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Abstract 

Nonlinear oscillations of proto-giant-planets have been found in recent numer­
ical calculations relevant to planetary formation. Pulsations are excited in 
two phases of the protoplanetary evolution, (a) In an 'instability strip' at 
core masses of typically Q.2M® (M§ is the earth mass). Perturbations grow 
into the nonlinear domain and saturate into perodic variations with relative 
luminosity-amplitudes of 0.2m (b) At the so called critical mass (typically at 
Mcore ss 15MQ). There the pulsations drive a strong mass loss. A large portion 
of the envelope is ejected. Then the mass loss fades and the envelope settles 
into a new quasi-equilibrium. This remnant — a post nucleated instability pro-
toplanet — has a compact envelope and is in core and envelope mass similar 
to Uranus and Neptune. 

N o n l i n e a r H y d r o d y n a m i c s of P r o t o p l a n e t a r y P u l s a t i o n s 

Using the me thods described be Wuchterl 1991a,b, I followed the evolution of proto-

giant p lanets for the ' Jup i t e r ' to 'Nep tune ' conditions in a s tandard solar nebula 

model . T h e evolutionary sequences where obtained by solving the non-linear, t ime-

dependent equat ions of radiat ions hydrodynamics in the grey Eddington approxima­

tion. Calculat ions s tar t ing at planetesimal-sized cores show stat ic solutions up to 

core-masses of 0.2 M^. For the 'Uranus ' and 'Nep tune ' cases pulsations are excited 

at th is core mass as described in t h e abs t rac t . In the ' Jup i t e r ' and 'Sa tu rn ' cases the 

pro toplane tary envelopes remain s tat ic unti l quasi-hydrostat ic contraction sets in at 

core-masses of na 8 M&. 

To s tudy the na tu re and outcome of the nucleated instability t he hydrodynamic 

evolution s tar t ing at t he so called critical mass (at M c o r e ~ 15 M $ ) was studied for 

the same set of solar nebula conditions as above. The onset of mass loss driven by 

pulsat ions of the pro toplane tary envelope is found in all cases. After a large portion 

of the envelope mass has been ejected, new more t ightly bound envelopes are formed. 

The exci ta t ion mechanism is a K-mechanism operat ing at the Silicate-dust- and H - -

opacity feature (cf. Wuchter l 1990). 
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