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SPRING 2007 CAS COURSE 3 SOLUTIONS

1.  The number of fires in a 3-day period is Poisson with a mean of  . The number of"&
"! œ "Þ&

fires in the 3-day period following the 8-th fire is Poisson with a mean of 1.5, so the probability
of no fires in that 3-day period is   .        Answer:  B/ œ Þ##$"Þ&

2.  The total revenue generated in one hour , has a compound Poisson distribution with PoissonW

mean of    customers per hour. The severity (revenue per customer)  is- œ $ ‚ '! œ ")! \

Normal with mean    and  coefficient of variation  , so that   and. 5œ &! œ Þ#& œ "#Þ&5
.

5# œ "&'Þ#& W . The variance of the total revenue per hour  for this compound Poisson
distribution is   .Z +<ÐWÑ œ IÐ\ Ñ- #

But    .IÐ\ Ñ œ Z +<Ð\Ñ  ÒIÐ\ÑÓ œ  œ "&'Þ#&  &! œ #'&'Þ#&# # # # #5 .

Then,   , and the standard deviation of Z +<ÐWÑ œ Ð")!ÑÐ#'&'Þ#&Ñ œ %()ß "#& W

is   .        Answer:  EÈZ +<ÐWÑ œ '*"Þ&

3.  According to put-call parity, the price of the put should be
Call price PV of Strike price Prepaid forward stock price 

œ #Þ!!  &!/  %*Þ(!/ œ #Þ!&Þ&ÐÞ!$Ñ Þ&ÐÞ!#Ñ  .
Since the put is priced at 2.35, we should be able to sell the put at $2.35
and by a synthetic put for $2.05. The arbitrage profit will be $.30.
The synthetic put can be bought by shorting  shares of stock and receiving/Þ&ÐÞ!#Ñ

$49.21, and investing    (lending) at the risk free rate for 6 months&!/ œ %*Þ#'Þ&ÐÞ!$Ñ

and buying the call for 2.00, for a net cost of   .%*Þ#'  #Þ!!  %*Þ#" œ #Þ!&

Answer:  B

4.  According to put-call parity, the price of the put should be
Call price PV of Strike price Prepaid forward stock price . 

The prepaid forward stock price is the current stock price minus present value of dividends.
This is   .#*  Þ&ÒÒ/  / Ó œ #)Þ!% ÐÞ"Ñ  ÐÞ"Ñ# &

"# "#

The put price is    .        Answer:  E#  $!/  #)Þ!% œ #Þ&!Þ&ÐÞ"Ñ
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5.   .        Answer:  C#l$ '!; œ œ œ Þ!&"$#j j
j )ß"))ß!(%

(ß*&%ß"(*(ß&$$ß*'%'# '&

'!

6.  °/ œ : .> œ .> œ .>$! > $!! ! !
∞ (! (!' ' '=Ð$!>Ñ

=Ð%!Ñ

"

"

Ð$!>Ñ#

"!ß!!!

$!#

"!ß!!!

œ .>  .> œ  † .>' ' '
! ! !
(! (! (!" (! "

" " " "

Ð$!>Ñ
"!ß!!!$! $! $! $!# # # #

"!ß!!! "!ß!!! "!ß!!! "!ß!!!

Ð$!>Ñ#

"!ß!!!
#

œ  † œ  † œ %!Þ$(! " (! " "!!
Þ*" Þ*" "!ß!!! Þ*" Þ*" $

Ð$!>Ñ# ¹
>œ!

>œ(!

 .        Answer:  B

7.  The actuarial present value is
+  Ð+  + Ñ  ÒÐ+  + Ñ  Ð+  + ÑÓ  ÒÐ+  + Ñ  Ð+  + ÑÓ
ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ ÞÞ
&l BCÀ&l BÀ&l BCÀ&l BÀ&l BCÀ&lBC B BC B BC

" "
# #

œ %Þ%'&  Ð"#Þ%()  %Þ$)(ÑÑ  ÒÐ"%Þ)"(  %Þ%%!Ñ  Ð"#Þ%()  %Þ$)(ÑÓ"
#

 ÒÐ"$Þ#'(  %Þ%""Ñ  Ð"#Þ%()  %Þ$)(ÑÓ œ "%Þ""
#  .        Answer:  D

8.  The loss at issue is    .PÐ Ñ œ "!!!^  ] œ Ò"!!!  Ó^ 1 1 1 1
. .

This follows from the relationship     for the discrete whole life annuity random] œ "^
.

variable  and the discrete whole insurance random variable .] ^

The variance of  isPÐ Ñ1

Z +<ÒPÐ ÑÓ œ Ò"!!!  Ó † Z +<Ð^Ñ œ Ò"!!!  Ó † Ò E  ÐE Ñ Ó1 1 1
. .

# # # #
&& &&

œ Ò"!!!  Ó † ÒÞ"$!'(  ÐÞ$!&"%Ñ Ó1
Þ!&''!%

# #  .
These values are from the Illustrative Table.
The standard deviation is    .Ò"!!!  Ó † ÒÞ"$!'(  ÐÞ$!&"%Ñ Ó1

Þ!&''!%
È #

In order for this to be less than 250, we must have
  , so that   .        Answer:  AÒ"!!!  Ó † ÒÞ"$!'(  ÐÞ$!&"%Ñ Ó  #&!  "'Þ%1

Þ!&''!%
È # 1
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9.  The present value random variable for the total amount paid is
W œ &!!^  &!!^ â &!!^ ^" # "!! 3 , where each  is the present value random variable for
an insurance of 1 paid at the end of the year of death of a 30-year-old. The 's are independent^

of one another. We wish to find  so that    , where  has an (approximate)J T ÒW Ÿ J Ó œ Þ)& W

normal distribution. The mean and variance of  areW

IÐWÑ œ "!! ‚ &!!IÐ^Ñ œ "!! ‚ &!!E œ &"#%$! , and
Z +<ÐWÑ œ "!! ‚ &!!Z +<Ð^Ñ œ "!! ‚ &!! † Ò E  ÐE Ñ Ó œ $(!ß "*' œ Ð'!)Þ%Ñ# # # #

$! $! .
Then,   .T ÒW Ÿ J Ó œ T Ò Ÿ Ó œ Þ)&W&"#% J&"#%

'!)Þ% '!)Þ%
J&"#% J&"#%
'!)Þ% '!)Þ% is the 85-th percentile of the standard normal distribution, which is  œ "Þ!%

(from the standard normal table). Then          Answer:  CJ œ &(&(Þ

10.  Since    for each , it must be the case that   Minimum) ) ] 3  Ò] ß ] ß ] ß ] ß ÞÞÞß ] Ó3 " # $ % 8

Any of the other answers result in a likelihood that may be 0.        Answer:  D

11.  The log of the pdf is    , and the derivative with respect to  is68 0ÐBÑ œ 68Ð  "Ñ  68B) ) )
. "
. ") )68 0ÐBÑ œ  68B . The derivative with respect to  of the loglikelihood function is the)

sum over the 's of    . This is  .B 68 0ÐB Ñ 68P œ Ò  68B Ó3 3 3
. . "
. . ") ) )D

Setting this equal to 0 and solving for  results in the mle of ,) )

)s œ   " œ   " œ $Þ*(8 &
68 B 68Þ*#68Þ(*68Þ*!68Þ'&68Þ)'D 3

 .        Answer:  E

12.  I. True. American options have premiums that are greater than or equal to European options.
II. False. As the stock price increases, it is less valuable to exercise the put.
III. False. For a call, the strike price is the price at which the stock can be purchased if the option
is exercised. A higher strike price makes the option less valuable.
Answer:  A

13.  A synthetic T-Bill can be created using a call, a put and the stock.
Long T-Bill with present value Short Call (80) Long Put (80) Stock)!/ œ  Þ#&<

œ  'Þ(!  "Þ'!  )&Þ!! œ (*Þ*! .
Therefore,   , and   .        Answer:  A/ œ Þ**)(& < œ Þ!!&Þ#&<
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14.  The risk neutral probabilities are     for an up-step,: œ œ Þ(&'%‡ / Þ*
"Þ"Þ*

Þ!&

and    for a down-step. The option values at time 2 are  26 if the stock price is 121,Þ#%$'

4 if the stock price is 99, and 0 if the stock price is 81. The expected present value at time 0
using risk neutral probabilities is
/ Ò#' † Ð: Ñ  % † # † : Ð"  : ÑÓ œ "%Þ(*#ÐÞ!&Ñ ‡ # ‡ ‡  .        Answer:  D

15.  Using the binomial option pricing model in Chapter 10 of the text, we have

? œ / œ / œ "Þ"*)"Ð< Ñ2 2 ÐÞ!&Þ!$&ÑÐ ÑÞ$$ 5È É" "
$ $   and

. œ / œ / œ Þ)%&#Ð< Ñ2 2 ÐÞ!&Þ!$&ÑÐ ÑÞ$$ 5È É" "
$ $  .

The risk-neutral probability of an increase in the stock price in the binomial tree is

: œ œ œ Þ%&$‡ / . / Þ)%&#
?. "Þ"*)"Þ)%&#

Ð< Ñ2 ÐÞ!&Þ!$&ÑÐ Ñ"$$

 .        Answer:  C

16.  The number of shares of stock in the replicating portfolio is
? œ / † G G 2

? .
$ G G

WÐ?.Ñ
? .  , where  and  are the values of the option if the stock goes up or down.

G œ ' ß G œ ! œ ! œ œ Þ%#*? .  .  Since the dividend rate is  , we have   .$ ? '!
"!Ð"Þ)Þ%Ñ

Answer:  C

17.  We assume no dividends. Based on the given parameter values
< œ Þ!& ß œ ! ß œ Þ$& ß 2 œ " ? œ / œ / œ "Þ%*")$ 5 , we have Ð< Ñ2 2 Þ!&Þ$&$ 5È
and    .. œ / œ / œ Þ(%!)Ð< Ñ2 2 Þ!&Þ$&$ 5È
The risk-neutral probability of an increase in stock price is   .: œ œ œ Þ%"$%‡ / . / Þ(%!)

?. "Þ%*")Þ(%!)

< Þ!&

At time 2, the nodes in the binomial tree are
$&? œ $&Ð"Þ%*")Ñ œ ((Þ)* Ð: Ñ œ ÐÞ%"$%Ñ œ Þ"("# # ‡ # #, with risk-neutral probability , and
$&?. œ $&Ð"Þ%*")ÑÐÞ(%!)Ñ œ $)Þ') #Ð: ÑÐ"  : Ñ œ Þ%)&, with risk-neutral probability , and‡ ‡

$&. œ $&ÐÞ(%!)Ñ œ "*Þ#" Ð"  : Ñ œ Þ$%%# # ‡ # with risk-neutral probability  .
The option values are  0  at the nodes  and  , and 12.79 at the node  .$&? $&?. $&.# #

The expected present value of the option price at time 0 is
/ Ò"#Þ(*ÐÞ$%%ÑÓ œ $Þ*)#ÐÞ!&Ñ  .        Answer:  D
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18.  We use a chi-square goodness-of-fit test statistic. The null hypothesis is that the sick days
are uniformly distributed, with an expected number of 24 for each day of the week (one-fifth of
120). The chi-square statistic is
Ð$##%Ñ Ð")#%Ñ Ð")#%Ñ Ð#!#%Ñ Ð$##%Ñ

#% #% #% #% #%

# # # # #

    œ *Þ!! .
The statistic has    degrees of freedom (there was no estimation).&  " œ %

From the chi-square table, we see that 5% of probability is to the right of    (this is the 95-th*Þ%*

percentile) for 4 degrees of freedom. The -value of the test statistic 9.00 is the probability to the:

right of 9.00, which is greater than .05.    Answer:  E

19.  The table would be a 4 4 grid with 16 entries.‚

  Class 1  Class 2  Class 3  Class 4  Total
1 Vehicle         B B B B Z """ "# "$ "%

2 Vehicles         B B B B Z ##" ## #$ #%

3 Vehicles         B B B B Z $$" $# $$ $%

4 Vehicles         B B B B Z %%" %# %$ %%

          G" G# G$ G% X

Each  is the number of policyholders with  vehicles in Class .  B 3 434

In a data set, we would know the totals  and .Z "ß Z #ß Z $ß Z %ß G"ß G#ßG$ßG%ß X

Therefore, knowing any 3 entries in a row, and the row total, means we would know the 4th
entry in the row, and the same goes for a column. We lose one degree of freedom for each row,
and for each column, but because of duplication with a row and column, we lose %  %  " œ (

degrees of freedom. From the total number of 16 cells, we lose 7 degrees of freedom, for a net
degrees of freedom of 9.        Answer:  A

20.   .G œ W / Ð. Ñ  O/ Ð. Ñ! " #
 X <X$ F F

W œ &)Þ*' ß œ Þ!& ß O œ '! ß œ Þ# ß < œ Þ!' ß X œ Þ#& ß! $ 5

. œ œ œ  Þ"!"
68W68OÐ<  ÑX 68&)Þ*'68'!ÐÞ!'Þ!& ÐÞ#Ñ ÑÐÞ#&Ñ

X ÐÞ#Ñ Þ#&

$ 5

5

" "
# #

# #

È È  ,

. œ .  X œ  Þ"!  ÐÞ#Ñ Þ#& œ Þ#!# " 5È È  .
G œ &)Þ*'/ Ð  Þ"Ñ  '!/ Ð  Þ#ÑÞ!&ÐÞ#&Ñ Þ!&ÐÞ#&ÑF F

œ &)Þ*'/ ÐÞ%'!#Ñ  '!/ ÐÞ%#!(Ñ œ "Î*$Þ!&ÐÞ#&Ñ Þ!'ÐÞ#&Ñ  .        Answer:  B
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21.   .T œ O/ Ð  . Ñ  W / Ð  . Ñ<X  X
# ! "F F$

O œ )Þ(& ß < œ Þ!) ß W œ *Þ'( ß œ ! ß œ Þ%! ß X œ Þ#& ß! $ 5

. œ œ Þ( . œ Þ&" #
68*Þ'(68)Þ(&ÐÞ!) ÐÞ%Ñ ÑÐÞ#&Ñ

ÐÞ%Ñ Þ#&

"
#

#

È  ,  .

T œ )Þ(&/ Ð  Þ&Ñ  *Þ'( Ð  Þ(ÑÞÐ!)ÑÐÞ#&ÑF F

œ )Þ(&ÐÞ*)!#ÑÐÞ$!)&Ñ  *Þ'(ÐÞ#%#Ñ œ Þ$" .        Answer:  A

22. The significance level is the probability of rejecting the null hypothesis given that it is true.
The Type II error is the probability of not rejecting the null hypothesis given that it is not true
(given that the alternative is true). The null hypothesis will not be rejected of  is below the:s

critical value, say . If the alternative hypothesis is true, then the probability of not rejecting the-

null hypothesis is   . We are told that this isT Ò:  -Ó œ T ÒD  Ó œ T ÒD  Ós
-Þ(& -Þ(&

ÐÞ(&ÑÐÞ#&ÑÎ'#& Þ!"($#È
11.07%.  Therefore,    is the 11.07-percentile of the standard normal distribution, which is-Þ(&

Þ!"($#

 "Þ##$ œ  "Þ##$ - œ Þ(#)).  Therefore,   , so that   .-Þ(&
Þ!"($#

The level of significance is T Ò:  Þ(#))l: œ Þ(Ó œ T ÒD  Ó œ T ÒD  "Þ&)Ó œ Þ!'s
Þ(#))Þ(
ÐÞ(ÑÐÞ$ÑÎ'#&È

This would be answer E, which is not in agreement with the answer of B given on the exam.

23.  The power of the test is the probability that  is rejected given that  is true.L L! "

The significance level is   , which implies that   .T Ò  -Ó œ Þ!#$ - œ #Þ!\(!


"!!Î8È
The power of the test is   .T Ò  #Þ!l œ (&Ó œ Þ&\(!



"!!Î8È .

This probability can be written as    ,T Ò  #Þ!  l œ (&Ó œ Þ&\(& &


"!!Î8 "!!Î8È È .

which implies that  , so that   .#Þ!  œ ! 8 œ "'&
"!!Î8È

To raise the power to 90%, we need  T Ò  #Þ!l œ (&Ó œ Þ*\(!


"!!Î8È .

which can be written as    .T Ò  #Þ!  l œ (&Ó œ Þ*\(& &


"!!Î8 "!!Î8È È .

This implies that   , so that   , so we need 44 sample values.#Þ!  œ  "Þ#) 8   %$Þ!$&
"!!Î8È

This would require    more sample values.        Answer:  D%%  "' œ #)

24.  This probability is   .        Answer:  B"Î$ &!Þ#&; œ œ Þ!!"*'
Ð"Î$Ñ;

"ÐÞ#&Ñ;
&!

&!
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25.   is the time until failure of the joint life status. The joint status has survival probabilityXÐBCÑ

> BC > B > C
#: œ : † : œ Ð"  Þ!">Ñ  .  Then

IÒXÐBCÑÓ œ / œ : .> œ Ð"  Þ!">Ñ .> œ œ $$Þ$$°  .BC > BC! !
"!! "!! #

>œ!

>œ"!!' ' ¹Ð"Þ!">Ñ
Þ!$

$

The second moment of  isXÐBCÑ

IÒX ÐBCÑÓ œ #> † : .> œ #>Ð"  Þ!">Ñ .>' '
! !
"!! "!!

> BC
#

œ #>Ð"  Þ!#>  Þ!!!"> Ñ .> œ # Ð>  Þ!#>  Þ!!!"> Ñ .> œ "'''Þ'(' '
! !
"!! "!!# # $  .

The variance of  is    .        Answer:  AXÐBCÑ "'''Þ'(  Ð$$Þ$$Ñ œ &&'#

26.   .G9@ÒX ÐBCÑß X ÐBCÑÓ œ IÒXÐBCÑ † X ÐBCÑÓ  IÖXÐBCÑÓ † IÒX ÐBCÑÓ

We know that    and   , and   , sinceIÒXÐBÑÓ œ IÒXÐCÑÓ œ IÖXÐBCÑÓ œ" " "
. α α .

> BC > B > C
 >  > Ð  Ñ>: œ : † : œ / † / œ /. α α .  .

IÒXÐBCÑ † X ÐBCÑÓ œ IÖXÐBÑX ÐCÑÓ œ IÒXÐBÑÓ † IÒX ÐCÑÓ œ †" "
. α

(this is true since one of  and   is  and the other is ).XÐBCÑ X ÐBCÑ X ÐBÑ X ÐCÑ

Also,   .IÒXÐBCÑÓ œ IÒXÐBÑÓ  IÒXÐCÑÓ  IÒXÐBCÑÓ œ  " " "
. α α .

Then,
G9@ÒX ÐBCÑß X ÐBCÑÓ œ IÒXÐBCÑ † X ÐBCÑÓ  IÖXÐBCÑÓ † IÒX ÐBCÑÓ

œ †   œ  œ" " " " " " " "
  Ð  Ñ Ð  Ñ

Ð  Ñ 
. α α . . α α . α. α. α . α .

α . α. Ð ÑÐ Ñ 
#

# # .        Answer:  C

27.   .% '& '& '' ')
Ð#Ñ Ð#Ñ Ð#Ñ Ð#Ñ Ð#Ñ

'(. œ .  .  .  .

. œ j † ; œ "!!!ÐÞ#Ñ œ #!!'& '& '&
Ð#Ñ Ð Ñ Ð#Ñ7  .

. œ j † ; œ j † : † ; œ "!!!ÐÞ(&ÑÐÞ$Ñ œ ##&' '
Ð#Ñ Ð Ñ Ð#Ñ Ð Ñ Ð Ñ Ð#Ñ

'' '& '& ''6 6
7 7 7  .

. œ j † ; œ j † : † ; œ "!!!ÐÞ(&ÑÐÞ'ÑÐÞ%Ñ œ ")!' ' ' '& '&
Ð#Ñ Ð Ñ Ð#Ñ Ð Ñ Ð Ñ Ð#Ñ

# '(7 7 7
7 7 7  .

. œ j † ; œ j † : † ; œ "!!!ÐÞ(&ÑÐÞ'ÑÐÞ%&ÑÐÞ&Ñ œ "!"Þ#&') ') ') '& '& ')
Ð#Ñ Ð Ñ Ð#Ñ Ð Ñ Ð Ñ Ð#Ñ

$
7 7 7  .

% '&
Ð#Ñ

. œ #!!  ##&  ")!  "!"Þ#& œ (!'Þ#& .         Answer:  B

28.  The subject must transition from State 2 at time 0 to State 3 at time 2 and then transition to
State 1 at time 3.  This is  .  The matrix  is the transition matrix from time# 8! #

Ð#ß$Ñ Ð$ß"Ñ
U † U U

8  " 8 to time  (which is not the same as the notation used in the study note; the study note
would denote this matrix ).    is found from the matrix  .U U œ Þ#& U8" $#

Ð$ß"Ñ

# " #!
Ð#ß$Ñ

U U ‚U is the  2-3  entry in the matrix product  . This will be

# !
Ð#ß$Ñ

U œ ÐÞ$&ÑÐÞ#&Ñ  ÐÞ&!ÑÐÞ#!Ñ  ÐÞ"&ÑÐÞ%!Ñ œ Þ#%(& .
The probability in question is   .        Answer:  B# ! #

Ð#ß$Ñ Ð$ß"Ñ
U † U œ ÐÞ#%(&ÑÐÞ#&Ñ œ Þ!'")(&
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29.  The -statistic for testing for a one-sided test of the equality of the means of two normal>

distributions with equal but unknown variances is     ,>
C B

= †
 =  –

 + 

_ _

1 1
: 8 8É

\ ]

where   = Ð8 Ñ= Ð8 Ñ=
8 8:

\ ]\ ]

\ ]

2
2 2

 =  .–1 + –1
+ – 2

We are given   .B œ "! ß = œ % ß 8 œ "" ß C œ * ß = œ "# ß 8 œ "" 
\ ]
# #

\ ]

= œ œ ) > œ œ  Þ)#*:
# Ð"""ÑÐ%ÑÐ"""ÑÐ"#Ñ

""""#
*"!

)† 
  and    .È É " "

"" ""

The -statistic has  degrees of freedom in the -distribution. The critical> 8  8  # œ #! >\ ]

value for a one-sided test with significance level .05 is   (found from the -table withX œ "Þ(#& >

0.1 area in both tails, so as to have .05 area in one tail). The absolute difference is
l>  X l œ l  Þ)#*  "Þ(#&l œ #Þ&&% .
This is answer E, which is not the answer of C indicated on the exam.

30.  The test statistic for the comparison of the variances of two normal distributions is

0 œ Þ
=

=
 = 1

2

2
2

"'
*   The critical value for a one-sided test is found in the -distribution table withJ

8  " œ ( 8  " œ )\ ]  and    degrees of freedom. With significance level .05, the critical value
is   . The absolute difference is   . J œ $Þ&! l0  J l œ l  $Þ&!l œ "Þ(#"'

* This is answer C. The
exam indicated that the answer is A.

31.  V œ  IWW
XWW

2 1 , where  total sum of squares  .XWW œ œ ÐC  C Ñ œ C  8C D D3
# # #

3

For this data set,   and  , so   .C œ "$ 8 œ & XWW œ $%

IWW œ œ ÐC  C Ñserror sum of squares D 3 3
#

œ Ð"!  *Þ'Ñ â Ð"(  "'Þ%Ñ œ &Þ"# #  .
V œ "  œ Þ)&# &Þ"

$%  .         Answer:  D

32.  In order to delta-hedge his position, the market maker buys    shares."!ß !!!?

From the given information,  .? œ / RÐ. Ñ œ / ÐÞ&(*$Ñ œ Þ&%!" X Þ!(
"

$

The market maker buys   shares of stock.&ß %!"

The market maker loses   as a result of the option price change"!! ‚ &'Þ!) œ &'!)

("one option" refers to a contract of an option on 100 shares). The market maker gains
&%!" as a result of the $1 increase in his 5401 shares. The net profit is
&%!"  &'!) œ  #!( .        Answer:  C
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33.  I. False.  The value of a written call is proportional in gamma to the square of the price
change. If the gamma of a call is positive, then a written call will lose money.
II. True.  Negative theta indicates that a call becomes less valuable as time progresses. The call
option writer benefits as the value of the call decreases.
III. False. A market maker hedges a put by selling stock.
II only is not an answer choice. The answer indicated on the exam is D.

34.  The combination of a down-and-in call option and a down-and-out call option, each with
strike price , is an ordinary call with strike price . This is true because the combinationO O

eliminates the uncertainty regarding whether or not the stock crosses the down barrier.
Therefore, the price of an ordinary call with strike price  is  .O #&  $! œ &&

The same logic applies to the combination of and up-and-out call and an up-and-in call with the
same strike price . They combine to be an ordinary call with strike price , so the price of anO O

ordinary call with strike price  is  . Since all strike prices of the barrier options are theO "& \

same, it must be true that  , so that  .        Answer:  E"&  \ œ && \ œ %!

35.  There appears to be a typographical error in the expression for . The  factorWÐ>Ñ ^Ð>Ñ5

should also be in the exponent. If so, the following solution applies. As it stands, the question
has an error in the statement.
According to Ito's Lemma, if  is a function of and , and  follows geometric BrownianG W > WÐ>Ñ

motion of the form given in the first bullet of the problem, then
.G œ ÒÐ  ÑWÐ>Ñ G  G  GÓ .>  W G .^α $ 5 5. " . . .

.W # .W .> .W
# #

#  .
Since   , it follows that   , and    and   .G œ W G œ " W œ ! G œ !. . .

.W .W .>

#

#

Then,  ..G œ ÒÐ  ÑWÓ .>  W .^α $ 5

This is answer B, when we cancel    with   .        Answer:  B WÐ>Ñ .> WÐ>Ñ .>" "
# #

# #5 5

36.  This problem has a couple of errors (besides the misspelling of Vasicek).
The Vasicek model has parameters . Perhaps the " " in the text looks like the Greek+ß ,ß <ß <5

letter , and that may account for the problem using  instead of . This question is fashioned# # <

after the calculations in Table 24.1 on page 786 of the McDonald textbook. The intention of this
question was to find  , which is the approximate expected+Ð,  <Ñ œ Þ"&ÐÞ"!  Þ!&Ñ œ Þ!!(&

rate of change in the interest rate per unit time. The question asks for the "expected change in the
interest rate", which would be    (since the   factor would be 0 for the Gaussian+Ð,  <Ñ .> IÒ.DÓ

process ). The exam gives the answer as E, consistent with the numerical value of .0075, but theD

problem seems to be defective.
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37.  According to the Black-Derman-Toy model, the yield volatility at time  at a particular node2

in the binomial tree is   , where   and    are the yields to!Þ& ‚ 68 CÐ2ß X ß < Ñ CÐ2ß X ß < ÑÒ ÓCÐ2ßX ß< Ñ
CÐ2ßX ß< Ñ

?

.
? .

maturity at the upper and lower nodes of the branch. The bond originally matured in 3 years, so
at time 1, there are still 2 years remaining until maturity. The upper branch at time 1 has bond
price .8133, which has an annualized yield for the two remaining years that is
Ð Ñ"
Þ)"$$

"Î#  " œ Þ"!)*.
The lower branch has annualized yield  .Ð Ñ"

Þ)&$(
"Î#  " œ Þ!)#$

The yield volatility is    .        Answer:  BÞ& † 68 œ Þ"%!Ð ÑÞ"!)*
Þ!)#$

38.  The retrospective form of the reserve is    .& %!À#!l %!À#!l %!À&lZ œ T † = 
ÞÞ

E

I
%!À&l
"

& %!

We are given     and  , and   .E œ !Þ!'! I œ !Þ'*% = œ œ 'Þ#'"
ÞÞ

%!À&l
" & %! %!À&l

+
ÞÞ

I
%!À&l

& %!

T œ œ œ Þ!$&("%!À#!l

E

+ +
ÞÞ ÞÞ

E  I
%!À#!l %!À#!l

%!À#!l %!À#!l

" #! %!

 .

Then,   .        Answer:  C& %!À#!lZ œ ÐÞ!$&("ÑÐ'Þ#'"Ñ  œ Þ"$("Þ!'!
Þ'*%

39.  The second bullet point indicates that the survival model follows DeMoivre's Law
with  . Under this law, continuous whole life insurance values have the form= œ "!!

E œ † + ß + œ œ 68Ð"  3Ñ
  

B
"
B Bl Bl= = = where   , and    is the force of interest."@=B

$ $

We use the reserve form    .> BZ ÐE Ñ œ
  E E

 

"E
B> B

B

Then,    .#! $&Z ÐE Ñ œ
  E E

 

"E
&& $&

$&

From DeMoivre's Law, we have  ,E œ † + œ † œ Þ$!#"
 

$&
"

"!!$& "!!$&l
" "@
'& 68Ð"Þ!&Ñ

'&

and    .E œ † œ Þ%!%)


&&
" "@
%& 68Ð"Þ!&Ñ

%&

Then,   .        Answer:  A#! $&Z ÐE Ñ œ œ Þ"%(
  Þ%!%)Þ$!#"

"Þ$!#"
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40.  The driver starts out as Preferred. The only possible cost at the end of the first year is 20 and
this occurs if the driver transfers from Preferred to Standard. That probability is .3, found in .U"

The actuarial present value of the first year end transition cost is   .#!@ÐÞ$Ñ œ &Þ("

The possible transition costs at the end of the second year are 20 and 10.
20 occurs if the transition is from P to S at the end of the 2nd year, which has probability
ÐÞ(ÑÐÞ#Ñ œ Þ"%  (path P-P-S).
10 occurs if the transition is from S to P at the end of the 2nd year, which has probability
ÐÞ$ÑÐÞ#Ñ œ Þ!' (path P-S-P).
The APV of 2nd year end transition costs is   .ÒÐ#!ÑÐÞ"%Ñ  Ð"!ÑÐÞ!'ÑÓ@ œ $Þ!)#

The possible transition costs at the end of the third year are 20 and 10.
20 occurs if the transition is from P to S at the end of the 3rd year, which has probability

#
ÐT ÞT Ñ
!U † ÐÞ"Ñ œ ÒÐÞ(ÑÐÞ)Ñ  ÐÞ$ÑÐÞ#ÑÓÐÞ"Ñ œ Þ!'# (paths P-P-P-S and P-S-P-S).

10 occurs if the transition is from S to P at the end of the 3rd year, which has probability

#
ÐT ÞWÑ
!U † ÐÞ#Ñ œ ÒÐÞ(ÑÐÞ#Ñ  ÐÞ$ÑÐÞ)ÑÓÐÞ#Ñ œ Þ!(' (paths P-P-S-P and P-S-S-P) .

The APV of 3rd year end transition costs is   .ÒÐ#!ÑÐÞ!'#Ñ  Ð"!ÑÐÞ!('ÑÓ@ œ "Þ($$

The total APV is    .        Answer:  D&Þ("  $Þ!)  "Þ($ œ "!Þ&#


