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ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ ~•z xÓü®ˆÏöÓ˚ !Ü˛å%È !ÓˆÏ¢£Ï ≤ÃˆÏÎ˚yà Ó˚ˆÏÎ˚ˆÏåÈ– xy˛õ!ö ˆòˆÏá ÌyÜ˛ˆÏÓöñ òÓ˚çy ˆë˛ˆÏ° ˆáy°yÓ˚

˛õÓ˚ ï˛y !öˆÏç ˆÌˆÏÜ˛•z Ó¶˛ •ˆÏÎ˚ ÎyÄÎ˚yÓ˚ çöƒ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ òÓ˚çy Ó¶˛ Ü˛Ó˚yÓ˚ ÓƒÓfliy (door closer)

òÓ˚çyÎ˚ °yàyˆÏöy ÌyˆÏÜ˛– ~•z ÓƒÓfliy!ê˛ˆÏï˛ òÓ˚çy ÓˆÏ¶˛Ó˚ çöƒ e´yhsˇ#Î˚ xÓü®ˆÏöÓ˚ ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– ~ˆÏï˛

òÓ˚çy!ê˛ ï˛yÓ˚ !Óã%˛ƒï˛ xÓfliyö ˆÌˆÏÜ˛ xˆÏ˛õ«˛yÜ,˛ï˛ o&ï˛ §yüƒyÓfliyˆÏö ˆú˛ˆÏÓ˚ ~ÓÇ ï˛y Ü˛!¡õï˛ •ÄÎ˚yÓ˚ ˆã˛‹Ty öy

Ü˛ˆÏÓ˚ !fliÓ˚ •ˆÏÎ˚ òÑy!í˛¸ˆÏÎ˚ ÎyÎ˚– xÓü®ˆÏöÓ˚ üyey ˆÓˆÏí˛¸ ˆàˆÏ° òÓ˚çy!ê˛ ò#â≈ï˛Ó˚ §üÎ˚ !öˆÏÎ˚ Ó¶˛ •ˆÏÓ xyÓ˚ xÓü®ö

Ü˛ˆÏü ˆàˆÏ° ˆ§!ê˛ §yüƒyÓfliyˆÏöÓ˚ ò%Û˛õyˆÏ¢ ò%°ˆÏï˛ ÌyÜ˛ˆÏÓ xÌÓyñ ï˛yÓ˚ §%ˆÏÎyà öy ÌyÜ˛ˆÏ° §yüƒyÓfliyˆÏö ~ˆÏ§

§ˆÏçyˆÏÓ˚ Ä §¢ˆÏ∑ ˆã˛ÔÜ˛yˆÏë˛ xyâyï˛ Ü˛Ó˚ˆÏÓ– Ó°y Óy‡°ƒñ ~Ó˚ ˆÜ˛yöÄ!ê˛•z ÓƒÓ•y!Ó˚Ü˛ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ Ü˛yüƒ

öÎ˚– x!ï˛ xÓü®ö Óy e´yhsˇ#Î˚ xÓü®ˆÏöÓ˚ xyÓ˚ ~Ü˛!ê˛ í˛zòy•Ó˚î ˆòÄÎ˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚– xyüÓ˚y ˛õÓ˚#«˛yàyˆÏÓ˚

ˆÎ §Ó ˆû˛yŒê˛!üê˛yÓ˚ñ xƒy!üê˛yÓ˚ Ä ˆê˛Ó° àƒy°û˛ƒyˆÏöy!üê˛yÓ˚ ÓƒÓ•yÓ˚ Ü˛!Ó˚ xÌÓy ˆê˛˛õ ˆÓ˚Ü˛í≈˛yˆÏÓ˚ ˆÎ ¢∑hflÏÓ˚

!öˆÏò≈¢Ü˛ (level indicator) ÌyˆÏÜ˛ñ ˆ§=!°ˆÏï˛ §)ã˛Ü˛ÈÙÈÜÑ˛yê˛y ÓƒÓ•*ï˛ •Î˚– ~•z §)ã˛Ü˛ ÜÑ˛yê˛yÓ˚ à!ï˛ˆÏï˛ e´yhsˇ#Î˚

xÓü®ˆÏöÓ˚ ÓƒÓfliy ÌyˆÏÜ˛ ÎyˆÏï˛ ˆ§!ê˛ §yüƒyÓfliyÓ˚ ò%ÛôyˆÏÓ˚ Ü˛!¡õï˛ öy •Î˚–

ày!î!ï˛Ü˛ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ Ó°y ÎyÎ˚ ˆÎñ e´yhsˇ#Î˚ xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe b2– ω
0

2 = 0 ~ÓÇ ˆ§ˆÏ«˛ˆÏe §ü#Ü˛Ó˚î

3.9 ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÎ˚ òÑyí˛¸yÎ˚ñ

x(t) = (a
1
 + a

2
) exp (–bt) = a exp (–bt) ...3.12

~áyˆÏö a = a
1
 + a

2

°«˛ƒ Ü˛Ó˚ˆÏÓö ˆÎñ 3.12 §ü#Ü˛Ó˚ˆÏî ~Ü˛!ê˛üye ˆfl∫FåÈ xã˛Ó˚ Ó˚ˆÏÎ˚ˆÏåÈñ xÌã˛ xy˛õ!ö çyˆÏöö ˆÎñ ~Ü˛!ê˛ !müyeyÓ˚

xÓÜ˛° §ü#Ü˛Ó˚ˆÏî ò%•z!ê˛ ˆfl∫FåÈ xã˛Ó˚ ÌyÜ˛ˆÏÓñ ÎyˆÏòÓ˚ üyö ≤ÃyÌ!üÜ˛ ¢ˆÏï≈˛Ó˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ˛õyÄÎ˚y ÎyˆÏÓ–

3.12 §ü#Ü˛Ó˚î !Ü˛v ï˛y•ˆÏ° ü)° xÓÜ˛° §ü#Ü˛Ó˚î 3.3 ~Ó˚ §üyôyö öÎ˚–

§yôyÓ˚î §üyôyö!ê˛ ˛õyÄÎ˚yÓ˚ çöƒ xyüÓ˚y 3.10 §üyôyö!ê˛ˆÏÜ˛ ~û˛yˆÏÓ !°áˆÏï˛ ˛õy!Ó˚ ≠

x(t) = exp (– bt) [a
1
 exp (βt) + a

2
 exp (–βt)]

= 
2 2 2 2

1 2
1 1exp( ) 1 .... 1 ...2 2bt a t t a t t⎡ ⎤⎛ ⎞ ⎛ ⎞− + + + + − + +⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

β β β β

= ( ) ( ) ( ) 2 2
1 2 1 2 1 2

1exp( ) ...
2

bt a a a a t a a t⎡ ⎤− + + − + + +⎢ ⎥⎣ ⎦
β β

Îáö b → ω0ñ ï˛áö 2 2
0b ω−  Óy β → 0–

~áö β → 0 §#üyÎ˚ xyüÓ˚y β 2 ~ÓÇ β ~Ó˚ ï˛ò)ôù≈ âyï˛=!°ˆÏÜ˛ í˛zˆÏ˛õ«˛y Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– Î!ò (a
1
 + a

2
)

= p ~ÓÇ (a1 – a2)β = q ˆ°áy •Î˚ ï˛ˆÏÓ §üyôyö!ê˛ •ˆÏÓ ≠
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x(t) = (p+qt) exp (–bt) ...3.13

~áyˆÏö p ~ÓÇ q ò%!ê˛ ˆfl∫FåÈ xã˛Ó˚ ÎyˆÏòÓ˚ üyö ≤ÃyÌ!üÜ˛ ¢ˆÏï≈˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– xÓÜ˛°ˆÏöÓ˚ §y•yˆÏÎƒ

xy˛õ!ö ˆòˆÏá !öˆÏï˛ ˛õyˆÏÓ˚ö ˆÎñ 3.13 §üyôyö!ê˛ ≤ÃÜ,˛ï˛•z 3.3 xÓÜ˛° §ü#Ü˛Ó˚îˆÏÜ˛ !§k˛ Ü˛ˆÏÓ˚–

3.4 !ã˛e!ê˛ˆÏï˛ ~Ü˛•z Ü˛¡õö«˛ü ÓƒÓfliyÎ˚ x!ï˛ñ e´yhsˇ#Î˚ Ä °â% ~•z !ï˛ö ˆ◊î#Ó˚ xÓü®ˆÏöÓ˚ çöƒ §üÎ˚ÈÙÈò)Ó˚c

ˆ°á!ã˛e ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ˆ°á!ã˛ˆÏe SÜ˛V x!ï˛ xÓü®öñ SáV e´yhsˇ#Î˚ xÓü®ö ~ÓÇ SàV °â% xÓü®ö

§)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ– ~•z °â% xÓü®ö Ä ï˛yÓ˚ ˜Ó!¢ˆÏ‹TƒÓ˚ !Ó£ÏÎ˚ ~ÓyÓ˚ xyüÓ˚y !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

!ã˛e !ã˛e !ã˛e !ã˛e !ã˛e 3.4 §yüƒyÓfliy ˆÌˆÏÜ˛ ~Ü˛!ê˛ Ü˛¡õö«˛ü ÓƒÓfliyˆÏÜ˛ !Óã%˛ƒï˛ Ü˛ˆÏÓ˚ ˆåÈˆÏí˛¸ !òˆÏ° !Ó!û˛ß¨ üyeyÓ˚ xÓü®ˆÏöÓ˚

ˆ«˛ˆÏe ï˛yÓ˚ §üÎ˚ ò)Ó˚c ˆ°á!ã˛e ˆÜ˛üö •ˆÏÓñ ï˛y ~áyˆÏö ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– !ï˛ö!ê˛ ˆ«˛ˆÏe ÎÌye´ˆÏü x!ï˛

xÓü®ö SÜ˛Vñ e´yhsˇ#Î˚ xÓü®ö SáV ~ÓÇ °â% xÓü®ö SàV §)!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–

3.3.3 °â% xÓü®ö°â% xÓü®ö°â% xÓü®ö°â% xÓü®ö°â% xÓü®ö

ày!î!ï˛Ü˛ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe b2 < ω
0
2 •Î˚– ~Ó˚ ú˛ˆÏ° 3.7(a) Ä (b) §ü#Ü˛Ó˚ˆÏî

a
1
 ~ÓÇ a

2
 ~Ó˚ üyö ò%!ê˛ ç!ê˛° Ó˚y!¢ •ˆÏÎ˚ ˛õˆÏí˛¸–

~áö xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ñ

1
2 2 2

0b ω⎡ ⎤−⎣ ⎦  = 

()() 22
0 1b −− ω

 = jω'

ˆÎáyˆÏö j = 1−  ~ÓÇ ω' = 

22
0b ω−

°«˛ƒ Ü˛Ó˚ˆÏÓö ˆÎñ ω' ~Ü˛!ê˛ ÓyhflÏÓ §Çáƒy ~ÓÇ Îáö ~•z °â% xÓü®ˆÏöÓ˚ üyey xï˛ƒhsˇ Ü˛ü •ˆÏÎ˚ ÎyÎ˚

xÌ≈yÍ Îáö  b → 0 •Î˚ ï˛áö ω'=ω
0
 xÌ≈yÍ ω' Ü˛¡õö«˛ü ÓƒÓfliyÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyˆÏB˛Ó˚ §üyö •ˆÏÎ˚ ÎyÎ˚–

3.9 §ü#Ü˛Ó˚ˆÏî ω' ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ xyüÓ˚y ˆÎ §üÎ˚ÈÙÈò)Ó˚c §ü#Ü˛Ó˚î ˛õy•zñ ï˛y ~•zÓ˚Ü˛ü ≠

SÜ˛V

SáV
SàV

x

t
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x(t) = exp (– bt) [a1 exp (jω't) + a2 exp (–jω't)] ...3.14

exp (±jω't) = cos ωt ±j sin ω't §)e ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ §ü#Ü˛Ó˚î 3.14 ˆÜ˛ ˆ°áy ÎyÎ˚ ≠

x(t) = exp (–bt) [(a1 + a2) cos ω't + j (a1 – a2) sin ω't] ...3.15

~áyˆÏö a
1
 ~ÓÇ a

2
 §yôyÓ˚îû˛yˆÏÓ ò%!ê˛ ç!ê˛° Ó˚y!¢ üˆÏö Ü˛Ó˚y ÎyÎ˚ ~ÓÇ §ü#Ü˛Ó˚î 3.15 ÈÙÈ~Ó˚ ÓyhflÏÓ Óy

Ü˛y“!öÜ˛ ˆÎ ˆÜ˛yö xÇ¢•z ü)° §üyôyö §)!ã˛ï˛ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚– ~•z ò%!ê˛ xÇˆÏ¢Ó˚ ˆÎ ˆÜ˛yö!ê˛ˆÏÜ˛•z ˆ°áy ÎyÎ˚ñ

Óy x(t) = exp (–bt) [A' cos ω't + B' sin ω't] ...3.16

ˆÎáyˆÏö A' = a1 + a2, B' = a1 – a2

~áyˆÏö A' ~ÓÇ B' í˛zû˛ˆÏÎ˚•z ÓyhflÏÓ Ó˚y!¢ ~ÓÇ ≤ÃyÌ!üÜ˛ ¢ˆÏï≈˛Ó˚ §y•yˆÏÎƒ !öî≈Î˚ˆÏÎyàƒ– xyüÓ˚y xÓ¢ƒ ~áö

~•z Ó˚y!¢=!° !öî≈ˆÏÎ˚Ó˚ ˆã˛‹Ty Ü˛Ó˚Ó öy– xyüÓ˚y 3.16 §ü#Ü˛Ó˚îˆÏÜ˛ ü%_´ Ü˛¡õˆÏöÓ˚ §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy

Ü˛Ó˚yÓ˚ í˛z˛õˆÏÎyà# ˆã˛•yÓ˚y ˆòÄÎ˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚Ó– Î!ò xyüÓ˚y ô!Ó˚ ˆÎñ

A' = A0 cos φ, B' = –A0 sin φ

ˆÎáyˆÏö A
0
 = 

22 '' AB +

 ~ÓÇ tan φ = 

'
'

B
A

−~=!° 3.16 §ü#Ü˛Ó˚ˆÏî Ó!§ˆÏÎ˚ ˛õy•zñ

x(t) = A
0 
exp (–bt) [cos φ  cos ω't – sin φ  sin ω't]

= A0 exp (–bt) cos (ω't + φ ) ...3.17(a)

3.17 §ü#Ü˛Ó˚î!ê˛ °â% xÓü®ˆÏöÓ˚ (b2 < ω
0

2) ˆ«˛ˆÏe 3.3 xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §yôyÓ˚î §üyôyö– ~áyˆÏö

3,16 §ü#Ü˛Ó˚ˆÏîÓ˚ A' ~ÓÇ B' ~Ó˚ ˛õ!Ó˚ÓˆÏï≈˛ A0 ~ÓÇ φ  ~•z ò%•z!ê˛ ˆfl∫FåÈ xã˛Ó˚ ˛õyÄÎ˚y ˆàˆÏåÈ–

xy˛õöyÓ˚y ~áö  §•ˆÏç•z 3.17 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ≤ÃÌü ~Ü˛ˆÏÜ˛ §Ó˚° ˆòy°à!ï˛Ó˚ ˆÎ §üÎ˚ ò)Ó˚c §ü#Ü˛Ó˚î

ˆ˛õˆÏÎ˚!åÈˆÏ°ö ï˛yÓ˚ §ˆÏD ï%˛°öy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö– ~•z ï%˛°öy Ü˛Ó˚ˆÏï˛ ˆàˆÏ° ˆÎ !Ó£ÏÎ˚=!° xy˛õöyÓ˚ ò,!‹T xyÜ˛£Ï≈î

Ü˛Ó˚yÓ˚ ˆ§=!° •°ñ

(i) ~•z xÓü!®ï˛ Ü˛¡õˆÏöÓ˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω
0 
öÎ˚ñ ~•z Ü˛¡õyB˛ 

() 22
00b ωω =−

 xÌ≈yÍ xÓü®ˆÏöÓ˚

çöƒ Ü˛¡õyˆÏB˛Ó˚ •…y§ âˆÏê˛ˆÏåÈ– xÓü®ö Îï˛ °â% •ˆÏÓ ~•z ˛õ!Ó˚Óï≈˛ö •ˆÏÓ ï˛ï˛•z §yüyöƒ–

(ii) 3.17 §ü#Ü˛Ó˚ˆÏî ˆòáy ÎyˆÏFåÈ ˆÎñ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ !•ˆÏ§ˆÏÓ xyüÓ˚y ˛õy•z

A(t) = A
0
e–bt ...3.17(b)
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~Ó˚ xÌ≈ñ ~ˆÏ«˛ˆÏe !ÓhflÏyÓ˚ §üˆÏÎ˚Ó˚ §ˆÏD e´ü•…y§üyö– ˆòy°ˆÏöÓ˚ ≤ÃyÌ!üÜ˛ !ÓhflÏyˆÏÓ˚Ó˚ §üˆÏÎ˚Ó˚ §ˆÏD e–bt  •yˆÏÓ˚

•…y§≤Ãy!Æ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ §ÓˆÏã˛ˆÏÎ˚ Óí˛¸ ˜Ó!¢‹Tƒ– Ó›ï˛ñ ~•z !ÓhflÏyÓ˚ e´ü¢ Ü˛ˆÏü ÎyÄÎ˚yÓ˚ ú˛ˆÏ° ˆòy°ö¢#°

ÓƒÓfliy!ê˛Ó˚ ¢!_´Ä e´ü¢ •…y§ ˛õyÎ˚– xÓü®öÜ˛yÓ˚# ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ Ü˛yÎ≈ Ü˛Ó˚y•z ~•z •…yˆÏ§Ó˚ Ü˛yÓ˚î–

ï˛y•ˆÏ° Ó°y ÎyÎ˚ ˆÎñ °â% xÓü®ˆÏöÓ˚ ú˛ˆÏ° ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛¡õyˆÏB˛ e´ü•…y§üyö !ÓhflÏyˆÏÓ˚ ˆòy°ö §¡õy!òï˛

•Î˚– 3.17a §ü#Ü˛Ó˚ˆÏî §üˆÏÎ˚Ó˚ àîöy Î!ò ~üöû˛yˆÏÓ Ü˛Ó˚y •Î˚ ÎyˆÏï˛ ≤ÃyÓ˚!Ω˛Ü˛ ò¢yˆÏÜ˛yî φ  = 0 •Î˚ ï˛ˆÏÓ

~•z §ü#Ü˛Ó˚ˆÏîÓ˚ Ó˚*˛õ •ˆÏÓñ

x(t) = A0 exp (–bt) cos ω't

3.5 !ã˛ˆÏe ~•z §ü#Ü˛Ó˚ˆÏîÓ˚ ˆ°á!ã˛e!ê˛ ˆòáˆÏï˛ ˛õyˆÏÓö– ˆ°á!ã˛e!ê˛Ó˚ üˆÏôƒ í˛ƒy¢ ˆòÄÎ˚y ˆÓ˚áy myÓ˚y §üˆÏÎ˚Ó˚

§ˆÏD !ÓhflÏyˆÏÓ˚Ó˚ §)ã˛Ü˛ (exponential) •yˆÏÓ˚ ˛õ!Ó˚Óï≈˛ö ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ü)° ˆ°á!ã˛e!ê˛ e´ü•…y§üyö !ÓhflÏyˆÏÓ˚Ó˚

ˆòy°öà!ï˛ §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ–

xÓü!®ï˛ ˆòy°ˆÏöÓ˚ ˆòy°öÜ˛y° T' •ˆÏ° ˆ°áy ÎyÎ˚ ˆÎñ

T' = 2
'

π
ω  = 

() 22
0

2

b −
π

ω

 = 
2

2

2

4
k
m m

−

π
γ ...3.18

3.18 ÈÙÈ~ ˆòáy ÎyˆÏFåÈ ˆÎñ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ ˆòy°öÜ˛y° xÓü!®ï˛ ˆòy°öÜ˛yˆÏ°Ó˚ ˆÌˆÏÜ˛ ˆÓ!¢ Ü˛yÓ˚î

b > 0 ~ÓÇ È

22
00 b ωω −<

– xyÓyÓ˚ °«˛ƒ Ü˛Ó˚&ö ˆÎ b = 0 •ˆÏ° í˛zû˛Î˚ ˆ«˛ˆÏe T ~Ó˚ üyö xöÓü!®ï˛

!ã˛e 3.5 °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe §üÎ˚ ò)Ó˚c ˆ°á!ã˛e–

x§hsˇï˛ (broken) ˆÓ˚áy §üˆÏÎ˚Ó˚ §ˆÏD

!ÓhflÏyˆÏÓ˚Ó˚ ˛õ!Ó˚Óï≈˛ö ˆòáyˆÏFåÈ–

A0
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ˆòy°öÜ˛yˆÏ°Ó˚ §üyö •Î˚– Ü˛yÓ˚î b = 0ÈÙÈÓ˚ xÌ≈ ˆòy°ö xÓü®ö•#ö– xï˛~Ó ï˛y §Dï˛ Ü˛yÓ˚ˆÏî•z xöÓü!®ï˛

(undamped) ˆòy°öÜ˛yˆÏ°Ó˚ §üyö– xyÓyÓ˚ xÓü®ˆÏöÓ˚ çöƒ ˆòy°öÜ˛y° ò#â≈!Î˚ï˛ •ÄÎ˚yÓ˚ !Ó£ÏÎ˚!ê˛Ä

≤Ãï˛ƒy!¢ï˛ñ ˆÜ˛ö öy ÓyôyÓ˚ !ÓÓ˚&ˆÏk˛ ~Ü˛•z ˛õÌ x!ï˛e´ü Ü˛Ó˚ˆÏï˛ !àˆÏÎ˚ §üÎ˚ ˆÓ!¢ °yàˆÏåÈ–

xyüÓ˚y ~áö ˛õÎ≈hsˇ Îy xyˆÏ°yã˛öy Ü˛ˆÏÓ˚!åÈ ï˛y xyÓ˚Ä û˛y° Ü˛ˆÏÓ˚ ˆÓyé˛ÓyÓ˚ çöƒ ~Ü˛!ê˛ ày!î!ï˛Ü˛ ≤ÃŸ¿ í˛zay˛õö

Ü˛Ó˚y ÎyÜ˛– xy˛õöyÓ˚y ~•z xö%¢#°ö#!ê˛ Ü˛Ó˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚&ö– ≤ÃˆÏÎ˚yçˆÏö xyˆÏàÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˛õ,¤˛yÓ˚ !Ó£ÏÎ˚Ó› xyÓ˚Ä

~Ü˛ÓyÓ˚ ˆòˆÏá !öö–

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

°â% xÓü!®ï˛ ~Ü˛!ê˛ !fl±ÇÈÙÈ˛û˛Ó˚ ÓƒÓfliyÓ˚ !ÓhflÏyÓ˚ .08m ˆÌˆÏÜ˛ .02m ˆöˆÏü xy§ˆÏï˛ 160s §üÎ˚ ˆöÎ˚–

~•z §üˆÏÎ˚Ó˚ üˆÏôƒ Î!ò ÓƒÓfliy!ê˛ 80!ê˛ Ü˛¡õö §¡õß¨ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛ ï˛y•ˆÏ° ~•z ˆòy°ˆÏöÓ˚ ˆòy°öÜ˛y° Ü˛ï˛⁄

~•z ˆòy°öÜ˛y° xöÓü!®ï˛ ˆòy°öÜ˛yˆÏ°Ó˚ ˆÌˆÏÜ˛ Ü˛ï˛ê˛y !û˛ß¨⁄ xyüÓ˚y !Ü˛ ~•z ˛õyÌ≈Ü˛ƒˆÏÜ˛ í˛zˆÏ˛õ«˛y Ü˛Ó˚ˆÏï˛

˛õy!Ó˚⁄

3.4 °â% xÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆüyê˛ ¢!_´°â% xÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆüyê˛ ¢!_´°â% xÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆüyê˛ ¢!_´°â% xÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆüyê˛ ¢!_´°â% xÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆüyê˛ ¢!_´

°â% xÓü®ˆÏöÓ˚ çöƒ Îáö Ü˛¡õö¢#° ÓƒÓfliyÓ˚ !ÓhflÏyÓ˚ e´üyàï˛ •…y§ ˛õyÎ˚ñ ï˛áö ÓƒÓfliy!ê˛Ó˚ ¢!_´Ó˚Ä «˛Î˚

•ˆÏï˛ ÌyˆÏÜ˛– xÓ¢ƒ ~•z ¢!_´ Ü˛ï˛ o&ï˛ «˛!Î˚ï˛ •ˆÏÓ ï˛y !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ÓƒÓfliy!ê˛ˆÏï˛ í˛z˛õ!fliï˛ xÓü®ˆÏöÓ˚ í˛z˛õÓ˚–

~•z ˛õÎ≈yˆÏÎ˚Ó˚ ≤ÃÌü ~Ü˛ˆÏÜ˛ xy˛õöyÓ˚y ˆòˆÏáˆÏåÈö ˆÎ ˆÜ˛yö ü%_´ Óy xöÓü!®ï˛ ˆòy°à!ï˛Ó˚ ˆ«˛ˆÏe ˆüyê˛ ¢!_´

E ˆÜ˛ ˆ°áy ÎyÎ˚ñ

E = 

2 1
2

kA

...3.19

~áyˆÏö ω
0
2 = 

k
m

 Óy k = mω
0
2

~ÓÇ k ˆÜ˛ Ü˛¡õö¢#°ÓƒÓfliy!ê˛Ó˚ !fl±ÇÈÙÈ=îyB˛ (Spring factor) Ó°y •Î˚– ~ˆÏ«˛ˆÏe ˆÜ˛yö xÓü®ö í˛z˛õ!fliï˛

öy ÌyÜ˛yÎ˚ A §üˆÏÎ˚Ó˚ §ˆÏD ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ öyñ xÌ≈yÍ A ~Ü˛!ê˛ ô &ÓÜ˛–

!Ü˛v xÓü!®ï˛ ˆòy°ˆÏöÓ˚ ˆ«˛ˆÏe A ô &ÓÜ˛ öÎ˚ ~ÓÇ xyüÓ˚y çy!ö ˆÎñ ˆÜ˛yö §üˆÏÎ˚Ó˚ !ÓhflÏyÓ˚ A ˆòy°ˆÏöÓ˚

≤ÃyÓ˚!Ω˛Ü˛ !ÓhflÏyÓ˚ A0ÈÙÈÓ˚ ˆÌˆÏÜ˛ §)ã˛Ü˛ •yˆÏÓ˚ •…y§ ˛õyÎ˚ xÌ≈yÍ

A = A
0
e–bt

ˆÎˆÏ•ï%˛ ˆòy°ˆÏöÓ˚ ˆüyê˛ ¢!_´ E !ÓhflÏyˆÏÓ˚Ó˚ ÓˆÏà≈Ó˚ §üyö%˛õy!ï˛Ü˛ñ ï˛y•z ˆ°áy ÎyÎ˚ ˆÎñ

E ∝ A2

Óy E ∝ [A
0
e–bt]2

Óy E = C A
0

2e–2bt = E
0
e–2bt ...3.20
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~áyˆÏö C ~Ü˛!ê˛ ô &ÓÜ˛ Ó˚y!¢ Sˆû˛ò#Î˚ ô &ÓÜ˛V ~ÓÇ CA2 = E0 ˆÎáyˆÏö E0 ≤ÃyÓ˚!Ω˛Ü˛ ¢!_´ §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ–

3.20 §ü#Ü˛Ó˚ˆÏî ˆòáy ÎyˆÏFåÈ ˆÎñ ˆüyê˛

¢!_´ E °â% xÓü!®ï˛ ˆòy°ˆÏöÓ˚ ˆ«˛ˆÏe

§üˆÏÎ˚Ó˚ §ˆÏD §)ã˛Ü˛ •yˆÏÓ˚ •…y§ ˛õyÎ˚– ï˛ˆÏÓ

~•z •…y§ !ÓhflÏyˆÏÓ˚Ó˚ •…yˆÏ§Ó˚ ï%˛°öyÎ˚ o&ï˛ï˛Ó˚

Ü˛yÓ˚î !ÓhflÏyˆÏÓ˚Ó˚ •…yˆÏ§Ó˚ •yÓ˚ e-bt !Ü˛v ˆüyê˛

¢!_´Ó˚ •…yˆÏ§Ó˚ •yÓ˚ e–2bt–

3.6 öÇ !ã˛ˆÏe §üˆÏÎ˚Ó˚ §ˆÏD ˆüyê˛ ¢!_´

E ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ˆ°á!ã˛e ˆòáyˆÏöy

•ˆÏÎ˚ˆÏåÈ– °«˛ƒ Ü˛Ó˚&ö ˆÎñ ~•z ˆ°á!ã˛e!ê˛

§üˆÏÎ˚Ó˚ §ˆÏD !ÓhflÏyˆÏÓ˚Ó˚ ˛õ!Ó˚Óï˛≈ˆÏöÓ˚

ˆ°á!ã˛ˆÏeÓ˚ S!ã˛e 3.5 ~Ó˚ í˛ƒy¢ ˆòÄÎ˚y

ˆÓ˚áyV ï%˛°öyÎ˚ ˆÓ!¢ ö!ï˛!Ó!¢‹T– ÎyÓ˚ xÌ≈ñ ¢!_´Ó˚ •…y§ âê˛ˆÏåÈ o&ï˛ï˛Ó˚ •yˆÏÓ˚–

≤ÃÌü ~Ü˛ˆÏÜ˛Ó˚ 1.9 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓ ˆÎñ ˆüyê˛ ¢!_´ E = 

22 1
2

mA ω
= 2 2 2

0
1
2

btm A eω −

§%ï˛Ó˚yÇñ 3.20 §ü#Ü˛Ó˚ˆÏîÓ˚ C ô &ÓÜ˛!ê˛ xy§ˆÏ° 
21

2
mω – ~ÓyÓ˚ xy˛õ!ö xyÓ˚ ~Ü˛!ê˛ xö%¢#°ö#Ó˚ í˛z_Ó˚ !òˆÏÎ˚

!öˆÏï˛ ˛õyˆÏÓ˚ö–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -2 :

~Ü˛!ê˛ !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliyÎ˚ !fl±ÇÈÙÈô &ÓÜ˛ 2Nm–1 Î%_´ û˛Ó˚!ê˛ 2kg ~ÓÇ !e´Î˚y¢#° xÓü®ö Ó°

0.4 Nsm–1

(i) û˛Ó˚!ê˛Ó˚ à!ï˛ !Ü˛ Ü˛¡õöÎ%_´ (oscillatory)?

(ii) ~Ü˛Ü˛ à!ï˛ˆÏÓˆÏà Ü˛ï˛ xÓü®ö ÓˆÏ°Ó˚ çöƒ à!ï˛!ê˛ e´yhsˇ#Î˚û˛yˆÏÓ xÓü!®ï˛ •ˆÏÓ⁄

(iii) !fl±Ç ô &ÓÜ˛ Ä xÓü®ö Ó° ≤Ãò_ üyˆÏö ÌyÜ˛ˆÏ° ˆÜ˛yö û˛ˆÏÓ˚Ó˚ çöƒ e´yhsˇ#Î˚ xÓü®ö ˛õyÄÎ˚y ÎyˆÏÓ⁄

(iv) ≤ÃyÌ!üÜ˛ ¢!_´ «˛!Î˚ï˛ •ˆÏÎ˚ ~Ü˛ ï,˛ï˛#Î˚yÇ¢ üyˆÏö ˆ˛õÑÔåÈˆÏï˛ Ü˛ï˛ §üÎ˚ °yàˆÏÓ⁄

3.5 xÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢‹TƒxÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢‹TƒxÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢‹TƒxÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢‹TƒxÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ ˜Ó!¢‹Tƒ

xy˛õ!ö ~áö çyˆÏöö ˆÎñ ˆÜ˛Ó°üye °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe•z Ü˛¡õö ˛õyÄÎ˚y §Ω˛Ó ~ÓÇ xÓü®ˆÏöÓ˚ ú˛ˆÏ°

Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ §üˆÏÎ˚Ó˚ §ˆÏD e´ü¢ •…y§ ˛õyÎ˚– ÓyhflÏÓ çàˆÏï˛Ó˚ Ü˛¡õö¢#° ÓƒÓfliyÎ˚ ˆÜ˛Ó°üye °â% xÓü®ö

E0exp(–2bt)

0.37E0
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í˛z˛õ!fliï˛ ÌyÜ˛ˆÏ°Äñ ˆ§•z xÓü®ˆÏöÓ˚ ˆÜ˛Ó°üye =îàï˛ ˛õ!Ó˚ã˛Î˚ öÎ˚ñ ï˛yÓ˚ ˛õ!Ó˚üyîàï˛ ˛õ!Ó˚ã˛Î˚Ä xï˛ƒhsˇ

≤ÃˆÏÎ˚yçö#Î˚– ï˛y•z xÓü®öˆÏÜ˛ ≤ÃyÌ!üÜ˛û˛yˆÏÓ °â% !•§yˆÏÓ !ã˛!•´ï˛ Ü˛Ó˚yÓ˚ ˛õˆÏÓ˚ñ ï˛yÓ˚ xyÓ˚Ä ˛õ!Ó˚ã˛Î˚ ˆòÄÎ˚yÓ˚

çöƒ xyüÓ˚y °â% xÓü®ˆÏöÓ˚ Ü˛ï˛=!° ˜Ó!¢ˆÏ‹TƒÓ˚ !òˆÏÜ˛ öçÓ˚ !ò•z–

§yôyÓ˚îï˛ °â% xÓü®ˆÏöÓ˚ ˜Ó!¢‹Tƒ !ã˛!•´ï˛ Ü˛Ó˚yÓ˚ çöƒ xÓü®ˆÏöÓ˚ §ˆÏD §Ç!Ÿ’‹T !ï˛ö!ê˛ !Ó£ÏˆÏÎ˚Ó˚ àîöy

Ü˛Ó˚y •ˆÏÎ˚ ÌyˆÏÜ˛– ~=!°Ó˚ üyö xyüyˆÏòÓ˚ °â% xÓü®ˆÏöÓ˚ ˛õ!Ó˚üyî §¡õˆÏÜ≈˛ ôyÓ˚îy ˆòÎ˚ ~ÓÇ ò%!ê˛ !û˛ß¨ ˆ«˛ˆÏe

í˛z˛õ!fliï˛ °â% xÓü®ˆÏöÓ˚ ˛õ!Ó˚üyîàï˛ ï%˛°öy Ü˛Ó˚yÓ˚ §%ˆÏÎyà ˆòÎ˚– ˆÎ !ï˛ö!ê˛ Ó˚y!¢ ~çöƒ !ÓˆÏ¢£Ïû˛yˆÏÓ àîöy

Ü˛Ó˚y •Î˚ ˆ§=!° •°ñ

SÜ˛V °à#Î˚ •…y§ (Log decrement) (λ)

SáV Ÿ’Ìö Ü˛y° (Relaxation time) (τ)

SàV Q S!Ü˛í˛zV =îyB˛ SQ - factor) (Q)

~•z Ó˚y!¢=!°Ó˚ ~Ü˛!ê˛Ó˚ Óy ~Ü˛y!ôˆÏÜ˛Ó˚ àîöyÓ˚ üyôƒˆÏü xyüÓ˚y xÓü®ˆÏöÓ˚ ˜Ó!¢‹Tƒ Ó%é˛ˆÏï˛ ˛õy!Ó˚– Ü˛áöñ

ˆÜ˛yö Ó˚y!¢!ê˛ àîöy Ü˛Ó˚y §%!ÓôyçöÜ˛ñ ï˛y Ü˛¡õö«˛ü ÓƒÓfliy!ê˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~áö ~•z !ï˛ö!ê˛ Ó˚y!¢Ó˚

àîöyÓ˚ ≤Ã!e´Î˚y !öˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

3.5.1 °à#Î˚ •…y§°à#Î˚ •…y§°à#Î˚ •…y§°à#Î˚ •…y§°à#Î˚ •…y§

°â% xÓü®ˆÏöÓ˚ üyey ˛õ!Ó˚üyˆÏ˛õÓ˚ §ÓˆÏã˛ˆÏÎ˚ §%!ÓôyçöÜ˛ í˛z˛õyÎ˚ •ˆÏFåÈñ ˆÜ˛yöÄ ÓyhflÏÓ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚

§üˆÏÎ˚Ó˚ §ˆÏD Ü˛# •yˆÏÓ˚ •…y§ ˛õyÎ˚ñ ï˛y !öî≈Î˚ Ü˛Ó˚y– °à#Î˚ •…yˆÏ§Ó˚ àîöyÓ˚ üyôƒˆÏü ~ê˛y Ü˛Ó˚y §Ω˛Ó– °à#Î˚ •…y§

SλV Ó°ˆÏï˛ ~Ü˛!ê˛ ˛õ)î≈ ˆòy°ˆÏöÓ˚ ≤ÃyÓ˚!Ω˛Ü˛ Ä x!hsˇü !ÓhflÏyˆÏÓ˚Ó˚ xÌ≈yÍñ ÎÌye´ˆÏü ˆòy°ö!ê˛ ÷Ó˚& Ä ˆ¢£Ï •ÄÎ˚yÓ˚

˛õÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ xö%˛õyˆÏï˛Ó˚ ≤ÃyÜ,˛ï˛ °ày!Ó˚òü‰ˆÏÜ˛ (natural logarithm) ̂ Óyé˛yÎ˚– ~Ü˛!ê˛ ̨ õ)î≈ ̂ òy°ˆÏöÓ˚ !ë˛Ü˛ ÷Ó˚&Ó˚

Ä ˆ¢ˆÏ£ÏÓ˚ !ÓhflÏyÓ˚ xÓü®ˆÏöÓ˚ çöƒ•z !û˛ß¨ •Î˚ñ ï˛y•z ~•z xö%˛õyˆÏï˛Ó˚ °ày!Ó˚òü‰ xÌ≈yÍñ °à#Î˚ •…y§ ˆÌˆÏÜ˛

xÓü®ö §¡õˆÏÜ≈˛ ~Ü˛!ê˛ ã˛üÍÜ˛yÓ˚ ˛õ!Ó˚üyîàï˛ ôyÓ˚îy ˛õyÄÎ˚y ÎyÎ˚–

A2
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3.7 !ã˛ˆÏe xyÓyÓ˚ °â% xÓü®öÎ%_´ Ü˛¡õˆÏöÓ˚ §üÎ˚ ò)Ó˚c ˆ°á!ã˛e!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– °«˛ƒ Ü˛Ó˚&ö ˆÎñ

˛õÓ˚˛õÓ˚ !ï˛ö!ê˛ ˆòy°ˆÏöÓ˚ ˆ«˛ˆÏe ~Ü˛•z !òˆÏÜ˛ !ÓhflÏyÓ˚ ÎÌye´ˆÏü A
0
, A

1
 ~ÓÇ A

2
– ˆÎ ˆòy°ˆÏöÓ˚ ≤ÃyÓ˚!Ω˛Ü˛ !ÓhflÏyÓ˚

!åÈ° A0ñ ~Ü˛!ê˛ ˆòy°ö ˛õ)î≈ •ÄÎ˚yÓ˚ §ˆÏD ï˛y Ü˛ˆÏü •ˆÏÎ˚ˆÏåÈ A1 ~ÓÇ A1 !ÓhflÏyÓ˚ !öˆÏÎ˚ ˆÎ ˆòy°ö ÷Ó˚& •ˆÏÎ˚ˆÏåÈ

~Ü˛!ê˛ ˛õ)î≈ ˆòy°ˆÏöÓ˚ ˆ¢ˆÏ£Ï ï˛y •ˆÏÎ˚ ˆàˆÏåÈ A
2
– ~áö xyüÓ˚y çy!ö ˆÎñ °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe

A(t) = A0e
–bt S§ü#Ü˛Ó˚î 3.17 (a))

~ˆÏ«˛ˆÏe A0 ˆÌˆÏÜ˛ !ÓhflÏyÓ˚ A1 ~ xy§ˆÏï˛ ~Ü˛!ê˛ ˛õ)î≈ ˆòy°ˆÏöÓ˚ §üÎ˚ !öˆÏFåÈ– ï˛y•z ~ˆÏ«˛ˆÏe §üÎ˚ t ˙

Ü˛¡õˆÏöÓ˚ ˆòy°öÜ˛yˆÏ°Ó˚ (T) §üyö– xï˛~Ó 3.17(a) §ü#Ü˛Ó˚î ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆ°áy ÎyÎ˚ ˆÎñ

1

0

exp() =− A
bT

A

Óy
0

1

exp( )=A
bT

A

~áö xyüÓ˚y §ü#Ü˛Ó˚î 3.3 ˆÌˆÏÜ˛ çy!ö ˆÎñ

 2b = 
m
γ  ∴ b = 

2m
γ§%ï˛Ó˚yÇ ˆ°áy ÎyÎ˚ ˆÎñ

0

1

A
A

 = exp 

2
T
m
γ ⎛⎞

⎜⎟ ⎝⎠
...3.21

~•z xö%˛õyï˛ˆÏÜ˛ •…y§ (decrement) d Ó°y •Î˚ ~ÓÇ ~•z xö%˛õyˆÏï˛Ó˚ ≤ÃyÜ,˛ï˛ °ày!Ó˚òü‰ˆÏÜ˛ xyüÓ˚y °à#Î˚

•…y§ (logarithmic decrement) Ó!°–

§%ï˛Ó˚yÇñ °à#Î˚ •…y§ λ ˆÜ˛ ˆ°áy ÎyÎ˚–

λ  = 

0

1

loge

A
A

⎛⎞
⎜⎟ ⎝⎠

 = bt = 

2
T
m
γ

...3.22

ˆÎˆÏ•ï%˛ A0 > Añ °à#Î˚ •…y§ λ ~Ü˛!ê˛ ôöydÜ˛ Ó˚y!¢– ~áö xyüÓ˚y Ó°ˆÏï˛ ˛õy!Ó˚ ˆÎñ λ Ó˚y!¢!ê˛ xÓü®ö

b ~ÓÇ ÓƒÓfliy!ê˛Ó˚ ˆòy°öÜ˛y° T ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

xy˛õ!ö !Ü˛ °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ •…y§ Óy ~Ü˛•z !òˆÏÜ˛ ˆöÄÎ˚y ~Ü˛!ê˛ ˛õ)î≈ ˆòy°öÜ˛yˆÏ°Ó˚ ÓƒÓôyˆÏö ò%!ê˛ !ÓhflÏyˆÏÓ˚Ó˚

xö%˛õyï˛ §Ó≈òy•z §üyö⁄ xyüÓ˚y ~áyˆÏö •…y§ !•ˆÏ§ˆÏÓ 

0

1

A
A

 xö%˛õyï˛ˆÏÜ˛ !ã˛!•´ï˛ Ü˛Ó˚ˆÏ°Ä 

1

2

A
A

 Óy ~Ü˛•zû˛yˆÏÓ
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2

3

A
A

, 

3

4

A
A

 ≤Ãû,˛!ï˛ xö%˛õyï˛ Ä •…yˆÏ§Ó˚ (d) §üyö ~ÓÇ ˛≤Ã!ï˛ˆÏ«˛ˆÏe•z log
e
d ~Ó˚ üyö °à#Î˚ •…y§ §)!ã˛ï˛ Ü˛ˆÏÓ˚–

ˆÎüöñ

1

2

A
A

 = 

0

0

exp()
exp(2)

Abt
Abt

−
−

 = exp (bt) = d

∴ λ = 1

2

ln A
A  = ln d = bt ...3.23

S°à#Î˚ •…yˆÏ§Ó˚ xyˆÏÓ˚Ü˛!ê˛ !ÓÜ˛“ Ä ÓƒÓ•y!Ó˚Ü˛ !òÜ˛ ˆÌˆÏÜ˛ §%!ÓôyçöÜ˛ §ÇK˛y Ó˚ˆÏÎ˚ˆÏåÈ– ~•z ~Ü˛ˆÏÜ˛Ó˚ xhsˇû≈%˛_´

§Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#Ó˚ 4 öÇ ≤ÃŸ¿!ê˛Ó˚ í˛z_Ó˚ Ü˛Ó˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚&öñ ˆ§áyˆÏö !Ó£ÏÎ˚!ê˛ xyˆÏ°y!ã˛ï˛ •ˆÏÎ˚ˆÏåÈ–V

3.5.2 Ÿ’Ìö Ü˛y°Ÿ’Ìö Ü˛y°Ÿ’Ìö Ü˛y°Ÿ’Ìö Ü˛y°Ÿ’Ìö Ü˛y°

°â% xÓü®ö §ÇÓ!°ï˛ ˆòy°ˆÏö §üˆÏÎ˚Ó˚ §ˆÏD ˆÎ !ÓhflÏyˆÏÓ˚Ó˚ §)ã˛Ü˛ •…y§ •Î˚ñ ï˛y xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈ–

~Ü˛ÌyÄ xyüyˆÏòÓ˚ çyöy xyˆÏåÈ ˆÎñ ˆÜ˛yöÄ §)ã˛Ü˛ •…yˆÏ§Ó˚ ˆ«˛ˆÏe e´ü•…y§üyö Ó˚y!¢!ê˛ ˆÜ˛yöÄ ˛õ!Ó˚üy˛õˆÏÎyàƒ

§§#ü §üˆÏÎ˚ ¢)öƒ üyˆÏö ˆ˛õÑÔåÈÎ˚ öy– xÓü®ˆÏöÓ˚ ˛õ!Ó˚üy˛õ Ü˛Ó˚yÓ˚ çöƒ ï˛y•z ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ ˆÜ˛yöÄ !ö!ò≈‹T

xö%˛õyˆÏï˛ •…y§ ˆ˛õˆÏï˛ Ü˛ï˛ê˛y §üÎ˚ °yˆÏà ˆ§!ê˛ !öî≈Î˚ Ü˛Ó˚y •Î˚–

§yôyÓ˚îï˛ ˆÜ˛yöÄ ˆû˛Ôï˛ Ó˚y!¢ Îáö §)ã˛Ü˛ •yˆÏÓ˚ •…y§ ˛õyÎ˚ñ ï˛áö ˆû˛Ôï˛ Ó˚y!¢!ê˛ ï˛yÓ˚ ≤ÃyÌ!üÜ˛ Óy §ˆÏÓ≈yFã˛

üyˆÏöÓ˚ e–1 xÇˆÏ¢ xÌ≈yÍñ 36.8 ¢ï˛yÇˆÏ¢ ˆ˛õÑÔåÈˆÏï˛ ˆÎ §üÎ˚ ˆöÎ˚ñ ï˛yÓ˚ !•§yÓ Ü˛Ó˚y •Î˚– ~•z §üÎ˚!ê˛ˆÏÜ˛ Ó°y

•Î˚ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ÿ’ÌöÜ˛y° (relaxation time)– 3.6 !ã˛ˆÏe ~•z Ÿ’ÌöÜ˛y°!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~ˆÏÜ˛

ˆ°áy •Î˚ τ Sê˛yí˛zV !•ˆÏ§ˆÏÓ–

ˆÎ xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe Ÿ’ÌöÜ˛y° ï%˛°öyÎ˚ ò#â≈ï˛Ó˚ xÌ≈yÍñ ˆÎˆÏ«˛ˆÏe ≤ÃyÌ!üÜ˛ Óy §ˆÏÓ≈yFã˛ !ÓhflÏyÓ˚ ï˛yÓ˚ 36.8

¢ï˛yÇˆÏ¢ ˛õ!Ó˚îï˛ •ˆÏï˛ xˆÏ˛õ«˛yÜ,˛ï˛ ˆÓ!¢ §üÎ˚ ˆöÎ˚ñ ˆÓyé˛y ÎyÎ˚ ˆÎ ˆ§áyˆÏö xÓü®ˆÏöÓ˚ üyey Ü˛ü– Ÿ’ÌöÜ˛y°

Îï˛ ˆåÈyê˛ •Î˚ñ xÓü®ˆÏöÓ˚ üyeyÄ •Î˚ ï˛ï˛ ˆÓ!¢– ï˛y•z Ÿ’ÌöÜ˛y° !öî≈ˆÏÎ˚Ó˚ üˆÏôƒ !òˆÏÎ˚ xÓü®ˆÏöÓ˚ ˛õ!Ó˚üy˛õ

Ü˛Ó˚y ÎyÎ˚– xÓ¢ƒ ~!ê˛ üˆÏö Ó˚yáˆÏï˛ •ˆÏÓ ˆÎñ Ÿ’ÌöÜ˛yˆÏ°Ó˚ ôyÓ˚îy ˆÜ˛Ó°üye °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe•z ˛≤ÃˆÏÎyçƒ–

Ÿ’ÌöÜ˛y° àîöyÓ˚ çöƒ ~ÓyÓ˚ 3.17(a) §ü#Ü˛Ó˚ˆÏî !ú˛ˆÏÓ˚ ÎyÄÎ˚y ÎyÜ˛– ˙ §ü#Ü˛Ó˚î xö%ÎyÎ˚# t §üˆÏÎ˚ °â%

xÓü!®ï˛ ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ A(t) = A0e
-bt

~áyö ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈñ Î!ò t = τ SŸ’Ìö Ü˛y°V •Î˚ ï˛ˆÏÓ A(τ) = A
0
e-bτ = A

0
e-1

∴ bτ = 1

xÌ≈yÍñ  τ = 

1
b

 = 

2m
γ

...3.24
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~áyˆÏö ˆòáy ÎyˆÏFåÈ ˆÎñ τ • Ï̂FåÈ b ~Ó˚ !Ó˛õÓ˚#ï˛ Ó˚y!¢– xï˛~Ó b ~Ó˚ üyö Îï˛ Óí˛¸ •ˆÏÓñ τ ~Ó˚ üyö

ï˛ï˛ ˆåÈyê˛ •ˆÏÓ– xyÓyÓ˚ b ~Ó˚ üyö Óí˛¸ •ÄÎ˚yÓ˚ xÌ≈ xÓü®ˆÏöÓ˚ üyey Ó,!k˛– ï˛y•z ˆåÈyê˛ Ÿ’Ìö Ü˛y° x!ôÜ˛ï˛Ó˚

xÓü®ö §)!ã˛ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ï˛y xyˆÏàÄ í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– °«˛ƒ Ü˛Ó˚ˆÏÓö ˆÎñ Ÿ’Ìö Ü˛y° SτV ˆÜ˛Ó°üye

b ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– !Ü˛v °à#Î˚ •…y§ SτVb ~ÓÇ ˆòy°öÜ˛y° T ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ï˛y•z xÓü®ˆÏöÓ˚

üyey ˆÓyé˛yˆÏöyÓ˚ çöƒ τ Óy λ Ó˚ ˆÜ˛yö!ê˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÓ ï˛y ˆ«˛e!ÓˆÏ¢£Ï ~ÓÇ xyüyˆÏòÓ˚ ≤ÃyÆÓƒ ï˛ˆÏÌƒÓ˚

!òˆÏÜ˛ °«˛ƒ ˆÓ˚ˆÏá !öô≈y!Ó˚ï˛ Ü˛Ó˚ˆÏï˛ •ˆÏÓ–

3.5.3 !Ü˛í˛z!Ü˛í˛z!Ü˛í˛z!Ü˛í˛z!Ü˛í˛z     (Q) ÈÙÈ =îyB˛ÙÈ =îyB˛ÙÈ =îyB˛ÙÈ =îyB˛ÙÈ =îyB˛

!Ü˛í˛z (Q) ÈÙ È=îyB˛ (Q - factor Óy quality factor) öyˆÏü ˛õ!Ó˚!ã˛ï˛ ~Ü˛!ê˛ !ÓˆÏ¢£Ï Ó˚y!¢ àîöyÓ˚ üyôƒˆÏüÄ

xÓü®ˆÏöÓ˚ ˛õ!Ó˚üyî !öˆÏò≈¢ Ü˛Ó˚y ÎyÎ˚–

ôÓ˚y ÎyÜ˛ñ ˆÜ˛yöÄ ~Ü˛!ê˛ Ü˛¡õö¢#° ÓƒÓfliyÎ˚ E
0
 •ˆÏFåÈ xöÓü!®ï˛ xÓfliyÓ˚ ˆüyê˛ ¢!_´– ~áö ~•z

ÓƒÓfliy!ê˛ˆÏï˛ xÓü®ö í˛z˛õ!fliï˛ ÌyÜ˛ˆÏ° ~•z ¢!_´ e´üyàï˛ •…y§≤ÃyÆ •Î˚– ~•z ¢!_´ñ xyüÓ˚y çy!ö ˆÎñ §)ã˛Ü˛

•yˆÏÓ˚ Ü˛üˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ !Ü˛å%È §üÎ˚ ˛õˆÏÓ˚ ï˛y E
0
ÈÙÈ~Ó˚ üyˆÏöÓ˚ e–1 xÇ¢ Óy ≤ÃyÎ˚ 37 ¢ï˛yÇˆÏ¢ ˛õ!Ó˚îï˛ •Î˚–

~•z §üˆÏÎ˚Ó˚ üˆÏôƒ ÓƒÓfliy!ê˛ Ü˛ˆÏÎ˚Ü˛!ê˛ ˆòy°ö §¡õß¨ Ü˛Ó˚ˆÏÓ– ~Ü˛!ê˛ ˆòy°ö §¡õß¨ Ü˛Ó˚yÓ˚ xÌ≈ ò¢yˆÏÜ˛yˆÏîÓ˚

2π ˆÓ˚!í˛Î˚yö x!ï˛e´ü Ü˛Ó˚y– ~û˛yˆÏÓ E0 ï˛yÓ˚ 37 ¢ï˛yÇˆÏ¢ ˆöˆÏü xy§yÓ˚ §üÎ˚ê%˛Ü%˛Ó˚ üˆÏôƒ SÎy ≤ÃÜ,˛ï˛˛õˆÏ«˛

ÓƒÓfliy!ê˛Ó˚ Ÿ’Ìö Ü˛y°ñ τ ~Ó˚ xˆÏô≈ˆÏÜ˛Ó˚ §üyöV Ó›!ê˛Ó˚ Ü˛¡õˆÏöÓ˚ ò¢yˆÏÜ˛yî Îï˛ ˆÓ˚!í˛Î˚yö x!ï˛e´ü Ü˛ˆÏÓ˚ˆÏåÈñ

ï˛y ˙ ÓƒÓfliy!ê˛Ó˚ !Ü˛í˛z ÈÙÈ=îyˆÏB˛Ó˚ ˛õ!Ó˚üy˛õÜ˛–

3.20 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆÓyé˛y ÎyÎ˚ ˆÎñ E0 ï˛yÓ˚ 37 ¢ï˛yÇ¢ Óy E0e
–1 üyˆÏö ˆ˛õÑÔåÈˆÏï˛ t §üÎ˚ !öˆÏ°ñ

t = 

1
2b

 = 

m
γ

...3.25

ˆÎˆÏ•ï%˛ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω', t §üˆÏÎ˚ Ü˛¡õö¢#° ÓƒÓfliy!ê˛ Îï˛ ˆÓ˚!í˛Î˚yö x!ï˛e´ü

Ü˛ˆÏÓ˚ˆÏåÈ ï˛yÓ˚ ˛õ!Ó˚üyî òÑyí˛¸yÎ˚ ω' × t

ˆÎˆÏ•ï%˛ ~•z §Çáƒy!ê˛•z !Ü˛í˛zÈÙÈ=îyB˛ !•§yˆÏÓ §ÇK˛y!Î˚ï˛ •ˆÏÎ˚ˆÏåÈñ ï˛y•z Ó°y ÎyÎ˚ ˆÎñ

!Ü˛í˛z ÈÙÈ =îyB˛ Q = ω't = 

'
2b
ω

 = 

'
2

ωτ

 = 

'm ω
γ

...3.26

3.26 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎñ !Ü˛í˛z ÈÙÈ =îyB˛ˆÏÜ˛ Ÿ’Ìö Ü˛yˆÏ°Ó˚ §y•yˆÏÎƒ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ xÌ≈yÍñ

ò%!ê˛ Ó˚y!¢ §¡õÜ≈˛Î%_´– xyÓ˚Ä °«˛ƒ Ü˛Ó˚yÓ˚ !Ó£ÏÎ˚ ~•z ˆÎñ !Ü˛í˛zÈÙ =îyˆÏB˛ Q ~Ü˛!ê˛ ~Ü˛Ü˛•#ö !Ó÷k˛ §Çáƒy–

xy˛õ!ö Î!ò 3.3 §ü#Ü˛Ó˚î!ê˛ ≤Ã!ï˛¤˛y !Ó£ÏÎ˚Ü˛ xyˆÏ°yã˛öyÎ˚ ~Ü˛ê%˛ !ú˛ˆÏÓ˚ Îyöñ ï˛y•ˆÏ° ˆòáˆÏï˛ ˛õyˆÏÓö ˆÎ

γ •ˆÏFåÈ xÓü®ö =îyB˛– Èγ ÙÈ~Ó˚ Ó,•_Ó˚ üyö x!ôÜ˛ï˛Ó˚ xÓü®ö §)!ã˛ï˛ Ü˛ˆÏÓ˚– xyÓyÓ˚ xï˛ƒhsˇ °â% xÓü®ˆÏöÓ˚

ˆ«˛ˆÏe Èγ ÙÈ~Ó˚ üyö á%Ó•z Ü˛ü •Î˚ ~ÓÇ ˆ§ˆÏ«˛ˆÏe 3.2 §ü#Ü˛Ó˚ˆÏîÓ˚ Q ÈÙÈ~Ó˚ üyö á%Ó•z Óí˛¸ •Î˚– §%Ó˚¢°yÜ˛yÓ˚

Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe Q =îyˆÏB˛Ó˚ üyö ˆüyê˛yü%!ê˛û˛yˆÏÓ Ü˛ˆÏÎ˚Ü˛ •yçyˆÏÓ˚Ó˚ üï˛ ~ÓÇ ˆ§áyˆÏö xÓü®ö á%Ó•z Ü˛ü–
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Ó›ï˛ 3.26 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈñ xöÓü!®ï˛ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏeñ ˆÎáyˆÏö xÓü®ö xö%˛õ!fliï˛ ÌyÜ˛yÎ˚

γ = 0, Q =îyˆÏB˛Ó˚ üyö •ˆÏÓ x§#ü– ï˛ˆÏÓ ≤ÃÜ,˛ï˛˛õˆÏ«˛ ˆÜ˛yöÄ ˆòy°ˆÏÜ˛Ó˚ ˆ«˛ˆÏe•z xÓöü®ö =îyˆÏB˛Ó˚ üyö

¢)öƒ •Î˚ öy– ú˛ˆÏ° Q ~Ó˚ üyöÄ §§#ü ÌyˆÏÜ˛–

xÓü®ˆÏöÓ˚ üyey á%Ó•z Ü˛ü •ˆÏ° Îáö ôˆÏÓ˚ ˆöÄÎ˚y ÎyÎ˚ ˆÎ ω
0

2 >> b2ñ ï˛áö xÓü®ˆÏöÓ˚ ú˛ˆÏ° ˛õ!Ó˚Ó!ï≈˛ï˛

ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω' ˆÜ˛ ˆ°áy ÎyÎ˚  È

ω' ≈ ω0 = 

k
m

~Ó˚ ú˛ˆÏ° Q ÈÙÈ ~Ó˚ üyö òÑyí˛¸yÎ˚

Q = 

0m ω
γ

 = 

k
m

.

m
γ

 = 

km
γ

 = 

0

2
ωτ

...3.27

xÌ≈yÍñ ~ˆÏ«˛ˆÏe Q ÈÙÈ ~Ó˚ üyö !fl±ÇÈÙÈô &ÓˆÏÜ˛Ó˚ Óà≈ü)ˆÏ°Ó˚ §ˆÏD §üyö%˛õy!ï˛Ü˛ ~ÓÇ γ ~Ó˚ ÓƒhflÏyö%˛õy!ï˛Ü˛ •Î˚–

≤ÃˆÏîy!òï˛ ˆòy°ö (forced vibration) Ä xö%öyò (resonance) ~Ó˚ ˆ«˛ˆÏe Q ÈÙÈ =îyˆÏB˛Ó˚ !ÓˆÏ¢£Ï ï˛yÍ˛õÎ≈

Ä =Ó˚&c xyˆÏåÈ– ~ !Ó£ÏˆÏÎ˚ xy˛õ!ö ˛õÓ˚Óï≈˛# ã˛ï%˛Ì≈ ~Ü˛ˆÏÜ˛ çyöˆÏï˛ ˛õyÓ˚ˆÏÓö– Q ÈÙÈ =îyˆÏB˛Ó˚ !ÓÜ˛“ §ÇK˛y §¡∫ˆÏ¶˛

ˆ§áyˆÏö xyˆÏ°yã˛öy •ˆÏÓ– ~áyˆÏö ˆÓ¢ Ü˛ˆÏÎ˚Ü˛!ê˛ !Ó£ÏÎ˚ xyüÓ˚y xyˆÏ°yã˛öy Ü˛Ó˚°yü– xy§%ö ~ÓyÓ˚ ˆÓyô•Î˚

ò%ÛÈÙÈ~Ü˛!ê˛ xö%¢#°ö#Ó˚ ü%ˆÏáyü%!á •ˆÏï˛ xy˛õöyÓ˚ û˛yˆÏ°y•z °yàˆÏÓ–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -3 :

~Ü˛!ê˛ û˛Ó˚•#ö !fl±ÇÈÙÈ~Ó˚ §ˆÏD Î%_´ 200g û˛ˆÏÓ˚Ó˚ ˆòy°öÜ˛y° 0.25– û˛Ó˚!ê˛Ó˚ ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ ï˛yÓ˚ ≤ÃyÌ!üÜ˛

üyˆÏöÓ˚ ~Ü˛ÈÙÈã˛ï%˛Ì≈yÇˆÏ¢ ˆöˆÏü xy§ˆÏï˛ 100s §üÎ˚ ˆöÎ˚– ÓƒÓfliy!ê˛Ó˚ xÓü®ö =îyB˛ γ ñ Ÿ’Ìö Ü˛y°ñ Q - =îyB˛

~ÓÇ !fl±Ç!ê˛Ó˚ !fl±ÇÈÙÈô &ÓÜ˛ !öî≈Î˚ Ü˛Ó˚&ö– ~ˆÏ«˛ˆÏe °à#Î˚ •…yˆÏ§Ó˚ üyö Ü˛ï˛⁄

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# - 4 :

341 Hz Ü˛¡õyB˛ !Ó!¢‹T ~Ü˛!ê˛ §%Ó˚¢°yÜ˛yÓ˚ Q ÈÙÈ =îyB˛ 1800– §%Ó˚¢°yÜ˛y!ê˛Ó˚ ≤ÃyÓ˚!Ω˛Ü˛ ¢!_´ •…y§ ˆ˛õˆÏÎ˚

20 ¢ï˛yÇ¢ •ˆÏï˛ Ü˛ï˛ §üÎ˚ °yàˆÏÓ⁄

3.6 xÓü!®ï˛ ˆòy°ˆÏöÓ˚ í˛zòy•Ó˚î ≠ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ñ ôyÓ˚Ü˛ ÄxÓü!®ï˛ ˆòy°ˆÏöÓ˚ í˛zòy•Ó˚î ≠ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ñ ôyÓ˚Ü˛ ÄxÓü!®ï˛ ˆòy°ˆÏöÓ˚ í˛zòy•Ó˚î ≠ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ñ ôyÓ˚Ü˛ ÄxÓü!®ï˛ ˆòy°ˆÏöÓ˚ í˛zòy•Ó˚î ≠ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ñ ôyÓ˚Ü˛ ÄxÓü!®ï˛ ˆòy°ˆÏöÓ˚ í˛zòy•Ó˚î ≠ ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ñ ôyÓ˚Ü˛ Ä

ˆÓ˚yô§• Óï≈˛ö#ˆÓ˚yô§• Óï≈˛ö#ˆÓ˚yô§• Óï≈˛ö#ˆÓ˚yô§• Óï≈˛ö#ˆÓ˚yô§• Óï≈˛ö#

xy˛õöyÓ˚y ~•z ˛õÎ≈yˆÏÎ˚Ó˚ ≤ÃÌü ~Ü˛ˆÏÜ˛ ˆòˆÏáˆÏåÈö ˆÎñ ~Ü˛!ê˛ ˆÓ˚yô•#ö Óï≈˛ö#ˆÏï˛ Îáö ~Ü˛!ê˛ xyˆÏÓ¢ (L)

~ÓÇ ôyÓ˚Ü˛ (C) ˆ◊î# §üÓyˆÏÎ˚ Î%_´ ÌyˆÏÜ˛ ~ÓÇ Óï≈˛ö#ˆÏï˛ ~Ü˛!ê˛ Óƒyê˛y!Ó˚ ˆÎyà Ü˛ˆÏÓ˚ ôyÓ˚Ü˛ˆÏÜ˛ §¡õ)î≈ xy!•ï˛

Ü˛ˆÏÓ˚ §!Ó˚ˆÏÎ˚ ˆöÄÎ˚y •Î˚ñ ï˛áö ôyÓ˚ˆÏÜ˛Ó˚ ˙ xyôyö ~Ü˛!ê˛ §Ó˚° ˆòy°à!ï˛ ≤Ãò¢≈ö Ü˛ˆÏÓ˚– !Ü˛v ˆû˛ˆÏÓ ˆòá%öñ

ÓyhflÏÓ ˆ«˛ˆÏe !Ü˛ ˆÓ˚yô•#ö Óï≈˛ö# ˛õyÄÎ˚y §Ω˛Ó⁄ xyüÓ˚y Î!ò ˆ§áyˆÏö §ˆÏã˛ï˛öû˛yˆÏÓ ˆÜ˛yöÄ ˆÓ˚yô (R) Î%_´

öyÄ Ü˛!Ó˚ñ ï˛y•ˆÏ°Ä xyˆÏÓ¢!ê˛ ˆÎ ˛õ!Ó˚Óy•# myÓ˚y ˜ï˛!Ó˚ñ ï˛yÓ˚ !öçfl∫ ˆÓ˚yô ~ÓÇ §ÇˆÏÎyà ï˛yˆÏÓ˚Ó˚ (connecting
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wire) ˆÓ˚yô Óï≈˛ö#ˆÏï˛ xhsˇû≈%˛_´ •ˆÏÓ– ï˛y•z L - C - R Óï≈˛ö#•z ≤ÃÜ,˛ï˛˛õˆÏ«˛ ~Ü˛!ê˛ ÓyhflÏÓ Óï≈˛ö# ~ÓÇ xyüÓ˚y

~áyˆÏö ï˛yÓ˚ xyã˛Ó˚î !ÓˆÏŸ’£Ïî Ü˛ˆÏÓ˚ ˆòáÓ ˆÎñ

§ü≤ÃÓyˆÏ•Ó˚ í˛zÍ§Î%_´ •ˆÏÎ˚ ôyÓ˚Ü˛ˆÏÜ˛ §¡õ)î≈û˛yˆÏÓ

xy!•ï˛ Ü˛Ó˚yÓ˚ ˛õˆÏÓ˚ í˛zÍ§!ê˛ˆÏÜ˛ §!Ó˚ˆÏÎ˚ !öˆÏ° ˙

Óï≈˛ö#ˆÏï˛ §üˆÏÎ˚Ó˚ §ˆÏD xyôyö Ü˛# Ó˚Ü˛ü ˛õ!Ó˚Óï≈˛ö

ˆòáyÎ˚– !ã˛e 3.8 ~ ~Ü˛!ê˛ L - C - R Óï≈˛ö# ˆòáyˆÏöy

•ˆÏÎ˚ˆÏåÈ– ≤ÃÌü ~Ü˛ˆÏÜ˛Ó˚ 1.4.6 xÇˆÏ¢Ó˚ §ü#Ü˛Ó˚î

qdI L
Cdt

+

 = 0  ˛õ!Ó ˚Ó!ï ≈ ˛ï˛ •ˆ ÏÎ ˚ ò Ñ yí˛ ¸ yˆ ÏÓ

q dIL RI
C dt

+ +  = 0

ˆÎˆÏ•ï%˛ñ I = + dq
dt

ñ ~•z §ü#Ü˛Ó˚î!ê˛ §y!çˆÏÎ˚ !öˆÏÎ˚

ˆ°áy ÎyÎ˚ñ

2

2
dqdqq LR

dtC dt
++

 = 0 ...3.28

í˛zû˛Î˚ ˛õ«˛ˆÏÜ˛ L !òˆÏÎ˚ û˛yà Ü˛ˆÏÓ˚ ˛õy•zñ

2

2
dqdqq R

LdtLC dt
++

 = 0 ...3.29

~•z §ü#Ü˛Ó˚î!ê˛ 3.3 §ü#Ü˛Ó˚ˆÏîÓ˚ xö%Ó˚*˛õ– xyüÓ˚y 3.3 §ü#Ü˛Ó˚ˆÏîÓ˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ ˛õy•zñ

ω
0
2 = 1

LC
 ~ÓÇ b = 

2
R

L

xÌ≈yÍñ Óï≈˛ö#Ó˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ !öô≈yÓ˚î Ü˛ˆÏÓ˚ L ~ÓÇ C, ~ÓÇ xÓü®ö !öÎ˚!sfï˛ •Î˚ R ~ÓÇ LÈÙÈ~Ó˚

myÓ˚y– 

1
LC

ÈÙÈÓ˚ ~Ü˛Ü˛ •ˆÏÓ s–2 ~ÓÇ 

R
L

 ~Ó˚ ~Ü˛Ü˛ •ˆÏÓ s–1ñ Óy Èω0 ÙÈÓ˚ xö%Ó˚)˛õ–

~Ü˛•zû˛yˆÏÓ 3.3 §ü#Ü˛Ó˚ˆÏîÓ˚ °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe §üyôyˆÏöÓ˚ §ˆÏD ï%˛°öy Ü˛ˆÏÓ˚ Ó°y ÎyÎ˚ ˆÎñ Îáö ~•z

Óï≈˛ö#ˆÏï˛ b << ω
0
 xÌ≈yÍ R << 

2L
c

ñ ï˛áö §üˆÏÎ˚Ó˚ §ˆÏD ôyÓ˚ˆÏÜ˛Ó˚ xyôyˆÏöÓ˚ ˛õ!Ó˚Óï≈˛ö !ö¡¨!°!áï  §ü#Ü˛Ó˚î

xö%ÎyÎ˚# •ˆÏÓñ

q(t) = 

01 expcos()
2

R qtt
L

ωφ ⎛⎞ −+ ⎜⎟ ⎝⎠

...3.30

ˆÎáyˆÏö ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω1 •ˆÏFåÈñ

ω
1
 = 

22
0b ω−

 = 

2

2
1

4
R

LCL
−

...3.31
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xï˛~Óñ ~áyˆÏöÄ ˆòáy ÎyˆÏFåÈ ˆÎñ q §üˆÏÎ˚Ó˚ §ˆÏD §)ã˛Ü˛ •yˆÏÓ˚ •…y§ ˛õyÎ˚ñ xyÓyÓ˚ cos (ω
1
t+φ) ÈÙÈ~Ó˚

çöƒ xyˆÏ®y!°ï˛ •Î˚– L - C - R Óï≈˛ö#ˆÏï˛ñ R Ó,!k˛ Ü˛Ó˚ˆÏ° xÓü®ö Ó,!k˛ ˛õyÎ˚ ~ÓÇ R ~áyˆÏö xÓü®ö

=îyB˛ γ ~Ó˚ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚– L ~Ó˚ û)˛!üÜ˛y 3.3 §ü#Ü˛Ó˚ˆÏîÓ˚ û˛ˆÏÓ˚Ó˚ §üï%˛°ñ Ü˛yÓ˚î 3.3 §ü#Ü˛Ó˚ˆÏî 2b

= 
m
γ  ~ÓÇ 3.30 §ü#Ü˛Ó˚ˆÏî 2b = 

R
L

–

3.30 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎñ ˆüy«˛ˆÏîÓ˚ (discharge) §üÎ˚ xyôyˆÏöÓ˚ üyˆÏöÓ˚ !ÓhflÏyÓ˚ §)ã˛Ü˛ •yˆÏÓ˚

•…y§ ˛õyˆÏÓ–

°«˛ƒ Ü˛Ó˚&öñ xyôyˆÏöÓ˚ Ü˛¡õö §Ω˛Ó •ÄÎ˚yÓ˚ çöƒ R < 

2L
C

 •ÄÎ˚y ≤ÃˆÏÎ˚yçö– !Ü˛v R Î!ò 

2L
C

ÈÙÈ~Ó˚

ï%˛°öyÎ˚ í˛zˆÏ˛õ«˛î#Î˚ •ˆÏÎ˚ ÎyÎ˚ñ ï˛y•ˆÏ° ˆüy«˛ˆÏîÓ˚ Ü˛¡õyB˛ ω
1 

~ÓÇ ω
0 

≤ÃyÎ˚ §üyö •ˆÏÎ˚ ÎyÎ˚ñ xÌ≈yÍ ï˛áö

ω1
2 ≅ ω0

2 = 

1
LC

Ó›ï˛ñ xyüÓ˚y ~áyˆÏö Óï≈˛ö#Ó˚ Q ÈÙÈ =îyB˛ !•§yˆÏÓ L Ä C ÈÙÈÓ˚ !•§yˆÏÓ QÙÈ=îyˆÏB˛Ó˚ ~Ü˛!ê˛ Ó˚y!¢üy°y

ˆ˛õˆÏï˛ ˛õy!Ó˚– xy˛õ!ö ~!ê˛ !öˆÏç Ü˛ˆÏÓ˚ ˆòáˆÏï˛ ˛õyˆÏÓ˚ö–

L - C - R Óï≈˛ö#ˆÏï˛ ˆÓ˚yô R ÈÙÈ~Ó˚ !òˆÏÜ˛ !ÓˆÏ¢£Ï ò,!‹T ˆòÄÎ˚yÓ˚ ≤ÃˆÏÎ˚yçö Ó˚ˆÏÎ˚ˆÏåÈ– ˆÓ˚yô•z Óï≈˛ö#ˆÏï˛

xÓü®ˆÏöÓ˚ §MÈ˛yÓ˚ Ü˛ˆÏÓ˚– ˆÓ˚yˆÏôÓ˚ üyö Ó,!k˛Ó˚ §ˆÏD §ˆÏD xÓü®ö Ó,!k˛ ˛õyÎ˚– ˆÓ˚yˆÏôÓ˚ üyö 

2L
C

 x!ï˛e´ü

Ü˛Ó˚ˆÏ° Óï≈˛ö#!ê˛ x!ï˛ xÓü!®ï˛ •Î˚ñ ˆ§!ê˛ˆÏï˛ xyÓ˚ Ü˛¡õö âˆÏê˛ öy– ~ÓyˆÏÓ˚Ó˚ xö%¢#°ö#!ê˛ L – C – R Óï≈˛ö#

§Çe´yhsˇ–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# - 5 :

~Ü˛!ê˛  L – C – R Óï≈˛ö#ˆÏï˛ L = 5mH ~ÓÇ C = 1μF– Î!ò ò%!ê˛ ˆ«˛ˆÏe R ÎÌye´ Ï̂ü 2Ω ~ÓÇ 100Ωñ

•Î˚ ï˛ˆÏÓ xyôyˆÏöÓ˚ Ü˛¡õö à!ï˛Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ Ä =îyB˛ í˛zû˛Î˚ ˆ«˛ˆÏe Ü˛ï˛ •ˆÏÓ⁄

3.7 §yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢

~•z ~Ü˛ˆÏÜ˛ ˆÎ !Ó£ÏÎ˚=!° §¡∫ˆÏ¶˛ xyˆÏ°yã˛öy Ü˛Ó˚y •°– ˆ§=!° •°ÈÙÙÙÈ

1. ÓyhflÏÓ çàˆÏï˛Ó˚ ˆòy°ˆÏö xÓü®ö í˛z˛õ!fliï˛ ÌyˆÏÜ˛ ~ÓÇ xÓü®ˆÏöÓ˚ ú˛ˆÏ° ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ Ä ¢!_´

§üˆÏÎ˚Ó˚ §ˆÏD •…y§ ˛õyÎ˚–

2. xÓü!®ï˛ ˆòy°à!ï˛Ó˚ xÓÜ˛° §ü#Ü˛Ó˚î !•§yˆÏÓ

2
2

0 22 dxdx bx
dt dt

ω ++

 = 0 §ü#Ü˛Ó˚î!ê˛ ˛õyÄÎ˚y ÎyÎ˚–
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~áyˆÏö 2b = 
m
γ , 

2
0

k
m

ω=

– γ = ~Ü˛Ü˛ ˆÓà !˛õå%È xÓü®öÜ˛yÓ˚# ÓˆÏ°Ó˚ ˛õ!Ó˚üyîñ k = ~Ü˛Ü˛ §Ó˚î

!˛õå%È ≤Ãï˛ƒyöÎ˚Ü˛ ÓˆÏ°Ó˚ ˛õ!Ó˚üyî–

3. !Ó!û˛ß¨ üyeyÓ˚ xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyˆÏöÓ˚ Ó˚*˛õ!ê˛ !û˛ß¨ •Î˚– ˆÜ˛Ó°üye °â%

xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe ˆòy°à!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ~ÓÇ ˛õòyÌ≈!ÓòƒyÓ˚ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ ~•z ˆ◊î#Ó˚ xÓü®ö

§Ó≈yˆÏ˛õ«˛y =Ó˚&c˛õ)î≈– °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe §üyôyö!ê˛ ˆ°áy ÎyÎ˚ñ

x(t) = A
0
e–bt cos (ω't + Q)

ˆÎáyˆÏöñ ω' = 

22
0b ω−

x!ï˛ Óy e´yhsˇ#Î˚ xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe ˆòy°à!ï˛ §Ω˛Ó˛õÓ˚ •Î˚ öy–

4. xÓü!®ï˛ ˆòy°à!ï˛Ó˚ ˆ«˛ˆÏe !ÓhflÏyÓ˚ Ä ¢!_´ §üˆÏÎ˚Ó˚ §ˆÏD §)ã˛Ü˛ •yˆÏÓ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– ˆÎüö

A = A
0
e–bt

~ÓÇ E = E0e
–2bt

~áyˆÏöñ E ˆüyê˛ ¢!_´ ~ÓÇ A
0
 Ä E

0
 ÎÌye´ˆÏü ˆòy°ˆÏöÓ˚ ≤ÃyÓ˚!Ω˛Ü˛ !ÓhflÏyÓ˚ Ä ˆüyê˛ ¢!_´–

5. °â% xÓü®ˆÏöÓ˚ ú˛ˆÏ° ˆòy°öÜ˛y°Ä ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚– Î!òÄ b << ω0 •ˆÏ° ~•z ˛õ!Ó˚Óï≈˛ö x!ï˛ §yüyöƒ

•Î˚ ~ÓÇ ≤ÃyÎ˚¢•z ï˛y x@ˇÃy•ƒ Ü˛Ó˚y •Î˚– °â% xÓü®ˆÏöÓ˚ ú˛ˆÏ° ˆÎ ˆòy°öÜ˛y° ˛õyÄÎ˚y ÎyÎ˚ ï˛y •°ñ

T = 

2
'
π
ω

 = 

22
0

2

b

π
ω−

6. °â% xÓü®ˆÏöÓ˚ üyey ˛õ!Ó˚üyîàï˛û˛yˆÏÓ !öˆÏò≈¢ Ü˛Ó˚yÓ˚ í˛zˆÏjˆÏ¢ƒ Ü˛ˆÏÎ˚Ü˛!ê˛ Ó˚y!¢ ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚– ~=!°

•°ñ °à#Î˚ •…y§ SλVñ Ÿ’Ìö Ü˛y° SτV ~ÓÇ !Ü˛í˛z SQV ÈÙÈ=îyB˛– ~•z Ó˚y!¢=!° b, t, ω  ≤Ãû,˛!ï˛Ó˚ §y•yˆÏÎƒ

≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚–

7. xyˆÏÓ¢ SLVñ ôyÓ˚Ü˛ ScV ~ÓÇ ˆÓ˚yô SRV ˆ◊î# §üÓyˆÏÎ˚ Î%_´ ~üö Óï≈˛ö#ˆÏï˛ Óƒyê˛y!Ó˚ Óy ˆÜ˛yöÄ §ü

!Óû˛Ó í˛zÍ§ Î%_´ Ü˛ˆÏÓ˚ ôyÓ˚Ü˛!ê˛ˆÏÜ˛ ˛õ)î≈ xy!•ï˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ Óƒyê˛y!Ó˚ Óy í˛zÍ§!ê˛ˆÏÜ˛ !Ó!FåÈß¨ Ü˛Ó˚ˆÏ° ôyÓ˚ˆÏÜ˛Ó˚ xyôyö

§üˆÏÎ˚Ó˚ §ˆÏD •…y§ ˛õyÎ˚ ~ÓÇ xÓü!®ï˛ ˆòy°à!ï˛ ≤Ãò¢≈ö Ü˛ˆÏÓ˚– ~•z xÓü®ö Óï≈˛ö#Ó˚ ˆÓ˚yˆÏôÓ˚ Ä˛õÓ˚ !öû˛≈Ó˚¢#°–

3.8 §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. û˛Ó˚•#ö ~ÓÇ 8Nm–1 !fl±Ç ô &ÓÜ˛ !Ó!¢‹T ~Ü˛!ê˛ !fl±ÇˆÏÜ˛ ~Ü˛!ê˛ ò,ì˛¸ !Ó®% ˆÌˆÏÜ˛ é%˛!°ˆÏÎ˚ ï˛yÓ˚ !öˆÏã˛

0.2 kg û˛Ó˚ Î%_´ Ü˛Ó˚y •°– ˆòáy ˆà° ˆÎñ !fl±ÇÈÙÈ~Ó˚ §ˆÏD Î%_´ û˛Ó˚!ê˛ xÓü!®ï˛ ˆòy°ˆÏö xyˆÏ®y!°ï˛ •ˆÏFåÈ



83

~ÓÇ ï˛yÓ˚ ¢!_´ ≤ÃyÌ!üÜ˛ ¢!_´Ó˚ 37 ¢ï˛yÇ¢ ˆöˆÏü xy§ˆÏï˛ 40s §üÎ˚ !öˆÏFåÈ– xÓü®ö =îyB˛ñ °à#Î˚ •…y§

~ÓÇ Ÿ’Ìö Ü˛y° ~ˆÏ«˛ˆÏe Ü˛ï˛⁄ ÓƒÓfliy!ê˛Ó˚ QÈÙÈ=îyB˛ àîöy Ü˛Ó˚%ö–

2. ~Ü˛!ê˛ §Ó˚° ˆòy°ˆÏÜ˛Ó˚ !ÓhflÏyÓ˚ 4º ˆÌˆÏÜ˛ 3º ˆï˛ •…y§ ˛õyÄÎ˚yÓ˚ §üÎ˚ 30!ê˛ ˛õ)î≈ ˆòy°ö §¡õß¨ •Î˚–

ˆòy°ˆÏÜ˛Ó˚ ˆòy°öÜ˛y° 2.2s •ˆÏ° Ÿ’Ìö Ü˛y° Ä °à#Î˚ •…y§ àîöy Ü˛Ó˚&ö–

3. L– C – R ˆ◊î# §üÓyˆÏÎ˚ Î%_´ ~Ü˛!ê˛ Óï≈˛ö#ˆÏï˛ L = 15mH, C = 3μF ~ÓÇ R = 10Ω– ~•z Óï≈˛ö#ˆÏï˛

~Ü˛!ê˛ Óƒyê˛y!Ó˚ Î%_´ Ü˛ˆÏÓ˚ ôyÓ˚Ü˛!ê˛ˆÏÜ˛ ˛õ)î≈ xy!•ï˛ Ü˛Ó˚yÓ˚ ˛õÓ˚ Óƒyê˛y!Ó˚!ê˛ˆÏÜ˛ !Ó!FåÈß¨ Ü˛Ó˚y •°– ~áö ôyÓ˚ˆÏÜ˛Ó˚

xyôyˆÏöÓ˚ •…y§ Ü˛# Ü˛¡õö à!ï˛ ≤Ãò¢≈ö Ü˛Ó˚ˆÏÓ⁄ xyôyˆÏöÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ ˛õ!Ó˚üyî Ü˛ï˛ §üˆÏÎ˚ xˆÏô≈Ü˛ •ˆÏÓ⁄ R ~Ó˚

ö)ƒöï˛ü ˆÜ˛yö üyˆÏöÓ˚ çöƒ xyôyˆÏöÓ˚ •…y§ Ü˛¡õö à!ï˛ˆÏï˛ §Ω˛Ó˛õÓ˚ •ˆÏÓ öy⁄

4. 3.5.1 xö%ˆÏFåÈˆÏò xy˛õ!ö ˆòˆÏáˆÏåÈö ˆÎñ °à#Î˚ •…y§ λ !öî≈ˆÏÎ˚Ó˚ çöƒ Ü˛#û˛yˆÏÓ ˛õÓ˚ ˛õÓ˚ ò%!ê˛ Ü˛¡õˆÏöÓ˚

!ÓhflÏyÓ˚ Ä ï˛yˆÏòÓ˚ xö%˛õyï˛ˆÏÜ˛ ÓƒÓ•yÓ˚ Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– !Ü˛v ÓƒÓ•y!Ó˚Ü˛ ˆ«˛ˆÏe Îáö ˛õÓ˚#«˛yü%°Ü˛ û˛yˆÏÓ Èλ ÙÈÓ˚

üyö !öî≈Î˚ Ü˛Ó˚ˆÏï˛ •Î˚ñ ï˛áö xyÓ˚Ä !öû≈˛Ó˚ˆÏÎyàƒ üyö ˛õyÄÎ˚yÓ˚ çöƒ §yôyÓ˚îï˛ ~üö ò%!ê˛ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ˆÏÜ˛

!Óã˛yÓ˚ Ü˛Ó˚y •Î˚ñ ÎyˆÏòÓ˚ üˆÏôƒ ‘n’ (n > 1) §ÇáƒÜ˛ ˛õ)î≈ Ü˛¡õö §¡õß¨ •ˆÏÎ˚ˆÏåÈ– Î!ò a0 ~ÓÇ an ~ˆÏ«˛ˆÏeÓ˚

≤ÃÌü Ä (n+1) ï˛ü Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ •Î˚ñ ï˛y•ˆÏ° ˆòáyö ˆÎñ Èλ ÙÈÓ˚ !ÓÜ˛“ Ó˚y!¢üy°y •° λ = 

0 1ln
n

a
na

⎛⎞
⎜⎟ ⎝⎠

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. ˆÎˆÏ•ï%˛ A = A
0
e–bt ~ÓÇ ~áyˆÏö

A0 = .08m, A = .02m, t = 160s,  xyüÓ˚y ˛õy•zñ

0

A
A

 = 

.02

.08

 = .25 = e–160b

Óyñ e160b = 4

∴ 160b = ln 4 = 1.386

~áyö ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ b = .00866s–1

xÓü!®ï˛ ˆòy°öÜ˛y° T = 

160
80

 = 2s      ∴ ω' = 

2
T
π

 = πs–1

!Ü˛v  ω' = 

22
0b ω−

ñ xÌ≈yÍ ω
0
 = 

22 'b ω+

 = 

22 (.00866) π+
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∴ xÓü!®ï˛ ˆòy°öÜ˛y° = 
0

2π
ω  = 

22

2

(.00866)

π
π+

 = 1.999992s Óy 2s

§%ï˛Ó˚yÇñ ò%•z ˆòy°öÜ˛yˆÏ°Ó˚ üˆÏôƒ ˛õyÌ≈Ü˛ƒ í˛zˆÏ˛õ«˛î#Î˚–

2. ˆòÄÎ˚y xyˆÏåÈñ û˛Ó˚ m = 2kg ~ÓÇ !fl±Ç ô &ÓÜ˛ k = 2Nm–1 ~ÓÇ ~Ü˛Ü˛ à!ï˛ˆÏÓˆÏà xÓü®ö Ó°

γ = 0.4Nsm–1

∴ b = 
2m
γ  = 

0.4
22 ×

 = 0.1s–1

xÓü!®ï˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω0 = 

k
m

 = 1s–1

(i) ˆòáy ÎyˆÏFåÈ ˆÎñ ω0
2 > b2ñ xï˛~Ó à!ï˛!ê˛ Ü˛¡õö Î%_´ •ˆÏÓ– Ü˛yÓ˚îñ ω0

2 > b2 •ÄÎ˚yÓ˚ xÌ≈ ~•z

ˆÎñ ÓƒÓfliy!ê˛ˆÏï˛ xÓü®ö ÌyÜ˛ˆÏ°Ä ï˛y °â% xÓü®ö–

(ii) e´yhsˇ#Î˚ xÓü®ˆÏöÓ˚ çöƒ ω0 = b xÌ≈yÍñ b = 1s–1

§%ï˛Ó˚yÇñ  γ  = 2bm = 2 × 1 × 2 = 4NSm–1 xÌ≈yÍñ ~Ü˛Ü˛ à!ï˛ˆÏÓˆÏà 4N ÓˆÏ°Ó˚ çöƒ à!ï˛!ê˛Ó˚ e´yhsˇ#Î˚

xÓü®ö âê˛ˆÏÓ–

(iii) û˛Ó˚ mÈÙÈ~Ó˚ ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ ω0 = b §¡õÜ˛≈!ê˛ ˛õy°ö Ü˛Ó˚y •ˆÏ° e´yhsˇ#Î˚ xÓü®ö §,!‹T •ˆÏÓ– ~ˆÏ«˛ˆÏe

ω
0
2 = b2 xÌÓyñ 

k
m

 = 

2 2

2m
γ ⎛⎞

⎜⎟ ⎝⎠

, Óyñ m = 

2

4k
γ

– γ  Ä k ~Ó˚ üyö Ó!§ˆÏÎ˚ñ

m = 

2 (0.4)
2

 = .02 kg–

(iv) xyüÓ˚y çy!ö ˆÎñ

ˆüyê˛ ¢!_´ E(t) = E
0
e–2bt

~ˆÏ«˛ˆÏe b = 0.1s–1 ~ÓÇ 

0

() Et
E

 = 

1
3

∴

1
3

 = e–2bt ln 3 = 2bt, Óyñ t = 

ln3
2b

 = 

1.10
2.1 ×

 = 5.5s
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3. ˆòy°öÜ˛y° T = 0.2s, ∴ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛  ω' = 

22.
0.2 T

ππ

 = 10π

!ÓhflÏyÓ˚ •…yˆÏ§Ó˚ ˆ«˛ˆÏe

A(t) = A
0
e–bt ∴ 

0

4
A

 = A
0
e–b.100

∴ ln 4 = b.100 ∴ b = .01386s–1

ˆÎˆÏ•ï%˛ m = 200g = 0.2kgñ ˆ°áy ÎyÎ˚ ˆÎñ xÓü®ö =îyB˛

γ = 2bm = 2.0.2 × .01386 = .0055 NSm–1

Ÿ’Ìö Ü˛y° τ = 

1
b

 = 

1
.01386

 = 72s

Q =îyB˛ = 

'
2b
ω

 = 

10
2.01386

π
×

 = ≤ÃyÎ˚ 1100

ˆÎˆÏ•ï%˛ b << ω', ω0 ≈ ω'

~áö K = mω
0

2 ≈ mω'2

= 0.2 ×(10π)2

= 197Nm–1

°à#Î˚ •…y§ λ = bt = .01386 × .2 ≈ 2.8 × 10–3– °«˛ƒ Ü˛Ó˚&öñ ~•z ày!î!ï˛Ü˛ ≤ÃŸ¿!ê˛Ó˚ í˛z_ˆÏÓ˚Ó˚ çöƒ

xyüÓ˚y xyüyˆÏòÓ˚ §%!Óôyüï˛ !Ó!û˛ß¨ §¡õÜ≈˛=!° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚!åÈ– !Ü˛v !ÓÜ˛“ §¡õÜ≈˛ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚Ä í˛z_Ó˚=!°

˛õyÄÎ˚y §Ω˛Ó– ˆÎüöñ λ  = 

T
τ

, Q =

π
τ

– ~=!° xy˛õ!ö ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆòáˆÏï˛ ˛õyˆÏÓ˚ö–

4. Q = 1800 ~ÓÇ Ü˛¡õyB˛ υ = 

0

2
ω

π

 = 341Hz

Q ~Ó˚ í˛zFã˛ üyö x!ï˛ °â% xÓü®ö §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ

∴ Q = 

0

2
ωτ

∴τ = 

0

2Q
ω

 = 

21800
3412π

×
×

 = 1.68s

ˆÎˆÏ•ï%˛ τ = 

1
b

∴ b = 

1 1
1.68

s−

  = .595s–1

E = E
0
b–2bt
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~ˆÏ«˛ˆÏe 

0

E
E

 = 20% = 0.2 = 

1
5

∴ ln 5 = 2bt ∴ t = 

ln5
2b

 = 1.35s

5. ≤ÃÌü ˆ«˛ˆÏe L = 5mH, C  = 1μF, R = 2Ω

∴ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω
1
 = 

2

2
1

4
R

LCL
−

 = 8 42 10 4 10× − ×  = 1.4 ×104s–1

°«˛ƒ Ü˛Ó˚&öñ ˆÎˆÏ•ï%˛ 
1

LC
>>

2

2 4
R

L

ñ xï˛~Ó ~áyˆÏö ôyÓ˚ˆÏÜ˛Ó˚ Ü˛!¡õï˛ ˆüy«˛î (oscillatory discharge)

âê˛ˆÏÓ ~ÓÇ ω
1 

≅ ω
0
 = 

1
LC

 •ˆÏÓ– !mï˛#Î˚ ˆ«˛ˆÏe ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛

ω
2
 = 

88 210110 ×−×

 = 1.0 × 104s–1– ~•z ˆ«˛ˆÏe ˆÎˆÏ•ï%˛ R = 100Ω xÓü®ˆÏöÓ˚ üyey ~áyˆÏö

xˆÏöÜ˛ ˆÓ!¢ ~ÓÇ Óï≈˛ö#Ó˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ω0(=141.2 × 102s–1)– ~•z ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ Èω2 ÙÈ~Ó˚ ˆÌˆÏÜ˛

xˆÏöÜ˛áy!ö !û˛ß¨–

≤ÃÌü ˆ«˛ˆÏe QÈÙÈ=îyB˛ Q
1
 = 1

2b
ω  = 

1L
R
ω

 = 

43 1.410510
2

− ×××

 = 35

!mï˛#Î˚ ˆ«˛ˆÏe Q2 = 
4 31.0 10 5 10

100

−× × ×  = 0.5

°«˛ƒ Ü˛Ó˚&öñ ≤ÃÌü ˆ«˛ˆÏe xÓü®ö Ü˛ü ÌyÜ˛yÎ˚ Q ~Ó˚ üyö ˆÓ!¢–

3.8 §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. K = 8Nm–1– xyüÓ˚y çy!ö E = E
0
e–2bt– 37 ¢ï˛yÇ¢ ˛õÎ≈hsˇ •…yˆÏ§Ó˚ xÌ≈ ≤ÃyÌ!üÜ˛ ¢!_´ E

0
 ï˛yÓ˚

0.37 xÇˆÏ¢ ˆöˆÏü xy§ˆÏï˛ 40s §üÎ˚ !öˆÏFåÈ

∴ e–2bt = e–2b.40= 0.37

∴ 80b = – ln 0.37 = 1.0 xÌ≈yÍñ b = 11
80

s−
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∴ xÓü®ö =îyB˛  γ = 2bm = 

1 20.2[0.2]
80

mkg ××= ∵

= .005 NSm–1

xöÓü!®ï˛ ˆòy°öÜ˛y° T = 2 m
k

π  = 0.22
8

π ≈ 1s

∴ ω
0
 = 2

T
π  = 2πs–1

°à#Î˚ •…y§ λ = bt = bT = 

11
80

×

 = 0.0125

Ÿ’Ìö Ü˛y° τ  = 

1
b

 = 80s

Q =îyB˛ Q = 

'
2b
ω

 = 

22
0

2
b

b
ω−

 = 

2
21 (2)

80
1 280

π⎛⎞ −⎜⎟ ⎝⎠
×

= 2π ×40 ≈ 250

°«˛ƒ Ü˛Ó˚&öñ xÓü®ö =îyB˛ xï˛ƒhsˇ Ü˛ü •ÄÎ˚yÎ˚ ~áyˆÏö ω' ≅ ω
0

2. ˆòy°öÜ˛y° T = 2.2s ∴ 30T = 66s

ˆÎˆÏ•ï%˛ A = A0e
–bt

∴ 3
4

 = e–66b ∴ ln 

4
3

 = 66b

xÌ≈yÍñ b = 

4 ln3
66

 = 4.4 × 10–3s–1

Ÿ’ÌöÜ˛y°  τ = 

1
b

 = 230 s.

°à#Î˚ •…y§ λ = bt = .0096



88

3. ~áyˆÏö 

2L
C

 = 

3

6
1510 2.

310

−

−
×
×

 = 141Ω, ˆÎˆÏ•ï%˛ñ R (1.0Ω) < 

2L
C

– ôyÓ˚ˆÏÜ˛Ó˚ xyôyö

Ü˛¡õöà!ï˛ˆÏï˛ •…y§ ˛õyˆÏÓ–

xyôyˆÏöÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ ˛õ!Ó˚üyî q = 

0

2
q

= 

.
2

0

Rt
L qe

−

∴ t = 2 ln2L
R

 = 
32.15 10 .0.693

1.0

−×  = 0.0207s

xyôyˆÏöÓ˚ ˆüy«˛î (discharge) Ü˛¡õöà!ï˛ˆÏï˛ öy •ÄÎ˚yÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ö)ƒöï˛ü ˆÓ˚yô 2 L
C

 Óy

141Ω–

4. xyüÓ˚y •…y§ Óy d-Ó˚ ˆÎ §ÇK˛yÓ˚ §ˆÏD 3.5.1 xö%ˆÏFåÈˆÏò ˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚!åÈñ ï˛yÓ˚ !û˛!_ˆÏï˛ ˆ°áy ÎyÎ˚ ˆÎñ

1 n

n

a
a

−

 = d = eλ

~áy Ï̂ö an – 1 ~ÓÇ anÎÌye´ˆÏü n ï˛ü ~ÓÇ (n + 1) ï˛ü !ÓhflÏyÓ˚–

∴ °à#Î˚ •…y§ λ = ln d = 
1

lnn

n

a
a

− ⎛⎞
⎜⎟ ⎝⎠

!Ü˛v a
0
 Î!ò ≤ÃÌü ~ÓÇ a

n
 Î!ò (n + 1) ï˛ü !ÓhflÏyÓ˚ •Î˚ ï˛ˆÏÓ ˆ°áy ÎyÎ˚ ˆÎñ

0

n

a
a

 = 

021 12

1231
.....nn

nn

aaa aa
aaaaa

−−

−

⎛⎞⎛⎞⎛⎞⎛⎞ ⎛⎞ ×× ⎜⎟ ⎜⎟⎜⎟⎜⎟⎜⎟ ⎝⎠ ⎝⎠⎝⎠⎝⎠⎝⎠

= d × d × d ......d × d

= dn

ˆÜ˛ööyñ ≤Ã!ï˛!ê˛ Ó¶˛ö#û%˛_´ xö%˛õyï˛ dÈÙÈÓ˚ §üyö

xÌ≈yÍñ 

012

123

......
aaa

d
aaa

===

§%ï˛Ó˚yÇ ñ ln 

0

n

a
a

 = lndn = nlnd  = nλ

∴ λ  = 

0 1ln
n

a
na
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~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛~Ü˛Ü˛ 4 ≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛ Ü˛¡õöÜ˛¡õöÜ˛¡õöÜ˛¡õöÜ˛¡õö ÄÄÄÄÄ xö%öyòxö%öyòxö%öyòxö%öyòxö%öyò (Forced vibration and Resonance)

àë˛öàë˛öàë˛öàë˛öàë˛ö

4.1 ≤ÃhflÏyÓöy

í ẑ̨ Ïj¢ƒ

4.2 ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®öÈÙÈ§• ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚

≤Ã!ï˛¤˛y–

4.3 ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö

4.3.1 fl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyö

4.3.2 fliyÎ˚# xÓfliyÓ˚ §üyôyö

4.4 ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y

4.5 xö%öyò

4.5.1 !ÓhflÏyˆÏÓ˚Ó˚ xö%öyò

4.5.2 à!ï˛ˆÏÓà xö%öyò

4.6 ≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚

4.7 xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y Ä Q =îyB˛

4.8 ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ˆ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢Ü˛ (L), ôyÓ˚Ü˛ (C) ~ÓÇ ˆÓ˚yôÜ˛ (R) §¡∫!°ï˛

Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–

4.9 §yÓ˚yÇ¢

4.10 §Ó≈ˆÏ¢£Ï ≤ÃŸ¿yÓ°#

4.11 í˛z_Ó˚üy°y

4.1 ≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy≤ÃhflÏyÓöy

˛õ)Ó≈Óï≈˛# ~Ü˛ˆÏÜ˛ S~Ü˛Ü˛ 3) xyüÓ˚y ˆòˆÏá!åÈñ xÓü®ˆÏöÓ˚ ú˛ˆÏ° Ü˛#û˛yˆÏÓ ~Ü˛!ê˛ ˆòy°ˆÏöÓ˚ !ÓhflÏyÓ˚ Ä ¢!_´

e´ü¢ •…y§ ˆ˛õˆÏï˛ ˆ˛õˆÏï˛ §¡õ)î≈ !Ó°#ö •ˆÏÎ˚ ÎyÎ˚– ï˛y•ˆÏ° !Ü˛ ÓyhflÏÓ çàˆÏï˛ ˆÜ˛yöÄ ˆòy°ö•z ò#â≈fliyÎ˚# •ÄÎ˚y

§Ω˛Ó öÎ˚⁄ xÌã˛ ˆÜ˛yöÄ ˆÜ˛yöÄ ˆ«˛ˆÏeñ ˆÎüö â!í˛¸Ó˚ ˆ˛õu%˛°yˆÏüÓ˚ ˆòy°ö Óy !Óò%ƒÍ ã˛y!°ï˛ §%Ó˚¢°yÜ˛yÓ˚

Ü˛¡õˆÏöÓ˚ §üÎ˚ xyüyˆÏòÓ˚ üˆÏö •Î˚ ˙ ˆòy°ö Óy Ü˛¡õö ˆÎö xyÓ•üyö Ü˛y° ôˆÏÓ˚ ã˛°ˆÏï˛ ˛õyˆÏÓ˚– Ó›ï˛ ~•z

ˆ«˛e=!°ˆÏï˛Ä !Ü˛å%È xÓü®ö í˛z˛õ!fliï˛ ÌyˆÏÜ˛– ï˛y §ˆÏ_¥Ä ~•z§Ó ˆòy°ö ÓçyÎ˚ Ó˚yáy §Ω˛Ó •Î˚ ~Ü˛!ê˛ !ÓˆÏ¢£Ï

Ü˛yÓ˚ˆÏî– ~•zÓ˚Ü˛ü ≤Ã!ï˛!ê˛ ˆ«˛ˆÏe Ü˛¡õö¢#° ÓƒÓfliy!ê˛ˆÏï˛ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ¢!_´ §Ó˚ÓÓ˚y• Ü˛Ó˚y •Î˚ ~ÓÇ ~•z ¢!_´

xÓü®ˆÏöÓ˚ í˛z˛õ!fli!ï˛ §ˆÏ_¥Ä Ü˛¡õö ÓçyÎ˚ Ó˚yáˆÏï˛ §«˛ü •Î˚–

ˆÜ˛yöÄ Ü˛¡õö«˛ü ï˛ˆÏsf (system) Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ¢!_´ §Ó˚ÓÓ˚y• Ü˛Ó˚yÓ˚ çöƒ §yôyÓ˚îï˛ §üˆÏÎ˚Ó˚ §ˆÏD

˛õ!Ó˚Óï≈˛ö¢#° ~Ü˛!ê˛ Ó° ≤ÃˆÏÎ˚yà Ü˛Ó˚y •Î˚– ~•z ˛õ!Ó˚Óï≈˛ö¢#° Ó°!ê˛ ≤ÃyÎ˚¢•z ˛õÎ≈yÓ,_û˛yˆÏÓ (harmonically)
•…y§ÈÙÈÓ,!k˛ ˛õyÎ˚ ~ÓÇ ï˛yÓ˚ Ü˛¡õyB˛ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ˆÌˆÏÜ˛ §ã˛Ó˚yã˛Ó˚ !û˛ß¨ •ˆÏÎ˚ ÌyˆÏÜ˛– Ó›ï˛ ~•z Ü˛¡õyB˛

~ÓÇ ï˛sf!ê˛Ó˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ (natural frequency) Îáö ~Ü˛ •ˆÏÎ˚ ÎyÎ˚ñ ï˛áö ~Ü˛!ê˛ !ÓˆÏ¢£Ï xÓfliyÓ˚

§,!‹T •Î˚– ˛õòyÌ≈!ÓòƒyÓ˚ ˛õ!Ó˚û˛y£ÏyÎ˚ñ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ xyˆÏÓ˚y!˛õï˛ ˛õÎ≈yÓ,_ ÓˆÏ°Ó˚ xôy#ˆÏö Ü˛¡õöˆÏÜ˛ ≤ÃˆÏîy!òï˛
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Ü˛¡õö (forced vibration) ~ÓÇ ò%•z Ü˛¡õyˆÏB˛Ó˚ §üï˛yÓ˚ ú˛ˆÏ° !ÓˆÏ¢£Ï xÓfliy!ê˛ˆÏÜ˛ xö%öyò (resonance)
Ó°y •Î˚– ~•z ~Ü˛ˆÏÜ˛ ò%!ê˛ !Ó£ÏÎ˚•z !ÓhflÏy!Ó˚ï˛ xyˆÏ°yã˛öy Ü˛Ó˚y •ˆÏÓ–

xy§%öñ xyüÓ˚y ÓÓ˚Ç ~áyˆÏö xyÓ˚Ä Ü˛ˆÏÎ˚Ü˛!ê˛ §Ç!Ÿ’‹T ˛õ!Ó˚û˛y£ÏyÓ˚ §ˆÏD ˛õ!Ó˚!ã˛ï˛ ••z– Óy•zˆÏÓ˚ ˆÌˆÏÜ˛  ˆÎ

Ó° ≤ÃÎ%_´ •ˆÏÎ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ §)ã˛öy Ü˛ˆÏÓ˚ ~ÓÇ xÓü®ö §ˆÏ_¥Ä Ü˛¡õˆÏö Ó˚yˆÏáñ ï˛yˆÏÜ˛ xyüÓ˚y ã˛y°Ü˛

Ó° Ó!° ~ÓÇ ˙ Ó° ˆÎ ÓƒÓfliyÓ˚ Ä˛õÓ˚ ≤ÃÎ%_´ •Î˚ñ ï˛yˆÏÜ˛ xyüÓ˚y ã˛y!°ï˛ ÓƒÓfliy Ó!°– ≤ÃˆÏîy!òï˛ ˆòy°ö

Óy Ü¡õˆÏöÓ˚ ˆ«˛ˆÏe §yü!@ˇÃÜ˛û˛yˆÏÓ ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ x!û˛ü%á ÌyˆÏÜ˛ ã˛y°Ü˛ ˆÌˆÏÜ˛ ã˛y!°ˆÏï˛Ó˚ !òˆÏÜ˛– ã˛y!°ï˛

ÓƒÓfliy ã˛y°ˆÏÜ˛Ó˚ ˜Ó!¢ˆÏ‹TƒÓ˚ xÌ≈yÍñ ã˛y°Ü˛ ÓˆÏ°Ó˚ üyö Óy Ü˛¡õyˆÏB˛Ó˚ ˆÜ˛yöÄ ˛õ!Ó˚Óï˛≈ö âê˛yÎ˚ öy– ≤ÃˆÏîy!òï˛

ˆòy°ˆÏöÓ˚ ~!ê˛ xöƒï˛ü ˜Ó!¢‹Tƒ–

xöƒ!òˆÏÜ˛ñ !Ü˛å%È !ÓˆÏ¢£Ï ôÓ˚ˆÏöÓ˚ ÓƒÓfliyÎ˚ !Ü˛å%È ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ x!û˛ü%á ˛õÎ≈yÎ˚e´ˆÏü ˛õyˆÏŒê˛ ÎyÎ˚ ~ÓÇ ã˛y°Ü˛

ï˛sf Ä ã˛y!°ï˛ ï˛ˆÏsfÓ˚ û)˛!üÜ˛y e´üyß∫ˆÏÎ˚ •hflÏyhsˇ!Ó˚ï˛ •ˆÏï˛ ÌyˆÏÜ˛– ~•z ôÓ˚ˆÏöÓ˚ ò%!ê˛ ï˛ˆÏsf ˆÎ Ü˛¡õö ˆòáy ÎyÎ˚ñ

ï˛y ≤ÃˆÏîy!òï˛ Ü˛¡õö ˆÌˆÏÜ˛ !û˛ß¨– ~•z Ü˛¡õöˆÏÜ˛ Ó°y •Î˚ Î%!@¬ï˛ Ü˛¡õö (coupled vibration)– ò%!ê˛

Ü˛¡õö«˛ü ï˛ˆÏsfÓ˚ üˆÏôƒ ~Ü˛!ê˛ !ÓˆÏ¢£Ï §ÇˆÏÎyçöñ ÎyˆÏÜ˛ ˛õ!Ó˚û˛y£ÏyÎ˚ Ó°y •Î˚ Î%@¬ö (coupling) í˛z˛õ!fliï˛

ÌyÜ˛ˆÏ°ñ ~!ê˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– xyüÓ˚y ˛õÓ˚Óï≈˛# ~Ü˛ˆÏÜ˛ S~Ü˛Ü˛ - 5) !Ó£ÏÎ˚!ê˛ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

˛õòyÌ≈!ÓòƒyÓ˚ !Ó!û˛ß¨ ¢yáyÎ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyˆÏòÓ˚ Óƒy˛õÜ˛ ≤ÃˆÏÎ˚yà Ó˚ˆÏÎ˚ˆÏåÈ– =Ó˚&c˛õ)î≈ ~•z

≤ÃyˆÏÎ˚y!àÜ˛ !Ó£ÏÎ˚=!° !öˆÏÎ˚ xyüÓ˚y ~•z ~Ü˛ˆÏÜ˛ ˛õˆÏÓ˚ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

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

~•z ~Ü˛ˆÏÜ˛ xyˆÏ°y!ã˛ï˛ !Ó£ÏÎ˚Ó› ˛õyë˛ Ü˛Ó˚yÓ˚ ˛õˆÏÓ˚ xy˛õ!ö ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyˆÏòÓ˚ §¡∫ˆÏ¶˛ xˆÏöÜ˛ê˛y

çyöˆÏï˛ ˛õyÓ˚ˆÏÓö– ~ !Ó£ÏˆÏÎ˚ xy˛õ!ö ˆÎ Ü˛yç=!° Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓöñ ˆ§=!° •°ÈÙÙÙÈ

°â% xÓü®ö §• Ü˛¡õö¢#° ï˛ˆÏsf ˛õÎ≈yÓ,_ Ó° ≤ÃˆÏÎ˚yˆÏàÓ˚ ú˛ˆÏ° §,‹T xÓfliyÓ˚ ày!î!ï˛Ü˛ !ÓÓÓ˚ˆÏîÓ˚ çöƒ

≤ÃˆÏÎ˚yçö#Î˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛y Ä ï˛yÓ˚ §üyôyö Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

≤ÃÎ%_´ ˛õÎ≈yÓ,_ ÓˆÏ°Ó˚ Ü˛¡õyB˛ñ !ÓhflÏyÓ˚ñ ò¢yÓ˚ §ˆÏD fliyÎ˚# xÓfliyÓ˚ (steady state) ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚

!Ó!û˛ß¨ ˜Ó!¢ˆÏ‹TƒÓ˚ §¡õÜ≈˛ !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

xö%öyò (resonance) ~ÓÇ ï˛yÓ˚ !Ó!û˛ß¨ ˜Ó!¢‹Tƒ=!° !ÓˆÏŸ’£Ïî Ü˛Ó˚ˆÏï˛ ~ÓÇ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏö ~Ü˛!ê˛

˛õ)î≈ ã˛ˆÏe´ ã˛y°Ü˛ ˆÌˆÏÜ˛ ã˛y!°ˆÏï˛Ó˚ !òˆÏÜ˛ ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ àí˛¸ •yÓ˚ !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe !Ü˛í˛z =îyB˛ (Q-factor) àîöy ~ÓÇ ï˛yÓ˚ =Ó˚&c Óî≈öy Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓö–

≤Ãï˛ƒyÓï≈˛# !Óû˛Ó í˛zÍ§ §ˆÏüï˛ ˜Óò%ƒ!ï˛Ü˛ xyˆÏÓ¢ÈÙÈôyÓ˚Ü˛ÈÙÈˆÓ˚yô Óï≈˛ö#Ó˚ üï˛ !ÓˆÏ¢£Ï ˆ«˛ˆÏe ≤ÃˆÏîy!òï˛

ˆòy°ˆÏöÓ˚ !ÓˆÏŸ’£Ïî ≤ÃˆÏÎ˚yà Ü˛Ó˚ˆÏï˛ ˛õyÓ˚ˆÏÓöñ ˙ ôÓ˚ˆÏöÓ˚ ï˛ˆÏsfÓ˚ §y!Ó≈Ü˛ xyã˛Ó˚ˆÏîÓ˚ ˛õÎ≈yˆÏ°yã˛öy Ü˛Ó˚ˆÏï˛

˛õyÓ˚ˆÏÓö–

4.2 ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®ö §• ≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®ö §• ≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®ö §• ≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®ö §• ≤ÃˆÏîy!òï˛≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ày!î!ï˛Ü˛ !ÓˆÏŸ’£ÏîÈÙÙÙÈ°â% xÓü®ö §• ≤ÃˆÏîy!òï˛

Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛yÜ˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛yÜ˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛yÜ˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛yÜ˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ ≤Ã!ï˛¤˛y

˛õ)Ó≈Óï≈˛# ~Ü˛ˆÏÜ˛Ó˚ S~Ü˛Ü˛ -3) 3.3 xö%ˆÏFåÈˆÏò xy˛õ!ö ~Ü˛!ê˛ !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliyÓ˚ Ü˛Ìy ˛õˆÏí˛¸ˆÏåÈö– ~áyˆÏö

4.1 !ã˛ˆÏe !ë˛Ü˛ ˙Ó˚Ü˛ü ~Ü˛!ê˛ !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliy ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– !fl±ÇÈÙÈ~Ó˚ §ˆÏD Î%_´ m û˛Ó˚!ê˛ °â% xÓü®ö
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§• Ü˛!¡õï˛ •ˆÏï˛ ˛õyˆÏÓ˚ñ ~ê˛y xyüÓ˚y xyˆÏà ˆòˆÏá!åÈ– ~áö ~•z ÓƒÓfliyÓ˚ Ä˛õÓ˚ 4.1 !ã˛ˆÏe ˆÎüö ˆòáyˆÏöy

•ˆÏÎ˚ˆÏåÈñ ˆï˛üö ~Ü˛!ê˛ §üÎ˚ !öû≈˛Ó˚ ˛õÎ≈yÓ,_ Ó° F(t) ≤ÃˆÏÎ˚yà Ü˛Ó˚y

•°– ~áö xyüÓ˚y !ÓˆÏŸ’£Ïî Ü˛Ó˚yÓ˚ ˆã˛‹Ty Ü˛Ó˚Óñ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛

≤ÃÎ%_´ ~•z ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ m û˛Ó˚!ê˛ !ë˛Ü˛ Ü˛#û˛yˆÏÓ Ü˛!¡õï˛ •ˆÏÓ–

xyüÓ˚y ÓˆÏ°!åÈ F(t) ~Ü˛!ê˛ ˛õÎ≈yÓ,_ Ó°ñ ï˛y•z ˆ°áy ÎyÎ˚ ˆÎñ

F(t) = F
0
 cos ωt              ...4.1

~áyˆÏö F
0
 •ˆÏFåÈ Ó°!ê˛Ó˚ §ˆÏÓ≈yFã˛ üyö Óy !ÓhflÏyÓ˚ ~ÓÇ ω •ˆÏFåÈ

ï˛yÓ˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛– ~áyˆÏö xyüÓ˚y F(t) = F
0
 cos (ωt + φ) !°áˆÏï˛ ˛õyÓ˚ï˛yüñ ï˛ˆÏÓ Îáö F = F

0

ˆ§•z ü%•)ï≈˛ ˆÌˆÏÜ˛ §üˆÏÎ˚Ó˚ àîöy ÷Ó˚& Ü˛Ó˚ˆÏ° φ ~Ó˚ üyö ¢)öƒ ˆöÄÎ˚y ÎyˆÏÓ–

~ÓyÓ˚ xyüÓ˚y Ó!•≤Ã≈Î%_´ ~•z ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ !fl±ÇÈÙÈ~Ó˚ §ˆÏD Î%_´ û˛Ó˚!ê˛Ó˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xyˆÏ°yã˛öyÓ˚

çöƒ ˛õ)Ó≈Óï≈˛# ~Ü˛ˆÏÜ˛Ó˚ (3.2) §ü#Ü˛Ó˚î!ê˛ ˛õ%öÓ˚&k,˛ï˛ Ü˛Ó˚!åÈ– ˛õò=!°ˆÏÜ˛ §y!çˆÏÎ˚ !öˆÏÎ˚ñ

2

2
dxdx mkx

dt dt
γ ++

 = 0 ...4.2

ï˛ˆÏsfÓ˚ Ä˛õÓ˚ F(t) Ó°!ê˛ ≤ÃÎ%_´ •ÄÎ˚yÓ˚ ˛õˆÏÓ˚ (4.2) §ü#Ü˛Ó˚î!ê˛ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÎ˚ òÑyí˛¸yˆÏÓñ

2

2
dxdx mkx

dt dt
γ ++

 = F0 cos ωt

í˛zû˛Î˚ ˛õ«˛ˆÏÜ˛ m !òˆÏÎ˚ û˛yà Ü˛ˆÏÓ˚ ˛õy•zñ

2
2

0 22 ++ dxdx bx
dt dt

ω

 = f0 cos ωt ...4.3

~áyˆÏöñ 2b = m
γ , ω

0
2 = 

k
m

 ~ÓÇñ f
0
 = 

0 F
m

°«˛ƒ Ü˛Ó˚yÓ˚ !Ó£ÏÎ˚ñ (4.3) §ü#Ü˛Ó˚î!ê˛Ó˚ í˛yö!òˆÏÜ˛ ¢)öƒ öÎ˚– ˆ§áyˆÏö í˛z˛õ!fliï˛ Ó˚ˆÏÎ˚ˆÏåÈ f
0
 cos ωt– ~Ó˚ ú˛ˆÏ°

~•z §ü#Ü˛Ó˚î!ê˛ 4.2 ˆÌˆÏÜ˛ !û˛ß¨ ~ÓÇ ~•z xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö Ü˛Ó˚ˆÏï˛ •ˆÏÓ !Ü˛å%Èê˛y !û˛ß¨ ˛õk˛!ï˛ˆÏï˛–

4.3 xÓÜ˛° §ü#Ü˛Ó˚î!ê˛ !mï˛#Î˚ üyeyÓ˚ ˜Ó˚!áÜ˛ §ü#Ü˛Ó˚î– !Ü˛v §ü#Ü˛Ó˚î!ê˛Ó˚ í˛yö!òÜ˛ ¢)öƒ öy •ÄÎ˚yÎ˚ñ ~!ê˛

~Ü˛!ê˛ x§ü§_¥ (inhomogeneous) §ü#Ü˛Ó˚î– ~•z §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyˆÏöÓ˚ üyôƒˆÏü ≤ÃˆÏîy!òï˛ ˆòy°ˆÏöÓ˚

§üÎ˚ÈÙÈò)Ó˚c §¡õÜ≈˛ !öî≈Î˚ Ü˛Ó˚y ÎyˆÏÓ ~ÓÇ §¡õÜ≈˛!ê˛ !ÓˆÏŸ’£ÏˆÏîÓ˚ üyôƒˆÏü ≤ÃˆÏîy!òï˛ ˆòy°ˆÏöÓ˚ ˜Ó!¢‹Tƒ=!°

˛õÎ≈yˆÏ°yã˛öy Ü˛Ó˚y §Ω˛Ó •ˆÏÓ– ˛õˆÏÓ˚Ó˚ xö%ˆÏFåÈˆÏò xyüÓ˚y ~•z Ü˛yç!ê˛ Ü˛Ó˚Ó–
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4.3 ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö

4.3 §ü#Ü˛Ó˚î!ê˛Ó˚ §üyôyˆÏöÓ˚ xyˆÏà (4.2) §ü#Ü˛Ó˚î!ê˛Ó˚ §ˆÏD ï˛yÓ˚ ~Ü˛ê%˛ ï%˛°öy Ü˛Ó˚y ÎyÜ˛– Ó›ï˛ ~Ó˚ ú˛ˆÏ°

xyüyˆÏòÓ˚ Ó%é˛ˆÏï˛ §%!Óôy •ˆÏÓ ˆÎñ !ë˛Ü˛ Ü˛# ôÓ˚ˆÏöÓ˚ §üyôyö  xyüÓ˚y ˆ˛õˆÏï˛ ˛õy!Ó˚– °«˛ƒ Ü˛Ó˚ˆÏÓö ˆÎñ (4.2)

§ü#Ü˛Ó˚î!ê˛ ~Ü˛!ê˛ xÓü!®ï˛ ˆòy°ö §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ ~ÓÇ °â% xÓü®ˆÏöÓ˚ ˆ«˛ˆÏe ï˛sf!ê˛ ï˛yÓ˚ fl∫yû˛y!ÓÜ˛ ˆÜ˛Ô!îÜ˛

Ü˛¡õyB˛ ω0 ˆÌˆÏÜ˛ {£ÏÍ ˛õ!Ó˚Ó!ï≈˛ï˛ ~Ü˛!ê˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ 

() 22
0 'b ωω =−

 !öˆÏÎ˚ xyˆÏ®y!°ï˛ •Î˚– xyüÓ˚y

~Ü˛Ü˛-3ÈÙÈ~ ~ê˛yÄ ˆòˆÏá!åÈ ˆÎñ °â% xÓü®ˆÏöÓ˚ çöƒ ω
0
ÈÙÈÓ˚ ~•z ˛õ!Ó˚Óï≈˛ö x“ ~ÓÇ b << ω0 •ˆÏ° ω0 ≅

ω' Ó°y ÎyÎ˚–

~ÓyÓ˚ ~•z Ü˛¡õö¢#° ï˛ˆÏsf xyˆÏÓ˚y!˛õï˛ •ˆÏÎ˚ˆÏåÈ ~Ü˛!ê˛ Óy•zˆÏÓ˚Ó˚ ã˛y°Ü˛ Ó°ñ ÎyÓ˚ !öçfl∫ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛

ω– ã˛y°Ü˛ Ó° ˆã˛‹Ty Ü˛Ó˚ˆÏÓ ï˛sf!ê˛ˆÏÜ˛ ï˛yÓ˚ !öçfl∫ Ü˛¡õyˆÏB˛ xyˆÏ®y!°ï˛ Ü˛Ó˚ˆÏï˛ñ ú˛ˆÏ° xyüÓ˚y ò%!ê˛ !û˛ß¨

Ü˛¡õyˆÏB˛Ó˚ xyˆÏ®y°ˆÏöÓ˚ í˛z˛õ!Ó˚˛õyï˛ ≤Ãï˛ƒ«˛ Ü˛Ó˚Ó– ~Ó˚ ≤ÃÌü!ê˛ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyˆÏB˛ xyˆÏ®y°ö ~ÓÇ

!mï˛#Î˚!ê˛ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛ xyˆÏ®y°ö– xy˛õ!ö û˛yÓˆÏï˛ ˛õyˆÏÓ˚ö ˆÎñ Î!ò ~•z ò%!ê˛ Ü˛¡õyB˛ §üyö •ˆÏÎ˚

ÎyÎ˚ñ ï˛y•ˆÏ° xyüÓ˚y ò%!ê˛ !û˛ß¨ Ü˛¡õyˆÏB˛Ó˚ xyˆÏ®y°ö ˛õyÓ öy ~ÓÇ ˆ§ˆÏ«˛ˆÏe Ü˛# âê˛ˆÏÓ⁄ ~•z âê˛öy ~Ü˛!ê˛ !ÓˆÏ¢£Ï

xÓfliyÓ˚ §,!‹T Ü˛Ó˚ˆÏÓñ ÎyÓ˚ xyˆÏ°yã˛öy xyüÓ˚y ÎÌy§üˆÏÎ˚ Ü˛Ó˚Ó– xy˛õyï˛ï˛ xyüÓ˚y ω ≠ ω
0
 ôˆÏÓ˚ !öˆÏÎ˚ 4.3

§ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyˆÏöÓ˚ ˆã˛‹Ty Ü˛Ó˚Ó–

xy˛õ!ö •Î˚ï˛ xy®yç Ü˛Ó˚ˆÏï˛ ˆ˛õˆÏÓ˚ˆÏåÈö ˆÎñ (4.3) §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö x(t) à!ë˛ï˛ •ˆÏÓ ò%!ê˛ xÇˆÏ¢Ó˚

§üß∫ˆÏÎ˚ Ü˛yÓ˚îñ ~áyˆÏö ò%!ê˛ ˛õ,ÌÜ˛ Ü˛¡õyˆÏB˛Ó˚ Ü˛¡õö í˛z˛õ!fliï˛ ÌyÜ˛ˆÏÓ– ï˛y•z ˆ°áy ÎyÎ˚ ˆÎñ

x(t) = x1(t) + x2(t) ...4.4

~áyˆÏö x
1
(t) •ˆÏFåÈ 4.2 §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyöñ ˆÎ!ê˛ ã˛y°Ü˛ ÓˆÏ°Ó˚ xö%˛õ!fli!ï˛ˆÏï˛ xyüÓ˚y °â% xÓü®öÈÙÈ§•

Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe ˆ˛õˆÏÎ˚!åÈ°yü–

§%ï˛Ó˚yÇ

2
21 1

0 12 2
d x dx

b x
dtdt

ω+ +  = 0 ...4.5

xyÓ˚ x2(t) •ˆÏFåÈ 4.3 §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö xÌ≈yÍñ ã˛y°Ü˛ Ó° ï˛yÓ˚ ≤Ãû˛yˆÏÓ ï˛sfˆÏÜ˛ ˆÎû˛yˆÏÓ ã˛y°öy Ü˛Ó˚ˆÏï˛

ã˛y•zˆÏåÈñ ï˛y §)!ã˛ï˛ Ü˛Ó˚ˆÏÓ x
2
–

2
22 2

0 22 2
d x dx

b x
dtdt

ω+ +  = f
0
 cos ωt ...4.6

xï˛~Ó ˛õ)î≈ §üyôyö (complete solution) x(t) ˆÜ˛ x
1
(t) ~ÓÇ x

2
(t) ÈÙÈÓ˚ ˆÎyàú˛° !•§yˆÏÓ ˛õyÄÎ˚y ÎyÎ˚

S§ü#Ü˛Ó˚î 4.4) xÓÜ˛° §ü#Ü˛Ó˚î !Ó£ÏÎ˚Ü˛ ˛õyë˛ƒe´ˆÏü xy˛õöyÓ˚y °«˛ƒ Ü˛Ó˚ˆÏÓö ˆÎñ x1(t) ~ÓÇ x2(t) ˆÜ˛ ày!î!ï˛Ü˛

˛õ!Ó˚û˛y£ÏyÎ˚ ÎÌye´ˆÏü ˛õ)Ó˚Ü˛ xˆÏ˛õ«˛Ü˛ (complementary function) ~ÓÇ !ÓˆÏ¢£Ï §üyÜ˛° (particular

integral) öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y •Î˚– 4.5 ~ÓÇ 4.6 §ü#Ü˛Ó˚î ò%!ê˛ˆÏÜ˛ ˆÎyà Ü˛ˆÏÓ˚ ˛õy•zñ
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2
2

1 2 1 2 0 1 22 ( ) 2 ( ) ( )d dx x b x x x x
dtdt

ω+ + + + +  = f
0
 cos ωt ...4.7

4.7 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆÓyé˛y ÎyÎ˚ ˆÎñ 4.4 §ü#Ü˛Ó˚ˆÏî ˆÜ˛ö x ˆÜ˛ x1 ~ÓÇ x2 ÈÙÈÓ˚ §ü!‹T !•§yˆÏÓ ˆ°áy •ˆÏÎ˚ˆÏåÈ–

xyüÓ˚y ~ÓyÓ˚ x
1 

Ä x
2
ÈÙÈÓ˚ myÓ˚y §)!ã˛ï˛ ˛õ)î≈ §üyôyˆÏöÓ˚ ò%!ê˛ xÇ¢ ~ÓÇ ï˛yˆÏòÓ˚ ˜Ó!¢‹Tƒ=!° xyˆÏ°yã˛öy Ü˛Ó˚Ó–

4.3.1 fl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyöfl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyöfl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyöfl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyöfl∫“fliyÎ˚# xÓfliyÓ˚ §üyôyö     (Transient solution)

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ xyüÓ˚y •z!ï˛üˆÏôƒ•z ˛õ)Ó≈Óï˛≈# ~Ü˛ˆÏÜ˛Ó˚ S~Ü˛Ü˛ 3) 3.4.3 xö%ˆÏFåÈˆÏÓ˚ 4.5

§ü#Ü˛Ó˚î!ê˛Ó˚ §üyôyö Ü˛ˆÏÓ˚!åÈ– ~•z §üyôyö xÌ≈yÍñ 3.17 §ü#Ü˛Ó˚î xö%§Ó˚î Ü˛ˆÏÓ˚ 4.5 §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyö

ˆ°áy ÎyÎ˚–

x1(t) = A0 exp (–bt)[cos (ω't + φ)] ...4.8

~áy Ï̂ö ω' = 2 2
0 bω −  ~ÓÇ xöƒyöƒ !ã˛•´=!° ˛õ!Ó˚!ã˛ï˛ xÌ≈ Ó•ö Ü˛Ó˚ˆÏåÈ–

~Ü˛Ü˛ 3ÈÙÈ~Ó˚ xyˆÏ°yã˛öyÎ˚ xy˛õ!ö ~Ä ˆòˆÏáˆÏåÈö ˆÎñ 4.8 §üyôyˆÏö x
1
(t) ~Ó˚ üyö xÓü®ˆÏöÓ˚ ú˛ˆÏ° §üˆÏÎ˚Ó˚

§ˆÏD •…y§ ˛õyˆÏÓ ~ÓÇ e´ü¢ ï˛y ≤ÃyÎ˚ ¢)öƒ •ˆÏÎ˚ ÎyˆÏÓ– ~•zçöƒ ~•z §üyôyö!ê˛ˆÏÜ˛ Ó°y •Î˚ fl∫“fliyÎ˚# xÓfliyÓ˚

§üyôyö (Transient solution)– ≤ÃŸ¿ í˛zë˛ˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ ~•z fl∫“fliyÎ˚# §üyôyˆÏöÓ˚ ≤ÃÜ,˛ï˛ xyÎ˚% Ü˛ï˛«˛î⁄ fl∫“fliyÎ˚#

Ó°ˆÏï˛ §yôyÓ˚îï˛ Ü˛ï˛ê˛y §üÎ˚ ˆÓyé˛yÎ˚⁄

§ˆÏ®• ˆö•zñ ~•z fl∫“ fliy!Î˚ˆÏcÓ˚ §üÎ˚ xyÓyÓ˚ xÓü®ˆÏöÓ˚ üyeyÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– §yôyÓ˚îï˛ Ó°y •Î˚

ˆÎñ x!ï˛e´yhsˇ §üÎ˚ t Îáö Ÿ’Ìö Ü˛y° τ ~Ó˚ ˆÌˆÏÜ˛ ˆÓ¢ xˆÏöÜ˛áy!ö Óí˛¸ (t >> τ Óy t > 5τ) •ˆÏÎ˚ ÎyÎ˚ñ

ï˛áö ~•z fl∫“fliyÎ˚# xÓfliy!ê˛ xyÓ˚ ôÓ˚y ˛õˆÏí˛¸ öy– xyüÓ˚y ~Ü˛Ü˛ 3ÈÙÈ~ ˆòˆÏá!åÈ ˆÎñ ~Ó˚Ü˛ü ˆ«˛ˆÏe ˆòy°ö ≤ÃyÎ˚

Ó¶˛ •ˆÏÎ˚ ÎyÎ˚– ~áyˆÏö !Ü˛v ã˛y°Ü˛ ÓˆÏ°Ó˚ í˛z˛õ!fli!ï˛Ó˚ çöƒ ˛õ!Ó˚!fli!ï˛ !û˛ß¨– ï˛y•z §yôyÓ˚îï˛˛ õ)î≈ §üyôyˆÏöÓ˚

(complete solution) ò%!ê˛ xÇˆÏ¢Ó˚ ~Ü˛!ê˛ [x
1
] ¢)öƒ •ˆÏÎ˚ ˆàˆÏ°Äñ x !Ü˛v x

2
 Ó˚ í˛z˛õ!fli!ï˛Ó˚ çöƒ ¢)öƒ •Î˚

öyÈÙÙÙÈÓ›ï˛ ï˛sf!ê˛ ï˛áö ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛ ~Ü˛•zû˛yˆÏÓ xyˆÏ®y!°ï˛ •ˆÏï˛ ÌyˆÏÜ˛– ˛õÓ˚Óï≈˛# xö%ˆÏFåÈˆÏò xyüÓ˚y

~•z fliyÎ˚# xÓfliyÓ˚ §üyôyö!ê˛ !öî≈Î˚ Ü˛Ó˚Ó–

4.3.2 fliyÎ˚# xÓfliyÓ˚ §üyôyöfliyÎ˚# xÓfliyÓ˚ §üyôyöfliyÎ˚# xÓfliyÓ˚ §üyôyöfliyÎ˚# xÓfliyÓ˚ §üyôyöfliyÎ˚# xÓfliyÓ˚ §üyôyö     (Steady state solution)

xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈñ ≤ÃyÌ!üÜ˛ !Ü˛å%Èê˛y §üÎ˚ x!ï˛e´yhsˇ •ÄÎ˚yÓ˚ ˛õˆÏÓ˚ x
1
(t) ~Ó˚ üyö x!ï˛ öàîƒ •ˆÏÎ˚

ÎyÎ˚ ~ÓÇ x(t) e´ü¢ 4.6 §ü#Ü˛Ó˚ˆÏîÓ˚ !ÓˆÏ¢£Ï §üyÜ˛° x2(t) ~Ó˚ §üyö •ˆÏï˛ ÌyˆÏÜ˛– x2(t) §üyôyö!ê˛ §¡õ)î≈û˛yˆÏÓ

ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#° x1(t) !Ó°#ö •ˆÏÎ˚ ÎyÄÎ˚yÓ˚ ˛õˆÏÓ˚ Îáö x(t) §¡õ)î≈û˛yˆÏÓ x2(t) myÓ˚y

!öô≈y!Ó˚ï˛ •Î˚ (transfer) ñ ï˛áö xyüÓ˚y ˆÎ §üyôyö!ê˛ ˛õy•zñ ï˛yˆÏÜ˛ Ó°y •Î˚ !fliÓ˚yÓfliyÓ˚ §üyôyö (Steady

state solution)– ~•z xÓfliyÓ˚ Ü˛¡õöñ Îï˛«˛î ã˛y°Ü˛ Ó° í˛z˛õ!fliï˛ ÌyÜ˛ˆÏÓñ ï˛ï˛«˛î ã˛°ˆÏï˛ ÌyÜ˛ˆÏÓ– xyüÓ˚y

ôˆÏÓ˚ ˆöÓ ˆÎñ ~•z Ü˛¡õˆÏöÓ˚ Ü˛¡õyB˛ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ §üyö •ˆÏÓ– ~•z ò%!ê˛ ˛õÎ≈yÎ˚ xyÓ˚Ä ~Ü˛ê%˛ !ÓˆÏŸ’£Ïî
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Ü˛Ó˚y ≤ÃˆÏÎ˚yçö– ôÓ˚y ÎyÜ˛ñ °â% xÓü®ö §• ~Ü˛!ê˛ !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliy ≤ÃyÌ!üÜ˛ û˛yˆÏÓ §yüƒyÓfliyˆÏö !fliÓ˚ Ó˚ˆÏÎ˚ˆÏåÈ–

~ÓyÓ˚ ~Ó˚ Ä˛õÓ˚ ~Ü˛!ê˛ §üO§ Ó° ≤ÃÎ%_´ •°ñ ˆÎ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ~•z !fl±ÈÙÈû˛Ó˚ ÓƒÓfliyÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛

xˆÏ˛õ«˛y !û˛ß¨– ~ÓyÓ˚ Ü˛# âê˛ˆÏÓ⁄ !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliy!ê˛ ï˛yÓ˚ !öçfl∫ Ü˛¡õyˆÏB˛ SÎy °â% xÓü®ˆÏöÓ˚ ú˛ˆÏ° x!ï˛

§yüyöƒ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÎ˚ˆÏåÈ–V xyˆÏ®y!°ï˛ •ˆÏï˛ ˆã˛‹Ty Ü˛Ó˚ˆÏÓ– !Ü˛v Ó!•≤Ã≈Î%_´ §üO§ Ó° ˆã˛‹Ty Ü˛Ó˚ˆÏÓ

ÓƒÓfliy!ê˛ˆÏÜ˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛ xyˆÏ®y!°ï˛ Ü˛Ó˚ˆÏï˛– ~•z !mü%á# ≤ÃÎ˚y§ á%Ó ˆÓ!¢«˛î xÓ¢ƒ ã˛°ˆÏÓ öyñ Ü˛yÓ˚î

xÓü®ˆÏöÓ˚ ú˛ˆÏ° !fl±ÇÈÙÈû˛Ó˚ ÓƒÓfliy ï˛yÓ˚ ¢!_´ •yÓ˚yˆÏÓ ~ÓÇ ï˛yÓ˚ !ÓhflÏyÓ˚ •…y§ ˆ˛õˆÏï˛ ˆ˛õˆÏï˛ ¢)öƒ •ˆÏï˛ ã˛y•zˆÏÓ–

xöƒ!òˆÏÜ˛ §üO§ Ó° ˛õÎ≈yÓ,_ •yˆÏÓ˚ ÓƒÓfliy!ê˛Ó˚ Ä˛õÓ˚ í˛z˛õ!fliï˛ ˆÌˆÏÜ˛ e´üyàï˛ ï˛yÓ˚ Ü˛¡õyB˛ ˆ§áyˆÏö xyˆÏÓ˚y˛õ

Ü˛Ó˚ˆÏÓ– ~•z Ü˛yç!ê˛ §¡õ)î≈ •ÄÎ˚yÓ˚ xyˆÏàÓ˚ §üÎ˚ê%˛Ü%˛ ˛õÎ≈hsˇ x“fliyÎ˚# Ü˛¡õö ˆòáy ÎyˆÏÓ– ï˛yÓ˚˛õÓ˚ ÷Ó˚& •ˆÏÓ

fliyÎ˚# xÓfliyÓ˚ Ü˛¡õöñ ˆÎ Ü˛¡õˆÏöÓ˚ §üÎ˚ÈÙÈò)Ó˚c §ü#Ü˛Ó˚î xyüÓ˚y ~ÓyÓ˚ !öî≈ˆÏÎ˚Ó˚ ˆã˛‹Ty Ü˛Ó˚Ó–

4.6 §ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyˆÏöÓ˚ çöƒ xyüÓ˚y ôˆÏÓ˚ !ö•z ˆÎñ ˙ §ü#Ü˛Ó˚ˆÏîÓ˚ !ÓˆÏ¢£Ï §üyôyö x2(t) ˆÜ˛ ˆ°áy

ÎyÎ˚ñ

x2(t) = B cos (ωt – θ) ...4.9

~áyˆÏö B ~ÓÇ θ ò%!ê˛ xK˛yï˛ ô &ÓÜ˛–

xy˛õöyÓ˚ üˆÏö •ÄÎ˚y fl∫yû˛y!ÓÜ˛ñ ˆÜ˛ö xyüÓ˚y x2(t) ˆÜ˛ §ü#Ü˛Ó˚î 4.9 ~Ó˚ üï˛ !°á°yü⁄ ~Ó˚ fl∫˛õˆÏ«˛ ò%!ê˛

Î%!_´ Ó˚ˆÏÎ˚ˆÏåÈ– ≤ÃÌüï˛ñ xyüÓ˚y ˛õòyÌ≈!ÓòƒyÓ˚ ò,!‹TˆÏÜ˛yî ˆÌˆÏÜ˛ Ó%é˛ˆÏï˛ ˛õyÓ˚!åÈ ˆÎñ fliyÎ˚# xÓfliyÓ˚ §üyôyˆÏöÓ˚ ˆ«˛ˆÏe

§üÎ˚ÈÙÈò%Ó˚c §ü#Ü˛Ó˚ˆÏîÓ˚ Ü˛¡õyB˛ !•§yˆÏÓ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ w í˛z˛õ!fliï˛ ÌyˆÏÜ˛ñ Ü˛yÓ˚î ~áö ˆòy°à!ï˛

§¡õ)î≈Ó˚*ˆÏ˛õ ã˛y°Ü˛ ÓˆÏ°Ó˚ myÓ˚y !öÎ˚!sfï˛– !mï˛#Î˚ï˛ñ xÓü®ˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛ ã˛y°Ü˛ Ó° ~ÓÇ §Ó˚ˆÏîÓ˚ üˆÏôƒ

~Ü˛ê˛y ò¢yÓ˚ ˛õyÌ≈Ü˛ƒ ˆÌˆÏÜ˛ ÎyˆÏÓ– xÌ≈yÍñ ÓˆÏ°Ó˚ ò¢y xÇ¢!ê˛ ωt •ˆÏ°ñ §Ó˚ˆÏîÓ˚ ò¢y •ˆÏÓ (ωt – θ)–

4.9 §ü#Ü˛Ó˚ˆÏî í˛z˛õ!fliï˛ ò%!ê˛ ô &ÓÜ˛ B ~ÓÇ θ ˆÜ˛ !öî≈ˆÏÎ˚Ó˚ í˛zˆÏjˆÏ¢ƒ xyüÓ˚y 4.9 ~Ó˚ í˛zû˛Î˚ ˛õ«˛ˆÏÜ˛ §üˆÏÎ˚Ó˚

§yˆÏ˛õˆÏ«˛ ò%ÛÓyÓ˚ xÓÜ˛°ö Ü˛ˆÏÓ˚ ˛õy•z–

2 dx
dt

 = –Bω sin (ωt – θ)

2
2
2

dx
dt

 = –Bω2 cos (ωt – θ)

x2, 

2 dx
dt

 ~ÓÇ 

2
2
2

dx
dt

 ~Ó˚ üyö 4.6 §ü#Ü˛Ó˚ˆÏî Ó!§ˆÏÎ˚ ˛õy•zñ

(ω
0
2 – ω2) B cos (ωt – θ) – 2B bω sin (ωt – θ) = f

0
 cos ωt

cos (ωt – θ) ~ÓÇ sin (ωt – θ) ˆÜ˛ !Óhfl,Ïï˛ Ü˛ˆÏÓ˚ !°ˆÏá ~ÓÇ cos ωt ~ÓÇ sin ωt ~Ó˚ §•à=!°ˆÏÜ˛

~Ü˛e Ü˛ˆÏÓ˚ ˛õy•z

[(ω
0
2 – ω2) B cos θ + 2Bbω sin θ  – f

0
] cos ωt +

[(ω
0

2 – ω2) B sin θ – 2Bbω cos θ ] sin ωt  = 0 ...4.10
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xyüÓ˚y çy!ö ˆÎñ sin ωt ~ÓÇ cos ωt ~Ü˛•z §ˆÏD ¢)öƒ •ˆÏï˛ ˛õyˆÏÓ˚ öy– Ó›ï˛ Îáö ~ˆÏòÓ˚ ~Ü˛!ê˛ ¢)öƒ

•Î˚ñ x˛õÓ˚!ê˛ ï˛áö ï˛yÓ˚ ã˛Ó˚ü üyˆÏö ˆ˛õÑÔåÈÎ˚– xï˛~Ó 4.10 §ü#Ü˛Ó˚ˆÏîÓ˚ ÓÑy!òˆÏÜ˛ cos ωt ~ÓÇ sin ωtñ í˛zû˛ˆÏÎ˚Ó˚

§•à xy°yòyû˛yˆÏÓ ¢)öƒ •ÄÎ˚y ≤ÃˆÏÎ˚yçö– §%ï˛Ó˚yÇ ˆ°áy ÎyÎ˚ ˆÎñ

(ω
0
2 – ω2) B cos θ + 2B bω sin θ = f

0
...4.11

~ÓÇ (ω0
2 – ω2) B sin θ – 2Bbω cos θ  = 0 ...4.12

(4.12) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xyüÓ˚y §Ó˚y§!Ó˚ ˛õy•zñ

tan θ  = 

22
0

2b
−
ω

ωω

...4.13a

Óyñ θ  = 

1
22

0

2 tanb −

−
ω

ωω

...4.13b

~•z (4.13) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ò%!ê˛ ô &ÓˆÏÜ˛Ó˚ ~Ü˛!ê˛ xÌ≈yÍñ θ  ~Ó˚ üyö ˛õyÄÎ˚y ÎyˆÏFåÈ– ~áö xy˛õ!ö ˆòáyˆÏï˛

˛õyˆÏÓ˚ö ˆÎñ sin θ  = 

()
1

22 2222
0

2

4

b

b ⎡⎤ −+ ⎢⎥ ⎣⎦

ω

ωωω

 ~ÓÇ cos θ = 

( )

2 2
0

1
2 22 2 2 2

0 4b

−

⎡ ⎤− +⎢ ⎥⎣ ⎦

ω ω

ω ω ω

x˛õÓ˚ ô &ÓÜ˛ B Óy !ÓhflÏyˆÏÓ˚Ó˚ üyö ˛õyÄÎ˚yÓ˚ çöƒ sin θ Ä cos θ ~Ó˚ üyö 4.11 §ü#Ü˛Ó˚ˆÏî ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚

xyüÓ˚y ˛õy•z

B = ( )
0

2 2
0 cos 2 sin

f
b− +ω ω θ ω θ

= 

()
0

1
22 2222

04

f

b ⎡⎤ −+ ⎢⎥ ⎣⎦ ωωω

= 
( )

0
1

2 22 2 2 2
0 4

F

m b⎡ ⎤− +⎢ ⎥⎣ ⎦ω ω ω
...4.14

fliyÎ˚# xÓfliyÓ˚ §üyôyˆÏöÓ˚ §¡õ)î≈ Ó˚y!¢üy°y!ê˛ ï˛y•ˆÏ° ~ÓyÓ˚ ˆ°áy ÎyÜ˛ñ

x2(t) = 
( )

0
1

2 22 2 2 2
0

cos( )

4

F
t

m b

−
⎡ ⎤− +⎢ ⎥⎣ ⎦

ω θ
ω ω ω

...4.15

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ~•z §üyôyˆÏö §Ó˚ˆÏîÓ˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ω ~ÓÇ ~!ê˛Ó˚ !ÓhflÏyÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛

!Ó£ÏˆÏÎ˚Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ~=!° •°ñ
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(i) ã˛y°Ü˛ ÓˆÏ°Ó˚ !ÓhflÏyÓ˚ (F
0
)

(ii) ã˛y°Ü˛ ÓˆÏ°Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ (ω)

(iii) Ü˛¡õö¢#° û˛Ó˚ (m)

(iv) Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ Sω
0
V ~ÓÇ

(v) xÓü®ö ô &ÓÜ˛ (b)

ï˛yåÈyí˛¸y 4.13 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xyüÓ˚y θ ˆÜ˛yˆÏîÓ˚ üyö ˛õy•z– ~!ê˛ ≤ÃÎ%_´ ã˛y°Ü˛ Ó° §Ó˚ˆÏîÓ˚ ï%˛°öyÎ˚ ˆÎ

ò¢y ˆÜ˛yˆÏî x@ˇÃÓï≈˛# ÌyˆÏÜ˛ñ ˆ§!ê˛ˆÏÜ˛ §)!ã˛ï˛ Ü˛ˆÏÓ˚– °«˛ƒ Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓ ˆÎñ θ ˆÜ˛yîÄ Ü˛ˆÏÎ˚Ü˛!ê˛ !Ó£ÏˆÏÎ˚Ó˚

Ä˛õÓ˚ !öû≈˛Ó˚¢#°– ~=!° •°ñ

(i) ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ SωV

(ii) Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ Sω
0
V

(iii) xÓü®ö ô &ÓÜ˛ (b)

˛õÓ˚Óï≈˛# xö%ˆÏFåÈˆÏò Èθ ÙÈÓ˚ !Ó£ÏÎ˚!ê˛ xyÓyÓ˚ xyˆÏ°yã˛öyÎ˚ xy§ˆÏÓ– 4.3 §ü#Ü˛Ó˚ˆÏîÓ˚ §¡õ)î≈ §üyôyˆÏöÓ˚ Ó˚*˛õ!ê˛

~áö ˆ°áy ˆÎˆÏï˛ ˛õyˆÏÓ˚ ≠

x(t) = 
( )

0
10

2 22 2 2 2
0

cos( )
exp( )cos( ' )

4

F t
A bt t

m b

−− + +
⎡ ⎤− +⎢ ⎥⎣ ⎦

ω θω φ
ω ω ω

...4.16
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xyüÓ˚y ~ÓyÓ˚ §üˆÏÎ˚Ó˚ (t) § Ï̂D x
1
, x

2
~ÓÇ x ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ !Ó£ÏÎ˚!ê˛ˆÏï˛ ò,!‹T !òˆÏï˛ ã˛y•z– 4.2 !ã˛ˆÏe §üˆÏÎ˚Ó˚

§ˆÏD ~=!°Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ˆ°á!ã˛e ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~Ó˚ ≤ÃÌü!ê˛ xÌ≈yÍ 4.2a, (t – x1) xyüyˆÏòÓ˚ x!ï˛

˛õ!Ó˚!ã˛ï˛ xÓü!®ï˛ ü%_´ ˆòy°ˆÏöÓ˚ ˆ°á!ã˛e– ~ˆÏ«˛ˆÏe ~!ê˛ fl∫“fliyÎ˚# §üyôyö §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ– §üˆÏÎ˚Ó˚ §ˆÏD !ÓhflÏyÓ˚

~áyˆÏö ≤Ãï˛ƒy!¢ï˛ û˛yˆÏÓ•z •…y§ ˛õyˆÏFåÈ– 4.2bñ (t – x
2
) ˆ°á!ã˛ˆÏe fliyÎ˚# xÓfliyÓ˚ §üyôyö!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

°«˛ƒ Ü˛Ó˚&öñ ~áyˆÏö !Ü˛v §üˆÏÎ˚Ó˚ §ˆÏD !ÓhflÏyˆÏÓ˚Ó˚ ˆÜ˛yöÄ ˛õ!Ó˚Óï≈˛ö ˆòáy ÎyˆÏFåÈ öy– !fliÓ˚yÓfliyÓ˚ ~!ê˛ xöƒï˛ü

˜Ó!¢‹Tƒ–

4.2c, (t – x ) ˆ°á!ã˛ˆÏe §üˆÏÎ˚Ó˚ §ˆÏD x
1
 + x

2
) ~Ó˚ ˛õ!Ó˚Óï≈˛ö ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~áyˆÏö ≤ÃÌü!òˆÏÜ˛

!ÓhflÏyÓ˚ ˛õ!Ó˚Óï≈˛ö¢#°– ˆÜ˛ööy ~•z ˛õÎ≈yˆÏÎ˚ ï˛sf!ê˛ ~Ü˛!òˆÏÜ˛ !öçfl∫ ω0 ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛ xyˆÏ®y!°ï˛ •ˆÏï˛

ã˛yÎ˚ ~ÓÇ xÓü®ˆÏöÓ˚ çöƒ ï˛yÓ˚ !ÓhflÏyÓ˚ e´ü¢ Ü˛üˆÏï˛ ÌyˆÏÜ˛– !Ü˛v Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ≤ÃÎ%_´ Ó° ï˛sf!ê˛ˆÏÜ˛ ï˛yÓ˚

!öçfl∫ ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛ SωV ã˛y°öy Ü˛Ó˚ˆÏï˛ ã˛yÎ˚– !û˛ß¨ Ü˛¡õyˆÏB˛Ó˚ ò%•z xyˆÏ®y°ˆÏöÓ˚ í˛z˛õ!Ó˚˛õyï˛ˆÏöÓ˚ ú˛ˆÏ°

x“ §üˆÏÎ˚Ó˚ çöƒ ï˛ˆÏsf !ÓhflÏyˆÏÓ˚Ó˚ •…y§ÈÙÈÓ,!k˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ~•z xÓfliy!ê˛ˆÏÜ˛ Ó°y •Î˚ x“fliyÎ˚# fl∫Ó˚Ü˛¡õ

(transient beats)– xÓ¢ƒ ~•z xÓfliy!ê˛ x“ §üÎ˚ fliyÎ˚# •Î˚ ˆÜ˛ööyñ ï˛ˆÏsfÓ˚ !öçfl∫ Ü˛¡õyˆÏB˛ xyˆÏ®y°ö

°Î˚≤ÃyÆ •ÄÎ˚yÓ˚ ˛õÓ˚ ã˛y°Ü˛ Ó° ï˛yÓ˚ !öçfl∫ Ü˛¡õyˆÏB˛ ï˛sfˆÏÜ˛ xyˆÏ®y!°ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ¢!_´Ó˚ §Ó˚ÓÓ˚yˆÏ•Ó˚ üyôƒˆÏü

!ÓhflÏyÓ˚ x«%˛] ÌyˆÏÜ˛– ï˛y•z §üˆÏÎ˚Ó˚ §ˆÏD §Ó˚ˆÏîÓ˚ ˛õ!Ó˚Óï≈˛ö x“ §üÎ˚ ˛õˆÏÓ˚•z x2 ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ xö%Ó˚*˛õ •ˆÏÎ˚

ÎyÎ˚– x“fliyÎ˚# fl∫Ó˚Ü˛ˆÏ¡õÓ˚ xÓ§yö âê˛yÓ˚ ˛õÓ˚ fliyÎ˚# xÓfliyÓ˚ §üyôyö!ê˛ ~Ü˛y•z ï˛ˆÏsfÓ˚ xyã˛Ó˚î ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚–

~•z xyˆÏ°yã˛öyÓ˚ ˛õˆÏÓ˚ !öˆÏã˛Ó˚ xö%¢#°ö#!ê˛ Ü˛Ó˚ˆÏï˛ xy˛õöyÓ˚ !öÿ˛Î˚•z û˛y° °yàˆÏÓ–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -1 : 200Nm–1 !fl±Ç ô &ÓÜ˛ !Ó!¢‹T ~Ü˛!ê˛ !fl±Ç ˆÌˆÏÜ˛ 0.2 kg û˛Ó˚ é%˛°ˆÏåÈ– û˛Ó˚!ê˛Ó˚ Ä˛õÓ˚

!e´Î˚y¢#° xÓü®ö Ó° – 2v Nm–1s ˆÎáyˆÏö v û˛Ó˚!ê˛Ó˚ ˆÓà– Î!ò ~•z û˛Ó˚!ê˛Ó˚ Ä˛õÓ˚ 12 cos 50t !öí˛zê˛ö

Ó° !e´Î˚y Ü˛ˆÏÓ˚ñ ï˛y•ˆÏ° fliyÎ˚# xÓfliyÎ˚ û˛Ó˚!ê˛Ó˚ !ÓhflÏyÓ˚ Ä ≤ÃÎ%_´ ÓˆÏ°Ó˚ §ˆÏD §Ó˚ˆÏîÓ˚ ò¢y ˛õyÌ≈Ü˛ƒ !öî≈Î˚ Ü˛Ó˚&ö–

4.4 ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y–ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y–ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y–ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y–ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ û)˛!üÜ˛y–

xyˆÏàÓ˚ xö%ˆÏFåÈˆÏòÓ˚ 4.15 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ fliyÎ˚# xÓfliyÓ˚ Ü˛¡õˆÏöÓ˚ ˆÎ §üyôyö ˛õyÄÎ˚y ˆàˆÏåÈñ ˆ§áyˆÏö

!öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ fliyÎ˚# xÓfliyÎ˚ ï˛ˆÏsfÓ˚ Ü˛¡õyB˛ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyˆÏB˛Ó˚ §üyö– ï˛y•ˆÏ° !öÿ˛Î˚•z

Ó°y ÎyÎ˚ ˆÎñ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏ°ñ ï˛ˆÏsfÓ˚ xyˆÏ®y°ˆÏöÓ˚ Ü˛¡õyB˛Ä ˛õyˆÏŒê˛ ÎyˆÏÓ– !Ó£ÏÎ˚!ê˛

!Ü˛v ~áyˆÏö•z ˆ¢£Ï öÎ˚– Ü˛yÓ˚îñ x
2
(t) ~Ó˚ !ÓhflÏyÓ˚ (B) ~ÓÇ ò¢yˆÏÜ˛yî SθVñ ò%!ê˛ˆÏï˛•z ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛

ω ~ÓÇ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ω0 í˛zû˛ˆÏÎ˚•z í˛z˛õ!fliï˛ Ó˚ˆÏÎ˚ˆÏåÈ– ï˛y•z ~•z ≤ÃŸ¿ á%Ó•z §Dï˛ ˆÎñ ω ~ÓÇ ω0

ÈÙÈÓ˚ ï%˛°öyü)°Ü˛ üyˆÏöÓ˚ Ä˛õÓ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˜Ó!¢‹Tƒ=!° Ü˛#û˛yˆÏÓ !öû≈˛Ó˚¢#°– xyüÓ˚y ~•z xö%ˆÏFåÈˆÏò

ω << ω
0
 ~ÓÇ ω >> ω

0
ñ ~•z ò%•z ˆ«˛ˆÏeÓ˚ ˜Ó!¢‹Tƒ xyˆÏ°yã˛öy Ü˛Ó˚Ó– ï,˛ï˛#Î˚ ˆ«˛e!ê˛ñ Îáö ω = ω0ñ xyˆÏ°y!ã˛ï˛

•ˆÏÓ ˛õÓ˚Óï≈˛# xö%ˆÏFåÈˆÏò–

Îáö ω << ω0ñ SxÌ≈yÍ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyˆÏB˛Ó˚ ï%˛°öyÎ˚ á%Ó•z ˆåÈyê˛V

xyüÓ˚y çy!ö [(4.14) §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ],
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B = 
( )

0
1

2 22 2 2 2
0 4

f

b⎡ ⎤− +⎢ ⎥⎣ ⎦ω ω ω

~áyö ˆÌˆÏÜ˛ ˆ°áy ÎyÎ˚ ˆÎñ

B = 0
1

2 22 2
2 2

40
0 0

1 4

f

b
⎡ ⎤⎧ ⎫⎪ ⎪⎛ ⎞⎢ ⎥− +⎨ ⎬⎜ ⎟⎝ ⎠⎢ ⎥⎪ ⎪⎩ ⎭⎣ ⎦

ω ωω ω ω

ˆÎˆÏ•ï%˛ ω << ω0, 
0

ω
ω <<1, §%ï˛Ó˚yÇ 1 ~Ó˚ ï%˛°öyÎ˚ 

2

0

⎛⎞
⎜⎟ ⎝⎠

ω
ω

 ˛õòˆÏÜ˛ öàîƒ ôˆÏÓ˚ xyüÓ˚y ˛õy•zñ

B0 = 0
2
0

f
ω  = 

0
2

0

F
mω

 = 

0 F
k

ˆÎáy Ï̂ö ω0
2 = 

k
m

 ~ÓÇ k = ≤Ãï˛ƒyöÎ˚ö =îyB˛ (stiffness const.), ~ˆÏ«˛ˆÏe !ÓhflÏyÓ˚ ≤Ãï˛ƒyöÎ˚ö =îyB˛

myÓ˚y !öÎ˚!sfï˛ •Î˚ ~ÓÇ ω0 Ó,!k˛Ó˚ §ˆÏD §ˆÏD •…y§ ˛õyÎ˚– ï˛y•z ~•z xÓfliyÎ˚ ï˛ˆÏsfÓ˚ ˆÎ à!ï˛ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ñ

ï˛yˆÏÜ˛ ≤Ãï˛ƒyöÎ˚ö =îyB˛ !öÎ˚!sfï˛ à!ï˛ (stiffness control motion) Ó°y •Î˚–

ò¢yÓ˚ !Ó£ÏÎ˚!ê˛ !ÓˆÏÓã˛öyÓ˚ çöƒ 4.13a §ü#Ü˛Ó˚î!ê˛ˆÏï˛ !ú˛ˆÏÓ˚ ÎyÄÎ˚y ÎyÜ˛–

tan θ = 

22
0

2bω
ωω−

= 
2

2
20

0

2 0
1

b →
⎛ ⎞−⎜ ⎟⎝ ⎠

ω
ωω
ω

Îáö 
0

ω
ω << 1

§%ï˛Ó˚yÇ ò¢yˆÏÜ˛yî θ → 0 xÌ≈yÍ ~ˆÏ«˛ˆÏe ã˛y°Ü˛ Ó° ~ÓÇ fliyÎ˚# xÓfliyÓ˚ §Ó˚ˆÏîÓ˚ üˆÏôƒ ò¢yÓ˚ ˛õyÌ≈Ü˛ƒ ≤ÃyÎ˚

¢)öƒ •ˆÏÎ˚ ÎyÎ˚– 4.3 !ã˛ˆÏe Èω ÙÈÓ˚ §ˆÏD θ  ÈÙÈÓ˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ˆ°á!ã˛e!ê˛ ˆòáˆÏ° !Ó£ÏÎ˚!ê˛ Ó%é˛ˆÏï˛ xy˛õöyÓ˚ §%!Óôy

•ˆÏÓ–

Îáö ω >> ω
0
 SxÌ≈yÍ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyˆÏB˛Ó˚ ï%˛°öyÎ˚ á%Ó•z ˆåÈyê˛Vñ

~ˆÏ«˛ˆÏe Îáö ω >> ω0, 

0 ω
ω

<< 1
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0
1

22 22
20

22
4 1

f
B

b

=
⎡⎤ ⎛⎞ −+ ⎢⎥ ⎜⎟ ⎝⎠ ⎢⎥ ⎣⎦

ω ω
ωω

0 0
2 2

f F
mω ω

≅ =

~ˆÏ«˛ˆÏe ω  Ó,!k˛Ó˚ §ˆÏD §ˆÏD !ÓhflÏyÓ˚ •…y§ ˛õyÎ˚– ~åÈyí˛¸y Ü˛¡õö¢#° û˛Ó˚!ê˛Ó˚ üyö Ó,!k˛Ó˚ §ˆÏD §ˆÏD !ÓhflÏyÓ˚

•…y§ ˛õyÎ˚–

~ˆÏ«˛ˆÏeñ tan θ = 2 2
0

2bω
ω ω−

 = 2
0
2

2

1

b
ωω
ω

−
⎛ ⎞−⎜ ⎟
⎝ ⎠

 → 0 ñÎáöñ 

0 ω
ω

 → 0

xï˛~Óñ θ  → π

Ü˛yÓ˚îñ ~ˆÏ«˛ˆÏe tan θ ÈÙÈÓ˚ üyö ω Ó,!k˛Ó˚ §ˆÏD §ˆÏD ¢)ˆÏöƒÓ˚

!öÜ˛ê˛Óï≈˛# •ˆÏ°Äñ ï˛y }îydÜ˛ üyˆÏöÓ˚ !òÜ˛ ˆÌˆÏÜ˛ ¢)ˆÏöƒÓ˚ !òˆÏÜ˛

x@ˇÃ§Ó˚ •ˆÏFåÈ– xï˛~Óñ θ fli(° ˆÜ˛yî §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ Ä Îáö ω →∞

•ˆÏFåÈ ï˛áö θ  ˆÜ˛yö π (180º) ~Ó˚ !öÜ˛ê˛Óï≈˛# •ˆÏFåÈ– (4.3 !ã˛e

ˆòá%öV–

ï˛y•z Ó°y ÎyÎ˚ ˆÎñ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛

Ü˛¡õyˆÏB˛Ó˚ ï%˛°öyÎ˚ Îï˛ Óí˛¸ •Î˚ñ ï˛ï˛ ã˛y°Ü˛ Ó° Ä §Ó˚ˆÏîÓ˚ üˆÏôƒ

ò¢yÓ˚ ˛õyÌ≈Ü˛ƒ π Óy 180º Ó˚ !öÜ˛ê˛Óï≈˛# •Î˚ñ xÌ≈yÍ ï˛yÓ˚y !Ó˛õÓ˚#ï˛

ò¢yÎ˚ xÓfliyö Ü˛ˆÏÓ˚– 4.3 !ã˛ˆÏe ~•z !Ó£ÏÎ˚!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

˛õÓ˚Óï≈˛# xö%ˆÏFåÈˆÏòÓ˚ 4.4 !ã˛ˆÏe ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ Ü˛¡õyB˛ ω ÈÙÈÓ˚ §ˆÏD !ÓhflÏyÓ˚ B ÈÙÈÓ˚ ˛õ!Ó˚Óï≈˛ö–

xy§%ö ~ÓyÓ˚ ÓÓ˚Ç !öˆÏã˛Ó˚ xö%¢#°ö#!ê˛ ˆã˛‹Ty Ü˛ˆÏÓ˚ ˆòá%ö–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -2 : ~Ü˛!ê˛ 0.1kg û˛Ó˚ 150Nm–1 !fl±Ç ô &ÓÜ˛ !Ó!¢‹T !fl±ÇÈÙÈ~ ˆé˛y°yˆÏöy Ó˚ˆÏÎ˚ˆÏåÈ– û˛Ó˚!ê˛Ó˚

Ä˛õÓ˚ !e´Î˚y¢#° â£Ï≈î Ó° Î!ò Fd = 5v N •Î˚ Sv û˛Ó˚!ê˛Ó˚ ˆÓàVñ ï˛y•ˆÏ° xÓü!®ï˛ ˆòy°ˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚î

≤Ã!ï˛¤˛y Ü˛ˆÏÓ˚ ˙ ˆòy°ˆÏöÓ˚ Ü˛¡õyB˛ !öî≈Î˚ Ü˛Ó˚&ö– Î!ò ~ÓyÓ˚ ~•z ï˛sf!ê˛Ó˚ í˛z˛õÓ˚ F = 3 cos 20t N

üyˆÏöÓ˚ ˛õÎ≈yÓ,_ Ó° xyˆÏÓ˚y!˛õï˛ •Î˚ñ ï˛y•ˆÏ° fliyÎ˚# xÓfliyÎ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ Ä ò¢y ˛õyÌ≈Ü˛ƒ !öî≈Î˚

Ü˛Ó˚&ö–

ω0 ω

π
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4.5     xö%öyòxö%öyòxö%öyòxö%öyòxö%öyò

4.5 xö%ˆÏFåÈˆÏòÓ˚ xyˆÏ°yã˛öyÎ˚ xy˛õ!ö ˆòˆÏáˆÏåÈö ˆÎñ fliyÎ˚# xÓfliyÓ˚ Ü˛¡õˆÏöÓ˚ (Steady state vibration)

ˆ«˛ˆÏe ω  ~ÓÇ ω0 ~Ó˚ ˛õyÌ≈Ü˛ƒ Îï˛ ˆÓ!¢ •Î˚ñ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ ï˛ï˛•z •…y§ ˛õyÎ˚– ï˛y•z ω >> ω0 Óy ω
<< ω0 •ˆÏ° !ÓhflÏyÓ˚ í˛zû˛Î˚ ˆ«˛ˆÏe•z ˆÓ¢ Ü˛ˆÏü ÎyÎ˚– fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z xy˛õöyÓ˚ üˆÏö •ˆÏï˛ ˛õyˆÏÓ˚ ˆÎñ ω xyÓ˚

ω0 ÈÙÈ~Ó˚ ˛õyÌ≈Ü˛ƒ ˆÓ!¢ •ˆÏ° !ÓhflÏyÓ˚ Îáö Ü˛ˆÏü ÎyÎ˚ñ ï˛áö ˙ ò%!ê˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ Ü˛yåÈyÜ˛y!åÈ ~ˆÏ° !ÓhflÏyÓ˚

§Ω˛Óï˛ Ó,!k˛ ˆ˛õˆÏï˛ ˛õyˆÏÓ˚– ~ÓyÓ˚ xyüÓ˚y ω = ω0 •ˆÏ° xÌ≈yÍñ ã˛y°Ü˛ Ó° Ä ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ò%•z!ê˛

§üyö •ˆÏÎ˚ ˆàˆÏ° Ü˛# •ˆÏÓ ˆ§•z !Ó£ÏˆÏÎ˚ xyˆÏ°yã˛öy Ü˛Ó˚Ó– 4.14 §ü#Ü˛Ó˚ˆÏî !fliÓ˚yÓfliyÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ Ó˚y!¢üy°y!ê˛

•z!ï˛üˆÏôƒ•z ˛õyÄÎ˚y ˆàˆÏåÈ ≠

()
0

1
22 2222

0

()

4

f
B

b

ω
ωωω

=
⎡⎤ −+ ⎢⎥ ⎣⎦

~áyˆÏö ω = ω0 Ó!§ˆÏÎ˚ ˛õy•z

00
0

00

()
22

fF
B

bmb
ωωω ==

...4.17

xÌ≈yÍñ ï˛ˆÏsfÓ˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ω0 ~ÓÇ ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ SωV §üyö •ˆÏÎ˚ ˆàˆÏ° BÈÙÈ~Ó˚ Ó˚y!¢üy°yÓ˚

•Ó˚ (denominator) •…y§ ˛õyÎ˚ ~ÓÇ BÈÙÈ~Ó˚ üyö Ó,!k˛ ˛õyÎ˚– ~•z xÓfliy!ê˛ˆÏÜ˛ xö%öyò Ó°y •Î˚– °«˛ƒ Ü˛Ó˚&ö

ˆÎñ B(ω0)ÈÙÈ~Ó˚ ~•z üyö 
0

02
f

bω ñ b Óy xÓü®ö ô &ÓˆÏÜ˛Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– Ó›ï˛ñ xÓü®ö ï˛Ìy b ~Ó˚

üyö Ó,!k˛Ó˚ §ˆÏD §ˆÏD B(ω0) ~Ó˚ üyö •…y§ ˛õyÎ˚– ˆÎ ˆÜ˛yöÄ ÓyhflÏÓ Ü˛¡õö¢#° ï˛ˆÏsf §Ó≈òy•z !Ü˛å%È xÓü®ö

í˛z˛õ!fliï˛ ÌyˆÏÜ˛ xÌ≈yÍñ b ~Ó˚ üyö ¢)öƒ •Î˚ öy– ú˛ˆÏ° B(ω0) ~Ó˚ üyö x§#ˆÏüÓ˚ !òˆÏÜ˛ ã˛ˆÏ° ÎyÎ˚ öy–

ω = ω0 •ÄÎ˚yÓ˚ §ˆÏD §ˆÏD ò¢y ˆÜ˛yî θ  Ü˛#Ó˚Ü˛ü •ˆÏÓ⁄

4.13a §ü#Ü˛Ó˚î ˆÌˆÏÜ˛

tan θ  =

22
0

2bω
ωω−

ú˛ˆÏ°ñ ω = ω0 •ˆÏ°ñ  tan θ  = ∞ ∴ θ  = 2
π

xï˛~Ó ~ˆÏ«˛ˆÏe ã˛y°Ü˛ ÓˆÏ°Ó˚ ï%˛°öyÎ˚ §Ó˚î 

2
π

 ò¢yˆÏÜ˛yî !˛õ!åÈˆÏÎ˚ ÌyÜ˛ˆÏÓ–
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4.17 §ü#Ü˛Ó˚ˆÏî !ÓhflÏyˆÏÓ˚Ó˚ ˆÎ üyö B(ω0) ˛õyÄÎ˚y ˆàˆÏåÈñ ï˛y !ÓhflÏyˆÏÓ˚Ó˚ §ˆÏÓ≈yFã˛üyö öÎ˚– !ÓhflÏyˆÏÓ˚Ó˚ §ˆÏÓ≈yFã˛

üyö ˛õyÄÎ˚yÓ˚ çöƒ xyüyˆÏòÓ˚ !Ü˛å%Èê˛y !û˛ß¨ Ó˚yhflÏyÎ˚ ~ˆÏàyˆÏï˛ •ˆÏÓ– ˆÜ˛Ó° ï˛y•z öÎ˚ñ ≤ÃˆÏîy!òï˛ ˆòy°ˆÏöÓ˚ ˆ«˛ˆÏe

xyüÓ˚y ˆòáˆÏï˛ ˛õyÓñ ï˛ˆÏsfÓ˚ à!ï˛ˆÏÓà !ÓˆÏ¢£Ï ¢ï≈˛ §yˆÏ˛õˆÏ«˛ §ˆÏÓ≈yFã˛ •Î˚ ~ÓÇ ~•z ¢ï≈˛ §ˆÏÓ≈yFã˛ !ÓhflÏyÓ˚ ˛õyÄÎ˚yÓ˚

¢ï≈˛ xˆÏ˛õ«˛y !û˛ß¨– Ü˛¡õö¢#° Ó›Ó˚ !ÓhflÏyÓ˚ Îáö §ˆÏÓ≈yFã˛ •Î˚ñ ï˛áö ï˛yÓ˚ !fli!ï˛¢!_´ §ˆÏÓ≈yFã˛ üyˆÏö ˆ˛õÑÔåÈÎ˚

~ÓÇ Îáö ï˛yÓ˚ à!ï˛ˆÏÓà §Ó≈ˆÏ˛õ«˛y ˆÓ!¢ •Î˚ñ ï˛áö ï˛yÓ˚ à!ï˛¢!_´Ó˚ ˛õ!Ó˚üyî •Î˚ §ˆÏÓ≈yFã˛– ~•z ò%!ê˛ ˆ«˛eˆÏÜ˛

˛õòyÌ≈!ÓòƒyÓ˚ ˛õ!Ó˚û˛y£ÏyÎ˚ ÎÌye´ˆÏü !ÓhflÏyÓ˚ xö%öyò (amplitude resonance) ~ÓÇ à!ï˛ˆÏÓà xö%öyò

(velocity resonance) Ó°y •Î˚– ~áyˆÏö xyüÓ˚y !Ó£ÏÎ˚ ò%!ê˛ !öˆÏÎ˚ §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚Ó–

4.5.1 !ÓhflÏyÓ˚ xö%öyò!ÓhflÏyÓ˚ xö%öyò!ÓhflÏyÓ˚ xö%öyò!ÓhflÏyÓ˚ xö%öyò!ÓhflÏyÓ˚ xö%öyò

~ÓyÓ˚ ˆòáy ÎyÜ˛ñ ≤ÃˆÏîy!òï˛ ˆòy°ˆÏöÓ˚ ˆ«˛ˆÏe !ÓhflÏyˆÏÓ˚Ó˚ §ˆÏÓ≈yFã˛ üyö ˛õyÄÎ˚yÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï˛≈!ê˛ Ü˛#⁄

4.14 §ü#Ü˛Ó˚ˆÏî xyüÓ˚y !ÓhflÏyÓ˚ B(ω) ~Ó˚ ˆÎ Ó˚y!¢üy°y!ê˛ ˆ˛õˆÏÎ˚!åÈ ˆ§!ê˛ •°ñ

B(ω) = 

()
0

1
22 2222

04

f

b ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

~Ó˚ üyö ω ~Ó˚ í˛z˛õÓ˚ !öû≈˛Ó˚¢#° ~ÓÇ È

()2 2222
04b ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

 Ó˚y!¢Ó˚ üyö Îáö §Ó≈!ö¡¨ñB(ω) ~Ó˚ üyö

ï˛áö §ˆÏÓ≈yFã˛ •ˆÏÓ– ~Ó˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï˛≈ ≠()2 2222
04 db

d
ωωω ω

⎡⎤ −+ ⎢⎥ ⎣⎦

 = 0

Óyñ – 4ω (ω
0

2 – ω2) + 8b2ω = 0

xÌ≈yÍñ ω = 

()
1

222
02b ω ±−

 xÌÓy 0

~Ó˚ üˆÏôƒ ω = 0 §üyôyö!ê˛ ˆÜ˛yöÄ Ó¶˛ö !öˆÏò≈¢ Ü˛ˆÏÓ˚ öy– ï˛y•z xyüÓ˚y ˆ§!ê˛ Óyò ˆòÓ– ~åÈyí˛¸yñ ˆÎˆÏ•ï%˛

ω  §Ó≈òy•z ôöydÜ˛ñ B(ω) ~Ó˚ üyö §ˆÏÓ≈yFã˛ •ÄÎ˚yÓ˚ ¢ï≈˛ ≠ ω = ω
r
 = ( )

1
2 2 2

0 2bω − ... 4.18a

ω
r
 ~áyˆÏö xö%öyò# ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ ˆÓyé˛yˆÏFåÈ– xy˛õ!ö •Î˚ï˛ °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ï,˛ï˛#Î˚ ~Ü˛ˆÏÜ˛ xyüÓ˚y

ˆÎ xÓü!®ï˛ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ 2 2
0 bω −  ˆ˛õˆÏÎ˚!åÈñ ωr ~Ó˚ üyö ï˛yÓ˚ ˆã˛ˆÏÎ˚ Ü˛ü– ≤Ã§Dï˛ Ó°y ÎyÎ˚ ˆÎñ

B(ω = ω
r
) ˆÎ B ~Ó˚ §ˆÏÓ≈yFã˛ üyöñ §Ó≈!ö¡¨ öÎ˚ñ ï˛y xy˛õ!ö 

2

2

r

dB
dωω ω=

⎛⎞
⎜⎟ ⎝⎠

~Ó˚ üyö !öî≈Î˚ Ü˛ˆÏÓ˚ ~ÓÇ ˆ§!ê˛Ó˚

}îydÜ˛ üyö °«˛ƒ Ü˛ˆÏÓ˚ ≤Ã!ï˛˛õß¨ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö–

~áö ω ~Ó˚ °∏˛üyö ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ xyüÓ˚y !ÓhflÏyÓ˚ BÈÙÈ~Ó˚ §ˆÏÓ≈yFã˛ üyö ˆ˛õˆÏï˛ ˛õy!Ó˚ ≠



102

B
max

 = 

( ) ( )
0

1
2 22 2 2 2 2 2

0 0 02 4 2

F

m b b bω ω ω⎡ ⎤− + + −⎢ ⎥⎣ ⎦

= 

0
22

0 2

F

mbb ω−

... 4.18b

ï˛y•ˆÏ° ˆòáy ÎyˆÏFåÈñ ω = ω
0
 •ˆÏ° BÈÙÈ~Ó˚ üyö §ˆÏÓ≈yFã˛ •Î˚ öy– B ÈÙÈ~Ó˚ üyö §ˆÏÓ≈yFã˛ •Î˚ñ Îáö ω =

ωr = 

()
1

222
02b ω−

– !ÓhflÏyÓ˚ BÈÙÈ~Ó˚ üyö §ˆÏÓ≈yFã˛ •ÄÎ˚yÓ˚ ~•z âê˛öy!ê˛ˆÏÜ˛ Ó°y •Î˚ !ÓhflÏyÓ˚ xö%öyò (amplitude

resonance)– xyÓ˚ ω
r 
ˆÜ˛ Ó°y •Î˚ !ÓhflÏyÓ˚ xö%öyˆÏòÓ˚

çöƒ xö%öyò# ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ (resonant angular

frequency)–

4.4 !ã˛ˆÏe ω ~Ó˚ §ˆÏD ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚

B ~Ó˚ ˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ˆ°á!ã˛e ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– °«˛ƒ

Ü˛Ó˚ˆÏÓö xÓü®ö ô &ÓÜ˛ bÈÙÈ~Ó˚ Ó,!k˛Ó˚ §ˆÏD ˆÜ˛Ó° ωr

ÈÙÈ•z 4.18a  §ü#Ü˛Ó˚î xö%ÎyÎ˚# ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ öyñ

Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ B-~Ó˚ üyöÄ •…y§ ˛õyÎ˚– Î!ò xyüÓ˚y

ˆÜ˛yöÄ xyò¢≈ ï˛ˆÏsfÓ˚ Ü˛Ìy Ü˛“öy Ü˛!Ó˚ñ ˆÎáyˆÏö

xÓü®ö í˛z˛õ!fliï˛ ˆö•zñ xÌ≈yÍ b = 0, ï˛y•ˆÏ° ~Ü˛!òˆÏÜ˛

ˆÎüö ω
r
 = ω0 •ˆÏÎ˚ ÎyˆÏÓ Óy xö%öyò# Ü˛¡õyB˛ ï˛ˆÏsfÓ˚

fl∫yû˛y!ÓÜ˛ Ü˛¡õy Ï̂B˛Ó˚ §üyö • Ï̂Î˚ Îy Ï̂Óñ ̂ ï˛üö•z xöƒ!ò Ï̂Ü˛

§ˆÏÓ≈yFã˛ !ÓhflÏyˆÏÓ˚Ó˚ üyö •ˆÏÎ˚ ÎyˆÏÓ x§#ü S§ü#Ü˛Ó˚î

4.17 ˆòá%öV– Ó°y Óy‡°ƒñ xyüÓ˚y ÓyhflÏÓ ˆ«˛ˆÏe ~Ó˚Ü˛ü xÓfliy ˛õy•z öy–

!ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ xyÓ˚ ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ !òÜ˛ Ó˚ˆÏÎ˚ˆÏåÈ– xy˛õ!ö çyˆÏöö ˆÎñ Ü˛¡õö¢#° Ó›Ó˚ ˆ«˛ˆÏe ï˛yÓ˚

!fli!ï˛¢!_´ ≠

V = 21
2

kx ...4.19

~áyˆÏöñ k = ω0
2m = ≤Ãï˛ƒyöÎ˚ö =îyB˛ (spring constant)– ˆÎˆÏ•ï%˛ ~Ü˛!ê˛ ï˛ˆÏsf k Ó˚ üyö ~Ü˛!ê˛ ô &ÓÜ˛ñ

ï˛y•z !fli!ï˛¢!_´Ó˚ üyö §ˆÏÓ≈yFã˛ •Î˚ Îáö x ~Ó˚ üyö §ˆÏÓ≈yFã˛ñ xÌ≈yÍñ Îáö x = B
max

–

§%ï˛Ó˚yÇñ V
max

 = 

2
max

1
2

kB

ˆÎˆÏ•ï%˛ !ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ §üÎ˚ BÈÙÈ~Ó˚ üyö §ˆÏÓ≈yFã˛ •Î˚ñ ï˛y•z !ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ §üÎ˚•z ï˛ˆÏsfÓ˚ §ˆÏÓ≈yFã˛

!fli!ï˛¢!_´Ó˚ üyö §ˆÏÓ≈yFã˛ •Î˚– ~!ê˛ !ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ ~Ü˛!ê˛ !ÓÜ˛“ §ÇK˛y–

!ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ §üÎ˚ñ xÌ≈yÍ Îáö ω = ωr = 

22
02b ω−
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§%ï˛Ó˚yÇñ §ˆÏÓ≈yFã˛ !fli!ï˛¢!_´ V
m
 = 

2

0
2 2

0

1
2 2

F
k

mb b

⎛ ⎞
⎜ ⎟

ω −⎝ ⎠
 = 

()
22
00

222
0

1
8

F
mbb −

ω
ω

...4.20

4.5.2 à!ï˛ˆÏÓà xö%öyòà!ï˛ˆÏÓà xö%öyòà!ï˛ˆÏÓà xö%öyòà!ï˛ˆÏÓà xö%öyòà!ï˛ˆÏÓà xö%öyò

≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe fliyÎ˚# xÓfliyÓ˚ §üÎ˚ ÈÙÈ §Ó˚î §ü#Ü˛Ó˚ˆÏîÓ˚ S§ü#Ü˛Ó˚î 4.15) §ˆÏD xy˛õ!ö xyˆÏà•z

˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚ˆÏåöÈ– ~!ê˛ •° ≠

x = x2 = 
( )

0
1

2 22 2 2 2
0

cos( )

4

F t

m b

−

⎡ ⎤− +⎢ ⎥⎣ ⎦

ω θ

ω ω ω

~!ê˛ ˆÌˆÏÜ˛ xyüÓ˚y Ü˛¡õö¢#° û˛ˆÏÓ˚Ó˚ à!ï˛ˆÏÓà ˆ˛õˆÏï˛ ˛õy!Ó˚ ≠

v = dx
dt

=

()
0

1
22 2222

0

sin()

4

Ft

mb

− −
⎡⎤ −+ ⎢⎥ ⎣⎦

ωωθ

ωωω

}îydÜ˛ !ã˛•´ §Ó˚ˆÏîÓ˚ §yˆÏ˛õˆÏ«˛ à!ï˛ˆÏÓˆÏàÓ˚ x!û˛ü%á §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ– ~•z à!ï˛ˆÏÓˆÏàÓ˚ §ˆÏÓ≈yFã˛ üyö Óy

à!ï˛ˆÏÓà !ÓhflÏyÓ˚ (velocity amplitude) v0 •ˆÏ° ˆ°áy ÎyÎ˚–

v
0
 = 

( )
0

1
2 22 2 2 2

0 4

F

m b⎡ ⎤− +⎢ ⎥⎣ ⎦

ω

ω ω ω
...4.21

ˆòáy ÎyˆÏFåÈñ ˆÎ v
0
 ÈÙÈÓ˚ üyö F

0
, m, b ~ÓÇ  ω

0
 åÈyí˛¸yÄ ω ÈÙÈ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– ~áö xy˛õ!ö §•ˆÏç•z

ÈÙÈ ω ~Ó˚ ˆÜ˛yö üyˆÏöÓ˚ çöƒ v
0
 §Ó≈y!ôÜ˛ •ˆÏÓñ ï˛y !öî≈Î˚ Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö– 4.21 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ñ

0dv
dω = 

1
22222 02

0 [{()4}
F

b
m

− −+ ωωω

 
1

2 2 2 2 3 2 22
0 0{( ) 4 } (4 4 8 )]2 b b

−− − + − +ω ω ω ω ω ωω ω

= 

( )

4 4
0 0

3
2 22 2 2 2

0 4

F
m

b

−

⎡ ⎤− +⎢ ⎥⎣ ⎦

ω ω

ω ω ω

ω ~Ó˚ ˆÎ @ˇÃ•îˆÏÎyàƒ üyˆÏöÓ˚ çöƒ 0dv
dω  = 0, ˆ§!ê˛ •° ω = ω

0
– ˆòáyˆÏöy ÎyÎ˚ ˆÎñ Îáö ω = ω

0

ï˛áö 

2
0
2

dv
dω

 ~Ó˚ üyö }îydÜ˛– ~Ó˚ xÌ≈ñ v
0
 ÈÙÈ~Ó˚ §ˆÏÓ≈yFã˛ üyˆÏöÓ˚ çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï˛≈ñ

ω = ω
0

...4.22
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~•z xÓfliy!ê˛ˆÏÜ˛ Ó°y •Î˚ à!ï˛ˆÏÓà xö%öyò (velocity resonance)– 4.21 §ü#Ü˛Ó˚ˆÏî ω = ω
0 

Ó!§ Ï̂Î˚

v
0
 ÈÙÈ~Ó˚ §ˆÏÓ≈yFã˛ üyö ˛õyÄÎ˚y ÎyÎ˚ ≠

v0m = 

00
1

222
0 04

F

mb

ω

ω ⎡⎤ + ⎣⎦

  = 

0

2
F
mb

...4.23a

°«˛ƒ Ü˛Ó˚&öñ v
0m

 ~Ó˚ Ó˚y!¢üy°yÓ˚ •ˆÏ° b

í˛z˛õ!fliï˛ Ó˚ˆÏÎ˚ˆÏåÈ xÌ≈yÍñ xÓü®ö Îï˛ Ó,!k˛ ˛õyˆÏÓ

à!ï˛ˆÏÓà xö%öyˆÏòÓ˚ §üÎ˚ ≤ÃyÆ v
0
 ~Ó˚ §ˆÏÓ≈yFã˛

üyö ï˛ï˛ ˆåÈyê˛ •ˆÏÓ–

4.5 !ã˛ˆÏe ω ~Ó˚ §ˆÏD v0 ~Ó˚ ˛õ!Ó˚Óï≈˛ö

ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– §ÓÜ˛!ê˛ ˆ«˛ˆÏe•z Îáö ω =

ω0ñ ˆÜ˛Ó° ï˛áö•z v0 ~Ó˚ üyö §ˆÏÓ≈yFã˛ •ˆÏï˛

ˆòáy ÎyˆÏFåÈ– ï˛ˆÏÓ ~•z ˆ°á!ã˛e ˆÌˆÏÜ˛ ~!ê˛

˛õ!Ó˚‹ÒyÓ˚ ˆÎñ v
0m

 ~Ó˚ üyö !öû≈˛Ó˚ Ü˛Ó˚ˆÏåÈ b ~Ó˚

Ä˛õÓ˚– xy˛õ!ö !öÿ˛Î˚•z Ó%é˛ˆÏï˛ ˛õyÓ˚ˆÏåÈö ˆÎñ

à!ï˛ˆÏÓà xö%öyˆÏòÓ˚ ˆ«˛ˆÏe Ü˛¡õö¢#° û˛ˆÏÓ˚Ó˚

à!ï˛ˆÏÓà §ˆÏÓ≈yFã˛ •ÄÎ˚yÎ˚ ï˛yÓ˚ à!ï˛¢!_´Ä

(kinetic energy) ˙ xö%öyˆÏòÓ˚ §üÎ˚ §ˆÏÓ≈yFã˛

•ˆÏÓ– à!ï˛ˆÏÓà xö%öyˆÏòÓ˚ ~Ü˛!ê˛ !ÓÜ˛“ §ÇK˛y

!•§yˆÏÓ Ó°y ÎyÎ˚ñ ˆÎ xÓfliyÎ˚ Ü˛¡õö¢#° Ó›Ó˚

à!ï˛¢!_´Ó˚ §ˆÏÓ≈yFã˛ üyö T0 §Ó≈!ôÜ˛ •Î˚ñ ï˛yˆÏÜ˛ Ó°y •Î˚ à!ï˛ˆÏÓà xö%öyò– ~•z xyˆÏ°yã˛öy ˆÌˆÏÜ˛ xyüÓ˚y

à!ï˛ˆÏÓà xö%öyˆÏòÓ˚ §üÎ˚ §ˆÏÓ≈yFã˛ à!ï˛¢!_´Ó˚ T0m ÈÙÈ~Ó˚ Ó˚y!¢üy°y §•ˆÏç•z ˆ˛õˆÏï˛ ˛õy!Ó˚ ≠

∴ §ˆÏÓ≈yFã˛ à!ï˛¢!_´ T0m = 

2
0

1
2m mv

 = 

2

0 1
22

F
m

mb
⎛⎞
⎜⎟ ⎝⎠

= 

2
0

2
1
8

F
mb

...4.23b

xï˛~Ó ˆòáy ÎyˆÏFåÈ ˆÎñ !ÓhflÏyÓ˚ xö%öyò Ä à!ï˛ˆÏÓà xö%öyò ÎÌye´ˆÏü §ˆÏÓ≈yFã˛ !fli!ï˛¢!_´  Ä §ˆÏÓ≈yFã˛

à!ï˛¢!_´Ó˚ §Ó≈y!ôÜ˛ üyö §)!ã˛ï˛ Ü˛ˆÏÓ˚– xÓ¢ƒ Ó‡ ï˛ˆÏsf•z b xÌ≈yÍ xÓü®ˆÏöÓ˚ üyö á%Ó Ü˛ü ÌyˆÏÜ˛– ï˛áö xyüÓ˚y

!°áˆÏï˛ ˛õy!Ó˚ ≠

2b2 << ω0
2 ~ÓÇ ωr ≅ ω0 xÌ≈yÍ !ÓhflÏyÓ˚ xö%öyò Ä à!ï˛ˆÏÓà xö%öyò ï˛áö ≤ÃyÎ˚ ~Ü˛•z Ü˛¡õyˆÏB˛ âˆÏê˛–

˛õˆÏÓ˚Ó˚ xö%ˆÏFåÈˆÏò xyüÓ˚y ω = ω0 ¢ï≈˛!ê˛Ó˚ =Ó˚&c xyÓ˚Ä Ó%é˛ˆÏï˛ ˛õyÓ˚Ó Îáö ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ §üÎ˚ ï˛ˆÏsfÓ˚

¢!_´ @ˇÃ•ˆÏîÓ˚ •yˆÏÓ˚Ó˚ !Ó£ÏÎ˚!ê˛ xyˆÏ°y!ã˛ï˛ •ˆÏÓ–

~ï˛«˛î ˛õÎ≈hsˇ ˆÎ §Ó xyˆÏ°yã˛öy •° ï˛yÓ˚ Ä˛õÓ˚ ò%Û~Ü˛!ê˛ xö%¢#°ö#Ó˚ ã˛ã≈˛y Ü˛Ó˚ˆÏ° ˆÜ˛üö •Î˚⁄
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xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -3 : 200Nm–1 !fl±Ç ô &ÓˆÏÜ˛Ó˚ !fl±ÇÈÙÈ~ 200g û˛Ó˚Î%_´ Ü˛ˆÏÓ˚ ˆé˛y°yˆÏöy •°– !fl±Ç!ê˛ˆÏï˛ í˛z˛õ!fliï˛

xÓü®ö Ó° = –vNms–1– ~•z !fl±Ç!ê˛ˆÏÜ˛ 5N !ÓhflÏyÓ˚ Ä 30 rads–1 Ü˛¡õyB˛ !Ó!¢‹T Ó° ≤ÃÎ%_´ •°– !ÓhflÏyÓ˚ñ

xö%öyˆÏòÓ˚ Ü˛¡õyB˛ñ §ˆÏÓ≈yFã˛ à!ï˛¢!_´ ~ÓÇ fliyÎ˚# xÓfliyÓ˚ !ÓhflÏyˆÏÓ˚Ó˚ üyö ~•z ï˛ˆÏsfÓ˚ ˆ«˛ˆÏe Ü˛ï˛ •ˆÏÓ⁄

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -4 : §Ó˚°ˆÏÓ˚áyÎ˚ Ü˛¡õö¢#° 70g û˛Ó˚!Ó!¢‹T ~Ü˛!ê˛ Ó›Ü˛îyÓ˚ Ä˛õÓ˚ 14Nm–1 ≤Ãï˛ƒyöÎ˚Ü˛ Ó°

!e´Î˚y Ü˛ˆÏÓ˚– Î!ò ~•z ï˛ˆÏsf í˛z˛õ!fliï˛ xÓü®ö ÓˆÏ°Ó˚ ˛õ!Ó˚üyî ~Ü˛Ü˛ à!ï˛ˆÏÓà 0.7Nsm–1 •Î˚ñ ï˛y•ˆÏ° ˆÜ˛yö

Ü˛¡õyB˛ !Ó!¢‹T §üO§ Ó° Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ xö%öyò §,!‹T Ü˛Ó˚y ÎyˆÏÓ⁄ Î!ò ~•z ≤ÃÎ%_´ ÓˆÏ°Ó˚ !ÓhflÏyÓ˚

8N •Î˚ñ ï˛ˆÏÓ ï˛ˆÏsfÓ˚ §ˆÏÓ≈yFã˛ à!ï˛¢!_´ Ü˛ï˛⁄

4.6 ≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚≤ÃˆÏîy!òï˛ Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ¢!_´ @ˇÃ•ˆÏîÓ˚ •yÓ˚

≤ÃˆÏîy!òï˛ Ü˛¡õˆÏö ≤Ãï˛ƒyöÎ˚Ü˛ Ó°ñ ã˛y°Ü˛ Ó° Ä xÓü®ö Ó° ~Ü˛§ˆÏD Ü˛¡õö¢#° Ó›Ó˚ í˛z˛õÓ˚ Ü˛yÎ≈ Ü˛ˆÏÓ˚–

~Ü˛!ê˛ §¡õ)î≈ ˛õÎ≈yˆÏÎ˚ ≤Ãï˛ƒyöÎ˚Ü˛ Ó° ˆüyˆÏê˛Ó˚ í˛z˛õÓ˚ ˆÜ˛yö Ü˛yÎ≈•z Ü˛ˆÏÓ˚ öy– ã˛y°Ü˛ Ä xÓü®ö ÓˆÏ°Ó˚ ˆ«˛ˆÏe

~Ü˛•z Ü˛Ìy Ó°y ÎyÎ˚ öy– Ü˛¡õö¢#° Ó›!ê˛ xÓü®ö ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ Ü˛yÎ≈ Ü˛Ó˚yÓ˚ ú˛ˆÏ° ï˛yÓ˚ ¢!_´Ó˚ «˛Î˚ •Î˚–

≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe ã˛y°Ü˛ Ó° Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ §ü•yˆÏÓ˚ ¢!_´ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚ fliyÎ˚# Ü˛¡õö ÓçyÎ˚ Ó˚yˆÏá–

xyüÓ˚y ~áö ~•z ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ •yÓ˚ !öî≈Î˚ Ü˛Ó˚Ó– ~çöƒ xyüÓ˚y ≤ÃÌˆÏü ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ ï˛yÍ«˛!îÜ˛ üyö

~ÓÇ ï˛yÓ˚˛õÓ˚ ï˛yÓ˚ §üyÜ˛°ö Ü˛ˆÏÓ˚ ~Ü˛!ê˛ ˛õ)î≈ ˛õÎ≈yˆÏÎ˚ ~•z ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ •yÓ˚ !öô≈yÓ˚î Ü˛Ó˚Ó–

§ÇK˛yö%§yˆÏÓ˚ xyüÓ˚y çy!ö ˆÎñ ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ •yÓ˚ Ó°ˆÏï˛ ~Ü˛Ü˛ §üˆÏÎ˚ ¢!_´Ó˚ ˆÎyàyö Óy «˛üï˛y

(power) ˆÓyé˛yÎ˚– «˛üï˛yÓ˚ ï˛yÍ«˛!îÜ˛ üyö P(tV •ˆÏ°ñ ˆ°áy ÎyÎ˚ ˆÎñ

P (t) = Ó° F (t)x à!ï˛ˆÏÓà v ...4.24(a)

4.6.2 xö%ˆÏFåÈò ˆÌˆÏÜ˛ ˛õyÄÎ˚y v ~Ó˚ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ˆ°áy ÎyÎ˚ñ

v = 

()

()
0

1
22 2222

0

sin

4

Ft

mb

−
−

⎡⎤ −+ ⎢⎥ ⎣⎦

ωωθ

ωωω

= 0 cos
2

v t⎛ ⎞− +⎝ ⎠
πω θ

= v
0
 cos (ωt – ψ) ...4.24(b)

~áyˆÏöñ v
0
 = 

( )
0

1
2 22 2 2 2

0 4

F

m b⎡ ⎤− +⎢ ⎥⎣ ⎦

ω

ω ω ω
  = ˆÓˆÏàÓ˚ !ÓhflÏyÓ˚ ~ÓÇñ ψ = 2

πθ⎛ ⎞−⎜ ⎟⎝ ⎠  = ˆÓà Ä ã˛y°Ü˛

ÓˆÏ°Ó˚ ò¢y ˛õyÌ≈Ü˛ƒ v
0
 ~ÓÇ F(t) ~Ó˚ üyö (4.24a) §ü#Ü˛Ó˚ˆÏî ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ P(t) Ó˚ ˆÎ üyö ˛õyÄÎ˚y ÎyÎ˚

ï˛y •°ñ
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P(t) = F
0
 cos ωt.v

0
 cos (ωt – ψ)

= F0v0[cos2  ωt cos ψ + cos ωt sin ωt sin ψ]

= F0v0 cos ψ cos2 ωt + 

1
2

F0v0 sin ψ sin 2ωt ...4.25

~Ü˛!ê˛ ̨ õ)î≈ ̨ õÎ≈yˆÏÎ˚ •hflÏyhsˇ!Ó˚ï˛ ¢!_´Ó˚ àí˛¸ •yÓ˚ Óy àí˛¸ «˛üï˛y ̨ õyÄÎ˚yÓ˚ çöƒ (4.25) §ü#Ü˛Ó˚ˆÏîÓ˚ í˛zû˛Î˚ ̨ õ«˛ˆÏÜ˛

0 ˆÌˆÏÜ˛ T §üˆÏÎ˚Ó˚ üˆÏôƒ §üyÜ˛°ö Ü˛ˆÏÓ˚ ~ÓÇ T !òˆÏÎ˚ û˛yà Ü˛ˆÏÓ˚ ˛õy•zñ (T = 

2π
ω

= ˆòy°öÜ˛y°V

200
00

00

sin 11 (cos)cossin2
2

TTFv
PFvtdttdt

TT
⎛⎞ =+⎜⎟ ⎝⎠ ∫∫ψ ψωω

= 0 0
1 cos 0
2

F v +ψ

Óyñ 0 0
1 sin
2

P F v= θ ...4.26

ˆÎˆÏ•ï%˛ñ cos ψ = cos
2

⎛⎞ − ⎝⎠
π θ = cos

2
⎛ ⎞−⎝ ⎠

π θ  = sin θ

~áö tan θ ÈÙÈ~Ó˚ üyö (4.13a §)eV ˆÌˆÏÜ˛ sin θ Ó˚ üyö !öî≈Î˚ Ü˛ˆÏÓ˚ S§Ç!Ÿ’‹T ˛õ,¤˛yÓ˚ üy!ç≈ö ˆòá%öV ~ÓÇ

4.21b §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ v0 Ó˚ üyö 4.26 ÈÙÈ ~ Ó!§ˆÏÎ˚ ˛õy•zñ

()()
0

11 0
22 22 22222222

00

12 ..
2

44

Fb PF
m

bb

=×
⎡⎤⎡⎤ −+−+ ⎢⎥⎢⎥ ⎣⎦⎣⎦

ωω

ωωωωωω

2

0

1 cos
T

t dt
T

ω∫  = 
0

1 1 (cos2 1)
2

T

t dt
T

ω +∫  = 1 .
2

T
T  = 

1
2

~ÓÇ 

0

1sin2
T

tdt
T∫ω

 = 
0

1 cos2
2

T
t

T
⎡ ⎤−⎢ ⎥⎣ ⎦

ω
ω  = 1 0

T
×  = 0 Ü˛yÓ˚îñ T = 

2π
ω
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= 

()
22
0

2 2222
04

bF

mb ⎡⎤ −+ ⎢⎥ ⎣⎦

ω
ωωω

...4.27

xyÓyÓ˚ ~•z 4.27 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎñ 

P

 ~Ó˚ üyö ω Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°– 

P

 ~Ó˚ •ˆÏÓ˚

ˆÎˆÏ•ï%˛ ˆÜ˛Ó°üye Óà≈§Çáƒy í˛z˛õ!fliï˛ Ó˚ˆÏÎ˚ˆÏåÈñ ï˛y•z •ˆÏÓ˚Ó˚ §Ó≈!ö¡¨ üyö ˛õyÄÎ˚y ÎyˆÏÓñ Îáö ω = ω
0
– ~•z

§üÎ˚ ≤ÃyÆ

P

~Ó˚ üyö §ˆÏÓ≈yFã˛ ~ÓÇ ˆ§•z üyöˆÏÜ˛ 

m
P

 !öˆÏÎ˚ §)!ã˛ï˛ Ü˛Ó˚ˆÏ° ˆòáy ÎyÎ˚ ˆÎñ

22
00
22

0

.
4 m

bF
P

bm
ω

ω
=

SÎáö ω = ω0V

= 
2

0

4
F
bm

...4.28

°«˛ƒ Ü˛Ó˚&öñ 

m
P

~Ó˚ üyö xÌ≈yÍñ ~Ü˛Ü˛

§üˆÏÎ˚ ã˛y°Ü˛ ˆÌˆÏÜ˛ ã˛y!°ï˛ ÓƒÓfliy!ê˛ˆÏï˛

§ˆÏÓ≈yFã˛ •hflÏyhsˇ!Ó˚ï˛ ¢!_´ xÓü®ö (b) Óy û˛Ó˚

(m) Ó,!k˛ ˆ˛õˆÏ° Ü˛ˆÏü ÎyÎ˚– ï˛ˆÏÓ ≤ÃÎ%_´ ÓˆÏ°Ó˚

!ÓhflÏyÓ˚ F
0
 ~Ó˚ Ó,!k˛ˆÏï˛ 

m
P

 ~Ó˚ üyö Ó,!k˛

˛õyÎ˚– 4.6 !ã˛ˆÏe àí˛¸ •hflÏyhsˇ!Ó˚ï˛ «˛üï˛y 

P

–

~Ó˚ §ˆÏD Ü˛#û˛yˆÏÓ ˛õ!Ó˚Ó!ï≈˛ï˛ •Î˚ñ ï˛y

ˆ°á!ã˛ˆÏeÓ˚ §y•yˆÏÎƒ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ˆòá%ö

ω = ω0  •ˆÏ° à!ï˛ˆÏÓà xö%öyò ˛õyÄÎ˚y ÎyÎ˚

~ÓÇ ˙ ~Ü˛•z ¢ï≈˛ ˛õ)Ó˚î •ˆÏ° ¢!_´ •hflÏyhsˇˆÏÓ˚Ó˚

àí˛¸ •yÓ˚Ä §ˆÏÓ≈yFã˛ •Î˚– ~ê˛y §Ω˛Ó •Î˚ñ Ü˛yÓ˚î

˙ ¢ï≈˛ (ω = ω0) ˛õ)Ó˚î •ˆÏ° Ü˛¡õö¢#°

ï˛ˆÏsfÓ˚ à!ï˛ˆÏÓà ~ÓÇ ≤ÃÎ%_´ ÓˆÏ°Ó˚ üˆÏôƒ ò¢y ˛õyÌ≈Ü˛ƒ ¢)öƒ •Î˚– ˙ §üÎ˚ í˛zû˛ˆÏÎ˚Ó˚•z ï˛ˆÏsfÓ˚ §Ó˚ˆÏîÓ˚ ˆÌˆÏÜ˛

2
π

 ò¢y ˆÜ˛yˆÏî ~!àˆÏÎ˚ ÌyˆÏÜ˛– ~•z Ü˛yÓ˚ˆÏî !ÓhflÏyÓ˚ xö%öyò xˆÏ˛õ«˛y à!ï˛ˆÏÓà xö%öyò ˆÓ!¢ =Ó˚&c˛õ)î≈ •Î˚–
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4.7 xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ~ÓÇxö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ~ÓÇxö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ~ÓÇxö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ~ÓÇxö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ~ÓÇ     Q =îyB˛=îyB˛=îyB˛=îyB˛=îyB˛     (Sharpness of resonance & Q factor)

4.6 ~ÓÇ 4.7 xö%ˆÏFåÈˆÏòÓ˚ xyˆÏ°yã˛öy ˆÌˆÏÜ˛ xyüÓ˚y ˆòˆÏá!åÈ ˆÎñ ω = ω0 •ˆÏ° ˆÎüö à!ï˛ˆÏÓà xö%öyò

âˆÏê˛ñ ˆï˛üö•z 

P

 ~Ó˚ üyöÄ §ˆÏÓ≈yFã˛ •Î˚– !Ü˛v ˆÜ˛Ó°

xö%öyò# ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛ Èω
0 

ÙÈ•z ï˛ˆÏsfÓ˚ ~Ü˛üye ˜Ó!¢‹T

öÎ˚ñ xyˆÏÓ˚Ü˛!ê˛ !Ó£ÏÎ˚Ä xï˛ƒhsˇ =Ó˚&c˛õ)î≈– xˆÏöÜ˛ §üˆÏÎ˚

ˆòáy ÎyÎ˚ñ ˆÜ˛yöÄ ï˛ˆÏsf ã˛y°Ü˛ ÓˆÏ°Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛

ω Î!ò ω
0 
ˆÌˆÏÜ˛ §yüyöƒ !Óã%˛ƒï˛ •Î˚ñ ï˛ˆÏÓ 

P

 ~Ó˚ üyö

m
P

ˆÌˆÏÜ˛ á%Ó o&ï˛ Ü˛ˆÏü ÎyÎ˚– xyÓyÓ˚ ˆÜ˛yöÄ ˆÜ˛yöÄ

ˆ«˛ˆÏe ~•z •…y§ ï˛ï˛ê˛y o&ï˛ âˆÏê˛ öy– 4.7 !ã˛ˆÏe !Ó£ÏÎ˚!ê˛

ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– ~•z ˆ°á!ã˛e!ê˛ Ü˛ï˛Ü˛ê˛y 4.6 !ã˛ˆÏeÓ˚

xö%Ó˚*˛õ– ï˛ˆÏÓ ~áyˆÏö ω ~Ó˚ §ˆÏD 

m

P
P

 ~•z

xö%˛õyï˛!ê˛Ó˚ ˛õ!Ó˚Óï˛≈ö ï%˛ˆÏ° ôÓ˚y •ˆÏÎ˚ˆÏåÈ– ˆòáy ÎyˆÏFåÈ ˆÎñ ò%!ê˛ ˆ«˛ˆÏe xö%öyò# Ü˛¡õyB˛ §üyö (ω0) • Ï̂°Äñ

~Ü˛!ê˛ ˆ«˛ˆÏeÓ˚ (A) ï%˛°öyÎ˚ x˛õÓ˚!ê˛ˆÏï˛ (B) ˙ xö%˛õyˆÏï˛Ó˚ üyö ω ~Ó˚ •…y§Ó,!k˛Ó˚ §ˆÏD xˆÏöÜ˛ o&ï˛ 0.5

Óy §ˆÏÓ≈yFã˛ üyˆÏöÓ˚ xˆÏô≈ˆÏÜ˛ ˆöˆÏü ~ˆÏ§ˆÏåÈ– ú˛°ï˛ñ B ˆ°á!ã˛e!ê˛ ï%˛°öyÎ˚ ï˛#«¯˛ xÌ≈yÍ xö%öyò# Ü˛¡õyB˛ ˆÌˆÏÜ˛

§yüyöƒ !Óã%˛ƒ!ï˛ ~ˆÏ«˛ˆÏe ¢!_´ •hflÏyhsˇˆÏÓ˚Ó˚ •yÓ˚ˆÏÜ˛ xˆÏöÜ˛ ˆÓ!¢ ≤Ã¢!üï˛ Ü˛ˆÏÓ˚– ˛õ!Ó˚û˛y£ÏyÎ˚ ~ˆÏÜ˛ Ó°y •Î˚ñ

xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y (Sharpness of resonance)–

ˆÜ˛yöÄ Ü˛¡õö¢#° ï˛ˆÏsf ã˛y°Ü˛ ˆÌˆÏÜ˛ ã˛y!°ˆÏï˛Ó˚ !òˆÏÜ˛ ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ •yÓ˚ ω ~Ó˚ •…y§ Ó,!k˛Ó˚ §ˆÏD

Ü˛ï˛ o&ï˛ ï˛yÓ˚ §ˆÏÓ≈yFã˛ üyö ˆÌˆÏÜ˛ xˆÏô≈Ü˛ üyˆÏö ˆöˆÏü xy§ˆÏåÈñ ï˛yÓ˚ §y•yˆÏÎƒ xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛yÓ˚ ~Ü˛ê˛y

˛õ!Ó˚üyîàï˛ !•§yÓ Ü˛Ó˚y ÎyÎ˚– ˆÎüö 4.7 !ã˛ˆÏe ˆòá%ö Îáöñ ω = ω0 ï˛áö  

an

mx

P
P

 ~Ó˚ üyö A Ä B ò%•z

ˆ«˛ˆÏe•z 1.0ñ Ü˛yÓ˚î ï˛áö xyüÓ˚y È P  ÙÈÓ˚ §ˆÏÓ≈yFã˛ üyö 

m
P

 ≤Ãï˛ƒ«˛ Ü˛Ó˚Ó–

~ÓyÓ˚ ˆòá%öñ B ˆ°á!ã˛ˆÏe ω ~Ó˚ üyö Ü˛ˆÏü ω1 Óy Ó,!k˛ ˆ˛õˆÏÎ˚ ω2 ~Ó˚ §üyö •ˆÏ° 

m

P
P

~Ó˚ üyö òÑyí˛¸yÎ˚

0.5 xÌ≈yÍñ ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ àí˛¸ •yÓ˚ 

P

 ~áö §ˆÏÓ≈yFã˛ üyˆÏöÓ˚ xˆÏô≈Ü˛– xˆÏ˛õ«˛yÜ,˛ï˛ fli(° A ˆ°ˆÏáÓ˚ ˆ«˛ˆÏe

~Ü˛•z âê˛öy âˆÏê˛ Îáöñ ω = ω'1 Óy ω'2– ˆ°á!ã˛e!ê˛ °«˛ƒ Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓñ ï˛#«¯˛ï˛yÓ˚ ˆ°á B ~Ó˚ ˆ«˛ˆÏe

ω1 Ä ω2 ˛õyÌ≈Ü˛ƒñ xÌ≈yÍ (ω2 – ω1) ~Ó˚ üyö (ω'2 – ω'1) ~Ó˚ ˆã˛ˆÏÎ˚ Ü˛ü–

ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛Ó˚ ˆÎ ˛õyÕ‘yÓ˚ üˆÏôƒ •hflÏyhsˇ!Ó˚ï˛ «˛üï˛y §ˆÏÓ≈yFã˛ üyˆÏöÓ˚ xˆÏô≈Ü˛ Óy ï˛ò%k≈˛ ÌyˆÏÜ˛ñ xÌ≈yÍ

ω'1 ω'2
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(ω'2 – ω'1) Óy (ω2 – ω1) ˆÜ˛ Ó°y •Î˚ xô≈«˛üï˛yÓ˚ ÓƒyˆÏu˛Ó˚ ˛õ)î≈ ≤Ã§yÓ˚ (half power band width)– ~!ê˛ˆÏÜ˛

xô≈«˛üï˛yÎ˚ ÓƒyˆÏ[˛Ó˚ ˛õ)î≈ ≤Ã§yÓ˚ (Full width at half power) xÌÓy ̂ Ü˛Ó° ÓƒyˆÏ[˛Ó˚ ≤Ã§yÓ˚Ä (band width)

Ó°y •Î˚–

xyˆÏàÓ˚ ~Ü˛ˆÏÜ˛ 3.5.3 xÇˆÏ¢ xy˛õ!ö ~Ü˛!ê˛ ï˛ˆÏsfÓ˚ Q =îyˆÏB˛Ó˚ §ˆÏD ˛õ!Ó˚!ã˛ï˛ •ˆÏÎ˚ˆÏåÈö– ˛≤ÃˆÏîy!òï˛

Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y ˛õ!Ó˚üyîàï˛ û˛yˆÏÓ !öˆÏò≈¢ Ü˛Ó˚yÓ˚ çöƒ xyüÓ˚y Q =îyˆÏB˛Ó˚ xyÓ˚Ä ~Ü˛!ê˛

§ÇK˛y ÓƒÓ•yÓ˚ Ü˛!Ó˚–

~!ê˛ •° ≠ Q = 

xòò%yî# ̂ÑǪ̂!íÑ ̨Ñ¡̨ôyAÑ˛

xï≈«ǫ̃ìy̨Î˚ ÓƒŷÏuǪ́ ̊≤̨Ã¢yÓ˚

 =  

0

21

ω
ωω−

...4.29

m

P
P

 ~Ó˚ üyö ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛Ó˚ Îï˛ ˆÓ!¢ ˛õyÕ‘yÓ˚ üˆÏôƒ 0.5 Óy ï˛ò)k≈˛ •Î˚ñ xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛yÄ ï˛ï˛

Ü˛ü •Î˚– §%ï˛Ó˚yÇñ (ω2 – ω1) ˆÓ!¢ •ˆÏ°ñ ï˛#«¯˛ï˛y Ü˛ü •ˆÏÓ– xyÓyÓ˚ 4.29 §)e xö%ÎyÎ˚# Q ~Ó˚ üyöÄ Ü˛ü

•ˆÏÓ– xï˛~Óñ QÈÙÈ~Ó˚ í˛zFã˛ï˛Ó˚ üyö ï˛#«¯˛ï˛Ó˚ xö%öyò §)!ã˛ï˛ Ü˛ˆÏÓ˚– 4.29 §)ˆÏe Q =îyˆÏB˛Ó˚ ˆÎ Ó˚y!¢üy°y ˆòÄÎ˚y

•ˆÏÎ˚ˆÏåÈ xyüÓ˚y ~ÓyÓ˚ ï˛yÓ˚ ~Ü˛!ê˛ !ÓÜ˛“ ˛Ó˚y!¢üy°y !öî≈ˆÏÎ˚Ó˚ ˆã˛‹Ty Ü˛Ó˚Ó– 4.27 ~ÓÇ 4.28 §ü#Ü˛Ó˚î ò%•z!ê˛

ˆÌˆÏÜ˛ xyüÓ˚y ˛õy•zñ

m

P
P

 = 

()
22

2 2222
0

4

4

b

b

ω
ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦Îáö ÓÑy!òˆÏÜ˛Ó˚ xö%˛õyï˛!ê˛ 0.5 ~Ó˚ §üyöñ ï˛áö ˆòáy ÎyÎ˚ñ

0.5 = 

()
22

2 2222
0

4

4

b

b

ω
ωωω −+

Óyñ (ω0
2 – ω 2)2 = 4b2ω 2

∴ ω0
2 – ω 2 = ± 2bω ...4.30

í˛yö!òˆÏÜ˛Ó˚ ôöydÜ˛ Ä }îydÜ˛ !ã˛ˆÏ•´Ó˚ çöƒ xyüÓ˚y 4.30 ˆÌˆÏÜ˛ ò%!ê˛ !mâyï˛ §ü#Ü˛Ó˚î (quadratic

equation) ˛õy•z ≠

ω2 – 2bω – ω0
2 = 0 ...4.31

~ÓÇ ω2 + 2bω – ω
0

2 = 0 ...4.32

4.31 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ xyüÓ˚y ˛õy•zñ ω = 2 2
0b b ω± + – ~Ó˚ üˆÏôƒ ˛õòyÌ≈!ÓòƒyÎ˚ ï˛yÍ˛õÎ≈•#ö }îydÜ˛

üyö!ê˛ Óyò !òˆÏ° xy˛õ!ö ˛õyˆÏÓöñ

ω2 = 2 2
0 b bω + +
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ˆÎ!ê˛ xÓ¢ƒ•z ω0 xˆÏ˛õ«˛y Ó,•_Ó˚–

xyÓyÓ˚ 4.3 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚ ω = 

22
0 bbω −±+

ñ ÎyÓ˚ üˆÏôƒ }îydÜ˛ üyö!ê˛ •° ≠

ω1 = 2 2
0 b bω + − – ~!ê˛ ω

0 
xˆÏ˛õ«˛y «%˛oï˛Ó˚– xy˛õ!ö Ó%é˛ˆÏï˛•z ˛õyÓ˚ˆÏåÈö ˆÎñ ~áyˆÏö xyüÓ˚y ω ~Ó˚

ω
0
 xˆÏ˛õ«˛y Ó,•_Ó˚ Ä «%˛oï˛Ó˚ üyö ò%!ê˛ˆÏÜ˛•z ÎÌye´ˆÏü ω

2
 Ä ω

1
 !•§yˆÏÓ ¢öy_´ Ü˛Ó˚°yü– ~•z ò%•z ˆÜ˛Ô!îÜ˛

Ü˛¡õyˆÏB˛Ó˚ ÓƒÓôyöñ

ω2 – ω1
 = 2b ...4.33

~áö 4.33 §ü#Ü˛Ó˚ˆÏîÓ˚ §y•yˆÏÎƒ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚ñ

Q = 

xòò%yî# ̂ÑǪ̂!íÑ ̨Ñ¡̨ôyAÑ˛

xï≈«ǫ̃ìy̨Î˚ ÓƒŷÏuǪ́ ̊≤̨Ã¢yÓ˚

 = 

0

21

ω
ωω−

 = 

0

2b
ω

...4.34

4.34 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ ˆòáy ÎyˆÏFåÈ ˆÎñ

ω0 Ó,!k˛ ˆ˛õˆÏ° Q Ó,!k˛ ˛õyÎ˚ !Ü˛v !ö!ò≈‹T

fl∫yû˛y!ÓÜ˛ Ü˛¡õyˆÏB˛ xÓü®ö =îyB˛ b Ó,!k˛

ˆ˛õ Ï̂° Q ~Ó˚ üyö Ü˛ˆÏü ÎyÎ˚– xÌ≈yÍñ

xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y •…y§ ˛õyÎ˚– 4.8 !ã˛ˆÏe ~•z

!Ó£ÏÎ˚!ê˛ ~Ü˛!ê˛ ï˛ˆÏsfÓ˚ ω  ~ÓÇ 
av

P

ˆ°á!ã˛ˆÏeÓ˚ üyôƒˆÏü ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ– °«˛ƒ

Ü˛Ó˚&öñ ≤Ã!ï˛ ˆ«˛ˆÏe•z xö%öyò# ˆÜ˛Ô!îÜ˛

Ü˛¡õyB˛ ω
0
 !Ü˛v b ~Ó˚ üyö Ó,!k˛Ó˚ §ˆÏD

§ˆÏD ˆÜ˛Ó° 

m
P

ÈÙÈ~Ó˚ üyö•z Ü˛ˆÏü!öñ ˆ°á!ã˛e=!° x!ôÜ˛ï˛Ó˚ fli(° •ˆÏÎ˚ˆÏåÈñ xÌ≈yÍ xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y •…y§

ˆ˛õˆÏÎ˚ˆÏåÈ ~ÓÇ Q ~Ó˚ üyö Ü˛ˆÏü ˆàˆÏåÈ–

Q =îyˆÏB˛Ó˚ xyÓ˚Ä ~Ü˛!ê˛ §ÇK˛y xy˛õöyÓ˚ Ü˛yˆÏç °yàˆÏï˛ ˛õyˆÏÓ˚– xyüÓ˚y xyˆÏà•z ˆòˆÏá!åÈñ ~Ü˛!ê˛ Ü˛¡õö¢#°

ï˛sfñ ≤Ã!ï˛!ê˛ ˛õÎ≈yˆÏÎ˚ (cycle) xÓü®ö ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ Ü˛yÎ≈ Ü˛ˆÏÓ˚ ~ÓÇ ï˛yÓ˚ ú˛ˆÏ° ï˛sf!ê˛ ¢!_´ •yÓ˚yÎ˚– xöƒ!òˆÏÜ˛ñ

ã˛y°Ü˛ Ó° myÓ˚y Ü,˛ï˛ Ü˛yˆÏÎ≈Ó˚ ú˛ˆÏ° Ü˛¡õö¢#° ï˛ˆÏsf ¢!_´ §!MÈ˛ï˛ •Î˚– ˆÜ˛yöÄ ~Ü˛!ê˛ ï˛sf ï˛yÓ˚ §!MÈ˛ï˛ ¢!_´Ó˚

Îï˛ «%˛o û˛@¿yÇ¢ ~Ü˛!ê˛ ˛õÎ≈yˆÏÎ˚ xÓü®ö ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ ÓƒÎ˚ Ü˛ˆÏÓ˚ñ ï˛yÓ˚ Q =îyB˛ ï˛ï˛•z x!ôÜ˛ •Î˚– ~•z

ò,!‹Tû˛!D ˆÌˆÏÜ˛ Q ~Ó˚ ˆÎ §ÇK˛y ˛õyÄÎ˚y ˆ§!ê˛ •° ≠

Q = 2π 

Ñ¡̨ôòü#ú ì˛̂sÏ˛f ¢!Mį̀ ̨ü!=˛

~Ñ!̨› ̨ǫ̂í)≈ ǫ̂Îy≈̂ÏÎ ̊Óƒ!Îì̊ ̨ü!=–̨

...4.35
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xyüÓ˚y ˛õˆÏÓ˚ ˆòáÓ ˆÎñ ˜Óò%ƒ!ï˛Ü˛ Óï≈˛ö#ˆÏï˛ ≤ÃÓy•üyeyÓ˚ xö%öyˆÏòÓ˚ !Ó£ÏÎ˚!ê˛ û˛y° Ü˛ˆÏÓ˚ Ó%é˛ÓyÓ˚ çöƒ Q

=îyB˛ ~Ü˛!ê˛ x!ï˛ ≤ÃˆÏÎ˚yçö#Î˚ ôyÓ˚îy–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -5 : 10Nm–1 !fl±Ç ô &ÓÜ˛ !Ó!¢‹T ~Ü˛!ê˛ xö%û)˛!üÜ˛ !fl±ÇÈÙÈ~Ó˚ ~Ü˛!òÜ˛ xyÓk˛ Ä xöƒ!òˆÏÜ˛

!fl±ÇÈÙÈ~Ó˚ ˜òâ≈ƒ ÓÓ˚yÓÓ˚ ã˛°ö¢#° 100g û˛ˆÏÓ˚Ó˚ ~Ü˛!ê˛ Ó› xyê˛Ü˛yˆÏöy xyˆÏåÈ– û˛Ó˚!ê˛Ó˚ Ä˛õÓ˚ ~Ü˛Ü˛ ˆÓà !˛õå%È

0.1N xÓü®ö Ó° !e´Î˚y Ü˛ˆÏÓ˚– Ó›!ê˛Ó˚ Ä˛õÓ˚ ï˛yÓ˚ §Ó˚ˆÏîÓ˚ !òÜ˛ ÓÓ˚yÓÓ˚ cos ωt !öí˛zê˛ö ã˛y°Ü˛ Ó° ≤ÃˆÏÎ˚yà

Ü˛Ó˚y •°– Ó›!ê˛Ó˚ fliyÎ˚# xÓfliyÓ˚ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ !öî≈Î˚ Ü˛Ó˚&öñ Îáö (i) ω = 1 rad s–1 Ä (ii) ω = 50

rad s–1– ï˛sf!ê˛Ó˚ Q =îyB˛ !öî≈Î˚ Ü˛Ó˚&ö–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -6 : ≤Ãüyî Ü˛Ó˚&ö ˆÎñ ˆÜ˛yöÄ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe ≤Ã!ï˛ ã˛ˆÏe´ ˆÎ àí˛¸ ¢!_´ ã˛y!°ï˛ ï˛sf

°yû˛ Ü˛ˆÏÓ˚ ï˛y •°ñ

< E > = 

() 222
0

1
4

mB ωω+

ˆÎáyˆÏö !ã˛•´=!° ≤Ãã˛!°ï˛ xÌ≈Ó•– ˆòáyö ˆÎ ~ˆÏ«˛ˆÏe

Q = 
2 2

0

4b
ω ω

ω
+

4.8 ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ̂ ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ̂ ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ̂ ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ̂ ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° §• ̂ ◊î# §üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢     (L), ôyÓ˚Ü˛ôyÓ˚Ü˛ôyÓ˚Ü˛ôyÓ˚Ü˛ôyÓ˚Ü˛     (C) ~ÓÇ~ÓÇ~ÓÇ~ÓÇ~ÓÇ

ˆÓ˚yôˆÓ˚yôˆÓ˚yôˆÓ˚yôˆÓ˚yô     (R)     §¡∫!°ï˛ Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–§¡∫!°ï˛ Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–§¡∫!°ï˛ Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–§¡∫!°ï˛ Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–§¡∫!°ï˛ Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õö Ä xö%öyò–

xyüÓ˚y ~•z ~Ü˛ˆÏÜ˛ ~ ˛õÎ≈hsˇ Îy!sfÜ˛ ï˛ˆÏsf ≤ÃˆÏîy!òï˛

Ü˛¡õö Ä xö%öyò !Ó£ÏˆÏÎ˚ xyˆÏ°yã˛öy Ü˛ˆÏÓ˚!åÈ– !Ü˛v ~•z

âê˛öy=!° ˆÜ˛Ó° Îy!sfÜ˛ ï˛ˆÏsf•z §#üyÓk˛ öÎ˚– ˆ◊î#

§üÓyˆÏÎ˚ Î%_´ xyˆÏÓ¢ (L)ñ ôyÓ˚Ü˛ (C) ~ÓÇ ˆÓ˚yô (R)

§¡∫!°ï˛ Óï≈˛ö#ñ xÌ≈yÍ L–CR ˆ◊î# §üÓyÎ˚ Óï≈˛ö#ˆÏï˛ (L–

CR series circuit) Î!ò ~Ü˛!ê˛ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó°

(alternating emf) ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ï˛yÓ˚ Ü˛¡õyB˛ ˛õ!Ó˚Óï≈˛ö

Ü˛Ó˚y ÎyÎ˚ñ ï˛y•ˆÏ° ˆ§áyˆÏöÄ ≤ÃˆÏîy!òï˛ ˜Óò%ƒ!ï˛Ü˛ Ü˛¡õö Ä

xö%öyò ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚y §Ω˛Ó– 4.9 !ã˛ˆÏe ~•z LCR Óï≈˛ö#!ê˛

ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

ï,˛ï˛#Î˚ ~Ü˛ˆÏÜ˛ xy˛õ!ö ~Ü˛•z ôÓ˚ˆÏöÓ˚ Óï≈˛ö#ˆÏï˛ xy!•ï˛ ôyÓ˚ˆÏÜ˛Ó˚ xyôyö §üˆÏÎ˚Ó˚ §ˆÏD Ü˛#û˛yˆÏÓ •…y§ ˛õyÎ˚
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ï˛y ˆòˆÏáˆÏåÈö– ~áyˆÏö ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ ÓˆÏ°Ó˚ í˛z˛õ!fli!ï˛ˆÏï˛ xyüÓ˚y !Ü˛å%Èê˛y !û˛ß¨ xÓfliy °«˛ƒ Ü˛Ó˚Ó–

≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° ≤ÃÜ,˛ï˛˛õˆÏ«˛ ã˛y°Ü˛ ÓˆÏ°Ó˚ û)˛!üÜ˛y ˛õy°ö Ü˛ˆÏÓ˚–

xyüÓ˚y çy!ö ˆÎñ ~Ü˛!ê˛ !ö!ò≈‹T §üÎ˚ t ˆï˛ Î!ò Óï≈˛ö#Ó˚ ≤ÃÓy•üyey I •Î˚ ï˛y•ˆÏ°ñ L, R ~ÓÇ CÈÙÈˆï˛ !Óû˛Ó

˛õï˛ˆÏöÓ˚ §ü!‹TˆÏÜ˛ !ö¡¨!°!áï˛ §ü#Ü˛Ó˚ˆÏîÓ˚ §y•yˆÏÎƒ Î%_´ Ü˛Ó˚y ÎyÎ˚–

qdlL RI
dt C

+ +  = E
0
 cos ωt ...4.36

~•z §ü#Ü˛Ó˚ˆÏî ÓÑyÈÙÈ!òˆÏÜ˛Ó˚ !ï˛ö!ê˛ ˛õò ÎÌye´ˆÏü L, R ~ÓÇ CÈÙÈ~Ó˚ ò%•z ≤ÃyˆÏhsˇÓ˚ üˆÏôƒ !Óû˛Ó˛õï˛ö §)!ã˛ï˛

Ü˛Ó˚ˆÏåÈ– ~áyˆÏö E
0
 •ˆÏFåÈ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ ÓˆÏ°Ó˚ §ˆÏÓ≈yFã˛ üyö Óy !ÓhflÏyÓ˚ñ ω ï˛yÓ˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛–

'q' §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ 't' §üˆÏÎ˚ ôyÓ˚ C ÈÙÈ~Ó˚ ˆÜ˛yöÄ ~Ü˛ ˛õyˆÏï˛ xyôyˆÏöÓ˚ ˛õ!Ó˚üyî–

~áö I = 

dq
dt

!°áˆÏ° 4.36 §ü#Ü˛Ó˚î ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÎ˚ òÑyí˛¸yÎ˚ñ

2

2
1 dqdq LRq

dtC dt
++

 = E0 cos ωt ...4.37

§ü#Ü˛Ó˚ˆÏîÓ˚ í˛zû˛Î˚˛õ«˛ˆÏÜ˛ L !òˆÏÎ˚ û˛yà Ü˛ˆÏÓ˚ ˛õy•zñ

2

2
1d q dqR q

L dt LCdt
+ +  = 0 cos

E
t

L
ω ...4.38a

~áöñ R
L

 = 2b ~ÓÇ 1
LC

 = ω
0

2 Ó!§ˆÏÎ˚ ˆ°áy ÎyÎ˚ñ2
2

0 22 dqdq bq
dt dt

ω ++

 = 0 cos
E

t
L

ω ...4.38b

 ~•z §ü#Ü˛Ó˚î!ê˛ !öÿ˛Î˚•z xy˛õöyÓ˚ á%Ó ˛õ!Ó˚!ã˛ï˛ üˆÏö •ˆÏFåÈ– ~!ê˛ ~•z ~Ü˛ˆÏÜ˛Ó˚ 4.3 §ü#Ü˛Ó˚ˆÏîÓ˚ xö%Ó˚*˛õ–

˙ §ü#Ü˛Ó˚ˆÏî ˆÎüö xÓü®ö §• ≤ÃˆÏîy!òï˛ Îy!sfÜ˛ ˆòy°ˆÏöÓ˚ ~Ü˛!ê˛ à!ï˛¢#° xÓfliy Ó!î≈ï˛ •ˆÏÎ˚!åÈ°ñ !ë˛Ü˛

~Ü˛•zû˛yˆÏÓ 4.38b §ü#Ü˛Ó˚î!ê˛Ä LCR Óï≈˛ö#ˆÏï˛ ˜Óò%ƒ!ï˛Ü˛ xyôyˆÏöÓ˚ ≤ÃˆÏîy!òï˛ ˆòy°ö ˆÓyé˛yˆÏFåÈ– °«˛ƒ Ü˛Ó˚&öñ

q ~áyˆÏö 4.3 §ü#Ü˛Ó˚ˆÏîÓ˚ x ~Ó˚ çyÎ˚ày !öˆÏÎ˚ˆÏåÈ ~ÓÇ E
0
 cos ωt~áyˆÏö ã˛y°Ü˛ Ó° 'F0 cos ωt' ÈÙÈ~Ó˚

û)˛!üÜ˛y ˛õy°ö Ü˛Ó˚ˆÏåÈ– ï˛y•z 4.15 §ü#Ü˛Ó˚î xö%§Ó˚î Ü˛ˆÏÓ˚ fliyÎ˚# xÓfliyÓ˚ §üyôyö !•§yˆÏÓ ~áyˆÏö ˆ°áy ÎyÎ˚ñ

q(t) = 

()

0

1
22 2222

0

cos()

4

E
t

L

b

⎛⎞− ⎜⎟ ⎝⎠

⎡⎤ −+ ⎢⎥ ⎣⎦

ωθ

ωωω

...4.39

°«˛ƒ Ü˛Ó˚&öñ 4.38b ~ÓÇ 4.39 §ü#Ü˛Ó˚î ò%!ê˛ ˆÌˆÏÜ˛ §•ˆÏç•z ˆÓyé˛y ÎyˆÏFåÈ ˆÎñ ~•z Óï≈˛ö#ˆÏï˛ L Îy!sfÜ˛

ï˛ˆÏsfÓ˚ û˛Ó˚ Óy m ~Ó˚ §üï%˛° û)˛!üÜ˛y ˛õy°ö Ü˛Ó˚ˆÏåÈ ~ÓÇ R ˛õy°ö Ü˛Ó˚ˆÏåÈ γ Óy ~Ü˛Ü˛ à!ï˛ˆÏÓˆÏà xÓü®ö
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ÓˆÏ°Ó˚ û)˛!üÜ˛y– ï˛sf!ê˛Ó˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ 0
1
LC

ω ⎛ ⎞=⎜ ⎟⎝ ⎠
 ˛õyÄÎ˚y ÎyˆÏFåÈñ L ~ÓÇ C ˆÌˆÏÜ˛ ~ÓÇ ~áyˆÏö 

1
C

˛õy°ö Ü˛Ó˚ˆÏåÈ Îy!sfÜ˛ ï˛ˆÏsfÓ˚ 'K'ÈÙÈ~Ó˚ xÌ≈yÍñ ≤Ãï˛ƒyöÎ˚ö =îyˆÏB˛Ó˚ û)˛!üÜ˛y–

(4.39) §ü#Ü˛Ó˚ˆÏîÓ˚ í˛zû˛Î˚ ˛õ«˛ˆÏÜ˛ t Ó˚ §yˆÏ˛õˆÏ«˛ xÓÜ˛°ö (differentiate) Ü˛ˆÏÓ˚ ≤ÃÓy•üyey I ˛õyÄÎ˚y ÎyÎ˚–

I = 

dq
dt

 = 

()
0

1
22 2222

0

(/)sin()

4

ELt

b

− −
⎡⎤ −+ ⎢⎥ ⎣⎦

ωωθ

ωωω

= 0
1

2 22 2
2

2

cos( )

1

E t

L R
LC L

−

⎡ ⎤⎛ ⎞− +⎢ ⎥⎝ ⎠⎣ ⎦

ω ψ

ωωω

 ,   ˆÎáyˆÏö ψ = 2
− πθ

= 0
1

2 2
2

cos( )

1

E t

L R
C

ω ψ

ω ω

−

⎡ ⎤⎛ ⎞− +⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

  = I0 cos (ωt – ψ) ...4.40

~áyˆÏöñ I
0
 = 

0
1

22
2 1

E

LR
C

ωω
⎡⎤ ⎛⎞ −+ ⎜⎟ ⎢⎥ ⎝⎠ ⎣⎦ ...4.41a

~ÓÇñ tan ψ = – cot θ = 

22
0

2b
ωω

ω
− −

 = 
1L
C

R

ω ω−
...4.41b

ψ ˆÜ˛yî!ê˛ ≤ÃÎ%_´ ï˛!í˛¸Fã˛y°Ü˛ Ó° (E = E
0
 cos ωt) ~ÓÇ ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ (I) üˆÏôƒ ò¢y ˛õyÌ≈Ü˛ƒ– ~•z

ò¢y ˛õyÌ≈Ü˛ƒ ˆÜ˛Ó° L, C ~ÓÇ R ÈÙÈ•z öÎ˚ñ ω ~Ó˚ Ä˛õÓ˚Ä !öû≈˛Ó˚¢#°–

4.40 §ü#Ü˛Ó˚ˆÏî I
0
 ≤ÃÓyˆÏ•Ó˚ !ÓhflÏyÓ˚ §)!ã˛ï˛ Ü˛Ó˚ˆÏåÈ– ~•z !ÓhflÏyÓ˚ Èω ÙÈ~Ó˚ §ˆÏD ˛õ!Ó˚Óï≈˛ö¢#°– ωÈÙÈ~Ó˚

˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ú˛ˆÏ° I0 ~Ó˚ üyö Îáö §ˆÏÓ≈yFã˛ •Î˚ñ ï˛áö Óï≈˛ö#ˆÏï˛ xö%öyò ˛õyÄÎ˚y ÎyÎ˚–

I0 ~Ó˚ Ó˚y!¢üy°y!ê˛ °«˛ƒ Ü˛Ó˚ˆÏ° ˆòáy ÎyˆÏÓ ï˛yÓ˚ •Ó˚
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2
21L R

C
ω ω

⎛ ⎞− +⎜ ⎟⎝ ⎠

ÎyÓ˚ üˆÏôƒ 

2
1L
c

ω ω
⎛ ⎞−⎜ ⎟⎝ ⎠

 ~Ü˛!ê˛ Óà≈§Çáƒy– ~Ó˚ §Ó≈!ö¡¨ üyö ¢)öƒ– x˛õÓ˚ xÇ¢ R, ω ÈÙÈ~Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚

Ü˛ˆÏÓ˚ öy– ï˛y•z •ˆÏÓ˚Ó˚ §Ó≈!ö¡¨ Óy I0 ~Ó˚ §ˆÏÓ≈yFã˛ üyö ˛õyÄÎ˚y ÎyÎ˚ Îáöñ

1 L
C

ωω−

 = 0 Óyñ ω2 = 1
LC

...4.42

!Ü˛v xyüÓ˚y çy!ö ˆÎñ 

1
LC

= ω0
2  – xï˛~Ó Ó°y ÎyÎ˚ ˆÎñ Îáö xyˆÏÓ˚y!˛õï˛ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ ÓˆÏ°Ó˚

Ü˛¡õyB˛ ω1 Óï≈˛ö#Ó˚ fl∫yû˛y!ÓÜ˛ Ü˛¡õyB˛ ω0 ~Ó˚ §üyö •ˆÏÓñ ï˛áö•z xö%öyò ˛õyÄÎ˚y ÎyˆÏÓ– xö%öyˆÏòÓ˚ §üÎ˚

I0ÈÙÈÓ˚ §ˆÏÓ≈yFã˛ üyö •Î˚

I0m = 

0 E
R

...4.43

xÌ≈yÍñ xö%öyˆÏòÓ˚ §üÎ˚ Óï≈˛ö# ˆÜ˛Ó°üye ˆÓ˚yôÎ%_´ Óï≈˛ö#Ó˚ üï˛ xyã˛Ó˚î Ü˛ˆÏÓ˚–

~ˆÏ«˛ˆÏe ò¢y ˛õyÌ≈Ü˛ƒ ψ = 

1

1

tan
L

C
R

ωω −
−

 = 0– ˆû˛ˆÏÓ ˆòá%öñ ~ê˛y !Ü˛v ≤Ãï˛ƒy!¢ï˛•z !åÈ°– Ü˛yÓ˚î !Ó÷k˛

ˆÓ˚yôÎ%_´ Óï≈˛ö#ˆÏï˛ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° Ä

≤ÃÓy•üyeyÓ˚ ò¢yÓ˚ ˛õyÌ≈Ü˛ƒ ¢)öƒ •Î˚– xyÓ˚Ä

°«˛ƒ Ü˛Ó˚&öñ I
0
 Ó˚ §ˆÏÓ≈yFã˛ üyö R ~Ó˚ Ä˛õÓ˚

!öû˛≈Ó˚ Ü˛ˆÏÓ˚– R Ü˛ˆÏü ˆàˆÏ° I
0m

 ~Ó˚ üyöÄ

ÓyˆÏí˛¸– Ü˛yÓ˚î xyˆÏà•z ˆòˆÏáˆÏåÈöñ R ~•z

Óï≈˛ö#ˆÏï˛ xÓü®ˆÏöÓ˚ û)˛!üÜ˛y ̨ õy°ö Ü˛ˆÏÓ˚– ï˛ˆÏÓ

ˆáÎ˚y° Ó˚yáy òÓ˚Ü˛yÓ˚ ˆÎñ R ÈÙÈ~Ó˚ üyö ¢)öƒ •ˆÏ°

Óy Óï≈˛ö#ˆÏï˛ xy°yòy Ü˛ˆÏÓ˚ ˆÜ˛yöÄ ˆÓ˚yô Î%_´

öy Ü˛Ó˚ˆÏ°Ä I
0m

 ~Ó˚ üyö x§#ˆÏüÓ˚ !òˆÏÜ˛ ã˛ˆÏ°

ÎyˆÏÓ öy– Ü˛yÓ˚î ÓyhflÏÓ Óï≈˛ö#ˆÏï˛ xyˆÏÓ¢ L ~Ó˚

§ˆÏD !Ü˛å%È ˆÓ˚yô §Ó≈òy•z ˆÌˆÏÜ˛ ÎyÎ˚ ~ÓÇ ˆ§•z

ˆÓ˚yô•z I
0m

 ~Ó˚ üyö !öÎ˚sfî Ü˛ˆÏÓ˚– 4.10 !ã˛ˆÏe

!Ó!û˛ß¨ R ~Ó˚ çöƒ Èω ÙÈÓ˚ §ˆÏD I
0
 ÈÙÈÓ˚

˛õ!Ó˚Óï≈˛ˆÏöÓ˚ ˆ°á!ã˛e!ê˛ ˆòáyˆÏöy •ˆÏÎ˚ˆÏåÈ–

I 0
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xyüÓ˚y xyüyˆÏòÓ˚ ˛õ!Ó˚!ã˛ï˛ §ÇK˛y xö%ÎyÎ˚# ~•z Óï≈˛ö#Ó˚ ˆ«˛ˆÏeÄ Q =îyB˛ ï˛Ìy xö%öyˆÏòÓ˚ ï˛#«¯˛ï˛y !öî≈Î˚

Ü˛Ó˚ˆÏï˛ ˛õy!Ó˚– 4.34 §)e xö%§Ó˚î Ü˛ˆÏÓ˚ ~•z Óï≈˛ö#Ó˚ Q =îyB˛!ê˛ ˆ°áy ÎyÎ˚ ≠

Q = 0

2b
ω  = 

0

R
L

ω

 = 

0L
R

ω

...4.44

xï˛~Ó ˆòáy ÎyˆÏFåÈ ˆÎñ Óï≈˛ö#Ó˚ Q =îyB˛ xö%öyò# Ü˛¡õyB˛ ω
0
ñ xy Ï̂Ó¢ L ~ÓÇ ˆÓ˚yô RÈÙÈ~Ó˚ üyˆÏöÓ˚

Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– R •…yˆÏ§Ó˚ §ˆÏD §ˆÏD ˆÜ˛Ó° I
0
 öÎ˚ñ Q ~Ó˚ üyöÄ Ó,!k˛ ˛õyÎ˚– 4.42 §ü#Ü˛Ó˚î xö%ÎyÎ˚#

ω0 = 

1
LC

 !°áˆÏ° Q =îyˆÏB˛Ó˚ xyˆÏÓ˚Ü˛!ê˛ !ÓÜ˛“ Ó˚y!¢üy°y ˛õyÄÎ˚y ÎyÎ˚ ≠

Q = 

0L
R

ω

 = 

1L
LC

R

 = 1 L
R C

...4.45

§%ï˛Ó˚yÇñ Óï≈˛ö#Ó˚ Q =îyˆÏB˛Ó˚ üyö xyˆÏÓ¢ L, ôyÓ˚Ü˛c C Ä ˆÓ˚yô R, ~•z !ï˛ö!ê˛ Ä˛õÓ˚•z !öû≈˛Ó˚¢#°–

ˆ◊î# §üÓyˆÏÎ˚ Î%_´ LCR Óï≈˛ö#ˆÏï˛ xyüÓ˚y ˆÎ xö%öyˆÏòÓ˚ âê˛öy °«˛ƒ Ü˛Ó˚°yüñ ï˛yÓ˚ çöƒ ~•z Óï≈˛ö#ˆÏÜ˛

ˆ◊î# §Iy xö%öyò# Óï≈˛ö# (Series resonant circuit) Ó°y •Î˚– ~•z Óï≈˛ö#Ó˚ Q =îyˆÏB˛Ó˚ xyˆÏÓ˚Ü˛!ê˛ ï˛yÍ˛õÎ≈ƒ

~•z ≤Ã§ˆÏD í˛zˆÏÕ‘áˆÏÎyàƒ– Q =îyˆÏB˛Ó˚ üyö x!ôÜ˛ •ÄÎ˚yÓ˚ ú˛ˆÏ°ñ LCR Óï≈˛ö#ˆÏï˛ Ü˛¡õyˆÏB˛Ó˚ ~Ü˛!ê˛ x˛õ!Ó˚§Ó˚

ÓƒyˆÏu˛ xö%öyò âˆÏê˛– ~Ó˚ ú˛ˆÏ° Ó‡ !Ó!û˛ß¨ Ü˛¡õyˆÏB˛Ó˚ !ü◊ ï˛Ó˚D ˆÌˆÏÜ˛ ~•z Óï≈˛ö# ~Ü˛!ê˛ !ÓˆÏ¢£Ï Ü˛¡õyB˛

!öÓ≈yã˛ö Ü˛Ó˚ˆÏï˛ §«˛ü •Î˚– ï˛y•z ˆÓï˛yÓ˚ @ˇÃy•Ü˛ Óy ˆÓ˚!í˛Ä ÎˆÏsf ~Ó˚ !ÓˆÏ¢£Ï û)˛!üÜ˛y Ó˚ˆÏÎ˚ˆÏåÈ– ˆÓ˚!í˛ÄÓ˚ xƒyˆÏrê˛öyÎ˚

à,•#ï˛ ï˛Ó˚ˆÏD öyöy Ü˛¡õyˆÏB˛Ó˚ ï˛Ó˚D í˛z˛õ!fliï˛ ÌyÜ˛ˆÏ°Äñ LCR Óï≈˛ö#Ó˚ §y•yˆÏÎƒ !ÓˆÏ¢£Ï Ü˛¡õyB˛ ˆÓˆÏåÈ ˆöÄÎ˚y

ÎyÎ˚– Ó›ï˛ C ~ÓÇ L ˆÜ˛ ˛õ!Ó˚Ó!ï≈˛ï˛ Ü˛ˆÏÓ˚ xyüÓ˚y Óï≈˛ö#Ó˚ xö%öyò# Ü˛¡õyB˛ !öÎ˚sfî Ü˛!Ó˚ ~ÓÇ ï˛yÓ˚ myÓ˚y

!Ó!û˛ß¨ ˆÓï˛yÓ˚ ˆÜ˛ˆÏwÓ˚ §¡±ã˛yÓ˚ ÷öˆÏï˛ ˛õy!Ó˚– Q ~Ó˚ üyö Îï˛ ˆÓ!¢ •Î˚ñ ~Ü˛!ê˛ !ÓˆÏ¢£Ï ˆÓï˛yÓ˚ ˆÜ˛ˆÏwÓ˚

§¡±ã˛yÓ˚ ï˛ï˛ §%flõ‹T û˛yˆÏÓ ôÓ˚y §Ω˛Ó–

xy§%ö ~Ü˛ˆÏÜ˛Ó˚ xyˆÏ°yã˛öy ˆ¢£Ï Ü˛Ó˚yÓ˚ xyˆÏà ~•z xö%¢#°ö#!ê˛ ˆã˛‹Ty Ü˛ˆÏÓ˚ ˆòá%ö–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# - 7 : ~Ü˛!ê˛ ˆ◊î#§Iy ÈÙÈ xö%öyò# Óï≈˛ö#ˆÏï˛ L = 0.5mH, R = 30 Ω– ~•z Óï≈˛ö#ˆÏï˛ 1.2v

!ÓhflÏyÓ˚ Ä 105Hz Ü˛¡õyB˛ !Ó!¢‹T ~Ü˛!ê˛ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° Î%_´ Ü˛Ó˚y •°– C ~Ó˚ üyö Ü˛ï˛ •ˆÏ°

xö%öyò ˛õyÄÎ˚y ÎyˆÏÓ⁄ ï˛áö ≤ÃÓy•üyeyÓ˚ §ˆÏÓ≈yFã˛ üyö Ü˛ï˛ •ˆÏÓ⁄ ˙ Óï≈˛ö#Ó˚ QÈÙÈ~Ó˚ üyö !öî≈Î˚ Ü˛Ó˚&ö–

4.9 §yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢§yÓ˚yÇ¢

1. Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ Ü˛¡õö xÓü®ˆÏöÓ˚ ú˛ˆÏ° ô#ˆÏÓ˚ ô#ˆÏÓ˚ °Î˚≤ÃyÆ •Î˚– Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ˛≤ÃˆÏÎ˚yà Ü˛Ó˚y ˛õÎ≈yÓ,_

ÓˆÏ°Ó˚ §y•yˆÏÎƒ xÓü®ˆÏöÓ˚ í˛z˛õ!fli!ï˛ˆÏï˛Ä Ü˛¡õö ÓçyÎ˚ Ó˚yáy §Ω˛Ó •Î˚–

2. ã˛y°Ü˛ ÓˆÏ°Ó˚ ≤Ãû˛yˆÏÓ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ §,!‹T •Î˚– ~•z Ü˛¡õˆÏöÓ˚ §üÎ˚ ò)Ó˚c §ü#Ü˛Ó˚î !öˆÏã˛Ó˚ xÓÜ˛°

§ü#Ü˛Ó˚ˆÏîÓ˚ §üyôyˆÏöÓ˚ üyôƒˆÏü ˛õyÄÎ˚y ÎyÎ˚ ≠

2
2

0 22 dxdx bx
dt dt

ω ++

 = f
0
 cos ωt
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~áyˆÏöñ û˛Ó˚ 2b = ( )m
m
γ = ω

0
2 = 

k
m

, f
0
 = 

0 F
m

 ~ÓÇ  ω = ã˛y°Ü˛ ÓˆÏ°Ó˚ ˆÜ˛Ô!îÜ˛ Ü˛¡õyB˛–

3. ≤ÃˆÏîy!òï˛ ˆòy°ˆÏöÓ˚ §üÎ˚ ò)Ó˚c §ü#Ü˛Ó˚ˆÏîÓ˚ ò%!ê˛ xÇ¢– ~Ó˚ ≤ÃÌü!ê˛ (μ) fl∫“fliyÎ˚# §üyôyö ~Ó˚ x“«˛î

˛õˆÏÓ˚ !Ó°%Æ •ˆÏÎ˚ ÎyÎ˚– !mï˛#Î˚!ê˛ (x2) fliyÎ˚# xÓfliyÓ˚ §üyôyöñ Îy ã˛y°Ü˛ Ó° Îï˛«˛î í˛z˛õ!fliï˛ ÌyˆÏÜ˛ñ ï˛ï˛«˛î•z

°«˛ƒ Ü˛Ó˚y ÎyÎ˚– §ü#Ü˛Ó˚î!ê˛Ó˚ §¡õ)î≈ §üyôyöñ

x = x
1
 + x

2
 = A

0
e–bt cos (ω't + Q) _ B cos (ωt – θ)

ˆÎáyˆÏöñ B = 

()
0

1
22 2222

04

f

mb ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

4. xÓü®ˆÏöÓ˚ çöƒ ã˛y°Ü˛ Ó° ~ÓÇ §Ó˚ˆÏîÓ˚ üˆÏôƒ ~Ü˛!ê˛ ò¢y ˛õyÌ≈Ü˛ƒ ˆòáy ÎyÎ˚– ~•z ò¢y ˛õyÌ≈Ü˛ƒ 'b',

ω ~ÓÇ ω0 ÈÙÈÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚¢#°–

5. ã˛y°Ü˛ ÓˆÏ°Ó˚ Ü˛¡õyB˛ ˛õ!Ó˚Óï≈˛ö Ü˛ˆÏÓ˚ ï˛yÓ˚ !ÓˆÏ¢£Ï üyˆÏöÓ˚ çöƒ xö%öyò ˛õyÄÎ˚y ÎyÎ˚– ˆÎüö ωγ =

22
02b ω−

 •ˆÏ°ñ fliyÎ˚# xÓfliyÎ˚ §ˆÏÓ≈yFã˛ !ÓhflÏyÓ˚ °«˛ƒ Ü˛Ó˚y ÎyÎ˚ ~ÓÇ !ÓhflÏyÓ˚ xö%öyò ˛õyÄÎ˚y ÎyÎ˚– ω =

ω0 •ˆÏ° à!ï˛ˆÏÓà xö%öyò ˛õyÄÎ˚y ÎyÎ˚– ~•z §üÎ˚ Ü˛¡õö¢#° Ó›Ü˛îyÓ˚ à!ï˛ˆÏÓà §ˆÏÓ≈yFã˛– !ÓhflÏyÓ˚ Ä ˆÓˆÏàÓ˚

§ˆÏÓ≈yFã˛ üyö=!° xÓü®ö =îyB˛ b myÓ˚y !öÎ˚!sfï˛ •Î˚–

6. ã˛y°Ü˛ Ó° ã˛y!°ï˛ ï˛sfˆÏÜ˛ ¢!_´ §Ó˚ÓÓ˚y• Ü˛ˆÏÓ˚ Ü˛¡õö ÓçyÎ˚ Ó˚yˆÏá– ¢!_´ §Ó˚ÓÓ˚yˆÏ•Ó˚ àí˛¸ •yÓ˚ §ˆÏÓ≈yFã˛

•ÄÎ˚yÓ˚ ˛çöƒ ≤ÃˆÏÎ˚yçö#Î˚ ¢ï≈˛ ω = ω0–

7. ï˛#«¯˛ï˛y xö%öyˆÏòÓ˚ ~Ü˛!ê˛ =Ó˚&c˛õ)î≈ ˜Ó!¢‹Tƒ– Q =îyB˛ !öî≈ˆÏÎ˚Ó˚ §y•yˆÏÎƒ ~•z ï˛#«¯˛ï˛yÓ˚ ˛õ!Ó˚üy˛õ Ü˛Ó˚y

ÎyÎ˚– Î!ò ω2 Ä ω1 ˆÜ˛Ô!îÜ˛ Ü˛¡õyˆÏB˛ àí˛¸ •hflÏyhsˇ!Ó˚ï˛ «˛üï˛y §ˆÏÓ≈yFã˛ üyˆÏöÓ˚ xˆÏô≈Ü˛ •Î˚ ï˛ˆÏÓñ

Q =îyB˛ = 0

2 1

ω
ω ω−  = 

0

2b
ω

8. ï˛!í˛¸Í Óï≈˛ö#ˆÏï˛ ≤ÃˆÏîy!ï˛ Ü˛¡õö °«˛ƒ Ü˛Ó˚y ÎyÎ˚– ~Ü˛!ê˛ LCR ˆ◊î#§Iy ÈÙÈ Óï≈˛ö#ˆÏï˛ ˛õ!Ó˚Óï≈˛ö¢#°

Ü˛¡õyB˛ !Ó!¢‹T ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛ Ó° ≤ÃˆÏÎ˚yà Ü˛ˆÏÓ˚ ≤ÃÓy•üyeyÓ˚ xö%öyò ˛õyÄÎ˚y §Ω˛Ó– ~•z Óï≈˛ö#Ó˚ xö%öyò#

Ü˛¡õyB˛ ω0 •ˆÏ°ñ ω0 = 

1
LC

,

§ˆÏÓ≈yFã˛ ≤ÃÓy•ñ I
0m

 = 

0 E
R

 ~ÓÇ

ω Óï≈˛ö#Ó˚ Q =îyB˛ = 

0L
R

ω

 = 

1L
RC
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4.10 §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. ≤Ãüyî Ü˛Ó˚&ö ˆÎñ xÓü!®ï˛ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe Ü˛¡õö¢#° ï˛ˆÏsfÓ˚ ˆüyê˛ ¢!_´ ô &ÓÜ˛ öÎ˚– ~•z

§ˆÏD ˆòáyö ˆÎñ ï˛sf!ê˛Ó˚

˛õ)î≈ ˛õÎ≈yˆÏÎ˚ 

Üv ̨̧!fiÌ!ì ̨ü!=˛˛

Üv ̨̧Ü!ì ̨ü!=˛

 = 

2
0

2

ω
ω

2. ˆòáyö ˆÎñ ˆÜ˛yöÄ °â% xÓü®ö §• ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe ï˛ˆÏsfÓ˚ !ÓhflÏyÓ˚ Ä ò¢yñ Q = 

0

2b
ω

ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ !ö¡¨!°!áï˛ û˛yˆÏÓ ≤ÃÜ˛y¢ Ü˛Ó˚y ÎyÎ˚ñ

B(ω) = 

0

01
22

0
2

0

1

B

Q

ω
ω

ωω
ωω

⎡⎤ ⎛⎞ −+ ⎢⎥ ⎜⎟ ⎝⎠ ⎢⎥ ⎣⎦

~ÓÇ tan θ  = 

0

0

1
Q

ωω
ωω

⎛⎞ − ⎜⎟ ⎝⎠

 – ~áyˆÏö B
0
 = 

2
0

F
mω

3. ~Ü˛!ê˛ ˆ◊î# §üÓyˆÏÎ˚Ó˚ LCR Óï≈˛ö#ˆÏï˛ C = 50μF, R = 10Ω, ˙ Óï≈˛ö#ˆÏï˛ Î%_´ ≤Ãï˛ƒyÓï≈˛# ï˛!í˛¸Fã˛y°Ü˛

ÓˆÏ°Ó˚ !ÓhflÏyÓ˚ 20v ~ÓÇ Ü˛¡õyB˛ 60 Hz– LÈÙÈ~Ó˚ ˆÜ˛yö üyˆÏöÓ˚ çöƒ Óï≈˛ö#ˆÏï˛ ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ üyö §ˆÏÓ≈yFã˛

•ˆÏÓ⁄ ˙ §ˆÏÓ≈yFã˛ ï˛!í˛¸Í ≤ÃÓyˆÏ•Ó˚ üyö Ü˛ï˛⁄

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

xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ xö%¢#°ö# ÈÙÈ 1 : ˆòÄÎ˚y xyˆÏåÈ m = 0.2kg, k  = 200Nm–1, F
0
 = 12N, ω = 50 rad s–1

xÓü®ö =îyB˛ γ = 2Nsm–1

ω
0

2 = 

k
m

 = 

200
.2

 = 1000 rad2 s–2

f0 = 

0 F
m

 = 

12
0.2

 = 60 N kg–1
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2b = 

m
γ

 = 

2
0.2

 = 10s–1      ∴ b = 5s–1

∴ fliyÎ˚# xÓfliyÓ˚ !ÓhflÏyÓ˚ B = 

()
0

1
22 2222

04

f

b ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

 = 

1
222

60

(10002500)4.5.2500 ⎡⎤ −+ ⎣⎦

= 

2
60

15.8110 ×

 = .038 m = 3.8 cm

§Ó˚î Ä ≤ÃÎ%_´ ÓˆÏ°Ó˚ üˆÏôƒ ò¢y ˆÜ˛yî θ  •ˆÏ°

tan θ = 2 2
0

2bω
ω ω−

 = 2.5.50
1000 2500−  = – 0.33

∴ θ = 180º – 18.4º = 161.6º xÌ≈yÍñ §Ó˚î ÓˆÏ°Ó˚ ï%˛°öyÎ˚ 161.6º ò¢yˆÏÜ˛yˆÏî ~!àˆÏÎ˚ ÌyÜ˛ˆÏÓ–

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -2 : ôÓ˚y ÎyÜ˛ !fl±ÇÈÙÈ~Ó˚ ≤Ã§yÓ˚î Îáö ¢)öƒñ ï˛áö û˛Ó˚!ê˛ z = 0 xÓfliyˆÏö xyˆÏåÈ– z ò)Ó˚c

˙ !Ó®% ˆÌˆÏÜ˛ !öˆÏã˛Ó˚ !òˆÏÜ˛ üy˛õy •ˆÏ°ñ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ xÓÜ˛° §ü#Ü˛Ó˚î

2

2
dzdz mkz

dt dt
γ ++

 = mg

~áyˆÏöñ m = 0.1kg, γ  = 5Nsm–1, k = 150 Nm–1

xÓÜ˛° §ü#Ü˛Ó˚î!ê˛Ó˚ ≤Ã!ï˛!ê˛ ˛õò m !òˆÏÎ˚ û˛yà Ü˛ˆÏÓ˚ 4.5 ~Ó˚ üï˛ ˆ°áy ÎyÎ˚ñ

2
2

0 22 dzdz bz
dt dt

ω ++

 = g

Óyñ

2
2

02
' '2 'd z dzb z

dtdt
ω+ +  = 0 ˆÎáyˆÏöñ z' = mgz

k
−

2b = m
γ  = 

5
0.1

 = 50s–1, b = 25s–1, ω0
2 = 

k
m

 = 

150
0.1

 = 1500s–2

∴ xÓü!®ï˛ ˆòy°ˆÏöÓ˚ Ü˛¡õyB˛

'
2
ω

π

 = 

22
0

1
2

b − ω π

= 

()
1

22 11500254.7
2

Hz π−≈

xyˆÏÓ˚y!˛õï˛ Ó° F = 3 cos 20t N
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∴ F0 = 3N, f0 = 0F
m

 = 

3
.1

 = 30ms–2, ω = 20 s–1

fliyÎ˚# xÓfliyÎ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ (4.14 §ü#Ü˛Ó˚î ˆòá%öV

B = 

()
0

1
22 2222

04

f

b ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

= 

1
22

30

(1500400)4.625.400 ⎡⎤ −+ ⎣⎦

 = .02m Óyñ 2cm

ò¢yÓ˚ ˛õyÌ≈Ü˛ƒ θ (4.13b §ü#Ü˛Ó˚î xö%ÎyÎ˚#V = 

1
22

0

2 tanbω
ωω

−

−

= 1 2.25.20tan
1500 400

−

−  = tan–1 0.91 = 42º

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -3 : ~áyˆÏö k = 200 Nm–1, m = 200g = 0.2 kg

ω0
2 = 

k
m = 1000s–2

xÓü®ö Ó° – yv = –v ∴ γ = 1 Nsm–1

2b = 

m
γ

 = 

1
0.2

 = 5s–1 ∴ b = 

5
2

 = 2.5

F0 = 5N, ω = 30s–1

!ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ Ü˛¡õyB˛ ω
r
 •ˆÏ°ñ (4.18) §ü#Ü˛Ó˚î xö%ÎyÎ˚#ñ

ωr = 

22
02b ω−

   = 251000
2

−  = 44.6 rad s–1

 §ˆÏÓ≈yFã˛ à!ï˛¢!_´ (KE)
max

 (4.23) §ü#Ü˛Ó˚î xö%ÎyÎ˚# ˛õyÄÎ˚y ÎyÎ˚ñ

(KE)max = 
2

0
28

F
b m

 = 2.5J.
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fliyÎ˚# xÓfliyÓ˚ ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ !ÓhflÏyÓ˚ B,

B = 

()
0

1
22 2222

04

F

mb ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

 = 

2
5

(0.2)1.810 ××

 = 13.8 ×10–2 m

= 13.8 cm

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# - 4 : ~áyˆÏö m = 70g = 0.07kg, k = 14Nm–1,  γ = 0.7 Nsm–1

∴ b = 
2m
γ  = 

0.7
2.07 ×

 = 5s–1   ω
0

2 = 

k
m

 = 

2 14
.07

s−

 = 200s–2

!ÓhflÏyÓ˚ xö%öyˆÏòÓ˚ çöƒ ≤ÃÎ%_´ ÓˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ Ü˛¡õyB˛

ω
r 
= 

22
02b ω−

 = 2200 2.5−  = 12.2s–1

à!ï˛ˆÏÓà xö%öyˆÏòÓ˚ çöƒ ≤ÃÎ%_´ ÓˆÏ°Ó˚ ≤ÃˆÏÎ˚yçö#Î˚ Ü˛¡õyB˛ ω = ω0

∴ ω = ω0 = 1200 s−      ∴ ω = 14.1 s–1

xy˛õ!ö !öÿ˛Î˚•z °«˛ƒ Ü˛ˆÏÓ˚ˆÏåÈö ˆÎñ ~•z í˛zòy•Ó˚ˆÏî ω
r 
Ä ω0 ÈÙÈ~Ó˚ üˆÏôƒ ˆÓ¢ !Ü˛å%Èê˛y ˛õyÌ≈Ü˛ƒ xyˆÏåÈ– ~Ó˚

Ü˛yÓ˚îñ ~áyˆÏö ω0 Ä b Ó˚y!¢ ò%•z!ê˛ ï%˛°ö#Î˚ üyˆÏöÓ˚ xÌ≈yÍñ ~áyˆÏö xÓü®ö ˆüyˆÏê˛•z öàîƒ öÎ˚–

≤ÃÎ%_´ ÓˆÏ°Ó˚ !ÓhflÏyÓ˚ F0 = 8N

4.20 §ü#Ü˛Ó˚î ˆÌˆÏÜ˛ §ˆÏÓ≈yFã˛ à!ï˛¢!_´ xyüÓ˚y !°áˆÏï˛ ˛õy!Ó˚

V
m 

= 

22
00

222
0 8()

F
mbb −

ω
ω

 =   
2

2 2
8 200

8 .07 5 (200 5 )
×

× × −

= 5.2 J

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -5 : m = 100g = 0.1kg, k = 10 Nm–1, γ = 0.1 Nsm–1, F
0
 = 1N

2b = 
m
γ  = 

0.1
0.1

 = 1 s–1 ω
0

2 = 

k
m

 = 

10
0.1

 = 100 s–2

f
0
 = 

0 F
m

 = 

1
0.1

 = 10 ms–2 ~ÓÇ 4b2 = 1 s–2
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(i) Îáö ω = 1 rad s–1, fliyÎ˚# xÓfliyÎ˚ ˛õy•zñ

!ÓhflÏyÓ˚ B = 

()
0

1
22 2222

04

f

b ωωω ⎡⎤ −+ ⎢⎥ ⎣⎦

 = 

1
22

10

(1001)1.1 ⎡⎤ −+ ⎣⎦

= 

1
22

10

991
metre

⎡⎤ + ⎣⎦

 = 10
99.01  = 0.1 m = 10 cm

(ii) Îáö ω = 50 rad s–1

B = 

1
2222

10

(10050)50 ⎡⎤ −+ ⎣⎦

10
2400

 = 0.004 m = 4 mm

í˛zû˛Î˚ ˆ«˛ˆÏe•z Q =îyB˛ = 0

2b
ω  = 

10
1

 = 10

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# - 6 : ≤ÃˆÏîy!òï˛ Ü˛¡õˆÏöÓ˚ ˆ«˛ˆÏe ˆÜ˛yöÄ §üÎ˚ ï˛ˆÏsfÓ˚ !fli!ï˛¢!_´ ≠

V = 

2 1
2

kx

 = 

222
0

1cos()
2

mBt ωωθ−

ôÓ˚y ÎyÜ˛ñ ˛õÎ≈yÎ˚Ü˛y° 

2π
ω

 = T
0

˛õ)î≈ ˛õÎ≈ˆÏÎ˚ àí˛¸ !fli!ï˛¢!_´ ôÓ˚y ÎyÜ˛ 

0
222

0
00

1cos()
2

T

VmBtdt
T

ωωθ =− ∫

= 
0

2 2 2
0

0 0

1 1. [cos ( ) 1]
2 2

T

m B t dt
T

ω ω θ− +∫

= 
2 2 0

0
0

1 . .
2 2

T
m B

T
ω ⎛ ⎞

⎜ ⎟⎝ ⎠  =   

22
0

1
4

mB ω

xyÓyÓ˚ à!ï˛¢!_´ T = 21
2

mx  = 

222 1sin()
2

mBt ωωθ−
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~Ü˛•zû˛yˆÏÓ ˛õ)î≈ ˛õÎ≈yˆÏÎ˚ àí˛¸ à!ï˛¢!_´  

T

 •ˆÏ°

 

T

 = 

222

0

1sin()
2

T

mBtdt
T

− ∫ωωθ

= 2 21
4

m Bω

≤Ã!ï˛ ã˛ˆÏe´ ˆüyê˛ àí˛¸ ¢!_´ E  •ˆÏ°

E

 = 

V

+ 

T

 = 

22
0

1
4

mB ω

 + 2 21
4

m Bω

= 2 2 2
0

1 ( )
4

m Bω ω+

≤Ã!ï˛ ˛õÎ≈yˆÏÎ˚ xÓü®ˆÏöÓ˚ !ÓÓ˚&ˆÏk˛ Ü˛yÎ≈ Ü˛Ó˚yÓ˚ ú˛ˆÏ° ¢!_´Ó˚ •…y§ •Î˚– ~Ü˛Ü˛ à!ï˛ˆÏÓˆÏà xÓü®ö Ó° γ
•ˆÏ°ñ «˛üï˛y •…yˆÏ§Ó˚ üyö = SÓ° × ò)Ó˚cV ÷ §üÎ˚ = Ó° γ v × ˆÓà v = γ v2

§%ï˛Ó˚yÇ xÓü®ö ÓˆÏ°Ó˚ !ÓÓ˚&ˆÏk˛ Óƒ!Î˚ï˛ «˛üï˛y

2vγ  = bmω2B2

ˆÜ˛ööy γ = 2bm, v2 = B2ω2 sin2 (ωt – θ) ~ÓÇ 
222 1

2
vBω =

~áö xyüÓ˚y ˆòˆÏá!åÈ ˆÎñ Q =îyB˛ˆÏÜ˛ ˆ°áy ÎyÎ˚ (4.35 ˆÌˆÏÜ˛V

Q = 2π = ×
ì˛ˆsÏ ˛f ¢!M˛ì˛ ü!=˛˛˛

˛ôí)  ≈ ˛ôÎ≈yˆÎÏ  ̊Óƒ!Îì̊˛ ü!=˛ S ˆîyúòÑ˛yú Óƒ!Îì̊˛ «˛õì˛yV˛

= 

() 222
0

22

1
4 22.

mB

bmB

+ ωω
ππω ω

 = 

22
0

4b
+ ωω

ω

xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# xö%¢#°ö# -7 : ~áyˆÏö Ü˛¡õyB˛ f = 105 Hz, ω
0
 = 2fπs–1, E

0
 = 1.2V

ˆÎˆÏ•ï%˛ñ ω0 = 

1
LC

      ∴ C = 

2
0

1
L ω

~ˆÏ«˛ˆÏe L = 0.5 mH, ω0 = 2π × 105 s–1, R = 30Ω

= 10 3
1

40 10 (0.5) 10
F−× ×  ≅ 5.1 × 10–9F = 5.1nF


