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HIGHER SCHOOL CERTIFICATE
TRIAL EXAMINATION

Mathematics Extension 1

General Instructions

B & 2 @

Reading time — 5 minutes

Working time — 2 hours

Write using black or blue pen
Board-approved calculators may be used
A table of standard integrals is provided at
the back of this paper

All necessary working should be shown on
EVery guestion

Examiners KHMN June 2003

Total marks — 84

Attempt Questions 1-7
All questions are of equal
value

Start each question in new
writing boollet



Question 1 (12 marks)

(a)

(b)

{c)

(d)

(e}

()

tandx

Evaluate lim
¥t by x

Find

%(2::3 3").

Solve

1
2—x}3'

State the domain and range of the function

= -l X
F{x)=2cos [3] .

Find the acute angle between the lines

y=3x-35
Zx+y-7=0

to the nearest degree.

COS X
Ewvaluate IH——
1+2sinx
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Question 2 (12 marks) -

(a)

(b)

(c)

(d)

(e)

{e)

Evaluate j dx , using the substitution u =1+ 2x* |
g v1+2x2°

Find the general solution to /3 tanx - =0
Express your answer in terms of .

Prove that (x-2) is 2 factor of 2x* —4x* +4x% = 15x4 14

Evaluate |sin®2x dx

{i) Explain why 8E =BF = DF
EF

(M) Let ZBFE=¢and £/BDE=§
Prove that ~FED =9(°

H5C Marhematics Extension 1
Trial Examination June 2003



Kincoppal-Rose Bay, School of the Sacred Hean
H3C Mathematics Extension 1
Trial Examination June 2003

Question 3 (12 marks)

(a) Six people are scated in a siraight line.

(1) How many seating arrangements are possible? 1

(i)  How many arrangements are possible if Tarzan and Jane 2

occupy the scats at either end?

By Q) Show that ¥ +2x~17 =0 has 2 root between x=2 and x=3 1

(iiy  Using an approximaticn of x = 2-4, use one application of 3
Newton’s method to find a betier approximation for this root.
Give your answer to two decimal places.

{c)  Use a table of standard integral to evaluate 2

1
dx
Jﬂx2+9
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3
4 c 1
d J' ' &
@ 9 +i6x* 3
]
Question 4 (12 marks)
(@) ()  Inwha ratio does I divide AG? 1
—— . = . » i ——i— P L
A J 1] L ] E i G H I

(i) W(2,3) divides XY internally in the ratio &/ where X(-1,1) and Y(7.9). 2
Find the ratio &:/ .
(b)  The polynomial P(x)=x*=3%% + kx— 2 has roots a, By
() Find the value of @+ F+y. 1
(ii)  Find the value of afy. 1
{tii) It is known that two roots are the raciprocal of each other. 2

Find the value of the third root and hence find the value of &,

icl Marvin the Martian has a body temperature of 100°C. When Marvig sleeps
his body temperature obeys Newton's Law of Cooling according tho the law

? = k(T — 4), where T is Marvin's body temperature and A is the temperature
t
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of the surrounding air.

(i)  Show that 7= 4+Ce", where Cand k are constants, satisfies 2
Newton’s Law of Cooling.

’i

(i)  Marvin goes to sleep at 10 pm. His temperature at midnight is 95°C. 3
Marvin's bedroom is air conditioned with the temperature set at 20°C.
Assuming Marvin continues 10 sleep what will be his body temperature

at 8am?
Question 5 (12 marks)
(a) Use the principle of Mathematical lnduction 1o show that 7" +13" is 3

divisible by 10 for n odd integers.

(b)  Sand pours onto the ground and forms a cone where the semi-vertical angle is 60°. The
height of the cone at time t seconds is & cm and the radius of the base is r em. Sand is

being poured onlo the pile at a rate of 12em /s .

(i)  Show that r =3k 1

(i)  Find the rate at which the height is increasing at the instant 3
when the height is 12 em.
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[Volume ofa cone = El-frr:h]

"

(c) Consider the function

Six)= tan"x+tan"(i]

X
{i) State any values of x for which S{x)is undefined. 1
(i)  Showthat £())= % 1
(i)  Showthat f'(x)=0 2
(iv)  Skelch the graph of ¥=f(x) 1
Question & {12 marks)

A particle moves in Simple Harmonic Motion with amplitude a, in the form 5 = —dx
where x is the displacement, in metres, from the origin O and ¢ is the time in seconds.

()  Prove that v? = 4(a° ~ £¥) 3
(ii)  The particle moves so that x = 2, v=4 find the vale of a. 1
(i) Find an expression for v in terms of displacement. 2
(iv) By sefting v= % and 1zking the reciprocal, prove that x = 2+/2 sin 21 3

if when ¢ '-%,x:Z-s.E.

{v) Where would you expect the maximum speed to occur? 1

{vi} Hence, or otherwise, find the maximum speed of the particle. 2

Question 7 {12 marks}

(@) A particle moves according to the equation x =2e™ (coss +3sint}.
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It moves in the interval 0<r<2x.

k.

(i} Show that % =—de " sinr and find the acceleration function . 2
(1) Dhscuss the displacement as 1 — <. 1
(ii))  Find the times when the particle is at the onigin. 2
{iv)  When is the particle moving in the positive direction. 1
{v)  Find the times when the particle will be stationary. 2
{(vi)  Find the displacement at the times when the particls is stationary, ;

{give your answers correct to three decimal places).

(vil) Draw a neat, full-page sketch of x = 2¢™ (cost +sin¢}, giving endpoints, 3
stationary points and inlercepts
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Question 1: s

@  4im BREX v
=0 4y .

(b)) 2x73e¥ + 6xle™ = 6xPe (x+1)
v v

{€)  (2-x)x 232-x)  x%2v
2—x
2-x2H2-x)°
2ex-32-xP 20
(2-xX1-32-x0=0
(2—x¥3x-5)20
ﬂw&r v

¥ v

X
-1s=<1
id) 3 v

—F=r=]3

0< fix)<2x

(e)
=3 v
my =—~1

For an acute angle

tan g =22
1+ mm,

1anﬂ=u’
-6

tanﬂ:%:]
-5

#=45° v

{f) -;* log{ 1+2sinx)+C
v ¥

QOS'*Q l:3c717
(2,002)

Cluestion 2
du x=2 H:!}‘/
a — =4
(@) o x=0 u=
=2
dr

‘/
_z

I o b

]
[4u ] =12-4=8 ¥
|

1
(s} tanx = — v
Nl
x J':.s'r+1;an'li
3
X=RT+— v

(€)

P(2y=2(2)' -4(2) +4(2)" -15(2) +14
=0

- (x—2}is 2 faclor via the factor theorem

(d)

cos2x =2Zsinx~1
$0 cosdx = 2sin® 2x -1

Sinzlx:%{msilx-%-l} v

Ll

T e & 11

3
sin®2x dx= u I(cus4x+ 1)dx
2 0




) ()

Two tangents from an exterior
point to a circle are equal. ¥

Fl

(i)

Since £BFE = a,then £ FBE = @ {ises a)
Since ZBDE = £, then £DBE = # (is05 &)
In s8FD a+a+pf+F=180(Lsumof 4}
2a+24 =180
a+f=00
N EFBD = 90F

(Question 3.
fa) ()

(ii)
& )

G'=T2 v

21 = 48

A7
F@)=(2) +2(2)-17
=8+4-17

=-5
F3=03) +2(3)-17
=16

v

Since f({x)changes stgn between y=2
and x=3 and since f(x)is continuous
for allx, f(x) must be zero
somewhere between x=2 and x=3.

(i1)
fi{x)=3x"+2
f'(3-4]=3(1-4)2+2=19,24 <
f@-4)=(24) +2(2-2)17 = 1624
Sx)
_p.g 1822 v
19-24
=2-3155925.....
=2.32 (2d.p) v

fe) In{x++x* +91+C
vy ¥

Question 4.

(@) (D)

(i)

(k) (@)
(ii)

(iii)

41 ¥

koo, + i

k4! W Eiugil{lrm:f
- 1 ]
-, . 4 35”93
k+i d vy gt
2k +20 =Tk—1 oﬂ%&jﬁhtc}uﬂiwﬂf
-5k =31
Th.“g gug,jﬁﬁﬁ thot...
x WY s ot o ling

k_3
i 5

a+fB+y=3 ¥
afy =2 ¥

xXr=

2=

k=35 v

-‘IX-I-—X?"=2
4

y=2 ¥
a+F+2=3
{I+ﬂ=1

afi+ fy+oy=—k

1+28 420 =k
1+2{A+e)=-k
1+2x1=-%k
k=-3 v



(c)

(i)
T=A+Ce”

v
d—r=kCe“

dt

i N
o T-a) asCF =T v
ar

ii)

When 720 T =100
100=20+ .4e°

A=80 «

T = 20+80¢e"

when =2 T =05

95 = 20 + BGe*?

e 15
16
2k =in->
156
k:llnlj— v
2 15
when ¢ =14

1. 15

T=20+80c7 %"
T = 72.93571472
T=78° v

Question 5:

{a}

Let 7" +13"=10M where M is any
integer .
Forn=1 7'+13' =20 =10x2
which is divisible by 10.

Assume 7% +13'=10M is true for n=k
Prave true for n=k+2

13 =10Af -7

?J.+2 + 131‘1—2 -

771303 =TT 13200M - TV
=49.7" +1690M -169.7*
= 1690 —120.7F
=10(169 -12.7*) v

which is a multiple of 10, therefore true for
n=k=+2.

Since it is true for p=1, it is true for n=1+2
And 50 on, so it is true for all positive odd
integers.

(b}

. r
tan 60° = —
(iy  tan h

htan60®=r
r=-\l'r§fi

. gV

1 —=12

(i) by

'Y =l:rr2ﬁ

1
4 :a-.:ril’-hz Y

V=xh'v

av
LIPS
an

dV

E =432x when h=12 v

dh_dn av
dt dV 4
1

=12
432

|
=——cmis ¥
3or



(€) (i) 20 v

£(1)=tan™’ l+tan'l[~:-]

. F: S
] =—4—
(i1} YR v
T
2
{i11)
. 1 1 d . _
f['x}=l+x;_+ ] 3 'E{xl}
14| —
3)
| I "
= + _x
1+ x°2 a2+l Vg
.1'2
2
= 11"' 2x 'Lz
f+x r+] X
l 1
14 % +1
= ¥
v
) 1,807
1
0.5
—i -2 0.5 ] F
-1




Question 6 (12 marks) { Start 2 new booklet)
(i) x=—dr

(itiy v =4(s-x‘)
v= 4248 —
butif x=2,v=4>0

V= 248 — x?
a= 242 {a>0) Ly ﬂgp?. -

(V) v=2E- SHM 2 i¢5 ¢

1
I3 ra)— rofe
m, ,
5 =
—
—
+
Ly

MR sy mn
[
+
M

-
|

I
r == = P

Sin-i[i_jf_]
sin[Er]:%
x =22 sin (21)

{¥) at the origin (the centre of the motion.



(vi) v= 42 cos(2t)
miax spbe,d=4_ﬁxl
—4f2mis

Question 7 {12 marks) ~  ( Start a new booklet)

(i)  x=2¢"{cost+sint)
i=(coss+sint)x—2e" + 2™ (-sins +cosz)
==2¢” x 2sint
= —de” 5int ‘
¥=sintxde” +-d¢” cost
=4¢”' (sinf - cos?)

(i)  As¢— e, x> Osincee™ = 0.

(iii) 0=2¢"(cost+sint}bute™ =0
cost+siny =0
sing = ~cost
lant =-1
Iz Tx

= W
f 47 4

(iv) ¥ ==4¢” sinrmoving in a positive directicn % > 0,
~de” sint >0
sinf <

T<t<2n
(v) Stationary when s=0—1=0,7 27
(vi)  x=2¢"(cost+sint) 1=0,72z

x=2(cos0+5in0) =2

x=2&F (CGS z+sinx)=-0.086

x =2¢7 (cos 2 + 5in 27) = 0.004 Vi



{vii)

(27, 0.004}
(7, -0.086)

bl oy

M
il
2



