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VCE Mathematics On-demand Videos

To support the implementation of the 2023-2027 study design for Mathematics, we
have developed a series of short on-demand videos outlining approaches that
teachers may wish to utilise in the classroom.

The information presented in these on-demand videos has been developed by
current VCE teachers, in conjunction with the VCAA, and offer suggestions for ways
schools could approach the implementation of the 2023-2027 VCE Mathematics
study design.
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General Outline

1. Integration by parts
2. Surface Area of Revolution

3. Logistic Equation
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1. Integration by parts

The method of integration by parts comes from the product rule of differentiation.
It allows us to integrate a function which is written as a product.
The product rule is:

d dv du
—(uv) —U—+V—
dx dx dx

Integrate both sides with respect to X

I;X(uv dx = j — dx —I—IV— dx o
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Integration by parts Formula IU —dX=Uuv — IV—dX

Example:
= fxzcos(Zx) dx = u@dx
Find [ x* cos(2x) d ~ ) Vax
du
=uv— | v—dx
Solution dx
dv
Let u = x? and — = cos(2x).

1 1
dx = x? X —sin(2x —f2x X —sin(2x)dx
N \ 5 ( ) 2 ( )

— =2x and v = 1 sin(2x)

dx 2
-— 1 2 . .
=X sin(2x) — fxsm(Zx)dx

N N
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Solution continue

dv
u=x and — = sin(2x).
G
du
— =1 and v = —lcos(Zx)

sz cos(2x) dx = % X° sin(2x) —(xx —%cos(Zx) - jlx —%cos(Zx) dxj
= % X° sin(2x) + % X C0S(2X) —%jcos(Zx) dx

1 1
= Exz sin(2x) + X cos(2x) — Zsin(Zx) +c
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2. Area of Revolution

Rotation about the x-axis
If the curve y = f(x) from x = a to x = b is rotated about the x-axis, then the area of

the surface of revolution is given by
b dy 2
A= an y|1+({=—] dx
a A dx
Example

The curve given by y = v4 — x%,where x € [—1, 1] is rotated about the x-axis

to form a solid of revolution.
Find the total surface area of the closed volume of this solid.
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Solution A2 _112dx

A aal],

b dy 2 =8
A=2T[j y |[1+|=—] dx
a dx

The total surface area of the closed volume of this solid is

87r+2><(7rx\/§2)

= 14 units?

2
A=2z[ \a-x2 \/1+ S dx

4 —x*

:2nj1q4—»@ 4 — dx

-1 4 —X
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2. Area of Revolution continue

Rotation about the y-axis

If the curve y = f(x) fromy = a to y = b is rotated about the y-axis, then the area
of the surface of revolution is given by

A=2 jb 1+(dx>2d
=2m | x — | dy
a A dy

The curve given by y = 3/x is rotated about the y -axis to form a solid of revolution.
Find the surface area of the part of this solid where x € [0, 8].

Example
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du 3

Solution LetU:1+9y4 — d—y:36y
ey % g 02 S
dy 0 1+9(0) =1
2 1+ 9(2%) = 145
amon [ i (1) 4
= 21T X — y _ 145 = du
. dy A=2r| y3u236y3
5 > T (145 %
A=27zjo y3\/1+(3y2) dy BT uz du
3 145
- 5
—27z_[oy 1+9y" dy 27 ,
T A
:5(145\/145—1) units?
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2. Area of Revolution continue

Surface area using parameters

Consider a curve defined by the parametric equation x = f(t) and y = g(t) for
a <t < b. The surface area of revolution formed by rotating the curve about the is
given by

b dx\°> [dy\’
A=2nj lg(t)] (—) +(—) dt
. J\at dt

Example:
Find the surface area of revolution formed when the curve defined by

X = 3\/(15 +1)3, y= Zt2 and 0<t<1 isrotated about the x-axis.
3 2
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1
Solution A=27z_‘%t2\/4(t+1)+t2 dt
0
4.0 .3 dx ! )
x=gUrht = g =2t —z[t(t+2) o
0
Y=%t2 = 3—¥=t 1
=7zjt3+2t2 dt
0
b dx\*  (dy)’ 4 o
A= Zﬂja Ig(t“)l\J (E) +(E) dt zy{er?l
—117[ units?
i <
12 ~
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3. Logistic Equation
Example:

The population P(t) of bacteria in a Petri dish satisfies the logistic differential

equation
d_P — 2P 6_L
dt 8000

where t Is measured in hours and the initial population is 4000 bacteria.

a. Find the maximum number of bacteria predicted by this model.
b. Find the number of bacteria when the population is growing the fastest.

c. Solve the differential equation to find P as a function of t.
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Solutions r
A
a. Maximum when d—on 140009 1
dt 120000
— 2P 6__P j:() 100000+
8000 T
80000 4+
P_0 of 6-—=0 I
= P77 0 78000 00000 T
40000 -
. P =48000 bacteria is the maximum "%~
— —t—t > P
0

10000 20000 30000 40000 50000
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Solutions dr

b. The population is growing the fastest 140000
le the maximum of the derivative function. 120000~

100000

= 24000 50000

60000

P 0+ 43000

40000
Therefore the population is growing fastest

when P = 24000 bacteria

20000

i L 1 1 I 1 1 1 |> P
| H 1 1 | H 1 1 |
10000 20000 30000 40000 50000
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Solutions

c. dt 4000
dP  P(48000— P)

1 % (1 1
t=— —+ du
12 u 48000-u

4000

:%[In(\u\)—ln(MSOOO—uD] o0

_i |n P _|n M
12 48000— P 44000

_1 (1P
12 | 48000 P

48000

P = bacteria

C14+11e ™
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Contact

Michael MacNeill - Curriculum Manager, Mathematics

 Victorian Curriculum and Assessment Authority
Level 7, 2 Lonsdale Street, Melbourne 3000, Victoria
T +61 3 7022 5538 M 0438 602 765

« Email: Michael.MacNelill@education.vic.gov.au

© Victorian Curriculum and Assessment Authority (VCAA) 2022. Some elements in this presentation may be owned by third parties. VCAA presentations may be
reproduced in accordance with the VCAA Copyright Policy, and as permitted under the Copyright Act 1968. VCE is aregistered trademark of the VCAA.
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