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Simple Wave   ‒>  Dense Obstacle  
(prominence, streamer, pseudo-streamer) 
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Simple Wave   ‒>  Dense Obstacle 
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Analytical Model: Basic Modes 

“kink” mode 

“sausage” mode 

a(x,t) =  ‒ c1x  + c2 f (t)  ‒ c3v 

[ c1 = w2 ;  c3 = 2g ]   
w0=wk 

wk2=wk/2 

wk3=wk/3 

L 

w0=ws 

ws2=ws/2 

ws3=ws/3 

D 

wk~ vA0 /L     ->  Tk ~ 2pL/vA0  

c1 ~ B2/m0rR ~ 2xB2/m0rL2 

Similarly:  Ts ~ 2pD/vA0  

Tk /Ts ~ L/D 



Analytical model: Oscillation Triggering  
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Wave  ->  Obstacle 

Key parameters: 
 - maximum speed  vm 
 - acceleration length:  x(vm) = x1 

 - acceleration time  t1 

 - initial acceleration  a0 
 - period: P 
 - amplitude x:  xm = x2 

 - [damping: d] 

Damped Oscillator: 
 
  x + w2x + 2md x(t) + f(t) = 0 

..                        . 



Analytical model: Oscillation Triggering  
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f  B2 
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t 

(neglecting damping)    

Eq 1a:  rpvm/2 =  (f‒w2x)dx 
2 

x1 

0 

f 

2dw 

[ Eq 1b:  rpvm/2 =  (f+w2x)dx ] 
 
Eq 2:   wm = VAp  + 3vm/2 

2 
x2 

x1 

w = 2p/P = 22 VAp / l  
f = rpa0 = (Bwp

2 – Bp
2) / 2mdwp 

w 



Results: Prominence 

w2 = (2p/P) 2 = 8VAp
2 / l2,      i.e.,     VAp = p2l/2P 

 
Eq 1:   rp = w2x1

2 /(2a0x1 – vm
2)      &    wpm = VAp  + 3vm/2 

 
 i.e.,   Bp = VAp (mrp)1/2    &    f = rpa0  
 
Eq 2 (for dw >> dp) :  dwp = (VAp + 3vm/2) t1  
 
 
f = (Bwp

2 – Bp
2) / 2mdwp = (Xp

2 – 1) Bp
2 / 2mdwp 

 
Bwp

2 = Bp
2  + 2mfdwp  ,    i.e.,  Xp

2 = 1 + 2mfdwp/Bp
2 

 
 



Results: Corona 

(for dw >> dp):  dwp/wp = dwc/wc ,   i.e.,   dwc = dwpwc /wp 
 
Drp dwp = Drc dwc ,   i.e.,   (rc/rp ) (Xc–1)/(Xp–1) = wp/wc  
 

   (wc
2 – VAc

2) = (wp
2 – VAp

2) wp/wc ,   i.e., 
 

 (VAc/VAp)2 =  (wc/VAp)2 – [(wp/VAp)2 –1] (wp/wc) 
    &  

  rc /rp = (VAc/VAp)2  
    &  

 Bc  = Vac (mrc)
1/2 
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wp 
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rc 
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