
Mathematics of Life Insurance 2

Sample Test - Solution

Part 1 (3 points)
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Part 2 (3 points)

The (generalized) equivalence principle is

PB · äx:m = (IA)1x:n + α+ β · PB · äx:m + γ · äx:n ,

and therefore,

PB =
(IA)1x:n + α+ γ · äx:n

(1− β) · äx:m
.

The components of the expense-loaded premium reserve are:
the net premium reserve

kVx =

{
(IA) 1

x+k:n−k + k ·A 1
x+k:n−k − P · äx+k:m−k , k = 0, . . . ,m− 1,

(IA) 1
x+k:n−k + k ·A 1

x+k:n−k , k = m, . . . , n− 1

the reserve for the acquisition expenses

kV
α
x =

{
I(k = 0) · α− Pα · äx+k:m−k , k = 0, . . . ,m− 1,

0, k = m, . . . , n− 1

the reserve for the collection expenses

kV
β
x = 0

the reserve for the administration expenses

kV
γ
x =

{
γ · äx+k:n−k − P γ · äx+k:m−k , k = 0, . . . ,m− 1,

γ · äx+k:n−k , k = m, . . . , n− 1

Then we have

kV
B
x = kVx + kV

α
x + kV

β
x + kV

γ
x , k = 0, . . . , n− 1

Part 3 (3 points)

µj,x+t =
j

150
, j = 1, 2, 3

E[T |J = 3] =

∫ ∞

0

t · g3(t)

P (J = 3)
dt =

∫∞
0

t · g3(t) dt
P (J = 3)∫ ∞

0

t · g3(t) dt =
∫ ∞

0

t · tpx · µ3,x+t dt
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∫ t

0

3∑
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µj,x+s dt} = exp{−
∫ t

0

6
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dt} = exp{− t

25
}

∫ ∞

0

t · tpx · µ3,x+t dt =

∫ ∞

0

t · 3
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· exp{− t

25
} dt = 1

2
·
∫ ∞

0

t · 1
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· exp{− t

25
} dt = 25

2
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∫ ∞

0

g3(t) dt =

∫ ∞

0

3
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} =

1

2
·
∫ ∞
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1
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2

E[T |J = 3] = 25

Part 4 (2 points)

kVx =

∞∑
j=0

ck+j+1 · vj+1 · jpx+k · qx+k+j −
∞∑
j=0

Πk+j · vj · jpx+k

c1 = c2 = . . . = 0

Π0 = P = m|ax, Π1 = . . . = Πm = 0, Πm+1 = Πm+2 = . . . = −1

Part 5 (2 points)

Decrements: J = 1 . . .death; J = 2 . . .disablement; m = 2

NSP =

m∑
j=1

∞∑
k=0

cj,k+1 · vk+1 · kpx · qj,x+k −
∞∑
k=0

πk · vk · kpx.

In our case, we set

• c1,k+1 =

{
5 · 106, k = 0, . . . , 39,

0, k ≥ 40,

• c2,k+1 =

{
350, 000 · äx+k+1, k = 0, . . . , 44,

0, k ≥ 45,

• πk =

{
−240, 000 · äx+45 − 104 · (Iä)x+45, k = 45,

0, otherwise.

Part 6 (2 point)

Π(t) = Πr(t) + Πs(t),

where
Πr(t) = (c(t)− V (t)) · µx+t.

Therefore, Πr(t) = (1− 0.5) · 0.1 = 0.05 and Π(t) = 0.05 + 0.03 = 0.08.
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