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ACTION PRINCIPLES FOR HYDRO- AND
THERMODYNAMICS: REVIEW AND PROSPECTS

C. Fronsdal ∗

Department of Physics, University of California, Los Angeles, CA, USA

A Hamiltonian formulation of hydrodynamics is well known for the case of purely
irrotational �ows and it now exists in a more general case as well. The minimal extension
of the action principle is obtained from two axioms: 1. That the number of independent
degrees of freedom is 4, as in standard hydrodynamics. 2. That the equation of con-
tinuity must be one of the EulerÄLagrange equations, and that it allows for vorticity.
Applications include: 1. Couette �ow with a new criterion for the breakdown of laminar
motion. 2. A rotating source for Einstein's equation that respects the Bianchi identity.
3. A new approach to the electromagnetism of �uids. 4. A rigorous virial theorem for
�uids. 5. A critique of the current state of the theory of atmospheres.

ƒ ³¨²ÓÉμ´μ¢  Ëμ·³Ê²¨·μ¢±  £¨¤·μ¤¨´ ³¨±¨, Ìμ·μÏμ ¨§¢¥¸É´ Ö ¤²Ö ¸²ÊÎ Ö ¶μ²-
´μ¸ÉÓÕ ´¥¢· Ð ÕÐ¥£μ¸Ö ¶μÉμ± , É¥¶¥·Ó ¸ÊÐ¥¸É¢Ê¥É ¢ ¡μ²¥¥ μ¡Ð¥³ ¸²ÊÎ ¥. Œ¨´¨³ ²Ó-
´μ¥ · ¸Ï¨·¥´¨¥ ¶·¨´Í¨¶  ¤¥°¸É¢¨Ö ¶μ²ÊÎ ¥É¸Ö ¨§ ¤¢ÊÌ  ±¸¨μ³: 1) Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ
¸É¥¶¥´¥° ¸¢μ¡μ¤Ò · ¢´μ Î¥ÉÒ·¥³, ± ± ¨ ¢ ¸É ´¤ ·É´μ° £¨¤·μ¤¨´ ³¨±¥; 2) Ê· ¢´¥´¨¥
´¥¶·¥·Ò¢´μ¸É¨ ¤μ²¦´μ ¡ÒÉÓ μ¤´¨³ ¨§ Ê· ¢´¥´¨° �°²¥· Ä‹ £· ´¦ , ÎÉμ · §·¥Ï¥´μ
¤²Ö § ¢¨Ì·¥´´μ¸É¨. �·¨³¥´¥´¨¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö: 1) É¥Î¥´¨¥ ŠÊÔÉÉ  ¸ ´μ¢Ò³ ±·¨É¥-
·¨¥³ ¤²Ö · §·ÊÏ¥´¨Ö ² ³¨´ ·´μ£μ ¤¢¨¦¥´¨Ö; 2) ¨¸ÉμÎ´¨± ¢· Ð¥´¨Ö ¤²Ö Ê· ¢´¥´¨Ö
�°´ÏÉ¥°´ , ±μÉμ·Ò° Ê¤μ¢²¥É¢μ·Ö¥É Éμ¦¤¥¸É¢ ³ 
¨ ´±¨; 3) ´μ¢Ò° ¶μ¤Ìμ¤ ± Ô²¥±É·μ-
³ £´¥É¨§³Ê ¦¨¤±μ¸É¨; 4) ÉμÎ´ÊÕ ¢¨·¨ ²Ó´ÊÕ É¥μ·¥³Ê ¤²Ö ¦¨¤±μ¸É¨; 5) ±·¨É¨±Ê ¸μ-
¢·¥³¥´´μ£μ ¸μ¸ÉμÖ´¨Ö É¥μ·¨¨  É³μ¸Ë¥·Ò.
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