
    Math 131   Exam 3, FL2016             
     Solutions
No calculators or notes are allowed on any part of this exam. As usual, "DNE" stands for "does
not exist."  You may have a single 3x5 card with notes.
This exam should have 8 white pages (Part I), and 5 colored pages (Part II). The pages in each
part are numbered in the upper right corner.
Part I consists of 14 multiple choice questions (worth 5 points each) and 5 true/false questions
(worth 1 point each), for a total of 75 points.  Mark the correct answer Youon the answer card.
may use the test booklet for any work you want to write down, but for Part I, only the answer
marked on the answer card will be graded.
Part II (separate colored pages) consists of 3 hand-graded questions, worth a total of 25 points.
Also put your name on Part II,   Your written work willwrite your solutions on the colored sheets.
be scored by the instructor and TAs.
_______________________________________________________________________

1 What is the absolute maximum  of the function  on the   value 


interval  ?   

A)   B)    C)   D)         
 


  

  E)  


F)     G)    H)    I)     J) 
      

 

                     
 

     when 
An absolute maximum must exist and it occurs at , or one of the endpoints:     
Testing the values of the function at these candidate points:
                           

The largest of these is   (it is  while the other two values are ) so is the   positive negative
absolute maximum value.



2.  What is the largest interval increasing on which the function is     
 ?

A)    B)   C)  D)  E)                
F)   G)   H)   J)               I)  
  is not in the domain of 
              

  
  

  
        




   when 
    

on decreasing
on increasing
on decreasing
on increasing

            
       

        
      
     

  
 

 
The largest interval on which  is increasing is . 
 
         
3.  Use  linear approximation to estimate the value of  



A)       B)    C)     D)    
         10

E)    F)    G)    H)      
              

I)     J)    
      

Let and pick  near  where it is easy to evaluate   use            

                   
      

     so 
The linear approximate  at is   
                 



For near so                  


             
   

                



4.  Consider the function on the interval   What is the point  whose       
existence is guaranteed by the Mean Value Theorem?
A)      B)     C)     D)      

 
 E) 



F)    G)     H)    I)     J)    


The Mean Value Theorem guarantees the existence of a point  in where  
            

    
    

  so and             
   not  since  must be in       


          

5.  Where are all the inflection points cos  in the interval ?            
A)    B)    C)    D)     E)       

    
  

F)   and  
 

  G)   and  H)  and   I) and   J) none     
     

    
          
         sin
       cos
In  when cos , that is, when  or                 

 

 For   cos    is concave down         
  

 For  cos    is concave up 
 

         
 For  cos    is concave down


            

Since  changes concavity at   and at , these are the inflection points in       
 


 



6.  The function  has exactly one critical number.  Find it and determine whether it  
 



corresponds to a local maximum, local minimum or neither.
A) local min      C)  , local min  D) , local min   B) , local min
E) ,  local max  F) local max  G)  ,  local max H)  , neither   
I)  , neither  J) neither 

                
  

  
   when 

( )The derivative does not exist at , but  is not in the domain of , so  isn't a critical number.   
For     is decreasing         
For     is increasing       

So  has a local minimum at    
         
7.  The circumference of a circle is measured to be 20 cm with a measurement error of at most
 cm.  Using differentials, estimate the largest possible  in calculating the percentage error area
of the circle.
A)   %  B)  %   C) %   D) %    E) %    
F) %    G) %  H) %   I) %  J) %   

 Circumference so        
 Area           

  


 Due to measurement error change in calculated area      


 So the maximum relative error              
    











 This is a % maximum error.
 



8. The length, width, and height of a rectangular box are all changing:  the length and width are
increasing at a rate of  cm/min, while the height is decreasing at a rate of  cm/min. 
How fast is the volume of the boxing changing when  the length is  cm and
the width and height are both  cm?
A)   cm /min    B)   cm /min   C)   cm /min D)  cm /min          
E)    cm /min F)        cm /min G)        cm /min H)   cm /min      
I)     cm /min   J)         cm /min 

Volume , so                        
                  

  

We know that , and   
       

So, when  and , we get       
  cm /min

            
 
   
         
9. The following is the graph of the   for some function derivative   

 
 Which of the following are true about ?
  i)    has a local minimum at  
  ii)   is increasing between  and   
  iii)  has an inflection point at  
  iv)  is concave up between  and   
   
A) Only i), ii) are true   B) Only i), iii) are true    C)  Only i), iv) are true   
D) Only ii), iii) are true E) Only ii, iv) are true  F) Only iii), iv) are true
G) Only i) is true   H) Only ii) is true    I) Only iii) is true  
J) Only iv) is true
          is increasing between  and  because is positive for 

  has an inflection point at because
 is increasing just to the left of  so just to the left of , and         
 decreasing just to the right of so  just to the right of          
 and therefore  changes concavity at  



10. Find lim
  


ln 



A)    B)     C)         E)   
 D) 



F)    G)    H)    I)    J) 
    

The limit is an indeterminate form of type “ ” so we can try L'Hospital's Rule
 

 stilllim lim lim  
  

   
     ln 


 
   

= =    “ ”

 = lim
 
  

 
   

You could have simplified a little, before using L'Hospital's Rule, by writing ln ln     
               
11. For , which  of the following is correct?   one
A)   is always concave down
B)   is always concave up
C)   has exactly one inflection point, at , and  is concave up when        
D)   has exactly one inflection point, at , and  is concave down when        
E)   has exactly one inflection point, at , and  is concave up when        
F)   has exactly one inflection point, at , and  is concave down when        
G)  has exactly 2 inflection points, at  and and  is concave down between and          
H)  has exactly 2 inflection points, at  and and  is concave up between and          
I)    is always increasing and therefore  has no inflection points 
J)  is always negative, and therefore  has no inflection points 

                

The formula for shows that, for example,  , so J) is false, and      
      when  so I) is false.      

       
                              
  for   is concave down        
    
  for  (  is concave up)       

So  has exactly one inflection point, at , and  is concave up when        
          



12.   is a differentiable function and for all ,       
If , what is the smallest possible value for ?   
A)    C)   D)   E)       B)  
F)   G)   H)    I)   J)     

According to the Mean Value Theorem on   
  for some  in the interval  

       
 so     

 (         using the largest and smallest possible values
      for   )
          
 so              
       
 The smallest possible value for  is   
 
 
 
13. Find lim    

 ln
A)    B)    C)   D)   E)      

  3

F)     G)    H)   I)   J)     
         
( )An example done in class!

lim lim      
    

  
ln ln

ln which is of form “ ”, so we can try L'Hospital's


     Rule)
  
   lim lim lim    

ln
ln ln

ln  
       

 


 
    

  
 ( )form “ ” again





14.  The follow graphs show three graphs labeled i), ii) and iii).
One of these is a position function , one is the velocity function , and one is the   
acceleration function    List these in the correct order.   For example,
choose answer  i), iii), ii)  if you think i) position, iii) velocity,  ii) acceleration)  

  
A) i), ii), iii)  B) i), iii), ii)   C) ii), i), iii) 
D) ii), iii), i)  E)  iii), i), ii)  F)  iii), ii), i)
(There are only 6 possible answers for this question.  There is no error in your test booklet.)

( )I added the labels  in the figure to make it easier to write out the solution.  
Function i) is decreasing between and so its derivative must be negative between  and .   
Therefore  i) ii)  is impossible   and 
  i) iii) is impossible. 
Therefore i)  be the acceleration (because it's the only graph whose derivative isn't pictured!)must
So one of ii) or iii) must be the position function, and the other must be its derivative (velocity).
Function iii) is decreasing between  and so its derivative must be negative between  and    
Therefore iii) = ii) is impossible.

So ii) position, and iii) velocity (  and you can check that ii) iii) is consistent with the\   
             graphs)
The correct sequence is ii), iii), i)

          



Questions 15 - 19 are “true false” questions (worth 1 point each)
15.  If cos , then  has an inflection point at            

   B) FalseA)  True
      doesn't change sign at so there is no inflection point.

16. The Extreme Value Theorem guarantees that     
  

 has a local maximum

somewhere in the interval  
   B) FalseA)  True
        is continuous on the closed interval (the denominator is  only when )   Therefore
the Extreme Value Theorem says that  has both an absolute maximum and absolute minimum in
the interval  
 
       
17. lim lim 

   
     

 A)  True  B) False
lim

  
       (L'Hospital's Rule does not apply since the limit is not an indeterminate

form).         
        
18. For the function the Mean Value Theorem guarantees that there must be a  

cospoint  in the interval  where         

 A)  True  B) False
      

cos  is not continuous on the interval  because cos ( So the assumptions 


of the Mean Value Theorem are not satisfied.
19.   is the linear approximation at for the function cos .        
   B) FalseA)  True
          sin , so   The linear approximation at  is
               
Theline is the tangent line to the graph of cos  at the point        
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1. Given the following information:       
             
             

A)  What are the critical numbers of ?
There are no 's for which  does not exist;  so the only critical numbers are the 's for   
which :   
               

Answer:  

B)   At what points, if any, does  have a local maximum or minimum (and why)?
 for     is increasing        
 for    is decreasing          
 for     is increasing        

 so  has a local maximum at , and a local minimum at .  
 Note:   so the Second Derivative Test cannot detect the local max at 0.   
  , so the Second Derivative Test could be used to         
      detect the local minimum at .

Answers: local maximum at     local minimum at      

C) On what interval(s) is   or   ? concave up concave down
  
  When    is concave down                  
  When     is concave down               
  When    is concave up             

Answers: concave down on concave up on          

D) Where do inflection point(s) of  occur?
                   when There are no 's where  does not exist, so
  are the only  for points of inflection,candidates
Although  does not change concavity there.  The concavity only changes at        

Answer:   There are inflection points for  at     
Not required, but just for insight, the graph of =  is on the following page:      



  
 



2.  Find each of the following limits (if it exists).
     If the limit does not exist  the function goes to  or , then include thatbecause  
information in your answer.

a)  lnlim
 

This limit is of the form   Rewrite as a fraction and apply L'Hospital's Rule:   

lim lim lim lim lim        
 ln                 ln ln 

    
   







LH LH

Final answer: 

 
     .
b) lim

   
ln

Let , so ln ln           


 



ln ln

ln
ln
  



lim lim lim  ln    ln
ln
  


 

 



(form “ ”)
  LH

     lim lim 
 

  


 LH

Therefore, as : ln , so     
   e   ln  

Final answer: 

         
                 



3.  a) On Monday, Boris and Natasha go walking.  They begin at the same point.  Boris walks
north east at a rate of  miles/hr and Natasha walks  at a rate of 4 miles/hr.  How fast is the
distance  between them increasing after  hours? 


 

    mph, mph
 , so               

  


 After  hours:  , and then , so                   

           
        

      mph    
    

Final answer:   mph

    b) On Tuesday morning, Natasha is  miles east of Boris. Natasha walks north at a rate of  
miles/hr, but Boris (B) does not move.  He watches Natasha (with a telescope).  How fast is the
angle  growing after 1 hr ?   Include units on your answer.

  mph
  

  tan  so tan  Therefore sec         
   

  After  hr:  ,  so tan and       
    tan sec , so sec        

    
    sec      

   
      




      
 
 

Final answer: radians/hr    (that's 28.6° hr)
  
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