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Instructions:
e This paper consists of EIGHT (8) questions in FOUR (4) pages.
e Answer any FIVE (5) questions ONLY. All questions carry equal marks.

Answer for each question should commence from a new page.

Relevant Statistic Tables are provided and all symbols are in standard notation.

State any assumptions you required and show all your workings.

This is a closed book test and do not use red color pen.

0 , . , .
1. (a) Find ;—Z assuming +/Zz + lny = 2yz defines z implicitly as a differentiable function
Y
of 2 and y on some open set S C R2. (Marks 40)
(b) Let a scalar potential on a surface is given by f(x,y) = xy for (x,y) € R?.

i. Find the highest ratc of change of the potential at point (1, —1) and its

direction. (Marks 40)
ii. Find the normal field line(path line) of the vector field Vf passing through
(1,-1). (Marks 20)

2. Let f(z,y) = e¥sinz on R?
(a) Use the Taylor series approximation to find the quadratic approximation Q(u. Y),
for f at the origin. (marks 30)

(b) Find a linear function L(x,y) and a symmetric matrix A such that Q(z,y) =

1
L(z,y) + 5(%, y)A (:v) (marks 20)
Y
(¢) Usc the diagonalization of matrix A to change the variables (x,y) to (X.Y) and
hence to find the real values ¢ and b such that S(Jx y)A ") = ax? ooy,
- Y
(marks 50)
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Re(z) ifz=0

3. (a) Let f(z) = z on C. Discuss the continuity of f on C. Justify
0 ifz#0

your answer. ' (marks 20)

(b) Let u(z,y) = —y — 22y be a Harmonic function defined on R?. Find a Harmonic

conjugate of u. (marks 40)
1
(c) Compute g mdz, where C : |z —i| = g— (marks 40)

4. Consider the following equation.

d*y dy
e - y 1
3z 2+(.L+2)‘+y 0 (1)

(a) Find regular singular points of the equation (1). Justify your answer. (Marks 20)

(b) Find the series solution y of equation (1) around z = 0 with y(0) = 1.

(Marks 80)

5. (a) Use the method of characteristics to find the solution of u; + e~ **y, =y subject to
3

the initial condition u(0,y) = 1 + . (Marks 50)

(b) Consider the following PDE.

ou 5y

= Qe <z< <t <0.

i 522 on0<z<1, 0<t<05
u(0,t) = u(1,t) = 0 for each 0 <1 < 0.5
u(z,0) = £(12—- z) for cach 0 < 2 < 1.

Use the explicit scheme of finite difference method with step sizes h = 0.2 and
k = 0.1 to find an approximate value for u(0.2,0.2) with respect to given initial and
boundary conditions. (Marks 50)

Hint: Oul | Min1g = Uiy
oz ), B h '

ou\ Ui Uiy
ot i - k

where h and k are step sizes of variables 2 and t with respectively.
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6.

Iy
= DD
o

0 0
(a) Let @y = ol iy = ) U= ) and W C R* such that W = span(ty, ).
1 0 0
i. Find a basis for W consisting of two orthogonal vectors. (Marks 30)
ii. Does 7 € W? Justify your answer. (Marks 30)

(b)

Ty
Let T : R? — R® be a transformation defined by T (T> = |z+3y|.IsT alinear
Y Y

transformation? Justify your answer. (Marks 40)
Discuss about the Type I error and Type IT crror in Hypothesis testing,.

(Marks 10)
In a statistical study of identifying factors affccting the failures in clectrical com-
ponents, the researcher concludes that if the clectrical component received a high
voltage which exceeds the 600V there will be high chance to obtain failure. Depend-
ing on this conclusion, a certain electrical development company is going to develop
electrical components which will not receive more than 600V of voltage on average.
To test whether the electrical components are not receiving the high voltage, the
quality assurance tcam had tested 36 clectrical components and found that the av-

erage voltage absorbed by the given components is 548V and standard deviation
150V.

i. State the corresponding null hypotheses and alternative hypothesis to be tested.
Comment whether this is two tail test or one tail test. (Marks 30)

ii. Find the test statistics associated with this hypothesis testing. (Marks 20)
iii. If the analyst wants to test this hypothesis at 5% significant level, then what
is the critical value/s associated with this test? Explain why you chose the
corresponding table when finding critical value/s. (Marks 20)

iv. Test the hypothesis at 5% significant level and state your decision regarding
the hypothesis. Explain your conclusion regarding the claim of the electrical

company. (Marks 20)

Page 3 of 4




8. A study was conducted to determine whether the number of project involvement has an
impact on the monthly compensation of engineers in an engineering company. The table
below provides the number of project involvement and monthly income (in thousand
rupees) of 10 engineers. '

Number of projects 13 16 | 22| 2 8 |26 | 19 | 20 1 4
Monthly compensation | 260 | 330 | 360 | 160 | 260 | 370 | 330 | 360 | 160 | 190

(a) Identify the independent variable and the dependent variable. (Marks 10)

(b) Calculate the correlation coeflicient for above data. Interpret your answer.
(Marks 30)

(c) Draw the scatter plot for dependent variable against the independent variable.
(Marks 10)

(d) Find the coeflicient of the equation of the best fitted simple linear regression model

of the above data. (Marks 30)

(e) Interpret the found regression coefficient in part (d). (Marks 10)

(f) Use the estimated line of regression to find the monthly income of an engineer who

is involved in 10 projects. (Marks 10)
End.

Copyright Reserved.
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Probability

Table entry for z is the
area under the
standard normal curve
to the left of z.

Standard normal probabilities (continued)

z .00 .01 .02 03 .04 .05 .06 07 .08 .09
6.0 5000 .5040 .5080 5120 5160 5199 5239 5279 5319 5359
0.1 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 5987 6026 6064 6103 6141
0.3 6179 6217 6258 6293 6331 6368 6406 6443 L6480 6517
0.4 6554 6591 6628 6664 6700 6736 6772 6808 .6844 6879
0.5 6915 6550 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 71257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133
0.9 8159 8186 8212 8238 8264 8289 8315 8340 8365 8389
1.0 8413 .8438 8461 8485 8508 8531 8554 8577 8599 .8621
1.1 8643 8665 8686 8708 8729 .8749 8770 8790 8810 .8830
1.2 .8849 3869 8888 8907 8925 .8944 8962 8980 8997 9015
1.3 9032 .9049 5066 9082 9099 9115 9131 9147 9162 9177
1.4 9192 .9207 9222 9236 9251 9265 9279 9292 9306 9319
1.5 9332 .9345 9357 9370 9382 9394 .9406 9418 .9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 L9803 9808 9812 9817
2.1 9821 .9826 9830 9834 9838 9842 9846 9850 9854 9857
22 9861 9864 .9868 9871 9875 9878 .9881 9884 9887 9890
2.3 9893 9896 L9898 9901 .9904 9906 9909 9911 9913 9916
2.4 9918 9920 9922 .9925 9927 9929 9931 9932 .9934 8936
2.5 9938 9940 9941 9943 9945 9946 9943 19949 9951 19952
2.6 9933 9955 9956 9957 9959 9960 9961 9962 9963 9964
2.7 9965 .9966 9967 9968 9969 8970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 99738 9979 8979 9980 9981
2.9 9981 .9982 9982 9983 9484 9984 9985 9985 9986 9986
3.0 9987 9987 9987 9988 9988 9989 9989 8989 .9990 .9990
3.1 9990 9991 9991 .9991 9992 9992 9992 9992 ..9993 9993
3.2 5993 .9993 9994 9994 .9994 9994 .9994 19995 9995 9995
33 9993 9995 9995 9996 9996 9996 9996 9996 9996 8997
34 9997 9997 9997 9997 9997 9997 9997 .9997 9997 9998




f Distribution: Criticd Values of §

Serafivange level

Degrees f  Two-taled test 10%: 5% 2% 1% 0.2% 0.1%
Jreedom Ore-tadledtest: 5% 2.5% 1% 5% 0.1%% 0.05%
1 65.314 12706 31821 63657 318309 636619
2 2.920 4303 6945 Q9235 - 2237 31.50%9
3 2353 3182 4.541 5841 10.215 12.924
4 2.132 2776 3.747 4504 7.173 2.610
] 2.015 2571 3365 4033 5.893 6869
1] 1.943 2447 3.143 3707 5.202 5.959
7 1.894 2365 2.995 3499 4,735 5.403
H] 1.860 2306 2896 3355 4.501 5041
& 1.833 2262 2821 2250 4.207 4.781
10 1.812 2228 2764 3168 4.144 4.587
11 1.796 2201 2718 2.106 4.025 4 437
12 1.782 2179 2681 3055 3930 4312
13 1.771 2160 2.650 inla 3552 4.221
14 1.761 2145 2.624 2977 3787 4.140
15 1.753 2131 2.602 2947 3.733 4073
16 1.746 2120 2.563 2821 3.086 4.015
17 1.740 2110 2.567 2808 3646 %.0965
1% 1.734 2101 2.552 2378 3.610 3922
19 1.729 2093 2.539 2861 3.579 1.883
2(1 1.725 A086 2.528 2845 3.552 3.850
11 1.721 2030 2.518 2831 3.527 3.81%
12 1.717 an74 2.508 2819 3.505 3,792
13 1.714 2069 2.500 2807 3485 3,768
14 1.711 2064 2.492 2797 3.467 3.745
a3 1.708 - 2060 2.485 2787 3450 3,735
6 1.706 2056 2474 23779 3435 3.707
7 1,703 2052 2473 2771 3.421 3.690
1% 1.701 2048 2467 2763 3.408 3674
i 1.69% 2045 2462 2756 3.396 3.659
30 1.687 2042 2457 2750 3385 3.646
iz 1.694 2037 2440 2738 3.365 3.622
34 1.691 2032 3441 2728 3348 3.601
30 1.685 2028 2434 2719 3.333 3.582
3% 1.586 2024 2429 23712 3319 3,566
49 1.684 2021 2433 2704 3.307 3.551
42 1.682 2018 2418 2698 3.296 3.538
44 1.680 2015 2414 2692 3.286 3.526
46 1678 2013 2410 2587 3277 3.515
48 1677 an11 3407 2682 3269 3.505
50 1.676 2009 2.403 2578 3.261 496
6l 1.671 2000 2.390 2660 3.232 3460
o I 1.667 1804 2321 2648 3211 3435
0 1.664 1990 2.574 2639 3.195 3416
an 1.662 1987 2.368 2832 3.183 3402
1o 1.660 1984 2.364 2626 3.174 3,590
120 1.658 1980 2358 an17? 3,150 3373
150 1055 1976 2351 2609 3145 3357
2 ] 1.65% 1972 23435 2601 3.131 5340
o0 1650 1968 2.539 2592 3.118 3523
400 1.649 19466 23365 2588 3.111 3315
S0 1.648 1265 2586 3.107 %310
L] 16547 1064 2584 3,104 3307

o 1.645 1060 2326 2576 3090 3,291



