
Actuarial Mathematics II
MTH5125

Problem Set 1 Solutions

Dr. Melania Nica

Spring Term



Exercise 6.1

Consider a fully discrete whole life insurance with sum insured
$200,000 issued to a select life aged 30. The premium payment
term is 20 years. Assume the mortality follows the Standard Select
Life Table with i = 5%.
a) Write down an expression for the net loss at issue random
variable
b) Calculate the annual premium.
c) Calculate the probability that the contract makes a profit
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Exercise 6.1

Benefits outgo: whole life insurance(annual, discrete) - $200,000
to be paid at the end of the year of death: vK[30]+1

Income: premiums paid over 20 years - term annuity due (if not
mentioned clearly in the question ). If the life dies (obviously)
premiums are not paid anymore.
Net future loss at issue:

Ln0 = 200, 000v
K[30]+1 − P ..amin(K30+1,20)

Equivalence principle:

E (Ln0) = 200, 000A[30] − P
..
a[30]:20 = 0
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Exercise 6.1

Reminder:
..
ax :n =

..
ax − vn npx

..
ax+n

..
a[30]:20 =

..
a[30] −20 E[30]

..
a[50]
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Exercise 6.1
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Exercise 6.1

Assume the life survives more than n > 20 years:
Did the policy made a profit at death?
At death:

I Benefit outgo: 200,000
I Income: premiums for 20 years only - bring them to the time
of death?

..
a[30]:20 × P (1.05)

20 ×︸ ︷︷ ︸
FV at the end of 20 years

(1.05)n−20 > 200, 000

We want the smallest integer such that the accumulations of
premiums to time n exceed the sum insured

n = 53
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Exercise 6.1

The probability of profit is 52p30 = 0.70704.
Note that the benefit will be paid at time 53 or layter if the life
survives for 52 years from issue.
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Exercise 6.2

Consider a five-year term insurance issued to a select life aged 40
by a single premium, with sum insured $1 million payable
immediately on death. Assume mortality follows the Standard
Select Life Table with UDD between integer ages, i = 5%.
a) Write down an expression for the net loss at issue random
variable
b) Calculate the annual premium.
c) Calculate the probability that the contract makes a profit
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Exercise 6.2

Net random loss:

Ln0 = 1, 000, 000v
T[40] × 1 (T40 ≤ 5)− P

Equivalence principle:

E (Ln0) = 1, 000, 000 Ā
1
[40]:5 − P = 0

P = 1, 000, 000 Ā1[40]:5

9 of 31



Exercise 6.2

Note (using UDD) that

Ā1[x ]:n =
i
δ
A1[x ]:n

A1x :n = Ax − nExAx+n

Important: when calculating the term insurance benefit keep in
mind that at 45 the life that started the contract at 40 is not
anymore select! We use table D!
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Exercise 6.2
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Exercise 6.3
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Exercise 6.3

Let B be the benefit of a 3-year term insurance
Income: Premium: 350 paid annualy (if alive)!
Net random loss:

Ln0 = Bv
K [41]+1 × 1

(
K[41]+1 ≤ 3

)
− P ..amin(K41+1,3)

E (Ln0) = BA
1
[41]:3 − P

..
a[41]:3
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Exercise 6.3

Alternative way of writing: let K = K[41] with K = {0, 1, 2}

Ln0 =

{
BvK+1 − P ..aK+1 for K = {0, 1, 2}
−P ..a2 for K ≥ 3
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Exercise 6.3

Equivalence principle:

E (Ln0) = BA
1
[41]:3 − P

..
a[41]:3 = 0

with:
BA1

[41]:3 = B ∑
k={0,1,2}

v k+1 k |q[41]

P
..
a[41]:3 = 350 ∑

k={0,1,2,≥3}

..
amin(k+1,2) k |q[41]
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Exercise 6.3

k |q[41] is the death rate: P [K = k ]

Remember also: E
(
..
aK+1

)
=

∞
∑
k=0

..
ak+1 k |qx ≡

∞
∑
k=0

v k+1 kpx
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Exercise 6.3

The death rate
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Exercise 6.3
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Exercise 6.3
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Exercise 6.3
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Exercise 6.3
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Exercise 6.5
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Exercise 6.5
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Exercise 6.5

Reminder:
..
ax :n =

..
ax − vn npx

..
ax+n
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Exercise 6.5

25 of 31



Exercise 6.6
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Exercise 6.6
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Exercise 6.6

Reminder:

Term insurance: A1x :n = Ax − nExAx+n

Endowment insuranceAx :n = A1x :n + nEx

Endowment insurance: Ax :n = Ax −n ExAx+n +n Ex
Endowment insurance (continuos case: benefit paid immediately
on death:

_
Ax :n =

i
δ
(Ax −n ExAx+n) +n Ex
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Exercise 6.6
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Exercise 6.7
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Exercise 6.7

31 of 31



Exercise 6.7
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Exercise 6.8

A fully discrete whole life insurance with unit sum insured is issued
to (x). Let L0 denote the net future loss random variable with the
premium determined by the equivalence principle. You are given
that V [L0] = 0.75. Let L∗0 denote the net future loss random
variable with the premium determined such that E [L∗0 ] = −0.5.
Calculate V [L∗0 ] .

33 of 31



Exercise 6.8
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Exercise 6.8
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Exercise 6.9
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Exercise 6.9
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Exercise 6.9

Reminder from MTH5124:
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Exercise 6.9
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Exercise 6.9
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