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Q.1)     Median  = 176 
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Q.2)  Given 15=x ,                     s2 = 9                   n = 5 
 Σ x = n x  = 75  and  
 corrected Σx = 75 – 3 + 10 = 82 

 New Mean = 71.11
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                        = 51.5 (approximately)                                                      [1] 
                                                                                                                                       Total [3] 
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Q.3) Let A and B denote the event that the actuary will be selected in X and will be rejected in Y 
respectively. 

Given 
 P(A) = 0.7,       P( A ) = 0.3 
 P(B) = 0.5        P(B ) = 0.5 
 P( A ∪ B ) = 0.6 
 P(A ∪  B) = P(A) +P(B) –P(A ∩  B)       [1] 
But P(A∩  B) = 1 – P(( A ∪ B ) = 0.4       [1] 

∴  P(A ∪  B) = 0.7 + 0.5 – 0.4 
      = 0.8         [1] 
              Total [3] 

 
Q.4) Let P(A), P(B) and P(C) denote the probabilities that the loan application was processed by 

the Actuaries A,B and C respectively. 
Given that  P(A) = 0.40,      P(B) = 0.35,       P(C) = 0.25       [1] 

Let E be the event that the loan application containing error. 
Further, it is given that   P(E/A) = 0.04,   P(E/B) = 0.06,     P(E/C) = 0.03  [1] 

Using Bayes theorem, we have 

)/().()/().()/().(
)/().(

)/(
CEPCPBEPBPAEPAP

AEPAP
EAP

++
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               = 
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               = 0.36                      Total  [4] 
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           σ2 = EX2 –(EX)2 [ ]π
π

−= 4
2a          [1] 

                         Total [3] 
 

Q.6)  Given Xi ~ G(θ) ; i = 1,2,…, k 
Then each Xi has pgf 
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Let Y = X1 + X2 + … + X k 

Then pgf of Y is 
1 (1 )

k

t
θ

θ
 
 − − 

         [1] 

which is the pgf of negative Binomial distribution with parameters(k,θ)              
Total [2] 

 
Q.7)  Invoking Hyper geometric distribution with  

x = 2, n = 5, N = 120 a nd M = 80, 
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              Total [2] 
 

Q.8)  
(a)  Postulates : Let X(t) denotes number of occurrences in (0,t) 

 
1) Probability of one occurrence in the interval of length t∆ is λ )( tot ∆+∆  
2) Probability of no occurrence in t∆ is 1-λ )( tot ∆+∆  
3) Probability of more than one occurrences in t∆ is )( to ∆  
4) X(t) is independent of the number of occurrences of the event in any interval prior 

and after (0,t)          
 [1] 
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             Total [5] 

Q.9)  

i.) 3/2
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          E(XY) = 1/6  
 
ii.)  Cov(X,Y) = E(XY) – (EX) (E(Y)) 
                             = 1/6 – (2/3) (4/9) = -7/54       [1] 

 
iii.) Conditional distribution of given Y = 1 
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   EX2 = 02 (5/12) + 12 (1/2) + 22 (1/12) = 5/6 
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  EY2 = 02 (7/12) + 12 (7/18) + 22 (1/36) 
                     = 7/18 + 1/9 = ½ 
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              Total [8] 
Q.10)        X ~ B(n,p) 

n = 225 
p – probability of refusing loan application p = 0.2 
For a Binomial distribution  
Mean = np = 225 x 0.2 =  45 = µ (say) 
variance = npq = 225 x 0.2 x 0.8 = 36 = σ2 (say)      [1] 
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N

X
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Z

−
=

−
=         [1] 

 
Applying continuity correction, one has to find P(X < 40.5). 

75.0
6

455.40 −=−=Z  

∴ P(Z < -0.75) = 0.5 – 0.2734  = 0.2266       [2] 
              Total [4] 

 
Q.11)    n = 5, σ2 = 25 

we know that  )1(~)1( 2
2
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when s2 = 20,    Y = 2.3
25
80 =  and  

when s2 = 30,    Y = 8.4
25

120
=  

∴  It is required to compute  
P[20 < s2 < 30] = P[3.2 < y < 4.8] 

                         dyey Y 2/8.4
2.34

1 −∫=  

   
8.4

2.3

2/ )1
2

( 



 +−= − ye Y  

   6.14.2 6.24.3 −− +−= ee        [1] 
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             Total [3] 

 
 
 

Q.12)  P(no claims) = e -λ                       [1] 
Observed proportion of “no claims” = 0.78         [1] 
∴  MLE of eλ is 0.78 so MLE of λ is –log(0.78) = 0.248      [1] 
              Total [3] 

Q.13)   Total # claims ∑
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∴ 95.0
200

645.1
^
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200
52^

==λ  

so lower limit is 0.26 - 1645 0013.0  
   = 0.26 – 0.059 = 0.201       [1]  

           so (0.201, ∞ ) 
                         Total [5] 

Q.14)    95.0645.1
3
10

)|( 0 =





 −<

−
==<

y
ZPHyYP   

 determines the critical region, which is y < 10 – 4.935 = 5.065       [2] 
        we want  

 )543.0(1
96.4

4065.51)|065.5(1 1 Φ−=






 −<−=<−
x

ZPHYP  

             = 1 – 0.71 = 0.29          [2] 
          OR in practice, we reject for Y ≤ 5, so we want 

            )765.0(1
96.4
45.51)|5(1 1 Φ−=






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x
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              = 1 – 0.78 = 0.22   
              Total [4] 

Q.15)   
eij       oij - eij 

][

...

...

...
2

312133661

6242662123
111729355

                             ]1[

7.39.66.10

4.02.38.2
1.47.37.7

−

−
−−

 

          
ij

ijij

e

eo 2)( −
 

 

  1.072 0.461 1.514                 
  0.064 0.155 0.007               

 1.824 1.438 1.113                               [1] 
  
 Cal     χ2  for 4df : 7.65         
            Tab :   χ2  for 4df  at 5% level 9.488        
      

 ∴ No real evidence agains H0 : operation and side-effect are independent.  [1] 
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      Combine slight/moderate categories. 
  
 oij     eij                oij - eij 

 

        

5651

88126
3363

                                    

4.456.61

8.902.123
8.403.55

                             

6.106.10

8.28.2
8.77.7

−

−
−

             [2] 

ij

ijij

e

eo 2)( −
  

            1.072        1.491                     
 0.064        0.086            

1.824 2.475  
 

Cal     χ 2  for 2df : 7.01           
Tab :   χ 2  for 2df  at 5%  5.991       [1]               

                              
         Some evidence to suggest that presence / absence of side-effect depends on operation.  
                       Total [8] 

 
Q.16)    For the data given in the problem,  
 

a)      56.31,22.35 21 == XX  
   n1 = n2 = 9 
Further it is given that  

∑
=

=−
9

1

2
11 5556.195)(

i
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∑
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2
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2
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2
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−+
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nn
XXXXs  

 

2361.22
299

2222.1605556.195
=

−+
+

=  

 
∴s = 4.716          [1] 
 

21

21

11
nn

s

XXt

+

−=  

 

65.1

9
1

9
1

716.4

56.3122.35
=

+

−
=          [1] 

 
            Table t value = t0.05 (16) = 1.746 
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            There is some evidence that the mean time to assemble the device under the both 
procedure are equal          [1] 

 
b)  95% confidence interval for the difference in population mean is  

 

( )
21

2/21
11
nn

stXX +±− α          [1] 

substituting the values,  

(35.22 – 31.56) ± 2.120 (4.716) 
9
1

9
1

+  

= 3.66 ± 4.71 
= ( -1.05, 8.37)           [1] 

 

c) 22.1
2222.160
5556.195

2

2
1 ===

s
s

F          [2] 

Table F8,8 at 5% is 3.44 
Accept H0 the variances are equal.         [1] 

              Total [8] 
Q.17)   

a)  
                 
             
          -                                                      * 
          - 
       120+                                                 * 
          - 
          - 
          -                                            * 
          -                                  * 
        90+ 
          - 
          -                        *    * 
          - 
          -                   * 
        60+ 
          -         * 
          -              * 
          -    * 
          - 
            --------+---------+---------+---------+---------+--------C1       
                  1.0       2.0       3.0       4.0       5.0 
  
             Linear model looks reasonable.        [1] 

 

b) Sxx = 110.5 4.26
10
29 2

=−          [1] 

                 Syy = 73225 5.8422
10
805 2

=−         [1] 

                 Sxy = 2795 5.460
10
805.29

=         [1] 

 Call-out charge is intercept, hourly rate is slope.      [1] 
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c) 44317
426
5460

..Rs
.
.^

==β  (hourly rate)        [1] 

      
^

α  = 1/10{805 – 17.443(29)} = Rs.29.915 (call-out charge)     [1] 

     Need 739.48
4.26
5.460

84225
8
1 2

2 =





−=σ         [1] 

∴  s.e. 359.1
4.26

739.48^

==β  

∴90% CI : 17.443 ± 1,860(1,359)         [1] 
   = 17.44 ± 2.53 
   = (Rs.14.91, Rs.19.97) 

d) 97.0==
xyxn

xy

SS

S
r           [2] 

     H0 : ρ = 0  H1 : ρ ≠ 0 

     
21

2

r

nrt
−

−=  ~ tn-2          [1] 

 

     
94.01

897.0

−
=t ~ 12.9         [1] 

                t  value for 8df at 5% level 2.31   reject ρ = 0 
                       Total [13]   

 
Q.18)   

a) Σ X = 10216, ΣX2 = 2621210         [1] 

   SST = 2621210 - 6.12043
40

10216
=         [1] 

   SSR = 8.3774
40

10216
10

2677244126192479 =−+++      [1] 

   ∴SSE = 8268.8 by subtraction. 
 

Source df SS MS 
Regions 
Residual 
 

  3 
36 

  3774.8 
  8268.8 

1258.3 
  229.7 

Total 39 12043.6  
             [2] 

 F = 48.5
7.229
3.1258 =  on (3.36) df        [1] 

 F3,36 at  5% =  2.9 (app) 
 reject H0 : µA  = µB   = µC   = µD  at the 5% level       [1] 
                        
b) x 
              C                    x   xx      xxx     xx       x 
              D                                         xx     x    xx  x      xx      xx                                  [1]    
                              
                            *      *      *      *        *      *      *      *        *   
                           210    220    230    240     250    260    270     280    290                            



CT3                      Nov 05 

 11 

 
 Normality – OK 
 Equal variances for C and D. 
 

      (c)   2
2

236 χ
σ

σ
~

^

                    where 36 
2^

σ    = SSR 

 ∴ 95% CI for σ2 is 









−

36,.0025
2

36,975.0
2 χχ

RR SSSS
       [1] 

 )9.386,0.152(
37.21

8.8268
,

4.54
8.8268

=





=     (Interpolate in tables) 

 
 ∴95% CI for σ is (12.3, 19.7)         [1] 
            Total [10] 

Q.19)   
a) E(NSN/ N = n) 
 = E(N(X1+ … +XN) / N=n) 
 = E(n(X1 + … +Xn) / N=n) 
 = E(n(X1 + … +Xn)     (since N & X1 + … +Xn are independent) 
 = n2µx            [2] 
 
         ∑ ===

n
NN nNPnNNSENSE )()/()(  

             ∑ ==
n

x nNPn )(2 µ      

  ∑ ==
n

x nNPn )(2µ   

  ))(( 22 ENNVarEN xx +== µµ  

  ( )22
NNx µσµ +           [1] 

 EN = µN . It can be shown that  
 ESN = EN EX1 
        = µN µx           [1] 
            Cov(NSN) 
                   = E(NSN) – EN E SN 
       ( ) −+= 22

NNx σµµ µN  .µN µx 

       2
Nx σµ=            [1] 

              Total [5] 
Q.20)   The conditional density of X given Y =1/2 is  

10
41
42

)/( <<
+
+

= x
y
yx

yxf  

              =  0   elsewhere         [1] 

so that 10;)1(
3
2

2
1

/ <<+=





 xxxf  

                             = 0 elsewhere 

∴ dxxxXE )1(
3
2

2
1

/
1

0
+∫=






  

                    = 5/9          [1] 
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dxxxXE )1(
3
2

2
1/ 22 1

0
+∫=






  

                   = 7/18          [1] 

2)9/5(
18
7

2
1/ −=






 XV  

                = 
162
13           [2] 

             Total [5] 
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