
MATHEMATICAL STATISTICS                                                         QUALIFYING EXAM 

Fall 2013 

 

NAME:____________________________            ID:__________________________________ 

 

Instructions: There are 4 problems – you are required to solve them all. Please show detailed work 

for full credits. This is a close book exam. Please do NOT use calculator or cell phone during the 

exam. 
 

1. Let   and   be two random variables with finite second moments and recall that the covariance 

between   and   is defined as                         .  

(a) Prove or disprove the following statement: If   and   are independent, then           . 

(b) Prove or disprove the following statement: If           , then   and   are independent. 

(c) Now suppose that          and let     . Let        be an iid copy of      . Show that 

         
 

 
                

(d) Using the condition in (c), show that 

                     
         

 
   

   

2. Suppose that the random variables         satisfy 

          

for         where         are known constants,   is an unknown regression parameter, and 

        are              with    known.  

(a) Find the ML estimator of  , call it         

(b) Construct the LRT statistics for testing        v.s.       . 

(c) Show that the LRT statistic can be written in such a sway that it involves the data,    only 

through         , and give a general rejection rule in terms of    

(d) Find the distribution of          under   . 

(e) Suppose that          
    

       and       Give the exact rejection region of size 0.10 

LRT in terms of  . (Note that                                  

 

 

3. Let   and   be independent exponential random variables with pdfs: 

       
 

 
                        

 

 
               

It is impossible to obtain direct observations of   and    Instead, we observe   and   with 

                      
           
             

 



This is a situation that arises, for example, in medical studies where the   and   variables are 

censored.  

(a) Please find the joint distribution of   and  .  

(b) Prove that   and   are independent. 

(c) Now assume that                  are   iid (independent and identically distributed) 

observations. Find the MLEs of   and    

 

 

4. Suppose that the random variables         are iid exponential     with pdf: 

       
 

 
               

Please construct an exact            confidence interval for  . Please show detailed derivations 

with necessary proofs and illustrations for full credit.  


