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1. a)   12 14      19 20 21      28 29 30        32.8(mean)                                      55                   63  
          ___._.______._.__._____.__.__.____.______________________________.________ 63.______   
   28 (median) 
 
b)   Median 28 
      Mean 32.18                                              

        Locations in dot plot 
                 
  c)  Sample standard deviation 

 ∑ −
−

= 2)(
1

1 xx
n

s i                      

                = 19.07   
                      [6]            
2.   15021 =+ nn   

        60)55()70(

21

21 =
+

×+×
nn
nn                        

           90005570 21 =+⇒ nn  
           Solving 10050 21 == nn                      
                                                                                                                                                   [3] 
3.  Given that 0)( >AP and 0)( >BP  
         If A  and B are mutually exclusive, φ=∩ BA  
         )()(0)( BPAPBAP ≠=∩⇒ . Hence not independent     
         If A  and B are independent ( ) ( ) ( )P A B P A P B∩ =  
         ( ) 0P A B⇒ ∩ > . Hence, φ≠∩ BA . Therefore not mutually exclusive            [2]               

4.  .3,2,1,0;)6.0()4.0(
3

)( 3 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
== − x

x
xXP xx         

          0.196 < F(0) = 0.216,  0.351 < F(1) = 0.648  and   0.975 < F(3) =1                              
         Hence, the simulated values are 0,1,3                 [3] 
                                                                                                                                         
5.a) If nBBB ,...,, 21 are such that 's

iB are disjoint and ∪ iB = Ω , then for any A⊂ Ω  

       ∑
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        If nBB ,...,1 are mutually exclusive of which one must occur, then  
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               = 0.4                                                  [5]               
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6. a) 
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      Similarly, 
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∫ dxe
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⇒ 4log23 aQ =                                                                                                               
 
       Hence, IQR = [ ])3/4log(4log213 −=− aQQ       

     b) 2/)( 2
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Hence, 
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)2/2(
3/4log4log2

)(
13

π−
−

=
−

XV
QQ

  is free of a                           [6]               

                                                                                                               
7. 0.80:0.80: 10 ≠= μμ HH  
     40.8100 == σn  
     Critical region : 0.78<X  
     Prob (Type I error ) : )0.78(

0
<XPH  

                                     = 78.0 80.0( )
8.4 /10

P Z −
<  

                                     = 0087.0)381.2( =−<ZP                    
      Power at 82=μ     : )0.78(82 <= XPμ  

                                     = 
10/4.8
82.78( −

<ZP ) 

                                     = 0)762.4( ≅−<ZP                                [3] 
8.  A compound distribution is a distribution that consists of a random number of random 

variables.            
             
      a)  N has negative binomial distribution with 3=k  and 9.0=p  

       Hence, 
3

1.01
9.0)( ⎟⎟
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⎛
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= tN e
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       The claim amounts X follow Gamma (6,2). Hence  
                    6)2/1()( −−= ttM X                      
        Let 1 ... NY X X= + +  
         [ ] [ ]{ } [ ]NXttY

Y tENeEEeEtM i 6)2/1(|)( −Σ −===  
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                                                            = [ ])2/1log(6 tNeE −−  

                                                           =
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       b) ( ) 3 , ( ) 1.5 , ( ) 1/ 3 , ( ) 10 / 27E X V X E N V N= = = =     
            2( ) ( ). ( ) . ( )V Y E N V X E X V N= +                        

            The standard deviation of Y  is 53
6

                                                                                   

[6]                
9.a) The pmf of X : 
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        The pmf of Y : 

         )(;
)!(!

)1(),()( yx
yxy

ppeyxpyp
yx yx

yxyx

≥
−
−

== ∑ ∑
∞

=

∞

=

−−λλ                                                        

                   = ∑
∞

=

−

−
yx

y

yx
y

pe )!(
!

)(λλ

 

                   = ,...2,1,0;
!

)(
!

)( )1( ==
−

−
−

y
y

pee
y

pe yp
p

y λλ λ
λ

λ

                                                     

     b) Conditional distribution of Y given X : 

          xyyxpp
y
x

xp
yxpxyp yxy ,...,1,0,;)1(
)(
),()/( =≥−⎟⎟

⎠

⎞
⎜⎜
⎝
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== −                                           

          The conditional distribution is binomial (x,p)                                                                       
The conditional distribution of X given Y : 

          yx
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pe
yp
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          The conditional distribution is Poisson rv YX − with parameter )1( p−λ                   
 
     c) xpxXYE == )/(                                                                                                           
         )1()/( pyyYXE −+== λ                                                                                            

                                                                                                                                     
[10] 
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10.a) Likelihood (1) ( )
1 ;

(2 )( / )
0

nn x x
L x

otherwise

θ θ
θθ

⎧ − ≤ ≤ ≤⎪= ⎨
⎪⎩

                                                      

          The MLE cannot be found by the usual calculus method                                             
        
          The likelihood is maximum if θθ ≤≤− )()1( nXorX                                                  
           
          The MLE is ),( )()1( nXXMax −                                                                                       

   b) XEX == 0  

           2
2

)(1
12
4)( XX

n
XV i −Σ==

θ                                                                                         

           22
^

;)1(3 SS
n

n −
=⇒θ  being sampling variance        

             (Alternatively 
^
θ  can be estimated using 23

iX
n
Σ  

      c) CRLB : 2
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         CRLB cannot be applied in this case, since the regularity conditions are not satisfied.                              
      d) ML estimate : Max (4.5, 3.8) = 4.5                                                                                

          Moment estimate : 16.442.6
10
93)1(3 2

=××=
−
n

Sn                                               

          where 42.6)(
1

1 22 =−Σ
−

= xx
n

S i              

          (Alternate moment estimate is 54.516.102
10
3

=×       

                   [10]                 
11.a)  H0 : μX = μY = μZ          H1 : At least one of the equalities does not hold                      
 
          Assumptions :  1. The samples are drawn from normal populations  
              2. The populations are independent 
    3. The population variances are equal                 
 

ANOVA 
Source S.S. Df MSS F 

Between 
Fertilizers 

2.465 2 1.233 13.5 

Error 1.092 12 0.091  
Total 3.557 14   

                                                                     
           Table value of )12,2(F  at 5% level is 3.89         
           H0 is rejected. There is evidence that the fertilizers produce different mean yields.                
   
   b) Combining the observations under X and Z  together  and calling it as U; and  
           keeping Y separately we have yuyu HH μμμμ ≠= :: 10  (or yu μμ < )        
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              96.3=u         82.4=y   07.02

1 =s      17.02
2 =s                                                                

            
             The pooled s.d   is  s = 0.2892 

             Hence, 

21

11
nn

s

yut
+

−
=                               

                             = 417.5−                                                                                                     
                   
            The table value of t for 13 df at 5% level (two sided test) is 2.160 
           (The table value of t for 13 df at 5% level (one sided test) is 1.771) 
 
    Reject H0            

                                                                                          [7]      
12.   The counting process }0),({ ≥ttN is said to be a Poisson process having rate λ,λ >0, if 
 i) 0)0( =N  ii) has stationary and independent increments 
         iii) )(0)1)(( hhhNP +== λ            iv) )(0)2)(( hhNP =≥            

         The pgf )(sp of iX is given by 
s

sssp
k

k

k

−
== ∑

∞

= 22
)(

1
               

         Let T be the total number of persons involved in accidents during a week given that the 
number of accidents follows a Poisson process with rate 2 per day. 

 
         Therefore, the pgf of T is given by 
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 On differentiation we get  
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Hence, Mean: 28)1(' =G                                                                                       
            Variance: " ' ' 2 2(1) (1) ( (1)) 840 28 (28)G G G+ − = + −  

                                                                  =84                                        
 Alternatively : 

4)(2))((2)(2))(( 11 ==== XVttNVXEttNE                                         
))7(()()( 1 NEXETE =                                                                                                    

28722 =××=              
{ } ))7(()()())7(()( 2

11 NVXEXVNETV +=                                                                    
     84=              

                                                                                                                                                          [5] 
13.   20=n ,  2011.12 =Xs ,  2958.22 =Ys  

8673.12
)( =−YXs  

xyyxYX ssss 2222
)( −+=−  
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a) Hence [ ]222

2
1

yxyxxy sssS −−+=  

                        = [ ]8673.12958.22011.1
2
1

−+  

                        = 0.8148 

       491.0
2958.22011.1

8148.0
===

yx

xy

ss
s

r         

b) 95% confidence interval for the population correlation coefficient ρ is  

2
1( 2

2/),2(
−

−
± − n

r
tr n α           

                        0.491 2.101 0.206 (0.058,0.924)± × =        
c) Since the confidence interval does not include 0, we reject 0:0 =ρH                

                                                                                                                                                          [5] 
14.a)            0 1 2 1 1 2: 2 , : 2H Hμ μ μ μ= ≠  

                           )1,0(~
4

2

2

2
2

1

2
1

N

nn

yxZ
σσ

+

−
=                                                                           

                               = 024.4
97.4
20

17
904

20
70

7252
−=

−
=

×
+

−                                                             

                       Reject 0H                                                                                                                  
 
      b)   2

2
2
11

2
2

2
10 :: σσσσ ≠= HH  

 Government school : 05.69
19

13122
1 ==s                                                                      

        Private school          :  56.87
16

14012
2 ==s                                                                     

             27.12
1

2
2 ==

s
s

F           

           Table value of )19,16(F at 5% level is 2.21                                                                      
            Do not reject 0H           
 
      c)  211210 :: μμμμ ≠= HH  

             
21

21

/1/1 nnS
xxt

p +
−

= = 
936.2
16

17
1

20
189.8

3652
=

+

−                                                

                                            = 5.45          
             Table value of t for 35 df at 5% level is 2.031                                              
             Reject 0H                                                                                                                     
            Comment: If H0 in b) is rejected, H0 in c) cannot be tested using t statistic.               
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d) Confidential interval for )( 21 μμ − at 95% level is  

 
21

2/21
11)(
nn

stxx p +±− α         

  
17
1

20
19.8031.2)3652( +×±−  

             )963.21,037.10(963.516 =±                      
                                                                                                                                                        [10] 
15.a)  Σx = 5.5,      Σy = 134.3,   Σxy = 78.88 
          Σx2 = 3.85    Σy2 = 1834.25 

          015.51))(( =ΣΣ−Σ=−−Σ= yx
n

xyyyxxS xy       

          825.0)(1)( 222 =Σ−Σ=−Σ= x
n

xxxS xx         

          60.30)(1)( 222 =Σ−Σ=−Σ= y
n

yyyS yy        

           078.6
82.0
01.5^

===
xx

xy

S
S

β          

            087.10)55.078.6(43.13078.6
^

=×−=−= yα         
b) The least squares estimates in a) continue to be ML estimates, since errors 
       are iid and normally distributed        

         

       c)                     ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−
=

xx

xy
YY S

S
S

n

22^

2
1σ                                                                            

                                      = 1198.0
825.0

)015.5(6.30
8
1 2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−  ≈0                                                                            

           d)   
 
 
 
 
 
 
 
 
                                                      

      Y      Ŷ R  
 10.7    10.69   0.01 
 11.3    11.30   0.00 
 12.0    11.91   0.09 
 12.4    12.52 - 0.12 
 13.0    13.13 - 0.13 
 13.7    13.74 - 0.04 
 14.5    14.35    0.15 
 15.1    14.96    0.14 
 15.6    15.57    0.03 
 16.0    16.18   -0.18 
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RESPONSE

1716151413121110

R
ES
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-.1

-.2

                                       
The fit is good                                                                                                                      
                                                                                                                                                        [12] 
16.a)  0H : The number of accidents is equally distributed among various times.               
           Observed frequency ; O :  14 16 24 22 24 20   
           Expected frequency ; E :   20 20 20 20 20 20   
                    

  
E

EO 2
2 )( −

Σ=χ          

                              = 4.40
20
16

20
4

20
16

20
16

20
36

=+++++       

            The table value of 2χ at 5% level for 5 df is 11.07      
            Do not reject 0H                   
 

b)  0H  : There is no association between accidents proneness and colour blindness                
Observed frequency  :       22   5    38       15      

           Expected frequency  :               20.25   6.75    39.75      13.25    
  

 2χ = 
25.13

75.1
75.39

75.1
75.6

75.1
25.20

75.1 2222

+++         

                  = 0.913 
             The table value of 2χ for 1 df at 5% level is 3.841 
             Do not reject 0H               

[7] 
[Total 100 Marks]  

*************** 
 


