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INSTRUCTION: Answer FOUR questions only (Total: 60 marks)

Please use the answer booklet provided.

Question 1
-2 a -19 p 1 4

(a) fA=| b -4 10 andadj(A): 3 q I} finda,b,c,p,q and r.
1 c 7 1 2 r

(b)

-
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(6 marks)

A square matrix that does not have an inverse is known as singular matrix. If M is

31 =3
thematrix | 1 2k 1
0 2 k
(i) Find the two values of k if M is a singular matrix.
* ~ 2 (3 marks)
X -3
(i) Using the Cramer’s Rule, solve the equation M| y |= 5% in the case
Z 5
when k =2

(6 marks)
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INSTRUCTION: Answer FOUR questions only (Total: 60 marks)

Please use the answer booklet provided.

Question 1
-2 a -19 p 1 4
(@ KA=| b -4 10 |andadj(A)=|3 q 1|, finda,b,c,p,q andr.
c 7 1 2 r

(6 marks)

(b) A square matrix that does not have an inverse is known as singular matrix. If M is

3 1 -3
thematrix | 1 2k 1
0 2 k
(i) Find the two values of k if M is a singular matrix.
. e (3 marks)
X =5
(i) Using the Cramer’s Rule, solve the equation M| y |= 54 | in the case
z 5
when k =2
(6 marks)
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Question 2
01 0
(a) Givenmatrix A= 0 0 1
a'b ¢
(i) Find the characteristic polynomial of the matrix A

(2 marks)

(i) Can you find a 3by3 matrix M whose characteristic polynomial is
AN +1TA* =5h+T ?
(1 mark)

(b) Look at the spring-mass system as shown in the picture below.

k ok

N

Assume each of the two mass-displacements to be denoted by x, and x,, and let us

assume each spring has the same spring constant k. Then by applying Newton’s

2" and 3" law of motion to develop a force-balance for each mass we have

d*x
m, dtzl = —kx, +k(x, —x,)
d*x
m, Tzz =—k(x, —x,)

From the vibration theory, the equations can be rewritten as A x = Ax

[+ 5

If A=

4 -5

()  Find det(A) and —tr(A) (2 marks)

(i) Show thatthe characteristic polynomial is P(A)=17 —tr (A) +det(A)

- (2 marks)
(iii) Find the eigenvalues of the matrix (2 marks)
(iv) Find the eigenvectors corresponding to the eigenvalues in (iii). (6 marks)

£l
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Question 3

(a)

(b)

a

In control theory, it is often useful to work with complex numbers in the form Z =¢*'

where s is the complex number ¢ + jo and where t , ¢ and ® are real. The quantity

w is a frequency.

Zi) Find the real and imaginary parts of Z

(3.5 marks)
(i)  Find |Z]|
(0.5 mark)
The complex numbers Z, and Z, satisfy the equation Z* =2 — j 243
(i) Express Z, and Z,inthe form a + jb, where a and b are real numbers
o ' (5 marks)
(i) Represent Z, and Z, in an Argand Diagram
(2 marks)

N

(iii) Foreach of Z, and Z, find the modulus and the argument in radians.

(4 marks)

FKB 13102 / FKB 14102 ENGINEERING MATHEMATICS 1 3
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Question 4

(@)  Considerthe polynomial P(Z)=27° - Z* + 47’ —22% +8
Showthat Z, =1-j and Z, = j2 are the roots of P(Z)

(6 marks)

5

(b) A common requirement in control theory is to find the poles of a rational function,

G(s). The poles are the values of s that make the denominator zero.

(i) ~ Find the poles of the denominator of G(s): 5 & in the Complex
‘ : S ( S"+2s+5 ’

Domain.
(2 marks)
(i) Hence, decompose G(s) into partial fractions, also in the Complex Domain.
(Heaviside Method ié recommended)
¢ : (7 marks)

]
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Question 5

(a) If y=UV where U and V are functions of x, then the derivative of y can be

obtained by using the PRODUCT RULE, d_y =V d—U + Uﬂ
dx dx dx

2

‘Given afunction y = e >™* sin4mx where m is a constant.

(i) Find the first derivative, QZ
dx
(2 marks)
dZy
(ii) Find the second derivative, ve
X
(3 marks)
2.
(i) Hence, show that d—f ¢ din St 20y =0
dx dx
(3 marks)

e

(b) If y :% where U and V are functions of x, then the derivative of y can be

dU dv
d Vd— S § ookl
obtained by using the QUOTIENT RULE, d—y = __sz—dx
X
; P . coshx -1
() . Differentiate F(x)=———
coshx +1
(3 marks)
(i)  Hence, find the derivative of G(x) = In| <2M*~1
coshx +1
(The following hyperbolic identity may be useful: cosh’x —sinh’x =1)
(4 marks)

@
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Question 6

(e:) A vehicle of mass 500 kg, travelling on a horizontal surface, has its engine working at
a constant rate of 10kW against a resisting force of 25V N, where V is the speed
inms™.

The time taken for the car to increase its speed from 5 ms™ to 15 ms™ is given by

15
20v
v T=|————dv
".400~V2

S

Find T in seconds by applying the integration by substitution

(5 marks)
® @) By completing the square, prove that x*> +6x +16=27% + A2.
Determine Z and A
(2 marks)
. ) : 1
(i) Hence, determine _[-—»2—
‘ 2x° +12x +32
(3 marks)
(c) By using Integration by Parts, determine je“ sinx dx
(5 marks)

END OF QUESTION

Fy
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APPENDIX 1

3

Table of Differentiation

CONFIDENTIAL

4 (tan £(x)) = £'(x) sec*f(x)

dx
%(csc £(x))=~1"(x) ese £(x) cot F(x)
. %(sec f(x))=f'(x) sec f(x) tan f(x)
, %(cot £(x))= £ '(x) esc’f(x)

FKB 13102 / FKB 14102 ENGINEERING MATHEMATICS 1
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APPENDIX 2

CONFIDENTIAL

&(csc'lu)=|ul (_'_‘__dx ’ Iu‘>1

. @(sec u) ]u|\/—dX : !u’>1
—(cot'lu)— -lzd_u
. X I+u” dx

4 (sinh. u) =coshu du
dx dx
i(cosh u)=sinhu i
dx dx
a4 (tanh u) = sech®u Ll
dx dx
—(cschu)=—cschucoth u =
dx dx
e L (sech u) = -sechu tanh u du
dx dx
—(coth u) = —csch?u ]
dx dx

Y
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APPENDIX 3

CONFIDENTIAL

g lan )= <
. | %(csch'l ):W_:TUT%E , uz0
Ed);(se()h_l u):i{_&;% , O<u<l
e

Y
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APPENDIX 4

Trigonometric Identities and Formulas

| FUNDAMENTAL IDENTITIES RMULAS FOR NEGATIVES
csch = = sin(~0) = —sin @
sin6
. sech = cos (— 9) = cos0
cosf
cotd = I 9059 tan(-0) = —tano
tan®  sin©
—— sin 6 csc(—0) = —csch
cos 6
sin’0 + cos’0 =1 sec(—6)=sech
1+ tan’0 = sec’® cot(—8)=—cot®

1+ cot?0 = csc?0

DRITIONEORRULRS ¢ - pa
sin(A + B) = sinAcosB + cosAsinB sin(A — B) = sinAcosB — cosAsinB
cos(A + B) = cosAcosB —sinAsinB  _ cos(A — B) = cosAcosB +sinAsinB

tan(A+B): tanA + tanB tan(A—B)z tanA — tanB

. l—tanAtanB 1 + tanAtanB

gin® = 4 [L= 089 sin20 = 2sinBsind
2
1+cosd 0520 = cos’0 — sin’Q
cos— ==
2 =1-2sin’0
.......... =2c0s’0 -1
tan 6_1 —'cose _ _sinf tan20 — 2tane2
2 sin® 1+cosO 1-tan"0
UCT FORML
.. Ir. . . . . o+pf  a-P
sinainoac = 5[sm(a +B)+sin(a - B)] sina + sinf = 2sin——cos 5
lr. ; . . a+f . a-p
COSA0SuS = E[sm(a +P)—sin(o - [3)] sina —sinf} = 2cos——sin
) 1 atf  o-P
COSa0S0C = E[COS((J. +B)+cos(a—p)| cosa + cosP = 2cos———cos >
- 1 . a+B . a-PB
sinainas = E{COS((X —B)—cos(a+B)] coso, — cosP = —2sin——sin

2
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APPENDIX 5

CONFIDENTIAL

X

a

dx = sin_l(

I
/=

~ Integration of Inverse Trigonometric Functions

j+C , |x|<a

-1

\/212 —X2

dx = cos‘l(

a

X

j+C , |x|<a

J’cschzf (x )dx

Isech f(x)tanh f(x)dx =

-sech f(x) e

] £'(x)
jcsch f(x)coth f(x)dx = %ﬁ) +C

FKB 13102 / FKB 14102 ENGINEERING MATHEMATICS 1
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APPENDIX 6

dx =sinh™ (—)E
a

' I
T

CONFIDENTIAL

x?—a a
ltanh'l(i
j- dX _ ) a a
2 2 ]
e lcoth‘l[i)-kC
a 1

Fy
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APPENDIX 7

Table of Integration

Where f(X)Z ax+b and f'(X):a

Jeost(e)ax =100 o

f'(x)

; _ cosf(x)
Ism f(x)dx = —m +
Iseczf(x)dx = t_arL(x) +C

f'(x)

- Icsczf(x)dx:—M+c

f'(x)

. ) Isecf(x)tanf(x)dx:s—?%(;()-pCN
‘J‘csc f(x)cot f(x)dx = f(X) +C"

f'(x)

4
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