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THE PAPUA NEW GUINEA UNIVERSITY OF TECHNOLOGY

DEPARTMENT OF MATHEMATICS & COMPUTER SCIENCE
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FIRST YEAR BACHELOR OF APPLIED MATHEMATICS

AM112 — CALCULUS AND ALGEBRA

TIME ALLOWED: 3 HOURS

INFORMATION FOR CANDIDATES
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Write your name and studert number clearly on the front of the examination booklet.
You have 10 minutes to read this paper. You must not begin writing during this time.
Answer Question 6 (it is compulsory), and any other four (4) questions.

All answers must be written in examination booklets only. No other written material
will be accepted.

Start the answer for each question on a new page. Do not use red ink.

Notes and textbooks are not allowed in the examination room. All mobile phones and
electronic/recording devices must be switched off during the examination.

Scientific calculators are allowed in the examination room.

A formula sheet is attached.

MARKING SCHEME

Marks are indicated at the beginning of each question. All questions carry equal marks.
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Question 1 FUNCTIONS AND LIMITS (10 marks)
a) Given the identity (log,a)log,b) = 1. Solve (log,81)(log;32) without using a

calculator. Show your working out. (2 marks)
b) What is the amplitude of f(x) = %cos x? (2 marks)
c) Iftanhx, = %what is sinh x¢, and cosh x? (2 marks)
2
d) Findlim,._,, ij-zi (2 marks)
e) First rationalize the numerator, then find lim,,_,, —xzzi% (2 marks)
Question 2 DERIVATIVES (10 marks)
a) Find Z—Z of the implicit function, sin(x?y?) = x (Hint: You can use method of
substitution combined with the product rule to solve). (5 marks)
b) Find relative extrema using both the first and second derivative test, of
flx) = %x —sinx, 0<x<2m. (5 marks)
Question 3 INTEGRATION (10 marks)
a) Solvel = [ (sz ] =k ;;_2) dx. Complete integration of the 3™ term in the
integral by partial fractions and complete the whole problem. (3 marks)
b) solve: [ sec”x tan3x dx. (3 marks)

2
c) Find the arc length of the curve y = fz—from x = 0tox = 1. Arc length of a curve is

2
given by the formula L = jzb 1+ (%) dx. Solve using trigonometric substitution.

Draw the triangle to indicate the relevant working out. DO NOT USE ANY OTHER

METHOD. Helpful table is given. (4 marks)
Question 4 COMPLEX NUMBERS (10 marks)

a) Find and plot all roots of the following complex number /2 + 2i. (7 marks)

b) Express each root in its rectangular, polar and exponential form. (3 marks)
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Question 5 MATRICES (10 marks)

T
a) Calculate the inverse from A™1 = Eix [Ajk] where 4y, is the minor of a;; in det A

(adjoint) (3 marks). Check by using AA™! = I, (Show all steps) (2 marks).
1 2 5
0 —1 2

2 4 11

(5 marks in total)
(b) Find the eigenvalues and eigenvectors of the following matrix. You should obtain
two eiganvectors. Show that you can get four eiganvectors (4 marks) but two pairs
are equivalent (1 mark).

[g _62] (5 marks in total)
Question 6 VECTORS (10 marks)

a) Find the work done by a force p = [2, 6, 6] acting on a body if the body is displaced
from a point to a point B along the straight segment AB, where
A:(3,4,0) & B: (5,8,0). Sketch p and AB. Show the details of your work. (2 marks)

b) In the following w.r.t a righ:-handed Cartesian coordinate system, leta = [1, 2, 0],

b = [-3, 2, 0]. Find the following expressions.

i) axb, (2 marks)

ii) a-b (1 marks)
c)
The access door is held in the 30°
open position by the chain AB. If
the tension in the chain is 100 N,
determine the projection of the
tension force on the diagonal axis
CD of the door.
(Hint: Fop = Fpg - Tigp)

(5 marks)
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DATA SHEET for AM112 EXAMS 2023 SEMESTER 1

Trigonometrical identities

(@) sin?d | cos?8=1; sec?9 =1 +tan?6: coscc?d =1 4-coty

(b) sin(A + B) =sinAcosB + cosAsin B
sin{A — B} = sin A cos B — cos A sin B
cos(A + B) = cos AcosB —sin A sinB

cos(A —B) = cosAcosB + sinAsin

tanA + anB
tan(A | B) =
18 1—-tanAtan B
. tanA — lanB
tud—Beg +tanAtanB
(€} LetA=B=40 . SmM2p=2sinecosy

Hyperbolic identities

coshx + sinhx = ¢ sinh(x 4+ v) = sinhx cosh y + coshxsinh y
coshy — sinhx = ™" cosh{x + y) = coshx cosh y + sinh x sinh v
cosh® x — sinh? x = 1 sinh(x — y) = sinh x cosh y — cosh xsinh v
1 — tanh® x = sech? x cosh{x — ¥) == cosh x cosh y ~ sinh x sinh y
coth®x — 1 = csch? x sinh 2x = 2sinhx coshx

cosh(—x) == coshx cosh 2x = cosh® x - sinh® x

sinh{—x) == « sinh x cosh2x = 2ginh? x + 1 = 2 cosh®x — 1

cos 26 = cos? i —sin? =1 — 2si1% 0 = 2¢0s% 8 — 1

2tand
t =
an 2 T —tanZo

Derivatives and Integrals

1 % (x") = nx"1
d 1
{3 Y o

2 dx(inx} %
iy

3 g}wz(e") = X
A e oo

4 m(e‘ ) — ket
d & SR o

5 wg;{a y=a"1nu
d ;

6 wg;(tosx)zwsmx

7 -i (sinx) = cosx
d 2

8 -dz(mnx) = $8C*X

More derivatives

d . d
e {fan X} == seC” ¥ {800 x] = sec ¥ tin x
dx dx

d . d
ot X] = — o8¢ x e OSC X ] =2 = C8C I COL X
dx dx

TRIGONOMETRIC SUBSTITUTIONS

w41

il provided
Jx’*cuw e

|

.

1 dx ~ Inx+C
x

Sl dr =+ C

r%‘deée}XM@G
| K

o |rax=L-+c

i Ina

9

S lsinxdx = cosx 1 C

.

S jcosxdx = sinx 4O

S| sec? xdx = tanx + C

Specific integrals

ftanxdx = In|secx| + C

fsecxdx = In|secx + tanx| + C

Reduction formula

EXPRESSION IN . 1 . 1 n—1 it
THE INTEGRAND  SUBSTITUTION  RESTRICTION ON @ § MPLIFICATION sin"xdx = ——sin™ ' xcosx + sin™ 4 x dx
n
(173 B , N T N S| 1 n—1
Vot -i? x=asind  -w2<0<nR a?=xt=q" ~alsin?0 = a?cos?h _ g .
cos™x dx = —cos™ 1 xsinx + cos™ 2 xdx
- ) n
Va4 42 x=atamd A< 0<nl2 @ +xt= a4t tan?d = a? seed fa L
[0g<an Gtz ftannde = 1 ——ftan"‘zxdx
S x=asecd § L BTED. B BBt e iy - =
\m2<8<m (ifx<-a) . sec" “xtanx n-—2 oy
sectxdx = sec 4 x dx
n—1 n—1



Equation of a straight line:
Y=y =m(x —x)

The gradient of the normal is
equivalent to the negative
reciprocal of the gradient of a
tangent.

Radius of curvature,

3
ay\? |2
R=[1+gdi§)]

dx?
Position of centre of curvature
(h k)
h=x;—Rsinf, k

=1y; +Rcosf

INTEGRATING PRODUCTS OF TANGENTS AND SECANTS

f jan™ x sec” x dx

PROCEDURE

RELEVANT IDENTITIES

neen

Split off a factor of sec?x.
Apply the relevant identity.
Make the substitution # = tan x.

secix=tan%x+ 1

m odd

Split off a factor of sec x tan x.
Apply the relevant identity.
Make the substitution # = sec x.

2

.
tan“x = sec“x— 1

meven
nodd

Use the relevant identities to reduce
the integrand to powers of sec x alone.
Then use the reduction formula for
powers of sec x,

tanx = sec?x — 1

Volume by cylindrical shells: 1, = u": 2nxf(x)dx orV, = ff 2nyf(y)dy

2

Lengthofacurve L = |1+ (Z—z) dx

Eigenvalues and eigenvectors:

Ax = Ax & (A-AD
In vector algebra: T

Roots of a complex number: Vz = V/r (cos

=)
- AB
=n=T—
AB

O+2mk

4+ isin

0+2mk

) where; kK =0,1,2, -



