MwZkxj †h mKj cÖm½ KvVv‡gv‡Z wbDU‡bi MwZm~Î AR©b Kiv hvq Zv‡`i‡K Ro cÖm½ KvVv‡gv e‡j| 

eq \o((,L) gnvwek¦ m„wói wewfbœ cÖPwjZ gZev‡`i g‡a¨ weM-e¨v½ ZË¡ Ab¨Zg| GB Z‡Ë¡i cÖeZ©K n‡jb weÁvbx RR©  †jwgUvi| Zuvi ZË¡ g‡Z 20 wewjqb eQi c~‡e© Abygvb Kiv nq gnvwe‡k¦i fi wQj 

1051 kg| GB fi g~jZ GKwU AwZ DËß ZvcgvÎvq GKwU AwZ Nb Av¸‡bi †MvjK wnmv‡e wQj| GB †Mvj‡Ki e¨vmva© wQj m~‡h©i cÖvq `k¸Y| myZivs gnvwek¦ GKwU AwZ Nb †MvjK Ges Gi NbZ¡ wQj 1021 kgm(3 | wek wewjqb eQi c~‡e© GK gnvwe‡ùvib N‡U| d‡j AwMœ‡MvjKwU AmsL¨ UzKivq wef³ n‡q c‡o Ges Qvqvc_ ev M¨vjvw· I b¶Îiƒ‡c AwZ D”P †e‡M mKj w`‡K Qwo‡q c‡o|
 

eq \o((,M) wbDUbxq c`v_©weÁvb †_‡K Avgiv Rvwb †h, e¯‘i fi GKwU aª“eK| ¯’vb, Kvj I MwZi cwieZ©‡bi Dci GwU wbf©ikxj bq ev GwU cwiewZ©ZI nqbv| wKš‘ AvBb÷vB‡bi Av‡cw¶K Z‡Ë¡i g‡Z e¯‘i fi †Kv‡bv  aª“eK bq, Av‡cw¶K| e¯‘i MwZi mv‡_ f‡ii GKwU m¤úK© Av‡Q Ges e¯‘i Pjgvb ev MwZkxj fi I wbðj fi mgvb bq| e¯‘i MwZ e„w×i mv‡_ mv‡_ hw` ( `ª“wZ‡Z MwZkxj nq Zvn‡j Gi MwZkxj fi ch©‡e¶‡Ki mv‡c‡¶ Gi wbðj f‡ii †P‡q 

 eq \f(1, \r(1 ( \f(v2,c2))) ¸Y †ewk n‡e|

†Kv‡bv e¯‘i wbðj Ae¯’vq fi hw` mo Ges Pjgvb Ae¯’vq fi hw` m nq Ges e¯‘wU hw` ( `ª“wZ‡Z MwZkxj nq Zvn‡j mo I m Gi m¤úK©‡K wb‡Pi mgxKiY w`‡q †jLv hvq|

m =  eq \f(mo, \r(1 ( \f(v2,c2))) 
e¯‘i `ª“wZ  Av‡jvi `ª“wZi hZ KvQvKvwQ †cuŠQv‡Z _v‡K Gi fi ZZ Zvrch©c~Y©fv‡e e„w× †c‡Z _v‡K|

eq \o((,N) †Kv‡bv ch©‡e¶‡Ki mv‡c‡¶ MwZkxj e¯‘i ˆ`N©¨ H ch©‡e¶‡Ki mv‡c‡¶ wbðj Ae¯’vq H GKB e¯‘i ˆ`‡N©¨i †P‡q †QvU nq GB cÖfve‡K ˆ`N©¨ ms‡KvPb e‡j| hw` ch©‡e¶‡Ki mv‡c‡¶ MwZkxj †Kv‡bv e¯‘i ˆ`N©¨ nq L Ges hw` H ch©‡e¶‡Ki mv‡c‡¶ wbðj Ae¯’vq GKB e¯‘i ˆ`N©¨ nq Lo Zvn‡j L memgqB Lo Gi †P‡q †QvU n‡e| A_©vr †Kv‡bv e¯‘i MwZkxj Ae¯’vi ˆ`N©¨Ñ H e¯‘i wbðj Ae¯’vq ˆ`‡N©¨i †P‡q †QvU| GLv‡b Lo ‡K ejv nq h‡_vchy³ ev cÖK…Z ˆ`N©¨| ˆ`N©¨ ms‡KvP‡bi mgxKiYwU n‡jv,

L = Lo  eq \r( 1 ( \f(v2,c2)) 
GLv‡b, 
L = ch©‡e¶‡Ki mv‡c‡¶ MwZkxj Ae¯’vq e¯‘i ˆ`N©¨,


Lo = ch©‡e¶‡Ki mv‡c‡¶ w¯’i Ae¯’vq e¯‘i ˆ`N©¨


( = Av‡cw¶K `ª“wZ


c = Av‡jvi `ª“wZ

GLv‡b  eq \r( 1 ( \f(v2,c2))  me mgqB 1 Gi †P‡q †QvU|

myZivs, L me mgq Lo Gi †P‡q †QvU|

eq \o((((,cÖkœ(29) C I D `ywU cv‡Z h_vµ‡g 6800Å Ges 5500 Å Zi½‰`‡N©¨i iwk¥ AvcwZZ nj| C I D Gi Kvh©v‡c¶K h_vµ‡g 2.2eV Ges 2eV| 
[miKvwi ˆmq` nv‡Zg Avjx K‡jR, ewikvj]

K.
c‡qw›Us †f±i Kx?
1

L.
c„w_ex c„‡ôi mv‡_ AvUKv‡bv †Kvb KvVv‡gv Ro KvVv‡gv bqÑ e¨vL¨v Ki|
2

M.
D cv‡Z m~Pb K¤úvsK KZ?
3

N.
C I D Dfq cv‡Z d‡UvZwor wµqv msNwUZ n‡e wK-bv we‡k­lY K‡i gZvgZ Ki|
4

29 bs cÖ‡kœi DËi

eq \o((,K) †h †f±‡ii mvnv‡h¨ †Kvb Zwor †PŠ¤^K †¶‡Îi cÖwZ GKK †¶Îd‡ji ga¨w`‡q cÖevwnZ kw³ wb‡`©k Kiv nq Zv‡K c‡qw›Us †f±i e‡j| 

eq \o((,L) †h cÖm½ KvVv‡gv‡Z wbDU‡bi MwZ welqK cÖ_g m~Î Z_v RoZvi m~Î cvwjZ nq Zv‡K Ro cÖm½ KvVv‡gv e‡j| 

c„w_ex AbeiZ N~Y©bkxj _vKvq Gi mv‡_ AvUKv‡bv †Kvb cÖm½ KvVv‡gvI AbeiZ N~Y©bkxj| G N~Y©bkxj KvVv‡gv‡Z RoZvi m~Î cvwjZ nq bv| GRb¨ c„w_exi mv‡_ AvUKv‡bv †Kvb cÖm½ KvVv‡gv Ro cÖm½ KvVv‡gv bq| 

eq \o((,M) GLv‡b,

D Gi Kvh©v‡c¶K, (D = 2eV = (2 ( 1.6 ( 10(19) J


= 3.2 ( 10(19 J

c­v‡¼i aª“eK, h = 6.63 ( 10(34 Js

D Gi m~Pb K¤úv¼ (o = ?

Avgiv Rvwb, (D =h(o 


ev, (o =  eq \f((D,h) 

ev, (o =  eq \f(3.2 ( 10(19, 6.63 ( 10(34) 

( (o = 4.83 ( 1014 Hz

eq \o((,N) GLv‡b,

C †Z AvcwZZ Av‡jvi Zi½‰`N©¨, (C = 6800Å = 6800 ( 10(10m

D †Z AvcwZZ Av‡jvi Zi½‰`N©¨, (D = 5500Å = 5500 ( 10(10m

C Gi Kvh© Av‡c¶K (C = 2.2 eV

D Gi Kvh© Av‡c¶K (D = 2 eV

c­v‡¼i aª“eK h = 6.63 ( 10(34 Js

Av‡jvi †eM c =  3 ( 108 ms(1
awi,

C I D †Z AvcwZZ Av‡jvi kw³ h_vµ‡g, EC I ED 
Avgiv Rvwb, EC = h(C


=  eq \f(hc,(C)

=  eq \f( 6.63 ( 10(34 ( 3 ( 108, 6800 ( 10(10) 

= 2. 925 ( 10(19 J


= 1. 83 eV < (C
Avevi, ED =  eq \f(hc,(D)

=  eq \f(6.63 ( 10(34 ( 3 ( 108, 5500 ( 10(10) 

= 3.616 ( 10(19 J


= 2.26 eV > (D

( EC < (C I ED > (D
myZivs, C cv‡Z d‡UvZwor wµqv msNwUZ n‡e bv Ges D cv‡Z d‡UvZwor wµqv msNwUZ n‡e|

eq \o((((,cÖkœ(30) 0.3Å Zi½‰`N©¨ wewkó GKU †dvUb w¯’i B‡jKUªb KZ…©K 60( †KvY wew¶ß n‡jv Ges GKB mv‡_ B‡jKUªbwUI cÖw¶ß n‡jv|
 [Rvjvjvev` K¨v›Ub‡g›U cvewjK ¯‹zj I K‡jR, wm‡jU]

K.
nvB‡Rbev‡M©i AwbðqZvi bxwZwU †jL|
1

L.
GKwU ZviKv Kxfv‡e e­¨vK‡nv‡j cwiYZ nq? e¨vL¨v Ki|
2

M.
wew¶ß KYvwUi Zi½‰`N©¨ wbY©q Ki|
3

N.
wew¶ß B‡jKUª‡bi †gvU kw³ wbY©q Ki|
4

30 bs cÖ‡kœi DËi

eq \o((,K) nvB‡Rbev‡M©i AwbðqZvi bxwZwU n‡jvÑ hw` †Kv‡bv KYvq †Kv‡bv wbw`©ó gyn~Z©Kv‡j Ae¯’v‡bi AwbðqZv (x Ges fi‡e‡Mi AwbðqZv (p nq Z‡e G‡`i ¸Ydj c­¨vs‡Ki aª“e‡Ki mgvb ev c­¨vs‡Ki aª“eK A‡c¶v eo n‡e| 

eq \o((,L) m~‡h©i †P‡q A‡bK¸Y Ô†ewk f‡ii ZviKv‡K †ewk fim¤úbœ ZviKvÕ ejv nq| Giƒc ZviKvi R¡vjvbx dzwi‡q †M‡j, gnvKl©RwbZ ms‡KvPb Lye †ewk e„w× †c‡Z _v‡K| d‡j, cÖPÛ DËv‡ci m„wó nq Ges ZviKvwU we‡ùvwiZ nq| G‡KB e‡j mycvi‡bvfv we‡ùviY| Giƒc we‡ùvi‡Yi d‡j ZviKvwU Zvi evowZ IRb nvivq| Aewkó †h fi _v‡K Zvi gvb Abyhvqx `yB iKg dj cvIqv †h‡Z cv‡i| `yB †mŠi f‡ii KvQvKvwQ n‡j †mwU GKwU wbDUªb ZviKvq Ges Gi †P‡q †ewk n‡j †mwU mvaviYZ GKwU K…ò wee‡i cwiYZ nq|

eq \o((,M) †`IqvAv‡Q, 

we‡¶c‡bi c~‡e© †dvU‡bi Zi½‰`N©¨, ( = 0.3Å = 0.3 ( 10(10 m

we‡¶cb †KvY ( = 60(
RvbvAv‡Q, B‡jKUª‡bi wbðj fi,  mo = 9.1 ( 10(31 kg
k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
c­vs‡Ki `ª“eK, h = 6.63 ( 10(31 Js

‡ei Ki‡Z n‡e, wew¶ß KYvwUi Zi½‰`N©¨ , (( = ?

AvgivRvwb,  (( = ( +  eq \f(h,moc) (1 ( cos()

= 0.3 ( 10(10 m +  eq \f(6.63 ( 10(34 J.s, 9.1 ( 10(31 kg ( 3 ( 108 ms(1) ( 1 ( cos 60()

= 3.12 ( 10(11m  (Ans.)
eq \o((,N) kw³i msi¶YkxjZv bxwZ Abymv‡i,

cÖw¶ß B‡jKUª‡bi MwZkw³ = †dvUb KZ…©K nviv‡bv kw³-

 = h( ( h(( = h  eq \f(c,() ( h  eq \f(c,( ()  = hc ()  eq \b\bc((  eq \f(1,( () )

 = 6.63 ( 10(34 J.s (  3 ( 108 ms(1 =  eq \b\bc(\f(1,0.3 ( 10(10m) ( \f(1,3.12 ( 10(11m))
= 2.55 ( 10(16 J

AvBb÷vB‡bi E = mc2 m~Îvbymv‡i B‡jKUª‡bi fi m¤ú~Y©iƒ‡c kw³‡Z cwiYZ n‡Z cv‡i| myZivs B‡jKUªbwUi wefe kw³ = moc2 = 9. 1 ( 10(31 kg ( (3 ( 108 ms(1)2 = 8.19 ( 10(14 J

( cÖw¶ß B‡jKUªbwUi †gvU kw³ = MwZkw³ + wefekw³


= 2.55 ( 10(16 J + 8.19 ( 10(14 J


= 8.2155 ( 10(14 J

eq \o((((,cÖkœ(31) GKwU avZzi cvZ n‡Z B‡jKUªb gy³ Ki‡Z 2.3 eV kw³i cÖ‡qvRb nq| H avZzi cv‡Zi Dci 4450Å Zi½‰`‡N©¨i Av‡jv AvcwZZ n‡jv|

 [Wv: Avãyj iv¾vK wgDwbwmc¨vj K‡jR, h‡kvi]

K.
`¨ eªMjx Zi½ Kx?
1

L.
K…ò e¯‘ I K…ò wee‡ii g‡a¨ cv_©K¨ Kx?
2

M.
wbM©Z d‡Uv B‡jKUª‡bi m‡e©v”P MwZkw³ †ei Ki|
3

N.
†Kvb Zwor †¶Î cÖ‡qvM K‡i DÏxc‡Ki d‡Uv B‡jKUª‡bi MwZkw³ Kx k~‡b¨i †KvVvq Avbv m¤¢e? †Zvgvi gZvg‡Zi MvwYwZK we‡k­lY `vI|
4

31 bs cÖ‡kœi DËi

eq \o((,K) cÖwZwU Pjgvb KYvi mv‡_ †h Zi½ hy³ _v‡K Zv‡K `¨ eªMjx Zi½ e‡j| 

eq \o((,L) K…ò e¯‘ I K…ò wee‡ii g‡a¨ cv_©K¨:

	K…ò e¯‘
	K…ò weei

	i.
K…ò e¯‘i fi mmxg|
	i.
K…ò wee‡ii fi cÖvq Amxg|

	ii.
K…ò e¯‘i gnvKlx©q †¶Î Zzjbvg~jK fv‡e †Zgb kw³kvjx bq|
	ii.
K…ò wee‡ii gnvKlx©q †¶Î AZ¨š— kw³kvjx|


eq \o((,M) GLv‡b,

avZzi cvZ n‡Z B‡jKUªb gy³ Ki‡Z cÖ‡qvRbxq kw³, ( = 2.3 eV


= ( 2.3 ( 1.6 ( 10(19) J


= 3.68 ( 10(19 J

AvcwZZ Av‡jvi Zi½‰`N©¨ ( = 4450 Å


= 4450 ( 10(10 m

c­v‡¼i aª“eK, h = 6.63 ( 10(10 Js

wbM©Z d‡Uv B‡j±ª‡bi m‡e©v”P MwZkw³, Kmax = ?

Avgiv Rvwb, E = ( + Kmax 

ev,  eq \f(hc,() = ( + Kmax
ev, Kmax =  eq \f(6.63 ( 10(34 ( 3 ( 108, 4450 ( 10(10) ( 3.68 ( 10(19
( Kmax = 7.897 ( 10(20 J  (Ans.) 
eq \o((,N) GLv‡b, M n‡Z,

wbM©Z d‡Uv B‡jKUª‡bi m‡e©v”P MwZkw³, Kmax = 7.897 ( 10(20J

B‡jKUª‡bi Avavb, e = 1.6 ( 10(19c

avZzi cvZwU‡Z abvÍK wefe cÖ‡qvM K‡i wbM©Z d‡Uv B‡jKUª‡bi MwZkw³ k~‡b¨i †KvVvq Avbv m¤¢e|

awi, GB wbe„wZ wef‡ei gvb Vo 
Zvn‡j, Kmax = eVo
ev, Vo =  eq \f(Kmax,e) 
ev, Vo =  eq \f(7.897 ( 10(20, 1.6 ( 10(19) 
(Vo = 0.494 V

myZivs, cvZwU‡K 0.494 V wef‡ei Zwor †¶‡Îi mv‡_ hy³ K‡i wbM©Z d‡Uv B‡jKUª‡bi MwZkw³ k~‡b¨i †KvVvq Avbv m¤¢e|

eq \o((((,cÖkœ(32) bvmvi weÁvbxiv 2000kg f‡ii I 10m ‰`‡N©¨i GKwU †¯úmwkc‡K c„w_ex †_‡K gnvKv‡k 0.44c †e‡M Dr‡¶cY Ki‡jb|

[cUzqvLvjx miKvwi K‡jR]

K.
P›`ª‡kLi mxgv Kx?
1

L.
m~‡h© e‡m †Kvb ch©‡e¶K Puv‡`i MwZ ch©‡e¶Y Ki‡j †Kgb †`L‡eb e¨vL¨v Ki|
2

M.
gnvKvk †ók‡bi ch©‡e¶‡Y †¯úmwk‡ci fi KZ?
3

N.
gnvKvk †ókb †_‡K ch©‡ew¶Z †¯úmwk‡ci AvKv‡ii cwieZ©b ch©v‡jvPbv Ki|
4

32 bs cÖ‡kœi DËi

eq \o((,K) fviZxq c`v_©weÁvbx myeªvgvwbqvg P›`ª‡kLi MwY‡Zi mvnv‡h¨ †`Lvb †h, †Kv‡bv ZviKvi fi m~‡h©i f‡ii 1.4 ¸‡Yi †ewk n‡j Zvi Awš—g cwiYwZ wn‡m‡e GwU K…ò weei G cwiYZ n‡Z cv‡i| †mŠi f‡ii GB mxgv‡K P›`ª‡kLi mxgv e‡j| 

eq \o((,L) m~‡h© e‡m †Kv‡bv ch©‡e¶K Puv‡`i MwZ ch©‡e¶Y Ki‡j Puv`‡K DËj AvKv‡i Nyi‡Z †`L‡e| Avgiv Rvwb cÖwZdwjZ Av‡jv Øviv Puv` `„wó‡MvPi nq| m~‡h©i Av‡jvq Puv` `„wó‡MvPi nq| m~‡h©i Av‡jv Puv‡`i DËj c„‡ô cÖwZdwjZ nq| †mKvi‡Y m~‡h© e‡m †Kv‡bv ch©‡e¶K Puv`‡K DËj AvKv‡i Nyi‡Z †`L‡e| 

eq \o((,M) †`IqvAv‡Q,

w¯’i Ae¯’vq fi, mo = 2000 kg 

†¯úmwk‡ci †eM, ( = 0.44c ms(1
gnvKvk †ók‡bi ch©‡e¶‡b †¯úmwk‡ci fi, m = ?

Avgiv Rvwb, m =  eq \f(m0, \r(1 ( \f(v2,c2))) 
ev, m =  eq \f(2000, \r(1 ( \b(\f(0.44c,c)))2) 
( m = 2.227 ( 103 kg (Ans.)

eq \o((,N)  †`Iqv Av‡Q,


w¯’i Ae¯’vq ˆ`N©¨, Lo = 10 m  


†¯úmwk‡ci †eM, ( = 0.44c ms(1


†¯úmwk‡ci MwZkxj ˆ`N¨© = L (awi)
Avgiv Rvwb, L = Lo  eq \r(1 ( \f(v2,c2)) 
ev,  L = 10  eq \r(1 ( \b(\f(0.44c,c))2) 
( L = 8.98 m

( gnvKvk †ókb †_‡K ch©‡ew¶Z †¯úmwk‡ci ˆ`N©¨ (10 ( 8.98)m = 1.02 m n«vm cv‡e|

eq \o((((,cÖkœ(33) weÁvbx nvB‡mbevM© (Heisenberg) Zi½agx© e¯‘i Ae¯’vb I fi‡eM wbY©‡qi AwbðqZvi aviYv †cvlY K‡ib| Zvi g‡Z †Kvb KYvi Ae¯’vb I fi‡eM GKB m‡½ mwVKfv‡e wbY©q Kiv mwZ¨B Am¤¢e| wZwb Dnvi AwbðqZvi bxwZ GKwU wbDwK¬qv‡mi e¨vmva© cÖvq 10–14m| GKwU gvB‡µv‡¯úv‡ii mvnv‡h¨ †Kv‡bv cigvYyi ga¨Kvi B‡jKUª‡bi Ae¯’vb 0.25 A( `~i‡Z¡i g‡a¨ wbY©q Kiv n‡jv| 
[gZje wWMÖx K‡jR, Puv`cyi]

K.
†iwWI †Uwj‡¯‹vc Kx?
1

L.
†kvqvR©wmì e¨vmva© ej‡Z Kx †evSvq?
2

M.
DÏxc‡Ki B‡jKUªbwUi H mg‡q fi‡eM wbiƒc‡Y AwbðqZv KZ n‡e?
3

N.
DÏxc‡Ki wbDwK¬qv‡mi Af¨š—‡i B‡jKUªb _vK‡Z cv‡i Kx? MvwYwZKfv‡e AwbðqZv bxwZ †_‡K we‡k­lY K‡i †Zvgvi gZvgZ `vI| 
4

33 bs cÖ‡kœi DËi

eq \o((,K) †iwWI †Uwj‡¯‹vc GK ai‡bi w`K wb‡`©kx †eZvi G¨v‡›Ubv hv †eZvi †R¨vwZwe`©¨vq e¨en„Z nq|  

eq \o((,L) M f‡ii †Kvb e¯‘ K…òweei wn‡m‡e KvR Ki‡Z n‡j Gi e¨vmva© GKwU wbw`©ó e¨vmv‡a©i Kg ev mgvb n‡Z n‡e| GB wbw`©ó msKU e¨vmva©‡K †kvqvR©wmì e¨vmva© e‡j| 

gyw³‡e‡Mi mgxKi‡Y V Gi cwie‡Z© C emv‡j msKU e¨vmva© cvIqv hvq| Rs msKU e¨vmva© n‡j, 


C =  eq \r(\f(2GM,Rs)) 

Zvn‡j, msKU e¨vmva©, Rs =  eq \f(2GM,C2) 
eq \o((,M) GLv‡b, 
B‡jKUª‡bi Ae¯’vb AwbðqZv,  (x = 0.25A( ( 2 


= 0.5A( = 0.5 ( 10(10m 

B‡jKUªb fi‡e‡Mi AwbðqZv, (P = ? 

c­¨v‡¼i aª“eK, h = 6.63 ( 10(34Js  

Avgiv Rvwb, 

nvB‡Rbev‡M©i AwbðqZv bxwZ Abymv‡i, 

(x . (P (  eq \f(((,2) 
( 
(P (  eq \f((,2 ( (x) 
(  eq \f(\f(h,2(),2 ( (x) 
(  eq \f(h,4( ( (x) 
(  eq \f(6.63 ( 10(34Js,4( ( 0.5 ( 10(10m) 
( 1.055 ( 10(24 kgms(1 (Ans.)
eq \o((,N) GLv‡b, wbDwK¬qv‡mi e¨vmva©, 10(14m| myZivs B‡jKUªb wbDwK¬qv‡mi Af¨š—‡i Ave× _vK‡Z n‡j Gi Ae¯’v‡bi AwbðqZv Aek¨B, 2 ( 10(14m Gi AwaK n‡e bv|

GLv‡b, 

B‡jKUª‡bi Ae¯’vb AwbðqZv,  (x = 2 ( 10(14m

c­¨v‡¼i aª“eK, h = 6.63 ( 10(34Js

fi‡e‡Mi AwbðqZv,  (P = ? 

Ges ( =  eq \f((,2() 
GLb, 


(x . (P (  eq \f((,2)
ev, 
(P (  eq \f(h,4( . (x)
ev, 
(P (  eq \f(6.63 ( 10(34 Js,4 ( ( ( (2 ( 10(14m)) 
ev, 
(P ( 2.64 ( 10(21 kgms(1
GLb, B‡jKUª‡bi MwZkw³, 


E =  eq \f(P2,2m) 

=  eq \f((2.64 ( 10(21 kgms(1)2,2 ( (9.1 ( 10(31kg)) 

= 3.83 ( 10(12J 


= 23.93 ( 106 eV


= 23.93 MeV 

wKš‘ B‡jKUª‡bi kw³ 4MeV Gi AwaK nq bv| myZivs wbDwK¬qv‡mi Af¨š—‡ii B‡jKUªb _vK‡Z cv‡i bv|
eq \o((((,cÖkœ(34) d‡Uv Zwor wµqv cix¶‡Y †`Lv †Mj cUvwmqvg avZzi Dci 4400Å Zi½‰`‡N©¨i Av‡jv AvcwZZ n‡j ïaygvÎ B‡jKUªb wbM©Z nq wKš‘ MwZkw³ cÖvß nq bv| hw` 1500Å Zi½‰`‡N©¨i Av‡jv AvcwZZ nq Z‡e B‡jKUªb wb:mwiZ nq Ges MwZkw³ cÖvß nq| 
[K¨v›Ub‡g›U K‡jR, h‡kvi]

K.
mycvi †bvfv ej‡Z Kx †evS?
1

L.
`¨ eªMjxi Zi½ aviYv e¨vL¨v Ki|
2

M.
cUvwkqv‡gi Kvh©v‡c¶K wbY©q Ki|
3

N.
DÏxc‡K wb:mwiZ B‡jKUª‡bi MwZkw³ cÖvß nIqv bv nIqvi KviY Kx? MvwYwZK we‡k­lY mn gZvgZ `vI|
4

34 bs cÖ‡kœi DËi

eq \o((,K) m~‡h©i †P‡q A‡bK¸‡jv †ewk f‡ii ZviKv‡K †ewk fim¤úbœ ZviKvÕ ejv nq| Giƒc ZviKvi R¡vjvbx dzwi‡q †M‡j gnvKl©RwbZ ms‡KvPb Lye †ewk e„w× †c‡Z _v‡K| d‡j, cÖPÛ DËv‡ci m„wó nq Ges ZviKvwU we‡ùvwiZ nq| G‡KB e‡j mycvi †bvfv|

eq \o((,L) 1924 wLª÷v‡ã divwm weÁvbx jyB wW eªMjx Zvi GK bZzb gZev‡` D‡j­L K‡ib †h, c`v_© hv AYy, cigvYy, †cÖvUb, wbDUªb, B‡jKUªb cÖf…wZ wfbœ wfbœ KYvi mgš^‡q MwVZ wbðqB †Kv‡bv h‡_vc‡hvMx cwiw¯’wZi g‡a¨ Zi½ cÖK…wZ cÖ`k©b Ki‡e| GK K_vq ejv hvqÑ c`v‡_©iI wVK Zi‡½i g‡Zv ˆØZ cÖK…wZ i‡q‡Q| AZGe, cÖ‡Z¨KwU Pjgvb c`v_© KYvi mv‡_ GKwU Zi½ hy³ _v‡K| Avwe®‹vi‡Ki bvgvbymv‡i GB Zi½‡K wW-eªMjx e¯‘ Zi½ e‡j| 

eq \o((,M) DÏxcKg‡Z,

cUvwmqv‡gi m~Pb Zi½‰`N©¨, (o = 4400Å = 4400 ( 10(10m


= 4.4 ( 10(7 m

RvbvAv‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34 J.s

k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, cUvwmqv‡gi Kvh©v‡c¶K, Wo = ?

Avgiv Rvwb, Wo = h  eq \f(c,(o) 

= 6.63 ( 10(34 J.s (  eq \f(3 ( 108ms(1,4.4 ( 10(7m) 

= 4.52 ( 10(19 J (Ans.) 
eq \o((,N) avZzi L‡Û B‡jKUªbmg~n ¯^¯^ gvZ… cigvYyi mv‡_ wbw`©ó wefe kw³i gva¨‡g hy³ _v‡K| myZivs †Kv‡bv cigvby n‡Z GKwU B‡jKUªb‡K wew”Qbœ K‡i G‡K gy³ B‡jKUªb wn‡m‡e cÖwZôv Ki‡Z n‡j B‡jKUªbwU‡Z b~¨bZg gv‡bi GKwU kw³ cÖ`vb Ki‡Z nq| GB b~¨bZg gv‡bi kw³‡KB D³ avZzi Rb¨ Kvh©v‡c¶K ejv nq| Kvh©v‡c¶K‡K AwZµg Kivi Rb¨ cÖ‡qvRbxq kw³ wewfbœ Drm n‡Z Avm‡Z cv‡i| †hgb, †Kv‡bv avZz‡K Zvc cÖ`vb K‡i D³ Zvckw³ †kvl‡bi gva¨‡g avZz L‡Û eûmsL¨K gy³ B‡jKUª‡bi D™¢e NU‡Z cv‡i| D³ kw³i GKwU Drm n‡Z cv‡i Av‡jv ev Ab¨ †Kv‡bv ZworPz¤^Kxq wewKi‡bi †dvUb| †dvU‡bi kw³ Gi K¤úvs‡Ki mgvbycvwZK Ges Zi½‰`‡N©¨i e¨¯—vbycvwZK| 

hv E = h( = h  eq \f(c,() mgxKiY n‡Z ¯úó| myZivs †h †Kv‡bv K¤úv¼ ev †h †Kv‡bv Zi½‰`N©¨i †dvUb AvcwZZ n‡jB B‡jKUªb wb:m„Z n‡ebv; D³ †dvU‡bi K¤úv¼ Z_v kw³  GKwU b~¨bZg gvb  _vK‡Z n‡e hv avZzi Kvh©v‡c¶‡Ki mgvb A_ev Gi †P‡q †ewk n‡Z n‡e| d‡Uv Zwor wµqv m¤úwK©Z AvBb÷vB‡bi mgxKYwU n‡jv:

h( = Wo + Tmax 
GLv‡b, ( n‡jv AvcwZZ †dvU‡bi K¤úv¼ Ge h( AvcwZZ †dvU‡bi kw³; Wo = avZzi Kvh©v‡c¶K Ges Tmax = wb:m„Z B‡jKUª‡bi m‡e©v”P MwZkw³|

h( = Wo  n‡j Tmax = 0 n‡j, A_©vr †dvU‡bi kw³ Kvh©v‡c¶‡Ki mgvb n‡j B‡jKUªb wb:m„Z n‡e wVKB, Z‡e Gi MwZkw³ _vK‡e bv| Avevi, h( > Wo n‡j Tmax > 0 n‡e, A_©vr †dvU‡bi kw³, Kvh©v‡c¶K A‡c¶v †ewk n‡j wb:m„Z B‡jKUªb MwZkw³ cÖvß n‡e|

DÏxc‡Ki AvcwZZ †dvU‡bi Zi½‰`N©¨,

( = 1500Å = 1500 ( 10(10 m = 1.5 ( 10(7 m

( G †dvU‡bi kw³, E = h eq \f(c,() 

= 6.63 ( 10(34 J.s (  eq \f( 3 ( 108 ms(1, 1.5 ( 10(7m) 

= 1.326 ( 10(18 J

j¶¨ Kwi, 1.326 ( 10(18 J > 4.52 ( 10(19 J

A_©vr AvcwZZ †dvU‡bi kw³, avZzi Kvh©v‡c¶K A‡c¶v e„nËi| ZvB G‡¶‡Î B‡jKUªb wb:m„Z n‡e Ges D³ B‡jKUª‡bi m‡e©v”P MwZkw³, Tmax = h( ( Wo

= 1.326 ( 10(18 J ( 4.52 ( 10(19 J


= 8.74 ( 10(19 J

eq \o((((,cÖkœ(35) K¤úUb cÖfve cix¶vq wcÖZg 0.3Å Zi½ ˆ`N©¨wewkó †dvUb Øviv B‡jKUª‡bi msNl© NUv‡jv| †m j¶¨ Kij †h, msN‡l©i d‡j †Kv‡bv †dvUb 60( †Kv‡Y wew¶ß n‡”Q| Avevi †Kv‡bv †dvUb wecixZ w`‡K wd‡i Avm‡Q| D³ †dvUb¸‡jv Øviv wcÖZg d‡Uv B‡jKwUªK cÖwµqv m¤úbœ Kivi Rb¨ 0.03884 MeV Kvh©v‡c¶K wewkó c`v‡_©i Dci AvNvZ Kij|

[K¨v›Ub‡g›U cvewjK ¯‹zj GÛ K‡jR, Rvnvbvev`, Lyjbv]

K.
fiÎ“wU wK?
1

L.
†Kv‡bv e¨w³ Zvi †cvlv weovjwUi eqm w¯’i ivL‡Z PvB‡j Kx e¨e¯’v MÖnY Ki‡e? Av‡cw¶K Z‡Ë¡i wfwË‡Z e¨vL¨v Ki|
2

M.
DÏxc‡K ewY©Z 60( †Kv‡Y wew¶ß †dvUbwUi Zi½ ˆ`N©¨ KZ?
3

N.
wcÖZg †Kvb †dvUbwU Øviv d‡Uv Zwor wµqv m¤úbœ Ki‡Z †c‡iwQjÑ DÏxc‡Ki Av‡jv‡K MvwYwZK we‡k­l‡Yi gva¨‡g e¨vL¨v Ki|
4

35 bs cÖ‡kœi DËi

eq \o((,K) wbDwK¬qv‡mi fi, wbDwK¬qv‡mi Af¨š—‡i Aew¯’Z wbDwK¬qb¸‡jvi gy³e¯’vq f‡ii mgwói †P‡q wKQy Kg _v‡K| f‡ii G cv_©K¨‡K fi-Î“wU e‡j| 

eq \o((,L) †Kv‡bv e¨w³ Zvi †cvlv weovjwUi eqm w¯’i ivL‡Z PvB‡j weovjwU‡K Av‡jvi †e‡M (v = c) Mgb Ki‡Z n‡e| G‡¶‡Î, c„w_ex‡Z AwZevwnZ mgqKvj (t) ‡h †Kv‡bv gv‡bi †nvK bv †Kb, gnvk~b¨hv‡b AwZevwnZ mgqKvj n‡e, to = t  eq \r(1 ( \f(v2,c2)) = t  eq \r(1 ( \f(c2,c2)) = 0 d‡j weov‡ji eqm evo‡e bv|

eq \o((,M) †`IqvAv‡Q,

we‡¶cb †KvY, ( = 60(
we‡¶c‡bi c~‡e© †dvU‡bi Zi½‰`N©¨, ( = 0.3 Å = 0.3 ( 10(10 m

Rvbv Av‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34 J.s

B‡jKUª‡bi wbðj fi, mo = 9.1 ( 10(31 kg

Ges k~b¨¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108 ms(1
†ei Ki‡Z n‡e, we‡¶c‡bi ci †dvU‡bi Zi½‰`N©¨, (( = ?

Avgiv Rvwb,  (( = ( +  eq \f(h,moc) (1 ( cos ()

= 0.3 ( 10(10 m +  eq \f(6.63 (10(34 J.s, 9.1 ( 10(31 kg ( 3 ( 108 ms(1) ( 1 ( cos 60()

= 0.3 ( 10(10 m + 1.2 143 ( 1012m

= 3.12143 ( 10(11m (Ans.)

eq \o((,N) DÏxc‡K D‡j­wLZ avZzi Kvh©v‡c¶K, Wo = 0.03884 MeV

= 0.03 884 ( 106 ( 1.6 ( 10(19 J = 6.2144 ( 10(15 J

m~Pb Zi½‰`N©¨, (o n‡j, Wo =  eq \f(hc,(o) 
( (o =  eq \f(hc, wo) =  eq \f(6.63 ( 10(34 J.s ( 3 ( 108 ms(1, 6.2144 ( 10(15 J) 

= 3.2 ( 10(11 m

g‡bKwi †h †dvUb ( †Kv‡Y we‡¶wcZ n‡e, we‡¶c‡bi ci Zvi Zi½‰`N©¨, (o( = ( +  eq \f(h,moc) ( 1 ( cos()

ev,  eq \f(h,moc) ( 1 ( cos() = (o( ( ( = 3.2 ( 10(11 m ( 0.3 ( 10(10 m


= 2 ( 10(12 m

ev, 1 – cos ( =  eq \f(2 ( 10(12 m ( moc,h) 

=  eq \f(2 ( 10(12 m ( 9.1 ( 10(31 kg ( 3 ( 108 ms(1, 6.63 ( 10(34 J.S) 

= 0.8235

ev, cos ( = 1 ( 0.8235 = 0.1765

( ( = cos(1 (0. 1765) = 79.83(
m~Zivs, †h †dvUb¸‡jv 79.83( ev Zvi †P‡q Kg †Kv‡Y we‡¶wcZ n‡qwQ‡jv, †m¸‡jv Øviv wcÖZg d‡Uv Zwor wµqv m¤úbœ Ki‡Z †c‡iwQj| D‡j­wLZ 60( †Kv‡Y we‡¶wcZ †dvUbwUI d‡Uv Zwor wµqv m¤úbœ Ki‡Z cvi‡e| Z‡e †h †dvUb¸‡jv B‡jKUª‡bi mv‡_ msN‡l©i ci wecixZ w`‡K wd‡i Av‡m, †m¸‡jv d‡Uv Zwor wµqv m¤úbœ Ki‡Z cvi‡ebv|

eq \o((((,cÖkœ(36) A I B `ywU avZz wb‡q Av‡jvK Zwor wµqv cÖ`k©‡bi cix¶v Pvjv‡bvi mgq Dfq avZzi Dci 2500Å Zi½ ˆ`‡N©¨i Av‡jv AvcwZZ K‡i †`Lv †Mj †h, avZzØq n‡Z h_vµ‡g 2.67eV I 0.23 eV MwZm¤úbœ B‡jKUªb wbM©Z nq|
	avZz
	Kvh©v‡c¶K (eV)

	wmwRqvg 
	2.14

	cUvwmqvg
	2.30

	†mvwWqvg
	2.75

	iƒcv
	4.74

	Zvgv
	4.94


[W. gvneyeyi ingvb †gvj­v K‡jR, XvKv]

K.
K¤úUb wµqv wK?
1

L.
AvcwZZ Av‡jvi Zi½ ˆ`N©¨ n«vm †c‡j d‡Uv B‡jKUª‡bi †e‡Mi Dci wK cÖfve c‡o? 
2

M.
AvcwZZ †dvU‡bi fi‡eM KZ? 
3

N.
DÏxc‡Ki A I B avZzØq wK n‡Z cv‡i| MvwYwZK we‡k­lY K‡i wm×vš— `vI|
4

36 bs cÖ‡kœi DËi

eq \o((,K) GKwU kw³kvjx †dvU‡bi mv‡_ B‡jKUª‡bi msNl© NU‡j †dvUb wKQz kw³ B‡j±ªb‡K cÖ`vb K‡i wew¶ß nq, d‡j Gi K¤úv¼ c~‡e©i Zzjbvq K‡g hvq A_©vr Zi½‰`N©¨ †e‡o hvq| wew¶ß †dvU‡bi Zi½ ˆ`‡N©¨i G cwieZ©b nIqvi NUbv‡K K¤úUb wµqv e‡j| 

eq \o((,L) wPivqZ Zi½ ZË¡vbymv‡i AvcwZZ Av‡jvi kw³ Z_v K¤úv‡¼i Dci d‡UvB‡jKUª‡bi MwZ‡eM Z_v MwZkw³ wbf©i K‡i|

Rvbv Av‡Q, †dvU‡bi kw³ E Ges K¤úv¼ f n‡j,


E = hf

( 
E ( f

A_©vr, AvcwZZ †dvU‡bi K¤úv¼ evo‡j †dvU‡bi kw³I ev‡o|

Avevi, †Kvbi avZzi Kvh©v‡c¶K W0 Ges B‡jKUª‡bi me©vwaK kw³ Kmax n‡j,


hf = Kmax + Wo
ev, 
Kmax = hf ( Wo
Dc‡iv³ mgxKi‡Y †KvY wbw`©ó avZzi Dci †ekx K¤úvs‡Ki Av‡jv AvcwZZ n‡j d‡UvB‡j±ª‡bi MwZkw³I †ewk n‡e|

GLb, AvcwZZ Av‡jvvi Zi½‰`N©¨ n«vm †c‡j K¤úv¼ e„w× cvq, A_©vr d‡Uv B‡jKUª‡bi m‡e©v”P MwZkw³I †ewk nq| djkÖ“wZ‡Z d‡Uv B‡jKUª‡bi †eMI e„w× cv‡e|  

eq \o((,M) Avgiv Rvwb,
	P =  eq \f(h,() 
=  eq \f(6.63 ( 10(34,2500 ( 10(10) 
= 2.65 ( 10(27kgms(1
	GLv‡b, 

AvcwZZ †dvU‡bi Zi½‰`N©¨, ( = 2500Å

= 2500 ( 10(10m

c­vs‡¼i aª“eK, h = 6.63 ( 10(34Js

AvcwZZ †dvU‡bi fi‡eM, P = ?  


eq \o((,N) GLv‡b,

AvcwZZ Av‡jvi Zi½‰`N©¨, ( = 2500Å



= 2500 ( 10(10m


Av‡jvi †eM, c = 3 ( 108 ms(1

c­vs‡Ki aª“eK, h = 6.63 ( 10(34 Js

A avZzi †¶‡Î B‡jKUª‡bi MwZkw³, Kmax = 2.67eV


= 2.67 ( 1.6 ( 10(19J


= 4.27 ( 10(19J

B avZzi †¶‡Î B‡jKUª‡bi MwZkw³, K(max = 0.23 eV


= 0.23 ( 1.6 ( 10(19

= 3.68 ( 10(20J
awi,


A avZzi Kvh©v‡c¶K = Wo 


Ges B avZzi Kvh©v‡c¶K = Wo( 

GLb, A avZzi †¶‡Î AvcwZZ Av‡jvi kw³, 


E = Kmax + Wo


ev,  eq \f(hc,()  ( Kmax = Wo


 ( Wo =  eq \f(6.63 ( 10(34 ( 3 ( 108,2500 ( 10(10) ( 4.27 ( 10(19

= 7.956 ( 10(19 ( 4.27 ( 10(19

= 3.686 ( 10(19J = 2.30 eV

Avevi, B avZzi †¶‡Î,


E = K(max + Wo(

ev, Wo = E ( K(max

=  eq \f(hc,()  ( K(max

=   eq \f(6.63 ( 10(34 ( 3 ( 108,2500 ( 10(10) ( 3.68 ( 10(20

= 7.588 ( 10(19 J


= 4.74 eV

myZivs cÖ`Ë mviYx Abyhvqx A avZzwU cUvwmqvg Ges B avZzwU iƒcv|   

eq \o((((,cÖkœ(37) 

[ewikvj K¨v‡WU K‡jR]

K.
wW-eªMjxi Zi½ wK? 
1

L. †Kv‡bv B‡jKUª‡bi mv‡_ †dvU‡bi msN‡l© wK N‡U? K¤úUb wµqv Abymv‡i e¨vL¨v Ki? 
2

M.
wP‡Î avZe A¨v‡bv‡Wi m~Pb K¤úv¼ wbY©q Ki? 
3

N. †fvëwgUv‡ii cvV 1V I 1.5V Gi g‡a¨ K¨v‡_v‡Wi w`‡K d‡UvB‡jKUª‡bi AvPiY Dc‡iv³ wPÎvbymv‡i Zzjbv Ki|
4

37 bs cÖ‡kœi DËi

eq \o((,K) cÖ‡Z¨K Pjgvb KYvi mv‡_ GKwU Zi½ hy³ _v‡K| G Zi½‡K wW-eªMjxi Zi½ e‡j| 

eq \o((,L) GKwU kw³kvjx †dvU‡bi mv‡_ c`v‡_©i KwYKv B‡jKUª‡bi msNl© NU‡j †dvUbwU B‡jKUªb‡K wKQz kw³ cÖ`vb K‡i| d‡j †dvU‡bi wbR¯^ kw³ wKQz cwigvY n«vm cvq| Gfv‡e †dvU‡bi wbR¯^ kw³ e¨q nevi d‡j wew¶ß †dvU‡bi kw³ AvcwZZ †dvU‡bi †P‡q Kg nq| A_©vr wew¶ß †dvU‡bi Zi½‰`N©¨ AvcwZZ †dvU‡bi Zi½ ˆ`‡N©¨i †P‡q †ewk n‡e|  

eq \o((,M) 

Avgiv Rvwb,

hf = Kmax + hfo
ev, hfo = hf ( Kmax
ev, hfo = hf (  eq \f(1,2) mvm2
ev, fo =  eq \f(hf ( \f(1,2)mvm 2,h) 
=  eq \f ((6.63 ( 10(34Js) ( (5( 1015Hz) ( 0.5 ( (9.1 ( 10(31kg)(6.63 ( 105ms(1)2,6.63 ( 10(34Js)
= 4.7 ( 1015Hz (Ans.)

eq \o((,N)
	Avgiv Rvwb,

eVo = hf ( hfo
ev, Vo =  eq \f(h(f ( fo),e) 

	GLv‡b, c­¨v‡¼i aª“eK, 

h = 6.62 ( 10(34JsAvcwZZ iwk¥i K¤úv¼, 

f = 5 ( 1015Hz m~Pb K¤úv¼, 

fo = 4.7 ( 1015Hz B‡jKUª‡bi PvR©, 

e = ( 1.6 ( 10(19C wbe„wË wefe, Vo = ?  


=  eq \f(6.63 ( 10(34Js (5 ( 1015Hz ( 4.7 ( 1015Hz),1.6 ( 10(19) 
= 1.24 V
A_©vr, 1.24V Gi wb‡P wef‡ei Rb¨ d‡Uv B‡jKUªb K¨v‡_v‡Wi w`‡K hv‡e| ZvB 1V cv‡V d‡Uv B‡jKUªb cÖevn n‡jI 1.5V cv‡V †dvUb B‡jKUªb K¨v‡_v‡Wi w`‡K hv‡e bv| 

eq \o((((,cÖkœ(38) GKwU B‡jKUª‡bi †eM 0.866c Ges Av‡iKwUi †eM 0.99c| B‡jKUª‡bi wbðj fi 9.1 ( 10(28gm.
[Kzwgj­v K¨v‡WU K‡jR]

K.
Kvh©v‡c¶K Kv‡K e‡j? 
1

L.
Zvwor‡PŠ¤^K wewKiY KL‡bv KYv Ges †dvUb KL‡bv Zi‡½i b¨vq AvPiY K‡i, wW-eªMjxi mgxKi‡Yi mvnv‡h¨ e¨vL¨v Ki|
2

M.
DÏxc‡K cÖ_g B‡jKUª‡bi Pjgvb fi KZ? 
3

N.
wØZxq B‡jKUª‡bi A‡c¶v cÖ_g B‡jKUª‡bi kw³ Kg| MvwYwZK we‡k­l‡Yi gva¨‡g DÏxcKwUi Rb¨ wee„wZwU hvPvB Ki| 
4

38 bs cÖ‡kœi DËi

eq \o((,K) †Kvb avZe c„ô †_‡K wbtmi‡Yi Rb¨ B‡jKUª‡bi GKwU b~¨bZg kw³ cÖ‡qvRb| Zv bv n‡j Av‡jvi Abycw¯’wZ‡Z B‡jKUªb avZe c„ô †_‡K †ewi‡q coZ| b~¨bZg kw³ hfo †K avZe c„‡ôi Kvh©v‡c¶K e‡j| 
eq \o((,L) weÁvbx jyBm `¨ eªbjx 1924 mv‡j cÖ¯—ve K‡ib †h, e¯‘i ˆØZ cÖK…wZ i‡q‡Q| GKwU KYv cÖK…wZ AciwU Zi½ cÖK…wZ, cÖ‡Z¨K Pjgvb KYvi mv‡_ GKwU Zi½ hy³ _v‡K| K¤úv¼ wewkó †dvU‡bi kw³ E n‡j, E = hf

Avevi, Av‡cw¶KZv Z³ †_‡K cvIqv hvq, E = pc

ev, 
hf = pc

ev, 
p =  eq \f(hf,c) =  eq \f(h,(() 
( 
( =  eq \f(h,(p)
G mgxKiY †_‡K ¯úóZ ejv hvq †h, ZvwoZ †PŠ¤^K wewKiY Ae¯’v we‡k‡l KYvi gZ AvPiY K‡i Ges †dvUb A½bv we‡k‡l Zi‡½i gZ AvPiY K‡i|
eq \o((,M) 
	Avgiv Rvwb,

m =  eq \f(mo,\r(1 ( \f(v2,c2))) 
=  eq \f(9.1 ( 10(31kg,\r(1 ( \b\bc\((\f(v2,c2))))
	GLv‡b, 

B‡jKUª‡bi, wbðj fi, mo = 9.1 ( 10(27gm


= 9.1 ( 10(31kg
†eM, v = 0.866 c

Pjgvb fi, m = ?  


=  eq \f(9.1 ( 10(31kg,\r(1 ( (0.866)2)) 
= 1.82 ( 10(30kg (Ans.) 

eq \o((,N) GLv‡b, 
cÖ_g B‡jKUª‡bi `ª“wZ, v1 = 0.866 c

wØZxq B‡jKUª‡bi `ª“wZ, v2 = 0.99 c

B‡jKUª‡bi wbðj fi, mo = 9.1 ( 10(28gm = 9.1 ( 10(31kg

B‡jKUª‡bi Av‡cw¶K MwZkw³, E =? 

Av‡jv †eM, c = 3 ( 108ms(1
Avgiv Rvwb,


E = mc2
cÖ_g B‡jKUª‡bi Rb¨, 


E1 = m1c2

=  eq \f(moc2,\r(1 ( \f(v12,c2))) 

=  eq \f((9.1 ( 10(31kg) ( (3 ( 108ms(1)2,\r(1 ( \b\bc\((\f(0.866c,c))2))

= 1.64 ( 10(13J

Avevi, wØZxq B‡jKUª‡bi Rb¨,  E2 = m2c2
=   eq \f(moc2,\r(1 ( \f(v22,c2))) =  eq \f((9.1 ( 10(31kg) ( (3 ( 108ms(1)2,\r(1 ( \b\bc\((\f(0.99c,c))2))
= 5.81 ( 10(13J > 1.64 ( 10–13J

( cÖ_g B‡jKUª‡bi kw³ wØZxq B‡jKUªb A‡c¶v Kg| 

eq \o((((,cÖkœ(39) w¯’i Ae¯’vb †_‡K 12m ˆ`‡N©¨i Ges 24kg f‡ii †Kvb GKwU e¯‘  eq \f(1,2) c †e‡M Pjv Avi¤¢ Ki‡jv|
[Lyjbv cvewjK K‡jR]

K.
Kvj `xN©vqb Kx?
1

L.
mgq m¤úªmviY I ˆ`N©¨ ms‡KvP‡bi g‡a¨ m¤úK© e¨vL¨v Ki|
2

M.
MwZkxj Ae¯’vq e¯‘wUi ˆ`N©¨ wbY©q Ki|
3

N.
wbDUbxq ejwe`¨v †_‡K cÖvß MwZkw³ I Av‡cw¶K ZË¡ Abymv‡i cÖvß MwZkw³i mgvb n‡e wKbv DÏxc‡K cÖ`Ë Z‡_¨i Av‡jv‡K we‡k­lY Ki|
4

39 bs cÖ‡kœi DËi

eq \o((,K) aª“e‡e‡M MwZkxj KvVv‡gv‡Z cwigvcK…Z mgq e¨eav‡bi Zzjbvq w¯’i KvVv‡gv‡Z cwigvcK…Z mgq e¨eavb †ewk| G welqwU Kvj `xN©vqb bv‡g cwiwPZ|  

eq \o((,L) g‡b Kwi, †Kv‡bv e¯‘ cÖm½ KvVv‡gvi mv‡c‡¶ v †e‡M MwZkxj| H e¯‘ †h mgq e¨eavb to wn‡m‡e cwigvc K‡i cÖm½ KvVv‡gv Zv t wn‡m‡e cwigvc K‡i| GLv‡b, t =  eq \f(to,\r(1 ( \f(v2,c2))) ....... (i)

Avevi, e¯‘i wbðj ˆ`N©¨ Lo Ges cÖm½ KvVv‡gvi mv‡c‡¶ Gi Pjgvb ˆ`N©¨ L n‡j, L = Lo eq \r(1 ( \f(v2,c2)) ............. (ii)

 eq \r(1 ( \f(v2,c2))  ivwkwUi gvb 1 A‡c¶v Kg nIqvq eySv hvq, e¯‘wUi MwZkxjZvi Kvi‡Y mgq m¤úªmvwiZ n‡e Ges ˆ`N©¨ ms‡KvPb NU‡e| mgq hw` m ¸Y m¤úªmvwiZ nq Zvn‡j ˆ`N©¨ msKzwPZ n‡q c~‡e©i Zzjbvq  eq \f(1,m) ¸Y n‡e| 

GLv‡b, m =  eq \r(1 ( \f(v2,c2)) ; v = cÖm½ KvVv‡gvi mv‡c‡¶ e¯‘i MwZ‡eM|

Dc‡iv³ wee„wZB mgq m¤úÖmvib I ˆ`N©¨ ms‡KvP‡bi ga¨Kvi m¤úK©|
eq \o((,M) †`Iqv Av‡Q,

wbðj ˆ`N©¨, Lo = 12 m

e¯‘wUi MwZ‡eM, v =  eq \f(1,2) c =  eq \f(c,2) 
†hLv‡b, c n‡jv ïb¨¯’v‡b Av‡jvi MwZ‡eM

†ei Ki‡Z n‡e, Pjgvb ˆ`N©¨, L = ? 

Avgiv Rvwb, L = Lo eq \r(1 ( \f(v2,c2)) 

= 12m (  eq \r(1 ( \b\bc\((\f(v2,c2))) = 12m (  eq \r(1 ( \f(1,4)) 

= 12 (  eq \f(\r(3),2)  = 6 eq \r(3) m = 10.39m (Ans.)

eq \o((,N) DÏxcK g‡Z, e¯‘wUi wbðj fi, mo = 24kg

Ges MwZ‡eM, v =  eq \f(1,2) c =  eq \f(c,2) 
GLv‡b, c n‡jv k~b¨¯’v‡b Av‡jvi MwZ‡eM 

myZivs, wbDUbxq ejwe`¨v †_‡K cÖvß MwZkw³, Ek =  eq \f(1,2)mov2 

=  eq \f(1,2) mo eq \b\bc\((\f(c,2))2  =  eq \f(1,8) moc2 = 0.125 moc2
Ges Av‡cw¶K ZË¡ Abymv‡i cÖvß MwZkw³, Ek( =

(m ( mo)c2 =  eq \b\bc\((\f(mo,\r(\f(1 ( v2,c2)) ( mo))c2 


=  eq \b\bc\((\f(mo,\r(1 ( \b\bc\((\f(c/2,c))2)) ( mo)c2

=  eq \b\bc\((\f(mo,\r(1 ( \f(1,4))) ( mo) c2 =  eq \b\bc\((\f(mo,\r(3/4)) ( mo) c2

= mo eq \b\bc\((\f(2,\r(3)) ( 10) c2 = 0.1547 moc2
¯úóZ: 0.125 moc2 ( 0.1547 moc2
ev, Ek ( Ek(
myZivs, wbDUbxq ejwe`¨v †_‡K cÖvß MwZkw³ I Av‡cw¶K ZË¡ Abymv‡i cÖvß MwZkw³ mgvb n‡e bv| 

eq \o((((,cÖkœ(40) GKwU avZzi Dci 2.5 ( 103A( Zi½ ˆ`‡N©¨i UV iwk¥ †djv n‡j B‡jKUªb wbM©Z n‡jv| avZzwUi m~Pb K¤úvsK 5.55 ( 1014Hz|
[Lyjbv cvewjK K‡jR]

K.
Kvh©v‡c¶K Kv‡K e‡j?
1

L.
Photoelectric effect-e¨vL¨v Ki|
2

M.
avZz n‡Z wbM©Z B‡jKUª‡bi m‡e©v”P kw³ wbY©q Ki|
3

N.
H avZzi Dci 6.8 ( 103A( Zi½ ˆ`‡N©¨i UV iwk¥ †djv n‡j B‡jKUªb wbM©Z n‡e wKbv MvwYwZKfv‡e we‡k­lY Ki|
4

40 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv avZzi c„‡ôi Ici b~¨bZg †h kw³i †dvUb AvcwZZ n‡j B‡jKUªb Aegy³ nq Zv‡K D³ avZzi Kvh©v‡c¶K e‡j|
eq \o((,L) avZzi L‡Û cigvYyi †hvRb B‡jKUªbmg~n wbw`©ó kw³‡Z wbDwK¬qv‡mi mv‡_ Ave× _v‡K| G‡`i‡K gy³ Ki‡Z n‡j b~¨bZg kw³ cÖ`vb Ki‡Z n‡e| †Kv‡bv †dvUb avZz c„‡ô AvcwZZ n‡q hw` G b~¨bZg gv‡bi kw³ ev Gi †P‡q †ewk kw³ B‡jKUªbwU‡K cÖ`vb Ki‡Z cv‡i, Zvn‡j B‡jKUªbwU Aegy³ nq| Gfv‡e Suv‡K Suv‡K †dvUb AvcZ‡bi gva¨‡g Suv‡K Suv‡K B‡jKUªb Aegy³ nIqv m¤¢e| Aegy³ G B‡jKUªb¸‡jvi cvi¯úwiK ZvwoZ Pv‡ci Kvi‡Y Giv cÖevwnZ n‡Z ïi“ K‡i| Gfv‡e avZz c„‡ô Av‡jv ev Ab¨ †Kv‡bv Zwo”Pz¤^Kxq wewKiY AvcwZZ nIqvi gva¨‡g ZworcÖevn m„wói NUbv‡K Photoelectric effect ev Av‡jvK Zwor wµqv e‡j| 

eq \o((,M) †`Iqv Av‡Q,
AvcwZZ iwk¥i Zi½‰`‡N©¨, ( = 2.5 ( 103A(

= 2.5 ( 103 ( 10(10m 


= 2.5 ( 10(7m

avZzi m~Pb K¤úv¼, fo = 5.55 ( 1014Hz

Rvbv Av‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34J.s

B‡jKUª‡bi fi, m = 9.1 ( 10(31kg
k~b¨ ¯’v‡b Av‡jvi `ª“wZ, c = 3 ( 108ms(1
†ei Ki‡Z n‡e, wbM©Z B‡jKUª‡bi m‡e©v”P †eM, vmax = ?

AvBb÷vB‡bi Av‡jvK-Zwor wµqv msµvš— mgxKiY n‡Z cvB, 

h eq \f(c,() = hfo + Tmax [Tmax = B‡jKUª‡bi m‡e©v”P MwZkw³] 

ev,  Tmax = h eq \f(c,() ( hfo
= 6.63 ( 10(34J.s (  eq \f(3 ( 108ms(1,2.5 ( 10(7m) ( 6.63 ( 10(34Js ( 5.55 ( 1014Hz

= 4.27 ( 10(19J = 2.67 eV (Ans.) 
eq \o((,N) cÖkœg‡Z, 

AvcwZZ wewKi‡Yi Zi½ ˆ`N©¨, ( = 6.8 ( 103Å


= 6.8 ( 103 ( 10(10m = 6.8 ( 10(7m

G wewKi‡Yi K¤úv¼, ( =  eq \f(c,()  =  eq \f(3 ( 108ms(1,6.8 ( 10(7m) 

= 4.41 ( 1014Hz

wKš‘ avZzwUi m~Pb K¤úv¼, (o = 5.55 ( 1014Hz


( ( < (o
†h‡nZz †dvU‡bi kw³ Gi K¤úvs‡Ki mgvbycvwZK| 

myZivs 6.8 ( 103A( Zi½ ˆ`N©¨ ev 4.41 ( 1014Hz K¤úvvs‡Ki UV iwk¥ avZz c„‡ô †djv n‡j †Kv‡bv B‡jKUªb wbM©Z n‡e bv|  

eq \o((((,cÖkœ(41) GK`j weÁvbx g½jMÖ‡n i‡KU Dr‡¶c‡Yi wPš—v Ki‡jb| Zviv 150m ˆ`‡N©¨i GKwU i‡KU Dr‡¶cY K‡i 2 NÈv ci Gi ˆ`N©¨ 140m g‡b Ki‡jb| i‡KU Dr‡¶c‡Yi 4 NÈv ci gnvk~‡b¨ †eM 2 ( 108ms(1
[wgicyi wek¦we`¨vjq K‡jR, XvKv]

K.
†Rbvi wefe Kv‡K e‡j?
1

L.
b¨vÛ I bi †MU‡K me©Rbxb †MU ejv nq †Kb? 
2

M.
DÏxc‡Ki i‡KU Dr‡¶c‡Yi 2 NÈv ci Gi `ª“wZ wbY©q Ki|
3

N.
Òaª“e‡eM AR©b Kivi ci i‡KUwUi MwZkxj ˆ`‡N©¨i gvb Kg bv †ewk n‡eÓÑ DÏxcK n‡Z hvPvB Ki|
4

41 bs cÖ‡kœi DËi

eq \o((,K) Wv‡qv‡Wi †¶‡Î, wecixZ evqvm †fv‡ëR e„w× K‡i GKwU µvwš— gv‡b †cŠQv‡j †`Lv hvq †h wecixZ Zwor cÖevn nVvr K‡i A‡bK¸Y †e‡o hvq| GB mgq Wv‡qvW Rvsk‡bi †iva m¤ú~Y©fv‡e †f‡½ hvq| GB we‡kl †fv‡ëR‡K ejv nq †Rbvi †fv‡ëR|

eq \o((,L) OR, AND Ges NOT GB wZbwU †gŠwjK †M‡Ui mgš^‡q †h‡Kv‡bv jwRK †MU ˆZwi Kiv m¤¢e| Z‡e ïay NAND †MU w`‡q OR, AND Ges NOT †MU ev¯—evqb m¤¢e| Abyiƒcfv‡e NOR †MU w`‡qI †h‡Kv‡bv jwRK mvwK©U ev¯—evqb m¤¢e| GRb¨ NAND Ges NOR †MU‡K me©Rbxb †MU e‡j|  

eq \o((,M) †`Iqv Av‡Q,

i‡K‡Ui ˆ`N©¨, Lo = 150 m


ms‡KvwPZ ev MwZkxj ˆ`N©¨, L = 140 m

Avgiv Rvwb,


L = Lo eq \r(1 ( \f(v2,c2)) 

ev,  eq \r(1 ( \f(v2,c2)) =  eq \f(L,Lo)

ev, 1 (  eq \f(v2,c2) =  eq \b\bc\((\f(L,Lo))2 

ev,  eq \f(v,c)  =  eq \r(1 ( \b\bc\((\f(L,Lo))2)

( v = 3 ( 108 (  eq \r(1 ( \b\bc\((\f(140,150))2) 

= 1.07 ( 108m/s (Ans.) 
eq \o((,N) †`Iqv Av‡Q,


w¯’i Ae¯’vi ˆ`N©¨, Lo = 150 m


i‡K‡Ui MwZ, v = 2 ( 108m/s

myZivs, 



L = Lo eq \r(1 ( \f(v2,c2)) 

ev, 
L = 150 eq \r(1 ( \b\bc\((\f(2 ( 108,3 ( 108m))2)  


( 
L = 111.8 m < 140m

aª“e‡eM AR©b Kivi ci i‡K‡Ui MwZkxj ˆ`‡N©¨i gvb Kg n‡e|  

eq \o((((,cÖkœ(42) cUvwkqvg avZz n‡Z B‡jKUªb wbtmi‡Yi gvb 4400A( Gi Dci 1.5 ( 1015Hz K¤úv‡¼ AwZ †e¸bx iwk¥ †djv n‡jv| 

[ewikvj miKvwi gwnjv K‡jR, ewikvj]

K.
GK †e‡K‡ij Gi ms½v wjL|
1

L.
jW© Av‡b©÷ iv`vi‡dv‡W©i cix¶vi gva¨‡g Kxfv‡e eySv hvq wbDwK¬qvm cigvYyi †K‡›`ª Aew¯’Z|
2

M.
cUvwkqv‡gi Kvh©v‡c¶K eV GK‡K wbY©q Ki|
3

N.
DÏxc‡Ki †¶‡Î avZz †_‡K B‡jKUªb wbtmiY eÜ Kivvi Rb¨ Kx e¨e¯’v wb‡Z n‡e; Zv wbY©q Ki|
4

42 bs cÖ‡kœi DËi

eq \o((,K) †Kv‡bv e¯‘i cÖwZ †m‡K‡Û GKwU cigvYyi fv½b‡K GK †e‡K‡ij (Bq) e‡j| 

eq \o((,L) iv`vi‡dv‡W©i cix¶v n‡Z Rvbv hvq AwaKvsk Avjdv KYv ¯^Y©cv‡Zi ga¨ w`‡q †mvRvmywR †f` K‡i, Aí wKQz msL¨K KYv mvgvb¨ †Kv‡Y †eu‡K hvq Avi cÖwZ 20000 KYvq GKwU KYv 180( †Kv‡Y wd‡i Av‡m| G †_‡K †evaMg¨ nq †h, cigvYyi mg¯— ab Avavb Ges fi Gi †K‡›`ª AwZ Aí cwimi ¯’v‡b †K›`ªxf‚Z i‡q‡Q hv‡K Avgiv wbDwK¬qvm AvL¨v w`‡q _vwK|  

eq \o((,M) †`Iqv Av‡Q,


m~Pb Zi½‰`N©¨, (o = 4400 A(

= 4400 ( 10(10m

Avgiv Rvwb,


Kvh©‡c¶K, Wo = h(o


= 6.63 ( 10(34m (  eq \f(c,(o) 


= 6.63 ( 10(34m (  eq \f(3 ( 108,4400 ( 10(10) 


= 4.52 ( 10(19J



=  eq \f(4.52 ( 10(19,1.6 ( 10(19) eV


( Wo =  2.83 eV  (Ans.)
eq \o((,N) †`Iqv Av‡Q,


AvcwZZ K¤úv¼, ( = 1.5 ( 1015Hz

Avgiv Rvwb,


(M) n‡Z, Wo = 4.52 ( 10(19J

AZGe,


B‡jKUª‡bi MwZkw³, Ek = h( ( Wo

= 6.63 ( 10(34 ( 1.5 ( 1015 ( 4.52 ( 10(19

( Ek = 5.425 ( 10(19J

AZGe, wbe„wË wefe, Vo =  eq \f(Ek,q) 

=  eq \f(5.425 ( 10(19,1.6 ( 10(19) V


( Vo = 3.39 V

myZivs, B‡jKUª‡bi wbtmiY _vgv‡bvi Rb¨ wecixZgyLx 3.39V gv‡bi wefe Z_v wbe„wË wefe cÖ‡qvM Ki‡Z n‡e| 

eq \o((((,cÖkœ(43) †Kvb e¯‘i Dci ej cÖ‡qvM K‡i MwZkxj Kiv n‡j AvBb÷vBb fikw³ iƒcvš—i cÖwµqvq e¯‘i fi g~jZ kw³‡Z cwiYZ nq| GgbB NUbvq 1.25 amu f‡ii GKwU KYv 0.8c †e‡M MwZkxj n‡q mgcwigvY kw³ cvIqv hvq|
[evsjv‡`k †bŠevwnbx ¯‹zj GÛ K‡jR, Lyjbv]

K.
`¨v eªMwj ZË¡wU wee„Z Ki|
1

L.
K¤úUb wµqv e¨vL¨v Ki|
2

M.
MwZkxj Ae¯’vq KYvwUi fi‡eM KZ n‡e wbY©q Ki|
3

N.
KYvwUi †eM 50% Kiv n‡j cÖvß MwZkw³i gvb Zzjbvg~jKfv‡e KZUzKz n«vm ev e„w× cv‡e Zv DÏxc‡Ki Av‡jv‡K MvwYwZKfv‡e we‡k­lY Ki|
4

43 bs cÖ‡kœi DËi

eq \o((,K) `¨v eªMwj ZË¡wU n‡jv : c`v_© hv AYy, cigvYy, †cÖvUb, wbDUªb, B‡jKUªb cÖf…wZ wfbœ wfbœ KYvi mgš^‡q MwVZ wbðqB †Kv‡bv h‡_vc‡hvMx cwiw¯’wZi g‡a¨ Zi½ cÖK…wZ cÖ`k©b Ki‡e| 

eq \o((,L) †Kv‡bv GKwU kw³kvjx †dvU‡bi mv‡_ c`v‡_©i KwYKv B‡jKUª‡bi msNl© NU‡j †dvUbwU B‡jKUªb‡K wKQz kw³ cÖ`vb K‡i| d‡j †dvU‡bi wbR¯^ kw³ wKQz cwigvY n«vm cvq| Gfv‡e †dvU‡bi wbR¯^ kw³ e¨q nevi d‡j wew¶ß †dvU‡bi kw³ AvcwZZ †dvU‡bi †P‡q Kg nq| A_©vr wew¶ß †dvU‡bi Zi½ ˆ`N©¨ AvcwZZ †dvU‡bi Zi½‰`‡N©¨i †P‡q †ewk n‡e| Zi½ ˆ`‡N©¨i GB cwieZ©b‡K K¤úUb wµqv e‡j|  
eq \o((,M) GLv‡b,

KYvwUi wbðj fi, mo = 1.25 amu



= 1.25 ( 1.66057 ( 10(27kg

KYvwUi †eM, v = 0.8 c

(MwZkxj Ae¯’vi KYvwUi fi‡eM, 


= mc


=  eq \f(moc,\r(1 ( \f(v2,c2))) 
=  eq \f(1.25 ( 1.66057 ( 10(27kg ( 3 ( 108ms(1,\r(1 ( \b\bc\((\f(0.8c,c))2))
= 1.038 ( 10(18kgms(1 (Ans.)
eq \o((,N) GLv‡b, 


KYvwUi wbðj fi, mo = 1.25 amu



= 1.25 ( 1.66057 ( 10(27kg


KYvwUi †eM, v1 = 0.8c 

( MwZkw³, E1 = mc2 =  eq \f(moc2,\r(1 ( \f(v12,c2))) 
=  eq \f((1.25 ( 1.66057 (  10(27kg) ( (3 ( 108ms(1)2,\r(1 ( \b\bc\((\f(0.8c,c))2)) = 3.11 ( 10(10J

Avevi, 


KYvwUi †eM 50% Kiv n‡j cwiewZ©Z


†eM n‡e v2 = v1 Gi 50% = 0.8c ( 0.5= 0.4 c

( cwiewZ©Z MwZkw³, E2 = mc2

=  eq \f(moc2,\r(1 ( \f(v12,c2))) 

=  eq \f((1.25 ( 1.66057 (  10(27kg) ( (3 ( 108ms(1)2,\r(1 ( (0.4))2)

= 2.03 ( 10(10J

( E1 > E2
( MwZkw³ n«vm cv‡e|

AZGe, MwZkw³, n«v‡mi cwgivY = E1 ( E2

= (3.11 ( 2.03) ( 10(10J


= 1.08 ( 10(10J (Ans.)  

eq \o((((,cÖkœ(44) 
[Aa¨vcK Avãyj gwR` K‡jR]

K.
f‡ii Av‡cw¶KZv wK?
1

L.
cUvwkqvg Gi Kvh© A‡c¶K 2.2 eV ej‡Z wK eyS?
2

M.
wew¶ß †dvU‡bi Zi½ ˆ`N©¨ KZ? 
3

N. †dvUbwU 45( †Kv‡Y wew¶ß n‡j B‡jKUªbwUi MwZ kw³i †Kvb cwieZ©b n‡e wKbv-MvwYwZK we‡k­l‡Yi gva¨‡g †Zvgvi gZvgZ `vI|
4

44 bs cÖ‡kœi DËi

eq \o((,K) ch©‡e¶K Ges e¯‘i g‡a¨ Av‡cw¶K MwZ _vKvi Kvi‡Y e¯‘i fi cwigv‡c †h wfbœZv cwijw¶Z nq Zv‡K f‡ii Av‡cw¶KZv e‡j| 

eq \o((,L) cUvwkqv‡gi Kvh© A‡c¶K 2.2 eV ej‡Z †evSvq cUvwkqvg c„ô n‡Z B‡jKUªb wbtmi‡Yi Rb¨ b~¨bZg 2.2eV kw³i cÖ‡qvRb| 2.2 eV Gi Kg gv‡bi kw³‡Z Av‡jvKiwk¥ AvcwZZ n‡j cUvwkqvg c„ô n‡Z †Kv‡bv B‡jKUªb wbtm„Z n‡e bv| 

eq \o((,M) †`Iqv Av‡Q,

AvcwZZ †dvU‡bi Zi½ ˆ`N©¨, ( = 10 pm


= 10 ( 10–12m


†dvU‡bi we‡¶cY †KvY, ( = 90(
Rvbv Av‡Q,


B‡jKUª‡bi wbðj fi, mo = 9.1 ( 10(31kg


c­vs‡Ki aª“eK, h = 6.63 ( 10(34J.s


Av‡jvi `ª“wZ, c = 3 ( 108ms(1

wew¶ß †dvU‡bi Zi½ ˆ`N©¨, (( = ? 

Avgiv Rvwb, 


(( ( ( =  eq \f(h,moc) (1 ( cos()


ev, (( = ( +  eq \f(h,moc) (1 ( cos() 


= 10 ( 10–12 +  eq \f(6.63 ( 10(34,9.1 ( 10(31 ( 3 ( 108) (1–cos90()


= 1.243 ( 10–11m (Ans.)  

eq \o((,N) ÔMÕ Ask n‡Z cvB, 90( †Kv‡Y wew¶ß †dvU‡bi Zi½ ˆ`N©¨,

 
(( = 1.243 ( 10–11m

( 90( †Kv‡Y wew¶ß †dvU‡bi MwZkw³Ñ 


E =  eq \f(hc,(() 

=  eq \f(6.63 ( 10(34 ( 3 ( 108,1.243 ( 10–11m) 

= 1.6 ( 10(14J
†dvUbwU 45( †Kv‡Y wew¶ß n‡j, wew¶ß †dvU‡bi Zi½ ˆ`N©¨ (1( n‡j;


(1( = ( +  eq \f(h,moc) (1 ( cos() 


ev, (1( = 10 ( 10–12 +  eq \f(6.63 ( 10(34,9.1 ( 10(31 ( 3 ( 108) ( 0.293


( (( = 1.071 ( 10–11m
†h‡nZz (1( ( ((, †m‡nZz †dvU‡bi kw³i †Kv‡bv cwieZ©b n‡e| †dvU‡bi kw³i cwieZ©b nIqvq B‡jKUªbwUi MwZkw³iI cwieZ©b n‡e|   
eq \o((((,cÖkœ(45) 
wP‡Î : GKwU avZe c`v‡_© †dvUb Øviv  AvNvZ Kivi ci B‡jKUªb wbM©Z nq| 
[miKvwi nvRx gynv¤§` gnwmb K‡jR, PÆMÖvg]

K.
†Rbvi wµqv wK?
1

L.
ÔWv‡qvW †iKwUdvqvi wn‡m‡e KvR K‡i|ÕÑ Dw³wU e¨vL¨v Ki|
2

M.
DÏxcKwU e¨envi K‡i B‡jKUªbwU m~Pb K¤úvsK †ei Ki?
3

N.
B‡jKUªbwU cigvYyi †Kvb kw³i ¯—‡i Ae¯’vb Ki‡Q e‡j Zzwg g‡b KiQÑ †Zvgvi DË‡ii ¯^c‡¶ hyw³ †`LvI|
4

45 bs cÖ‡kœi DËi

eq \o((,K) p-n Rvskb Wv‡qv‡W cðvrgyLx evqv‡mi †¶‡Î †fv‡ë‡Ri cv_©K¨ µgk evov‡Z _vK‡j GKwU we‡kl †fv‡ëR Gi Rb¨ Zwor cÖevn nVvr Lye †ewk e„w× cvIqv‡K †Rbvi wµqv e‡j| 

eq \o((,L) p-n Rvskb Wv‡qvW‡K m¤§yL †Suv‡K hy³ Ki‡j n-type n‡Z B‡jKUªb p-type e¯‘‡Z wM‡q †nvj c~Y© K‡i| d‡j Zwor cÖevn P‡j| wKš‘ p-n Rvskb Wv‡qvW‡K wegyLx †Suv‡K hy³ Ki‡j B‡jKUªb¸‡jv n-type e¯‘‡ZB †_‡K hvIqvq B‡jKUªb  cÖevn Z_v ZworcÖevn nq bv| A_©vr, Wv‡qv‡Wi gva¨‡g ïay GK w`‡KB ZworcÖevn m¤¢e| GRb¨ Wv‡qvW †iKwUdvqvi wn‡m‡e KvR K‡i|  

eq \o((,M) GLv‡b, DÏxcK Abymv‡i,

K¤úv¼, f = 4 ( 1015Hz


m~Pb K¤úv¼, fo = ?


MwZkw³  K = 12 eV = (12 ( 1.6 ( 10(19)J



= 19.2 (10(19J

Avgiv Rvwb, hf = hfo + K


ev, hfo = 6.63 ( 10(34 ( 4 ( 1015 ( 19.2 ( 10(19

ev, 6.63 ( 10(34 ( fo = 7.32 ( 10(19
( 
fo = 1.104 (  1015Hz (Ans.) 

eq \o((,N) GLv‡b,


m~Pb K¤úv¼, fo = 1.104 ( 1015Hz


c­v‡¼i aª“eK, h = 6.63 ( 10(34Js


B‡jKUª‡bi fi, m = 9.11 ( 10(31kg


B‡jKUª‡bi Avavb, e = 1.6 ( 10(19C

g‡b Kwi, B‡jKUªbwU nZg kw³ ¯—‡i Ae¯’vb Ki‡Q|

n Zg kw³¯—‡i Aew¯’Z B‡jKUª‡bi kw³ =  eq \f(me4,8(02n2h2) 
cÖkœg‡Z,


 eq \f(me4,8(02n2h2) = hfo

ev, n2 =  eq \f(me4,8(02h2 ( hfo)

ev, n2 =  eq \f(9.11 ( 10(31 ( (1.6 ( 10(19)4,8 ( (8.854 ( 10(12)2 ( (6.63 ( 10(34)3 ( 1.104 ( 1015) 

( n = 1.72 ( 2

A_©vr, B‡jKUªbwU cigvYyi wØZxq kw³¯—‡i Aew¯’Z| 

eq \o((((,cÖkœ(46) 
[ˆmq`cyi miKvwi KvwiMix K‡jR, bxjdvgvix]

K.
K¤úUb wµqv wK?
1

L.
†evi K¶ c_¸wj‡K ¯’vqx K¶c_ ejv nqÑ e¨vL¨v Ki|
2

M.
DÏxc‡Ki Av‡jv‡K B‡jKUª‡bi m‡e©v”P MwZkw³ KZ? 
3

N.
K¤úv¼ 5 ( 1015Hz n‡Z cwieZ©b K‡i 6 ( 1015Hz Ki‡j wbe„wË wef‡ei wKiƒc cwieZ©b n‡eÑ e¨vL¨v Ki|
4

46 bs cÖ‡kœi DËi

eq \o((,K) †dvU‡bi mv‡_ B‡jKUª‡bi msN‡l©i d‡j †dvU‡bi kw³i wKQz Ask B‡jKUª‡b ¯’vbvš—wiZ nq d‡j †dvU‡bi Zi½‰`N©¨ e„w× cvIqvi NUbv‡K K¤úUb wµqv e‡j| 
eq \o((,L) iv`vi‡dvW© cigvYy g‡W‡ji mxgve×Zv `~ixKi‡Yi j‡¶¨ †evi GKwU cigvYy g‡Wj cÖ¯—ve K‡ib| G g‡Wj Abymv‡i, wbDwK¬qv‡mi PZzw`©‡K B‡jKUªb KZ¸‡jv wbw`©ó K¶c‡_ cwiågY K‡i| G mKj K¶c_  cwiågbKv‡j B‡jKUªb †Kv‡bv kw³ wewKiY K‡i bv ev †Kv‡bv kw³ †kvlY K‡i bv| A_©vr B‡jKUªb †Kv‡bv kw³ †kvlY ev wewKiY bv Ki‡j Zvi AveZ©‡bi K¶c_ cwieZ©b nq bv| GRb¨ †evi K¶c_¸wj‡K ¯’vqx K¶c_ e‡j|  

eq \o((,M) †`Iqv Av‡Q, AvcwZZ †dvU‡bi K¤úvsK, (= 5 ( 1014Hz


m~Pb K¤úvsK, (o = 2 ( 1014Hz 

Rvbv Av‡Q, c­vs‡Ki aª“eK, h = 6.63 ( 10(34J.s
†ei Ki‡Z n‡e, B‡jKUª‡bi m‡e©v”P MwZkw³, Tmax = ?

AvBb÷vB‡bi d‡Uv-Zwor wµqvi mgxKiY n‡Z Avgiv Rvwb,


hv = h(o + Tmax

( Tmax = h( ( h(o


= h(( ( (o) 


= 6.63 ( 10(34Js. ( (5 ( 1014Hz ( 2 ( 1014Hz)


= 1.98 ( 10(19J (Ans.) 
eq \o((,N) AvcwZZ †dvU‡bi K¤úv¼, ( = 5 ( 1015Hz n‡j wbtm„Z d‡UvB‡jKUª‡bi m‡e©v”P MwZkw³,

Tmax = 1.989 ( 10(19J; G‡¶‡Î wbe„wË wefe Vs n‡j,


eVs = Tmax
( Vs =  eq \f(Tmax,e) =  eq \f(1.989 ( 10(19J,1.6 ( 10(19)  = 1.243 Volt

Avevi, AvcwZZ †dvU‡bi K¤úv¼, (( = 6 ( 1015Hz n‡j,

wbtm„Z d‡UvB‡jKUª‡bi m‡e©v”P MwZkw³,


Tmax( = h(( ( h(o = h((( ( (o)


= 6.63 ( 10(34J ( (6 ( 1015Hz ( 2 ( 1015Hz)


= 2.652 ( 10(18J

G‡¶‡Î, wbe„wË wefe, Vs( =  eq \f(Tmax(,e) =  eq \f(2.652 ( 10(18J,1.6 ( 10(19C) 

= 16.575 Volt

myZivs wbe„wË wef‡ei cwieZ©b, (Vs = Vs( ( Vs


= 16.575 volt ( 1.243 volt = 15.332 volt (e„w×)

eq \o((((,cÖkœ(47) GKRb  gnvk~b¨Pvix 25 eQi eq‡m 1.8 ( 108ms(1 †e‡M MwZkxj 2000kg f‡ii gnvk~b¨ hv‡b P‡o gnvKv‡k †M‡jb| c„w_exi wn‡m‡e wZwb 30 eQi gnvKv‡k KvwU‡q Avm‡jb|
[MvRxcyi wmwU K‡jR]

K.
K¤úUb wµqv Kx?
1

L.
d‡Uv Zwor wµqvi ˆewkó¨ Av‡jvPbv Ki|
2

M.
gnvk~b¨Pvixi cÖK…Z eqm KZ n‡e? 
3

N.
c„w_exi I gnvk~b¨hv‡b Ae¯’vbiZ `yBRb ch©‡e¶‡Ki wbKU gnvk~b¨hv‡bi kw³ wK GKB n‡e? Ñ we‡k­lY Ki|
4

47 bs cÖ‡kœi DËi

eq \o((,K) GKwU †dvUb †Kvb gy³ B‡jKUªb‡K AvNvZ Kivi ci Gi Zi½‰`N©¨ e„w× cvIqvi NUbv‡K K¤úUb wµqv e‡j| 

eq \o((,L) d‡Uv Zwor wµqvi ˆewkó¨mg~n wbæiƒc : 

i.
d‡UvZwor wµqv GKwU Zvr¶wYK NUbv| Av‡jvi ZxeªZv hZ KgB †nvK bv †Kb h‡_vchy³ K¤úv¼ wewkó Av‡jvK iwk¥ avZec„‡ô AvcwZZ nIqvi mv‡_ mv‡_ c„ô †_‡K B‡jKUªb wbtm„Z nq|

ii.
d‡UvB‡jKUª‡bi MwZkw³ AvcwZZ Av‡jvi K¤úv‡¼i Dci wbf©ikxj wKš‘ Av‡jvi ZxeªZvi Dci wbf©ikxj bq| 

iii.
†h †Kvb wbw`©ó K¤úv¼ I g›`bK wefe cv_©‡K¨i Rb¨ d‡UvcÖevn AvcwZZ Av‡jvi ZxeªZvi mgvbycvwZK|
iv.
d‡Uv Zwor wbtmiY ZvcgvÎvi Dci wbf©i K‡i bv|  

eq \o((,M) †`Iqv Av‡Q,


f‚-c„ô n‡Z wbY©xZ mgq e¨eavb, t = 30y


gnvk~b¨ hv‡bi †eM, v = 1.8 ( 108ms(1

Rvwb, Av‡jvi †eM, c = 3 ( 108ms(1
gnvk~b¨ hv‡b gnvk~b¨Pvixi eqm e„w×, to = ?


Rvwb, t =  eq \f(to,\r(1 ( \f(v2,c2))) 

ev, to = t (  eq \r(1 ( \f(v2,c2)) 

= 30 (  eq \r(1 ( \f((1.8 ( 108)2,(3 ( 108)2)) 

= 24 year

( gnvk~b¨Pvixi eqm n‡e = (25 + 24) year


= 49 year (Ans.) 

eq \o((,N) c„w_ex‡Z Ae¯’vbiZ ch©‡e¶‡Ki wbKU gnvk~b¨hv‡bi †gvU kw³ = mc2

†hLv‡b, m = i‡K‡Ui MwZkxj fi,


           c = Av‡jvi †eM

GLb,  mc2 =  eq \f(mo,\r(1 ( \f(v2,c2))) c2

=  eq \f(2000kg,\r(1 ( \f((1.8 ( 108ms(1)2,(3 ( 108ms(1)2))) ( (3 ( 108ms(1) 2

= 2.25 ( 1020 J 

Avevi,

gnvk~b¨hv‡b Ae¯’vbiZ ch©‡e¶‡Ki wbKU gnvk~b¨hv‡bi †gvU kw³


E = moc2

= 2000 kg ( (3 ( 108ms(1)2

= 1.8 ( 1020J

myZivs c„w_ex‡Z Ges gnvk~b¨hv‡b Ae¯’vbiZ `yBRb ch©‡e¶‡Ki wbKU gnvk~b¨hv‡bi †gvU kw³ GKB n‡e bv| 

eq \o((((,cÖkœ(48) †Kvb GKwU d‡Uv Zwor wµqvi cÖvß WvUv cv‡ki †jLwP‡Î Abyiƒc| 
[KvigvB‡Kj K‡jR, iscyi]

K.
Kvj `xN©vqb Kx?
1

L.
gvB‡Kjmb gwj©i cix¶v Avgv‡`i †Kvb ev¯—eZvi gy‡LvgywL `uvo Kivq? 
2

M.
avZe c`v_©wUi m~Pb Zi½‰`N©¨ KZ? 
3

N.
AvcwZZ wewKiYwU eY©vjxµ‡gi †Kvb ch©v‡q co‡e e‡j Zzwg g‡b Ki| MvwYwZK we‡k­lYmn Dc¯’vcb Ki|
4

48 bs cÖ‡kœi DËi

eq \o((,K) aª“e‡e‡M MwZkxj KvVv‡gv‡Z cwigvcK…Z mgq e¨eav‡bi Zzjbvq w¯’i KvVv‡gv‡Z cwigvcK…Z mgq e¨eavb †ewk| G welqwU Kvj `xN©vqb bv‡g cwiwPZ| 

eq \o((,L) B_vi ZË¡ Abyhvqx, gnvRM‡Zi me©Î duvKv RvqMvq B_vi bvgK c`v_© ev gva¨g eZ©gvb|

gvB‡Kjmb I gwj© f‚-c„‡ôi wewfbœ ¯’v‡b Ges wewfbœ FZz‡Z G Zv‡`i cix¶vi cyYive„wË K‡ib wKš‘ cÖwZeviB Zviv †Wviv AcmviY cwigv‡c e¨_© nb|  A_©vr cix¶v †_‡K †Kv‡bv ch©‡e¶Y‡hvM¨ †Wviv AcmiY cwijw¶Z nqwb| 

myZivs wm×v‡š— Avmv hvq, Av‡jvi c‡_i cwieZ©b NUv‡jI Av‡jvi `ª“wZ cwiewZ©Z nqwb| G †_‡K cÖgvwYZ nq †h, Av‡jvi `ª“wZ GKwU mve©Rbxb aª“eK| 

myZivs gvB‡Kjmb gwj©i cix¶v Avgv‡`i GB ev¯—eZvi gy‡LvgywL `uvo Kivq †h, ÒG gnvwe‡k¦ B_vi bvgK KwíZ c`v‡_©i †Kv‡bv Aw¯—Z¡ †bB|Ó

eq \o((,M) GLv‡b, 

P we›`yi K¤úv¼, ( = 7.5 ( 1014Hz


m‡e©v”P kw³, eVo = 0.4 ( 1.6 ( 10(19J


m~Pb Zi½ ˆ`N©¨, (o = ?

Avgiv Rvwb,


h( = eVo + h(o [vo = m~Pb K¤úv¼]


ev, h(o = h( ( eVo

ev, (o = ( (  eq \f(eVo,h) 

ev,    eq \f(e,(0) = ( (  eq \f(eVo,h) 

ev,  eq \f(3 ( 108,(o) = 7.5 ( 1014 (  eq \f(0.4 ( 1.6 ( 10(19,6.63 ( 10(34) 

ev,  eq \f(3 ( 108,(o) = 6.53 ( 1014

( (o = 4.5908 ( 10(7m = 4590.9A( (Ans.)  
eq \o((,N) GLv‡b, 


AvcwZZ wewKiYwU K¤úv¼, ( = 7.5 ( 1014Hz


Av‡jvi †eM, c = 3 ( 108ms(1

Zi½‰`N©¨, ( = ? 

Avgiv Rvwb,


c =  ((

( ( =  eq \f(c,() 

=  eq \f(3 ( 108ms(1,7.5 ( 1014Hz) 

= 4 ( 10(7m


= 400 nm

MvwYwZK we‡k­l‡Y †`Lv hvq, AvcwZZ wewKiYwUi Zi½ ˆ`N©¨ 400nm hv eY©vjx µ‡gi †e¸wb  ch©v‡q (380 ( 424 nm) co‡e|

eq \o((((,cÖkœ(49) ivwkqvi GKRb gnvk~b¨Pvix 35 eQi eq‡m 2.5 ( 108ms(1  †e‡M c„w_ex cÖ`w¶‡Y †ei n‡jb| Zvi RgR fvB c„w_exi wn‡m‡e †`L‡Z cvb H b‡fvPvix 20 eQi ci wd‡i Avm‡jb| D‡j­L¨ †h, f‚c„ô Z¨vM Kivi c~‡e© b‡fvPvixi c‡K‡U 100cm ˆ`‡N©¨i GKwU wWwRUvj K¨v‡giv wQj|
[mvgmyj nK Lvb ¯‹zj GÛ K‡jR, XvKv]

K.
K¤úUb wµqv wK?
1

L.
d‡Uv Zwor wµqv GKwU Zvr¶wYK NUbv e¨vL¨v Ki|
2

M.
gnvk~‡b¨ D³ b‡fvPvixi e¨en„Z K¨v‡givwUi ˆ`N©¨ c„w_exi mv‡c‡¶ KZ n‡e? 
3

N.
Df‡qi eZ©gvb eqm GKB n‡e wK? we‡k­lY Ki|
4

49 bs cÖ‡kœi DËi

eq \o((,K) †dvU‡bi mv‡_ B‡jKUª‡bi msNl© n‡j †dvU‡bi Zi½‰`N©¨ e„w× cvIqvi NUbv‡K K¤úUb wµqv e‡j| 
eq \o((,L) Av‡jvi Zi½ ZË¡ Abymv‡i, †dvU‡bi aviYv ¯^xK…Z bq| Av‡jvK kw³ mgMÖ Zi½gy‡L e¨vß _v‡K| avZe c„‡ô Aew¯’Z G‡KKwU AYyi Ici Zi½gy‡Li LyeB ¶z`ª Ask AvcwZZ nq| d‡j c‡Z¨KwU AYy Z_v B‡jKUªb cÖwZ †m‡K‡Û †h kw³ AvniY K‡i Zv hr mvgvb¨| gy³ nevi Rb¨ cÖ‡qvRbxq kw³ msMÖ‡n A‡bK mgq jvMvi K_v| wKš‘, ev¯—‡e Av‡jvK Zwor wµqv GKwU Zvr¶wYK NUbv| Av‡jvi †Kvqv›Uvg ZË¡ Abymv‡i, †dvUb hLb B‡jKUªb‡K AvNvZ K‡i ZLb B‡jKUªb †dvU‡bi nq m¤ú~Y© kw³ †kvlY K‡i bq‡Zv †Kv‡bv kw³B †kvlY K‡i bv| B‡jKUªb hw` †dvU‡bi kw³ †kvlY K‡i Zvn‡j †dvUb AvcwZZ nIqvgvÎ Zv †kvlY K‡i B‡jKUªbwU wbtm„Z nq ev Aegy³ nq| Av‡jvKiwk¥i AvcZb I B‡jKUªb wbtmiY-G `yÕ†qi gv‡S †Kv‡bv Kvj wej¤^ †bB, A_©vr Av‡jvK Zwor wµqv Zvr¶wYK| 

eq \o((,M) †`Iqv Av‡Q,

K¨v‡givwUi wbðj ˆ`N©¨, Lo = 100 cm

gnvk~b¨ hvb Z_v K¨v‡givi MwZ‡eM, v = 2.5 ( 108ms(1
Rvbv Av‡Q, k~b¨¯’v‡b Av‡jvi †eM, c = 3 ( 108ms(1
†ei Ki‡Z n‡e, K¨v‡givi Pjgvb ˆ`N©¨, L = ? 

Avgiv Rvwb, L = L0 eq \r(1 ( \f(v2,c2)) 

= 100cm (  eq \r(1 ( \b\bc\((\f(2.5 ( 108ms(1,3 ( 108ms(1))2) 

= 55.3 cm (Ans.) 

eq \o((,N) DÏxcKg‡Z, 


c„w_exi AwZevwnZ mgq Kvj, t = 20 y

gnvk~b¨hv‡bi MwZ‡eM, v = 2.5 ( 108ms(1
Rvbv Av‡Q, k~b¨¯’v‡b Av‡jvi MwZ‡eM, c = 3 ( 108ms(1
(gnvk~b¨hv‡b AwZevwnZ mgq Kvj, 

to = t eq \r(1 ( \f(v2,c2)) = 20y (  eq \r(1 ( \b\bc\((\f(2.5 ( 108ms(1,3 ( 108ms(1)))2 

= 11.06 y

myZivs gnvKvkhvbwU hLb c„w_ex‡Z wd‡i Avm‡e ZLb gnvk~b¨ Pvixi eqm = 35y + 11.06 y = 46.06 y Ges c„w_ex‡Z Ae¯’vbvKix Zvi fvBwUi eqm = 35y + 20y = 55y

¯úóZ : 46.06y ( 55y

myZivs Df‡qi eZ©gvb eqm mgvb n‡e bv| 

Aa¨vqwUi ¸i“Z¡c~Y© Ávb I Abyavebg~jK cÖ‡kœvËi

(wbe©vPwb cix¶vi cÖkœ we‡k­l‡Y cÖvß)
(K bs cÖkœ (Ávbg~jK)

cÖkœ-1. Av‡cw¶KZvi MwZkw³i mgxKiYwU †jL| 
DËi: Av‡cw¶KZvi MwZkw³i mgxKiY nj Ek = mc2 – m0c2| 

cÖkœ-2. mej wbDwK¬q ej Kv‡K e‡j?
DËi: †h mej ej wbDwK¬qvm‡K cigvYyi g‡a¨ a‡i iv‡L Zv‡K mej wbDwK¬q ej e‡j| 
cÖkœ-3. gnvKl© e‡ji cvj­v KZ?
DËi: gnvKl© e‡ji cvj­v Amxg| 
cÖkœ-4. mej wbDwK¬q e‡ji cvj­v KZ? 
DËi: mej wbDwK¬q e‡ji cvj­v 10–15m
cÖkœ-5. Av‡jvK Zwor wbM©g‡bi cÖ_g m~Î wee„Z K‡iv| 
DËi: Av‡jvK Zwor wbM©gb GKwU Zvr¶wYK NUbv| 
cÖkœ-6. Av‡jvK Zwor wbM©g‡bi wØZxq m~ÎwU wee„Z K‡iv| 
DËi: cÖwZwU Av‡jvK B‡jKUªb wbM©g‡bi †¶‡Î AvcwZZ Av‡jvK iwk¥i GKwU wbw`©ó b~¨bZg K¤úv¼ i‡q‡Q hvi bvg m~Pb K¤úv¼| 
cÖkœ-7. Av‡jvK Zwor wbM©g‡bi Z…Zxq m~ÎwU wee„Z K‡iv| 
DËi: AvcwZZ Av‡jv‡Ki K¤úv¼ cÖvi¤^ ev m~Pb K¤úv¼ A‡c¶v †ewk n‡j Av‡jvK Zwor cÖevngvÎv AvcwZZ Av‡jv‡Ki cÖve‡j¨i mgvYycvwZK| 
cÖkœ-8. Av‡jvK Zwor wbM©g‡bi PZy_© m~ÎwU wee„Z K‡iv| 
DËi: Av‡jvK B‡j±«‡bi MwZ‡eM Z_v MwZkw³ AvcwZZ Av‡jv‡Ki cÖve‡j¨i Ici wbf©i K‡i bv eis AvcwZZ Av‡jvi K¤úv¼ Ges wbtmvi‡Ki cÖK…wZi Ici wbf©i K‡i| 
cÖkœ-9. gyL¨ KzÊjx Kv‡K e‡j? 
DËi: Zwor †PŠ¤^K Av‡e‡ki †¶‡Î †h Zv‡ii KzÊjx‡Z Zwor cÖevwnZ nq Zv‡K gyL¨ KzÊjx e‡j| 
cÖkœ-10. ib‡Rb Kv‡K e‡j? 
DËi: G·‡ii GK‡Ki bvg ib‡Rb ej‡Z Avgiv †mB cwigvY G·‡i wewKiY eywSqv mvaviY Pvc Ges ZvcgvÎvq 1mm evqy‡Z 3.33 ( 10–10C Pv‡R©i Drcbœ Ki‡Z cv‡i| 
cÖkœ-11. †MŠY KzÊjx Kv‡K e‡j? 
DËi: Zwor †PŠ¤^K Av‡e‡ki †¶‡Î †h Zv‡ii KzÊjx‡Z ZworcÖevn Avweó nq Zv‡K †MŠY KzÊjx e‡j| 
cÖkœ-12. Kv‡i›U Kx?
DËi: MvwYwZKfv‡e GKK mg‡q Pv‡R©i cÖevn‡K Kv‡i›U ev cÖevn e‡j| 
cÖkœ-13. we¯—vi Kx? 
DËi: †h †Kv‡bv Awfgy‡L Zwo”PvjK kw³ ev cÖev‡ni m‡e©v”P gvb‡K we¯—vi ev kxl© gvb e‡j|
(L bs cÖkœ (Abyavebg~jK)
cÖkœ-1. B_v‡ii Aw¯—Z¡ cÖgv‡Yi cix¶vq gvB‡Kjmb gwj©i cix¶vq wm×vš—¸‡jv Kx n‡Z cv‡i?

DËi: B_v‡ii Aw¯—Z¡ cÖgv‡Yi gvB‡Kjmb gwj©i cix¶vq †_‡K wbæwjwLZ wm×v‡š— DcbxZ nIqv hvq(
i.
B_vi ej‡Z G gnvwe‡k¦ wKQy †bB|

ii.
M¨vwjwjq iƒcvš—i mwVK bq|
iii.
Av‡jv‡Ki †eM GKwU aª“e ivwk| 
cÖkœ-2. Av‡cw¶K ZË¡vbymv‡i MwZkxj Ae¯’vi ˆ`N©¨ w¯’i Ae¯’vi ˆ`‡N©¨i †P‡q †QvU nq †Kb?

DËi: ˆ`N©¨i Av‡cw¶KZvi †¶‡Î Avgiv Rvwb, L = L0  eq \r(1 ( \f(v2,c2))| †h‡nZy e¯—yi †e‡Mi gvb Av‡jvi †e‡Mi gv‡bi †P‡q me mgqB †QvU d‡j   eq \r(1 ( \f(v2,c2)) Gi gvb memgqB 1 †_‡K Kg nq d‡j MwZkxj Ae¯’vi ˆ`N©¨ L w¯’i ˆ`N©¨ L0 Gi †P‡q memgqB †QvU nq| 

cÖkœ-3. Av‡cw¶K ZË¡ Abymv‡i †Kv‡bv e¯—yi MwZkxj fi w¯’i f‡ii e¨eavb AwZ Aí n‡e †Kvb k‡Z© e¨vL¨v K‡iv|

DËi: f‡ii Av‡cw¶KZv †_‡K Avgiv Rvwb, 
m =  eq \f(m0,\r(1 ( \f(v2,c2)))| GLb v Gi gvb c Gi †P‡q A‡bK †QvU n‡j A_©vr v << c nj m (  eq \f(m0,\r(1)) ev m ( m0 nq| A_©vr †Kv‡bv e¯—yi †eM Av‡jvi †e‡Mi †P‡q A‡bK Kg n‡j MwZkxj I w¯’i f‡ii e¨eavb AwZ Aí n‡e|  
cÖkœ-4. G· iwk¥ Zwor Pz¤^Kxq iwk¥, Zvn‡j Zwor I †PŠ¤^K †¶Î Øviv G· iwk¥ wew¶ß nq bv †Kb?

DËi: G· iwk¥ AvwnZ KYv bq, Zwor Pz¤^Kxq Zi½| ZvB Zwor I †PŠ¤^K †¶Î Øviv G· iwk¥ wew¶ß nq bv| 

cÖkœ-5. AvcwZZ Av‡jv‡Ki Zi½‰`N©¨ n«vm †c‡j wbM©Z Av‡jvK B‡jKUª‡bi †e‡Mi Dci Kx cÖfve n‡e?

DËi: AvBb÷vB‡bi Av‡jvK Zwor mgxKiY †_‡K cvIqv hvq †h, Av‡jvK B‡jKUª‡bi MwZkw³ =  eq \f(1,2) mv2 = h( ( u0 =  eq \f(he,() ( v0| GLb AvcwZZ Av‡jv‡Ki Zi½ ˆ`N©¨ n«vm †c‡j wbtm„Z Av‡jvK B‡jKUª‡bi †eM e„w× cv‡e|  
cÖkœ-6. Av‡jvK Zwor wµqvq Av‡jv‡Ki ZxeªZv e„w× Ki‡j wbM©Z d‡Uv B‡jKUª‡bi MwZkw³i cwieZ©b n‡e wKbv( e¨vL¨v K‡iv|

DËi: wbw`©ó K¤úv‡¼i (v) AvcwZZ Av‡jv‡Ki ZxeªZv †ewk n‡j †dvU‡bi msL¨v †ewk nq gvÎ; wKš—y †Kv‡bv GKwU †dvU‡bi kw³ h( A‡c¶v †ewk nq bv †Kvb g‡ZB| Kv‡RB wbM©Z d‡UvB‡jKUª‡bi MwZkw³ I wbe„wË wefe AvcwZZ Av‡jv‡Ki ZxeªZvi Dci wbf©i K‡i bv|

ZvB Av‡jvK Zwor wµqvq Av‡jv‡Ki ZxeªZv e„w× Ki‡j wbM©Z d‡Uv B‡jKUª‡bi MwZkw³ †Kv‡bv cwieZ©b n‡e bv|  

cÖkœ-7. MÖ“c †eM I `kv †eM ej‡Z wK eyS?

DËi: MÖ“c †eM n‡jv Zi‡½i †mB †eM †h †e‡M Zi‡½i Gb‡fjvc †¯ú‡mi g‡a¨ w`‡q mÂvwjZ nq| Gi g‡a¨ wewfbœ Zi½ ˆ`N©¨i wewfbœ MwZ‡e‡Mi Avjv`v Avjv`v Zi½ Ae¯’vb K‡i| Avevi `kv †eM n‡jv †¯ú‡mi g‡a¨ Zi‡½i `kvi mÂvi‡Yi nvi| GwU Ggb GKwU †eM †h †e‡M Zi‡½i †h †Kv‡bv GKwU K¤úv¼ Dcv`v‡bi `kv ågY K‡i| GB K¤úv¼ Dcv`v‡bi D`vniY n‡jv Zi½kxl©| 

cÖkœ-8. nvB‡mbev‡M©i AwbðqZv bxwZ Abyhvqx Avgiv Rvwb (x, (p (  eq \f(h,2(),  hw` (x Gi gvb k~b¨ nh Z‡e (p Gi gvb wKiƒc n‡e?
DËi: †h‡nZy (x I (p Gi ¸Ydj Gi gvb ( eq \f(h,2(), Kv‡RB GKwU AwbðqZv k~b¨ n‡j AciwUi AwbðqZv Amxg n‡e| ZvB G‡¶‡Î Ae¯’v‡bi AwbðqZv k~b¨ n‡j fi‡e‡Mi AwbðqZv me©vwaK ev Amxg n‡e|
Aa¨vq-8: AvaywbK c`v_©weÁv‡bi m~Pbv
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