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General Instructions: Total marks: 70

e Reading time — 10 minutes Section I — 10 marks (pages 2—4)

e Working time — 2 hours e Attempt Questions 1-10

e  Write using black pen e Allow about 15 minutes for this

e Calculators approved by NESA may be used section

e A reference sheet is provided with this examination paper

e For questions in Section II, show relevant mathematical Section II — 60 marks (pages 5-8)
reasoning and/or calculations e Attempt Questions 11-14

e No correction tape or white out allowed. e Allow about 1 hour and 45

minutes for this section
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Section I
10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1
1  Find the domain and range of y = > cos (3 — x).

I
A. Thedomainis0 < x < 5 and therangeis2 <y < 4.

N

B. The domainis —4 < x < —2,and therangeis0 <y <
I

C. Thedomainis2 < x < 4,and therangeis0 <y < >

D. Thedomainis 2 < x < 4,and therangeis ——<y <

N
N

1
2 Flndfmdx.
1 1 16x?
Zsm 9 +C
1 _116x2
B. ZCOS 9 +C
1 1 3
C Zsm 4—+C
1 4
D —ZCOS ?+C

3 Which function is a general solution of the differential equation y"’ + 4y = 0?

A. y=Ae** + Be™**

B. y=Asinx + Bcosx
C. y=Asin2x + B cos2x
D. y =Asin4x + B cos 4x



A company manufactures microchips. Typically, about 3% of all microchips produced are

defective. In a shipment of 80 microchips, find the probability that at least three microchips
are defective.

A. 0.5681
B. 0.9098
C. 04319
D. 0.5193

The remainder when the polynomial P(x) is divided by (x + 2)(x — 5) is 3x + 1.
What is the remainder when P(x) is divided by x + 2?

A1
B. =5
C. =9
D. 16
X
Lett = tanE .What values of t satisfy the equation 2 cos x + sinx = —27?
A t=2
B. t=—-2andt=m
C. t=2andt=m
D. t=-2

Let P(x) =1 —x% + x* — x% + x® — x10,
What is the coefficient of x” in the expansion of P(x — 1)?

A0

B. 128
C. 112
D. —128



10

What is the unit vector in the direction of AB, where A and B are the points
(—=2,1) and (6, 3), respectively?

4 1
A. ﬁl-l_\/?]
B. 8i+2j
C. ii+ij
17 34
D. i+
V5 V5

3w X
Given thattanx = k, wherem < x < - determine the value of sin >

If |a — b| = |al + |b|, where @ # Q and b # 0, which one of the following must be true?

lal = |b|
a is parallel to b

a=b

oS 0 w >

Q
l_
eyl



Section II

60 marks
Attempt Questions 11-14
Allow about 1 hour 45 minutes for this section.

e Answer the questions in the spaces provided.
¢ Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a separate Writing Booklet

(a) Solve |4x — 3| > 11.

(b) A cup of coffee is heated to 90 °C. The room temperature is maintained at a constant
20 °C, and the coffee cools to 50 °C after 8 minutes. The temperature of the coffee can
be modelled by the equation T = 20 + 70e~*t, where T is the temperature of the
coffee in degrees Celsius, t is the time in minutes since the coffee was placed in the
room, and k is a constant.

Determine the time taken for the temperature of the coffee to reach 25 °C.

Give your answer correct to 1 decimal place.

c) A solid is forme rotating the region bounde the curvesy = 4 — x“ an
(c) A solid is fi d by ing the region bounded by th y =4 —x?and
y = 2 — x about the x-axis. Find the exact value of the volume of the solid.

(d) (i) Complete the square for x> — 6x + 13, expressing the answer in the form
[f(x)]? + a, where a is a constant and f (x) is a linear function of x.

3 . 1
(ii) Hence, find fmdx.

(e) A standard pack of 52 playing cards consists of 13 hearts, 13 diamonds, 13 clubs
and 13 spades. Fifteen cards are drawn with replacement from the pack.

(i) Let X be the number of diamonds drawn. Find the mean and standard deviation of X,
giving your answers correct to 2 decimal places, where applicable.

(ii) Determine the probability that X is within one standard deviation of the mean.
Give your answer correct to 3 decimal places.



Question 12 (15 marks) Use a separate Writing Booklet

(a) There are 5 men and 6 women to choose from. In how many ways can 3 men and
5 women be selected and arranged in a row?

(b) Consider the function f(x) = V3 cosx + 3sinx for 0 < x < 2m.
(i) By first expanding cos(x — @), express f(x) in the form R cos(x — a) .

(ii) Hence, solve V3 cos x + 3sinx = 1, correct to 2 decimal places.

3
(c) Express sin (2 cos™t —) in the form aVb, where a and b are rational numbers.

4

(d) A drone is flying horizontally at a constant height of 120 m above the ground.
It moves horizontally away from a person at a constant speed of 6 m/s.

Determine the rate at which the distance between the drone and the person
is increasing when the drone is 150 m from the person.

(e) Using the substitution u = V6x — 1, show that

X 1
——dx=—@0Bx+1)v6ex—1+C.
f\/6x—1 27( )



Question 13 (15 marks) Use a separate Writing Booklet

(a) The graph of y = f(x) is shown below.
Sketch the graph of y = |f(|x])|, clearly showing all key features.

Y

_2§ \/6 z

(b) Prove by mathematical induction that 4(3™) + 8™ is divisible by 5 for all integers n > 1.
y y g

. . : cdy  y(1—x)
(c) Consider the differential equation F i

(i) State any constant solutions.

(ii) Find the general solution of the differential equation by separating the variables.

108

(d) Find all possible values of k given that the length of the projection of u onto v is 7

where u = ki + 9j and v = 15i — 8j.



Question 14 (15 marks) Use a separate Writing Booklet

(a) The AABC shown below has altitudes BE and CF, where an altitude is a line segment
drawn from a vertex perpendicular to the opposite side. The altitudes intersect at D.

Letng,ﬁzbandﬁ:g.

(i) Showthata-b=a-c=b-c.

(ii) Hence, or otherwise, prove that the three altitudes of AABC are concurrent;
that is, they all pass through a single point.

(b) A ball is projected from the base of a cliff with initial speed u m/s at an angle of 6
to the horizontal. At the same time, a second ball is projected horizontally with
initial speed w m/s from the top of the same cliff, which is h m high. Take the base
of the cliff as the origin (0, 0). The two balls collide.

(i) Show that the position vector of the first ball is
ry(t) = (utcos )i+ (ut sinf — %tz) j.

(ii) It is given that & = tan™! 3 and the position vector of the second ball is

r,(t) = wti + (h - gtz)j.

2

1
Show that cos ® = ——, and hence deduce that u = V10w.

V10
h
(iii) Hence, prove that the balls collide at time t = E and that the height of
the balls at the point of collision is f — -9
e balls at the point of collision is T8w?

(iv) At the instant of collision, the velocity vectors of the two balls are perpendicular.
3(3 £ V5)w?

Show that h =
29

End of paper
8



Student Number: Feedback & Solution Teacher Name:

PENRITH SELECTIVE HIGH SCHOOL
MATHEMATICS DEPARTMENT

2026 TERM 3 TRIAL HSC EXAMINATION

YEAR 12 Mathematics Extension 1

General Instructions: Total marks: 70

e Reading time — 10 minutes Section I — 10 marks (pages 2—4)

e Working time — 2 hours e Attempt Questions 1-10

e  Write using black pen e Allow about 15 minutes for this

e Calculators approved by NESA may be used section

e A reference sheet is provided with this examination paper

e For questions in Section II, show relevant mathematical Section II — 60 marks (pages 5-8)
reasoning and/or calculations e Attempt Questions 11-14

e No correction tape or white out allowed. e Allow about 1 hour and 45

minutes for this section

Question | Multiple Q.11 Q.12 Q.13 Q.14 Total
Topic Choice
Combinatorics |7 a
/1 /2 /3
Functions 5 a a
/1 /2 /3 16
Proof b
/4 /4
Trigonometric | 1.6.9 b, ¢
Functions /3 / 542 /10
Calculus 2,3 b,c,d de ¢
/2 / 2+4+3 /3+3 /4 /21
Vectors 8,10 d a,b
/2 /4 /5+10 /21
Binomial 4 e
Distribution /1 /4 /5
Total /10 /15 /15 /15 /15 /70



Gi Kim
Feedback & Solution


Section I
10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1
1  Find the domain and range of y = > cos (3 — x).

I
A. Thedomainis0 < x < —,and therangeis2 <y < 4.

2’
m
B. The domainis — 4 < x < —2,and the range isOSySE.
I
C. Thedomainis2 < x < 4,and therangeis0 <y < >
/[ /[
D. The domainis 2 < x < 4,and the range is —ZS}/SZ.
Domain: —1<3-x<1 Range: 0 <cos™!3—-x)<m
1 T
—4<—x< -2 O<Ecos 1(E’;—x)<§
I
4>x>2 “0<y<z
<x<4
Answer: C
Fi df ! d
in —dx
V9 — 16x?
1, 16x2+C
2 Sin 5
B 1 _116x2+C
. zcos 5
C Lgin-12 +C
L g sinT
D ! —14x+C
. 76057 3
X X
j [ = sin~ f—()+C——cos‘1f—()+C
va? = [f(0]? a

1 4 1 —4
. dx = dx = ~ dx = — = d
j\/9—16x2 * j (3)2—(4x)2 g 4j (3)2 — (4x)? * 4]\/(3)2—(4@2 i

= —cosl—+C
4 3

Answer: D



3 Which function is a general solution of the differential equation y"’ + 4y = 0?

A y=Ae* + Be ¥
B. y=Asinx + Bcosx
C. y=Asin2x + B cos2x
D. y =Asin4x + B cos 4x
For option C,
y = Asin2x + B cos 2x
y' = 2Acos2x — 2B sin 2x
y'"" = —4Asin 2x — 4B cos 2x
y" = —4(Asin 2x + B cos 2x)
y'=—4y
~y"+4y =0

Answer: C

4 A company manufactures microchips. Typically, about 3% of all microchips produced are
defective. In a shipment of 80 microchips, find the probability that at least three microchips
are defective.

0.5681
0.9098
0.4319
0.5193

S 0w

Let X = number of defective microchips.

PX=23)=1-P(X <3)
=1-[PX=0+PX=1)+PX=2)]
=1-1[(0.97)8° + 89C,(0.03)(0.97)7° + 8°C,(0.03)%(0.97)78]
= 0.4319

Answer: C

5 The remainder when the polynomial P(x) is divided by (x + 2)(x — 5) is 3x + 1.
What is the remainder when P(x) is divided by x + 2?

A1

B. =5
C. -9
D. 16

Px)=(x+2)(x—5)0Q0x)+ (Bx+1)

P(-2)=(-2+4+2)(-2-50(-2)+B(-2)+1)
=-5

Answer: B



X
6 Lett = tanE .What values of t satisfy the equation 2 cos x + sinx = —27?

A t=2
B. t=—-2andt=m

C. t=2andt=m

D. t=-2
2cosx +sinx = -2
2(1 —t?) 2t

1+¢t2 1+4e2
21—t +2t=-2(1+t?)
2 —2t% + 2t = —2 — 2t?

2t = —4
t=-2
Answer: D

7 LetP(x)=1-—x?+x*— x4+ x8 — x1°,
What is the coefficient of x” in the expansion of P(x — 1)?
0
128
112
— 128

S 0w

Px—-1)=1-(x—1*+x-1D*—(x-1D°+x—-1)8—(x—1)*°

(X _ 1)8 — Z 8Crx8—r(_1)r

r=0
10
(=1 = ) 00 x0T (-1
r=0
x7 term = 8C,x8 1(—1)! — 10C,x10-3(—1)3
Coefficient of x” = —8C; + 1°C;

=112

Answer: C



8  What is the unit vector in the direction of AB, where 4 and B are the points
(—=2,1) and (6, 3), respectively?

4 1
ﬁl-l_\/?]
B. 8i+2j

2 1.
C. ﬁl-l_ﬁ]
2 1
D. —i+—j

N

AB = 6i+ 3j — (—2i +j)
= 60+ 3j+ 2i —j
= 8i + 2j
|[AB| = /82 + 22
= 2V17

) AB
Unit vector = —-

|4B]
_ 8i+2]

A.

Answer: A



3w X
9 Given thattanx = k, wherem < x < - determine the value of sin >

wn
| —//////
>

V1 +k2

T C

. 2x
cosx =1 —2sin >

X
=1—2sin2=
Sin )

L, X 1<1+ 1 )
sin“ - =
2 2\ J1+k2

. X 1<1+ 1 ) ( _x>0 h n<x<3n)
st— > g since sm2 , W ere2 > <7




10 If|a — b| = |a| + |b|, where @ # Q and b # Q, which one of the following must be true?

Q
Il
llwyl

A
B. gisparallel to b
C
D

When |a — b| = |g| + |b|

Answer: B



0,

Section II

60 marks
Attempt Questions 11-14
Allow about 1 hour 45 minutes for this section.

¢ Answer the questions in the spaces provided.
¢ Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a separate Writing Booklet

(a) Solve |4x — 3| > 11. k FOY
. Bl . mal ulion-
i ees oen ot 5

7

b g 7 or X € =2 @Meﬁ{ \on w06 doY‘Q

@ © el

(b) A cup of coffee is heated to 90 °C. The room temperature is maintained at a constant 2
20 °C, and the coffee cools to 50 °C after 8 minutes. The temperature of the coffee can
be modelled by the equation T = 20 + 70e~**, where T is the temperature of the
coffee in degrees Celsius, t is the time in minutes since the coffee was placed in the
room, and k is a constant.

Determine the time taken for the temperature of the coffee to reach 25 °C.
Give your answer correct to 1 decimal place.
T =20+ 70e*¢

” Sub.t = 8and T = 50,
50 = 20 + 70e78

Q\(,V\\Ok 7(_):]{_ _ 3= ¥
fOM“\ €=y .
QQY -8k = ln;

:.k=—%ln;1 ~ Queghon w6
| T =20+ 7087 dW\e w€||

® ~ When T = 25, \e \
25 = 20 + 70¢8 ™ wvo Ve
(owgf)( e%tlng _ 1_14 y - m a“& % d?mso lq wm *
g\A 1.3 1 thewn
\a\(‘ gtln7—1lnﬁ 3 %\' \w\{
v) _ .
(0\(' t—8lnﬁ71n?
k) : Lt = 24.9 minutes (1d.p.)




(c) A solid is formed by rotating the region bounded by the curves y = 4 — x2 and 4
y = 2 — x about the x-axis. Find the exact value of the volume of the solid.

For the points of intersection, Commoﬂ M |6+a|kei‘ d
calalete |47 =22 & udens cal (mlare 1
» W[ x—2= | \1eC
"“"?5«%*2,' o Gk =IO itergection pons forx lim‘:zs
P =21 and  fhen uged 0 fo 2 49
@ "V=nf2(4—x2)2dx—nf2(2—x)zdx Iﬂﬁkad
b =T 2 —x2)2-(2-x)¥)dx m *ake'
Sc(zw&* f-;m S commo" .;n'r collect
L nf (16 — 8x2 + x* — (4 — 4x + x2)) dx 5fud(’vﬂ6 d\yopcﬁj
and -4 .
6‘“\?\&5 = nf (x* —9x% + 4x + 12) dx '\'QIW\Q p
=7 x—5—3x3+2x2+12x 2
\n\egw\w“ I 532 L 1
(4147 L=n[<?—24+8+24>—(—§+3+2—12)]

_108r
® = 5 unil

avéﬂ“

(d) (i) Complete the square for x? — 6x + 13, expressing the answer in the form 1
[f(x)]? + a, where a is a constant and f (x) is a linear function of x.

x2—6x+13=x*—-6x+9+4 @ (ompldl‘.ﬂ? 'H‘f

=(-3)7+4 Square.
N . L
(ii) Hence, find fmdx. 2
1 B 1 covrtct sub
Jx2—6x+13 dx_1f4+(x—33*)2 g e (@) @ weck ')dehh"fj.
- o ng (o
= Etan > +C @ ua' 0
Huegtion WS
done W |



(e) A standard pack of 52 playing cards consists of 13 hearts, 13 diamonds, 13 clubs
and 13 spades. Fifteen cards are drawn with replacement from the pack.

(i) Let X be the number of diamonds drawn. Find the mean and standard deviation of X, .
giving your answers correct to 2 decimal places, where applicable.
, 13 1 Quegiion Wb
n= ’ = q = Li=h=
= F()).225, = 0.754 aowe Ne”
p=np, a? =npq
= 15 x 0.25 —15x025x075  (ommOW M;G* idl no+ G4uare oot
=375 o = V28125 students d vanance.
O “ia (1) i
| mork each, mean

5mnd avd d{’Vld ton

(ii) Determine the probability that X is within one standard deviation of the mean. 2

Give your answer correct to 3 decimal places. ; ,[ oV
n stand ard devian
P(3.75 - 168 < X < 3.75 + 1.68) ] @ o mean:
(owccﬂg cal Culate

= P(2.07 < X < 543)

=P(X=3)+P(X =4)+P(X =5)

= 15C,(0.25)3(0.75)12 + 15C,(0.25)4(0.75)'* + 15c5(o.25)5(o.75)£l @ p.,oba D fn
=0.616

|
, 4ome 5’mden}9 ouly calculat

Ovevall done ol
el fop limit.

(no marke)

074)(55-“9)
by Calculated P(2
o Mowy Sfur and  didn't (ovﬂ'V“’“Z o(r? (O,,px =5

3)¢t
Ca\(u\o’md p(x=2 )+ P(X*

) eflie)
oY

o Lounding ghould have Dbeen hetfer.

10



Question 12 (15 marks) Use a separate Writing Booklet

() There are 5 men and 6 women to choose from. In how many ways can 3 men and 2
5 women be selected and arranged in a row?

A group of 3 men and 5 wemen can be choosen in °C; X °Cs ways.
Since each group can be arranged in a row in 8! ways,
Number of arrangements = 5C3 X 6Cg x 8!

O = 2419200 ©)

(b) Consider the function f(x) = V3 cosx + 3sinx for 0 < x < 2.
(i) By first expanding cos(x — «), express f(x) in the form R cos(x — a) . 3

V3 cosx + 3sinx = R cos(x — @)
= Rcosxcosa + Rsinxsina

Equate coefficients, Mot ctudents A not
Rcosa=+3 [1] \3 oS
Rsina =3 [2] ngﬁﬁo w \"\3 ong e w
[1]2 + [2]?, R%*cos?a +R?sin?a =12 \ , &
R%(cos? a +sin®a) = 12 N dne st qlu\_adfakm' ( )
R* =12 > Did not penalise.
~ R =2V3 (sinceR > 0) @

V3 o1
From[1], cosa =——===>0

2v/3 2

3 3

From [2], sina =——==—>0

243 2

T
# Since cosa > 0 and sina > 0, a is in the 1st quadrant with related angle 3
T
el © n
~ V3 cosx + 3sinx = 2v3 cos (x —§) @
(ii) Hence, solve V3 cosx + 3sinx = 1, correct to 2 decimal places. 2
2\/§cos(x—z)=1 where—E<x—z<5—n Pone v U“e“‘/
3 ’ 3 37 3 eN\j

T T
Since cos (x — §) >0,x — 3 lies in the first and fourth quadrants.

Vs
x == 1.278 or 2w — 1.278
. x = 2.330r6.05 @

11



3
(c) Expresssin (2 cos™! Z) in the form aVb, where a and b are rational numbers. 2

3 .
Let§ = cos™7 Dave mos‘v\j welk
3 1AW '+ Vond
Then cosezz e Samme d " |
C 1 dingle
/] @ Opposite = V42 — 32 twe conve 9 e
/ =7 whicn messed wp
T
 / : sinf = \1—7 (sincecosf >0and 0 < cos~'x <7) whole S0 (ut
/'/.‘ sin (2 cos™! Z) = sin(26)
VAN - = 2sinf cosf

()6
7 0

(d) A drone is flying horizontally at a constant height of 120 m above the ground. 3
It moves horizontally away from a person at a constant speed of 6 m/s.

Determine the rate at which the distance between the drone and the person
is increasing when the drone is 150 m from the person.

bm/s

dx dr
T - — =6, —=2 r? = x? + 1202
K dt dt
r=Jx% + 1202 O,
/ dr 1 1
— = —(x% + 14400)"2(2x)
dx 2
120 m F & _ X
Vx2 + 14400
dr dr dx ) 2/
E — a X ? o Mo%_\, S_‘.udgu;‘—s (Q(\%Qd 3
= x 6@ MOVS -
Vx2Z + 14400 5
N 6x . Comma owdr : — x= 150
Vx2 + 14400  incoweck  velaed
Whenr = 150, 1502 = x2 + 1202 ke (ecipracal).
x2 = 8100
x =90
dr 6 X 90
dt /902 + 14400
360
¥§2500

12



(e) Using the substitution u = V6x — 1, show that
X 1
J dx=ﬁ(3x+1)\/6x—1+C.

Vvéx — 1
X
dx u=+v6é6x—1,
f\/6x—1
—1f(2+1)d w1 1) ixe
~18 )\ u dx 2%
1 (ud du 3
—E(?+u>+6 @ a— =1
3
1 ((V6x—1) 1 1
=—(—2 +Vex—1|+cC —du = d
18( 3 Tvox )+ E RN o

1

=§((6x—1)\/6x—1+3\/6x—1)+c
1

=§\/6x—1(6x—1+3)+C

1
=§\/6x—1(6x+2)+6

- teps |
=%(3x+1)\/6x—1+6 O o Po ot skip foo My ST

13
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&Eé
40P £20(35) p
OP l

A
;". g w,-(" alinduction tareppent [s tT e ,c/
Aback
: : : _dy y(-x)
(c¢) Consider the differential equation — = : i f ( )
A x 00f / [)M ﬁ/ Sul l\
(i) State any constant solutions. \ L/
an ezif/ 7%5 flon,
dy /
Substitute — = 0 for th tant solution, A
ylzls— x)e Ix or the constant solution ‘(ﬂnfﬁn% Sﬁ/Hﬁ/ﬂﬂ( an ([);;{%m% ‘ﬁr\(, %)}0»“. §
¥ =i //)0//15’/7}4/ /;lapsj
fy=0 ~Ws matk £XL=0 wa :’M/m/ﬂ[
(ii) Find the general solution of the differential equation by separating the variables. 3
dy y(1-x)
dx  x 1[ ) Z/
L ~07§€/>z(4ﬁ()“ ot \Viananes
y X

Integrating both sides,

1 1—x
[t =[5 Tar

1 1
—dy=||-—-1)dx
LI}JIA = lnIJs:d(i x+)C - @ In?léjm‘f\’iﬁ

Inly| = In|x| = —x+ C

In IXI =-x+C
X

IZI = g XtC

4

X - iece—x

X

He W[y%dz

~y = Axe™, where A is a nonzero constant — @/i/} /1 }(@5 ;//
nof iwj i’ you rtmove ety | 9] or 1) it exf/zw o

~ foor mathowatics] Undorstind ,y Ouul/ c/(,//);%tﬁ decodt at ffih/fk |
“jﬂf/-’ﬂlf éuﬁ, 5";/8»’ 47’ e 4n. ﬂlm&-Jﬂf//t’fM?e jm s/«m//z Me A “""f“ﬁ (NL fw/;g{”{)
— T He™ (A=°70) i nit 4 preper 5t o gonl sobfins, Each andat should 7/% |

curvwe, not d /}7;/7‘ 14 /fff’p() | | / |
‘/Wffﬁ/ 5)&/&# ol aéﬁ /’fO/"’/ﬁf und¢fstud how 1o Aea Wil absolde valigs aod.

4/”/ aly ¢on il dojfs



" olg F\\}la_ﬂ’)
W T =-"> A .
Vi FleBdy (Vql/ﬂllﬁ seperuhle ) (1)
= ()4 =
)TJV\J Yy X m
log gl = Jog,le] - +C (])
Ly Io}eul'ﬁL B
Nyl =e
Lul '”Z‘EI)L‘ ,\—)LJC
l:,r "@W £ °*U
Y =Alx]e”  (A=e>0) .
w=A K e (Aisa fm'/M or /)5;4//% (on;ﬁm?f} \I/

hffec e fo 31:_/_41&'[ 5 it V4//z{ wa/,/é/?vj

~ T you A nof combjye 45{&/147"{ VA luﬁ,() fle P sqmet @‘
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(d) Find all possible values of k given that the length of the projection of u onto v is —,

where u = ki + 9j and v = 15i — 8j.

(u-v)y

roj,u = —
PTOE = TolTe]
I

e
2
g

v

g
g

D

L {

lv

17

Length of the projection = | ] | @ Ug(’( Q,\ Of /7(0 fl %/01/\

| (ki +9) - (15i — 8j) 108

| /152 + (=8)2
15k —72| 108 _ <’ /,‘ﬁ\og’
| = J”‘\/) 2
17 1" 17
|15k — 72| = 108
15k — 72 = 108 or
15k = 180 or

~k =12 "@ or

15k— 72 =-108
15k = -36

pn

!Ifl.!j‘ u|

12
k=—-§— (or —24) —

0)

H%( /W—L'f
/ iq fml§ V[C’”Vf
/1/6 ulups.

- njﬂ weans absolite wlup,

’W( /5/{ ~ BT 4 nﬂl
known 10 he p@ol%/vé
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JJ; 127510;'“7% j :,_12?_ @l/ﬂ#s’ %4}% ﬁff)/gﬂdloﬂ 74;{*1’_4&,]&3_:0

B )T o A ﬁtm»/el  Lyfin’ 6 5025k -6 2020k ~19 Tamo=p

R RO
o L(%}gk,,'”*u)’ =|7X1)8 — 3T
’“RD’HWK - - B S ——7:*-q€I—7TA .
{%mah—loao) +(;wm7/) J?X!@Q e o | T ,%‘
(@sk syt (1 ROkt574) L./ ISR S ']\___ B
5 (l§k~7z) 18 (IEkﬁz) g agA D B
ARy = 1087 —

n—'l.:77 = i’)QS (75”?7/#6< %wiﬁ OK | f B

(B

O EkRE0S o SER=08 )
ISR=IF0 jsk=-36

k=B, k=% jﬁmgmﬂs
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Question 14 (15 marks) Use a separate Writing Booklet

(a) The AABC shown below has altitudes BE and CF, where an altitude is a line segment
drawn from a vertex perpendicular to the opposite side. The altitudes intersect at D.

Let DA =g,DB = band DC = c.

"

(i) Showthata-b=a-c=b"c. ] | ) 3
A anl ? lC/u/“/"LO :3' \VCQ 3 LEC
AC-DB =0 (since AC L BE) Mawy 5 I =
(c—a)-b=0 ( @ »E =
¢-b—g-b=0 bl pe L e _“n RE
~bc=a-+b H ; Dl =

o bin Lo lacalid

AB-DC=0 (since AB L FC) ot oo b g re
(b—a@)-c=0
b-c—a-c=0 » e
i \a /
~b-c=a-c - C;\/“'U\A’U, (/[’ nwan No

(ii) Hence, or otherwise, prove that the three altitudes of AABC are concurrent; 2

that is, they all pass through a single point.
s shudlewds
BC-DA=(¢c—b)-a i i ) mama,
=¢'a—b-a . , -
=c-a—-c-a (sincea-b=a-¢) wbeducrd )/ 7 for

~ BC L AD /5? 1L DA awd

~ The extension of AD to meet BC is an altitude of the AABC.

' « - Ay rt e al”
= The three altitudes of AABC are concurrent. cowdd nes

Chr ,fznw S'CLP '
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(b) Aball is projected from the base of a cliff with initial speed u m/s at an angle of 6
to the horizontal. At the same time, a second ball is projected horizontally with
initial speed w m/s from the top of the same cliff, which is A m high. Take the base
of the cliff as the origin (0,0). The two balls collide.

(i) Show that the position vector of the first ball is 3
r (t) = (utcos 0)i+ (ut sin@ — gtz)j.

® = [(-gae N v was  done well)
: Dras Pa*
=—gt) + ¢4
Sub.t = 0and v;(0) = ucos 81i+ usin8j, excapt )
~cy=ucosfi+usinfj ; ) oo oI |5
WV =—gti+ucosfi+ usinfj " 3t’ud,£/\/\15 {UY i
=ucos @i+ (usinf — gt)j 1 . ‘ : LT?
- . \S - v velo
r1=f(uc059i+(usin0—gt)j)dt \(lﬁd c,(/v\s\cm/\&’b {t
1 duplacement
=utcost9i+(utsin9—Egtz)j+d1 M {
Sub.t = 0and r, (0) = 0,
s dy=0 ' ~ svevall Okaj
o : N B
..rl—utcosel+(utsm0 2t )]
(ii) Itis given that @ = tan™' 3 and the position vector of the second ball is 2
i _9.2);
ry(t) = wti + (h 5t )1.
1
Show that cos 8 = ——, and hence deduce that u = V10w.
V10
tan@ =3
K
4 hypotenuse = /3% + 12
V4 =10
S 3
Vv IU/"/ 3 s sinf = —
"/I | %0 \ “ d@/\@ /)
Fd . cosh = — we ' ' |
A V10
/ b

At the point of collision, r, (t) = r,(t).
Equating x components,
ut cos 8 = wt

1
U—— =W
V10
~u=vV10w

18



h
(iii) Hence, prove that the balls collide at time t = S’ and that the height of 2

: I h?
the balls at the point of collision is h — 18wZ"
Fromr,(t) = r,(t), equating y comnonents,
; g 9
tsin —=t> =h—=t?
ut sin ) >
ut siné = h C/ /)
3  AD // one
Viow(==)t =1 Loe ;
V10
_h
3w

h
Substitute t = o intoy, =h — %tz for the height,

2 sz (/\;@// Cl(,’//\e /}
" Y2 =T 1w
(iv) At the instant of collision, the velocity vectors of the two balls are perpendicular. 3
3(3 ++/5)w?
Show thath = —g—_z—;(L

h
Att=o—,  vyi(t) =ucosfi+ (using - go)j

=T+ (VTow () -0 () )

. ghy.
=wi+ (3w ——]j , Los
( 3W) — Somé gfudﬁnfs fOYCjJ s

v, (t) = wi— gtj

. (h)  ovile V,(t)s Vo l$) =0
=wl—g 'é; ) | v‘ | |
=Wi"§£‘i - SOML ﬂJUCIlA\.LB Ayt

- A ) sle,
vy v, =0 (sincevy 1v,) . at //na/ &/)
23w 3w ’
g_h) — (@) 2 = wmkm N
(3w 3w v +w?=0 (’3
gh 3w +Vow? — 4w?
m— 2 - \ }' wWan nol—
= \e/\.(/ku !
gh 3w + /5w 04V :
3w 2 dGM L\,*Q/Lﬂ .
gh (3+£V5)w
3w

2

3(3 + V5)w?

S, S
29
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Alternative:

9g—22h2-—gh+w2=0 ,FQUJ stuclends used b
w
T % | |
w? - Aﬁa;'nA s‘h,ld.bvd/’ AI/\M wﬁuwed’
4 9W2 % i X w tLj
=l9tg 1—5 Xﬁ wmkmﬂ le Qe
( \F) 912 —FanJ S"QP '
=1+ [=] X —
9 29 $‘—
— re~old l was Aot donr
ng(li%\/g O\’ ) 4 /)0‘
- Zg §D We]’ 3
_3w?(3+5)
= 29
3(3 + V5)w?
29

End of paper
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