
Mathematics of Life Insurance 1

Final test - Solution

Part 1 (2 points)

PV =

14∑
t=0

200 ·
(

1

1 + 0.135

)t

= 200 · 1− v15

1− v
= 1, 429.9$.

Part 2 (3 points)

qx = 1− px; q∗x =
qx
2

=
1− px

2

px = exp

(
−
∫ 1

0

µx+s ds

)
; p∗x = exp

(
−
∫ 1

0

µx+s − c ds

)
= px · ec

1− 1− px
2

= px · ec → 1 + px
2

= px · ec

ec =
1 + px
2 · px

=
2− qx

2 · (1− qx)

c = ln

(
2− qx

2 · (1− qx)

)

Part 3 (3 points)

kpx =
lx+k

lx
; kqx =

lx − lx+k

lx
; Cx = (lx − lx+1) · vx+1; Dx = lx · vx

Z =


100, 000 · vK+1, K = 0, . . . , 9

(100, 000− 10, 000 · (K − 9))vK+1, K = 10, . . . , 18

0, K = 19, 20, . . .

NSP =

9∑
k=0

(
100, 000 · vk+1 · kpx · qx+k

)
+

18∑
k=10

(
(100, 000− 10, 000 · (k − 9)) · vk+1 · kpx · qx+k

)

Part 4 (4 points)

Assumption of linearity: qx+u = u · qx for u ∈ (0, 1)

Ax =
i

δ
·Ax

Ax = E[vT ] = E[vK+S ] = E[v(K+1)+(S−1)] = E[vK+1] · E[vS−1] = E[vS−1] ·Ax

E[vS−1] =

∫ 1

0

vs−1 dt =

[
vs−1

ln(v)

]1
0

=
1

ln(v)
− 1

v · ln(v)
=

v − 1

v · ln(v)
=

−i
1+i
−δ
1+i

=
i

δ



Part 5 (4 points)

L =


P · (K + 1) · vK+1 − P ·

∑K
k=0 v

k, K = 0, . . . , 9

0− P ·
∑K

k=0 v
k, K = 10, . . . , 19∑K

k=20 v
k − P ·

∑19
k=0 v

k, K = 20, . . . , 49∑49
k=20 v

k − P ·
∑19

k=0 v
k, K = 50, 51, . . .

EL = 0 = 20|äx:30 + P · (IA)1x:10 − P · äx:20
⇓

P =
20|äx:30

äx:20 − (IA)1x:10

Part 6 (4 points)

EL = 0 = m|Ax:n − P · äx:m
⇓

P =
m|Ax:n

äx:m

kVx =

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

Ax+k:n+m−k , k = m, . . . ,m+ n− 1

2


