EXAMINATION
14 May 2021

Subject A211 — Financial Mathematics

Time allowed:
Two hours and fifteen minutes – examination time
20 minutes (at the end of the examination) – scan and upload time

INSTRUCTIONS TO THE CANDIDATE
1. Once you have entered the ASSA Exam Platform, ensure that you have accessed the
Video Room Invigilation link with both your camera and microphone on, before you
attempt the examination.
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 2 hours 15
minutes examination. Write your candidate number at the top of each page. (DO NOT
WRITE YOUR NAME OR MEMBER NUMBER.)
4. Your cell phone that will be used to scan your final answer script must be switched OFF
during the 2 hours and 15 minutes examination time. Place your cell phone at the top of
your examination 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 ASSA Exam Platform and may not be printed or copied
outside of the ASSA Exam Platform.
7. You are required to write your answers on a clean A4 examination pad. Write only on 1
side of the paper and number your pages.
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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. 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.
13. Mark allocations are shown in brackets.
14. 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.
15. Assume that months are all of equal length, unless otherwise stated.
16. At the end of the 2 hours and 15 minutes examination time, you must stop writing and
may start scanning and uploading your script. Do not continue writing into upload time.
17. Access to your PC will be opened-up after the examination time so you can access your
scanned file. You may now also switch on your cell phone to scan.
18. Scan ALL your answer pages to .pdf so that your candidate number at the top of the page
is clear.
19. Save your .pdf scanned file using your candidate number as file name. (DO NOT USE
YOUR NAME OR MEMBER NUMBER AS FILE NAME.)
20. Transfer your .pdf script to your PC and click on the UPLOAD ANSWERS link below the
examination paper link.
21. Upload your answer file into the ASSA 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
The news of COVID-19 spreading across the world led a group of researchers to develop a model,
called the S − I − R model, to estimate the number of COVID-19 positive cases at any point in
time. In the model
• S = Susceptible, those without the virus but can be infected
• I = Infected, those who have been infected by the virus and
• R = Removed, those who have either died or have recovered from the virus infection or
are immune to the virus
Assume that:
• The population of any country is divided into the three categories of S, I and R.
• The number of new infections is a result of the interaction between members of the three
categories.
• The rates of interaction between the categories are stipulated as 1 ,  2 and  3 , respectively.
• S + I + R = N is constant (national population) at all t where t > 0.
List five factors to consider when assessing the suitability of the proposed modelling approach and
for each listed factor explain whether this model meets the suitability requirements in this context.
[Total 7]

QUESTION 2
i.

Prove that

d
i
ii.

( p)

( p)

1
d

( p)

=

1
1
+ ( p ) , where p can be any natural number and
p i

= nominal discount rate compounded p -thly per annum and
= nominal interest rate compounded p -thly per annum.

[4]

Explain how the identity in (i) can also describe the relationship between the present
values of two perpetuities, each paying 1 per annum p times per year, where the one
perpetuity is payable in advance and the other is payable in arrears.
[3]
[Total 7]

QUESTION 3
Describe briefly the three most popular theories used to explain the term structure of interest rates.
[Total 4]
PLEASE TURN OVER
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QUESTION 4
i.

The force of interest  (t ) , at time t is given by
if t  8
0.03
 (t ) = 
if t  8
 0.05
where t is measured in years.
Calculate the present value at time t=0 of a continuous payment stream payable at a rate
0.05t
of  (t ) = 5e
per year from time t=0 to time t=15.
[10]

ii.

The half-yearly effective rate of interest is 2.5%.
a.
b.

Calculate the equivalent annual nominal rate of discount, convertible every four
months.
[2]
1
( )
Calculate the equivalent rate of interest denoted by i 4 .
[2]
[Total 14]

QUESTION 5
A listed company has liabilities of R100 million due in ten years’ time and R200 million due in 15
years’ time. It also owns assets consisting of two zero-coupon bonds, one paying R74.04 million
in two years’ time and the other paying R318.34 million in 25 years’ time. The current interest rate
is 7% per annum effective.
i.

Show that Redington's first two conditions for immunisation against small changes in the
rate of interest are satisfied for this company.
Work in millions and allow for rounding to two decimal places in your final answers.
[7]

PLEASE TURN OVER
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The interest rate then increases immediately to 8% per annum effective.
ii.

Determine the present value of the profit or loss that the company will make at the new
increased interest rate.
[2]

PLEASE TURN OVER
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iii.

Explain the reason for the profit or loss with reference to Redington's theory of
immunisation.
[4]
[Total 13]

QUESTION 6
An investor takes out a loan to be repaid monthly over 25 years.
The annual rate of interest is 8% compounded half-yearly and the monthly repayment is R300,
payable in arrears.
i.

Calculate the original size of the loan

[3]

With each of the 84 th and 120th repayments of R300, the borrower repays an extra R1,000. The
borrower then renegotiates to repay the outstanding balance of the loan with equal monthly
repayments over eight years immediately following the 120 th payment. A reduced annual effective
interest rate of 7% will be applicable to the new time period.
ii.

Calculate the loan outstanding at the time of the 120th monthly repayment, after all
payments then due have been received.
[4]

Now assume that the loan outstanding in (ii) has been calculated as R29,400.
iii.

Calculate the interest portion of the payment made exactly 15 years after the date of taking
out the original loan.
[6]
[Total 13]
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QUESTION 7
The following investments were made on 15 January 2015.
Investment A
R10,000 was placed in a special savings account with a five-year term. The invested money
accumulated at the following interest rates:
Year
1
2
3
4
5

Effective interest rate per annum
3.5%
4.5%
5.5%
6.5%
7.5%

Investment B
R10,000 was invested in a zero coupon bond with a five-year term. The redemption proceeds were
increased by inflation as represented by the Retail Price Index (RPI) with a two month time lag.
In addition, simple interest was paid on the amount originally invested at a rate of 2.75% per
annum.
The RPI at various times was as follows:
Date
15 Jan 2014
15 Jan 2015
15 Jan 2016
15 Jan 2017
15 Jan 2018
15 Jan 2019
15 Jan 2020

RPI
236.4
240.0
250.0
264.4
266.6
270.4
275.6

Date
15 March 2014
15 March 2015
15 March 2016
15 March 2017
15 March 2018
15 March 2019
15 March 2020

RPI
235.1
240.2
251.7
264.2
267.3
271.0
276.0

Date
15 Nov 2014
15 Nov 2015
15 Nov 2016
15 Nov 2017
15 Nov 2018
15 Nov 2019
15 Nov 2020

RPI
237.6
243.7
249.1
267.8
270.2
274.0
280.2

Investment C
R10,000 was invested in a five-year annuity at an effective interest rate of 6.25% per annum. The
annuity provided annual payments in arrears.
i.

Calculate the annual annuity payment, provided to the investor, by the annuity in
Investment C.
[2]

ii.

Calculate the annual effective real rate of return earned on Investment A and on
Investment B over the period 15 January 2015 to 15 January 2020.
[9]

iii.

Show that the annual effective real rate of return earned on Investment C, over the period
15 January 2015 to 15 January 2020, is approximately 2.722%.
[6]
[Total 17]
PLEASE TURN OVER
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QUESTION 8
i.

Describe the cashflows for an investor who purchases a share in a company. The
company’s shares are listed on the JSE.
Include reference to the certainty/uncertainty of the cashflow.

ii.

[4]

The value of a share is P, just after a dividend payment has been made. Let D be the
amount of the dividend payment that has just been paid.
Assume that:
•
•
•
•
•

Dividends are paid annually in arrears.
Dividends grow at a rate of g% per annum effective.
Dividends continue into perpetuity.
No allowance is made for the possibility that the company may default and the
dividend payments may cease.
The interest rate used to value the share is i% per annum effective.

Derive a formula for P in terms of D, g and i.
iii.

[4]

An actuarial financial analyst is valuing two companies, Company A and Company B.
Company A is assumed to pay its first annual dividend after exactly six years. It is assumed
that the dividend will be R1.08 per share at that time. Annual dividends are then assumed
to grow at 10% per annum compound over the following six years and at 3% per annum
compound in perpetuity thereafter.
Company B is expected to pay an annual dividend of R0.75 per share in exactly one year.
Annual dividends are then expected to increase thereafter by R0.50 every year.
Company B is expected to reach the end of its profitable business period after 30 years and
at that time the share will be worthless.
The analyst values dividends from both shares at a rate of interest of 6% per annum
effective.
a.

Calculate the value of a share in Company A.

[9]

b.

Calculate the value of a share in Company B.

[4]

Subsequently, there is a general rise in interest rates and the analyst decides it is appropriate
to increase the valuation rate of interest to 7% per annum effective.
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c.

Without doing any further calculations, explain what the influence of the increase
in the valuation rate of interest will be on the values calculated in (i) and (ii).
Include reference to the relative changes in the values.
[4]

[Total 25]
[GRAND TOTAL 100]

END OF EXAMINATION
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