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1 A mortality table gives the value of 50A = 0.3 at an interest rate of 5% p.a. effective. 

Calculate, using appropriate approximations where necessary and showing all 
working, the values for: 

(a) 50A  

(b) 50a  

(c) 50a  

(d)  4
50a  

using the same basis. [4] 

2 A government department has designed a proxy financial model of the economy.  
A different department would like to borrow the model, update the data and use it for 
its own purposes. 

Describe the drawbacks of this approach. [4] 

3 (i) Explain in words what is meant by 1
5 | xyq .  [2] 

(ii) Calculate, showing all working, the value of the expression in part (i). 

Basis: 
x is subject to a constant force of mortality of 0.025. 
y is subject to a constant force of mortality of 0.01. 

You should assume x and y are independent with respect to mortality. [5] 
[Total 7] 
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4 An insurance company sells 2-year endowment assurances to lives aged 67 exact. On 
early surrender of the policy, a sum equal to the total premiums received is returned to 
the policyholder. The surrender value is payable immediately on surrender. 

The company is profit testing the policy and is setting up the dependent rates of 
decrements. 

Calculate, showing all working, the dependent rates of surrender. 

Basis: 
Independent mortality rate AM92 Ultimate 
Independent surrender rates Year 1 15% 
 Year 2 10% 

Forces of decrement are assumed to be constant between integer ages. [5] 

5 A car rental company purchases cars at a price of £24,000 per car. The company 
immediately rents them out to customers on a 4-year contract before selling them at 
the end of the contract at a price of £9,000. 

The rental income is payable continuously throughout the 4-year period and increases 
by £1,500 at the end of each year. 

Calculate, showing all working, the initial annual rental rate that the company must 
charge for each car in order to achieve an internal rate of return of 12% p.a. effective.
 [6] 

6 An insurance company issues a deferred whole of life increasing annuity policy to a 
life aged 50 exact. Payments are continuous and start at £5,000 p.a. from age 60. Once 
in payment the annuity increases at 2.5% p.a. compound with increases occurring 
continuously. 

Calculate, showing all working, the expected present value of the annuity. 

Basis: 
Interest 4.5% p.a. effective 
Mortality In deferment  ELT15 (Females) 
  In payment  Constant force of mortality of 4.1% p.a. 

[6] 
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7 A company has to meet liability payments at the end of each of the next 25 years. The 
payment at the end of the first year is £1.2 million. Thereafter, the payments are 
expected to increase at a fixed rate of 4.3902% p.a. compound. 

(i) Calculate, showing all working, the duration of the company’s liabilities using 
an effective rate of interest of 7% p.a. [6] 

The rate at which payments are expected to increase has been revised, and is now 
greater than 4.3902% p.a. 

(ii) Identify, with reasons, whether your answer to part (i) will increase, decrease 
or remain unchanged. Do not perform further calculations. [3] 

[Total 9] 

8 A life insurance company issues a 15-year decreasing endowment assurance policy 
which provides a sum assured given by the formula: 

£ [155,000 − 5,000t]  t = 1, 2, ..., 15 

where t denotes the policy year. 

The sum assured is payable on maturity at age 60 exact, or at the end of year of death 
if earlier. Level premiums are payable annually in advance. 

(i) Calculate, showing all working, the gross premium. 

Basis: 
Mortality  AM92 Ultimate 
Interest  6% p.a. effective 
Initial expenses £300 at issue plus 25% of the first premium 
Renewal expenses 3% of the second and subsequent premiums 
Claim expenses 2% of the sum assured 

[8] 

The company calculates prospective gross premium reserves using the basis shown in 
part (i). 

(ii) Calculate the prospective gross premium reserve immediately before the 6th 
premium is paid. You should show all your working. [6] 

The company calculates surrender values as the retrospective reserve using the basis 
described in part (i) but using an interest rate of 5% p.a. effective. 

(iii) Identify, with reasons, whether the surrender value will be greater than, equal 
to or less than the amount calculated in part (ii). Do not perform any further 
calculations. [2] 

[Total 16] 



CM1A S2023–5 

9 (i) Explain why a life insurance company might need to set up non-unit reserves 
in respect of a unit-linked life insurance policy. [2] 

A 4-year unit linked policy issued to a life aged 45 exact has the following pattern of 
end of year cashflows per policy in force at the start of each year: 

(−40.75, −20.14, −15.76, 111.54) 

(ii) (a) Calculate, showing all working, the net present value of the profit on 
this policy. [4] 

(b) Calculate, showing all working, the non-unit reserves required to 
zeroise the negative cashflow. [3] 

(c) Recalculate, showing all working, the net present value of the profit 
after zeroisation. [2] 

(d) Discuss any difference between your answers to parts (ii)(a) and (ii)(c).
 [2] 

Basis: 
Mortality AM92 Select 
Reserving interest rate 4% p.a. effective 
Risk discount rate 8% p.a. effective 

The interest rate used to calculate the reserve is changed to j% p.a. effective, where 
4% < j% < 8%. 

(iii) Discuss the effect on your answers to parts (ii)(a) and (ii)(c). Do not perform 
any further calculations. [2] 

[Total 15] 
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10 The force of interest is a function of time and at any time t (measured in years) is 
given by the formula: 
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(i) Derive, and simplify as far as possible, expressions for v(t), where v(t) is the 
present value of a unit sum of money due at time t. 

You should consider separately the cases 0 8t   and 8t . [5] 

(ii) (a) Demonstrate that it will take more than 8 years for an investment to 
double in value. 

(b) Calculate, showing all working, the exact time in years it will take for 
an investment to double in value. 

 [4] 

The inflation rate over the first 10 years has been constant at 2% p.a. convertible 
quarterly. 

(iii) Calculate, showing all working, the real rate of return obtained on an 
investment made over this period. Express your answer as a percentage 
nominal rate p.a., convertible quarterly. [4] 

[Total 13] 

11 A loan is repaid, over a term of 20 years, by monthly instalments paid in arrears. 
During the first year, the annual rate of payment is £5,000. This rate then reduces by 
£300 at the start of each subsequent year of the term, up to and including the start of 
the 10th year, after which the rate remains unchanged. 

The instalments were calculated using a nominal rate of interest of 9% p.a. 
convertible monthly for the first 10 years and 10.5% p.a. convertible monthly for the 
remainder of the term. 

(i) Calculate, using appropriate annuity factors and showing all working, the 
amount of the loan. [9] 

(ii) Calculate, using appropriate annuity factors and showing all working, the 
capital and interest components of the 6th monthly instalment. [6] 

[Total 15] 

END OF PAPER 


