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Computation of correlation coefficient :

XX =378,XY =333, IX*=16112, XY’ =13471, IXY = 14340

r=(L $XY — Xbar * Y bar)/ (A /% YX° — (Xbar)’) X
A[E Y - (bar)))

Eo0.6796 [2]

Test the significance of p :
Hy:p=0vs.H, p#0

Test statistic t = (/n — 2)/\/1 — 1 =0.2451[2]

[1mark for this >>] Critical value of 7 at 5% level for 8 d.f.is 2.306, Reject H,
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C) 1) Let Xirepresent each motor claim amount for i = 1 to 10
Moment generating function for exponential distribution, Mx(t) = (1 -t/ )" 11

Hence, for Y = 3Xi(i=1to0 10)

My() = (Mx(H) ~ 10 [1]
=(1-ynh
which is the moment generating function of gamma distribution with @ = 10 and 4. = 1.25 [0.5]

10.50]

2) MGF of 2.5Y is E[¢®"] [0.5]
=My[251]
=(-20
—(1-v035)t 03
which is the moment generating function of gamma (10, 0.5) [0.5]
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i.e. o2 20 distribution [0.5]
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It seems that temperature on land is related to distance from lake through an exponential
function like Y = a*exp (BX). Transforming this using W = log Y. we get a linear model

w;=a + fx; + e where a = loga [1]

Site (x) 1 2 3 4 5 6 7 8 9 10
27. | 25. | 23. | 22. | 21. | 21. | 21. | 21. | 20. | 21.
0 0 4 6 8 4 2 0 8 0

Temp (y)

W=LogV | 330|322 | 345 | 3.12 | 3.08 | 3.06 | 3.05 | 3.08 | 3.04 | 3.04

1 mark for the fable]
%=5.5; whar = 3.1109, Sxw =-2.1504 S, = 82.5000S,, = 0.0686

= —0.0261; a= 3.2542;a=exp (a) = 25.8996

w =3.2542 — 0.0261 x = y =25.8996 exp (—0.0261 x) [5]
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Total # claims 3 X, ~ P(2002)
&
A= X ~ N, 2)
] A
“ U Wa200

<1 645]: 0.95
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P /1<;.+1A645\jZ -095
200
A-1.645 L<l =0.95
1200

so lower limit is 0.26 - 1645 +/0.0013
=0.26-0.059=0.201
50(0.201,0)
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1) P(Type I error) is the probability of rejecting H, when H|, is true.
Let X be the no. of hits in first step 12 missiles and Y be the no. of hits in second step 12 missiles.

P(TypeIemror) =P (X>3[p=0.1)+P(X=0|p=0.1)P(Y=5|p=0.1)+P(X=
1p=01)P(Y>4|p=0.1)+P(X=2|p=0.)P(Y>3|p=0.1)
Using Actuarial Tables page 188 (probabilities for Binomial Distribution)

= (1-0.8891) + (0.2824)(1 — 0.9957) + (0.6590 — 0.2824)(1 — 0.9744) + (0.8891 —
0.6590)(1 — 0.8891)

= 014727 ~ 15% [4]
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ii) Probability of rejecting the null hypothesis when p = 0.3

=P(X23|p=03)+P(X=0|p=03)P(Y25|p=03)+P(X=1|p=03)P(Y24|p=03)+
P(X=2|p=03)P(Y=3|p=03)

Using Actuarial Tables page 188 (probabilities for Binomial Distribution)

= (1-0.2528) + (0.0138)(1 — 0.7237) + (0.0850 — 0.0138) (1 — 0.4925) + (0.2528 —
0.0850)(1 — 0.2528)

=0.91253 ~ 91% [3]

Iii) P(type Il error) is the probability of accepting H, when H, is false.
=1-0.91253 = 0.08747 ~ 9% (when p=0.3) [1]
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iv) 10 Space agencies in aggregate fired 120 missiles and recorded 40 hits
Assuming that the sample comes from a binomial distribution, we know that the quantity [1]

£ 14
1 ~N(0,1)

)

Heren=120, X=40.Sop=40/120=1/3=0.3333

Using Actuarial Tables page, Z10% = 1.2816

Lower bound of 90% right-tailed confidence interval for p is

p— 12816V p(1-p)/ n=0.3333 - 1.2816V 0.3333(1-0.3333)/ 120 = 0.2782 [2]

(mark on answer basis , all steps not required)
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v) Test whether p > 0.278 at 10% level of significance H0: P = 0.278 vs. H1: p > 0.278 For one sample
binomial model: [1]

(X—np0 )/(V'nqu() )~ N(0, 1)with continuity correction.

(39.5- 120(0.278) )/N120(0.278)(0.722) = 1.2511

‘We are carrying out a one-sided test. The value of the test statistic is less than 1.2816 (the upper 10%
point of the N (0, 1) distribution) so we do not have sufficient evidence to reject H0 at 10% level. [2]
(mark on answer basis , all steps not required)

vi) Lower bound of Confidence interval implies that there is only a 10% chance of ‘p’ < 0.2782,
whereas from the hypothesis test, ‘p” could be less than or equal to 0.2780 with probability more than
10% (approx 10.5% corresponding to 1.2511). [1]

[Mark for any other relevant points]
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For Exponential , f (x, \) = ke *and F(x) = 1-e * x>0 [1]

The likelihood function is
L(ux) =27 = A (23+27+39+52+68+89+95) - .~3001 [2]

[1 marks for logic and 1 for right answer)
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ii) The log-likelihood is
1(x, ) =7 In % -693% [1]
A N - 7 _693 [1]
ox A
Equating above to 0 gives MLE of 1 = 7/693 =.0101 [1]
i) SR~ 7% 1)

S0, B0 — 0 1]

x

2 2

CRLB for the MLE is =[1/~( E[MI;'—)‘L])] = )‘7 = .000015 [1] which is same as the asymptotic
x

variance of the MLE
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iv) The 95% confidence interval for Lis A = 1.96.S.D.(A ) .[1]

Using the MLE of A and the variance the interval is:

(0.0101 + 1.96%0.0039) i.e.

(0.0025,0.0177) [2]
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v) The likelihood is
L0sx)=[1 - 250 3 37 « ~A[(23+27+39+52+68+89+95)+7*25] . ~[300+3*25]1

13 1 MARKS [ give as per the amount of equation done correctly]
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1)E(x) = 0%(5/12)+ 1* (1/2) +2*(1/12) = 2/3 [0.5]

E(y) = 0%(7/12) + 1¥(7/18) +2*(1/36) = 4/9 [0.5]
2) Cov(X.Y) = E(XY) - (EX) (E(Y))

=1/6-(2/3) (4/9) =-7/54 [1]

2 12
o - X'~ (EX)’ = 511]
7

OEX = 0°* (i) +1°* (i) +2° (i) —5/6

EYZ: (& ) *(—S)Jrzz*(?ls):l/z
o= EY' - (EV)" =-2{1]
= S ﬁm

N
e 162
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1
. ey (X
i) M, t= E[e" ]—{e dx

M t=
XX

e -nR

ii) M,(0) = expectation of exp(0*X) = 1 [1]

Iii) For a U(0,2) distributed RV Z, we have: [0.5]
M_t= E[e?]

=1/2* [ e" dz [0.5]
]

= =@ -
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Let Xi denote the weight of i th container and let S= X1+X2+..+X25 [0.5]

Given that X~ N(150,15° )

Then let E(S) = 25 E(Xi) (since Xi 's are iid) [0.5]
=25x 150 = 3750 Kgs [1]

Var(S) = 25Var(X1) = 25 x 15° = 5625 [1]

Let 7= S22 = 529150 o 523750 475 2 [0.5]

If p is the probability of overloading the truck, then
p= P(S > 4000) = P (3750+75Z > 4000) [0.5]

=P (z>3.333)

=0.5-P(0<Z<3.333)

=0.5-0.4996

=0.0004

On an average, the truck shall be overloaded 4 times in 10,000 occasions [1]
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1) Let N be the number of clubs accepted
X be the number of members of a
selected club S be the total persons
appearing.
From the information given in the question, it is clear that N~ Binomial (n=1,000, p=0.20)
Thus,
o E(N)=(1,000) (0.20) =200
o Var(N) = (1,000) (0.20) (0.80) = 160
Further, E(X) = 20, Var(X) = 20
Therefore, E(S) = E(N) E(X)
= (200) (20)
=4,000

Var(S) = E(N) Var(X) + Var(N) [E(X)]?
= (200) (20) + (160) (20)?
= 68,000

Hence, the annual budget for persons appearing on the show will be
— (10).E(S) + (10).+/ Var(s)

= (10)(4,000) + (10)+/68,000
¥ 42,608 [5]
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1) t distribution would be suitable, with 33 df. [1]

2) Test statistic t = (Y rural - Yurban) / (+/ Sp * —L L~

n(rurd) " n(urban)  ‘nrural,nurban—2

Sph2 =5 (14x 2.12 + 19 x 1.92) = 3.949
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Test statistic = (3.7-4.4)// 3.95 * ( 4 + =) =-1.031

3) We are applying a two-sided test [1] Critical values for t33 are not in the tables, but at the 2.5%
level they are between 2.032 (t34) and 2.037 (t32)

Since the test statistic lies in-between the table values,

i.e.-2.032 <-1.031<2.037

we conclude that the null hypothesis of equal phone usage being equal cannot be rejected




