Cork Institute of Technology

Special Mathematics Examination for Engineering Degree Entry

June 2008

Time: 2 hours and 30 minutes

PAPER 2 (300 marks)

Attempt FIVE questions from Section A and ONE question from Section B.
Each question carries 50 marks.

WARNING: Marks will be lost if ali necessary work is not clearly shown.

Answers should include the appropriate units of measurement,
where relevant.
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SECTION A
Answer FIVE questions from this section

1. (2) The point (p, 3p) is on the circle x* + y* =40.
Find the value of p, where p > 0.

(b) The circle C passes through the points (-2, 4)and (0,2).
The x-axis is a tangent to C.
Find the two possible equations of C.

(©) The equation of a circle is % +y* =2x—4y~20=0.

The line 2y = x + k contains a chord of the circle of length 445 .
Find £.

2. (a) Given that 2?—3? +k = »—3(?+6)‘+), find ¥ in terms of 7 and}?.

7
i

® a=1-7 and b= 47437

(i) Giventhat 8 is the angle between 2 and b , show that @ = cos™ Eﬁf

(i) Find the area of the iriangle oab.

© 7 =37 +47 and $=37-47,

N
- s
(i) u=-"—intermsof i and .
-y =y el S - -
() v=s-|s.u|u intermsof i and ;.

(iii) Prove that v L u .
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3. (a) Find the area of the triangle with vertices (-6, 0), (4, 0)and (-2, 8).

(b) (i)  Prove that the angle 6 between the two lines with slopes m, and m, is given by
tan = £ 12
L+ mym,

(i) Find the slopes of the lines which each make an angle of 45° with the line 3x -y =0.

{c) (i) Find the value of A and the value of p for which
Rx+25y~A41= AM2x+5y +1)+ ulx+3y-4).

(i) Hence, or otherwise, explain why the lines
Ix+5y+1=0, x+3y—-4=0 and 8x+25y—-41=0
are concurrent.

4. (a)  Bvaluate LimitS22%
x>0 Sin2x

2tan 4

b 1 Prove that sin2d4 =
®) ® 1+tan® 4

(i) Using tan A4 = J3, 0< A<, verify the above result.

(¢) In the triangle pgr, ¢ is the midpoint of [g7].

If | pgl==x, |prl=y, | ptl=h and [qt{=Fk, show that x* +y? =2k +2Kk°.

5. (a) Write cos5A4sin64 as a sum of two sines.

(b) Using cos24 = cos”> A ~sin’ 4, prove that cos24 =1~ 2sin® 4.
Hence, or otherwise, solve the equation

cos24 = sin A4, 0 A<2m.

. 7w _1-tan24
(c) ()  Show that tan(z - 2A) = Wl a2

(i) Hence, or otherwise, express tan(% e 2A) in terms of tan 4 .
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6. (a)

(b)

(c)

7. (a)

(b)

()

A fair die is thrown twice.

What is the probability of throwing a “6” once in the two throws?

Solve the difference equation

U, +i,, =12u,, nz0
given that #, =8 and u, = 3.

Show that u, +u, =36.

There are 8 boys and 6 girls in a class. One boy has one sister in the class.
Four students are selected from the class.
Find the number of different selections that can be made if

(i) there are no restrictions
(ii) the selection must consist of two boys and two girls

(iii) the selection must consist of two boys and two girls but the boy and his sister cannot
be together in the same selection.

A letter is chosen at random from the word STATISTICS.
What is the probability that the letter chosen is

(i) theletter S
(ii) not the letter T or the letter C7

(n+Di(n-1!
m?

-1
(i) Solve for m: %(2] = {n4 J

¥ and o are, respectively, the mean and standard deviation of the set {x,, X, X;3,... X, } -

() Simplify

Tind the mean and standard deviation of the set {kx,, kx,, k... kx, } .
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SECTIONB

Answer ONE question from this section.

8. (a) Use integration by parts to find Ixe"‘dx.

' ” 2
S (1?)3‘ + J (;)')x +... is the Maclaurin series.

Find the first four terms of the Maclaurin series for f(x) = sinx.

(b )= fO0)+

Write down the general term and use the Ratio Test to show that the series converges for
all x e R

(© A piece of wire 10 metres long is cut into two pieces.
One piece has length x metres and is shaped into a circle.
The remaining piece is shaped into a square.

(i)  Write an expression for the combined area of the circle and square.

(i) Find the value of x, in terms of 7z, if the combined area is a minimum.

9. (a) A person is selected at random from a group of 4 men and 6 women.
A second person is then selected from the group.
Find the probability that the second person selected is a woman.

(b) The probability of a particular team winning whenever it plays is % .
In a series of six games, find the probability that

(i) the team wins exactly three games

(i) the team wins more than four games.

(¢} A die has three faces coloured red and three faces coloured black.
The die is thrown 1024 times and red shows on 560 of the throws.
‘At the 5% level of significance, does this result suggest that the die is biased?
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10. (2)

(b)

(c)

11. (a)

()

(©

The binary operation * is defined by x*y = f%—’]i

Show that this operation is not associative.

Y
: : a d
The square abed has eight symmetries.
(i) Name each symmetry and write it using
permutation notation e.g. 9 ¥
b d d
R, = a c or S, = a b c '
b ¢ d a a d ¢ b
. .. b C
(i) Show that the composition

S, after Ry

ac
is an element of the set of symmetries
and name this element.

Prove that any infinite cyclic group is isomorphic to the group Z, +.

‘The polar of a point p with respect to the circle x*+yP=91is 2x-5y=27.
Given that the polar of the point (x;, y,) with respect to the circle x* +y* =r? is
xx, +yy, =", find the co-ordinates of p.

Show that the ratios of the lengths of line segments in parallel lines are invariant under every
affine transformation.

fis a similarity transformation.
The image of the line segment [pg] under fis the line segment Pg’}.

If the line M is the perpendicular bisector of [pg], prove that f{Af) is the perpendicular
bisector of [pgq’].
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