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Scalars and Vectors

A scalar is a quantiy whose value is independent of
the coordinate system you have selected.
» Single real number is a scalar.

» Mass, time, length, speed, energy, power, pressure,
temperature are scalars.

A quantity which has direction as well as magnitude is
a vector quantity. One value is not enogh to describe a vector.
» We need at least two real numbers to describe a vector

» Displacement, velocity, acceleration, force, momentum are
vectors

** Speed Is a scalar however velocity is a vector **
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Vector Represantaion head

A vector Is represented by an arrow.

A vector is denoted by
A or A tall
The magnitude (length) of a vector is represented by:

Al or A
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Product of a Scalar and a Vector
If kK i1s a scalar and A is a vector, then kA iIs also a vector.

[ — k =+1
A — =1

0 k =0 (zero or null vector)
kA —>  >1

KA =

0<k<1

Sayfa 4



Addition of Vectors

Consider two vectors Wewant: C=A+B

%

A
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Subtraction of Vectors

Consider two vectors Wewant: D=A-B
A B B
— —
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Example

An airplane trip involves three legs, with two stopovers, as shown in Fig.
The first leg is due east for 620 km; the second leg is southeast (45°) for
440 km; and the third leg is at 53° south of west, for 550 km, as shown.

What is the plane’s total displacement?

North
Ans:
Components +X
Vector x (km) vy (km) East
D, 620 0
D, 311 —311
D; —331 —439
Dy 600 ~750
Dy, = 960 km
6 =51°,
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Unit Vector

Unit vector is a vector in the direction of any vector whose
magnitude is one. Consider a vector A.

. The unit vector In the direction of A
A is defined as:

/! 0= A

- Al
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Rectangular Unit Vectors

In Cartesian coordinate system, we define three basis (unit)
vectors in the direction of positive X, y and z axes as follows:

Z
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Components of a Vector in 2D

The projection of a vector on axes are called its components.
The following realtions hold in 2D:
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Components of a Vector in 3D

The following relations hold in 3D:

A=Ai+Aj+Ak

|Al= A+ A+ A

Sayfa 11



Example

Two vectors are given: A=3i +4jand B =i + 2J.

(a) Find
(b) Find
(c) Find
(d) Find

(e) Find the unit vector in the direction of vector A

Al
B
A+B|

A —B|

Ans:
[Ans
[Ans
[Ans
[Ans

o]

. 2.23]
. 6.32]
. 4.47]
: u=0.61+0.8j]
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Dot Product of Two Vectors

The dot (or scalar) product of two vectors is defined as:

A-B=ABcosé

Where 0<=6<=180 is the angle between two vectors.

/& GEOMETRICAL MEANING

Acos@ is the projection of vector
A on vector B. Therefore:

0 A.B = (AcosH) B

IS the projection of A on B times
magnitude of B.

0J.
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Some Properties of Dot Product A

A-B=B-A

(A+B)-C=A-C+B-C 0
i.i=j.j=k.k=1 é
l.]J=1.k=].k=0

If A=Ai+Aj+Ak and B=B,i+Bj+Bk

then X B_AB +AB, +AB,
AA=N+R+A> = |Al=VA-A= [N +A LA

If A and B are non-zero vectors and A.B = 0, then 6 = 90¢°.
So, A and B are perpendicular to each other if A.B =0
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Example

Two vectors are given: A=3i+4) +5k and B =i — 2.

(a) Find |A| Ans: 7.07]
(b) Find |B| Ans: 2.23]
(c) Find A.B Ans: —5]
(d) Find the angle between vectors [Ans:108.59]
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Cross Product of Two Vectors

The cross (or vector) product of two vectors is defined as:

AxB = ABsindu

where 0<=0<=180 is the angle between two vectors.
u is the unit vector in the direction of A x B.

C GEOMETRICAL MEANING

Asing@ is the perpendicular
component of vector A with
respect to vector B. Therefore:

IAXB| = (Asin6) B

IS the area of a paralelogram
bounded by vectors A and B.
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Some Properties of Cross Product

AxB=-BxA

(A+B)xC=AxC+BxC uzle|§|

IXI=]x]=kxk=0

IX] =Kk, [ XxXk=1,kXxI=]

If A=Ai+Aj+Ak and B=B,i+Bj+BKk
then

i ] k
AxB=|A, A A
B, B, B,

If A and B are non-zero vectors and AxB = 0, then 6 = Q°.
So, A and B are parallel to each other if A x B = 0.
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Example

Two vectors are given: A =3i + 5k and B =1 — 2] + 3k.

(a) Find |A| Ans: 5.83]

(b) Find |B| Ans: 3.74]

(c) Find AxB Ans: (10, -4, —6)]
(d) Find the angle between vectors Ans: 46.5°]

(e) Find the unit vector in the direction of A x B.
[Ans: u = (0.81111, -0.32444 ,-0.48666)]
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Example

Magnitude of vector A =10 cm A
Magnitude of vector B = 15 cm
Angle between vectors = 45° B

0J.

Find the area of the paralelogram.

Ans:
Area = |AxB| = |AB sinf| = |(10)(15)(sin45)| = 106 cm>.
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Exercise

Consider two vectors (A and B) having the same length (magnitude),
namely A = B. If |]A+B| = 10 |A-B|, calculate the angle between vectors.

Ans: cos6=9/11or 6=35.1°
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Exercise

Consider a unit cube.
Find the angle between vectors A and B.

Ans: 6 = 65.9°
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