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1. The benefit amount on death will be 100000 for the first year, 102000 for the 
second year, 104000 for the third year, etc, and the benefit amount on maturity 
will be 140000. 
 
So the premium equation can be expressed as  
 

[ ] [ ] ( )[ ]
[ ]

[ ]20:40
40

60
20:4020:4020:40

300050042000200098000 1 A
D
D

IAAaP +++++=
••

 

           
The increasing assurance function can be calculated as: 
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    =  0.43531 
           
So the premium equation becomes: 
 
13.930P = 98000*0.46423 + 2000*0.43531 + 42000*0.43013 

      + 500 + 3000*0.43013 
 
  =  66323.31 

            
  
 Hence the premium is: 
 

  P = 18.4761
930.13

31.66323
=        

          Total [7] 
 

2. The policy starts when the policyholder is age 45.  The 5th premium is paid on the 
policyholder’s 49th birthday, when the remaining term will be 6 years.  

 
If death occurs at age 49 last birthday, the benefit amount will be Rs. 24000, 
which will increase by Rs.1000 each year.  The maturity value is Rs.35000.  So 
the prospective reserve is: 
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Where the premium is given by : 
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Note that, in order to specify the calculation of reserve precisely, it is necessary to 
state how the premium is calculated. 

          Total [5] 
 

3. (i)   Present value of random variable is: 
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             (ii)      Standard deviation 
 

      The EPV of the benefit is: 
 
      EPV = 1
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    =  1149248696        
 
So the variance of the present value random variable is: 
 
 1092019925)()()( 22 =−= EPVPVEPVVar      
 
And the standard deviation is 1092019925   = 33045.72     
          Total - [7] 
 



4. Crude death rate 
• heavily influenced by mortality at older ages     
• beware epidemics distorting figures       
• OK if population structure reasonably stable      
• hence beware mass immigration or emigration     
• easy to calculate          

 
Standardised Mortality Rate 

• influenced again by mortality at older ages      
• generally OK           
• but practical constraints          
• since need age/sex-specific mortality rates at each time point   
• no problems caused by changing population structure     

        
(ii)   
A change in the level of underwriting may alter the effect of temporary initial selection, 
eg more rigorous underwriting often leads to increasing the intensity and duration of 
temporary initial selection.          
 
This may give the impression that mortality rates are improving more quickly than they 
really are. In other words, the effect of time selection is being distorted, hence spurious 
selection is occurring.           
 
Conversely, a relaxation of underwriting standards is likely to lessen the effect of 
temporary initial selection. This may give the impression that mortality rates are 
worsening or improving at a slower rate than they really are. This again distorts the effect 
of time selection.           

      Total - [7] 
5.
 

 
Suppose that the life gets sick at time t. The notation for this is   
 
The life could get sick at any time, but if this happens after time 9, it will not lead to any 
benefit. So we integrate t between the limits of 0 and 9. 
He has to stay sick for a year before any benefit is paid. If he remains sick for s (>1) 
years, and dies from the sick state at age 50+t+s, then the benefit is paid at time t + s and 
must be discounted back to time 0. The “probability” of this happening is 

 



Note that s must be at least 1 for any benefit to be paid, but the policy term is 10 years. 
However, given that the life falls sick at time t, the duration of sickness required for the 
payment of the benefit is between 1 and 10 - t . So we integrate s between these limits. 
                   Total [5] 
6.
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         Total for Qn [12] 
 
7. 
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8.  
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         Total [6] 
 
 

9. During the first n years the annuity is payable if (x) is alive whether y is alive 

or not, so the value for these years is nx
a

:    [1] 

After the first n years the annuity is payable if (x) is alive and if (y) was alive 
n years earlier, with value 
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And substituting t=n+s 
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        Total [7] 
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         Total [7] 
 
11.   

   [1] 
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  where is derived as follows: 
 



    
 

Multiplying throughout by  gives *  
           [1] 
           

  
          [½] 
 
   
 

 
           [1] 

   [½] 
 

    [½] 
 

     [½] 
          Total [6] 
 
12. 
 
The equation of value to solve is 
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    = 22.07059331 P     [1] 
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   = 10 * P * ( 0.13886 – 0.30832 * (
6144.9953
8179.9557 ) * 0.3895)  

 
 
   = 10 * P * (0.01854465) 
 
   = 0.1854465 P       [1] 
 
 

2nd term of the RHS = 30v * 
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   = (0.30832) (0.960235901) * 48000 * (17.364 – 0.375) 
 
   = 241,428.5857      [1] 
 
Solving for P we get 
 
 
 (22.07059331 – 0.1854465) P = 241,428.5857 
 
 
⇒  P = 11,031.61831        [1] 
          

 Total [5] 
 
 
 
 
 
 



13. 
Unit fund        
        

Policy year 
Premium 
allocated 

Cost of 
allocation

Plus 
Fund b/f

Fund 
before 
charge

Annual 
charge Fund c/f  

1 7500 7125.00 7125.00 7481.25 56.11 7425.14  
2 10500 9975.00 17400.14 18270.15 137.03 18133.12  
3 10500 9975.00 28108.12 29513.53 221.35 29292.18  
4 10500 9975.00 39267.18 41230.53 309.23 40921.31  

        

       

[5] 
 
 
 
 

Non Unit Fund       
        

Policy year 
Profit on 

Allocation Expenses
Non Unit 

interest
Annual 
charge

Non unit 
death 

cost 

Profit in 
each 
year  

1 2875.00 300 128.75 56.11 338.62 2421.24  
2 25.00 75 -2.50 137.03 178.00 -93.48  
3 25.00 25 0.00 221.35 10.62 210.73  
4 25.00 25 0.00 309.23 0.00 309.23  

        
       [5] 
The non-unit reserve required are      
        
Start of year 3: 0.00       
End of year 2: 93.48       
Start of year 2: 89.03       
End of year 1: 87.69      [2] 
        
Profit emerging in each year is       
        

Policy year 
Non Unit 
reserve  

Interest on 
reserve

Increase 
in 

reserve

Profit 
ignoring 
reserve

Profit 
allowing 

for 
reserve   

1 0.00 0.00 87.69 2421.24 2333.55   
2 89.03 4.45 -89.03 -93.48 0.00   
3 0.00 0.00 0.00 210.73 210.73   
4 0.00 0.00 0.00 309.23 309.23   

       [4] 
      Total [16] 
        

 
 



14. For the first equation, a whole life benefit is equal to a term assurance for  n years 
(which pays out on death in the first n years) plus a benefit covering the whole of the 
remainder of the policyholder life, provide (s)he survives for n years 
           [1 ½] 
 For the second equation, an endowment assurance is equal to a term assurance 
paid immediately on death if it occurs within n years plus a pure endowment benefit paid 
if the policyholder survives for the n year period 
           [1 ½] 
 For the third equation the deferred whole life assurance is paid on death, but only 
if death happens after n years.  Therefore the benefit is equal to a whole life assurance 
paid to a life n years older, but only if the life aged x survives for n years (and discounted 
to allow for interest)         [2] 
          Total [5] 
  

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


