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Student name / number

] Marks
Section I
10 Marks
Attempt Questions 1-10,
Allow about 15 minutes for this section.
Use the multiple-choice answer sheet for questions £-10,
1
C
80¢
A~ _F
In the diagram, AB is & chord of a circle with centre © such that ZAOB =80°. 1
C is a point on the circle such that BC= BA. What is the size of Z4BC?
G
® 1w0°
< 1
o 120°
2 A(—Z, 5) and B(4, —1) are two points. What are the coordinates of the point P(x s y) 1
that divides 45 internally in the ratio2: 1 7
A (-5.8)
® (0.3 .
© (2.1
@ (7,-4)
1 qf ; o . dy
3 Ify= (x +1) , which of the following is an expression for = ? 1
(A) 3
@ s(3e)

© s(x+ 1)‘
o 15 (x’ + 1)4
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4 What is the size of the acute angfle between the lines 2x— y=0 and x+y=0,
corzect to the nearest degree?

A)
®
©
@

18° ,
19° -
71°
720

8 Which of the following is an expression for cos(A—B)—cos(A:I—B) ?

(A) Z2sindsinB
(B) 2cosdcosB
{C) —2cosAcosB
(D) 2sinAdsinB
6 If £ (x) = ﬁ , which of the following is an expression for [ ’(x) ?
x—
—2
Gy '
(2x-1)
-1
®
(2x - 1)2
1
©
(2:4: - 1)‘l
" 2
D)
(2x-1)"

7 The equation x’—3x* —2x+1=0 has oots ¢, fand y . What s the value of a®+f7+7> 7 1 l

(A}
(B)
©
D)

3
5
9
13

Marks
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8 Which of the following is an expression for

n +3n+1
A+l

A +3n+2
n+1

W 4+2n+2
n+l

2 +2n+3
n+l

(A)

®)

©

D)

9 The equation tan’8+ btan8+c=0 has roots tane and tanff. Which of the following

is anl expression for ta.n(a +ﬁ) ?

w
®
© =
o =

10
In the diagram, T(Qar , atz), where a>0,
is a point on the parabola x* = 4ay with
focus F(O, a) and directrix ;v= —-a .

M is the foot of the perpendicular from T
to the directrix and TAf cuts the x axis at N.

Which of the following statements is NOT correct ?
(A) TM=TF

(B) IN+FO=TF
(© rM=afr+1)

©) TF+NO=a(r+1)

(n+?.)!~—n!
(n+L)I.

L= 4ay

-

Marks

T(Qa!,ar")
. /

N

M

y=-a
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()  The normal to the parabola x? = day at the point T(2at . at’) on the parabola

has equation x+#y—2af—af =0. (Do NOT prove this resuit)
The normal cuts the x axis at X'and the yaxisat ¥, If T'is the midpoint of XT,
find the coordinates of 7. ,

. Marks
Section I
60 Marks
Attempt Questions 11-14,
Allow about ¥ hour and 45 minutes for this section.
Answer the questions in writing booklets if provided, or on your own paper.
Start each question in a new booklet, or on a new page.
Your responses should include relevant mathematical reasaning and/or cateulations.
Question 11 (15 marks) Use a separate writing booklet.
(a) P(x) is an odd polynomiat function whose graph passes through the point (1 ,3) . 2
Find the remainder when P (x) is divided by (x + 1) .
®  A4(~3,6) and B(1,2) are two points. Find the coordinates of the point P(x, ) 2
' that divides AB externally in the ratio 3 : 1.
{¢)  Find the number of ways in which 3 boys and 3 girls can line up in a queuc so that 2
the first and last in the queue are both boys. :
(d)  Solvethe equation tan2x+tanx=0 for 0°<x<180°. 3
(e)  The Great Pyramid of Egypt has a horizontal square base ABCD of side 230 m. 3
The diagonals of its base intersectat O. Thetop T’ of the pyramid is 147.m
vertically above O, Find the angle of elevation of T fiom A, giving the answer
correct to the nearest degres.
3

Student name / number

Question 12 (15 marks) Use a separate writing booklet,

(a)  The polynomial P(r) is such that P(x) = (x - 1) (x— Z)Q(x) +3x+k for some
polynomial Q(.r) and some constant k. If the remainder is ~1 when P(x) is
divided by (x—1), find the remainder when P(x) is divided by (x—2).

(o)  Find the value of 71, where m>0, such that the acute anglé between the lines
y=2x and y=mx is 45°

(¢) A multiple choice test contains 5 questions. In each question there are 4 answers,
one of which is correct, the other three being incorrect. Ifall 5 questions are
attempted, find the number of ways in which exactly 3 questions can be answered
correctly.

(d)  Giving your answers correst to the nearest degree, use the substitution f=tmn%
to solve the equation cosx+2sinx=-1 for 0°<x<360°,

(e)(i) T(Zat s afi) is a point on the parabola x* =4ay. Use differentiation to show that
the tangent to the parabola at T has gradient ¢, l
(ii) P(2ap , apz) and Q(Zaq , aq’) are two points on the parabola x* =4ay. The

angles of inclination to the positive x axis of the tangents to the parabola at
Pand Qare 8 and 20 respectively. Express g interms of p.

®

Tn the diagram, ABCD is a cyclic quadrilateral. AB preduced and DC produced.
meef at E. AD produced and BC produced meet at F. £BEC=x°, ZCFD=2x"
and ZDAB=3x°. Copy the diagram. Find the value of x, giving reasons.
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Question 13 {15 marks) Use a separate writing hooklet. Question 14 (15 marks) Use a separate writing booklet.
() Solvethe equation 2sin(r-30°)=+2 for 0°<x<360°. 2 Letns [+shnc
(a) Show that =,
l-tanx  cos2x
() Consider the polynomial P(x) =2x" ~5xt —4x+3,
() Show that (x+1) is a factor of P(x). 1 _ .
(i) Solye the equation P(x):(). 2 () Theequation x*+bx* +cr+d =0 hasroots ¢, o’ and e where 20,
i Show that Bd-¢' =0,
(6)  Find the number of ways in which the letters of the word FORMULA can be
arranged in a line . 5x
(i) without restriction. 1 (c)  Solvethe me‘l“amy‘ Pkl
(i) so that the 4 consonants are all next to each other and the 3 vowels are all next to 2
each other.
(@ 6 boys and 5 girls are available for selection in a mixed team of 7 players, Find the
@ ] number of ways that the team can be chosen if it has to contain at least 3 girls and
- B N at least 3 boys. -
. C
A
() M —>— N
A /
D N B 4 c
In the diagram, 4B is a diameter of a circle with centre O. Cand D are points on 3
the circle. OD cuts AC at M. The fangent to the circle at D cuts BC produced at N i
Copy the diagram. Show MCND is a cyclic quadrilateral. -
() P(Zap , apz) and Q(2aq , aqz) are two poiats on the parabola x* =4day. D
(i) Show that the chord P( has equation 2y—{p+g)x+2apg=0. 2 R
( ) In the diagram, MAN is tangent to the circle at 4. 5C is a chord of the circle
(i)} If P and 0 move on the parabola such that the chord PQ always passes through the 2 such that BC|| M4¥ . D is a point on the circle.

point (0 s 4a) on the y axis, show that OP and OQ are always perpendicular to each other.

Copy the diagram. Show that AD bisects £BDC.

Marks




Q11 (coﬁt)

’ Independent Preliminary Exams 2015 Mathematics Extension 1 Marking Guidelines
. b. Qutcomes assessed: P4
Section 1 Questions 1-10 (1 mark each) ‘ Marking Guidelines
Question | Answer | Solution - - Ontcomes Criteria ) Marks
In AMOB, AO BO (radily -~ L0AB= Z0BA=50° (£ sum A is180°) » finds x coordinate of P 1
I B But ACOB=AAOB(§58) .. Z0BC=/0BA=50° PE3 » finds y coordinate of P 1
» ZABC = ZOBA+ Z0BC = 100° A
RnSWer
p C - — P4 - . -
=2x4+1x( 12)=2 :2><( l)~l~1x5=1 =3><l+( 1x( 3)= =3x2+( 1)><6= Point is P(3,0)
241 2+1 3+(-1) 3+(-1)
3 D PES
Using the chain rule, Q = (x3 +1)4 A =157 (x’ + 1)4
dx . ¢. Outcomes assessed: PE3
2-(-1) Marking Guidelines
4 D tanf ={ ————1=13 8 =72° (to the nearest degree) B4 Criteria Marks
1+2x(-B -- » counts the arrangements of the first and last 1
cos(A—-B) w= cos Acos B+ sin Asin B » multiplies by the arrangements of the remaining 4 1
5 A cos(A+B) = cos Acos B —sin Asin B P4 Answer . _ .
The first and last in the queue can be selected from the boys in 3X2 ways
cos( A— B)—cos ( A+ B) = 2sin 4sin B The remaining positions can be filled in 4! ways.
1 (2x— l)—x 2 1 Hence the number of arrangements is 3xX2x41=144
§ Using the quotient tule, f*(x)=— D PE5 7
. ged 7 ( ) (2:c—l)2 ) (2Jc—1)2 d. OQutcomes assessed: P4
- Marking Guidelines
7 D 2, p2 .2 2 ; PE3 Criteria Marks
+ 44t = + -2 + + =3 -2x(-2)=13
o +p+y (a’+ﬂ 7) (['Iﬁ Br w) ( ) + writes the cquation in terms of fanx 1
. » solves for tanx 1
8 A (n+2)1—n!=n!{(n+1)(n+2)—l} =“"1+3M+l PE3 + solves for x 1
(n+1)!_ n!(n+1] n+l
. Answer
9 B tange+tanf b tan2x+tanx =0, 0°<x<l180°
tan(e+ f) = ———— = — P4, PE3 e 2
l-tangtanf l-c 2tanx tanx=0 or tan“x=3
+ tanx =0
TM = TF (locus definition of parabola) A correct L--tan : tanx = i\g
FO=NM=a . "IN+ FO=TN+NM=TM=1F B correct tanx{2-{-(1—-tanzx)}=0 0°<x<180° S x=060° [20°
C PE3
10 TM=atz+¢71=a(t’ﬂ)#a(z‘ﬂ)2 since 1#0 C incdrrect
) e, Outcomes assessed: P4, PE6
TF+NO=TM+NO=at’ +a+2at= a(a’2 +2f+1)= a(f+1) D comect Marking Guidelines
: Criteria Marks
: » finds the distancs A0 1
Section IT » writes an expression for the tangent of the angle of elevation using right trangle AOT 1
Question 11 * calculates the angle of elevation 1
a. Outcomes assessed: PEJ Answer T
Marking Guidelines The diagonal of the square base has length 23 042 metres.
Criteria Marks f , X
< applies the remainder theorem 1 ~ A0 =115y2 . (Diagonals of a square bisect each other) 147
» deduces the valie of the remainder using the given coordinates and property of an odd finction 4 - 1 ;:72 .8 = 42° is angle of elevation of T from A. p o
Answer - 1152
(:l . 3) lies on the graph of P(x) P(i):’a‘ . Since P(:c) is odd, remainder is P(—l) =--P(1)=—3 .
2




Q11(cont)

f. Qutcomes assessed: PE4

Q12 (cont)
d. Outcomes assessed: P4
Marking Guidelines Marking Guidelines
Criteria Marks Criteria Marks
« finds the coordinates of either XYor ¥ 1 + for angles other than 180°, writes the equation in terms of # and solves 1
+ uses the fact that T is the midpoint of XY to write an equation for ¢ 3 + finds corresponding solution for x 1
+ solves for ¢ and states the coordinates of T'in terms of a. 1 » tests 120° and finds it is also a solution 1
Aunswer ‘ Answer
x+ty—2at—at’ =0 y:o::}xzaf(z-}-tz) . X(a;(gﬂl),o) cosx+2sinx=-1 , 0°<x<360°. For x#180°, let fr=tan¥ .
. 2
. x:(i:}y.—,.a(Z-[-:i) Y(O,_a(2+rz)) i—;i—z + ljtrl:'— tan¥=—} , 0°<%<180° For x=180° :
AR to .
T(2a!,ar ) is the midpoint of X¥. - +dr=-1-1 %= 180°-26-565° cos180°+2sin180°=—140
<.af’ =}a{241) t=—4% x=306°52' =]
2 =241 (202, 2a) or r(=2aV2, 2a) ,
P Hence sclufions are x =306°52" or x=180°
Question 12 e. Outcomes assessed: PE4
a. Outcemes assessed: PE3 Marking Guidelines
Marking Guidelines Criteria Marks
Criteria Marks i » proves the result using differentiation - i
+ applies the remainder theorem to evaluate & 1 ii » writes tan#, tan2@ interms ofpandg 1
« applies the remainder theorem after substituting for £ to find the required the remainder 1 * expresses ¢ in ferms of p i
Answer ’ ’ Ansyer
P(x)=(xH1)(x—_2)Q(x)+3x+k P(l)==1= 3+k=-1 k=4 L oxe2a FEoag Ly A 2at
Then P(x) = (x— 1) (x - 2) Q(x) +3x—4 P(Q) =6~-4=2  and required remainder is 2. dt dc dt dt 2a
: y=af? & 2at Gradient of tangent at T'is ¢
b. Outcomes assessed: P4 at -
Marking Guidelines i, tmn@= d tan28 = o 2p
Criteria Marks e fEv=p oA 1 -4 1-p
» writes an equation for ¢ in terms of absolute values |
» solves this equation for positive_m 1
s {. Outcomes assessed: PE2, PE3
swer , Marking Guidelines
tan45° =| - ] 2m+1|=| m—zl i Criteria Marks
1+ 9m + finds either ZFDC or ZADC in terms of x 1
Im+l=m-2 oF 2m+1:-(m—2) 1 ) s finds ZABC interms of x 1.
som=% since m>0 » writes and solves an equation for x 1
m=-3 or Im=1
‘ Answer
¢, Qutcomes assessed: PE3
Marking Guidelines LFDC=4x° (Exterior £ of AADE is equal
Criteria Marks _ to swm of interior opposite £'s )
+ counts the number of combinations of three questions answered correctly from five 1 ~LABC=4x°  (Exterior £ of cyclic quad. ABCD
+ for each such combination, counts the number of ways of answering those remaining incorrectly 1 is equal to interior opposite £)
~9x=180 (£ sumof AABF iz 180°}
Answer =10 :
C,x3x3=90
3




Question 13
a, Qufcomes assessed: P4
Marking Guidelines
Criteria Marks
« rearranges equation and recognises exact trigonometric ratio, stating one value for x-30° i
= states both solutions for x 1
Answer
2sin(x-30°)=2 , 0°Sx<360° x-30°=45°, 135°
sin(x~30°) =% x=175°, 165°
b. Outcomes assessed: PE3
Marking Guidelines
Criteria ) Marks
i + applies the factor theorem 1
ii » completes the factorisation of P(x) I
» writes down the three sclutions 1
Answer
i, Px)=2x"—5x—4x+3 . P(-1)=-2-5+4+43=0 ~{x+1) isa factor of P(x}.
i, P(x)=(x+1)(2x?~7x+3)
= (x + 1)(2x - 1)(3: - 3) P(x) =0 hassolutions x=-1, 4, 3
¢, Outcomes assessed: PE3
Marking Guidelines
Criteria Marks
i » calculates the number of arrangements 1
ii » writes numerical expression with factors 4! and 3! 1
+ includes the factor 2 and calculates the product 1
Answer
i. 7'=5040 ii. 2x41x31=288
d. Outcomes assessed: PE2, PE3
Marking Guidelines
Criteria Marks
« explains right angle at C 1
« explains right angle at D 1
« applies an appropriate test for a cyclic quadrilateral 1

Answer
LACB=90°" (£ in semi-circle is a right angle)
ZODN =90°" (tangent L to radius drawn fo

paoint of contact)
o MCND is cyclic (exterior £ equal to inferior
opposite £ -

Q13 (cont)

e. Outcomes assessed: PE4

Marking Guidelines
Criteria Marks
i » finds gradient of PQ 1
* finds equation of P 1
ii « finds product pg if P() passes through given point 1
+ finds product of gradients of OF and OQ in terms of p and g to deduce result 1
Answer
) a(Pz _qz) .
iom = < PQ has equation y—ap’ =d{p+g){x-2ap
" 2] b(p+)(x-200)
={p+q) 2y~{p+q)x+2apg=0
ii. (0,4a) lies on PQ = Ba+2apg=0 = pg=—4
2
_ap . _ _ . .
M, 2" bp smg.my=tpg=-1 and OPLOQ if (0,4a) lies on PQ .
Question 14
a. Outcomes assessed: P4 -
Marking Guidelines
Criteria Marks
* uses expressions for cos2x and sin2x in terms of cosx and sinx 1
» completes the proof using approprate trigonemetric identities 1
Answer
. 2
14sin2x (COSI"'SHJX) __cosx+siny _ l+tanx
cos2x  cos’x-sinx cosx—sinx l—tfanx
b. Outcomes assessed: PE3
Marking Guidelines
Criteria Marks
» writes expressions for the coefficients in terms of o 1
» writes the quotient of ¢ and b in terms of ¢ 1
1

» completes proof by eliminating o

Answer

b +ex+d=0 has roots o, o, é (=0

b=—(a+a’+iJ
o

c=q.c’+o’ —1—+l o

o o v

b=——(a“+a’+1)
o

d=-a’ c=a*+at+1

Hence *=b'd. .~bd-c'=0




Q14 {(cont)
¢, Outcomes assessed: PE3, PEG

Marking Guidelines
Criteria Marks
» rearranges to form a polynomial inequality 1
» writes one inequality for x ' 1
» writes the second inequality and indicates how they are to be combined i
Amnswer
b
¢ 4 y=xlx—2x+2)

L
e+l /\

53‘9‘(-"2'*'1) »x s22x50 or x22
o<x{(x*+1)-5] 2 "\/A

0= x(x,-— 2)(x+2)

d. Outcomes assessed: PE3

Marking Guidelines
Criteria Marks
« writes an expression for the number of ways of selecting 4 boys and 3 girls !
» writes an expression for the number of ways of selecting 3 boys and 4 girls 1
+ adds these expressions and calculates the possible number of combinations 1

Answer
5C,x°C, +°C,%°C,=15x10+20x5=250

e. Outcomes assessed: PE2, PE3

Marking Guidelines

- Criferia . Marks
* deduces LCDA=ZCBA 1
» deduces ~CBA=/MAB 1
* deduces £LMAB = Z4DB 1
« completes the proof i

Answer
Join 4B and AC. 4 ’
ZCDA=LCBA  ( £'s subtended at the circumference M —=— N
: by the same are AC are equal ) " R
ACBA=/MAB  (alternate £'s within parallel lines 5 [ R c
Fd

are equal )
ZMAB=/ADB (£ between tangent and chord Bd
drawn fo point of contact is equal to
Z subtended by chord BA in the
alternate segment }
~ £CDA= Z4ADB and hence AD bisects £BDC




