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Fall 2002  
Society of Actuaries 

 
**BEGINNING OF EXAMINATION** 

 
 

1. Given:  The survival function s xb g , where 
 

s x xb g = ≤ <1 0 1,    
 

s x e xxb g d i{ }= − ≤ <1 100 1 45/ .,    

 
s x xb g = ≤0 4,   .5  

 
 
Calculate µ 4b g . 
 
 
(A) 0.45 

 
(B) 0.55 

 
(C) 0.80 

 
(D) 1.00 

 
(E) 1.20 
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2. For a triple decrement table, you are given: 
 
(i) µ x t1 03b gb g = . ,  t > 0  

 
(ii) µ x t2 05b gb g = . ,  t > 0  

 

(iii) µ x t3 0 7b gb g = . ,  t > 0  
 
 

Calculate qx
2b g . 

 
 
(A) 0.26 

 
(B) 0.30 

 
(C) 0.33 

 
(D) 0.36 

 
(E) 0.39 
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3. You are given: 
 
(i) the following select-and-ultimate mortality table with 3-year select period: 
 
 x  q x  q x +1  q x +2  qx +3  x + 3  

 60 0.09 0.11 0.13 0.15 63 
 61 0.10 0.12 0.14 0.16 64 
 62 0.11 0.13 0.15 0.17 65 
 63 0.12 0.14 0.16 0.18 66 
 64 0.13 0.15 0.17 0.19 67 

 
(ii) i = 0 03.  
 
 
Calculate 2 2 60A , the actuarial present value of a 2-year deferred 2-year term insurance  

on 60 . 
 
 
(A) 0.156 

 
(B) 0.160 

 
(C) 0.186 

 
(D) 0.190 

 
(E) 0.195 
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4. You are given: 
 
(i) µ x tb g = 001. ,   0 5≤ <t  

 
(ii) µ x tb g = 0 02. ,   5≤ t  

 
(iii) δ = 006.  
 
 
Calculate ax . 
 
 
(A) 12.5 

 
(B) 13.0 

 
(C) 13.4 

 
(D) 13.9 

 
(E) 14.3 
 
 



Course 3: Fall 2002 - 5 - GO TO NEXT PAGE 

5. Actuaries have modeled auto windshield claim frequencies.  They have concluded that the 
number of windshield claims filed per year per driver follows the Poisson distribution with 
parameter λ , where λ  follows the gamma distribution with mean 3 and variance 3. 
 
 
Calculate the probability that a driver selected at random will file no more than 1 
windshield claim next year. 
 
 
(A) 0.15 

 
(B) 0.19 

 
(C) 0.20 

 
(D) 0.24 

 
(E) 0.31 
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6. The number of auto vandalism claims reported per month at Sunny Daze Insurance 
Company (SDIC) has mean 110 and variance 750.  Individual losses have mean 1101 and 
standard deviation 70.  The number of claims and the amounts of individual losses are 
independent. 
 
 
Using the normal approximation, calculate the probability that SDIC’s aggregate auto 
vandalism losses reported for a month will be less than 100,000. 
 
 
(A) 0.24 

 
(B) 0.31 

 
(C) 0.36 

 
(D) 0.39 

 
(E) 0.49 
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7. For an allosaur with 10,000 calories stored at the start of a day: 
 
(i) The allosaur uses calories uniformly at a rate of 5,000 per day.  If his stored 

calories reach 0, he dies. 
 

(ii) Each day, the allosaur eats 1 scientist (10,000 calories) with probability 0.45 and no 
scientist with probability 0.55. 
 

(iii) The allosaur eats only scientists. 
 

(iv)  The allosaur can store calories without limit until needed. 
 
 
Calculate the probability that the allosaur ever has 15,000 or more calories stored. 
 
 
(A) 0.54 

 
(B) 0.57 

 
(C) 0.60 

 
(D) 0.63 

 
(E) 0.66 
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8. The value of currency in country M is currently the same as in country N (i.e., 1 unit in 
country M can be exchanged for 1 unit in country N).  Let C tb g  denote the difference 
between the currency values in country M and N at any point in time (i.e., 1 unit in country 
M will exchange for 1+ C tb g  at time t).  C tb g  is modeled as a Brownian motion process 
with drift 0 and variance parameter 0.01. 
 
An investor in country M currently invests 1 in a risk free investment in country N that 
matures at 1.5 units in the currency of country N in 5 years.  After the first year, 1 unit in 
country M is worth 1.05 in country N. 
 
 
Calculate the conditional probability after the first year that when the investment matures 
and the funds are exchanged back to country M, the investor will receive at least 1.5 in the 
currency of country M. 
 
 
(A) 0.3 

 
(B) 0.4 

 
(C) 0.5 

 
(D) 0.6 

 
(E) 0.7 
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9. Lucky Tom finds coins on his way to work at a Poisson rate of 0.5 coins/minute.  The 
denominations are randomly distributed: 
 
(i) 60% of the coins are worth 1 each 

 
(ii) 20% of the coins are worth 5 each 

 
(iii) 20% of the coins are worth 10 each. 
 
 
Calculate the probability that in the first ten minutes of his walk he finds at least 2 coins 
worth 10 each, and in the first twenty minutes finds at least 3 coins worth 10 each. 
 
 
(A) 0.08 

 
(B) 0.12 

 
(C) 0.16 

 
(D) 0.20 

 
(E) 0.24 
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10. You wish to simulate a value, Y,  from a two point mixture. 
 
With probability 0.3, Y  is exponentially distributed with mean 0.5.  With probability 0.7, 
Y  is uniformly distributed on −3 3, .  You simulate the mixing variable where low values 
correspond to the exponential distribution.  Then you simulate the value of Y , where low 
random numbers correspond to low values of Y .  Your uniform random numbers from 
0 1,  are 0.25 and 0.69 in that order. 

 
 
Calculate the simulated value of Y . 
 
 
(A) 0.19 

 
(B) 0.38 

 
(C) 0.59 

 
(D) 0.77 

 
(E) 0.95 
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11. For a fully discrete whole life insurance of 1000 on (60), the annual benefit premium was 
calculated using the following: 
 
(i) i = 0 06.  

 
(ii) q60 0 01376= .  

 
(iii) 1000 369 3360A = .  

 
(iv)  1000 383 0061A = .  
 
A particular insured is expected to experience a first-year mortality rate ten times the rate 
used to calculate the annual benefit premium.  The expected mortality rates for all other 
years are the ones originally used. 
 
 
Calculate the expected loss at issue for this insured, based on the original benefit premium. 
 
 
(A)   72 

 
(B)   86 

 
(C) 100 

 
(D) 114 

 
(E) 128 
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12. For a fully discrete whole life insurance of 1000 on (40), you are given: 
 
(i) i = 0 06.  

 
(ii) Mortality follows the Illustrative Life Table. 

 
(iii) && .:a40 10 7 70=  

 
(iv)  && .:a50 10 7 57=  

 
(v) 1000 60 0040 20

1A : .=  

 
At the end of the tenth year, the insured elects an option to retain the coverage of 1000 fo r 
life, but pay premiums for the next ten years only. 
 
 
Calculate the revised annual benefit premium for the next 10 years. 
 
 
(A) 11 

 
(B) 15 

 
(C) 17 

 
(D) 19 

 
(E) 21 
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13. For a double-decrement table where cause 1 is death and cause 2 is withdrawal, you are 
given: 
 
(i) Deaths are uniformly distributed over each year of age in the single-decrement 

table. 
 

(ii) Withdrawals occur only at the end of each year of age. 
 

(iii) lx
τb g = 1000  

 
(iv)  qx

2 0 40b g = .  
 

(v) d dx x
1 20 45b g b g= .  

 
 
Calculate ′px

2b g . 
 
 
(A) 0.51 

 
(B) 0.53 

 
(C) 0.55 

 
(D) 0.57 

 
(E) 0.59 
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14. You intend to hire 200 employees for a new management-training program.  To predict the 
number who will complete the program, you build a multiple decrement table.  You decide 
that the following associated single decrement assumptions are appropriate: 
 
(i) Of 40 hires, the number who fail to make adequate progress in each of the first 

three years is 10, 6, and 8, respectively. 
 

(ii) Of 30 hires, the number who resign from the company in each of the first three 
years is 6, 8, and 2, respectively. 
 

(iii) Of 20 hires, the number who leave the program for other reasons in each of the first 
three years is 2, 2, and 4, respectively. 
 

(iv)  You use the uniform distribution of decrements assumption in each year in the 
multiple decrement table. 

 
 
Calculate the expected number who fail to make adequate progress in the third year. 
 
 
(A)   4 

 
(B)   8 

 
(C) 12 

 
(D) 14 

 
(E) 17 
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15. Bob is an overworked underwriter.  Applications arrive at his desk at a Poisson rate of 60 
per day.  Each application has a 1/3 chance of being a “bad” risk and a 2/3 chance of being 
a “good” risk. 
 
Since Bob is overworked, each time he gets an application he flips a fair coin.  If it comes 
up heads, he accepts the application without looking at it.  If the coin comes up tails, he 
accepts the application if and only if it is a “good” risk.  The expected profit on a “good” 
risk is 300 with variance 10,000.  The expected profit on a “bad” risk is  –100 with 
variance 90,000. 
 
 
Calculate the variance of the profit on the applications he accepts today. 
 
 
(A) 4,000,000 

 
(B) 4,500,000 

 
(C) 5,000,000 

 
(D) 5,500,000 

 
(E) 6,000,000 
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16. Prescription drug losses, S, are modeled assuming the number of claims has a geometric 
distribution with mean 4, and the amount of each prescription is 40.   
 
Calculate E S −

+
100b g . 

 
 
(A)   60 
 
(B)   82 
 
(C)   92 
 
(D) 114 
 
(E) 146 
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17. For a temporary life annuity- immediate on independent lives (30) and (40): 
 
(i) Mortality follows the Illustrative Life Table. 

 
(ii) i = 0 06.  
 
 
Calculate a30 40 10: :

. 

 
 
(A) 6.64 

 
(B) 7.17 

 
(C) 7.88 

 
(D) 8.74 

 
(E) 9.86 
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18. For a special whole life insurance on (35), you are given: 
 
(i) The annual benefit premium is payable at the beginning of each year. 

 
(ii) The death benefit is equal to 1000 plus the return of all benefit premiums paid in 

the past without interest. 
 

(iii) The death benefit is paid at the end of the year of death. 
 

(iv)  A35 0 42898= .  
 

(v) IAb g35 616761= .  
 

(vi) i = 0 05.  
 
 
Calculate the annual benefit premium for this insurance. 
 
 
(A) 73.66 

 
(B) 75.28 

 
(C) 77.42 

 
(D) 78.95 

 
(E) 81.66 
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19. For a fully discrete whole life insurance of 1000 on Glenn: 
 
(i) Glenn is now age 80.  The insurance was issued 30 years ago, at a contract 

premium of 20 per year. 
 

(ii) Mortality follows the Illustrative Life Table. 
 

(iii) i = 0 06.  
 

(iv) You are simulating 30 L , the prospective loss random variable at time 30 for this 
insurance based on the contract premium.  You are using the inverse transform 
method, where low random numbers correspond to early deaths (soon after age 80). 
 

(v) Your first random number from the uniform distribution on [0, 1] is 0.42. 
 

 
Calculate your first simulated value of 30 L . 
 
 
(A) 532 

 
(B) 555 

 
(C) 578 

 
(D) 601 

 
(E) 624 
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20. Subway trains arrive at a station at a Poisson rate of 20 per hour.  25% of the trains are 
express and 75% are local.  The types of each train are independent.  An express gets you 
to work in 16 minutes and a local gets you there in 28 minutes.  You always take the first 
train to arrive.  Your co-worker always takes the first express.  You both are waiting at the 
same station.   
 
 
Which of the following is true? 
 
 
(A) Your expected arrival time is 6 minutes earlier than your co-worker’s. 

 
(B) Your expected arrival time is 4.5 minutes earlier than your co-worker’s. 

 
(C) Your expected arrival times are the same. 

 
(D) Your expected arrival time is 4.5 minutes later than your co-worker’s. 

 
(E) Your expected arrival time is 6 minutes later than your co-worker’s. 
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21. An insurance company is established on January 1. 
 
(i) The initial surplus is 2. 

 
(ii) At the 5th of every month a premium of 1 is collected. 

 
(iii) At the middle of every month the company pays a random claim amount with 

distribution as follows 
 

x p(x) 
1 0.90 

2 0.09 

3 0.01 
 
(iv) The company goes out of business if its surplus is 0 or less at any time. 

 
(v) i = 0 
 
 
Calculate the largest number m such that the probability that the company will be out of 
business at the end of m complete months is less than 5%. 
 
 
(A) 1 

 
(B) 2 

 
(C) 3 

 
(D) 4 

 
(E) 5 
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22. A stream fills a lake at a constant rate of 500 liters per day.  Deer arrive at the lake at a 
Poisson rate of 250 per day.  The amount of water each deer drinks per arrival is uniformly 
distributed between 1 and 2 liters. 
 
 
Calculate the probability that the lake level is ever lower than it is right now. 
 
 
(A) 0.00 

 
(B) 0.25 

 
(C) 0.50 

 
(D) 0.75 

 
(E) 1.00 
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23. Your company insures a risk that is modeled as a surplus process as follows: 
 
(i) Interarrival times for claims are independent and exponentially distributed with 

mean 1/3. 
 

(ii) Claim size equals 10t , where t equals the time the claim occurs. 
 

(iii) Initial surplus equals 5. 
 

(iv)  Premium is collected continuously at rate ct 4 . 
 

(v) i = 0  
 
You simulate the interarrival times for the first three claims by using 0.5, 0.2, and 0.1, 
respectively, from the uniform distribution on 0 1, , where small random numbers 
correspond to long interarrival times. 
 
 
Of the following, which is the smallest c such that your company does not become 
insolvent from any of these three claims? 
 
 
(A)   22 

 
(B)   35 

 
(C)   49 

 
(D) 113 

 
(E) 141 
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24. For a special fully continuous whole life insurance of 1 on the last-survivor of (x) and (y), 
you are given: 
 
(i) T xb g  and T yb g  are independent. 

 
(ii) µ µx yt t tb g b g= = >0 07 0. ,  

 
(iii) δ = 005.  

 
(iv)  Premiums are payable until the first death. 
 
 
Calculate the level annual benefit premium for this insurance. 
 
 
(A) 0.04 

 
(B) 0.07 

 
(C) 0.08 

 
(D) 0.10 

 
(E) 0.14 
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25. For a fully discrete whole life insurance of 1000 on (20), you are given: 
 
(i) 1000 1020P =  

 
(ii) 1000 49020 20V =  

 
(iii) 1000 54521 20V =  

 
(iv)  1000 60522 20V =  

 
(v) q40 0 022= .  
 
 
Calculate q41 . 
 
 
(A) 0.024 

 
(B) 0.025 

 
(C) 0.026 

 
(D) 0.027 

 
(E) 0.028 
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26. For a fully discrete whole life insurance of 1000 on (60), you are given: 
 
(i) i = 0 06.  

 
(ii) Mortality follows the Illustrative Life Table, except that there are extra mortality 

risks at age 60 such that q60 0 015= . . 
 
 
Calculate the annual benefit premium for this insurance. 
 
 
(A) 31.5 

 
(B) 32.0 

 
(C) 32.1 

 
(D) 33.1 

 
(E) 33.2 
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27. At the beginning of each round of a game of chance the player pays 12.5.  The player then 
rolls one die with outcome N.  The player then rolls N dice and wins an amount equal to 
the total of the numbers showing on the N dice.  All dice have 6 sides and are fair. 
 
 
Using the normal approximation, calculate the probability that a player starting with 
15,000 will have at least 15,000 after 1000 rounds. 
 
 
(A) 0.01 

 
(B) 0.04 

 
(C) 0.06 

 
(D) 0.09 

 
(E) 0.12 
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28. X is a discrete random variable with a probability function which is a member of the (a,b,0) 
class of distributions. 
 
You are given: 
 
(i) P X P X( = ) = ( = ) = .0 1 0 25 
 
(ii) P X( = ) = .2 01875  
 
 
Calculate P X = 3b g . 
 
 
(A) 0.120 
 
(B) 0.125 
 
(C) 0.130 
 
(D) 0.135 
 
(E) 0.140 
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29. Homerecker Insurance Company classifies its insureds based on each insured’s credit 
rating, as one of Preferred, Standard or Poor.  Individual transition between classes is 
modeled as a discrete Markov process with a transition matrix as follows: 
 

 Preferred Standard Poor 
Preferred 0.95 0.04 0.01 
Standard 0.15 0.80 0.05 
Poor 0.00 0.25 0.75 

 
 
Calculate the percentage of insureds in the Preferred class in the long run. 
 
 
(A) 33% 

 
(B) 50% 

 
(C) 69% 

 
(D) 75% 

 
(E) 92% 
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30. Nancy reviews the interest rates each year for a 30-year fixed mortgage issued on July 1.  
She models interest rate behavior by a Markov model assuming: 
 
(i) Interest rates always change between years. 

 
(ii) The change in any given year is dependent on the change in prior years as follows: 
 

from year t − 3  to  
year t − 2  

from year t − 2  to  
year t −1  

Probability that year t will 
increase from year t −1  

Increase Increase 0.10 

Decrease Decrease 0.20 

Increase Decrease 0.40 
Decrease Increase 0.25 

 
She notes that interest rates decreased from year 2000 to 2001 and from year 2001 to 2002. 
 
 
Calculate the probability that interest rates will decrease from year 2003 to 2004. 
 
 
(A) 0.76 

 
(B) 0.79 

 
(C) 0.82 

 
(D) 0.84 

 
(E) 0.87 
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31. For a 20-year deferred whole life annuity-due of 1 per year on (45), you are given: 
 
(i) Mortality follows De Moivre’s law with ω = 105 . 

 
(ii) i = 0  
 
 
Calculate the probability that the sum of the annuity payments actually made will exceed 
the actuarial present value at issue of the annuity. 
 
 
(A) 0.425 

 
(B) 0.450 

 
(C) 0.475 

 
(D) 0.500 

 
(E) 0.525 
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32. For a continuously increasing whole life insurance on xb g , you are given: 
 
(i) The force of mortality is constant. 

 
(ii) δ = 006.  

 
(iii) 2 0 25Ax = .  
 
 
Calculate IA

x
d i . 

 
 
(A) 2.889 

 
(B) 3.125 

 
(C) 4.000 

 
(D) 4.667 

 
(E) 5.500 
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33. XYZ Co. has just purchased two new tools with independent future lifetimes.  Each tool 
has its own distinct De Moivre survival pattern.  One tool has a 10-year maximum lifetime 
and the other a 7-year maximum lifetime. 
 
 
Calculate the expected time until both tools have failed. 
 
 
(A) 5.0 

 
(B) 5.2 

 
(C) 5.4 

 
(D) 5.6 

 
(E) 5.8 
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34. XYZ Paper Mill purchases a 5-year special insurance paying a benefit in the event its 
machine breaks down.  If the cause is “minor” (1), only a repair is needed.  If the cause is 
“major” (2), the machine must be replaced. 
 
Given: 
 
(i) The benefit for cause (1) is 2000 payable at the moment of breakdown. 

 
(ii) The benefit for cause (2) is 500,000 payable at the moment of breakdown. 

 
(iii) Once a benefit is paid, the insurance contract is terminated. 

 
(iv) µ 1 0100b gb gt = .  and µ 2 0004b gb gt = . , for t > 0  

 
(v) δ = 0 04.  
 
 
Calculate the actuarial present value of this insurance. 
 
 
(A) 7840 

 
(B) 7880 

 
(C) 7920 

 
(D) 7960 

 
(E) 8000 
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35. You are given: 
 

(i) R e x t dt
= − z−

1 0

1
µ b g

 
 

(ii) S e x t k dt
= − z− +

1 0

1
µ b gc h

 
 

(iii) k is a constant such that S R= 0 75.  
 
 
Determine an expression for k. 
 
 
(A) 1 1 1 075n − −q qx xb g b gc h/ .  

 
(B) 1 1 0 75 1n − −. /q px xb g b gc h  

 
(C) 1 1 075 1n − −. /p px xb g b gc h  

 
(D) 1 1 1 075n − −p qx xb g b gc h/ .  

 
(E) 1 1 075 1n − −. /q qx xb g b gc h  
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36. The number of claims in a period has a geometric distribution with mean 4.  The amount of 
each claim X follows P X x= =b g 025. , x = 12 3 4, , , .   The number of claims and the claim 
amounts are independent.  S is the aggregate claim amount in the period. 
 
 
Calculate Fs 3b g . 
 
 
(A) 0.27 

 
(B) 0.29 

 
(C) 0.31 

 
(D) 0.33 

 
(E) 0.35 
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37. Insurance agent Hunt N. Quotum will receive no annual bonus if the ratio of incurred 
losses to earned premiums for his book of business is 60% or more for the year.  If the 
ratio is less than 60%, Hunt’s bonus will be a percentage of his earned premium equal to 
15% of the difference between his ratio and 60%.  Hunt’s annual earned premium is 
800,000. 
 
Incurred losses are distributed according to the Pareto distribution, with θ = 500 000,  and 
α = 2 . 
 
 
Calculate the expected value of Hunt’s bonus. 
 
 
(A) 13,000 

 
(B) 17,000 

 
(C) 24,000 

 
(D) 29,000 

 
(E) 35,000 
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38. A large machine in the ABC Paper Mill is 25 years old when ABC purchases a 5-year term 
insurance paying a benefit in the event the machine breaks down. 
 
Given: 
 
(i) Annual benefit premiums of 6643 are payable at the beginning of the year. 

 
(ii) A benefit of 500,000 is payable at the moment of breakdown. 

 
(iii) Once a benefit is paid, the insurance contract is terminated. 

 
(iv) Machine breakdowns follow De Moivre’s law with l xx = −100 . 

 
(v) i = 0 06.  
 
 
Calculate the benefit reserve for this insurance at the end of the third year. 
 
 
(A) –91 

 
(B)     0 

 
(C) 163 

 
(D) 287 

 
(E) 422 
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39. For a whole life insurance of 1 on xb g , you are given: 
 
(i) The force of mortality is µ x tb g .  

 
(ii) The benefits are payable at the moment of death. 

 
(iii) δ = 006.  

 
(iv)  Ax = 060.  
 
 
Calculate the revised actuarial present value of this insurance assuming µ x tb g  is increased 
by 0.03 for all t and δ  is decreased by 0.03. 
 
 
(A) 0.5 

 
(B) 0.6 

 
(C) 0.7 

 
(D) 0.8 

 
(E) 0.9 
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40. A maintenance contract on a hotel promises to replace burned out light bulbs at the end of 
each year for three years.  The hotel has 10,000 light bulbs.  The light bulbs are all new.  If 
a replacement bulb burns out, it too will be replaced with a new bulb. 
 
You are given: 
 
(i) For new light bulbs,  q0 0 10= .  

    q1 0 30= .  
    q2 0 50= .  
 

(ii) Each light bulb costs 1. 
 

(iii) i = 0 05.  
 
 
Calculate the actuarial present value of this contract. 
 
 
(A) 6700 

 
(B) 7000 

 
(C) 7300 

 
(D) 7600 

 
(E) 8000 
 
 
 

**END OF EXAMINATION** 
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 Course 3 
FALL 2002 

 
          FINAL ANSWER KEY 

 
 

Question # Answer  Question # Answer 

1 E  21 B 
2 A  22 D 
3 D  23 C 
4 B  24 C 
5 E  25 E 
6 A  26 E 
7 C  27 E 
8 B  28 B 
9 D  29 C 
10 C  30 B 
11 D  31 B 
12 D  32 C 
13 A  33 E 
14 D  34 A 
15 C  35 A 
16 C  36 E 
17 B  37 E 
18 A  38 D 
19 D  39 D 
20 C  40 A 

 
 




