
Mathematics of Life Insurance 1 - Sample
test

Part 1 (3 points)

1000 =
x

1.01
+

x

1.012
+

x

1.013
+

3x

1.014
+

3x
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1000 =

[
1

1.01
+

1

1.012
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1.014
+

3
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]
· x

1000 = 11.5045 · x
x = 86.9228

Part 2 (3 points)

µx+t =
1

85− t
+

3

105− t
, 0 ≤ t < 85

tpx = exp

(
−
∫ t

0

µx+s ds

)
20px = exp

(
−
∫ 20

0

1

85− s
ds−

∫ 20

0

3

105− s
ds

)
Substitution: 85− s = y ⇒ − ds = dy and 105− s = z ⇒ − ds = dz

20px = exp

(∫ 65

85

1

y
dy + 3 ·

∫ 85

105

1

z
dz

)
20px = exp [ln(65)− ln(85) + 3 · ln(85)− 3 · ln(105)] = 0.4057

Part 3 (3 points)

Z =


0, K = 0, 1, . . . ,m− 1

vK+1, K = m,m+ 1, . . . ,m+ n− 1

vm+n, K = m+ n,m+ n+ 1, . . .

m|Ax:n =

m+n−1∑
k=m

[
vk+1 · kpx · qx+k

]
+ vm+n · m+npx

Part 4 (3 points)

äK+1 =
1− vK+1

1− v
=

1− vK+1

d

E(äK+1 ) =
1− E(vK+1)

d

äx =
1−Ax

d
Ax = 1− d · äx



Part 5 (3 points)

Y =

{
1 + 2 · v + · · ·+ (K + 1) · vK , K = 0, 1, . . . , n− 1

1 + 2 · v + · · ·+ n · vn−1, K = n, n+ 1, . . .

(Iä)x:n =

n−1∑
k=0

[
(k + 1) · vk · kpx

]

Part 6 (5 points)

L =


0 + 0.8 · P · (K + 1) · vK+1 − P ·

∑K
k=0 v

k, K = 0, 1, . . . ,m
′ − 1

0− P ·
∑K

k=0 v
k, K = m

′
,m

′
+ 1, . . . ,m− 1

vK+1 − P ·
∑m−1

k=0 vk, K = m, . . . ,m+ n− 1

0− P ·
∑m−1

k=0 vk, K = m+ n,m+ n+ 1 . . .

EL = 0 = m|A
1
x:n + 0.8 · P · (IA)1

x:m
′ − P · äx:m

⇓

P =
m|A

1
x:n

äx:m − 0.8 · (IA)1
x:m

′

kVx =



m−k|A
1

x+k:n + 0.8 · P · (IA) 1
x+k:m

′
−k

+ 0.8 · P · k ·A 1
x+k:m

′
−k

−P · äx+k:m−k , k = 0, 1, . . . ,m
′ − 1

m−k|A
1

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

A 1
x+k:n+m−k , k = m, . . . ,m+ n− 1

2


