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State clearly any assumptions you required

All symbols are in standard notations, unless they are defined

Statistical table is required

1. (a) The upper bound of non-rectangular region S is given by y = f8;(z) and lower bound is
given by y = fa(z) where a < z < b.
Write down the steps to evaluate the surface integral over the region S, / f(z,y)dA,where
[ is a continuous function of = and y and A is the area of the bounded region. [25%)]
(b) Evaluate the following integrals:
i. The surface integral of the function z2 4 y? over a circle of radius a and centre at
the origin.

ii. / / €***3dxdy where R is the region bounded by z = 0,y=0,andz+y=1.
R

iii. / / r3drdf where R is the area bounded between the circles r = 2 cos 8 and r = 4 cos 6. [75%)
R



2. (a) Evaluate:

1 pVi—z? m 1 .
/ / / dzdydz. [30%)
o Jo 0 V122 —y? — 22

IM
(b) Show that the moment of inertia of the cylinder about the Z-axis is 5 where M is the

mass of the cylinder. [35%)]

) Lz oy 2
(c) Find the volume of the ellipsoid o + =l + 2= 1. [35%]

3. (a) Evaluate / /S A - nds, where
i A=zitxj— 3y%zk and S is the surface of the cylinder 22 + y2 = 16 included in
the first octant between z = 0 and z = 5. [25%)
ii. A= %gr(r # 0), and S is the curved surface S of the cylinder r = R between z = 0 |
and z =1 and n is the unit outward normal to the surface S. [25%]
(b) Let c=c1i+cp J + csk be a constant vector and r = x5 + yjJ + zk is a position vector
whose magnitude is r.

i. Evaluate V- (¢-r) and V x (¢ x ) [20%)

ii. Show that V (9 XL
,,-n

) = 0 for any value of n and

hence deduce that V x [Z g;;ﬁ} =0. [30%)]
4. (a) State the Gauss’ Divergence theorem. ' [10%]

(b) Verify the Gauss’ theorem for the vector field for: F = (22 — y2)i + (v° — 22) i+ (22 —zy)k

taken over the rectangular parallopiped 0 < z < a, 0 < y<b0<z<e [30%]
(¢) Verify the Stokes theorem for the vector field F = —yi + zj and the surface S consisty

of the upper half-surface of the unit sphere 2% + y2 + 22 = 1,z2>0. [30%]
(d) Evaluate the surface integral / / CurlFE - nds by transforming it into a line integral

where S is a part of the surface oi' the parabolaid z = 1 — 2% — y2, for which z > 0 and

F =yi+zj+ zk. (30%)]



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

1
z = 2,y = 1,y = 2 under the mapping w = =.
z

oo
(b) Find the region of convergence of the series Z (———
n=1

where c is the circle | z — 1 |= 1.

(c) Evaluate ?{ 3
c

(d) Explain f(z) = —y in a Laurent series for

ii. 1<|z|<2.

6. The components of a moment of inertia tensor are given by [T;;] =

S O W

(a) Find the eigenvalues and the principle axes of the tensor.
(b) Express the tensor with respect to its principle axes.

(c) Write the equation of the transformation relating to the coordinates z; determined by

the principle axes.

(d) Verify the result in (b) by using the transformation law for second order tensor.

(a) Solve the following partial differential equation by separation of variables.
—ép+au:0in0§x§7r,t>0

=0fort>0

u(z,0) = z(r —z) in 0 < z < 7 where a is a constant.

Apply fourier sine transforamtion to solve:

,2>0,t>0

subject to V(0,t) = vy and V(z,0) =0.

[20%)]

[25%)

[25%]

[30%)]

[25%)
[30%)]

[25%)]
[20%)]

[60%]

[40%)



8. Two random samples drawn from two normal populations have the variable values as below:

SampleI | 19 | 17 | 16 | 28 |22 | 23 | 19 | 24 | 26
Sample IT | 28 | 32 | 40 [ 37 | 30 | 35 | 40 | 28 | 41 | 45 | 30 | 36

Obtain the estimate of the variance of the population and test whether the two populations

have the same variance. [100%)]

9. The advertising alternatives for a company include television, radio, and newspaper adver-

tisements. The costs and estimates for audience coverage are given in table.

Television | Newspaper | Radio

Cost per advertisement $2,000 $600 $300

Audience per advertisement 100 40,000 18,000

The local newspaper limits the number of weekly advertisements from a single company to
10. Moreover, in order to balance the advertising among the three types of media, no more
than half of the total number of advertisements should occur on the radio, and at least 10%
should occur on television. The weekly advertising budget is $ 18,200.

How many advertisements should bé run in each of the three types of media to maximize the

total audience? [100%)]
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n"" 1 2 3 ¢ 5 6 8 sg v 18 20 30 40 ¥O ©
¢ . . IEEDIPUISSIS e L
1 {4052 4999 5403 BH625 57064 G359 5981 6106 4\"6169‘ 6208 6258 6286 6302 6334 6366
o 198.49 90.01 09.17 §9.25 99.30 99.33 §9.36 90.42 99.44 99.45 99.47 99.48 99.48 99.49 99.80
‘3 |24.12 30.81 29.46 28.71 28.24 27.41 c7.49 27.06 28.63 26.69 26.50 26.41 26.35 26.23 26.12

< I21.20 18.00 16.69 1598 16.52 1521 14.80 14.37 14.15 14,02 13.83 13.74 13.69 1857 13.d6

5 |16.26 13.27 12.06 11.39 10.97 10.67 Y027 0.89 _9.68 9.55 9.38 9.29 9.24 913 9.02

6 [1s74 1092 078 - 915 875 847 810 7.72 7.52 739 17.23 7.4 7.090 6.99 . 6.88

7 l12.25 9.55 845 7.85 746 719 6.84 6.47 6.27 6.15 5.8 500 685 675 565

8 111.26 8.65 759 1.01 6.63 637 6.03 6.67 ~548 536 520 511 5.08 4.96 4.'86

9 |10.56 .02 699 642 6.06 580 B5.47 6511 432 4.80 4.64 486 451 441 431

10 |10.04 766 655 599 5064 539 5.06 471 452 441 425 437 412 401 8.9l
11| 905 720 <22 567 532 607 474 440 - 421 410 394 386 3.80 38.70 3.60
12 | 9.33 693 695 541 5.06 4.82 450 4.16 398 386 370 3.61 3E6 $.456 336

15 | 9.07 670 574 520 4.8C° 4.62 490 3.96 3.8 3.67 3.51 3.42 3,37 8.27 316
14 | 886 651 3556 603 4.69 446 dds 380 2.62 351 334 3286 321 s.11 3.00 ¢
15| 868 6.36 B.42 480 456 432 400 367 3.48 3.36 3420 312 307 2.97 2.87

: —]

16 | 8.53 6.23 0529 477 4.44 420 389 3.565 837 325 3810 3.01 296 2.86 275
17| 540 611 518 467 43¢ 410 379 345  3.27 416 3.00 292 286 2776 2.65
18 | 8.8 G.01 609 4.58 425 401 371 3.37 8.9 3.07 281 283 278 2,68 2.67
19| 518 593 501 450 417 3.04 3.63 3.30 3.2 38.00 2.8¢ 278 2.70 2.60 249
20 | 8.10 585 494 443 410 387 3.58 '3.23 8.05 294 277 2.9 263 -2.63 242
o2 | 7.94 572 4.82 431 399 378 3.45 8.12°-2.94 2.83 267 2.R8 253 242 231
o4 | 7.82 B.6Y 472 422 3.90  3.67 336 3.03 2.85 274 2.68 249 244 2.33 221
26 | 792 553 4.64 414 382 359 320 2.96 277 2.66 250 2.41 236 2.25 213
og | 7.64~ 545 457 407 3.8 353 3.23 290 2701 2060 244 2,35 230 218 2.06
30| 7.56 5.39 451 4.02 370 347 337 2.84 2.66 255 238 2.29 224 213 ~2.01
40| 731 518 431 383 8351 3.29 999 2.66 .249 237 220 211 205 194 181
50 | 7.17 508 <20 872 3.41 318 288 256 2.39 226 210 200 104 1.82. 1.68
60 | 7.08. 4.98 413 365 334 312 282 '2.50 232 220 203 193 187 174 1.60
70 | 7.01 492 408 360 329 3.07 o771 245 . 228 215 198 1.88 182 1.69 1.B3
g0 | 6.96 488 4.04 356 3.25 3.04 2.74 241 22¢ 211 1.54 1.84 .1.78 1.66 1.9
100 | 6.90 482 398 351 320 299 - 2.69 238 219 206 189 1.78 173 169 143
150°{ 6.81 - 4.75 391 344 314 202 262 230 242 200 183 172 1.68 151 138
200 | 678 471 3.88 " 341 311 290 260 228 ‘209 187 L7 1.6 1.62 1.48 1.28
laoco | 670 4.66 383 336 3.06 285 265 223 204 192 174 1.64 1.67 1.42 118
w | g6¢ 460 3878 332 3.02 280 251 218 199 1.87 163 150 152 - 1.86 1._03_

Source: G.W. Snedecor and W. G. Cochnn,btatutu:cﬂ Methods (6th edition, 1867), Jows




