General Physics 1
Lecture (2): Vectors
Asst. prof. Dr. Basim I. Wahab Al-Temimi First Stage

2- Vectors

Components of a Vector, Introduction A
component is a projection of a vector along an axis.

« Any vector can be completely described by its
components.

It is useful to use rectangular components.

+» These are the projections of the vector along
the x- and y-axes.

Vector Component Terminology
Axand A y are the component vectors of A.

¢ They are vectors and follow all the rules for vectors.
Ay and A, are scalars, and will be referred to as the components of A.

Components of a Vector

Assume you are given a vector A . It can be

expressed in terms of two other vectors Ay and Ay A 2
K = Kx + K y :
: : 0
These three vectors form a right triangle. g = x

The x-component of a vector is the projection along the x-axis.
Ax =A cosO

The y-component of a vector is the projection along the y-axis.
Ay =Asinb

This assumes the angle 0 is measured with respect to the x-axis.

The components are the legs of the right triangle whose hypotenuse is the length of A

A
A =/Ax? + Ay? andeztan'lﬁ
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2-1 VVectors collection

l

—

x|+AyJ+A k

'J>l
:(>

=§xi+Byj+sz

vs]]

K+§=(Kx+§x)i+(zy+§y)j +(—A)z+ §z)k

2-2 Subtract vectors:

K'E’:(Kx'ﬁx)i'*'(zy'ﬁy)j+(_A)z'§z)k

To find the numerical value of the vector A can be:

| A | =/Ax2 + Ay? + Az?
And
Commutative Law for Addition: A + B = B+A

2-1 Scalar Product or dot (.) product

_-"-J?'
The scalar product of two vectors, A and B denoted by P_g,.x""’
A.B, is defined as the product of the magnitudes of the ‘____’Nl‘f:i’__ e
vectors times the cosine of the angle between them, as B -

illustrated in Figure.

K.E):Kxﬁx+zy§y+_A>2§2

i =(1,0,0) Li=1 1) =
j=(01,0) jj=1 j-k= 0
k =(0,0,1) k.k=1 k.i=0

A.B=ABcos6

_|aB|

cos 8 =
Tallsl

Note that the result of a dot product is a scalar, not a vector.

ipd
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The rules for scalar products are given in the following list:

- -5 o

2-A.(B+C)=A.B+A.C
3- m(A.B)=(mA). B
=A.(mB)=(A.B)m

brove tk_1)e cosine law:
C=A+B
E.ﬁz(K+§).(K+§)
C>’=A.A+A.B+B.A+B.B
C?2 = A>+B?+2A.B O 0

osl}

First Stage

Ol

C2= A%+B%+2AB c0s 9 :

2>

Example2

Let us do an example. Consider two vectors A=2i+ 2j and B=6i- 3j

Now what is the angle between these two vectors?

Solution: From the definition of scalar products, A.B=ABcos6 we have

—

A.B=|A||B|cos6

|AB|
5 C0S 0 = ——
|l |B]

A.B=2i+2j.6i—3j=6

|A| =v22¥22=+8=283

|B|=,/62 + (—3)2=/45=6.71
6

LSO =—""——"""=0.316 ~ 0=cos10.316=71"°36"

2.83x6.71
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Question 1: Prove that the two vectors are perpendicular if: A.B =0?

Solutions:

—

A.B=|A||B|cos6

|lAB| _ o
~C0sf = =
|al|B| [a]]B]

~» 0 =cos (0) =90°

=0

~AlB

Question 2: Provethat:i.i=j.j=kk=1

b

Solution: i.i=1icos 0 I > X

i > X in the same direction
That is, the angle between them is = 0

-~ 1.1=(1,0,0) (1,0,0) cos 6
1.1=(1,0,0) (1,0,0) .1 =1 soon

Question 3: Prove that: i.j =j.k=k.j=0
Solution j 90

I.j=1jcos®O i
— (1,0,0) (0,1,0) cos 90 | X
-~ As the angle between them = 90°
Cos90=0

v

21j=0
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2-2 Vector Product or Cross (x) Product I
|AXB|

A XB=ABsin@ =— sin@=——
|a||B|

ixi=0 ixj=k i XK = -j -
jxj=0 jxk=1I KXj=-i g
kx k=0 KXi=j jxi=-k k j
AXB=-BXA

ik
K)(E):Ax Ay AZ

Bx By Bz

= (AyBz-AzBy) i+ (AzBx- AxBz) j + (Ax By - Ay Bx)

The vector product or the cross product multiplies two vectors in such a way that
the resultant is a new vector.

IfA=Aci+Ayj+Azkand B=Byxi+Byj+B,kthenletC=Cxi+Cyj+Czk
be the result of this multiplication.
Let A=i+2j+3k; B=2i-3j+k. Then the cross product of A and B is

C=A XB=|A||B]|sin®

Ll k

C=|1 2 3|=@*1-3%(-3)) i+ (3*2-1*1) j +(-3*1- 2*2) k
2 -3 1

C=11i +5j -7k

Question4: If you know that A = 2i +2j —k and B =i —j +2Kk,
Find: 1) AxB,2) A.B 3)and the angle between them?
Solutions:

1) A.B=2-2-2=-2
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i j ok

2AXxB=[2 2 —1|=@1)i+(-1-4)j+(-2-2)k
1 -1 2

Ax B =3i-5j—4k

3)A=./22+22 + (-1)2=V4+4 +1= V/9=3

B=V12+12 +22 =+/1+1 +4 =6

Cos 0 = aB| _ -2 '6—005'1_—2
“lallB] T3V T T 346
Homework

Q1) Provethatixj=k ,jxk=1iandkxi=j?

Q2) Find the unit vector perpendicular to the plane between the two vectors
A=2i+2j—kand B=i-j+2k

Q3) Find the angle between the two vectors A = 2i + 2j -k and B = 6i -3j +2k?




