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SOLUTIONS FOR MAY 2001 COURSE 3 EXAM

Test Question:   1 Key: E

For de Moivre’s law,
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Test Question:   2 Key: A
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Test Question:   3 Key: C
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Distribution is negative binomial (Loss Models, 3.3.2)
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Test Question:   4 Key: E

E N Var N= = =60 05 30b gb g.

E X = + + =0 6 1 0 2 5 02 10 36. . . .b gb g b gb g b gb g
E X 2 06 1 02 25 02 100 256= + + =. . . .b gb g b gb g b gb g
Var X = 256 36 12 642. . .− =

For any compound distribution, per Loss Models

Var S E N Var X Var N E X= + c h2
= (30) (12.64) + (30) 362.d i
= 768

For specifically Compound Poisson, per Probability Models

Var S t E X= =λ 2 (60) (0.5) (25.6) = 768

Alternatively, consider this as 3 Compound Poisson processes (coins worth 1; worth 5; worth
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Test Question:   5 Key: D
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Test Question:   6 Key: B
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Test Question:   7 Key: C

State 1: light Training
State 2: heavy Training

P11 04 05 0 6 0 0 2= × + × =. . . .
P
P

P

12

21

22

04 05 0 6 1 08
08 05 02 0 0 4

08 05 02 1 0 6

= × + × =
= × + × =
= × + × =

. . . .

. . . .

. . . .

P = L
NM

O
QP

0 2 08

0 4 06

. .

. .

π π π
π π π
π π

1 1 2

2 1 2

1 2

0 2 04

08 0 6
1

= +
= +
+ =

. .

. .

⇒ − = − + × = + ⇒ = = =1 02 1 04 02 0 2 12 08
8

12
2
32 2 2 2 2 2π π π π π π. . . . . . .b g

Note: the notation in Probability Models would label the states 0 and 1, and would label the
top row and left column of the matrix P with subscript 0.  The underlying calculations
are the same.  The matrix P would look different, but the result would be the same, if
you chose to make “heavy” the lower-numbered state.



Test Question:   8 Key: D
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Test Question:   9 Key: C
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Test Question:   10 Key: A
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Test Question:   11 Key: B
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Test Question:   12 Key: A

Let Zi  be random variable indicating death; Wi   be random variable indicating lapse for policy.
Let U  denote the random number used.

policy # 1: q100 0 40812= .  from Illustrative Life Table
U = <03 0 40812. . Z1 1=      W1 0=

policy # 2: q91 0 20493= .  from Illustrative Life Table
U = >05 0 20493. . Z2 0=
next checking lapse U = <01 015. .  (surrender rate) ⇒ =W2 1

policy # 3 q96 030445= .
U = >04 0 30445. . Z3 0=
next checking lapse U W= > ⇒ =08 015 03. .

      ⇒ total Death and Surrender Benefits = 10+20+0 = 30



Test Question:   13 Key: E
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Test Question:   14 Key: B

This is a graph of l xxµb g.
µ xb g  would be increasing in the interval 80 100,b g .

The graphs of l px x ,  lx  and lx
2  would be decreasing everywhere.

The graph shown is comparable to Figure 3.3.2 on page 65 of Actuarial Mathematics



Test Question:   15 Key: A

Using the conditional mean and variance formulas:

E N E N= Λ Λc h

Var N Var E N E Var N= +Λ ΛΛ Λc hd j c hd j
Since N, given lambda, is just a Poisson distribution, this simplifies to:

E N E= Λ Λb g
Var N Var E= +Λ ΛΛ Λb g b g
We are given that E N = 0 2.  and Var N = 04. , subtraction gives Var Λb g  = 0.2



Test Question:   16 Key: B

N = number of salmon
X = eggs from one salmon
S = total eggs.
E(N) = 100t
Var(N) = 900t
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Test Question:   17 Key: A
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Test Question:   18 Key: E

π  denotes benefit premium
19V APV=  future benefits - APV future premiums
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Test Question:   19 Key: C

X = losses on one life
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Test Question:   20 Key: C
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Test Question:   21 Key: E

Simple’s surplus at the end of each year follows a Markov process with four states:
State 0:  out of business
State 1:  ending surplus 1
State 2:  ending surplus 2
State 3:  ending surplus 3 (after dividend, if any)

State 0 is absorbing (recurrent).  All the other states are transient states.
Thus eventually Simple must reach state 0.



Test Question:   22 Key: D

(See solution to problem 21 for definition of states).
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Expected dividend at the end of the third year =
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(probability in state k at t = 2) × (expected dividend if in state k)

0.01*0 + 0.14*0 + 0.025(0*0.85 + 1*0.15) + 0.825*(0*0.6 +1*0.25 + 2*0.15) = 0.4575



Test Question:   23 Key: A

1180 70 50 20

1180 70 12 50 10 20

8

12 10 8 14

100 1400

30 40 30 40

30 40

30 40

30 40 30 40 30 40

30 40

= + −
= + −
=
= + − = + − =

=

a a a

a

a

a a a a

a

:

:

:

: :

:

b gb g b gb g



Test Question:   24 Key: B
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Test Question:   25 Key: C
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Test Question:   26 Key: B

By the memoryless property, the distribution of amounts paid in excess of 100 is still
exponential with mean 200.

With the deductible, the probability that the amount paid is 0 is F e100 1 0 393100 200b g = − =− / . .

Thus the average amount paid per loss is (0.393) (0) + (0.607) (200) = 121.4

The expected number of losses is (20) (0.8) = 16.

The expected amount paid is (16) (121.4) = 1942.



Test Question:   27 Key: D
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Test Question:   28 Key: D

Let M = the force of mortality of an individual drawn at random; and T = future lifetime of the
individual.
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Test Question:   29 Key: E
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b gVar N

Var Xb g b g= − = + − =E X E X2 2 27000 100 000 170 78100, ,

E S E N E X= = =12 170 204. b g
Var S Var X Var Nb g b g b g b g b g= + = + =E N E X 2 212 78100 170 016 98 344. , . ,

Std dev Sb g = =98 344 3136, .
So B = 204 + 314 = 518



Test Question:   30 Key: D
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With 175% relative security loading, cost = (2.75) (99.2) = 272.8
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Test Question:   31 Key: D

Let π =  benefit premium
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Initial reserve, year 2 = 1V + π
          = 1958.56 + 7452.55
          = 9411.01



Test Question:   32 Key: A

Let π  denote the premium.
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Test Question:   33 Key: D
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Test Question:   34 Key: A
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Test Question:   35 Key: B

Original Calculation (assuming independence):
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Revised Calculation (common shock model):

µ µ

µ µ
x x

T x

y y
T y

= =

= =

006 0 04

006 004

. , .

. , .

*

*

b g

b g

µ µ µ µxy x
T x

y
T y Z= + + + + + =* * . . . .b g b g 004 0 04 0 02 010

A

A

x
x

x

y
y

y

=
+

=
+

=

= =
+

=
+

µ
µ δ
µ

µ δ

006
0 06 005

0 54545

0 06
006 005

054545

.
. .

.

.
. .

.

A

A A A A

xy
xy

xy

xy x y xy

=
+

=
+

=

= + − = + − =

µ
µ δ

010
010 005

0 66667

054545 054545 066667 042423

.
. .

.

. . . .

Difference = − =0 42423 038502 003921. . .



Test Question:   36 Key: E

Treat as three independent Poisson variables, corresponding to 1, 2 or 3 claimants.

rate

rate

rate
2

3

1 6
1
2

12

4

2

= = ×L
NM

O
QP

=
=

Var

Var

Var

1

2

3

=

= = ×

=

6

16 4 2

18

2

total Var = 6 16 18 40+ + = ,  since independent.

Alternatively,

E X 2
2 2 21
2

2
3

3
6

10
3

d i = + + =

For compound Poisson, Var S E N E X= 2

  = F
HG

I
KJ =12

10
3

40b g



Test Question:   37 Key: C

λ λt dt Nb g b g= =z 6 3 6
0

3
so is Poisson with .

P  is Poisson with mean 3 (with mean 3 since Prob yi < =500 05b g g.

P  and Q are independent, so the mean of P  is 3, no matter what the value of Q is.



Test Question:   38 Key: A

At age x :

Actuarial Present value (APV) of future benefits = 
1
5

1000Ax
F
HG

I
KJ

APV of future premiums = 
4
5

&&ax
F
HG

I
KJ π

1000
5

4
525 25A a= π &&  by equivalence principle

1000
4

1
4

8165
16 2242

125825

25

A
a&&

.
.

.= ⇒ = × =π π

10V = APV (Future benefits) – APV (Future benefit premiums)

= −

= −

=

1000
5

4
5

1
5

128 72
4
5

1258 153926

1025

35 35A aπ &&

. . .

.

b g b gb g



Test Question:   39 Key: E

Let Y = present value random variable for payments on one life
S Y= =∑  present value random variable for all payments

E Y a= =10 14816640&& .

Var Y
A A

d
=

−

= −

=

10

100 004863 016132 106 006

70555

2
2

40 40
2

2

2 2

d i

d ib g. . . / .

.

E S E Y

S Y

= =

= =

100 14 816 6

100 70 555

, .

,Var Var

Standard deviation S = =70 555 26562, .

By normal approximation, need
E [S] + 1.645 Standard deviations = 14,816.6 + (1.645) (265.62)

     = 15,254



Test Question:   40 Key: B

Initial Benefit Prem =
−

−

5 4

5 4
30 30 20

1

30 35 30 20

A A

a a
:

: :
&& &&

e j

         
=

−
−

= −
−

= =

5 010248 4 002933

5 14 835 4 11959

05124 011732
74175 47 836

039508
26339

0015

. .

. .

. .
. .

.
.

.

b g b g
b g b g

Where

A A A30 20
1

30 20 30 20
1 032307 029374 002933: : : . . .= − = − =e j

and

&&
.
.
.

.:
:a

A

d30 20
30 201 1 0 32307

0 06
106

11959=
−

= −
F
HG

I
KJ

=

Comment: the numerator could equally well have been calculated as A E A30 20 30 504+
= 0.10248 + (4) (0.29374) (0.24905)
= 0.39510


