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                                    Abstract
In this chapter we study systematically well-posedness of the Cauchy problem. Given a closed operator A on a Banach space X we will see in Section 3.1 that the abstract Cauchy problem

$$\{ \begin{array}{*{20}{c}}{u'(t) = Au(t)\;(t \geqslant 0)} \\ {u(0) = x} \end{array} $$


is mildly well posed (i.e., for each x ∈ X there exists a unique mild solution) if and only if the resolvent of A is a Laplace transform; and this in turn is the same as saying that A generates a C
                0-semigroup. Well-posedness in a weaker sense will lead to generators of integrated semigroups (Section 3.2). The real representation theorem from Section 2.2 will give us directly the characterization of generators of C
                0-semigroups in terms of a resolvent estimate; namely, the Hille-Yosida theorem. When the operators are not densely defined, we obtain Hille-Yosida operators which are studied in detail in Section 3.5. Also for results on approximation of semigroups in Section 3.6 we can use corresponding results on Laplace transforms from Section 1.7. Much attention is given to holomorphic semigroups which are particularly simple to characterize by means of the results of Section 2.6. We consider not only holomorphic semigroups which are strongly continuous at 0, but more general holomorphic semigroups which will be useful in applications to the heat equation with Dirichlet boundary conditions in Chapter 6. When the holomorphic semigroup exists on the right half-plane, the boundary behaviour is of special interest. If the semigroup is locally bounded, then a boundary C
                0-group is obtained on the imaginary axis. This case is particularly important for fractional powers (see also the Notes of Section 3.7) and for the second order problem (Section 3.16). When the holomorphic semigroup is polynomially bounded we obtain k-times integrated semigroups where the k depends on the degree of the polynomial. A typical example is the Gaussian semigroup. Its boundary is governed by the Schrödinger operator iΔ, which we study in Section 3.9 and in Chapter 8. The last three sections are devoted to the second order Cauchy problem; i.e., to the theory of cosine functions. A central result will be to establish a unique phase space on which the associated system is well posed. This is a particularly interesting special case of the intermediate spaces which are constructed in Section 3.10 for integrated semigroups.
Keywords
	Cauchy Problem
	Mild Solution
	Banach Lattice
	Sine Function
	Cosine Function

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.



                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   109.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            
                                
                                    
                                        Preview

                                        
                                            
                                                Unable to display preview. Download preview
                                                    PDF.

                                            
                                            Unable to display preview. Download preview
                                                PDF.

                                        

                                    

                                
                            

                            
                            
                                
                            


                            

                            

                            
Author information
Authors and Affiliations
	Angewandte Analysis, Universität Ulm, 89069, Ulm, Germany
Wolfgang Arendt

	St. John’s College, OX1 3JP, Oxford, UK
Charles J. K. Batty

	Fachbereich Mathematik, TU Darmstadt, Schlossgartenstr. 7, 64289, Darmstadt, Germany
Matthias Hieber

	Department of Mathematics, Louisiana State University, 70803, Baton Rouge, LA, USA
Frank Neubrander


Authors	Wolfgang ArendtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Charles J. K. BattyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthias HieberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Frank NeubranderView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


Copyright information
© 2001 Springer Basel AG


About this chapter
Cite this chapter
Arendt, W., Batty, C.J.K., Hieber, M., Neubrander, F. (2001).  Cauchy Problems.

                     In:  Vector-valued Laplace Transforms and Cauchy Problems. Monographs in Mathematics, vol 96. Birkhäuser, Basel. https://doi.org/10.1007/978-3-0348-5075-9_3
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-0348-5075-9_3

	
                            Publisher Name: Birkhäuser, Basel

	
                                Print ISBN: 978-3-0348-5077-3

	
                                Online ISBN: 978-3-0348-5075-9

	eBook Packages: Springer Book Archive


Share this chapter
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                                Provided by the Springer Nature SharedIt content-sharing initiative
                            







Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   109.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					18.207.127.179
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    
    


