EXAMINATION
22 September 2020

Subject A211 — Financial Mathematics
Time allowed:
Two hours and fifteen minutes – exam time
20 minutes (at the end of the exam) – scan and upload time

INSTRUCTIONS TO THE CANDIDATE
1. Once you have entered the Exam Platform, ensure that you have accessed the Video
Room Invigilation link with both your camera and microphone on, before you attempt
the exam.
2. Your PC must be placed, and camera angled, so that your writing area on your desk is
visible to the invigilator.
3. Ensure that you have your candidate number handy to input as part of the exam. Write
your candidate number at the top of each page. (DO NOT WRITE YOUR NAME.)
4. Your cell phone that will be used to scan your final answer scrip must be switched
OFF during the 2 hours and 15 minutes exam time. Place your cell phone at the top
of your exam pad / writing pages in view of the invigilator.
5. 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.
6. Questions are only available in the Exam platform and may not be printed or copied
outside of the Exam platform.
7. You are required to write your answers on a clean A4 exam pad. Write only on 1 side
of the paper. Write your candidate number at the top of each page and number your
pages.
8. Attempt all questions, beginning your answer to each question on a new page and
numbering your answers clearly.
9. Write in black or dark blue pen.
10. You should show calculations where this is appropriate.
11. You MAY NOT use any computer program (e.g. email, MS Word or Excel), files or
open any other browsers or browser tabs during the examination time.
12. Mark allocations are shown in brackets.
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13. You may use additional scrap paper to make notes where this is appropriate. This
paper MUST NOT BE SCANNED as part of your answer script.
14. Assume that months are all of equal length, unless otherwise stated.
15. At the end of the 2 hours and 15 minutes exam time, you must stop writing and may
start scanning and uploading your script. Do not continue writing into upload time.
16. Access to your PC will be opened-up after the exam time so you can access your
scanned file. You may now also switch on your cell phone to scan.
17. Scan ALL your answer pages to .pdf so that your candidate number at the top of the
page is clear.
18. Save your .pdf scanned file using your candidate number as file name. (DO NOT USE
YOUR NAME AS FILE NAME)
19. Transfer your .pdf script to your PC and click on the UPLOAD ANSWERS link below
the exam paper link.
20. Upload your answer file into the Exam Platform and ensure you click on FINISH
below the upload box and again on FINISH all and SUBMIT, before the 20 minute
upload time is up. (If the status on the summary page indicates “Answer saved” your
file was uploaded. You can click on Review attempt to see the file you have uploaded.)
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 local bank has introduced a new student savings account that gives a student two options:
▪ Deposit R2,500 for one year and earn an effective rate of discount of 9.0913% per
annum for the first six months and an effective interest rate of 10.5% per annum for the
last six months or
▪ Deposit R2,500 for one year and earn 10% per annum compounded half-yearly for the
entire year.
Which option, if any, is best for the student from a financial perspective? Show your
calculations and justify your answer fully.
[4]
QUESTION 2
Sandra has a daughter aged eight, exactly, on 1 January 2020. She would like to provide her
daughter with R20,000 (in real terms) on each 1 January of her three years at university (when
her daughter will turn 19, 20, and 21).
Sandra can earn an effective real interest rate on her investments of 4% per annum for the next
five years, and 6% per annum, thereafter.
The inflation rate is expected to remain constant at 5% per annum for the foreseeable future.
i.

Calculate the amount of money Sandra should invest on 1 January 2020.

[3]

Sandra invests the amount calculated in part (i), but then decides to give her daughter a single
lump sum at the start of her first year of university (instead of the three instalments).
ii.

Calculate the lump sum the daughter can expect to receive.

[3]
[Total 6]

QUESTION 3
The force of interest  (t ) at any time t , where t is measured in years, is given by the formula
if 0  t  3
0.01

 (t ) = 0.05 − 0.01t if 3  t  7
 0.01t − 0.02 if
t 7


If R100 is invested at t = 2 and a further R600 is invested at t = 8 , calculate the accumulated
amount at time t = 10 .
[Total 9]
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QUESTION 4
Let i be the annual effective interest rate and n and p be any natural numbers.
i.

Define algebraically, in a summation format, an( pi) .

[1]

ii.

Prove that am( p+)n i = am( p )i + v m an( pi)

[3]
[Total 4]

QUESTION 5
The n -year forward rate for transactions beginning at time t and maturing at time t + n is
denoted by f t , n . You are given:
f 0,1 = 5.0% per annum

f 0,2 = 5.5% per annum
f1,2 = 5.7% per annum

i.

Calculate the 3-year par yield.

[4]

ii.

Outline briefly the liquidity preference theory and then, explain whether (or not) the
theory can be used to fully explain the term structure of spot rates above.
[3]
[Total 7]

QUESTION 6
A small investor has the following liabilities:
•
•

R9,000 payable at the end of years one, two, three and four, and
R11,000 payable at the end of years five and six.

The investor has exactly enough money to cover the liability based on a constant force of
interest of 6.5% per annum. This force of interest is also used in the market to determine the
price of all assets. He wishes to invest the money in a combination of the following two assets:
Asset A: Cash account
Asset B: 10-year zero coupon bond redeemable at par
Calculate the amounts that should be invested in Asset A and B to immunise the portfolio
against small changes in the interest rate. Focus only on the first two conditions of the
immunisation theory.
[Total 15]

PLEASE TURN OVER
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QUESTION 7
i.

On 1 January 1997, a bank issued a loan of R275,000, repayable by level monthly
instalments payable in arrears. The loan was issued at a rate of interest of 11.25% per
annum compounded quarterly and the last monthly instalment will be paid on 1 January
2022.
On 1 January 2004, immediately after the monthly instalment then due, the effective
annual rate of interest was changed to 13% per annum.
Calculate the change in the monthly instalment due to the change in the interest rate
assuming that the original term of the loan was unchanged.
[7]

ii.

Comment on your answer in (i).

[1]
[Total 8]

PLEASE TURN OVER
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QUESTION 8
i.

Derive a capital gains test for an investment in a fixed interest bond. The test must be
in terms of the net redemption yield on the fixed interest bond.
The following notation may be used:
R = redemption %, P = price paid, D = annual coupons payable p times per year

i ( p ) = net redemption yield, n = term of fixed interest bond, t1 = income tax and

t 2 = capital gains tax

[4]

A fixed interest bond of nominal amount of R1,200,000 is issued with 8% coupons per annum,
payable half-yearly in arrears. Redemption will be at 133% on any coupon date between 15 and
25 years after the date of issue. The date of redemption is at the option of the borrower.
ii.

An investor who is liable for paying income tax at 40% wishes to purchase the entire
nominal value of this fixed interest bond at the date of issue. The investor does not pay
any capital gains tax.
Calculate the price the investor should pay to ensure a net effective yield of at least 6%
per annum?
[8]

iii.

Suppose that the investor pays the price calculated in (ii) but the borrower redeems the
fixed interest bond at a different date from the one chosen in (ii).
Explain, without doing any additional calculations, what the change will be on the
investor’s net effective yield.
[3]
[Total 15]
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QUESTION 9
An investor is considering the following project.
At the beginning of each of the first three years of the project, R210,000 will be invested. The
investor does not have sufficient capital but can borrow money from the bank at an effective
interest rate of 6% per annum.
Net revenue is received from the start of the project and will be received continuously. The
initial rate of payment is R30,000 per annum, but is expected to grow continuously at an
effective rate of 5.5% per annum. The length of the project is 25 years.
The investor can earn interest at an effective rate of 4.5% per annum on any money invested in
his bank account. The investor has the option to repay the loan as early as possible with revenue
received from the project.
i.

Calculate the discounted payback period for the project.

[10]

ii.

Calculate the profit/loss the investor will make at the end of the project.

[10]
[Total 20]

QUESTION 10
Describe ten key steps that should be followed in the modelling process.
[Total 12]
[GRAND TOTAL: 100]

END OF EXAMINATION
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