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THE OPEN UNIVERSITY OF SRI LANKA
Faculty of Engineering Technology .
Department of Mathematics and Philosophy of Engineering

Bachelor of Technology Honors in Engineering

Final Examination {2019/2020)
MHZ4553: Engineering Mathematics II1

Date: 12t August 2020 Time: 09:30 a.m.-12:30 p.m..

Instructions:

e This paper consists of NINE (9) questions in FIVE (5} pages.
o Relevant Statistic Tables and equations arc provided.
o Answer any FIVE {5) questions ONLY. All questions carry equal marks.
o Answer for each question should commence from a new page.
e State any assumptions you required.
e This is a closed book test.
e Show all your workings.
e All symbols are in standard notation.

e Do not use red color pen.

1. (a) Let fz,y) = e®siny.
i. Find the quadratic approximation Q){z,y), for f at the origin. (marks 20)

il. Find & linear function L{z,y) aud a symmetric matrix A such that

Qz,y) = L{z,y) + %(:E,y)A (L : (marks 15)
y
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(b)

2. {a)

(b)

3. {a)

(b)

00

;1 2
Let A = .
2 =2

i. Find an orthogonal matrix /° such that diagonalize A. (marks 30)

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

Y

express {z,y)A ( ) in terms of the new variables. (marks 55)
4

Let g(z,y) = 2y + z +y. Find the gradient of g and the rate of change of g at (1, 0)
in the direction of & = (2,1). {marks 30)
Let f(z,y) = 2* + v* + 2%
i. Find global extrema of [ and explain the nature of the extrema.  (marks 25)
ii. How your answer of (i) will-change if you have the constraint z +y + z = 17

What can you say about your new answer, whether it is a maximum, minimum

or a saddle point? (marks 45)

Let f(z) = u{r.8) +iv(r,§), where z = re®. State Cauchy-Riemann equations in

terms of polar coordinates. - (marks 20)

Find an analytic function f in domain D* such that Im(f) = Arg(z) and f(1) = 0.

Give your solution in terms of z. _ (marks 65}

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

Evaluate [ f.dr, where f{z,vy) = (z + 4} + 4% and ¢ is the upper half circle with
e Y

- center (0,0) and radius 2 in positive direction. (marks 40)
Evaluate [ 2%dz, where 7 straight line from (1,1) to (2,3). (marks 25)
. 222 + 2 . , :
Find f. U R where I' : |z — 1} = 1 and positively oriented. (marks 35)
22— A

Page 2 of 5

2

ok

21




00221

5. (a) Find the sevies solution of 3’ 4y = 0. . {marks 45)

(b) Solve the following bowndary value problem using the variable separable method.

Py 10u
= Q<2 0<i
Oz? 20t :C ’

w(0,1) = u(2,¢) =0
u(z,0) = 3sin 2wz, .
(marks 55)
6. (a) Consider the initial value problem

y = 2zy  with y(0) = 1. (1)

i. Find the exact solution of (1). | (marks 10)

ii. Use the Fuler method with step size h = 0.1 to find an approximate value of
the solution of (2) at = — 0.2. (marks 30}

(b) Consider the partial differential equation

Py 1ou
= 20 )
with u{z,2) =40 for 0 <z <2

u(0,1) =40 and u(2,t) =0 for 0 <1 <2
which defined in the rectangular;

R={(z,t)€R* : 0<z<2 0t <2}

Use finite difference method with step size h = k = 1, to find an approximate value
to solution of (2} at the point {1,0), i.e., find u(1,0).

Note that:
% C Ugprg T e
i h
Ou i — Ui
il k
Fu 1

B g il T UL 2ui5)-

(marks 60)
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7. Let U,V be Stfbspaces of R%: Let T : I/ — V given by T{2,y) = 2z +y,z ~ 3y).

{a) Show that T is a lincar transformation. (marks 25)

: 1 1
(b) Show that B = {v, = ( 1) , Ug = (])} is a hasis for the range of 77,
(marks 40)

(¢) Detennine the matrix of T with respect to the standard basis

1y 1 1
{e; m_(0> , €y = ((1))} of I/ and the basis B = {v, = ( 1) , Vg = (1>} of range

of T. (rnarks 35)

8. (a} A machine 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 calibration. The mean length of the studs produced is 104.8 inches.

i. Determine the standard error for mean length of the studs. {marks 10}

ii. Find an interval estimate for the population mean at 5% significant level. State

the assumptions that you have made for this calculation. (marks 20)

iil. Interpret your answer in part 8(a)it. _ . {marks 10)

(b} Calcium is a vital nutrient for healthy bones and teeth. The National Institutes
of Healith (NIH) recommends a calcium intake of 1300 milligrams {mg) per day for-
teenagers. The NIH is concerned that teenagers aren’t getiing enough calcium, on
average. Rescarchers decide to perform a study to estimate daily calcium intake in
the population of teenagers. They ask a random sample of 40 teens to record their
food and drink consumption for 1 day. The researchers then compute the calcium

intake for each student. Data analysis reveals that 7 — 1198mg and s, = 411mg.

1. State the hypothesis for decision makers claim. (marks 10)

. 'Test the above hypothesis using an appropriate method at 5% significant level.

(marks 30)
fii. Interpret your answer in part 8(b)ii. (marks 10)
iv. State the assumptions that you have made. {marks 10)
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9. The blood preséure pmmHg and the age t years of 10 Covid-19 patients are shown in the
table 1 below.

Table 1: The Bload Pressure of Covid-19 Patients.

Patiect |A| B | C[D]E[F]JG [ H I 1]
{ 40 67 | 48 |35 56 {26 60 | 43 | 65 |42
n 05 | 158 | 120 | 88 | 150 | 80| 155 | 102 | 163 | 98

(a) 1dentify the independent variable and the dependent variable. (marks 10)
(b) Caleulate the correlation coefficient for above data. (marks 25)
(¢} Interpret the correlation coeflicient. {marks 10)

(d) Draw the scatter diagram for the dependent variable against the independent vari-

able. ' (marks 10)

(¢) Find the equation for best fitted regression line of p on i. (marks 25)

(f) Draw the best fitted line on the scatter plot in paﬁ; (2) (d). (marks 10)

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

patient. (marks 10)
End.

Copyright Reserved.
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' Notes

Correlation coefficient Value
. i =20 —y)
2 — D)2 N (v — v)?

Parameters of the linear regression model

Y Yy
— ?’:1(%3’1’)‘“( = ;LZI 1Yi

- 2
o2 (Z?:lxi)

B =

=1 i n

Best fitted lme
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Probahilities for the standard normal distribution

Table enty for = is the
probability lving to the leftof =

00221

Prohabibty

.00

.01

A2

03

04

05

06

Y7

08

09

€.
0.1
0.2
1.3
(1.4
0.5
0.6
0.7
0.8
0.9
1.a
I.1
1.2
i.3
L4
1.5
1.6
b7
18
1.9

o
o S T L W S R ]

No iR |

R

o s T I;‘J [ T ta Lo E.) te bo Lo

() et
de tes 1O e

{15000
.5398
().5793
(L0179
0.65354
0.6915
0.7257
(L7580
(1788
(.51359
0.8413
(1.86473
(1,8849
(.9032
0.0192
(L9332
0.9452
(.9554
0.904 1
09713
0.9772
0.9821
0.95361
1.9393
0.9918
(L9938
0.9953
0.9965
(.9974
0.9981
0.9987
(.9990
(19993
{19995
{.9907

{15040
0.5433
(13832
06217
(0.6591
(1.6950
0.7291
(L7611
07910
0.8186
{.8438
0.86065
(1.88G9
1.9049
0.9207
0.9345
0.9463
0.9564
(1.9649
0.9719
0.9778
().9820
().9864
(1LOBOG
(1.9920
0.99440
(1.9953
(.9966
0949735
0.5982
0.9087
{19991
(5,990 3
().9995
(1.5007

{15080
0.5478
(L3871
{1.6255
{.6628
().6985
(1.732:4
(7642
.7939
(0.8212
(0.8461
(18686
{18885
01,9066
(19222
0.9357
0.9474
{19373
0.9656
(.9726
).9783
(19830
{39808
(1.9859%
(1L.9922
(1,994
(1.9936
(18967
09976
{19482
1.9987
01.9991
(19904
{1.9095
{10497

0.5129
0.5517
(0.3910
(.6293
{.6664

07019 .

(17357
(L7673
3.7967
(.8338
(184835
(L8708
.890y7
(19082
(192306
{(.9370
(19484
(1.9582
£1,9664
(.9732
{19788
(19834
{LURTI
01.9901
0.9925
0.9943
(.9957
(199068
0.9977
{19943
1.99388
(1.999|
(1,9994
{19996
(1.9997

Q5160
{).5557
(15948
(.633]
0.6700
0.7054
0.7389
07704
(0.7995
(0.8264
0.5508
0.8729
0.8935
09099
.9251
0.9382
(1.G495
09591
{.9671
09738
0.9793
(L9838
0.9875
0.99(:4
.9927
0.9945
{16959
.9969
0.9977
£).9984
().99388
(.9992
1.9004
0.9996
0.9997

(L3199
{1.3396
{15987
0.6368
0.6736
0.70%8
0.7422
07734
0.8023
(L8289
(0.8531
0.8749
0.8944
0.9115
(L9263
(1.9304
{1.9505
(.9599
(L9678
0.9744
(1.9798
{982
(L9878
(.9906
{.9929
(.9946
0.9960
(0L.9970
(L9078
(1,998
0.9989
{1.9992
(.9994
{1.9990
Q.We97

01.5239
0.3636
0.6026
01.6406
0.6772
07123
(.7454
0.7764
0.8051
(0.8315
(1.8354
0.8770
(.8962
(0.9131
0.9279
(19406
00515
0.9608
0.9686
0.9750
{(0.9503
00,9846
(09881
0.9909
(.9931
(3,9948
(1.9961
(19971
0.9979
(1.0085
(19989
().9992
0.9994
0.9996
(1.9997

(1.5279
(1L.3675
0.6004
0.6443
(.6808
(17157
0.7486
0.7794
0.8078
(1.8340
(.8577
0.8790)

{18980 -

09147
{1.9292
.9418
0.9525
.9616
(196G 3
(.9756
{.9808
{1.9850
{1,984
(19911
0.9932
{1.9949
(.9962
(19972
(LOY79
{3,.9985
0.9959
(.9952
(.9995
(39996
{.9997

{15319
(1.5714
.6103
(16480
{16844
.7190
0.7517
(.7823
{.81046
11,8365
1.8599
(.88 10
(15997
(1.9162
(1.9306
(0.49429
(1.9335
0.9625
(1.9699
0.9761
09812
{9854
{.9887
(1.9913
09934
(1.9951
(1.9963
(1.,9973
0.94980
(L9986
£.6990
0.9993
(.9995
0.9994
0.5997

0.5359
0.5733
0.6141

.6517
£.65879
0.7224
0.7549
(L7852
0.8133
{.8389
0.8621

(1.8830
(0.9015
9177
09319
09441

0.9545
0.9633
0.97006
0.9767
0.9817
(L9857
0.9850)
0.9916
0.9336
0.9952
(1.9964
0.9974
1.9981

(1,99806
{3,9990
(19903
{1.9995
(1.9997
0.9993




“dfp

1

(2]

[#%] ‘

0.267181 _Eo.nes‘:" 1473884 fz.ol'sms 2570581336193
0264835 10, | '
0.263167
oo aossee
0260955

0258213 10692417
'0.25%% ;G 6)119‘

0257123 0688%(4
0256923 |0687621 327728 H"vqm 200302 253948
s ) B
0. @xmso losse3sy
0256432 10.685505 ] |
©0.256207 W;G.GSSSOG l~10460 L7187 206866 249087
0256173 :"om(m 850 131 c:ac; LTI0882 1206390 1249
'0'5'"%8660 10684130 1316345 1703141
0255055 (}_.5_&4049 ”51.3149'?5”““fﬂr*nﬁémm

'O“\W‘RQ 0.683685 1313763 4}._03288
3

0
0253317 10,674490 1)28155 CLOHSSH L9596 2326

t table with right tail probabilities

040 025 @1o

0324020 1000000 R0TI6SH 6213752 1270670 (3182057
0288675 OSI6197 LSSTEIS 2019056 430265 féﬁéﬁ-ﬁé ”
0276670 064802 [LGITH 23836 308245 454070
0.270722 :f‘-“"—§069"7 1533206 12131847 %v"“m#" 374695

f 1396?1\ e1.839545

fo*oxzz glaw"o Q_;.sas.z'

,G*Grmﬁ 0.609812 1372184 (1§

6 ;osqmﬁ 1363430 E’

5
0033 f—o 695483 1356217

5
5

0.2 8591 aO 69‘8"9

99 sO (9Gi3”

osww« | b

1734064 §2.10c)>- .

...... - ———— - e P

2 D\wgf

0686951 §i',::>341

P
;
f
i

RN o ..“_(

PR P

205954

0255684 |0.683044 51.3i1434 1699127 204523 246202 1o
)

255605 0.682756 1310

5

;UJ.

?142§*<6 1913180 (2.9 14267
ALI924 1594%”) : <

207961 1251763
| E:.G?ssﬁ 1250832

0.005

[63.65674

i
5
E

‘403"14

TN

87844 |

":9'1)5;@'4
84091
14 60409
M\Qﬂqq

;3.49943

B e —

0022

s
e
[T
o
oot

6%85

q409

40150 |

|2 86093
284534
L 833%6

IR e ,1 UL 204841 24674 276300

L5 961 201237 24576 27300

”9()-1 :

| 3.8834

3 ‘149‘\

133191




