




    
    
        Skip to main content
        
        
            
                
                [image: NYU Courant Department of Mathematics]
                
                
                
            

            
                

    
        [image: NYU Courant Department of Mathematics]
    
    
        
            
            Toggle Menu
        
    

    
        	
        
            
                About
            
				
        
            
                
                Welcome
                
                
            
        
    
	
        
            
                
                Contact Us
                
                
            
        
    
	
        
            
                
                Employment
                
                
            
        
    
	
        
            
                
                Directions
                
                
            
        
    


        
    
	
        
            
                People
            
				
        
            
                
                Faculty
                
                
            
        
    
	
        
            
                
                Postdocs
                
                
            
        
    
	
        
            
                
                Staff
                
                
            
        
    
	
        
            
                
                PhD Students
                
                
            
        
    
	
        
            
                
                Ph.D. Alumni
                
                
            
        
    
	
        
            
                
                Committees
                
                
            
        
    
	
        
            
                
                Departmental Leadership
                
                
            
        
    


        
    
	
        
            
                Research
            
				
        
            
                
                Research Areas
                
                
            
        
    
	
        
            
                
                Research Centers & Labs
                
                
            
        
    
	
        
            
                
                Postdoctoral and Visitor Programs
                
                
            
        
    
	
        
            
                
                Faculty Recognition
                
                
            
        
    


        
    
	
        
            
                Courses
            
				
        
            
                
                Course Schedules
                
                
            
        
    
	
        
            
                
                Graduate Course Descriptions
                
                
            
        
    
	
        
            
                
                Graduate Exam Schedules
                
                
            
        
    
	
        
            
                
                Undergraduate Course Descriptions
                
                
            
        
    
	
        
            
                
                Undergraduate Exam Schedules
                
                
            
        
    
	
        
            
                
                Office Hours
                
                
            
        
    


        
    
	
        
            
                Graduate
            
				
        
            
                Overview
            
            	
        
            
                
                Prerequisites
                
                
            
        
    
	
        
            
                
                Graduate Study
                
                
            
        
    
	
        
            
                
                Careers in Mathematics
                
                
            
        
    


        
    
	
        
            
                Ph.D. in Mathematics
            
            	
        
            
                
                Overview
                
                
            
        
    
	
        
            
                
                Admission Policies
                
                
            
        
    
	
        
            
                
                Financial Support
                
                
            
        
    


        
    
	
        
            
                
                Ph.D. in Atmosphere Ocean Science
                
                
            
        
    
	
        
            
                M.S. at Graduate School of Arts & Science
            
            	
        
            
                
                Overview
                
                
            
        
    
	
        
            
                
                Admissions
                
                
            
        
    
	
        
            
                
                Covid-19
                
                
            
        
    
	
        
            
                
                M.S. in Mathematics
                
                
            
        
    
	
        
            
                
                M.S. in Scientific Computing
                
                
            
        
    
	
        
            
                
                M.S. in Mathematics in Finance
                
                
            
        
    
	
        
            
                
                Non-Degree Study
                
                
            
        
    


        
    
	
        
            
                M.S. at Tandon School of Engineering
            
            	
        
            
                
                Overview
                
                
            
        
    
	
        
            
                
                Advisement
                
                
            
        
    
	
        
            
                
                Degree Requirements & Admissions
                
                
            
        
    
	
        
            
                
                Tandon Graduate Course Descriptions
                
                
            
        
    
	
        
            
                
                Internships
                
                
            
        
    


        
    
	
        
            
                Current Students
            
            	
        
            
                
                Written Exams
                
                
            
        
    
	
        
            
                
                PhD Oral Exams
                
                
            
        
    
	
        
            
                
                PhD Dissertation Defense
                
                
            
        
    
	
        
            
                
                Graduation
                
                
            
        
    
	
        
            
                
                MS Thesis
                
                
            
        
    


        
    
	
        
            
                
                Awards
                
                
            
        
    


        
    
	
        
            
                Undergrad
            
				
        
            
                B.A. at College of Arts & Science (CAS)
            
            	
        
            
                Overview
            
            	
        
            
                
                Undergraduate Program
                
                
            
        
    
	
        
            
                
                Why study Math?
                
                
            
        
    
	
        
            
                
                Admissions
                
                
            
        
    


        
    
	
        
            
                Majors & Minors
            
            	
        
            
                
                Declaring a Major or Minor
                
                
            
        
    
	
        
            
                
                Major & Minor Requirements
                
                
            
        
    
	
        
            
                
                Honors Programs
                
                
            
        
    


        
    
	
        
            
                
                Advisement
                
                
            
        
    
	
        
            
                
                Transfer Students
                
                
            
        
    
	
        
            
                Activities & Research
            
            	
        
            
                
                Activities & Research Overview
                
                
            
        
    
	
        
            
                
                Math Major Peer Mentor Program
                
                
            
        
    
	
        
            
                
                Summer Undergrad Research Experience
                
                
            
        
    
	
        
            
                
                Math Competitions
                
                
            
        
    
	
        
            
                
                Work Opportunities in the Math Department
                
                
            
        
    


        
    
	
        
            
                
                CAS Calculus Information
                
                
            
        
    
	
        
            
                
                CAS Online Placement Exams
                
                
            
        
    
	
        
            
                
                Enrollment in Graduate Courses
                
                
            
        
    
	
        
            
                
                Tutoring
                
                
            
        
    
	
        
            
                
                Independent Study
                
                
            
        
    
	
        
            
                
                Internships
                
                
            
        
    
	
        
            
                
                Study Abroad
                
                
            
        
    
	
        
            
                
                Awards
                
                
            
        
    
	
        
            
                
                Alumni
                
                
            
        
    
	
        
            
                
                Clubs and Events
                
                
            
        
    


        
    
	
        
            
                B.S. at Tandon School of Engineering
            
            	
        
            
                
                Overview
                
                
            
        
    
	
        
            
                
                Advisement
                
                
            
        
    
	
        
            
                
                Majors & Minors
                
                
            
        
    
	
        
            
                
                Transfer Students
                
                
            
        
    
	
        
            
                
                Tandon Math Policies
                
                
            
        
    
	
        
            
                
                Tandon Math Placement
                
                
            
        
    
	
        
            
                
                Tandon Math Credit by Exam
                
                
            
        
    
	
        
            
                
                Tandon Undergraduate Course Descriptions
                
                
            
        
    
	
        
            
                
                Tutoring
                
                
            
        
    
	
        
            
                
                Research Opportunities
                
                
            
        
    
	
        
            
                
                Enrollment in Graduate Courses
                
                
            
        
    
	
        
            
                
                Activities
                
                
            
        
    
	
        
            
                
                Internships
                
                
            
        
    
	
        
            
                
                Awards
                
                
            
        
    


        
    


        
    
	
        
            
                Resources
            
				
        
            
                
                Courant Resources
                
                
            
        
    
	
        
            
                
                Graduate Student Resource Pages
                
                
            
        
    
	
        
            
                
                Teaching-Resources
                
                
            
        
    
	
        
            
                
                Courant Library
                
                
            
        
    
	
        
            
                
                Courant Computing & Technology
                
                
            
        
    


        
    
	
        
            
                Community
            
				
        
            
                
                Giving
                
                
            
        
    
	
        
            
                
                Outreach
                
                
            
        
    
	
        
            
                
                Sponsors
                
                
            
        
    


        
    
	
        
            
                Calendars
            
				
        
            
                
                Seminars
                
                
            
        
    
	
        
            
                
                Seminar Bulletin
                
                
            
        
    
	
        
            
                
                Courant Classroom Calendar & Reservations
                
                
            
        
    
	
        
            
                
                NYU Academic Calendar
                
                
            
        
    


        
    


    



            

        

    
    

    
        
  
    
      
        	
	About
	

	
	People
	

	
	Research
	

	
	Courses
	

	
	Graduate
	

	
	Undergrad
	

	
	Resources
	

	
	Community
	

	
	Calendars
	
		
	Seminars
	

	
	Seminar Bulletin
	

	
	Courant Classroom Calendar & Reservations
	

	
	NYU Academic Calendar
	



	



      

    

    
       
        

        

  Mathematics Colloquium

  


  
  Quantitative Behavior of Lipschitz Maps from the Heisenberg Group to \(L^1\)

  Speaker:
    
      Jeff Cheeger, New York University, Courant Institute of Mathematical Sciences
    
  

  Location:
    
      Warren Weaver Hall 1302
    
  

  
  Date:
    
      
      Monday, February 9, 2009, 3:45 p.m.
      
    
  

  
    Synopsis:

    
      Let \(\left ( X, d \right )\) denote a metric space and let \(\mathcal{C}\) denote a collection of metrics on \(X\) such that \({d}' \in \mathcal{C}\) implies \(c \cdot {d}' \in \mathcal{C}\), for any real number \(c > 0\). Put


$$\rho \left ( d, \mathcal{C} \right ) = \inf_{{d}' \in \mathcal{C}} \inf \left \{ c \mid {d}' \leq d \leq c \cdot {d}' \right \}.$$


Let \(\mathcal{L}\) denote the collection of metrics on \(X\) of the form, \({d}' \left ( x_1, x_2 \right ) = \left \| f \left ( x_1 \right ) - f \left ( x_2 \right ) \right \|_{L_1}\), for some map \(f : X \rightarrow L^1\) and let \(\mathcal{N}\) denote the collection of metrics \(\underline{d}\) on \(X\) such that \(\left ( X, \underline{d}^{\frac{1}{2}} \right )\) embeds isometrically in \(L^2\). It is easy to verify that \(\mathcal{C} \subset \mathcal{N}\), and so, \(\rho \left ( d , \mathcal{N} \right ) \leq \rho \left ( \mathcal{L} \right )\). If \(X\) is finite with cardinality \(n\), it was shown by Bourgain that \(\rho \left ( d , \mathcal{L} \right ) = O \left ( \log n \right )\), for any metric \(d\).


Although the problem of computing \(\rho \left ( d , \mathcal{L} \right )\) exactly is equivalent to various other fundamental problems for which there is believed to be no polynomial time algorithm, there is a polynomial time algorithm for computing \(\rho \left ( d , \mathcal{N} \right )\). Goemans and Linial conjectured that for some universal constant \(C > 0\), independent of \(n\),


$$\rho \left ( d , \mathcal{N} \right ) \leq C \cdot \rho \left ( d , \mathcal{L} \right ).$$


Their conjecture was refuted by Khot-Vishnoi (2005) who gave a sequence of examples for which the best \(C\) grows at least like a constant times \(\log \log n\). We will discuss a very different sequence based on the Heisenberg group, for which \(C\) grows at least like \(\left ( \log n \right )^{a}\), for some explicit \(a > 0\). This is joint work with Kleiner and Naor. It is an outgrowth of earlier work of Lee-Naor and Cheeger-Kleiner.
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