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Instructions:

This paper consists of TWO (02) Parts: PART A and PART B.
PART A is Compulsory and consists with TEN (10) short-answered questions.
PART B consists with SEVEN (07) questions.
o Answer any five (05) questions only, All questions carry equal marks.
o Show all your workings.
o Answer for each question should commence from a new page.
State any assumptions you required.
Number of pages in the paper is Five {05).
All the symbols are in standard notation unless they are defined.
All the relevant statistical tables are attached with this paper.
This is a closed book test.
Do not use red color pen.

PART A

Find the area between the parabolas y? = x and x2 = y. .
(Marks 10)
Determine whether the complex series 35, ( Ly —L) is convergent or not.

2n | o3n
(Marks 10)
1
1—z2'

(Marks 10)

Wirite down the Maclaurin expansion of the complex function f(z) =

2242242
z2—1

Find the integral fc dz, where C is the circle |z| = %

(Marks 10)
Let the coordinate system 00X, X, X5 rotates about the 0X; axis by an angle % in the

anti-clockwise sense. Then write down the transformation matrix.
(Marks 10}
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Q1.

10.

Find the Fourier sine transformation of,
(1 ;0<tx1l
f(t)_{o , t>1
(Marks 10)

Find the minimum value of Z = x + y subjected to constraints —4x + y = 4,
x,y = 0.

: (Marks 10)
If an experiment observed a p-value for an ANOVA as 0.00778, what you can say
about the conclusion regarding the null hypothesis associated with this ANOVA at

5% significant level. (Marks 10)
Explain what it means by Degeneracy in solution of a linear programming problem.,
(Marks 10)

In an ANOVA it was found that the null hypothesis of a test .was accepted at 5%
significant level. If the same ANOVA is used to test the same hypothesis at 1%
significant level Explain about the result of the test. (Marks 10)

PART B

The Jacobian matrix J of transformation between two n — Dimensional spaces whose
coordinates are labeled as uf and v where i = 1,2 ..., n is given by,

dul dut

_ vt v
J= ; :

Ju™ Ju™

vl avn

Using the transformation equations between the Cartesian and Cylindrical
coordinate systems, find the Jacobian matrix j of the transformation between

Cartesian to Cylindrical and Cylindrical to Cartesian coordinate systems.
(Marks 40)

Verify the Gauss divergence theorem for
F=0u?-y2i+ (y?—x)j+ (2° — xy)k

"Taken over the rectangular parallelopiped bounded by the planesx = 0,x =1,y =

0,y=2,z=0andz = 3. | (Marks 60)
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Q2.

Q3.

Q4.

Verify Stokes’ theorem for a vector field is defined by,

F=(x*—-vy2)i+ 2xyj
over a rectangular surface in xy plane bounded by linesx = 0,x = a,y = O and y =
a where a is a non-zero real number and the boundary is described by
counterclockwise sense.

(Marks 60)
Find the constants a, b and ¢ such that,
F=(x+2y+az)i+(bx—-3y—2)j+ @dx+cy+22)k
is a conservative vector field and hence find ¢(x, y, z) such that F = V.
(Marks 40)

For the conformal transformation w = 22, show that the circle |z — 1| = 1 transforms
into the cardioid R = 2(1 + cos¢), where Re'® in the w — plane. '
(Marks 30)

. Find the Laurent series expansions of the function,

1
f(z)=(z—1)(z—2) 1z € C—{1,2}

from zy = 0 in each of the following domains where such an expansion exists.
1. lz| <1

ii. 1< |z <2
iii. jz] > 2
(Marks 45)
Apply the Cauchy’ s Residue Theorem to evaluate,
f dz Colzl = 4
c sin(iz)’ “=
(Hint: You may use the result “If f(z) = %’ Pla) = 0 but p(a) # 0,
, — __ $a) ,
then Res(at z = a) = ey )
(Marks 25)
Let a and b are two arbitrary vectors. Hence show that,
1. a - b is a zeroth order tensor., (Marks 15)
ii. a X b is a first order tensor. (Marks 15}
A set of Cartesian axes is rotated about the origin to coincide with the unit vectors,
ey = (?,3,?),62 = G—,?, ._%)’93 = (—-—;—,?,0). Write down the rotation
matrix corresponding to this rotation. - ‘ (Marks 25)
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c. Let the moment of inertia tensor I; ; is given by,

Qs.

a b 0
Ii,j':b a 0{4 a,b,CER

0 0 ¢
Hence find, ‘
i. Eigen values and eigenvector matrix of /; ;. (Marks 25)
ii. Matrix of tensor components referred to the principal axes.
(Marks 10)
i, Verify the result in the above part (ii), by using the Transformation Law of
tensors. (Marks 10)

Use the method of separation of variables to solve the partial differential equation,

a*u _du
dx?  at

Given that u(t,0) = u(t,1) = 0 and u = Y%, sin(nnx) whent — 0.

(Marks 50)

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

Subject to the conditions,

i.

'————-2 for 0 <x < t>0

— o0

; 5 or =X )

u(x,O) =0 jor x = 0. ii. a—-(O,t) = -1

ax
(Mariks 50)

Q6. Consider the following linear programming problem ,

.

Max Z = 500x + 300y
Subject to
15x + 5y < 300
10x + 6y < 240
8x + 12y < 450
x,y=z0

Use the graphical method to solve the above linear programming problem.
(Marks 40)

What you can say about the optimal solution of the above linear programming

problem. (Marks 10)
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i. Use simplex method to solve the above problem. _ (Marks 40)
it. Confirm the comment that you have given about the optimal solution in part a
(ii) using simplex method. (Marks 10}

Q7. Concrete is highly alkaline material that contains a higher pH value. In an experiment of
three new conereate mixtures were tested, The pH value of concreate was recorded from
three sample of three varicties of concreate and the recorded pH values are given in
following table. The experimenter claims that the three varieties of concreate are having

different pH level.

Variety 1 Variety 2 Variety 3
12.8 11.5 12.8
[13.1 11.4 12.6
12.7 11.6 12.7
124 11.7 12.8
12.6 12.9
127

a. Identify the factor variable and dependent variable.

(Marks 20)

b, State the null and alternative hypothesis associated with the customers claim.

(Marks 20)

c. Test the hypothesis about the customers claim at 5% significant level using ANOVA

table and interpret the findings.

d. State the assumptions you made for this test.

Lind.
Copyright Reserved.

(Marks 50)
(Marks 10)
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F Digtribution: Critical Values of F [2P4 significance level )

¥ 1 2 3 4 5 6 ? ¢ o 140 12 4 16 1% pi]
¥z
116145 19950 21571 224 .58 23016 233,09 J2677 238.85 24054 241,80 242591 24536 24646 29732 4201
2 1551 1900 1914 1925 1930 1933 1935 1037 1928 1940 1941 1942 19043 1944 1045
3 1003 9355 92§ 912 901 B94 S8R0 £85 §21 £7% 874 871 gA0 067 466
4 711 684 639 630 626 616 09 604 HQ0 596 581 58T 584 582 5RO
5 661 579 541 519 505 495 488 452 477 474 458 454 460 458 456
6
T
4

592 514 476 453 439 428 421 415 410 406 400 396 393 I90 I AT

550 474 435 412 397 387 379 373 358 364 357 353 349 347 344

332 440 407 384 369 358 IS0 344 339 335 328 3 320 27 O3S

9 Al3 426 386 3463 348 337 320 323 318 314 307 303 299 286 294
10 496 410 371 348 332 322 314 307 302 293 291 286 283 280 277

11 454 393 359 336 320 300 301 295 290 285 279 274 270 267 255
12 475 389 49 326 311 300 291 285 280 275 249 264 250 25T 254
13 447 3381 341 318 303 292 283 77 2T 267 260 2355 231 148 246
14 460 374 334 11 296 285 276 270 2H5 260 253 248 2144 241 230
15 4534 368 339 306 290 279 271 244 259 254 248 242 238 235 233

16 449 363 324 301 285 274 266 2359 F54 249 242 237 233 230 228
17 445 350 320 286 281 270 261 255 249 245 38 233 228 236 433
18 441 355 216 293 277 246 258 2351 246 241 234 220 2235 332 2l
19 438 352 313 290 274 2463 254 248 242 238 231 226 221 218 216
20 435 349 310 287 271 260 251 245 239 235 228 223 218 215 312

1 432 347 EOY 284 268 257 249 242 237 232 235 220 216 A12 230
X 430 344 EDS 282 266 255 246 40 2340 230 223 207 213 W am
23 438 343 FD3 280 264 253 344 23T 2320237 220 215 201 208 205
24 420 340 301 278 262 251 242 236 330 235 218 213 209 205 202
25 424 339 2R9 L76  260 249 240 234 233 224 216 211 207 204 2M

6 422 SE 398 2 259 247 239 232 227 232 215 209 205 202 189
T 421 335 296 27% 457 246 237 231 225 220 213 208 294 200 197
1 420 334 405 271 156 245 36 229 234 219 212 206 202 199 196
1 412 333 293 270 255 243 235 228 222 2183 210 205 201 197 194
Jo 417 333 392 269 153 242 233 227 231 2016 2090 204 189 196 193

35 413 337 28T 2064 249 237 220 222 116 211 204 199 194 191 138
40 408 323 284 241 245 234 225 218 212 208 200 195 1980 157 134
0 403 318 27% 256 240 229 220 213 207 203 195 189 185 181 178
0 400 315 276 253 23T 225 217 210 D4 199 192 186 183 178 175
70 388 313 274 250 235 223 Al4 207 2p2 197 189 184 17w 175 172

#0386 311 273 249 233 221 213 206 200 195 188 182 177 17 170
M 393 310 271 24T 232 220 21 204 19% 18 186 180 176 172 159
o4 394 200 2700 246 221 219 200 203 197 193 18F 179 175 171 16%
1 202 307 268 245 22% 21 203 202 196 191 123 178 173 149 156
150 290 306 266 242 227 206 207 200 194 1E¥ 132 176 171 167 LlA4

M0 338 304 245 242 426 214 206 19% 183 188 180 174 160 166 1#2
MO 333 303 264 241 22F 213 105 192  1ed 187 179 173 168 165 141
0 FE7 OR03 263 240 224 203 204 197 181 186 17R 172 158 164 161
400 386 203 263 239 224 212 202 19 IS0 185 178 173 1687 16% 140
&0 386 201 262 239 2233 212 203 1% 180 185 177 171 166 163 159

6ot 386 01 aex a3 232% 0 201 202 195 180 185 177 171 166 le2 159
0 RE5 301 262 2m 0 223 211 203 185 189 14 177 170 166 162 138
leph 385 300 261 238 232 211 202 195 1A% 184 176 LY0 165 161 148



F Distribution: Criticd Values of F (B significance |ewvel

n 15 k1] 35 44 50 il " 100 A0 200
¥z

124926 250.10 25069 251.14 25177 252.20 25252 253.04 25346 253.68

2 1946 1946 1947 1947 1948 1948 19048 1049 1549 1940

3 8563 €62 B8A0 $£59 858 857 856 8#55 854 85t

4 537 575 573 573 570 569 568 3466 365 545

£ 452 450 448 445 444 443 443 441 439 430
(]
)
¢

383 381 379 377 3¥5 30 373 371 330 369
340 338 336 334 332 330 329 347 3326 325
311 308 306 304 302 301 299 297 386 255
o 250 286 284 283 280 279 277 2% 274 4T3
10 333 270 26% 266 264 262 260 259 257 256

11 250 257 255 253 231 249 247 246 244 243
17 250 247 244 243 240 238 237 235 233 23
13 241 338 236 234 231 230 228 336 224 223
14 224 231 228 227 224 2322 2231 219 217 216
15 228 225 222 2w 218 21s 214 212 210 10

16 223 219 21F 215 212 211 20% 207 205 204
17 218 215 212 210 208 206 204 202 200 199
12 214 211 208 206 204 202 200 198 1986 195
19 211 207 205 203 200 19 196 194 192 191
20 207 204 201 199 187 195 183 181 188 188

21 2ps 201 198 196 194 192 190 188 186 184
2 202 193 186 194 191 189 187 185 183 12
3 200 196 193 181 188 186 184 lex 130 179
rd 197 1% 191 189 186 184 182 180 178 L77
25 196 192 189 187 1B4 182 1lg0 178 136 175

26 194 19 187 185 1s2 180 178 176 1M 173
% 192 188 186 184 181 179 176 174 172 171
2¢ 1981 187 184 182 179 L7F 1r5 173 170 1.469
20 1% 185 123 18l 177 175 1713 LTI 169 147
30 128 184 151 179 176 13 172 L70 157 lé6

3£ 182 1% 176 174 170 168 146 143 151 140
40 172 174 172 169 1h6 164 161 1359 156 155
S0 173 160 166 163 140 158 155 152 150 1.8
60 150 165 162 159 156 153 151 148 145 144
70 166 162 159 157 153 150 148 143 142 140

#0164 160 157 1354 151 148 145 143 139 133
ap 143 159 155 153 149 146 144 141 133 136
60 162 157 154 152 14% 145 142 139 136 134
1z0 160 155 152 1350 146 143 140 137 133 132
150 158 154 150 148 144 141 138 134 131 1.29

w0 156 152 148 146 141 139 135 132 128 136
50 155 150 147 144 140 137 134 131 127 1325
300 154 150 146 143 139 136 133 130 126 133
400 153 149 145 142 138 135 132 12g 124 122
S60 153 143 145 142 13¢ 135 131 1328 133 121

600 152 148 144 141 137 134 131 127 133 1a0
750 152 147 144 14l 137 134 130 126 122 120
lo00 152 147 143 141 136 133 130 126 122 119



