MATH 301 FINAL EXAMINATION  Review                NAME____________________________
Concepts of Real Analysis, Instructor: S. Sands	                Spring, 2016

1. (60 pts)True/False. Indicate whether the statement is true or false. If the statement is false, present an explanation or counterexample. (No explanation necessary for each true statement.)
(2 points for each true statement, 5 points for each false statement with explanation/counterexample. Since there are  18 parts, there must be 10 true statements and 8  false statements.)

________(a)  The negation of  “x, (p(x)  q(x))” is “ x such that (p(x)  ~q(x))”. 





________(b)  Given any real number x, every deleted neighborhood of x contains rational numbers and irrational numbers.






________(c)  The negation of  "S is an open set" is "S is a closed set."
[bookmark: _GoBack]
________(d)  6 is an accumulation point (i.e., limit point) of the set  .




________(e)   The set of positive real numbers is an open set.





________(f)  If S is a subset of the real numbers R and x  S and x  bd S (i.e., x is a boundary point of S), then x is a maximum or minimum of the set S.







________(g)  Every convergent sequence of real numbers is a Cauchy sequence.






________(h)  If a monotone sequence of real numbers is bounded, then it is convergent.





________(i)  If (rn) is any unbounded sequence and (sn) is any sequence converging to 0, then the product sequence (rn sn) diverges.



_______(j)     > 0,  number N such that  positive integer n, if n > N, then .






_______(k)  If a sequence (sn) of real numbers converges to L, then every subsequence of (sn) converges to L.







________(l) Let D be a nonempty subset of R, let f : D  R, and let c be an accumulation point of D. Suppose there exists a sequence (sn) in D with each sn  c such that (sn) converges to c, but (f (sn)) diverges. Then f does not have a finite limit at c.






________(m)    Let   
              Then sequence (sn) converges to  since .





________(n)  If   , then  .



________(o)  The series  converges absolutely.








________(p)  The series  converges.










________(q)  If f is differentiable on interval (a, b),  then f  is continuous on (a, b).








________(r)      





2. (24 pts) Complete the following table. For each set, determine the infimum, minimum, supremum, and maximum (1 pt each). (If it does not exist, say “X”). Indicate whether the set is countable and whether it is compact (2 pts each).  No explanations required.

	Set S
	Infimum 
	Minimum
	Maximum
	Supremum
	Countable? 
(Yes / No)
	Compact? (Yes / No)

	
{irrational numbers less than }

	
	
	
	
	
	

	
{  : n  N}

	
	
	
	
	
	

	


	
	
	
	
	
	



3. (6 + 4 + 6 = 16 pts)      Let  

(a) List the first six numbers in the sequence.






(b) State lim sup sn and lim inf sn.





(c) Does the sequence  converge, or diverge to  or diverge to –, or just diverge? Explain.




4. (18 pts) Prove by induction: 10 + 12 + 14 + 16 + … + 2(n + 4) = n(n + 9)     for all n  N.



























5. (10 pts)   Find the radius of convergence of  the power series   .
Show work.



6. (12 + 8 = 20 pts) 
(a)  Determine the limit and prove it, using the - definition (Limits Notes, p.1 or Def. 3.1.3 in Lebl).
                 



























(b)  Is    uniformly continuous on the interval (0, 4) ? Explain.




7. (6 + 6 = 12 pts)    Consider the following discussion:     

Let .

Since  and , 

we have    > 0 >. 

Thus, by the Intermediate Value Theorem, there exists a value c in the interval  such that 


(a) Critique the discussion. Is it valid or not? What are the flaws, if any? Be specific.













(b) Is it true that there exists a value c in the interval   such that ?  Why? Explain. 



8. (7 + 14 + 4 = 25 pts) Consider:     Let 

(a) Is the function f continuous at x = 2?  Explain.








(b) Find each of the following limits, if they exist (the left-hand and right-hand limits for the derivative at 2). Show work.

 










 











(c)  Is the function f differentiable at x = 2?  Explain. If yes, what is the value of  f ´(2)  ?




9. (3 + 6 + 6 = 15 pts) 

For x  [0, 1] and n  N, define  fn (x) = (1  x)n.         Let f (x) = lim fn(x).     


 (a)  What is f (0)? ______        What is f (1/4)?  ______          What is f (1)?  ______  
 (no explanation required)


 (b) Determine  the  numerical value of f (x) for each x  [0, 1]  ----- you should find a relatively simple multi-part formula for f.  Just state your formula.














 (c) Does (fn) converge uniformly to f on [0, 1]?   Explain.
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