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BLOCK—1

ˆòy°à!ï˛ñ ï˛Ó˚Dˆòy°à!ï˛ñ ï˛Ó˚Dˆòy°à!ï˛ñ ï˛Ó˚Dˆòy°à!ï˛ñ ï˛Ó˚Dˆòy°à!ï˛ñ ï˛Ó˚D
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~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛     1 : §Ó˚° ˆòy°à!ï˛§Ó˚° ˆòy°à!ï˛§Ó˚° ˆòy°à!ï˛§Ó˚° ˆòy°à!ï˛§Ó˚° ˆòy°à!ï˛

àë˛öàë˛öàë˛öàë˛öàë˛ö

1.1 ≤ÃhflÏyÓöy

í ẑ̨ Ïj¢ƒ

1.2 §Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#

1.2.2 §Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛

1.2.2 §Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î

1.2.3 xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö

1.2.4 §Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey (parameter)

1.3 §Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´

1.4 §Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î

1.4.1 !fl±Ç û˛Ó˚

1.4.2 !fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚

1.4.3 §Ó˚° ˆòy°Ü˛

1.4.4 ˆÎÔ!àÜ˛ ˆòy°Ü˛

1.4.5 ÓƒyÓï≈˛ ˆòy°Ü˛

1.4.6 ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ ôyÓ˚Ü˛ Óï≈˛ö#

1.4.7 !fl±Ç myÓ˚y Î%_´ û˛Ó˚ Î%@¿

1.5 §Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y

1.6 §yÓ˚yÇ¢

1.7 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1.8 í˛z_Ó˚üy°y

1.1 ≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy

•z!ï˛˛õ)ˆÏÓ≈ xy˛õ!ö öyöy ôÓ˚ˆÏöÓ˚ à!ï˛Ó˚ §ˆÏD ˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚ˆÏåÈö– xy˛õ!ö °«˛ƒ Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏÓö ˆÎñ ~Ó˚ üˆÏôƒ

ˆÜ˛yö ˆÜ˛yö!ê˛Ó˚ ˆ«˛ˆÏe à!ï˛¢#° Ó›!ê˛ !ö!ò≈‹T §üÎ˚ xhsˇÓ˚ ˛õ)ˆÏÓ≈Ó˚ xÓfliyö Óy xyÜ,˛!ï˛ˆÏï˛ !ú˛ˆÏÓ˚ xyˆÏ§– í˛zòy•Ó˚î

!•§yˆÏÓ â%Ó˚hsˇ ˛õyáyÓ˚ ˆÓœí˛ñ ˆòy°öy Óy â!í˛¸Ó˚ ˆ˛õu%˛°yˆÏüÓ˚ Ü˛Ìy Ó°y ÎyÎ˚– çˆÏ°Ó˚ í˛z˛õÓ˚ !òˆÏÎ˚ Îáö ï˛Ó˚Düy°y

x@ˇÃ§Ó˚ •Î˚ ï˛áö ç°ï˛ˆÏ° û˛y§üyö ˆÜ˛yöÄ Ó›ˆÏÜ˛ xy˛õ!ö ~û˛yˆÏÓ à!ï˛¢#° •ˆÏï˛ ˆòáˆÏÓö– ~•z ôÓ˚ˆÏöÓ˚

à!ï˛ˆÏÜ˛ xyüÓ˚y Ó!° ‘˛õÎ≈yÓ,_ à!ï˛’ (periodic motion)– §Ó˚° ˆòy°à!ï˛Ä ~Ü˛ ôÓ˚ˆÏöÓ˚ ˛õÎ≈yÓ,_ à!ï˛ñ ÎyÓ˚

ày!î!ï˛Ü˛ !ÓˆÏŸ’£Ïî á%Ó §•ˆÏç•z Ü˛Ó˚y §Ω˛Ó– ~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y §Ó˚° ˆòy°à!ï˛Ó˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï≈˛ ~ÓÇ
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~•z à!ï˛Ó˚ ôü≈=!° xyˆÏ°yã˛öy Ü˛Ó˚Ó– ~ôÓ˚ˆÏöÓ˚ à!ï˛§¡õß¨ Ó›Ó˚ Îy!sfÜ˛ ¢!_´Ó˚ §ÇÓ˚«˛îÄ ˛õÓ˚#«˛y Ü˛Ó˚Ó– §Ó˚°

ˆòy°à!ï˛Ó˚ í˛zòy•Ó˚î !•§yˆÏÓ Ü˛ˆÏÎ˚Ü˛!ê˛ Îy!sfÜ˛ ˆòy°ˆÏÜ˛Ó˚ í˛zòy•Ó˚î åÈyí˛¸yÄ ~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y ï˛!í˛¸Í xyˆÏÓ¢

Ä ôyÓ˚Ü˛ myÓ˚y à!ë˛ï˛ ï˛!í˛¸ÍÓï≈˛ö#Ó˚ üˆÏôƒ ï˛!í˛¸ˆÏï˛Ó˚ ≤ÃÓy• !ÓˆÏÓã˛öy Ü˛Ó˚Ó– xy˛õ!ö °«˛ƒ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö ˆÎñ

~•z Óï≈˛ö#ˆÏï˛ ï˛!í˛¸Í ≤ÃÓy• ày!î!ï˛Ü˛ !òÜ˛ !òˆÏÎ˚ §Ó˚° ˆòy°à!ï˛ §¡õß¨ ˆòy°ˆÏÜ˛Ó˚ xö%Ó˚*˛õ–

≤ÃÜ,˛!ï˛ˆÏï˛ Ó‡ ôÓ˚ˆÏöÓ˚ à!ï˛ !ÓhflÏyÓ˚ ÎˆÏÌ‹T x“ ÌyÜ˛ˆÏ° §Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛ ˛õy°ö Ü˛ˆÏÓ˚– ~•z Ü˛yÓ˚ˆÏî

˛õòyÌ≈!ÓòƒyÎ˚ §Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c x˛õ!Ó˚§#ü– ~•z ~Ü˛ˆÏÜ˛Ó˚ üyôƒˆÏü xy˛õ!ö §Ó˚° ˆòy°à!ï˛Ó˚ ˆû˛Ôï˛ Ä

ày!î!ï˛Ü˛ ôü≈ §¡∫ˆÏ¶˛ !Ó¢ò ˛õ!Ó˚ã˛Î˚ °yû˛ Ü˛Ó˚ˆÏÓö

í˛ zˆ Ïj¢ƒí˛zˆ Ïj¢ƒí˛zˆ Ïj¢ƒí˛zˆ Ïj¢ƒí˛zˆ Ïj¢ƒ

~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!ö~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!ö~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!ö~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!ö~•z ~Ü˛Ü˛!ê˛ ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ xy˛õ!ö

§Ó˚° ˆòy°à!ï˛Ó˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï≈˛=!° !ÓÓ,ï˛ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

§Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î!ê˛ fliy˛õö Ä ˆ§!ê˛Ó˚ §üyôyö Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

§Ó˚° ˆòy°à!ï˛ˆÏï˛ ã˛°ö¢#° Ó›Ó˚ à!ï˛¢!_´Ó˚ !•§yÓ Ü˛Ó˚ˆÏï˛ ~ÓÇ ¢!_´Ó˚ §ÇÓ˚«˛î ≤Ã!ï˛˛õyòö Ü˛Ó˚ˆÏï˛

˛õyÓ˚ˆÏÓö–

!Ó!û˛ß¨ ôÓ˚ˆÏöÓ˚ §Ó˚° ˆòy°à!ï˛ˆÏï˛ Ü˛¡õö¢#° Ó›ï˛ˆÏsfÓ˚ à!ï˛Ó˚ üˆÏôƒ §yò,¢ƒ ˆòáyˆÏï˛ ˛õyÓ˚ˆÏÓö–

1.2 §Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#§Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#§Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#§Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#§Ó˚° ˆòy°à!ï˛Ó˚ §ÇK˛y Ä ˜Ó!¢‹TƒyÓ°#

ˆÎ ˆÜ˛yöÄ ˛õÎ≈yÓ,_ à!ï˛ˆÏÜ˛•z §Ó˚° ˆòy°à!ï˛ Ó°y ÎyÎ˚ öy– ˆÜ˛yöÄ Ó›ï˛sf  Ü˛ˆÏÎ˚Ü˛!ê˛ ¢ï≈˛ ˛õy°ö Ü˛Ó˚ˆÏ°ñ

ï˛ˆÏÓ•z §Ó˚° ˆòy°à!ï˛Ó˚ í˛zqÓ •ˆÏï˛ ˛õyˆÏÓ˚– xyüyÓ˚ ~•z ¢ï≈˛=!°ˆÏÜ˛ ày!î!ï˛Ü˛û˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ §Ó˚°

ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î àë˛ö Ü˛Ó˚Ó– ~•z §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö ˆÌˆÏÜ˛ xyüÓ˚y §Ó˚°  ˆòy°à!ï˛Ó˚ ôü≈=!°ˆÏï˛

í˛z˛õö#ï˛ •ˆÏï˛ ˛õyÓ˚Ó– ≤ÃÌˆÏü §Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛=!° xyˆÏ°yã˛öy Ü˛Ó˚y ÎyÜ˛–

1.2.1 §Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛§Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛§Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛§Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛§Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛

ˆÜ˛yöÄ Ó›Ü˛îyÓ˚ à!ï˛ˆÏÜ˛ ï˛áö•z §Ó˚° ˆòy°à!ï˛ Ó°y ÎyÎ˚ñ Îáö !öˆÏ¡¨Ó˚ ¢ï≈˛=!° ˛õy!°ï˛ •Î˚:

(i) Ó›Ü˛îy!ê˛Ó˚ à!ï˛ ~Ü˛ §Ó˚°ˆÏÓ˚áyÎ˚ xyÓm ÌyˆÏÜ˛ ~ÓÇ

(ii) Ó›Ü˛îy!ê˛Ó˚ í˛z˛õÓ˚ ˆ§!ê˛Ó˚ à!ï˛˛õˆÏÌÓ˚ í˛z˛õÓ˚ xÓ!fliï˛ ˆÜ˛yöÄ !ö!ò≈‹T !Ó®% x!û˛ü%ˆÏáñ ˙ !Ó®% ˆÌˆÏÜ˛

Ó›Ü˛îy!ê˛Ó˚ ò)Ó˚ˆÏcÓ˚ §üyö%˛õyï˛# ~Ü˛!ê˛ ≤Ãï˛ƒyöÎ˚Ü˛ Ó° Ü˛yç Ü˛ˆÏÓ˚–

~ˆÏ«˛ˆÏe Ü˛ˆÏÎ˚Ü˛!ê˛ !Ó£ÏÎ˚ üˆÏö Ó˚yáˆÏï˛ •ˆÏÓ– ˛≤ÃÌüï˛ñ ˆÜ˛yöÄ ò,ì˛¸ Ó›Ó˚ ã˛°ö (translational) à!ï˛Ó˚ ˆ«˛ˆÏe

Î!ò í˛z˛õˆÏÓ˚Ó˚ ¢ï≈˛=!° ≤ÃˆÏÎyçƒ •Î˚ñ ï˛ˆÏÓ ï˛yÓ˚ û˛Ó˚ˆÏÜ˛w!ê˛ Ó›Ü˛îyÓ˚ üï˛ xyã˛Ó˚î Ü˛Ó˚ˆÏÓ ~ÓÇ Ó›!ê˛ §Ó˚°

ˆòy°à!ï˛ˆÏï˛ ã˛°ˆÏï˛ ÌyÜ˛ˆÏÓ– !mï˛#Î˚ï˛ñ ˆÎ ˆÜ˛yöÄ Ó›ï˛sf Î!ò ˆÜ˛yˆÏöy ~Ü˛!ê˛ Ó˚y!¢Ó˚ SÎÌy ~Ü˛!ê˛ ˆÜ˛yîñ

ï˛!í˛¸ï˛yôyöñ ï˛!í˛¸Í≤ÃÓy•V ˆ«˛ˆÏe í˛z˛õˆÏÓ˚Ó˚ ¢ï≈˛=!°Ó˚ xö%Ó˚*˛õ ¢ï≈˛ ≤ÃˆÏÎyçƒ •Î˚ñ ï˛ˆÏÓ ˆ§•z Ó˚y!¢!ê˛Ó˚ §Ó˚°
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ˆòy°à!ï˛Ó˚ xö%Ó˚*˛õ ˆòy°ö °«˛ƒ Ü˛Ó˚y ÎyˆÏÓ– ˛õÓ˚Óï≈˛# 1.4 xÇˆÏ¢ í˛zòy•Ó˚î=!°Ó˚ üˆÏôƒ xy˛õ!ö ~ çyï˛#Î˚

ˆòy°ö ˆòáˆÏï˛ ˛õyˆÏÓö– ~=!°ˆÏÜ˛ xyüÓ˚y §Ó˚° ˆòy°à!ï˛ öyˆÏü x!û˛!•ï˛ Ü˛Ó˚Ó–

1.2.2. §Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î§Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î§Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î§Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î§Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î

ôÓ˚y ÎyÜ˛ m û˛ˆÏÓ˚Ó˚ ~Ü˛!ê˛ Ó›Ü˛îyÓ˚ à!ï˛ xyüyˆÏòÓ˚ !öˆÏò≈¢ï˛ˆÏsfÓ˚ x xˆÏ«˛ xyÓk˛ ~ÓÇ à!ï˛˛õˆÏÌÓ˚ í˛z˛õÓ˚

!ö!ò≈‹T !Ó®%!ê˛ !öˆÏò≈¢ï˛ˆÏsfÓ˚ ü)°!Ó®% (origin), 0– Ó›Ü˛îy!ê˛ 0

!Ó®%ˆÏï˛ ÌyÜ˛ˆÏ° ï˛yÓ˚ í˛z˛õÓ˚ ˆÜ˛yö Ó°•z Ü˛yç Ü˛ˆÏÓ˚ öy– Ü˛yˆÏç•z

~Ü˛üye O !Ó®%ˆÏï˛•z ˆ§!ê˛  !fliÓ˚ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚– ~çöƒ 0 !Ó®%̂ ÏÜ˛

Ó›Ü˛îyÓ˚ §yüƒ!Ó®% Ó°y •ˆÏÓ– Ó›Ü˛îy!ê˛ Îáö ü)°!Ó®% ˆÌˆÏÜ˛ x

ò)Ó˚ˆÏc P !Ó®%ˆÏï˛ ÌyˆÏÜ˛ñ ï˛áö ï˛yÓ˚ í˛z˛õÓ˚ x-~Ó˚ §üyö%˛õyï˛# -kx

≤Ãï˛ƒyöÎ˚Ü˛ Ó° 0 !Ó®% x!û˛ü%ˆÏá Ü˛yç Ü˛ˆÏÓ˚– ˆÎáyˆÏö k ~Ü˛!ê˛ §üyö%˛õyï˛ ô ÓÜ˛– °«˛î#Î˚ ˆÎñ x Ó˚y!¢ Ä

≤Ãï˛ƒyöÎ˚Ü˛ ÓˆÏ°Ó˚ !ã˛•´ §Ó≈òy•z !Ó˛õÓ˚#ï˛ ~ÓÇ !ÓˆÏÎ˚yà !ã˛•´!ê˛ ~çöƒ•z ÓƒÓ•*ï˛ •ˆÏÎ˚ˆÏåÈ– ~áö !öí˛zê˛ˆÏöÓ˚ !mï˛#Î˚

§)e xö%§yˆÏÓ˚ û˛Ó˚ Ä cÓ˚ˆÏîÓ˚ =îú˛° ~ÓÇ Ó° F -~Ó˚ §üï˛y ˆÌˆÏÜ˛ xy˛õ!ö !°áˆÏï˛ ˛õyˆÏÓ˚ö –

= = −mx F kx ............. 1.1

xÌÓyñ 

ω= − = − 2k
x x x

m

,   ˆÎáyˆÏö ày!î!ï˛Ü˛ §%!ÓôyÓ˚ çöƒ  
k
m

 Ó˚y!¢!ê˛Ó˚ fliyˆÏö + ω 2

ˆ°áy •ˆÏÎ˚ˆÏåÈ˛– 1.1 §ü#Ü˛Ó˚î!ê˛ §Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î–  §ü#Ü˛Ó˚î!ê˛ ˆÌˆÏÜ˛ ˆÓyé˛y ÎyÎ˚ ˆÎñ

x -~Ó˚ üyö Îáö ˛õ!ç!ê˛û˛ ï˛áö Ó›Ü˛îyÓ˚ cÓ˚î ˆöˆÏà!ê˛û˛ xÌ≈yÍ ï˛áö Ó›Ü˛îyÓ˚ ˆÓà x !òˆÏÜ˛ ü)°!Ó®%Ó˚

!Ó˛õÓ˚#ï˛ü%ˆÏá ÌyÜ˛ˆÏ° ï˛yÓ˚ üyö Ü˛üˆÏï˛ ÌyÜ˛ˆÏÓ ~ÓÇ x -~Ó˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ü)°!Ó®% x!û˛ü%ˆÏá ÌyÜ˛ˆÏ° ï˛yÓ˚

üyö Óyí˛¸ˆÏï˛ ÌyÜ˛ˆÏÓ–

!Ó˛õÓ˚#ï˛e´ˆÏüñ x -~Ó˚ üyö Îáö ˆöˆÏà!ê˛û˛ñ ï˛áö Ó›Ü˛îyÓ˚ cÓ˚î ˛õ!ç!ê˛û˛ñ xÌ≈yÍ ˆÓà x !òˆÏÜ˛ ü)°!Ó®%

x!û˛ü%ˆÏá ÌyÜ˛ˆÏ° ï˛yÓ˚ ˆÓà Óyí˛¸ˆÏï˛ ÌyÜ˛ˆÏÓ ~ÓÇ ˆÓà x ~Ó˚ ˛!Ó˛õÓ˚#ï˛ !òˆÏÜ˛ ü)°!Ó®%Ó˚ !Ó˛õÓ˚#ï˛ü%ˆÏá ÌyÜ˛ˆÏ°

ï˛yÓ˚ üyö Ü˛üˆÏï˛ ÌyÜ˛ˆÏÓ–

1.1 §ü#Ü˛Ó˚î!ê˛ ~Ü˛!ê˛ ˜Ó˚!áÜ˛ñ §ü§_¥ñ !mï˛#Î˚ e´ˆÏüÓ˚ (linear homogeneous second order) xÓÜ˛°

§ü#Ü˛Ó˚î– xyüÓ˚y çy!ö ~Ó˚ §üyôyˆÏö ò%•z!ê˛ x!ö!ò≈‹T ô ÓÜ˛ ÌyÜ˛ˆÏÓ– ~ÓyÓ˚ ~Ó˚ §üyôyö!ê˛ ˆòáy ÎyÜ˛–

1.2.3  xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyöxÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyöxÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyöxÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyöxÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö

§ü#Ü˛Ó˚î 1.1 •Î˚ï˛ xy˛õöyÓ˚ Ü˛yˆÏåÈ á%Ó•z ˛õ!Ó˚!ã˛ï˛– ~áyˆÏö x Ó˚y!¢!ê˛ §üÎ˚ t-~Ó˚ ~üö ~Ü˛!ê˛ xˆÏ˛õ«˛Ü˛

ÎyˆÏÜ˛ ò%•zÓyÓ˚ xÓÜ˛°ö Ü˛Ó˚ˆÏ° – ω 2 §•à §ˆÏüï˛ ˙ ~Ü˛•z xˆÏ˛õ«˛Ü˛ ˛õyÄÎ˚y ÎyÎ˚– xyüÓ˚y çy!ö sinω t ~ÓÇ

cosω t ~•z ôÓ˚ˆÏöÓ˚ xˆÏ˛õ«˛Ü˛– ~ ò%!ê˛ˆÏÜ˛ !ü!°ˆÏÎ˚ xyüÓ˚y 1.1 xÓÜ˛°ö §ü#Ü˛Ó˚î!ê˛Ó˚ §yôyÓ˚î §üyôyö !°áˆÏï˛

˛õy!Ó˚ :
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x = A sin ωt + B cost ωt ....... 1.2

ˆÎáy Ï̂ö A Ä B x!ö!ò≈‹T ô ÓÜ˛– ~áyˆÏö §yôyÓ˚î §üyôyö Ó°ˆÏï˛ ~ê˛y•z ˆÓyé˛yÎ˚ ˆÎñ ˙ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚

x§Çáƒ !ÓˆÏ¢£Ï §üyôyö ÌyÜ˛ˆÏ°Äñ ˆÎ=!° §Ó•z x!ö!ò≈‹T ô ÓÜ˛=!°Ó˚ !ÓˆÏ¢£Ï üyö ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˛õyÄÎ˚y ÎyˆÏÓ–

ˆÎüöñ 1.2 ~Ó˚ ˆ«˛ˆÏe

B = 0 ôÓ˚ˆÏ° x = A sinωt, xyÓyÓ˚

A = 0 ôÓ˚ˆÏ° x = Bcosωt

xy˛õ!ö û˛yÓˆÏï˛ ˛õyˆÏÓ˚ö ˆÎñ 

j te ω

 Ó˚y!¢!ê˛Ä ~Ü˛!ê˛ §Ω˛yÓƒ §üyôyö– !Ü˛v ~!ê˛ 

( )ω ω+cos sint j t

 ~Ó˚

§üyö– xÌ≈yÍñ ~!ê˛ 

ωcos t

 Ä 

ωsin t

 ~Ó˚ ~Ü˛!ê˛ ˜Ó˚!áÜ˛ §Ç!ü◊î– §%ï˛Ó˚yÇ  1.2 §üyôyˆÏö ~!ê˛ˆÏÜ˛

xy°yòyû˛yˆÏÓ xhsˇû%≈˛_´ Ü˛Ó˚yÓ˚ ≤ÃˆÏÎ˚yçö ˆö•z–

~áö Î!ò xyüÓ˚y ôˆÏÓ˚ !ö•z

θ θ= − =sin , cosA a B a

 .............1.3

ï˛ˆÏÓ 1.2 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛      θ ω θ ω= − +sin sin cos cosx a t a t

Óyñ x = 

( )ω θ+cosa t

............1.4

~áyˆÏö xyüÓ˚y A Ä B ~Ó˚ fliyˆÏö xöƒ ò%•z x!ö!ò≈‹T ô ÓÜ˛ a Ä θ  ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚!åÈ– x!ö!ò≈‹T ô ÓÜ˛mˆÏÎ˚Ó˚

üyö t = 0 §üˆÏÎ˚ §Ó˚î x ~Ó˚ üyö x
0
 ~ÓÇ ˆÓà 

x
 ~Ó˚ üyö x0  ˆÌˆÏÜ˛ §•ˆÏç•z !öî≈Î˚ Ü˛Ó˚y ÎyÎ˚– 1.4

§ü#Ü˛Ó˚î Ä ~Ó˚ ˆÌˆÏÜ˛ °∏˛ ˆÓˆÏàÓ˚ Ó˚y!¢üy°y x = –aωsin(ωt + θ) ˆÌ Ï̂Ü˛

x0 = a cosθ

~ÓÇ 0 sin= −x aω θ  ˛õyÄÎ˚y ÎyÎ˚–

§%ï˛Ó˚yÇñ 

2
2 0
0 2

⎛ ⎞
= +⎜ ⎟

⎝ ⎠
x

a x
ω

 ~ÓÇ 

1 0

0

tan−= − x
x

θ ω

............1.5

~ÓyÓ˚ xy˛õ!ö !öˆÏç•z ~Ü˛!ê˛ §•ç xö%¢#°ö# Ü˛ˆÏÓ˚ ˆòá%ö–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# : 1

SÜ˛V 1.2 §ü#Ü˛Ó˚ˆÏîÓ˚ A Ä B ô ÓÜ˛ ò%•z!ê˛Ó˚ üyö x0 ~ÓÇ 

0x

 ~Ó˚ !•§yˆÏÓ !öî≈Î˚ Ü˛Ó˚&ö–

SáV üˆÏö Ü˛Ó˚&ö t = 0 ~ÓÇ t = 

π
ω2

 §üˆÏÎ˚ §Ó˚ˆÏîÓ˚ üyö ÎÌye´ˆÏü 

0x

~ÓÇ x– ï˛y•ˆÏ° 1.4 §ü#Ü˛Ó˚ˆÏî

a ~ÓÇ θ ~Ó˚ üyö Ü˛#⁄
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SàV üˆÏö Ü˛Ó˚&ö t = 0 §üˆÏÎ˚ §Ó˚î x
0
 ~ÓÇ 

π
ω=

2
t

 §üˆÏÎ˚ ˆÓà v– ˆ§ˆÏ«˛ˆÏe ˙ §ü#Ü˛Ó˚ˆÏî a ~ÓÇ

θ  ~Ó˚ üyö !Ü˛⁄

1.2.4 §Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey§Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey§Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey§Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey§Ó˚° ˆòy°à!ï˛Ó˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ!Ó˚üyey (parameter)

!ÓhflÏyÓ˚ !ÓhflÏyÓ˚ !ÓhflÏyÓ˚ !ÓhflÏyÓ˚ !ÓhflÏyÓ˚ : 1.4 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ §•ˆÏç•z ˆÓyé˛y ÎyÎ˚ ˆÎñ x ~Ó˚ üyö §üˆÏÎ˚Ó˚ §ˆÏD ‘+a’ Ä ‘–a’, ~•z ò%•z

§#üyÓ˚ üˆÏôƒ Äë˛yöyüy Ü˛ˆÏÓ˚– §yüƒ!Ó®% ˆÌˆÏÜ˛ Ó›Ü˛îyÓ˚ §ˆÏÓ≈yFã˛ ò)Ó˚c ‘a’ ˆÜ˛ §Ó˚° ˆòy°à!ï˛Ó˚ !ÓhflÏyÓ˚ Ó°y

•Î˚– ~!ê˛ x ~Ó˚ ò%•z §#üyfli üyˆÏöÓ˚ ÓƒÓôyˆÏöÓ˚ xˆÏô≈Ü˛–

xy˛õ!ö ˛õ)ˆÏÓ≈•z ˆòˆÏáˆÏåÈö ˆÎñ Ó›Ü˛îyÓ˚ ˆÓà ( )sin= = − +v x a tω ω θ – xö%Ó˚*˛õû˛yˆÏÓñ ˆÓˆÏàÓ˚ ~•z

Ó˚y!¢!ê˛Ó˚ xÓÜ˛°ö ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ cÓ˚î

( )2 cos= = − +f x a tω ω θ

flõfiê˛•z ˆÓyé˛y ÎyÎ˚ ˆÎñ Ó›Ü˛îyÓ˚ ˆÓà ~ÓÇ cÓ˚î Ä §üˆÏÎ˚Ó˚ §ˆÏD §Ó˚° ˆòy°à!ï˛Ó˚ xö%Ó˚&˛õû˛yˆÏÓ

˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– 1.4 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ ˆÓyé˛y ÎyÎ˚

ˆÓˆÏàÓ˚ !ÓhflÏyÓ˚ = 

ωa

~ÓÇ cÓ˚ˆÏîÓ˚ !ÓhflÏyÓ˚ = 

ω2aò¢y : 1.4 §ü#Ü˛Ó˚ˆÏî ( )ω θ+t Ó˚y!¢!ê˛ˆÏÜ˛ t §üˆÏÎ˚ §Ó˚° ˆòy°à!ï˛ˆÏï˛ §Ó˚ˆÏîÓ˚ ò¢y (phase) Ó°y •Î˚–

t = 0 §üˆÏÎ˚ ~•z Ó˚y!¢Ó˚ üyö 'θ' - ˆÜ˛ ≤ÃyÓ˚!Ω˛Ü˛ ò¢y (initial phase) Óy ò¢y ô ÓÜ˛ (phase constant)

Ó°y •Î˚– ò¢yÓ˚ Ä˛õÓ˚•z Ó›Ü˛îyÓ˚ ï˛yÍ«˛!îÜ˛ xÓfliyö !öû≈˛Ó˚ Ü˛ˆÏÓ˚–

~áö xy˛õ!ö §Ó˚ˆÏîÓ˚ ò¢yÓ˚ §ˆÏD ˆÓà Ä cÓ˚ˆÏîÓ˚ ò¢yÓ˚ ï%˛°öy Ü˛Ó˚ˆÏï˛ xy@ˇÃ•# •ˆÏï˛ ˛õyˆÏÓ˚ö– °«˛ƒ Ü˛ˆÏÓ˚

ˆòá%ö

( ) πω ω θ ω ω θ⎛ ⎞= − + = + +⎜ ⎟⎝ ⎠
sin cos

2
v a t a t

~ÓÇ ( ) ( )ω ω θ ω ω θ π= − + = + +2 2cos cosf a t a t

xÌ≈yÍñ §Ó˚ˆÏîÓ˚ ï%˛°öyÓ˚ ˆÓˆÏàÓ˚ ò¢y

π
2

  ˆÜ˛yˆÏî ~ÓÇ cÓ˚ˆÏîÓ˚ ò¢y π ̂ Ü˛yˆÏî

x@ˇÃÓï≈˛# ÌyˆÏÜ˛– !ã˛e 1.2  ˆï˛ §Ó˚îñ ˆÓà

Ä cÓ˚̂ ÏîÓ˚ ò¢yÓ˚ ≤Ã Ï̂û˛ò ̂ òáy Ï̂öy • Ï̂Î˚̂ ÏåÈ–

!ã˛e 1.2 -§Ó˚° ˆòy°à!ï˛ˆÏï˛ §Ó˚îñ

ˆÓà Ä cÓ˚î

§Óî̊

oÓî

ˆÓà

ωt+θ
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ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ : ω Ó˚y!¢!ê˛ ~Ü˛Ü˛ §üˆÏÎ˚ ò¢yÓ˚ ˛õ!Ó˚Óï≈˛ö §)!ã˛ï˛ Ü˛ˆÏÓ˚– ~•z Ó˚y!¢!ê˛ˆÏÜ˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛

(angular frequency) Ó°y •Î˚–

˛õÎ≈yÎ˚Ü˛y° ˛õÎ≈yÎ˚Ü˛y° ˛õÎ≈yÎ˚Ü˛y° ˛õÎ≈yÎ˚Ü˛y° ˛õÎ≈yÎ˚Ü˛y° : ˆÎ §üÎ˚ xhsˇÓ˚ §Ó˚° ˆòy°à!ï˛§¡õß¨ Ü˛îyÓ˚ xÓfliyöñ ˆÓà •zï˛ƒy!ò ~Ü˛•z xÓfliyÎ˚ !ú˛ˆÏÓ˚

xyˆÏ§ñ ï˛yˆÏÜ˛ ˙ ˆòy°à!ï˛Ó˚ ˛õÎ≈yÎ˚Ü˛y° ÓˆÏ°– ~•z §üˆÏÎ˚ ˆÎˆÏ•ï%˛ ò¢y 

π2

 ˛õ!Ó˚üyˆÏî Ó,!k˛ ˛õyÎ˚ñ xï˛~Ó

˛õÎ≈yÎ˚Ü˛y°ˆÏÜ˛ T myÓ˚y !öˆÏò≈¢ Ü˛ˆÏÓ˚ 

( ) 2t T t+ + = + +ω θ ω θ π

xÌ≈yÍñ 

π
ω= 2

T

 Óy  π2 m
k

...........1.6 (a)

ˆÎˆÏ•ï%˛ §yüƒ!Ó®% ˆÌˆÏÜ˛ ≤Ã!ï˛ ~Ü˛Ü˛ §Ó˚ˆÏî 

k
m

 ˛õ!Ó˚üyî cÓ˚î âˆÏê˛ñ ˆòy°à!ï˛Ó˚ ˛õÎ≈yÎ˚Ü˛y° ~û˛yˆÏÓÄ ˆ°áy

ÎyÎ˚ :

π= 2T

Ü˛¡õyB˛ Ü˛¡õyB˛ Ü˛¡õyB˛ Ü˛¡õyB˛ Ü˛¡õyB˛ : ~Ü˛Ü˛ §üˆÏÎ˚ §Ó˚° ˆòy°à!ï˛Ó˚ Îï˛=!° ˛õ)î≈ ˛õÎ≈yÎ˚ (cycle) x!ï˛e´yhsˇ •Î˚ñ ï˛yˆÏÜ˛•z ˙ ˆòy°à!ï˛Ó˚

Ü˛¡õyB˛ ÓˆÏ°– ˛õÎ≈yÎ˚Ü˛yˆÏ°Ó˚ üyö ˆÌˆÏÜ˛ Ü˛¡õyˆÏB˛Ó˚ üyö ˛õyÄÎ˚y ÎyÎ˚ :

1 1
2 2

k
T m

= = =ωυ π π ........... 1.6(b)

1.4 §ü#Ü˛Ó˚ˆÏî •zFåÈy Ü˛Ó˚ˆÏ° xyüÓ˚y ω  ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ T Óy υ ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– ÎÌyñ( ) ( )2cos cos cos 2t
x a t a a t

T
⎛ ⎞= + = + = +⎝ ⎠

πω θ θ πυ θ

1.3 §Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´§Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´§Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´§Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´§Ó˚° ˆòy°à!ï˛§¡õß¨ Ó›Ü˛îyÓ˚ Îy!sfÜ˛ ¢!_´

Ó›Ü˛îy!ê˛Ó˚ Îy!sfÜ˛ ¢!_´ !fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ ˆÎyàú˛°– ˆÎ ˆÜ˛yöÄ xÓfliyˆÏö Ó›Ü˛îyÓ˚ !fli!ï˛¢!_´

≤Ãï˛ƒyöÎ˚Ü˛ ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ ˆ§!ê˛ˆÏÜ˛ §yüƒ!Ó®% ˆÌˆÏÜ˛ ˆ§•z xÓfliyˆÏö xyöˆÏï˛ ˆÎ Ü˛yÎ≈ Ü˛Ó˚y •Î˚ ï˛yÓ˚ §üyö–

~•z Ü˛yˆÏÎ≈Ó˚ ˛õ!Ó˚üyî

2 2 2

0 0

1 1
2 2

x x

U Fdx kxdx kx m x= = = =∫ ∫ ω

.......1.7

x˛õÓ˚ ˛õˆÏ«˛ñ à!ï˛¢!_´Ó˚ ˛õ!Ó˚üyî ( )2 2 2 21 1 sin
2 2

K mv ma t= = +ω ω θ

= 

( )2 2 2 21 cos
2

m a a t⎡ ⎤− +⎣ ⎦ω ω θ

~Ü˛Ü˛ §Ó˚ˆÏî í˛zq(ï˛ cÓ˚î
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= 

( )2 2 21
2

m a x−ω

= ( )−2 21
2

k a x .......1.8

∴ ˆüyê˛ Îy!sfÜ˛ ¢!_´ñ E = U + K

= 

( )2 2 2 2 21 1
2 2

m x m a x+ −ω ω

= ω 2 21
2

m a = 

21
2

ka

......1.9

°«˛î#Î˚ ˆÎñ ˆüyê˛ Îy!sfÜ˛ ¢!_´ x Óy t ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° öÎ˚ñ Îy Îy!sfÜ˛ ¢!_´Ó˚ §ÇÓ˚«˛î §)!ã˛ï˛ Ü˛ˆÏÓ˚–

!ã˛e 1.3 (a) ˆï˛ x ~Ó˚ §ˆÏD !fli!ï˛ ¢!_´ñ à!ï˛¢!_´

Ä ˆüyê˛ Îy!sfÜ˛ ¢!_´Ó˚ ˛õ!Ó˚Óï≈˛ö ˆòáyˆÏöy •°–

ˆòy°ˆÏöÓ˚ ~Ü˛!ê˛ ˛õ)î≈ ˛õÎ≈yˆÏÎ˚ x ~Ó˚ üyö ˆÎüö

+ a Ä –a ~Ó˚ üˆÏôƒ ã˛°yˆÏú˛Ó˚y Ü˛ˆÏÓ˚ñ ˆï˛üö•z

Îy!sfÜ˛ ¢!_´ §¡õ)î≈Ó˚*ˆÏ˛õ à!ï˛¢!_´ ˆÌˆÏÜ˛

§¡õ)î≈Ó˚*ˆÏ˛õ !fli!ï˛¢!_´ ~•z ò%•z ã˛Ó˚ü xÓfliyÓ˚ üˆÏôƒ

xyˆÏ®y!°ï˛ •Î˚– 1.3 (b) !ã˛ˆÏe ~•z ˛õ!Ó˚Óï≈˛ö!ê˛

!ã˛ey!Î˚ï˛ •ˆÏÎ˚ˆÏåÈ– 1.3(a) Ä (b) !ã˛e ò%•z!ê˛ °«˛ƒ

Ü˛Ó˚ˆÏ° ˆÓyé˛y ÎyˆÏÓ ˆÎñ x = 0 xÌ≈yÍñ §yüƒ !Ó®%ˆÏï˛

!fli!ï˛ ¢!_´ ¢)öƒ Ä §Ó≈!ö¡¨– x˛õÓ˚˛õˆÏ«˛ñ

à!ï˛¢!_´ ~•z !Ó®%ˆÏï˛ §Ó≈y!ôÜ˛ ~ÓÇ 
21

2
ka

~Ó˚ §üyö– Îáö 

= ±x a

 xÌ≈yÍñ à!ï˛Ó˚ ò%•z

≤Ãyhsˇ !Ó®%ˆÏï˛ à!ï˛¢!_´ ¢)öƒñ !Ü˛v !fli!ï˛¢!_´

§Ó≈y!ôÜ˛ Ä 

21
2

ka

 ~Ó˚ §üyö– Îáö 

=
2

a
x

,

ï˛áö

⎛ ⎞= =⎜ ⎟⎝ ⎠

2
21 1

2 42
a

U K ka

~ÓÇ 

⎛ ⎞= − =⎜ ⎟⎝ ⎠

2
2 21 1

2 2 4
a

K K a ka

xÌ≈yÍñ !fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üüyö–

!fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üÎ˚ §yˆÏ˛õ«˛ àí˛¸!fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üÎ˚ §yˆÏ˛õ«˛ àí˛¸!fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üÎ˚ §yˆÏ˛õ«˛ àí˛¸!fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üÎ˚ §yˆÏ˛õ«˛ àí˛¸!fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ §üÎ˚ §yˆÏ˛õ«˛ àí˛¸

üyö üyö üyö üyö üyö (time average)

§Ó˚° ˆòy°à!ï˛Ó˚ §ˆÏD §¡õ!Ü≈˛ï˛ ˆÜ˛yöÄ

ˆû˛Ôï˛ Ó˚y!¢Ó˚ (z) §üÎ˚ §yˆÏ˛õ«˛ àí˛¸ üyö !öî≈Î˚ Ü˛Ó˚ˆÏï˛ xyüÓ˚y ~•z §ÇK˛y!ê˛ ÓƒÓ•yÓ˚ Ü˛Ó˚Ó :

§Ó˚ˆÏîÓ˚ §ˆÏD à!ï˛¢!_´ Ä !fli!ï˛¢!_´Ó˚ ˛õ!Ó˚Óï≈˛ö

= + = 21
2

E u k ka= 21
2

U kx= −2 21
( )

2
K k a k

x = –a x = 0 x = 0



16

àí˛¸  

( )= = =∫ ∫ ∫
0 0 0

1T T T

Z z t zdt dt zdt
T

~áyˆÏö §üyÜ˛°ö=!° ~Ü˛!ê˛ §¡õ)î≈ ˛õÎ≈yˆÏÎ˚Ó˚ í˛z˛õÓ˚ ˆöÄÎ˚y •ˆÏÎ˚ˆÏåÈ–

~•z §)e xö%ÎyÎ˚# 1.4 §ü#Ü˛Ó˚î ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˜fli!ï˛Ü˛ ¢!_´Ó˚ àí˛¸ üyö

( )2 2 2

0 0

1 1 1 1 cos2 2

T T

U kx dt ka t dt
T T

= = +∫ ∫ ω θ

= =2 21 1 1. .
2 2 4

T
ka ka

T
................ 1.10

~ÓÇ à!ï˛¢!_´Ó˚ àí˛¸ üyö ( ) ( )2 2 2 2

0 0

1 1 1 1 sin
2 2

T T

K k a x dt ka t dt
T T

= − = +∫ ∫ ω θ

= =2 21 1 1. .
2 2 4

T
ka ka

T

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ í˛zû˛Î˚ àí˛¸ üyö•z §üyö ~ÓÇ ˆüyê˛ ¢!_´Ó˚ xˆÏô≈Ü˛–

!öˆÏã˛Ó˚ xö%¢#°ö!ê˛ xy˛õöyˆÏÜ˛ àí˛¸ üyˆÏöÓ˚ !Ó£ÏÎ˚!ê˛ Ó%é˛ˆÏï˛ §y•yÎƒ Ü˛Ó˚ˆÏÓ–

!fli!ï˛¢!_´ ~ÓÇ à!ï˛ ¢!_´Ó˚ Ó˚y!¢ ò%•z!ê˛ Ü˛yˆÏç °y!àˆÏÎ˚ §Ó˚° ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î §•ˆÏç•z ≤Ã!ï˛¤˛y

Ü˛Ó˚y §Ω˛Ó–

ˆüyê˛ ¢!_´ ( )2 21 1
2 2

= +E m x kx

ˆÎˆÏ•ï%˛ ˆüyê˛ ¢!_´ x˛õ!Ó˚Ó!ï≈˛ï˛ ÌyˆÏÜ˛– xï˛~Ó =/ 0dE dt – í˛z˛õˆÏÓ˚y_´ §ü#Ü˛Ó˚î!ê˛ ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚–

= = +
2

2
1 1/ 0 .2 .2 .
2 2

d x dx dx
dE dt m k x

dt dtdt

xÌÓyñ + =
2

2 0d x k
x

mdt

xö%¢#°ö xö%¢#°ö xö%¢#°ö xö%¢#°ö xö%¢#°ö : 2 !fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö !öî≈Î˚ Ü˛Ó˚&ö–

S•z!Dï˛ : x Ó˚y!¢Ó˚ §yˆÏ˛õˆÏ«˛ z xˆÏ˛õ«˛ˆÏÜ˛Ó˚ àí˛¸ üyö 

1.4 §Ó˚° ˆòy°à!ï˛ §¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î§Ó˚° ˆòy°à!ï˛ §¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î§Ó˚° ˆòy°à!ï˛ §¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î§Ó˚° ˆòy°à!ï˛ §¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î§Ó˚° ˆòy°à!ï˛ §¡õß¨ Ó›ï˛ˆÏsfÓ˚ í˛zòy•Ó˚î

xy˛õöyÓ˚y ày!î!ï˛Ü˛ !òÜ˛ ˆÌˆÏÜ˛ §Ó˚° ˆòy°à!ï˛ §¡∫ˆÏ¶˛ xˆÏöÜ˛ê˛y•z ˆçˆÏöˆÏåÈö– ~ÓyÓ˚ xyüÓ˚y §Ó˚°

ˆòy°à!ï˛ xö%§Ó˚î Ü˛ˆÏÓ˚ ~üö Ü˛ˆÏÎ˚Ü˛!ê˛ ï˛sf §¡∫ˆÏ¶˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

1.4.1 !fl±Çû˛Ó˚!fl±Çû˛Ó˚!fl±Çû˛Ó˚!fl±Çû˛Ó˚!fl±Çû˛Ó˚

xy˛õ!ö §y•zˆÏÜ˛ˆÏ°Ó˚ !§ˆÏê˛Ó˚ ï˛°yÎ˚ñ ˆ§yú˛yÓ˚ xy§ˆÏöÓ˚ !öˆÏã˛ñ í˛ê‰˛ ˆ˛õˆÏöÓ˚ üˆÏôƒ öyöy xyÜ˛yˆÏÓ˚Ó˚ ˛õƒyÑã˛yˆÏöy

!fl±Ç ˆòˆÏáˆÏåÈö– ~•z !fl±Ç=!°Ó˚ ~Ü˛!ê˛ !ö!ò≈‹T ˜òâ≈ƒ ÌyˆÏÜ˛– Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ Ó° ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ≤Ã§y!Ó˚ï˛ Óy
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§Çö!üï˛ Ü˛Ó˚ˆÏ° ~=!°Ó˚ ˆÎ ˜òâ≈ƒ ≤Ã§yÓ˚î Óy §ÇˆÏÜ˛yã˛ö

âˆÏê˛ñ ï˛y ≤ÃÎ%_´ ÓˆÏ°Ó˚ §üyö%˛õyï˛#– ~Ü˛Ü˛ ≤Ã§yÓ˚î Óy

§ÇˆÏÜ˛yã˛ˆÏöÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ Ó°ˆÏÜ˛ !fl±Ç ô ÓÜ˛ (spring
constant) Ó Ï̂°– 1.4 (a) (b) Ä (c) !ã˛ˆÏe ~Ü˛!ê˛ !fl±Ç

ÈÙÈû˛Ó˚ ÓƒÓfliy ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö !fl±Ç!ê˛ xö%û)˛!üÜ˛ Ä

ï˛yÓ˚ ~Ü˛!òÜ˛ xyÓk˛– xöƒ!òˆÏÜ˛ m û˛ˆÏÓ˚Ó˚ ~Ü˛!ê˛ Ó› §ÇÎ%_´

xyˆÏåÈ Îy §¡õ)î≈ ü§,î ï˛ˆÏ° xö%û)˛!üÜ˛û˛yˆÏÓ !fl±Ç ÈÙÈ~Ó˚

˜òˆÏâ≈ƒÓ˚ !òÜ˛ Óy x !òˆÏÜ˛ ã˛°yã˛° Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– Ó›!ê˛Ó˚ §yüƒ

!Ó®%Ó˚ fliyöyB˛ xyüÓ˚y x = 0 ÓˆÏ° ôÓ˚Ó– xÓ¢ƒ ~ˆÏ«˛ˆÏe

xyüÓ˚y Ó›!ê˛ˆÏÜ˛ ï˛yÓ˚ û˛Ó˚ˆÏÜ˛ˆÏw ˆÜ˛w#û)˛ï˛ Ó›Ü˛îy !•§yˆÏÓ

ôˆÏÓ˚ !öˆÏÎ˚!åÈ– !fl±Ç!ê˛ˆÏÜ˛Ä xyüÓ˚y û˛Ó˚•#ö ÓˆÏ° üˆÏö Ü˛Ó˚Ó–

!ãe 1.4 (a) ˆï˛ Ó›!ê˛ §yüƒ!Ó®%ˆÏï˛ xÓfliyö Ü˛Ó˚ˆÏåÈ–

~áö !fl±Ç!ê˛ˆÏÜ˛ x ˛õ!Ó˚üyˆÏî ≤Ã§y!Ó˚ï˛ Ü˛ˆÏÓ˚ Ó›!ê˛ˆÏÜ˛ Î!ò

(b) !ã˛ˆÏe ≤Ãò!¢≈ï˛ xÓfliyˆÏö xyöy ÎyÎ˚ñ ï˛ˆÏÓ ï˛yÓ˚ Ä˛õÓ˚

!fl±Ç ÈÙÈ~Ó˚ ≤Ã§yÓ˚ˆÏîÓ˚ ú˛ˆÏ° ˆÎ ≤Ãï˛ƒyöÎ˚Ü˛ Ó° Ü˛yç Ü˛Ó˚ˆÏÓñ

ï˛yÓ˚ üyö Kx(K= !fl±Ç ô ÓÜ˛V– xö%Ó˚&˛õû˛yˆÏÓñ !fl±Ç!ê˛ x
˛õ!Ó˚üyˆÏî §Çö!üï˛ •ˆÏ°Ä Kx ≤Ãï˛ƒyöÎ˚Ü˛ Ó° Ó›!ê˛ˆÏÜ˛

§yüƒyÓfliyÎ˚ ˆú˛Ó˚yˆÏï˛ Ü˛yç Ü˛Ó˚ˆÏÓ–  ~ˆÏ«˛ˆÏe !fl±Ç ÈÙÈô &ÓÜ˛

K 1.1 §ü#Ü˛Ó˚ˆÏîÓ˚ k §üyö%˛õyï˛ ô ÓˆÏÜ˛Ó˚ fliyö @ˇÃ•î Ü˛ˆÏÓ˚– à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î!ê˛ ~ˆÏ«˛ˆÏe = − K
x x

m

~ÓÇ Ó›!ê˛ 

π
1

2
K
m

 Ü˛¡õyˆÏB˛ §Ó˚° ˆòy°à!ï˛ˆÏï˛ ã˛°yã˛° Ü˛Ó˚ˆÏï˛ ÌyÜ˛ˆÏÓ–

1.4.2 !fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚!fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚!fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚!fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚!fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚

˛õ)ˆÏÓ≈Ó˚ (Ü˛V í˛zòy•Ó˚ˆÏîÓ˚ xyüÓ˚y ˆÎ !fl±Ç!ê˛Ó˚ §¡∫ˆÏ¶˛

xyˆÏ°yã˛öy Ü˛ˆÏÓ˚!åÈñ ôÓ˚y ÎyÜ˛ ˆ§!ê˛ í˛zÕ‘¡∫û˛yˆÏÓ xy°!¡∫ï˛ xyˆÏåÈ

~ÓÇ û˛Ó˚!ê˛ ï˛yÓ˚ !ö¡¨≤ÃyˆÏhsˇ xyÓk˛ xyˆÏåÈ S!ã˛e 1.5)– û˛Ó˚!ê˛Ó˚

ˆÜ˛yöÄ Äçö öy ÌyÜ˛ˆÏ° ˆ§!ê˛Ó˚ xÓfliyö ˆÎ !Ó®%ˆÏï˛ •ï˛ ï˛yÓ˚

!öˆÏò≈¢yÇÜ˛ z=0 ôÓ˚y ÎyÜ˛ S!ã˛e aV– ~áyˆÏö z ò)Ó˚c í˛zÕ‘¡∫û˛yˆÏÓ

!öˆÏã˛Ó˚ !òˆÏÜ˛ üy˛õy •ˆÏÓ– û˛ˆÏÓ˚Ó˚ Mg ÄçˆÏöÓ˚ ú˛ˆÏ° ˆ§!ê˛Ó˚

§yüƒÓfliyÓ˚ !öˆÏò≈¢yÇÜ˛ •ˆÏÓ z = z0 S!ã˛e b)– ˆÎˆÏ•ï%˛ Äçö

Mg !fl±Ç ~Ó˚ z0 ≤Ã§yÓ˚î âê˛yÎ˚ñ xï˛~Ó Mg =Kz0– ~áö

û˛Ó˚!ê˛Ó˚ xÓfliyö Î!ò z !öˆÏò≈¢yÇˆÏÜ˛ S!ã˛e c) •Î˚ ï˛ˆÏÓ ˆ§!ê˛Ó˚

à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î •ˆÏÓ

§yüƒ xÓfliy

≤Ã§yÓ̊î

§Ç Ï̂Ü˛yã˛ö

(a)

(b)

(c)
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= −Mz Mg Kz

xÌÓyñ ˆÎˆÏ•ï%˛ 

( )0 0,= = − −Mg Kz M z k z z

Î!ò §yüƒ xÓfliy ˆÌˆÏÜ˛ y = z –z
0      ˛õ!Ó˚üyˆÏö !fl±Ç!ê˛ ˆê˛ˆÏö ˆåÈˆÏí˛¸ ˆòÄÎ˚y •Î˚ ï˛ˆÏÓ §ü#Ü˛Ó˚î!ê˛ •ˆÏÓ

= −M y Ky

xÌ≈yÍñ ~áyˆÏö y Ó˚y!¢ê˛y•z §Ó˚° ˆòy°à!ï˛Ó˚ §ü#Ü˛Ó˚î ˛õy°ö Ü˛ˆÏÓ˚– ~•z §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö ˛õ)ˆÏÓ≈Ó˚ üï˛ :

( )= ω + θcosy a t

, ˆÎáyˆÏö ω =2 K
m

 ~ÓÇ 

θ,a

 x!ö!ò≈‹T ô &ÓÜ˛– ˆÎˆÏ•ï%˛ y =z –z0, z !öˆÏò≈¢yÇÜ˛!ê˛ ~áö

~•zû˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚:

( )= + ω + θ0 cosz z a t

.......1.11

xÌ≈yÍñ z !öˆÏò≈¢yÇÜ˛!ê˛ z0 ˆÜ˛ üˆÏôƒ ˆÓ˚ˆÏá      π2 K
M

 Ü˛¡õyˆÏB˛ §Ó˚° ˆòy°à!ï˛ˆÏï˛ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏï˛ ÌyÜ˛ˆÏÓ–

1.4.3 §Ó˚° ˆòy°Ü˛ §Ó˚° ˆòy°Ü˛ §Ó˚° ˆòy°Ü˛ §Ó˚° ˆòy°Ü˛ §Ó˚° ˆòy°Ü˛ (simple pendulum)

xyò¢≈ §Ó˚° ˆòy°Ü˛ Ó°ˆÏï˛ û˛Ó˚ •#ö x≤Ã§yÎ≈ §)ï˛yÓ˚ myÓ˚y xy°!¡∫ï˛ ~Ü˛!ê˛ !Ó®%û˛Ó˚ !˛õ[˛(bob) ˆÓyé˛yÎ˚–

ˆòy°ˆÏöÓ˚ §üÎ˚ §)ï˛y!ê˛ ~Ü˛!ê˛ í˛zÕ‘¡∫ï˛ˆÏ° xyÓk˛ ÌyˆÏÜ˛– !˛õ[˛!ê˛ ~Ü˛!ê˛ Ó,_ã˛y˛õ ÓÓ˚yÓÓ˚ ã˛°yã˛° Ü˛Ó˚ˆÏ°Äñ

ˆòy°ˆÏöÓ˚ ˆÜ˛Ô!îÜ˛ !ÓhflÏyÓ˚ θ
m
      Î!ò x“ •Î˚ñ ï˛ˆÏÓ !˛õ[˛!ê˛ ˆüyê˛yü%!ê˛û˛yˆÏÓ

xö%û)˛!üÜ˛ §Ó˚°ˆÏÓ˚áyÎ˚ x x«˛ ÓÓ˚yÓÓ˚ ã˛°ö¢#° ÓˆÏ° ôÓ˚y ÎyÎ˚– !˛õˆÏ[˛Ó˚

û˛Ó˚ m ~ÓÇ ˆòy°ˆÏÜ˛Ó˚ §)ï˛yÓ˚ ˆÜ˛Ô!îÜ˛ §Ó˚î Î!ò θ S!ã˛e 1.6) •Î˚ñ ï˛ˆÏÓ

Äçö mg ~Ó˚ ã˛°ö ˛õˆÏÌÓ˚ flõ¢≈Ü˛ ÓÓ˚yÓÓ˚ í˛z˛õyÇ¢mg sinθ ≤Ãï˛ƒyöÎ˚Ü˛

Ó° !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚– §)ï˛yÓ˚ ˜òâ≈ƒ Î!ò l •Î˚ñ ï˛ˆÏÓ !˛õˆÏ[˛Ó˚ xö%û)˛!üÜ˛

x x«˛ ÓÓ˚yÓÓ˚ §Ó˚î 

= θax t

– l ˜òâ≈ƒˆÏÜ˛ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ Ó°y •Î˚–

~áö xyüÓ˚y !˛õ[˛!ê˛Ó˚ à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î !°áˆÏï˛ ˛õy!Ó˚:

= − θ ≈ − θsinmx mg mg

 SÎ!ò θ ÎˆÏÌ‹T x“üyˆÏöÓ˚ •Î˚V

xÌ≈yÍ 

= − θ = − g
x g x

l

........1.12

1.1 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓñ ~•z §ü#Ü˛Ó˚î!ê˛

ˆ§!ê˛Ó˚ xö%Ó˚*˛õ– ~Ó˚ §üyôyöÄ 1.4 §ü#Ü˛Ó˚ˆÏîÓ˚ xö%Ó˚*˛õ •ˆÏÓ :

( )= ω + θcosx a t

 ˆÎáyˆÏö ω = 8
l

ˆòy°Ü˛!ê˛Ó˚ ˆòy°öÜ˛y° 

π= = πω0
2 2 l

T
g

......1.13

xy˛õ!ö •Î˚ï˛ °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ !fl±ÇÈÙÈû˛ˆÏÓ˚Ó˚ ˆ«˛ˆÏe ˆòy°ö Ü˛y° Óy Ü˛¡õyB˛ û˛ˆÏÓ˚Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°

•ˆÏ°Ä §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe ˆ§=!° !˛õˆÏ[˛Ó˚ û˛ˆÏÓ˚Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ öy– ~Ó˚ Ü˛yÓ˚îñ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe



19

≤Ãï˛ƒyöÎ˚Ü˛ Ó°!ê˛ Äçö ˆÌˆÏÜ˛•z í˛zq(ï˛ •Î˚ñ Îy û˛ˆÏÓ˚Ó˚ §üyö%˛õy!ï˛Ü˛ xöƒ!òˆÏÜ˛– !fl±Ç ~Ó˚ ˆ«˛ˆÏe ≤Ãï˛ƒyöÎ˚Ü˛

Ó°!ê˛ !fl±Ç ~Ó˚ xyÜ˛yÓ˚ñ xyÜ,˛!ï˛ Ä í˛z˛õyòyˆÏöÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°ñ û˛ˆÏÓ˚Ó˚ Ä˛õÓ˚ öÎ˚–

§Ó˚° ˆòy°ˆÏÜ˛Ó˚ à!ï˛ˆÏÜ˛ ˆÜ˛Ó° ï˛áö•z §Ó˚° ˆòy°à!ï˛ Ó°y ÎyÎ˚ñ Îáö 

sin θ = θ

 xD#Ü˛yÓ˚!ê˛ §ï˛ƒ •Î˚–

sin θ = θ

 ~Ó˚ ˆê˛°Ó˚ ˆ◊î# ≤Ã§yÓ˚î (Taylor series expansion) ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ :

θ θθ = θ − +
3 5

sin ........
6 120

θ ~Ó˚ üyö Îáö 0.245 ˆÓ˚!í˛Î˚yö Óy 14º, ï˛áö θ Ä sin θ  ~Ó˚ ˛õyÌ≈Ü˛ƒ ≤ÃyÎ˚ 1% •Î˚– §%ï˛Ó˚yÇñ ˆòy°ˆÏÜ˛Ó˚

ˆÜ˛Ô!îÜ˛ !ÓhflÏyˆÏÓ˚Ó˚ ~•z üyö ˛õÎ≈hsˇ 

sin θ = θ

 xD#Ü˛yÓ˚!ê˛ ˆüˆÏö ˆöÄÎ˚y ÎyÎ˚– !Ó¢ò àîöyÎ˚ ˆòáy ÎyÎ˚ ˆÎñ

§Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˆòy°ö Ü˛y° T  ˆÜ˛Ô!îÜ˛ !ÓhflÏyÓ˚ θm SˆÓ˚!í˛Î˚yöV ~Ó˚ Ä˛õÓ˚ ~•zû˛yˆÏÓ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ :

2 4 2

0

912 1 ...... 116 1024 16
m m mT T

g
⎛ ⎞ ⎛ ⎞θ θ θ= π + + + ≈ +⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

Îáö 

.126mθ =

 ˆÓ˚!í˛Î˚yö Óy 7.25º, ï˛áö Ó¶˛ö#û%˛_´ Ó˚y!¢!ê˛Ó˚ üyö 1.001 xÌ≈yÍñ ˆòy°ˆÏÜ˛Ó˚ ˆÜ˛Ô!îÜ˛

!ÓhflÏyÓ˚ Î!ò 7.25º ~Ó˚ üˆÏôƒ ÌyˆÏÜ˛ñ ï˛ˆÏÓ ˆòy°öÜ˛y° T
0
 ˆÌˆÏÜ˛ 0.1 ¢ï˛yÇˆÏ¢Ó˚ ˆã˛ˆÏÎ˚ !û˛ß¨ •Î˚ öy–

1.4.4 ç!ê˛° ˆòy°Ü˛ç!ê˛° ˆòy°Ü˛ç!ê˛° ˆòy°Ü˛ç!ê˛° ˆòy°Ü˛ç!ê˛° ˆòy°Ü˛     (compound pendulum)

ˆÎ ˆÜ˛yöÄ ò,ì˛¸ Ó› ˆ§!ê˛Ó˚ §ˆÏD xyÓk˛ ~Ü˛!ê˛ xö%û)˛!üÜ˛ xˆÏ«˛Ó˚ í˛z˛õÓ˚ ˆòy°ˆÏö §«˛ü •ˆÏ°ñ ï˛yˆÏÜ˛ ç!ê˛°

ˆòy°Ü˛ Ó°y ÎyÎ˚– §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe ˆÎüö !˛õu˛!ê˛ˆÏÜ˛ !Ó®%

û˛Ó˚ !•§yˆÏÓ ôˆÏÓ˚ ˆöÄÎ˚y ≤ÃˆÏÎ˚yçö •Î˚ ˆÎÔ!àÜ˛ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe

ˆï˛üö ˆÜ˛yöÄ ¢ï≈˛ xyˆÏÓ˚y˛õ Ü˛Ó˚ˆÏï˛ •Î˚ öy– 1.7 !ã˛ˆÏe ~Ü˛!ê˛

ç!ê˛° ˆòy°Ü˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö 0 xy°¡∫ö !Ó®%ñ

ˆòy°ˆÏöÓ˚ xö%û)˛!üÜ˛ x«˛ ÎyÓ˚ üôƒ !òˆÏÎ˚ !àˆÏÎ˚ˆÏåÈñ G Ä G’

ÎÌye´ˆÏü §yüƒÓfliy Ä !Óã%˛ƒï˛ xÓfliyÎ˚ ˆòy°ˆÏÜ˛Ó˚ û˛yÓ˚ˆÏÜ˛w– θ

ˆÜ˛yî!ê˛ ˆòy°ˆÏÜ˛Ó˚ ˆÜ˛Ô!îÜ˛ !Óã%˛ƒ!ï˛– ôÓ˚y ÎyÜ˛ñ ˆòy°ˆÏÜ˛Ó˚ û˛Ó˚ m

~ÓÇ ˜òâ≈ƒ OG = OG' =1– !Óã%˛ƒï˛ xÓfliyÎ˚ ˆòy°ˆÏÜ˛Ó˚

û˛yÓ˚ˆÏÜ˛ˆÏwÓ˚ üôƒ !òˆÏÎ˚ !e´Î˚y¢#° Äçö mg ˆòy°Ü˛!ê˛Ó˚ í˛z˛õÓ˚

~Ü˛!ê˛ ≤Ãï˛ƒyöÎ˚Ü˛ Ó°Î%ˆÏ@¬Ó˚ (torque) §,!‹T Ü˛ˆÏÓ˚ñ ÎyÓ˚ ºyüÜ˛

sinmgl θ

 SÓ° mg Ä 0 !Ó®% ˆÌˆÏÜ˛ !e´Î˚yˆÏÓ˚áyÓ˚ ò)Ó˚c OP

~Ó˚ =îú˛°V– ~áö O !Ó®%Ó˚ §yˆÏ˛õˆÏ«˛ ˆòy°ˆÏÜ˛Ó˚ çí˛¸ï˛yºyüÜ˛

Î!ò l •Î˚ñ ï˛ˆÏÓ ~!ê˛Ó˚ ˆÜ˛Ô!îÜ˛ à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î •ˆÏÓ

sinI mglθ = − θ

........1.14
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çí˛¸ï˛y ºyüˆÏÜ˛Ó˚ §üyhsˇÓ˚y° x«˛ í˛z˛õ˛õyòƒ xö%ÎyÎ˚#ñ ˆòy°ˆÏÜ˛Ó˚ û˛Ó˚ˆÏÜ˛ˆÏwÓ˚ üˆÏôƒ !òˆÏÎ˚ ÎyÄÎ˚y xy°¡∫ö

xˆÏ«˛Ó˚ í˛z˛õÓ˚ Î!ò ˆòy°ˆÏÜ˛Ó˚ çí˛¸ï˛yºyüÜ˛ l
0
 ~ÓÇ â)î≈ö ÈÙÈÓƒy§yô≈ (radius of gyration) k •Î˚ ï˛ˆÏÓñ

I = I
0
 + ml2 = m(k2+l2)  

( )2
0 =∵ I mk

ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ ÎˆÏÌ‹T x“ ~ÓÇ 

sinθ = θ

 ôˆÏÓ˚ !öˆÏÎ˚ñ 1.14 §ü#Ü˛Ó˚î  ˆÌˆÏÜ˛

2 2
gl g

Lk l
θ = − θ = − θ

+

 
⎛ ⎞= +⎜ ⎟⎝ ⎠

2k
L l

l ......1.15

1.12 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ~•z §ü#Ü˛Ó˚ˆÏîÓ˚ ï%˛°öy Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓ ˆÎñ ò%•z!ê˛ §ü#Ü˛Ó˚î xö%Ó˚*˛õ– ~áyˆÏö

L ˜òâ≈ƒˆÏÜ˛ §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ (equivalent simple pendulum) ˜òâ≈ƒ Ó°y •Î˚– OG §Ó˚°ˆÏÓ˚áyˆÏÜ˛

Î!ò C ˛õÎ≈hsˇ Ó!ô≈ï˛ Ü˛Ó˚y •Î˚ñ ÎyˆÏï˛ OC =L •Î˚ñ ï˛ˆÏÓ C !Ó®%ˆÏÜ˛ ˆòy°öÈÙÈˆÜ˛w (centre of oscillation)

Ó°y •Î˚– û˛yÓ˚ˆÏÜ˛w ˆÌˆÏÜ˛ ˆòy°ö ˆÜ˛ˆÏwÓ˚ ò)Ó˚c 

= − =
2k

CG L l
l

–

1.15 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xy˛õ!ö !öÿ˛Î˚•z Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏåÈö ˆÎñ ~ˆÏ«˛ˆÏe θ ˆÜ˛yî!ê˛ §Ó˚° ˆòy°à!ï˛ˆÏï˛

xyˆÏ®y!°ï˛ •ˆÏÓ ~ÓÇ ï˛yÓ˚ ˛õÎ≈yÎ˚Ü˛y° •ˆÏÓ 

π= 2 L
T

g

– !Ü˛v §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˆÌˆÏÜ˛ ç!ê˛° ˆòy°ˆÏÜ˛Ó˚ ~Ü˛!ê˛

ˆüÔ!°Ü˛ ≤ÃˆÏû˛ò xyˆÏåÈ– ç!ê˛° ˆòy°Ü˛ˆÏÜ˛ xy˛õ!ö !Ó!û˛ß¨ !Ó®%ˆÏï˛ xy°!¡∫ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö ~ÓÇ l ~Ó˚ üyö

ï˛yÓ˚ ú˛ˆÏ° ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö– ~áö →lim 0,l →∝lim l , ~•z ò%•z §#üyˆÏï˛•z → ∞ → ∞,L T –

l ~Ó˚ ˆÎ üyˆÏöÓ˚ çöƒ §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ Ä ˛õÎ≈yÎ˚Ü˛yˆÏ°Ó˚ üyö §Ó≈!ö¡¨ñ ï˛y !öî≈Î˚ Ü˛Ó˚y ÎyÜ˛–

L Îáö §Ó≈!ö¡¨ñ ï˛áö = 0dL
dl

 xÌ≈yÍ

⎛ ⎞+ =⎜ ⎟⎝ ⎠

2

0d k
l

dl l  Óy − =
2

2 0k
l

l
, xÌÓyñ = ±l k

xÌ≈yÍñ xy°¡∫ö !Ó®% Îáö û˛yÓ˚ˆÏÜ˛ˆÏwÓ˚ ò%•z ˛õyˆÏ¢ k ò)Ó˚ˆÏc ÌyˆÏÜ˛ñ ï˛áö•z §üï)˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ

~ÓÇ ˆÎÔ!àÜ˛ ˆòy°ˆÏÜ˛Ó˚ ˆòy°öÜ˛y° §ü≈!ö¡¨ •Î˚– ~•z xÓfliyÎ˚ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ L =2k ......1.16 (a)

~ÓÇ ˆòy°öÜ˛y° 

22m

k
T

g
= π

.......1.16(b)

Tm ~Ó˚ ˆã˛ˆÏÎ˚ ò#â≈ï˛Ó˚ ˆÜ˛yöÄ ˆòy°öÜ˛yˆÏ°Ó˚ çöƒ ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ l Ü˛ï˛ •ÄÎ˚y ≤ÃˆÏÎ˚yçö ï˛y ˆòáy ÎyÜ˛–

T ~Ó˚ Ó˚y!¢üy°y ˆÌˆÏÜ˛ xyüÓ˚y ˛õy•z 

2 2

2 ,
4

k gT
L l

l
= + =

π xÌ≈yÍ 

l gT2 2

24π

.l+k2 = 0 ~!ê˛ ~Ü˛!ê˛ !mâyï˛

§ü#Ü˛Ó˚î– ~Ó˚ ü)° ò%!ê˛ xy˛õ!ö §•ˆÏç•z !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö– ~=!°ˆÏÜ˛ Î!ò l1 Ä l2 Ó°y ÎyÎ˚ñ ï˛ˆÏÓ !mâyï˛

§ü#Ü˛Ó˚ˆÏîÓ˚ ôü≈ ˆÌˆÏÜ˛
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2

21 2 .....1.17( )
4
gT

l l a+ =
π

 ~ÓÇ 

( )= 2
1 2 .......1.17l l k b

xÌ≈yÍ l ~Ó˚ ~Ü˛!ê˛ üyö Î!ò 

1l

 •Î˚ñ ï˛ˆÏÓ xöƒ!ê˛ •ˆÏÓ 

=
2

2
k

l
l

– xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈñ û˛yÓ˚ˆÏÜ˛w ˆÌˆÏÜ˛

ˆòy°ö ˆÜ˛ˆÏwÓ˚ ò)Ó˚c 

2k
l

– §%ï˛Ó˚yÇ xy°¡∫ö !Ó®% O ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ ˆòy°ö ˆÜ˛w C -ˆÜ˛ xy°¡∫ö !Ó®% !•§yˆÏÓ

ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏ° ˆòy°öÜ˛y° ~Ü˛•z ÌyÜ˛ˆÏÓ– ~ÓÇ ˆ§ˆÏ«˛ˆÏeñ ˆÎˆÏ•ï%˛ 

=
2

12
1

,
/

k
l O

k l

 !Ó®%!ê˛•z •ˆÏÓ ˆòy°ö ˆÜ˛w–

( )+1 2l l  ˜Ïòâ≈ƒ Óy L §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òˆÏâ≈ƒÓ˚

§üyö–

1.8 !ã˛ˆÏe ~Ü˛!ê˛ ç!ê˛° ˆòy°ˆÏÜ˛Ó˚ xy°¡∫ö !Ó®%

ˆÌˆÏÜ˛ û˛yÓ˚ˆÏÜ˛ˆÏwÓ˚ ò)Ó˚c l-~Ó˚ §ˆÏD ˆòy°öÜ˛y° T ~Ó˚

ˆ°á!ã˛e ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö xö%û)˛!üÜ˛ xˆÏ«˛Ó˚

¢)öƒ!ê˛ û˛yÓ˚ˆÏÜ˛ˆÏwÓ˚ xÓfliyö §)!ãï˛ Ü˛ˆÏÓ˚– ˆòy°öÜ˛y°

Îáö 

( )> mT T

, ï˛áö ˆòy°ˆÏÜ˛Ó˚ ò%•z!ê˛ ˜òâ≈ƒ l1 Ä l2

§Ω˛Ó– û˛yÓ˚ˆÏÜ˛ˆÏwÓ˚ !Ó˛õÓ˚#ï˛ !òˆÏÜ˛Ä xö%Ó˚*˛õ ò%•z!ê˛

xy°¡∫ö !Ó®% ˛õyÄÎ˚y ÎyˆÏÓ ~ÓÇ ï˛yÓ˚ ú˛ˆÏ° ˆ°á!ã˛e!ê˛Ó˚

~Ü˛!ê˛ ¢yáy l ~Ó˚ ˆöˆÏà!ê˛û˛ üyˆÏöÄ ˛õyÄÎ˚y ÎyˆÏÓ– ¢yáy

ò%•z!ê˛ ˛õÓ˚flõˆÏÓ˚Ó˚ ≤Ã!ï˛!Ó¡∫ fl∫Ó˚*˛õ •ˆÏÓ– ˆ°á!ã˛e!ê˛ˆÏï˛

PA Ä PA' ~Ó˚ ˜Ïòâ≈ƒ l1, ~ÓÇ PB Ä PB' ~Ó˚ ˜òâ≈ƒ

l
2
– A'B xÌÓy AB' ˜òâ≈ƒ 

( )+1 2l l

 ~Ó˚ §üyö ~ÓÇ ˆÎˆÏ•ï%˛ 1.17 (a) §ü#Ü˛Ó˚î xö%ÎyÎ˚# 

1 22
l l

T
g
+= π

,

~•z ˜òâ≈ƒ ò%!ê˛•z L Óy §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ §)!ã˛ï˛ Ü˛ˆÏÓ˚– ˆòy°öÜ˛y° Îáö §Ó≈!ö¡¨ñ xÌ≈yÍ Tm •Î˚ñ

ï˛áö l
1
 Ä l

2
 í˛zû˛ˆÏÎ˚•z ‘k’ ~Ó˚ §üyö •Î˚ ~ÓÇ ˜òâ≈ƒ CC'(=2k)•z •Î˚ §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ–

1.4.5 ÓƒyÓï≈˛ ˆòy°Ü˛ÓƒyÓï≈˛ ˆòy°Ü˛ÓƒyÓï≈˛ ˆòy°Ü˛ÓƒyÓï≈˛ ˆòy°Ü˛ÓƒyÓï≈˛ ˆòy°Ü˛     (torsional pendulum)

Î!ò ~Ü˛!ê˛ §Ó˚& °¡∫y ï˛yˆÏÓ˚Ó˚ ~Ü˛≤Ãyhsˇ ò,ì˛¸û˛yˆÏÓ xyÓk˛ Ü˛ˆÏÓ˚ í˛zÕ‘¡∫û˛yˆÏÓ ˆ§!ê˛ˆÏÜ˛ ˆé˛y°yˆÏöy ÎyÎ˚ ~ÓÇ ï˛yÓ˚

!ö¡¨≤ÃyˆÏhsˇ ~Ü˛!ê˛ û˛y!Ó˚ ã˛yÜ˛!ï˛ñ ˆày°Ü˛ Óy ˆÓ°ö ~üöû˛yˆÏÓ xyÓk˛ Ü˛Ó˚y ÎyÎ˚ ˆÎö ˙ Ó›!ê˛Ó˚ û˛yÓ˚ˆÏÜ˛w ï˛yÓ˚!ê˛Ó˚

§Ó˚°ˆÏÓ˚áyÎ˚ ÌyˆÏÜ˛ñ ï˛ˆÏÓ ˙ ÓƒÓfliy!ê˛ˆÏÜ˛ ~Ü˛!ê˛ ÓƒyÓï≈˛ ˆòy°Ü˛ Ó°y ÎyÎ˚– 1.9 !ã˛ˆÏe ~Ü˛!ê˛ ï˛yÓ˚ Ä ˆÓ°ö

l-t ˆ°á!ã˛e

–l1
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myÓ˚y à!ë˛ï˛ ÓƒyÓï≈˛ ˆòy°Ü˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ˆÓ°ö!ê˛ í˛zÕ‘¡∫ xˆÏ«˛Ó˚ í˛z˛õÓ˚ â%Ó˚ˆÏï˛

˛õyˆÏÓ˚– ˆ§!ê˛Ó˚ ˆÜ˛Ô!îÜ˛ !Óã%˛ƒ!ï˛Ó˚ §ˆÏD §ˆÏD ï˛yÓ˚!ê˛Ó˚ ÓƒyÓï≈˛ö âˆÏê˛ ~ÓÇ

ˆüyã˛í˛¸yˆÏöy ï˛yÓ˚!ê˛ ˛õ)Ó≈yÓfliyÎ˚ ˆú˛Ó˚yÓ˚ çöƒ ˆÓ°ö!ê˛Ó˚ í˛z˛õÓ˚ ˆÜ˛Ô!îÜ˛ !Óã%˛ƒ!ï˛Ó˚

!Ó˛õÓ˚#ï˛ !òˆÏÜ˛ !Óã%˛ƒ!ï˛ ˆÜ˛yˆÏîÓ˚ §üyö%˛õyï˛# ~Ü˛!ê˛ ê˛Ü≈˛ Óy Ó°Î%@¬ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚–

~•z ê˛Ü≈˛!ê˛•z ˆÓ°ˆÏöÓ˚ í˛z˛õÓ˚ ≤Ãï˛ƒyöÎ˚Ü˛ ê˛Ü≈˛ !•§yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚–

ôÓ˚y ÎyÜ˛ñ §yüƒyÓfliy ˆÌˆÏÜ˛ ˆÓ°ö!ê˛Ó˚ θ ̂ Ü˛Ô!îÜ˛ !Óã%˛ƒ!ï˛ âˆÏê˛ˆÏåÈ– ï˛yÓ˚!ê˛

ˆÎ ≤Ãï˛ƒyöÎ˚Ü˛ ê˛Ü≈˛ §,!‹T Ü˛Ó˚ˆÏÓ ï˛yÓ˚ ˛õ!Ó˚üyîñ ôÓ˚y ÎyÜ˛ Tθ– T ~Ü˛!ê˛ §üyö%˛õyï˛

ô ÓÜ˛ Îy ï˛yˆÏÓ˚Ó˚ ˜òâ≈ƒñ Óƒy§yô≈ Ä í˛z˛õyòyˆÏöÓ˚ !fli!ï˛fliy˛õÜ˛ ôˆÏü≈Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚

Ü˛ˆÏÓ˚– ~•z ô ÓÜ˛ˆÏÜ˛ ÓƒyÓï≈˛ö ô ÓÜ˛ (torsinal constant) Ó°y •Î˚– ï˛áö

ˆÓ°ˆÏöÓ˚ ˆÜ˛Ô!îÜ˛ à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î •ˆÏÓ

I Tθ = − θ
ˆÎáyˆÏö I â)î≈öyˆÏ«˛Ó˚ í˛z˛õÓ˚ ˆÓ°ˆÏöÓ˚ çí˛¸ï˛y ÈÙÈºyüÜ˛–

~áö 

2

I
τθ = − θ = −ω θ

 SˆÎáyˆÏö 
2

I
τω = ) ....1.18

~•z §ü#Ü˛Ó˚î!ê˛ 1.1 §ü#Ü˛Ó˚ˆÏîÓ˚ xö%Ó˚*˛õ– ~Ó˚ ˆÌˆÏÜ˛ ˆÓyé˛y ÎyÎ˚ ˆÎñ 

θ

 ˆÜ˛yö!ê˛ §Ó˚° ˆòy°à!ï˛ˆÏï˛

xyˆÏ®y!°ï˛ •ˆÏÓ ~ÓÇ ~Ó˚ ˆòy°ö Ü˛y° •ˆÏÓ  2 2 I
T

π= = πω τ

.....1.19

§Ó˚° ˆòy°ˆÏÜ˛Ó˚ §ˆÏD ÓƒyÓï≈˛ ˆòy°ˆÏÜ˛Ó˚ ~Ü˛!ê˛ ˆüÔ!°Ü˛ ˛õyÌ≈Ü˛ƒ !Ü˛ xy˛õ!ö °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö⁄ §Ó˚° ˆòy°ˆÏÜ˛Ó˚

Óy ˆÎÔ!àÜ˛ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe θ ≈ sinθ ~•z §¡õÜ≈˛!ê˛ ôˆÏÓ˚ !öˆÏï˛ •ˆÏÎ˚!åÈ°– !Ü˛v ÓƒyÓï≈˛ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe

~Ó˚*˛õ ˆÜ˛yöÄ xD#Ü˛yˆÏÓ˚Ó˚ ≤ÃˆÏÎ˚yçö •Î˚!ö– xÌ≈yÍñ ÓƒyÓï≈˛ ˆòy°ˆÏÜ˛Ó˚ à!ï˛ θ ˆÜ˛yˆÏîÓ˚ ˆÎ ˆÜ˛yöÄ üyˆÏöÓ˚ çöƒ•z

§Ó˚° ˆòy°à!ï˛– xÓ¢ƒ ~ˆÏ«˛ˆÏe θ ̂ Ü˛yî!ê˛ˆÏÜ˛ ~üö •ˆÏï˛ •ˆÏÓ ÎyˆÏï˛ ï˛yˆÏÓ˚Ó˚ ˆüyã˛í˛¸ !fli!ï˛fliy˛õÜ˛ §#üyÓ˚ üˆÏôƒ

ÌyˆÏÜ˛–

~ÓyÓ˚ ò%•z!ê˛ xö%¢#°ö#Ó˚ §y•yˆÏÎƒ Ü˛ï˛ê˛y !¢áˆÏ°ö ï˛y ˛õÓ˚á Ü˛ˆÏÓ˚ !öö–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 3 : ~Ü˛!ê˛ û˛Ó˚ M Ü˛ Ä á !ã˛ˆÏe ˆÎüö ˆòáyˆÏöy xyˆÏåÈ ˆ§•zû˛yˆÏÓ

ò%•z!ê˛ xö%Ó˚*˛õ !fl±Ç myÓ˚y ˆé˛y°yˆÏöy xyˆÏåÈ– ò%•z ˆ«˛ˆÏe í˛z˛õÓ˚ÈÙÈ!öˆÏã˛ ˆòy°ˆÏöÓ˚

Ü˛¡õyB˛ Ü˛ï˛ •ˆÏÓ⁄ S!fl±Ç ô ÓÜ˛ =k)

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 4 : ~Ü˛!ê˛ ï˛yˆÏÓ˚Ó˚ ÓƒyÓï≈˛ö âê˛yˆÏï˛ 0.1 Nm/rad ê˛Ü≈˛ ≤ÃˆÏÎ˚yçö

•Î˚– ï˛yˆÏÓ˚Ó˚ í˛z˛õÓ˚ ≤Ãyhsˇ xyÓk˛ ˆÓ˚ˆÏá !öˆÏã˛Ó˚ ≤Ãyhsˇ ~Ü˛!ê˛ 0.5 kg Äç Ï̂öÓ˚ 50cm

°¡∫y xö%û)˛!üÜ˛ òˆÏ[˛Ó˚ üôƒ!Ó®%ˆÏï˛ °yàyˆÏöy •°– ï˛yÓ˚ Ä òˆÏ[˛Ó˚ ÓƒyÓï≈˛ ˆòy°ˆÏöÓ˚ ˛õÎ≈yÎ˚Ü˛y° Ü˛ï˛⁄ (M û˛Ó˚

Ä 2l ˜òˆÏâ≈ƒÓ˚ òˆÏ[˛Ó˚ û˛Ó˚ˆÏÜ˛ˆÏwÓ˚ üôƒ !òˆÏÎ˚ xyí˛¸yxy!í˛¸ xˆÏ«˛Ó˚ í˛z˛õÓ˚ çí˛¸ï˛y ÈÙÈºyüÜ˛ 

21 )
3

Mt

SÜ˛V

SáV
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1.4.6 ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#     (electric inductance-capacitance

circuit)

~ ˛õÎ≈hsˇ xyüÓ˚y Ü˛ˆÏÎ˚Ü˛!ê˛ Îy!sfÜ˛ Ó›ï˛ˆÏsfÓ˚ §Ó˚° ˆòy°à!ï˛Ó˚ §¡∫ˆÏ¶˛

xyˆÏ°yã˛öy Ü˛Ó˚°yü– ~ÓyÓ˚ xyüÓ˚y ~üö ~Ü˛!ê˛ í˛zòy•Ó˚î !ÓˆÏÓã˛öy Ü˛Ó˚Ó

ˆÎáyˆÏö ˆÜ˛yöÄ Îy!sfÜ˛ à!ï˛ öy ÌyÜ˛ˆÏ°Ä ï˛!í˛¸Í xyôyö Ä ï˛!í˛¸Í ˛˛≤ÃÓy•

§Ó˚° ˆòy°à!ï˛ˆÏï˛ xyˆÏ®y!°ï˛ •Î˚–

1.10 !ã˛ˆÏe ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ L, ôyÓ˚Ü˛ C Ä Óƒyê˛y!Ó˚ B ˆòáyˆÏöy

•ˆÏÎ˚ˆÏåÈ– S §%•zˆÏã˛Ó˚ ˆüÓ˚&!ê˛ X !Ó®%ˆÏï˛ Î%_´ Ü˛Ó˚ˆÏ° ôyÓ˚Ü˛!ê˛ xy!•ï˛ •Î˚– ~•z

xÓfliyÎ˚ §%•zˆÏã˛Ó˚ ˆüÓ˚& Y !Ó®%ˆÏï˛ Î%_´ Ü˛Ó˚ˆÏ° L-C Óï≈˛ö#!ê˛ §¡õ)î≈ •Î˚ ~ÓÇ

ôyÓ˚ˆÏÜ˛Ó˚ xyôyö xyˆÏÓˆÏ¢Ó˚ üôƒ !òˆÏÎ˚ ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ §,!‹T Ü˛ˆÏÓ˚– ôÓ˚y ÎyÜ˛ñ

ôyÓ˚ˆÏÜ˛Ó˚ xyôyö q S≤ÃyÌ!üÜ˛ xÓfliyÎ˚ q
0
)  ~ÓÇ L-C Óï≈˛ö#ˆÏï˛ ï˛!í˛¸Í ≤ÃÓy•

I, ~•z ï˛!í˛¸Í ≤ÃÓy• §üˆÏÎ˚Ó˚ §ˆÏD ˛õ!Ó˚Óï≈˛ö¢#° ~ÓÇ ~Ó˚ ú˛ˆÏ° xyˆÏÓˆÏ¢Ó˚ í˛z˛õÓ˚ ˆÎ !Óû˛Ó ˛õï˛ö âˆÏê˛ ï˛yÓ˚

˛õ!Ó˚üyî

= −L

dl
V L

dt
xyÓyÓ˚ ôyÓ˚ˆÏÜ˛Ó˚ í˛z˛õÓ˚ !Óû˛Ó ˛õï˛ö =1

q
V

C

ˆÎˆÏ•ï%˛ Óï≈˛ö#ˆÏï˛ ˆÜ˛yöÄ !Óû˛Ó ÈÙÈí˛zÍ§ ˆö•zñ Óï≈˛ö#ˆÏï˛ Ü˛yÎ≈Ü˛Ó˚# ï˛!í˛¸Íã˛y°Ü˛ Ó° (net c.m.f.) •ˆÏÓ–

+ = 0dlq L
c dt

ˆÎˆÏ•ï%˛ ôyÓ˚Ü˛ ˆÌˆÏÜ˛ xyôyˆÏöÓ˚ ≤ÃÓy••z ï˛!í˛¸Í ≤ÃÓy• §,!‹T Ü˛ˆÏÓ˚ñ = dq
I

dt
– ~•z §¡õÜ≈˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ í˛z˛õˆÏÓ˚Ó˚

§ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ §y!çˆÏÎ˚ ˆ°áy ÎyÎ˚ :

2
2

2 0d q
q

dt
+ ω =

SˆÎáyˆÏö 

2 1
LC

ω =

) .......1.19

~!ê˛ 1.1 §ü#Ü˛Ó˚ˆÏîÓ˚ xö%Ó˚*˛õ ~ÓÇ ~Ó˚ §üyôyöÄ 1.4 ~Ó˚ xö%Ó˚*˛õ xÌ≈yÍ

q = q0 cos(ωt + θ) xÌÓy q = q
0
 cos(ωt) Î!ò xy!ò ò¢y θ = 0 •Î˚– xÓ¢ƒ Î!ò = 0t  §üˆÏÎ˚

S §%•zˆÏã˛Ó˚ ˆüÓ˚& Y -  ˆï˛ ˆÎyà Ü˛Ó˚y •Î˚ ï˛ˆÏÓ ˙ ü%•)ˆÏï≈˛•z q ~Ó˚ üyö §ˆÏÓùy≈Fã˛ •ˆÏÓ ~ÓÇ §üyôyö!ê˛ ˆ°áy

ÎyˆÏÓ ~•z û˛yˆÏÓ:

= 0q q  ........1.20(a)
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flõ‹Tï˛•z q xyôyö §Ó˚° ˆòy° à!ï˛ xö%§Ó˚î Ü˛ˆÏÓ˚– ~•z ˆòy°à!ï˛Ó˚ Ü˛¡õyB˛ 

1 1
2 2 LC
ω =π π

 Ä

˛õÎ≈yÎ˚Ü˛y° 2 LCπ  xyÓyÓ˚ ï˛!í˛¸Í ≤ÃÓy• 0 0sin cos
2

dq
I q t q t

dt
π⎛ ⎞= = − ω ω = ω ω +⎝ ⎠  ........1.20 (b)

xÌ≈yÍ ï˛!í˛¸Í ≤ÃÓy•Ä 

0q ω

 !ÓhflÏyˆÏÓ˚ §Ó˚° ˆòy°à!ï˛ˆÏï˛ xyˆÏ®y!°ï˛ •Î˚ ~ÓÇ ~!ê˛Ó˚ ò¢y ôyÓ˚ˆÏÜ˛ ï˛!í˛¸Í

xyôyˆÏöÓ˚ñ ï%˛°öyÎ˚ 

2
π

 ˆÜ˛yˆÏî ~!àˆÏÎ˚ ÌyˆÏÜ˛–

1.3 xÇˆÏ¢ xy˛õ!ö Îy!sfÜ˛ §Ó˚° ˆòy°à!ï˛Ó˚ ˆ«˛ˆÏe !fli!ï˛¢!_´ Ä à!ï˛¢!_´Ó˚ xyˆÏ®y°ˆÏöÓ˚ !Ó£ÏˆÏÎ˚

ˆçˆÏöˆÏåÈö– xy˛õöyÓ˚ üˆÏö •ˆÏï˛ ˛õyˆÏÓ˚ñ ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ Óï≈˛ö#Ó˚ ˆ«˛ˆÏe ¢!_´Ó˚ xö%Ó˚*˛õ xyˆÏ®y°ö

âˆÏê˛ !Ü˛ öy– xy˛õ!ö •Î˚ï˛ ˆçˆÏö ÌyÜ˛ˆÏÓö ˆÎñ xy!•ï˛ xÓfliyÎ˚ ôyÓ˚ˆÏÜ˛Ó˚ ¢!_´ 

=
2

0 2
q

E
C

  ~ÓÇ ï˛!í˛¸Í ≤ÃÓy•

ã˛°yÜ˛y°#ö ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓˆÏ¢ §!MÈ˛ï˛ ¢!_´  

= 21
2LE LI

– 1.20 §ü#Ü˛Ó˚î xö%ÎyÎ˚# 

2
20 cos

2c

q
E t

C
= ω

 ~ÓÇ

1.21 §ü#Ü˛Ó˚î xö%ÎyÎ˚# 

2
2 2 2 20
0

1 sin sin
2 2L

q
E Lq t t

C
= ω ω = ω

 xÌ≈yÍ ˆüyê˛ ¢!_´ 

+ =
2
0

2c L

q
E E

C

~ˆÏ«˛ˆÏe ôyÓ˚ˆÏÜ˛Ó˚ ¢!_´ !fli!ï˛¢!_´Ó˚ üï˛ S§ü#Ü˛Ó˚î 1.7) ~ÓÇ xyˆÏÓˆÏ¢Ó˚ ¢!_´ à!ï˛¢!_´Ó˚ üï˛ S§ü#Ü˛Ó˚î

1.8) xyã˛Ó˚î Ü˛ˆÏÓ˚– ôyÓ˚ˆÏÜ˛Ó˚ xyôyö q Îáö §Ó≈y!ôÜ˛ñ ï˛áö 

=
2
0

2c

q
E

C  ~ÓÇ 

= 0LE

 – x˛õÓ˚ ˛õˆÏ«˛ñ Îáö

= 0,q  ï˛áö =
2
0

2L

q
E

C
 ~ÓÇ 

= 0cE

– ~•z Óï≈˛ö#ˆÏï˛ ˆÜ˛yöÄ ˆÓ˚yô öy ÌyÜ˛yÎ˚ ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ çöƒ ¢!_´

«˛Î˚ •Î˚ öy ~ÓÇ ˆüyê˛ ¢!_´ x˛õ!Ó˚Ó!ï≈˛ï˛ ÌyˆÏÜ˛–

~Ü˛!ê˛ §yôyÓ˚î §ÇÓ˚«˛î §)e~Ü˛!ê˛ §yôyÓ˚î §ÇÓ˚«˛î §)e~Ü˛!ê˛ §yôyÓ˚î §ÇÓ˚«˛î §)e~Ü˛!ê˛ §yôyÓ˚î §ÇÓ˚«˛î §)e~Ü˛!ê˛ §yôyÓ˚î §ÇÓ˚«˛î §)e :

1.3 ~ÓÇ 1.4.6 xÇˆÏ¢ ÎÌye´ˆÏü Îy!sfÜ˛ ¢!_´ Ä ˜Óò%ƒ!ï˛Ü˛ ¢!_´Ó˚ §ÇÓ˚«˛î ˛õ,ÌÜ˛û˛yˆÏÓ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

§•ˆÏç•z ˆòáyˆÏöy ÎyÎ˚ ˆÎñ §yôyÓ˚îû˛yˆÏÓ ˆÎ ˆÜ˛yöÄ §Ó˚° ˆòy°à!ï˛ˆÏï˛•z ~Ü˛!ê˛ xö%Ó˚*˛õ §ÇÓ˚«˛î §)e ÌyÜ˛ˆÏÓ–

ˆòy°à!ï˛§¡õß¨ Ó˚y!¢!ê˛ˆÏÜ˛ y !òˆÏÎ˚ !öˆÏò≈¢ Ü˛ˆÏÓ˚ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚

2y y= −ω

í˛z˛õˆÏÓ˚Ó˚ §ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ 

y

 !òˆÏÎ˚ =î Ü˛ˆÏÓ˚ ˛õyÄÎ˚y ÎyÎ˚

2yy yy= −ω

xÌÓyñ 
2 2 21 1

2 2
d d

y y
dt dt

⎛ ⎞ ⎛ ⎞= − ω⎝ ⎠ ⎝ ⎠  xÌÓyñ 
2 2 21 1 0

2 2
d

y y
dt

⎛ ⎞+ ω =⎝ ⎠
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~!ê˛ˆÏÜ˛ §üyÜ˛°ö Ü˛Ó˚ˆÏ° xy˛õ!ö ˛õyˆÏÓö

2 2 21 1
2 2y y+ ω =  ô ÓÜ˛– ........ 1.21

~•z §ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ xy˛õ!ö !öÿ˛Î˚•z ~Ü˛!ê˛ §ÇÓ˚«˛î §)e !•§yˆÏÓ !ã˛öˆÏï˛ ˛õyÓ˚ˆÏÓö– xÓ¢ƒ y Ó˚y!¢!ê˛ ~üö

•ˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ §ü#Ü˛Ó˚ˆÏîÓ˚ Ó˚y!¢=!°ˆÏÜ˛ ¢!_´ !•§yˆÏÓ !ã˛!•´ï˛ Ü˛Ó˚y ÎyˆÏÓ öy– í˛zˆÏÕ‘á Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ

xˆÏöÜ˛ §üÎ˚ 1.21 §ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ §Ó˚° ˆòy°à!ï˛Ó˚ !Ó!¢‹T §ü#Ü˛Ó˚î ÓˆÏ° üˆÏö Ü˛Ó˚y •Î˚–

!öˆÏã˛Ó˚ xö%¢#°ö!ê˛ xy˛õöyˆÏÜ˛ xyˆÏ°y!ã˛ï˛ !Ó£ÏÎ˚!ê˛ Ó%é˛ˆÏï˛ §y•yÎƒ Ü˛Ó˚ˆÏÓ–

xö%¢#°ö#ÈÙÈxö%¢#°ö#ÈÙÈxö%¢#°ö#ÈÙÈxö%¢#°ö#ÈÙÈxö%¢#°ö#ÈÙÈ5 : ~Ü˛!ê˛ 32 Fμ  ôyÓ˚Ü˛ˆÏÜ˛ 6V Óƒyê˛y!Ó˚Ó˚ §y•yˆÏÎƒ xy!•ï˛ Ü˛ˆÏÓ˚ 500mH xyˆÏÓˆÏ¢Ó˚ üôƒ

!òˆÏÎ˚ «˛!Ó˚ï˛ (discharged) Ü˛Ó˚y •°– xyôyˆÏöÓ˚ ˆòy°à!ï˛Ó˚ ˛õÎ≈yÎ˚Ü˛y° Ä ï˛!í˛¸Í≤ÃÓyˆÏ•Ó˚ §ˆÏÓù≈yFã˛ üyö Ü˛ï˛

•ˆÏÓ⁄

1.4.7 !fl±Ç myÓ˚y Î%_´ û˛Ó˚Î%@¬!fl±Ç myÓ˚y Î%_´ û˛Ó˚Î%@¬!fl±Ç myÓ˚y Î%_´ û˛Ó˚Î%@¬!fl±Ç myÓ˚y Î%_´ û˛Ó˚Î%@¬!fl±Ç myÓ˚y Î%_´ û˛Ó˚Î%@¬

1.4.1 xÇˆÏ¢ xy˛õ!ö ˆÎ í˛zòy•Ó˚î!ê˛ ˆòˆÏáˆÏåÈö ˆ§!ê˛ˆÏï˛ !fl±Ç ÈÙÈ~Ó˚ ~Ü˛ !òÜ˛ xyÓk˛ Ä xöƒ !òÜ˛ ~Ü˛!ê˛

û˛ˆÏÓ˚Ó˚ §ˆÏD Î%_´ !åÈ°– ~áö xyüÓ˚y ˆòáÓñ Î!ò !fl±Ç!ê˛Ó˚ ò%•z ≤Ãyhsˇ•z ~Ü˛ ~Ü˛!ê˛ û˛ˆÏÓ˚Ó˚ §ˆÏD Î%_´ ÌyˆÏÜ˛ñ ï˛ˆÏÓ

ˆ§!ê˛Ó˚ §ÇˆÏÜ˛yã˛ö Ä ≤Ã§yÓ˚î Ü˛#û˛yˆÏÓ •ˆÏÓ–

ôÓ˚y ÎyÜ˛ñ k !fl±Ç ô ÓˆÏÜ˛Ó˚ !fl±Ç!ê˛Ó˚ ò%•z ≤ÃyˆÏhsˇ m
1
 Ä m

2
  û˛Ó˚ Î%_´ xyˆÏåÈ– xyüÓ˚y m

1
 Ä m

2
  û˛ˆÏÓ˚Ó˚

û˛Ó˚ˆÏÜ˛w ò%!ê˛Ó˚ üôƒ!òˆÏÎ˚ x x«˛ Ü˛“öy Ü˛Ó˚Ó– û˛Ó˚ˆÏÜ˛w ò%!ê˛Ó˚ !öˆÏò≈¢yÇÜ˛ ÎÌye´ˆÏü x1 Ä x2  ôÓ˚y Îy– !fl±Ç

ÈÙÈ~Ó˚ fl∫yû˛y!ÓÜ˛ ˜òâ≈ƒ Î!ò l
0
 •Î˚ñ ï˛ˆÏÓ ˆÎ ˆÜ˛yöÄ ü%•)ˆÏï≈˛ !fl±Ç ÈÙÈ~Ó˚ ˜òâ≈ƒ ˆÎˆÏ•ï%˛ x

2
-x

1
, !fl±Ç ÈÙÈ~Ó˚ ≤Ã§yÓ˚î

y= (x
2
–x

1
) –l

0
  ≤Ã§y!Ó˚ï˛ !fl±Ç!ê˛ m

1
 ~Ó˚ í˛z˛õÓ˚ x !òˆÏÜ˛ ~ÓÇ m

2
 ~Ó˚ í˛z˛õÓ˚ ï˛yÓ˚ !Ó˛õÓ˚#ï˛ xÌ≈yÍ -x !ò Ï̂Ü˛

ky ˛õ!Ó˚üyî Ó° ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏÓ– ~áö xyüÓ˚y m1 Ä m2 û˛ˆÏÓ˚Ó˚ à!ï˛ §ü#Ü˛Ó˚îà%!° !°áˆÏï˛ ˛õy!Ó˚:

1 1 =m x ky

Óyñ

1
1

= k
x y

m

......1.22(a)

~ÓÇ

= −2 2m x ky

Óyñ

= −2
2

k
x y

m

.....1.22(b)

§ü#Ü˛Ó˚î 1.22 (a)  ˆÌˆÏÜ˛ 1.22 (b) !ÓˆÏÎ˚yà Ü˛ˆÏÓ˚

( ) ⎛ ⎞− = +⎜ ⎟⎝ ⎠

2

1 22
1 2

1 1d
x x k y

m mdt

 ......1.23

ôÓ˚y ÎyÜ˛ñ 
1 2

1 1 1
m m

+ = μ  – μ ˛Ó˚y!¢!ê˛ˆÏÜ˛ m1 Ä m2  û˛Ó˚Î%ˆÏ@¬Ó˚ §üyö#ï˛ û˛Ó˚ (reduced mass)Ó°y •Î˚–
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~åÈyí˛¸y 1.23 §ü#Ü˛Ó˚ˆÏîÓ˚ Óyü!òˆÏÜ˛Ó˚ Ó˚y!¢!ê˛ 

−
2

2
d y

dt

 ~Ó˚ §üyö– §%ï˛Ó˚yÇñ ~•z §ü#Ü˛Ó˚î!ê˛Ó˚ §Ó˚°#Ü,˛ï˛ Ó˚*˛õ :

2

2
d y k

y
dt

= − μ

 ..............1.24

ˆÎ!ê˛ y Ó˚y!¢Ó˚ §Ó˚° ˆòy°à!ï˛ §)!ã˛ï˛ Ü˛ˆÏÓ˚– xÌ≈yÍ (x
2
 –x

1
) Ó˚y!¢, ˆÎ!ê˛ m

1
 Ä n

2
 ~Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ ò)Ó˚cñ

ˆ§!ê˛ 

0l

 üyˆÏöÓ˚ í˛z˛õÓ˚ ö#ˆÏã˛ 

1
2

k
π μ

 Ü˛¡õyˆÏB˛ xyˆÏ®y!°ï˛ •Î˚–

xy˛õ!ö  •Î˚ï˛ 1.4.1 xÇˆÏ¢ xyˆÏ°y!ã˛ï˛ !fl±Ç ÈÙÈû˛Ó˚ ÓƒÓfliyÓ˚ §ˆÏD ~•z !fl±Ç Î%_´ û˛Ó˚Î%ˆÏ@¬Ó˚ ï%˛°öy Ü˛Ó˚ˆÏï˛

ã˛y•zˆÏÓö– °«˛ƒ Ü˛Ó˚&öñ Î!ò 

>>1 2m m

 •Î˚ñ ï˛ˆÏÓ ˆ°áy ÎyÎ˚ 

2mμ =

– ~•z ÓƒÓfliy !fl±Ç ~Ó˚  m
1
 ≤Ãyhsˇ ò,ì˛¸û˛yˆÏÓ

xyÓk˛ ÌyÜ˛yÓ˚ §üï%˛°ƒ ~ÓÇ ~ˆÏ«˛ˆÏe Ü˛¡õyB˛  •ˆÏÓ 

2

1
2

k
mπ

, Îy !fl±Ç û˛Ó˚ ÓƒÓfliyÓ˚•z xö%Ó˚*˛õ–

≤ÃÜ,˛!ï˛ˆÏï˛ !Ó!û˛ß¨ !mÈÙÈ˛õÓ˚üyî%ˆÏÜ˛ xî% !fl±Ç Î%_´ û˛Ó˚Î%ˆÏ@¬Ó˚ üï˛ xyã˛Ó˚î Ü˛ˆÏÓ˚– í˛zòy•Ó˚î !•§yˆÏÓ CO SÜ˛yÓ≈ö

üˆÏöy:y•zí˛V xî%!ê˛ ˆöÄÎ˚y ÎyÜ˛– 12C  Ä  

16O

˛õÓ˚üyî%Ó˚ û˛Ó˚ ÎÌye´ˆÏü 

− −× × = ×27 2612 1.66 10 2.00 10

 kg

ÄÈ 

−× × = ×27 2616 166 10 2.66 10 kg

– CO xî%Ó˚ §üyö#ï˛ û˛Ó˚

27 2612 16 1.66 10 1.14 1012 16 kg kg− −×μ = × × = ×+ – C ~ÓÇ O ˛õÓ˚üyî%Ó˚ Ó¶˛ö#Ó˚ !fl±Ç ÈÙÈô &ÓÜ˛ 187N/

m ~•z ô &ÓÜ˛!ê˛ˆÏÜ˛ ‘Ó° ô &ÓÜ˛’ (force constant) Ó°y •Î˚– ~•z ï˛Ìƒ ˆÌˆÏÜ˛ CO xî%Ó˚ Ü˛¡õyB˛ ˛õyÄÎ˚y

ÎyÎ˚

26
1 1 187
2 2 1.14 10

k
v −

⎛ ⎞= =π μ π ⎝ ⎠×

 Óy × 13204 10 zH  È

˛õÓ˚Óï≈˛# xö%¢#°ö#ˆÏï˛ ~ ôÓ˚ˆÏöÓ˚ xyÓ˚ ~Ü˛!ê˛ í˛zòy•Ó˚î  ˆòáˆÏï˛ ˛õyˆÏÓö–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 6 : •y•zˆÏí»˛yˆÏÜœ˛y!Ó˚Ü˛ xƒy!§í˛ (HCl) xî%Ó˚ Ü˛¡õyB˛ 8.57 ×1013Hz–  xî%!ê˛Ó˚ •y•zˆÏí»˛yˆÏçö

Ä ˆÜœ˛y!Ó˚ö ˛õÓ˚üyî%Ó˚ üôƒfli Ó¶˛ö#Ó˚ !fl±Ç ô ÓˆÏÜ˛Ó˚ üyö Ü˛ï˛⁄

1.5 §Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y§Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y§Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y§Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y§Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&c Ä Óƒy˛õÜ˛ï˛y

≤ÃÜ,˛!ï˛ˆÏï˛ xˆÏöÜ˛ à!ï˛•z §Ó˚° ˆòy°à!ï˛Ó˚ ˜Ó!¢‹Tƒ ˆüˆÏö ã˛ˆÏ°– ~!ê˛ ˆÜ˛ö •Î˚ ï˛y xy˛õ!ö §•ˆÏç•z Ó%é˛ˆÏï˛

˛õyÓ˚ˆÏÓö– üˆÏö Ü˛Ó˚&öñ ~Ü˛!ê˛ Ü˛îy  x
0

\fliyöyˆÏB˛ §yüƒyÓfliyÎ˚ xyˆÏåÈ– xÌ≈yÍ ˙ xÓfliyˆÏö Ü˛îy!ê˛Ó˚ Ä˛õÓ˚ ÓˆÏ°Ó˚

üyö ¢)öƒ– ~áö Ó° F-ˆÜ˛ ~Ü˛!ê˛ ˆê˛°Ó˚ ˆ◊î# ≤Ã§yÓ˚î Ü˛ˆÏÓ˚ ˆ°áy ÎyÎ˚ :



27

( ) ( ) ( ) ( )
= =

⎛ ⎞⎛ ⎞= + − + − +⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠0 0

2
2

0 0 02
1 ..........
2

x x x x

dF d F
F x F x x x x x

dx dx

xyüyˆÏòÓ˚ ¢ï≈˛ xö%ÎyÎ˚#ñ ( ) =0 0F x – ~åÈyí˛¸y Î!ò (x – x0) ~üö «%˛o •Î˚ ÎyˆÏï˛ ï˛yÓ˚ í˛zFã˛ï˛Ó˚ âyï˛=!°

í˛zˆÏ˛õ«˛y Ü˛Ó˚y ã˛ˆÏ°ñ ï˛ˆÏÓ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ ≠

( ) ( )
0

0
=

⎛ ⎞= −⎜ ⎟⎝ ⎠x x

dF
F x x x

dx

xÌ≈yÍñ Ó° F §Ó˚ˆÏîÓ˚ §üyö%yï˛#– ~áö 
dF
dx x x
e j

= 0
 Î!ò }îydÜ˛ •Î˚ñ ï˛y•ˆÏ° à!ï˛!ê˛ §Ó˚° ˆòy°à!ï˛ •ˆÏÓ–

~ê˛y•z §Ó˚° ˆòy°à!ï˛Ó˚ Óƒy˛õÜ˛ï˛yÓ˚ Ü˛yÓ˚î–

xÓ¢ƒ 
=

⎛ ⎞
⎜ ⎟⎝ ⎠

0x x

dF
dx  Î!ò ôöydÜ˛ •Î˚ ï˛ˆÏÓ Ó°!ê˛ ≤Ãï˛ƒyöÎ˚Ü˛ •ˆÏÓ öyñ ÓÓ˚Ç ï˛yÓ˚ ≤Ãû˛yˆÏÓ ≤Ã§yÓ˚î ˆÓà ˆÓˆÏí˛¸

ÎyˆÏÓñ ˆ¢ˆÏ£Ï ( )− 0x x  -~Ó˚ í˛zFã˛ï˛Ó˚ âyï˛=!° ˆüyˆÏê˛•z í˛zˆÏ˛õ«˛î#Î˚ •ˆÏÓ öy– xyÓyÓ˚ 

=

⎛ ⎞
⎜ ⎟⎝ ⎠

0x x

dF
dx

 Î!ò ¢)öƒ •Î˚ñ

ˆ§ˆÏ«˛ˆÏeÄ ≤Ãï˛ƒyöÎ˚Ü˛ Ó° ÌyÜ˛ˆÏÓ öy– ~•z ò%•z ˆ«˛ˆÏe•z à!ï˛ §Ó˚° ˆòy°à!ï˛ •ˆÏÓ öy–

§Ó˚° ˆòy°à!ï˛Ó˚ =Ó˚&ˆÏcÓ˚ xyÓ˚ ~Ü˛!ê˛ Ü˛yÓ˚î ~•z ˆÎñ ˆÜ˛yöÄ ˛õÎ≈yÓ,_ à!ï˛ §#!üï˛ Óy x§#ü §ÇáƒÜ˛

§Ó˚° ˆòy°à!ï˛Ó˚ !ü◊î !•§yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚– ôÓ˚&öñ §Ó˚î x §üÎ˚ t ~Ó˚ ~Ü˛!ê˛ ˛õÎ≈yÓ,_ xˆÏ˛õ«˛Ü˛ ÎyÓ˚

˛õÎ≈yÎ˚Ü˛y° T SÜ˛¡õyB˛ = 1
v

T
), ï˛y•ˆÏ°

( ) ( )= = ±x f t f t T

= 

0

2sinn n
n

nt
a

T

∞

=

π⎛ ⎞+ θ⎝ ⎠∑

  Sn = ˛õ)î≈ §ÇáƒyV

= ( )
0

sin 2 cos2n n
n

A nvt B nvt
∞

=
π + π∑  [ υ = Ü˛¡õyB˛]

x -~Ó˚ Ó˚y!¢üy°y ˆÌˆÏÜ˛ §•ˆÏç•z Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏÓö ˆÎñ ~!ê˛ xˆÏöÜ˛=!° §Ó˚° ˆòy°à!ï˛Ó˚ !ü!°ï˛ ú˛°–

ˆÜ˛yö ˛õÎ≈yÓ,_ à!ï˛ Óy xˆÏ˛õ«˛Ü˛ ~û˛yˆÏÓ !°áˆÏ°ñ ï˛yÓ˚ !ÓˆÏŸ’£Ïî §•ç •Î˚–
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1.6 §yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢

~•z ~Ü˛Ü˛!ê˛ˆÏï˛ xyüÓ˚y ≤ÃÌˆÏü•z §Ó˚° ˆòy°à!ï˛Ó˚ ¢ï≈˛=!°Ó˚ xyˆÏ°yã˛öy Ü˛ˆÏÓ˚!åÈ– ~•z à!ï˛ §Ó˚°˜ÏÓ˚!áÜ˛

~ÓÇ ˙ §Ó˚°ˆÏÓ˚áyÓ˚ í˛z˛õÓ˚ !ö!ò≈‹T !Ó®% x!û˛ü%ˆÏá ˙ !Ó®% ˆÌˆÏÜ˛ ò)Ó˚ˆÏcÓ˚ §üyö%˛õyï˛# ~Ü˛!ê˛ ≤Ãï˛ƒyöÎ˚Ü˛ Ó°

ˆÌˆÏÜ˛ í˛zq$ï˛– §Ó˚° ˆòy°à!ï˛Ó˚ §yôyÓ˚î à!ï˛ §ü#Ü˛Ó˚î 2x x= −ω  ~ÓÇ ~Ó˚ §yôyÓ˚î §üyôyö

( )cosx a t= ω + θ

 – ~•z à!ï˛Ó˚ Ü˛¡õyB˛ 

2
ω
π

, ˆòy°öÜ˛y° 

2π
ω

 , !ÓhflÏyÓ˚ a ~ÓÇ ò¢y 

( )tω + θ

–

ï˛ˆÏÓ §yôyÓ˚îû˛yˆÏÓ ˆÎ ˆÜ˛yöÄ Ó˚y!¢ x Î!ò xöƒ ˆÜ˛yöÄ Ó˚y!¢ y-~Ó˚ §yˆÏ˛õˆÏ«˛ §y•zö xˆÏ˛õ«˛Ü˛ xö%ÎyÎ˚#

˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ñ ï˛y•ˆÏ°•z Ó°y •Î˚ ˆÎ y -~Ó˚ §yˆÏ˛õˆÏ«˛ x §Ó˚° ˆòy°à!ï˛ xö%§Ó˚î Ü˛ˆÏÓ˚– xÓ¢ƒ ≤ÃyÌ!üÜ˛

ò¢y ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ §y•zöˆÏÜ˛ ˆÜ˛y§y•zö !òˆÏÎ˚Ä ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚– x ~ÓÇ y ˆÎ ˆÜ˛yöÄ ˆû˛Ôï˛ Óy ày!î!ï˛Ü˛

Ó˚y!¢ •ˆÏï˛ ˛õyˆÏÓ˚– ˆüyˆÏê˛Ó˚ í˛z˛õÓ˚ñ Î!ò 

( )α= +sinx A ky

 •Î˚ñ ˆÎáyˆÏö a,k ~ÓÇ α ô ÓÜ˛ñ xÌ≈yÍ Î!ò

= −
2

2
2

d x
k x

dy  •Î˚ñ ï˛y•ˆÏ°•z Ó°y ÎyÎ˚ y-~Ó˚ §yˆÏ˛õˆÏ«˛ x §Ó˚° ˆòy°à!ï˛ˆÏï˛ xyˆÏ®y!°ï˛ •Î˚–

§Ó˚° ˆòy°à!ï˛ˆÏï˛ Ó›ï˛ˆÏsfÓ˚ Îy!sfÜ˛ ¢!_´ ˛õÎ≈yÎ˚e´ˆÏü à!ï˛¢!_´ Ä !fli!ï˛¢!_´Ó˚ üˆÏôƒ xyˆÏ®y!°ï˛ •Î˚–

ï˛ˆÏÓ §üˆÏÎ˚Ó˚ §yˆÏ˛õˆÏ«˛ àí˛¸ à!ï˛¢!_´ Ä àí˛¸ !fli!ï˛¢!_´ í˛zû˛Î˚•z ˆüyê˛ ¢!_´Ó˚ xˆÏô≈ˆÏÜ˛Ó˚ §üyö–

~•z ~Ü˛ˆÏÜ˛ §Ó˚° ˆòy°à!ï˛Ó˚ í˛zòy•Ó˚î !•§yˆÏÓ !Ó!û˛ß¨ Ó›ï˛ˆÏsfÓ˚ à!ï˛Ó˚ Óî≈öy ˆòÄÎ˚y •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö

Ó›ï˛sf=!° Ä ï˛yˆÏòÓ˚ à!ï˛Ó˚ ˆòy°ö Ü˛yˆÏ°Ó˚ ï˛y!°Ü˛y ˆòÄÎ˚y •°–

                   Ó›ï˛sf                   Ó›ï˛sf                   Ó›ï˛sf                   Ó›ï˛sf                   Ó›ï˛sf       ˆòy°ö Ü˛y°ˆòy°ö Ü˛y°ˆòy°ö Ü˛y°ˆòy°ö Ü˛y°ˆòy°ö Ü˛y°

1. !fl±Ç ÈÙÈû˛Ó˚ S!fl±ÇÈÙÈô ÓÜ˛ = k, û˛Ó˚ = m) 2 m
T

k
= π

2. !fl±Ç myÓ˚y xy°!¡∫ï˛ û˛Ó˚ S!fl±Ç ÈÙÈô ÓÜ˛ = k, û˛Ó˚ = M) 2 M
T

K
= π

3. §Ó˚° ˆòy°Ü˛ Sˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ = l, x!û˛Ü˛£Ï≈ç cÓ˚î = g) 2 l
T

g
= π

4. ˆÎÔ!àÜ˛ ˆòy°Ü˛ S§üï%˛° §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ = L, x!û˛Ü˛£Ï≈ç cÓ˚î = g) 2 L
T

g
= π

5. ÓƒyÓï≈˛ö ˆòy°Ü˛ (I = çí˛¸ï˛y ºyüÜ˛ñ C = ÓƒyÓï≈˛ö ô ÓÜ˛V 2 l
T = π τ

6. ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚ö  Óï≈˛ö# (L = xyˆÏÓ¢ñ C = ôyÓ˚Ü˛cV

2T LC= π
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§Ó˚° ˆòy°à!ï˛Ó˚ à%Ó˚&c Ä ~ ôÓ˚ˆÏöÓ˚ à!ï˛Ó˚ Óƒy˛õÜ˛ï˛yÓ˚ §Ç!«˛Æ Óƒyáƒy !òˆÏÎ˚ ~Ü˛Ü˛!ê˛Ó˚ xyˆÏ°yã˛öy ˆ¢£Ï

•ˆÏÎ˚ˆÏåÈ–

1.6 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1. ~Ü˛!ê˛ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ !˛õˆÏ[˛Ó˚ û˛Ó˚ 5 kg ~ÓÇ ˆ§!ê˛ 10m ò#â≈ §Ó˚& ï˛yÓ˚ !òˆÏÎ˚ ˆé˛y°yˆÏöy xyˆÏåÈ– !˛õ[˛!ê˛

§yüƒyÓfliy ˆÌˆÏÜ˛ xm(x<<10) !Óã%˛ƒï˛ •ˆÏ° ˆ§!ê˛Ó˚ í˛z˛õÓ˚ !Ü˛ ˛õ!Ó˚üyî

≤Ãï˛ƒyöÎ˚Ü˛ Ó° Ü˛yç Ü˛ˆÏÓ˚⁄ ôˆÏÓ˚ !öö g=10m/s2–

2. m û˛Ó˚ Ä r Óƒy§yˆÏô≈Ó˚ ~Ü˛!ê˛ ã˛yÜ˛!ï˛ ˆ§!ê˛Ó˚ ˆÜ˛w ˆÌˆÏÜ˛ 
2
r

 ò)Ó˚ˆÏc

ˆ§!ê˛ˆÏÜ˛ °¡∫û˛yˆÏÓ ˆåÈò Ü˛ˆÏÓ˚ ~üö ~Ü˛!ê˛ xˆÏ«˛Ó˚ í˛z˛õÓ˚ ò%°ˆÏåÈ– ã˛yÜ˛!ï˛!ê˛Ó˚

ˆòy°öÜ˛y° Ä ˆòy°öˆÏÜ˛ˆÏwÓ˚ xÓfliyö !öî≈Î˚ Ü˛Ó˚&ö–

3. ˛õ,!ÌÓ#Ó˚ ~Ü˛!ê˛ Óƒy§ ÓÓ˚yÓÓ˚ ~Ü˛!ê˛ §%í˛¸D áöö Ü˛ˆÏÓ˚ ï˛yÓ˚ üˆÏôƒ

~Ü˛!ê˛ ˆày°Ü˛ ˆú˛°y •°– ˆòáyö ˆÎñ ˆày°Ü˛!ê˛ §Ó˚° ˆòy°à!ï˛ˆÏï˛

Äë˛yöyüy Ü˛Ó˚ˆÏÓ ~ÓÇ ï˛yÓ˚ ˛õÎ≈yÎ˚Ü˛y° •ˆÏÓ 

2 R
g

π
, ˆÎáyˆÏö R ˛õ,!ÌÓ#Ó˚

Óƒy§yô≈ Ä g û)˛ÈÙÈ˛õ,ˆÏ¤˛ x!û˛Ü˛£Ï≈ç cÓ˚î– ôˆÏÓ˚ !öö ˛õ,!ÌÓ# ~Ü˛!ê˛ §ü§_¥ ˆày°Ü˛–

4– ~Ü˛!ê˛ ˆÓ°öyÜ,˛!ï˛ ˆê˛fiê˛ !ê˛í˛zˆÏÓÓ˚ üˆÏôƒ ~Ü˛!ê˛ ôyï˛Ó ˆày°Ü˛ ˆÓ˚ˆÏá ˆ§!ê˛ˆÏÜ˛

çˆÏ° í˛zÕ‘¡∫û˛yˆÏÓ û˛y§yˆÏöy •°– ˆòáy ˆà° ˆ§!ê˛Ó˚ 15 cm ˜òâ≈ƒ çˆÏ° !öü!Iï˛

Ó˚ˆÏÎ˚ˆÏåÈ– ~áö Î!ò ˆê˛fiê˛ !ê˛í˛zÓ!ê˛ˆÏÜ˛ í˛z˛õÓ˚ !òˆÏÜ˛ Óy !öˆÏã˛Ó˚ !òˆÏÜ˛ §yüyöƒ !Óã%˛ƒï˛

Ü˛Ó˚y ÎyÎ˚ ï˛ˆÏÓ ˆ§!ê˛Ó˚ í˛zÕ‘¡∫ ˆòy°à!ï˛Ó˚ ˛õÎ≈yÎ˚Ü˛y° Ü˛ï˛ •ˆÏÓ⁄ ôˆÏÓ˚ !öö çˆÏ°Ó˚

ˆÓ˚yô í˛zˆÏ˛õ«˛î#Î˚–

5. §Ó˚° ˆòy°à!ï˛§¡õß¨ ˆÜ˛yö Ó› Îáö §yüƒ!Ó®% ˆÌˆÏÜ˛ x1 Ä x2 ò)Ó˚ˆÏc ÌyˆÏÜ˛ ï˛áö ï˛yÓ˚ ˆÓà •Î˚

ÎÌye´ˆÏü v
1
 Ä v

2
– ˆòy°à!ï˛Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ Ä !ÓhflÏyÓ˚ !öî≈Î˚ Ü˛Ó˚&ö–
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6. ò%•z!ê˛ xî%Ó˚ ˛õyÓ˚flõ!Ó˚Ü˛ ˜fli!ï˛Ü˛ ¢!_´ ( )
6 12

0 0
0 2

r r
V r V

r r

⎡ ⎤⎛ ⎞ ⎛ ⎞= − −⎢ ⎥⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

~áyˆÏö r = xî% ò%•z!ê˛Ó˚ üˆÏôƒ ÓƒÓôyöñ V0Ä r0  ò%•z!ê˛ ô ÓÜ˛– xî%mÎ˚ x“ !ÓhflÏyˆÏÓ˚ Ü˛!¡õï˛ •ˆÏ° Ü˛¡õyB˛

Ü˛ï˛ •ˆÏÓ⁄

7. ~Ü˛!ê˛ !mÈÙÈ˛õÓ˚üyî%Ü˛ xî%Ó˚ ˛õÓ˚üyî%mˆÏÎ˚Ó˚ ÓƒÓôyö Îáö r, ï˛áö !fli!ï˛¢!_´ 

( ) 9 ,K C
U r

r r
= − +

 ~áy Ï̂ö

K Ä C ò%•z!ê˛ ô &ÓÜ˛– ≤ÃÌü Ó˚y!¢!ê˛ xÌ≈yÍ 
K
r

−  ˛õÓ˚üyî%mˆÏÎ˚Ó˚ üˆÏôƒ xyÜ˛£Ï≈î Ä !mï˛#Î˚ Ó˚y!¢ xÌ≈yÍ 

9
C
r

,

!ÓÜ˛£Ï≈î §)!ã˛ï˛ Ü˛ˆÏÓ˚– §yüƒyÓfliyÎ˚ ˛õÓ˚üyî% ò%!ê˛Ó˚ üˆÏôƒ ÓƒÓôyö r
0
 •ˆÏ° ï˛yˆÏòÓ˚ üˆÏôƒ Ó° ô &ÓˆÏÜ˛Ó˚ Ó˚y!¢!ê˛ !öî≈Î˚

Ü˛Ó˚&ö– SÓ° ô ÓÜ˛ =x!ï˛«%˛o !Óã%˛ƒ!ï˛Ó˚ ú˛ˆÏ° í˛zq(ï˛ ≤Ãï˛ƒyöÎ˚Ü˛ ÓˆÏ°Ó˚ §ˆÏD !Óã%˛ƒ!ï˛Ó˚ xö%˛õyï˛–V

8. A Ä B !Ó®%ˆÏï˛ ò%•z!ê˛ §üyö xyôyö + e !fliÓ˚û˛yˆÏÓ xÓ!fliï˛ ~ÓÇ üôƒ!Ó®% O ˆï˛ xyÓ˚ ~Ü˛!ê˛ xyôyö

ÈÙÈe ü%_´ xÓfliyÎ˚ xyˆÏåÈ– !öˆÏã˛Ó˚ ò%•z xÓfliyÎ˚ ü%_´ xyôyö!ê˛Ó˚ !fli!ï˛¢!_´ !öî≈Î˚ Ü˛Ó˚&ö :

(i) -e xyôyö!ê˛ AB ~Ó˚ °¡∫ ÈÙÈÓÓ˚yÓÓ˚ §yüyöƒ §ˆÏÓ˚ xyˆÏåÈ–

(ii) -e ~Ó˚ §Ó˚î AB ˆÓ˚áyÓ˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚–

í˛zû˛Î˚ ˆ«˛ˆÏe•z §Ó˚î x!ï˛ «%˛o– ~Ó˚ üˆÏôƒ ˆÜ˛yöÄ ˆ«˛ˆÏe -e xyôyˆÏöÓ˚ à!ï˛ §Ó˚° ˆòy°à!ï˛ •ˆÏÓ !Ü˛⁄

Î%!_´ !òˆÏÎ˚ Ó%!é˛ˆÏÎ˚ Ó°%ö–

1.7 í˛z_Ó˚üy°yí˛z_Ó˚üy°yí˛z_Ó˚üy°yí˛z_Ó˚üy°yí˛z_Ó˚üy°y

xö%¢#°ö#xö%¢#°ö#xö%¢#°ö#xö%¢#°ö#xö%¢#°ö#

1.SÜ˛V 

sin cosx A t B t= ω + ω

 

cos cosx A t B t∴ = ω ω − ω ω

Îáöñ t = 0, x=x
0
 = B ~ÓÇ 

x x A= =0 ω

§%ï˛Ó˚yÇñ 

A
x

B x= =,0
0ω
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2. ˜fli!ï˛Ü˛ ¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö˜fli!ï˛Ü˛ ¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö˜fli!ï˛Ü˛ ¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö˜fli!ï˛Ü˛ ¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö˜fli!ï˛Ü˛ ¢!_´Ó˚ ò)Ó˚c §yˆÏ˛õ«˛ àí˛¸ üyö

2

0 0

1 1 1
2

a a

x
U Udx kx dx

a a
= =∫ ∫

S~áyˆÏö U ~Ó˚ ≤Ã!ï˛§yüƒ ˆ•ï%˛ x = 0 ˆÌˆÏÜ˛ x = a §#üyÓ˚ çöƒ àí˛¸ !öî≈Î˚ Ü˛Ó˚y •°V

31 1.
2 3

a
k

a
=

= 21
6

ka

à!ï˛¢!_´Ó˚ ˆ«˛ˆÏe xö%Ó˚*˛õû˛yˆÏÓ

( )
3

2 2 3 2

0

1 1 1 1.
2 3 3

a

x

a
K k a x dx k a ka

a a
⎛ ⎞= − = − =⎜ ⎟⎝ ⎠∫

3. (Ü˛V !ã˛ˆÏeÓ˚ ˆ«˛ˆÏe M û˛Ó˚!ê˛Ó˚ !öˆÏã˛Ó˚ !òˆÏÜ˛ x !Óã%˛ƒ!ï˛ âê˛ˆÏ° !fl±Ç ò%!ê˛Ó˚ ≤Ã§yÓ˚î ôÓ˚y ÎyÜ˛ 1 2,x x –

ˆÎˆÏ•ï%˛ ò%!ê˛ !fl±Ç ~Ó˚ ê˛yö F §üyö •ˆÏÓñ

F = kx1= kx2– xï˛~Óñ x1 = x2

!Ü˛vñ 

1 2 12x x x x= + =

– xï˛~Óñ 

1
2

F kx=

û˛Ó˚ M ~Ó˚ à!ï˛ §ü#Ü˛Ó˚î Mx  = –F= 

1
2

kx−

∴ 2
= k

x x
M

§Ó˚° ˆòy°à!ï˛Ó˚ §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ 

2

2
k
m

ω =

– xÌ≈yÍ 
22 M

T
k

π= –

SáV !ã˛ˆÏeÓ˚  ˆ«˛ˆÏe M û˛Ó˚!ê˛Ó˚ !öˆÏã˛Ó˚ !òˆÏÜ˛ x !Óã%˛ƒ!ï˛ âê˛ˆÏ° í˛zû˛Î˚ !fl±Ç ÈÙÈ~Ó˚ ~Ü˛•z ≤Ã§yÓ˚î •ˆÏÓ ~ÓÇ

ˆüyê˛ ≤Ãï˛ƒyöÎ˚Ü˛ Ó° •ˆÏÓ 2kx– ~áö xy˛õ!ö ˆòáyˆÏï˛ ˛õyÓ˚ˆÏÓö ˆÎñ 2
2
M

T
k

π=
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4. çí˛¸ï˛y ÈÙÈºyüÜ˛ ( )22 21 1 10.5 0.25
3 3 96

I Ml kgm= = × × =

∴ ˛õÎ≈yÎ˚Ü˛y° = 12 2 2.028
96 0.1

= =I
S

T x
π π

5. ~ˆÏ«˛ˆÏe ( ) 1
3 6 21 500 10 32 10 250 /

−− −= = × × =x S
LC

ω

∴ ˛õÎ≈yÎ˚Ü˛y° 
2 25.= = lms
π

ω

ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ §ˆÏÓ≈yFã˛ üyö 

0q ω

, ˆÎáyˆÏö q
0
 = ï˛!í˛¸Í xyôyˆÏöÓ˚ §ˆÏÓ≈Fã˛ üyö–

6 6
0 32 10 6 192 10q F V C− −= × × = ×

∴ 6
0 192 10 250 0.048q Aω −= × × =  Óy 48mA

6. HCI xî%Ó˚ §üyö#ï˛ û˛Ó˚ 
2735 1 1.66 10

35 1
kgμ −×= × ×+

( )22 2 13 27354 4 9.87 8.57 10 1.66 10
36

−= = × × × × × ×k vπ μ

= 468Nm-2

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

1. !˛õˆÏ[˛Ó˚ ˆÜ˛Ô!îÜ˛ !Óã%˛ƒ!ï˛ θ = 10
x

rad

≤Ãï˛ƒyöÎ˚Ü˛ Ó° = 

sinmg mgθ = θ

 ˆÜ˛ööy θ x!ï˛ «%˛o ˆÜ˛yî

5 10
10
x= × ×

= 5N, Î!ò x = 1m
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2. xyüÓ˚y çy!ö ã˛yÜ˛!ï˛Ó˚ ï˛ˆÏ°Ó˚ °¡∫ xˆÏ«˛Ó˚ §yˆÏ˛õˆÏ«˛ ˆ§!ê˛Ó˚ çí˛¸ï˛y ºyüÜ˛ 

21
2

mr

– §üyhsˇÓ˚y° x«˛

í˛z˛õ˛õyòƒ xö%ÎyÎ˚# ˆòy°ˆÏöÓ˚ xˆÏ«˛Ó˚ §yˆÏ˛õˆÏ«˛ çí˛¸ï˛y ÈÙÈºyüÜ˛ 

2
2 21 3

2 2 4
r

I mr m mr⎛ ⎞= + =⎜ ⎟⎝ ⎠

ã˛yÜ˛!ï˛!ê˛Ó˚ ˆòy°ˆÏöÓ˚ à!ï˛ §ü#Ü˛Ó˚î

. sin2
r

I mgθ = − θ

xÌÓyñ θ x!ï˛ «%˛o ˆÜ˛yî ôˆÏÓ˚ !öˆÏ°ñ 
23

4 2
r

mr mgθ = − θ

Óyñ  
2
3
g
r

θ = − θ

1.12 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ ˆòáy ÎyÎ˚ ˆòy°öÜ˛y° = 22
3
g
r

π

~ÓÇ §üï%˛°ƒ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ ˜òâ≈ƒ = 3
2

r

§%ï˛Ó˚yÇñ ˆòy°öˆÏÜ˛w xy°¡∫ö !Ó®% ˆÌˆÏÜ˛ 
3
2

r!öˆÏã˛ñ Óy ã˛yÜ˛!ï˛Ó˚ ˛õ!Ó˚!ôÓ˚ í˛z˛õÓ˚ xÓ!fliï˛–

3. ôˆÏÓ˚ !ööñ ˛õ,!ÌÓ#Ó˚ âöc = p1– ˆày°Ü˛!ê˛ Îáö ˛õ,!ÌÓ#Ó˚ ˆÜ˛w ˆÌˆÏÜ˛ r ò)Ó˚ˆÏc ï˛áö ˆày°Ü˛!ê˛Ó˚ í˛z˛õÓ˚

x!û˛Ü˛£Ï≈ç xyÜ˛£Ï≈î

3 24 4. . .
3 3

= =F m r pGlr m pG rπ π

ˆÜ˛ööy ˆÜ˛Ó°üye ˛õ,!ÌÓ#Ó˚ xû˛ƒhsˇˆÏÓ˚Ó˚ r Óƒy§yˆÏô≈Ó˚ ˆày°Ü˛yÜ,˛!ï˛ xÇ¢•z ˆày°Ü˛!ê˛ˆÏÜ˛ xyÜ˛£Ï≈î Ü˛ˆÏÓ˚–

û)˛ÈÙÈ˛õ,¤˛ ~•z xyÜ˛£Ï≈î

mg = m . 34
3

R pGπ  – 
2 4 .

3
R m pG Rπ=

∴  .= r
F mg

R

~áö ˆày°Ü˛!ê˛Ó˚ à!ï˛ §ü#Ü˛Ó˚î 

= − = − r
mr F mg

R
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Óy 

= − g
r r

R

~•z §ü#Ü˛Ó˚î!ê˛ §Ó˚° ˆòy°à!ï˛ §)!ã˛ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ~Ó˚ ˛õÎ≈yÎ˚Ü˛y° 

2 R
g

π

 .

4. ôÓ˚y ÎyÜ˛ ˆê˛fiê˛ !ê˛í˛zˆÏÓÓ˚ ≤ÃfliˆÏFåÈˆÏòÓ˚ ˆ«˛eú˛° = a, çˆÏ°Ó˚ âöc ρ– ˆê˛fiê˛ !ê˛í˛zˆÏÓÓ˚  ˆüyê˛ û˛Ó˚ È =

0.15×aρ– ~!ê˛ˆÏÜ˛ Î!ò  z ˜òˆÏâ≈ƒ öy!üˆÏÎ˚ ˆòÄÎ˚y ÎyÎ˚ ï˛ˆÏÓ ˆÎ Óyí˛¸!ï˛ ˛õ!Ó˚üyî ç° fliyöã% ƒï˛ •ˆÏÓ ï˛yÓ˚ çöƒ

|ôù≈ü%á#  ˛≤Ãï˛ƒyöÎ˚Ü˛ Ó° •ˆÏÓ zaρg– §%ï˛Ó˚yÇ ˆê˛fiê˛ !ê˛í˛zˆÏÓÓ˚ à!ï˛ §ü#Ü˛Ó˚î

0.15ap  z za g= − ρ  S~áyˆÏö z ˆöˆÏà!ê˛û˛ Ó˚y!¢V

Óyñ

.15
g

z z= −

~!ê˛ ~Ü˛!ê˛ §Ó˚° ˆòy°à!ï˛ §)!ã˛ï˛ Ü˛ˆÏÓ˚ ÎyÓ˚ ˛õÎ≈yÎ˚Ü˛y° 
.152T
g

= π

~áö g = 9.8ms–2 üyö ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏ°, T = 0.78s

5. ôÓ˚y ÎyÜ˛ ñ Ó›!ê˛Ó˚ §Ó˚° ˆòy°à!ï˛Ó˚ §ü#Ü˛Ó˚î

( )cosx a t= ω + θ

Ó›!ê˛Ó˚ ˆÓà 

( ) 2 2sinx a t a x= − ω ω + θ = −ω −
∴ 2 2

1 1v a x= −ω −

Ä 

2 2
2 2v a x= −ω −

∴ 

2
1

2 2
1a x

ϑ
−

 = 

2
2

2 2
2a x

ϑ
−

– ~Ó˚ ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ a = 

1
2 2 2 2 2
1 2 2 1

2 2
1 2

x x

v v

⎛ ⎞υ − υ
⎜ ⎟−⎝ ⎠

xyÓyÓ˚ 

2 2
1 2

2 2

v v−
ω ω

= x
2

2 – x
1

2– xÌ≈yÍ 

1
2 2 2

1 2
2 2

2 1

v v

x x

⎛ ⎞−ω = ⎜ ⎟−⎝ ⎠

6. xî%mˆÏÎ˚Ó˚ üˆÏôƒ ˛õyÓ˚flõ!Ó˚Ü˛ Ó° F = –

dV
dr

 = 

12 6
0 0

0 13 712
r r

V
r r

⎛ ⎞−⎜ ⎟
⎝ ⎠

§yüƒyÓfliyÎ˚ F = 0 xÌ≈yÍ r = r
0
– §yüƒ ˆÌˆÏÜ˛ §yüyöƒ !Óã%˛ƒï˛ xÓfliyÎ˚ Î!ò r = r

0
 + ∆r •Î˚ ï˛ˆÏÓ ≤Ãï˛ƒyöÎ˚Ü˛

Ó°
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0

.
=

⎛ ⎞ Δ⎜ ⎟⎝ ⎠r r

dF
r

dr

 = ( )
0

6 8 12 14
0 0 012 7 13

r r
V r r r r r− −

=
− Δ

= 

0
2

0

72
.

V
r

r
− Δ

 xÌ≈yÍ Ó° ô &ÓÜ˛ = 

0
2

0

72V

r

xö%mˆÏÎ˚Ó˚ §üyö#ï˛ û˛Ó˚ñ ôÓ˚y ÎyÜ˛ñ μ– ~Ü˛Ü˛ !Óã%˛ƒ!ï˛Ó˚ ú˛ˆÏ° cÓ˚î = 

72 0

0
2

V

rμ

1.4.7 xÇˆÏ¢Ó˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ ˛õyÄÎ˚y ÎyÎ˚

Ü˛¡õyB˛ v = 0
2

0

721
2

V

rπ μ  = 

0

0

23 V
rπ μ

7. ˆÎˆÏ•ï%˛ U(r) = 

9
K C
r r

− +

˛ õyÓ˚flõ!Ó˚Ü˛ Ó° F = 

dU
dr

−

= 2 10
9K C

r r
−

Î!ò §yüƒyÓfliyÎ˚ r ~Ó˚ üyö r
0
 •Î˚ ï˛ˆÏÓ F(r = r

0
) = 0

xÌ≈yÍñ 2 10
0 0

9K C

r r
−  = 0 Óy 

8
0

9C
r

K
=

~áö r = r0 + ∆r •ˆÏ° ≤Ãï˛ƒyöÎ˚Ü˛ Ó°

F(r = r
0
 + ∆r) = F(r = r

0
) + 

0

.
r r

dF
r

dr =

⎛ ⎞ Δ⎜ ⎟⎝ ⎠

= O + 
0

3 11
2 90 .

=

⎛ ⎞− + Δ⎜ ⎟⎝ ⎠r r

K C
r

r r

= 3 8
0 0

1 90 2 .
⎛ ⎞

− Δ⎜ ⎟
⎝ ⎠

C
K r

r r

= 2
0

8 .ΔK
r

r

§%ï˛Ó˚yÇñ Ó° ô &ÓÜ˛ = F
rΔ  = 

3
0

8K

r
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8. (i) ôÓ˚&öñ AO = BO = l

≤Ã!ï˛ +e xyôyö –e xyôyöˆÏÜ˛ 

e

l x

2

2 24π ∈ +( )

 ÓˆÏ° xyÜ˛£Ï≈î Ü˛ˆÏÓ˚– ~=!°Ó˚ °!∏˛ O x!û˛ü%á# Ä üyö

( )
2 2

3 3
2 2 2

.4 4
e x e x

l
l x

=π ∈ π ∈
+

 ˆÜ˛ööy x << l–

°!∏˛Ó°!ê˛ ≤Ãï˛ƒyöÎ˚Ü˛ ~ÓÇ §Ó˚ˆÏîÓ˚ §üyö%˛õyï˛# •ÄÎ˚yÎ˚ –e xyôyö!ê˛ AB ˆÓ˚áyÓ˚ °¡∫ ÓÓ˚yÓÓ˚ §Ó˚°

ˆòy°à!ï˛ˆÏï˛ Ü˛!¡õï˛ •ˆÏï˛ ÌyÜ˛ˆÏÓ–

(ii) ~ˆÏ«˛ˆÏe –e xyôyö!ê˛Ó˚ í˛z˛õÓ˚ ˆüyê˛ Ó° B x!û˛ü%ˆÏá ( ) ( )
2

2 2
1 1

4 (1
e

l x x

⎡ ⎤
−⎢ ⎥π ∈ − +⎢ ⎥⎣ ⎦

( )
2 2

2 32 2

4 4.4 4
e lx e x

ll x
= =π ∈ π ∈−

 ˆÜ˛ööy x << l

~•z Ó° –e xyôyöˆÏÜ˛ B x!û˛ü%ˆÏá ã˛y!°ï˛ Ü˛Ó˚ˆÏÓñ O x!û˛ü%ˆÏá ≤Ãï˛ƒyöÎ˚ö Ü˛Ó˚ˆÏÓ öy– Ü˛yˆÏç•z ~ˆÏ«˛ˆÏe

–e xyôyö!ê˛Ó˚ §Ó˚° ˆòy°à!ï˛ âê˛ˆÏÓ öy–


