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General Instructions

1
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. Read all instructions carefully before answering the questions.

. This question paper consists of Nine (9} questions in Six (6) pages.
. Answer any Six (0) questions only. All questions carry equal marks.
. Answer for each question should commence from a new page.

. Relevant statistical tables are provided.

. This 1s Closed Book Test (CBT).

. Answers should be in clear handwriting.

. Do not use Red colour pen.

Question 01

a) Find the value of the surface integral of the function f(x,y) = x, throughout the arca

1 :
enclosed by the curves v = T and lying between the planes x + v = 3and v = 0.

[30 %]




b) Determine the volume of the region that lies behind the plane x + y + z = 6 and in front

of the region in the yz plane that is bounded by z = é\/;and'z = %y. (40 %]

¢) Find the volume of the cylinder x? + y? = 2y, enclosed between the planes z = 1

for z = 0. [30 %]

Question 02

a) The velocity of a fluid is given by the vector field u(+, 9, z) = %o e or (r+ 0).
y = TJ 2] Lg

Find the flux of the fluid (fs u - ndA), through the curved surface S of the cylinder

T = R between 0 < z < 1, where n is the unit outward normal to the surface S.

[30 %]
b) i. State the Divergence Theorem. {15 %)]
ii. Verify the Divergence Theorem for the vector filed F = x%i + y?j+ z%k
on the region & given by, 0 < x,y,z < 1. [55 %]
Question 03

a} State Stokes’ Theorem. 20 9%
b) Consider the vector ficld F = (x + y)i + (2x — 2)j + (y + 2)k.

i.  Find curl F. [20 %]

ii.  Evaluate gﬁc F.dr , for the surface (s) of a tetrahedron represent by the equation
x+y+z=2 [30 %]
iit.  Verify the Stokes® Theorem by using part b) i. and part b) ii. . [30 %]

Question 04
aj

i.  Defincan irrotational vector field. [10 %]

i, Write down any two properties of an irrotational vector field. [10 %]
b) Consider the vector tield F = (v + 2)i + (x + 2)j + (x + y)k.

i.  Show that the vector field I with domain R? is an irrotational vector. [20 %]

il Tind a scalar potential function ¢ such that - = graddo. [30 %]




c} Evaluate, gﬁc 2v%dx + 3xdy using Green’s Theorem( In Plane), where C is the

boundary of the closed region bounded by y = x and x = \/} in counter clockwise -

direction. {30 %}

Question 05

a) . Find the image of the rectangular region in z plane bounded by 1 < x < 2,

and 1 < y < 2, under the mapping w = z*. (30 %)
i.  Find the Machaurin series expansion of the function, f(z) = e?. {30 %]
ii.  Hence ohtain the Machaurim series of the function f(z) = coshz . 120 %]

~04 40

[Hint: coshg =2 . “

1
b) Find the Laurent series around z = 0 for f(z) = 2(2_1) in each of the following region.

i 0<lzl <1 ) {10 %]
i, 0<lzi<oo ' [10 %]

Question 06

The moment of inertia fenser is given by,

a 0 0 ‘
Ty =10 3 —=2|, wherea € Rand a > 0.

0 -2 3
a) Find the eigenvalues and the principle axes of the tensor in terms of a. [60 %]
b} Express the tensor with respect fo its principle axes in terms of a. [20 %]

¢)  The transformation matrix of T' is given by,

0 10
1 i ‘
i NN
_1 1
/ﬁ 0 /@

Express the tensor with respect to its principle axes and verity your result by using the

transformation law for the second order tensor. 120 %]




Question 07

a) Apply Cosine Fourier transform to solve:

du  0%u )
azaz fOT')C?O,fEO,
with the initial and boundary conditions,
. du
i (0,1 =2 fort >0
. ! 0<x<1
ii. u(x,0) = {O > 1

u = 0 uniformly in t,as x — oo
ity = 0 uniformly in ¢,as x — too .
'[50 %]

b} Solve the following initial and boundary valuc problem using the variable separable
method.
@ﬂy—u: 0 whereOéxSnandy>0
dx?  dy? ’
The boundary conditions are
u(0,¥}) =0 , u{m,y) =0

The initiaf conditions are
du ;
a (x,0) =0 and ulx,0) =x(m—x),where 0 <x <m andy >0

[50 %]

Question 08

A company is involved in the production of two items (X and ¥)}. The resources need to
produce X and Y are twotold, namely machine time [or automatic processing and craftsman
time for hand finishing. The table befow gives the number of minutes required for cach item:

Table 1: Required Time for Eack Production Steps

ltem Machine Time Craftsman Time
X 13 20
Y CHE 29




Jrurd

The company has 40 hours of machine time available in the next working week but only 35
hours of craftsman time. Both machine and craftsman idle times incur no costs. The revenue
received for each item produced {all production is sold) is Rs200 for X and Rs300 for Y. The
company has a specific contract to produce 10 items of X per week for a particular customer.

Formulate the linear programming model for this optimization problent.

{30 %]
a)  Consider the following linear programming problem.
Maximize z — 20x, + 30x,
Subject to
X; + 3%, < 12
X+ x, €6
3xy +5x, <27
Xq,%; 20
i. Solve abave LP problem by Simplex Method. [45 %]
ii. Verify the solution by graphical method. ' {25 %]

Question 09

A psychologist was interested in whether different TV shows lead to a more positive outlook
on life. A sample of teen-agers were split into 4 groups and then taken to a room to view a
program. The four groups saw: The Muppet Show, Action movie, News, No Program. After
the program a blood sample was taken, and serotonin levels measured (Remember more
scrotonin level means more Happy!). The study is done to evaluate that some TV shows
make pcople happier than other.

Tabie 2: Serotonin Levels in Blood Samples of each Group Members

muppet Show | Action movie | News No Program
T Z 7 - —
7 8 3 7
8 6 2 s ]
i4 11 2
I 9 3

[Wal




a) Identify Dependent variable and Factor variable. : [20 %]

b) Write the hypothesis and determine whether there is a significant difference in happiness

level among different group of teen-ages at 5% significant level. [70 %]
¢) State the assumptions you made. 110 %]
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STATISTICAL TABLES

F Distribution:

¥ ! 2 3 4 5
Vs

1 161.45 199.50 215.71 224,58 230.16

2 L850 1900 1916 1925 1930

3 10143 955 928 9.2 901

4 7171 694 059 63% 0.26

5 661 579 341 519 305

6 599 504 476 453 439
7 539 474 435 4142 397
8§ 532 446 407 384 369
9 532 426 386 303 348

10 496 410 371 348 333
11 484 398 339 336 320
12 4735 389 349 326 311
13 467 381 341 318 303
14 460 374 334 301 296
15 454 368 329 306 290

16 449 363 324 300 285
17 445 3359 320 29 281
18 441 355 3.t 293 277
19 438 352 313 290 274
20 435 349 310 287 271

21 432 347 307 284 268
22 430 344 3.05 282 266
23 428 342 303 280 2064
24 426 340 300 278 262
25 424 339 299 2796 260

26 422 337 298 274 259
27 421 335 29 273 257
28 420 334 295 271 256
29 418 333 293 270 255
30 407 332 292 2,09 253

35 4.2 327 287 264 249
40 408 323 284 261 245
50 4.03 318 279 256 240
60 400 315 276 253 237
70 3.98 313 274 250 235

80 396 311 272 249 2133
90 395 3.0 270 247 232
100 3.94 309 270 246 23]
f20 392 307 268 245 279
150 390 306 266 243 227

208 389 304 2065 242 220
250 3.88 303 264 241 225
300 387 3.403 263 240 224
400 386 3.02 263 239 24
500 3.86 3.01 262 239 223

600 386 301 262 23% 213
7500 383 301 262 238 223
1000 385 300 261 238 222

TasLE

Critical Values of F (8% significance level}

6 7 3 9 14 12 14 16 18 20
231.99 236.77 238.88 240.54 241 88 243.91 24330 240.46 247.52 248.01
1933 19.35 1937 1938 1940 1941 1942 19543 1944 1945
£94 889 885 8381 879 874 871 869 867 8§06
6.16 609 604 600 596 591 587 384 582 580
495 488 482 477 474 468 464 460 438 456
428 421 415 410 406 400 396 392 390 287
3.87 379 373 368 3.64 357 353 349 347 344
3.58 150 344 339 335 328 324 320 317 315
3.37 329 323 318 3.4 307 3.03 299 296 294
322 3.4 307 302 298 291 28 283 286 2.77
309 3.01 295 290 285 279 274 270 267 265
300 291 285 280 275 269 204 260 257 254
292 283 277 270 2467 260 155 251 248 2406
285 276 270 265 260 233 248 244 241 239
279 271 264 259 234 248 242 238 235 233
274 266 259 254 249 242 2537 233 230 128
270 261 255 249 245 238 233 229 226 223
266 238 251 246 241 234 229 225 222 219
2.63  2.54 248 242 238 231 226 221 218 216
260 251 245 239 235 228 222 248 215 212
257 249 242 237 232 225 220 216 212 210
255 246 240 234 230 223 217 213 210 207
233 244 237 232 227 220 215 21l 208 205
251 242 236 230 225 218 213 209 205 203
249 244G 234 232% 224 216 211 207 204 201
247 239 232 227 222 235 209 205 202 199
246 237 231 225 220 213 208 204 2060 197
245 236 2329 224 219 212 2066 202 199 196
243 235 228 222 248 210 205 2010 197 194
242 233 227 221 216 209 204 199 19 193
237 229 222 216 211 204 199 194 190 188
234 225 218 212 208 200 195 190 187 |R4
229 220 213 207 203 195 189 185 8t 178
225 217 210 204 1959 192 186 182 178 175
223 214 207 202 197 189 184 179 175 172
221 213 206 200 195 188 [.82 t77 L3 L70
220 201 204 199 194 18 180 176 172 1469
219 219 203 197 193 185 179 175 171 168
218 209 202 19 1.9 183 178 173 169 166
216 267 200 194 189 182 176 b7l 167 164
214 206 198 193 188 180 174 169 166 162
213 205 198 192 187 179 173 168 1.6 161
2015 204 197 191 18 178 172 168 1ed 161
212 203 196 190 185 178 172 167 163 160
202 203 196 190 185 L7717t 166 Lol 159
20010202 193 150 185 177 171 166 1.62 1.39
20002020 193 189 184 177 1700 1660 162 138
200202 193 189 181 170 170 los 161 L3R







