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 GḦ + KḢ + LH = −GN̈ 

 

 H,Ḣ,Ḧ 
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 ;7 = P LG 

 ? = K2G;7 

 Q = ;;7 

 

 Ḧ + 2?;7Ḣ + ;7RH = −N̈ 
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 N = S;R TUVW N̈ = −STUVW
H  

 H = XTUVW Ḣ = XY;TUVW Ḧ = −X;RTUVW 

 XTUVW(−;R + 2?;;7Y + ;7R) = STUVW 
 

 
ḦN̈ = X;RS = 1;7R{(1 − QR) + 2?QY} ;R = QR(1 − QR) + 2?QY 

 

 |\(;)| = ^ḦN̈^ = QR_(1 − QR)R + (2?Q)R 

 

 



 

f̀luid
 

 GḦ + KḢ + LH = −GN̈ + f̀luid 

= GaN̈GbḦ  

 f̀luid = −GbḦ + GaN̈ GbGa
 (G + Gb)Ḧ + KḢ + LH = −(G − Ga)N̈ 

 ;7 = P LG + Gb 

 ? = K2(G + Gb);7 

 Q = ;;7 

 " = G − GaG + Gb 

 

 Ḧ + 2?;7Ḣ + ;7RH = −"N̈ 

 

 |\(;)| = "QR_(1 − QR)R + (2?Q)R 



 

 

 

 

 [c]{Ḧ} + [e]{Ḣ} + [g]{H} = −[c]{1}N̈ 

 [c] 
 [e] 
 [g] 
 {H} 
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 { !} s{ !}  

 [c]{Ḧ} + [g]{H} = {0} { !}j
s p!

 { !}j[c]{ !}p̈! + { !}j[e]{ !}ṗ! + { !}j[g]{ !}p! = −{ !}j[c]{1}N̈ 

 p̈! + { !}j[e]{ !}{ !}j[c]{ !} ṗ! + { !}j[g]{ !}{ !}j[c]{ !} p! = − { !}j[c]{1}{ !}j[c]{ !} N̈ 

 c! = { !}j[c]{ !} 
 e! = { !}j[e]{ !} 
 g! = { !}j[g]{ !} 
 ;! = Pg!c! s
 ?! = e!2c!;! s
 "! = { !}j[c]{1}{ !}j[c]{ !} s

 p̈! + e!c! ṗ! + gtct p! = −"tN̈ 

;! ?!
 p̈! + 2?t;!ṗ! + ;tRp! = −"tN̈ 

s v
 Hw = p! w! s v vλy = ;t ;⁄
 |\(;)| = ^ḦwN̈ ^ = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R 



 

 

 [c]{Ḧ} + [e]{Ḣ} + [g]{H} = −[c]{1}N̈ + { f̀luid} 
 

 { f̀luid} = −[cb]{Ḧ} + [ca]{1}N̈ 

[cb] v Y v Y  [cb] v v v  [ca] v v v
 [c]{Ḧ} + [e]{Ḣ} + [g]{H} = −[c]{1}N̈ − [cb]{Ḧ} + [ca]{1}N̈ 

 ([c] + [cb]){Ḧ} + [e]{Ḣ} + [g]{H} = −([c] − [ca]){1}N̈ { !}
 ([c] + [cb]){Ḧ} + [g]{H} = {0} 
 c! = { !}j([c] + [cb]){ !} 
 e! = { !}j[e]{ !} 
 g! = { !}j[g]{ !} 
 ;! = Pg!c! s
 ?! = e!2c!;! s
 "! = { !}j([c] − [ca]){1}{ !}j([c] + [cb]){ !} s

;! ?!
 p̈! + 2?t;!ṗ! + ;tRp! = −"tN̈ s vv λy = ;t ;⁄
 |\(;)| = ^ḦwN̈ ^ = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R 
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 |\(;)| = QR_(1 − QR)R + (2?Q)R |\(;)| = "QR_(1 − QR)R + (2?Q)R 

 ;7 = P LG ;7 = P LG + Gb 

 Q ≈ 12? Q ≈ "2? 

 ζ ≈ 12$ ζ ≈ "2$ 

  " = G − GaG + Gb 
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|\(;)| = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R |\(;)| = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R 

 

 

[c]{Ḧ} + [g]{H} = {0} 
 

([c] + [cb]){Ḧ} + [g]{H} = {0} 
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;! = P{ !}j[g]{ !}{ !}j[c]{ !} ;! = P { !}j[g]{ !}{ !}j([c] + [cb]){ !} 
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"! = { !}j[c]{1}{ !}j[c]{ !} "! = { !}j([c] − [ca]){1}{ !}j([c] + [cb]){ !} 

 $w! ≈ "! w!2?!  $w! ≈ "! w!2?!  
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cḦ + e,Ḣ + gH = −cḦ7
 ;R = g c⁄2?; = e,/c

Ḧ + 2?;Ḣ + ;RH = −Ḧ7
  

H
5! 5! = gH

Ḣ
5� 5� = e,Ḣ



 

H = �sin ;9 Ḣ = ;� ∙ cos ;9
� 2⁄

 

 ∆¡ ¡⁄  ∆¡¡ = �e,;�R1 2⁄ g�R = 4�?
 

? = 14� ∆¡¡
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: H = �sin ;9 Ḣ = ;� ∙ cos ;9 Ḧ = −;R� ∙ sin ;9

 
 

 

 

 
 

 
 

  

 5� = e,Ḣ 5� = eRḢ|Ḣ| 5� = sgn(Ḣ) ∙ ¤¥ 

sgn(Ḣ) = § 1(Ḣ > 0)−1(Ḣ < 0) 

 

 

   

 

 

   

[1] 
e@A = e, e@A = 8eR�;3�  e@A = 4¤¥��; 

 ?@A = e,2√cg ?@A = 4eR3�c � ?@A = 2¤¥�g� 

 

   



 

c  g  e, eR  �  ; = _g/c  ¤  ¥  5�  Ḧ  Ḣ  H  e@A  ?@A  



 

g«
¡« = 1 2⁄ ∙ g«H,Rg¬¡¬ = 1 2⁄ ∙ g¬HRR ¡ = ¡« + ¡¬

ΔW® = 45«H,

?@A = 14� Δ¡¡ = 14� ∙ Δ¡¡« + ¡¯



 

g« g¬5«



 

¡¬ = 12 g¬HRR

0 ¡« = 12 g«H,R
=

¡ = ¡« + ¡¬

(a) (b)
(c)

(d)

0
Δ¡« = 45«H,

¡
Δ¡

Δ¡¡Δ¡¡

?@A = 14� Δ¡¡

 Δ¡ Δ¡ 



 

 c¬ = c¬, + c¬R + c¬¢ 

<: ° �, �R±, ±R
 c¬R = <c², 

 c²,   

 c², = :°�,R ³ �,6±, + �R2±Rµ 

 < = 1 − ¶8@A° · 9�¸ℎ ¶ °8@A· 

 8@A  

 8@A = P2º�,�R + (�, + 2±R)(�R + 2±,)»�  

 



 

 

 

 

 c¬¢ = ¥ ∙ c²R 

  

 c²R = :° ∙ 2�¢¢3±¢ 

 

 

 



 

 c¼ = ¥ºc¼, + c¼R» 

 c¼R = c²R 

 cW = cW, + cWR 

 

 cWR = <c², 

 

 c¬)¼ = −¥ºc²R + c¼½» 

 

 cW)¬ = −(<c², + c¬½) 
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∇ ∙ ∇À = 0ÁÂÁ9 + (Â ∙ ∇)Â = − 1: ∇Ã + Ä
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ÅÆc¬¬ 00 cÇÇÈ + Éc¬¬¼ c¬Ç¼
cÇ¬¼ cÇÇ¼ ÊË §Ì¬̈ÌÇ̈Í + Æg¬¬ g¬ÇgÇ¬ gÇÇÈ ÎH¬HÇÏ = 0   

 Ì¬̈=ÌÐ̈ + H¬̈ ÌÇ̈=ÌÐ̈ + HÇ̈ 

Éc¬¬ + c¬¬¼ c¬Ç¼
cÇ¬¼ cÇÇ + cÇÇ¼ Ê §H¬̈HÇ̈Í + Æg¬¬ g¬ÇgÇ¬ gÇÇÈ ÎH¬HÇÏ = −ÌÐ̈ É c¬¬ + c¬¬¼ + c¬Ç¼

cÇÇ + cÇÇ¼ + cÇ¬¼ Ê 
[M]

Éc¬¬ + c¬¬¼ c¬Ç¼
cÇ¬¼ cÇÇ + cÇÇ¼ Ê  

 

 

 

 

 

 Â = Ä¯�8Φ (À ) 

 ∇ ∙ ∇À = 0 ( )  

ÒÓÒW + (Â ∙ ∇)Â = − ,Ô ∇Ã + Ä ( )
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cÌ̈ + eÌ̇ + gÌ = `(9)c e g Ì `(9)
c

g e

  



 
 

 

H
5! 5! = gH

Ḣ
5� 5� = eḢ



 
 

 

` = 12� Pgc = 12� P9.07 × 10¢1.02 = 15.008(Hz)



 
 

 

cḦ + e,Ḣ + gH = −cḦ7
;R = g c⁄2?; = e/c
Ḧ + 2?;Ḣ + ;RH = −Ḧ7
H7 = STUÇW
H = XTUÇW
XTUÇW(−ÃR + 2?Ã;Y + ;R) = SÃRTUÇW

 

 H = (Ã ;⁄ )R(1 − (Ã ;⁄ )R) + 2?(Ã ;⁄ )Y STUÇW 
 

 H = YÃ(Ã ;⁄ )R(1 − (Ã ;⁄ )R) + 2?(Ã ;⁄ )Y STUÇW 
 

 Ö = Ḧ + Ḧ7 = −2?;Ḣ − ;RH = −(2?;ÃY + ;R)H = 1 + 2?(Ã ;⁄ )Y1 − (Ã ;⁄ )R + 2?(Ã ;⁄ )Y º−SÃRTUÇW» 
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?@A = 14� ∙ Δ�� = 14� ∙ 4X51 2⁄ gXR = 25�g ∙ 1X X

$ ? = 1 2$⁄
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Ḣ5� = −5
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