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1 OHOY' HiS tetsL H' dziz

HominaneHa eigcoTkoBa ctaeka gopisHioe ;. [epiog koneepcil gopigHioe
niepoky. [Nnatexi eanunnoro 1 sgicHOOTECA KOXHI gBa pokn. Bunna-
M 3AJCHIOKTECA HECKIHYEHHY KiNbKICTe pokis. BapTicTe Takoi yrogw
cTpaxyeaHHsa — 5,89, Obuyncantu BIACOTKOBY CTaBKy j.

Komnania mae 3giiichnTu n'aTe pivsnx nnatexis no 15000. MNepwwnit nna-
Tirk — 31 rpyansa 1999 p. VY Banky cTBOproeTbCA hOHA ANA LWX NNaTexiB.
UWlopoky po donpy eHocuTeca cyma X, noumHawoun 2 1 ciyns 1990 p.
BiacotkoBa ctaeka — 6%. Ocranniii nnatix oo donay 3ailicHIOETECA

1 ciunsa 1999 p. Obuncantn X.

Komnanis pobute eHecok 100000 go cdonay. Pong nnaTuTe HOMIHANBHY
BigcoTkoBy cTaBky 12 %, W0 KOHEEPTYETLCA WOKBAPTaNLHO. 3 Nepiogom
y wicTb micayie 3 chongy bepetbea cyma X, notim 2.X, notim = 3.X i T.4.
Bigomo, wo nicna woctoro B3ATTA 3 hoHOy BiH 33/IMWIKMBCA MOPOXHIM.
Obumncnntn X.

Breckn no 200 zgiiicHioroTecA Ha BaHKIBCHKNIA paxyHOK Ha NOYaTKy KO-
MHOrO KBapTany npotarom n'sTu pokie. bank Hapaxoeye wopidni Bigco-
TKW BENWYMHOO i. Hepes oguH KBapTan NicNs OCTaHHBOrO BHECKY banaHc
Ha paxyHky gopiextosae 5000. Obumncantn 1.

. (CT1, April 2005)
The force of interest, 8(¢) , is a function of time and at any time 7 (measured in years)
is given by

0.07-0.005¢ forr<8
8(1) =
0.06 for7>8
(1) Calculate the accumulation at time 7 = 10 of £500 invested at time r=0.  [3]

(1)  Calculate the present value at time /= 0 of a continuous payment stream at the
rate of £200e™" paid from 7= 10 to 7= 18. [5]

Bigomo, wo ;p, = %. = HanexuTb npomixky [0, 100), £ — npomix-

ky [0, 100 — z]. ObuucanTn figs.

Bigomo, wo pizyr = ﬁ + WS_:_“ t € [0,85). OBuncantn 20ps.

Bigomo, wo piy4¢ — ctana, t € [0,1), g, =0, 16.

3HaitTn Take t, wWo ¢pe = 0,95,
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Eigomo, wo:

a) AKLWO Cula CMepPTHOCTI AOPIBHIOE iy, t € [0, 1), To ¢, = 0,05,

6) AKLO MK CMNE CMEPTHOCTI CTAHOBNTL fiz4t—c, t € [0, 1), To gz = 0,07,
Obuncautu c.

10.
HeopiyHa yroga cTpaxyBaHHA YKNAAAETECA 3 NHOQUHOK BIKOM & Ha BU-

nnaty 1 y kinui poky cmepti. Bigomo, wo g, = 0,5, 1 = 0, D(Z) =
0,1771, pe Z — noTo4Ha BapTICTE CTPaxoBOI BUNAATW.

Obuncantun quyq.

11.
Claire, aged exactly 30, buys a whole life assurance with a sum assured of
250,000 payable at the end of the year of her death. Calculate the standard deviation
of the present value of this benefit using AM92 Ultimate mortality and péo

interest.
12.

Bigomo, wo:
a)d=0,1,
6) s(x) =1— /100, x € [0,100],

s(r) — OyHKUIA BUKNBAHHA, WO NOKA3YE, AKa YacTKa HOBOHAPOI KEHNX
MWBA HA MOMEHT 4Yacy .

O6uncantin 50000 Aaq.

13.
MpunycTumo, Wo cuna cMepTHOCTI i HOpMa BIACOTKOBOro NpubyTky no-
cTilini i gopisHiotoTe 2 Ta & signoeigno. O6uncrntn D(vT) y Tepminax
[Tad.

14.
Npunyctumo, wo i Ta & — ctani. Bigomo, wo E(v?T) = 0,25. Obuncau-
TW BapTicTb AoBi4Horo cTpaxyeanua E(vT).
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15.(CT5, April 2005)

(1) By considering a term assurance policy as a series of one year deferred term
assurance policies, show that:

1__1 4
‘_I.\':;l - g ‘_I.\':m [5]

(i)  Calculate the expected present value and variance of the present value of a
term assurance of 1 payable immediately on death for a life aged 40 exact, if
death occurs within 30 years.

Basis:
Interest 4% per annum
Mortality AM?92 Select

Expenses: None

[6]
[Total 11]

16.
EvaluateAso and A, based on AM92 Ultimate mortality at 4p&interest.

17.

Hoeectu, wo

n—1

npxdaﬁ + Z'-rl - ?:k+l,1-'kpa: Grtk = 1 — A.r:ﬁ[ .
k=0
18.

Bigomo, wo ¢ = 0,03 Ta

T (i
72 8,06
73 7,73
74 7.43
75 7,15

3HalTn pra.

19.
Posrnapaetbcs Tumuacoeuid anyiteT Ha Tpm pokn 3 ¢ = (1. PewTa

AaHwx — Taki, Ak i B 3agayi 1. OBuncanTn AMOBIPHICTE TOro, WO NOTOYHA
BapTICTk BUNAAT NepeBnwnTh 4.

20.
Bigomo, wo ¢ = 0,05, gu0 = 0,01, ay; = 6,951, Obuncantn ayg. Ak
IMIHUTBCA (41, AKLWO G4 3MEHWNTLECA Ha 60 %7
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21.(Subject 104, April 2000, Question (®T5, April 2007)

Let X be a random variable representing the present value of the benefits of a whole of
life assurance, and Y be a random variable representing the present value of the benefits
of a temporary assurance with a term of n years. Both assurances have a sum assured
of 1 payable at the end of the year of death and were issued to the same life aged x .

(1) Describe the benefits provided by the contract which has a present value
represented by the random variable X - Y. [1]

{ii) Show that:
2.1 1
cov(X,¥)="4d -4, 4.3
and hence or otherwise that:
var(X = ¥) ="d, —(44,)" - 24

where the functions A4 are determined using an interest rate of 7/, and functions

2 4 are determined using an interest rate of % +2i. [7]
fTotal 8]

22.(CT5, April 2005)
A 20-year temporary annuity-due of 1 per annum is issued to a life aged 50 exact.

(a) Express the expected present value of the annuity in terms of an assurance
function.

(b) Hence calculate the value using the mortality table AM92 Ultimate with 4%

interest.
[3]

23.(CT5, April 2005)

A life insurance company issues an annuity to a life aged 60 exact. The purchase
price is £200,000. The annuity is payable monthly in advance and is guaranteed to be
paid for a period of 10 years and for the whole of life thereafter.

Calculate the annual annuity payment.
Basis:
Mortality AM92 Ultimate

Interest 6% per annum

24.
Binomo, wo ana § > 0: E(a) = 10, a ann 6y = 25: E(a-) = 7,375,

Ans nepworo o: D{ﬁﬂ} = 50. OBbumncantn A,.

4
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25.

Ocobi () BunnavyeTbCA HenepepBHa AOBiUHa peHTa 3 iHTEHCMBHICTIO 1.
Bigomo, wo 4 = 0,061

. 0,01, sakwo O < ¢ < 5,
it = -
He () { 0,02, Aakwo t = 5.

flka BapTicTe wi€l penTn?
26.(CT1, April 2005)
A computer manufacturer is to develop a new chip to be produced from 1 January
2008 until 31 December 2020. Development begins on 1 January 2006. The cost of

development comprises £9 million payable on 1 January 2006 and £12 million
payable continuously during 2007.

From 1 January 2008 the chip will be ready for production and it is assumed that
income will be received half yearly in arrear at a rate of £5 million per annum.

(1) Calculate the discounted payback period at an effective rate of interest of 9%
per annuim. [6]

(i)  Without doing any further calculations, explain whether the discounted
payback period would be greater than, less than or equal to that given in part
(1) if the effective interest rate were substantially greater than 9% per annum.

2]
27.(CT1, April 2005)
A university student receives a 3-year sponsorship grant. The payments under the
grant are as follows:

Year 1  £5.000 per annum paid continuously.
Year2  £5.000 per annum paid monthly in advance.
Year 3  £5.000 per annum paid half yearly in advance.

Calculate the total present value of these payments at the beginning of the first year
using a rate of interest of 8% per annum convertible quarterly. [8]

28.(CT5, April 2006)

A life office issues term assurance policies to 500 lives all aged 30 exact with a term
of 25 years. The benefit of £10.000 1s payable at the end of the year of death of any
of the lives into a special fund. Calculate the expected share of this fund for each
survivor after 25 years.

Basis:

Mortality ~ AM92 Select
Interest 4% per annum
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29.(CT5, May 2004)

(1)

(i1)

(iif)

Show that Ax:;[ =1- n’ﬁ_\_m [3]

The force of mortality at age x in a special mortality table, ', is related to the

corresponding force of mortality in a standard table, p.., by the relationship:
Wepp =Wy, +k >0

where £ is a constant which does not depend on 7.

(a) Show that , p.. = ,p, exp{=kr} >0

(b) Hence or otherwise show that the expected present value of an
immediate temporary annuity-due of 1 per annum issued to a life aged
x with a term of » years valued using the special mortality table and a
valuation rate of mterest, 7 per annum 1s given by:

a.\':;l

where this function is evaluated using the standard mortality table and
a valuation rate of interest, j per annum, where:

J=(+i)expik; -1 [6]

A 20 year term insurance policy is issued to a life aged 60 exact. The sum
assured 1s £10,000 payable at the end of the year of death. Calculate the net
level annual premium for this policy using a basis of 6% per annum effective
and a special mortality table where:

Weyr = My +0.018692.

The standard mortality table is the a(55) Ultimate Mortality Table for male
lives. [7]
[Total 16]
[Subject 104, April 2002 — Question 10]

30. (& B, April 2007)

An assurance contract provides a death benefit of £1,000 payable immediately on
death, with a savings benefit of £500 payable on every fifth anniversary of the
inception of the policy.

The following basis is used:

Force of mortality: p, = 0.05 for all x

Force of interest: & =0.04
Expenses: None

Calculate the level premium payable annually in advance for life.

[5]
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10. (N1 April 2008)

(a) Express 50449 in words.
(b) Calculate its value using AM92 mortality.
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11. (N8 april 2008)
(1) Show that

_ ([ B S)q,\'

Gy = , 0<s<t<l1
t—sQx+s (1 _ qu) ( §< )

using an assumption of a uniform distribution of deaths. (4]

(1)  Calculate the value of ; 5g4, 55 using assumptions of:

(a) a uniform distribution of deaths
(b) a constant force of mortality

Basis: Mortality PMA92C20 [3]
[Total 7]

12 (N6 april 2008)

A parent who has just died left a bond in their will that provides a single payment of
£15,000 1n 10 years’ time. The payment of £15,000 will be shared equally between
the local cats” home and such of the parent’s two sons (currently aged 25 and 30
exact) who are then still alive. Calculate the expected present value of the share due
to the cats” home.

Basis: Mortality AM92 Ultimate
Interest 3% per annum [3]

13. (N1 april 2007)

Calculate

(1) 51109[52]

(i) prsopqeo) for two independent lives
Basis:

Mortality: AM92 Select [3]

78]

14. (N7 april 2007)

A term assurance contract for a life aged 50 exact for a term of 10 years provides a
benefit of £10,000 payable at the end of the year of death. Calculate the expected
present value and variance of benefits payable under this contract.

Basis:

Mortality: AMO92 Select
Interest: 4% per annum
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15. (N5 april 2006)

A life office issues term assurance policies to 500 lives all aged 30 exact with a term
of 25 years. The benefit of £10,000 is payable at the end of the year of death of any
of the lives into a special fund. Calculate the expected share of this fund for each
survivor after 25 years.

Basis:

Mortality ~ AMO92 Select
Interest 4% per annum

16. (N2 april 201)
Calculate:

(a) 23 P65
(b) 1015950

(c) SgsT0l
Basis:

Mortality PMA9S2C20

Rate of interest 4% per annum [4]

17.(N6 april 201)
(1) Define uniform distnibution of deaths [2]

(1)  Using the method 1n (1) above calculate | 75945 5 [4]

Basis:

Mortality ELT15(Males) [Total 6]
18.(N3 September 20)1

In a special mortality table with a select period of one year, the following
relationships are true for all ages:

O.Sq[.\'] - Ozjg\

Express p[x] in terms of p._. [3
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Calculate the annual premium for a term assurance with a term of 10 years to a male
aged 30, with a sum assured of £500,000, assuming AM92 Ultimate mortality and
interest of 4% pa. Assume that the death benefit is paid at the end of the year of death.

| b : { -
Calculate P3 oidl and PSO:EI , based on AM92 Ultimate mortality at 4% pa 1nter¢st.

Explain the difference between the two figures.

An annual premium endowment policy is surrendered with one year to go.
Explain why the reserve is a sensible surrender value for the insurer to pay.

Derive a formula for the variance of the insurer’s profit on a whole life assurance policy
issued to a life aged x. Assume that premiums are payable annually in advance and the
sum assured 1s payable at the end of the year of death.

A life aged exactly 33 purchases a whole life assurance policy with a sum assured of
£40,000 payable at the end of the year of death. Premiums of £520 are payable annually
in advance. Calculate the variance of the insurer’s profit on this contract, assuming
AM92 Ultimate mortality and 4% pa interest.

A 10-year term assurance with a sum asdurfz500,000 is issued to a male
aged 30. Calculate the prospective and retrospective reserves at the end of the
fifth year, ie just before the sixth premium has been paid, assuming AM92
Ultimate mortality and 4% pa interest.

A life insurance company has a portfolio of 10,000 single premium one-year term
assurances. For each policy, there is a sum assured of $50,000 payable at the end of the
year if the policyholder dies during the year. The company assumes that mortality will
be 1% pa. B

L3

(1) Calculate the expected death strain for this policy.

(i)  Given that 89 people die during the year, calculate the actual death strain and
hence the mortality profit or loss for this policy.

On 1 January 1997 a lifesarance company issued a number of88r pure
endowment contracts to lives then aged 35. Level premiums are payable
annually in advance throughout the term of the contract or until earlier death.

10
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11.
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In each case, the only benefit is a sum assure@@D0Q payable on survival
to the end of the term.

On 1 January 2005, 600 policies were still in force. During 2005, 3
policyholders died. Assuming that the company uses net premium policy
reserves, calculate the profit or loss from mortality for calendar 2@a% in
respect of this group of policies.

Basis:
mortality: AM92 Ultimate
interest: 4%a

A life aged exactly 50 buys a 15-year endowment assurance policy with a sum assured
of £50,000 payable on maturity or at the end of the year of earlier death. Level
premiums are payable monthly in advance. Calculate the monthly premium assuming
AMS92 Ultimate mortality and 4% pa interest. Ignore expenses.

At the start of a particular year a life insurance company had a portfolio of
5,000 female pensioners, all aged exactly 60, who eachveeaniincome of
210,000 per annum, paid annually in arrears.

The company holds net premium reserves, calculated using PFA92C20
mortality and 4% pa interest.

During that year, 9 pensioners died. Calculate the mortality profit or loss.

A life insurancecompany issues 2fear temporary assurance policies to lives
aged 45. The sum assured, which is payable immediately on deatB0i®00

for the first 10 years, andz100,000 thereafter. Level annual premiums are
payable in advance for 20 years, or urdillier death.

The premium basis is:
Mortality: AM92 Ultimate
Interest: 4% per annum
Expenses: nil.

11
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(1) Show that the premium payable is approximately £870.25 per annum. 4]

(i)  Find the net premium reserve ten vears after the commencement of the policy,
immediately before the payment of the eleventh premium, assuming the
reserving basis is the same as the premium basis. _ [4]

(iii} Give an explanation of your numerical answer to part (ii). Describe the
disadvantages to the insurance company of issuing this policy. - _ [3]

(iv)  How could the terms of the policy be altered, so as to remove the disadvantages
described in part (iii)? o _ [2]
B : ' [Total 13]

12. ( &5 April 2006)
(1) Show that:

a
g sPrit = s Pt (Mo — Hyipes) 2]

(i1) Prove Thiele’s differential equation for a whole-life assurance issued to a life
aged x to be as follows:

o
ot

13. ( &5 April 2006)

A 20-year special endowment assurance policy is issued to a group of lives aged 45
exact. Each policy provides a sum assured of £10.000 payable at the end of the year of
death or £20,000 payable if the life survives until the maturity date. Premiums on the
policy are payable annually in advance for 15 years or until earlier death.

_."F_\' - _(]. - ;F_\' )!'l'.‘{+_r + 5_."?_1; + F)_‘ [4]

You are given the following information:

Number of deaths during the 13" policy year 4
Number of policies in force at the end of the 13® policy year 195

~th

(1) Calculate the profit or loss arising from mortality in the 13™ policy year.  [7]
(1)  Comment on your results. 2]
Basis:

Mortality ~ AM92 Ultimate
Interest 4% per annum
Expenses none

12
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14. ( &5 April 2006)

A life aged 35 exact purchases a 30-year with-profit endowment assurance policy.
Level premiums are payable monthly in advance throughout the duration of the
contract. The sum assured of £250.000 plus declared reversionary bonuses are
payable at maturity or at the end of the year of death if earlier.

(1)

(i1)

(iif)

Show that the monthly premium is £647.47 if the life insurance company
assumes that future simple reversionary bonuses will be declared at the rate of
2% per annum and vesting at the end of each policy year (i.e. the death benefit
does not include any bonus relating to the policy year of death).

Basis:

mortality AMO92 Select

interest 4% per annum

initial expenses £250 plus 50% of the gross annual premium

renewal expenses 3% of the second and subsequent monthly premiums
claims expenses £300 on death; £150 on maturity

[7]

At age 60 exact, immediately before the premium then due, the life wishes to
surrender the policy. The life insurance company calculates a surrender value
equal to the gross retrospective policy value, assuming the same basis as in (1)
above.

Calculate the surrender value using the retrospective policy value at the end of
the 25® policy year immediately before the premium then due and just after
the declared bonus has increased the sum assured plus reversionary bonuses to
£375.000. Assume that the life insurance company has declared a simple
bonus throughout the duration of the policy consistent with the bonus loading
assumption used to derive the premium in (1) above. [6]

State with a reason whether the surrender value would have been larger, the

same or smaller than in (i1) above if the office had used the prospective gross
premium policy value, on the same basis. [1]

13
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15. ( &5 April 2005)

(1) Write down 1n the form of symbols, and also explain in words, the expressions
“death strain at risk”, “expected death strain” and “actual death strain”. [6]

(1) A life insurance company issues the following policies:

e 15-year term assurances with a sum assured of £150,000 where the death
benefit is payable at the end of the year of death

e 15-year pure endowment assurances with a sum assured of £75,000

e S-year single premium temporary immediate annuities with an annual
benefit payable m arrear of £25.000

On 1 January 2002, the company sold 5,000 term assurance policies and 2,000
pure endowment policies to male lives aged 45 exact and 1,000 temporary
immediate annuity policies to male lives aged 55 exact. For the term
assurance and pure endowment policies, premiums are payable annually in
advance. During the first two years, there were fifteen actual deaths from the
term assurance policies written and five actual deaths from each of the other
two types of policy written.

(a) Calculate the death stram at risk for each type of policy during 2004.
(b)  During 2004, there were eight actual deaths from the term assurance
policies written and one actual death from each of the other two types

of policy written. Calculate the total mortality profit or loss to the
office in the year 2004.

Basis:
Interest 4% per annuim

Mortality AMO92 Ultimate for term assurances and pure endowments
PMA92C20 for annuities
[13]

14
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16.( 4 T5 September 2005)
A life insurance company issues an annuity contract to a man aged 65 exact and his
wife aged 62 exact. Under the contract, an annuity of £20.000 per annum 1s
guaranteed payable for a period of 5 years and thereafter during the lifetime of the
man. On the man’s death, an annuity of £10,000 per annum 1s payable to his wife, if
she 1s then alive. This annuity commences on the monthly payment date next
following, or coincident with, the date of his death or from the 5™ policy anniversary,
if later and is payable for the lifetime of his wife. Annuities are payable monthly in
advance.

Calculate the single premium required for the contract.
Basis:

Mortality ~ PMA92C20 for the male and PFA92C20 for the female
Interest 4% per annum
Expenses  none [9]

17.( 4TS5 Specimégn May 200

An endowment assurance issued to a man aged 30 exact provides the following
benefits:

e asum assured of £10,000 payable immediately on death before age 65
e asum assured of £50,000 on survival to age 65

Premiums are payable annually in advance for 30 years, or until death if earlier.
Calculate the level annual premium payable. [5]
Basis: Mortality: A1967—70 Ultimate Males

Interest: 6% per annum effective throughout

Expenses are ignored
[Subject 104, September 2002 — Question 2]

15
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18.(u#4T5 Speci men May 2004)

A life msurance company issued a 10-year temporary immediate annuity of £5,000
per annum to a life aged 44 exact on 1 January 1990. Annuity payments were
deferred for 10 vears, so that the first payment was made on 1 January 2001.
Premiums were payable annually in advance until the end of the deferred period or
earlier death.

(1) State the Principle of Equivalence. [1]
(1)  Calculate the level annual premium payable. [5]
(1)  Calculate the Expected Death Strain for the calendar year 2004. [4]

(iv)  Ifthe annuitant died during the calendar year 2004, calculate the Actual Death
Strain for this calendar year. [1]

Basis: Mortality: A1967-70 Ultimate Males
Interest: 5% per annum interest effective throughout
Expenses are ignored [Total 11]
[Subject 104, April 2002 — Question 5]

19. (105 April 2003)

Under a policy issued by a life insurance company, the benefit payable on death, at
the end of the year of death, 1s a return of premiums paid without interest. A level
premium of £1,500 is payable annually in advance, throughout the term of the policy.

For a policy in force at the start of the tenth year, you are given the following

information:
Reserve at the start of the year, (V- £11.300
Reserve at the end of the year per survivor, ;o/:  £13,200
Probability of death during the vyear: 0.04
Rate of interest earned: 5% p.a.

Calculate the profit expected to emerge at the end of the tenth year per policy in force
at the start of that year. Ignore expenses and all decrements other than death. [3]

16
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20. (105 April 2003)

21.(105 September 2003)

17



