By Prof. Rashad Badran

Vectors

ﬂsrgjoarec[ @5}/



By Prof. Rashad Badran

Coordinate Systems: Cartesian Coordinates vs. Polar coordinates

x yz coordinate system is called Cartesian coordinate system.

- : = F The point is in Cartesian
In xy plane, a point given as and IS In coordinates (xey. yo3)m
| y I \ T; 7
This point can be transformed into Rl (7 —

o Op|_005|te s!de ) y =3m
Adjacentside x

i -1,3
ﬂeztan 1(X)ztan 1(—) — 0=37°

X 4 O
~r=\/><2+y2 42132 — r=5m x=4m

Notes: The point expressed in Cartesian coordinate system (x =4,y =3) m, is
transformed into polar coordinate system (r = 5m, 8= 37°)
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Coordinate Systems: Cartesian Coordinates vs. Polar coordinates

Given: [ =95m, 9=37° in polar coordinates.

The pointis in (r, &) and can be transformed into Cartesian Coordinates (x, y)
Adjacentside X y T
Cos O = :
Hypotenuseside r T

—> X =TrCc0s0 :(5)cos37O =4m
Oppositeside Y
Hypotenuseside y O

‘ y=rSin9 :(5)S|n370 :3m X :4m X

Notes: The point given in polar coordinate system (r = 5m, 6= 37°) is transformed into
Cartesian (or Rectangular) coordinate system (x =4,y = 3) m.

Sin 0 =
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Coordinate Systems: Cartesian Coordinates vs. Polar coordinates

The polar coordinates of a point are r = 5.5 m and 8 = 240°. What are the

Cartesian coordinates of this point?

Solution NP e

————————————

X = rcos 0 = (5.5m)(cos 240) e
= X =(5.5m)(-0.5) = -2.75m i PR 4
y =rsin 0 = (5.5 m)(sin 240) il

— o ——— — - —

= Yy =(5.5m)(-0.86) = -4.76 m

y (m)

L

™
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Coordinate Systems: Cartesian Coordinates vs. Polar coordinates

The Cartesian (or Rectangular) coordinates of a point are given (2, y), and its polar

coordinates are (r, 30°). Determine (a) the value of y and (b) the value of r.

Solution KCEECLES

—y=xtand = (2)(tan30") = 1.15

(b) cosH = X
-

X 2 _ 2 _ o3 X=2

— | = — —
cosd cos30 0.86
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Physical Quantities: Scalars and Vectors

Scalar quantity:

A physical quantity that can be described by a magnitude
(single number) with a suitable unit.

Examples: Distance, average speed, mass, time, energy,
temperature, ...efc.
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Scalar Quantities:

Mass
160 kg !

Note: 160 is the number that
represents the magnitude. Here
kg is the unit of mass in the
International system (SI)
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Scalar Quantities:

Temperature
What Is your temperature?
40° C
40 Is the magnitude of
temperature while ° C refers

> to the Sl unit (degree Celsius
or centigrade)
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Vector quantity:
A physical quantity that has both magnitude and direction.

Examples: Displacement, velocity, acceleration, force,
momentum,.....etc.
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Vector Quantities:

Velocity
160 km/h (magnitude)

West (direction)



Vector Quantities:

Force

1000 N (magnitude)

Upward (direction)
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Vector Notation and Representation

A is a vector notation where the arrow at the top of letter A

Indicates that this vector must have both magnitude and direction.

* A vector IS represented by an arrow which connects an initial
point with a terminal point.

e Magnitude of the vector A is written as A or ‘A‘

* The direction of the vector is specified with respect to an axis of
reference (e.g. positive x-axis).

Notes: (1) the magnitude of the vector is always positive and (2) it is
represented by the length of the vector.
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Vector Quantities:

Displacement: the change in
position of a point.

»Represented by a line directed
from the initial point to the final

point P
e.g. Vector A represents the  The length of this vector represents its
displacement from point P, to point P, magnitude

* The head of the vector refers to its
direction
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Conceptual Questions

Conceptual Question

Can the magnitude of a vector quantity have a negative value ?

Answer:

No it cannot be negative. The magnitude of a vector quantity is always positive.
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Some Properties of Vectors

1) Parallel and Equal Vectors

A / B
°If two vectors have the
same direction, they are Parallel Vectors: B#A
parallel. Vectors have different magnitudes although
' they are in same direction
°If they have the same //
direction and the same B (Eq“a' vectors)

magnitude, they are equal. |Equal Vectors: B=
Both vectors have same magnltude and
direction
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Some Properties of Vectors

2) Negative of a Vector A vector Awhich has certain
*Negative of a vector Is a vector magnitude and direction becomes
with the same magnitude but a different vector when multiplied
opposite direction by a negative sign

Note: A and B are antiparallel A
vectors. They have opposite
directions

I
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Some Properties of Vectors

by 2, it becomes
- When a vector A is multiplied by a G < i
positive scalar quantity, say, 2 then the A
new vector (call it B) has a magnitude
twice that of the original vector with
same direction. / When multiplied by

_ -2, it becomes
* But when A is multiplied by, say, -2 (a
negative scalar quantity) then the new
vector (call it D) is -2 A

3) Multiplying a Vector by a Scalar / When multiplied

Conclusions: (1) the vector changes when either its direction or magnitude changes. Obviously
(2) the vector also changes when both magnitude and direction change.
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Some Properties of Vectors

4) Addition of Vectors

Vector addition is different from number addition. The addition of

two vectors A and B gives a third vector (call it C) which represents the
sum or resultant of them, namely: C=A+B

When B is multiplied by a negative sign (or expressed as - B) then the
addition of vectors may be given by D = A + (-B), where this operation

represents the subtraction of the two vectors A and B which is written

—_

as:. D=A-B
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Some Properties of Vectors

Addition of Vectors: A) Vectors in one dimension

T SR

A B A

C=A+B CEArE 8
— *
IC|=|A|+|B]| |CI=[A]-[B]

\ / \ _/

When vectors are in same direction || When vectors are in opposite directions ( A
(e.g. towards east) then magnitudes | | towards east) and ( Btowards west) then the
will be added and the sum of the||magnitude the sum of the vectors will be
vectors (or their resultant) will be in||subtracted and this sum (or resultant) will be
same direction (east) In direction of largest vector (east)
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Conceptual Questions

Conceptual Question

Is it possible to add a vector quantity to a scalar quantity ?

Answer:

No it is not possible because the addition of vector quantities has rules different from that of scalar quantities
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Some Properties of Vectors

B) Vectors in two dimensions
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Some Properties of Vectors

Addition of Vectors: B) Vectors in two dimensions
* There are two methods to add vectors in 2-D:The sum (or resultant) can

be obtained by:
1) Geometric (or Graphical) Method:

~ e D
1-b) Parallelogram Method

(Vectors are tail-to-tail)

~ I T
1-a) Triangle Method
(Vectors are head-to-tail)
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1-a)Triangle Method

Two vectors A and B are head - to - tail vectors. Vector A has a magnitude of 8 units

and directed towards east and vector B has a magnitude of 5 units and makes an angle

of 60° with respect to the direction of A .Use the triangle method to determine
geometrically (a) the magnitude of the sum R of the two vectors

and, (b) the direction of R with respect to that of vector A.
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1-a)Triangle Method

(a) ,5\‘ — 8 units and directed due east

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A

To draw the head-to-tail vectors geometrically, we start with the first vector

—

|II i ||II jin |III ji |III.:III [HEn IIII.iIIIIIIII| IIII.III| III|II- i |II| UL LS LS HIT T L RRLLE AR III| | III|
i L e A -|- - L H " 1l.'l v = 1I;| 14 IS

|E..|.|.|L-'|...|...1T|.|. .E:..l.l.lE. I.|.|I'...|I._|;Ih!ll
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1-a)Triangle Method
(a)

,5\‘ — 8 units and directed due east

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A

LA T
To draw the second vector geqgaétf @II)@o\Negmusbcspe,cgl‘i‘S’//%,/gngle using the protractor
e \00 90 8o 20 //7//
8] 7 7,
A\ |\ Ll
S S o i e %
S S T =
S % s S . > Z
A ATy \ v B
= == —
it =
= = A
=5 88— b

¢

mM
A
o



By Prof. Rashad Badran

1-a)Triangle Method '\

(@) |z S TS
A‘ =8 units and directed due east hod
s &
B ‘ = 5 units and makes an angle of 60° with respect to the diﬁ; ,‘;\éf
N N

N

. . N S .
The second vector will be drawn from the head of the first vectors: \;}Ily, using the ruler
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1-a)Triangle Method

(a) ,5\‘ — 8 units and directed due east

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A

The second vector is drawn from the head of first vector
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1-a)Triangle Method

(a) A‘ — 8 units and directed due east

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A

To draw the vector sum geometrically, use the ruler to draw a line from the tail of first vector
up to the head of the second vector. The length of the drawn line is the i \gnitude of the sum

\
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1-a)Triangle Method

(0)

To find

]

,5\‘ — 8 units and directed due east

—

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A
I L L

iy : :
&{a@\‘ﬁ}\ le o@the‘?%urvawtfr’@fép% to the first vector geometrically, we use the protractor
@@ T

/ 7

0 \,\__ I = ,
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1-a)Triangle Method

()

A‘ — 8 units and directed due east

—

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A

The reading of the protractor (direction of R) = 22.4°

Magnitude of the sum as read from the ruler is ‘Ii‘ =11.35units
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1-b)Parallelogram Method

Two vectors A and B are tail - to - tail vectors. The magnitudes of vectors A and B are 8 units

and 5 units, respectively, and the angle between the two vectors is 60° . Use the parallelogram
method to determine geometrically, (a) the magnitude of the sum R of the two vectors and,
(b) the direction of R with respect to that of vector A.

[Hint : Assume vector A along the positive x - axis]
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

To draw the tail-to-tail vectors geometrically. Use the ruler to draw the first vector along x-
axis

—

A

A
|II i ||II LL |III (i |III.:III {IHELT IIII.iIIIIIIII| III|.III| III|II- {1 |II| LLLESTELER UL LR BRI AR III| mnj III|
| | | i |
cko1 & o & = ki r .. ] 13 17 1< 1 14 IS

) 9 ¥ E & L FENI
|||||||||_|.||||||||||||||!||||| l|:||||||||'|I|Elf||||||.|_||||||||'|'|||||| |:|||-||||||||!||||
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

—

‘ = 5 units and makes an angle of 60° with respect to the direction of A.
W
To draw &K‘(\\ \\\\“\\\\“‘ | ’,’(’)/;’””//// ) ;)rotractor to specify its angle of 60° with respect to first

110 My

VvV Y

€2 @ o 100 %0 38 20 7///
S .o A 9 4 Z,
@ " ;] % o %

N o - “,

S © e \ S0 4 =
=~ \ / o =
Q\ \°‘° k2 ” =
— o~ g =
= N o =
= S §= =
S - %/':-
S g 2
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$\
1-b)Parallelogram Metho L s —
(a) A‘ =8 units and directed towards the: \\\ \:}Saxis
B ‘ 5 units and makes an angle o= \\\\r\espect to the direction of A.

To draw the second vector, use the ruI Ne \~I|ne from the tail of the first vector
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.
The two vectors are drawn tail-to-tail and they form two sides of a parallelogram
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

Y
To draw the image of the second vecf&\( \““““\“ 9|0 "/ o ”/////7°;|fy the angle of 60° with
respect to the first vector in ord 0 ”ﬂ//)/ogram
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No

1-b)Parallelogram Method \ R,

W
Y
\
S N
o N

&

(a) A‘ = 8 units and directed towards the positive x - axis \ \ ‘\é‘\\
B ‘ 5 units and makes an angle of 60° with respect to the dll’\ SR S
\ 7o) V\\
To draw the image of the second vector, use ruler to draw a line frr\\\ & s of the first
vector which has the same length as the second vector with samt-\\ S Sthus the other side
\\\ Lia>
of the parallelogram will be complete N
}\\
&G.b
<
\}?
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

To draw the image of the first vector, use ruler to draw a line from the head of the second
vector to the head of its image vector which has the same length as the first vector and
parallel to it and thus the parallelogram becomes complete

||| |II ||II |II |III 11 |III LSRN II| |II| IIII L eirgiEfin |II| i III LLHEHTE LT III 1| III| | III|
iCkd 2 - | & Fh ﬁ H = 15 i1 12 1:- 14 s

z M
||||||I|| I ||||| |||||||| Libala | ¥ |||||| Ann |||| | lals |||||| Hilabilala ||| li |||||| ki

- /
A 60°

60°
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

To draw the image of the first vector, use ruler to draw a line from the head of the second
vector to the head of its image vector which has the same length as the first vector and
parallel to it and thus the parallelogram becomes complete
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1-b)Parallelogram Method

(a) A‘ = 8 units and directed towards the positive x - axis

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

Use ruler to draw the diagonal of the parallelogram which starts from the point (or the corner)
of the meeting of the tails of vectors and terminates at the other corner of the parallelogram

W N ¢
\\ ',\\\\\ \‘ ™
W W A

13
\%
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1-b)Parallelogram Method

(b) A‘ = 8 units and directed towards the positive x - axis

=5uni §‘f’i\'qﬁ|‘makes an angle of 60° with respect to the direction of A.

i rm/um,,,
Use the @@&\‘“‘0 \ 7 ’///7/, he vector sum with respect to the first vector
g 1 7y,
@@ ® y00 90 8 20 //,
@ A0 70 7z

as read from the ruler is ‘Ii‘ =11.35units
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1-b)Parallelogram Method

(b)

A‘ = 8 units and directed towards the positive x - axis

—

B ‘ = 5 units and makes an angle of 60° with respect to the direction of A.

The reading of the protractor (direction of R) = 22.4°

Magnitude of the sum as read from the ruler is ‘Ii‘ =11.35units
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Some Properties of Vectors

J Commutative Law
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Some Properties of Vectors

J Associative Law
The resultant (or sum) R of more than two vectors can be obtained as

follows:

1) The resultant of the three vectors shown in the diagram can be
obtained by adding Aand B first and then their resultant will be added
to C
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Some Properties of Vectors

J Associative Law
The resultant (or sum) R of more than two vectors can also be obtained
as follows:

2) The resultant of the three shown vectors in the diagram can also be

obtained by adding B and C first and then their resultant will be added

A .
to =

+(B+C)
+E

[
|

R

[
|
o
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Head-to-Tail Addition of Vectors
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Tail-to-Tail Addition of Vectors




* A IS a vector which has a magnitude of one with no units.

- In Cartesian coordinates there are three unit vectors i ,j and k along the x, y
and z axes, respectively.

Notes:(1) The three units vectors
are perpendicular to each other
and(2) their magnitudes are equal
to each other, namely, fi| =|j|= a=1
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Components of a Vector: 1-D Vector

A vector along x-axis is written in terms of unit vector | as follows:

A= A i where A, Is the x-component of this vector which has zero y-
component. However, the magnitude of this vector equals the magnitude
of its component along x-axis. Positive i refers to the direction of the
vector along positive x-axis. €.g. The vector A=3i has a magnitude of 3
units and a direction towards east.

yu yA
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Components of a Vector: 1-D Vector

A vector along x-axis is written in terms of unit vector i as follows:

B = Bx where B, is the x-component of this vector which has zero y-

component. However, the magnitude of this vector equals the magnitude
of its component along x-axis.

e.g.The vector B = -3 has a magnitude of 3 units and a direction towards west.
Negative | refers to the direction of the vector along negative x-axis

y yA

X
- , >x

B=-B B =-3i

> X
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Components of a Vector: 1-D Vector

A vector along y-axis is written in terms of unit vector ] as follows:
D =Dy Where D, Is the y-component of this vector which has zero x-

component. However, the magnitude of this vector equals the magnitude
of its component along y-axis.

e.g.The vector D=3] has a magnitude of 3 units and a direction towards north.
Positive | refers to the direction of the vector along positive y-axis

Yy o 0 Y4 ) )
D=D | D=3]

y
» I .
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Components of a Vector: 1-D Vector

A vector along y-axis is written in terms of unit vector Jas follows:

D = Dyj where D, Is the y-component of this vector which has zero x-

component. However, the magnitude of this vector equals the magnitude
of its component along y-axis.

e.g.The vectorD =-3] has a magnitude of 3 units and a direction towards south.
Negative j refers to the direction of the vector along Negative y-axis.

yA

O
I
Js
N >
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- 2-D Vector

A vector, in x-y plane, is written in terms of unit vector i and j as follows:

A=A1+A ] (The vector expressed in unit vector notation)

X y
Acand A are the x- and y- components of / L

the vector. The angle & gives the direction

of the vector A with respect to the positive A, A
Xx-axis (this angle iIs always taken In
counterclockwise direction from positive x-- QO
axis). The vector Is chosen In the first X
guadrant.
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When the vector, in x-y plane, Is in the second quadrant

B=—B 1+B J (The vector expressed in unit vector notation)

X y

y-component is along positive y-
axis while x-component is along
negative x-axis

v
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When the vector in x-y plane is in the third quadrant

1;

—_ o) 2 y
C=-Ci1-C ] (The vector expressed in unit vector notation)

6
X .
y C, () ’\

Note: Both components of the vector
are in the negative directions Cy ()
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Finding the components of a Vector:

(a) What are the x- and y- components of a vector of magnitude 5.00 m
and angle 37° from the +ve x-axis rotating counterclockwise direction?

(b) What are the x- and y- components of a vector of magnitude 5.00 m
and angle 37.0 ° from the + ve x-axis rotating in clockwise direction?
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Finding the components of a Vector w

O
Solution K& A=5 m, 0 =37 The vector is 37°
Adjacent side Ay north of east

Hypotenuse side A

CoS @ =

mmm) Ax = ACOS O =(5) cos 37° = 4m
Opposite side A,

Hypotenuse side A, \ §
> A, =Asin 6 = (5)sm37 =3m X

Notes: Slnce the vector is in the first qguadrant and started from +ve x-axis revolving in
counterclockwise direction towards +ve y-axis then both components are directed in

+ve x- and y- axes as expected. The vector can be expressed by A=4i +3jorA=(4,3)
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Sin 6 =




Finding the components of a Vector

e

S

Adjacent side Dy
Hypotenuse side D

‘ Dy =Dcos6 = (5) 0053230

or = (5)cos ¢ =(5)cos (-370): 4 m
Opposite side y

Hypotenuse side D
‘ D,=Dsin6 = (5)sin 323°

or =(5)sing :(5)sin(-370) =-3 M

COS 0 =

sin @ =

(

Dy (')

. O O
Sellttite il (b) D=o5m, ¢ =37 or 6 =360—¢ = 323 _

yﬂ

37

0
™\ Dy ()
N

Notes: D, is along +ve x- axis while D, Is along -ve y-axis as
forth quadrant . The vector can be expressed by

D=4i -3

long as the vector is in the
or 5 — @4Er3%ashad Badran



Components of a vector \
4R =
YV o=
S

A vector has an x- component of — 25 units and a y- component of 40
units. Find the magnitude and direction of this vector. y (units)

Solution e

=X+ yj:—25f+40j """"""

= I = x2 + y2 — \/(_25)2 n (40)2 _ 47.17 units ______ _____
y_ 40 1, 40 o TIEN%
fanpg == = — d=tan  (——) = -58 | N
’ X =29 (— 25) \ | -
0 =180-¢ = 180° -58° = 122° Counterclockwise _ _ % (units)
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Components of a Vector: 3-D Vector

A vector In xyz coordinate system is expressed in terms of three unit
vectors i ,j , and k as follows and is shown in the diagram:

2 |

A=A+ ij + A_K k}

X
Note: The shown vector has angles a, § and y with the x-, y-, and z-
axes.
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A vector is given by R = 2i + j+ 3k. Find (a) the magnitude of the x, y, and z components,

(b) the magnitude of R, and (c) the angles between R and the X, y, and z axes.

Answer: (@ x=2,y=1andz=3
(b)
(c) 6, = 57.7°, Gy = 74.5°and 6, = 36.7°
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Objective Questions

Objective Question

What is the y component of the vector (3? - 1OI2) m/s ?
Answer:

(@) 3 m/s

(b) -10 m/s
(c)O

(d) 10 m/s

(e) None of those answers
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Objective Questions

Objective Question

What is the magnitude of the vector D = (10i -10k) m/s ?
Answer:

(@) 0

(b) 10 m/s
(c) -10 m/s

(d) 10

(e) 14.1 m/s
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Change in Components of a Vector




