Chapter 3 - Vectors

|.  Definition
ll. Arithmetic operations involving vectors
A) Addition and subtraction

- Graphical method
- Analytical method - Vector components

B) Multiplication




Review of angle reference system

90°

90°<6,<180°

2 0
180° L) Origin of angle reference system

180°<0,<270°
270°<0,<360°

Angle origin

0,=300°=-60°




Definition

Vector quantity: quantity with a magnitude and a direction. It can be
represented by a vector.

Examples: displacement, velocity, acceleration.

Net displacement
is the vector sum

Same displacement

Displacement > does not describe the object’s path.

Scalar quantity: quantity with magnitude, no direction.

Examples: temperature, pressure




Il. Arithmetic operations involving vectors

Vector addition:

- Geometrical method

Rules:

(commutative law) (3.1

Finish

(associative law)




Note head-to-tail
— arrangement for
~ addition

%,
o

/

a, =acosd

a, = asin@

Scalar components of a

Vector magnitude

Vector direction




Unit vector: Vector with magnitude 1.
No dimensions, no units.

i, ],k —> unit vectors in positive direction of x,y,z axes

Vector component

Vector addition:

- Analytical method: adding vectors by components.

(3.7)




Vectors & Physics:
-The relationships among vectors do not depend on the location of the origin of
the coordinate system or on the orientation of the axes.

- The laws of physics are independent of the choice of coordinate system.

-
Component of b
along direction of

Multiplying vectors: Zis beos ¢

- Vector by a scalar: f=s-a .
- Vector by a vector: Vs

S~ 5
~ Component of a

Scalar product = scalar quantity dlong direction o

_,-
bis a cos ¢

(dot product) ()

—

d-b=abcosg=a,b, +ab, +a,b,




b=ab «cosg=1(4=0)
b=0 «cosg=0 (¢4=90°)

Angle between two vectors:

Multiplying vectors:

- Vector by a vector
Vector product = vector (cross product)

a,)l —(b,a, —a,b,) j+(ab, -

Magnitude




Vector product

dxb=0 «sing=0 (¢=0°)
dxb|=ab «sing=1(=90") Direction = right hand rule

_)—)-

cd=bxa

/\) C perpendicular to plane containing a ab
. —

1) Place a and b tail to tail without altering their orientations.

2) ¢ will be along a line perpendicular to the plane that contains a and b
where they meet.

3) Sweep a into b through the smallest angle between them.




Right-handed coordinate system

Right Hand Rule, Vector Product

The direction of the wector product can be wisualized with the right-hand e, If wou cud the
fitngers of your right hand so that they follow a rotation from vector A to vector B, then the
thutnh will poitt it the direction of the wector product.

Note that the direction of rotation
is significant and that
BxA =-AxB B
Curl fingers in direction

AxB. from Ato B. Thumb _, _,
points in direction of A x B

The vector product of & and B iz always perpendicular to both & and B, Another way of stating
that iz to say that the vector product is perpenndicwlar to the plane formed by vectors & and B.

Thiz right-hatnd nale ditection is produced mathematically by the wector product expression,

Vector Product, Determinant Form

The wector product is compactly stated in the form of a determinant which for the 325 cazse has a
cotrvenient evaluation peocedure:

AxB= |

-

Z

Ax
B, B,

A
B

Z

the expanded form:

Duce the schene for determinant evaluation 1s famdliay, this iz a cotrvendent way to reconstiuct

AxB =i(A,B,-A,B,) - j(AxB, - A,B,) + k(AB, - A,By)




Determinant Evaluation Example

For a determinant of order thtee the evaluation nile is

First row| |Cofactor dlternating| | First row || Cofactor

element F1gns element
311 Az Iz \/ RJ jﬁﬁgf

921 822 823| = &y(8zz 933 - 82z 832 ) - 8y2 (82 8zz - G2z 931 )

8zy Ggp O3z + 8yg( 8z Gzz - Gz Gzy)

Take the elethents of the top tow and multiply them times the determinant of their cofactors.
The cofactor 15 the array left when the row and column of the given top row element 13
eliminiated. The evaluation of the detertrunant of the cofactor follows the same pattern until the
cofactor has dimension taro. At that point, it's value 15 the differenice of the diagonal products.

First row Diagonal Diagonal P
elerent product product

8yq(8zz B3z - G2z Gz2) = dpz Az

dzz Ozz




If B is added to C = 3| + 4], the result is a vector_in the positive direction of the y axis, with a
magnitude equal to that of C. What is the magnitude of B?

Isosceles triangle
B+C = I§+(3iA+4]): D= Dj

-
|C|:|D|: 3214%2 =5 tand=(3/4) > 0=36.9°
B+(3i+4])=5] >B=-3+] >[B=9+1=32 \ Sin(e) B2 o_ 2Dsm(9j 39

A fire ant goes through three displacements along level ground: dﬁor 0.4m SW, d2_6.5m = d3_50.6m at
60° North of East. Let the pgsitive x direction be East and the positive y direction be North. (a) What are the
x and y components of d,, d, and d;? (b) What are the x and the y components, the magnitude and the direction
of the ant’s net displacement? (c) If the ant is to return directly to the starting point, how far and in what direction
should it move?

(@) = (—0.281 —0.28]) +0.5{ =(0.22{ —0.28])m
0y =-0.4c0545" = —0.28m d3 — (0.221 ~0.287) + (0.3f +0.52]) = (0.52f + 0.24 )m

d;y =-0.4sin 45" =-0.28m - 5
|D|= 0.52° +0.24% =0.57m
d,, =0.5m

2y = 0= tan‘l(%j =24.8° North of East
0.52
d;, =0.6c0s60° =0.30m

dj, =0.6sin 60" = 0.52m Return vector - negative of net displacement,
D=0.57m, directed 25° South of West




=47 +5] -6k
1=+ (b) Angle between rand +z?

2 :—iA+2j+3I2

A (c) Component of d, along d,?
3 =41 +3j+2k

(d) Component of d; perpendicular to d, and in plane of d,,d,?

(a) F=d,—d,+d, :(4iA+5]—6I2)—(—iA+2]+3I2)+(4iA+3]+2I2):9iA+6]—7I2

(b) F-K=r-1-cos@=-7 — @ =cos* =T =123
12.88

r=+9%+62+7%=12.88m

(c) dy-d,=-4+10-18=-12 =d,d, cos@ — cos@ = dé'dz

1¥2

dl'az _ —12 _
dd, 3.74

d, =1*+2%+32 =3.74m

d,, =d,cosf=d, -3.2m

(d) dy=4/dJ, +d e, — dypep =V8.77° —3.2° =8.16m

d, =v4% +5%+6% =8.77m

If d, =3 -2]+4k (@ +3,)-(d,x4d,)? (({ﬁ&i)za—icoritainedﬂin (d,,d,) plane B
CTZ :—5f+2i-|2 (d, x4d,) =4(d, xd,) =4b — perpendicular to (d,,d,) plane

a perpendicular to b — c0s90° =0 —4a-b =0

Tip: Think before calculate !!!




Vectors A and glie in an xy plane. A*has a magnitude 8.00 and angle 1309 B has
components B,= -7.72, B = -9.20. What are the angles between the negative direction of
the y axis and (a) the dlrectlon ofA (b) the direction of AxB (c) the direction of Ax(B+3k)

(a) Angle between —y and A=90° +50° =140°

(b) Angle —y ,(AxB)=C —angle — ] ,k because C perpendicular
plane (A, B) = (xy) — 90°

(c) Direction Ax(B+3k)=D
E=B+3k=-7.721 -9.2]+3k

] ik
D=AxE=|-514 6.13 0/=18.391 +15.42]+94.61k
~7.72 -920 3

|D| =+18.392 +15.422 +94.61% = 97.61
—]-D=-]-(18.391 +15.42 ] + 94.61k) = —15.42
_( (1542

]—)6:99"

97.61




A wheel with a radius of 45 cm rolls without sleeping along a horizontal floor. At time t, the dot P painted
on the rim of the wheel is at the point of contact between the wheel and the floor. At a later time t,, the
wheel has rolled through one-half of a revolution. What are (a) the magnitude and (b) the angle (relative
to the floor) of the displacement P during this interval?

Vertical displacement: Ay
. . 1
Horizontal displacement: E(ZﬂR) =1.41m

F = (1.41m)i +(0.9m) j
|F|=+1.41° +0.9° =1.68m

P R R R A R A A P A A PRI
At time ¢ At time fo

tan@ = (Z—Rj —0=325
R

Vector a has a magnitude of 5.0 m and is directed East. Vector b has a magnitude of 4.0 m and is directed
35° West of Ngrth What are (a) the magnitude and direction of (a+b) (b) What are the magnitude and
direction of (b-a)?. (c) Draw a vector diagram for each combination.

(a) d+b=271+3.28] (b) b-a=b+(-a)=-7.29 +3.28]

[a+b|=+2.717 +3.287 = 4.25m b - =7.29° +3.28° =8m

tan @ = [ﬁj — 0=5043
2.71

or 180° +(—24.2°) =[155.8
180° —155.8° =24.2° North of West




