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INSTRUCTIONS

Answer any four questions only from the five questions provided. If you do all the questions, the first four will

be only marked. Each question carries 10 marks.
ANSWER THE QUESTIONS IN THE SPACE PROVIDED

1. a) A digital encoding system transforms a message in terms of a number system using the following
equation matrix (4 marks)

(i _al)(—21 i)_(_zl i)=(1b2 Cci)

Determine the value of a, b, ¢ and d.
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b) Determine the eigenvalues and associated eigenvectors of the matrix given below: (6 marks)

1 -3 3
A= (3 -5 3)
6 —6 4
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2. Evaluate the following expressions given below using the table of Laplace transform in the formulae

sheet
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a) Laplace transform of (4 marks)

2tsin3mwt + e %t cos4t + 6t3e3t + t3

b) Laplace inverse transform of (6 marks)
3 —2s
s2+4s+8
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3. The pressure vs temperature data measured using a reator experiment si given below:
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Temperature

87.5 84 77.8 63.7 46.7
T(K)
Pressure P

292 283 270 235 197
(kPa)

Determine a second degree parabolic curve of the formP =a T2 + b T + ¢ to fit the given data.
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4. a) The production of refined oils (in barrels) from crude oil in Sohar refinery for the last 20 years is given

below:
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Year (X) 2007 2011 2015 2019 2023
Production in
thousand of 250 284 323 306 223
barrel per
year(y)
Estimate the production of oil in the year of 2022. (5 marks)
| Marks | 3040 | 4050 | 5060 | 60-70 | 70-80 |
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b) In [ No.of Students | 31 | 42 | 51 | 35 HE an

examination the number of candidates who obtained marks between certain limits were as follows

Calculate the number of candidates whose scores lie between 45 and 50. (5 marks)
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5. The pressure P, of a gas, varies with temperature, t according to the following 2"-order differential
equation
po d*p dP
P-P +P =t where P” - —— & P’- —
dt dx
The initial boundary condition are given as P (0) =1 and P’(0) = 1.
Solve the equation to determine the pressure in terms of t using Laplace and inverse Laplace transform.

(10 marks)
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Formulae Sheet

1. | the normal equations fitting to a straight line

a) x> +bY x=>xy
and a) x+bn=>"y

2. | the normal equations fitting to a linear second-order degree curve
ay x +bY x +cd> %" =>xy,
ay x> +bY x +eX % =D XY,
azxi2 +bzxi +en= ZYi

3. | Newton's forward interpolation formulae

plp—1) p(p —D(p—2) p(p—1) - (p—n+1)

Yn (%) = Yo +pAy, + X A%y, + A3yyeee o +

3l

4. | Newton’s backward interpolation formuala

p(p+1)

p(p+1(p +2) p(+1)---- (p+tn—-1)

szn V yn ...... +

Yn(X) = Yn +DVyy + 3l

2!

5. | Newton’s divided difference interpolation formula

F0) = F0) + (X=2)A f (%) + (X=X )(X=X)A% f (%)) + (X=X, )(X =X )(X =%, )A® f (x;)
...... + (o — x0) (x— x7) (% — x5) -+ o (X — Xp_1) A" (%)

6. | Lagrange’s interpolation formula

0 = ) (0k) s OERIE) () ()R X
(6 =)0 =) 05 =) O =X)06 =)0 =x) G =x) (g =X

(xn=x0)(xn—x1)" (Xn—xn-1)

(x=2x0)(x=2x1) (Xx=xpn—-1) f( )
n
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Table of Laplace Transforms
fi)=2F)| () =F(s) fr) =$7(F) | 2(f) = Fls)
L. | 1 11. te™ 1
s (s + a)’
2. ! l.rrl::" s |12 " e (m— 1)1
(mn—1)! § (s + a)"
3. e | 13. e (1 — ar) d
s+a (s +a)
4. | —e™ a 4. | [(b—a) + 1)e™ s+ b
s(s + a) (s + a)?
5. cos af : 3 : 15. | sinat — afcosai I
Ll Esl + ﬂl}l
b. sin af g 16. t sin at 2as
s+a (2 + a2)?
1. | — cosat a 17. | sinat + arcosat las
e ERr:
B.| at— sinat & 18. t cos at P -
9. | o _ M b—a 19. e “ sin bt b
(s + a)(s + b) (s +a) + b
10. | ge @ — pe™ sla — b) 20. e " cos bt sta
(s + a)(s + b) (s + a)* + b

The differentiation property of the Laplace Transform

df (t
dE:){ £ »s F(s)—f(0)

d*f(t - '
dt(z}{ £ ,s?F(s)-sf(0) -f'(0)
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