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Learning Objectives

By the end of the lesson, | hope that you understand and can apply the following to a range of
questions from the Unit 3 and 4 Specialist Mathematics course.

* Understand what the scalar product is

* Understand what the geometric description of the scalar product is
* Know the properties of the scalar product

* Find the magnitude of the angle between two vectors

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com




Recap

In this third lesson in the series dealing with vectors we build on the ideas from the
past lessons relating to finding the magnitude of vectors.

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com




| have been asked over and over again ....

“What is the scalar product? Like really??”

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com




| quote ...

| take the following from the Cambridge Textbook ... and they are normally very good at describing what
something is!

“The scalar product is an operation that
takes two vectors and gives a real
number.”

___________________________

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



| even looked it up in a dictionary ...

From merriam-webster.com

scalar product .oun
@ Save Word

Definition of scalar product

: a real number that is the product of the lengths of two vectors and the cosine of the
angle between them

— called also dot product, inner product

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



Otherwise known as ... the dot product!

The scalar product of two vectors is defined as:

a - b = a1b1 + a2b2 + a3b3 _

@b = ab t g.batqg,l,
It can be used to help us prove the compound angle formulae (in Chapter 3) but other
than that ... I've not yet found a practical application!
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Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



Geometric description of the scalar product

It’s important to note that the angle
between the vectors is the one when
the vectors are “pointing away from
the point of connection”. This again
becomes important in Chapter 3 and
the Unit Circle.

If we have vectors a and b then we have:

a-b =|al|lb| cosd

y (o-l 2= lo\Z+ o™~ . lellv].cos®

6
a

S o
2

2
@\,~ b.\q + (o@’bb\z) k LGgJ%} - G,Z—# q:_+ a,

2 2
v bl+b, * b,

Which can be shown using cosine rule and the following triangle

___________________________
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Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



Properties of the scalar product

More properties to know and remember!

a-b=b-a

k(a-b) = (ka)-b =a- (kb) K

a-0=0

a-(b+c)=a-b+a-c

a-a=|al? >

If the vectors a and b are perpendicular thena-b =0

lallb| ifaand b are parallel and in the same direction ¥
For parallel vectors a and b we have a-b = ; : o .
—|allbl. if aand b are parallel and in opposite directions /\
For the unit vectors i, jand k we knowthati-i=j-j=k-k=1 D) d‘
For the unit vectors i, jand k we knowthati-j=j-k=j-k=0 /

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com




el 1.1 g *Doc DEGD X
Example a=[3 4] [3 4]
dotP(a,a) 25
leta=i—-2j+3kand b = —2i + 3j + 4k. Find:
b G- o = YW\ ¢ (L2 2) + (%)(?\
L] a-
e a-a -
= |+ ¢+ 9
Use pencil and paper and the CAS.
= /
Note: the dot product of a vector with itself is the length squared! ; . i X
1.0 *Doc RAD
a=[1 -2 3] [1 -2 3]
Q’b z O\/b/'FaL_blf{—O\&b‘? bi=[-2 3 4] [-2 2 4]
dotP(a,b) 4
- ‘L’l) k C‘/j-l) (87 + (rg')(q_\ dotP(a,a) 14
___________________________ |
- A -p 12

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook
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Example

Solve the equation (i +j — k) - (3i —xj + 2k) =4 for x

___________________________

V() # (N ~x) + (D) 7 e

2 - o — L = &

22 -4 X

x * -3

JEER»
a=[1 1 -1]
b:-[3 =X 2]

solve (dotP(a,b) - 4,1')

*Doc RAD D X
[1 1 -1]
[3 =X 2]
X==3

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook
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Finding the magnitude of the angle between two vectors

Noren ()
We can find the angle using the previously given formula: p—
a-b =|al|lb| cosd
Hence
p a-b
COSU =777
|allbl
Note: The angle always connects the tails of the vectors. i.e. the arrows point away. £ A@C

Hence, £ABC can be found using BA and BC

- -—
-~ —

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook
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Example

A, B and C are points defined by the position vectors a, b and c respectively, where
a=i+3j—kb=2i+jandc=i-2j—2k

Find the magnitude of £ABC, correct to one decimal place.

— i ~
RA = O- b
> dotp([-1 2 -1][-1 -3 -2) -3
— -3 -21
@ C = C - b norm(a-&)- norm(c-») 14
e COS_"_JE ) 109.107
cost T BARC ;

2

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



VCAA Question

Specialist Mathematics
Question 16 2020 Paper 2

Leta=1i+2j+2kandb=21 -4 j+ 4k, where the acute angle between these vectors is 6.

The value of sin (26) is \(—éb — m
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Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



Learning Objectives: Revisited

By the end of the lesson, | hope that you understand and can apply the following to a range of
questions from the Unit 3 and 4 Specialist Mathematics course.

* Understand what the scalar product is

* Understand what the geometric description of the scalar product is
* Know the properties of the scalar product

* Find the magnitude of the angle between two vectors

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com




Work to be completed

The following represents the minimum work which should be completed.

The more questions you answer from each exercise, chapter review and Checkpoints the
better you chance of gaining an excellent study score in November.

Specialist Mathematics Units 3 and 4 Textbook

Chapter 2
Exercise 2C: Scalar product of vectors
Questions: 2,4, 5,8,10,11,14, 16

Examples have been extracted, with permission, from the Cambridge Mathematical Methods Units 1 and 2 Textbook WWW.mCIffsgu ru.com



