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8.1. ö•þ?!ß;þëû•þy:

!îKþyöìlîû ¤îöì‹þöìëû ô?yîû !î£ìëû ¥¡ öë !îKþyöìl 
öî!¢îûèþyˆ xy!îÜñyîû¥z xlÄ !î£ìëû ˆöìî£ì”y †þîûöì•þ !ˆöìëû 
x²Ì•þÄy!¢•þèþyöìî xy!îÜñ,•þ ¥öìëûöìSéÐ ~îû ôöì™Ä ö•þ?!ß;þëû•þy 
îy Radioactivity ¥¡ xlÄ•þô ‰ØþlyÐ

æþîûy!¤ !îKþyl# Antionio Henri Becquerel 1896  
!‡ÊÞØþyöì· X-îû!ÙÂîû ²Ì!•þ²Ìèþy ¤Á›öì†Åþ ˆöìî£ì”y †þîûöì•þ !ˆöìëû 
ö•þ?!ß;þëû•þy xy!îÜñyîû †þöìîûlÐ

W	 ¤‚Kþy: öë ™öìôÅîû ?lÄ ’þzF‹þ èþîû¤‚‡Äy!î!¢ÜT !†þS%é 

öôï¡ n
p
>æ

èç
ö
ø÷

1 52. öëéŸéö†þyöìly xîßiyëû ßº•þ/ß³)þ•Åþèþyöìî 

	 !îèþy!?•þ ¥öìëû ¤Á›)”Å l•%þl ™îûöìlîû ~†þ öôïöì¡îû 
þ›îûôy”%öì•þ þ›!îû”•þ ¥ëû ~î‚ ~†þ !îöì¢£ì ™îûöìlîû x ,̃¢Ä 
!î!†þîû” !l/¤îû” †þöìîû– •þyöì†þ ö•þ?!ß;þëû•þy îöì¡Ð 
öëé¤î öôïöì¡îû ôöì™Ä ~¥z ™îûöìlîû ™ôÅ î•Åþôyl •þyöì†þ 
•þyöì†þ ö•þ?!ß;þëû öôï¡ îy Radioactive element 
îöì¡Ð öëôléŸŸŸéöîû!’þëûyô (Ra), öþ›yöì¡y!lëûyô (Po), 
öíy!îûëûyô (Th) ¥z•þÄy!˜Ð

¤y™yîû”•þ öë¤î öôïöì¡îû èþîû¤‚‡Äy 210 îy •þyîû 
öî!¢ ö¤¥z¤î öôïöì¡îû öÇþöìe ~¥z !îöì¢£ì ™ôÅ ö˜‡y ëyëûÐ 
ö•þ?!ß;þëû öôï¡ öíöì†þ !l Å̂•þ !î!†þîû” ‡%î ¤¥öì?¥z xßºFSé 
†þyˆ? îy ‡%î þ›y•þ¡y ™y•%þîû þ›y•þöì†þ öèþ˜ †þîûöì•þ þ›yöìîûÐ 
~¥z !î!†þîû” •þyþ›– xyöì¡y– •þ!’þüêöìÇþe– ö‹þïÁº†þöìÇþe ¥z•þÄy!˜ 
myîûy ²Ìèþy!î•þ ¥ëû lyÐ

8.1.1.	ö•þ?!ß;þëû•þy þ›îûôy”%îû !l’þz!†Ïþëûyöì¤îû ‰Øþly:

ö†þyöìly öôïöì¡îû îûy¤yëû!l†þ ™ôÅ !lèÅþîû †þöìîû •þyîû !î!èþ§¬ 
†þöìÇþ ’þzþ›!ßi•þ ¥zöì¡†þØþÆl !îlÄyöì¤îû Gþ›îû G öëy?Ä•þy 
¥zöì¡†þØþÆöìlîû ¤‚‡Äyîû ’þzþ›îû ~‡l ö˜‡y ëyëû ö•þ?!ß;þëû 
öôï¡=!¡ îûy¤yëû!l†þèþyöìî þ›!îûî!•Åþ•þ ¥öìëû öëïˆ ˆ‘þl 
†þîûöì¡G •þyöì̃ îû ö•þ?!ß;þëû ™öìôÅîû ö†þyöìly þ›!îûî•Åþl ¥ëû lyÐ 
~¥z ‰Øþly öíöì†þ !îKþyl#îûy !¤m*yöìhsý xyöì¤l öë ö†þyöìly 
öôïöì¡îû ö•þ?!ß;þëû•þy ¤Á›)”Å !l’þz!†Ïþëûy¤?!l•þ ‰ØþlyÐ ~îû 
¤öìD ¥zöì¡†þØþÆl !îlÄyöì¤îû ö†þyöìlyîû†þô ¤Á›†Åþ íyöì†þ lyÐ 
•þy¥z ö•þ?!ß;þëû•þyîû æþöì¡ l•%þl öôï¡ ÷•þ!îû ¥ëûÐ

8.1.2.	?l†þ þ›îûôy”% G xþ›•þÄ þ›îûôy”%:

öë¤î þ›îûôy”%îû ö•þ?!ß;þëû !î‰Øþöìlîû ˜îû&l ¤¥öì? öèþöì. 
ëyëû •þyöì†þ ?l†þ þ›îûôy”% îöì¡ ~î‚ ?l†þ þ›îûôy”% öèþöì. 
öë¤î þ›îûôy”% ˆ!‘þ•þ ¥ëû •þyöì†þ xþ›•þÄ þ›îûôy”% îöì¡Ð

öëôl ™öìîûy A þ›îûôy”% !î‰!Øþ•þ ¥öìëû B G C öôï¡ 
÷•þ!îû ¥ëû •þöìî A ¥¡ ?l†þ þ›îûôy”% G B ~î‚ C ¥¡ 
xþ›•þÄ þ›îûôy”%Ð

8.1.3.	ö•þ?!ß;þëû !î‰Øþöìl !lˆÅ•þ îû!ÙÂîû ²Ì†,þ!•þ:

ö•þ?!ß;þëû•þy xy!îÜñyöìîûîû þ›îû !î!èþ§¬ !îKþyl# ~¥z 
ö•þ?!ß;þëû•þy !löìëû ˆöìî£ì”y Öîû& †þöìîûlÐ ~öì̃ îû ôöì™Ä 
1902 !‡ÊÞØþyöì· îûy˜yîûöìæþy’Åþ– ôy˜yô†%þ!îû– !þ›öìëûîû †%þ!îû G 
!èþ¡y¥zéŸé~îû þ›îû#Çþy ’þzöìÍÔ‡öìëyˆÄÐ ~öì̃ îû þ›îû#Çþyîû æþöì¡¥z 
?yly ëyëû ö•þ?!ß;þëû !î!†þîûöì”îû ôöì™Ä 3!Øþ !èþ§¬ ²Ì†,þ!•þîû 
îû!ÙÂ xyöìSéÐ

[i]	 a †þ”y îy a îû!ÙÂ (4
2He2+)Ð

[ii]	 b †þ”y îy b îû!ÙÂ (–1°e)Ð 

[iii]	 g îû!ÙÂ ( o
og )Ð

8.1.4.	a †þ”yîû ™ôÅ:

[a]	 ~!Øþ ¥¡ ~†þØþy ™lyd†þ xy™ylë%_« †þ”yîû ößËy•þÐ

[b]	 ~†þ!Øþ a †þ”y 2!Øþ ö²ÌyØþl G 2!Øþ !l’þzØþÆl myîûy 
ˆ!‘þ•þ ¥ëûÐ ëyîû æþöì¡ ~îû èþîû ~†þ!Øþ ö²Ìy!Øþöìlîû 
èþöìîûîû 4 =” ¥ëûÐ

[c]	 a †þ”yîû xy™yl ~†þØþy ö²ÌyØþöìlîû xy™yöìlîû 
!m=” ¥ëûÐ

[d]	 a †þ”yîû öèþ˜lÇþô•þy b G g îû!ÙÂîû ö‹þöìëû †þô 
!†þév ˆÄy¤öì†þ xyëû!l•þ †þîûyîû Çþô•þy b †þ”y G 
g îû!ÙÂîû ö‹þöìëû öî!¢ ¥ëûÐ

[e]	 a †þ”y ¥¡ ²Ì†,þ•þþ›öìÇþ ~†þ!Øþ He þ›îûôy”%îû 
!l’þz!†Ïþëûy¤Ð

8.1.5.	b †þ”yîû ™ôÅ:

[a]	 ~!Øþ ¥¡ ~†þ!Øþ }”yd†þ xy™ylë%_« †þ”yîû ößËy•þÐ

[b]	 b †þ”yîû èþîû ~†þ!Øþ ¥zöì¡†þØþÆöìlîû èþöìîûîû ¤ôylÐ

þ›îûôy”%îû !l’þz!†Ïþëûy¤
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[c]	 b †þ”yîû xy™yl ~†þ!Øþ ¥zöì¡†þØþÆl xy™yöìlîû ¤ôylÐ

[d]	 b †þ”yîû öèþ˜lÇþô•þy a †þ”yîû ö‹þöìëû öî!¢ !†þév 
g îû!ÙÂîû ö‹þöìëû †þô xyîyîû ~¥z îû!ÙÂîû ¤‚‡Äyöì†þ 
xyëû!l•þ †þîûyîû Çþô•þy g îû!ÙÂîû ö‹þöìëû öî!¢ !†þév 
a †þ”yîû ö‹þöìëû †þôÐ

[e]	 b †þ”y ¥¡ ²Ì†,þ•þþ›öìÇþ !l’þz!†Ïþëûy¤ öíöì†þ !lˆÅ•þ 
~†þ!Øþ ¥zöì¡†þØþÆlÐ

8.1.6.	g îû!ÙÂîû ™ôÅ:

[a]	 g îû!ÙÂ ¥¡ ~†þ!Øþ Ç%þo •þîûD÷ì˜öì‰ÅÄîû •þ!’þüê‹%þÁº†þ#ëû 
~î‚ ëyîû •þîûD÷ì˜‰ÅÄ 10–9 méŸé~îû †þô ¥ëûÐ

[b]	 ~!Øþ ö†þyöìly †þ”y lëû îîû‚ ~!Øþ ~†þ!Øþ îû!ÙÂ 
¥Gëûyëû ~îû ö†þyöìly èþîû öl¥zÐ

[c]	 g îû!ÙÂ !lhßì!’þüêÐ

[d]	 g îû!ÙÂîû öèþ˜lÇþô•þy ¤îöì‹þöìëû öî!¢ ~î‚ 
ˆÄy¤öì†þþ xyëû!l•þ †þîûyîû Çþô•þy ¤îöì‹þöìëû †þôÐ

W	 ö•þ?!ß;þëû !l’þz!†Ïþëûy¤ öíöì†þ éa, b G g  éîû!ÙÂîû 
!lˆÅôöìlîû æþ¡:

[a]	 ö†þyöìly öôï¡ öíöì†þ a †þ”y !lˆÅôl ¥öì¡ öë 
þ›îûôy”%îû ¤,!ÜT ¥ëû •þyîû èþîû¤‚‡Äy 4 ~†þ†þ †þöìô 
ëyëû ~î‚ þ›yîûôy”!î†þ ¤‚‡Äy 2~†þ†þ †þô ¥ëûÐ

92U
238 ¾® 90Th

234 + 2He4

[b]	 ö†þyöìly öôï¡ öíöì†þ b †þ”y !lˆÅôl ¥öì¡ 
èþîû¤‚‡Äy xþ›!îûî!•Åþ•þ íyöì†þ !†þév þ›yîûôy”!î†þ 
¤‚‡Äy 1~†þ†þ öîöì’þü ëyëûÐ

6C
14 ¾® 7N

14 + –1e
0

[c]	 g îû!ÙÂ !î!†þ!îû•þ ¥öì¡ ~îû èþîû¤‚‡Äy G 
þ›yîûôy”!î†þ ¤‚‡Äyîû ö†þyöìly þ›!îûî•Åþl ¥ëû lyÐ

8.1.7.	ö•þ?!ß;þëû•þyîû îÄî¥yîû:

[i]	 !‹þ!†þê¤yöìÇþöìe: Cancer öîûyöìˆîû !‹þ!†þê¤yëû 
Cancer xye«yhsý ö†þy¢=!¡ lÜT †þîûyîû †þyöì? 
xöìl†þ ¤ôëû ö•þ?!ß;þëû öôï¡ îÄî¥yîû †þîûy 
¥ëûÐ íy¥zîûöìëû’þ !‹þ!†þê¤yëû ö•þ?!ß;þëû xyöìëûy!’þl 
îÄî¥*•þ ¥ëûÐ ô!hßìöìÜñîû !Øþ’þzôyöìîûîû !‹þ!†þê¤yöì•þ 
ö•þ?!ß;þëû æþ¤æþîûyöì¤îû îÄî¥yîû ’þzöìÍÔ‡öìëyˆÄÐ

[ii]	 !¢ÒöìÇþöìe: ¥z’þzöìîû!lëûyöìôîû ö•þ?!ß;þëû xy¥zöì¤yöìØþyþ› 

92U
235 þ›yîûôy”!î†þ ‹%þ!ÍÔöì•þ îÄî¥yîû †þîûy ¥ëûÐ

[iii]	 ~ Séy’þüyG þ›,!íî#îû îëû¤ G ?#îöìlîû îëû¤ !l”Åöìëûîû 
öÇþöìe öîû!’þöìëûy †þyîÅl þ›m*!•þ ’þzöìÍÔ‡öìëyˆÄÐ

8.2. èþîû!î‹%þÄ!•þ G î¦þl¢!_«
1905 !‡ÊÞØþyöì· xy¥zlÞØþy¥zöìlîû xyöìþ›!Çþ†þ•þyîy˜ •þ_´ 

öíöì†þ xyôîûy ?ylöì•þ þ›y!îû öë èþîûöì†þ ¢!_«öì•þ îû*þ›yhsý!îû•þ 
†þîûy ¤½þîÐ xíÅyê m þ›!îûôy” èþîû ¢!_«öì•þ îû*þ›yhsý!îû•þ 
¥öì¡– ¢!_«îû þ›!îûôy” ¥ëûéŸŸŸé

E = mc2

öë‡yöìl c = 3 × 108 m/c ¢)lÄôy™Äöìô xyöì¡yîû öîˆÐ
ö•þyôîûy ?yöìly öë þ›îûôy”%îû !l’þz!†Ïþëûyöì¤îû ôöì™Ä 

!l’þzØþÆl G ö²ÌyØþl ~†þ¤öìD íyöì†þÐ ~îû ~†þôye †þyîû” ¥¡ 
î¦þl¢!_«Ð ~¥z î¦þl¢!_«  ö†þyíy öíöì†þ xyöì¤Ú ö†þyöìly 
þ›îûôy”%îû !l’þz!†Ïþëûy¤ ë•þ=!¡ ¥zöì¡†þØþÆl– !l’þzØþÆl G ö²ÌyØþl 
!löìëû ˆ!‘þ•þ ¥ëû •þyöì̃ îû öôyØþ èþîû þ›îûôy”%îû !l’þz!†Ïþëûyöì¤îû 
èþöìîûîû ö‹þöìëû öî!¢ ¥ëûÐ èþöìîûîû ~¥z þ›yíÅ†þÄöì†þ èþîûe&!Øþ îy 
èþîû!î‹%þÄ!•þ î¡y ¥ëûÐ

èþîûe&!Øþîû æþöì¡ öë þ›!îûôyþ› èþöìîûîû ¥Éy¤ ¥ëû ö¤¥z 
þ›!îûôy” èþîû ¢!_«öì•þ îû*þ›yhsý!îû•þ ¥öìëû öë ¢!_«îû ¤,!ÜT 
†þöìîû ö¤¥z ¢!_« î¦þl¢!_« !¥öì¤öìî !l’þz!†Ïþëûyöì¤îû ôöì™Ä 
!l’þz!†Ïþëûl=!¡öì†þ ˜,“þüèþyöìî xyîm* îûyöì‡Ð ~îû æþöì¡ 
!l’þz!†Ïþëûy¤!Øþ ßiy!ëûc ¡yèþ †þöìîûÐ

ö†þyöìly þ›îûôy”%îû !l’þz!†Ïþëûy¤ öèþöì. ßºy™#l †þ”yöì•þ 
þ›!îû”•þ †þîûöì•þ öë l)Äl•þô ¢!_«îû ²Ìöìëûy?l ¥ëû– •þyöì†þ 
î¦þl¢!_« îöì¡Ð

™öìîûy ö†þyöìly þ›îûôy”%îû þ›îûôy”%e«ôyBþ Z G èþîû¤‚‡Äy 
A ~î‚ !l’þz!†Ïþëûyöì¤îû èþîû M ¥öì¡

èþîûe&!Øþ = [ZmP + (A – Z)n – M]

öë‡yöìl 	 mp = ö²ÌyØþöìlîû èþîû

		  mn = !l’þzØþÆöìlîû èþîû

\ î¦þl¢!_« = [Zmp + (A – Z)mn – M]C2

!l’þz!†Ïþëûyöì¤ ²Ì!•þ !l’þz!†Ïþëûyöì¤ î¦þl¢!_« 8 MeV-~îû 
†þySéy†þy!Sé ¥öì¡ !l’þz†Ïþëûy¤ ßiyëû# ¥ëûÐ

8.2.1.	!l’þz!†Ïþëû !îèþy?l G þ›yîûôy”!î†þ öîyôy
öë !l’þz!†Ïþëû !î!e«ëûyëû xöìþ›Çþy†,þ•þ èþyîû# öôïöì¡îû 

!l’þz!†Ïþëûy¤ !îèþy!?•þ ¥öìëû ²Ìyëû ¤ôyl èþöìîûîû ˜%!Øþ 
!l’þz!†Ïþëûyöì¤ þ›!îû”•þ ¥ëû ~î‚ ²Ì‹%þîû ¢!_«îû ô%!_« ‰Øþyëû 
•þyöì†þ !l’þz!†Ïþëû !îèþy?l îöì¡Ð ÷îKþy!l†þ þ›îû#Çþyëû ö˜‡y 
ëyëû ~†þ!Øþ 92U

235 !l’þz!†Ïþëûy¤öì†þ ™#îû̂ !•þ¤Á›§¬ !l’þzØþÆl 
myîûy xy‰y•þ †þîûöì¡ !l’þz!†Ïþëûy¤!Øþ !îèþy!?•þ ¥öì¡ öî!îûëûyô 
(56Ba141) G !e«þ›Øþl (36Kr92) ˆ‘þl †þöìîûÐ ~îû ¤öìD 3!Øþ 
l•%þl !l’þzØþÆl G g îû!ÙÂ !l Å̂•þ ¥ëûÐ

92U
235 + 0n

1 ¾® 56Ba141 + 36Kr92 + 3on1 + 200 
MeV
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~¥z Ba, Kr G 3!Øþ !l’þzØþÆöìlîû ’þzêþ›§¬ ¥Gëûyîû ¤öìD ¤öìD 
200 MeV ¢!_« ’þzêþ›§¬ ¥ëûÐ ~¥z 3!Øþ !l’þzØþÆl xyîyîû 3!Øþ 

92U
235 þ›îûôy”%öì†þ xy‰y•þ †þöìîû 9!Øþ ¥zöì¡†þØþÆl ÷•þ!îû †þöìîû ëy 

þ›îûî•Åþ#öì•þ 27!Øþ ¥zöì¡†þØþÆl ô%_« †þöìîûÐ ~èþyöìî !†þS%é þ›!îûôy” 
!l’þzØþÆl ô%_« ¥Gëûyîû ¤öìD ¤öìD !îþ›%¡ þ›!îûôy” ¢!_«îû ’þzêþ›§¬ 
¥ëûÐ ~¥z ™yîûyîy!¥†þ !îèþy?löì†þ ¢,A‡¡y !î!e«ëûy îy chain 
reaction î¡y ¥ëûÐ

~¥z ¢,A‡¡ !î!e«ëûy ¥¡ þ›îûôy”% öîyôyîû ô)¡l#!•þÐ

8.2.2.	þ›îûôy”% öîyôyîû Çþ!•þ†þîû ²Ìèþyî:

þ›îûôy”% öîyôyîû ¤îöì‹þöìëû Çþ!•þ†þîû ²Ìèþyî ¥¡ ~!Øþ þ›îûî•Åþ# 
²Ì?öì§ÃîûG Çþ!•þ †þöìîûÐ !¥öìîûy!¤ôy G lyˆy¢y!†þöì•þ þ›îûôy”% 
öîyôy öæþ¡yîû ¤öìD ¤öìD 90% ôyl%£ì ôyîûy ëyëû ~î‚ •þyîû 
1 ôyöì¤îû ôöì™Ä îy!†þ ôyl%öì£ìîû ôöì™Ä ‹%þ¡ G‘þy– xÄy!l!ôëûy– 
îû_«þ›y•þ ¥z•þÄy!˜ ¤ô¤Äy ö˜‡y ëyëûÐ xþ›îû!˜öì†þ G¥z xMéþöì¡îû 
ôyl%öì£ìîû ôöì™Ä †þÄyl¤yöìîûîû ôöì•þy öîûyˆ– !¢Ööì̃ îû ?§Ã 
!î†þ¡yDéŸé~îû ¤ô¤Äy ö˜‡y öˆöìSéÐ

8.2.3.	!l’þz!†Ïþëûyîû !îûxÄyQîû:

!l’þz!†Ïþëû !îèþy?l !l’þz!†Ïþëûyîû !îûxÄyQöìîû !lëû!sf•þèþyöìî 
†þîûy ¥ëûÐ ~¥z îÄîßiyëû !l’þz!†Ïþëû !îèþy?löì†þ ~†þ!Øþ !îöì¢£ì 
þ›m*!•þöì•þ !lëû!sf•þ †þöìîû !îþ›%¡ þ›!îûôy” ¢!_« ’þzêþ›§¬ †þîûy 
ëyëûÐ ~¥z ësf î•Åþôyöìl !î %̃Äê¢!_« ’þzêþ›y˜öìlîû öÇþöìe ‡%î 
=îû&cþ›)”ÅÐ

8.2.4.	ö‹þîûöìly!î¡ G æ%þ†%þ!¤ôyîû ‰Øþly:

1986 !‡ÊÞØþyöì· 26 öô ~!²Ì¡ ¥z’þzöìe«öìl ö‹þîûöìly!î¡ G 
2011 !‡ÊÞØþyöì· 11¥z ôy‹Åþ ?yþ›yöìlîû æ%þ†%þ!¤ôyëû !l’þz!†Ïþëûyîû 
!îûxÄyQîû !îöìß³þyîû” ¥öìëû!Sé¡Ð ~îû æþöì¡ !îûxÄyQîû öíöì†þ 
!l’þz!†Ïþëûyîû þ›˜yíÅ öî!îûöìëû !îhß,ì”Å ~¡y†þy ˜)!£ì•þ †þöìîûÐ 
ö‹þîûöìly!î¡ ÇþëûÇþ!•þîû þ›!îûôy” æ%þ†%þ!¤ôyîû ö‹þöìëû xöìl†þ 
öî!¢ ¥öìëû!Sé¡Ð

8.2.5.	!l’þz!†Ïþëû ¤‚öìëy?l:

öë !l’þz!†Ïþëû !î!e«ëûyëû †þöìëû†þ!Øþ ¥y¡†þy !l’þz!†Ïþëûy¤ ë%_« 
¥öìëû ~†þ!Øþ èþyîû# !l’þz!†Ïþëûy¤ ˆ‘þl †þöìîû •þyöì†þ !l’þz!†Ïþëû 
¤‚öìëy?l îöì¡Ð

1H
2 + 1H

2 ¾® 2He3 + 0n
1 + 3.2 + ¢!_« Mev

!l’þz!†Ïþëû ¤‚öìëy?öìl !l Å̂•þ ¢!_« !l’þz!†Ïþëû !îèþy?öìlîû 
•%þ¡lyëû öî!¢Ð öëöì¥•%þ ~!Øþ ¥y¡†þy !l’þz!†Ïþëûy¤ !î†þ£ìÅöì”îû 
?lÄ ¤¥öì? †þyöìSé xyöì¤ lyÐ •þy¥z ~öìÇþöìe †þySéy†þy!Sé xy¤yîû 

?lÄ †þöìëû†þ ö†þy!Øþ !’þ!@ýÌ •þyþ›ôyeyîû ²Ìöìëûy?l ¥ëûÐ ëyîû 
?lÄ xyôyöì̃ îû !l’þz!†Ïþëû !îèþy?l ‰Øþyöìly ²Ìöìëûy?l ¥ëûÐ 
~¥z þ›m*!•þ îÄî¥yîû †þöìîû ¥y¥zöì’Èþyöì?l öîyôy ÷•þ!îû †þîûy ¥ëûÐ

~ Séy’þüy ¤)ëÅ G !î!èþ§¬ lÇþöìeîû ¢!_«îû ô)¡ ’þzê¤¥z ¥¡ 
!l’þz!†Ïþëû ¤‚öìëyˆÐ

÷îKþy!l†þ ˆöìî£ì”yëû ö˜‡y öˆöìSé öë ²Ì!•þ !ô!löìØþ ²Ìyëû 
12 ö†þy!Øþ Øþl ¥y¥zöì’Èþyöì?l !¥!¡ëûyöìô îû*þ›yhsý!îû•þ ¥öìëû ¤)öìëÅîû 
!îþ›%¡ þ›!îûôy” ¢!_« ’þzêþ›§¬ †þöìîûÐ

	 • 	 öë¤ôhßì þ›˜yíÅ !î!†þîûöì”îû ßº•þ/ß³)þ•Åþ !lˆÅôöìlîû 
ôy™Äöìô !îöìëûy!?•þ ¥ëû •þyöì˜îû ö•þ�!ß;þëû þ›˜yíÅ 
î¡y ¥ëûÐ

	 • 	 ö•þ?!ß;þëû•þy ô)¡•þ ˜%éŸé²Ì†þyöìîûîû ¥ëûÐ ²Ìy†,þ!•þ†þ G 
†,þ!eôÐ

	 • 	 ö•þ?!ß;þëû•þy ~†þ!Øþ !l’þz!†Ïþëû ‰ØþlyÐ

	 • 	 ö•þ?!ß;þëû !î!†þîû” ¥¡ ô)¡•þ a †þ”y b ~î‚ g 
îû!ÙÂîû ¤ô§ºëûÐ

	 • 	b †þ”y ~î‚ †þÄyöìíy’þ îû!ÙÂ ’þzèþöìëû¥z o&•þéŸé 
ˆ!•þ¤Á›§¬ ¥zöì¡†þ�þÆl †þ”yîû ¥öì¡G b †þ”y þ›îûôy”%îû 
!l’þz!†Ïþëûy¤ öíöì†þ !lˆÅ•þ ¥ëû !†þv †þÄyöìíy’þ îû!ÙÂ ¥¡ 
!l’þz!†Ïþëûyöì¤îû îy¥zöìîûîû ¥zöì¡†þ�þÆl †þ”yîû ößËy•þÐ

	 • 	 îy!¥Ä†þ ²Ìèþyöìîîû Gþ›îû †þÄyöìíy’þ îû!ÙÂîû !l/¤îû” 
!lèÅþîû¢#¡ !†þv b †þ”yîû !l/¤îû” ö•þ�!ß;þëû !î!†þîû” 
¥Gëûyëû ~!�þ îy!¥Ä†þ ²Ìèþyöìîîû Gþ›îû !lèÅþîû¢#¡ lyÐ

	 • 	 X îû!ÙÂ– b îûy!ÙÂîû ôöì•þy •þ!’þüê‹%þÁº†þ#ëû •þîûD ¥öì¡G 
X îû!ÙÂ ßº•þ/ß³)þ•Åþ !î!†þîû” lëûÐ

	 • 	a–îû!ÙÂîû ˆÄy¤öì†þ xyëû!l•þ †þîûyîû Çþô•þy b-îû!ÙÂ 
G g-!î!†þîûöì”îû •%þ¡lyëû öî!¢Ð

	 • 	 ö†þyöìly ö•þ�!ß;þëû ™y•%þîû þ›îûôy”%îû !l’þz!†Ïþëûy¤ 
öíöì†þ ßº•þß³)þ•Åþèþyöìî ö•þ�!ß;þëû îû!ÙÂ !lˆÅôöìlîû 
þæþöì¡ ö•þ�!ß;þëû öôïöì¡îû !l’þz!†Ïþëûyöì¤îû ˆ‘þlˆ•þ 
þ›!îûî•Åþl¥z ¥¡ ö•þ�!ß;þëû !î‰ØþlÐ

	 • 	 ö•þ�!ß;þëû öôïöì¡îû þ›îûôy”% öë !l’þz!†Ïþëûy¤ öíöì†þ 
ö•þ�!ß;þëû !î‰Øþl ‰öì�þ •þyöì†þ �l†þ îy Parent 
nucleus ôy•,þ !l’þz!†Ïþëûy¤ îy î¡y ¥ëûÐ ö•þ�!ß;þëû 
!l Å̂ôöìlîû þ›îû �l†þ ö†þw†þ!�þ öë ö†þwöì†þ îû*þ›yhsý!îû•þ 
¥ëû •þyöì†þ¥z ˜%!¥•þy ö†þw†þ Œ!l’þz!†Ïþëûy¤Š î¡y ¥ëûÐ



˜¢ô ö×!”  öèþï•þ!îKþyl  þþ›îûôy”%îû !l’þz!†Ïþëûy¤

78

	 • 	~!�þ ö•þ�!ß;þëû þ›îûôy”% öíöì†þ ßº•þ/ß³)þ•Åþèþyöìî 
ö•þ�!ß;þëû îû!ÙÂ !lˆÅôöìlîû ôy™Äöìô G¥z ö•þ�!ß;þëû 
þ›îûôy”%!�þ xöì•þ�!ß;þëû ~î‚ ¤%!ßi•þ þ›îûôy”%öì•þ þ›!îû”•þ 
¥ëûÐ ~¥z þ›!îûî•Åþl¥z ¥¡ ö•þ�!ß;þëû ö×!”Ð

		 ²Ì†,þ!•þ†þ ö•þ�!ß;þëû öôï¡=!¡îû ôöì™Ä öë ö•þ�!ß;þëû 
ö×!” ö˜‡y ëyëûÐ (i) ¥z’þzöìîû!lëûyô ö×!” (ii) 
xy†þ!�Åþ!lëûyô ö×!” (iii) öíy!îûëûyô ö×!”Ð

	 • 	b †þ”y !lˆÅôöìlîû æþöì¡ !l’þz!†Ïþëûyöì¤îû ô™Ä!ßi•þ 
†þ”y=!¡ xíÅyê !l’þz!†Ïþëûöìlîû öôy�þ ¤‚‡Äy xþ›!îûî!•Åþ•þþ 
¥öìîÐ

	 • 	b †þ”y !l/¤îûöì”îû ¤ôëû !l’þz�þÆl †þ”yîû ¤‚‡Äy 1 ~†þ†þ 
¥Éy¤ þ›yëû– ~î‚ ö²Ìy�þl ¤‚‡Äy 1 ~†þ†þ î,!m* þ›yëûÐ

	 • 	b !î‰Øþl îy b Çþöìëûîû ¤ôëû öë o&•þˆ!•þîû ¥zöì¡†þ�þÆl 
†þ”y !lˆÅ•þ ¥ëû ö¤!�þ !l’þz!†Ïþëûyöì¤îû ôöì™Ä íyöì†þ lyÐ 
b !î‰Øþöìlîû æþ¡ßºîû*þ› !l’þz!†Ïþëûyöì¤îû ô™Äßi ~†þ!�þ 
!l’þz�þÆl ö²Ìy�þöìl þ›!îû”•þ ¥öì¡– !‘þ†þ •þ‡l¥z ö¤!�þ 
!lˆÅ•þ ¥ëûÐ

	 • 	 !l’þz!†Ïþëûl ²Ì!•þ î¦þl¢!_«– öôy�þ î¦þl¢!_«îû öíöì†þ 
xyöìîûy =îû&cþ›)”ÅÐ

	 • 	 !l’þz!†Ïþëûl ²Ì!•þ î¦þl¢!_« xyôyöì˜îû �ylyëû 
!l’þz!†Ïþëûy¤!�þ †þ•þ�þy ¤%ßiyëû#Ð

	 • 	 !l’þz!†Ïþëûl ²Ì!•þ î¦þl¢!_« ë•þ öî!¢ ¥öìî !l’þz!†Ïþëûy¤ 
•þ•þ öî!¢ ¤%ßiyëû# ¥öìîÐ

	 • 	 !l’þz!†Ïþëûl=!¡îû ˆ’þü î¦þl¢!_« ²Ì!•þ !l’þz!†Ïþëûl 8 MeV-
~îû xyöì¢þ›yöìé¢ ¥öì¡– !l’þz!†Ïþëûy¤!�þ öî!¢ ßiyëû# ¥ëûÐ

	 • 	 þ›ëÅyëû ¤yîû!lîû ôyVþyôy!V ßiyöìl íy†þy öôï¡=!¡îû 
ßiy!ëûc öî!¢Ð ~¥z öôï¡=!¡îû öÇþöìe !l’þz!†Ïþëûl ²Ì!•þ 
î¦þl ¢!_«îû ôyl 8.5Mev-~îû †þySéy†þy!Sé •þy¥z ~¥z 
öôï¡=!¡ öî!¢ ¤%!ßi•þÐ

	 • 	 !l’þz!†Ïþëû !îèþy�öìlîû öÇþöìe èþyîû# !l’þz!†Ïþëûy¤ 
!îèþy�öìlîû �lÄ ™#îûˆ!•þ¤Á›§¬ •þyþ›#ëû !l’þz�þÆl öî!¢ 
’þzþ›ë%_«Ð

	 • 	¤y™yîû” !l’þz!†Ïþëû !î!e«ëûyîû •%þ¡lyëû !l’þz!†Ïþëû !îèþy�öìl 
’þzêþ›§¬ ¢!_«îû þ›!îûôy” xöìl†þ öî!¢ ¥öì¡G !l’þz!†Ïþëûl 
²Ì!•þ ¢!_«îû ôyl †þôÐ

	 • 	x!lëû!sf•þèþyöìî !îèþy!�•þ ¥öì¡ ö¤!�þ ²Ì†,þ!•þöì•þ 
™ç‚¤yd†þ ²Ìèþyî xyöìl xyîyîû !lëû!sf•þ !îèþy�öìlîû 
æþöì¡ ’þzêþ›§¬ ¢!_« †þ¡Äy”ô)¡†þ †þyöì� îÄî¥yîû †þîûy 
ëyëûÐ

	 • 	 !l’þz!†Ïþëû !îèþy�l�y•þ þ›˜yíÅ=!¡ ö•þ�!ß;þëû ~î‚ 
þ›!îûöìî¢ ˜)£ì†þÐ

	 • 	²Ìöì•þÄ†þ !îèþy�l !î!e«ëûyîû þ›yîûôy”!î†þ ~î‚  
èþîû¤‚‡Äy ¤‚îû!Çþ•þ ¥ëûÐ

	 • 	 !l’þz!†Ïþëû ¤‚öìëy�l !î!e«ëûy !lëûsf”öìëyˆÄ lëûÐ
	 • 	 þ›)îÅ !l™y!îû•þ ’þz£�•þyîû Œ107-108 0CŠþ ›!îûöìî¢ ¤,!ÜT 

†þîûöì•þ !l’þz!†Ïþëû ¤‚öìëy�léŸé~îû þþ›)öìîÅ !l’þz!†Ïþëû 
!îèþy�l !î!e«ëûy ‰�þyöìlyîû ²Ìöìëûy�lÐ

	 • 	 þ~†þ¥z þ›!îûôy” èþîûöì†þ !îèþy�l !î!e«ëûyîû •%þ¡lyëû 
¤‚öìëy�l !î!e«ëûyîû ôy™Äöìô öî!¢ ¢!_«öì•þ þ›!îû”•þ 
†þîûy ëyëûÐ

	 • 	•þyþ›éŸé!l’þz!†Ïþëû !î!e«ëûyîû ’þzêþ›§¬ xîöì¢£ì ö•þ�!ß;þëû 
lëû îöì¡ •þyþ› !l’þz!†Ïþëû !î!e«ëûyöì†þ þ›!îûöìîöì¢îû �lÄ 
Çþ!•þ†þyîû†þ î¡y ¥ëû lyÐ

	 • 	•þyþ›éŸé!l’þz!†Ïþëû !î!e«ëûyîû l#!•þöì•þ ¥y¥zöì’Èþyöì�l öîyôy 
÷•þ!îû ¥ëûÐ

 Special Tips
	 • 	~ôl ö†þyöìly ¤)e îy !lëûô öl¥z ëyîû ¤y¥yöìëÄ  

xyöìˆ öíöì†þ †þ‡l G ö†þylä !l’þz!†Ïþëûy¤!�þ ö•þ�!ß;þëû 
!î!†þîû” ‰�þyöìî •þy �yly îy !l™Åyîû” †þîûy ¤½þî ¥öìîÐ

	 • 	 öë ôy™Äöìôîû ô™Ä !˜öìëû g !î!†þîû” ²Ìîy!¥•þ ¥ëû ö¤¥z 
ôy™Äöìôîû †þ”y =!¡îû ¤öìD g !î!†þîûöì”îû ¤‚‰öì£ìÅîû ¥yîû 
‡%î †þô ¥ëûÐ ~¥z †þyîûöì” g !î!†þîûöì”îû öèþ˜l Çþô•þy  
‡)î öî!¢ ¥öì¡G xyëû!l•þ †þîûyîû Çþô•þy ‡%î †þôÐ

	 • 	a †þ”y=!¡îû ¢!_« ¤îöì‹þöìëû †þô ¥Gëûyëû ö†þyöìly 
ôy™Äöìôîû ôöì™Ä !˜öìëû ëyGëûyîû ¤ôëû xöì™Åöì†þîû öî!¢ 
¤‚‰öì£ìÅîû ô%öì‡yô%!‡ ¥ëûÐ ~¥z †þyîûöì”¥z a-†þ”yîû ö†þyöìly 
ˆÄy¤ôy™Äìôöì†þþ xyëû!l•þ †þîûyîû Çþô•þy ¤îöì‹þöìëû öî!¢ 
~î‚ öèþ˜l Çþô•þy ¤îöì‹þöìëû †þôÐ

	 • 	 !l’þz!†Ïþëû !î!e«ëûy öëöì¥•%þ öî¢!†þS%é ¤‚îûÇþ” ¤)e öôöìl 
‹þöì¡ •þy¥z xÄy!r�þ !l’þz!�þÆöìly (Anti - neutrino) [u] 
lyöìô xyöìîû†þ!�þ b †þ”y †þ”yîû ¤yöìí !lˆÅ•þ ¥ëû îöì¡ 
™öìîû ölGëûy ¥ëûÐ

	 • 	xÄy!r�þ !l’þz!�þÆöìly †þ”yîû !ßiîû èþîû ¢)lÄ ~î‚ †þ”y!�þ 
!lhßì!’þüêÐ

	 • 	~†þ!�þ ö•þ�!ß;þëû !î‰�þöìlîû ¤ôëû a ~î‚ b †þ”y ~†þ¥z 
¤öìD !lˆÅ•þ ¥ëû lyÐ a !î‰�þl xíîy b  !î‰�þl ¥öìëû 
~î‚ ~îûþ›îû ’þzöì_!�•þ îy ’þzj#® xîßiyëû íy†þy �l†þ 
!l’þz!†Ïþëûy¤!�þ ßºyèþy!î†þ xîßiyëû !æþöìîû xy¤yîû ¤ôëû 
x!•þ!îû_« ¢!_« g !î!†þîû” xy†þyöìîû !lˆÅ•þ ¥ëûÐ
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	 • 	˜%!¥•þy !l’þz!†Ïþëûy¤!�þ a xíîy b †þ”y !lˆÅôöìlîû þ›îûG 
ö•þ�!ß;þëû íy†þöì•þ þ›yöìîû ~î‚ þ›%lîûyëû ö•þ�!ß;þëû 
!î‰�þöìl !¡® ¥öì•þ þ›yöìîû– ~¥z þ›m*!•þ •þ•þÇþ” ‹þ¡öì•þ 
íyöì†þ ë•þÇþ”– ly !l’þz!†Ïþëûy¤!�þ ¤%!ßi•þ xîßiyëû xyöì¤Ð

	 • 	 ö•þ?!ß;þëû•þy þ›!îûôyöìþ›îû xlÄylÄ ~†þ†þéŸŸŸé1 
îûy˜yîûöìæþy’Åþ ŒRdŠ=106dPs (disintigration per 
second)

	 • 	 !l’þz!†Ïþëû !î!e«ëûyîû !lÁ¬!¡!‡•þ ¤‚îûÇþ” ¤)e=!¡ ôyly 
¥ëûÐ

[i]	 	 !l’þz!†Ïþëûl ¤‚‡Äyîû ¤‚îûÇþ” xíÅyê !l’þz!†Ïþëû 
!î!e«ëûyîû xyöìˆ G þ›öìîû !l’þz!†Ïþëûyöì¤îû ô™Ä!ßi•þ 
†þ”y=!¡ !l’þz!†Ïþëûl=!¡îû öôy�þ ¤‚‡Äy xþ›!îûî!•Åþ•þ 
íyöì†þÐ

[ii]	 	xy™yöìlîû ¤‚îûÇþ”:é é ~öìÇþöìe öôy�þ xy™yl 
¤‚îû!Çþ•þ íyöì†þ xíÅyê öôy�þ þ›îûôy”!î†þ ¤‚‡Äy 
¤‚îû!Çþ•þÐ

[iii]	 	 ÷îû!‡†þ èþîûöìîöìˆîû ¤‚îûÇþ”:éé ~öìÇþöìe ¤‚‰öì£ìÅîû 
xyöìˆ G þ›öìîû öôy�þ ÷îû!‡†þ èþîûöìîˆ ¤‚îû!Çþ•þ 
¥ëûÐ

[iv]	 ö†þï!”†þ èþîûöìîöìˆîû ¤‚îûÇþ”:é !l’þz!†Ïþëû !î!e«ëûyîû 
ö†þï!”†þ èþîûöìîˆ ¤‚îû!Çþ•þ ¥ëûÐ

	 • 	 èþîû G ¢!_«îû •%þ¡Ä•þy:é !îKþyl# xÄ¡îy�Åþ xy!lÞ�þy¥zl 
1905 !‡ÊÞØþöì· •þyîû xyöìþ›!Çþ†•þyîy˜ •þöì_î́û myîûy ²Ìôy” 
†þöìîûl èþîû G ¢!_« ¥¡ þ›˜yöìíÅîû %̃!�þ !èþ§¬îû*þ›!î!¢ÜT 
x!èþ§¬ ¤_y– •þyîû ôöì•þ èþîûöì†þ ¢!_«îû ‰!lè)þ•þ îû*þ› î¡y 
öëöì•þ þ›yöìîûÐ

	 ö†þyöìly !îöì¢£ì îÄîßiyëû îy þ›!îû!ßi!•þöì•þ èþöìîûîû 
¢!_«öì•þ ~î‚ ¢!_«îû èþöìîû îû*þ›yhsýîû†þîûöì”îû ~!Øþ ¤ô•þy 
!î™yl†þyîû# ¤ô#†þîû”!�þ ¤Á›†Åþ!�þ¥z ¥¡ èþîû G ¢!_«îû 
•%þ¡Ä•þyÐ

	 m èþöìîûîû ™ç‚öì¤îû þþæþöì¡ ’þzêþ›§¬ ¢!_« E ¥öì¡ 
¤ô#†þîû”!�þ ¥¡ E=mc2 öë‡yl c ¥¡ ¢)lÄ ôy™Äöìô xyöì¡yîû 
öîˆ = 3×103 m/s

	 öëéŸ éö†þyö ìly ö•þ�!ß;þëû ‰�þlyîû �lÄ öë 
!l’þz!†Ïþëû þ›!îûî•Åþl ö˜‡y ö˜ëû ö¤öìÇþöìe ’þzêþ›y!˜•þ 
îÝîû èþîû ’þzêþ›y˜†þ îÝîû öôy�þ èþöìîûîû •%þ¡lyëû †þô 

¥ëûÐ ë!˜ èþöìîûîû ~¥z þ›!îûî•Åþl ¥ëû •þy¥öì¡ ’þzêþ›§¬ 
¢!_«îû þ›!îûôy” E = mc2 m èþîû Kg-~îû æþöì¡ ¥öì¡–  
¢)lÄ ôy™Äöìô xyöì¡îû öîˆ c = 3×108 m/s ¥öì¡ ¢!_« 
E �%¡ ŒJŠ ~†þöì†þþ ¥ëûÐ ~¥z ’þzêþ›§¬ ¢!_«öì†þ !l’þz!†Ïþëû 
¢!_« î¡y ¥ëûÐ

[v]	 	 235
92U þ›îûôy”%îû ~†þ!�þ !l’þz!†Ïþëûyöì¤îû !îèþy�öìl öë 

˜%!�þ �%þ†þöìîûy þ›yGëûy ëyëû– ö¤=!¡ x!ßi!•þ¢#¡ ¥ëû 
~î‚ b †þ”y ~î‚ g îû!ÙÂ !lˆÅôöìlîû þ›îû ¤%!ßi•þ 
¥ëûÐ

[vi]	 ~†þ!� þ  ¥ z’ þ zö ìî û !lë û yô 235 !l’þ z !† Ï þë û yö ì¤î û 
!îèþy�öìl ë%_« ¢!_«îû þ›!î ûôy” 20 �þl 
�þÆy¥zly¥zöì�þÆy �þ¡%¥zl (TNT)Ÿé~îû !îöìß³þyîûöì”îû 
¤ô•%þ¡ÄÐ 	¥z’þzöìîû!lëûyöìôîû xyëûl!�þ xy¥zöì¤yöì�þyþ› 
235

92U !îèþy�l öëyˆÄ ¥öì¡ !îèþy�l !î!e«ëûyëû 
235

92U îÄî¥yîû †þîûy ¥ëû †þyîû”– 238
92U-ö†þ !îèþy!�•þ 

†þîûöì•þ öˆöì¡ o&•þ !l’þz�þÆöìlîû ²Ìöìëûy�l ¥ëûÐ 
o&•þ !l’þz�þÆl Œfast neutronŠ Séy’þüy  238

92U -~îû 
!îèþy�l ¤½þî lëûÐ !†þv 235

92U !l’þz!†Ïþëû ¤¥öì?¥z 
™yîûˆ!•þîû !l’þz�þÆl myîûy !îèþy�l †þîûy ¤½þîÐ

[vii]	 1942 !‡ÊÞØþyöì· ¥z•þy¡#ëû þ›˜yíÅ!î˜ ~l!îûöì†þy 
öæþîû!ô x!™†þ þ›!îûôyöì” •þyþ› ’þzêþ›y˜l †þöìîû 
!l’þz!†Ïþëû !îèþy�l !î!e«ëûyîû ¤y¥yöìëÄÐ

[viii]	 ¥y¥z’Èþy– þ›Äyîûyöìô!¤ëûyô ¥z•þÄy!˜ ²Ìy”#=!¡îû xD� 
�ll ²Ì!e«ëû†þ ¤öìD ~¥z ²Ì!e«ëûyîû !ô¡ íy†þyîû 
†þyîûöì” ~¥z þ›m*!•þöì•þ !l’þz!†Ïþëûyöì¤îû †þyuþlöì†þ 
ò!îèþy�ló î¡y ¥ëûÐ

[ix]	 0.03 eV xíîy •þyîû ö‹þöìëû †þô ¢!_«¤Á›§¬ 
!l’þzØþÆl =!¡öì†þ •þyþ›#ëû !l’þz�þÆl îy ™#îû ˆ!•þîû 
!l’þz�þÆl (Slow or Thermal Neutorn) î¡y ¥ëûÐ

[x]	 2 MeV-~îû öî!¢ ¢!_«™îû !l’þz�þÆlöì†þ o&•þ 
!l’þz�þÆl î¡y ¥ëûÐ

 !l’þz!†Ïþëû ¤‚öìëy�öìlîû ôy™Äöìô ¢!_« ’þzêþ›y˜öìlîû ²Ì™yl 
x¤%!î™y ¥¡ 107K ’þz£�•þyÐ ~¥z ’þz£�•þyëû þ›˜yìíÅ ²Õy�ôy 
(plasma) xîßiyëû íyöì†þ ~î‚ •þy ¤‚îûÇþ” †þîûy ‡%î †þ!‘þlÐ

•þöìî î•Åþôyöìl lÄyöìly †þyîÅl !�þ’þzöìîîû ôy™Äöìô þ›˜yíÅöì†þ 
²Õy�ôy xîßiyöì•þG ¤‚îûÇþöì”îû ²Ìöì‹þÜTy ‹þ¡öìSéÐ
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îà!î†þÒ!èþ!_†þ ²ÌöìÙÀy_îû 1

	 1.	 ˜#öì‰þîû ö„þy ä̃!Ýþ a, b ç g îû!ÙÂîû xyëû̃ yëû̃  Çþ›“þyîû 
¢!àþ„þ e«›ôôô		 [MP' 2017]

		 a a > b > g	 b a > g > b	
c g > b > a	 d b > a > g	
vþz ƒ a

	 2.	 Ÿ)̃ Äßþiyöì̃  g îû!ÙÂîû öîöì†îû ›y˜ôôô
		 a 3 × 108 m/s	 b  2∙5 × 108 m/s	

c 2 × 108 m/s	 d 1∙8 × 108 m/s	
vþz ƒ a

	 3.	 a, b ç g îû!ÙÂîû ›öì•Ä ö„þy ä̃!Ýþîû ö¦þ”˜ Çþ›“þy 
¢îÅy!•„þÚ

		 a a	 b b	
c g	 d ”,ŸÄ›y˜ xyöìœy	
vþz ƒ c

	 4.	 ‹#îyöìÙÂîû îëû¢ !˜’Åëû „þîûöì“þ ö„þy ä̃ xy£zöì¢yöìÝþyþ™!Ýþ 
îÄî£*“þ £ëûÚ

		 a 32P	 b 14C	
c 60Co	 d 131I	
vþz ƒ b

	 5.	 a „þ’yîû xy•yöì̃ îû þ™!îû›y’ééôôô
		 a 3∙2 × 10—19 C	 b 1 × 10—19 C	

c 4∙6 × 10—19 C	 d 6∙0 × 10—19 C	
vþz ƒ a

	 6.	 a „þ’yöì“þ „þ!Ýþ !˜vþzÝþÆ̃  xyöìŠéÚ
		 a 2	 b 1	

c 4	 d 3û	
vþz ƒ a

	 7.	 ö„þy ä̃ „þ’y!Ýþ ö‰þïÁº„þ öÇþöìe ¢îÅy!•„þ !îöìÇþ!þ™“þ £ëûôôô
		 a b „þ’y	 b a „þ’y	

c g îû!ÙÂ	 d !˜vþzÝþÆ˜	
vþz ƒ a

	 8.	
Y
X A öíöì„þ ~„þ!Ýþ a „þ’y !˜†Å“þ £öìœ ë!” B ö›ïœ 
vþzêþ™§¬ £ëû– “þy£öìœ B ö›ïœ!Ýþîû ¦þîû¢‚…Äy ç þ™îû›y’% 
e«›yBþ ëíye«öì› £öìîþôôô

		 a X, Y−2	 b X−2, Y−2	
c X−4, Y−2	 d X−2, Y+1	
vþz ƒ c

	 9.	 ²Ì!“þ!Ýþ a „þ’yîû ¦þîû ~„þ!Ýþ ö²ÌyÝþöì̃ îû ¦þöìîûîû „þ“þ=’Ú
		 a 2 =’	 b 3 =’	

c þ4 =’	 d ¢›y˜	
vþz ƒ c

	 10.	
Y
X A öíöì„þ ~„þ!Ýþ b „þ’y !˜†Å“þ £öìëû ë!” B 
ö›ïœ vþzêþ™§¬ £ëû– “þy£öìœ B ö›ïœ!Ýþîû ¦þîû¢‚…Äy ç 
þ™îû›y’%e«›yBþ ëíye«öì› £öìîôôô

		 a X, Y	 b X−1, Y+1	
c X, Y+1	 d X+2, Y−1	
vþz ƒ c

	 11.	 ~„þ!Ýþ ö“þ‹!ßþ;þëû ö›ïöìœîû þ™îû›y’% ²Ìíöì› ~„þ!Ýþ a „þ’y 
ç þ™öìîû ~„þ!Ýþ b „þ’y !˜†Å“þ „þîûöìœ vþzêþ™§¬ þ™îû›y’%îû 
¦þîû¢‚Äy ç þ™îû›y’%e«›yBþ £öìîôôô

		 a ¦þîû¢‚…Äy 4 ~„þ„þ „þ›öìî ç 
þ™îû›y’%e«›yBþ 1 ~„þ„þ „þ›öìî	
b ¦þîû¢‚…Äy 2 ~„þ„þ „þ›öìî ç þ™îû›y’%e«›yBþ 2 
~„þ„þ „þ›öìî	

		 c ¦þîû¢‚…Äy 2 ~„þ„þ „þ›öìî ç þ™îû›y’%e«›yBþ 1 ~„þ„þ 
îyvþüöìî

		 d ¦þîû¢‚…Äy 4 ~„þ„þ „þ›öìî ç þ™îû›y’%e«›yBþ 1 ~„þ„þ 
îyvþüöìî

		  vþz ƒ a
	 12.	 !˜Á¬!œ!…“þ ö„þy ä̃!Ýþ ö“þ‹!ßþ;þëû ˜ëûþÚ
		 a 14C	 b 40K	

c 24Mg	 d 32P	
vþz ƒ c

	 13.	 !˜Á¬!œ!…“þ ö„þy ä̃!Ýþ ¢)öìëÅîû Ÿ!_«îû ›)œ vþzê¢Ú
		 a !˜vþz!„Ïþëû !î¦þy‹˜ !î!e«ëûy
		 b !˜vþz!„Ïþëû ¢‚öìëy‹˜ !î!e«ëûy
		 c !˜vþz!„Ïþëû ¢‚öìëy‹˜ ç !˜vþz!„Ïþëû !îöìëûy‹˜	

d ö„þyöì˜y!Ýþ£z ˜ëû		
vþz ƒ b

	 14.	 þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢ ²Ì!“þ!Ýþ !˜vþz!„Ïþëûöì̃ îû †vþü 
îõþ˜Ÿ!_« „þ“þ £öìœ !˜vþz!„Ïþëûy¢!Ýþ ßþiy!ëûc œy¦þ „þöìîûÚ

		 a 2∙5 MeV ²Ìyëû
		 b 8 MeV ²Ìyëû
		 c 2 MeV ²Ìyëû
		 d 3 MeV ²Ìyëû
		  vþz ƒ b
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	 15.	 !˜vþz!„Ïþëû ‰%þ!ÍÔöì“þ ö„þy ä̃ Ÿ!_« ö„þy ä̃ Ÿ!_«öì“þ  
îû*þ™yhsþ!îû“þ £ëûÚ

		 a “þyþ™Ÿ!_« → “þ!vþüêŸ!_«	
b “þ!vþüêŸ!_« → þ™yîû›y’!î„þ Ÿ!_«

		 c þ™yîû›y’!î„þ Ÿ!_« → “þyþ™Ÿ!_« → “þ!vþüêŸ!_«	
d þ™yîû›y’!î„þ Ÿ!_« → xyöìœy„þŸ!_«	
vþz ƒ c

	 16.	 1u þ™!îû›y’ ¦þöìîûîû Ÿ!_« !˜Á¬!œ!…“þ ö„þy ä̃ þ™!îû›y’ 
Ÿ!_«îû ¢›“þ%œÄÚ

		 a 9∙31 MeV	 b 9315 MeV	
c 93∙1 MeV	 d 931∙5 MeV	
vþz ƒ d

	 17.	 þ!˜vþz!„Ïþëû ‰%þ!ÍÔöì“þ ›vþyöìîûÝþîû !£öì¢öìî ö„þy ä̃!Ýþ îÄî£*“þ 
£ëûÚ

		 a 235U	 b öœvþ	
c D2O	 d „þÄyvþ!›ëûy›	
vþz ƒ c

	 18.	 1MeV ç Joule (J)ô~îû ›öì•Ä ¢Á™„Åþ!Ýþ £œôô
		 a 1MeV = 3∙2 × 10—13 J	

b 1MeV = 1∙6 × 10—13J	
c 1MeV = 4∙8 × 10—13 J	
d 1MeV = 6∙4 × 10—13 J	
vþz ƒ b

	 19.	 !˜vþz!„Ïþëû ¢‚öìëy‹˜ ö„þyíyëû £ëûÚ
		 a ˜Çþöìe	 b £zvþzöìîû!˜ëûy› öîy›yöì“þ	

c öëéôéö„þyöì˜y @ùÌöì£	 d þ™,!íî#îû ö„þöìw	
vþz ƒ a

	 20.	 ¢)öìëÅîû îy£zöìîûîû þ™,öìÛþîû “þyþ™›yeyþôôô
		 a 16000oC	 b 10,000oC	

c   6000oC ²Ìyëû	 d   600oC ²Ìyëû	
vþz ƒ c

	 21.	 1eV ç Joule(J)ô~îû ›öì•Ä ¢Á™„Åþ!Ýþ £œôôô
		 a 1eV = 1∙8×10—19 J	b 1eV = 1∙6×10—19 J	

c 1eV = 6∙4×10—19 J	d 1eV = 4∙8×10—19 J	
vþz ƒ b

	 22.	 ~„þ!Ýþ £zöìœ„þÝþÆöì̃ îû ¦þîû ç ~„þ!Ýþ þ™!‹ÝþÆöì̃ îû ¦þöìîûîû 
¢Á™„Åþ £œôôô

		 a £zöìœ„þÝþÆöì˜îû ¦þîû öî!Ÿ
		 b þ™!‹ÝþÆöì˜îû ¦þîû öî!Ÿ	

		 c ”%‹öì˜îû£z ¦þîû ¢›y˜		
d ”%‹öì˜îû ¦þöìîûîû ö„þyöì˜y ¢Á™„Åþ ö˜£z	
vþz ƒ c

	 23.	 !˜vþz!„Ïþëû ¢‚öìëy‹˜ îœöì“þ xy›îûy î%!Gþôôô
		 a „þöìëû„þ!Ýþ ¦þyîû# !˜vþz!„Ïþëûyöì¢îû ‹§Ã	

b „þöìëû„þ!Ýþ £yœ„þy !˜vþz!„Ïþëûyöì¢îû ‹§Ã
		 c „þöìëû„þ!Ýþ £yœ„þy !˜vþz!„Ïþëûy¢ öíöì„þ ~„þ!Ýþ 

xöìþ™Çþy„,þ“þ ¦þyîû# !˜vþz!„Ïþëûyöì¢îû ‹§Ã
		 d „þöìëû„þ!Ýþ ¦þyîû# !˜vþz!„Ïþëûy¢ öíöì„þ ~„þ!Ýþ xöìþ™Çþy„,þ“þ 

£yœ„þy !˜vþz!„Ïþëûyöì¢îû ‹§Ã	
vþz ƒ c

	 24.	 a, b ç g îû!ÙÂîû ö¦þ”˜Çþ›“þyîû e«›!Ýþ £œôôô
		 a a > b > g	 b a > g > b	

c g > b > a	 d b > a > g	
vþz ƒ c

	 25.	 ö“þ‹!ßþ;þëû îû!ÙÂ¢›)öì£îû †!“þþ™öìíîû ¢›öì„þyöì’ 
Ÿ!_«Ÿyœ# !ßþiîû “þ!vþüìêöìÇþe ²Ìöìëûy† „þîûy £öìœ ö„þy ä̃ 
îû!ÙÂ ö„þyöì̃ yîû*þ™ !î‰%þÄ!“þ ²Ì”ŸÅ̃  „þöìîû ˜yÚ

		 a b îû!ÙÂ	 b a îû!ÙÂ	
c g îû!ÙÂ	 d ö„þyöì˜y!Ýþ£z ˜ëû	
vþz ƒ c

	
¢)lÄßiyl þ›)îû” †þöìîûy 1  

	 1.	  þ™îû›y’%îû !˜vþz!„Ïþëûy¢ £œ a  „þ’yÐ	

vþz ƒ !£!œëûy› (He)
	 2.	  „þ’y £zöìœ„þÝþÆ˜ @ùÌ£’ „þöìîû !£!œëûy› 

þ™îû›y’%öì“þ þ™!îû’“þ £ëûÐ		

vþz ƒ a
	 4.	  „þ’y £œ •˜yd„þ xy•y˜!î!ŸÜT „þ’yîû 

ößþËy“þÐ 

		  vþz ƒ a
	 5.	  îû!ÙÂîû ö¦þ”˜Çþ›“þy ¢îÅy!•„þÐ	

	 vþz ƒ g
	 6.	  !î‡Ýþöì̃ îû þšþöìœ !˜vþz!„Ïþëûyöì¢îû 2 !Ýþ ö²ÌyÝþ˜ 

ç 2 !Ýþ !˜vþzÝþÆ̃  „þöì› ëyëûÐ		
vþz ƒ a

	 7.	 þa îy b „þ’y !î‡Ýþöì̃ îû þ™îû ö“þ‹!ßþ;þëû þ™”yíÅ  
îû!ÙÂîû !˜ƒ¢îû’ £ëûÐ		

vþz ƒ g
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	 8.	  îû!ÙÂ ~„þ²Ì„þyöìîûîû “þ!vþüê‰%þÁº„þ#ëû “þîûDÐ	
vþz ƒ g

	 9.	  !î!e«ëûy ö”…y ëyëû !˜vþz!„Ïþç !î¦þy‹öì̃ Ð	
vþz ƒ Ÿ,‚…œ

	 10.	 !˜vþz!„Ïþëû  ²Ì!e«ëûy ‡Ýþyöì̃ yîû xyöì† !˜vþz!„Ïþç 
 ‡Ýþyöì̃ y £ëûÐ		

vþz ƒ ¢‚öìëy‹˜– !î¦þy‹˜
	 11.	 !˜vþz!„Ïþëû    ¢)öìëÅîû Ÿ!_«îû ›)œ vþzê¢Ð	

vþz ƒ ¢‚öìëy‹˜
	 12.	 !˜vþz!„Ïþëû !î!e«ëûyëû £Éy¢²Ìy® ¦þîû îû*þ™yhsþ!îû“þ £ëûþ 

 Ð

		  vþz ƒ Ÿ!_«öì“þ
	 13.	 !˜vþz!„Ïþëû   ‡öìÝþ ¢y•yîû’ “þyþ™›yeyëûÐ	

vþz ƒ !î¦þy‹˜
	 14.	 þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢îû •›Å £œ  Ð	

vþz ƒ ö“þ‹!ßþ;þëû“þy
	 15.	 £zvþzöìîû!˜ëûy›ô~îû ö“þ‹!ßþ;þëû“þy öþ™yöìœy!˜ëûy› xöìþ™Çþy 

Ð

		  vþz ƒ „þ›
¤•þÄéŸé!ôíÄy !lîÅy‹þl †þöìîûy 1

	1. 6
14 C Ÿé¥¡ ~†þ!Øþ ö•þ?!ß;þëû xy¥zöì¤yöìØþyþ›Ð

		  vþz ƒ ¤•þÄ

	2. ö•þ?!ß;þëû•þy þ›ëÅyëû̂ •þ ™ôÅéÐ

		  vþz ƒ !ôíÄy

	3. ¢,A <¡ !î!e«ëûy ö˜‡y ëyëû !l’þz!†Ïþëû ¤‚öìëy?léÐ

		  vþz ƒ !ôíÄy

	4. ö•þ?!ß;þëû þ›!îûî•þÅl ¤îÅ̃ y¥z ~†þô%‡#éÐ

		  vþz ƒ ¤•þÄ

	5. ö•þ?!ß;þëû öôïöì¡îû !l’þz!†Ïþëûy¤ öíöì†þ ~†þ!Øþ aéŸé†þ”y 
!l Å̂•þ ¥öì¡ l•%þl öôïöì¡îû èþîû¤‚‡Äy 2 ~†þ†þ †þöìôéÐ	

vþz ƒ !ôíÄy

	6. ?#îyöìÙÂîû îëû¤ !l”Åöìëû îÄî¥*•þ ¥ëû 6
14 C Ð

		  vþz ƒ ¤•þÄ

	7. aŸé îû!ÙÂ ¥¡ He þ›îûôy”%îû ößËy•þéÐ

		  vþz ƒ !ôíÄy

	8. þ›yîûôy”!î†þ öîyôyîû !èþ!_ ¥¡ !l’þz!†Ïþëû !îèþy?lÐ	
vþz ƒ ¤•þÄ

hßì½þ öô¡y_ 1

	1. þîy›þ™öìÇþîû ¢öìD vþy˜þ™Çþ ö›œyç:

îy›þ™Çþ vþy˜þ™Çþ
(i) öîû!vþç öíîûy!þ™öì“þ 

îÄî£,“þ £ëûÐ
(a) þéαôé„þ’yÐ

(ii) ö‰þïÁº„þöìÇþöìe 
¢îÅy!•„þ !îöìÇþþ™ 
‡öìÝþÐ

(b) !˜vþzÝþ˜

(iii) “þ!vþüêöìÇþe myîûy 
²Ì¦þy!î“þ £ëûÐ

(c) βôé„þ’yÐ

(iv) !˜vþz!„Ïþëû 
!î¦þy‹öì˜îû öÇþöìe 
xy”ŸÅ ²ÌöìÇþþ™„þÐ

(d) éγôéîû!ÙÂÐ

vþz_îû 	(i)→(d); (ii)→(c); (iii)→(a); (iv)→(b)

2. þîy›þ™öìÇþîû ¢öìD vþy˜þ™Çþ ö›œyç:

îy›þ™Çþ vþy˜þ™Çþ
(i) “þyþ™#ëû !˜vþz!„Ïþëû 

!î!e«ëûy
(a) þéα > β > γ

(ii) ö¦þ”˜ Çþ›“þyîû 
e«›

(b) !˜vþz!„Ïþëû !î¦þy‹˜

(iii) Ÿ,Cœ !îe«ëûy (c) !£!œëûy› vþzêþ™y”˜
(iv) †Äy¢öì„þ xyëû!˜“þ 

„þîûyîû Çþ›“þy
(d) é!˜vþz!„Ïþëû ¢‚öìëy‹˜

(v) !˜vþz!„Ïþëû ¢‚öìëy‹˜ (e) !˜vþz!„Ïþëû ‰%þ!ÍÔ
(vi) !˜vþz!„Ïþëû !î¦þy‹˜ (f) γ > β > α

vþz_îû 	(i)→(d); (ii)→(f); (iii)→(b); (iv)→(a); 
(v)→(c); (vi)→(e)

x!•þ¤‚!Çþ® ²ÌöìÙÀy_îû 1

	 1.	 þ„þöìëû„þ!Ýþ ßþºy¦þy!î„þ ö“þ‹!ßþ;þëû ö›ïöìœîû ˜y› öœöì…yÐ
vþz_îû 	 þöþ™yöìœy!˜ëûy› S84PoV– £zvþzöìîû!˜ëûy› S92UV– öîû!vþëûy› 

S88RaV £z“þÄy!”Ð
	 2.	 þö“þ‹!ßþ;þëû þ™”yöìíÅîû þ™îû›y’% öíöì„þ „þ# „þ# îû!ÙÂ !˜†Å“þ 

£ëûÚ
vþz_îû 	 þxyœšþy SaV îû!ÙÂ– !îÝþy SbV îû!ÙÂ– †y›y SgV îû!ÙÂÐ
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	 3.	 SI þ™kþ!“þöì“þ ö“þ‹!ßþ;þëû“þyîû ~„þ„þ „þ#Ú
vþz_îû 	öî„þyöìîûœ SBqVÐ

	 4.	 þö“þ‹!ßþ;þëû !î!e«ëûy „þ# •îûöì̃ îû !î!e«ëûyÚ
vþz_îû 	 þ~„þ›%…# !î!e«ëûyÐ

	 5.	 þö“þ‹!ßþ;þëû“þy „þyîû •›ÅÚ
vþz_îû 	 þþ™îû›y’% !˜vþz!„Ïþëûyöì¢îû •›ÅÐ

	 6.	 þ‹˜„þ þ™îû›y’% „þ#Ú

vþz_îû 	öë ö“þ‹!ßþ;þëû ö›ïöìœîû þ™îû›y’% öíöì„þ ö“þ‹!ßþ;þëû 
!î!„þîû’ £ëû– “þyöì„þ ‹˜„þ þ™îû›y’% îöìœÐ

	 7.	 xþ™“þÄ þ™îû›y’% „þ#Ú

vþz_îû 	ö“þ‹!ßþ;þëû ö›ïöìœîû þ™îû›y’% öíöì„þ ö“þ‹!ßþ;þëû !î!„þîû’ 
£öìëû ëyîyîû þ™îû öë ˜“þ%˜ þ™îû›y’%îû ¢,!ÜT £ëû– “þyöì„þ 
xþ™“þÄ þ™îû›y’% îöìœÐ

	 8.	 þ¢îöìíöì„þ ¦þyîû# xöì“þ‹!ßþ;þëû xy£zöì¢yöìÝþyþ™!Ýþîû ˜y› 
vþzöìÍÔ… „þöìîûyÐ

vþz_îû 	 þ 83
209 BiÐ

	 9.	 ö“þ‹!ßþ;þëû“þyîû ~„þ!Ýþ îÄî£yîû öœöì…yÐ

vþz_îû 	„þÄy˜¢yîû !˜îûy›öìëûîû öÇþöìe ö“þ‹!ßþ;þëû öîû!vþëûy› 
îÄî£*“þ £ëûÐ

	 10.	 þö„þy ä̃ ëöìsþfîû ¢y£yöìëÄ ö“þ‹!ßþ;þëû“þyîû ›yey þ™!îû›yþ™ 
„þîûy £ëûÚ

vþz_îû 	 þ†y£z†yîûô›%œyîû „þyvþzrÝþyîûÐ

	 11.	 ö„þy˜ ö“þ‹!ßþ;þëû xy£zöì¢yöìÝþyþ™!Ýþöì„þ íy£zîûöìëûvþ @ùÌ!sþiîû 
öîûy† !˜’Åöìëû îÄî£yîû „þîûy £ëûÚ

vþz_îû 	 þ 53
131I Ð

	 12.	 þö“þ‹!ßþ;þëû þ™”yöìíÅîû !˜vþz!„Ïþëûy¢ öíöì„þ ö„þy˜ä îû!ÙÂ 
!˜†Å“þ £öìœ ¦þîû¢‚…Äy £Éy¢ þ™yëûÚ

vþz_îû 	 þa îû!ÙÂÐ

	 13.	 þö“þ‹!ßþ;þëû þ™”yöìíÅîû !˜vþz!„Ïþëûy¢ öíöì„þ !˜†Å“þ ö„þy ä̃ 
îû!ÙÂ!Ýþ •˜yd„þ “þ!vþü”y!£“þÚ

vþz_îû 	 þa „þ’yÐ

	 14.	 þö“þ‹!ßþ;þëû þ™”yöìíÅîû !˜vþz!„Ïþëûy¢ öíöì„þ !˜†Å“þ ö„þy ä̃ 
îû!ÙÂ!Ýþ !˜hßþ!vþüêÚ

vþz_îû 	 þg îû!ÙÂÐ

	 15.	 ö“þ‹!ßþ;þëû þ™”yöìíÅîû !˜vþz!„Ïþëûy¢ öíöì„þ !˜†Å“þ ö„þy ä̃ 
îû!ÙÂ!Ýþ }’yd„þ “þ!vþü”y!£“þÚ

vþz_îû 	 þb îû!ÙÂÐ

	 16.	 þ!˜vþz!„Ïþëû ‰%þ!ÍÔöì“þ ‹µyœy!˜ !£öì¢öìî ¢y•yîû’“þ ö„þy ä̃ 
ö“þ‹!ßþ;þëû þ™”yíÅ!Ýþ îýœ îÄî£*“þ £ëûÚ

vþz_îû 	 þ£zvþzöìîû!˜ëûy› S92U235VÐ
	 17.	 þ£y£zöìvÈþyöì‹˜ öîy›y ÷“þ!îû „þîûöì“þ ö„þy ä̃ ²Ì„þyîû !˜vþz!„Ïþëû 

!î!e«ëûyöì„þ îÄî£yîû „þîûy £ëûÚ
vþz_îû 	 ²Ìíöì› !˜vþz!„Ïþç !î¦þy‹˜ ç þ™öìîûþ!˜vþz!„Ïþëû ¢‚öìëy‹˜ 

!î!e«ëûyÐ
	 18.	 þ£zvþzöìîû!˜ëûy› öîy›y ÷“þ!îûîû „þyöì‹ ö„þy ä̃ ²Ì„þyîû 

!˜vþz!„Ïþëû !î!e«ëûy îÄî£*“þ £ëûÚ
vþz_îû 	 þ!˜vþz!„Ïþëû !î¦þy‹˜ ²Ì!e«ëûyÐ

	 19.	 þ~„þ þ™yîû›y’!î„þ Ÿ!_« S1uV þ™!îû›y’ ¦þöìîûîû ¢›“þ%œÄ 
Ÿ!_« öþ™öì“þ „þ“þ þ™!îû›y’ ¦þöìîûîû £Éy¢ £öì“þ £öìîÚ

vþz_îû 	 þ931∙2MeVÐ
	 20.	 þ¦þîû ç Ÿ!_«îû “þ%œÄ“þyîû ¢›#„þîû’!Ýþ öœöì…yÐ

vþz_îû 	 þE = mc2 öë…yöì̃  E = Ÿ!_«– m = ¦þîû– C = Ÿ)̃ Ä›y•Äöì› 
xyöìœyîû öî†Ð

	 21.	 þ!˜vþz!„Ïþëû ‰%þ!ÍÔöì“þ ¦þyîû# ‹œ „þ# „þy‹ „þöìîûÚ
vþz_îû 	 þ!˜vþzÝþÆöì˜îû vþzF‰þ†!“þ „þ›yöì˜yîû ‹˜Ä ¦þyîû# ‹œ îÄî£*“þ 

£ëûÐ
	 22.	 !˜vþz!„Ïþëû !î¦þy‹öì̃  ¦þöìîûîû ¢‚îûÇþ’ ˜#!“þ ²Ìöìëy‹Ä £ëû 

!„þÚ
vþz_îû 	 þ!˜vþz!„Ïþëû !î¦þy‹öì˜ ¦þöìîûîû ¢‚îûÇþ’ ˜#!“þ ²Ìöìëy‹Ä £ëû 

˜yÐ
	 23.	 !˜vþz!„Ïþç !î¦þy‹öì̃ îû ¢›ëû !˜vþzÝþÆ̃ öì„þ xy‡y“þ„þyîû# 

„þ’y !£öì¢öìî îÄî£yîû „þîûy £ëû ö„þ˜Ú
vþz_îû 	 þ!˜vþzÝþÆ˜ !˜hßþ!vþüê £çëûyëû !˜vþz!„Ïþëûy¢ô~îû myîûy !î„þ¡ìÅ’ 

x˜%¦þî „þöìîû ˜y ~î‚ ¢!àþ„þ ¢‚…Äyëû „þyëÅ„þîû# ¢‚‡¡ìÅ 
‡ÝþyëûÐ

	 24.	 þ!˜vþz!„Ïþëû îõþ˜Ÿ!_« ç ¦þîûe&!Ýþîû ›öì•Ä ¢Á™„Åþ „þ#Ú
vþz_îû 	 þ¦þîûe&!Ýþîû “þ%œÄ þ™!îû›y’ Ÿ!_«£z £œ !˜vþz!„Ïþëû 

îõþ˜Ÿ!_«Ð
	 25.	 þ!˜vþz!„Ïþëû ¢‚öìëy‹öì˜îû šþöìœ vþzêþ™§¬ þ™”yíÅ!Ýþ ö„þy˜ä 

²Ì„,þ!“þîû £ëûÚ
vþz_îû 	 þxöì“þ‹!ßþ;þëû £ëûÐ

îû‹þly™ôÅ# ²ÌöìÙÀy_îû 3

	 1.	 ö“þ‹!ßþ;þëû“þy îœöì“þ „þ# öîyöìGþyÚ
vþz_îû 	 þ¢y•yîû’“þ ¦þyîû# ö›ïöìœîû !˜vþz!„Ïþëûy¢ öë •öì›Åîû ‹˜Ä 

ßþº“þƒßþ³þ)“þÅ¦þyöìî !î¦þy!‹“þ £öìëû– x!îîûy› !î!¦þ§¬ îû!ÙÂ 
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!î!„þîû’ „þöìîû ˜“þ%˜ ö›ïöìœîû þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢ 
þ™!îû’“þ £ëû– ö¢£z •›Åöì„þ ö“þ‹!ßþ;þëû“þy îöìœÐ

	 2.	 ö›ïöìœîû ö“þ‹!ßþ;þëû“þy ¢Á™)’Å !˜vþz!„Ïþëûyöì¢îû ‡Ýþ˜yôôô 
îÄy…Äy „þöìîûyÐ

vþz_îû 	 þö„þyöì˜y ö›ïöìœîû îûy¢yëû!˜„þ •›Å ç£z ö›ïöìœîû ›öì•Ä 
vþzþ™!ßþi“þ öëy‹Ä“þy £zöìœ„þÝþÆöì˜îû çþ™îû !˜¦Åþîû „þöìîûÐ 
!„þlsþ îyhßþöìî ö”…y ëyëû ö›ïœ¢›)öì£îû îûy¢yëû!˜„þ 
þ™!îûî“þÅ˜ £öìëû ëyîyîû þ™öìîûç “þyîû ›öì•Ä vþzþ™!ßþi“þ 
ö“þ‹!ßþ;þëû •öì›Åîû ö„þyöì˜yîû*þ™ þ™!îûî“þÅ˜ £ëû ˜yÐ xíÅyê 
£zöìœ„þÝþÆ˜ !î˜Äyöì¢îû ¢öìD ö“þ‹!ßþ;þëû“þyîû ¢Á™„Åþ ö˜£zÐ 
xyîyîû ö“þ‹!ßþ;þëû !î!„þîûöì’îû šþöìœ ˜“þ%˜ ö›ïöìœîû ¢,!ÜT 
£ëûÐ ~„þ›ye !˜vþz!„Ïþëûyöì¢îû †àþöì˜îû þ™!îûî“þÅ˜ £öìœ£z 
~!Ýþ ¢½þîÐ “þy£z ö“þ‹!ßþ;þëû“þy ¢Á™)’Å£z !˜vþz!„Ïþëûyöì¢îû 
‡Ýþ˜yÐ

	 3.	 ö“þ‹!ßþ;þëû þ™!îûî“þÅ̃  ç îûy¢yëû!˜„þ þ™!îûî“þÅöì̃ îû 
þ™yíÅ„þÄ=!œ „þ# „þ#Ú

vþz_îû 	

ö“þ‹!ßþ;þëû þ™!îûî“þÅ̃ îûy¢yëû!˜„þ þ™!îûî“þÅ̃
(i) ~!Ýþ þ™îû›y’%îû 

!˜vþz!„Ïþëûy¢‹!˜“þ 
‡Ýþ˜yÐ

þ™îû›y’%îû öëy‹Ä“þy„þöìÇþîû 
£zöìœ„þÝþÆ˜=!œ ~£z 
þ™!îûî“þÅöì˜îû ‹˜Ä ”yëû#Ð

(ii) î!£ßþi vþzj#þ™„þ 
Söë›˜ô ‰þyþ™– xy-
öìœy £z“þÄy!”V myîûy 
²Ì¦þy!î“þ £ëû ˜yÐ

î!£ßþi vþzj#þ™„þ myîûy ²Ì¦þy!î“þ 
£ëûÐ

(iii) ~!Ýþ ~„þ!Ýþ ~„þ›%…# 
!î!e«ëûyÐ

îûy¢yëû!˜„þ þ™!îûî“þÅ˜ ~„þ›%…#– 
vþz¦þ›%…# ”%£z ²Ì„þyöìîûîû£z £öì“þ 
þ™yöìîûÐ

(iv) ö“þ‹!ßþ;þëû þ™!îûî“þÅöì˜îû 
šþöìœ ˜“þ%˜ ö›ïöìœîû 
¢,!ÜT £ëûÐ

îûy¢yëû!˜„þ þ™!îûî“þÅöì˜ ˜“þ%˜ 
ö›ïöìœîû ¢,!ÜT £ëû ˜yÐ

(v) ö“þ‹!ßþ;þëû þ™!îûî“þÅöì˜ 
¢y•yîû’“þ ²Ì‰%þîû 
þ™!îû›y’ Ÿ!_« vþzêþ™§¬ 
£ëûÐþ

îûy¢yëû!˜„þ þ™!îûî“þÅöì˜ “þ%œ˜y›)
œ„þ „þ› þ™!îû›y’ Ÿ!_« vþzêþ™§¬ 
£ëûÐ

	 4.	 þþ™îû›y’%îû !˜vþz!„Ïþëûy¢ £zöìœ„þÝþÆ̃ !î£#˜Ð “þî%ç 
!˜vþz!„Ïþëûy¢ öíöì„þ b „þ’yîû !˜ƒ¢îû’ £ëûôôô îÄy…Äy 
„þöìîûyÐ

vþz_îû 	 þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢ vþzþ™!ßþi“þ !˜vþzÝþÆ˜ !î¦þy!‹“þ £öìëû 
~„þ!Ýþ ö²Ìy!Ýþ˜ ç ~„þ!Ýþ £zöìœ„þÝþÆ˜ vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ 

ö²ÌyÝþ˜!Ýþ !˜vþz!„Ïþëûyöì¢ öíöì„þ ëyëû ~î‚ £zöìœ„þÝþÆ˜!Ýþ b 
„þ’y !£öì¢öìî !˜vþz!„Ïþëûy¢ öíöì„þ “þ#îÊöìîöì† öî!îûöìëû 
xyöì¢Ð “þy£z !˜vþz!„Ïþëûy¢ £zöìœ„þÝþÆ˜!î£#˜ £öìœç– “þy 
öíöì„þ b „þ’yîû !˜ƒ¢îû’ £ëûÐ

	 0
1

1
1

1
0n p e® + -

	 5.	 þxy£z̃ ÞÝþy£zöì̃ îû ¦þîû ç Ÿ!_«îû “þ%œÄ“þy ˜#!“þ!Ýþ öœöì…yÐ

vþz_îû 	 þ!îKþy˜# xy£z˜ÞÝþy£zöì˜îû xyöìþ™!Çþ„þ“þyîy” “þ_´ öíöì„þ 
þ™yçëûy ëyëû öë Ÿ!_«îû xþ™îû ~„þ!Ýþ îû*þ™ £œ ¦þîûÐ 
þ™”yíÅöì„þ Ÿ!_«öì“þ îy Ÿ!_«öì„þ þ™”yíÅöì“þ îû*þ™yhsþ!îû“þ 
„þîûy ¢½þîÐ ö„þyöì˜y þþ™”yöìíÅîû m þ™!îû›y’ ¦þîû Ÿ!_«öì“þ 
îû*þ™yhsþ!îû“þ £öìœ ²Ìy® Ÿ!_«îû ›y˜ E = mc2 öë…yöì˜ 
C = Ÿ)˜Ä ›y•Äöì› xyöìœyîû öî†Ð

	 6.	 þ¦þîûe&!Ýþ „þ#Ú

vþz_îû 	 þö„þyöì˜y þ™îû›y’%îû !˜vþz!„Ïþëûyöì¢ vþzþ™!ßþi“þ ö›yÝþ ö²ÌyÝþ˜ 
ç !˜vþzÝþÆöì˜îû ¦þöìîûîû ¢›!ÜT ¢îÅ”y !˜vþz!„Ïþëûyöì¢îû ¦þöìîûîû 
öíöì„þ !„þŠé%Ýþy öî!Ÿ £ëûÐ !˜vþz!„Ïþëûyöì¢ ¦þöìîûîû ~£z 
þ™yíÅ„þÄöì„þ£z ¦þîûe&!Ýþ îöìœÐ

	 7.	 þ!˜vþz!„Ïþëû îõþ˜Ÿ!_« „þyöì„þ îöìœÚ

vþz_îû 	!˜vþz!„Ïþëûyöì¢îû ›öì•Ä vþzþ™!ßþi“þ !˜vþz!„Ïþëû˜=!œ !˜öì‹öì”îû 
›öì•Ä þ™yîûßþ™!îû„þ îõþ˜ myîûy xyîkþ íyöì„þÐ ~£z 
þ™yîûßþ™!îû„þ îõþ˜öì„þ ö¦þöìˆ !˜vþz!„Ïþëû˜=!œöì„þ 
¢Á™)’Åîû*öìþ™ þ™,í„þ „þîûöì“þ öë ˜)Ä˜“þ› þ™!îû›y’ Ÿ!_«îû 
”îû„þyîû £ëû– “þyöì„þ !˜vþz!„Ïþëû îõþ˜Ÿ!_« îöìœÐ

	 8.	 þ!˜vþz!„Ïþëû !î¦þy‹˜ ç !˜vþz!„Ïþëûì ¢‚öìëy‹öì̃ îû 
þ™yíÅ„þÄ=!œ öœöì…yÐ

vþz_îû 	 þ

!˜vþz!„Ïþëû !î¦þy‹˜ !˜vþz!„Ïþëû ¢‚öìëy‹˜
(i) ~öìÇþöìe ö„þyöì˜y  ¦þyîû# 

!˜vþz!„Ïþëûy¢ !î¦þy!‹“þ £öìëû 
²Ìyëû ¢›y˜ ¦þöìîûîû ”%!Ýþ 
xþ™“þÄ !˜vþz!„Ïþëûy¢ ÷“þ!îû 
„þöìîûÐ

~öìÇþöìe „þöìëû„þ!Ýþ £yœ„þy 
!˜vþz!„Ïþëûy¢ ¢‚ë%_« £öìëû 
“þ%œ˜y›)œ„þ ¦þyîû# ~„þ!Ýþ 
!˜vþz!„Ïþëûy¢ †àþ˜ „þöìîûÐ

(ii) ~!Ýþ ¢y•yîû’ vþz¡Œ“þyöì“þ£z 
¢Á™§¬ £ëûÐ

~öìÇþöìe vþz¡Œ“þy  
107 oC−108 oC íy„þy 
xyîŸÄ„þÐ

(iii) ~öìÇþöìe ö“þ‹!ßþ;þëû îû!ÙÂ 
!˜†Å›öì˜îû ‡Ýþ˜y ‡öìÝþÐ

~öìÇþöìe ö“þ‹!ßþ;þëû îû!ÙÂîû 
!˜†Å›˜ £ëû ˜yÐ

(iv) ~öìÇþöìe “þyþ™#ëû !˜vþzÝþÆ˜ 
myîûy Ýþyöì†ÅÝþ !˜vþz!„Ïþëûy¢öì„þ 
xy‡y“þ „þîûy £ëûÐ

~öìÇþöìe xy‡y“þ „þîûyîû 
ö„þyöì˜yîû„þ› ²Ìöìëûy‹˜£z 
£ëû ˜yÐ
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