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QUESTION 1 
 
An annual effective interest rate of i is used in the following calculations. 
 
An actuarial student has calculated the following interest rates:   
  

𝑖𝑖 𝑖𝑖(12) 𝛿𝛿 𝑑𝑑(4) 
      
i. Which of these interest rates will have the lowest numerical value? 

[1] 
An actuarial student has calculated the annuity values: 
  

𝑠𝑠𝑛𝑛  𝑠̈𝑠𝑛𝑛
(12) 𝑠̅𝑠𝑛𝑛  𝑠𝑠𝑛𝑛

(4) 
 
ii. Which of these annuity values will have the highest numerical value? 

[1] 
iii. Explain, with reason(s), your choice in (ii). 

[2] 
A life insurance company wishes to calculate the present value of an 𝑛𝑛-year increasing annuity, 
payable annually in arrears. The first annuity payment is of amount 𝑋𝑋 and each subsequent 
payment increases by amount 𝑌𝑌.  
 
The following expressions have been proposed to calculate the present value of the annuity.  
 
A. 𝑋𝑋𝑎𝑎𝑛𝑛 +  𝑌𝑌(𝐼𝐼𝐼𝐼)𝑛𝑛  B. (𝑋𝑋 − 𝑌𝑌)𝑎𝑎𝑛𝑛 +  𝑌𝑌(𝐼𝐼𝐼𝐼)𝑛𝑛−1

  
C. (𝑋𝑋 + 𝑌𝑌)(𝐼𝐼𝐼𝐼)𝑛𝑛  D. (𝑋𝑋 − 𝑌𝑌)𝑎𝑎𝑛𝑛 +  𝑌𝑌(𝐼𝐼𝐼𝐼)𝑛𝑛−1

 + 𝑌𝑌𝑌𝑌𝑣𝑣𝑛𝑛 
 

iv. Write down the letter that corresponds to the expression that would correctly provide the 
present value of the described annuity. 

[2] 
A financial product has the following cashflow model: 
The lender makes an initial deposit in exchange for a regular series of positive cashflows of equal 
amounts followed by a larger positive cashflow at the end of the term. 
 
Consider the following financial products: 
 

Zero-coupon bond Annuity-certain Fixed interest bond Repayment loan 
 
v. Which of the financial products listed is most likely to have the cashflow described above? 
 Explain your answer briefly. 

[2] 
[Total 8] 

PLEASE TURN OVER 
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QUESTION 2 
 
An investor has a single liability of R10,000 due in 15 years’ time.  
 
The investor fully immunizes the liability by investing R4,450 in a zero-coupon bond with a term 
of (15 −𝑚𝑚) and R5,618 in a zero-coupon bond with a term of (15 + 𝑚𝑚), where all terms are 
measured in years.  
 
The yield on zero-coupon bonds of all terms is currently 6% per annum effective.  
 
i. Calculate the value of 𝑚𝑚. 

[8] 
The yield on zero-coupon bonds of all terms immediately decreases to 4% per annum effective.  
 
ii. Calculate the investor’s profit or loss. 

[3] 
[Total 11] 

 
 
 

QUESTION 3 
 
The force of interest at time 𝑡𝑡, 𝛿𝛿(𝑡𝑡), is the instantaneous change in the fund value, expressed as an 
annualized percentage of the current fund value, 𝑉𝑉𝑡𝑡. This implies that 
 

𝛿𝛿(𝑡𝑡) =
𝑑𝑑
𝑑𝑑𝑑𝑑 𝑉𝑉𝑡𝑡
𝑉𝑉𝑡𝑡

 

𝐴𝐴(𝑡𝑡1, 𝑡𝑡2) is defined as the accumulation at time 𝑡𝑡2 of an investment of 1 at time 𝑡𝑡1. 
 
i. Derive an expression for 𝐴𝐴(𝑡𝑡1, 𝑡𝑡2) , in terms of 𝛿𝛿(𝑡𝑡), by starting with the definition of 𝛿𝛿(𝑡𝑡) 

as given above. 
[4] 

The annual force of interest, 𝛿𝛿(𝑡𝑡), is a function of time t (measured in years) and is given by:   
 

𝛿𝛿(𝑡𝑡) = �0.02          for 0 ≤ 𝑡𝑡 < 5
𝑟𝑟 for 𝑡𝑡 ≥ 5  

 
 
 
 
 

PLEASE TURN OVER 
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An investor is considering investing in Investment A.  
 
Investment A: 
An eight-year zero-coupon bond with a redemption value of R10,492.  
 
Using 𝛿𝛿(𝑡𝑡), Investment A has a present value of R8,600. 
 
ii. Calculate the numerical value of  𝑟𝑟.  

[4] 
Alternatively, the investor could invest R8,600 in Investment B.  
 
Investment B: 

A savings account which earns simple interest at a rate of 5.5% per annum, will provide an 
amount of R10,492 after n years. 
 
iii. Calculate the numerical value of n. 

[3] 
The effective annual yields on Investment A and Investment B have been calculated. 
 
iv. Explain, with reason(s), which investment will have the highest effective annual yield. 

No further calculations are required. 
[2] 

[Total 13] 
 
 

QUESTION 4 
 
An entrepreneur takes out a loan of R130,000 that is to be repaid by annual installments in arrears 
over 24 years. The bank agreed that the first five installments only need to be R10,000 each.  From 
the sixth installment each installment is of amount R𝑌𝑌.  
 
An effective annual interest rate of 11% applies to the loan.  
 
i. Calculate 𝑌𝑌.  

[4] 
ii. Calculate the capital portion of the fourth installment. 

[5] 
iii. Comment on the numerical answer of (ii). 

[3] 
The capital portion of the eighth installment is R 3,392.52 

 
iv.  Explain the relative capital portions of the fourth and eighth installments. 

[1] 
[Total 13] 

 
PLEASE TURN OVER 
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QUESTION 5 
 
An investor bought 10,000 shares at R72 per share on 1 January 2022. The shares paid annual 
dividends according to the following table: 
 

Date Dividend per 
share 

Consumer Price 
Index (CPI) 

31 December 2021  92.7 
31 December 2022 R4.80 96.5 
31 December 2023 R5.25 99.8 
31 December 2024 R5.33 102.1 

 
On 31 December 2024, the investor sold all their shares at R88 per share after receiving the 
dividends on that date. 
 
i. Calculate, using linear interpolation, the annual real yield earned by the investor.  

[10] 
ii. State, with reason(s), whether the real or nominal yield would be greater for this 

investment.   
[3] 

[Total 13] 
 

QUESTION 6 
 
A fixed interest bond pays coupons at 8.5% per annum, quarterly in arrears. The bond is 
redeemable at 105% per R100 nominal on any coupon date between 10 and 15 years after the date 
of issue. 

A particular investor is subject to income tax (only) at 40% and wishes to invest in this fixed 
interest bond, at issue, to earn a net yield of at least 4.5% per annum effective. 
 
i. Calculate the price, per R1,000 nominal, for this fixed interest bond. 

[5] 
The fixed interest bond is purchased for the price calculated in (i).  
 
ii. Calculate the running yield for this fixed interest bond. 

[2] 
The investor wishes to know whether the maximum net annual effective yield that he can earn on 
this fixed interest bond is more than or less than 5%. 
 
iii. Explain, by performing appropriate calculations, whether the maximum yield is more than 

or less than 5%.  
[4] 

[Total 11] 
 

PLEASE TURN OVER 
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QUESTION 7 
 
The term structure of interest rates refers to the fact that interest rates vary according to the term 
of the investment.  
 
i. State the three most popular explanations for this phenomenon. 

[2] 
Consider a project that produces a series of cashflows, 𝑐𝑐𝑡𝑡 at time 𝑡𝑡, which can be discounted at the 
force of interest, 𝛿𝛿 per annum, to produce the net present value 
 

𝑁𝑁𝑁𝑁𝑁𝑁(𝛿𝛿) = �𝑐𝑐𝑡𝑡𝑒𝑒−𝛿𝛿𝛿𝛿 
It is given that 𝑁𝑁𝑁𝑁𝑁𝑁(𝛿𝛿) ≠ 0. 
 
ii. Write down an expression for the discounted mean term (DMT) of this project, in terms 𝑐𝑐𝑡𝑡 

and 𝛿𝛿. 
[1] 

An investor purchases a 12-year level annuity, payable annually in arrears. The annuity payments 
are R800 per annum and the interest rate is 4.5% per annum effective. 
 
iii. Calculate the discounted mean term (DMT) of this level annuity. 

[4] 
The payments of this annuity are altered, such that the first payment is R800, and each subsequent 
payment increases at a rate of 4.5% per annum compound. The interest rate applicable is still 4.5% 
per annum effective. 
 
iv. Calculate the discounted mean term (DMT) of this new annuity. 

[4] 
[Total 11] 

 
QUESTION 8 
 
An investor decides to purchase a takeaway restaurant for R800,000. The restaurant is expected to 
produce an income of R450,000 per annum, payable continuously, for the next ten years.  
 
The running costs will be R250,000 per annum, payable continuously. In addition, the investor 
will incur marketing costs for the first three years of the project. The marketing costs are R10,000 
per month, payable in advance, and increase by 6% at the start of each subsequent year. 
 
The investor currently has insufficient funds to finance this venture, but can borrow the initial 
outlay of R800,000 from a bank, which will charge an annual effective rate of 7.5%.  
 
The investor wishes to use any excess income to repay the loan as soon as possible. Thereafter, 
excess funds can be invested and earn 6.25% per annum effective.  
 

PLEASE TURN OVER 
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i. Calculate the discounted payback period (DPP) of the loan. 
 (Hint: The discounted payback period (DPP) is longer than three years.) 

[6] 
ii. Calculate the accumulated profit of this venture after ten years (at 𝑡𝑡 = 10). 

[4] 
Alternatively, the investor has the option of borrowing the R800,000 by taking out an interest-only 
loan for a fixed term of ten years at an effective rate of interest of 7.5% per annum. The loan is to 
be repaid in full after ten years (with no early repayment option) and interest on the loan is paid at 
the end of each year.  

 
iii. Calculate the accumulated profit of this option after the loan has been repaid at 𝑡𝑡 = 10. 

[7] 
iv. Explain, with reasons, the relative numerical values of (ii) and (iii). 

[3] 
[Total 20] 

[GRAND TOTAL 100] 

END OF EXAMINATION 


