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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. Vector product
2. Planes in three dimensions
3. Angle between the plane and the line
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1. Vector product

The vector product (also known as vector cross product) arises when we attempt
to find a vector which is perpendicular to two other known vectors.

Consider vectors a=ai + a,j+ a,;K and b=hbi+b,j+ bk

The vector cross product (3X3 determinant shown on the next slide)

d Xb = (azbs _asbz)i - (a1b3 - 3b1)J T (a1b2 _a2b1)|5

The magnitude of vector cross product

la xb|=|al|b|sin(&) , where @ is the angle between @ and b

v'ucmmn CURRICULUM
AND ASSESSMENT AUTHORITY



1. Vector product: co-factor expansion

The vector cross product can be found using co-factor expansion.
Consider vectors a=a,1 + a,j+ a,k and b=bi+Db,j+ bk

The vector cross product is given by

d,

aej+
b2

A
o[~ |b,

a —

v

l

d, . |&4
bz b3~b1

:(azbs _a3b2)i_(a1b3 _a3b1) j+(a1b2 _aZbl)k

-~ -~
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1. Vector product continued

Facts
axb=0 then @ and b will be parallel vectors

axb=0 thenaxb isorthogonal to both @ and b

Properties
axb=-bxa

\gx b‘ is the Area of a parallelogram, where @ and b form two adjacent sides
of a parallelogram.
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2. Planes In three dimensions

Vector equation of a plane
[-n=a-n

Where I Is the position vector of any point on the plane,

~

d Is the position vector of a known point A on the plane, and

~

the vector n=n,1+ n,J+ n,K is normal to the plane

Cartesian equation of a plane
nxX+ny +nz=D

Where N, N, and N, are the components of the normal vector n

~ 1\-.

and D is a constant.
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Example 1

Find the Cartesian equation of the plane which is perpendicular to the vectors
a=21-3]+K and b=41+2]-3Kk, which passes through the point (3, 2, 1).

Solution
=31 i 2 1 - 2 -3 ’
The normal vector to the plane:| =|, 1~ |, _31 4 9"
I ] K _ .
-~ =(—3x—3—1x2)1—(2><—3—1><4)J+(2><2——3><4)|§
axb=2 -3 1 )
4 2 -3 =71+10j+16K
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Solution continue
axb=71+10]+16k , this is the normal vector to the plane.
Thatis, N=71+10]+16K
Cartesian equation of aplane N X+ N,y +N,z=D

= x+10y+16z=D
Substitute the point (3, 2, 1) into the above equation:

/x3+10x2+16x1=D
= D=57
o 7X+10y+16z =57 o
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3. Angle between the plane and the line

Vector equation of aline
r=a+td, teR

Where [ is the position vector at any point on the plane,
d is the position vector of a point on the plane, and
d=d,l + d,] +d,k is the direction vector of the line

Dot product: [yf,=hTr,cos(6)
Where 6 Is the angle between two vectors.

Angle between the plane and the line is 90° -6,
where 6 Is the acute angle between the line and o S
the normal vector to the plane.
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Example 2

Find the angle between the plane 2X+ Y+ Z =7 and the line given by
r = 11§+4j~'+31~c+t(§+2]~'—l~c),where t ER

Solution
Cartesian equation of aplane nX+n,y +n,z=D

Hence, the normal vector to the planeis N =21+ J+K

Vector equation of aline [=a+td, teR

Hence, the direction vector of the line is d =1+ 2! —K
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Solution continue
Let € be the angle between the normal and the line

Dot product: 1y I, = K, C0S(6)
(2i+J+k)(i+2i-K)

V22 $12 +1% xJ12 + 2% +12
3 1

“Joe 2

cos(0) =

Hence, the angle between the normal and the line is cos{%) = 60°.

Therefore, the angle between the line and the plane is then 90° — 60° = 30°.
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Example 3
a. Find the vector equation of the line through the points A(3, 1, —1) and B(5, 2, —6)

Solution
Let a=31+]J—K andb=5i+2j-6k

~ ~
~

Direction vector, AB

AB=0B-OA=Db-a=2i+]-5K

Vector equation of aline I'= a + tg , teR

The equation of the line through point A with direction vector AB is
~=31+j—|5+t(21+j—5lg),teR O
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b. Find the sine of the angle this line makes with the plane given by x + 2y -z =9

Solution
The normal to the planeis N=1+2]—K
Let & be the angle between the line and the normal vector.

(2i+]-5k)-(i+2j-k) 9 3 :
V2?12 +5 x P+ 22112 N30x6 245

cos(8) =

The angle between the line and the plane is —72[ -6
s 3
sin (2 cos(6) 2\@

Therefore, the sine of the angle is _3

25
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Example 4

The position of a particle after t seconds is given by
r(t) = t%i + 5tj + (t* — 16t)k, wheret >0
where components are measured in metres.

Find when the particle has minimum speed and find that minimum speed in ms 1.

-.irr.[:r:} =Tri+ 5 ] + {:Ef —1 5:}1,: The expression unc_le_r the r_oot s?gn IS a positiye
. . : . guadratic, so the minimum is at its turning point.

1,1[: ;}‘ = \(4 425 4 |: I —16 :l-* Minimum speed is at t = 4, the minimum speed is

J153 =3.17 o

= J8F — 64r + 281
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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 4:
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