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General Instructions

1. Read all instructions carefully before answering the questions.

2. This question paper consists of Nine (9) questions in Five (5) pages.
3. Answer any Six (6) questions only. All questions carry equal marks.
4. Answer for each question should commence from a new page.

5. Relevant statistical tables are provided.

6. This is Closed Book Test (CBT).

7. Answers should be in clear hand writing,.

8

. Do not use Red colour pen.

Question 01

a) Find the value of the volume integral of the function f(x,y,z} = ¥ + z, over the region
inside the circular cylinder x? + y? = 1 and lying between the planes z = O and z = 1.

[30 %]




O

b) Determine the volume of the region that lies behind the plane x = 4 — ¥ — z and in front

of the region in the vz plane that is bounded by z = %\f? and z = %y. [30 %]

¢) Evaluate [ff, /x? + y?+22 dV, where B is the region bounded by the plane z = 3 and

the cone z = Jx? + y2, [40 %]

Question 02
a) The velocity of a fluid is given by the vector field u(r, 8,z) = % e for (r = 0).Find

the flux of the fluid ([, . u-ndd), through the curved surface 5 of the cylinder r = R

between z = 0 and 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 = 3x%yzi + 3xy?zj + 6xyz?k

ontheregion & givenby, 0 < x<a0<y<band0=<z<c [55 %]

Question 03

a) State Stokes’ Theorem. [20 %]

b) Evaluate §. F.dr , where F = z2i + y?j + xk, and ¢ is a triangle with vertices
C — —_— pu— —_ 7 —_—

(1,0,0),(0,1,0) and (0,0,1) in counter-clockwise rotation. [80 %]
Question 04
a) Define an irrotational vector field. [10 %]
b) Write down any two properties of an irrotational vector field. [20 9|

c¢) Showthat F = (6x%yz + 3y*)i + (2x°z + 6xy + 32)j + (2x3y + 3y)k with domain

R3 is an irrotational vector. [30 %]

d) Find a scalar potential function ¢ such that F = grad¢. Here consider f defined in

part (c). ' [30 %]
¢) Find the line integral of F around the closed path ¢: x% + y% = 4. Here consider F
defined in part (c). [10 %]
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Question 05

a) Find the image of the rectangular region in z plane bounded by straight lines x = 1,

x =2,y =1, and y = 1 under the mapping w = % [20 %]
b) i. Find the Taylor series expansion of the function, f(z) = Ln(1 + z) about z, = 0.
[30 %]
il. Determine the region of convergent for the series in part (b).(i) . [20 %]
iii. Expand Ln G_iz) in the Maclaurin series. 120 %]
¢) Find the Laurent series of f(z) = EZT)Z?ZT{) about z = —2, valid for 0 < |z + 2] < 1.
[10 %]
Question 06
The moment of inertia tenser is given by,
6 0 1
T[' i = 0 =2 0}
1 0 6
a) Find the eigenvalues and the principle axes of the tensor. [60 %]
b) Express the tensor with respect to its principle axes. [10 %]

¢) Write the equation of the transformation relating to the coordinates x; determined by the

principle axes. [10 %]

d) Verify the results in (b), by using the transformation law for second order tensor. {20 %o]

Question 07

a) Solve the following initial and boundary value problem using the variable separable

method.
@:4221 where 0 < x <mand ¢t > 0
at? dx?’ -
The boundary conditions are
y(0,t)=0 , y(r, t) = 0
The initial conditions are
dy

Y (2,00 =0 and v(x,0) =x(mw—x), where) <x <mwandt >0 [50 %]




b) Apply Fourier transform to solve:

du _ 0%u 0> 0
i " Jorx =020
with the initial and boundary conditions,
. du
i. E;(O,t)~—2 fort>0
. _ (1 0<x<1
i, u(x,0)= {O > 1

u — O uniformlyint,asx — oo,
[50 %]

Question 08

a) A person has 2000 acres of land on which he can grow corn, wheat and rice. Each acre of
corn costs Rs.100 for preparation, 7 man-days of work, and yields a profit of Rs. 30. An
acre of wheat costs Rs.120; requires 10 man-days work, and yield a profit of Rs.40. An
acre of rice costs Rs.120 to prepare, requires 8 man-days work, and yields a profit of
Rs.20. If the person has Rs.1 lakh for preparation and can count on 8000 man-days work.

How many acres should be allocated to each crop to maximize the profit?

i, Identify the decision variables of the above problem. 10 %]

ii. Formulate the linear programming model. [20 %]

b) Consider the following linear programming problem.

Maximize z = 20x; 4 30x;

Subject to
2x1 + 3x, <120
X1 +x, <35
2xy + 1.5x, <90
X, %Xy 20
1. Solve above LP problem by Simplex Method. [45 %]
ii. Verify the solution by graphical method. [25 %]




Question 09

A lecturer wishes to test three different teaching methods [, IT and 111. To do this, three groups
of 6 students each are chosen at random, and each group is taught by a different method. The

same examination is then given to all the students, and the marks are shown in the following

table. Determine at the
a) 5% significance level [80 %]

b} 1% significance level whether there is a significant difference in the teaching methods.

20 %]
Method 1 85 62 71 s8 |73 |65
Method T1 81 85 68 92 |90 |80
Method 111 73 79 60 75 |81 |62
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STATISTICAL TABLES

TasLE A.3

F Distribution: Critical Values of F (5% significance level)

vy 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20
V2

1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 245.36 246.46 247.32 248.01

2 1851 19.00 19.16 1925 1930 1933 1935 1937 1938 1940 1941 1942 1943 1944 1945

3 1013 955 928 612 901 894 88 88 881 879 874 871 Bo6% 8.67 8.606

4 771 694 6359 639 626 616 609 604 600 5% 391 587 3584 582 580

5 661 579 5341 519 505 495 488 482 477 474 468 464 460 458 456

6 599 514 476 453 439 428 421 415 410 406 4.00 39 392 390 3.87
7 559 474 435 412 397 387 379 373 368 3.64 357 353 349 347 344
8 532 4456 407 384 369 358 350 344 339 335 328 324 320 317 315
9 512 426 386 363 348 337 329 323 318 314 3.07 303 299 296 294
0 496 410 371 348 333 322 314 307 3.02 298 291 286 283 280 277

11 484 398 359 336 320 309 301 295 290 285 279 274 270 267 265
12 475 389 349 326 311 300 291 285 280 275 269 264 2060 257 2354
13 467 381 341 3.18 3.03 292 283 277 271 267 260 255 251 248 246
14 460 374 334 311 29 28 27 270 265 260 253 248 244 241 239
15 454 3.68 329 306 290 279 271 264 259 254 248 242 238 235 233

16 449 3.63 324 3.01 285 274 266 259 254 249 242 237 233 230 228
17 445 359 320 296 281 270 261 255 249 245 238 233 22% 226 223
18 441 355 316 293 277 266 258 251 246 241 234 229 225 222 219°
19 438 352 313 290 274 263 254 248 242 238 231 226 221 218 216
20 435 349 310 287 271 260 251 245 239 235 228 222 218 215 212

21 432 347 307 2.84 268 257 249 242 237 232 225 220 216 212 210
22 430 344 305 282 266 255 246 240 234 230 223 217 213 210 207
23 428 342 303 280 264 253 244 237 232 227 220 215 211 208 205
24 426 340 301 278 262 231 242 236 230 225 218 213 209 205 203
25 424 339 299 276 2.60 249 240 234 228 224 216 211 207 2.04 2.01

26 422 337 298 274 259 247 239 232 227 222 215 209 205 202 19%
27 421 335 296 273 257 246 237 231 225 220 213 208 204 2060 197
28 420 334 295 271 256 245 236 229 224 2149 212 206 202 193 196
29 418 333 293 270 255 243 235 228 222 218 210 205 201 197 194
30 417 332 292 2469 253 242 233 227 221 216 209 204 199 196 193

35 412 327 287 264 249 237 229 222 216 211 204 199 1594 191 1.88
40 408 323 284 261 245 234 225 218 212 208 200 195 19 187 184
50 403 3.8 279 256 240 229 220 213 207 203 155 1.8 185 131 178
60 400 315 276 253 237 225 217 210 204 199 192 18 182 178 175
70 398 313 274 250 235 223 214 207 202 197 189 184 179 175 172

80 396 3.1 272 249 233 221 213 2066 200 155 1.8 182 177 173 170
90 395 310 271 247 232 220 211 204 199 194 18 180 L7 172 1.69
100 394 309 270 246 231 219 210 203 197 193 185 179 175 171 1.68
120 392 307 268 245 229 218 209 202 19 1901 183 178 173 169 1.60
150 390 306 266 243 227 216 207 200 19 189 182 176 171 167 1.64

200 389 304 265 242 226 214 206 198 193 188 1.80 174 16% 166 1.62
250 3.88 3.03 264 241 225 213 205 198 192 187 179 173 168 165 1.61
300 387 303 263 240 224 213 204 197 191 1.8 178 172 168 164 16l
400 386 302 263 239 224 212 203 19 19 185 L78 L72 167 163 160
500 386 301 262 239 223 212 203 196 1.9 1.8 177 171 L66 162 159

600 3.86 301 262 239 223 211 202 195 19 18 177 L7l Le6 162 1.59
750 385 301 262 238 223 211 202 195 1.8% 184 177 170 166 1.62 158
1000 3.85 300 261 238 222 211 202 195 18% 184 176 170 165 161 158




STATISTICAL TABLES

TasLe A.3 {(continued)

F Distribution: Critical Values of F (1% significance level)

1 2 3 4 5 6 7 8 9 10 12 14 16 18 20
4052.18 4999.50 5403.35 5624.58 5763.65 S5858.99 592836 5981.07 6022.47 6055.85 610632 6142.67 6170.10 6191.53 6208.73
98.50 99.00 99.17 9925 9930 9933 9936 9937 9930 9940 5942 9943 9944 9944 9943
34,12 30.82 2946 2871 2824 2791 27.67 2749 2735 27.23 27.05 2692 26.83 26.75 26.69
21.20 18.00 16.69 1598 1552 1521 14.98 1480 14.66 1455 1437 1425 1415 14.08 14.02
1626 1327 1206 11.39 (097 10.67 1046 1029 10.16 10.05 98% 977 968 961 955
1375 1092 978 915 875 847 8206 810 798 787 772 760 152 745 740
1225 955 845 785 746 719 699 684 672 662 647 636 628 621 616
1126 865 759 701 663 637 618 603 591 581 567 556 548 541 536
10.56 8.02 699 642 606 580 561 3547 535 526 511 501 492 486 481
10.04 756 655 599 564 539 520 506 494 485 471 460 452 446 441
963 721 622 567 532 507 489 474 463 454 440 429 421 415 410
933 693 595 541 506 482 4064 450 439 430 416 405 397 391 386
9.07 670 574 521 486 4.62 444 430 419 410 39 386 378 372 3.66
886 651 5356 504 469 446 428 414 403 394 38 370 362 356 351
8.68 636 542 489 4356 432 414 400 389 380 367 356 349 342 337
853 623 529 477 444 420 403 389 378 3.69 355 345 337 331 326
840 611 518 467 434 410 393 379 368 359 346 335 327 321 316
829 601 509 458 425 401 384 371 360 351 337 327 319 313 3.08
8.18 593 501 450 417 394 377 3.63 352 343 330 319 312 305 3.00
8.10 3585 494 443 410 387 370 3356 346 337 323 313 305 299 294
802 578 487 437 4.04 38f 3.64 351 340 331 317 307 299 293 288
795 572 482 431 399 376 359 345 335 326 312 3.02 294 2383 283
788 566 476 4206 394 371 354 341 330 321 3.07 297 289 283 278
782 561 472 422 390 367 350 336 326 317 303 293 285 279 274
797 557 4.68 418 385 363 346 332 322 313 299 289 281 275 270
772 553 464 414 382 359 342 329 3.8 3.09 29 286 278 272 266
768 549 460 411 378 356 339 326 3.5 3.06 293 282 275 268 2603
764 545 457 407 375 353 336 323 312 303 2% 279 272 265 2.60
760 542 454 404 373 350 333 320 3.09 3.00 287 277 2469 263 257
756 539 451 402 370 347 330 347 307 298 284 274 266 260 2355
742 527 440 3381 359 337 320 307 29 288 274 264 256 250 244
731 518 431 383 351 329 312 299 289 280 266 256 248 242 237
717 506 420 372 341 319 3.02 289 278 270 256 246 238 232 227
7.08 498 413 3.5 334 312 295 28 272 263 256 239 231 225 220
701 492 407 360 3.29 307 291 278 267 259 245 235 227 220 215
696 4388 404 356 326 304 287 2.74 2064 255 242 231 223 217 212
693 485 401 353 323 301 284 272 261 252 239 229 221 214 209
690 482 398 351 321 299 282 269 25% 250 237 227 219 212 207
685 479 395 348 317 2% 279 266 256 247 234 223 215 20% 203
681 475 391 345 314 292 276 263 253 244 230 220 212 206 200
676 471 388 341 311 289 273 2060 250 241 227 2317 209 203 197
6.74 4.69 386 340 3.09 287 271 258 248 23% 226 215 207 2.00 193
672 468 385 338 3.08 286 270 257 247 238 224 244 206 199 194
670 4066 383 337 306 285 2068 256 245 237 223 2103 205 198 192
669 465 382 336 305 284 268 255 244 236 222 2102 204 L97 192
6.68 4464 381 335 305 283 267 254 244 235 221 2101 2403 196 191
6.67 463 381 334 304 283 20606 253 243 234 221 211 202 196 190
6.66 463 380 334 304 282 2e6 253 243 234 220 210 202 195 150
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