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1 2 B |
Given that A=(—2 1 2 ) and B=( 4 -—10 —8)
3 -1 -1 = 5

(i) Find the matrix product AB

(il)  Hence solve the following system of simultaneous equations:

x+2y+3z =—6
=2+ y+lz =1

x—y=—z=1
(8 marks)

A company makes three types of security locks A, B and C, each of which requires
cutting, assembly, and finishing. Each unit of A requires 2 hours for cutting, 1 hour for =’
assembly, and 3 hours for finishing. Each unit of B requires 1 hour for cutting, 2 hours
for assembly, and 1 hour for finishing. Each unit of C requires 1 hour for cutting, 2
hours for assembly, and 3 hours for finishing.

Available machine resources provide exactly 10 hours for cutting, 14 hours for
assembly, and 18 hours for finishing each week.

(1) Use the information provided to form a system of simultaneous linear equations.

(ii)  Apply Cramer’s rule to calculate the number of locks of each type produced
given that there is optimum utilization of machine time at the factory in a
week. (12 marks)

Given that u=e"[sin(y+z)—ycos(y + z)]

du i o :
Show that 2 3y + = +u =2¢€"sin(y+z)

(8 marks)

Given the function f(x,y)=5x>+2xy +y> + y> + 8y — 16x — 4,
find the stationery points and their nature. (7 marks)
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() Concrete at a mining site is poured onto a conical pile. At a certain time, the height is
28 metres and increasing at 15cm per minute and the radius is 12 metres and increasing
at 1.9cm per minute. How fast is the volume increasing at that instant? (5 marks)

/34' (a) Solve the differential equation.

dy i 2
Xy /dx_x + 2y + Zxy
given that whenx=1, y=0
(8 marks)

(b) A particle moves along a straight line such that its displacement X from a fixed
point P is given by:

d’x dx =
Atz—i-él /dt +13x =cos 2t.

Find its displacement x at any time t, given that the particle starts from rest.
(12 marks)

4, (a) Find the Fourier series for the function.

0 for —7<x < _Tﬁ

f(x) = 42 for _T”<x§

1 for %—<XSJI

W[y

f(x+27)=1f(x) (11 marks)

(b) Find the half-range Fourier sine series for the function.

4t for =4

f(t):{—2t+6 for 1<t = 3

f(t+6) =f(t) (9 marks)
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5 (a) Evaluate the double integral.

f/z fJ9—v

%+ yz) dxdy (8 marks)

(b) Find the volume V of the solid bounded on top by the surface
z=5 —x°— y , below by the x — y plane and the cylinder x* + yoats.- i1 marks)

6. (a) Six points on the graph of the function y = P(x) are given by the (x, y) pairs:
(0.0, 1.2840), (0.2, 1.3499), (0.4, 1.4191), (0.6, 1.4918), (0.8, 1.5683), (1.0, 1.6490)

Use the Newton-Gregory forward differences interpolation formula to compute

P(0.28) and P(-0, 05) correct to four significant figures. (8 marks)
(b)  Show that: t®
(i) the equation x° — 3 x> — 4 = 0 has a root between 3 and 4;

(i)  using the Newton-Raphson method, the expression.
2.7(';13 i 3.76'.!12 +4
3)6'}12 — 6xn

Xn+l = can be used to approximate this root.

Determine the value of this root correct to four significant figures,

taking X0 =3.5. (12 marks)
7( (a) Find the laplace transform of f(t) =sin at cos h at. (3 marks)
(b) Find the inverse laplace transform of ‘; t¥ (8 marks)
(c) Use laplace transforms to solve the differential equation
d’y dy e . = o .
dt2+2 /dt+2y—4g1venthatatt—0, y =0and s 15
(9 marks)
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(b)
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A binomially distributed random variable X has expected value, E(x) - 27.52
and variance, Var (x) = 15.69. Find the value of the two parameters n and p, where n
is the sample size and P is the probability of success. (4 marks)

The number of non-productive hours in a factory can be modelled by the continuous
random variable X with p.d.f f(x) given by

£(x) = {K(ﬁix—xz) for0<x<4
~lo otherwise
Find:
(i) the value of constant K;

(i)  the expected value E(x);
(1i1))  the mode of x;
(vl Plx=2). (8 marks)

A plant produces steel rods whose weights are known to be normally distributed with
a standard deviation of 2.5kg. A random sample of 40 rods had a mean weight of
33kg.

Find:
(1) the 99% confidence limits for the population mean.
(i)  the probability that a steel rod had weight of 35kg or more. (8 marks)



BASIC DISTRIBUTIONS AND SICNIFICANCE TABLES 13

Table 3

AREAS IN TAIL OF THE NORMAL DISTRIBUTION

The function tabulated is 1 - ®{u) where #{u) is the cumuiative distribution function of 2
25 3 x g
=W = du s the probvability that a

- a0

Thus 1 - 6= o g e

an

standardised Normal variable u.

u

stancdardised Normal variable selected at random will be greater

X-u
than a value ?f u (:. '--a-_—)
x-ul g B g .03 04 .05 "0
o
0.0 .3000 .4960 .4920 .48B0 . 4B40 .4801 .4761 4731 4881 4841
0.1 4602 82 = 4397 L4483 4443 4404 4364 4335 4986 4747
0.3 4007 = 4188 4179 ,4090 .4052 . 4013 3974 202 .3897  .3859
0:3. - 3821 8% 15745 3707 3669 -, 3622 3294 3557 3520 .33
0.4 .3446 .3409 3372 3336 2300 4284 3228 - 319% 3158 313)
0.5 - .3085 3050  apis 2098 2048 - .2912 ZRITT I Py s onege
0.6 2743 2709  DB3H .2643 . 261F 2598 .25456 2514 2435 2451
9T 2420 2389 . 2358 ,2327 — . 2286 2766 2236 e8Py 21aB
08" 2119 - “Pnop - 2041 2033 2008 87T 1990 - 1990 1894 1867
6.3 i341 1814 .:1728 JI9B% S 1I0E - S 1665 .1660 .1635 161l
1.0 1587  .1582 539 JI15Y5 1492 Ui M489 ¢ 1446 g3 G T
Y loemIasg . Ja%s sty 13080 o 1L - 195 12300 - (1210 . 1180 1170
2 G T g .1083 --.1075 .1058 1038 1020 loos o 088s
1.3 .0568  .0951 0634 L0818  .0301 .0885 .0869 0853 0838 0625
1.4 .0808 0793 e 764 .0749 .0735 .0721 0708 0654 . 0651
1.5 .0R6B  .0655 . 0643 .0830 .0618 .0608 .059a 0582 .0571 .0559
1.6 J0548 - 0537 0526 0516 0505 - 0495 — npass D475 | N4RS 455
1.7 0448 04356 .u427 .0418 0408 .0401 U392 0384 . .D3T5 . oamy
14 0339 . 086170844 - 0836 . . 0328 522 - OFls B¥0T G301 02eR
1.9 G287 . .%281 - 0353 L2688 10282 0256 . p250 6244 (239 0233
2.0 .02275 .02222 02189 .02118 .02088 .02018 .01970 .51923 01876 031831
2.1 01786 .0!743 .01700 .01659 .01818 .01S78 .01539 .01500 .01463 01426
2.2 D130 01355 . 01321 01287 01235 (01227 0risy . O11SD- 01130 . oaiol
2.3 .01072 .01044 ,G1017 00980 .00S64 .00938 .00914 .00829 .00866 .00842
2.4 .00820 .00798 .00776 .00755 .00734 .00714 .00695 .00676 .DOS57 .00539
5 00621 00AN4 00587 00570 .0035%4 00539 00523 .00508 00404 . 00480
2.6 00466 .00453 00440 00427 .00415 00402 00391 .00379° .00358 .00357
2.7 .00347 .00336 .00325 .00317 .00307 .00298 .00289 .00280 .002572 .00264
2.8 .00256 .00248 .00240 .09233 .00225 .00219 00212 .0020% .00199 . OQC1el
2.9 .00187 .00181 .. 00175 .00169 .00164 .020153 .00154 . 00149 .00144 00129
30 .OD135
3.1 . 00097
3.2 .00069
3.3  .00048
3.4 .00034
3.5 ——oouis
3.6 .0001s8
3% 060011
3.8 .00007
3.9 00005
4.0 00003
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Partial arezs under the
standardised normal curve

z=Z = - ) 1 2 3 4 5 6 7 3 9
0.0 0.0000 | 0.0040 | 0.0080 |0.0120{ 0.0159| 0.0199 | 0.0239] 0.0279 | 0.0319 | 0.035%
0.1 0.0398| 0.0438 |0.0478 | 0.0517] 0.0557 | 0.0596 | 0.0638| 0.0678 | 0.0714 | 0.0753
0.2 0.0793| 0.0832 {0.0871 | 0.0910] 0.0948 | 0.0987 | 0.1026| 0.1064 | 0.1103|0.1141
0.3 1 0.1179] 0.1217 {0.1255 {0.1293| 0.1331[0.1388 | 0.1406| 0.1443 | 0.14%0 | 0.1517
0.4 0.1554| 0.1891 {0.1628 {0.1664| 0.1700{0.1736 |0.1772| 0.1808 | 0.1844 | 0.1879
0.5 0.1915] 0.1950 {0.1985 [ 0.2019 0.2054 | 0.2086 | 0.2123| 0.2157 | 0.2190 | 0.2224
“~0.6 0.2257] 0.2291 |0.2324 |0.2357] 0.2389 0.2422 | 0.2454| 0.2486 | 0.2517 } 0.2549
0.7 0.2580| 0.2611 {0.2642|0.2673| 0.2704 | 0.2734 {0.2760| 0.2794 | 0.2823 | 0.2852
0.8 0.2881] 0.2910 |0.2939 |0.2967| 0.2995| 0.3023 | 0.3051| 0.3678 | 0.3106 103133
0.9 0.3159] 0.3186 [0.3212 {0.3238| 0.3264 | 0.3289 | 0.3215{ 0.3340 | 0.3365 | 0.3389
1.0 0.3413| 0.3438 {0.3451 [0.3485| 0.3508| 0.3531 | 0.3554| 0.35770.3539 | 0.3621
1.1 0.3643| 0.23665 |0.3686 |0.3708] 0.3729 0.3749 | 0.3770] 0.3790 | 0.3810 | 0.2830
1.2 0.3849) 0.3869 {0.3888 | 0.3907] 0.3925| 0.3944 | 0.3962| 0.3980 | 0.3997 { 0.4015
1.3 0.4032| 0.4049 [ 0.4066 [0.4082]| 0.4099|0.4115 | n.4131] 0.4147 | 0.4162|0.4177
1.4 0.4192 0.4207 |0.4222 {0.4236| 0.4251| 0.4265 | 0.4279| 0.4292 | 0.4306 | 0.4319
15 0.4332| 0.4345 {0.4357 | 0.4370| 0.4382 | 0.4394 | 0.4406] 0.4418 | 0.4430 | 0.4441
1.6 0.4452) 0.4463 | 0.4474 | 0.4484| 0.4495 | 0.4505 | 0.4515] 0.4525 1 0.4525 | 0.4545
1.7 0.4554 | 0.4564 {0.4573 | 0.4582| 0.4591 | 0.4579 | 0.4608/ 0.4616 | 0.4625 | 0.45633
1.8 0.4641)| 0.4649 | 0.4656 0.4664 | 0.4671{0.4678 | 0.4686| 0.4693 | 0.4699 | 0.4706
1.9 0.4713| 0.4719 | 0.4726 [ 0.4732| 0.4738| 0.4744 | 0.4750| 0.4756 { 0.4762 | 0.4787
2.0 0.4772| 0.4778 |0.4783 {0.4785] 0.4793 | 0.4798 | 0.4803| 0.4808|0.4812 | 0.4317
2.1 0.4821) 0.4826 | 0.4830 | 0.4834 | 0.4838 | 0.4842 [ 0.4846| 0.4850 | 0.4854 | 0.4857
22 0.4861| 0.4864 |0.4868 | 0.4871| 0.48750.4878 | 0.4881| 0.4884 | 0.48820.48%0
2.3 0.4893] 0.4896 10.4898 |0.4901| 0.4904 | 0.4906 | 0.4909| 0.4911 { 0.4913 | 0.4918
24 0.4918] 0.4920 [0.4922 [0.4925| 0.4927 | 0.4929 | 0.4931| 0.4332 | 0.4934 [ 0.4936
=L 0.4938| 0.4940 [0.4941 {0.4943] 0.4945] 0.49548 0.4943] 0.4949 | 0.4951 | 0.4952
2.8 0.4953] 04953 1 0.4956 [0.4957| 0.4959{0.4960 | 0.4961] 0.4962 | 0.4963 | 0.4964
2.7 0.4965] 0.4966 | 0.4967 [ 0.4968| 0.4969 | 0.4970 {0.4971] 0.4972 | 0.4973 | 0.4974
2.8 0.4974 0.4975 10.4976 |0.4977| 0.4977 | 0.4978 | 0.4979] 0.4980 | 0.4980 | 0.4981
29 0.4981 ) 0.4982 [ 0.4982 | 0.4983| 0.4984 | 0.4984 | 0.4985] 0.4985{0.4986 | 0.4986 -
0 0.498T| 0.4987 | 0.4987 [ 0.4988] 0.4988 | 0.4989 | 0.4989| 0.4989 | 0.4990 0.4990
3.1 0.4990] 0.4991 10.4991 {0.4991 0.4992]0.4992 | 0.4992] 0.4992 | 0.4993 | 0.4993
3.2 0.4993] 0.4993 | 0.4994 [0.4994 | 0.4994 | 0.4994 | 0.4994| 0.4995 | 0.4995 | 0.4995
33 0.4995] 0.4995 | 0.4995 | 0.4996| 0.4996 | 0.4996 | 0.4996) 0.4996 | 0.4996 | 0.4997
3.4 0.4997] 0.4997 | 0.4997 | 0.4997| 0.499710.4997 | 0.4997] 0.4997 | 0.4997| 0.4938
35 0.4998! 0.4998 | 0.4998 [ 0.4998] 0.4998 | 0.4998 | 0.4998| 0.4998 | 0.49930.4998
3.6 0.4998| 0.4998 {0.4999 [ 0.4399] 0.4999 | 0.4999 [ 0.4999| 0.4999 | 0.4999 | 0.4999
3.7 0.4959| 0.4999 [ 0.4999 | 0.4999 0.4999 ] 0.4999 | 0.4999| 0.4999 | 0.4999 | 0.4999
3.8 0.4999| 0.4999 | 0.4999 {0.4999| 0.4999{0.4999 | 0.4399| 0.4999 | 0.4999 | 0.4399
3.9 0.5000! 0.5000 | 0.5000 10.5C00 05000 0.5000 | 0.50001 0.5000 | 0.5000 { 0.5000
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TABLE OF LAPLACE TRANSFORM FORMULAS

~ !
2[1'"] = S::I-l-l
1
Lle"] =
N oo

@p-1 l] = 1 =1

a = -

Llsin at] = = 1 b
sl S ras 2 33‘_52’+a2_—;sul1at
$[cos at] = Eaaan e
at] = = = 2
s + a? 3 ’_52 T2 cos at

First Differentiation Formula
f_g[f(rl)(t)] = 5" Eg[f(l)] s Sn—lf(o) i su—zfr(o) g, o f{n-])(o)

.59[ f fu) du} = lHE’[f(t)]
() 5

l {
Sf‘[; F(s)] = fo LF(s)] du

In the following formulas, F(s) = L[f(1)] so f(1) = L7 '[F(s)].

=
First Shift Formula

Lle"f()] = F(s — a)

Second Differentiation Fermula

d,, Z1f(1)]

ds

Ee"f]-==1y

Second Shift Formula

Llu,()gt)] = e~ Llgt + a)]

2101-8/301

L-NF(s)] = e* £ '[F(s + a))

n f
:E”I[dFS)] = ("“I)ntnf([)

c!‘s."

L~ e “F(s)] = u,)f(t — a)



