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EXAMINATION 
 

 

 10 May 2022 
 

 

Subject A211 — Financial Mathematics 
 

 

 

Time allowed:  

Two hours and fifteen minutes – examination time 

 

INSTRUCTIONS TO THE CANDIDATE 

1. Ensure that you have your candidate number handy to input as part of the two hours 15 

minutes examination. Write your candidate number at the top of each page. (DO NOT 

WRITE YOUR NAME OR MEMBER NUMBER.) 

2. You are strongly encouraged to use the first 15 minutes as reading time only, however, you 

may commence answering the paper whenever you are ready. You then have two hours to 

complete the paper. 

3.  Questions are only available on the ASSA Exam Platform and may not be printed or copied 

outside of the ASSA Exam Platform. 

4. You are required to write your answers on a clean A4 examination pad. Write only on one 

side of the paper and number your pages.  

5. Attempt all questions, beginning your answer to each question on a new page and 

numbering your answers clearly. 

6. Write in black or dark blue pen. 

7. You should show calculations where this is appropriate. 

8. You may not use any other computer program (e.g. Email, MS Word or Excel) or files, nor 

open any other browser during the examination. 

9. You MAY NOT make use of a Formulae and Tables book during the examination. Any such 

information that may be required will be provided to you within the examination. 

10. Mark allocations are shown in brackets. 

11. You may use additional scrap paper to make notes where this is appropriate. This paper 

MUST NOT BE HANDED IN as part of your answer script.  
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12. Assume that months are all equal length, unless otherwise stated. 

13. At the end of the examination time, you must stop writing and you will hand in your script 

to the invigilator.  

14. An option to opt out of the examination will become available one hour after the official 

examination start time. If you select the Opt-Out option, you agree and understand that 

your entire script/answers will be deleted and cannot be retrieved at a later stage and that 

your script or part thereof will not be put forward for marking. 

 Note: The Actuarial Society of South Africa will not be held responsible for any late 

submissions or loss of data where candidates have not followed instructions as set out 

above. 

END OF INSTRUCTIONS 
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QUESTION 1  
 

A government has just signed an agreement with a private consortium of investors to construct a 

dual toll road (paid freeway), with 15 toll gates to replace an existing road. The private consortium 

will be responsible for constructing, financing and operating the toll road for 20 years. At the end 

of that period, the toll road reverts to the government with no additional payments.  

 

Describe briefly the cashflows involved in this project and indicate whether the amount or timing 

(or both) is fixed or uncertain, from the viewpoint of the private consortium of investors.         

 

Set your answer out in a table format.       

                     [Total 6] 

 

 

QUESTION 2 
 

On 8 June 2020, just as scientists were battling to study the COVID-19 virus, an article appeared 

on one of the local news websites stating: 

“The South African government relies on models from well-established modelers that suggest we 

will have at least 40,000 deaths and about 1.2 million symptomatic cases by September 2020. On 

the other hand, a group of non-affiliated modelers, called PANDA, assert confidently that South 

Africa will not experience this level of Covid-19-related deaths and that it is unlikely we will exceed 

10,000 deaths as a result of this pandemic. Whom then to believe?” 

 

According to the South African government data, reported actual number of deaths due to COVID-

19 in South Africa by 20 September 2020 was 15,953. 

 

Explain the discrepancies with reference to the limitations of modelling.                                  

     [Total 7] 

 

QUESTION 3 
 

A customer borrows R40,000 under a consumer credit loan. Repayments are calculated to give a 

flat rate of 8.2%. Instalments are paid monthly in arrears for five years.  

 

Calculate the Annual Percentage Rate of charge (APR) paid by the customer.          

                                                                                                                                             [Total 7] 
 

          PLEASE TURN OVER 
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QUESTION 4 

 
A fixed interest bond bears coupons of 8% per annum payable quarterly in arrears and is 

redeemable at 98% of the par value, on any coupon date between 1 April 2027 and 1 April 2034, 

inclusive, at the option of the borrower. Coupons are paid on 1 April, 1 July, 1 October and  

1 January of each year. 

 

The investor is liable to pay tax at a rate of 25% on the coupon payments and aimed to earn a 

minimum net yield of 7.1% per annum effective on the bond. 

 

Calculate the price at which the investor purchased R100 nominal of the bond, on 1 June 2021. 

 

   [Total 8] 

 

 

QUESTION 5 

 

i. Let d be the annual effective discount rate and ( )pd  be the annual nominal discount rate 

 compounded 
thp -ly per annum. 

Starting with a series representing the present value of payments of 

( )pd

p
payable 

thp -ly in 

advance, derive 
( )

1 1

p
pd

d
p

 
− = − 

 
. Show all your steps.            [4]                                                           

ii. A sum of R1,500 is accumulated at a rate of discount of 6.5% per annum convertible 

quarterly for nine months, then at a nominal rate of interest of 7.5%  per annum 

convertible every four months for 24 months and finally at a constant force of interest of 

5.25% per annum, thereafter. 

 Calculate the accumulated amount of the investment after four years. 

[4] 

 

[Total 8] 

 

PLEASE TURN OVER 

 

 

 



A211 A2022                                                             Page 5 of 8                             ©Actuarial Society of South Africa 

QUESTION 6 

A small investor expects to receive 50 annual payments starting at R10,500 at the end of the first 

year, increasing by R500 each year thereafter. There is some uncertainty whether these payments 

will be received. 

Due to the uncertainty, the investor decides to increase the basic risk discount rate of  5% per 

annum effective. The basic risk discount rate will be converted to an annual force of interest  and 

a constant 0,512%  will be added to the annual force of interest.  

 

i. Calculate the present value of the payments.  

[5] 

Instead of increasing the basic risk discount rate the investor wishes to apply a probability which  

would express the constant addition to the risk discount rate as an annual probability of non- 

payment. 

 

ii. Calculate the corresponding annual probability for non-payment. 

[2] 

 

                                                                     [Total 7] 

 

QUESTION 7 

The force of interest ( )t , at time t is given by 

 

2

0.05                              0 < 10 
( )

0.003 0.0002          10 < t  

for t
t

t t for



= 

+

 

 

A continuous payment stream is paid at the rate of  0.003te−  per unit time between time t = 1 and 

time t = 8. Calculate, showing all steps, the future value of this payment stream at time t = 25.    

 

        [Total 11] 

 

 

 

PLEASE TURN OVER 
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QUESTION 8 
 

An investor borrows R1,200,000 at an effective interest rate of 7.25% per annum and invests the 

money in a project that produces an annuity income of R140,000 per annum payable half-yearly 

in arrears for 25 years. The income is first used to repay the loan.  

 

Once the loan is repaid, the investor can earn interest at an effective rate of 5.5% per annum on 

money invested from the annuity payments. 

 

i. Determine the discounted payback period for this investment. 

[4] 

ii. Determine the accumulated profit the investor will have made at the end of the term of the 

annuity income.     

                                                                                                  [6] 

 

[Total 10] 
 

QUESTION 9 

On 1 May 2021 the government of a country issued an index-linked bond of term 15 years 

redeemed at par. Coupons are payable half-yearly in arrears, and the annual nominal coupon rate 

is 3.5%. Interest and capital repayments are indexed by reference to the value of a retail price 

index with a time lag of eight months. The retail price index value on September 2020 was 

203.5 and on March 2021 was 206. 

It is assumed that the retail price index increases at an effective rate of 7% per annum after 

March 2021. 

i. Calculate the value of each of the first, second and last coupon per R100 nominal. Clearly  

            state the date on which each of these coupons will be paid. 

[6] 

ii. Calculate the real value of each of the first, second and last coupon per R100 nominal.  

[6] 

A tax-exempt purchaser of the bond, at the issue date, aims to secure a real yield of 4% per 

annum convertible half-yearly. 

iii. Write down, and simplify, the equation of value which will accurately calculate the price 

which should be offered for this bond. 

 

The equation must contain an annuity factor (with n >1) and a discount factor. 

    [4]  

 

  [Total 16] 

PLEASE TURN OVER 
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QUESTION 10 
 

An insurance company has a portfolio of annuity contracts under which it expects to pay 

R1,000,000 at the end of each of the next 20 years, followed by R500,000 at the end of each of the 

following 20 years.  

 

i. Calculate the duration (discounted mean term) of the insurance company’s liabilities at a  

 rate of interest of 6% per annum effective.                                                                        

[9] 

The insurance company can only invest their funds into a government bond which pays a coupon 

of 10% per annum in arrears and is redeemed at par in 15 years’ time. The yield to maturity of this 

government bond is 6% per annum effective and a coupon payment has just been made. 

 

ii. Calculate the duration (discounted mean term) of this government bond at a rate of interest 

 of 6% per annum effective.                                                                                                      

[5] 

iii. Explain why the insurance company cannot immunize its liabilities by purchasing 

 this government bond, only.                                                                                                                              

       [2] 

iv. Explain, with reason(s), under which circumstances the insurance company would make a 

loss if there was a small change in interest rates. No further calculations must be done. 

 

 [4] 

 

 [Total 20] 

                         

PLEASE TURN OVER 
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  [GRAND TOTAL 100] 

END OF EXAMINATION 


