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Structure of this paper

Number of Number of Working Percentage
: ) ) ; Marks
Section questions questions to time available of
available be answered | (minutes) examination
Section One: 8 8 50 53 35
Calculator-free
Section Two:
Calculator-assumed 12 12 100 97 65
Total 100

Instructions to candidates

1.

The rules for the conduct of Trinity College examinations are detailed in the Instructions to
Candidates distributed to students prior to the examinations. Sitting this examination
implies that you agree to abide by these rules.

Write your answers in this Question/Answer Booklet.

You must be careful to confine your response to the specific question asked and to follow
any instructions that are specified to a particular question.

Additional working space pages at the end of this Question/Answer booklet are for
planning or continuing an answer. If you use these pages, indicate at the original answer,
the page number it is planned/continued on and write the question number being
planned/continued on the additional working space page.

Show all your working clearly. Your working should be in sufficient detail to allow your
answers to be checked readily and for marks to be awarded for reasoning. Incorrect
answers given without supporting reasoning cannot be allocated any marks. For any
question or part question worth more than two marks, valid working or justification is
required to receive full marks. If you repeat any question, ensure that you cancel the
answer you do not wish to have marked.

It is recommended that you do not use pencil, except in diagrams.

The Formula Sheet is not to be handed in with your Question/Booklet.

See next page
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Section One: Calculator-free 35% (52 Marks)

This section has eight (8) questions. Answer all questions. Write your answers in the spaces
provided.

Working time for this section is 50 minutes.

Question 1 (5 marks)
Letv = \/77 - \/?i [
(a) Express v in polar form. whae T=oO ) -T< & s (3 marks)
r= Ivl= \)—C + ( R)L
- + =
- ﬁ %
"""":"‘ \/ V = s ©
Ry

9:0%(‘/3"(7““ = N cis("g)/

=
©® ©

= to' (- ) _—

T
co— e /
= Ty

—_
(b) Plot the roots of z* + 1 = 0 on the following Argand diagram. (2 marks)
Im(z)
A z*+\=0

v ; > Re(z) / \/

See next page
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Question 2

Two functions are defined by f(x) =vV3x —1and g(x) ==

(8 marks)

(a) Determine the composite function f(g(x)) and the domain over which it is defined.

chcxb = $<§'¢> (3 marks)
S E

221

= o0 x <3

-

(b) Sketch the graph of y = g(g(x)) on the axes below. (2 marks)

(c) The graph of y = f(x) is shown below, passing through point P with coordinates

(2.62,2.62). Determine f~1(x), the inverse of f(x), and sketch the graph of y = f~1(x) on
the same axes. (3 marks)

) 4=4"6=

g= e 1
x\)—"— ""*‘8
x

24
2,.
=y = 3y —\
£ e | A ﬁi;ﬁeh
A A A :

LSy =S
bl

wkx‘if/v\

See next page
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Question 3 (5 marks)

An object, initially at rest, is dropped from the top of tall building so that after t seconds it has
velocity v meters per second.

The air resistance encountered by the object is proportional to its velocity, so that the velocity
. . dv :
satisfies the equation pri 10 — kv, where k is a constant.

(@)

Express the velocity of the object in terms of t and k. (4 marks)

o

= |[Oo— kv
ot

lo—
= =L |alo-kv) = E+C e
‘ e»-ke-—hc
=2l llo-kvl = ~ht —ke gk
_ht - Q -R
Whew €2 0y VZO T AT
~RE

<

\)

=
N

Sensors on the object indicate that its velocity will never exceed 55 metres per second.

Determine the value of the constant k. (1 mark)
Ae € o= 2
—> o0 SS —
R
\ o = = Lo, resalt
ims ImW"‘f\ =~ N \/ resu
0[\’ —_— GW
= 1o-hv
- (©0-%55 ‘1
e
- s’/
- % See next page
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Question 4 (5 marks)

The polynomial h(z) = z* — 622 + 3az% — 30z + 10a, where a is a real constant, has a zero of
3 —i. Determine the value of a and all other zeros of h(z).

M: &,—w,olw Rexske present o2 cfﬁ_égqoﬂe PoIrS

24 —62°r%a 2 e +l0a

= @ -3+< Yz-3-<) =)
Cw:\uaal-e, PQN’\/
= 2% _(2® +3aet-30% vi0a ':-@L—-é% +zo>(z?‘ +bez +o\>
Kesslng coellcied jatone .
Eiu&f('t v\e& Coﬂx‘c? ew(ﬁ- @,os;:e.r Hngan a(ge%«vwc ol‘\)\'ccvws

Lo —gib o za=w©ra
= b=o = Q& =3 /

o h(@ = sz"é%“"oB(az"‘”g) v
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Question 5 (8 marks)

. . . . . x=19
(a) Using partial fractions, or otherwise, determine [ ey dx. (4 marks)

xr o A &
G+ O(x-6) E=R x—¢
= x-q = AGEOF () /

= A+ 3=

evwed g—ah =19 65'”!8 coniesefe.

SH = 20 , | /

= A=l &= "%
i f_},_ e

NS ,Z':—'ﬁ—— dx = f‘;_:f XU
Qc-w)fx%ﬁ
flalesnl = 3lalemel +C

] v

. . o z CosSXx
(b) Use the substitution u = sin x to evaluate fg s dx. (4 marks)
T
y - Ceex e o Let = S
— 2
T Jowx = dU | ape
A obe=
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z
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See next page
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Question 6 (5 marks)
The differential equation y' = == is shown in just one of the four slope fields below.
Selue by elimivation
__:._5 ::239 \ A Y b Cwe»ale-\wj whea Aoy
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NV ///////// ————eerr S
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(a) On the slope field for y' = Z—yx- sketch the solution of the differential equation that passes
through the point (2, 4). (3 marks)

(b) Another solution to the differential equation passes through the point (6, —3). Use the
incremental formula 8§y =~ % X 0x, with §x = Il'o' to estimate the y-coordinate of this curve
when x = 6.1. (2 marks)

fy= 35 8
—2(6) L
— IO

See next page
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Question 7 (9 marks)
The function f is defined as f(x) = %
(a) Show that the only stationary point of the function occurs when x = 0. (8 marks)

§y = (02~ G 1)
Gz v

- ‘2%34.2.& — 27:34— 23¢

- r2
@ St ) Seb numeatar = o
—- AeoC j? _
= 4 2/@,1 )= owlw«(pc/
'*") =7 )=
(b) By considering your work from part ( ), the intercepts and the behaviour of the function as &FD
x — *eo | sketch the graph of y = f(x) on the axes below. (3 marks)
Y
P!

< ; > X
-4
-2+
(c) Using your graph, or otherwise, determine all solutions to
N f=I1fxl (1 mark)
F(‘W-‘KAQ.W\'. x <=1 oy x> | \/
‘_;g’gnag——‘:—_'
(i) fC) = f(xD. [x\\ — <t | (1 mark)
x € /K \/ %\3 4\ o B4\
_ A 2
(i)  fC) = f(x) _;i:__l_ _ zti_i——\_ ud] . .= \/1 mark)
L o B  m—
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Question 8

A region is bounded by x = 0,y = 0 and y = In(x + 3) as shown in the graph below.

(8 marks)
© y
y [ (ess eloe
-2
AT o
~n e
y=In(x+3)
(a) Show that the area of the region is given by féng(S —e¥)dy. (3 marks)
(Do not evaluate the integral).

(ZS: INCTED)

u /)recx 15 NS~ \Aeﬁai-we/ need
= x+3 = €

fo mulkiply by =1 .
4 / o
= x = e>-3 = - f (e’ J
. fcen o (e .-3) ol
e X =O %:ln% 3
° QED
(b) Determine the volume of the solid generated when the region is rotated through 27 about
the y-axis.

{ (5 marks)
ne -
\V = T Y (@ 2 'S} 0[3 \/
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End of questions
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Structure of this paper
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Section Two: Calculator-assumed 65% (97 Marks)

This section has twelve (12) questions. Answer all questions. Write your answers in the spaces
provided.

Working time for this section is 100 minutes.

Question 9 (6 marks)

A system of equations is shown below.

x+2y+3z=1 ¢
y+3z=-1 Re
— 2 _ 4 -
v+ (a z=a+2 Ry,
(a) Determine the unique solution to the system when a = 2. (2 marks)
Whew, @a=2 Ry: -K+02=2+2

K“L— —4+32 = —|

2= |
R, = +2(-6) +30) =1
Lox e e C@)-(‘,) ) v/

(b) Determine the value(s) of a so that the system

(i) has an infinite number of solutions. (3 marks)
Ro*Ry @ (a%i)2 = o+l
= @-&»\)(a-\\% =a+vy
({eiuwe 0:_—;:1 Sor tnBmite soluhug

L, eecie

(i) has no solutions. whea a=1 (1 mark)

O © o' 2

See next page
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Question 10 (8 marks)

The length of time, T months, that an athlete stays in an elite squad can be modelled by a normal
distribution with population mean u and population variance ¢ = 15.

(a) An independent sample of five values osz, is 7.7,15.2,3.9,13.4 and 11.8 months.

() Calculate the mean of this sample and state the distribution that a large number of
such samples is expected to follow. (2 marks)
= (17eseaasze vE) /s
Sompletesas T = (THs ez 4130 +108) /s
= s
—_
S

= (o & Mw»“\—é /
ST N YY) (@)

(ii) Use this sample to construct a 90% confidence interval for u, giving the bounds of
the interval to two decimal places. (8 marks)

2= 1166 v’

o ow B opees (13) v
=20 <« p < THER

! I~
S T KN L1328 menths
n
(b) Determine the smallest number of values of T that would be required in a sample for the
total width of a 95% confidence interval for u to be less than 3 months. (3 marks)
| e ——T i
= N
- s

—_—
IS
Z
= n = ({*‘?(9\“—5" ) \/

([~

= 25|

>oon o= 26 /
—_—

See next page
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Question 11

(7 marks)
Plane p, has equation 3x + y + z = 6 and line | has equation r =i+ j + 2k + t(i — 2j — K).

(@) Show that the line [ lies in the plane p,.

(3 marks)
b 1+ ¢
e, D¢ Selrl=6 auvel ,5: =2t
e ' -2
On Su‘b&‘d’vkw% g.e.f :;
(+t 7
AHS = =2t ||\
2-€| L
= 3(1+e) +(1m2€) + (2-€)
- 3 +3&+1 -2t +r-¢
= ¢ e He line S&"{SQ\‘% he Pla"“’
:’_. R.R's . Q‘_E;D B ((i% T 'RA.Q_\:)\%Q\

(b)

Another plane, p,, is perpendicular to plane p,, parallel to the line [ and contains the point“
with position vector i — 3j — k. Detimine the equation M‘)p

lane p,, giving your answer in
(4 marks)

the form ax + by + cz = d.

Pr  conbarwe yeckore i‘\s] Gonsl [“,Z

e
i i\
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I
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=
e
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.‘-
o
-
N
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A = -4 v©

|
ol )=
b=

f:.> 73"0‘3:15 = 4 6?7“ '/{’ Plome ()L
%’h———”//‘”

¢

orel 50
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Question 12 ProductRule (13 marks)
(@)  Show that the gradient of the curve 2x? + y? = 3xy at the point (1,2) is 2. (4 marks)
I'Ml? UC{%‘

of
.-=>Ax+,'zu3§—fcr_ 3«3+3=¢—&%¢ v
~ ol _ _
> P (a-m)= 3amex 4

J$' = -Eé:ffi
= ax 15—3-:: \/
> P, - W)
Flan ~ 230D

1
- =z CUED v//

(b) Another curve passing through the point (—2,10) has gradient given by % = i’%

Use a_method involving separation of variables and integration to determine the equation
of the curve. (5 marks)

Ag 2z

-

& 1+x* V//
o [ § yre S’""Vx

=5 \V\\‘S\ = \n\(l-i—‘xz)[ + C /

~ k= ln
= (ﬁ = K(l'\""- 3 \/wlw-l*‘?-— . 15*.&;3,(.&«:9

Griem {;e\\d' é.z,,o\: ©= k(‘;7

k=2

% =

. HS:: ZL(‘*’FS V/

S
/ﬂ——”

U

See next page
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(©

A particle is moving along the curve given by y = i/x, with one unit on both axes equal to
one centimetre. When x = 1, the y-coordinate of the position of the particle is increasing at
the rate of 2 centimetres per second.

At what rate is the x-coordinate changing at this instant?
(4 marks)

A
ol 1> 3 J
> == 7

ol _

Nue> - Lt oy Lt

i
wy
—~
Z
i
N
&
§
¥
il

See next page
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Question 13 (8 marks)

The graph of y = % is shown on the axes below.

Y

(]

o/ Qo ay ]‘ Ci% “ :‘ !
hww,ﬂg; . wwwli,”wwww, -

Simpson's rule is a formula used for numerical integration, the numerical approximation of
definite integrals. When an interval [a,, a,] is divided into an even number, n, of smaller intervals
of equal width w, the bounds of these smaller intervals are denoted a,, a4, a,, ..., Gy, an.
Simpson's rule can be expressed as follows:

fanf(x) dx = —Z—(B +2F +40)

where B = f(ay) + f(a,), E is the sum of the values of f(a,) where k is even but excluding 0
and n, and O is the sum of the values of f(a;) where k is odd.

32x+1

(a) Use Simpson's rule with n = 6 to evaluate an approximation for f dx correct to four

decimal places. (5 marks)

8o+ fG)= 1z ;2%/? -
= SO D =257
o = Sa((}p)*g’(}i>"£(%)
= & + £ ,’;
4 &€
= —er V)
5:'9 ﬁx‘Hoﬁ . %3—(@4';21_. 40)
.. 5 i
> T L ,zg)J(wa)\/
- 1163
R RO
- A& oé;hz.g CTAgétfz) V////

See next page
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(b)

Determine the exact value of f03 2t
approximation from (b).

% [ax+
(%) 4

- —2a+é \/

—_—

—dx and hence calculate the percentage error of the

(83 marks)

I 62%

—l\nl*é - _’ZE’:O

e T e

.,.p,\v\'l‘\"é

- &
L > 1O

il

a =)

‘l

i

p——

O.c@% e o \/
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Question 14 (7 marks)

a e equation of a sphere with centre at (2,-3,1) is x2 + y2 + z?> = ax + by + cz — 2.
Th fi f h ith 1 t(2,-3,1) is x? 2 2 b 2

Determine the values of g, b, ¢ and the radius of the circle. (3 marks)

z z
@-z32+ (g+2d*w (B-0) = v
-
&

_ 6 = ¢
= xt+yt F2t —ax +06y —2T T

S taalaT = A= by +RE O

T = ~
o a:‘(/b=-é/ C;Z) el =
=7("1'='- [

//’—/f —>c= IS

= 27% /

e

(b) Two particles, P and Q, leave their initial positions at the same time and travel with
constant velocities shown in the table below.

Particle Initial position Velocity
P 10i — 5j + 5k 6i + 2j — 4k
Q 28i + 22j — 31k 2i —4j + 4k
Show that the two particles collide, stating the position vector of the point of collision.
(4 marks)
o+ 6¢ A +2t
= c_ = -
—31 + &€ /
S -4t \/
. = +2t¢t
§o(\7tvx5 : jo+6€ = AL +2 Sowme F(ace
: & = A /
&)L\% ’6 Sas”
c o= g7 ~ = ZZ oS W
¢ ¢ ) ~& —13
-\3%
€E=a s

Cal/lc‘sM ot 374’- -%—C:--S -—l';l< when
b ¥ /

=

See next page
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Question 15 (8 marks)
(a) Briefly describe a reason that a sample rather than a complete population may be used
when carrying out a statistical investigation. (1 mark)

C’kw',qr' Quicksr, Eagier, foseible, ele

/

(b) A researcher used government records to select a random sample of the ages of 114 men
who had died recently in a town close to an industrial complex. The mean and standard
deviation of the ages in the sample were 73.3 and 8.27 years respectively.

() Explain why the sample standard deviation is a reasonable estimate for the
population standard deviation in this case. (1 mark)

§a~n\oie is lcwge. \/
=y s well chove 30,

(i) Calculate a 98% confidence interval for the population mean and explain what the
interval shows. (4 marks)

.2 g.27
— . 2
733 .?'sze< M) N o< 733+ 2 %<Jz7&) v

s LN <

Loe 6re Q&’Z C;MQ—\*J%J’ e tue mear,

len lobween us avel 7EW Hears .

(i)  The national average life-span of men was known to be 75.3 years. State with a
reason what conclusion the researcher could draw from the confidence interval
calculated in (ii) about the life-span of men in the town. (2 marks)

Mese ¢ a si WQ\W ol-’Q‘Q-aﬂvce A I'Qe—-s
o&w\% v\%@“‘%_@,vw\_wwe}‘md‘a /
as Hhe EM i~ (V) olosve olse2 not

Conkonn 1533 v
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Question 16

(8 marks)
(@) On the Argand diagram below, clearly show the region that satisfies the complex
inequalities given by |z 4+ 3 —4i| <5 andg <argz <.

(4 marks)
Imz

, [z —(-3+¢)| €&
“ Cirche cenbre (3,4) o

foeliuse S -

arg 2 m QT

A

Rez

(b)

Determine all roots of the equation z> = 16+/3 + 16, expressing them in the form r cis 8,
wherer > 0and -t <60 <.

(4 marks)
7\1/ s
“pe - ;
< =2z = 32 C\@ \/
(T
i +- 2, = 2 c\sgo) \/
2 = ZZC\“sf)
- . t}/f_")
N T L & = 2 ¢s\50
= 32{@‘1‘) 25
T\E T, T & c‘\{{o) v
= A c,\“s'(g> nw
L T z, = 2355
2= 2 C\‘$<§"Z> T 30
© 22
= lc\%@;) Ty = L AT v~
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Question 17

(7 marks)
(a) Show that 4cos*(2x) = 3+4 Cos(4x)+cos(8x)

> (4 marks)

2 ,
Toke LHs = A CS% (2

= ACCO&C%*”Z v/

e le
cose (63 Deouble Og
A4 <‘ :’——-’9‘:""" 5 / ,‘Je»i-ﬁ"j :
Cos20 =200 - |

W\

= | + Zcos(#®) o (bx)
| + coe($x)
= |+ fces(Wd+ — v

L‘,x3 4\ _‘(M(?x)

Lees C
3+
ay MEEET

2z + Awecax\ + cos(#x)

i

2

i\

(f

- AtS. REV. /

(b)  Hence determine [ 4cos*(2x) dx.

Y

(8 marks)

2 (¥>)
yﬁwgq(2x3&>c = yi-%—,&ws(a Y +Ces (¥ N

z v

= 24 % Slx +//£ siufx)+c
2

S v
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Question 18 (10 marks)
(a) A small object has initial position vector r(0) = i + 3j — k metres and moves with velocity
vector given by v(t) = 2ti — 4tj + 3k ms™', where t is the time in seconds.

(i) Show that the acceleration of the object is constant and state the magnitude of the
acceleration. (2 marks)
€) = 0’ ( Y ) = < - ;
g ( ) ﬁ a (é-) 2 “ 4 ’S e C.Mg'gmf

i —————

v
ja(ol = Jatre®
= alg met 7

(i) Determine the position vector of the object after 2 seconds. (4 marks)

A z .

Py — 2t + 3C Rk + compler consfout
e R =y
(‘(o):. '(:+3»5‘-E ‘-é cc;mfl%cm(ed: ,ﬁ.f_g,s' _h

(gvem) et -

Loe@= (@) #Gat)g v G0 ko

= ()= @< F (32 ¢ + G k

T

s - 55 v sk %

H#

See next page
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(b) Another small object has position vector given by r(t) = (1 + 2sect)i+ (3tant — 2)j m,
where t is the time in seconds.

Derive the Cartesian equation of the path of this object. (4 marks)

% = |+ 2sec T aed Y= Blowt-z

Tm‘(a. ?Ciem)h(‘bs b4 Jato=secte Fwmala Shheed )

gecz‘é.—— "!’MZ‘{: = | /
= 75‘;)1" Cé:;:)l‘ = | \/‘/

#

= q(=) - A (ardT =36

See next page
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Question 19 (7 marks)
(a) A particle undergoing simple harmonic motion with a period of 5 seconds is observed to

move in a straight line, oscillating 3.6 m either side of a central position. Determine the
speed of the particle when it is 3 m from the central position. (3 marks)

an

(b)

Another particle moving in a straight line experiences an acceleration of x + 2.5 ms?,
where x is the position of the particle at time t seconds.

Given that when x = 1, the particle had a velocity of 2 ms™', determine the velocity of the
particle when x = 2. (4 marks)

vy
<
\Q
i
23
T~
o\
+
PN
2
X
~”
T
R

= ve= < & +ECr — 2 \/

whew c= &

v =t \/ 22"'5'(7'5'2-'

il
[+
;‘]
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Question 20 (8 marks)

The complex numbers w and z are given by —-;—— ‘—;—Ei and r(cos 6 + isin 8) respectively, where
r>0and-2<6 <z

(a) State, in terms of r and 6, the modulus and argument of wz and —;— (4 marks)
. /-T2 _ <
g)‘J“W* W = C\S( f{) ) Z = fCis&
\ 2,“1— 2" — N ( + ‘g’n—)
= (‘C\S(@“';) ﬁ"rC\S e 2

wel = =l-= 7

/
o-2 oy(3)= e+ %5

@y (w“ﬂ =

(b) In an Argand diagram, one of the vertices of an equilateral triangle is represented by the

complex number 5 — +/3i. If the other two vertices lie on a circle with centre at the origin,
determine the complex numbers they represent in exact Cartesian form. (4 marks)

Ecpu\‘\ajmml ‘%"“\\0««»8(& \‘M\’Dl\‘@% U%L\we—g ore
ewths s()ac.eo( (i 2-’.’2:) arosund dhe ciele

SO0 we  Conm use \'3a.>i(o.§ Wheee 7 = s-e

wr = ((L-B)(FE)

-4 —a Jz ¢

i

N
7
-
o
"
=
®
£

— 1+
%

\

End of questions



