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S. BROVERMAN MLC STUDY GUIDE
PRACTICE EXAM 1

SECTION A - MULTIPLE CHOICE

1. For a fully discrete 5-payment 10-year decreasing term insurance on (60), you are given:

(i)  , œ "!!!Ð"!  5Ñ ß 5 œ !ß "ß #ß ÞÞÞß *5"

(ii)  ; œ !Þ!#  !Þ!!"5 ß 5 œ !ß "ß #ß ÞÞÞß *'!5

(iii)  3 œ !Þ!'

(iv)  The net reserve at the end of year 2 is  .#Z œ ((Þ''

Calculate the level net annual premium.

A) 188        B) 194        C) 202        D) 210        E) 218

2. For a double-decrement model:

  (i)    > %!
wÐ"Ñ

: œ "  ß ! Ÿ > Ÿ %!>
"'!!

#

(ii)    > %!
wÐ#Ñ

: œ "  ß ! Ÿ > Ÿ $!>
*!!

#

Calculate   ..%!#!
Ð Ñ7

A) Less than .05        B) At least .05 but less than .10        C) At least .10 but less than .15

D) At least .15 but less than .20        E) At least .20

3. For independent lives (35) and (45):

  (i)          (ii)          (iii)          (iv)  & $& & %& %! &!: œ !Þ*! : œ !Þ)! ; œ !Þ!$ ; œ !Þ!&

Calculate the probability that the first death of (35) and (45) occurs in the 6th year.

A) 0.0465        B) 0.0565        C) 0.0665        D) 0.0765        E) 0.0865

4. A pension plan provides a retirement annuity with annual rate of:
a - 2% of the first 25,000 of final year salary for each of the first 25 completed years of service
b - 2.5% of the amount of final year salary in excess of 25,000 for each year of the first 25
completed years of service
c - 3% of the first 25,000 of final year salary for each completed year of service in excess of 25
years
d - 3.5% of the amount of final salary in excess of 25,000 for each completed year of service in
excess of 25 years.
If   has 10 years of service already and if  (current actual salary), thenÐ%&Ñ GEW œ $&ß !!!%&

TEF E  † F E F'&Þ& (projected annual benefit) can be expressed in the form .  Find   .W
W
'&

%&

A)  24,000        B)  24,250        C)  24,500        D)  24,750        E)  25,000
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5. You are given: ; œ
!Þ!& &! Ÿ B  '!
!Þ!% '! Ÿ B  (!B 

Calculate  .%l"% &!;

A) 0.34        B) 0.36        C) 0.38        D) 0.40        E) 0.42

6. For an increasing 10-year term insurance, you are given:

(i)   ,  , œ "!!ß !!!Ð"  5Ñ 5 œ !ß "ß ÞÞÞß *5"

(ii)  Benefits are payable at the end of the year of death.

(iii)  Mortality follows the Illustrative Life Table.

(iv)  3 œ !Þ!'

(v)  The net single premium for this insurance on (40) is ."&ß &&"

Calculate the net single premium for this insurance on (41).

A) 15,220        B) 15,780        C) 16,220        D) 16,780        E) 17,220

7. You are given that the force of interest is 5% and the force of mortality is constant at .01.

E + F +  is the exact value of  and  is the value of  using Woolhouse's formula to three terms.B B

Determine the ratio   .EÎF

A) Less than .97        B) At least .97 but less than .99        C) At least .99 but less than 1.01

D) At least 1.01 but less then 1.03        E) At least 1.03

8. For a fully discrete 3-year endowment insurance of 1000 on , you are given:ÐBÑ

  (i)   is the prospective loss random variable at time .5P 5

  (ii)    (iii)  3 œ !Þ"! + œ #Þ(!")#
ÞÞ
BÀ$l

  (iv)  Premiums are determined by the equivalence principle.

Calculate , given that  survives to the end of the third year from issue.#P ÐBÑ

A) 540        B) 630        C) 655        D) 720        E) 910
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9. For a special 3-year term insurance on (30), you are given:

(i)  Premiums are payable semiannually.

(ii)  Premiums are payable only in the first year.

(iii)  Benefits, payable at the end of the year of death, are:
    5 ,5"

   ! "!!!
   " &!!
   # #&!

(iv)  Mortality follows the Illustrative Life Table.

(v)  Deaths are uniformly distributed within each year of age.

(vi)  3 œ !Þ!)

Calculate the amount of each semiannual net premium for this insurance.

A) Less than 1.2        B) At least 1.2 but less than 1.3        C) At least 1.3 but less than 1.4

D) At least 1.4 but less than 1.5        E) At least 1.5

10. For a Markov model with three states, Healthy (0), Disabled (1), and Dead (2):

(i)  The annual transition matrix is given by
      ! " #
      ! !Þ(! !Þ#! !Þ"!
      " !Þ"! !Þ'& !Þ#&
      # ! ! "

(ii)  There are 100 lives at the start, all Healthy. Their future states are independent.

Calculate the variance of the number of the original 100 lives who die in the second year.

A) Less than 8        B) At least 8 but less than 10        C) At least 10 but less than 12

D) At least 12 but less than 14        E) At least 14

11. A bank offers the following choices for certificates of deposit:
 Term (in years)  Nominal annual interest rate convertible quarterly
  1     4.00%
  3     5.00%
  5     5.65%

The certificates mature at the end of the term. The bank does NOT permit early withdrawals.

During the next 6 years the bank will continue to offer certificates of deposit with the same terms

and interest rates. An investor initially deposits 10,000 in the bank and withdraws the principal

and interest at the end of 6 years. Calculate the maximum annual effective rate of interest the

investor can earn over the 6-year period.

A) 5.09%        B) 5.22%        C) 5.35%        D) 5.48%        E) 5.61%



MLC - PRACTICE EXAM 1

PE-4      www.sambroverman.com SOA Exam MLC Study Guide © S. Broverman, 2015

12. For a life table with a one-year select period, you are given:
(i)         °B j . j /ÒBÓ ÒBÓ ÒBÓB"

         )! "!!! *!  
         )" *#! *!  )Þ#

(ii)  Deaths are uniformly distributed over each year of age.

Calculate  .°/Ò)!Ó
A) 8.1        B) 8.2        C) 8.3        D) 8.4        E) 8.5

13. A fully continuous whole life insurance of face amount 1 is based on the following

assumptions:

•  constant force of interest of 6%

•  constant force of mortality of .015 at all ages

•  annual contract premium of .016

An insurer determines that with a portfolio of  independent policies of this type, using the8

normal approximation, the probability of a positive loss on all policies combined is .05. How

many additional independent policies of the same type would be needed to reduce the probability

of a positive total loss to .025 (continuing to use the normal approximation)?

A) Less than 500        B) At least 500, but less than 600        C) At least 600, but less than 700

D) At least 700, but less than 800        E) At least 800

14. For a fully discrete whole life insurance of  on , you are given:, ÐBÑ

(i)    (ii)  ; œ !Þ!#*!% 3 œ !Þ!$B*

(iii)  The net amount at risk for policy year 10 is 872.

(iv)  + œ "%Þ'&*('
ÞÞ
B

(v)  *Z œ #*'Þ"

Calculate the initial net reserve for policy year 10.

A) 295        B) 321        C) 343        D) 368        E) 388

15. A fully discrete 3-year term insurance of 10,000 on (40) is based on a double-decrement

model, death and withdrawal:

(i)  Decrement 1 is death.   (ii)  ; œ !Þ!# ß 5   !B5
Ð"Ñ

(iii)  Decrement 2 is withdrawal, which occurs at the end of the year.

(iv)   ,    (v)  ; œ !Þ!% 5 œ !ß "ß # @ œ !Þ*&%!5
wÐ#Ñ

Calculate the actuarial present value of the death benefits for this insurance.

A) 492        B) 502        C) 512        D) 522        E) 532
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16. A 5-year endowment insurance policy with face amount 100,000 and discrete annual

premiums has issue age 50.  The policy has the following schedule of expenses: 40% of premium

in the first year, 10% of premium in renewal years and a per policy expense of 250 in the first

year and 50 in each renewal year.  Mortality follows the Illustrative Life Table in the Exam MLC

Tables found at the end of this study guide, with an annual interest rate of 6%. The policy has

liabilities based on benefit-plus-expense reserves. Suppose that the mortality, expenses and

interest experienced in the fourth year (time 3 to time 4) is the same as the assumptions, but the

liability basis is changed to full preliminary term reserves. What is the gain in the fourth year on

this policy?

A) Less than         B) At least  but less than 0 "!!!  "!!!

C) At least 0 but less than 1000        D) At least 1000 but less than 2000

E) At least 2000

17. You are pricing a special 3-year annuity-due on two independent lives,  and . The B ÐCÑ

annuity pays 30,000 if both persons are alive  20,000 if  dies first and 10,000 if  dies first.ß ÐBÑ ÐCÑ

You are given:

(i)   5 : œ :5 B 5 C

   " !Þ*"

   # !Þ)#

   $ !Þ(#

(ii)  3 œ !Þ!&

Calculate the actuarial present value of this annuity (nearest 100).

A) 78,300        B) 80,400        C) 82,500        D) 84,700        E) 86,800

18. You are given:

(i)    (ii)  . $B> œ !Þ!$ ß >   ! œ !Þ!&

(iii)  is the future lifetime random variable. XB

(iv)   is the standard deviation of   .1 +X lB

Calculate   .T< +  1  +  +  1   B BX lB

A) 0.50        B) 0.54        C) 0.58        D) 0.62        E) 0.66
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19. For a fully discrete whole life insurance of 100,000 on (35) you are given:

(i)  Percent of premium expenses are 10% per year.

(ii)  Per policy expenses are 25 per year.

(iii)  Per thousand expenses are 2.50 per year.

(iv)  All expenses are paid at the beginning of the year.

(v)  The level annual expense loaded premium is 1234.

Calculate  ."!!ß !!!T$&

A) Less than 800        B) At least 800 but less than 815        C) At least 815 but less than 830

D) At least 830 but less than 845        E) At least 845

20. For a fully discrete 3-year endowment insurance of 1000 on :ÐBÑ

(i)    (ii)  3 œ !Þ!& : œ : œ :B B"

(iii)  the second year net reserve is   .#Z œ &#'

Calculate .:

A) .62        B) .64        C) .66        D) .68        E) .70
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SECTION B - WRITTEN ANSWER

1. (7 points)

^" denotes the present value random variable for a 10 year pure endowment benefit of 1 issued

to . denotes the present value random variable for a 20 year pure endowment benefit of 1ÐBÑ ^# 

issued to . You are given:ÐBÑ

  for all  ,    (force of interest). $B> œ Þ!" >   ! œ Þ!%

(a) (2 points) Formulate the present value random variables of  and .^ ^" #

(b) (4 points) Find the variances of  and  and find ^ ^ G9@Ò^ ß ^ Ó" # " #

(c) (3 points) Suppose that  is the present value random variable for a 20 year discrete^$

endowment insurance benefit of 1. Formulate the covariance between  and  in terms of^ ^" $

insurance single premium notation and compound interest. Give a brief explanation on whether

this covariance is positive or negative and why.

2. (7 points)

Company ABC is using the following assumptions to set the contract premium for a 5 year

deferred continuous life annuity of 1 per year to :ÐBÑ

 (i)    (ii)  
for 
for  

$ .œ !Þ!$ œ
!Þ!# > Ÿ "!
!Þ!" >  "!B> 

(a) Calculate the contract premium in each of the following cases:

 (i) (2 points) The premium is a single premium paid at the time the annuity is issued.

 (ii) (1 points) Premiums are paid annually on a continuous basis during the deferral period.

(b) Another actuary uses the alternative mortality assumption that    for  .B> œ Þ!# >   !Þ

 (i) (2 points) Calculate the expected gain at issue based on the alternative mortality assumption

  if the premium paid is the single premium calculated (a)(i).

 (ii) (1 point) Calculate the expected gain at issue based on the alternative mortality assumption

  if the premium paid is the annual premium calculated (a)(ii).

 (iii) (1 point) Explain the relationship between the outcomes in (b)(i) and (b)(ii).
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3. (9 points)

A fully discrete whole life insurance policy issued at age 50 has face amount 1,000,000 .

Mortality is based on the Illustrative Table at annual effective interest rate 6%.

The policy expenses are:

    1st Year  Renewal Years

Percent of Premium  20%   5%

Face Amount   5 per 1000   per 1000"

Per Policy   1000   200

Settlement        1000 (at the end of the year of death)

(a) (2 points) Calculate both the net and the gross annual premium for this policy based on the

equivalence principle.

(b) (3 points) Calculate the 9th year terminal expense augmented reserve using the prospective

formulation. Apply the recursive reserve accumulation from time 9 to time 10 to find the 10th

year terminal expense augmented reserve.

(c) (2 points) Calculate the 10th year terminal expense reserve. Give a brief explanation as to

why the expense reserve is negative.

(d) (2 points) An actuary wishes to analyze possible profit in the 10th policy year. The actuary

makes the following assumptions:

- liabilities are benefit plus expense reserves

- gross premiums, interest rate, mortality rate are based on the original policy assumption

- policy lapse rate is 20% with cash value  paid at end of 10th year for lapses that occur"!GZ

Calculate the cash value that would result in an expected profit of $5000 at the end of the 10th

policy year.



MLC - PRACTICE EXAM 1

SOA Exam MLC Study Guide © S. Broverman, 2015 www.sambroverman.com      PE-9

4. (9 points)

An insurance company issues a special 3-year insurance to a high-risk individual. You are given

the following homogeneous Markov chain model:

(i)    Transition probability matrix:

       " # $ %

  State 1: active    1 " !Þ' !Þ# !Þ !Þ"

  State 2: disabled   6  # !Þ# !Þ ! !Þ#

  State 3: withdrawn     $ ! ! " !

  State 4: dead      % ! ! ! "

(ii)  Changes in state occur in the instant before the end of a year.

(iii)  The death benefit is 100,000, payable at the end of the year of death.

(iv)  The disability benefit is a payment of 25,000 at the start of the year if the individual is

       disabled at that time.

(iv) 3 œ !Þ!&

(v)  The insured is active at the start of year 1.

(a) (3 points) Calculate the probability that the individual will die while the policy is still in force

before the three year term elapses.

(b) (2 points) Calculate the actuarial present value of the death benefit at the time the policy is

issued.

(c) (2 points) Calculate the actuarial present value of the disability benefit.

(d) (2 points) A net annual premium is payable at the start of each year the individual is active.

Calculate the net annual premium.

5. (7 points)

Two individuals aged  and  each have constant, but different, forces of mortality:ÐBÑ ÐCÑ

    for  . .B> C>œ Þ#& ß œ Þ"& >   !

(a) (3 points) Assuming  and  are independent, calculate   ,  , and  based°X X / T ÒX  X Ó EB B BC B C BC
"

on a force of interest  .$ œ Þ"

(b) (3 points) The common shock model is assumed, with common shock factor The- œ Þ!&Þ

forces of mortality for  and  are still the originally assumed values. Calculate  ,°X X /B C BC

T ÒX  X Ó E œ Þ!&B C BC
" , and  based on a force of interest  .$

(c) (1 point) Provide a brief explanation as to why  is smaller in (a) than it is in (b) even> BC:

though  and  are the same in both cases.> B > C: :
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6. (11 points)

Max is a member of a defined benefit pension plan. Max is 60 on January 1, 2010 and has been a

plan member for 30 years. Max gets a salary increase each January 1, and his salary as of

January 1, 2010, after the increase, is 75,000. His annual retirement benefit is 2% of his two-year

final average salary for each year of service. Max's normal retirement date is December 31,

2014, at age 65. Retirements occur on December 31 and there is a reduction in benefit for early

retirement of 4% for each year prior to normal retirement. He expects a 3% salary increase each

January 1 and his benefit will be payable as a single annuity.

(a) (3 points) Calculate the replacement ratio in Max's pension if he retires at age 64 (on

December 31, 2013).

(b) (5 points) Assume that the rates in the Illustrative Table are used as the mortality rates in a

two-decrement model for death and retirement.  from the Illustrative Table is  in the two-; ;B B
Ð.Ñ

decrement table. Assume also that  for ,   and  .; œ ! B  '$ ; œ Þ"ß ; œ Þ#& ; œ "B
Ð<Ñ Ð<Ñ Ð<Ñ Ð<Ñ

'$ '&'%

Assume further that post-retirement mortality follow the Illustrative Table as a one-decrement

table, with . Max's retirement annuity is an annuity-due that commences on his retirement3 œ Þ!'

date Calculate the APV of Max's retirement benefit on January 1, 2010.

(c) (3 points) Suppose that Max retires at age 65. Max is entitled to an annual pension benefit of

58,232 commencing at the time of retirement. Max has a spouse who is also exactly 65 at the

time of Max's retirement and whose mortality is independent of that of Max. Max is given an

optional alternative benefit annuity-due that begins at the same time the original benefit would

have begun and that is actuarially equivalent to his original benefit at age 65. Under this option,

Max and his spouse will receive a 10-year certain last-survivor annuity of  per year.O

Calculate .O
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7.  (6 points)

A Type B Universal Life policy has death benefit of 25,000 plus account value. The policy is

issued at age (50). You are given:

(i) Premium paid at the start of the first year is 6,000.

(ii) Expense charges each year are 5% of premium plus 100, charged at the start of the year.

(iii) The cost of insurance rate is 120% of the mortality rate at the attained age in the Illustrative

Life Table.

(iv) Credited interest rate applied to investments is  each year.3 œ Þ!&-

(v) COI interest rate is  each year.3 œ Þ!%;

(a) (3 points) The premium at the start of the second year is 6,000. Calculate the account value at

the end of the second year.

(b) (3 points) Suppose that policy is Type A, with a total death benefit of 25,000. All other

assumptions regarding premium, interest rates, etc., are unchanged.. Calculate the account value

at the end of the second year.
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S. BROVERMAN MLC STUDY GUIDE
PRACTICE EXAM 1 SOLUTIONS

SECTION A SOLUTIONS - MULTIPLE CHOICE

1.  We use the recursive reserve formula,  .Ð Z  TÑÐ"  3Ñ  , † ; œ : † Z5 5" B5 B5 5"

Also,   for net reserves. For the first year, we have!Z œ !

Ð!  TÑÐ"Þ!'Ñ  "!ß !!!ÐÞ!#Ñ œ Þ*) † Z p Z œ "Þ!)"'T  #!%Þ!)" "     .

For the second year, we have

Ð"Þ!)"'T  #!%Þ!)  TÑÐ"Þ!'Ñ  *ß !!!ÐÞ!#"Ñ œ Þ*(* † Z œ ÐÞ*(*ÑÐ((Þ''Ñ œ ('Þ!$#

    . Answer:  Ep T œ #")

2.      .%!> %! %! %!
Ð Ñ Ð Ñ wÐ"Ñ wÐ#Ñ

> > >
7 7

œ Þ : œ : † : œ Ð"  ÑÐ"  Ñ œ "  
 :

:

> > > >
"'!! *!! &(' "ß%%!ß!!!

.
.> > %!

Ð Ñ

> %!
Ð Ñ

# # # %
7

7

 :

:

.
.> > %!

Ð Ñ

> %!
Ð Ñ %!!

> %> #!
#)) "ß%%!ß!!! #)) "ß%%!ß!!!

$

> ># %

&(' "ß%%!ß!!!

$#ß!!!

&(' "ß%%!ß!!!
"'!ß!!!

7

7 œ p œ œ Þ""$
 

" 
%!#!
Ð Ñ

" 
  .  Answer.

7 :  C

3.  The probability that the first death occurs in the 6th year is   .&l $&À%&;

This can be formulated as

&l $&À%& & $&À%& ' $&À%& & $& & %& ' $& ' %& & $& & %& %! &!; œ :  : œ : † :  : † : œ : † : † Ð"  : † : Ñ 

From the given information we have     and   .: œ !Þ*( : œ !Þ*&%! &!

Then,   .  Answer:  B&l $&À%&; œ ÐÞ*ÑÐÞ)ÑÒ"  ÐÞ*(ÑÐÞ*&ÑÓ œ Þ!&'&#

4.  TEF œ'&Þ& (.02)(25,000)(25) + (.025) 35,000   25,000 (25) S
S

65

45


   + (.03)(25,000)(5)  +  (.035) 35,000   25,000 (5)  =  3750 + 28,000 S
S

65

45
  S

S
65

45

     .  Answer:  B.p E F œ #%ß #&!

5.   .%l"% &! % &! ") &!; œ :  :

% &! ") &! "! &! ) '!
% "! ): œ ÐÞ*&Ñ œ Þ)"%& ß : œ : † : œ ÐÞ*&Ñ ÐÞ*'Ñ œ Þ%$"* .

Then    .   Answer:  C%l"% &!; œ Þ)"%&  Þ%$"* œ Þ$)#'
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6.  We are given   .  We wish to find   ."!!ß !!!ÐMEÑ œ "&ß &&" "!!ß !!!ÐMEÑ
%!À"!l %"À"!l
" "

We use the relationship     . This can be seen byÐMEÑ œ E  @: ÐMEÑ  8@ ;
BÀ8l BÀ8l
" " "B B

B"À8l

8"
8l

looking at the time line of possible death benefit payments; the first row is the sum of the second

and third rows.

          B B  " B  # B  $ Þ Þ Þ B  8  " B  8 B  8  "

           ÐMEÑ o " # $ 8  " 8
BÀ8l
"

E o " " " " "
BÀ8l
"           

@: ÐMEÑ o " # 8  # 8  " 8B
B"À8l
"           

 8@ ;  88"
8l B          

Then,    ÐMEÑ œ E  @: ÐMEÑ  "!@ ;
%!À"!l %!À"!l %"À"!l
" " "%! %!

""
"!l

E œ E  @ : E œ ÐÞ"'"$#Ñ  ÐÞ&$''(ÑÐÞ#%*!&Ñ œ Þ!#(''#
%!À"!l
" %! "! %! &!

"!

(we use values from the Illustrative Table, and note that ).@ : œ I"!
"! %! "! %!

Also   .@ ; œ @ † @ : † ; œ † ÐÞ&$''(ÑÐÞ!!&*#Ñ œ Þ!!#**("" "!
"!l %! "! %! &!

"
"Þ!'

Then   .Þ"&&&" œ Þ!#(''#  † Ð"  Þ!!#()Ñ ÐMEÑ  "!ÐÞ!!#**(Ñ"
"Þ!' %"À"!l

"

Solving for     results in   ÐMEÑ ÐMEÑ œ Þ"'()
%"À"!l %"À"!l
" "

We then multiply by 100,000 to get    . Answer:  D"'ß ()!

7.  With constant force of interest  and constant force of mortality , we have$ .

E œ œ œ œ "'Þ'''( + œ œ œ "(Þ"("(
ÞÞ

+B
" " " "
 Þ!"Þ!& "@: "/ †/. $  , and     .B

B
Þ!& Þ!"

With   ,  .   .  Answer:  C7 œ ∞ F œ "(Þ"("(   ÐÞ!'Ñ œ "'Þ'''( EÎF œ "Þ!!" "
# "#

8.  The equivalence principle premium is

"!!!T œ "!!!Ð  .Ñ œ "!!!Ð  Ñ œ #(*Þ#"BÀ$l
" " Þ"

+ #Þ(!")# "Þ"
ÞÞ
BÀ$l

 .

We are given that  survives to the end of the third year from issue. Using the end of theÐBÑ

second year as a reference point, there will be the endowment benefit of 1000 paid one year later

(end of the third year) and there will be one premium received just at the start of the third year.

#P is the present value, value at the end of the second year, of the insurance payment minus the

present value of the future premiums. This will be   .  #P œ "!!!@  #(*Þ#" œ '#*Þ))

Answer:  B
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9.  We assume that we are to find premiums based on the equivalence principle.

We will denote each of the two premiums as  (assume to be paid the start of each half-yearU

during the first year).   The APV of the premiums is    .UÒ"  @ † : ÓÞ&
Þ& $!

The APV of the benefit is    ."!!!@;  &!!@ ;  #&!@ ;$! $! $!
# $
"l #l

From the Illustrative Table, we have   and   .; œ Þ!!"&$ ß ; œ Þ!!"'" ; œ Þ!!"(!$! $" $#

Using UDD, the APV of premiums is   .UÒ"  @ Ð"  Þ&ÐÞ!!"&$ÑÑÓ œ "Þ*'"&"%UÞ&

The APV of the benefit is

"!!!@ÐÞ!!"&$Ñ  &!!@ ÐÞ**)%(ÑÐÞ!!"'"Ñ  #&!@ ÐÞ**)%(ÑÐÞ**)$*ÑÐÞ!!"(!Ñ œ #Þ%%#!)* Þ# $

Then   .   Answer:  EU œ œ "Þ#%&#Þ%%#!)*
"Þ*'"&"%

10.  Let  denote the probability of dying during the second year. Then the number of deaths ; R

in the second year has a binomial distribution based on    trials and success (dying)7 œ "!!

probability . The variance of the binomial is   .; Z +<ÒRÓ œ 7;Ð"  ;Ñ œ "!!;Ð"  ;Ñ

; ; œ T Ò Ó can be formulated as   survive 1st year and die in 2nd year  , which is equal to

œ U † U U † U œ ÐÞ(ÑÐÞ"Ñ  ÐÞ#ÑÐÞ#&Ñ œ Þ"#Ð!ß!Ñ Ð!ß#Ñ Ð!ß"Ñ Ð"ß#Ñ

(this is the combination of staying healthy for the 1st year and dying in the 2nd year, or

becoming disabled in the 1st year and dying in the 2nd year).

Therefore   .     Answer:  CZ +<ÒRÓ œ "!!ÐÞ"#ÑÐÞ))Ñ œ "!Þ&'

11.  The annual effective rate for the 1 year certificate is   , for the 3-yearÐ"Þ!"Ñ  " œ Þ!%!'%

certificate it is   , and for the 5-year certificate it isÐ"Þ!"#&Ñ  " œ Þ!&!*%

Ð"Þ!"%"#&Ñ  " œ Þ!&((%  . In order to withdraw the investment at the end of 6 years, the investor

must choose one of the following patterns of investment:

(i) 6 successive one-year certificates ,  annual effective rate is .0406 .

(ii) a 3 year certificate combined with 3 one-year certificates (in any order), annual effective rate

is   (we have found the 6-year accumulation and then theÒÐ"Þ!"#&Ñ Ð"Þ!"Ñ Ó  " œ Þ!%&)"# "# "Î'

equivalent annual effective rate that would compound to the same amount in 6 years).

(iii) Two 3-year certificates, annual effective rate .0509 .

(iv) A one-year certificate and a 5-year certificate (either order), annual effective rate is

ÒÐ"Þ!"%"#&Ñ Ð"Þ!"Ñ Ó  " œ Þ!&%)#! % "Î'  .

The maximum annual effective return is .0548 and is obtained with a 5-year and a 1-year

certificate, in either order.  Answer:  D
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12. With a one-year select period,  , so that° °/ œ /Ò)"Ó" )#

/ œ /  : † / œ : .>  : † / œ Ð"  ; Ñ .>  : † /° ° ° ° °Ò)"Ó Ò)"Ó Ò)"Ó Ò)"Ó Ò)"Ó Ò)"ÓÒ)"ÓÀ"l )# > )# > )#! !
" " 

œ Ð"  > † ; Ñ .>  : † / œ Ð"  >Ñ .>  Ð Ñ † / œ Þ*&""  Þ*!## † / 
! !
" "

Ò)"Ó Ò)"Ó )# )# )#° ° °*! )$!
*#! *#!

(using UDD and  ).  Therefore   , so that°; œ œ Þ!*() )Þ# œ Þ*&""  Þ*!## † /Ò)"Ó )#
*!
*#!

/ œ )Þ!$& j œ j œ *"! j œ j œ )$!°  . From the table we have    and   , so that)# )" )#Ò)!Ó" Ò)"Ó"

: œ ; œ)" )"
)$! )
*"! *"  and   . Then, we use the relationship

/ œ /  : † /  : † / /° ° ° ° °  to solve for  .Ò)!Ó Ò)!Ó Ò)!Ó Ò)!ÓÒ)!ÓÀ"l )"À"l # )#

From UDD we have   and   ,° °/ œ Ð"  Þ!*>Ñ .> œ Þ*&& / œ Ð"  >Ñ .> œ Þ*&'Ò)!ÓÀ"l )"À"l! !
" "  )

*"

: œ Þ*" ß : œ : † : œ ÐÞ*"ÑÐ Ñ œ Þ)$Ò)!Ó Ò)! Ò)!Ó# )"
)$
*"  . Then

/ œ Þ*&&  ÐÞ*"ÑÐÞ*&'Ñ  ÐÞ)$ÑÐ)Þ!$&Ñ / œ )Þ%*%° °  , so that   .  Answer:  EÒ)!Ó Ò)!Ó

13.  The loss on one policy is    ,P œ ^ U] œ ^  Þ!"']

where  is the present value random variable for a continuous whole life insurance of 1 and  is^ ]

the PVRV of a continuous life annuity of 1 per year.

IÒPÓ œ E Þ!"'+ œ  ÐÞ!"'ÑÐ Ñ œ 
 

B B
"
(&

Þ!"& "
Þ!'Þ!"& Þ!'Þ!"&  ,

Since   ,  can be written as     and then] œ œ P P œ Ð"  Ñ^ "^ "^ Þ!"' Þ!"'
Þ!' Þ!' Þ!'$

Z +<ÒPÓ œ Ð"  Ñ Z +<Ò^Ó œ Ð"  Ñ Ð E  E Ñ
 Þ!"' Þ!"'

Þ!' Þ!'
# # #

B B
#

œ Ð"  Ñ Ò  Ð Ñ Ó œ Þ""%!*%Þ!"' Þ!"& Þ!"&
Þ!' Þ"#Þ!"& Þ!'Þ!"&

# #  .

If the total loss is denoted , then    (sum of losses on each of the W W œ P  P âP 8" # 8

policies), and   , and   .IÒWÓ œ 8IÒPÓ œ  Z +<ÒWÓ œ 8Z +<ÒPÓ œ Þ""%!*%88
(&

Using the normal approximation,   .TÐW  !Ñ œ TÐ  Ñ
WIÒWÓ IÒWÓ

Z +<ÒWÓ Z +<ÒWÓ 
In order for this probability to be .05, we must have   ,

IÒWÓ

Z +<ÒWÓ œ "Þ'%&

or equivalently,   .  Solving for  results in   .
  Ñ

Þ""%!*%8

( 8
(& œ "Þ'%& 8 8 œ "($(

The number of independent policies needed to have a positive loss probability of .025, say ,7

must satisfy the equation   , and solving for  results in   .
  Ñ

Þ""%!*%7

( 7
(& œ "Þ*' 7 7 œ #%''

The additional number of policies needed is   . Answer: D#%''  "($( œ (#*
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14. The initial net reserve for policy year 10 is    (where  is the net*Z  T œ #*'Þ"  T T

premium). T œ ,T œ ,Ð  .Ñ œ Þ!$*!)), ÞB
"
+
ÞÞ
B

The net amount at risk for policy year 10 is   .,  Z œ )(#"!

Using the net amount at risk form of the recursive relationship for net reserve, for year 10, we

have   , which becomesÐ Z  TÑÐ"  3Ñ  Ð,  Z Ñ; œ Z* "! B* "!

Ð#*'Þ"  Þ!$*!)),ÑÐ"Þ!$Ñ  Ð)(#ÑÐÞ!#*!%Ñ œ ,  )(# p , œ "#!! .

Then,  T œ ,T œ "#!!ÐÞ!$*!))Ñ œ %'Þ*"ÞB

Then  the initial net reserve for policy year 10 is   .    *Z  T œ #*'Þ"  %'Þ*" œ $%$

Answer:  C

15.  The APV of the death benefit is  ."!ß !!!Ò@;  @ ;  @ ; Ó%! %! %!
Ð"Ñ Ð"Ñ Ð"Ñ# $

"l #l

Since decrement 2 occurs at the end of the year, for each year,  , and; œ ;B B
Ð"Ñ wÐ"Ñ

; œ Ð"  ; Ñ † ;B B B
Ð#Ñ wÐ"Ñ wÐ#Ñ .

For decrement 1, we have   for   , since the force of decrement is; œ ; œ Þ!# B œ %!ß %"ß %#B B
Ð"Ñ wÐ"Ñ

constant. Also   for  .: œ : † : œ ÐÞ*)Ñ † ÐÞ*'Ñ œ Þ*%!) B œ %!ß %"B B B
Ð Ñ wÐ"Ñ wÐ#Ñ7

Then,    and"l %! %! %"
Ð"Ñ Ð Ñ Ð"Ñ

; œ : † ; œ ÐÞ*%!)ÑÐÞ!#Ñ œ Þ!"))"'
7

#l %! %! %# %! %" %#
Ð"Ñ Ð Ñ Ð"Ñ Ð Ñ Ð Ñ Ð"Ñ

#
#; œ : † ; œ : † : † ; œ ÐÞ*%!)Ñ ÐÞ!#Ñ œ Þ!"((!

7 7 7  .

The APV of the death benefit is

"!ß !!!Ò@ÐÞ!#Ñ  @ ÐÞ!"))"'Ñ  @ ÐÞ!"((!ÑÓ œ &"## $  .  Answer:  C

16. The benefit plus expense reserve at time 4 is

% / &%À"l &%À"lZ œ "!!ß !!!E  "Þ"K +  &! Þ
ÞÞ

The full preliminary term reserve is   .%
JTX JTX

&%À"lZ œ "!!ß !!!E  "

Since the experience in the 4th year is the same as the assumptions, the asset value at the end of

the 4th year is  , so the gain is    .% / % / %
JTX JTX

&%À"lZ Z  Z œ  "Þ"K +  &!
ÞÞ

"

We find  from    ,K K+ œ "!!ß !!!E  Þ$K  Þ"K +  #!!  &! +
ÞÞ ÞÞ ÞÞ
&!À&l &!À&l &!À&l &!À&l

so that  where  K œ ß + œ +  I † + œ %Þ%""%
ÞÞ ÞÞ ÞÞ"!!ß!!!E &! +

ÞÞ

Þ* +  Þ$
ÞÞ
&!À&l &!À&l

&!À&l

+200+
&!À&l &! & &! &&

from the Illustrative Table. Then,   .E œ "  . † + œ Þ(&!$
ÞÞ

&!À&l &!À&l

Solving for  results in   .  Then,K K œ #!ß &&(

% / &%À"l &%À"lZ œ "!!ß !!!E  "Þ"K +  &! œ "!!ß !!!@  "Þ"K  &! œ ("ß '((
ÞÞ  .

The FPT premium  is the same as the level net premium for a similar policy issued at one"JTX

age higher for one year shorter policy, so that
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"JTX
&"À%lœ "!!ß !!!T œ œ "!!ß !!!  .

"!!ß!!!E

+ +
ÞÞ ÞÞ

"&"À%l

&"À%l &"À%l
  .

From   , and then    .+ œ +  I † + œ $Þ'$(' œ #"ß )$!
ÞÞ ÞÞ ÞÞ
&"À%l &" % &" &&

JTX"

The gain at time 4 due to the liability  basis change is

"JTX
&%À"l "Þ"K +  &! œ #"ß )$!  "Þ" ‚ #!ß &((  &! œ  )&&

ÞÞ  .   Answer:  B

17.  The APV of the annuity is

$!ß !!!+  #!ß !!!Ð+  + Ñ  "!ß !!!Ð+  + Ñ
ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ
BCÀ$l CÀ$l BCÀ$l BÀ$l BCÀ$l  .

œ #!ß !!!+  "!ß !!!+ œ $!ß !!!+
ÞÞ ÞÞ ÞÞ
CÀ$l BÀ$l BÀ$l .

 + œ "  @:  @ : œ #Þ'"!%$
ÞÞ
BÀ$l B # B

#

so the APV is  78,312.9 .  Answer:  A

18.  With constant force of mortality  and force of interest  ,   .. $œ Þ!$ œ Þ!& + œ œ "#Þ&
B

"
$ .

The variance of   is+XÐBÑl

" " " Þ!$ Þ!$
#   ÐÞ!&Ñ Þ"Þ!$ Þ!&Þ!$$ $ $ . $ .
. .

# # #Ò E  ÐE Ñ Ó œ Ò  Ð Ñ Ó œ Ò  Ð Ñ Ó œ $'Þ!'
 # # # #

B B   .

The standard deviation is   .$'Þ!' œ 'Þ!!

We wish to find  ] .T Ò"#Þ&  'Þ!!  +  "#Þ&  'Þ!!Ó œ T Ò 'Þ&  +  ")Þ& 
X l X lB B

We solve for , from the equation   , so that   , so that 8 + œ 'Þ& œ 'Þ& / œ Þ'(&
8l

Þ!&8"/
Þ!&

Þ!&8

(which is equivalent to   years)  and we solve for  from the equation8 œ  œ (Þ)' ß 7
68ÐÞ'(&Ñ

Þ!&

+ œ ")Þ& œ ")Þ& / œ Þ!(&
7l

Þ!&7 , so that   , so that "/
Þ!&

Þ!&7

(which is equivalent to   years)7 œ  œ &"Þ)"
68ÐÞ!(&Ñ

Þ!&

T Ò 'Þ&  +  ")Þ& œ T Ò(Þ)'  XÐBÑ  &"Þ)"Ó œ :  :
XÐBÑl (Þ)' B &"Þ)" B]

œ /  / œ Þ(*!  Þ#"" œ Þ&(*Þ!$Ð(Þ)'Ñ Þ!$Ð&"Þ)"Ñ  . Answer:  C

19.  We use the equivalence principle relationship

APV expense-loaded premium APV benefit plus expenses.œ

K+ œ "!!ß !!!E  Þ"K+  #&+  #&!+ Þ
ÞÞ ÞÞ ÞÞ ÞÞ
$& $& $& $& $&

Then    ,"#$% œ "!!ß !!!T  Þ"Ð"#$%Ñ  #&  #&!$&

so that   . Answer:  D"!!ß !!!T œ )$&Þ'!$&
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20.  The 2nd year terminal reserve for a 3-year endowment insurance can be formulated as

 # BÀ$lZ œ "  ß
+
ÞÞ

+
ÞÞ
B#À"l

BÀ$l

where   and  .+ œ " + œ "  @:  @ : œ "  
ÞÞ ÞÞ
B#À"l BÀ l B # B

#
3

: :
"Þ!& Ð"Þ!&Ñ

#

#

Then   ,  so that    .# BÀ$lZ œ "  œ Þ&#'  "Þ"!*( œ !"

" 

: :
Ð"Þ!&Ñ "Þ!&: :

"Þ!&

#

Ð"Þ!&Ñ#

#

# 

Solving the quadratic equation, or substituting the possible answers results in  .: œ Þ(

Answer:  E

SECTION B SOLUTIONS - WRITTEN ANSWER

1.(a) ^ œ ß ^ œ" #

! X#! ! X$!

@ X #! @ X $!
    if     if  

    if      if  #! $!

(b) Z +<Ò^ Ó œ IÒ^ Ó  ÐIÒ^ ÓÑ œ @ :  Ð@ : Ñ œ / : ‚ Ð"  : Ñ" " #! B #! B #! B #! B"
# # %! #! # %!$

œ / ‚ / ‚ Ð"  / Ñ œ Þ!#**'"Þ' Þ# Þ#

Z +<Ò^ Ó œ IÒ^ Ó  ÐIÒ^ ÓÑ œ @ :  Ð@ : Ñ œ / : ‚ Ð"  : Ñ# # $! B $! B $! B $! B#
# # '! $! # '!$

œ / ‚ / ‚ Ð"  / Ñ œ Þ!"(%##Þ% Þ$ Þ$

G9@Ò^ ß ^ Ó œ IÒ^ ‚ ^ Ó  IÒ^ Ó ‚ IÒ^ Ó" # " # " #   .

IÒ^ ‚ ^ Ó œ @ : œ / ‚ / œ Þ"!!#' IÒ^ Ó œ @ : œ Þ$'())" # $! B " #! B
&! # Þ$ #!  , 

IÒ^ Ó œ @ : œ Þ##$"$ p G9@Ò^ ß ^ Ó œ Þ"!!#'  Þ$'()) ‚ Þ##$"$ œ Þ!")"(# $! B " #
$!  .

(c) ^ œ$    if  

    if  

@ O#!

@ O #!
$ BÀ#!l

O"

#!
Þ IÒ^ Ó œ E Þ

^ ‚ ^ œ Þ IÒ^ ‚ ^ Ó œ @ : œ @ ‚ E" $ " $ #! B

! O#!

@ O #!

%! #!

BÀ#!l
"   if  

    if  %!
 .

G9@Ò^ ß ^ Ó œ IÒ^ ‚ ^ Ó  @ ‚ E E ‚E" $ " $
#!

BÀ#!l BÀ#!l
" " BÀ#!lIÒ^ Ó ‚ IÒ^ Ó œ" $   

œ E ‚ Ð@  E Ñ @  E
BÀ#!l

"
#! #!

BÀ#!l BÀ#!l. Since   , this covariance is negative.

The later death occurs, the smaller is  and eventually  goes from 0 to positive as time of^ ^$ "

death increases.  and  move in opposite directions as time of death increases. This is^ ^" $

characteristic of negative covariance.
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2.(a)(i) Single premium APV of benefitœ œ + œ / ‚ : ‚ + 
&l B & B B&

&$

œ / ‚ / ‚ +Þ"& Þ"
B& ;

 + œ +  / ‚ : ‚ +  
B& & B& B"!B&À&l

&$

œ / / .>  / ‚ / / .> œ  / ‚ 
! !
& ∞Þ!$> Þ!#> Þ#& Þ!$> Þ!"> Þ#&"/ "

Þ!$Þ!# Þ!$Þ!"

Þ!&Ð&Ñ

œ #$Þ)*%! / ‚ #$Þ)*%! œ ")Þ'!)(.  Then, the single premium is  Þ#&

(ii) Annual premium  . Because the force of interest is constant for the first 10œ APV of benefit
+BÀ&l

years, we have  , so that the annual premium is   .+ œ + œ %Þ%#%! œ %Þ#!' 
BÀ&l B&À&l

")Þ'!)(
%Þ%#%!

(b)(i) The loss at issue is   , where  is the PVRV for the annuity. TheP œ ]  ")Þ'!)( ]

expected loss at issue is  , where  is based on the revised mortalityIÒ] Ó  ")Þ'!)( IÒ] Ó

assumption.  .IÒ] Ó œ + œ / ‚ : ‚ + œ / ‚ œ "&Þ&('! 
&l B

</@ & < Þ#&
& B B&

$ "
Þ!$Þ!#

The expected loss at issue will be  , or an expected gain of 3.03."&Þ&('!  ")Þ'!)( œ  $Þ!$

(ii) The loss at issue is   , where  is the PVRV for the deferred annuity and  isP œ ]  ] ] ]" # " #

the PVRV for the premium annuity.  Under the revised mortality assumption,  is the sameIÒ] Ó"

as  in (i), which is . Under the revised mortality assumption,IÒ] Ó "&Þ&('!

IÒ] Ó œ %Þ#!' ‚ + œ %Þ#!' ‚ / / .> œ ")Þ'!)(
# BÀ&l

< Þ!$> Þ!#>
!
&  , so that

IÒPÓ œ "&Þ&('!  ")Þ'!)( œ  $Þ!$, or an expected gain of 3.03, as in part (i)

(iii) The mortality change occurs after time 10, so the APV of the premium annuity for the first

five years is unaffected by that change and so has the same APV as the single premium in (i).

3.(a) Net Premium:  T+ œ "ß !!!ß !!!E p T œ ")ß ((#Þ
ÞÞ
&! &!

K+ œ "ß !!!ß !!!E  Þ#K  Þ!&K+  &ß !!!  "!!!  Ð"!!!  #!!Ñ+  "!!!E
ÞÞ
&! &! &! &! &!

K œ œ #"ß ')#
"ß!!"ß!!!E 'ß!!!"#!!+

Þ*&+ Þ"&
ÞÞ&! &!

&!
.

(b) The 9th year terminal expense augmented reserve is

* * *
1Z œ APV  benefit + expenses APV gross premium

œ "ß !!!ß !!!E  ÐÞ!& ‚ #"ß ')#  "#!!Ñ ‚ +  "!!!E  #"ß ')# +
ÞÞ ÞÞ

&* &* &* &*

œ "$&ß $#$Þ

The accumulation relationship from time 9 to 10 is

Ð Z  K IÑÐ"  3Ñ  , ‚ ;  WI ‚ ; œ : ‚ Z* &* &* &* "!
1 1 ,

where  is settlement expense.WI
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This becomes

Ð"$&ß $#$  #"ß ')#  Þ!& ‚ #"ß ')#  "#!!Ñ ‚ "Þ!'  "ß !!"ß !!! ‚ Þ!"#'#

œ Þ*)($) ‚ Z p Z œ "&$ß $!'Þ"! "!
; ;

(The 10th year terminal expense augmented reserve formulated prospectively is

"! "! "!
1Z œ APV  benefit + expenses APV gross premium

œ "ß !!!ß !!!E  ÐÞ!& ‚ #"ß ')#  "#!!Ñ ‚ +  "!!!E  #"ß ')# +
ÞÞ ÞÞ

'! '! '! '!

œ "&$ß $!#  -  difference is do to round off error.)

(c) The 10th year terminal expense reserve is equal to

 APV  future expenses APV  future expense loading."! "!

The expense loading is   gross premium net premium  . œ #"ß ')#  ")ß ((# œ #*"!

Then  1

0th year terminal expense reserve

œ ÐÞ!& ‚ #"ß ')#  "#!!Ñ ‚ +  "!!!E  #*"! ‚ + œ  ''!(Þ
ÞÞ ÞÞ
'! '! '!

The expense loading is a lifetime "average" of all expenses and so is less than the large first year

expense and larger than the renewal expenses. When the -th year terminal expense reserve is>

formulated as    APV future expenses as of time APV future expense loading as of time ,>  >

this will be negative for  since expense loading is larger then annual expenses after time 0.>  !

(Note also that 10th year terminal expense reserve is equal to

10th year terminal expense augmented reserve 10th year terminal net reserve

œ Z  Z"! "!
1  .

"! "! "! '! '!Z œ  œ "ß !!!ß !!!E  ")ß ((#+ œ "&*ß *!*
ÞÞAPV  benefit APV net premium

   10th year terminal expense reserve .p œ "&$ß $!#  "&*ß *!* œ  ''!(

(d) The asset accumulation relationship for the 10th year is

Ð Z  K IÑÐ"  3Ñ  Ð,  WIÑ ‚ ;  GZ ‚ ; œ : ‚ EW* "! "!
1

&* &* &*
Ð.Ñ ÐAÑ Ð Ñ7

The expected asset share at the end of the 10th year is

"! "!EW œ œ "*#ß #%(  Þ#&% ‚ GZ
Ð"$&ß$#$Þ*&‚#"ß')#"#!!ÑÐ"Þ!'Ñ"ß!!"ß!!!‚Þ!"#'#Þ#‚ GZ

Þ()($)
"!

The liability at the end of the 10th year is  , so the expected profit for the year is"!
1Z œ "&$ß $!#

  "! "! "!EW  "&$ß $!# œ "*#ß #%(  Þ#&% ‚ GZ  "&$ß #!# œ $*ß !%&  Þ#&% ‚ GZ Þ

In order for this to be 5000, we must have  134,035."!GZ œ
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4.(a) In order for the individual to die within the three year term, one of the following state paths

must be taken:  1-4 (death in first year) , 1-1-4 or 1-2-4 (death in second year) ,

1-1-1-4 or 1-2-1-4 or 1-1-2-4 or 1-2-2-4 . The probabilities of these paths are:

1-4:  , 1-1-4: .06  ,  1-2-4:   ,  1-1-1-4:   ,Þ" Þ' ‚ Þ" œ Þ# ‚ Þ# œ Þ!% Þ' ‚ Þ' ‚ Þ" œ Þ!$'

1-2-1-4: 0   ,  1-1-2-4:   , 1-2-2-4:   .Þ# ‚ Þ# ‚ Þ" œ Þ! % Þ' ‚ Þ# ‚ Þ# œ Þ!#% Þ# ‚ Þ' ‚ Þ# œ Þ!#%

Total probability is   0 288.Þ"  Þ!'  Þ!%  Þ!$'  Þ! %  Þ!#%  Þ!#% œ Þ

Alternatively, the three step transition probability matrix is

T$ œ œ

Þ' Þ# Þ" Þ" Þ Þ# Þ Þ
Þ# Þ' ! Þ# Þ# Þ Þ
! ! " ! ! ! " !
! ! ! " ! ! ! "

         
   

$

  ,

288 24 2 288
24 288 .044 444

so the probability that someone in state 1 (active) at time 0 is in state 4 (dead) at time 3 is

$
"%: œ Þ#)).

(b) The probability that death occurs in the first year is .1, the probability that death occurs in the

second year is .1 (paths 1-1-4 or 1-2-4) and the probability that death occurs in the third year is

.088 (paths 1-1-1-4 , 1-2-1-4 , 1-1-2-4 or 1-2-2-4). The actuarial present value of the death

benefit at the time the policy is issued is  ."!!ß !!! ‚   œ #'ß "*' Þ" Þ" Þ!))
"Þ!& Ð"Þ!&Ñ Ð"Þ!&Ñ# $

(c) The individual is disabled at the start of the second year with probability .2 (path 1-2), and at

the start of the third year with probability .24 (paths 1-1-2 or 1-2-2). The actuarial present value

of the disability benefit is   .#&ß !!! ‚  œ "!ß #!% Þ# Þ#%
"Þ!& Ð"Þ!&Ñ#

(d) With net annual premium , the APV of premium isT

T ‚ "   œ T ‚ "   œ "Þ*$%#%T   : :
"Þ!& Ð"Þ!&Ñ "Þ!& Ð"Þ!&Ñ

Þ' Þ%"" ""
#

# #  .

We set this equal to the total APV of benefit and solve for :T

"Þ*$%#%T œ #'ß "*'  "!ß #!% œ $'ß %!! p T œ ")ß )"*     .

5.(a) From independence, we get  .> BC > B > C
> > Þ%>: œ : ‚ : œ / ‚ / œ /. .B C

   .°/ œ : .> œ / .> œ œ #Þ&BC > BC! !
∞ ∞ Þ%>  "

Þ%

T ÒX  X Ó œ ; œ : ‚ .> œ / ‚ Þ#& œ œ Þ'#&ÞB C ∞ > BC B>BC
" ! !

∞ ∞ Þ%> . Þ#&
Þ%

E œ / : ‚ .> œ / / ‚ Þ#& .> œ œ Þ&Þ
BC
" ! !

∞ ∞ > Þ"> Þ%>
> BC B> $ . Þ#&

Þ&
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(b) The force of mortality for  at age  is the sum of  and , where  is the forceÐBÑ B  > . - .B> B>
‡ ‡

of mortality in the absence of a common shock, and similarly for . Since the forces areÐCÑ

constant and we are given , it follows that  and  .- . .œ Þ!& œ Þ#! œ Þ"!B> C>
‡ ‡

   °/ œ : .> œ : ‚ : ‚ / .> œ / ‚ / ‚ / .> œ œ #Þ)&(ÞBC > BC > >! ! !
∞ ∞ ∞

B C
‡ ‡  > Þ#> Þ"> Þ!&>  - "

Þ$&

T ÒX  X Ó œ ; œ : ‚ .> œ / ‚ Þ# œ œ Þ&("ÞB C ∞ > BCBC
" ! !

∞ ∞
B>
‡ Þ$&> . Þ#

Þ$&

E œ / : ‚ .> œ / / ‚ Þ# .> œ œ Þ%%%Þ
BC
" ! !

∞ ∞ > ‡ Þ"> Þ$&>
> BC B>

 $ . Þ#
Þ%&

(c) The combined force of failure in (b) is smaller than that in (a) because the common shock is a

component of both individuals' mortality in (b), but that numerical factor is in both forces of

mortality in (a) and so appears twice as large in the joint force of failure.

6.(a) Max's salary in 2012 and 2013 will be    and(&ß !!!Ð"Þ!$Ñ œ (*ß &()#

(&ß !!!Ð"Þ!$Ñ œ )"ß *&%#$ , respectively, so for retirement at age 64, the two-year final average

salary will be 80,766. Max will have had 34 years of service as of that retirement date, so Max's

benefit, before reduction due to early retirement, will be  $% ‚ Þ!# ‚ )!ß ('' œ &%ß *#"Þ

There will be a 4% reduction in benefit as a result of retirement occurring one year before

normal retirement date, so Max's benefit will be   Max's salary in the&%ß *#" ‚ Þ*' œ &#ß (#%Þ

year of retirement is 81,954, so the replacement ratio is  , or 64.3%.&#ß(#%
)"ß*&% œ Þ'%$

(b) For retirement at age 63, the retirement benefit is  .$$ ‚ Þ!# ‚ ()ß %"% ‚ Þ*# œ %(ß '"$

For retirement at age 64, the retirement benefit is  (from (a)  .&#ß (#%

For retirement at age 65, the retirement benefit is 5 83,189  .$ ‚ Þ!# ‚ œ &)ß #$#

The APV of the retirement benefit as of January 1, 2010 is

@ : ‚ ; ‚ %(ß '"$ ‚ +  @ : ‚ ; ‚ &#ß (#% ‚ +
ÞÞ ÞÞ$ %

$ '$ % '%'! '$ '!
Ð Ñ Ð<Ñ Ð Ñ Ð<Ñ

'%  7 7

 @ : ‚ ; ‚ &)ß #$# ‚ +
ÞÞ&

& '&'! '&
Ð Ñ Ð<Ñ , where7

 from the Illustrative Table,$ $ '!'!
Ð Ñ

: œ : œ Þ*&&&#"
7

  , and% $'! '! '$ '$
Ð Ñ Ð Ñ Ð.Ñ Ð<Ñ

: œ : ‚ Ð"  ;  ; Ñ œ Þ)%#))%
7 7

  .& %'! '!
Ð Ñ Ð Ñ Ð.Ñ Ð<Ñ

'% '%: œ : ‚ Ð"  ;  ; Ñ œ Þ'"&("!
7 7

The APV is

 " "
Ð"Þ!'Ñ Ð"Þ!'Ñ$ %‚ Þ*&&&#" ‚ Þ" ‚ %(ß '"$ ‚ "!Þ%!)%  ‚ Þ)%#))% ‚ Þ#& ‚ &#ß (#% ‚ "!Þ"&%%

 ‚ Þ'"&("! ‚ " ‚ &)ß #$# ‚ *Þ)*'* œ $*%ß #(*"
Ð"Þ!'Ñ&  .
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(c) The APV of Max's original benefit as of age 65 is  &)ß #$# ‚ + œ &('ß $"'Þ
ÞÞ
'&

The APV of the optional benefit is   .O ‚ Ð+  + Ñ
ÞÞ ÞÞ
"!l '&À'&"!l

With ,   . From the Illustrative Table, we have3 œ Þ!' + œ (Þ)!"'*
ÞÞ
"!l

"!l "!l "!l "!l'&À'& '& '& '&À'& "! '& (& "! '& (& "! '&À'& (&À(&+ œ +  +  + œ I ‚ +  I ‚ +  I ‚ +
ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ

œ # ‚ Þ$***% ‚ (Þ#"(  : ‚ I ‚ + œ %Þ#'%%
ÞÞ

"! '& "! '& (&À(&  .

Then  %Þ#'%%O œ &('ß $"' p O œ "$&ß "%&Þ

7.(a) The account value at the end of year 1 is

EZ œ Ò'!!!Ð"  Þ!&Ñ  "!!  Ð#&ß !!!ÑÓÐ"Þ!&Ñ œ &(!""
"Þ#;
"Þ!%

&!  .

The account value at the end of the second year is

EZ œ Ò&(!!Þ'*  '!!!Ð"  Þ!&Ñ  "!!  Ð#&ß !!!ÑÓÐ"Þ!&Ñ œ ""ß '("#
"Þ#;
"Þ!%

&"  .

(b) For A Type A policy, we use the accumulation relationship

ÒEZ  K I  ÐF  EZ Ñ@ ; ÓÐ"  3 Ñ œ EZ5 5 5 5" 5"
;
5"

‡ -
B5  , which becomes

   .EZ œ5"
ÒEZ K I F†@ †; ÓÐ"3 Ñ

Ð"@ ; ÑÐ"3 Ñ
5 5 5

; ‡ -
B5

;
5" B5

‡ -  

In this expression,   so that   .F œ #&ß !!! EZ œ œ &ß *#""

 '!!!Ð"Þ!&Ñ"!! Ð"Þ!&Ñ

" ‚"Þ!&

#&ß!!!‚"Þ#;&!
"Þ!%

"Þ#;&!
"Þ!%

For the second year, we have   .EZ œ œ ""ß **'"

 &*#"'!!!Ð"Þ!&Ñ"!! Ð"Þ!&Ñ

" ‚"Þ!&

#&ß!!!‚"Þ#;&"
"Þ!%

"Þ#;&"
"Þ!%
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