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SECTION A [II(3)E 2005]

1. Consider the mapping

from the z-plane (z = z -+ iy) to the w-plane (w = u + 1v).

(i) Find u and v in terms of z and y.
(ii) Show that the circle in the z-plane
(z—4)2 + > = 5°
maps to a circle centred at (0, 0) and of radius 1/5 in the w-plane.

(iii) Show that the straight line y = z — 4 maps to the straight line v = —u in the
w-plane.

(iv) To what does the straight line z == 0 map in the w-plane?
(v) To what does the line straight line ¢ = 4 map in the w-plane?

(vi) Where are the fixed points of this mapping?

2. Consider the contour integral

e'iz
——dz,
]i' (2% 4 4)2

where the closed contour C consists of a semi-circle in the upper half of the complex

plane.

Use the Residue Theorem to show that

The residue of a complez function f(z) at a pole z = a of multiplicity n is given by

i | e A= 9" )

z—a (n —-1)!

PLEASE TURN OVER



[I1(3)E 2005]

3. Consider the real integral

27
I=/ v
o 3+cosf

Taking the contour C as the unit circle z = e, show that

27{ dz
I =24 %
i Jo 22+6z2+1

Hence show that
2

I =2,
V8

The residue of a complez function f(z) at a pole z = a of multiplicity n is given by

i | (= 0" £}

z—a (n—1)!

4. The sawtooth function II(t), the tent function A(t), and the sinc-function sinc (t)
are defined respectively by

@) = { 0, otherwise,
1+t, -1<t<0,
A(t)_{l—t, 0<t<1,
and in(t/2)
sin
sinc(t) = - .
W=
Show that the Fourier transforms II(w) and A(w) are
(i) T(w) = sirc (w) ,
(i1) A(w) = sine? (w) .

Given Parseval’s equality

[ rora= g [ Fwf,

—oo -
show that

o
(iii) / sinc? (w) dw = 27,

-0

o

4

(iv) / sinc* (w)dw = =,
N ‘ —o 3



[II(3)E 2005]

5. Given that f(s) = L{f(t)} is the Laplace transform of f(t), prove that when a is a
constant

L{®f#)} = f(s—a) s>a.
A 2nd order ordinary differential equation, with initial values, takes the form
d*z dz dz
— —_— 2 = — = —_— = =
72 + 8dt + 20z = §(t—2), T p 0 when t = 0,

where ¢ represents the Dirac delta-function.
Use the Laplace convolution theorem to show that
lem4t-Dsin2(t-2) t>2,
z(t) =
0 0<t<2,

satisfies the differential equation and its initial conditions.

w

Yo ssume that L{sinwt} = ———.
u May assume { } o

6. Two functions f(t) and g(t) have Laplace transforms f(s)=L{f()} and
d(s) = L{g(t)} respectively.

If the convolution of f(t) with g(t) is defined as
rt
frg= | fwglt-v)du,

use double integration, with a change of order, to prove the Laplace convolution
theorem

L{f*xg} = F(5)F ().

Hence, or otherwise, show that

1 1,
ﬁ—l{m} = E(smt—tcost).

w

Yo ssume that L{sinwt} = -7/
ou may assu at L{sinwt} o

PLEASE TURN OVER
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(i) Consider a two-dimensional region R bounded by a closed piecewise smooth

curve C. Green’s Theorem in a plane states that for a two-dimensional region
R bounded by a closed, piecewise smooth curve C,

{P(z,y)dz + Q(z,y)dy} = oQ 9P dzdy
c r\ 0z Oy

where P(z,y) and Q(z,y) are arbitrary differentiable functions. Using this
theorem, choose the components of a vector field v(z,y) in terms of P(z,y)
and Q(z,y) to prove the two-dimensional form of Stokes’ Theorem

%v.dr = //k.(curl'v)dmdy, r=zi+yjJ.
C R

(ii) With a suitable choice of P and @, show that

%C(—ydx—’rxdy) = //Rdmdy. (1)

(iii) If R is the region whose upper ancl lower boundaries are the line y = z and
the curve y = %xz and whose left and right boundaries are the vertical lines
¢ = 1 and = = 2, sketch the region R in the z — y plane and, by evaluating the
line integral on the right hand side of (1) and the double integral on the left

hand side of (1), show that they both take the value 2/3.



[II(3)E 2005]

8. Compute the Jacobian matrix J of the co-ordinate transformation from polar to
Cartesian co-ordinates given by

z
Y

rcosf ,
rsing .

i

Let A be the annulus between two concentric circles, centred on the origin, of radius
1 and 2 respectively as in the following figure

By transforming to polar co-ordinates and using the fact that dedy = | det (J)|drdo
or otherwise, compute the following integrals

/J(q drdy,

// zdxdy,

A

// (22 +y*)dz dy.
A

PLEASE TURN OVER



[II(3)E 2005]
9. Let F' = (Fy, Fa, F3) be a vector field and ¢ a scalar field in three dimensions.
Define grad ¢, div F and curl F'.

(i) Suppose that F; depends only on z, F; depends only on y and F3 depends only
on z.

Show that

grad(F.F):2<F16F1 OF, an>

8:1:’F2 8y’F3 Oz
and calculate grad (F'. F) for the case

F = (2% 4% 2%).
(ii) Let v be a constant vector. Calculate div(F X v), where F' x v is the cross

(vector) product of F and v and hence show that

div (F x v) = (curl F) v.

(iii) Suppose that F3 = 0 and Fy, F depend only on z and y.
Show that curl F is a vector in the z direction.
Calculate curl F for the case

F=(y,4%0).
10. (i) Show that the line integral

1
/ [a:(cosy + 1dz — =2 sinydy}
c 2

is independent of the path C joining the initial point of the path to the final
point.

Evaluate the integral for a path C from (0, 0) to (1, 7/2).

(ii) Let R be the square region defined by 0 <z <land 0Ly <1.
Let C be the boundary of the region taken in the counter-clockwise direction.
Evaluate
?{ [-y?dz + z*dy],
c
(a) directly, and

(b) by using Green’s theorem in the plane.

Green’s theorem in the plane states that

ji(sz + Qdy) = //R (% - ‘Z—g) dz dy



SECTION B [LI(3)E 2005]

11. An electrical system consists of two subsystems, A and B, that operate indepen-
dently. Each subsystem can be in one of three states, down, dormant or active. The
probabilities of finding A in these states are 1/3, 1/2 and 1/6, respectively, and the
corresponding probabilities for subsystem B are 1/3,1/3 and 1/3. The system is
active only when A and B are both active, and the system is down if either A or
B is down (or both); otherwise, the sysiem is dormant. Calculate the probabilities
that the system is down, dormant or active.

Raising subsystem A from down to active incurs a cost of 2 units, and raising it from
dormant to active costs 1 unit. The corresponding costs for subsystem B are 3 units
and 1 unit. Compute the expected cost of achieving system state active, given that,
initially, neither A nor B is active. What is this cost if it is known beforehand that
subsystem B is dormant?

12. The random variables X7 and X have a joint probability distribution in which X;
can take values 0 and 1, with respective probabilities 1/3 and 2/3, and X» can take
values —1, 0 and 1. The conditional distribution of X given X, can be summarised
by .

1 )
t
¢

ol b o N

)
S, P=1Xi=1)=

)

P(Xo=—1X;=1) =

(i) Draw up a table showing the joint probabilities P(X1 = z1, X2 = To) for all
possible pairs (z1, z2).

(ii) Calculate P(X2 > 0), P(X2 < X1) and P(X;=0|X2 > 0).

(iii) Find the ratio of means, E(X32)/E(X1), and the ratio of variances, var(Xs)/var(Xy).

END OF PAPER
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Probabilities for events

For events A, B, and C P(AUB) = P(A)+ P(B)-P(ANB)

More generally P(U 4;) = S P(A) - P(ANA)+X P(A;NA;NAg)— -
The odds in favour of A P(A)/ P(A)

Conditional probability P(A| B) —P;(‘—;(—-;)El provided that P(B)>0
Chain rule P(ANBNC) = P(A)P(B|A)P(C |AnB)
Bayes' rule P(A|B) = P(4) P(B | 1_4_) —
— P(A)P(B]A) + P(A)P(B|4)

A and B are independent if P(B| A) = P(B)

A. B, and C are independent if P(ANBNC) = P(A)P(B)P(C), and
P(AnB) = P(AP(B), P(BNC) = P(B)P(C), P(CnA) = P(C)P(A)

Probability distribution, expectation and variance

The probability distribution for a discrete random variable X is the complete set of

probabilities {p,} = {P(X = z)}

Expectation E(X) = p = ) 2ps

x

i

Sample mean T Zxk estimates . from random sample z1,Z2,...,Zn
k

1
n
o

Variance var (X) =

2 = B{(X-p?} = B(X?) - pf where B(X®) =3 =

1 2
{Z 2 — ~ (Zx1> } estimates o2

k J

1
n—1

Standard deviation sd(X) = ¢

Sample variance §f =

if value y is observed with frequency ny
n=Yny, Yok= umy, LT =Yy
v k v k y

For function g(z) of z, E{g(X)} = > g9(z)ps

3 =\ 3

Ir;—Z

S
-

-1
Skewness f1 = E( is estimated by —— Z(

S
=\ 4

(E,‘—.II) —3

Q

4

<
=
~—

Kurtosis [ = E( — 3 s estimated by L I Z(
n —

S

Q



Sample median Z. If the sample values =3, ... , zp are ordered z(1) L z@2) < -+ < T(n)

Z = Tz, ifnisodd, and Z = 3(z@@) + x(&zz)) if n is even.
a-quantile Q(e) is such that P(X < Q(a)) = «

Sample a-quantile Q(a) is the sample value for which the proportion of values < Qo) is
a (using linear interpolation between values on either side)

The sample median Z estimates the population median @(0.5).

Probability distribution for a continuous random variable

The cumulative distribution function (cdf) F(z) = P(X<z) = /z f(zo)dzo
Te=—00
dF(z)
dz
BX) = n = [ efl@de, var(X) =" = BX") -

The probability density function (pdf) f(z) =

where E(X?) = /oo z* f(z)dz

Discrete probability distributions

Discrete Uniform Uniform (n)

1
ps=— (z=1,2,...,n) p=3m+1), o2 =L (n*-1)

Binomial distribution Binomial (n, 6)

Pz = (”) (1 -0 (€=0,1,2...,n)  p=nd, o*=nf1-0)

z

Poisson distribution Poisson ()
e

z!

(z=0,1,2,...) (with A >0) p=2Xx, a2=2A

Pz =

Geometric distribution Geometric (6)

pe=(1-071 (z=123,...) =g 0 ="
Continuous probability distributions
Uniform distribution Uniform (, 8)
1
— (a<z<pf), p=(a+06)/2,
HORE f-a
0 (otherwise). o? = (B - a)?/12.



Exponential distribution Ezponential (A)

Ae= (0 <z < 00), p=1/X,

flz) =
0 (-0 <z < 0). o2 =1/)2.

Normal distribution N (u,0?)

PR SR TCEY) s R
EX)=p, var(X)=o0"

Standard normal distribution N (0,1)

If X is N(g,0?), then Y = 5—0‘—3 is N(0,1)

Reliability

For a device in continuous operation with failure time random variable T having pdf

f(t) (¢>0)

The reliability function at time ¢ R(t) = P(T>1t)

The failure rate or hazard function a(t) = f(t)/R(t)
H(t) = /Oth(to)dto — —W{R{)}

The cumulative hazard

The Weibull(, 8) distribution has H({t) = pt°

System reliability

For a system of k devices, which operate independently, let

R, = P(D;) = P("device i operates”)
The system reliability, R, is the probability of a path of operating devices

A system of devices in series operates only if every device operates
R=P(D;NDyN---NDg) = R\Ry - Ry
A system of devices in parallel operates if any device operates

R=P(D;UD,U---UDy) =1-(1=R)(1~Rp)-- (1~ Ry)

Covariance and correlation

The covariance of X and Y cov(X,Y) = EXY)-{EX)HEY)}



10.

11.

From pairs of observations (Z1,%1),--+» (Zns¥n) Soy = D TkUk — l(Za:,-)(Zyj)
k noy j

1 1
Sez = in_;(zxi)z’ Syy = ny—;(zyj)z
k i i

P
1
Sample covariance Sgy = 1 Sgy estimates cov (X,Y)
n —
- X, Y
Correlation coefficient p = corr(X,Y) : dc(o;)(' | ()Y)
Sample correlation coefficient r = ——2— estimatesp
SezSyy -

Sums of random variables

E(X+Y) = EX)+E({Y)
var (X +Y) = var(X)+var(Y)+2¢c0v(X,Y)

cov (aX +bY, cX +dY) = (ac)var(X)+ (bd)var (Y) + (ad + be) cov (X,Y)

If X is N(uy,0%), Y is N(p2,0%), and cov (X,Y) =c,
then X +Y is N(uy + p2, 0% + 03 + 2c)

Bias, standard error, mean square error

If t estimates § (with random variable T' giving t)
Bias of ¢ bias(t) = E(T) -0
Standard error of ¢ se (1) = sd (T)
Mean square error of t MSE(t) = E{(T —6)?} = {se(t)}*+ {bias(t)}?

If T estimates . then bias(z) =0, se (%) =o/vn, MSEZ)=c%/n, 8 (T)=s/Vn

Central limit property if n is fairly large, T is from N(u, o2/n) approximately

Likelthood

The likelihood is the joint probability as a function of the unknown parameter 6.

For a random sample z1,Z2,...,2Zx
£0; z1,%9,...,2,) = P(Xi=m 16) - P(Xn=2za |6) (discrete distribution)

06; 21,22, 2n) = flz1]0)f(z2]6)--- f(za]0) (continuous distribution)

The maximum likelihood estimator (MLE) is @ for which the likelihood is a maximum.




12. | Confidence intervals

If z,,zo,...,T, are a random sample from N(p,c?) and o2 is known, then

the 95% confidence interval for pis (% — 1.96%, Z+ 1.96—\7—;1_)

If o2 is estimated, then from the Student t table for ¢,_; we find to = %,_1,0.05

The 95% confidence interval for u is (€ — toVS_T—L, Z + to“—s—\/ﬁ)

13. | Standard normal table Values of pdf ¢(y) = f(y) and cdf &(y) = F(y)

oy) ®w)| v o) W | v 4@k 2Ww| v 2
399 5 o 266 .816|1.8 .079 .964 |28  .997
307 540 | 1.0 242 .841 (1.9 .066 .971 |3.0  .998
301 579 |11 218 .864 [2.0 .054 .977 |0.841 .8

381 618 |1.2 .194 .885 |21 .044 .982 |1.282 .9

1.3 171 .903 | 2.2 .035 .986 |1.645 .95
350 691 |1.4 .150 .919 |2.3 .028 .989 |1.96 .975
333 726 |15 .130 .933 |24 .022 .992 |2.326 .99
312 758 | 1.6 .111 .945 |25 .018 .994 |2.576 .995
2900 788 | 1.7 .094 .955|2.6 .014 .995 |3.09 .999

o N O G Wb O
o
D
0
o))
n
b2y

14. | Student t table Values t,, of 2 for which P(|X| > z) = p, when X is t,,

p .10 .05 .02 0.01 p .100 .05 .02 0.01
m 1 6.31 12.71 31.82 63.66|m 9 1.83 226 2.82 3.25
2 292 430 696 9.92 10 1.81 2.23 2.76 3.17
3 2.35 3.18 454 584 12 1.78 2.18 268 3.05
4 213 2.78 3.75 4.60 15 1.75 2.13 2.60 2.95
5 2.02 2.57 3.36 4.03 20 1.72 2.09 253 2.85
6 1.94 245 314 3.71 25 1.71 2.06 248 2.78
7 1.89 2.36 3.00 3.50 40 1.68 2.02 242 2.70
8 1.86 2.31 290 3.36 oo 1.645 1.96 2.326 2.576
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Chi-squared table

Values x; , of z for which P(X > z)=p, when X is x: and p = .995, .975, etc

995

975 05 .025 .01 .005| k .995 975 .05 .025 .01 .005

- O WY s W N e s

o R oo e

000
010
072
207
412
676
990
1.34
1.73
2.16
3.07
4.07
5.14

001 3.84 502 663 7.88 |18 626 823 28.87 31.53 34.81 37.16
051 500 7.38 0.21 10.60| 20 7.43 959 3142 34.17 37.57 40.00
916 7.81 9.35 11.34 12.84| 22 8.64 10.98 33.92 36.78 40.29 42.80
484 949 11.14 13.28 14.86| 24 9.89 12.40 36.42 39.36 42.98 45.56
831 11.07 12.83 15.09 16.75| 26 11.16 13.84" 38.89 41.92 45.64 48.29
1.24 12,59 14.45 16.81 18.55| 28 12.46 15.31 41.34 44.46 48.28 50.99
1.69 14.07 16.01 18.48 20.28| 30 13.79 16.79 43.77 46.98 50.89 53.67
918 1551 17.53 20.09 21.95| 40 20.71 24.43 55.76 59.34 63.69 66.77
270 16.92 19.02 21.67 23.59| 50 27.99 32.36 67.50 71.41 76.15 79.49 |
395 13.31 20.48 23.21 25.19| 60 35.53 40.48 79.08 83.30 88.38 91.95
4.40 21.03 23.34 26.22 28.30| 70 43.28 48.76" 90.53 95.02 100.4 104.2
563 23.68 26.12 20.14 31.32| 80 51.17 57.15 101.9 106.6 112.3 116.3
6.91 26.30 28.85 32.00 34.27|100 67.33 74.22 1243 129.6 135.8 140.2

16.

17.

The chi-squared goodness-of-fit test

The frequencies n,, are grouped so that the fitted frequency 7, for every group exceeds

about 5.
2 (ny—ﬁy)z . 9 it e e .
X = > o ks referred to the table of x2 with significance point p,
Yy Y
where k is the number of terms summed, less one for each constraint, eg matching total

frequency, and matching T with L.

Joint probability distributions

Discrete distribution {ps,}. where p, = P({X =z}n{Y = v}).
Let pge=P(X =2z), and puo =P =y) then

. Pz
pee = S P and P(X=gz|Y=y) = ==
y Dey




18.

19.

Continuous distribution

Joint cdf F(z,y) =

Joint pdf

Marginal pdf of X

Conditional pdf of X given Y =y

PUx<ain{y<w) = [

Linear regression

To fit the linear regression model y

y
/ f(zo,yo) dzo dyo
Yo=—00

; =—00
f(z,9) St i( z;jy)
fx@) = [ fmvo)du
fxy(zly) = i@:—’y—)— (provided fy(y) > 0)

fr(y)

a+ Pz by §p=a+ Bz from observations

(21,%1),---» (Zn,Yn), the least squares fit is

o~

"_lj--?fﬁ, B = S:vy/S:cz

a =
g2
The residual sum of squares RSS = Syy — —S—”l
—~  RSS n—2 -~ .
U2=n-—2 , —;2—02 is from x2_,
E(af) = &, E(A) = IB'
2 R 2 R -
var (@) = Esi;az , var(fB) = Um , cov(®,fB) = - S:; o2
-~ 1 _ 2

G.=G+Bz, E@)=a+ps, var(@) = {; (:cS 7) } 2
a-a B — IB gm — -
% @)’ =)’ =) are each from t,_2

[ e T

-1 1 -1 1 1 -1
-1 -1 -1 -1 1 1
1 -1 -1 1 -1 1
1 1 -1 -1 -1 -1
-1 1 1 -1 -1 1
-1 -1 1 1 -1 -1
1 -1 1 -1 1 -1
1 1 1 1 1 1



PAPER

 BE e MATHEMATICS FOR ENGINEERING STUDENTS
\: oot Hi EXAMINATION QUESTION/ SOLUTION '3
\ sy ee 2004 — 2005 C .
e \ o
Please write on this side only, legibly and neatly, between the margins
[ SOLUTION
W= " s
Z2-¢ A
0*) WALV = a-yay (n) 4y ™
n-4 | __ Y , 3
ot v T ooa [
("\’le) L'{'\J 3 Cﬂ,—l{—) 1——(—\1 P ( -)
| L\ > ~
. 1 — ) Corele  tairted
\o) w +v = (‘l-‘*)"-ru’ /g L Z
ot (0)0) mdhuv /g‘.
. /| 1
c) lw () y=nb pre W= — v =~
) =

= s ’ v = 7 J
yr+tb 7 gl
| \
‘ L L T, e — U
Coou vt |/ = =
[&—u)**v - ] y b &

A e 22 M A

Circle btk o b”

_e_) bw &) =k 7—»«:—“ w=0, v= "'l/\jL T han

\&:L‘ wurs

q(l) STEN /nn‘h/‘& 2, sahefy 2, = W, = z, -4

! 202—"1'17:o —1 =0
202 1[ Wt f1erw} ]

_ L'L!*ff’] [sph o reek awis,

(—-’/‘—'o) redvw @ Dn woplee,

o Fhe VosX:S (nza) & the wopla-c.

IR G )‘.[3 Bow Sefter's signature : J.)) . /{pl/l.m

Setter :

Checker : 9\ L. TALD &€

Checker's signature : /’ L-Jc N
N~ . ’_C/KJ(_R

.

d



MATHEMATICS FOR ENGINEERING STUDENTS

PAPER
{ EXAMINATION QUESTION / SOLUTION
| 2004 - 2005 3
QUESTION
Please write on this side only, legibly and neatly, between the margins
Y a H SOLUTION
é‘ e,‘& F(z)d¥ /J\\HR . Z-RL __E_’)’__
C P2 hee poke WS >
W\& h’vﬂw\&l‘fﬁ'—h B
N
&LF(% YAt = 21xix€8u~m—(f- rendh vt rF*t Ft)
N N ! -~
l Mfmrrb-o """""ﬂ"r/"’rh"} h)
F(T)Z 2 o
(23+4u)* B S TN P Rt Fluid
—o© : R
. Hg
Q)%F(%) hon o Aowihe l'cs'&’2 a- 2=
W2, 2
Rewdue A g d (2202 }
25 24 A (gryu)?
. A A [.&i
z> 2 AT [(a4n) | ‘
( g
- g,z [ () - 2] :e-z.{—u,—Li
(2+20)7 ) ) aen (w)?
! 2- A /Re:;':: ‘)b
“oyweTT j’“ ™" dw + [:L* )lde
M prt ot joo Fwm AN 220 L«o 75—4-9(.»-& Lo vs~s
il 1 Owl. lrh
~o —rl\«) ) s P L+3
z\) =] 7O
\—\a 8‘0"“"‘"{'}"7 Sl [Fa)|o e R —>
M J‘oo CoA M Awn _ Q:_:l_«:
—o0 (mt +y)? B let™ 1
Setter : J-D. GIBBoON Setter's signature : \Tb. o Wl

Checker : . St Checker's signature : W



MATHEMATICS FOR ENGINEERING STUDENTS .
EXAMINATION QUESTION/SOLUTION

PAPER

2004 — 2005 s
QUESTION
Please write on this side only, legibly and neatly, between the margins
- . SOLUTION
w y 1o ~168) -
° 3+CU"® - i’(\’:“t“/-?:)
Ayr=1e'Cdo = ixde
-
T- 4 zd? _ oz c
VoY b (2t2) L L-—{'(o%—fl
W C. aX Heo wndlcarcle /‘_ﬁ
e * —> N
24 b+ [ 5 (H3)7 - ¢
D Thaa et 2 fimpha /rbﬁ . Fla Mok axd at
r = —31dy # iwgle C
: — ouwhde C ;Okm
2

LT = 2w {__x Rupdve f (2 GE+)
Flea rm ~t z—»-s-r("

T (oL g

P (2—%+)(%-‘;-) 2y -2~
A
— 24¢
. T = 2w
i
setter 1 J-D. GIBROWN Setter's signature : TD z-;t'llhm .

Checker : Y. (s Checker's signature : %74

©



MATHEMATICS FOR ENGINEERING STUDENTS

PAPER

EXAMINATION QUESTION / SOLUTION 3
2004 — 2005 ,
QUESTION
Please write on this side only, legibly and neatly, between the margins
y SOLUTION
o S WY . ‘ ~E EFy
1) Mmlw) = J R T (et = (. C de S
~c0 -
. l/ ) )
= - —l‘ [ Q'lwej.h = 2(2-“4/1’{- o)
e —h 2.
= M =~ Sant W L‘—
W/
s ~ 't
W) ON(w) = [T e TR Al = / (|+4—)+; \ukb+]([4)cl
—
) . o ~ttat Y
-1 T
Lt
___J ‘kﬂ,w’to\l’
_ N
ne = J e — ) [ remut A
f ot W —|
ey Lt - "’J ~ '\u +
f., e e Eol(fmwb) = ~
. _/\(ua> N Z[Q‘““ + ces W —) ,_Lg.fn'wlill“
LW . W Wt - —
w"
LN 0 X [ ’ 2
1\\> j e hw = ZT\[ I')T(P))Lolk-ﬁf'\ = Sne W,
VA - “ :
- - )
W \/\‘c - ur ~ 27N J‘o‘ 1.
) s Aint W A u ' o /_/_\.(k), Y
— ° 2 . ! L
2w (0 T + [ (- A¢~}
oo [ (e ar e L (el e
[+] . .
) - \r'l' J\l’
- ww [E-eteie, .
e
- Lkﬁ/}
setter : I D. quBBDH Setter's signature : J-D - 'QTlmﬂfk

Checker : Y. ¢ Checker's signature : W

(9



MATHEMATICS FOR ENGINEERING STUDENTS .
EXAMINATION QUESTION / SOLUTION

PAPER

4

(s+u) "+
flel = §(c-2)
9 (&) = 1ot enlE by DT N

¢ (wVefst -
14[;&)5(&))
£ () % 3Le)
= 3 fOES(naL—l) e o 1l w)du

= gf Q”u{k"z’)}\"h 2(6—.1) E>

¥

!

<

=
—

pu
it

)i

7]

0 <2

IN

—

o
Z g\ g‘k%‘, (6)3 S "(Sra)t',)(‘,(r A = _P (S'/m)

setter : ., GIDBON Setter's signature : T . e-"—'\:l/l.m
Checker:

2004 - 2005
QUESTION
Please write on this side only, legibly and neatly, between the margins
S i levd for bookwedt | SOLUTION
® ot Cw +20 % = M%-?—) x (o) =V ES
- “[6) =0
| . 'ZL»I)-'— Y (“) ‘)L(O)
7 )= shcts)
J ~Jt o(t' L, 2'5
’. ( + 8 +L°> J)" < J{i——?-) - $>0
~2J -2
R s — =
wl(y) = _— = :
St 85 teo (s+¥)"+ 4 S

ignature : \S
V L Checker's signature : %)@ O



MATHEMATICS FOR ENGINEERING STUDENTS . PAPER
EXAMINATION QUESTION/ SOLUTION 3
2004 - 2005 _
QUESTION
Please write on this side only, legibly and neatly, between the margins
SOLUTION
- b S b
L (4xg) = L7 e ) Fwglldugdr Et
cksv\&m e 07 Q7£ (k"(ﬁk, w a=t
oo 0o Z‘
_ /f(w){j et (t’u)ak{—)o\u >\
° u \ \ \ 5 (f fc)
S T=EW T - ¢

_ jaojc(u) (Joo{,,([—mu)ﬁ(f)o\i-),\“
[7 et e [T e = L5

i\

— v |
2 (fae%):[jt (s)J = (—l—'FSL)L“
- z’(gﬂf—_‘{;}% = fef Wb f() = !isL

—_; ’)C(E) = fAntb

28l AR

= {J "Lm(zu\-t)..cnl—\]o\u
/‘\':W [3—.:[—-—!/\

, e : —
. J%J = jo hnw }\V\(P’“)’L\* QOJCA'B) - Cw [44’!3)

-

- Fr

[“(Lu\ \r)P —i;&'t%l’
[

s«v\k—%v\( "J -7 st
= 1 [wwt - bestt)

Nere: own asruphlle aatbhod 16 b ouse @& mezkrw

3—- W = __'____ — _QZ_L?_—L- 9 Juvyt
VW syt sty ot (s*+2)*
-~ ~ .
Setter : V- D. G;l BRON Setter's signature : J- D. 'QTI o

Checker: VI Checker's signature : M

(s



PAPER

3

MATHEMATICS FOR ENGINEERING STUDENTS
EXAMINATION QUESTION / SOLUTION

.

2003 - 2004
QUESTION
Please write on this side only, legibly and neatly, between the margins
- ) ~ _ ‘ SOLUTION
[a G- oo ”-“’j, Q= % (f"yti\'l—(’)t(“v: Lj/r‘k‘ly E7
L 2 S AU

G

7 A l
7(\[':&,‘7 = =y dus wdy ot
o v"l 7»;3(
(‘ H 2 . (]
}} L j 3V put ' ‘ (})
= P ] l"
LY e } , v s ; ;2 ?/ i <R . /
S
[ ; . . > 7
j. - / (r\\du-f\\dw) =
,(’aj AWM N 2
; " o | |
j‘ < / ?\‘A\j = / d\j = "l/,_ [ ool 7/(;~i = 2,/_!, b
Tz ;\>| ;
. ~ 3
W BT & = . ‘ AW po [ )
L} /(/} 5 \'\...{’(Yv» LX‘)’\ 7 L .£'l *VL\? Z ;} L\J‘}itu . ulv
l 8 fal .
= 2} (“";‘“‘1)‘4” = 2 Léul'évsj?
A A ’
Eb%:f‘i wetk i 7t C i fer VT .1 P + '} . ilu twnt oz (M )
e S PR3 Vi s}\!: = P Qo g . M ot e
QIR GV : v/ “h - y
- d x f)\:, N 15'"[‘“‘)”'])‘_1)
IO Q’) Cs

T. Frawtlorn aa

R

j D ﬁ?\
Checker : \7 C.

Setter :

Setter's signature :

‘\.T?Mh’

Checker's signature : &%7\%&



2™ Year Engineering Mathematics II(3) Solutions and Marking Scheme (J Stark)

C3 The Jacobian matrix is given by

ox  ox
_ '('97 -8—6 _ cos® -—rsinf
7 - & & - sin@ rcos@
Jr o0
Thus
dety = rcos®8 + rsin®@ = r
and hence
dxdy = r drd@

Thus, the first integral is

J. dxdy
A

1]
| S
(.
~
S:"'
L
D
1]
e )
k]
TN
Se—
~ [ %]
Q.
~
N—_———
Q

2 Marks
Only the 2" matrix is required

| Mark

| Mark

3 Marks

Observing that the integral is the area of A and
saying this is the difference in the area of
the circles of radius | and 2 is acceptable

The second integral

'” x dxdy
A

J. r*cos6 drdf
A

21 2
J. cosd j r dr |de
0 1

21 2
= j cosé [1 3] dg = j %cosede
0 1 0

= [sin 9]3” = 0

4 Marks

Arguing that by symmetry the answer must be O is acceptable

The third integral

'”.A (% + v?) dxdy = J. ) rdrde = j:n J.l 2r dr)

2z 2 2
= J. [% r4] de = J‘ —} de
0 1 0

4 Marks

(®



2" Year Engineering Mathematics II(3) Solutions and Marking Scheme (J Stark) 3 E ‘

C4 TheJacebian.matrixds-given-by.

ad = 9 9 9

gr (0 axvayaaz

div F = > 5 >
i j k

curl F = -é’— -92— -i;- fﬁ_ﬁ,ﬁ_ﬁfs_,ﬂ_fﬂ
ok dy & dy k' dk ox ox o
K B K

where 1, j and k are unit vectors in the x, y and z directions respectively.

3 Marks
Only one or the other form of curl needs to be given

a) We have

FF = (F) + (F)* + (F)?

Since F, and F; are independent of x, we have

J J JF,
—(F.F = —(F)* = 2F —L
ax( ) 9x( 1) 1
Similarly
J ) oF.
> (F.F) = > (F)? = 2F, —%
0 0 oF.
—(F. = —(F)? = 2F, —3
& (F.F) % (Fs) .
and hence
JF; oF. JF.
: = 2F =L 2F, =2 2F 22
grad (F.F) ( 1 2 > 3 6‘1)
3 Marks
Now if F = (x*,3%,2%) we have
grad (F.F) = (2x°2x,2y°2y,22%22) = 4(x3,v°, 42%)
| Mark
b) We have
i j k
Fxuv = R F, F = ((Favy— Fyv,),(Fyv, ~ Fyv3),(Fiv, ~ Fpvy))
Vi V2 Vs
so that
. 0 0 d
div(F x v) = —(Fvs—Fyvy) + —(Fyo,—-Fv,) + — (Fiu,—Fvy))
ox oy 24




[

2™ Year Engineering Mathematics I1(3) Solutions and Marking Scheme (J Stark) 4 @

v 4

dy I o ox &y
2 Marks
Conversely
oF, OF, oF, OJF, OF, OF
{cur] F).v = (El—jgzl,-gl_—él,_éxl_ ayl).(vl,'vz,%)
. (m_m o, o o, oF
dy k) k)’ x )
Hence, as required
div(Fx o) = (curl F).v
2 Marks
¢ We have
wnp = (BB K _R I _F
d k1 HxHx W
If F; = 0 and F, and F, are independent of z, we have
F, OJF
curl F = (0,0, %—x& - —gyl)
2 Marks
If F= (3%,%%,0) we have
curl F = (0,0,2x - 2y)
2 Marks

(is)
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() § (PM«L@M} = ff@wruﬁcl*

“ilj rf X+4)6{A]‘L‘ﬂ |
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' Lily=2 |4
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Pisystem down) = P(A down) + P(A not down N B down) 7

s+ (3 x 1) =2=05556.

= & = 0.0556 2

P(system dormant) = 1 — % - '1‘15 = % = 0.3839.

Eicost) = (2 + 3)P(A down N B down) + (1 + 3)P(A dormant N B down)
+(2 + 1)P(A down N B dormant.

+(1 + 1)P(A dormant N B dormant)

=5(3 x F)+d(3x ) +3(Exd)+2(dx D)

"‘J

Efcost | B dormant) = 1 + 2P(A down) + P(A dormant)

=1+

ol

(VN

+ 1 =1 (=2.1667)
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VY,=01] 1/15  2/15 2/151/3 Y

1 4/15  2/15 4/152/3

5/15  4/15 6/15] 1

41 PIX, > 0) = 10/15 (=0.6667) ; (
P(X, < X) = 7/15 (=0.4667) ; [
P(X,=0]X,>0) =4/10. 2

1) means: E(X;) = S zp(zy) = 2 (=0.6667); |
BE(Xy) = & - & = & (=0.0667); ]
ratio = Tlﬁ‘ ‘

variances: var(X;) = S 2?p(z,) —E(X )P =% -4 = 2 (=0.222) 2.
var(X,) = H - 5l = 184 = 0.7289, ratio = 52 = 3.28, 2
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