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INSTRUCTIONS AND INFORMATION

1.

2.

Answer ALL the questions.

Read ALL the questions carefully.

Number the answers according to the numbering system used in this question paper.
Show ALL intermediate steps and simplify where possible.

ALL final answers must be rounded off to THREE decimal places.

Questions may be answered-in any order, but subsections of questions must be kept
together.

Questions must be answered in blue or black ink.

Write neatly and legibly.
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QUESTION 1
1.1 If z=z=3In(x-2y) —e” determine:
11.1 8_2
OX (D)
0z
1.1.2 -
oy 1)
1.2 If the parametric equations of a curve are given as y=6-2t* and x =-3t+t* find
the equation of the tangent to the curve at the point wheret =-1. 4)
[6]
QUESTION 2
Determinejy dx if:
2.1 y = cos’ ax.sin® ax (4)
2.2 y = -
' cot* X
3 (4)
2.3 y - X2.23X (4)
y=—1
2.4 1-Xx+2x° (4)
2.5 y = arccotx )
[18]
QUESTION 3
Use partial fractions to calculate the following integrals:
21 —x?+3x+1 .
' (1-2x%)° (5)
- I x> —29x+5 .
' (x—4)(C +3)x : 1(2
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QUESTION 4
4.1 Calculate the particular solution of :
xﬂ—y—xlnx if y=3when x=e
dx (5)
4.2 Calculate the particular solution of:
2
1 d—¥+d—y+y:2x2 if y=1when x=0 and Y _1 when x=0 @)
2)dx® dx dx
[12]
QUESTION 5
5.1 51.1 Calculate the points of intersection of the two curves y = x* and y = x.
Make a neat sketch of the two curves and show the area bounded by the
curves in the first quadrant. Show the representative strip/element that you
will use to calculate the volume (use the shell method only) of the solid
generated when the area bounded by the curves rotates about the y-axis. 3
5.1.2 Calculate the volume described in QUESTION 5.1.1. (4)
5.2 521 Calculate the points of intersection of y = x* and y>.= 27x.
Make a neat sketch of the two curves and show the area bounded by the
curves. Show the representative strip/element, perpendicular to the x-axis,
that you will use to calculate the area bounded by the curves. 3
522 Calculate the area described in QUESTION 5.2.1. 3
523 Calculate the distance from the centroid to the x-axis of the bounded area
described in QUESTION 5.2.1. 5)
5.3 53.1 Make a neat sketch of the graph y =3sinx and show the representative
strip/element that you will use to calculate the volume of the solid
generated when the area bounded by the curve, the lines x =0, x=%
and y =0 rotates about the x-axis. 2)
5.3.2 Calculate the volume described in QUESTION 5.3.1. 3
533 Calculate the moment of inertia of the solid described in
QUESTION 5.3.1. (5)
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5.4 54.1

5.4.2

5.4.3

QUESTION 6
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A vertical sluice gate in the form of a trapezium is 4 m high. The longest
horizontal side is 6 m in length and 2 m below the water surface.
The shortest side is 4 m in length and 6 m below the water surface.

Make a neat sketch of the sluice gate and show the representative
strip/element that you will use to calculate the depth of the centre of
pressure. Calculate the relation between the two variables x and y.

Calculate, by using integration, the area moment of the sluice gate about
the water surface.

Calculate, by using integration, the second moment of area of the sluice
gate about the water surface, as well as the depth of the centre of pressure
on the sluice gate.

6.1 Calculate the arc length of the curve given by the parametric equations,

X =2e'sint and y = 2e' cost, over the interval 0 <t < % :

6.2 Calculate the surface area generated when the arc of x=3y® is rotated about the
y-axis between y=1 andy=2.
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FORMULA SHEET

Any applicable formula may also be used.
TRIGONOMETRY

sin? x + cos? x = 1

1 + tan? x = sec” X

1 + cot? x = cosec’ X

sin2A=2sin Acos A

cos 2A = cos’A - sin’A

tan 2A = 2ta—n2A

1-tan© A

sin? A = %= % cos 2A

cos® A = %5 + 14 cos 2A

sin (A £ B) =sin A.cos B £ sin B cos A

cos (A+xB)=cosAcosB u sinAsinB

tan A £ tanB
1lptanAtanB

tan (A+B) =
sin A cos B =% [sin (A + B) + sin (A= B)]
cos AsinB=%[sin (A +B) -sin (A - B)]
cos A cos B =% [cos (A + B) + cos (A - B)]

sin Asin B =% [cos (A - B) - cos (A + B)]

sinx . 1
tanx = ——:;sinx = 1COSX = ——
COS X cosec X secX
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d
f(x) — f(x) | f(x)dx
dx
n n-1 Xn+1
X nx +C (n#-1)
n+1
n d n n
ax a— X a | x" dx
dx
ax+b
eax+b eax+b.i (aX + b) de— + C
dx — (ax +b)
dx
d a.dx +e
a®re a®*e Ina.— (dx + €) g +C
dx Ina.— (dx +e)
dx
In(ax) iiax xlnax-x+C
ax dx
ef(x) ef(x)i f(X) _
dx
a'® 2l gL f(x) -
dx
In f(x) Li f(x) -
f(x) dx
. COS ax
sin ax a Cos ax - +C
a
. sinax
COos ax -a Sin ax +C
a
) 1
tan ax a sec” ax = In[sec (ax)] + C
a
2 1 )
cot ax -a cosec” ax = In[sin (ax)] + C
a
1
sec ax a sec ax tan ax = In[sec ax + tanax] + C
a
cosec ax -a cosec ax cot ax i In {tan (%ﬂ +C
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f (X) % f (X) | f(x)dx
sin f (x) cosf(x). f'(x)
cos f (x) -sinf (x). f'(x)
tan f (x) sec?f (x). f'(x)
cot f (x) -cosec’f (x) . F'(x)
sec f (X) secf(x)tanf (x). f'(x)
cosec f (x) -cosec f (x) cot f (x) . f'(x)
. f' (x)
sin” f (x)
V1= 110012
cos * f (x) - (%)
V1= 110012
1 f'(x)
tan = f (x) [f(x)]2 ")
cot™ f (x) LZX)
[f(x)]° +1
- fr (x)
sect f (x)
f0[f 0P -1
-f1 (%)

cosec * f (x)

sin’(ax)

cos’(ax)

tan’(ax)
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2 4a

X sin(2ax)
—+ +
2 4a

X _ sin(2ax) N

C

C
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f(x) » f(x)

[ f(x)dx

cot? (ax) -

JH() " (x) dx = () g() - [ (x) gl

n+1
[TEI" £ (x) dx=[fr(lx—)]+c (n#-1)

+1

jf () dx = In F(x) + C

f(x)
ox :Esmlbx+C
a2Lip22 b a
dX L tan1%+c
1 b%x 2" ab a

2
f/az — b?x? dx=%sm 1%+§w/az —b%x?% +C
a

dx 1 a + bx
( = In C
4% —b?x?  2ab [a - bxj ’

2
i'/x2 + b? dx=§1/x2 + b? J_rb? In [X+1/X2 ib2]+C

j\‘/ﬁ In [bx+,/b2x2 +a ]+C

APPLICATIONS OF INTEGRATION

AREAS
Ac= [yaxi A= v - ys)dx

A = jxdy LA = j(x1 — X, ) dy
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VOLUMES
V, =7 GTyzdx WV, =7 j(ylz - y%)dx 'V, =27 jxydy

Vy =7 szdy Vy =7 j(xl2 — xg)dy Vy =27 jxydx

AREA MOMENTS

An_x =rdA An_y =TrdA

CENTROID

SECOND MOMENT OF AREA

l, = erdA ; ly = jrsz

VOLUME MOMENTS

Vi_x = €;Trdv ;o Vimoy = aTrdv

CENTRE OF GRAVITY

B Vm—y jl’dv . _ Vp_x jrdv
X = = ; y: =
\ \ \ \Y

MOMENTS OF INERTIA
Mass = density x volume
M=pV

DEFINITION: | =m r?
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GENERAL: | = jrzdm:p Srzdv
CIRCULAR LAMINA
1 Lo
2
1po 1 2
I =— jr dm=—= jr dv
2 27
1 1
|X:§pﬂ' jy4dx |y:§pﬂ' jx“dy
CENTRE OF FLUID PRESSURE
_ a“)rsz
y =
€‘]rdA
f(x) A B C Z
- = + 5+ 5+ -
(ax+hb)" ax+b (ax+b)° (ax+b) (ax + b)
f(x) A B C D E F

(@ +b)° (x+d)°  ax+b ~(ax+b)?  (ax+b)  (x+d)  (x+d)  (cx+d)

f(x) Ax +F B C

> i > + + 2+...
(ax® + bx + c)(dx + e) ax“+bx+c¢ ~dx+e (dx+e)

_ (Y
A = EZﬂy 1+(dx] dx
A, = jz;zy 14| & 2 dy
X dy
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s = j\/@dx
NEERE

ﬂ+Py:Q ye F o XQePdXdX
dx

rqx raX

y=~Ae'Y +Be? n #r,

y=e"(A+Bx) r,=r,

y =e*[Acosbx + Bsinbx] r=ax=ib

a2 do

dx

d’y d (dyj de
dx
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