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10.2 Second Order Ordinary Differential 
Equations 

=
1173. eçãçÖÉåÉçìë=iáåÉ~ê=bèì~íáçåë=ïáíÜ=`çåëí~åí=`çÉÑÑáÅáÉåíë==

Mèóóéó =+′+′′ K==
qÜÉ=ÅÜ~ê~ÅíÉêáëíáÅ=Éèì~íáçå=áë==

MèéO =+λ+λ K==
=
fÑ= Nλ = ~åÇ= Oλ = ~êÉ= ÇáëíáåÅí= êÉ~ä= êççíë= çÑ= íÜÉ= ÅÜ~ê~ÅíÉêáëíáÅ=
Éèì~íáçåI=íÜÉå=íÜÉ=ÖÉåÉê~ä=ëçäìíáçå=áë==
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fÑ= Nλ =~åÇ= Oλ =~êÉ=ÅçãéäÉñ=åìãÄÉêëW=

λN = α +βá I=λO = α −βá I=ïÜÉêÉ==
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α = − I=
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Qè − éO

β = I==

íÜÉå=íÜÉ=ÖÉåÉê~ä=ëçäìíáçå=áë==
ó É ( )`N Åçë ñ `O ëáå ñ= αñ β + β K==
=

1174. fåÜçãçÖÉåÉçìë=iáåÉ~ê=bèì~íáçåë=ïáíÜ=`çåëí~åí=======================
`çÉÑÑáÅáÉåíë==
ó ′ + éó′ + èó = Ñ (ñ)′ K==
=
qÜÉ=ÖÉåÉê~ä=ëçäìíáçå=áë=ÖáîÉå=Äó==
ó = óé + óÜ I=ïÜÉêÉ==

óé =áë==~=é~êíáÅìä~ê==ëçäìíáçå=çÑ==íÜÉ=áåÜçãçÖÉåÉçìë=Éèì~íáçå=

~åÇ= óÜ =áë=íÜÉ=ÖÉåÉê~ä=ëçäìíáçå=çÑ=íÜÉ=~ëëçÅá~íÉÇ=ÜçãçÖÉåÉ-
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çìë=Éèì~íáçå=EëÉÉ=íÜÉ=éêÉîáçìë=íçéáÅ=NNTPFK=
=
fÑ=íÜÉ=êáÖÜí=ëáÇÉ=Ü~ë=íÜÉ=Ñçêã==
( ) ( ) ( )( )ñëáåñmñÅçëñmÉñÑ NN

ñ β+β= α I==
íÜÉå=íÜÉ==é~êíáÅìä~ê=ëçäìíáçå= éó =áë=ÖáîÉå=Äó==

( ) ( )( )ñëáåñoñÅçëñoÉñó ON
ñâ

é β+β= α I==

ïÜÉêÉ= íÜÉ=éçäóåçãá~äë= ( )ñoN =~åÇ= ( )ñoO =Ü~îÉ= íç=ÄÉ= ÑçìåÇ=
Äó=ìëáåÖ=íÜÉ=ãÉíÜçÇ=çÑ=ìåÇÉíÉêãáåÉÇ=ÅçÉÑÑáÅáÉåíëK==
• fÑ= áβ+α =áë=åçí=~=êççí=çÑ=íÜÉ=ÅÜ~ê~ÅíÉêáëíáÅ=Éèì~íáçåI=íÜÉå=

íÜÉ=éçïÉê= Mâ = I=
• fÑ= áβ+α =áë=~=ëáãéäÉ=êççíI=íÜÉå= Nâ = I=
• fÑ= áβ+α =áë=~=ÇçìÄäÉ=êççíI=íÜÉå= Oâ = K==
=

1175. aáÑÑÉêÉåíá~ä=bèì~íáçåë=ïáíÜ=ó=jáëëáåÖ=
( )óIñÑó ′=′′ K==

pÉí= óì ′= K=qÜÉå=íÜÉ=åÉï=Éèì~íáçå=ë~íáëÑáÉÇ=Äó=î=áë==
( )ìIñÑì =′ I==

ïÜáÅÜ=áë=~=Ñáêëí=çêÇÉê=ÇáÑÑÉêÉåíá~ä=Éèì~íáçåK=

1176. aáÑÑÉêÉåíá~ä=bèì~íáçåë=ïáíÜ=ñ=jáëëáåÖ=
ó ′ = Ñ ( )óIó′′ K==
pÉí= ì = ó′ K=páåÅÉ==
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ïÜáÅÜ=áë=~=Ñáêëí=çêÇÉê=ÇáÑÑÉêÉåíá~ä=Éèì~íáçåK==
=

1177. cêÉÉ=råÇ~ãéÉÇ=sáÄê~íáçåë=
qÜÉ=ãçíáçå=çÑ=~=j~ëë=çå=~=péêáåÖ=áë=ÇÉëÅêáÄÉÇ=Äó=íÜÉ=Éèì~-
íáçå==
ãó + âó = M&& I==
ïÜÉêÉ==
ã=áë=íÜÉ=ã~ëë=çÑ=íÜÉ=çÄàÉÅíI=
â=áë=íÜÉ=ëíáÑÑåÉëë=çÑ=íÜÉ=ëéêáåÖI=
ó=áë=Çáëéä~ÅÉãÉåí=çÑ=íÜÉ=ã~ëë=Ñêçã=ÉèìáäáÄêáìãK=
qÜÉ=ÖÉåÉê~ä=ëçäìíáçå=áë==
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ïÜÉêÉ==
^=áë=íÜÉ=~ãéäáíìÇÉ=çÑ=íÜÉ=Çáëéä~ÅÉãÉåíI=

Mω =áë=íÜÉ=ÑìåÇ~ãÉåí~ä=ÑêÉèìÉåÅóI=íÜÉ=éÉêáçÇ=áë=
M
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ω
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= I=

δ =áë=éÜ~ëÉ=~åÖäÉ=çÑ=íÜÉ=Çáëéä~ÅÉãÉåíK=
qÜáë=áë=~å=Éñ~ãéäÉ=çÑ=ëáãéäÉ=Ü~êãçåáÅ=ãçíáçåK==
=

1178. cêÉÉ=a~ãéÉÇ=sáÄê~íáçåë=
Mâóóóã =+γ+ &&& I=ïÜÉêÉ==

γ =áë=íÜÉ=Ç~ãéáåÖ=ÅçÉÑÑáÅáÉåíK==
qÜÉêÉ=~êÉ=P=Å~ëÉë=Ñçê=íÜÉ=ÖÉåÉê~ä=ëçäìíáçåW=
=

ó = ^Åçë( )ωMí −δ I==

`~ëÉ=NK γO > Qâã =EçîÉêÇ~ãéÉÇF=

( ) í íN Oó í = ^Éλ +_Éλ I==
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λ = K==

=
`~ëÉ=OK= γO = Qâã EÅêáíáÅ~ääó=Ç~ãéÉÇF=

( ) ( )ó í = ^ +_í Éλí I==
ïÜÉêÉ==

Oã

γ
λ = − K=

=
`~ëÉ=PK= γO < Qâã =EìåÇÉêÇ~ãéÉÇF==

( )= ( )ω −δ
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−
ó í É ^Åçë í
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Oã I=ïÜÉêÉ==

ω= Qâã − γO K===
1179. páãéäÉ=mÉåÇìäìã=

M
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Ç
O
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+ θ =
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I=

ïÜÉêÉ= θ = áë= íÜÉ= ~åÖìä~ê= Çáëéä~ÅÉãÉåíI= i= áë= íÜÉ= éÉåÇìäìã=
äÉåÖíÜI=Ö=áë=íÜÉ=~ÅÅÉäÉê~íáçå=çÑ=Öê~îáíóK=
=
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=
1180. oi`=`áêÅìáí=
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