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Instructions:
& This paper consists of NINE (9) questions in FIVE (5) pages.
e Relevant Statistic Tables and equations are provided.

¢ Answer any 51X (6) questions ON_LY . All questions carry equal marks.

e Answer for each questi@ﬁ sl_lou_.lél__. _co;r%mj.g.nce from a new page.
¢ State any assumptions you required.

e This is a closed book test.

s Show all your workings.

e All symbols are in standard notation.

¢ Do not use red color pen.

1. {a) A tree trunk may be considered as a circular cylinder. Suppose that the radius of
the trunk increases 0.1 cm per month and the height of the trunk increases 0.5 cm
per month, If’s also found that the radius of the trunk is 2 cm when the height
of the trunk is 10 em. How fast the volume of the wood in the trunk increase per

month? (marks 30)

(b) Approximate /(3.01)2 4 (3.99)? using Taylor polynomial method. (marks 30)
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{¢) Consider the vector foree Fla,y, z) = z2%i 4 zy” g+ 5(31:3 + )k
i. Prove that the force J represent a conservative field. {maorks 15}
il. IYind the work done in moving a particle of unit mass under this field of force

from the point (0,0,0) to (3,1,1). {marks 25)

2. {(a) Let f(z} = u{r,0) +iv(r,0), where z = re®®.” State Cauchy-Riemann equations in
terms of polar coordinates. " (marks 20)
(b) Find an analytic function [ in domam D* such that Jm{f) = Arg{z) and f(1) = 0.

Give your solution in terms of z. (marks 65)

(c) What is the domain D* of f7 (marks 15)

"3. (a) A wmachine for making precision cuts in dimension lumber produces studs with
lengths that vary with standard deviation 3 inch. Ten trial cuts are made to check

the machine’s Calibratmn. The mean length of the studs produced is 104.8 inches.

i. Detcnmne the Standard error ior mean lcngth of the qtuds __(marks 10)

the assumphons that you have made for this caleulation. - (maﬂus 20 yre

ii. Interpret your answer in part 3(a)ii. -~ A{marks 10)

(b} Calciumn is a vital nuatrient for healthy bones and tecth. The National Institutes
of Health {NIH} recommends a calcium ntake of 1300 milligrams (mg) per day for
teenagers. The NTH is concerned that teenagers aren’t getting enough calcinm, on
average. Researchers decide to perform a study fo estimate dailv calcium intake in
the population of teenagers. They ask a random sample of 40 tcens to record their
food and drink consumption for 1 day. The vescarchers then compute the caleium

intake for each student. Data analysis reveals that ¥ = 1198mg and s, = 411myg.

1. State the hypothesis for decision malkers clain. (marks 10)

il. Toest the above hypothesis using an appropriate method at 5% significant Ievel.

(marks 30)
iil. Interpret your answer in part 3(b)i. - (marks 10)
lv. State the assumptions that you have made. (marks 10)
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4. The blood preséure pmmH g and the age ! years of 10 Covid-19 patients are showh in the

table 1 below.

(&)
(b)
(c)
(d)

()

Table 1: The Blood Pressure of Covid-19 Patients.
Patient | A | B | C D] E [F|] G| H I J'}

{ 4001 67 | 48 |35 56 |26 60 | 43 | 65 |42
P 05 | 168 | 120 [ 83 | 150 | 80 155 | 102 | 163 | 98 |

Identify the independent variable and the dependent variable. (tnarks 10)
Calculate the correlation coefficient for above data. {marks 25)
Interpret the correlation coefficient. (marks 10)

Draw the scatter diagram for the dependent variable against the independent vari-

able. . (marks 10)
Find the equation for best fitted regrcssioﬁ lineof pont. (marks 25)
Draw the best fitted line on the scatter plot in part (2) (d). . (marks 10)

Use your regression line to estimate the blood pressure of a 40 years old Covid-19 - -

patient. (marks 10)

5. Consider the initial value problem

(a)
(b)

{©)

y = 2zy  with y(0) = 1. (1)
Find the exact solation of (1), ' (marks 10)
Use the Buler methed with step size b = 0.1 to find approximate valucs of the
solution of (1) at z = 0.2, (marks 30)

Applying the Runge Kutta Fourth order method for (1), evalnate y(0.1).

Note that: The fourth order Runge Kutta method for the function f{z,,,y.) is

given below in the nsual notation.

k= hf(l';m: ym-)

1 L
ey = h,f(-'?l,,,' + ﬁh:ym I E"P‘A’T)

Page 3 of 5




1
—)liig)

1
by = I f (0 + =D, 4
Ky 1 f(x +2.' T 5

1 !
kg = hf(zm + éhsym + QAS)

1
Ym+1 = Ym + EU‘C} + ng -+ 2nli73 + kr.l)
(rnavks 30)

(d) Which method give the more approximate solution to exact solution of (1) at
x=1017 - (marks 30)

(a) Classily the cliiptic, parabolic and hyperbolic form of the second order partial dif-

ferential equations. (narks 20}

(h) Consider the partial differential equation

P 10u
&7 2 )

which defined in the rectangular;
R={(z,t) e R* : 0<z <2 0<t<?}
with u(z,2) =40 for 0 <z <2
u(0,4) =40 for 0 <t <2
u(2,0) =0 for 0<% <2

Use finite difference method with step size b = &k = 1 to find an approximate value
to solution of (2) at the point (1,0), ie., find u(1,9).

i 1 — g Ou w1 — U
Nole that: % = Efilﬁ'f—bf and T %ﬂiﬁ {marks 80)
T ) "
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7. Consider the series RCL circuit, inductance (L) = 1 Henry, resistance () = 50 ohns,
capacitance () = 25 x 1074 farad and voltage (£(1)) = 100 cos 20t volts. Consider initial
current and charge arc zero.

Note that, Kirchhioft’s voltage law for saies circuit yield

Vi 4+ Vi + Ve = B(i), where

ddi _ 1 [ dg

Vi=L—, Vg=1iR, Vo= [ dl, i=.

L df, 3 R (23 % c C / [ ¢ df',
(a) Find the charge ¢, at time (. (marks 90)
(b) Indicate steady state solution ol charge. (marks 10)

8. Let U,V be subspaces of R% Let 7 : U — V given by T(z,y) = (22 + y, = — 3y).

{a) Show that T is a linear transformation. {marks 25)

1 [
(b} Show that B = {v; = ( E) , Uy = (1)} is a basis for range of T". (marks 40)

(¢) Determine the matrix of T with respect to the standaxd basis.of U/ and the basis B.. .
of range of 7', o L L (marks 35)

9. Let Q(z,y) = z* — 2y + 4zy be a quadratic function of z,y.
(a) Determine the symmetric matrix A corresponding to the above quadratic form. 7
(marks 20)
(b) Find an orthogonal matrix P such that diagonalize A. (marks 30)

(¢) Find a change of variables that reduce (z,y)A ( ) to a sum of squares and express

C)
T
(x,y)A ( ) in terms of the new variables. {(marks 35)
Y
(d) Find D", where 2 = P7"AP and n is a positive integer. {(marks 15}
End.
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Prohahilities for the standard norinal distribution

Tahle ory for @ isthe

Probuabilivy

L .y .
probabifity vine to the left o - S
Z

: 00 or 02 03 04 05 06 07 08 00
0.0 105000 A0 05080 05120 051600 05199 05239 03279 05319 05339
0.1 105298 05438 05478 05517 08557 (05596 (L5636 (L3675 (53714 05753
02 105793 05832 05871 03010 05048 05987  0.6026  Golod  0.6103 (L6141
0316179 06217 0.6255 06293 0.6331 0.6368  0.6406 (6413 0.6480  0.6517
0.4 1 06554 065010 06628 0.6064 06700 (.6736 0.6772 {1L68OS G084+ 0.6879
0.5 16915 0.6050 0.6083 07059 07054 07088 07123 07157 07190 07224
0.6 | 07257 07201 07324 07357 07389 07422 07454 07486 7517 07549
07 | 07580 07611 07643 07673 Q7704 Q7734 07764 07794 07823 0.7852
0.8 | 07881 079100 07939 07967 (L7995 08022 08051 08078 0.83106 (.8133
0.0 | 0BISY D8I86 0.8212 08238 0.8264 (L8289 08215 08340 08365 0.8389
(01083 (CR438 (L8461 (L8485 0.8308 0.8531 08334 (L8577 (L8599 0.8621
11108643 (08665 08686 08708 0.8720 (.8749 0.8770 0.8790 08810 0.3830
[ 2] 08845 G880 (.8888  0.8007 0.8925 0.8944 08962 (L8980 - (1LBYYT  0.9015
130003 ¢o049 09066 0.0082 09099 09115 09131 09147 09162 09177
(409092 00207 09222 09236 09231 09265 08279 (19202 09306 09319
15| 09332 00345 09357 0.9370 09332 09394 00406 00418 09429 0.0441
1.6 094552 09463 00471 09484 0.9495 09505 09515 09325 0.9335 09545
[71 09554 093564 093573 09582 0.9591 1.9599 09608 09616 09625 0.90633
LS 109641 09649 00656 09664 09671 09678 09686 09093 0.9699 0.97006
(O 10971 09719 09726 09732 09738 09744 09730 09736 0976% 09767
20 OYTTY 09778 09783 G.O788 09793 09798 09803 00808 09812 09817
AT 0YR2] 09826 09830 (L9834 (L9838 09842 09846 09850 09851 0.9857
2 Os6] D986 D.USe%  (LOR71 (9875 (L9878 09881 09834 09887 0.9890
2300503 G9%06 (L9898 6.0901  0.9904 (9906 09909 (9911 09913 09916
2 (LEUIR (992D (L9922 09925 09927 09929 (0.9931 (9932 0993 (19936
25 18938 09930 09941 09942 DYYLS 59946 (U948 (9949 (LOYST 09952
o | 09953 (19955 00956 0.0937  0.9939 D.O960 09961 0.0062 (19963 0.9964
27| g5 (19966 09967 09968 0.9969 09970 09971 0.9972 (9973 09974
18 | (L9974 08975 09976 19977 08977 0.9978 09979 00479 (9980 (L9981
o | RS OOU8T 00082 (9983 09984 09984 (099835 09983 0.9986 09986
10 | 00987 00987 00087 099858 0.998% (.9980 00989 09989 09999 1.9990
109990 (10991 0.0091 09991 09992 0.9992 090952 09992 09993 09993
3009993 (L9003 9994 (9904 00991 09904 09994 (19995 (1.9995  (L9YYS
33109905 09995 09993 (L9996 (L9996 09996 09996 09096 0.9996 (0.9997
340 00007 (L9097 OOYTF  (ROOYT (L0977 04997 09997 (G997 (YT (). 94549




t table with right tail probabilities
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