
Solutions to Extra Exercise 14

1. We have the Thiele’s equation

dVt
dt

= (0.05 + µx+t)Vt + π − 100000µx+t + 0.01(0.05Vt)1{t<20}, V0 = 0

To solve this:

dVt
dt

= (0.05 + µx+t + 0.00051{t<20})Vt + π − 100000µx+t

dVt
dt

− a(t)Vt = π − 100000µx+t

where
a(t) = 0.05 + µx+t + 0.00051{t<20}

Multiply e−
∫ t
0
a(s)ds to both sides.

d

dt

(
Vte
−

∫ t
0
a(s)ds

)
= (π − 100000µx+t)e

−
∫ t
0
a(s)ds

Vte
−

∫ t
0
a(s)ds =

∫ t

0

(π − 100000µx+u)e−
∫ u
0
a(s)dsdu

Since V30 = 100000,

100000e−
∫ 30
0
a(s)ds =

∫ 30

0

(π − 100000µx+u)e−
∫ u
0
a(s)dsdu

Solve for π to get π = 1663.

2. i. If the policy has not lapsed,

Vt = e
∫ t
0
a(s)ds

∫ t

0

(π − 100000µx+u)e−
∫ u
0
a(s)dsdu

ii. If the policy has lapsed,

V
(lapse)
t = 0.95Vwe

∫ t
w
(0.05+µx+s)ds = 0.95Vw

e0.05(t−w)

t−wpx+w
if w < 20

= Vw
e0.05(t−w)

t−wpx+w
if w > 20

V lapse30 is the amount the policyholder will receive if he survives.
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3. This is the probability that the policyholder will lapse and die before time 30.

P (lapse and die) =

∫ 30

0
tpxe

−0.01t0.01(1 − 30−tpx+t)dt

=

∫ 30

0

0.01tpxe
−0.01tdt− 30px

∫ 30

0

0.01e−0.01tdt

=

∫ 30

0
tpxe

−0.01t0.01dt− 30px(1 − e−0.01(30))

= 0.01ā0.01
x:30

− 30px(1 − e−0.01(30))

= 0.0277

4. The expected value of the amount he receives given that the policyholder is alive at time 30 is(∫ ∞
0

(0.951{t<20} + 1{t>20})Vt
e0.05(30−t)

30−tpx+t
0.01e−0.01ttpxdt+ 10000030pxe

−0.01(30)
)
× 1

30px
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