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Viscous Stress in Perturbed Rings ���
(BGT 1995 Icarus)	




Pressure Tensor in a Perturbed Ring���
(BGT 1983 Icarus, compressible)	




Pressure Tensor in a Perturbed Ring���
(BGT 1985 Icarus, incompressible)	




Pressure Tensor in a Perturbed Ring���
(BGT 1985 Icarus, incompressible)	




Viscous stress in a compressible ring���
(BGT 1983 Icarus)	


t1 = S + 2C

���� = ��� +���φ < �



Viscous stress in an incompressible ring���
(BGT 1985 Icarus)	


���� = ��� +���φ
Changes sign,	

leading to viscous	

overstability!	


���� = ���φ −���
Always < 0?	




Maximum 
Stress Lags 
Maximum 

Density���
���

Opposite of BGT 
Model!	




In forced N-body simulations, gravitational stress peaks 
after maximum compression, so 	
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Pulsational Overstability in Narrowly Confined 
Viscous Rings ���

Papaloizou and Lin (1988 Ap. J.)	


κ 2 − Ω−ω( )2 ≈ 2Ω0 ω −Ωp( ),    where  Ωp =
3
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Sign of viscous term, Q, can be positive or negative,	

depending on the relative magnitude of      and  	

	

Note that Q is similar to BGT’s 	


κ 2 − Ω−ω( )2⎡⎣ ⎤⎦ξ x( ) = −2G Σ0 y( )ξ y( )
y − x( )2∫  dy − 3i Ω

Σ0

∂
∂x

Σ0ν0
∂ξ
∂x
Q⎡

⎣⎢
⎤
⎦⎥

 Prr  
Prφ

���� = ���φ −���



Pulsational Overstability in Narrowly Confined 
Viscous Rings ���

Papaloizou and Lin (1988 Ap. J.)	
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Radial displacement linear in r, which 	

causes radial compression or expansion	
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Keeping first two terms in the expansion yields	
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Unstable for Q > 0	
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Note that Q is similar to BGT’s 	
�� = ���φ −��� and they find	
 ���� < ��



In forced N-body simulations, gravitational stress peaks 
after maximum compression, so 	
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Conclusions	

•  The BGT theory of viscous overstabilities in rings needs to be revised to 

account for self-gravity wakes.  More resonantly forced N-body 
simulations are needed. 	


•  The BGT incompressible fluid model probably only applies to localized 
regions in perturbed rings where streamline crowding is very strong.  Not 
clear if orbit averaging is the best way to capture this localized effect. 	


 	

•  While BGT’s model predicted that the maximum viscous stress by 

collisions would lead the region of maximum compression, the maximum  
viscous stress by self-gravity wakes lags the region of maximum 
compression.  This phase change can drastically change when and where 
viscous instabilities can occur.	



