General Physics

Lecture. 2

Dr. Mohammed Deia Noori



The unit vector

A unit vector is a vector having a
magnitude of unity and its used to A
describe a direction in space.
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1= a unit vector along the x-axis
i A J = a unit vector along the y-axis

\i\ k = a unit vector along the z-axis
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Instead of explicitly writing A, =5, A, =0; B, =5, B, = 5;

C,=-10,C =0;and D_=-5,D_ =35, we can write this same
mfurmatmn in a different form. We can write
A=5i+0j
B =5i+5j
=-10i + 0j
D = -5i1 +§j

R=A+B+C+D
R=(5i+ 0j)+(5i+ 5j)+(-10i + 0))+(-5i +5j))
R = (§+5-10-5)i + (0+5+0+5)j
R = -5i + 10j



Components of a vector

Any vector lying in xy plane
can be resolved into two
components one in the x-
direction and the other in the y-
direction as shown in Figure
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The magnitude of the vector A
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The direction of the vector to the x-axis
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A vector A lying in the xy plane, having rectangular
components 4, and 4, can be expressed in a unit vector
notation
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Example

Find the sum of two vectors A and B and given by

e .

14:31'+4‘]-and B:2I—5j

Solutions

Note that 4,=3, Ay=4, B.=2, and By=-5

R=A+B=3B+2)i+(@4-5)j=5i—j

The magnitude of vector R is

\ " R:\/RJ'2+R.1-2:V25+ :\/%:5-1
. The direction of R with respect to x-axis is

v R, -
6=tan" —L =tan” 4 —11°
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Example
Two vectors are given by 4 =3i—2j and B =—i— 4. Calculate (a)

A+ B, (b) ,?i-é,(c)|2+§ ,(d)}ﬁ—é,and(e) the direction of 4+ B

and‘2—§|.

Solutions
(@) A+B = Bi—2j)+(—-i—4j)=2i—6j
(b) A-B = Bi—-2j)—(-i—4j)=4i+2j

(© |4+ B|= 2> +(-6)* =6.32

() |[d- B|= 4> +27 = 4.47

(e) For A+ B, 0 = tan''(-6/2) = -71.6° = 288°
For A-B, 0 =tan}(2/4) = 26.6°



Product of vectors

There are two kinds of vector
product the first one is called
scalar product or dot product
because the result of the
product is a scalar quantity.
The second is called vector
product or cross product
because the result is a vector
perpendicular to the plane of
the two vectors.




The scalar product
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A.B = +ve when 0<8<90°
A.B = -ve when 90° < 8 <180°
A.B =zero when ¢=90



Mia B (oY) daiall e qupa dalay Gugadal oulidl) Gyl G
Mg 5 guanall Ay gl 3l ol s A (AU Aaial

AB = ‘AHB‘ cos ¢
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The scalar product is

[ﬁ.ﬁ =(4i+A,j+Ak).(Bi+B,j+Bk) J

) ik B Aadall CliS e (8 A Aadall GlS ja Gl



AB=(AiBi+ AiB,j+ AiB.k
+ A jBi+ A, jB . j+ A jB.k
+ Ak Bi+ A.k.B j+ A.k.B.k)
Therefore
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AB=ADB +AB, +AB. |
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The angle between the two vectors is

AB AB_+A B +AB.
cos & = — —

48] 4] 8]



Example 1

Find the angle between the two vectors

A=2i+3j+4k B=i—-2j+3k

Solution AB +A B +AB
COS 6 _ x T x Yy ¥ =z
48]

AB +AB, + A B, = (2)(D)+3)(-2)+HH)(3)=8
— 22 432442 =20
Bl =17 +(—2)*> +3%> =14

A

cosf = —0.397 = 6 = 66.6°
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The vector product

cross product = vector product RN @ =l & 2
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To evaluate this product we use the fact that the angle
between the unit vectors 7, 7 , k is 90°.

dxB=(4,B,—4.B,)i+(4,B,— 4B, )j+(4,B,—4,B, )k



If a = fl-]i -+ ﬂ-?j + ﬂ-gk and b = bli + bgj + bgk then
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If C=AxB , the components of C are given by
C‘i.' = Aj.-‘B: _A:Br

C‘F — A: B.T — A.TB.'
C.=AB,— 4B,






Example 2

—

If ¢_ 4xj,where 4=3i—4; ,and B=-2i+3k ,whatis C?
Solution I
C=A4AxB =3i—4))x(-2i+3k)

which, by distributive law, becomes

C =—(3i x 20)+Bix3k)+ (47 x2i)— (47 x3k)
-

Using equation 4x B = 4ABsinf toevaluate
each term in the equation above we get

—_

C=0-97—8k—12i=—12i—9; -8k

The vector C is perpendicular to both vectors A and B.



Example 3

Two vectors lying in the plane are given by the equations
A=21+3jandB=-+27.

Find AXB and verify that AXB =-Bx A

Solution
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A=2i+3jand B=-i+2j

BXA =|-1
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