
MATH 3630
Actuarial Mathematics I

Final Examination
Monday, 14 December 2009, Monteith 303

Time Allowed: 2 hours (6:00 – 8:00 PM)
Total Marks: 130 points

Please write your name and student number at the spaces provided:

Name: Student ID:

• There are thirteen (13) written-
answer questions here and you
are to answer all twelve. Each
question is worth 10 points.
Your final mark will be divided
by 130 to convert to a unit of
100%.

• Please provide details of your
workings in the appropriate
spaces provided; partial points
will be granted.

• Please write legibly.

• Anyone caught writing after
time has expired will be given
a mark of zero.

• Good luck.

• Wishing you a Merry Christ-
mas and a Prosperous New
Year!
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MATH 3630, ACTUARIAL MATHEMATICS I, FALL 2009 FINAL EXAMINATION

Question No. 1:

For whole life annuity-due policies on (65) and (66), you are given:

• The annuity payments of $10 are made annually.

• The interest rate is 0.04 for year 2009 and 0.05 for years 2010 and thereafter.

• q65 = 0.015 and q66 = 0.016

• The actuarial present value of the life annuity on (66) is 120 as of the beginning of year
2009.

Calculate the actuarial present value of the life annuity on (65) as of the beginning of year
2009.
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Question No. 2:

For a special whole life insurance policy issued to (40), the death benefits are:

• payable at the end of the year of death, and

• $20,000 if death occurs in the first 10 years, and $10,000 if death thereafter.

The expense-loaded premium, payable annually, is $697.93 based on the following expenses:

• sales commission is 30% of the expense-loaded premium in the first year, and 5% there-
after;

• acquisition expense is $80 per $1,000 of benefit in the first year and maintenance ex-
penses are $30 per $1,000 of benefit for years 2 and thereafter; and

• death settlement expense is $K.

Mortality follows the Illustrative Life Table with i = 6%.

Calculate the value of K.
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Question No. 3:

A whole life insurance is issued to (20) with a benefit of $100 to be paid at the moment of
death.
The force of interest is 10% and mortality is based on the following model:

`x = 1000
(

1− x
100

)1/2

, for x ≥ 0.

For this insurance, denote the present value of the benefit random variable by Z.

Calculate the probability that Z will exceed $25.
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Question No. 4:

You are given the following:

• V20 20 = 0.082

• V30 20 = 0.168

• V20 30 = 0.142

Calculate V10 20 and interpret this value.
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Question No. 5:

For a fully discrete whole life insurance of $1 on (35), you are given:

• If death occurs during the first 30 years, the single benefit premium will be returned
without interest at the end of the year of death.

• ä65 = 10.12

• E30 35 = 0.18

• A
35: 30

= 0.25

• i = 7%

Calculate the single benefit premium.
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Question No. 6:

An insurance company has a portfolio of policies, all issued at the same time, consisting of:

• 100 whole life annuity-due contracts all issued to (65), each with annual payment of
$2, and

• 200 whole life insurance contracts all issued to (50), each with a death benefit of $1
payable at the end of the year of death

Future lifetimes of all policyholders are independent. Interest rate i = 6% and you are given:

x 1000Ax 1000( A2
x)

50 205.08 63.92
65 401.77 199.85

Using Normal approximation, calculate the amount of the fund needed at issue to be 99%
certain of having enough money to pay all the benefits in the portfolio. (Note: the 99th

percentile of a standard Normal is 2.326.)
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Question No. 7:

You are given the following:

• ä30 = 21.30

• ä40 = 20.54

• E10 30 = 0.68

• i = 3.5%

• Deaths are uniformly distributed over each year of age interval.

Calculate A(4)
30: 10

and interpret this actuarial symbol.
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Question No. 8:

For a 10-year term life insurance policy of $1 issued to (25), you are given:

• Death benefit is payable at the end of the year of death.

• Level premium is payable at the beginning of each year for 5 years.

Using actuarial symbols you have learned from this course, give both the prospective and
the retrospective benefit reserve formulas at the end of 4 years.
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Question No. 9:

A life insurer issues a fully continuous whole life policy of $1 to (30). You are given:

• Force of mortality is constant at µ.

• Force of interest is constant with δ = 4µ.

• Premium is determined according to the actuarial equivalence principle.

Determine the probability that the insurance company will make a profit.
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Question No. 10:

For a special whole life policy issued at age 25, you are given:

• Death benefit is payable at the end of the year of death, with benefit amount equal to
$4,000 if death is within the first 20 years and $2,000 if death is thereafter.

• Mortality follows the Illustrative Life Table with i = 6%.

• The level annual benefit premium is payable at the beginning of each year and is de-
termined according to the actuarial equivalence principle.

Calculate the 10th year benefit reserve.
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Question No. 11:

For two mortality assumptions labeled A and B, their forces of mortality are related as fol-
lows:

µA
x = βµB

x , for some β > 0, for all x ≥ 0.

You are given:

• qA
10 30 = 0.271

• qB
10 30 = 0.190

• qB
20 30 = 0.360

Calculate qA
20 30.
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Question No. 12:

You are given:

• qx = 0.04, for all x ≥ 0

• Ax = 1
6

Calculate A2
x.
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Question No. 13:

You are given:
µ40+t = 0.02, for all t > 0

and

δt =
{

0.05, for 0 < t ≤ 10
0.10, for t > 10 .

Calculate ā40.

14



MATH 3630, ACTUARIAL MATHEMATICS I, FALL 2009 FINAL EXAMINATION

EXTRA PAGE FOR ADDITIONAL OR SCRATCH WORK
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EXTRA PAGE FOR ADDITIONAL OR SCRATCH WORK
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