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BLOCK—2

ˆòy°à!ï˛ñ ï˛Ó˚D Ä fl∫î!Óòƒyˆòy°à!ï˛ñ ï˛Ó˚D Ä fl∫î!Óòƒyˆòy°à!ï˛ñ ï˛Ó˚D Ä fl∫î!Óòƒyˆòy°à!ï˛ñ ï˛Ó˚D Ä fl∫î!Óòƒyˆòy°à!ï˛ñ ï˛Ó˚D Ä fl∫î!Óòƒy
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~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛     8 : !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚D §MÈ˛yÓ˚ !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚D §MÈ˛yÓ˚ !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚D §MÈ˛yÓ˚ !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚D §MÈ˛yÓ˚ !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚D §MÈ˛yÓ˚ (Propagation of Waves in

different Media)

àë˛ö

8.1 ≤ÃhflÏyÓöy

í ẑ̨ Ïj¢ƒ

8.2 ~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D

ê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚D

≤ÃÓy•#ˆÏï˛ ï˛Ó˚D

~Ü˛!ê˛ §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D

8.3 ï˛Ó˚D ≤ÃÓy• Ä ≤Ã!ï˛ˆÏÓ˚yô

ï˛yÓ˚ myÓ˚y §,‹T ≤Ã!ï˛ˆÏÓ˚yô ≠ xö%˜Ïòâ≈ƒ ï˛Ó˚D

àƒy§ myÓ˚y §,‹T ≤Ã!ï˛ˆÏÓ˚yô ≠ ¢∑ ï˛Ó˚D

8.4 !müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D

8.5 ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛ (transmitted) ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛

xö%≤ÃhflÏ ~ÓÇ xö%˜Ïòâ≈ƒ ï˛Ó˚D

8.6 ˛≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛

8.7 §yÓ˚yÇ¢

8.8 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

8.9 í˛z_Ó˚üy°y

8.1 ≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy

•z!ï˛üˆÏôƒ xy˛õ!ö ï˛Ó˚ˆÏDÓ˚ §,!‹T ~ÓÇ ï˛Ó˚Dà!ï˛Ó˚ §ˆÏD ˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚ˆÏåÈö–

~•z ≤Ã§ˆÏD xy˛õ!ö °«˛ƒ Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏÓö ˆÎñ ï˛Ó˚D §MÈ˛Ó˚ˆÏîÓ˚ üyôƒü ~ÓÇ ï˛Ó˚Dy!Î˚ï˛ Ó˚y!¢ öyöy ôÓ˚ˆÏöÓ˚

•ˆÏï˛ ˛õyˆÏÓ˚– ÓyÎ˚% Óy ˆÎ ˆÜ˛yöÄ !fli!ï˛fliy˛õÜ˛ üyôƒˆÏü ˆÎ xö%˜Ïòâ≈ƒ ã˛y˛õï˛Ó˚D ≤ÃÓy!•ï˛ •Î˚ ï˛y xyüyˆÏòÓ˚ ¢ˆÏ∑Ó˚

xö%û)˛!ï˛ §,!‹T Ü˛ˆÏÓ˚– ~çöƒ ~•z ï˛Ó˚D=!°ˆÏÜ˛ xyüÓ˚y ¢∑ï˛Ó˚D Ó!°– ê˛yö Ü˛ˆÏÓ˚ Ó˚yáy ï˛yˆÏÓ˚Ó˚ !Ó!û˛ß¨ !Ó®%ˆÏï˛

xö%≤Ãfli §Ó˚î âê˛ˆÏï˛ ˛õyˆÏÓ˚– ~•z §Ó˚î ï˛yˆÏÓ˚Ó˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚ ï˛Ó˚ˆÏDÓ˚ Ó˚*ˆÏ˛õ §MÈ˛y!Ó˚ï˛ •Î˚– xyÓyÓ˚ Ü˛!ë˛ö ôyï˛Ó

òˆÏ[˛Ó˚ üˆÏôƒÄ üyôƒˆÏüÓ˚ !fli!ï˛fliy˛õÜ˛ï˛yÓ˚ ú˛ˆÏ° ˆ§!ê˛Ó˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚ §ˆÏB˛yã˛ö Ä ≤Ã§yÓ˚ˆÏîÓ˚ ï˛Ó˚D ã˛°ˆÏï˛ ˛õyˆÏÓ˚–

~•z !ÓˆÏ¢£Ï ï˛Ó˚D=!°Ó˚ §¡∫ˆÏ¶˛ !Ü˛å%Èê˛y xyˆÏ°yã˛öy ~•z ~Ü˛ˆÏÜ˛ fliyö ˛õyˆÏÓ– xÓ¢ƒ ~=!° åÈyí˛¸yÄ xyÓ˚Ä xˆÏöÜ˛

ôÓ˚ˆÏöÓ˚ ï˛Ó˚ˆÏDÓ˚ §ˆÏD xyüyˆÏòÓ˚ ˛õ!Ó˚ã˛Î˚ xyˆÏåÈñ ˆÎüö ï˛!í˛¸Í ã%˛¡∫Ü˛#Î˚ ï˛Ó˚Dñ û)˛˛õ,¤˛ Óy ˛õ,!ÌÓ#Ó˚ xû˛ƒhsˇˆÏÓ˚ ã˛°üyö

û)˛Ü˛¡õÈÙÈï˛Ó˚D Ä ç°ï˛ˆÏ°Ó˚ ï˛Ó˚D– ~Ó˚ ˆÜ˛yö!ê˛ §¡∫ˆÏ¶˛ xy˛õ!ö ˛õˆÏÓ˚ xyÓ˚Ä çyöyÓ˚ §%ˆÏÎyà ˛õyˆÏÓöñ xyÓyÓ˚

ˆÜ˛yö!ê˛ ç!ê˛°ï˛yÓ˚ çöƒ xyüÓ˚y ~•z ˛õyë˛e´ˆÏüÓ˚ xhsˇû%≈˛_´ Ü˛Ó˚Ó öy–
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ï˛Ó˚D §MÈ˛Ó˚ˆÏîÓ˚ §ˆÏD üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô ~ÓÇ ï˛Ó˚ˆÏDÓ˚ ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î x!ï˛ â!ö¤˛û˛yˆÏÓ ç!í˛¸ï˛–

~=!° ÷ô% ï˛y!_¥Ü˛ Ü˛yÓ˚ˆÏî•z =Ó˚&c˛õ)î≈ öÎ˚ñ ï˛Ó˚ˆÏDÓ˚ ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚ˆÏîÓ˚ xçflÀ í˛zòy•Ó˚î xyüÓ˚y ˜òö!®ö

ç#ÓˆÏö ˆòáˆÏï˛ ˛õy•z– ~•z ~Ü˛ˆÏÜ˛ xy˛õ!ö ï˛Ó˚ˆÏDÓ˚ ~§Ó ôü≈=!°Ó˚ §¡∫ˆÏ¶˛ öï%˛öû˛yˆÏÓ !Ü˛å%Èê˛y çyöˆÏï˛ ˛õyÓ˚ˆÏÓö–

í˛zˆÏj¢ƒ ≠ í˛zˆÏj¢ƒ ≠ í˛zˆÏj¢ƒ ≠ í˛zˆÏj¢ƒ ≠ í˛zˆÏj¢ƒ ≠ ~•z ~Ü˛Ü˛!ê˛ ˛õí˛¸ˆÏ° x˛õ!ö

 ~Ü˛üy!eÜ˛ñ !müy!eÜ˛ Ä !eüy!eÜ˛ ï˛Ó˚ˆÏDÓ˚ §ü#Ü˛Ó˚î !°áˆÏï˛ ˛õyÓ˚ˆÏÓö–

 !Ó!û˛ß¨ üyôƒˆÏü ï˛Ó˚ˆÏDÓ˚ ˆÓà !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô (characteristic impedance) ~ÓÇ ¢ˆÏ∑ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ üyö !öî≈Î˚  Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

 ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛ (transmitted) !ÓhflÏyÓ˚ =îyB˛ !öî≈Î˚ Ü˛Ó˚ˆÏï˛ §«˛ü •ˆÏÓö–

8.2 ~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D

§D#ï˛ xyüÓ˚y §Ü˛ˆÏ°•z û˛y°Óy!§– !Ü˛v xy˛õ!ö !Ü˛ ˆû˛ˆÏÓ ˆòˆÏáˆÏåÈöñ !ë˛Ü˛ ˆÜ˛yö ≤Ã!e´Î˚yÎ˚ §D#ˆÏï˛Ó˚

¢∑ï˛Ó˚D xy˛õöyÓ˚ Ü˛yˆÏö ~ˆÏ§ ˆ˛õÔÑåÈÎ˚⁄ ï˛Ó˚ˆÏDÓ˚ §MÈ˛Ó˚ˆÏîÓ˚ çöƒ !Ü˛ ˆÜ˛yö üyôƒˆÏüÓ˚ ≤ÃˆÏÎ˚yçö xyˆÏåÈ⁄ ~ÓÇ

Îáö ï˛Ó˚D §MÈ˛y!Ó˚ï˛ •Î˚ ï˛áö ï˛Ó˚ˆÏDÓ˚ ˆÓà ˆÜ˛yö‰ ˆÜ˛yö‰ !Ó£ÏˆÏÎ˚Ó˚ í˛z˛õÓ˚ !öû˛≈Ó˚ Ü˛ˆÏÓ˚⁄ Îáö ò)ˆÏÓ˚ ârê˛y ÓyˆÏç

ï˛áö ârê˛yôù!öÓ˚ üˆÏôƒ ˆÎ !Ó!û˛ß¨ Ü˛¡õyˆÏDÓ˚ ¢∑ï˛Ó˚D ÌyˆÏÜ˛ ˆ§=!° ~Ü˛§ˆÏD xyüyˆÏòÓ˚ Ü˛yˆÏö ˆ˛õÔÑåÈÎ˚– ~

ˆÌˆÏÜ˛ ˆÓyé˛y ÎyÎ˚ ˆÎñ ÓyÎ˚%ˆÏï˛ ¢∑ï˛Ó˚ˆÏDÓ˚ ˆÓà ¢ˆÏ∑Ó˚ Ü˛¡õyB˛ Óy ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ öy– Ü˛yˆÏç•z

~!ê˛ flõ‹T•z ˆÓyé˛y ÎyÎ˚ ˆÎñ ¢∑ï˛Ó˚ˆÏDÓ˚ ˆÓà üyôƒˆÏüÓ˚ ˆû˛Ôï˛ ôˆÏü≈≈Ó˚ í˛z˛õˆÏÓ˚•z !öû≈˛Ó˚¢#°– ÷ô% ÓyÎ˚%ˆÏï˛

¢∑ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe•z öÎ˚ñ xöƒ üyôƒˆÏü Ä xöƒ ôÓ˚ˆÏöÓ˚ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏeÄ ~•z ~Ü˛•z Ü˛Ìy áyˆÏê˛– ~•z ï˛ˆÏÌƒÓ˚

§ï˛ƒï˛y Îyã˛y•z Ü˛Ó˚yÓ˚ çöƒ xyüÓ˚y ê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚D §,!‹TÓ˚ ≤Ã!e´Î˚yÓ˚ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

8.2.1 ê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚Dê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚Dê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚Dê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚Dê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚D

˛̨̨̨̨≤Ã!ï˛ ~Ü˛Ü˛ ˜òˆÏâ≈ƒ m û˛Ó˚ Î%_´ ~Ü˛!ê˛

§%£Ïü ï˛yÓ˚ˆÏÜ˛ T  Ó° myÓ˚y xö%û)˛!üÜ˛ !òˆÏÜ˛

ˆê˛ˆÏö Ó˚yáy •°– ï˛yÓ˚!ê˛Ó˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚ x-

x«˛ ˆöÄÎ˚y •°– ôÓ˚y ÎyÜ˛ñ ï˛yÓ˚!ê˛ˆÏÜ˛

ˆÜ˛yö çyÎ˚àyÎ˚ y x«˛ ÓÓ˚yÓÓ˚ ê˛yöy •°–

~ÓyÓ˚ ï˛yÓ˚!ê˛ˆÏÜ˛ ˆåÈˆÏí˛¸ !òˆÏ° ï˛yˆÏÓ˚Ó˚ üˆÏôƒ

xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ §,!‹T •ˆÏÓ– ~•z ï˛Ó˚ˆÏDÓ˚

ˆÓà çyöˆÏï˛ ˆàˆÏ° üyôƒˆÏüÓ˚ çí˛¸c ~ÓÇ

!fli!ï˛fliy˛õÜ˛ï˛y §¡∫ˆÏ¶˛ ôyÓ˚îy ÌyÜ˛y òÓ˚Ü˛yÓ˚–

!ã˛e!ã˛e!ã˛e!ã˛e!ã˛e 8.1 ê˛yöy ï˛yˆÏÓ˚Ó˚ ~Ü˛!ê˛ «%˛o xÇˆÏ¢Ó˚ í˛z˛õÓ˚ ≤ÃÎ%_´ Ó°–
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ê˛yöy ï˛yˆÏÓ˚Ó˚ ˆ«˛ˆÏe ï˛yˆÏÓ˚Ó˚ ê˛yˆÏöÓ˚ ˆÌˆÏÜ˛ !fli!ï˛fliy˛õÜ˛ï˛yÓ˚ ~ÓÇ m ˆÌˆÏÜ˛ çí˛¸ˆÏcÓ˚ üy˛õ ˛õyÄÎ˚y ÎyÎ˚– xyüÓ˚y

~áyˆÏö ï˛yˆÏÓ˚Ó˚ ~Ü˛!ê˛ ˆåÈyR xÇ¢ !ö°yü– ôˆÏÓ˚ !öö ˆÎñ ï˛yÓ˚!ê˛ x!ï˛ §yüyöƒ !ÓÜ,˛!ï˛ âê˛° ÎyˆÏï˛ ï˛yˆÏÓ˚Ó˚ Ä˛õÓ˚

ê˛yˆÏöÓ˚ üyˆÏöÓ˚ ˆÜ˛yöÄ ˛õ!Ó˚Óï≈˛ö öy âˆÏê˛– 8.1 !ã˛ˆÏe Ó!ô≈ï˛ xyÜ˛yˆÏÓ˚ !ÓÜ,˛ï˛ ï˛yˆÏÓ˚Ó˚ ~Ü˛!ê˛ ˆåÈyê˛ xÇ¢ˆÏÜ˛ ˆòáyˆÏöy

•ˆÏÎ˚ˆÏåÈ–

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ~•z ˆåÈyê˛ xÇ¢ ÓÓ˚yÓÓ˚ ÓˆÏ°Ó˚ !òÜ˛ ˛õ!Ó˚Óï≈˛ö •ˆÏFåÈ– ~Ó˚ Ü˛yÓ˚î •ˆÏFåÈ

ˆÎñ ï˛yÓ˚!ê˛ ~áö ˆ§yçy öÎ˚– ~Ó˚ ú˛ˆÏ° ˆåÈyê˛ xÇ¢!ê˛Ó˚ ò%•z ≤ÃyˆÏhsˇ ~Ü˛•z üyˆÏöÓ˚ ê˛yö Ó° T, T ≤ÃÎ%_´ •ˆÏ°Ä

Ó° ò%!ê˛ ˛õÓ˚flõÓ˚ˆÏÜ˛ !ö!‹;˛Î˚ Ü˛Ó˚ˆÏåÈ öy– x ~ÓÇ y ~Ó˚ !òˆÏÜ˛ ≤ÃÎ%_´ °!∏˛Ó° F !öî≈Î˚ Ü˛Ó˚yÓ˚ çöƒ T Ó°ˆÏÜ˛

ò%!ê˛ í˛z˛õyÇˆÏ¢ û˛yà Ü˛Ó˚ˆÏï˛ •ˆÏÓ– «%˛o á[˛!ê˛Ó˚ í˛yö ~ÓÇ Óyü !òˆÏÜ˛ ê˛yˆÏöÓ˚ x Äy í˛z˛õyÇˆÏ¢Ó˚ ˛õyÌ≈Ü˛ƒ=!° •°≠

Fx = T cosθ 2 – T cos

θ

1

~ÓÇ Fx = T sin 

θ

2 – T sin 

θ

1

θ

1 ~ÓÇ 

θ

2 «%˛o xÇ¢!ê˛Ó˚ ò%•z ≤ÃyˆÏhsˇ x!B˛ï˛ flõ¢≈Ü˛ ~ÓÇ x xˆÏ«˛Ó˚ üôƒÓï˛#≈ ˆÜ˛yî–

«%˛o ˆòy°ˆÏöÓ˚ çöƒ 

θ

1 Ä 

θ

2 x!ï˛ «%˛o ˆÜ˛yî– ~•z xÓfliyÎ˚ cos

θ

1 cos

θ

2  1

xÌ≈yÍñ x x«˛ ÓÓ˚yÓÓ˚ ˆÜ˛yö °!∏˛ Ó° Ü˛yç Ü˛Ó˚ˆÏÓ öyñ Fx = 0 ~ÓÇ ï˛yÓ˚!ê˛ ≤ÃyÎ˚ xö%û)˛!üÜ˛ xÓfliyÎ˚ ÌyˆÏÜ˛–

~•z xÌ≈ ~•z ˆÎñ ˆÜ˛yî=!°Ó˚ §y•zˆÏöÓ˚ üyö ~ÓÇ ê˛ƒyöˆÏçˆÏrê˛Ó˚ üyö ≤ÃyÎ˚ ~Ü˛ñ xÌ≈yÍ sinθ 1≈ tanθ 1– sinθ 2

≈ tan

θ

2

!Ü˛v ˆÜ˛yî ò%!ê˛Ó˚ ê˛ƒyöˆÏçrê˛ •ˆÏFåÈ «%˛o xÇ¢!ê˛Ó˚ ò%•z ≤ÃyˆÏhsˇÓ ̊xÓÜ˛° 

dy
dx

~Ó˚ §üyö– xï˛~Ó «%˛o xÇ¢!ê˛Ó˚

í˛z˛õÓ˚ ≤ÃÎ%_´ ÓˆÏ°Ó˚ y í˛z˛õyÇ¢ Fy= T (tan

θ

2 – tan

θ

1)

= T 

()() ,,
|| xxx

dyxtdyxt
dxdx +Δ

⎛⎞
− ⎜⎟ ⎜⎟ ⎝⎠

       ......8.1

Ó¶˛ö#Ó˚ üˆÏôƒÓ˚ §Çáƒy=!° ~Ü˛ ≤Ãyhsˇ ˆÌˆÏÜ˛ x˛õÓ˚ ≤Ãyhsˇ ˛õÎ≈hsˇ xÓÜ˛ˆÏ°Ó˚ ˛õ!Ó˚Óï≈˛ö !öˆÏò≈¢ Ü˛ÏÓ˚ˆÏåÈ– ~•z

˛õ!Ó˚Óï≈˛öˆÏÜ˛ 

x Δ

!òˆÏÎ˚ û˛yà Ü˛Ó˚ˆÏ°ñ 

0 x Δ→

§#üyÓ˚ üˆÏôƒ ~!ê˛ ≤ÃÌü xÓÜ˛ˆÏ°Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ •yÓ˚ !öˆÏò≈¢ Ü˛Ó˚ˆÏÓ–

!Ü˛v xyüÓ˚y çy!ö ˆÎñ ï˛yˆÏÓ˚Ó˚ §Ó˚î xÓfliyö ~ÓÇ §üÎ˚ í˛zû˛ˆÏÎ˚Ó˚ í˛z˛õˆÏÓ˚•z !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~•z ò%!ê˛Ó˚ ˆÜ˛yöÄ

~Ü˛!ê˛Ó˚ ˛õ!Ó˚Óï≈˛ö âê˛ˆÏ°•z §Ó˚ˆÏîÓ˚ ˛õ!Ó˚Óï≈˛ö •Î˚– Ü˛yˆÏç•z §ü#Ü˛Ó˚î 8.1 ˆÎ ˆÜ˛yöÄ ~Ü˛!ê˛ !ÓˆÏ¢£Ï §üˆÏÎ˚Ó˚

çöƒ §ï˛ƒ– xï˛~Óñ xyüyˆÏòÓ˚ §üÎ˚ˆÏÜ˛ !fliÓ˚ ôˆÏÓ˚ !öˆÏÎ˚ ~•z §ü#Ü˛Ó˚ˆÏî xÓÜ˛° !öî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ– xy˛õ!ö

çyˆÏööñ xöƒ ã˛°Ó˚y!¢ˆÏòÓ˚ !fliÓ˚ ˆÓ˚ˆÏá ˆÜ˛Ó° ~Ü˛!ê˛ ã˛°Ó˚y!¢Ó˚ §yˆÏ˛õˆÏ«˛ xÓÜ˛°ö Ü˛Ó˚yˆÏÜ˛ xyÇ!¢Ü˛ xÓÜ˛°ö
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ÓˆÏ°– ~ÓÇ xyÇ!¢Ü˛ xÓÜ˛°ˆÏöÓ˚ ˆ«˛ˆÏe d !ã˛ˆÏ•´Ó˚ ÓòˆÏ° 

∂

!ã˛•´ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– ï˛y•ˆÏ° 8.1  §ü#Ü˛Ó˚îˆÏÜ˛

!ö¡¨Ó˚*ˆÏ˛õ ˆ°áy ÎyÎ˚≠

Fy = T 

()2

2

, ⎛⎞ ∂ ∂∂ ∆=∆ ⎜⎟ ∂∂∂ ⎝⎠t

yxty xTx
xxx

~áyˆÏö xyüÓ˚y 
( ),

+∆

⎛ ⎞∂
⎜ ⎟∂⎝ ⎠x x

y x t
x   ˆÜ˛ x !Ó®%Ó˚ §yˆÏ˛õˆÏ«˛ §¡±§yÓ˚î Ü˛ˆÏÓ˚!åÈ–

( ) ( ) ( )2

2

, , , )

+∆

⎛ ⎞⎛ ⎞ ⎛ ⎞∂ ∂ ∂
= + ∆⎜ ⎟⎜ ⎟ ⎜ ⎟∂ ∂ ∂⎝ ⎠ ⎝ ⎠ ⎝ ⎠x x x x

y x t y x t y x t
x

x x x

~•z §ü#Ü˛Ó˚î!ê˛ xΔ ~Ó˚ í˛z˛õÓ˚ ≤Ãò_ Ó° ˛≤ÃÜ˛y¢ Ü˛ÏÓ˚ˆÏåÈÈ– !öí˛zê˛ˆÏöÓ˚ !mï˛#Î˚ §)e xö%ÎyÎ˚# xyüÓ˚y û˛Ó˚ ~ÓÇ

cÓ˚ˆÏîÓ˚ =îú˛°ˆÏÜ˛ ~•z ÓˆÏ°Ó˚ §üyö !•§yˆÏÓ !°áˆÏï˛ ˛õy!Ó˚– 

x Δ

xÇˆÏ¢Ó˚ û˛Ó˚ m

x Δ

– xï˛~Óñ

m

x Δ()() 22

22
,, ∂∂

=∆
∂∂
yxtyxt

Tx
tx

xÌÓyñ
()() 22

22
,, ∂∂

=
∂∂
yxtyxt T

m tx
.......8.2

~•z §ü#Ü˛Ó˚î!ê˛ ï˛yˆÏÓ˚Ó˚ ~Ü˛!ê˛ «%˛o xÇˆÏ¢Ó˚ Ä˛õÓ˚ !öí˛zê˛ˆÏöÓ˚ !mï˛#Î˚ §)e ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ˛õyÄÎ˚y ˆàˆÏåÈ– ï˛ˆÏÓ

§ü#Ü˛Ó˚ˆÏî 

x Δ

xö%˛õ!fliï˛ ÌyÜ˛yÎ˚ §ü#Ü˛Ó˚î!ê˛ §¡õ)î≈ ï˛yˆÏÓ˚Ó˚ ˆ«˛ˆÏe•z ≤ÃˆÏÎyçƒ •ˆÏÓ– xyüyˆÏòÓ˚ í˛zˆÏj¢ƒ ï˛Ó˚ˆÏDÓ˚

ˆÓà !öî≈Î˚ Ü˛Ó˚y– ˆ§çöƒ !öˆÏã˛ Ó!î≈ï˛ ~Ü˛!ê˛ §Ó˚° ˆòy° ï˛Ó˚D ˆöÄÎ˚y ÎyÜ˛ ≠

y(x, t) = asin (

ω

0t – kx)

ˆÎ!ê˛ ï˛yˆÏÓ˚Ó˚ Ä˛õÓ˚ §,!‹T •ˆÏÎ˚ˆÏåÈ– ~•z §ü#Ü˛Ó˚î Î!ò !öí˛zê˛ˆÏöÓ˚ §)e xÌ≈yÍ 8.2 §ü#Ü˛Ó˚î ˆüˆÏö ã˛ˆÏ°ñ ï˛y•ˆÏ°

xyüÓ˚y !ö!ÿ˛ï˛Ó˚*ˆÏ˛õ Ó°ˆÏï˛ ˛õy!Ó˚ ˆÎñ ï˛yˆÏÓ˚Ó˚ üˆÏôƒ ~•z ôÓ˚ˆÏöÓ˚ ã˛°üyö ï˛Ó˚D §,!‹T •ˆÏï˛  ˛õyˆÏÓ˚– ~!ê˛ •Î˚

!Ü˛öy ˆòáyÓ˚ çöƒ xyüÓ˚y Ü˛îyÓ˚ §Ó˚ˆÏîÓ˚ !mï˛#Î˚ xyÇ!¢Ü˛ xÓÜ˛° !öî≈Î˚ Ü˛Ó˚Ó–

2

2
y
x

∂
∂

= – k2asin(

ω

0t – kx) ~ÓÇ 

2

2
y
t

∂
∂

= –

ω

0
2asin(

ω

0t – kx)

8.2 §ü#Ü˛Ó˚ˆÏî ~•z üyö Ó!§ˆÏÎ˚

– k2a sin (

ω

0t – kx) = 

m
T

−
ω

0
2 asin(

ω

0t – kx)
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xÌÓyñ k2 = 

m
T

ω

0
2

xÌÓyñ 

2
0T
km
ω⎛⎞= ⎜⎟ ⎝⎠

xÌÓy ï˛Ó˚ˆÏDÓ˚ ˆÓà v = 0 T
k m

ω
= ...8.3

~•z §¡õÜ≈˛ ˆÌˆÏÜ˛ xyüÓ˚y Ó°ˆÏï˛˛˛õy!Ó˚ñ ê˛yöy ï˛yˆÏÓ˚ í˛zÍ˛õß¨ §Ó˚° ˆòy°ï˛Ó˚ˆÏDÓ˚ ï˛Ó˚DˆÏÓà •ˆÏÓ 
T
m

–

8.3 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎñ ï˛yˆÏÓ˚ §MÈ˛Ó˚üyö xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆÓàñ ê˛yö ~ÓÇ ï˛yˆÏÓ˚Ó˚ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚

û˛ˆÏÓ˚Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ñ ï˛Ó˚D ˜òâ≈ƒ xÌÓy ˛õÎ≈yÎ˚Ü˛yˆÏ°Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ öy–

8.3 §ü#Ü˛Ó˚î ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ xyüÓ˚y 8.2 ï˛Ó˚D §ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ !°áˆÏï˛˛ ˛õy!Ó˚

22

222
1 yy

xt υ
∂∂ =
∂∂

....8.4

~•z §ü#Ü˛Ó˚î!ê˛ ˆÜ˛Ó°üye x !òÜ˛ ÓÓ˚yÓÓ˚ §MÈ˛Ó˚üyö ï˛Ó˚D !öˆÏò≈¢ Ü˛ˆÏÓ˚ xÌ≈yÍñ ~!ê˛ ~Ü˛üy!eÜ˛ ï˛Ó˚ˆÏDÓ˚

§ü#Ü˛Ó˚î– ~•z §ü#Ü˛Ó˚î!ê˛ «%˛o !ÓhflÏyˆÏÓ˚Ó˚ ï˛Ó˚ˆÏDÓ˚ ˛õˆÏ«˛•z ≤ÃˆÏÎyçƒ– !ÓhflÏyÓ˚ ˆÓ!¢ •ˆÏ° 

θ

1Ä 

θ

2 ˆÜ˛yî=!°

Óí˛¸ •Î˚ ~ÓÇ xyˆÏàÓ˚ àîöyÓ˚ xˆÏöÜ˛ xD#Ü˛yÓ˚ xyÓ˚ áyˆÏê˛ öy– ï˛Ó˚ˆÏDÓ˚ ˆÓà ï˛Ó˚D˜ÏòˆÏâ≈ƒÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#°

•ˆÏÎ˚ ˛õˆÏí˛¸– ~•z xÓfliyÎ˚ ~áö xy˛õ!ö §•ˆÏç•z ö#ˆÏã˛Ó˚ xö%¢#°ö#Ó˚ í˛z_Ó˚ !òˆÏï˛ ˛õyÓ˚ˆÏÓö–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 1

1 gm û˛Ó˚ §¡õß¨ ~Ü˛!ê˛ 1m °¡∫y ï˛yÓ˚ˆÏÜ˛ 10N Ó° !òˆÏÎ˚ ˆê˛ˆÏö Ó˚yáy •°– ~•z ï˛yˆÏÓ˚ ˆÎ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚

§,!‹T •ˆÏÓ ï˛yÓ˚ ˆÓà !öî≈Î˚ Ü˛Ó˚&ö–

ï˛Ó˚ˆÏDÓ˚ ˆÓà üyôƒˆÏüÓ˚ çí˛¸c ~ÓÇ !fli!ï˛fliy˛õÜ˛ï˛yÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– !fli!ï˛fliy˛õÜ˛ï˛y ≤Ãï˛ƒyöÎ˚Ü˛ ÓˆÏ°Ó˚

(restoring force) §,!‹T Ü˛ˆÏÓ˚ ~ÓÇ ï˛yÓ˚ ú˛ˆÏ° üyôƒˆÏüÓ˚ Ü˛# ≤Ã!ï˛!e´Î˚y •ˆÏÓ ï˛y !fliÓ˚ Ü˛ˆÏÓ˚ çí˛¸c– ˆÜ˛yö üyôƒˆÏü

xö%≤Ãfli !fli!ï˛fliy˛õÜ˛ ï˛Ó˚D §,!‹T •ˆÏï˛ üyôƒü!ê˛Ó˚ Ü,˛hsˇö ˛õ#í˛¸ö §•ƒ Ü˛Ó˚yÓ˚ «˛üï˛y ÌyÜ˛y ã˛y•z !Ü˛v ˆÎˆÏ•ï%˛ ≤ÃÓy•#ˆÏï˛

Sï˛Ó˚° xÌÓy àƒy§V ò,ì˛¸ï˛y ˆö•zñ ˆ§•z Ü˛yÓ˚ˆÏî xö%≤Ãfli !fli!ï˛fliy˛õÜ˛ ï˛Ó˚D ˆÜ˛Ó° Ü˛!ë˛ö ˛õòyˆÏÌ≈•z §MÈ˛y!Ó˚ï˛

•ˆÏï˛ ˛˛õyˆÏÓ˚– !Ü˛v xö%˜Ïòâ≈ƒ ï˛Ó˚D àƒy§ñï˛Ó˚° ~ÓÇ Ü˛!ë˛ö ˛õòyÌ≈ §ˆÏÓÓ˚ üˆÏôƒ•z xö%û˛Óö ~ÓÇ âö#û˛ÓˆÏöÓ˚

xyÜ˛yˆÏÓ˚ ≤ÃÓy!•ï˛ •Î˚– ~áö xyüÓ˚y ≤ÃÓy•#ˆÏï˛ ï˛Ó˚ˆÏDÓ˚ ≤ÃÓyˆÏ•Ó˚ Ü˛Ìy xyˆÏ°yã˛öy Ü˛Ó˚Ó–

8.2.2 ≤ÃÓy•#ˆÏï˛ ï˛Ó˚D §,!‹T≤ÃÓy•#ˆÏï˛ ï˛Ó˚D §,!‹T≤ÃÓy•#ˆÏï˛ ï˛Ó˚D §,!‹T≤ÃÓy•#ˆÏï˛ ï˛Ó˚D §,!‹T≤ÃÓy•#ˆÏï˛ ï˛Ó˚D §,!‹T

ôˆÏÓ˚ !ööñ A ≤ÃfliˆÏFåÈò Î%_´ ~Ü˛!ê˛ °¡∫y öˆÏ° ~Ü˛!ê˛ !ö!ò≈‹T û˛ˆÏÓ˚Ó˚ ~ÓÇ 

ρ

ôöˆÏcÓ˚ ≤ÃÓy•# ˆöÄÎ˚y •°

ÎyÓ˚ Ä˛õÓ˚ ã˛y˛õ P0– ï˛yˆÏÓ˚Ó˚ üï˛ ~áyˆÏöÄ ≤ÃÓy•#Ó˚ ~Ü˛!ê˛ «%˛o ˜òâ≈ƒ ˆöÄÎ˚y •°– ôÓ˚y ÎyÜ˛ ~•z «%˛o ˜òˆÏâ≈ƒÓ˚

≤ÃÓy•# PQRSρ xÇ¢!ê˛Ó˚ üˆÏôƒ xyÓk˛ xyˆÏåÈ– ~•z xÇ¢!ê˛ x ~ÓÇ x + 

x Δ

 ï˛ˆÏ°Ó˚ üˆÏôƒ xÓ!fliï˛– S!ã˛e

8.2 (a) ˆòá%öV–
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!ã˛e 8.2 - (a) ≤ÃfliˆÏFåÈòÎ%_´ ~Ü˛!ê˛ °¡∫y öˆÏ°Ó˚ üˆÏôƒ xÓ!fliï˛ PQRS hflÏˆÏΩ˛Ó˚ ~Ü˛!ê˛ ≤ÃÓy•#Ó˚

§yüƒyÓfliy– (b) ã˛yˆÏ˛õÓ˚ ˛õyÌ≈Ü˛ƒÓ˚ çöƒ hflÏΩ˛!ê˛Ó˚ fliyöyhsˇ!Ó˚ï˛ xÓfliy–

~•z ˆåÈyê˛ hflÏΩ˛ PQRSρ !ê˛Ó˚ û˛Ó˚ 

ρ

A

x Δ

– ~áö ~•z ≤ÃÓy•#ˆÏï˛ Ü˛# Ü˛ˆÏÓ˚ xö%˜ÏòˆÏâ≈ƒÓ˚ ï˛Ó˚D §,!‹T Ü˛Ó˚y ÎyÎ˚⁄

xçöƒ xy˛õ!ö ~Ü˛!ê˛ Ü˛¡õö¢#° §%Ó˚¢°yÜ˛yˆÏÜ˛ ~•z ≤ÃÓy•#Ó˚ ~Ü˛!òˆÏÜ˛ ôÓ˚ˆÏï˛ ˛õyˆÏÓ˚öñ xÌÓy ~Ü˛!ê˛ !˛õfiê˛ö

!òˆÏÎ˚ ≤ÃyÓ•#ˆÏÜ˛ í˛yö!òˆÏÜ˛ §!Ó˚ˆÏÎ˚ !òˆÏï˛ ˛õyˆÏÓ˚ö– ï˛Ó˚D Îáö ~•z ˆåÈyê˛ hflÏΩ˛!ê˛Ó˚ üˆÏôƒ !òˆÏÎ˚ ÎyˆÏÓ ï˛áö hflÏΩ˛!ê˛Ó˚

ã˛y˛õñ âöc ~ÓÇ xyÎ˚ï˛ö ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÓ– üˆÏö Ü˛Ó˚y ÎyÜ˛ñ t §üÎ˚ ˛õˆÏÓ˚ PQ ~ÓÇ SR ï˛° §ˆÏÓ˚ P'Q' ~ÓÇ

S'R' ÈÙÈ~ ˆàÏ° S!ã˛e 8.2 (b)) – Î!ò PQ, 

Ψ

(x) ò)Ó˚c §ˆÏÓ˚ ~ÓÇ SR 

Ψ

(x +

x Δ

) ò)Ó˚c §ˆÏÓ˚ ï˛y•ˆÏ° hflÏˆÏΩ˛Ó˚

ˆÓˆÏôÓ˚ Ó,!k˛ •ˆÏÓ

Δ

l = 

Ψ

(x + 

x Δ

) – 

Ψ

(x) = – 

Ψ

(x) + 

x
ψ∂
∂

x Δ

–

Ψ

(x)  Sˆê˛°ˆÏÓ˚Ó˚ ˆ◊î#Ó˚ ≤Ã§yÓ˚ˆÏîÓ˚ §y•yÏÎƒ

= 

x
ψ∂
∂

x Δ

  

!öˆÏÎ˚ ≤ÃÌü ò%•z!ê˛ ˛õò ˆöÄÎ˚y •°V

xï˛~Óñ xyÎ˚ï˛ˆÏöÓ˚ Ó,!k˛ 

Δ

v ˆÜ˛ ˆ°áy ÎyÎ˚ ≠
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Δ

v = A

Δ

l = A

Δ

x

x
ψ∂
∂

xyÎ˚ï˛ˆÏöÓ˚ !ÓÜ,˛!ï˛ (volume strain) xÌ≈yÍñ ≤Ã!ï˛ ~Ü˛Ü˛ xyÎ˚ï˛ˆÏö xyÎ˚ï˛ˆÏöÓ˚ Ó,!k˛

Axx
Axx

ψ
νψ
ν

∂ Δ Δ∂ ∂ ==
Δ∂

....8.5

8.5 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆÓyé˛y ÎyˆÏFåÈ ˆÎñ hflÏΩ˛!ê˛Ó˚ xyÎ˚ï˛ˆÏöÓ˚ ˛õ!Ó˚Óï≈˛ö âˆÏê˛ˆÏåÈ– ~Ó˚ Ü˛yÓ˚î •°ñ hflÏΩ˛!ê˛Ó˚ üˆÏôƒ

ã˛y˛õ P0 ÈÙÈ ~Ó˚ §üyö öÎ˚– ôÓ˚y ÎyÜ˛ ã˛yˆÏ˛õÓ˚ üyö P0 ˆÌˆÏÜ˛ ˆÓˆÏí˛¸ 

ρ

(x) •ˆÏÎ˚ˆÏåÈ– hflÏΩ˛!ê˛Ó˚ í˛z˛õÓ˚ x !òˆÏÜ˛ ≤ÃÎ%_´

Ó° •ˆÏÓ A[– 

ρ

(x + 

x Δ

) +

ρ

(x)]

ˆê˛°ˆÏÓ˚Ó˚ ˆ◊î#Ó˚ §y•yÎƒ !öˆÏÎ˚ 

x Δ

 ~Ó˚ ˆÜ˛Ó°üye ≤ÃÌü âyˆÏï˛Ó˚ ˛õò!ê˛ ˆÓ˚ˆÏá xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ñ

F = – A

() x
x

x
ρ∂

Δ
∂

= – A

()() 0P
xAx

xx
ρρ ∂+Δ∂Δ

Δ=−Δ
∂∂

ˆÎáyˆÏö P0 §yüƒyÓfliyÎ˚ ã˛y˛õ ~ÓÇ 

Δρ

 ï˛Ó˚Dç!öï˛ x!ï˛!Ó˚_´ ã˛y˛õ–

[ §yüƒyÓfliyÓ˚ ã˛y˛õ ô &ÓÜ˛ ÓˆÏ° 0P
x

∂
∂

 = 0 ]

xï˛~Óñ !öí˛zê˛ˆÏöÓ˚ !mï˛#Î˚ §)e xö%ÎyÎ˚# hflÏΩ˛!ê˛Ó˚ à!ï˛ §ü#Ü˛Ó˚î •ˆÏÓ É

 

ρx Δ

A

2

2t
ψ∂

∂

= – A

x Δ()
x

ρ ∂Δ
∂

....8.6

xy˛õöyÓ˚y !öÿ˛Î˚•z xyÎ˚ï˛ö =îyB˛ (bulk modulus of elasticity) E ~ÓÇ 

Δρ

ÈÙÈÓ˚ üˆÏôƒ ö#ˆÏã˛Ó˚ §¡õÜ≈˛

§¡∫ˆÏ¶˛ xÓàï˛ xyˆÏåÈö≠

E =                    = 

ρ
ν

ν

Δ −
Δ

ã˛y˛õ Óyí˛¸ˆÏ° xyåÈï˛ö Ü˛üˆÏÓ ~•z âê˛öy!ê˛ˆÏÜ˛•z }îydÜ˛ !ã˛•´ !òˆÏÎ˚ ˆÓyé˛yö •ˆÏÎ˚ˆÏåÈ–

Ü˛yˆÏç•z xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ ≠

Δ

ρ

 = – E 

ν
ν
Δ⎛⎞

⎜⎟ ⎝⎠

8.5 §ü#Ü˛Ó˚î  ˆÌˆÏÜ˛ 

ν
ν
Δ

~Ó˚ üyö Ó!§ˆÏÎ˚ ˛õy•zñ

xyÎ˚ï˛ö ̨õ#í˛¸ö

xyÎ˚ï˛ö !ÓÜ,˛!ï˛
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Δρ

 = – E 

x
ψ∂
∂

xyÓyÓ˚ 

Δρ

 üyö 8.6  §ü#Ü˛Ó˚ˆÏî Ó!§ˆÏÎ˚ ˛õy•zñ

22

22 EE
xx tx

ψψψ ρ∂∂∂∂ ⎛⎞ == ⎜⎟ ∂∂ ∂∂ ⎝⎠

xÌÓyñ 

2 2

2 2
E

t x
ψ ψ

ρ
∂ ∂=
∂ ∂

...8.7

xyüÓ˚y Î!ò 

E ν
ρ

=

...8.7(a)

ˆÜ˛ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆÓà Ó!° ï˛y•ˆÏ°ñ 8.7 §ü#Ü˛Ó˚îˆÏÜ˛ ~Ü˛!ê˛ ï˛Ó˚ˆÏDÓ˚ §ü#Ü˛Ó˚î Ó°y ÎyÎ˚–

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ï˛Ó˚ˆÏDÓ˚ ˆÓà ˆÜ˛ÏÓ°üye E  ~ÓÇ ρ myÓ˚y ≤Ãû˛y!Óï˛ •Î˚– ˆÎ üyôƒˆÏü

ï˛Ó˚D ≤ÃÓy!•ï˛ •ˆÏFåÈñ ~•z E ~ÓÇ  

ρ

 ˆ§•z üyôƒˆÏüÓ˚ ôü≈–

~ÓyÓ˚ xyüÓ˚y àƒyˆÏ§Ó˚ üôƒ !òˆÏÎ˚ ¢∑ï˛Ó˚ˆÏDÓ˚ ≤ÃÓyˆÏ•Ó˚Ü˛Ìy xyˆÏ°yã˛öy Ü˛!Ó˚–

(a) àƒyˆÏ§Ó˚ üˆÏôƒ ¢∑ï˛Ó˚D ≤ÃÓy•àƒyˆÏ§Ó˚ üˆÏôƒ ¢∑ï˛Ó˚D ≤ÃÓy•àƒyˆÏ§Ó˚ üˆÏôƒ ¢∑ï˛Ó˚D ≤ÃÓy•àƒyˆÏ§Ó˚ üˆÏôƒ ¢∑ï˛Ó˚D ≤ÃÓy•àƒyˆÏ§Ó˚ üˆÏôƒ ¢∑ï˛Ó˚D ≤ÃÓy•

~Ü˛!ê˛ àƒy§#Î˚ üyôƒˆÏüÓ˚ SôÓ˚y ÎyÜ˛ Óyï˛y§V üˆÏôƒ Îáö xö%˜Ïòâ≈ƒ ï˛Ó˚D §MÈ˛y!Ó˚ï˛ •Î˚ñ ï˛áö üyôƒˆÏüÓ˚ xyÎ˚ï˛ö

=îyB˛ üyôƒˆÏüÓ˚ ï˛y˛õ àï˛#Î˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° •ˆÏÎ˚ ˛õˆÏí˛¸– ~•z  ˛õ!Ó˚Óï≈˛ö §ˆÏüy£è Óy Ó˚&k˛ï˛y˛õñ

ˆÎ ˆÜ˛yöÄ!ê˛ •ˆÏï˛ ˛õyˆÏÓ˚– S~Ü˛!ê˛ ≤Ã!e´Î˚yˆÏÜ˛ §ˆÏüy£è ï˛áö•z Ó°y •Î˚ñ Îáö ≤Ã!e´Î˚y ã˛°yÜ˛y°#ö í˛z£èï˛yÓ˚

ˆÜ˛yöÄ ˛õ!Ó˚Óï≈˛ö •Î˚ öy– Ó˚&k˛ï˛y˛õ ≤Ã!e´Î˚yÎ˚ ï˛ˆÏsfÓ˚ ˆüyê˛ ¢!_´Ó˚ ˆÜ˛yöÄ ˛õ!Ó˚Óï≈˛ö •Î˚ öy–V ¢∑ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe

!öí˛zê˛ö ôˆÏÓ˚ !öˆÏÎ˚!åÈˆÏ°ö ˆÎñ üyôƒˆÏüÓ˚ ˛õ!Ó˚Óï≈˛ö §ˆÏüy£è ≤Ã!e´Î˚yÎ˚ •ˆÏÓ– §ˆÏüy£è ≤Ã!e´Î˚yÎ˚ ÓˆÏÎ˚ˆÏ°Ó˚ §)e

xö%ÎyÎ˚# 

ρν

= ô &ÓÜ˛– 

ρ

 ~ÓÇ 

ν

 ÈÙÈ~Ó˚ §yüyöƒ ˛õ!Ó˚Óï≈˛ö •ˆÏ° xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚–

νρρν Δ+Δ

= 0

xÌÓyñ E = 

ρρ ν
ν

Δ −=
Δ

xÌ≈yÍñ xyÎ˚ï˛ö =îyB˛ ã˛yˆÏ˛õÓ˚ §üyö–

§ü#Ü˛Ó˚î 8.7a ˆï˛ E - ~Ó˚ üyö Ó!§ˆÏÎ˚ xy˛õ!ö ˛õyˆÏÓö ¢∑ï˛Ó˚ˆÏDÓ˚ ˆÓà  
ρν
ρ ...8.8

~!ê˛ˆÏÜ˛ !öí˛zê˛ˆÏöÓ˚ ¢ˆÏ∑Ó˚ ˆÓˆÏàÓ˚ §)e Ó°y •Î˚–

Óyï˛yˆÏ§Ó˚ ˆ«˛ˆÏe ≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ 

ρ

 = 1·29kgm–3 ~ÓÇ 

ρ

 = 1·01 × 105 Nm–2

!öí˛zê˛ˆÏöÓ˚ §)ˆÏeÓ˚ §y•yˆÏÎƒ !öˆÏÎ˚ Óyï˛yˆÏ§ ¢ˆÏ∑Ó˚ ˆÓà •ˆÏÓ

52

3
1.0110Nm

1.29kgm

−

−
× = ν

= 280ms–1
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!Ü˛v ˛õÓ˚#«˛y Ü˛ˆÏÓ˚ ˆòáy ˆàˆÏåÈ ˆÎñ ≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ Óyï˛yˆÏ§ ¢ˆÏ∑Ó˚ ˆÓà = 332ms–1

í˛z˛õˆÏÓ˚Ó˚ ò%!ê˛ ú˛° ˆÌˆÏÜ˛ fl∫yû˛yÓï˛•z ≤ÃŸ¿ çyˆÏà ˆÎñ !öí˛zê˛ö Ü˛# Ü˛ˆÏÓ˚ §!ë˛Ü˛ í˛z_ˆÏÓ˚Ó˚ Ü˛yåÈyÜ˛y!åÈ ~ˆÏ§Ä §!ë˛Ü˛

üyö ˆÌˆÏÜ˛ ≤ÃyÎ˚ 15%  Ü˛ü üyö ˆ˛õˆÏ°ö⁄ ~•z ˛õyÌ≈Ü˛ƒ Óyï˛yˆÏ§Ó˚ ã˛y˛õ Óy âöˆÏcÓ˚ ˛õ!Ó˚üy˛õàï˛ §%-ï˛yÓ˚

xû˛yˆÏÓÓ˚ çöƒ •ˆÏï˛ ˛õyˆÏÓ˚ öy– fl∫yû˛yÓï˛•z xy˛õöyˆÏòÓ˚ üˆÏö •ˆÏÓ ˆÎñ !öí˛zê˛ˆÏöÓ˚ §)ˆÏe !öÿ˛Î˚•z  ˆÜ˛yöÄ ï˛_¥àï˛

e&!ê˛ xyˆÏåÈ– ú˛Ó˚y§# à!îï˛!Óò °y@’y§ !öí˛zê˛ˆÏöÓ˚ §)ˆÏeÓ˚ §ÇˆÏ¢yôˆÏöÓ˚ ≤ÃfliyÓ Ü˛ˆÏÓ˚ö– !ï˛!ö ~•z Î%!_´ ˆòö ˆÎñ

Îáö ¢∑ï˛Ó˚D ~Ü˛!ê˛ üyôƒˆÏüÓ˚ üˆÏôƒ !òˆÏÎ˚ ÎyÎ˚ ï˛áö üyôƒˆÏüÓ˚ Ü˛îy=!° á%Ó o&ï˛ xyˆÏ®y!°ï˛ •Î˚– üyôƒˆÏüÓ˚

âö#û˛Óö Ä ï˛ö%û˛Óöó í˛zû˛ˆÏÎ˚•z âˆÏê˛ Ó˚&k˛ï˛y˛õ ≤Ã!e´Î˚yÎ˚– ú˛ˆÏ° âö#û˛ÓˆÏöÓ˚  fliyö=!° àÓ˚ü •ˆÏÎ˚ ÄˆÏë˛ ~ÓÇ

ï˛ö%û˛ÓˆÏöÓ˚ fliyö=!° ë˛y[˛y •Î˚– ~Ó˚ xÌ≈ ¢∑ï˛Ó˚D Óyï˛yˆÏ§Ó˚ ˆÎ xÇ¢ !òˆÏÎ˚ ≤ÃÓy!•ï˛ •Î˚ ˆ§•z fliyˆÏö í˛z£èï˛yÓ˚

˛õ!Ó˚Óï≈˛ö âˆÏê˛–

Ó˚&k˛ï˛y˛õ ≤Ã!e´Î˚yÓ˚ çöƒ xyò¢≈ àƒy§ ÓˆÏÎ˚ˆÏ°Ó˚ §)e öy ˆüˆÏö P γν  = ô &ÓÜ˛ñ ~•z §)e!ê˛ ˆüˆÏö ã˛ˆÏ°– ~áyˆÏö

γ

 !ö!ò≈‹T àyˆÏ§Ó˚ ˆ«˛ˆÏe ~Ü˛!ê˛ ô &ÓÜ˛ ~ÓÇ ~Ó˚ üyö !fliÓ˚ ã˛y˛õ Ä !fliÓ˚ xyÎ˚ï˛ˆÏö àƒyˆÏ§Ó˚ ò%!ê˛ xyˆÏ˛õ!«˛Ü˛ ï˛yˆÏ˛õÓ˚

xö%˛õyˆÏï˛Ó˚ §üyö–

P

γ ν

 = ô &ÓÜ˛ §)e ˆÌˆÏÜ˛ §%Ó˚& Ü˛ˆÏÓ˚ 

ρ

 ~ÓÇ 

ν

~Ó˚ §yüyöƒ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ çöƒ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ñ

10 γγ νρργνν − Δ+Δ=
xÌÓyñ 

E ργρ
νν
Δ −==
Δ

xï˛~Óñ 8.7a §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ¢ˆÏ∑Ó˚ ˆÓà •ˆÏÓ 
γρν
ρ

= ...8.9

~Ü˛ @ˇÃyü xî%àƒyˆÏ§Ó˚ ˆ«˛ˆÏe ρV = RT, R = àƒy§ ô &ÓÜ˛ñ T  = ˛õÓ˚ü í˛z£èï˛yñ V = xyî!ÓÜ˛ xyÎ˚ï˛öñ

M Î!ò xyî!ÓÜ˛ û˛Ó˚ •Î˚ ï˛y•ˆÏ° V = 

== MRT
M

θ
ρρ

xÌ≈yÍñ V = 
RT
M

γ
....8.9a

Óyï˛yˆÏ§Ó˚ çöƒ γ = 1·4– Ü˛yˆÏç Ü˛yˆÏç•z 8.9 ˆÌˆÏÜ˛ ˛õyˆÏÓö ≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ Óyï˛yˆÏ§ ¢ˆÏ∑Ó˚ ˆÓà

331ms–1– ˛õÓ˚#«˛y°∏˛ üyˆÏöÓ˚ §ˆÏD ~•z üyˆÏöÓ˚ !ü° §%flõ‹T ~ÓÇ ~Ó˚ myÓ˚y °y≤’yˆÏ§Ó˚ §ÇˆÏ¢yôˆÏöÓ˚ ÎÌyÌ≈ï˛y

≤Ãüy!îï˛ •Î˚–

8.9 Ä 8.9a §)e xyüyˆÏòÓ˚ Ü˛yˆÏåÈ á%Ó•z =Ó˚&c˛õ)î≈– ~•z ò%•z §)e ˆÌˆÏÜ˛ xyüÓ˚y ¢ˆÏ∑Ó˚ ˆÓà ã˛y˛õñ í˛z£èï˛y

≤Ãû,˛!ï˛Ó˚ í˛z˛õÓ˚ Ü˛#û˛yˆÏÓ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ï˛y ÓyÓ˚ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚–

ã˛yˆÏ˛õÓ˚ ≤Ãû˛yÓ ≠ ã˛yˆÏ˛õÓ˚ ≤Ãû˛yÓ ≠ ã˛yˆÏ˛õÓ˚ ≤Ãû˛yÓ ≠ ã˛yˆÏ˛õÓ˚ ≤Ãû˛yÓ ≠ ã˛yˆÏ˛õÓ˚ ≤Ãû˛yÓ ≠ ˆÎÈÙÈˆÜ˛yö í˛z£èï˛yÎ˚ ~Ü˛!ê˛ àƒyˆÏ§Ó˚ ˆ«˛ˆÏe 

ρ
ρ

= ô &ÓÜ˛– xï˛~Óñ 8.9 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛

xy˛õ!ö Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏåÈö ˆÎñ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆÓà ã˛yˆÏ˛õÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° öÎ˚–
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í˛z£èï˛yÓ˚ ˛≤Ãû˛yÓ ≠ í˛z£èï˛yÓ˚ ˛≤Ãû˛yÓ ≠ í˛z£èï˛yÓ˚ ˛≤Ãû˛yÓ ≠ í˛z£èï˛yÓ˚ ˛≤Ãû˛yÓ ≠ í˛z£èï˛yÓ˚ ˛≤Ãû˛yÓ ≠ ˆÜ˛yöÄ àƒyˆÏ§Ó˚ í˛z£èï˛y ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏ° ã˛y˛õ §üyö ˆÌˆÏÜ˛Ä âöc ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚–

í˛z£èï˛y Óyí˛¸ˆÏ° xyÎ˚ï˛ö ÓyˆÏí˛¸ñ §%ï˛Ó˚yÇ âöc Ü˛ˆÏü– í˛z£èï˛y Ü˛üˆÏ° âöc ÓyˆÏí˛¸– 8.9a §)e xö%ÎyÎ˚# !ö!ò≈‹T

àƒyˆÏ§ ¢ˆÏ∑Ó˚ ˆÓà ˛õÓ˚ü í˛z£èï˛yÓ˚ Óà≈ü)ˆÏ°Ó˚ §üyö%˛õyï˛#– xÌ≈yÍ 

T ν∝

¢ˆÏ∑Ó˚ ˆÓà ˛õ!Ó˚üyˆÏ˛õÓ˚ ˛õk˛!ï˛ xyüyˆÏòÓ˚ ≤Ã!ï˛Ó˚«˛y Óy!•ö#ˆÏï˛ Ó‡û˛yˆÏÓ ÓƒÓ•*ï˛ •ˆÏÎ˚ˆÏåÈ– ~Ó˚ §y•yˆÏÎƒ ≤ÃÌü

ü•yÎ%ˆÏk˛Ó˚ §üÎ˚ ¢e&˛õˆÏ«˛Ó˚ Ü˛yüyˆÏöÓ˚ xÓfliyö !öî≈Î˚ §Ω˛Ó •ˆÏÎ˚!åÈ°– ~•z ˛õk˛!ï˛Ó˚ öyü ¢ˆÏ∑Ó˚ í˛zÍ§ §¶˛yö

(Sound ranging)

(b) ï˛Ó˚ˆÏ° ¢ˆÏ∑Ó˚ ≤ÃÓy• ÈÙÙÙÈ ï˛Ó˚ˆÏ° ¢ˆÏ∑Ó˚ ≤ÃÓy• ÈÙÙÙÈ ï˛Ó˚ˆÏ° ¢ˆÏ∑Ó˚ ≤ÃÓy• ÈÙÙÙÈ ï˛Ó˚ˆÏ° ¢ˆÏ∑Ó˚ ≤ÃÓy• ÈÙÙÙÈ ï˛Ó˚ˆÏ° ¢ˆÏ∑Ó˚ ≤ÃÓy• ÈÙÙÙÈ ï˛Ó˚ˆÏ°Ó˚ xyÎ˚ï˛ö =îyB˛ §yôyÓ˚îï˛ ~ï˛ ˆÓ!¢ •Î˚ ˆÎñ ï˛Ó˚°ˆÏÜ˛ ≤ÃyÎ˚ x§Çöüƒ

(incompressible) ÓˆÏ° ôÓ˚y •Î˚– çˆÏ°Ó˚ çöƒ E = 2·22 × 109Nm–2 ~ÓÇ 

ρ

 = 103kgm–3– ~•z ò%•z

üyö ˆÌˆÏÜ˛ 8,7a  §)ˆÏeÓ˚ §y•yˆÏÎƒ ï˛Ó˚ˆÏDÓ˚ ˆÓà !öî≈Î˚ Ü˛Ó˚ˆÏ° ˛õyÄÎ˚y ÎyÎ˚ 

ν

= 15000ms–1– ~•z üyˆÏöÓ˚

§ˆÏD ≤Ãüyî ã˛y˛õ Ä í˛z£èï˛yÎ˚ Óyï˛yˆÏ§ ¢ˆÏ∑Ó˚ ˆÓˆÏàÓ˚ üyˆÏöÓ˚ ï%˛°öy Ü˛Ó˚&ö– ˆòáy ÎyˆÏÓ ˆÎñ Î!òÄ Óyï˛y§ ç°

xˆÏ˛õ«˛y ≤ÃyÎ˚ §•flÀ =î Ü˛ü âöñ ï˛Ìy!˛õ ¢∑ Óyï˛yˆÏ§Ó˚ ˆÌˆÏÜ˛ çˆÏ° ≤ÃyÎ˚ 4 =î o&ï˛ ÎyÎ˚– ~Ó˚ Ü˛yÓ˚ˆÏî Óyï˛yˆÏ§Ó˚

ï%˛°öyÎ˚ çˆÏ°Ó˚ x§Çöüƒï˛y– çˆÏ°Ó˚ üˆÏôƒ ¢∑ï˛Ó˚ˆÏDÓ˚ x!ôÜ˛ à!ï˛ˆÏÓà ~ÓÇ xöƒ Ü˛ˆÏÎ˚Ü˛!ê˛ Ü˛yÓ˚ˆÏîñ ˆÎüö

çˆÏ° ¢ˆÏ∑Ó˚ ≤Ã!ï˛Ó˚§îñ x“ ˆ¢y£Ïî Ä !ÓˆÏ«˛˛õîñ Óyï˛yˆÏ§Ó˚ ï%˛°öyÎ˚ §ü%ˆÏoÓ˚ çˆÏ°Ó˚ üôƒ !òˆÏÎ˚ ¢∑ ˆ≤ÃÓ˚î

xˆÏöÜ˛ §%!ÓôyçöÜ˛– ~ çˆÏöƒ•z §ü%ˆÏo ~Ü˛ çy•yç ˆÌˆÏÜ˛ xöƒ çy•yˆÏç Óyï≈˛y ˛õyë˛yˆÏï˛ ~ÓÇ ¢ˆÏ∑Ó˚ í˛zÍˆÏ§Ó˚

§¶˛yö Ü˛Ó˚ˆÏï˛ ˆ§yöyÓ˚ (SONAR =  Sound Navigation and Ranging) ÓƒÓfliy ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– ~•z

ÓƒÓfliyÎ˚ í˛zFã˛ Ü˛¡õyˆÏB˛Ó˚ ¢∑ §,!‹T Ü˛ˆÏÓ˚ §ü%ˆÏoÓ˚ çˆÏ°Ó˚ üˆÏôƒ ˆ≤ÃÓ˚î Ü˛Ó˚y •Î˚ ~ÓÇ ≤Ã!ï˛ú˛!°ï˛ ¢ˆÏ∑Ó˚ !òÜ˛

Ä !Ó°ˆÏ¡∫Ó˚ ˛õ!Ó˚üy˛õ Ü˛ˆÏÓ˚ ï˛yÓ˚ ˆÌˆÏÜ˛ §ü%ˆÏoÓ˚ àû˛#Ó˚ï˛yñ üyˆÏåÈÓ˚ é˛yÑÜ˛ñ í%˛ˆÏÓyçy•yç ~üö !Ü˛ ¢e&˛õˆÏ«˛Ó˚ ˆåÈyÑí˛¸y

ê˛ˆÏ˛õ≈ˆÏí˛yÓ˚ xÓfliyö Ä ò)Ó˚c !öî≈Î˚ Ü˛Ó˚y ÎyÎ˚–

≤ÃÓy•#Ó˚ ˆ«˛ˆÏe xyüÓ˚y 8.7a §ü#Ü˛Ó˚î!ê˛ˆÏï˛ ¢ˆÏ∑Ó˚ ˆÓˆÏàÓ˚ Ü˛!ë˛ö ˆÎ Ó˚y!¢üy°y!ê˛ ˆ˛õˆÏÎ˚!åÈ ˆ§!ê˛ xyüÓ˚y

~ÓyÓ˚ ~Ü˛!ê˛ òˆÏ[˛Ó˚ ˆ«˛ˆÏe ≤ÃˆÏÎ˚yà Ü˛Ó˚Ó–

8.2.3 ~Ü˛!ê˛ Ü˛!ë˛ö §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D~Ü˛!ê˛ Ü˛!ë˛ö §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D~Ü˛!ê˛ Ü˛!ë˛ö §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D~Ü˛!ê˛ Ü˛!ë˛ö §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D~Ü˛!ê˛ Ü˛!ë˛ö §%£Ïü òˆÏ[˛Ó˚ üˆÏôƒ ï˛Ó˚D

~Ü˛!ê˛ Ü˛!ë˛ö !fli!ï˛fliy˛õÜ˛ òˆÏ[˛Ó˚ ˆ«˛ˆÏe ˛õ!Ó˚Óï≈˛ö ˆÜ˛Ó°üye ˜òˆÏâ≈ƒ•z •Î˚– ˜òˆÏâ≈ƒÓ˚ ≤Ã§yÓ˚î Óy §ˆÏB˛yã˛ö

âê˛ˆÏ° ≤ÃˆÏfli ÎÌye´ˆÏü §ˆÏB˛yã˛ö Ä ≤Ã§yÓ˚î âˆÏê˛ñ ú˛ˆÏ° xyÎ˚ï˛ö ≤ÃyÎ˚ !fliÓ˚ ÌyˆÏÜ˛– Ü˛yˆÏç•z ≤ÃÓy•#Ó˚ ˆ«˛ˆÏe

ÓƒÓ•*ï˛ xyÎ˚Èï˛ö =îyˆÏB˛Ó˚ fliyˆÏö ~áyˆÏö xyüÓ˚y ˆöÓ •zÎ˚ÇÈÙÈ=îyB˛ xÌ≈yÍ Y =                             ï˛y•ˆÏ°

8.7 §ü#Ü˛Ó˚ˆÏîÓ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ Ó˚*˛õ •ˆÏÓ

22

22
∂∂ =
∂∂

Y
tx
ψψ

ρ

......8.10

xö%̃ Ïòâ≈ƒ ̨õ#í ¸̨ö

xö)%̃ Ïòâ≈ƒ !ÓÜ,̨ !ï˛
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~!ê˛•z òˆÏ[˛Ó˚ üˆÏôƒ ≤ÃÓy!•ï˛ ï˛Ó˚ˆÏDÓ˚ §ü#Ü˛Ó˚î– ~Ó˚ ˆÌˆÏÜ˛ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ à!ï˛ˆÏÓà

Yν
ρ

= ....8.10a

ˆòáy ÎyˆÏFåÈ ˆÎñ ν  ~Ó˚ üyö òˆÏ[˛Ó˚ ≤ÃfliˆÏFåÈˆÏòÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° öÎ˚–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 2

~Ü˛!ê˛ •zflõyˆÏï˛Ó˚ òˆÏ[˛Ó˚ ˆ«˛ˆÏe Y = 1·95 × 1011Nm–2 ~ÓÇ 

ρ

 = 7800kgm–3 òˆÏ[˛Ó˚ üˆÏôƒ ¢ˆÏ∑Ó˚

ˆÓà !öî≈Î˚ Ü˛Ó˚&ö–

í˛z˛õˆÏÓ˚Ó˚ xö%¢#°ö#!ê˛ Ü˛Ó˚ˆÏ° xy˛õ!ö ˆòáˆÏï˛ ˛õyˆÏÓö ˆÎñ xö%˜Ïòâ≈ƒ ï˛Ó˚D ï˛Ó˚° !Ü˛ÇÓy àƒy§ xˆÏ˛õ«˛y Ü˛!ë˛ö

˛õòyˆÏÌ≈Ó˚ o&ï˛ ≤Ã§y!Ó˚ï˛ •Î˚– ~•z Ü˛yÓ˚ˆÏî °¡∫y ˆ°y•yÓ˚ öˆÏ°Ó˚ ~Ü˛≤ÃyˆÏhsˇ xyâyï˛ Ü˛Ó˚ˆÏ° ï˛yÓ˚ ¢∑ ÓyÎ˚%Óy!•ï˛

•ˆÏÎ˚ xy§yÓ˚ xyˆÏà•z öˆÏ°Ó˚ ôyï%˛Ó˚ üôƒ !òˆÏÎ˚ Óy!•ï˛ •ˆÏÎ˚ xyˆÏ§ ~ÓÇ ◊&!ï˛ˆÏàyã˛Ó˚ •Î˚È–

8.3 ï˛Ó˚D≤ÃÓy• ~ÓÇ ≤Ã!ï˛ˆÏÓ˚yôï˛Ó˚D≤ÃÓy• ~ÓÇ ≤Ã!ï˛ˆÏÓ˚yôï˛Ó˚D≤ÃÓy• ~ÓÇ ≤Ã!ï˛ˆÏÓ˚yôï˛Ó˚D≤ÃÓy• ~ÓÇ ≤Ã!ï˛ˆÏÓ˚yôï˛Ó˚D≤ÃÓy• ~ÓÇ ≤Ã!ï˛ˆÏÓ˚yô     (Impedance)

ˆÜ˛yö üyôƒˆÏü Îáö ï˛Ó˚ˆÏDÓ˚ §,!‹T •Î˚ñ ï˛áö üyôƒˆÏüÓ˚ Ó›Ü˛îyÓ˚ ï˛Ó˚Dà!ï˛Ó˚ ú˛ˆÏ° í˛zÍ˛õß¨ ˆÓà ˙ ï˛Ó˚D

í˛zÍ˛õyòˆÏöÓ˚ çöƒ ≤ÃÎ%_´ ÓˆÏ°Ó˚ §üyö%˛õyï˛# •Î˚– xy˛õ!ö •Î˚ï˛ çyˆÏöö ˆÎñ ˜Óò%ƒ!ï˛Ü˛ Óï≈˛ö#ˆÏï˛ ˛õ!Ó˚Óï˛#≈

ï˛!í˛¸Fã˛y°Ü˛ Ó° ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏ° Óï≈˛ö#Ó˚ üˆÏôƒ ˛õÓ˚Óï˛#≈ ≤ÃÓyˆÏ•Ó˚ §,!‹T •Î˚– ~ÓÇ ≤ÃÎ%_´ ï˛!í˛¸Fã˛y°Ü˛ Ó°Ä ≤ÃÓyˆÏ•Ó˚

xö%˛õyï˛ˆÏÜ˛ Óï≈˛ö#Ó˚ ≤Ã!ï˛ˆÏÓ˚yô (Impedance) Ó°y •Î˚– ˜Óò%ƒ!ï˛Ü˛ Óï≈˛ö#Ó˚ ≤Ã!ï˛ˆÏÓ˚yô Óï≈˛ö#Ó˚ ï˛!í˛¸Í ≤ÃÓyˆÏ•

Ü˛ï˛ê˛y Óyôy ˆòÎ˚ ï˛yÓ˚•z ˛õ!Ó˚üy˛õ– xö%Ó˚*˛õû˛yˆÏÓñ ï˛Ó˚D í˛zÍ˛õyòöÜ˛yÓ˚# Ó°Ä Ó›Ü˛îyÓ˚ ˆÓˆÏàÓ˚ !ÓhflÏyˆÏÓ˚Ó˚

xö%˛õyï˛ˆÏÜ˛ ï˛Ó˚D ≤Ã!ï˛ˆÏÓ˚yô (wave impedance) Ó°y •Î˚ ~ÓÇ ~•z ï˛Ó˚D ≤Ã!ï˛ˆÏÓ˚yô üyôƒü!ê˛ ï˛Ó˚D §MÈ˛yÓ˚î

Ü˛ï˛ê˛y ÓyôyÓ˚ §,!‹T Ü˛ˆÏÓ˚ ï˛yÓ˚•z ˛õ!Ó˚üy˛õ– ê˛yöy ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ~«˛ˆÏe ~•z ≤Ã!ï˛ˆÏÓ˚yôˆÏÜ˛ xyüÓ˚y ï˛yˆÏÓ˚Ó˚

!Ó!¢‹T (characteristic) ≤Ã!ï˛ˆÏÓ˚yô Ó!°– xö%≤Ãfli ¢∑ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ~!ê˛ •Î˚ üyôƒˆÏüÓ˚ ¢∑ (acoustic)

≤Ã!ï˛ˆÏÓ˚yô–

≤ÃŸ¿ í˛zë˛ˆÏï˛ ˛õyˆÏÓ˚ñ ~•z ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ §,!‹T •Î˚ ˆÜ˛ö⁄ xy§ˆÏ° üyôƒˆÏüÓ˚ ≤Ã!ï˛!ê˛ Ó›Ü˛îyÓ˚ à!ï˛ ï˛yÓ˚ ˛õÓ˚Óï˛#≈

Ó›Ü˛îyˆÏÜ˛ ≤Ãû˛y!Óï˛ Ü˛ˆÏÓ˚– ˆÎ Ü˛îy!ê˛ xˆÏ®y!°ï˛ •ˆÏFåÈ ˆ§!ê˛ ˛õÓ˚Óï˛#≈ Ü˛îy!ê˛ˆÏÜ˛ÈÙÈà!ï˛¢#° Ü˛Ó˚yÓ˚ çöƒ ˆ§!ê˛ˆÏï˛

¢!_´ •hflÏyhsˇÓ˚ Ü˛ˆÏÓ˚ñ xyÓyÓ˚ ˆÎ Ü˛îy !fliÓ˚ xyˆÏåÈ ˆ§!ê˛ ˛õÓ˚Óï˛#≈ Ü˛îyÓ˚ à!ï˛ ü!®ï˛ Ü˛ˆÏÓ˚– ~•zû˛yˆÏÓ ≤Ã!ï˛!ê˛ Ü˛îy

~Ü˛!ê˛ ˛õÿ˛yÍÜ˛£Ï≈î (drag) xö%û˛Ó Ü˛ˆÏÓ˚– ~•z Ó°•z ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ Ü˛yÓ˚î ~ÓÇ ~!ê˛ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ≤ÃÎ%_´ ÓˆÏ°Ó˚

§üüyö–

xyüÓ˚y ~áö Ü˛ï˛Ü˛=!° !ÓˆÏ¢£Ï í˛zòy•Ó˚î xyˆÏ°yã˛öy Ü˛Ó˚Ó–
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8.3.1 xö%≤Ãfli ï˛Ó˚ˆÏD ê˛yöy ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ˆÏÓ˚yôxö%≤Ãfli ï˛Ó˚ˆÏD ê˛yöy ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ˆÏÓ˚yôxö%≤Ãfli ï˛Ó˚ˆÏD ê˛yöy ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ˆÏÓ˚yôxö%≤Ãfli ï˛Ó˚ˆÏD ê˛yöy ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ˆÏÓ˚yôxö%≤Ãfli ï˛Ó˚ˆÏD ê˛yöy ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ˆÏÓ˚yô

!ã˛e 8.3-ˆòy°à!ï˛ Ó° F = F0cos

ω

0t ≤Ãû˛yˆÏÓ xyˆÏ®y!°ï˛ ~Ü˛!ê˛ ï˛yˆÏÓ˚Ó˚ !ã˛e

ôÓ˚&öñ x x«˛ ÓÓ˚yÓÓ˚ ~Ü˛!ê˛ ê˛yöy ï˛yˆÏÓ˚Ó˚ x = 0 !Ó®%ˆÏï˛ ~Ü˛!ê˛ ˆòy°à!ï˛ Ó° F = F0 cos

ω
0t  ≤ÃˆÏÎ˚yà

Ü˛ˆÏÓ˚ ˙ ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚D §,!‹T Ü˛Ó˚y •° (8.3 !ã˛e) – ˆÎ ˆÜ˛yöÄ §üÎ˚ t ˆï˛ x xÓfliyˆÏö ï˛yˆÏÓ˚Ó˚ Ü˛îyÓ˚

§Ó˚ˆÏîÓ˚ §ü#Ü˛Ó˚î •ˆÏÓ–

y(x, t) = a sin(

ω

0t – kx) ...8.11

~•z §ü#Ü˛Ó˚î!ê˛Ó˚ §ˆÏD !öÿ˛Î˚•z xy˛õöyÓ˚ ˛õ!Ó˚ã˛Î˚ xyˆÏåÈ–

ôÓ˚y ÎyÜ˛ñ ï˛yˆÏÓ˚Ó˚ ê˛yö T– xï˛~Óñ F0 cos

ω

0t = – Tsin

θ

ˆÎˆÏ•ï%˛ x = 0 !Ó®%ˆÏï˛ ï˛yˆÏÓ˚Ó˚ Ó›Ü˛îyÓ˚ í˛z˛õÓ˚ °!∏˛ Ó° ¢)öƒ •ˆÏÓ

xï˛~Óñ F0 cos

ω

0t + T sin

θ

x = 0= 0

θ

 ~Ó˚ üyö «%˛o •ˆÏ° ôÓ˚y ÎyÎ˚ sin

θ

≈ tan

θ

ˆ§ˆÏ«˛ˆÏe xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ F0cos

ω

0t = – Ttan

θ

x = 0 ...8.12

~•z ö!ï˛Ó˚ (tan

θ

) üyö!ê˛ x = 0 ˆï˛ ≤ÃˆÏÎyçƒ–

8.11 §ü#Ü˛Ó˚ˆÏîÓ˚ §y•yˆÏÎƒ xyüÓ˚y 

dy
dx

~ÓÇ 

dy
dt

~Ó˚ üˆÏôƒ §¡∫¶˛ ˛õy•z≠

dy
dx

= – ka cos(

ω

0t – kx) ~ÓÇ 

dy
dt

= 

ω

0a cos(

ω

0t – kx)
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xÌ≈yÍñ 

0
=− dykdy

dxdt ω

~•z üyö 8.12 ~ Ó!§ˆÏÎ˚ xyüÓ˚y ˛õy•z

F0cosω0t = 

00=

⎛⎞
⎜⎟ ⎝⎠x

kTdy
dt ω

!Ü˛v ˆÎˆÏ•ï%˛
0x

dy
dt =

⎛ ⎞
⎜ ⎟⎝ ⎠ = a

ω

0 cos

ω

0t.

xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ F0 cos

ω

0t =

0

Tk
ω

a

ω

0 cos

ω

0t = 

T
ν

a

ω

0cos

ω

0t, ˆÎáyˆÏö 

0

k
ω ν=

Î!ò ˆ°áy ÎyÎ˚ a ω0 = 

ν

0 
ˆÎáyˆÏö 

ν

0 
= ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚ !ÓhflÏyÓ˚ (velocity amplitude)

ï˛y•ˆÏ°ñ F0cos

ω

0t = 

0
0 cos Tt νω

ν

xÌÓyñ F0= 

0 Tν
ν

 !Ü˛ÇÓyñ 

0

0

FT
νν

=

...8.13

í˛z˛õˆÏÓ˚Ó˚ §ü#Ü˛Ó˚î!ê˛ ≤ÃÎ%_´ ÓˆÏ°Ó˚ !ÓhflÏyÓ˚ ~ÓÇ Ü˛îyÓ˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ xö%˛õyï˛ˆÏÜ˛ ï˛yˆÏÓ˚Ó˚

ê˛yö ~ÓÇ Ü˛îyÓ˚ ˆÓˆÏàÓ˚ xö%˛õyï˛ Ó˚*ˆÏ˛õ ≤ÃÜ˛y¢ Ü˛Ó˚ˆÏåÈ– ~•z §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ï˛yˆÏÓ˚Ó˚ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô ˛õyÄÎ˚y

ÎyÎ˚– Z ~Ó˚ §ÇK˛y xö%ÎyÎ˚#

Z =

8.13 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ üyö Ó!§ˆÏÎ˚

Z = 

0

0

FT
νν

=

...8.14

8.7a §)e ˆÌˆÏÜ˛ñ 

T
m

ν=

ˆÎáyˆÏöñ m = ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛Ó˚

§%ï˛Ó˚yÇñ 8.14 §ü#Ü˛Ó˚îˆÏÜ˛ xy˛õ!ö !°áˆÏï˛ ˛õyˆÏÓ˚ö ≠

Z = 
T Tm
ν

= ...8.15a

≤ÃÎ%_´ ÓˆÏ°Ó˚ !ÓhflÏyÓ˚ (F0)
ôÓ˚ˆÏD !ï˛Î≈à ˆÓˆÏàÓ˚ !ÓhflÏyÓ˚ (V0)
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xÌÓy T ˆÜ˛ x˛õ§yÓ˚î Ü˛Ó˚ˆÏï˛ ã˛y•zˆÏ°

Z = 
2m mν ν

ν
= ...8.15b

8.15a §)e ˆÌˆÏÜ˛ xy˛õ!ö Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏåÈö ˆÎñ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô ï˛yˆÏÓ˚Ó˚ ≤Ã!ï˛ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛Ó˚ ~ÓÇ

ï˛yˆÏÓ˚Ó˚ ê˛yˆÏöÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~Ó˚˛xÌ≈ ~•z ˆÎñ ~Ü˛!ê˛ ˆ§yˆÏöy!üê˛yˆÏÓ˚Ó˚ (Sonemeter) ï˛yˆÏÓ˚Ó˚ ≤ÃyˆÏhsˇ !Ó!û˛ß¨

û˛Ó˚ ã˛y˛õyˆÏ° ï˛yÓ˚ ≤Ã!ï˛ˆÏÓ˚yôÄ !Ó!û˛ß¨ •Ó– 8.15b §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xyÓ˚ çyöˆÏï˛ ˛õyÓ˚!åÈ ˆÎñ Z ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚

§ˆÏD §¡õÜ≈˛Î%_´ ÓˆÏ°ñ Z üyôƒˆÏüÓ˚ çí˛¸c ~ÓÇ !fli!ï˛fliy˛õÜ˛ï˛yÓ˚ Ä˛õÓ˚Ä !öû≈˛Ó˚¢#°–

°«˛ƒ Ü˛Ó˚&ö ≤Ã!ï˛ˆÏÓ˚yô Z ~Ó˚ ~Ü˛Ü˛ Nm–1s xÌÓy kgs–1–

xö%¢#°ö# ÈÙxö%¢#°ö# ÈÙxö%¢#°ö# ÈÙxö%¢#°ö# ÈÙxö%¢#°ö# ÈÙ 3

~Ü˛!ê˛ ï˛yÓ˚ˆÏÜ˛ 80N ÓˆÏ°Ó˚ §y•yˆÏÎƒ ˆê˛ˆÏö Ó˚yáy xyˆÏåÈ– ï˛yÓ˚!ê˛Ó˚ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô !öî≈Î˚ Ü˛Ó˚&ö– ï˛yˆÏÓ˚Ó˚

≤Ã!ï˛ !üê˛yˆÏÓ˚Ó˚ û˛Ó˚ 2g– ~•z ï˛yˆÏÓ˚ 25cms–1 !ÓhflÏyˆÏÓ˚Ó˚ xö%≤Ãfli ˆÓà §,!‹T Ü˛Ó˚ˆÏï˛ Ü˛ï˛ !ÓhflÏyˆÏÓ˚Ó˚ Ó° °yàˆÏÓ⁄

8.3.2 ¢∑ï˛Ó˚ˆÏD àƒy§#Î˚ üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô¢∑ï˛Ó˚ˆÏD àƒy§#Î˚ üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô¢∑ï˛Ó˚ˆÏD àƒy§#Î˚ üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô¢∑ï˛Ó˚ˆÏD àƒy§#Î˚ üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô¢∑ï˛Ó˚ˆÏD àƒy§#Î˚ üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô

àyˆÏ§Ó˚ !û˛ï˛Ó˚ !òˆÏÎ˚ Îáö ¢∑ï˛Ó˚D ≤ÃÓy!•ï˛ •Î˚ñ ï˛áö ï˛Ó˚ˆÏDÓ˚ x!ï˛!Ó˚_´ ã˛y˛õ•z xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe

≤ÃÎ%_´ ÓˆÏ°Ó˚ û)˛!üÜ˛y @ˇÃ•î Ü˛ˆÏÓ˚–

xï˛~Óñ ¢∑≤Ã!ï˛ˆÏÓ˚yôˆÏÜ˛ Ó°y ÎyÎ˚

Z =                               = 
t

ρ
ψ
Δ

∂
∂

...8.16

Îáö ~Ü˛!ê˛ üyôƒü !òˆÏÎ˚ xö%˜Ïòâ≈ƒ ï˛Ó˚D §MÈ˛y!Ó˚ï˛ •Î˚ñ ï˛áö üyôƒˆÏü xö%û%˛ï˛ x!ï˛!Ó˚_´ ã˛y˛õ

E
x
ψ ρ∂ Δ=−
∂

~áyˆÏö E = üyôƒˆÏüÓ˚ xyÎ˚ï˛ö =îyB˛– ~•z §¡õÜ≈˛!ê˛ xyüÓ˚y 8.2.2. xÇˆÏ¢ xyˆÏà•z ≤Ã!ï˛!¤˛ï˛ Ü˛ˆÏÓ˚!åÈ–

Ü˛yˆÏç•z Z ~Ó˚ üyö !öî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏ° xyüyˆÏòÓ˚ 

t
ψ∂
∂

~ÓÇ Ç

x
ψ∂
∂

í˛zû˛Î˚•z !öî≈Î˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ– ï˛y Ü˛Ó˚ˆÏï˛ •ˆÏ°

xyüyˆÏòÓ˚ üˆÏö Ó˚yáˆÏï˛ •ˆÏÓ ˆÎñ + x !òˆÏÜ˛ §MÈ˛y!Ó˚ï˛ xö%˜Ïôâ≈ƒÈÙÈï˛Ó˚ˆÏDÓ˚ Ü˛îyÓ˚ §Ó˚î

Ψ

(x, t) = asin

() 2tx πν
λ

⎡⎤ − ⎢⎥ ⎣⎦

x ~ÓÇ t ~Ó˚ §yˆÏ˛õˆÏ«˛ xÓÜ˛°ö Ü˛Ó˚ˆÏ°

() 22 cos atx
x
ψππν

λλ
∂⎡⎤ =−− ⎢⎥ ∂⎣⎦

...8.17

¢∑ï˛Ó˚D ç!öï˛ x!ï˛!Ó˚_´ ã˛y˛õ

Ü˛öyÓ˚ à!ï˛ˆÏÓà
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~ÓÇ 

() 22 cos atx
t
ψπνπν

λλ
∂⎛⎞⎡⎤ =− ⎜⎟⎢⎥ ∂⎝⎠⎣⎦

...8.19

∆p ~Ó˚ Ó˚y!¢üy°yÓ˚ ˆÌˆÏÜ˛ ˛õy•zñ

() 22 cos() pEavtx ππ Δλλ
⎡⎤ =− ⎢⎥ ⎣⎦

...8.19

8.19 ~ÓÇ 8.18-~Ó˚ üyö 8.16 ~ Ó!§ˆÏÎ˚ ˛õyÄÎ˚y ÎyÎ˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yô

Z = 

()()
()

22 cos
22 cos

EatxE

atx t

ππ
λλν ρ

ψπνπν ν
λλ

⎡⎤ − Δ⎣⎦ == ∂⎛⎞⎡⎤ − ∂⎜⎟⎢⎥ ⎝⎠⎣⎦

...8.20

~áy Ï̂ö ν = ï˛Ó˚D ˆÓà–

í˛z˛õˆÏÓ˚Ó˚ §)e ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎ ¢∑ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ ~Ü˛Ü˛ •° Nm–3s(8.7a) xö%§yˆÏÓ˚ xy˛õöyÓ˚y !öÿ˛Î˚

çyˆÏöö ˆÎ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆÓà

E ν
ρ

=
ˆÎáyˆÏö ρ = üyôƒˆÏüÓ˚ âöc–

xï˛~Óñ ¢∑ ≤Ã!ï˛ˆÏÓ˚yôˆÏÜ˛ ~û˛yˆÏÓÄ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚≠

Z = 

EEρρν
ν

==

...8.21

ˆòáy ÎyˆÏFåÈ ˆÎñ ¢∑ ≤Ã!ï˛ˆÏÓ˚yôˆÏÜ˛ üyôƒˆÏüÓ˚ âöc ~ÓÇ ï˛Ó˚DˆÏÓˆÏàÓ˚ =îú˛°Ó˚*ˆÏ˛õ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚– ¢∑

≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ ~Ü˛Ü˛!ê˛ xy˛õ!ö !öî≈Î˚ Ü˛ˆÏÓ˚ ˆòáˆÏï˛ ˛õyˆÏÓ˚ö– ~•z ~Ü˛Ü˛!ê˛ •° Nm–3s–  ~Ó˚ ˛õˆ ÏÓ ˚

xy˛õöyÓ˚y í˛z˛õˆÏÓ˚Ó˚ °∏˛ ú˛°=!° ~Ü˛!ê˛ ï˛Ó˚ˆÏDÓ˚ ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛ !ÓhflÏyÓ˚ ~ÓÇ ¢!_´Ó˚ =îyB˛ !öî≈Î˚ Ü˛Ó˚ˆÏï˛

ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏÓö–

xö%¢#°ö ÈÙÈ xö%¢#°ö ÈÙÈ xö%¢#°ö ÈÙÈ xö%¢#°ö ÈÙÈ xö%¢#°ö ÈÙÈ 4

≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ ÓyÎ˚%üyôƒˆÏüÓ˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yô !öî≈Î˚ Ü˛Ó˚&ö– ˆòÄÎ˚y xyˆÏåÈñ ρ = 1·29kgm–3 ~ÓÇ

ν

=

332ms–1– ¢∑ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ üyö ç° xÌÓy Óyï˛y§ñ ˆÜ˛yö‰ üyôƒˆÏüÓ˚ ˆ«˛ˆÏe ˆÓ!¢ •ˆÏÓ⁄ xy˛õöyÓ˚ í˛z_ˆÏÓ˚Ó˚

Ü˛yÓ˚î !°á%ö–
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8.4 !müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D!müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D!müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D!müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D!müy!eÜ˛ ~ÓÇ !eüy!eÜ˛ ï˛Ó˚D

xyüÓ˚y ~ ˛õÎ≈hsˇ ê˛yöy ï˛yˆÏÓ˚ §,‹T ~Ü˛üy!eÜ˛ ï˛Ó˚ˆÏDÓ˚ Ü˛Ìy xyˆÏ°yã˛öy Ü˛ˆÏÓ˚!åÈ– ˆ§ ˆ«˛ˆÏe ï˛Ó˚D ï˛yÓ˚ ÓÓ˚yÓÓ˚

≤ÃÓy!•ï˛ •Î˚  ~ÓÇ Ü˛îy=!° xö%≤Ãfliû˛yˆÏÓ xyˆÏ®y!°ï˛ •ˆÏï˛ ÌyˆÏÜ˛– !Ü˛v §Ó ÓyòƒÎsf ï˛yˆÏÓ˚Ó˚ ˜ï˛!Ó˚ •Î˚ öy–

xy˛õöyÓ˚y !öÿ˛Î˚•z ï˛Ó°y ÓyçyˆÏöy ˆòˆÏáˆÏåÈö ~ÓÇ ÷ˆÏöˆÏåÈö– Îáö ~Ü˛!ê˛ ï˛Ó°y xÌÓy ~Ü˛!ê˛ ì˛yˆÏÜ˛Ó˚ ˛õò≈yÎ˚

(membrane) ˆ§•z ˛õò≈yÓ˚ ï˛ˆÏ°Ó˚ °¡∫ ÓÓ˚yÓÓ˚ ây ˆòÄÎ˚y •Î˚ñ ï˛áö ˛õò≈yÓ˚ Ü˛îy=!° ≤ÃÎ%_´ ÓˆÏ°Ó˚ x!û˛ü%ˆÏá

flõ!®ï˛ •ˆÏï˛ ÌyˆÏÜ˛– !Ü˛v ˛õò≈yÓ˚ ê˛yˆÏöÓ˚ çöƒ ~•z !ÓˆÏ«˛yû˛ §yÓ˚y ï˛ˆÏ° åÈ!í˛¸ˆÏÎ˚ ÎyÎ˚– ~Ó˚ xÌ≈ñ ~Ü˛!ê˛ ≤Ã§y!Ó˚ï˛

˛õò≈yÓ˚ (stretched membrane) í˛z˛õˆÏÓ˚ ˆÎ ï˛Ó˚D §,!‹T •Î˚ ï˛y !müy!eÜ˛– ~•z §Ó ˆ«˛ˆÏe §Ó˚î x, y ~ÓÇ

t ~Ó˚ xˆÏ˛õ«˛Ü˛ •ˆÏÓñ xÌ≈yÍ 

Ψ

 = 

Ψ

 (x, y,t) – ~áö xy˛õöyˆÏòÓ˚ üˆÏö ≤ÃŸ¿ çyàˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ !müy!eÜ˛ ï˛Ó˚ˆÏDÓ˚

§ü#Ü˛Ó˚î Ü˛# Ó˚Ü˛ü •ˆÏÓ⁄ ˆû˛Ôï˛ Ü˛yÓ˚î=!° !ÓˆÏÓã˛öy Ü˛ˆÏÓ˚ xyüÓ˚y xöyÎ˚yˆÏ§ 8.4 §ü#Ü˛Ó˚îˆÏÜ˛ ~Ü˛!ê˛ !müy!eÜ˛

§ü#Ü˛Ó˚ˆÏî ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– x ~ÓÇ y x«˛ ÓÓ˚yÓÓ˚ Ó° Îáö !öÓ˚ˆÏ˛õ«˛û˛yˆÏÓ Ü˛yç Ü˛ˆÏÓ˚ñ ï˛áö ≤ÃˆÏï˛ƒˆÏÜ˛Ó˚

çöƒ•z §ü#Ü˛Ó˚ˆÏî §ò,¢ Ó˚y!¢ í˛z˛õ!fliï˛ ÌyÜ˛ˆÏÓ– xï˛~Óñ 8.4  §ü#Ü˛Ó˚îˆÏÜ˛ §ÇˆÏÎyçö Ä ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ !°áˆÏï˛

˛õy!Ó˚ñ

2t
ψ2 ∂

∂

(x, y, t) = 

22

22
E

xy
ψ

ρ
⎛⎞ ∂∂ + ⎜⎟ ⎜⎟ ∂∂ ⎝⎠

(x, y, t) ...8.22

í˛z˛õˆÏÓ˚y_´ §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö •ˆÏFåÈñ

 Ψ (x, y, t) = asin( ω0t – k·r), ˆÎáyˆÏö ...8.23

= 
()()()() ++=+ xyxy

ˆˆˆˆ kikjk.rxiyjkxky
~ÓÇ r2 = x2+y2

xy˛õöyÓ˚ üˆÏö •ˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ ¢∑ ~ÓÇ xyˆÏ°yÜ˛ï˛Ó˚D ~Ü˛!ê˛ í˛zÍ§ ˆÌˆÏÜ˛ !müy!eÜ˛ ï˛ˆÏ° Óƒy§yô≈ ÓÓ˚yÓÓ˚

(radially) åÈ!í˛¸ˆÏÎ˚ ˛õˆÏí˛¸ öy– ~=!° xy§ˆÏ° !eüy!eÜ˛ ï˛ˆÏ° §MÈ˛y!Ó˚ï˛ •Î˚– û)˛Ü˛¡õ ï˛Ó˚D xÌÓy ˆÜ˛yöÄ

!fli!ï˛fliy˛õÜ˛ Ü˛!ë˛ö ˛õòyˆÏÌ≈Ó˚ üˆÏôƒ §MÈ˛y!Ó˚ï˛ !eüy!eÜ˛ ï˛Ó˚ˆÏDÓ˚ Óî≈öy Ü˛# Ü˛ˆÏÓ˚ ˆòÄÎ˚y ÎyÎ˚⁄ xyüyˆÏòÓ˚ !müy!eÜ˛

ï˛Ó˚ˆÏDÓ˚ §ü#Ü˛Ó˚ˆÏîÓ˚ §¡±§yÓ˚î Ü˛ˆÏÓ˚ !eüy!eÜ˛ §ü#Ü˛Ó˚ˆÏî ˆÎˆÏï˛ •Î˚– ~ Ü˛yç!ê˛ xy˛õöyÓ˚ çöƒ ~Ü˛!ê˛

xö%¢#°ö# !•§yˆÏÓ Ó˚•z°–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 5

8.22 §ü#Ü˛Ó˚î!ê˛ˆÏÜ˛ !eüy!eÜ˛ §ü#Ü˛Ó˚ˆÏî Ó˚*˛õyhsˇ!Ó˚ï˛ Ü˛Ó˚&ö–

~ÓyÓ˚ xyüÓ˚y ï˛Ó˚ˆÏDÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ =Ó˚&c˛õ)î≈ ôˆÏü≈Ó˚ Ü˛Ìy xyˆÏ°yã˛öy Ü˛Ó˚Ó– xyˆÏ°yÜ˛ï˛Ó˚ˆÏDÓ˚  ≤Ã!ï˛ú˛°ö Ä

≤Ã!ï˛§Ó˚ˆÏîÓ˚ âê˛öy xy˛õöyˆÏòÓ˚ Ü˛yˆÏåÈ !öÿ˛Î˚•z x!ï˛ ˛õ!Ó˚!ã˛ï˛– ¢∑ï˛Ó˚ˆÏDÓ˚ ≤Ã!ï˛ú˛°ˆÏöÓ˚ ú˛ˆÏ° í˛zÍ˛õß¨

≤Ã!ï˛ôù!öÄ xy˛õöyˆÏòÓ˚ Ü˛yˆÏåÈ x˛õ!Ó˚!ã˛ï˛ öÎ˚– Ü˛yˆÏç•z §yôyÓ˚îû˛yˆÏÓ ï˛Ó˚ˆÏDÓ˚ ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î §¡∫ˆÏ¶˛

xy˛õ!ö !öÿ˛Î˚•z çyöˆÏï˛ ã˛y•zˆÏÓö– xy§%öñ ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚ˆÏîÓ˚ !Ó£ÏÎ˚=!° xyüÓ˚y ày!î!ï˛Ü˛û˛yˆÏÓ ˆòáyÓ˚

ˆã˛‹Ty Ü˛!Ó˚–
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8.5 ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛     (transmitted) ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛ï˛Ó˚D !ÓhflÏyˆÏÓ˚Ó˚ =îyB˛

~Ü˛!ê˛ ï˛Ó˚D Îáö ò%!ê˛ !Ó!û˛ß¨ üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° xyâyï˛ Ü˛ˆÏÓ˚ñ ï˛áö ~Ó˚ !Ü˛å%Èê˛y xÇ¢ ≤Ã!ï˛ú˛!°ï˛ •Î˚

~ÓÇ !Ü˛å%È xÇ¢ ≤Ã!ï˛§,ï˛ •Î˚– !Ó!û˛ß¨ üyôƒü ï˛yˆÏòÓ˚ üˆÏôƒ ≤ÃÓy!•ï˛ ï˛Ó˚ˆÏD !Ó!û˛ß¨ ≤Ã!ï˛ˆÏÓ˚yô §,!‹T Ü˛ˆÏÓ˚– ~áö

xyüÓ˚y ˆòáÓ ˆÎñ ò%!ê˛ üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ •ë˛yÍ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ú˛ˆÏ° ï˛Ó˚ˆÏDÓ˚ !Ü˛Ó˚*˛õ ˛õ!Ó˚Óï≈˛ö

•Î˚– ~çöƒ ≤ÃÌˆÏü xyüÓ˚y xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ Ü˛Ìy xyˆÏ°yã˛öy Ü˛Ó˚Ó–

8.5.1 xö%≤Ãfli ï˛Ó˚Dxö%≤Ãfli ï˛Ó˚Dxö%≤Ãfli ï˛Ó˚Dxö%≤Ãfli ï˛Ó˚Dxö%≤Ãfli ï˛Ó˚D

~Ü˛!ê˛ §Ó˚& ï˛yÓ˚ AO ~ÓÇ xyÓ˚ ~Ü˛!ê˛ ˆüyê˛y ï˛yÓ˚ OB ˆÜ˛ O !Ó®%ˆÏï˛ ç%ˆÏí˛¸ ê˛yö Ü˛ˆÏÓ˚ Ó˚yáy •°– ò%!ê˛

ï˛yˆÏÓ˚Ó˚ ê˛yö•z (T) ~áö §üyö– ôÓ˚y ÎyÜ˛ñ ï˛yÓ˚ ò%!ê˛Ó˚ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô Z1 ~ÓÇ Z2

ôÓ˚&öñ ~Ü˛!ê˛ ï˛Ó˚D x x«˛ ÓÓ˚yÓÓ˚ x@ˇÃ§Ó˚ •ˆÏÎ˚ O !Ó®%ˆÏï˛ xyÇ!¢Ü˛ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ xyÇ!¢Ü˛ ≤Ã!ï˛§,ï˛

•°– xy˛õ!ï˛ï˛ñ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ §Ó˚î ~•zû˛yˆÏÓ ˆ°áy ÎyÎ˚ñ

             yi(x, t) = aisin(

ω

0t – k1x) ...8.24

             yi(x, t) = arsin(

ω

0t + k1x) ...8.25

~ÓÇ      yt(x, t) = atsin(

ω

0t – k2x) ...8.26
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ˆÎáyˆÏö §Ó˚î ~ÓÇ !ÓhflÏyˆÏÓ˚Ó˚ ˛õòyB˛ (Subscripts) i, r  ~ÓÇ t xy˛õ!ï˛ï˛ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚D

ˆÓyé˛yÎ˚– xy˛õöyÓ˚y !öÿ˛Î˚ °«˛ƒ Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏÓö ˆÎñ ~•z ï˛Ó˚D=!°Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ §üyö Ó˚ˆÏÎ˚ˆÏåÈ– ~åÈyí˛¸y

xy˛õ!ï˛ï˛ ~ÓÇ ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ §MÈ˛Ó˚î ô &ÓÜ˛ (propagation constant) ~Ü˛•zñ !Ü˛v ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚

ˆ«˛ˆÏe ~!ê˛ xy°yòy– xy˛õ!ö !Ü˛ ~Ó˚ Ü˛yÓ˚î ˆÓyé˛yÓ˚ ˆã˛‹Ty Ü˛ˆÏÓ˚ˆÏåÈö⁄ ~Ó˚ Ü˛yÓ˚î •ˆÏFåÈ ˆÎñ üyôƒˆÏüÓ˚ ˛õ!Ó˚Óï≈˛ö

•ˆÏ°•z ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚ Ä ï˛Ó˚D ˜òˆÏâ≈ƒÓ˚ ˛õ!Ó˚Óï˛≈ö âˆÏê˛– xy˛õ!ö !öÿ˛Î˚ xyÓ˚Ä °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ≤Ã!ï˛ú˛!°ï˛

ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe xyüÓ˚y k1x ~Ó˚ xyˆÏà ôöydÜ˛ !ã˛•´ !òˆÏÎ˚!åÈ– ~Ó˚ Ü˛yÓ˚îñ ~•z ï˛Ó˚D!ê˛ x ~Ó˚ }îydÜ˛ !òˆÏÜ˛

x@ˇÃ§Ó˚ •ˆÏFåÈ–

≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î =îyˆÏB˛Ó˚ ≤ÃÜ,˛ï˛ xÌ≈ Ó%é˛ˆÏï˛ •ˆÏ° xyüyˆÏòÓ˚ §#üyhsˇ ¢ï≈˛yÓ°# (boundary

conditions) ÓƒÓ•yÓ˚ Ü˛Ó˚ˆÏï˛ •ˆÏÓ–

ò%•z üyôƒˆÏüÓ˚ §ÇˆÏÎyàfliˆÏ° ≤ÃÌü üyôƒˆÏü Ü˛îyÓ˚ ˆüyê˛ §Ó˚î ~ÓÇ ê˛yˆÏöÓ˚ xö%≤Ãfli í˛z˛õyÇˆÏ¢Ó˚ ˆüyê˛ üyö

ÎÌye´ˆÏü !mï˛#Î˚ üyôƒˆÏüÓ˚ Ü˛îyÓ˚ ˆüyê˛ §Ó˚î Ä ê˛yˆÏöÓ˚ xö%≤Ãfli í˛z˛õyÇˆÏ¢Ó˚ §üyö •ˆÏÓ– ˆÎˆÏ•ï%˛ xy˛õï˛ˆÏöÓ˚

!òˆÏÜ˛Ó˚ üyôƒˆÏü xy˛õ!ï˛ï˛ Ä ≤Ã!ï˛ú˛!°ï˛ ~•z ò%•z ï˛Ó˚D ~ÓÇ xöƒ !òˆÏÜ˛Ó˚ üyôƒˆÏü ˆÜ˛Ó°üye ≤Ã!ï˛§,ï˛ ï˛Ó˚D

xyˆÏåÈñ ~ˆÏ«˛ˆÏe §#üyhsˇ ¢ï≈˛=!° •°≠

ò%•z üyôƒˆÏüÓ˚ §ÇˆÏÎyàfliˆÏ°ñ xÌ≈yÍ x = 0 !Ó®%ˆÏï˛

1. xy˛õ!ï˛ï˛ Ä ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ §Ó˚ˆÏîÓ˚ ˆÎyàú˛° =  ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ §Ó˚îñ

2. xy˛õ!ï˛ï˛ Ä ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ ê˛yˆÏöÓ˚ xö%≤Ãfli í˛z˛õyÇ¢=!°Ó˚ ˆÎyàú˛° = ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ ê˛yˆÏöÓ˚

xö%≤Ãfli í˛z˛õyÇ¢–

~•z ò%!ê˛ ¢ï≈˛ ˆÌˆÏÜ  ˛õy•zñ

yi(x, t)

|

x=0+ yr(x, t)

|

x = 0 yt(x, t)

|

x = 0 ...8.27

~ÓÇ

000
it r

xxx
yy y |T|T|
xxx ===

Τ∂∂ ∂ −−=−
∂∂∂

...8.28

§ü#Ü˛Ó˚î 8.24, 8.25, 8.26 ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ 8.27 ¢ï≈˛ ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ñ

aisin

ω

0t + arsin

ω

0t = atsin

ω

0t

xÌÓy ai + ar = at ...8.29

xyÓyÓ˚ 8.28 ¢ï≈˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˛õyˆÏÓöñ

aik1Tcos

ω

t – ark1Tcos

ω

t =ark2Tcos

ω

t

xÌÓy k1T(ai – ar) = k2Tat ...8.30
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xyüÓ˚y çy!ö ˆÎñ

k1 T = 

1
1

222 == TTZ ππνπν
λυ

(8.15a §ü#Ü˛Ó˚î xö%ÎyÎ˚#)

~áyˆÏö Z1 = ≤ÃÌü üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yô– ~Ü˛•zû˛yˆÏÓ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚

k2T = 2π

ν

Z2 ˆÎáyˆÏö Z2 

→

!mï˛#Î˚ üyôƒü Ü˛ï,≈˛Ü˛ ≤Ãò_ ≤Ã!ï˛ˆÏÓ˚yô

~•z ú˛°=!° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ xyüÓ˚y §ü#Ü˛Ó˚î 8.30 - ˆÜ˛ !°áˆÏï˛ ˛õy!Ó˚ñ

2

πν

Z1(ai – ar) = 2

πν

Z2at

xÌÓy Z1(ai– ar) = Z2at ...8.31

(8.29) ~ÓÇ (8.31) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xy˛õ!ö §•ˆÏç•z 

r

i

a
a

~ÓÇ 

t

i

a
a

 xö%˛õyï˛ !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö– ~•z

xö%˛õyï˛=!° ˆÌˆÏÜ˛ xyüÓ˚y xy˛õ!ï˛ï˛ !ÓhflÏyˆÏÓ˚Ó˚ Ü˛ï˛ê˛y xÇ¢ ≤Ã!ï˛ú˛!°ï˛ •ˆÏFåÈ xyÓ˚ Ü˛ï˛ê˛y xÇ¢ ≤Ã!ï˛§,ï˛

•ˆÏFåÈ ï˛yÓ˚ üyö çyöˆÏï˛ ˛õy!Ó˚– ~•z xö%˛õyï˛=!°ˆÏÜ˛ Ó°y •Î˚ ≤Ã!ï˛ú˛°ö ~ÓÇ ≤Ã!ï˛§Ó˚ˆÏîÓ˚ (transmission)

!ÓhflÏyÓ˚ =îyB˛– xyüÓ˚y ~ ò%!ê˛ˆÏÜ˛ R12 ~ÓÇ T12 myÓ˚y ≤ÃÜ˛y¢ Ü˛Ó˚Ó≠

R12 = 

12

12

r

t

aZZ
aZZ

− =
+

...8.32

~ÓÇ T12 = 1

1 2

2t

i

a Z
a Z Z

=
+ ...8.33

xyüÓ˚y ˆòáˆÏï˛ ˛õy!FåÈ ˆÎñ ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î !ÓhflÏyÓ˚ =îyB˛ üyôƒü ò%!ê˛Ó˚ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ í˛z˛õÓ˚ !öû≈˛Ó˚

Ü˛ˆÏÓ˚–

~áö 8.32 ~ÓÇ 8.33 §ü#Ü˛Ó˚î=!° ˆÌˆÏÜ˛ ≤ÃyÆ ú˛°=!°Ó˚ xÌ≈ !öî≈ˆÏÎ˚Ó˚ ˆã˛‹Ty Ü˛Ó˚y ÎyÜ˛–

(i) üˆÏö Ü˛Ó˚y ÎyÜ˛ñ ï˛yÓ˚!ê˛Ó˚ ~Ü˛≤Ãyhsˇ ˆòÄÎ˚yˆÏ° xyê˛Ü˛yˆÏöy xyˆÏåÈ– ~Ó˚xÌ≈ •°ñ !mï˛#Î˚ üyôƒü!ê˛ xï˛ƒhsˇ

û˛yÓ˚# xÌ≈yÍ Z2 = ∞– ~ˆÏ«˛ˆÏe R12 = – 1 ~ÓÇ T12 = 0– ú˛°fl∫Ó˚*˛õ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ñ

ar= –ai ~ÓÇ at= 0 xÌ≈yÍñ ˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ xy˛õ!ï˛ï˛ !ÓhflÏyˆÏÓ˚Ó˚ üyö ~Ü˛•z !Ü˛v !ã˛•´ !Ó˛õÓ˚#ï˛

~ÓÇ ≤Ã!ï˛§,ï˛ ˆÜ˛yöÄ ï˛Ó˚D ˆö•z– ~Ó˚ xÌ≈ñ xy˛õ!ï˛ï˛ ï˛Ó˚D xï˛ƒhsˇ âö üyôƒü ˆÌˆÏÜ˛ ≤Ã!ï˛ú˛!°ï˛

•ˆÏ° 

π

ò¢yÓ˚ ˛˛õ!Ó˚Óï≈˛ö •Î˚–

(ii) Îáö Z2 > Z1 xÌ≈yÍñ !mï˛#Î˚ ï˛yÓ˚ üyôƒü!ê˛ âöï˛Ó˚ñ R12 ï˛áöÄ }îydÜ˛ •ˆÏÓ– ~Ó˚ xÌ≈ñ ~ˆÏ«˛ˆÏeÄ

≤Ã!ï˛ú˛ˆÏ°öÓ˚ ˛õˆÏÓ˚ 

π

 ò¢y ˛õ!Ó˚Óï≈˛ö •ˆÏÓ– ï˛ˆÏÓ ~áyˆÏö xy˛õ!ï˛ï˛ ï˛Ó˚D xÇ¢ï˛ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ

xÇ¢ï˛ ≤Ã!ï˛§,ï˛ •ˆÏÓ–

(iii) Îáö Z2 < Z1, R12 ôöydÜ˛ xÌ≈yÍñ ~ˆÏ«˛ˆÏe ≤Ã!ï˛ú˛°ˆÏöÓ˚ ˛õˆÏÓ˚ ò¢yÓ˚ ˆÜ˛yöÄ ˛õ!Ó˚Óï≈˛ö •Î˚ öy–

~ˆÏ«˛ˆÏeÄ ï˛Ó˚D ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ •Î˚–
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(iv) Îáö Z1 = Z2, R12 = 0 xÌ≈yÍ ˆÜ˛yöÄ ˛≤Ã!ï˛ú˛°ö âˆÏê˛ öy– ~ˆÏ«˛ˆÏe T12 = 1 ~ÓÇ ai = at

~Ó˚ xÌ≈ ~•z ˆÎñ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ !ÓhflÏyÓ˚ xy˛õ!ï˛ï˛ ï˛Ó˚ˆÏDÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ §üyö– ï˛Ó˚D!ê˛ ~ˆÏ«˛ˆÏe ò%•z

üyôƒˆÏüÓ˚ §#üyˆÏhsˇÓ˚ x!hflÏc xö%û˛Ó Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ öy–

(i), (ii), (iii) ̂ ÌˆÏÜ˛ ~!ê˛ §%flõ‹T •ˆÏFåÈ ̂ Îñ Ü˛ü ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ ~Ü˛!ê˛ üyôƒˆÏü ≤ÃÓy•# ï˛Ó˚D í˛zFã˛ ≤Ã!ï˛ˆÏÓ˚yôÎ%_´

ˆÜ˛yöÄ üyôƒˆÏüÓ˚ SÓyï˛y§ ˆÌˆÏÜ˛ ç°V !ÓˆÏû˛òï˛° ˆ˛õÔÑåÈˆÏ° ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ 

π

 ò¢yÓ˚ ˛õ!Ó˚Óï≈˛ö âˆÏê˛–

!Ü˛v í˛zFã˛ ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ üyôƒˆÏü ≤ÃÓy•# ï˛Ó˚D Îáö Ü˛ü ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ ˆÜ˛yöÄ üyôƒˆÏüÓ˚ !ÓˆÏû˛ò ï˛ˆÏ° ˆ˛õÔÑåÈyÎ˚

Sç° ˆÌˆÏÜ˛ Óyï˛y§V ï˛áö ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ ˆÜ˛yöÄ ò¢yÓ˚ ˛õ!Ó˚Óï≈˛ö •Î˚ öy– xy˛õöyÓ˚y !öÿ˛Î˚ °«˛ƒ

Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ T12 §ü§üÎ˚ ôöydÜ˛ ÌyÜ˛ˆÏåÈ– xÌ≈yÍñ ˆÜ˛yö §üˆÏÎ˚•z xy˛õ!ï˛ï˛ ï˛Ó˚ˆÏ°Ó˚ ï%˛°öyÎ˚ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚

ò¢yÓ˚ ˛õ!Ó˚Óï≈˛ö •Î˚ öy– !ã˛e (8.5) ~ ~•z ú˛°=!° ≤Ã!ï˛ú˛!°ï˛ •ˆÏÎ˚ˆÏåÈ–

!ã˛e 8.5 - ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ Ó˚*˛õ Îáö (a) ï˛Ó˚D Ü˛ü ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ üyôƒü ˆÌˆÏÜ˛

í˛zFã˛≤Ã!ï˛ˆÏÓ˚yôÎ%_´ üyôƒˆÏü ÎyˆÏFåÈ ~ÓÇ (b) Îáö !Ó˛õÓ˚#ï˛ âê˛öy âê˛ˆÏåÈ–

8.14 §ü#Ü˛Ó˚ˆÏî xy˛õ!ö ˆòˆÏáˆÏåÈö ˆÎñ ~Ü˛!ê˛ !ö!ò≈‹T  ˛ê˛yˆÏö Ü˛ü ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ üyôƒˆÏü ï˛Ó˚DˆÏÓà ˆÓ!¢

•ˆÏÓ– ã˛ï%˛Ì≈ ˆ«˛ˆÏeñ Îáö Z1 = Z2 Î!ò ò%•z!ê˛ ï˛yˆÏÓ˚Ó˚ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛Ó˚ m1 Ä m2 •Î˚ñ ï˛ˆÏÓ

12

TT
mm

=

Óy

m1 = m2 – ~ˆÏ«˛ˆÏe ï˛yÓ˚ ò%•z!ê˛ •Î˚ ~Ü˛•z í˛z˛õyòyö Ä ≤ÃfliˆÏFåÈˆÏòÓ˚ xÌÓy xy°yòy í˛z˛õyòyˆÏöÓ˚ •ˆÏ°Ä ï˛yˆÏòÓ˚
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âöc Ä ≤ÃfliˆÏFåÈˆÏòÓ˚ ~üö ˆÎ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛Ó˚ §üyö– ~•z xÓfliyÎ˚ ò%!ê˛ ï˛yˆÏÓ˚Ó˚ ˆÜ˛yöÄ !ÓˆÏû˛òï˛°•z ÌyˆÏÜ˛

öyñ ú˛ˆÏ° ˛≤Ã!ï˛ú˛°öÄ •Î˚ öy–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 6

ò%!ê˛ ï˛yˆÏÓ˚Ó˚ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛Ó˚ m ~ÓÇ 4m– ~•z ò%!ê˛ ï˛yÓ˚ˆÏÜ˛ ~Ü˛§ˆÏD ç%ˆÏí˛¸ ï˛yˆÏòÓ˚ í˛z˛õÓ˚ T ê˛yö ≤ÃˆÏÎ˚yà

Ü˛Ó˚y •°– ˙ ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î !ÓhflÏyÓ˚ =îyB˛ !öî≈Î˚ Ü˛Ó˚&ö–

8.5.2 xö%˜Ïòâ≈ƒ ï˛Ó˚Dxö%˜Ïòâ≈ƒ ï˛Ó˚Dxö%˜Ïòâ≈ƒ ï˛Ó˚Dxö%˜Ïòâ≈ƒ ï˛Ó˚Dxö%˜Ïòâ≈ƒ ï˛Ó˚D

xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ≤Ã!ï˛ú˛°ö ~ÓÇ ≤Ã!ï˛§Ó˚ˆÏîÓ˚ xyˆÏ°yã˛öyÎ˚ xyüÓ˚y xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ˆÎ í˛z˛õyÎ˚

ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚!åÈ ˆ§•z ~Ü˛•z ˛õk˛!ï˛ xö%§Ó˚î Ü˛Ó˚Ó– ôÓ˚y ÎyÜ˛ñ ò%!ê˛ üyôƒü ÎyˆÏòÓ˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yô Z1  ~ÓÇ

Z2 ñ ï˛yˆÏòÓ˚ !ÓˆÏû˛òï˛ˆÏ° (x = 0) ~Ü˛!ê˛ ¢∑ï˛Ó˚D °¡∫û˛yˆÏÓ xy˛õ!ï˛ï˛ •°– xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏeÓ˚ üï˛

xyüÓ˚y xy˛õ!ï˛ï˛ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ Ü˛îyÓ˚ §Ó˚î 8.24, 8.25 ~ÓÇ 8.26 §ü#Ü˛Ó˚ˆÏîÓ˚ üï˛

!ï˛ö!ê˛ §ü#Ü˛Ó˚î !òˆÏÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚≠

iψ (x, t) = aisin(

ω

0t – k1x) ...8.34

Ψ

r(x, t) = arsin(

ω

0t – k1x) ...8.35

~ÓÇ Ψt(x, t) = at sin( ω0t – k2x) ...8.36

~ˆÏ«˛ˆÏe §#üyhsˇ ¢ï≈˛yÓ°# •ˆÏÓñ

(i) Ü˛îyÓ˚ §Ó˚î 

Ψ

1(x, t) §#üyˆÏhsˇ x!Ó!FåÈß¨ (continuous) xÌ≈yÍñ ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° (x = 0)

!ë˛Ü˛ ò%•z !òˆÏÜ˛ §Ó˚ˆÏîÓ˚ ˆüyê˛ üyö §üyö •Î˚–

(ii) ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° !ë˛Ü˛ ò%•z!òˆÏÜ˛Ó˚ ˆüyê˛ x!ï˛!Ó˚_´ ã˛y˛õÄ §üyö •Î˚–

≤ÃÌü ¢ˆÏï≈˛Ó˚ xÌ≈ •° ≠

ai+ ar = at

8.2.2 xÇ¢ xy˛õ!ö ˆòˆÏáˆÏåÈö ˆÎñ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe 

∂ ∆=−
∂

E
x
ψ ρ

, ˆÎáyˆÏö E = !fli!ï˛fliy˛õÜ˛

=îyB˛– xy§ˆÏ° E = γ p0 ˆÎáy Ï̂ö 

p C
Cν

γ=

~ÓÇ p0 = §yüƒyÓfliyÓ˚ ã˛y˛õ (Equilibrium pressure) !mï˛#Î˚

¢ï≈˛ ˆÌˆÏÜ˛ ˛õy•z ˆÎñ

0 0 0
∂ ∂∂− − = −
∂ ∂ ∂

i tr

x x x
ψ ψψγρ γρ γρ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
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xÌ≈yÍñ 
∂ ∂∂+ =
∂ ∂ ∂

i tr

x x x
ψ ψψ

...8.38

(8.38) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ñ

– aik1cos

ω

0t + ark1cos

ω

0t = – atk2cos

ω

0t

xÌÓyñ k1(ai – ar) = k2at ...8.39

xyüÓ˚y çy!öñ k1 = 

0

1

ω
ν

11 ρν

!òˆÏÎ˚ =î ~ÓÇ û˛yà Ü˛ˆÏÓ˚ k1 = 

01101
2

0 11
=Z ωρνω

γρ ρν

SˆÎˆÏ•ï%˛ Z1 = 1 1ρ ν ~ÓÇ 

0
1

1

γρ ν
ρ

=

)

~Ü˛•zû˛yˆÏÓ xy˛õ!ö ˆòáyˆÏï˛ ˛õyˆÏÓ˚ö ˆÎñ

k2 = 
0 2

0

Zω
γρ

8.39 §ü#Ü˛Ó˚ˆÏî ~•z ú˛° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ xyüÓ˚y ˛õy•zñ

() 0102

00
−= irt

ZZ aaa ωω
γργρ

xÌ≈yÍ Z1 (ai – ar) = Z2a1 ...8.40

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ 8.37 Ä 8.40 §ü#Ü˛Ó˚î ò%!ê˛  ï˛yˆÏÓ˚Ó˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe xyüÓ˚y

ˆÎ 8.29 Ä 8.31 §ü#Ü˛Ó˚î ò%!ê˛ ˆ˛õˆÏÎ˚!åÈ°yüñ ˆ§=!°Ó˚ xö%Ó˚*˛õ– §%ï˛Ó˚yÇñ ˆ§=!°Ó˚ §y•yˆÏÎƒ xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚

ˆ«˛ˆÏe 8.32 Ä 8.33 §ü#Ü˛Ó˚îmˆÏÎ˚Ó˚ xö%Ó˚*˛õ §¡õÜ≈˛

R12 = 1 2

1 2

r

i

a Z Z
a Z Z

−=
+

 Ä T12 = 1

1 2

2t

i

a Z
a Z Z

=
+

˛õyÄÎ˚y ÎyˆÏÓ– ~ˆÏ«˛ˆÏe R12Ä T12xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ≤Ã!ï˛ú˛°ö Ä ≤Ã!ï˛§Ó˚î !ÓhflÏyÓ˚ =îyB˛–

8.6 ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛

xyüÓ˚y çy!ö ˆÎñ ã˛°ï˛Ó˚D üyôƒˆÏüÓ˚ ~Ü˛ !Ó®% ˆÌˆÏÜ˛ xöƒ !Ó®%ˆÏï˛ ¢!_´ fliyöyhsˇ!Ó˚ï˛ Ü˛ˆÏÓ˚– ~•z ï˛Ó˚D Îáö

!û˛ß¨ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° xy˛õ!ï˛ï˛ •Î˚ñ ï˛áö ~•z ¢!_´Ó˚ Ü˛# •Î˚ ï˛y ˆòáy•z ~áö xyüyˆÏòÓ˚
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í ẑ̨ Ïj¢ƒ–

xy˛õöyÓ˚y çyˆÏöö ˆÎñ Îáö ≤Ã!ï˛ ~Ü˛Ü˛ ˜òˆÏâ≈ƒ m û˛Ó˚ Î%_´ ~Ü˛!ê˛ ï˛yÓ˚ a !ÓhflÏyÓ˚ ~ÓÇ ω0 ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛

flõ!®ï˛ •Î˚ ï˛áö ï˛yÓ˚ ~Ü˛Ü˛ ˜òâ≈ƒ !˛õå%È ¢!_´

E = 

1
2

ma2

ω

0
2 ...8.41

üˆÏö Ü˛Ó˚y ÎyÜ˛ñ ï˛Ó˚D 

ν

ˆÓˆÏà §MÈ˛y!Ó˚ï˛ •ˆÏFåÈ– ï˛y•ˆÏ° ˆÎ •yˆÏÓ˚ ï˛yˆÏÓ˚Ó˚ üˆÏôƒ !òˆÏÎ˚ ¢!_´ ≤ÃÓy!•ï˛ •ˆÏFåÈ

ï˛y ˆ˛õˆÏï˛ ˆàˆÏ° xyüyˆÏòÓ˚ ¢!_´Ó˚ Ó˚y!¢üy°yˆÏÜ˛ (expression) ˆÓà !òˆÏÎ˚ =î Ü˛Ó˚ˆÏï˛ •ˆÏÓ– §%ï˛Ó˚yÇ xy˛õ!ï˛ï˛

ï˛Ó˚ˆÏDÓ˚ §ˆÏD ˆÎ •yˆÏÓ˚ ¢!_´ !ÓˆÏû˛ò ï˛ˆÏ° ~ˆÏ§ ˛õˆÏí˛¸ ï˛yˆÏÜ˛ xyüÓ˚y !ö¡¨Ó˚*ˆÏ˛õ !°áˆÏï˛ ˛õy!Ó˚–

ρ

i=

1
2

m1ai
2
 

ω

0
2 

ν

= 

1
2

Z1

ω

0
2ai

2 ...8.42

[ §)e 8.15b ˆï˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ ˆÎ Z = mv ]

~Ü˛•z û˛yˆÏÓñ ˆÎ •yˆÏÓ˚ ¢!_´ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ §ˆÏD !ÓˆÏû˛òï˛° ˆåÈˆÏí˛¸ ÎyÎ˚ñ ˆ§=!°

ÎÌye´ˆÏü

Pr = 

1
2

Z1

ω

0
2ar

2 ...8.43

~ÓÇ Pt = 
1
2

Z2 ω0
2at

2 ...8.44

xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈ ar = ai

12

12

ZZ
ZZ

−
+

~ÓÇ at = ai
1

1 2

2Z
Z Z+

~•z §¡õÜ≈˛=!° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˛õyÄÎ˚y

ÎyÎ˚ ≠

Pr = 
1
2

Z1

ω

0
2

2
12

12

ZZ
ZZ

⎛⎞ −
⎜⎟ + ⎝⎠

ai
2 ...8.45

~ÓÇ Pt = 

1
2

Z2

ω

0
2 

2
1

12

2Z
ZZ

⎛⎞
⎜⎟ + ⎝⎠

 ai
2 ...8.46

í˛z˛õˆÏÓ˚Ó˚ ú˛°=!° ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛ RE Ä TE  !öî≈ˆÏÎ˚ ÓƒÓ•yÓ˚ Ü˛Ó˚y ÎyÎ˚–

RE =                                          = 

2
12

12

r

i

PZZ
PZZ

⎛⎞ − =⎜⎟ + ⎝⎠

...8.47

TE=                                           = 

()
12

2
12

4 t

i

PZZ
PZZ

=
+

...8.48

üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛° ≤Ã!ï˛ú˛!°ï˛ ¢!_´Ó˚ •yÓ˚

üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° xy˛õ!ï˛ï˛ ¢!_´Ó˚ •yÓ˚

üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛° ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ •yÓ˚

üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° xy˛õ!ï˛ï˛ ¢!_´Ó˚ •yÓ˚
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§ü#Ü˛Ó˚î 8.47 ˆÌˆÏÜ˛ xy˛õ!ö Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏåÈö ˆÎ Z1 = Z2 •ˆÏ° RE = 0; ~Ó˚ xÌ≈ñ Îáö ≤Ã!ï˛ˆÏÓ˚yô

!ü°ö (impedance matching) •Î˚ñ ï˛áö ˆÜ˛yöñ ¢!_´ ≤Ã!ï˛ú˛!°ï˛ •Î˚ öy– ¢!_´ ˛õ!Ó˚Ó•ˆÏöÓ˚ ˆ«˛ˆÏe ~•z

≤Ã!ï˛ˆÏÓ˚yô !ü°ö xï˛ƒhsˇ =Ó˚&û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– ¢!_´ ˛õ!Ó˚Ó•öÜ˛yÓ˚# ò#â≈ ˆÜ˛Ó‰°‰ ÈÙÈ ~ ≤ÃˆÏï˛ƒÜ˛!ê˛ ˆçyˆÏí˛¸Ó˚V

çyÎ˚àyÎ˚ ~•z ≤Ã!ï˛ˆÏÓ˚yô !ü°ö xï˛ƒhsˇ çÓ˚&Ó˚#ñ öy •ˆÏ° ≤Ã!ï˛ú˛°ˆÏöÓ˚ ú˛ˆÏ° Ó‡ ˛õ!Ó˚üyî ¢!_´Ó˚ «˛Î˚ âê˛ˆÏï˛ ˛õyˆÏÓ˚–

~Ü˛!ê˛ °yí˛zí˛ !flõÜ˛yÓ˚ ˆÌˆÏÜ˛ ˆÜ˛yöÄ âˆÏÓ˚Ó˚ üˆÏôƒ ¢∑ åÈ!í˛¸ˆÏÎ˚ ˆòÄÎ˚yÓ˚ çöƒÄ ≤Ã!ï˛ˆÏÓ˚yô !ü°ö ≤ÃˆÏÎ˚yçö–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 7

!Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yô Z1 ~ÓÇ Z2 Î%_´ ò%•z!ê˛ üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° ~Ü˛!ê˛ xö%≤Ãfli ï˛Ó˚D  xy˛õ!ï˛ï˛ •ˆÏ° ˆòáyö

ˆÎ ¢!_´ §ÇÓ˚!«˛ï˛ •Î˚–

xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe ¢!_´Ó˚ •hflÏyhsˇˆÏÓ˚Ó˚ !•§yˆÏÓ §ã˛yÓ˚ã˛Ó˚ ï˛Ó˚ˆÏDÓ˚ ï˛#Ó ï˛y ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– àƒy§#Î˚

üyôƒˆÏü ¢ˆÏ∑Ó˚ ï˛#Ó ï˛y≠

I = 
1
2

ρ

a2

ω

0
2

ν

= 2

π

2

ν

2a2Z             [ï˛Ó˚D ≤ÃÓyˆÏ•Ó˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£Ïî ˆÌˆÏÜ˛ ] ...8.49

ˆÎáyˆÏö üyôƒˆÏüÓ˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yôñ Z = 
ρν

(§)e 8.21)

xï˛~Óñ xy˛õ!ï˛ï˛ñ ˛≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ ≤ÃyÓ°ƒ •ˆÏÎ˚ ÎÌye´ˆÏü

Ii = 2

π

2

γ

2 ai
2Z1 ...8.50

Ir = 2

π

2

γ

2 ar
2Z1 ...8.51

It = 2

π

2

γ

2 ar
2Z2 ...8.52

~•z !ï˛ö!ê˛ §ü#Ü˛Ó˚ˆÏî ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆòáyˆÏöy ÎyÎ˚ ˆÎ ≤Ã!ï˛ú˛!°ï˛ ¢!_´Ó˚ =îyB˛ ≠

RE = 

2
12

12

r

i

IZZ
IZZ

⎛⎞ − =⎜⎟ + ⎝⎠

...8.53

~ÓÇ ≤Ã!ï˛§,ï˛ ¢!_´Ó˚ =îyB˛ ≠

TE = 

()
12

2
12

4 =
+

t

i

IZZ
IZZ

...8.54
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°«˛ƒ Ü˛ˆÏÓ˚ ˆòá%öñ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏeÄ xyüÓ˚y ~Ü˛•z §ü#Ü˛Ó˚î ˆ˛õˆÏÎ˚!åÈ°yü–

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 8

ç° ~ÓÇ Ü˛yˆÏã˛Ó˚ !ÓˆÏû˛òï˛ˆÏ° ¢∑ï˛Ó˚D xy˛õ!ï˛ï˛ •ˆÏ° ˆòáyö ˆÎñ 66% ¢!_´ ≤Ã!ï˛ú˛!°ï˛ •ˆÏÓ– ç°

~ÓÇ Ü˛yˆÏã˛Ó˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yô ÎÌye´ˆÏü 1·43 × 106 Nm–3s ~ÓÇ 13·9 × 106 Nm–3s

8.7 §yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢

~•z ~Ü˛ˆÏÜ˛ xyüÓ˚y ~Ü˛üy!eÜ˛ ã˛°ï˛Ó˚D !•§yˆÏÓ ê˛yöy ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚D ~ÓÇ !fli!ï˛fliy˛õÜ˛ üyôƒˆÏü xö%˜Ïòâ≈ƒ

ï˛Ó˚ˆÏDÓ˚ Ü˛Ìy !ÓˆÏÓã˛öy Ü˛ˆÏÓ˚!åÈ–

 ~Ü˛!ê˛ ï˛yˆÏÓ˚Ó˚ üôƒ !òˆÏÎ˚ ≤ÃÓy!•ï˛ ~Ü˛üy!eÜ˛ xö%≤Ãfli ï˛Ó˚DˆÏÜ˛ !öˆÏã˛Ó˚ §ü#Ü˛Ó˚î !òˆÏÎ˚ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ÈÙÙÙÈ

È
( ) ( )2 2

2
2 2
, ,∂ ∂

=
∂ ∂

x t x t
t x

ψ ψ
ν  ˆÎáyˆÏö Ψ(x, t) •ˆÏFåÈ ï˛yÓ˚!ê˛Ó˚ §Ó˚î ~ÓÇ 

ν

 ï˛Ó˚DˆÏÓà–

 ê˛yöy ï˛yˆÏÓ˚ §,‹T ï˛Ó˚ˆÏDÓ˚ ˆÓà 

=T
m

ν

ˆÎáyˆÏö T = ï˛yˆÏÓ˚Ó˚ ê˛yö ~ÓÇ m = ~Ü˛Ü˛  ˜òˆÏâ≈ƒÓ˚ û˛Ó˚–

!fli!ï˛fliy˛õÜ˛ üyôƒˆÏü xö%˜Ïòâ≈ƒ ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe = Eν
ρ ˆÎáyˆÏö E = üyôƒˆÏüÓ˚ !fli!ï˛fliy˛õÜ˛  =îyB˛ ~ÓÇ

ρ

 = üyôƒˆÏüÓ˚ âöc– Óyï˛yˆÏ§ ¢∑ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe üyôƒˆÏüÓ˚ ≤Ã§yÓ˚î Ä xö%û˛Óö Ó˚&k˛ï˛y˛õ ≤Ã!e´Î˚yÎ˚ âˆÏê˛–

~•z ï˛Ó˚ˆÏDÓ˚ ˆÓàÈÙÙÙ

=p γ ν
ρ

γ

= !fliÓ˚ ã˛y˛õ Ä !fliÓ˚ xyÎ˚ï˛ˆÏö xyˆÏ˛õ!«˛Ü˛ ï˛y˛õmˆÏÎ˚Ó˚ xö%˛õyï˛– Ü˛!ë˛ö ˛õòyˆÏÌ≈Ó˚ òˆÏ[˛ ≤ÃÓy!•ï˛

¢∑ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe

=Y ν
ρ

                 ˆÎáyˆÏö Y = üyôƒˆÏüÓ˚ •zÎ˚Ç =îyB˛–È

 Îáö ~Ü˛!ê˛ ï˛Ó˚D üyôƒˆÏüÓ˚ üˆÏôƒ x@ˇÃ§Ó˚ •Î˚ñ ï˛áö üyôƒü ï˛yˆÏÜ˛ Óyôy ˆòÎ˚–  ï˛Ó˚D˛õˆÏÌÓ˚  ~•z ÓyôyˆÏÜ˛

ï˛Ó˚D ≤Ã!ï˛ˆÏÓ˚yô Ó°y •Î˚– ê˛yöy ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ ˆ«˛ˆÏe üyôƒˆÏüÓ˚ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ üyö

Z = 

== TTmmν ν



230

!fli!ï˛fliy˛õÜ˛ üyôƒˆÏü ¢∑ï˛Ó˚ˆÏDÓ˚ !Ó!¢‹T ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ üyö≠

Z = 

== EEρρν
ν

 !müy!eÜ˛ ï˛Ó˚D ≤ÃÓyˆÏ•Ó˚ §ü#Ü˛Ó˚î ≠

()()
22

2
222

,
,

2⎛⎞ ∂∂∂
=+ ⎜⎟ ∂∂∂ ⎝⎠

rt
rt

txy
ψ

νψ

~•z §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö≠

Ψ  (r, t) = asin(

ω

0t – k.r)

~áyˆÏö k.r = kxx+ kyy ~ÓÇ k2= kx
2 + ky

2

 ~Ü˛!ê˛ üyôƒˆÏüÓ˚ üˆÏôƒ ≤ÃÓy!•ï˛ ï˛Ó˚D Îáö xöƒ ≤Ã!ï˛ˆÏÓ˚yô §¡õß¨ ~Ü˛!ê˛ !mï˛#Î˚ üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ°

xy˛õ!ï˛ï˛ •Î˚ñ ï˛áö ï˛yÓ˚ !Ü˛å%È xÇ¢ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ !Ü˛å%È xÇ¢ ≤Ã!ï˛§,ï˛ •Î˚– ~•z ≤Ã!ï˛ú˛!°ï˛ Ä ≤Ã!ï˛§,ï˛

!ÓhflÏyÓ˚ =îyB˛ •ˆÏFåÈ ÎÌye´ˆÏüÈÙÙÙÈ

R12= 
12

12

ZZ
ZZ

−
+ ~ÓÇ T12 = 1

1 2

2Z
Z Z+

 !ö¡¨ ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ üyôƒü ˆÌˆÏÜ˛ ≤ÃÓy!•ï˛ ~Ü˛!ê˛ ï˛Ó˚D Îáö í˛zFã˛ ≤Ã!ï˛ˆÏÓ˚yôÎ%_´ ~Ü˛!ê˛ üyôƒüï˛ˆÏ°

≤Ã!ï˛ú˛!°ï˛ •Î˚ ï˛áö ≤Ã!ï˛ú˛!°ï˛ ï˛Ó˚ˆÏDÓ˚ π  ò¢y ˛õ!Ó˚Óï≈˛ö âˆÏê˛–

8.8 §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. 500Hz Ü˛¡õöÎ%_´ ~Ü˛!ê˛ §%ˆÏÓ˚Ó˚ âˆÏÓ˚Ó˚ í˛z£èï˛yÎ˚ (15°c) ï˛Ó˚D˜Ïòâ≈ƒ 70m– ≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ

Óyï˛yˆÏ§Ó˚ âöc 1.29kgm–3 • Ï̂° γÈÙÈ~Ó˚ üyö !öî≈Î˚ Ü˛Ó˚&ö–

2. û)˛Ü˛ˆÏ¡õÓ˚ ú˛ˆÏ° ~Ü˛!ê˛ xö%˜Ïòâ≈ƒ !ÓˆÏ«˛yû˛ 2.5 !ü!öˆÏê˛ 103km ˆà°– Î!ò ˛õyÌˆÏÓ˚Ó˚ (rock)

âöc 2·7 × 103kgm–3 •Î˚ñ ï˛y•ˆÏ° ˛õyÌˆÏÓ˚Ó˚ xyÎ˚ï˛ö !ÓÜ,˛!ï˛ =îyB˛ !öî≈Î˚ Ü˛Ó˚&ö–

3. Óyï˛yˆÏ§ ≤ÃÓy!•ï˛ ~Ü˛!ê˛ ¢∑ï˛Ó˚D °¡∫û˛yˆÏÓ ç°˛õ,ˆÏ¤˛ xyâyï˛ Ü˛Ó˚°– !mï˛#Î˚ üyôƒˆÏü ≤Ã!Ó‹T ¢∑ï˛Ó˚ˆÏD

!ÓhflÏyÓ˚ ~ÓÇ xy˛õ!ï˛ï˛ ï˛Ó˚ˆÏDÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ xö%˛õyï˛ !öî≈Î˚ Ü˛Ó˚&ö– ˆòÄÎ˚y xyˆÏåÈñ Óyï˛yˆÏ§Ó˚ âöc
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1·29kgm–3, çˆÏ°Ó˚ âöc 1000kgm–3 ~ÓÇ Óyï˛yˆÏ§ Ä çˆÏ° ¢ˆÏ∑Ó˚ ˆÓà ÎÌye´ˆÏü 350ms–1

~ÓÇ 1500ms–1–

4. ~Ü˛!ê˛ ê˛yöy ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚ˆÏDÓ˚ xÓÜ˛° §ü#Ü˛Ó˚î !öî≈Î˚ Ü˛Ó˚&ö ~ÓÇ ï˛yÓ˚ ˆÌˆÏÜ˛ ˙ ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚

Ó˚y!¢üy°y!ê˛ˆÏÜ˛ !°á%ö–

5. ˆòáyö ˆÎñ ≤ÃÓy•#ˆÏï˛ xö%˜Ïòâ≈ƒ ¢∑ï˛Ó˚ˆÏDÓ˚ §ü#Ü˛Ó˚î ≠ 

2

22 ·
2 ∂∂ =

∂∂
E

tx
ψψ

ρ

 ˆÎáy Ï̂ö  Ψ  = ≤ÃÓy•#Ó˚

Ó›Ü˛îyÓ˚ §Ó˚îñ E = xyÎ˚ï˛ö =îyB˛ Ä 

ρ

 = âöc– ~•z §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ÓyÎ˚%ˆÏï˛ ¢∑ï˛Ó˚ˆÏDÓ˚ ˆÓˆÏàÓ˚

Ó˚y!¢üy°y !öî≈Î˚ Ü˛Ó˚&ö–

6. í˛z˛õˆÏÓ˚Ó˚ ≤ÃˆÏŸ¿Ó˚ §ü#Ü˛Ó˚î!ê˛ ~Ü˛!ê˛ §%£Ïü ôyï˛Ó òˆÏ[˛Ó˚ ˆ«˛ˆÏe Ü˛#û˛yˆÏÓ ˆ°áy ÎyˆÏÓ⁄

7. üyôƒˆÏüÓ˚ ï˛Ó˚DÈÙÈ≤Ã!ï˛ˆÏÓ˚yô Ü˛yˆÏÜ˛ ÓˆÏ°⁄ ê˛yöy ï˛yˆÏÓ˚ xö%≤Ãfli ï˛Ó˚D ~ÓÇ !fli!ï˛fliy˛õÜ˛ üyôƒˆÏü

¢∑ï˛Ó˚DÈÙÙÙÈ~•z ò%•z ˆ«˛ˆÏe ï˛Ó˚D ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ Ó˚y!¢üy°y !öî≈Î˚ Ü˛Ó˚&ö–

8. ~Ü˛!ê˛ ï˛Ó˚D Îáö ~Ü˛ üyôƒü ˆÌˆÏÜ˛ xöƒ ~Ü˛!ê˛ üyôƒˆÏüÓ˚ í˛z˛õÓ˚ xy˛õ!ï˛ï˛ •Î˚ñ ï˛áö ≤Ã!ï˛ú˛°ö Ä

≤Ã!ï˛§Ó˚î =îyB˛ üyö Ü˛ï˛ •Î˚ñ ò%•z üyôƒˆÏüÓ˚ ≤Ã!ï˛ˆÏÓ˚yˆÏôÓ˚ !•§yˆÏÓ !öî≈Î˚ Ü˛Ó˚&ö–

8.9 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, xüÓ˚y çy!ö ˆÎñ ê˛yöy ï˛yˆÏÓ˚ ï˛Ó˚D ˆÓàñ

m
Τ ν=

– T Ä m üyö Ó!§ˆÏÎ˚ ˛õyÄÎ˚y ÎyÎ˚ 3 1
10

10 kgm
Nν − −= = 100ms–1

2. xyüÓ˚y çy!öñ 
Yν
ρ

=

üyö Ó!§ˆÏÎ˚ 

11 2

1
1·95 10 Nm

7800kgm
ν

−

−
×= = 5 × 103ms–1

3. m = 2·0 × 10–3kgm–1, T = 80N
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(8.15a) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ñ Z = Tm

üyö Ó!§ˆÏÎ˚ Z = 

() 31 802·010kgm N−− ××

          = 0·4Nm–1s

F0= Z × υ0= 0·4 × 0·25 = 0·1 N

4. 8.21 §ü#Ü˛Ó˚î xö%§yˆÏÓ˚ñ

Z = ρ

ν

Z = (1·29kgm–3) × (332ms–1)

   = (4·28 × 102)kgm–2s–1

   = 428Nm–3s

çˆÏ°Ó˚ ¢∑ ≤Ã!ï˛ˆÏÓ˚yô ˆÓ!¢ •ˆÏÓ– ˆÜ˛ööyñ ≤Ãüyî í˛z£èï˛y Ä ã˛yˆÏ˛õ çˆÏ°Ó˚ âöc Óyï˛yˆÏ§Ó˚ ï%˛°öyÎ˚ ≤ÃyÎ˚

800 =î ˆÓ!¢– çˆÏ° ¢ˆÏ∑Ó˚ ˆÓàÄ Óyï˛yˆÏ§ ¢ˆÏ∑Ó˚ ˆÓˆÏàÓ˚ ≤ÃyÎ˚ 5 =î–

5. !eüy!eÜ˛ ï˛Ó˚ˆÏD Ó° x, y ~ÓÇ z x«˛ ÓÓ˚yÓÓ˚ !öÓ˚ˆÏ˛õ«˛û˛yˆÏÓ Ü˛yç Ü˛Ó˚ˆÏÓ–

§ü#Ü˛Ó˚î!ê˛ •ˆÏÓ 

() 2
22

2
,

(,)
∂

=∇
∂

rt
rt

t
ψ

νψ

ˆÎáyˆÏöñ r2 = x2 + y2 + z2

2 2 2
2

2 2 2x y z
∂ ∂ ∂∇ = + +
∂ ∂ ∂

~ÓÇñ 

2E ν
ρ

=

6. ≤Ã!ï˛ˆÏÓ˚yôñ ê˛yö ~ÓÇ ≤Ã!ï˛ ~Ü˛Ü˛ ˜òˆÏâ≈ƒÓ˚ û˛ˆÏÓ˚Ó˚ üˆÏôƒ §¡õÜ≈˛ !ö¡¨Ó˚*˛õ ≠

Z = 

mT∴

ï˛yÓ˚ ò%!ê˛Ó˚ çöƒ §¡õÜ≈˛ •ˆÏ° Z1 = 

mT

~ÓÇ Z2 = 

4mT 11

22

1
2

Zm
Zm

==
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§ü#Ü˛Ó˚î 8.32 ~ÓÇ 8.33 xö%§yˆÏÓ˚ñ

R12 = 

12

12

r

i

aZZ
aZZ

− =
+

~ÓÇ T12 = 1

1 2

2t

i

a Z
a Z Z

=
−

∴R12 = 

1
1

22
1 12

2

111
13 1

Z
Z

Z
Z

−−
==−

+ +

~ÓÇ T12= 
1

2

1
2

2 2
31

t

i

Z
a Z

Za
Z

= =
+

R12 }îydÜ˛ •ÄÎ˚yÓ˚ xÌ≈ •° ˆÎ ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° π  ò¢yÓ˚ ˛õ!Ó˚Óï≈˛ö •ˆÏÎ˚ˆÏåÈ–

7. 8.42 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˛õy•zñ ˆÎ •yˆÏÓ˚ ¢!_´ ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° ˆ˛õÔÑåÈÎ˚ ï˛y •ˆÏFåÈñ

Pi = 

1
2

Z1

ω

0
2 ai

2

~ÓÇ ˆÎ •yˆÏÓ˚ ≤Ã!ï˛ú˛!°ï˛ ~ÓÇ ≤Ã!ï˛§,ï˛ ï˛Ó˚ˆÏDÓ˚ §ˆÏD ¢!_´ ò%•z üyôƒˆÏüÓ˚ !ÓˆÏû˛òï˛ˆÏ° ˆåÈˆÏí˛¸ ÎyÎ˚ñ ï˛y

•° ≠

Pr + Pt = 

1
2

Z1

ω

0
2ar

2 + 

1
2

Z2 

ω

0
2at

2

ar ~ÓÇ at Ó˚ üyö ≠

ai + ar = at ~ÓÇ Z1(ai – ar) = Z2at

ˆÌˆÏÜ˛ Ó!§ˆÏÎ˚

Pr + Pt = 

1
2

Z1

ω

0
2

2
12

12

ZZ
ZZ

⎛⎞ −
⎜⎟ + ⎝⎠

ai + 

1
2

Z2

ω

0
2

2
2 1

12

2
i

Za
ZZ

⎛⎞
⎜⎟ + ⎝⎠

= 
( )

2
2 21 2 1 2

1 0 2
1 2 1 2

41
2 i

Z Z Z ZZ a
Z Z Z Z

ω
⎡ ⎤⎛ ⎞−⎢ ⎥+⎜ ⎟+⎢ ⎥+⎝ ⎠⎣ ⎦



234

= 

()
()

12 22
10

12

1
2i

ZZ
Za

ZZ
ω

⎡⎤ +
⎢⎥ + ⎢⎥ ⎣⎦

= 

1
2

Z1

ω

0
2ai

2 = Pi

ˆÎˆÏ•ï%˛ñ ˆÎ •yˆÏÓ˚ ¢!_´ !ÓˆÏû˛òï˛ˆÏ° ˆ˛õÔÑåÈyˆÏFåÈ ˆ§•z •yˆÏÓ˚•z !ÓˆÏû˛òï˛° ˆåÈˆÏí˛¸ ÎyˆÏFåÈñ xyüÓ˚y Ó°ˆÏï˛ ˛õy!Ó˚

ˆÎñ ¢!_´ §ÇÓ˚!«˛ï˛ •ˆÏFåÈ–

8. ≤Ã!ï˛ú˛!°ï˛ ¢!_´Ó˚ =îyB˛ •ˆÏFåÈñ
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2
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⎛⎞ −
⎜⎟ + ⎝⎠
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61
1·4313·910Nms
1·4313·910Nms

−

−

⎡⎤ −×
⎢⎥

+× ⎢⎥ ⎣⎦

= 

2 12·47
15·33

⎛⎞
⎜⎟ ⎝⎠

= 0·66

~Ó˚ xÌ≈ñ Îáö ¢∑ï˛Ó˚D ç° Ä Ü˛yˆÏã˛Ó˚ §ÇˆÏÎyàfliˆÏ° xyâyï˛ Ü˛ˆÏÓ˚ ï˛áö ¢!_´Ó˚ 66% ≤Ã!ï˛ú˛!°ï˛ •Î˚–

§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°#
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o ˛õyò!ã˛•´!ê˛ ≤Ãüyî ã˛y˛õ Ä í˛z£èï˛yÎ˚ ã˛y˛õñ xyÎ˚ï˛ö Óy í˛z£èï˛y !öˆÏò≈¢ Ü˛ÏÓ˚ˆÏåÈ– ˆÎˆÏ•ï%˛ xyÎ˚ï˛ö V Ä âöc
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()2

5
5000·7

1·0551·01310
×

××

× 1·29             (P0= 1·013 ×105 Nm–2)

= 1·48

2. û)˛Ü˛¡õö ç!öï˛ ï˛Ó˚ˆÏDÓ˚ ˆÓà

33 1010m
2·560s

ν× =
×

= 6·7 × 10–3ms–1

ˆÎˆÏ•ï%˛

E ν
ρ

=

xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ E = ν 2

ρ

üyö Ó!§ˆÏÎ˚ ˛õy•z

E = (6·7 × 103ms–1)2 × 2·7 × 103kgm–3

   = 1·2 × 1011Nm–2

3. ˆòÄÎ˚y xyˆÏåÈ

 

ρ

1 = 1·29kgm–3

 

ρ

2 = 1000kgm–3

 

ν

1 = 350ms–1

 

ν

2 = 1500ms–1

ˆÎˆÏ•ï%˛ ¢∑ï˛Ó˚D xö%˜ÏòÏâ≈ƒñ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ (8.33 ˆÌˆÏÜ˛V
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= 
3 1

3 1
1·29kgm 350ms

1000kgm 1500ms

− −

− −
×
×

= 3·01 ×10-4

§%ï˛Ó˚yÇñ 
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4

4

2 3·01 10

1 3·01 10

−

−

×
=

+ ×
t

i

a
a = 6·02 × 10-4

°«˛ƒ Ü˛Ó˚&ö ˆÎñ çˆÏ°Ó˚ ≤Ã!ï˛ˆÏÓ˚yô xˆÏöÜ˛ ˆÓ!¢ •ÄÎ˚yÎ˚ñ Óyï˛yˆÏ§Ó˚ ¢∑ï˛Ó˚ˆÏDÓ˚ x!ï˛ x“ xÇ¢•z çˆÏ°Ó˚

üˆÏôƒ ≤ÃˆÏÓ¢ Ü˛ˆÏÓ˚–

4. ~Ó˚ í˛z_Ó˚ xy˛õ!ö 8.2.1 xÇˆÏ¢ ˛õyˆÏÓö–

5. 8.2.2 xÇˆÏ¢ ~Ó˚ í˛z_Ó˚!ê˛ ˛õyÄÎ˚y ÎyˆÏÓ–

6. 8.2.3 xÇ¢ o‹TÓƒ–

7. 8.3 xÇ¢ o‹TÓƒ–

8. 8.5 xÇ¢ o‹TÓƒ–


