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Task 3
May 2017

3t.Catherine’s School

Waverley
ime aliowed: 90 minutes plus 5 minutes reading time
otal marks: 52 marks
Yeighting: 25%

here are 10 questions including 7 multiple choice questions.

NSTRUCTIONS

In Section |, answer the 7 multiple choice questions on the attached multiple choice
answer sheet.

In Section I, start Questions 8, 9 and 10 in three separate answer booklets. You may
request more booklets if needed. ' '
Show all necessary working for Questions 8, 9 and 10.

Marks may be deducted for careless or badly arranged work.

A reference sheet is provided.

WWrite- using blue or black pen. Black pen is preferred.

Multiple Choice | I;r ! 7 marks
Question 8 . / {15 marks
Question 9 ) I /15 marks
Question 10 ( /15 marks
Total A ’ 152 marks /




SECTION | _ 7 marks

Attempt Questions | —7

Use the multiple-choice answer sheet for Questions | — 7.

A particle is moving in a straight lin€. Its velocity ¥ m/s at a position x metres
from an origin O is given by v? = 4(27 — 3x*). What is the acceleration of the

particle when it is 1 metre to the left of the origin?

Ay 24
® -8
€ 24 |

(D) 48 ‘\

A particle is moving in a straight line with its velocity as a function of x given by

% = ™%, It is initially at the origin. The displacement x is given by
(A) x=log,(t—1)

(53) x = log.(t+ 1)

(C) x = ettt

(D) x=—et+1

The velocity, » ms™1, of a particle moving in simple harmonic motion along the

x-axis given by 1% = 8 — 2x ~ x?, where x is in metres. Yhat is the amplitude

of motion?
m 1
®) 4
&) - -3
© 3
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(¢}  cos? G) +c

) x+§sinx+c

Which integral is obtained when the substitution u = cos™' x is applied to

—1
eCOS X

N

(A [etdu

(B) —f[e*du

ey

(C) f v1—cos*u du

esmu

©) e

T
JZcosxsin®x dx

w5
® 1
© 3
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A spherical bubble is expanding so that its volume is increasing at the constant

rate of 10 cm? per second. What is the rate of increase of the radius when the

surface area is 400 cm??
(A) 4 cm/s

(B) 40 cm/s
€ = em/s

(D) 410 cm/s -

E‘nd of Section 1
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SECTION il 45 marks
Attempt Questions 8 — 10 -
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 8 — 10, your response should include relevant mathematical reasoning and/or
calculations.

Question 8 Use a SEPARATE writing booklet : 5 marks

(a) Use the substitution u = 1 + x to find 3
‘ 1
—X
(1+x)3 ax
1

(b) A salad, which is initially at a temperature of 23°C, is placed in a refrigerator
that has a constant temperature of 4°C. The cooling rate of the salad is
proportional to the difference between the temperature of the refrigerator
and the temperature, T, of the salad. That is, T satisfies the equation

ar _ k(T'—4)

where ¢ is the number of minutes after the salad is placed in the refrigerator.

9) Show that T = 4 + Be % satisfies the equation. i

}ﬁ)’ The temperature of the salad is 12°C after 8 minutes. Find the values 2
of B and k.

((jh'j How long will it take for the temperature of the salad to cool to 9°C ? 2

Give your answer correct to the nearest minute.

/(i\’i) Draw a graph of T against £, showing key points and features. 2

Question 8 continues
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Question 8 (continued)

() The velocity of a particle moving in a straight line is given by v = (x + 1)?
where x is its displacement from the origin after ¢ seconds. Initially the particle

is at the origin.

(¥ Find an expression for a in terms of x.

/
(ip- Find an expression for x in terms of ¢.

End of Question 8
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Question 9 Use a SEPARATE writing booldet 15 marks

(2)

(b)

A person P on horizontal ground is looking up at a helicopter H which is
approaching at a speed of 100 ms™* at a constant altitude of 250 metres
above the ground. When the horizontal distance of the helicopter from the
person is x metres, the angle of elevation of the helicopter is 8 radians.

100 ms™? H
<
I
!
| 250m
I
8 |
P x
() Show that § = tan~1 22 |
de 25000
(i) Show that — = —————~ 3
dt x<4-62500
i) Find the rate at which 8 is changing when 8 = T, giving the answer in 2
g 2 » 8iving

degrees per second correct to the nearest degree.

A particle moves in a straight line. Its displacement, x metres, after ¢ seconds
is given by
x = sin 2t — V'3 cos 2t
(i)/ Express the displacement of the particle in the form x = Asin(2t — a) 2

where @ is in radians.

,(iif Show that the particle is moving in simple harmonic motion. 2

(m)/What is the period of the motion? . I

(/) Find the maximum speed of the motion. 1

Question 9 continues
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Question 9 (continued)

(ef A particle moving in a straight line with SHM has a period of w seconds and 3
oscillates between x = —2 and x = 4. The particle is initially 1 metre to the
right of the origin.

Write an expression for the displacement x in terms of ¢ as
x=acos(nt+a)+c.

End of Question 9
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Question [0 Use a SEPARATE writing boéklet 15 marks

(a)  Use the substitution u® = x, u > 0, evaluate 3

1
f 4(x +Vx) ax

}b) Using the substitution x = 5 sin & to find

f1/25—x2 dx

(c)  Anarrow is fired from the origin O with initial velocity 80 ms™" with variable
angle of projection 6 to hit a target 40 m high and 200 m away from the point
of projection. The equations of motion are given by

x = 80tcos @

y = 80t sin § — 5t*

Do NOT prove these equations of motion.

/j) Show that the Cartesian équation of motion is given by 2
2
y=xtanf — 250 (1 + tan? 8)
iy . Show that the range of the motion is given by 640 sin26. 2
(iii) Find the two possible angles of projection, &, so that the arrow 2

hits the target,
Give your answers correct to the nearest minute,

(iv) If the arrow just misses the target, find the closest distance the 2
arrow lands from the target.

Give your answer correct to 2 decimal places.

End of paper
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Multiple Choice Answer Sheet

Colour in the correct oval completely

1. ACD

2. ACD
3. A
4. A®R
5. A
6. A

7. A

B D

B &

B{

B

B &

B(:)‘

c &

co

cO

cCo

c

Do

D>

D €

Do

DO

D &
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St Catherine’s School Question..... Meathple. Chatcs..... Lot
Waverley

() X=(te?

- % (1ca7-3xY)]

= 2(-1ax3%)

= ~24¢ x?

whea 2 ==, x = -a4(-1)*
=24

() ‘j?x = e

& =er

d& = .ei dx

= jex dx

t = e* 4¢

when € =0, x =0 = O=e+c

e=-|

+ = e* —|

e* = 441

o= (o (E41)

(3) wv*=g-ax-z>

= ~(x*+ 2 ~8§)

= (;clw\;m l~‘?)

=~ (Gen? - 37

=2 [ 32— (z+1)*]

DO NOT TEAR ANY PAGES FROMTHIS BOOKLET




dompooms_ 2= 2l ] e p2= 17572 (207]

ot ampwude o =3
R

exbreme lnolr‘vb of- mohes  (hea U =0

dhen Q= §-ax-x*

0= a2*+2x-3%

0 = (x+¥Xx-2)

X=2 or )’;?——q—-

amfslr-t-\.cle o = 2+ -4}
o
- &
=
vo o = 3
(4-) c 2 = |~ 29476
2906 = |- o5 2S
ShE = X (I—.«;osz&)
: Z
sm‘(ﬁ) . ;:LL (!—Cosx) phen 6= 50
-qur\ f‘ ,/1‘\ f A r! 1
J Smo\3./ dL = aJ T oS X o i

= ir: (P“i"‘s?ax) +

x
= = *i‘-b‘fnx,*l' c

(5) let U =casTx
M. = (o5 LA
521—2:'_‘ — \
A T —Sin L
dx = ~smu dw
cos™ w
e ~ e o= f e . ~—siang ofw
VA T
J \]r-xl J)ffaosu_
o = [ e, s de

)
St Y b.




S}p{u.
= - f e du
x T
&) f: cosT SN X dx = o x_]‘ .
= A [ EP(ono)’ ]
= % (13-0 )
_ _[__
5
dv _
(7) qiven  oé (O
dr _ dr., dY
fad et T Y Xc;r-e_
' eV
noLo Surf‘(lf@ Acee. = dr
= o0
dr _ L
-dﬁ -B-I"H 4-0:) X 1o
i
= 4 cn /s
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(a) (et w=(4x when =1 (4=i+1=2 7
=17 s
e =1 nhen X =2, u={ta=3 —IO
de =2
v 3
FD\ | —2 e = / [~ Cee—1) g,
—— O A —_——— T P
J, (! +L)3 Y we ?
= /’? I"'M"f" j (._{ «
2 u?
— (’2 CQ"(—‘( (_1‘-".. ' @
> b{g
1
- SUR ¥ S
3 ~2
-Jﬁ 273 = U2 duw
— [ -2 - ]3
- - + (/L 1 a
: ?
_ [ J—; + L7 D
[ u U“\J: .
Y DU IR SUR S
3* 3 L 2% :z.}
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T___;__ 4__* Be—f&b = Be*‘hE = T".._L,L

(L) ()
dT7T — = fe. 8c—kt
dt
o SE=-k(T-4) a5 requved ©
(i)  ohen £t=0, T=23
23 = 4+ Be "
0’12 o -t Bc
a3 = 4+tEB
B =13 0}
then. T= W + (3e*€
phear £=8, T=I2
j2 = W+ (FekxE
5 = 15e%
RN
19 = et~
et = &
gk =1(n ;??
s, k= FUY 0]
(i) poben T=17, €= ?
9 - ys19elt0)t
5 = (?e@‘("wﬂl
% NI
($ind)t = n 75 0
L= mt el
= J2°20'4g"
oa + = 12  miputes (hearest- quru ke ) 0)




Cf'\j) T(AOC)/\
23 @
; \‘\
21— --
™~
flm = = — —— = —= =20
o \{_(m:?\.)
8
dv
(¢) ¢id a= Vv Jx "
= (een® Jx (ot)” ' D
= (ee)* (2 lx+D)
2 o =2(ed® (.
dx
(i) V= e
o '
gc = (x+D?
& -
5= = (xi)7?
£ = | (xe0)"% dx _ @
= ) te
e e 4 c
- 2+
twhen +£=0, X =©
O = - o4} &
o= | :
them £ = — xt| ol CD
<
xtl = I-¢
-
XAl = (-t
——-L-—_‘ ——
e 2= |-t ! @
oA
t
X = 1 —£€

PG




[iv)_ dhe amon thok (andS clogest -~ +he dasget i<

__mauﬁte_c»ﬁ_g@ggcr_&a_gf\&o" 34’ Cﬁ)

+hen rAr&l‘e when & = 8O-y’

fi

X = 6405280734 ")
= _6%osih(61°8') |
= 206. 95U, .. O

then  distance fom dacgeb = 206.95%... — 200
= 6.95%. ..
= 4. 95 m (a g:iecm%a,t p!qces) @

40'" kfs#' A

17 S\ N

200

> A
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250
Lo) () tan @ = "
o
S 8 = tanT ToC O
Ci!) de’ — l iV /t— yiwala "l\ Pl I
p——r A A TR \l/
dr 250 |2 /
1 + TJ
— ! L - RSO
X2+ 2502 © Xz
P
x* f250% —’7(;
— 250 ~
e LU
2? + 63500
: 81’\1&'\. Cfir —155
dt
do . O o dx
dE ox dt
A? 462500
“ d&¢ . 25000 oS re_?eu}ed
d€ X2 462500
250 20 _ & _. 250 _
(i) ohen B=F,  THo T tanl S T A 2P T
= 250 ®
Jdo 75 O 1
d€ T 502 r 62500 S M . 7
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(b)) st~ B_qcsle = Asin(2e ~et)

= A gh2t coSe — A tos 1ESHA

= (A e Y szt - (Asnat) eos2€

Lemnpdring toeﬁq‘u‘@m& o{j LHS and RHS

AcoSer = | (D and Amr%oz=J§ €

dhen (D> + @ ¢ AZs’yl + AZSWTX = (=4 Jz°

Al tont) =Y
A> = 4
A = (T
and @D Aspa  JE
: A&OSOL [
tono =J3
T
x =X @
e X = Q‘SIF\CJ-E'-;%:)
(i) ¥ = W eog (2-&—%)
X~ —gsn(2e—%) D
= —ufasmcze-5)]
:—*Q“?L
_ - .
s X =-atx 0
2o the, lpe\rl-x'cle moves n SHM it A= L
T
Lil) T= S
_ T
= X
e L T sewnss )




s o= U oggs (26 —F)

(iv)
menk, value olp C‘AS(-Z&"‘.%) = |
aoa m&X!i( = L{'K,
| = 4 m/e D
27
(o) T"-‘F"ni
A
T =
Lo @)
2a= -2+ %
Lo =
- (:
—a+ ¢
L‘enk‘e“'f' mehion. = 2,
e o = | @
Mo x= 3eos (2t+o2) 11
| = 3,08 (.2)(0-{-04) +
0 = Jrosx
O = (oSt
-QA oL 25' (D
ooo L=3&OSCQ£+£) + l %‘)

oR,

= 3eos2le*dE) t )

p. 3
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_ () et = x
U = Jx S w20
oz
+ and xS A
dr = Adu din (&)
J 4xeix) J";ﬁ(rﬁ«tu)
S S
N
= L[ L Ju @3
2 J i
= Thhiutl) +¢
=3 h{r+i)+ ¢ 0
(L) (et  x = SSn &
O
Jd6 = Scosé

dz = S ¢os@ o8

(‘ . fl r ] .
J Jas-x* dr = [ Jas-asan®0 - SeesC dC D

= [f&y({hslfazfsl_)’. S cos& f6-

=f $Jeos 20+ Seas O AC

= Q25 f tos® « cos& G-

= &S’;f cos 6 dE&

25 ' ‘
= Ifﬁo529'+i O sivce (g2l =250 — |

23
= ::fisv‘ww +¢9)'f'0 @ .10
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hotd

2 =SS

X
T =snE = & =Sin"

+hen

ZEJ_OO 7> v

b &
= x Lano — T350 Se7C

xz
= v tane — Jaso_ (£ tan*e)

as_reguped

o
{




(i) -for

ran(te =0
N J

O = 8OL9/A0 - Se*

0= st ( 16948 —¢)

t=¢0 o _t= lbgnG (D
{inikads) Cra%{e)
Lohen £ =(69A6 v = SollbsinG) s
= 280548 cos&
= AUO X A8nBcasE )
o x. = 64020 (g +the raf\\!lﬁ
(Hl‘) pahea  X= (00 and \Llfﬁ 4o
40 = 200 +and — 200% ¢ ldbtan 1&)
12.80
(25
4o = 200 4anQ — T (l+4an?C)
6o = Koo tan@ — (235 — [25tan 2C&
32 = lbo ¢gn@ — 25 = AStan*O
O = astan*@ ~— (O tan® + ST (D
. 160 4 J (=160)* — Y (2S)(ST)
TnF
_ 2025)
_ lbo £ J19900
SO
= l6d £ (g /199
¢
S ' 3
§-= _{,‘ﬂn'f/f6+m§] &5 = Jcan*’/fé-\)l'ﬁ\
—s s/
.o © = 30°3%' or g= 2044’ (M py2




