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1.

()

(b)

(@)

Solve the following set of linear equations using the Gaussian
method:
Xy —3X +2Xx3 = 8
2X1 — Xo + X3 = 9
3Xg +2%; +3x3 = 5

elimination

(10 marks)

Analysis of vibrations at various points in a structure produced a coefficient matrix:

4 1 -1
2 3 -1}
-2 1 5

Calculate

(i) the eigenvalues of the matrix, and

(9 marks)

(ii) the eigenvector associated with the highest eigenvalue.

Find the particular solution of the differential equation:

2
g—:);—+49|l+7x:0
t dt

given that x = 3 and dx/dt = O when t = 0.

Find the particular solution of the differential equation:

2
28V 3 W oy 1y -7
dx dx

given that y = 8 and dy/dx = 0 when x = 0.

(6 marks)

Total 25 marks

(10 marks)

(15 marks)
Total 25 marks
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3.

(a)

(b)

Spacer bars are being produced, 97% of which have a length within the required
tolerance of specification. Calculate the probability that out of 8 bars chosen at
random

(i) all

(ii) exactly seven
(i)  exactly six
(iv) five or fewer

are within the required tolerance.

Give all answers correct to 3 decimal places.
(12 marks)

The weights of a manufacturer’s bags of cement are normally distributed with
a mean of 15 kg and a standard deviation of 0.2 kg. In a batch of 300 bags
delivered to a contractor, calculate:

(i) The number of bags whose weights are between 14.7 kg and
15.4 kg.
(5 marks)
(ii) The number of bags whose weights are over 15.2 kg.
(3 marks)
(i) The 95% confidence interval for the mean weight of a bag.
(5 marks)

Total 25 marks

Please turn the page
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4, (a)

(b)

An excavator requires emergency maintenance on average 0.7 times per month.
Calculate the probability that it requires maintenance

(i) no times in a month
(i) exactly once in a month
(iiiy  twice or more in a month
(iv)  exactly twice in a 3 month period.
(10 marks)

The number of road accidents on a certain stretch of road during a twelve month
(52 week) period were as follows:

6+

Number of accidents per week 0 1 2
Number of weeks 5 12 13

W
~

B4

2

Fit a Poisson distribution to the data, and
Use the ¥* distribution to test the goodness of fit, using a 5% level of significance.

(15 marks)

Total 25 marks

END OF QUESTIONS
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Formula Sheet

1. Quadratic Equation

For the equation ax*+bx +c=0

_ —b++vb?-4ac

2a

X

2. Second Order Differential Equation

2
For the equation aE_Z + ng +cy=0
dx dx

the auxiliary equation is am? +bm+c=0

Roots of auxiliary equation General Solution of the
differential equation

2 Real Roots, m, and m, y = Ae™* +Be™?

2 equal roots, m y = (Ax + B)e ™

Complex roots, p +jq y = e”* (A cos gx + B sin gx)

3. Eigenvalues and Eigenvectors

Characteristic equation is given by | A= Al| =0
Eigenvectors given by [A-A] X =0

4. Binomial Distribution

Pr() = S P (1-p)™

Mean = por x = np Standard deviation = \/np(1 - p)
5. Poisson Distribution

Prog = o+ -

Mean = pu =np Standard deviation = \/ﬁ

6. Normal Distribution

= X-H
¢

4



7. Mean and Standard Deviation

For n values x4, X2, X, ..., Xp

S T 2

-(x)%;
n n n

8. t- test
t=(—x—;—&\/ﬁ van-—1

For difference of the means of 2 samples

calculated — ] 6’ Nn. +n
1 2

2 2
N,S;" +Nn,8s,

v=n,+n,-2

o=
n,+n, -2
9. v test
_ 2
X2= Z@__.E_)_. v=Kk-m
E
10. F-test
=E—l— v,=n1-—1
)
V2 = n2-—1

11. Baye’s Equation

Pr (Ak I E) = Pr (Ak)PXrF(’;§E I Ak)

12. Standard error of the Mean, X

S [ N-n
Op = or 6,=

n-1 n-1VN-1

13. Bessel's Correction

n
n-—

=8

—



CALCULUS

(" the constant of integration has been omitted*)

a

dy
dx il
/ Y y dx
n+l
forn = —1
n+1
or x" nx" !
Inx forn= -1
X (In x) = x Inx 1
X
leax e ax aeaX
a
a’ X X
a for a>0 alna
Ina
n+l
(ax+b)" (ax + b)" na (ax + b)"~’
a(n+1)
In () )
f(x)
- —l—cos ax sin ax a cos ax
a
— sin ax cos ax —asin ax
a
1 In ( sec ax) tan ax asec’ ax
a
1. ax
—in (tan —) cosec ax - a cosec ax cot ax
a
1 in (sec ax + tan ax) sec ax - a sec ax tan ax
a
—l-in (sin ax) cot ax - acosec’ ax
a
sin'[x / a] 1/(\/a2 -—x"‘)
cos'[x/a] —1/\/3,2 -x?
L tan [x/ a] 1/(x2 +a2)




Percentage Points of the Students ¢-distribution
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a— P
a | 40 ] 25 10 U5 025 01 005 | 0025 | .001 | 0005
v
1 325 1.000 | 3.078 | 6.314 | 12.706 | 31.825 | 63.657 | 127.32 | 318.31 | 636.62
2 | 289 816 | 1.886 | 2.902 | 4.303 | 6.965 | 9.925 | 14.089 | 23.396 | 31.508
3 | 277 | 765 | 1.638 | 2.353 | 3.182 | 4514 | 5.841 | 7.453 | 10.213 | 12.994
4 | 271 741 [ 1.583 [ 2,132 ] 2776 | 3.747 | 4.604 | 5.508 | 7.173 | 8.610
3 | 267 ) 727 | 1476 | 2.015 | 2571 | 3.365 | 4.032 | 4.775 | 5.803 | 6.860
6 |.265| 718 [ 1.440 | 1.943 | 2.447 | 3.143 | 3707 | 4.317 | 5.208 | 5.950
7 1,263 T11 | 1.415| 1.895 | 2.365 | 2.998 | 3.400 | 4.020 | 4.785 | 5.408
8 |.262| 706 | 1.397 | 1.860 | 2.306 | 2.896 | 3.355 | 3.833 | 4.501 | 5.041
9 1.261[ .703 [ 1.383 | 1.833 | 2.262 | 2.821 | 3.350 | 3.600 | 4.297 | 4.781
10 1260 700 | 1.372 | 1.812 | 2.228 | 2.764 | 3.169 | 3.581 | 4.144 | 4.487
11 1.260 ] .697 | 1.363 | 1.796 | 2.201 [ 2.718 | 3.106 | 3.407 | 4.005 | L1437
12 1.259 | 695 | 1.356 | 1.782 | 2.179 | 2.681 | 3.055 | 3.428 | 3.930 | 4.318
13 1.259 ] .694 | 1.350 | 1.771 | 2.160 | 2.650 | 3.012 | 3.372 | 3.852 | 4.221
14 | .258 ) .692 | 1.345 | 1.761 | 2.145 | 2.624 | 2977 | 3.326 | 3.787 | 4.140
15 | 258 | 691 | 1.341 | 1.753 | 2.131 | 2.602 | 2.047 | 3.286 | 2.733 | 4.073
16 | 258 | .690 | 1.337 | 1.746 | 2.120 | 2.583 | 2921 | 3.252 | 3.686 | 4.015
17 1.257 [ 689 | 1.333 | 1.740 | 2.110 | 2.567 | 2.898 | 3.222 | 3.646 | 3.965
18 | .257 | 688 | 1.330 | 1.734 | 2.101 | 2.552 | 2.878 | 3.197 | 3.610 | 3.922
19 |.257 | .688 | 1.328 | 1.729 | 2.093 | 2.530 | 2.861 | 3.174 | 3.579 | 3.883
20 | .257 | 687 | 1.325 | 1.725 | 2.086 | 2.528 | 2.845 | 3.153 | 3.552 | 3.850
21 | 257 | .686 [ 1.323 ] 1.721 | 2.080 | 2.518 | 2.831 | 3.135 | 8.527 | 3.819
22 | 256 | .686 [ 1.321 | 1.717 | 2.074 | 2508 | 2.819 | 3.110 | 3.505 | 3.792
23 | 256 | .685 | 1.319 | 1.714 | 2.060 | 2.500 | 2.807 | 3.104 | 3.485 | 3.767
24 | .256 | 685 | 1318 | 1.711 | 2.064 | 2.492 | 2.797 | 3.091 | 3.467 | 3.745
25 | 256 | .684 | 1.316 | 1.708 | 2.060 | 2.485 | 2.787 | 3.078 | 3.450 | 3.795
26 | .256 ) .684 | 1.315 | 1.706 | 2.066 | 2.479 | 2779 | 3.067 | 3.435 | 3.707
27 | 256 | 684 | 1314 | 1.703 | 2.052 | 2473 [ 2771 | 3.067 | 3.421 | 3.690
28 | 256 | .683 | 1.313 | 1.701 | 2.048 | 2.467 | 2.763 | 3.047 | 3.408 | 3.674
20 | 256 | .683 [ 1.311| 1.699 | 2.045 | 2.462 | 2.756 | 3.038 | 3.396 | 3.650
30 | .256 | .683 | 1.310 | 1.607 | 2.042 | 2.457 | 27750 | 3.030 | 3.385 | 3.646
40 | .255] .681 | 1.303 | 1.684 | 2.021 | 2.423 | 2.704 | 2.971 | 3.307 | 3.551
60 |.254 | 670 | 1.296 | 1.671 | 2.000 | 2.390 | 2.660 | 2.915 | 3.232 | 3.460
120 | 254 | 677 | 1.280 | 1.658 | 1.980 | 2.358 | 2617 | 2.860 | 2.160 | 3.373
oo | 253 674 | 1.282 | 1.645 | 1.960 | 2.326 | 2.576 | 2.807 | 5.090 | 3.201




Percentage Points of the F-Distribution (5% tail)
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e

f 0.05,1,

Degroes of Freedom for the Numerator ()

1 2 3 4 5 G 7 3 ] 10 26 30 46 60 o

1614 1 199.5 | 215.7 | 224.6 [ 230.2 | 234.0 | 236.8 | 238.0 | 240.5 | 241.0 | 948.0 | 950.1 251.1 | 252.2 | 254.3

1851 119.00 119,16 [ 19.25 [ 16,30 | 19.33 | 19.35 [ 19.37 | 10.38 | 19.40 | 1045 | 16,46 19.47 | 19.48 | 10.50

W0.13] 955 | 928 [ 0121 001 | 801 | 880 | %85 | 881 | 870 | 886 | 860 8.50 | 855 | 853

771 | 6.94 | 659 | 639 | 6.26 | 616 | 600 | 6.04 | 6.00 | 5.96 | 5.80 | 578 572 | 5.60 | 563

6.61 | 579 | 541 | 519 | 505 [ 405 | 4.88 | 482 | 477 | 474 | 4156 | 453 446 | 443 | 4.36

599 | 514 | 476 | AB3 | 439 | 428 | 421 | 415 | 410 | 1068 | 35 381 | 397 | 3.7 | 3.67

559 | 474 | 435 | 412 | 3.97 | 387 | 370 | 373 | 468 | 3.64 | 3.41 | 338 3.34 | 330 | 3.23

532 | 446 | 407 | 384 | 3.69 | 358 | 350 | 344 | 2.30 | 3.35 | 215 | 208 304 | 3.01 | 293

512 | 426 | 3.86 | 363 | 348 [ 337 | 390 | 323 | 3.18 | 2.14 | 204 | 557G 283 | 270 1 271

Sl o) 0o] ~a| oof enf wni cof o} | 2

496 1410 | 371 [ 348 [ 333 [ 322 |34 | 307 |38 [ 3@ o 270 | 266 | 262 [ 254

117484 | 398 [ 350 [ 336 | 3.20 | 309 | 3.00 | 265 | 2.00 | 5.85 | 9.68 2.57 | 258 | 240 | 24D

12) 475 | 389 | 340 | 326 [ 811 [ 3.00 | 2.61 | 285 | 280 | 275 | 554 247 | 243 | 238 | 2.30

131467 | 381 | 341 [ 318303 [ 202 | 283 | or [ oA 1 36 1o 238 | 234 | 230 ] 221

141460 | 374 | 334 [ 311 | 206 | 285 | 2.76 | 2.50 | 2.68 1 3.60 2.39 1 231 ] 227 ] 222 | 213

151454 | 3.68 | 329 [ 306 | 200 | 2.70 | 271 | 264 | 250 | 564 [ 333 225 | 220 | 216 | 2.07

16) 445 | 363 | 324 [ 301 [ 285 [ 274 | 2.66 | 260 | 254 | 348 | 5.8 219 | 215 | 211 [ 2.01

171445 [ 350 1320 | 286 | 2.81 | 2.70 | 261 | 255 | 340 | 345 503 215 | 210 ] 206 | 1.66

181 441 | 335 | 316 [ 293 | 277 | 2.66 | 258 | 251 | 248 | 341 | 510 211§ 206 | 202 [ 102

19438 | 3.52 | 313 | 290 | 27 | 263 | 254 | 248 | 242 | 2.38 | 5.16 | 507 203 | 1893 | 188

201435 |1 349 | 310 [ 287 [ 271 | 2.60 | 251 | 245 | 220 | 535 213 284 | 199 | 105 | 184

211432 | 347 | 307 284 [ 268 | 267 | 240 | 23 | 3 |22 130 200 [ 196 | 1.927] 131

221430 | 344 | 305 [ 282 | 266 | 955 | 246 | 240 | 2.34 | 230 | 207 198 | 104 | 1.8 | 178

231428 1342 1303 [ 280 [ 264 | 253 | 044 | 237 | 2@ | 397 508 196 | 1.91 | 1.86 | 1.78

24426 | 340 ] 301 | 278 [ 2.62 | 251 | 242 | 2.36 | 230 | 208 [ 5.03 194 1 189 | 1.84 | 1.73

251424 1339 1 299 1276 | 260 | 240 | 040 | 294 | 208 | 304 1501 192 | 187 ] 1.82 [ 1.71

26| 423 1 337 | 298 | 274 | 250 | 247 | 230 | 232 [ 297 | 223 | 199 1890 7 185 | 1.80 | 1.60

271421 | 335 | 296 | 273 | 257 | 946 | 2.37 | 231 | 295 | 390 | 17 183 | 184 | 1.79 | 167

281420 | 334 | 295 [ 271 | 256 | 245 | 288 | 290 | 224 [ 2.0 | 108 187 | 182 1.57 1 1.68

291418 1333 1 293 [ 270 | 285 | 243 | 285 | 298 | 200 | 318 1197 185 | 181 | 1.5 | 1.8

301417 1332 1292 | 269 | 253 | 248 | 233 [ 297 | 221 | 2.16 | 1.03 184 1 179 1 174 | 182

40 408 | 393 | 284 | 261 | 245 | 234 [ 225 [ 218 | 212 | 208 | 184 174 | 1.680 | 1.84 | 151
601 400 1 315 | 276 1 253 | 237 | 2.95 | 247 | 210 | 204 | 100 1 155 165 | 159 | 1.63 | 1.35
oo f 384 | 300 | 260 | 237 [ 22T | 210 | 2.01 | 104 | 188 | 188 [ 157 136 1.39 1 332 ] 1.00
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