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12 SPECIALIST TEST 3

CALCULATOR FREE 2023
Question 1 (8 marks)
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CALCULATOR FREE 2023 12 SPECIALIST TEST 3
2 3
(©) [ sin® x cos® x dx cos3x = cos’X - cosx (3 marks)
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Question 2 (5 marks)
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Question 3 (6 marks)
a
(a) On the axis below, sketch the slope field for the differential equation d—i:- = 2y. (2 marks)
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(b) If y(—1) = 1, solve the differential given in part (a) to find y in terms of x. (3 marks)
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(©) Sketch the graph of the solution curve found in part (b) on the slope field in part (a). (1 mark)
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Question 4

12 SPECIALIST TEST 3

(5 marks)

The curve x° +y° —9xy =0, known as a folium, dates back to Descartes in the 1630s.

. dy
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dx
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(b) Determine the equation of the tangent to the curve at the point (2, 4).
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 3
Question 5 (4 marks)

A refrigerator has a constant temperature of 3°C. A can of drink with temperature 30°C is placed in the
refrigerator. After being in the refrigerator for 15 minutes, the temperature of the can of drink is 28°C.

The change in the temperature of the can of drink can be modelled by — = k(T — 3) , where T'is the

temperature of the can of drink, # is the time in minutes after the can is placed in the refrigerator and k&
is a constant.

(a)  Show that T = 3 + Ae*t, where A is a constant, satlsﬁes — = k(T - 3). (1 mark)
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b (-3 1:= L TE S all steps for
:}OIV/nj d/ffg’rc‘rz‘f’al

(b)  After 60 minutes, at what rate is the temperature of the can of drink changing? (3 marks)
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Question 6 (5 marks)
A balloon is in the shape of a cylinder and has hemispherical ends of the same radius as that of the
cylinder. (i.e., it looks like a medicine capsule). The balloon is being inflated at the rate of 2617 cubic
centimetres per minute. At the instant that the radius of the cylinder is 3 cm, the volume of the balloon
is 1447 cubic centimetres and the radius of the cylinder is increasing at the rate of 2 centimetres per

minute. e )
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dt
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r=3 _ 4o 3 ar?h
V=144 o V R HE T
4£ = 2c0 N 14’4'7'v = & m (2:7_) +9ﬂ"‘4 \/ COF"ECt 'ﬁ*rn’lbb[ﬁ
at Rt -For \/
n=12 cm
\/ solves 'f(}r Fi -
b) At this instant, how fast is the height of the cylinder changing?  ~/h  _ 7 (3 marks)
dt )
" when r=3 £ h=12
- H o~ 4 2}/)
- N r i '
\/ 3 : ! & (L_llf = ZCM//WIFO
at
&z’/‘f‘f MJ"’J{ _t
dv . wwrPdr 4 wr*dh 4 h(zpr)de
dt at at dt
2615 = 36?7"(2) T o (,’2) t 1297 (2)
g dt
261 = #2 .+ 2dh 4 my
d€
45 = 9 db \/Dcr:v65 atl terms
ot wrt 't
dh _ ; \/5ub5‘f[+u+(§ e
= =5 cm[min r-3 h=12, 252
\/[orft(,‘f c{,lg_

Page 3 of 7



CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 3
Question 7 (10 marks)

Consider the following shaded region.

(6,8)

(4,4) 69

(a) Determine the volume of the object created by rotating the shaded region around the x axis.

2 6 (2 marks)
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(b) Show that a horizontal translation of 1 unit to the right will not change the volume of the solid

produced by rotating the shaded region around the x axis. (2 marks)
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CALCULATOR ALLOWED 2023 12 SPECIALIST TEST 3
vertical
State the hesizental translation which would need to take place which would give a volume of
(3 marks)

(c)
500 units®> when the shaded region is rotated around the x axis.
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Determine the volume of the object created by rotating the original shaded region around the
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Question 8 (13 marks)
Consider the function f(x) = log,(4 — x?).

(a)  Determine the largest possible domain for which f(x) is defined. (1 mark)

{.x:xeﬂ,»z<x<zf \/
correct domain

(b) Sketch the graph of f(x), labelling all the key features and using exact values. (3 marks)
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Let 4 be the magnitude of the area enclosed by the graph of f(x), the co-ordinate axes and the line
x=1.

() Without evaluating 4, use the graph of f(x) to explain why log,.(3) < A <log.(4). (2 marks)
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@ i)  Show that {EEUTD o pey 42y o 2 (2 marks)
All steps of working must be shown.
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1i1) Hence find the exact value of A in the form a + b log,(c) where a, b and ¢ are integers.
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