
SUM�ARIO

Pref�acio � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� A EQUAC� �AO DE CONTINUIDADE � � � � � � � � � � � � � � � � � ��

��� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� A Hip�otese do Cont��nuo � � � � � � � � � � � � � � � � � � � � � � � � �	

��� A Equa�c�ao de Continuidade � � � � � � � � � � � � � � � � � � � � � �


��� O Fluxo de Massa � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Coordenadas Esf�ericas � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��	 Coordenadas Cil��ndricas � � � � � � � � � � � � � � � � � � � � � � � � ��

��� A Taxa de Perda de Massa � � � � � � � � � � � � � � � � � � � � � � �	

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �


Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� A EQUAC� �AO DE EULER � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� A Equa�c�ao de Euler � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� A Equa�c�ao de Euler na Presen�ca de um Campo

Magn�etico � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �


��� Coordenadas Esf�ericas � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Coordenadas Cil��ndricas � � � � � � � � � � � � � � � � � � � � � � � � �


��� A Equa�c�ao de Euler em um Envelope Estelar � � � � ��

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	�

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	�



�� � Hidrodin�amica e Ventos Estelares� Uma Introdu�c�ao

�� A EQUAC� �AO DE ESTADO � � � � � � � � � � � � � � � � � � � � � � � � � � 	�

��� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	�

��� A Equa�c�ao de Estado de um G�as Perfeito � � � � � � � 		

��� O Peso Molecular M�edio � � � � � � � � � � � � � � � � � � � � � � � � 	�

��� Validade da Hip�otese de Gases Perfeitos � � � � � � � � � ��

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� A EQUAC� �AO DE ENERGIA � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� Movimento Adiab�atico � � � � � � � � � � � � � � � � � � � � � � � � � � �


��� Conserva�c�ao da Energia em um Fluido � � � � � � � � � � 
�

��� A Equa�c�ao de Energia� Forma Lagrangiana � � � � � 



��� A Equa�c�ao de Energia� Forma Euleriana � � � � � � � � 
�

��	 Fluido em Campo de For�cas Conservativo � � � � � � � 
�

��� O Fluxo de Energia � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
�

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
�

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � � � 



�� NOTAC� �AO TENSORIAL CARTESIANA � � � � � � � � � � � � 



��� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 



��� Vetores � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 



��� Tensores Cartesianos � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� Opera�c�oes Vetoriais � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� O Teorema da Diverg�encia � � � � � � � � � � � � � � � � � � � � � ���

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���

	� EQUAC� �OES DOS FLUIDOS NA FORMA

TENSORIAL � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

	�� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

	�� A Equa�c�ao de Continuidade � � � � � � � � � � � � � � � � � � � ��	

	�� A Equa�c�ao de Euler sem For�cas Externas � � � � � � ��	

	�� O Tensor do Fluxo de Quantidade de

Movimento � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��


	�� A Equa�c�ao de Euler com For�cas Externas � � � � � � ���



Sum�ario � ��

	�	 A Equa�c�ao de Energia � � � � � � � � � � � � � � � � � � � � � � � � � ���

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� A EQUAC� �AO DE NAVIER�STOKES � � � � � � � � � � � � � � � ���

��� Fluidos Viscosos � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� O Tensor de Viscosidade � � � � � � � � � � � � � � � � � � � � � � � ���

��� A Equa�c�ao de Navier�Stokes � � � � � � � � � � � � � � � � � � � ���

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��	

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���


� ONDAS SONORAS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



�� Propaga�c�ao de Ondas Sonoras � � � � � � � � � � � � � � � � � ��



�� A Velocidade do Som� Caso Isot�ermico � � � � � � � � � ���


�� A Velocidade do Som� Caso Adiab�atico � � � � � � � � ���


�� O Ponto Cr��tico em Ventos Estelares � � � � � � � � � � � ���


�� Estrutura dos Ventos Isot�ermicos � � � � � � � � � � � � � � ��	

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���


� ONDAS DE CHOQUE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���


�� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���


�� Ondas de Choque no Meio Interestelar � � � � � � � � � ���


�� As Condi�c�oes de Rankine�Hugoniot � � � � � � � � � � � � ��



�� O N�umero de Mach � � � � � � � � � � � � � � � � � � � � � � � � � � � � �	�


�� Condi�c�oes F��sicas na Zona de Choque � � � � � � � � � � �	�


�	 Sistema de Refer�encia Fixo � � � � � � � � � � � � � � � � � � � � �	�


�� Choques Isot�ermicos � � � � � � � � � � � � � � � � � � � � � � � � � � � �	



�
 Choques Hidromagn�eticos � � � � � � � � � � � � � � � � � � � � � � ���

Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� VENTOS ESTELARES� UMA VIS�AO GERAL � � � � � ��


���� Introdu�c�ao � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��


���� Evid�encias Observacionais � � � � � � � � � � � � � � � � � � � � �
�

���� Ventos Isot�ermicos e n�ao Isot�ermicos � � � � � � � � � � �





�� � Hidrodin�amica e Ventos Estelares� Uma Introdu�c�ao

���� Mecanismos Respons�aveis pela Eje�c�ao � � � � � � � � �
�

���� Uma Estimativa da Taxa de Perda de

Massa em Estrelas Quentes � � � � � � � � � � � � � � � � � � � ���

���	 Uma Estimativa da Taxa de Perda de

Massa em Estrelas Frias � � � � � � � � � � � � � � � � � � � � � � ���

���� Intera�c�ao com o Meio Interestelar � � � � � � � � � � � � � ���

���
 Perda de Massa e Evolu�c�ao Estelar � � � � � � � � � � � ��


Exerc��cios � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

Refer�encias Bibliogr�a�cas � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�INDICE REMISSIVO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

SOBRE O AUTOR � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



