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Q.1) For 280 observations (which include the incorrect values of 64 and 80), sample mean = 54 and
sample s.d. = 3.
Incorrect sample mean = X 35'[_.- m &4 where %, lg guch that two of the values are Incorrect.
Assume x| 1z such that all the valuss are cerrect. Then

Inzorrectsanpls sum = I, = 20 x 34 = 15,120

= correct sample sum I x! = 15,120 — (64+ 80) + (62 +82) = 15,120

= correct sample mean % ? = % - 5

-

[
L
|
a
= |ncerrectsample sum of square = Taf=9x279+280x X =8,18,991
w correct sample sum of square = Z x{* = 8,18,991 — (84% + §0%) + (62% - §2%)
= §,19,063

(Zaf-280%) =3

Again, incorrect sample s.d. =

| =]

-

farF

i - :
= correctsample s.d. = l—{E;«. - Eﬁﬁ?'}ﬂ'i {819,068 = 280 = 54°)

Q.2) Inaleap year (which consists of 366 days) there are 52 complete weeks and 2 days over.

The following are the possible combinations for these two “over” days:

i.  Sunday and Monday

ii. Monday and Tuesday

iii. Tuesday and Wednesday

iv.  Wednesday and Thursday

v.  Thursday and Friday

vi.  Friday and Saturday

vii.  Saturday and Sunday
In order that a leap year selected at random should contain 53 Sundays, one of the two “over”
days must be Sunday.

Since out of the above 7 possibilities 2 are [(i) and (vii)] favourable to this event.
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Q.3)

Q.4)

Q. 5)

=1 | ta

Required probability =
[2]
Xis a random variable, so total probability is equal to 1
wa+ [FBxt(l-x)dyml
—u+ b If_f; w dx = I:P.ﬁ da) —1
o o
-t b ([Sh- [Eh)=1

=q- h-f::—i—]=l

E(X)=a =g %9+ I;h’.‘iaﬂl—.‘i;'d.‘i-ﬂ
=b .J'cl % (1l=xlds=a

=hE-t)ma

=& =20

From (i), we get @ n% =1=a =% or0.375and k= 1:—‘ or7.5
E@EDmixe+Z0 wf (l-mdnmE E-lymt
e———— -
$0ef ¥m 2= (E] = 2 or0.3307
3]
Assume X is discrete random variable, then G(t) = Z % F(X = &)

Lt gnar= [Tt VB PE =) dt = T P(X=x) [t ¢ dt

SIRX = [ sy ma) m B

FTE T Pl

[2]

The marginal distribution of X is

fla) = B3 (L4 xy)]dy=2 (32, + = [ﬂ:“

| =] Il—'l-

ll_l":: X 'i';;1|| ll

Similarly the marginal distribution of Y is ﬁ_[k) = 2 p=d L

P
n

Now, fifx) x fily) # flx,¥)
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Hence X and Y are not independent.
e - m— ‘-I-' ENr 3 u h""- —
PO g ) mP(K s F) = T AGdum ] - 3
Similarly, P(¥* @ y) = /¥
PEFPExny ) =p(X s vFnvle T =[5 I_-% (1+uv )du]dy
= - WYY = .= T o wT . - —
= LR S+ v 5] Jav= 0L L av= W0z S x2vi=yF x F
= RE: Zx) % P )
Hence X*urd ¥™* are independent.
[5]
.6 ) . 3 g
20w pih) = ) =
w (. g ATE
EIX-1| =gl 1] o
=% oglx -1 ““j +Zm lx— 1] = +Efglx - 1]
g~ AF gt -4 A% g™t
=@ A+ 0+ZT5, |x— 1 =™t 4 I (x—-1) -
ceh e T -y S se r e [T - B
22k w22
—lz L] r{
= +l')1'2.t-'1_ - ZA:-“ ]
=e~f+[a(1—e"?) - (1—e"% - f{-e'”"}]
=e Yt i-ie f-1re Faje d
R N R - b
=A-142e™"
[4]
Q.7) AsXisarandom variable with probability function p(x),
(a) - -
ICRTED IS R I
;:. x - :I_ =l
x=1 =1
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L I «1 L 1L 1
=c|G-2lelz-g) Grg) v ]t e
" E(X) = Dy x plx) = 5, - "*'1 -E;f_.i;i_, which is a divergent series and hence E(X)
b at .'."' Lk
does not exist.
© Moment Generating Function My (t) = E( #%)= 25, ¢ ¥plx) m 5, 4™ ,1—1
C At k' ¥:
=Evay = wherez=¢
R LRl L
I1= :E E'._ .—a Frr e prn
sz(l=Yy 4 g% (A=d) 4 p¥(Rok) g g8 (2o t] 5
N : lr ] [s e:l - f a:l """""
& &, 2 z 2 2, 2
=[:-—-=—“?r— ........... 1- I?“?“-'.-_“T“ ........ ]
i 2 &
= -LDEEL-’J':;[ZT“%—:—? ---------- ]
=—log(1—z) == [~log(l - z) - ]
=—log(1-2)+ 2legll ) + 1
1
- 14 G- Dloglt- )
=1+ log(1—)%¥
. .l-
w M. (O—1m log(l=-2)'F"
|"l-|1'- Famo LW .
w (=)' m gl =t
A=,
= (1—e%) & = gitiv-1
Q.8) The basic model would be:

E(Y | gy o e = Sy + Sy

Where,
x4 = number of actuarial papers cleared
1 ;= number of years of professional experience in life insurance industry
¥ =Salary
= (a constant), the average salary of new actuarial staff (with no paper cleared or professional

experience)
31 = (a constant), the changes in salary associated with actuarial papers clearing
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fi= = (a constant), the changes in salary associated with years of professional experience in life
insurance.
Since the data relates to 27 (= n) actuarial staffs, we need to introduce a sub script i corresponding to
i"" staff.
So the expression of the model for actual salary for the i actuarial staff will be:
Vem g Jxg+t Foxs 8
Where, & i the difference between the actuarial staff’s actual salary and the theoretical salary for
someone with the same number of actuarial papers cleared and years of professional experience in life
insurance industry
[Candidates give the expression of the model without mentioning E(Y / £1:%3 ) may be given full credit]
i [3]
PR a - 2 3 . . 1'1 . b - _—
?')9) Feful= Filsuwi=1-Fzruw=1-|FX>ulF=1- [l“ &rl =1={1=—1u)"
a . ) .
fotwm fl=whh QJaual
.E c'EP l1'1 ;'l LT - . ':'1-i.|.-'v' . l1'1 ;'l LY - ':'1'i.|.-'v'"1 : - '1_
(b) W rnu il = m - [y = ]a g il mwidim [= == ] =
[ e 1'1 Lo “ypr w7 Eo ] :;I-h-'v' g 1'1 0 o am o :
B imnutl=-w™ldum —n y*=——1 + |7 Sull-—wrdum — AT
o [} ATl 1 T
I m 2 f l )- '.-fr
-[": :.,'E’E L " - [ - g e
’ m+ln+3) ‘n+l (n+ )in+ L=
FAr) = POV s ) = [P, s o)) = [ ax] =o»
(C) .'lf'r.p":,l-- '11{"“-1'! ool
) i =i itk 3 .
(d) EiF)m | nepi™hiy m ﬁ[ﬁ]ﬁ—ﬁ—ﬂﬁ'[ﬂ)
P 1'1 e ] 7 .;I‘:_" fi
DiFe)mlnet o™ idr mp[=—] m—
K
vl=cin- () s mmmm v
(8]
Q.10) Critical region is the region of rejection of Hy when the value of test statistic falls in this region.
(a)
Here Fy:p=0.5and Hy:p=0.6
(b) If the random variable X denotes the number of heads in 10 trials of the coin then

X ~Binf10.9)
a = size of the test = P(reject H; when Hy istrue) = F{X = 7| p = 0.E}

= D31 (0.5) % {1 — 08110 = 0.1719
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Q.11)
(a)

(b)

(c)

Q.12)
(a)

(b)

Power of the test = P(reject [y when j isfalse) = Fix = 7| p = 0.6)
= DLE(AF) (08)¥ (1 — 0,611 = 0.3823

[5]
Given X ~ N(y, 1) and Y ~ N(py, 1) independently.

Since the linear combination of two normally distributed random variables are themselves normally
distributed, obtain Z ~ N(E(Z), Var(Z)), where Z =Y — pX

E(Z) = E(Y—pX) = E(Y) = p E(X) = pu—pp=0
Var(z) = Var(Y — pX) = Var(Y) + o* Var(X), as X and Y are independent

=1+p:
HenceZ=Y-pX~N(0, 1+ p:), which depends on p, but not on L.
Hl:—lF- 1 H-;IFFF'IJ.
Under Hg Z=Y-pX=Y-X ~ N(0, 2)

Hence, l,,. F = X)~ (0, 1)

Observed value ofi,. {3 =X} = nl, e w1897

As observed value 1.697 < zzs = 1.96, we accept Hg
Z

Ifpml, B(T)m ECED
Despite of observed ratio —— E—E =8 je.y=9x Hpp=1lzaccspied

[Candidates give the equivalent comments may be given full credit]

(5]
Let S = Zfgb it = E{))" has to be minimized,
S= Elagl¥i= B(E)) m Dholl; = &R
ag

. . o . af T J—
i -2 Eh, XelFe = &x), SettlngE = 0,we get Ty Xk — Flimq iy

Th

g o =izl

= g = Rl il

-iml v

a&g ..
;- 2 w17 >0

Hence, 8 is the least square estimator
L(0) = g~ Z#@ [Tix 1% x Constant
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Log(L(0)) = -8 Z&: + L ¥; log() + Constant

dEeg (ELET) 1 =Y
é:-? 'y - 31 ‘: i — =L
T L% +3 LY:, Settingto0 = & T
T F T
Pt Loglll€ll 4 Ty
=—=z F == —r ‘j- = <0
ol §2 i [ ]:=:1,_-|—'-;;

Hence, 8 is the maximum likelihood estimator

9 Ee - BT = o E(mL a¥) = 2 (T 0O -0

b1 -
Y s L= =%

Hence unbiased estimator

EL'§J - E[a = “]- E;;l E LE;I-']. PJ 19-", L-l; éh") =0

b ima ima

Hence unbiased estimator
(d) From the given data,
Z 5 =182,166; 2w =1,799; Z.x:v:=106,410,416; Exf =9,220,812,676

Doy 200420638 o
& f2I0.813.87

Z
vy, 1799

= @=

=F= === = 0.00988
wii LELIAEE
[11]
Q13) (i) Toteatfgpij, = i, dgaingt Hpl, = i,
(a)
[Nl o e )
Z:':_;H— ™ N(0,1)
gk &%
i
W THL e
Fem922585; Tw@l7IE; nymn;mE; ¢f m804; and &f m14.84

Zouservec ™ = 02825  zzor w 1.96;
T
Accept Hi

(rg—LhsBt (mg—1)}

(i) Variances are equal and unknown, so combined variance Fp =

Lo v w2
Mgl ™a

5:m5688; §i=8901; &5=7.295
e o . o
t = T ~ tdistribution with d.f. {#l; iy =2}

I
F.;;,r.,.,_ iz

Powserves ™ = 0354 iy, wm2.145;
H
Accept £
(b) TetetFApe;m ¢f against Hpof m of

SE R, -

F= ::-ﬁ ~ F distribution with d.f. {ng = 1,ng =1)

g
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(c)

(d)

Q.14)
(a)

b)

FI;‘E"E?F::E@ -m 0639,' F,:-:_ T ROZED = 499,' F,:‘I'_L_ I EFTED = 1/499 = 02004,'

Accept Hiy
Confidence intervals of the difference of mean yields i.e. i}, — ,uf._",'l at 95% level under equal of

variance is given by,

(- "fﬁ iﬂl}gﬂQE# l—+ —

T4 "
(92.255-92.733) £2.145x 2.701 x = = m ¢ =3, 574, 2.418)
A3 3 v
Since the confidence interval includes 0, we accept the hypothesis Fi: g, =, as already tested

above.

[14]
Scatter plot of y against x

23.00

22.00 oo,

21.00 *

20.00 *

19.00 S

18.00 4

17.00

16.00

15.00 : : .
3.0 8.0 13.0 18.0

o _/
Value of (x)

From the scatter plot we see that the line of regression may not be a best fit, but a polynomial
regression equation may fit.

*
¢

Value of (y)

Scatter plot of z against x

( 26.00 )
*

25.00

24.00

23.00
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(c)

(d)

(e)

(F)(i)

(8)

(i)

From the scatter plot we see that the line of regression may be a best fit. Only a point seems to be an
outlier.
F=900;, T=20%5; n=11;

Fee = Dla— 57 = Baf — nf — 1,001.00— 11 2 {2.00)7 — 110.00
Som By =F)m Doyf = ’Fl,'i‘ mE5050 =11 % (20.95)° m 22,37

T D= =P mIxy =0l D 210488 =11 = (9.00 »2098) = 30,80

. Sue 3080
b = 5= TToga -

& =F— fop® = 20.95—0.28 % 0.00 = 1843

The least squares fitted regression line of y on x = 18.43 + 0.28 x
Tz=23045;2m 20,98 ; 2% =4,850.30; Zxz =2,104.85

Se= iz - =%z -1 ni = 485030 — 11 = (20.98)° = 2237
T Dy =g, =2 m Tz = nd 2 w2 10488 =11 x(9.00 = 20.98) = 30.80

So the least square fitted regression line of z on x is same as obtained in (c) above = 18.43 + 0.28 x

T o BEER -
".'-'_I— iy vy Uil

o

Correlation coefficient of x and y Lgﬁ)

Jig _&_ﬂha]

Also & =
() = JTrndzr V11000 KZLET

Though the relationship of y on x and z on x are different, as found in the above scatter plots, the
correlation coefficient are same and positive.

After omitting the values for city 3, we calculate,

f=660, ZwiQBl; n=10; Dx*mB32.00) Ez*wmq20971) Zxz w177582

See = Dlx,— %)= Tad — nf = 832,00 — 10 % (B.60)2 = 92.40

Som Tz =20 m Tzf = 2 m 420971 = 10 % (20.51)% m 146

Sizm Dixe = BMa -2 = Exg— nf 2 = 177582 — 10 3 (.60 » 20.51) = 11,62
2 S-_j"z l-.’ﬁ:‘: e

Fez= ¢ = ggq9™ 0126

@ =2—Fo%F = 2051 — 0126 XB.60=1943

The regression line of z on x = 19.43 + 0.126 x
P 5, 11.62
(bra) = === e = 0999
Voxxdzz 49140 X 146
After omitting the outlier value for city 3, the correlation coefficient is approximately equal tol, i.e. the
minimum temperatures on a certain day is perfectly correlated with the maximum temperatures on

weekend on the basis of the data provided.

[19]
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Q.15) . L
(a) The mathematical model of one-way ANOVA is given by
Yi=U+T+6€4i=1,2,....k i=1,2,00;
where,

k = number of treatments
n; = number of responses from i treatment
Y i is the j*" response from i treatment
T is the i treatment
J is the over mean response
€ij is the error term
Assumption : €ijis i.i.d N(0,0°)
(b) Ho: Mean claim amounts of five companies are equal

Hi: Mean claim amounts of five companies are not equal

We haven;=7, n;=8, n3=6, ng=7, n5=5,n =33

ZS: nziyij =174,316
o

) 2
CF.= (ZS: Zy”} /n =104,385.94

-1 j=l

SSr=174316- C.F. = 69,930.06;

5 ni
SSp = Z (ZVUJ In, —C.F.=354°/7+386%/8+87°/6+645 /7 +384° /5-104,385.94

=22,325.69
SSg = SSr- SSg=47,604.37

Sources of
Variation d.f SS MSS E
Companies 4 22,326 5,581.42 3.283
Residual 28 47,604 1,700.16
Total 32 69,930
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Fopservec ™ 3.283; Fo s gy =2.714;
Reject Hy
() Ho: Salaries are independent of number of actuarial papers cleared
H,: Salaries are dependent on number of actuarial papers cleared
Observed Values (O;)
Papers Salary per annum (in Rs. lacs)
cleared 3-5 5-8 8-10 10-12 Total
0-3 45 20 6 5 76
4-6 7 20 9 6 42
7-9 5 8 15 12 40
Total 57 48 30 23 158
Under Hq Expected Values ((E;)
Papers Salary per annum ( in Rs. lacs)
cleared 3-5 5-8 8-10 10-12 Total
0-3 27.42 23.09 14.43 11.06 76.00
4-6 15.15 12.76 7.97 6.11 42.00
7-9 14.43 12.15 7.59 5.82 40.00
Total 57.00 48.00 30.00 23.00 158.00
12
7' =Y (0, —E)*/E =(27.42-45)"/ 27.42 +....... + (5.82 - 12)* / 5.82 = 49.919
i=1
Hhpserses =4991  4Fe pegs = 12.59 ,where d.f. 6 = (3-1) x (4-1)
Reject Hy
[10]

ok K K K ok ok ok ok ok K K ok ok

Total Marks [100]
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