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Learning Objectives
At the end of this WEBEX class, students should be able to:

q Understand the fundamental concept of vector and vector
algebra.

q Compute dot (scalar) product of two vectors.

q Compute the cross (vector) product of two vectors.

q Compute triple scalar product of three vectors.
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WEBEX CLASS 1 
(E-LECTURE 1.1-1.3)
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Scalar and Vector Quantities

• What do you call quantities that can be
described completely by a single number
(with appropriate unit) ?

Give some examples…..
• Physical quantities that require number and

direction to describe them completely are
called…

Give some examples…..



We  lead

Rakaman ini tidak boleh disalin, dimuat naik atau diedar tanpa kebenaran Pusat Pengajian Pendidikan Jarak Jauh, USM
You are not allowed to copy, upload or distribute this recording without the prior consent of School of Distance Education, USM 

Direction

Magnitude
(A real number)

VECTOR 
QUANTITIES
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Scalar and Vector Quantities
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What is a Vector?

• A quantity that has both
– Size
– Direction

• Examples
– Wind
– Boat or aircraft travel
– Forces in physics

• Geometrically
– A directed line segment

Initial point

Terminal 
point
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Two general approaches to represent vector :

Geometric approach
• Drawing line elements in space (Euclidean geometry).

Coordinate (Analytical) approach
• Assumes that space is defined by Cartesian coordinates, 

and uses these to characterize vectors

Vector AlgebraHow do we represent a Vector?
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What is a Vector?



We  lead

Rakaman ini tidak boleh disalin, dimuat naik atau diedar tanpa kebenaran Pusat Pengajian Pendidikan Jarak Jauh, USM
You are not allowed to copy, upload or distribute this recording without the prior consent of School of Distance Education, USM 

Vector Algebra
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Scalar Vector
𝑥 ± 𝑦 𝑎 ± 𝑏

𝛽𝑥 𝛽𝑎

𝑎 . 𝑏

𝑥
𝑦

, 𝑦 ≠ 0
a
b

Scalar 
Multiplication
Scalar/Dot 
Product
Vector/Cross
Product𝑎×𝑏
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Vector Addition: Parallelogram Law
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The magnitude of the vector is written as 𝐴 .
It can be deduced from the concept of Phytagoras’s theorem that 
the magnitude of the vector can be written as its components as 

𝐴 = 𝐴./ + 𝐴// + 𝐴1/ (for vector in ℝ1).

WORKED EXAMPLE 1
Find the magnitude of vector 𝑧 = −2𝑖 + 1𝑗 + 2𝑘. 

𝑧 = (−2)/+(1)/+(2)/

= 9
= 3

Magnitude of a Vector
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Unit vectors are vectors having unit length. The formula of unit 
vector is  ==

WORKED EXAMPLE 2
Find the unit vector in direction of 𝑧 = 𝑖 − 2𝑗 + 𝑘

The magnitude of  𝑧 = (1)/+(−2)/+(1)/

= 6

Therefore, the unit vector =
=

= .
?
𝑖 − /

?
𝑗 + .

?
𝑘

Unit Vectors
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The Dot Product

Dot product of two vectors is a real number. 

Dot 
Product

Scalar 
Product

Inner 
Product
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Algebraic Version of Dot Product
• Given  𝑎, 𝑏 ∈ ℝ/, then

𝑎 . 𝑏 = 𝑎.𝑖 + 𝑎/𝑗 . 𝑏.𝑖 + 𝑏/𝑗
= 𝑎. 𝑏.+ 𝑎/ 𝑏/

• Let 𝑎 and 𝑏 are vectors in ℝ1,

𝑎 . 𝑏 = 𝑎.𝑖 + 𝑎/𝑗 + 𝑎1𝑘 . 𝑏.𝑖 + 𝑏/𝑗 + 𝑏1𝑘
= 𝑎. 𝑏.+ 𝑎/ 𝑏/ + 𝑎1 𝑏1
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Let 𝑎 and 𝑏 be nonzero vector in ℝ/ 𝑜𝑟 ℝ1. Then, 

where 𝜃 is the angle between 𝑎 and 𝑏 .

Geometric Version of Dot Product

. cosa b a b q=
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The terms orthogonal and perpendicular mean essentially the
same thing—meeting at right angles.

DEFINITION : Vectors 𝑎 𝑎𝑛𝑑 𝑏 are orthogonal if 𝑎 . 𝑏 = 0

Even though the angle between the zero vector and another
vector is not defined, it is convenient to extend the definition of
orthogonality to include the zero vector.

In other words, the zero vector is orthogonal to every vector 𝑎
because 0 � 𝑎 = 0.

Test for Orthogonality of Vectors
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Let 𝑎 = 𝑎.𝑖 + 𝑎/𝑗 + 𝑎1𝑘 and 𝑏 = 𝑏.𝑖 + 𝑏/𝑗 + 𝑏1𝑘
be vector in ℝ1 . The cross product of 𝑎×𝑏 is the 
vector:

𝑎×𝑏= (𝑎/𝑏1 − 𝑎1𝑏/)𝑖 − (𝑎.𝑏1 − 𝑎1𝑏.)𝑗
+ (𝑎.𝑏/ − 𝑎/𝑏.)𝑘

The Algebraic Definition of the Cross Product



We  lead

Rakaman ini tidak boleh disalin, dimuat naik atau diedar tanpa kebenaran Pusat Pengajian Pendidikan Jarak Jauh, USM
You are not allowed to copy, upload or distribute this recording without the prior consent of School of Distance Education, USM 

Similarly, the cross product of 𝑎×𝑏 can be computed via 
determinant method.

𝑎×𝑏 =
𝑖 𝑗 𝑘
𝑎. 𝑎/ 𝑎1
𝑏. 𝑏/ 𝑏1

=
𝑎/ 𝑎1
𝑏/ 𝑏1 𝑖 −

𝑎. 𝑎1
𝑏. 𝑏1 𝑗 +

𝑎. 𝑎/
𝑏. 𝑏/ 𝑘

= (𝑎/𝑏1 − 𝑎1𝑏/)𝑖 − (𝑎.𝑏1 − 𝑎1𝑏.)𝑗
+ (𝑎.𝑏/ − 𝑎/𝑏.)𝑘

Which is precisely the definition of the cross product !!

The Algebraic Definition of the Cross Product
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Let 𝑎 = 𝑎.𝑖 + 𝑎/𝑗 + 𝑎1𝑘 and 𝑏 = 𝑏.𝑖 + 𝑏/𝑗 + 𝑏1𝑘 be
non-zero vector in ℝ1 and 𝜃 be the angle between 𝑎
and 𝑏 . Geometrically speaking, the cross product of
𝑎×𝑏 is the vector:

𝑎×𝑏 = 𝑎 𝑏 sin 𝜃

The Geometric Definition of the Cross Product
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Right Hand Rule For Cross Product

The Geometric Definition of the Cross Product
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Scalar Triple Product

• The product 𝑎 . (𝑏×𝑐) called the scalar triple product of 
the vectors 𝑎 , 𝑏, and 𝑐.

• It is also known as the box product.
• We can write the scalar triple product as a determinant:

1 2 3

1 2 3

1 2 3

( )
a a a
b b b
c c c

× ´ =a b c
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• The volume of the parallelepiped determined 
by the vectors 𝑎 , 𝑏, and 𝑐 is the magnitude of 
their scalar triple product:

V = | 𝑎 · (𝑏×𝑐) |

Scalar Triple Product: Volume of the Parallelepiped
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• If the volume of the parallelepiped determined by 𝑎 , 𝑏, 
and 𝑐 is 0, then the vectors must lie in the same plane.

𝑎 . (𝑏×𝑐) =0

– That is, they are coplanar.

Coplanar Vectors
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WEBEX CLASS 1 
EXERCISES AND TYPICAL 

EXAMINATION QUESTIONS
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Question 1
State which of the following are scalars and which 
are vectors:

(a) Specific heat
Scalar
(b) Momentum
Vector
(c) Magnetic Field Intensity
Vector
(d) Speed
Scalar
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Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 2: 
Given 𝑎 = 2𝑖 − 5𝑗 + 𝑘 and 𝑏 = 4𝑖 − 2𝑗 − 9𝑘. Find 𝑎 M 𝑏 and 𝑎 × 𝑏

𝑎 M 𝑏 = 2𝑖 − 5𝑗 + 𝑘 . 4𝑖 − 2𝑗 − 9𝑘

= 2 4 + −5 −2 + 1 −9

= 9

𝑎×b =
𝑖 𝑗 𝑘
2 −5 1
4 −2 −9

= −5 1
−2 −9 𝑖 − 2 1

4 −9 𝑗 + 2 −5
4 −2 𝑘

= 45 + 2 𝑖 − −18 − 4 𝑗 + −4 + 20 𝑘
= 47𝑖 + 22𝑗 + 16𝑘
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Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 3: 
Find the 𝑎×𝑏 , if 𝑎 = 𝑖 − 7𝑗 + 7𝑘 and 𝑏 = 3𝑖 − 2𝑗 + 2𝑘

𝑎×b =
𝑖 𝑗 𝑘
1 −7 7
3 −2 2

= −7 7
−2 2 𝑖 − 1 7

3 2 𝑗 + 1 −7
3 −2 𝑘

= (−14+ 14)𝑖 − 2− 21 𝑗 + −2+ 21 𝑘

= 0𝑖 + 19 𝑗 + 19𝑘
Therefore,

𝑎×𝑏 = 0/ + 19/ + 19/
= 722
= 19 19 2 = 19 2 OR     26.87



We  lead

Rakaman ini tidak boleh disalin, dimuat naik atau diedar tanpa kebenaran Pusat Pengajian Pendidikan Jarak Jauh, USM
You are not allowed to copy, upload or distribute this recording without the prior consent of School of Distance Education, USM 

Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 4: 
If 𝑎 = 5𝑖 − 𝑗 − 3𝑘 and 𝑏 = 𝑖 + 3𝑗 − 5𝑘 . Find 𝑎 + 𝑏 and 𝑎 − 𝑏 . Show 
that 𝑎 + 𝑏 and 𝑎 − 𝑏 are perpendicular. 

𝑎 + 𝑏 = 5+ 1 𝑖 + −1+ 3 𝑗 + −3+ −5 𝑘
𝑎 + 𝑏 = 6𝑖 + 2𝑗 − 8𝑘

𝑎 − 𝑏 = 5− 1 𝑖 + −1− 3 𝑗 + (−3− −5 )𝑘
= 4𝑖 − 4𝑗 + 2𝑘

Hence, the vectors are perpendicular if their scalar product is zero.

𝑎 + 𝑏 M (𝑎 − 𝑏) = 0
(6𝑖 + 2𝑗 − 8𝑘) . 4𝑖 − 4𝑗 + 2𝑘 = 𝐿𝐻𝑆

= 6)(4 + 2)(−4 + −8)(2
= 24 + −8 + −16
=0 = 𝑅𝐻𝑆
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Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 5: 
Calculate the volume of parallelepiped , whose edges are represented 
by 𝑎 = 2𝑖 − 3𝑗 + 𝑘 , 𝑏 = 𝑖 − 𝑗 + 2𝑘 and 𝑐 = 2𝑖 + 𝑗 − 𝑘 .

Volume of parallelepiped= 𝑎 . (𝑏×𝑐)

=
2 −3 1
1 −1 2
2 1 −1

= (2) −1 2
1 −1 − (−3) 1 2

2 −1 + (1) 1 −1
2 1

= 2 1− 2 + (3) −1− 4 + 1+ 2

= −2 − 15+ 3 = −14

Since Volume > 0. Thus, 

Volume of parallelepiped=14 cubic units/ 𝑢𝑛𝑖𝑡𝑠1. 
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Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 6: 
Suppose that  𝑎 and 𝑏 are vectors with 𝑎 = 2 , 𝑏 = 5 and 
𝑎 × 𝑏 = 6. Therefore, find 𝑎 M 𝑏 .

Let 𝜃 be angle between 𝑎 and 𝑏. So, we have

sin𝜃 =
𝑎 × 𝑏
𝑎 𝑏

=
6

2(5)
= 1

[

𝜃 = sin\.
3
5 = 36.87°

Given that

cos𝜃 =
𝑎 M 𝑏
𝑎 𝑏

=
𝑎 M 𝑏
2(5) =

𝑎 M 𝑏
10

cos36.87° =
4
5

𝑎 M 𝑏
10 =

4
5

𝑎 M 𝑏 = 8
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Question 2: 
Find the directional derivatives of 𝑓 = 𝑥/ + 𝑦/ at (0,-2,1) in the 

direction of 2𝑖 + 2𝑗 + 𝑘

Question 7: 
Find the value of 𝛼 so that the three vectors 𝑎 = 𝑖 − 2𝑗 + 3𝑘 and 𝑏 =
4𝑖 − 𝑘 and 𝑐 = −8𝑖 − 8𝑗 + 𝛼𝑘 are coplanar

The vectors are coplanar if
𝑎 M 𝑏×𝑐 = 0

1 −2 3
4 0 −1
−8 −8 𝛼

= (1) 0 −1
−8 𝛼 − (−2) 4 −1

−8 𝛼 + (3) 4 0
−8 −8

= (1)(0 − 8) − −2 (4𝛼 − 8) + (3) −32− 0

= −8+ 8𝛼 − 16− 96
Therefore,

−8+ 8𝛼 − 16− 96 = 0
8𝛼 − 120 = 0

𝛼 =
120
8 = 15
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• Kindly send me an email via asyrafman@usm.my for
any inquires or to set up an appointment for JIM319
consultation.

• Please visit e-learning portal religiously, if possible
on weekly basis.

• Extra exercises will be uploaded from time to time.

• Do watch the pre-recorded e-kuliah or videos
before attending WEBEX class for a better
understanding.

mailto:asyrafman@usm.my
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