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Solution 3.1   
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Solution 3.3   
 
The current payment method is probably the simplest to use. From the given mortality rates, we have: 
  
 ( )( )30 2 30 30 311 0.010 0.99 1 1 0.99 0.985 0.97515p p q q= − = = − − = × =  
 
So we must have: 
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Solution 3.4   
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Solution 3.5   
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Solution 3.6   
 
Since 0.05δ = , we have 0.05t tv e−= . With de Moivre’s law, the future lifetime of (55) is uniformly distributed on 
the interval (0 , 35] . The survival function is thus: 55 1 /35t p t= −  for 0 35t< ≤ . Evaluating the current payment 

formula will require an integration by parts to evaluate 
35 0.05
10

tt e dt−∫ . However, evaluating the aggregate 

payment formula will only require exponential integrals. 
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Solution 3.7   
 
The fund is 1.1 3,719 4,091× =  to the nearest dollar. The life (55) will have to live at least 10 years for Y to exceed 
this number. So we have: 
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Solution 3.8   
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Solution 3.9   
 
Y is a discrete random variable with only 3 possible values: 
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We already have [ ] 2.82735E Y = . The second moment is: 
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So the variance is 28.03965 2.82735 0.04576− = . 

 

Solution 3.10   
 
There is a standard formula for this variance: 
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There is also a shortcut calculation of insurance moments for de Moivre’s law (see Section 2.6 of Chapter 2)”: 
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Plug these numbers into the variance formula above and the resulting variance is 21,672,202. 
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Solution 3.11   
 
The aggregate present value is 1 2 100S Y Y Y= + + +  where the iY  are independent. In Solution 3.3 we saw that 
[ ] 2.82735E Y = . In Solution 3.9 we calculated ( )var 0.04576Y = . For the distribution of S, we have: 

 
 [ ] [ ] ( ) ( )100 282.735 var 100 var 4.576E S E Y S Y= = = =  
 
The fund F is 1.1 282.735 311.009× = .  Since this number is approximately 13 standard deviations above the mean, 
it is virtually certain that the fund is sufficient. The probability of insufficiency is virtually 0. 

 

Solution 3.12   
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To evaluate this formula, use 1/1.05v= , and the UDD rule 1t x xp t q= −  when x is a whole age and t is a 
fractional part of a year: 
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Solution 3.13   
 
Use the insurance shortcut for de Moivre’s law: 
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Using the annuity-insurance relation, the value of the whole life annuity due is: 
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The value of the certain and life annuity due is: 
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This is approximately a 21.3% increase in the APV. 
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Solution 3.14   
 
Note first that we have: 
  
 ( ) ( ) ( )2 0.5 0.52 1 2 1 1.06 0.05743d v −= − = − =  

 
Now let’s do the APV calculation: 
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Solution 3.15   
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Solution 3.16   
 
From the table we have: 
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Solution 3.17   
 
With de Moivre’s law we have ( ) ( )1/ 1/ 100xq x xω= − = − . The backward recursion formula is: 
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The starting point is 100 1A = . The recursion formula leads to: 
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Solution 3.18   
 
You should first notice that 81p  is also 0.90. 
 

 
+ +

−
= + ⇒ =

− −
= = = =

1 1

81 82
8.5 0.9 8.444 0.98.444 8.383

0.9 0.9

x x
x x x x x

x

e p
e p p e e

p

e e
 

 

Solution 3.19   
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Solution 3.20   
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