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.95
4P = 6_.f77lo.llfa:dfr — 6—.107 )
.95 _ .
5D70 = Pro - 4P = og x e 17 =.889.  Answer: E

— —2
2. Var(@sg) = 3 - (4. — 4,)

Since the force of mortality is constant at ¢, we have A, = ﬁ and *A, = 3 5C+C.
- Ry -
Therefore, from A, = .3443 = O3t ' We get ¢ =.042,
ot 042
andthen “A, = 2(08)+.012 = .2079 .

Var(@zgy) = rogp - 2079 — (:3443)%] = 13.96 . Answer: B

3. 5Vieo) = Aes — Pjso) - s (Since we are past the select period of 3 years, the insurance annuity

reverts to ultimate values). We can find P from

_ Apoy  dApy  %(359)
-P[6O} - a[ﬁo] - lfA[S()] - 1—359 — ‘0317 '

From the Illustrative Table we have Ag; = .43980 and dg; = 9.8969 , so that the reserve for
faceamount 1is 5V5 = .43980 — (.0317)(9.8969) = .1261 .
Multiplying by 1000 gives the reserve for the face amount 1000. Answer: D

4. Sincethisisafully discrete whole life insurance, for face amount 1, the variance of L is
(1%&)2(2141 — A2%) = 011487, and the standard deviation is /.011487 = .107177 .

For face amount 150,000, the standard deviation is scaled up by afactor of 150, 000 to
150,000(.107177) = 16,077 . Answer: E

5. The exponential interarrival times with mean time . between arrivalsis equivalent to arrivals
following a Poisson process with a mean of i per unit time. We are given that the average

interarrival timeis 1 month, so the average number of arrivals per month is 1. Because of the
independence of arrivalsin digoint intervals of time, the fact that there have been no arrivals by
the end of January has no effect on how many arrivals will occur in February and March. The
number of arrivalsin Feb. and Mar. is Poisson with a mean of 2. The probability of at least 3
arrivalsin Feb. and Mar. is the complement of the probability of at most 2 arrivals. Thisis

e 22

1—(e?+ 52+ 5%) = 323, Answer: C
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6. The units donated and the units withdrawn are independent of one another. The units donated
follows a compound Poisson process and so do the units withdrawn. The mean of a compound
Poisson distributionis E[N] - E[X] and thevarianceis E[N] - E[X?], where E[N] isthe
Poisson mean, and X is the amount of an individual deposit (or withdrawal for the withdrawal
process). For the depositsin one week, Np hasamean of 7(10)(.8) = 56 (since 80% of food
bank visitors make a deposit) and X, has mean 15 and variance 75. For the withdrawals in one
week, Ny hasamean of 7(10)(.2) = 14 (since 20% of food bank visitors make awithdrawal)
and X p has mean 40 and variance 533. The expected amount deposited in one week is

E[Sp] = E[Np] - E[Xp] = (56)(15) = 840 and the variance of the amount deposited is
Var[Sp] = E[Np] - E[X3] = (56)(75 + 15%) = 16,800

(since E[X?%)] = VarpXp] + E[Xp]?).

Similarly, the expected amount withdrawn in one week is

E[Sw] = E[Nw] - E[Xw] = (14)(40) = 560 and the variance of the amount withdrawn is
Var[Sw] = E[Nw] - B[X%] = (14)(533 + 40%) = 29, 862.

The net amount deposit in the week is Sp — Sy, which has a mean of

840 — 560 = 280 and avariance of 16,800 + 29, 863 = 46, 662 (because of independence of
Sp and Syy). The probability that the amount of food units at the end of 7 dayswill be at least
600 more than at the beginning of theweek is P(Sp — Sy > 600) .

Using the normal approximation, this

Sp—Sw—280 ~ 600—280\ __ 1 _ a4(600-280\ _ 1 _ 1 _
PRt > Ui) =1 - o(95E) = 1 - ©(1.48) = 1 - 93006 = .0694 .

Answer: A

7. Theearlier premium is paid, the higher the reserve will be. This can be seen retrospectively,
since the accumulated cost of insurance isthe samein all cases (level benefit of 1000), so the
reserves differ because of different premium payment patterns. Earlier premium payment results
in greater accumulation to time 5. Pattern E has the most premium paid earliest. E has the same
total inthefirst 3 yearsas A and C and the same premium in years 4 and 5, so E's accumulated
premium will be greater than that of A and C. The difference between E and D isthat E has
premium of 1 morethan D in thefirst year and 1 lessthan D in the 3rd year, but D has one more
than E in the 4th year and 1 less than E in the fifth year. Since E's excess differential with D
occurs earlier (years1 and 3, vs years 4 and 5), the accumulation of E's premium is greater than
that of D. From the diagram, it can be seen that D's accumulated premium is greater than that

of B. Answer: E
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8. The expected number of pointsthat Kirawill scoreis

Prob. that Kira getsto play x Expected number of points Kira scores given that she startsto play

If Kiragets to play, the expected time until she will be called is e/* = u% = + = 2 hours,

The expected number of points she would scorein that timeis 100, 000(%) = 166,667 .
The probability that Kirawill get to play is the probability that Kevin gets called first. Thisis
odl, where xz isKevinand y isKira. This probability is

xql = fO tpxl//x tpy dt f[) - 7t _Gt dt 13 = 538462

zy
The expected number of points Kirawill score before she leavesis

(.538462)(166,667) = 89,744 .  Answer: E

9. Wefirst find qé? , the decrement probability for the continuous decrement.

1 1 T 1 1 1
q§5) = Jy tp§5) 'Mg; (t)dt = | tp,2(5) 'tp;(5) M25)( t)dt = 925)fo th(o dt .
Thelast inequality follows from UDD in associated single tables for decrement 1.
tp/2(52) =1for 0<t< % , since decrement 2 does not occur until time %
Then tplz(;) =1- (.12)(%) =.91 for % <t< % ,becausei of decrementZoccursattime%
and no more of decrement 2 occurs until time %

Then tplz(;) =1-(.12) = .88 for % <t <1, because the rest of decrement 2 occurs at

time %

Then g’ = g [y s dt = (1)[(1)(3) + (91)(3) + (:88)(3)] = 0916 .
We know that for a 2-decrement model

oD =W 4 g g D = 14 12— (1)(.12) = .208

and we also know that ¢ = i) + i, sothat .208 = .0916 + g7,

from which we get qé? =.1164 . Answer: E

10. Weare given that 300 = 1000A% , where "08" refersto valuation at the start of 2008.
Wewish to find 1000A% . Using the recursive insurance relationship,

A¥ =1 qes + v pss A% , soweneed to find AJ.

Again using the recursive relationship, we have A% = v o6 gos + v.06 Pos A »

so if we can find A} then we can get A%, and then get A%

Applying the recursive relationship to AGG, we get

A =v1qe6 +v1qes A , SOthat .3 = ﬁ(.012) + rll(.988)Ag? ,
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10 continued

and we get A2 = .321862 . Since the interest remains at 6% for 2009 and thereafter, it follows
that AY? isthe sameas A}, so A = .321862 .

Then A% = v.06 a6 + v.06 Pis Agy = 15 + 155(.321862) = .3113 .

Finaly, A% =vqs +v1pesAY = 4 + 2(.3113) = .2893.  Answer: C

Using the relationship dyy = d 010, + 10810 - dso , from the Illustrative Table, we get
14.6864 = i1 + (-53667)(13.2668) , so that i .5 = 7.5665 .

Using the relationship dyy = dyo30, + 20F40 - dgo , from the Illustrative Table, we get
14.6864 = i y0,35 + (.27414)(11.1454) , so that i35 = 11.3610 .

Weasouse Ay = A410 = + 90E4 - Ago , SO from the lllustrative Table we get

16132 = A, _ + (.27414)(.36913) ,sothat A, _ = .06013 .
40:20| 40:20]

Then, a,yg = typ1p — 1 = 6.5665 and )15 = dy3p — 1 = 10.3610 .

Substituting these values into the original equation resultsin

7.5665G = 60.13 + .29G + .09G(6.5665) + 10 + 5(10.361) , and solving for G resultsin
G =18.24 . Answer: A

12. Giventhat K (55) > 1 (meansthat (55) is still alive at age 56) ;L isa5-point random
variable as of age 56. The 5 possible valuesfor | L are

(" 20000 — 50 = 1836 if death is acc. at age 56, prob. ¢\¢’ = .005

10000 — 50 = 893 if death is not acc. at age 56, prob. ¢y = .04

1L = < 2000v* — 50(1 +v) = 1683 if death isacc. at age 57, prob. 1|Qéé) = (.955)(.008)
10000* — 50(1 4 v) = 793 if death isnot acc. at age 57, prob. ¢\ = (.955)(.06)
N\ _50(140v) = —97 if (56) survivesto age 58, prob. ,p7) = (.955)(.932)
From thistable, we seethat P[; L < 0|K(55) > 1] = (.955)(.932) = .890 (only on survival to
age 58),

and P[,L < 793|K (55)
and P[;L < 893|K (55)

1] = .890 + (.955)(.06) = .94736 (still not > .95),
1] = .94736 + .04 = .98736 > .95.  Answer: D

AVARAYS
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13. We can use the recursive relationship

Var[,L|K(z) > h] = [v(bns1 — n1V))? Posh Guin + V*posnVar(p LK (z) > h + 1]
tofind Var[,L|K(z) > 1].

Since the policy terminates at time 3, Var[sL|K(x) > 3] =0. Then

Var[sL| K (x) > 2] = [v(bs — 3V)]? pry2 Gura + v*pr2Var[3L| K (z) > 3]

= [10000]2(.5)(.5) = 206, 612 (since 3V =0 and bs = 1000).

Then,

Var[{ L|K(x) > 1] = [v(by — 2V)]? prs1 Gur1 + v*peaVarpLIK (z) > 2]

= [v(1000 — 120.833)]%(.6)(.4) + v*(.6)(206,612) = 255,762 .  Answer: C

14. In order for (30) to die second and within 5 years the death of (35) it must be true that (35)
diesfirst and (30) dieswithin 5 years after that. This probability is f0°° D35 135 (1) £P30 * 5G30-+t
dt.

The integral is set up based on the density of (35)'s death at time ¢, and (30) being alive at the
time but dying in the next 5 years. We can write ;psp - 530+ 1ntheform

P30 - 5@30+¢ = ¢P30 - (1 — 5D304¢) = ¢P30 — t+5DP30 = P30 — 5D30 * 135 -

The integral becomes

Jo~ #3535 (t) (epso — 5pso - epss) dit

= o P35 35 (t) eps0 At — 5pso [y ¢35 fr35(t) - epss dt

Thefirst integral is the probability that 35 will die before 30, whichis 1 — b.

The second integral is 3, because it is the probability that one of two people of equal age 35 will
be the first to die. We are also given 5p3 = a.

Theoverall probabilityis 1 —b — ja.  Answer: E

15. The probability of transform from state 1 to state 1 in thefirst year is Qém =.3.

The probability of transferring from state 1 to state 2 in the second year is

QY- QM = (6)(4) = 24

The probability of transferring from state 1 to state 2 in the third year is

QQ(()I’I) : QS’Q) =[(.6)(.4)](.1) = .024 (we can seefrom @, that since ng) = 0, the only way
to still bein state 1 at the start of the third year isto stay in state 1 from year 1 to year 2 and the
stay from year 2 to year 3).

The actuarial present value of the payments made because of transfer from state 1 to state 2 is
1000[.3v + .240* + .024v%] = 405.89 .

Thefee P ispaidif in state 1. The fee will be paid at the star of the first year.
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15 continued

The fee will be paid with probability Q") = .6 at the start of the second year.

The fee will be paid with probability ,Q{"") = .24 at the start of the third year.

The APV of feesis P[1 + .6v + .24v%] = 1.6336P .

According to the equivalence principle, we have 1.6336P = 405.89 ,s0 P = 248.46 .
Answer: D

16. Inorder for Tom to find at least 3 coins in the next two blocks, Tom must find either
1,2 0r 2,1 0r 2,2 inthe next two blocks. The probabilities of these combinations are
QUIQI = (.6)(.3) = .18 , QPQEY = (.3)(.5) = .15 , and

QU2QR?) = (.3)(.4) = .12 . Thetotal probability is .18 4 .15 4 .12 = .45 .
Answer: B

17. The probability of getting 100 at the end of the first year is .8.

The probability of getting 100 at the end of the second year is (.8)(.8) + (.2)(.7) = .78
(these are the 2 combinationsof N; N, and Y1 N, , where N and Y denote the events of no
accident and accident).

The probability of getting 100 at the end of the third year is

(.8)(:8)(.8) + (:8)(:2)(.7) + (:2)(.7)(.8) + (.2)(.3)(.7) = .778 .

(these are the probabilities of the combinationsof NNN, NYN, YNN, YYN).

The actuarial present value of the paymentsis 100[.8v + .78v2 + .778v%] = 218.20 .

The probability of getting R at the end of 3 yearsis (.8)? = .512 . The actuarial present value of
that payment is .512Rv® = .455166R . The two choices are actuarially equivalent if they have
the same actuarial present value. Solving for R from .455166 R = 218.20 resultsin R = 479 .
Answer: D
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7700 3
so00 » Sothat ges = 55 -

Then from (i), we get 4qe6+2 = 5q[s6+1)+1 » SO that 4(5—0) = 56741 »

18. From the ultimate column, we have pgs =

fromwhichwe get g7 = .03, and then pgr4q = .97

_ _les 7700 _ _
Then from pig71 = Tt — Tomat — 97, weget ligr41 = 7938.14 .
We continue in asimilar way. From (ii) again we get 4qs5+2 = 5q6)+1 -
_ 8000 _ 200
8200 — 8200°

But from the ultimate table, we have g5 = 1 — pgr = 1
Then, 4(55) = 5qiee+1 SOthat gpge 1 = 019512 .
Then from (i), we get 3qje+1 = 4qe6+1) » SO that g7 = .014634 ,

, U741 7938.14
and pigr = 985366 . Since pigr = T = i = 985366,

we get {7 = 8056 . Answer: C

19. For fully discrete whole life reserves, we have ;V, =1 — Gogt

Gy
Vi =52 and 3V = 72

Since 19V = 13Vao , it followsthat dsg = ds3 = 10.0.

Using therelationship 5o = 1 4 vpso + v* aps0 + v° 3pso s , We get

10 = 1 4 vp + v*p? +v3p3 - 10, where p isthe common value of psg, ps; and pss.

By trial and error we try each of the possible values of p. Thevalue p = .954 sdtisfiesthe

equation. Answer: D

20. In order for Derek and A-Rod to survive two years, they must both survive the first year in
which the are subject to a single common shock, and they must both survive the second year as
independent lives. The probability is P x @ x R , where P isthe probability that they both
survive thefirst year, Q isthe probability that Derek survivesthe 2nd year, and R isthe
probability that A-Rod survives the 2nd year. Q and R are both ¢! (they are each subject to
the total force of mortality of .001). P is pj, - p - e 0% (thisis the probability that Derek does
not die to causes other than the common shock, and A-Rod also doesn't die to causes other than
common shock, and the common shock doesn't occur in the first year). Derek' force of mortality
due to causes other than common shock is .001 — .0002 = .0008, and same for A-Rod.
Therefore, P = ¢ 0008 . o= 0008 . o=0002 — »=0018 Thetotal probability we are looking for is

e 0018 L o= 001 =001 — 9962 Answer: C
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21. Theoriginal model isaDeMoivre model. Survival under the new model is based on a
Generalized DeMoivre model. The new model has anew «, but the same w.
30 4 1

. w— _ 4 w—30 —
(i) tells us that =1 =3 32 Itfollowsthat o = 5 .

(iii) tellsusthat “=50 =20, sothat w—60=20(2 +1)=30,and w=90.

Under theorlglnal DeMowremodeI we have érg 90270 10. Answer: B

22. Z = 1000e~'T if death occurswith 7' < 10 years, and Z = 25007 if T > 10.
10001 > 700 if — .1t > In(.7) , or equivalently, ¢ < LT — 357
2500e 1" > 700 if — .1t > In(.28), or equivalently, ¢t < (218)
must also have ¢ > 10 (for the benefit to be 2500).
The total probability isthe combination of P(7 < 3.57) and P(10 < T' < 12.73) .

et 3.57 2.73 .
Thisis 3.57G40 + 1012.73940 = 1p0—40 + 100—40 — 105 Answer: C

= 12.73 , but in this case, we

23. 1|1Q:E:2) = pg:T) 'Q;E;2+)1

For a2 decrement table, p\” = p/V . p/@ .

Wearegiven ¢\ = .1, sothat p") = .9.

From constant force ;1) = .2, weget pi® = e=2 , sothat pi”) = .9¢~2 = .7369 .
From q’(i)l = .25 we get pﬁ)l = .75, and then from constant force of decrement we get
P = —In(75) = 2877 ,and 7}, = .15+ .2877 = 4377 .

2
Then, also from constant force of decrement, %), = £ . (7).
1

T

From constant force ,we have p{”), = e~ = =437 = 6455 . so that ¢\, = 3545,

andthen ¢\, = 2377 . (13545) = .233.

Findly, 11gt” = pi” - quy1 = (.7369)(.233) = .172.  Answer: B

24. g5z = 1+ vprs + v 2prs -
From (i) we get ,prs = e~ #(t
Therefore, pr; = e—017"*~75"] = 9719 and
9P = € OLTT*=T5"] — 9445

The APV of theannuity is 1+ 51)71119 + (944? =2.64 . Answer: A

dt — = 01[(75+n)"? =757
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25. The expected number of trains that will arrive between 7:00 AM and 7:25AM. is
JENE) dt = [,°(05)dt + [ (555)dt + [ (1)dt =5+ .T5+.5=175.

The probability of exactly four trainsin the time interval is the Poisson probability

-1.75 4
¢ U _ o070, Answer: B

26. For aPoisson process with rate A per unit time, the time of the n-th event, S,,, hasagamma

distribution withmean ¢ and variance 3 . Inthisproblem, A\ =4 and T = Sy ,s0 T has

A
mean %9 = 72.25 and variance %9 = 18.0625 . Applying the normal approximation to 7,
_ T-172.25 68-7225\ _ 1 _ & _ 1) — :
we get P(T>68)—P(\/18.0625 > ¢18.0625)_1 d(—1) =.8413. Answer: A
ot 6t ,— 0
21. BlZ] = [ e e e pdt = 15 = 03636 .

Since 6 = .06, itfollowsthat ;= .04 .
Then, E[Z%] = [[Fe M e e . dt = % = .01852.

Var[Z] = .01852 — (.03636)> = .0172,  Answer: A

28. Therecursive relationship for assets sharesis
[h—lAS + G(l - Ch—l) - eh—l](l + Z) - bq;‘?h—l - hCVQii)h,1 = }Qh,l hAS .
Using this, we have

[15AS +G(1—ci5) — 615](1 +1i) — bqﬂ))juw - 160Vq§£)+15 = pZ(LB)—HS 1645,
which becomes

[1150 4+ 90(.95)](1.08) — 10, 000(.004) — 15C'V (.05) = (.946)(1320) .
Solving for 1,C'V resultsin ,C'V = 912.40 . Answer: C

29. The equivalence principle equationis Q = 200 3 d3o + QA310%‘ .

30|d30 = 90 F30 - 10E50 - gy = (29374)(51081)(111454) =1.672.
Aso = 14310%| + 20E30 - 10E50 - Ao , SO that

Ay o = 10238 — (:29374)(51081)(:36913) = 04699

200(1.672)

1-04699 — 351. Answer: A

Solving for ) resultsin @ =
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30. The benefit premium is Q. The equivalence principle equation is

Qe pl dt =3 [e = p i (1) dt + [ pl P (t) it

since pV(t) = .02 and pP () = .04, itfollowsthat 1 (t) = .06,
04

and p” = e~% . The equation becomes Q - 6+106 =3. 64%6 + 72
which becomes @ = 3(.02) + .04 = .10. Answer: D
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