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following constraints, Subject to :

3x +7y <24
3x + 6y < 21
x =1
y = 2

x,y =20

- Date: 09" Mar ch 2025 (Sanday) S — Time: 13:36 —16:30 e
Instructions: : ' '
. Par_t A is compulsory.
¢ Part B contains 07 (seven) questions. Answer only 05 (five) from part B.
¢ All the symbols are in standard notation unless they are defined.
PART A
I. Evaluate ff dA over the region in the first quadrant for which —x +y < 2,x = 1. (/0 marks)
2. LetF = yi+ zj +_x2 k. Find V - F and hence evaluate [ (F - n)dA. (10 marks)
3. LetF = xi+ yj+ zk. Find V X F and hence evaluate f F . dr. (10 marks)
4. Let z € C. Determine the nature of singularity of the function f(z) = ﬁ;—l (10 marks)
5. Write down the Maclaurin series expansion of the function f(z) = 2:4_7_ A % (10 marks)
6. Sketch the image of the line y = 1 under the mapping w = z*. (10 marks)
7. Find the Laurent series expansion of f(z) = :*:;—{ atz = 0. (1 0 marks)
8. Find the points of feasible solutions of the Linear Programming problem which having the

(10 marks)
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In a Maximization Linear Programming problem if the objective function Z = ax + by has
the same maximum value on two corner points of the feasible region, then comment about the

optinial} solution of this problem. (10 marks)

- Let it is given that null hypothesis associate with and ANOVA was rejected at 1% significant

level, then what is the decision at 5% significant level? (10 marks)

PART B

1

Consider the following map,

u = 2x + 3y, v = 4y.

1. Consider the unit square with vertices of (0,0), (1,0), (0,1), (1,1) in the xy-plane. Find
the image of the vertices of the unit square. (10 marks) -
il. Find the area of the image of the unit square under the above transformation. ;
[Hint: Take dxdy = ]det((DT‘l)(u, v))]dudv and (DT H(u,v) = g; 3;’ ]
du A
(30 marks)

Verify Gauss divergence theorem for
F=yi+xj+2z%k
taken over the region bounded by x? +vy? < 1, and 0 < z < 2.

(60 mark;s )

Verify Stoke’s theorem for the vector field,
F=x% +2xj + 2%k
on the ellipse which is bound by the surface § = {(x, vy, z): 4x% + y? < 4, z = 0}. Take the

circulation in the counterclockwise sense.

‘ (60 marks)
Verify Green’s theorem for the disk with center {0,0) and radius 1 for the functions
. o . 20 apr
Poy) =x+y, Q(xy) =y with the Green’s theorem ff, ((;g - %;) dA = §. Pdx + Qdy.
i \dx ) .

(40 marks)
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Q3

a. Find the Laurent series expansions of the function,

z) = ————— ;7 € C\{1,3
SO =g Ty 2 €003
at zg = 0 in cach of the following domains.
i. 0<ijz|<1 , . : (10 marks)
1i. 1<zl <3 ' ' (10 marks)
iii. [z] >3 ‘ (10 marks)
b.  Write down the root test for convergence. (05 marks)
1. Find a strip {z € C: —k < Im(z) < k} in which the series Z;{fljﬁsm nz is convergent.
, o (30 marks)
ii.  Whatis the largest possible value of k? (10 marks)
1i. Prove that the series defines an analytic function of z in the strip
{zeC—k <Im(z) <k} (25 marks)
[Hint: Use || = eI,
Q4
a.
1. Define the direction cosine of a vector with respect to a three-dimensional vector a.
(10 marks)
i, LetOXYZ is a3 - Dimensional cartesian coordinate system and i, j and k are the unit

veetors along the axes OX, 0Y and 0Z respectively. Suppose we rotate the cartesian
frame by an angle 6 about the origine of it in the sense of anticlockwise direction. Find
the new positions of the axes 0X, OY and 0Z with respect to the first position of 0XYZ
(before rotation) in terms of 6.

(40 marks)
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b.. The moment of inertia tensor /; ; is given by,

1 2 0}
]L‘]: 2 1 0 ; CL,b,CER{
0.0 7.
find "~ o '
i Eigén values and‘eigéh‘\/é&dr matrix of ] i ' (30 marks)
1i. Matrix of tensor components referred to the principal axes. (10 marks)
1l. Verify the result in the above paﬁ (i), by using the Transformation Law of tensors.
' (10 marks)
Q5
a. Use the method of separation of variables to solve the partial differential equation,
0*u  1du
dx2 40t
Given that u(t, 0) = u(t,1) = 0 and u = sinmx + sin 2mx when t — 0. (50 marks)

b. Using the cosine Fourier Transform, solve the partial differential equation,

0 o< (>0
p— " o0
ac  axz T V=Y !
Subject to the conditions,
i u(x,0) = 0 forx > 0. i %(0,1") — 1

dx

(50 marks)
Q6

An electrical engineer is tasked with designing a power distribution system for a small industrial
complex. The system must supply a certain amount of power demand while minimizing cost and
ensuring operational constraints are met. The engineer has two types of power sources available,
where.source A supplies 3 MW per unit and Costs $4,000 per unit, and source I3 supphies S MW per
unit and Costs $6,500 per unit. The total power demand must be at least 1200 MW but not exceed
1800 MW to maintain cfficiency and avoid overload. The goal is to minimize cost while mecting

power supply constraints.
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~a. - Identify the decision variables. . © (10 marks)

b. Formulate a mathematical model (Lincar Programming Model) to estimate the production

structure which will minimize the cost. (25 marks)

€: CG‘.W@Vt»-thewlfi~nea~r-px’ogramm%ngproblem in part (b} to corresponding standard-form of the LP
'.p'ro"b'le'n.m S ’ (15 marks)

d. Use M method to find the optimal solution.

I Modify standard form of the LP problem into a form which can be used for M method.
» ' ' (15 marks)

iL. Use simplex method to find the optimal power distribution plan to minimize the cost.
(35 marks)

Q7

A civil engineering firm is designing a new pedestrian bridge and needs to seléct the most durable
construction material. The firm is considering five different materials and wants to determine which
one provides the highest ioad-bearing capacity before failure. To make an informed decision,
“engineers conduct a series of tests on sample beams made from cach material. To prevent unexpected
failures, the firm tests samples of five materials under controiied conditions to measure the maximum
load (in kilonewtons) each sample can withstand before breaking. The engineers record the maximum

load-bearing capacity (in kN) of different samples for cach material:

Brand A Brand B Brand C Brand D Brand E
320 280 ' 260 20 220
350 310 290 250 290
330 295 270 270 - 220
300 . 275 265 260 290
310 - 233 - 300

I the engineers claim that all the brands could load the samce bearing capacity,

a. Identify the factor variable and dependent variable. (10 marks)
b. State the null and alternative hypothesis associaied with the engineers” claim. (50 marks)
¢. Test the hypothesis about the engineers clajm at a significant 3% level using ANOVA table

and mterpret the findings. (20 marks)
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- d... What can you say-about the engineers’.claim at a significant 10% level. o (10 marks)
¢. State the assumptions you made for this test. (10 marks)
—END--
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STATISTICAL TABLES _ 00150

F Distribution: ‘Critical Values of F (5% significance level)
w 12 3. 4 s 6 7 8 9 10 12 14 16 18 20

I 161.45°199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 24536 246.46 247.32 248.01
2701851 19.00 19:167 1925 19:30° 19.33 1935 1937 1938 1940 19.41 1942 1943 19.44 1945
3 1013 955 928 9.2 901 894 889 885 88 879 874 871 869 867 866

771694 639 639 6260 616 609 604 600 596 591 587 584 582 580
. ..6.61...579 .. 541 519 505 " 495 488 482 477 474 468 4064 460 458 456

4

5 :

6 599 514 476 453 439 428 421 415 410 406 400 396 392 390 3.87
C7 559 474 435 412 397 3.87 379 373 3.68 3.64 3.57 353 349 347 344
8 532 446 407 384 369 358 350 344 339 335 328 324 320 317 3.15
9 502 426 3.86.-3.63 348 "337 329 323 3.8 3.4 3.07 3.03 299 296 2%
10049677 410777371 U348 3337 322 3147 3.07 0 3.02, 298 291 286 283 280 277

11 484 398 359 336 320 3.09 306 295 290 285 279 274 270 267 265
12 475 389 349 326 311 3.00 291 .285 280 275 269 264 260 257 254
13 - 467 381 341 3118 3.03 292 283 277 271 267 260 255 251 248 246
14 460 374 334 311 296 285 276 270 265 260 253 248 244 241 239
15 454 368 329 3.06 290 279 271 264 259 254 248 242 238 235 233

16 449 363 324 301 285 274 266 259 254 249 242 237 233 230 228
17 445 359 320 296 281 270 261 255 249 245 238 233 229 226 223
18 441 355 316. 293 277 266 258 251 246 241 234 229 225 222 219
19 438 7352 7303 290 2747003 2547 248 242 238 231 226 221 218 2706
200 435 349 3100 287 271 260 251 245 239 235 228 222 218 215 212

21 432 347 307 284 . 268 257 249 242 237 232 225 220 216 212 210
22 4300 344 3.05 282 2066 2585 246 240 234 230 223 217 213 210 2.07
23 428 342 303 280 264 253 244 237 232 227 220 215 211 208 205
24 426 340 301 278 262 251 242 236 230 225 218 213 209 205 2.03
25 424 3397 299 276 7260 "249 240 234 228 224 216 211 207 204 2.0l

26 422 337 ©298 274 259247 239 232 227 227 235 209 205 202 199
27 42t 335 296 273 257 246 237 231 225 2200 213 208 204 200 197
28 420 334 295 271 256 245 236 229 224 219 212 206 202 199 19
29 418 333 293 270 255 243 235 228 222 2138 2130 205 201 197 194
30 417 332 292 269 253 242 233 227 221 216 209 204 199 196 193
35 412 327 287 264 249 237 229 222 216 241 204 199 194 191 188
40 408 323 284 261 245 234 225 218 212 208 200 195 190 187 184
50 403 338 279 256 240 229 220 213 2067 203 195 189 1.85 181 - 1.78
60 400 315 276 253 237 225 217 210 204 199 192 186 1.8 178 175
70 398 313 274 250 235 223 244 207 202 197 189 18 179 175 172
8 396 311 272 249 233 221 213 206 200 195 188 18 177 173 170
9 395 310 271 247 232 220 211 204 199 194 1.8 180 176 172 169
160 394 309 270 246 231 219 210 203 197 193 18 179 175 171 168
120 392 307 268 245 229 218 209 202 196 191 183 178 173 169 .1.66
150 390 3.06 266 243 227 216 207 200 194 189 182 176 171 167 1.64
200 3.89  3.04 265 242 226 214 206 198 193 18 180 174 169 1.66 1.62
250 388 3.03 264 241 225 213 205 198 192 187 179 173 168 165 1.6
3008 387 303 263 24 224 243 204 197 191 18 178 172 168 16t 1.6
400 386 3.02 263 239 224 212 203 196 190 183 178 172 167 163 160
560 386 3.01 262 239 223 212 203 196 190 185 177 171 166 1.62 159
600 386 3.01 262 239 223 201 202 195 190 I8 177 171 166 162 139
750 385 306 262 238 223 2.1V 202 195 189 i8: 177 170 1.66 162 138
1000 385 3.00 261 238 222 2101 202 195 189 181 176 170 1.65 1.63 158




STATISTICAL TABLES ' 00150

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

v 25 30 35 40 50 60 75 100 150 200
V; .
1 249.26 250.10 250.69 251.14 251.77 252.20 252.62 253.04 253.46 253.68
2 1946 1946 1947 1947 1948 1948 19.48 1949 1949 19.49
37863 -862 860 ‘859 858 857 856 855 854 854
577 575 573 572 570 569 568 566 565 5.65
452 450 448 446 444 443 442 44] 439 439

383 381 379 397 375 374 373 371 370 3.69
340 338 336 334 332 330 329 327 326 325
3.1 3.08 306 304 302 301 299 297 296 295
9 289 286 284 283 280 279 277 276 274 2.73
10 - 273 290 268 266 2.64 262 260 259 257 256

11 260 257 235 253 251 249 247 246 244 243
12 250 247 244 243 240 238 237 235 233 232
13 241 238 236 234 231 230 228 226 224 223
14 234 231 228 227 224 222 221 219 217 216
15228 225 222 220 218 216 214 212 210 210

16 223 219 217 215 212 211 209 207 205 204
17 218 215 212 210 208 206 204 202 200 199
18 214 211 208 206 204 202 200 198 196 195
19 - 211 207 205 203 200 198 196 194 192 191
20 207 204 201 199 197 195 193 191 189 188

L3N N K

21 205 201 198 196 194 192 190 188 18 1.84
22202 198 19 194 191 189 187 185 183 1.82
23 200 196 193 191 188 186 1.84 182 180 1.79
24 1.97 194 191 189 186 184 .1.82 180 178 1.77
25 196 192 189 187 1.84 182 180 178 176 175
26 194 190 187 185 182 180 178 176 174 1.73
27 192 1.8 18 184 181 179 176 174 172 171
28 191 187 184 182 1.79 1.77 175 173 170 1.69
29 189 185 183 181 177 175 173 171 169 167
30 188 184 181 179 176 174 172 170 167 1.66
35 182 179 176 174 170 168 1.66 1.63 161 1.60
40 178 174 172 169 166 164 161 1539 156 155
50 173 1.69 166 163  1.60 1.58 155 152 150 1.48
60 169 165 162 159 156 153 151 148 145 144
70 1.66 162 159 157 153 150 148 145 142 1.40
80 1.64 160 157 154 151 148 145 143 139 138
90 163 159 155 153 149 146 144 141 138 136
100 1.62  1.57 154 152 148 145 142 139 136 134
120 1.60 155 152 150 146 143 140 137 133 1.32
150 1.58 154 150 148 144 141 138 134 131 1.29
2000 156 152 148 146 141 139 135 132 128 126
250 155 150 147 144 140 137 134 131 127 125
300 154 150 146 143 139 136 133 136 126 123
400 153 149 145 142 138 135 132 128 124 122
500 153 148 145 142 138 135 131 1.28 123 1.2
600 152 148 144 141 1.37 134 1310 127 123 1.20
750 152 147 144 141 137 134 130 126 122 120
1000 152 147 143 141 136 133 130 126 122 139




