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SPECIALIST MATHEMATICS
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Day Date

Reading time: *.** to *.** (15 minutes)
Writing time: *.** to *.** (1 hour)

QUESTION AND ANSWER BOOK

Structure of book
Number of Number of questions Number of
questions to be answered marks
10 10 40

* Students are permitted to bring into the examination room: pens, pencils, highlighters, erasers,
sharpeners and rulers.

* Students are NOT permitted to bring into the examination room: any technology (calculators or
software), notes of any kind, blank sheets of paper and/or correction fluid/tape.

Materials supplied

*  Question and answer book of 11 pages.

*  Formula sheet.

*  Working space is provided throughout the book.

Instructions

*  Write your student number in the space provided above on this page.

* Unless otherwise indicated, the diagrams in this book are not drawn to scale.
«  All written responses must be in English.

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic
devices into the examination room.
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Version 2 — April 2016 3 SPECMATH EXAM 1 (SAMPLE)

Instructions

Answer all questions in the spaces provided.

Unless otherwise specified, an exact answer is required to a question.

In questions where more than one mark 1s available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g ms 2, where g = 9.8

Question 1 (3 marks)
a.  Show that \/5 —i is a solution of the equation z* ~(5-i)z* +4z-45+4i=0. 1 mark

OV\Ll \ ’V\arl‘, So S}m{o\i(‘:& Z}/- (%-F LL?-L[;I_—\-‘ L‘-L~ =0
L(75-0) - 4T5 . kL
QI?—LL—LE -E[L£ :O AN solu+4of\

b. Find all other solutions of the equation z* — (v/5 —i)z> + 4z —4/5 + 4i =0. 2 marks

* CDMP[E% CO@@ So (a/\\—‘ UCe COV\\;U\G\O-LQ
7 b=

short  diuision gives
zl(z—J_S“+£B+A/z~j_§+L\ -0
(z%&\(z—ﬁ‘n,:o
z-Js -0 x2

)

TURN OVER
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Question 2 (4 marks)

Version 2 — April 2016

Given the relation 3x? + 2xy +y? = 11, find the gradient of the normal to the graph of the relation at the point

in the first quadrant where x = 1.

L. 4 3
E{J/‘MH:/J «C\‘f.({-x JEL- S 4 T 7-7“‘] + ;17:' - 0O

o P
Lx TZ()LT?,_’-*j\‘I’Z‘}B:?: =0

é)c -1—2'-3 + %(Z)L'f‘ZjB =0

Sy - by 14 —3x-1
s -a::- = 7_ac+Zj = )(-tj
i S8
V\D,f\rf\al . —5)L«tu\
2
lAL\e/\ Sc=| 3 +2.,-|‘.\le:\\ 31423—%/10

(4) -3 =0

( g+ +?,\ (%4\-3) =0
b= L or 2
e Q\’ so o=\ , Lﬁ:)_
D\FO\A:E_/\.‘{ Av\ XL Y l-le)_ %
N — = = = = =
of normatl de Baet 4 T34 >
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Question 3 (5 marks)

A coffee machine dispenses volumes of coffee that are normally distributed with mean 240 mL and
standard deviation 8 mL. The machine also has the option of adding milk to a cup of coffee, where
the volume of milk dispensed is also normally distributed with mean 10 mL and standard deviation
2 mL.

Let the random variable X represent the volume of coffee the machine dispenses and let the random
variable Y represent the volume of milk the machine dispenses. X and Y are independent random
variables.

a. Find the mean and variance of the volume of the combined drink, that is, a cup of coffee with
milk. 2 marks

£lxs) = e()s ey

mean of  combined - 2orl0 = 280 ml
Var (%) = Var (¢) «Var ()

Varignee of  combined : bhili- %

A second coffee machine also dispenses volumes of coffee that are normally distributed. The owner
has been told that the mean volume is again 240 mL. The owner 1s concerned that the second coffee
machine is, on average, dispensing less coffee than the first. A sample of 16 cups of coffee (with

no milk) 1s dispensed and it 1s found that the mean volume of all coffees served in this sample 1s
235 mL. Assume that the population standard deviation of 8 mL is unchanged.

b. i. State appropriate null and alternative hypotheses for the volume ¥ in this situation. 1 mark

Ho Inull L‘-l:\“po{"\’\eS-\S s ‘H«v:v* 'H«ere f[s¢ no O\fﬂ:\e/—e/\cf

H., i alterncstive L\jlpD-HAesis \s *L\c) Hlhere is o

ATCCU‘&AM_ o.AA NeL) meanc < om‘cﬁ/\_al W\aoL:Ae MEan .

ii. The p value for this test 1s given by the expression Pr(Z < a), where Z has the standard
normal distribution.

Find the value of a and hence determine whether the null hypothesis should be rejected

at the 0.05 level of significance. 2 marks
X - M - - v C
7 -2 - 93540 -5 _,5
JN ?/él

8/\“—?

p(—la\ > 0-0013
p () = 00227

P s legs ‘H\Or\ 0-05 So l‘e:!a(/'* Ho

TURN OVER
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Question 4 (4 marks)

The region in the first quadrant enclosed by the coordinate axes, the graph with equation y =e™
and the straight line x = @ where a > 0, 1s rotated about the x-axis to form a solid of revolution.

a.  Express the volume of the solid of revolution as a definite integral.

1 mark
a x\ 2
\/ = T (n (e \ e
O a e
a Z 7 [D @ ol\l-
b. Calculate the volume of the solid of revolution in terms of a. I mark
R e
\/ - T (o e O\L
\ -2 X
— Tt L\_'F_ c ,&a
“la \
T \7( "7_ e \l - —1\;\
- T
- - la
2 2 e
¢.  Find the exact value of a if the volume is ?—R cubic units. 2 marks
S
£ Vv- 1%
S - _ I =
_l/ﬁ{_ = 2 - 2 z 7T
= A L s
\¢ - | ¥ - - L e
N
\$ = L &
b 1l
1 T e
L
[,’\ ('l - ’ZOL.
| Ly
o - 1 I /‘ﬁ
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Question 5 (4 marks)

A flowerpot of mass m kilograms is held in equilibrium by two light ropes, both of which are
connected to a ceiling. The first rope makes an angle of 30° to the vertical and has tension

T, newtons. The second rope makes an angle of 60° to the vertical and has tension 7', newtons.

T
—
a. Show that 12_\5. 1 mark

Ho rizpntzel Lorces : T sin 30 = T, s to
. J7
/r\ ,(’-,_ = /l--)_ ~ T2

T,

PR

T, = T3

b.  The first rope 1s strong, but the second rope will break if the tension in it exceeds 98 N.

Find the maximum value of m for which the flowerpot will remain in equilibrium. 3 marks
Ver+;cg( ﬁorc(:; ’r, cos 3D + /,’,_ cof¢ éo = qg 1% T,:]/Z\Tl
3 U
J’?WIKEL £ T, =3 = 1% m
[
lz /I__L + T T, - 9. % M

TURN OVER
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Question 6 (3 marks)
3m

4
Evaluate I cos”(2x) sin (2x) dx.

T
2

Au de | .
Ie‘t w-= 2L ﬁ - 2 G £ z &QG)«.L& }nLeﬁfoLL
dv -1 3 3“/4
let v-tsu Lr-sauw || cos Lx| oy,
S S I 2 3 3
~ YT A --7 (Cos 2 s T
( Sin 2 (051(21) d.’,_ - - Z (O - - |>
\ |
= 2 ( S. ik Cos . A > L
l v _OL’L—-
-0 ( T vioodu oOR w= cos Lx d = —2sia 2
. R/ N
L 1 - =
R ( v (‘ﬂ/x 0s 1 a1 dx a =0
A | © l:} w=-1
- - _75_ + C - - 5 (_‘ bLl AM s
- - - oL 370 i \
- fVJeC_ éCDSzac+C _-2-.5[(./&]-(:—4 (O‘—|> :‘Z

Question 7 (4 marks)

Solve the following differential equation % = % for y, given that when x =1, y =-1.
X
AL‘ L
it .|
—_— _ —
dx = x *
D{L/\ | .IV\Leqn,_Lt ‘QD*—L S?oles
— - 1 -
0‘.7:. . :j oC
a . L
r./ﬂ_ A o0 = ( N, © Ol‘ x

I/(
s
\Oq Y = e + C
J J !
-+ C
'j: c when =l j:|
o | 0
| - e ‘o < +c=0 TR
")(‘\'\
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Question 8 (4 marks)
a.  Write down a definite integral in terms of @ that gives the arc length from 6 = 0 to @ = z for the

curve defined parametrically by 2 marks
— = 3 by
x=cos@)-3  cos(ze)= i’ (26)+ cos™(26) = ()% ()"
y=sin(20) + 1 i~ {26y = 5-) -

B T
,(n m C)(—-k%) ~ (b\ —l\L: [ cirele

cen~tre -1 , \

b. Hence ﬁnd_%hc length of this arc. 2 marks

L 14 = 27

TURN OVER
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Question 9 (5 marks)

Version 2 - April 2016

Consider the three vectors a=i—j+2k,b=i+2j+mkandc=1i+ j—k, wheremeR.

a. Find the value(s) of m for which|b|=2\/§. 2 marks
bl means mag .
23 = ey tem” 5o m-t] 7
LoxD = | ~ L« {V\’\L
12 = 5 « Mm™
b.  Find the value of m such that a is perpendicular to b. 1 mark
Q\oﬁ:\a\lk\ coc & }C- perp.  coS 90 = O , o ﬁ"i cO
[}
\—2+2M = O 2M=\ m=17
c. i. Calculate 3¢—a. 1 mark
3(iagoe) = (- e2k)
30433k —0 wy-2k = 20 <4y -Gk
ii. Hence find a value of m such that a, b and ¢ are linearly dependent. 1 mark

C ’_O<ai,+ @]E

[_»,3,_ h - « Li-\j +2lo_\>+ 02 ([(’l\i«—ml’L\
[a~ = o*C -ty el B R, + M3k

3
L: \:“"’@ 2
;}L \""‘b«"‘lp {9/3
Yo —l:lw-&-r‘/\@ og:_;1
-y
M= "2
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SPECMATH EXAM 1 (SAMPLE)
Question 10 (4 marks)

. Sx3+12x+4
a.  Verify that

(2 +4) can be written as
She oo

2x -1
S 12 4ty

x2+4

()L—LL;\{— 3(1) (> *L\‘f [2)4-13(311> ek
X b+ AT 12x 4 20X

1 3
—2+ +

Al

b
. S X+ 125 + Ar
= LHS
3
Find an antiderivative of S +12x+4’ 3
x2(x% +4) 3 marks
/[

|/_ _5,_ l\L—\

)Ll + oL 3ol \ 0\1,

- 3 PATE
- )(-1 4 + —

sele T o L \ A)L

D]

+ 2 n [lvd\ + ln (I_L*LL\ —"i--l—al/\—\ (%\

END OF QUESTION AND ANSWER BOOK
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