Chapter 3 - Vectors
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|.  Definition
ll. Arithmetic operations involving vectors
A) Addition and subtraction

- Graphical method
- Analytical method - Vector components

B) Multiplication
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Review of angle reference system

90°
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90°<6,<180°

2 0
180° L) Origin of angle reference system

180°<0,<270°
270°<0,<360°

Angle origin

0,=300°=-60°
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Definition

Vector quantity: quantity with a magnitude and a direction. It can be
represented by a vector.
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Examples: displacement, velocity, acceleration.

C

Net displacement

. A
is the vector sum

Same displacement

Displacement > does not describe the object’s path.

Scalar quantity: quantity with magnitude, no direction.

Examples: temperature, pressure
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Il. Arithmetic operations involving vectors

Vector addition:

wod'dNH-S1INIANLS

- Geometrical method

Rules:

(commutative law) (3.1
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Vector subtraction:

Note head-to-tail
2 arrangement for
addition

projection of the vector on an axis.

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
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Vector component

Vector addition:

- Analytical method: adding vectors by components.

(3.7)
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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.
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- The laws of physics are independent of the choice of coordinate system.

—
Component of b
along direction of

Multiplying vectors: dis beos ¢

- Vector by a scalar: f=s-a

- Vector by a vector: b
i \ Component of a
Scalar product = scalar quantity lonpidizee ool

2
bis a cos ¢

(dot product) ()

—

d-b=abcosg=a,b, +ab, +a,b,
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5 ab <« cosg=1 (4=0)
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Angle between two vectors:

Multiplying vectors:

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

a,)l —(b,a, —a,b,) j+(ab, -

Magnitude
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Vector product

dxb=0 «sing=0 (¢=0°)
dxb|=ab «sing=1 (4=90") Direction = right hand rule
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/\) ¢ perpendicular to plane containing a,b
. —

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.
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Products of Vectors

Let i, j and k be unit vectors in the x. vy, and z direc-

tions. Then
oo A B 2, 2 @ A ~ A /\
i-i=j-j=k'k=1, i-j=j-k=k-i=0, ( L%
i T ' AY4N)

Any vector @ with components a,, a,, and a, along the F/

X, y,and z axes can be written as
— 2 o N
a=a,+ aj+ak.

Let @, b. and © be arbitrary vectors with magnitudes a.
b.and c¢. Then

@xX(b+7T)=(@XDb)+ (@XT7)
(sa@) XDb=7aX (s )=s(?1’><3) (s = a scalar).

Let # be the smaller of the two angles between @ and

b.Then

@-b=0b-T= ab, + ab, + ab, = ab cos 6

i ] Kk

@Xb=-bXda=|a, a, a,

b, 8, b,
A a. ~ld a ~ | d .,
— l y Z _] X ¥4 4. k x y
b, b, b, b. b, b,

= (a_vbZ = b_vaz)f g, — bzax)j

+ (a,b, — bya,)k

i@ X bl = ab sin 6
@ (bXT)=b-(TX@) =7C(TXDb)

@ % (b X7 =(@7<)b—(ab)T
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=47 +5] -6k
1=+ (b) Angle between rand +z?

’ :—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™ Sl PPV
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 !!!
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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

:( _ _15'42]—>9=99°

97.61



*1 ssm What are (a) the x component and (b) the y component of a
vector @ in the xy plane if its direction is 250°
counterclockwise from the positive direction
of the x axis and its magnitude is 7.3 m?
d= ayi+a,j 1
a, =a cosf = 7.3mcos(250") = —2.5m

a, =a sinf = 7.3 msin (2507) = —6.9 m a, 25?\
70°

a, =a cosf =—73mcos(70) = —2.5m La”

a, =a sind = —73msin(70) = —6.9 m ‘L

*11 ssm (l’l} In unit-vector notation, what is the sum Af.r' + b if
a=(40m)+ (3.0m); and b = (—13.0 n1)L+ (7.0m)j? What
are the (b) magnitude and (¢) direction of @ + b?
a= (4.0m)i + (3.0 m)j
b = (—13.0 m)i + (7.0 m)j
a) d+b = “4.0m)i+ (3.0m)j+ (—13.0m)i+ (7.0 m)j
d+b =(4.0-13.0)mi+ (3.0+7.0)mj
7= d+b = (=9.0m)i+ (10.0 m)j
b) 7 = (—=9.0 m)i + (10.0 m)j

r= [r2+712=.(-9.0)2 + (10.0)2 = 13.5m

-9.0

- _1 (100 0
c) 8 =tan?! (:—y) =tan™?! (—) = —48
X
The vector has negative x component and positive y component so it lies in the second

guadrant.
d+bhas a magnitude of 13.45 m with 132°counterclockwise the positive x-axis.

(42°west from north)
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+]15 SSM ILW WWW The two vec-
tors @ and b in Fig. 3-28 have equal
magnitudes of 10.0 m and the angles
are #, = 30° and 6, = 105°. Find the b

(a) x and (b) y components of their 6,
vector sum 7, (c) the magnitude of 7, -
and (d) the angle ¥ makes with the
positive direction of the x axis.

o,

0

Figure 3-28 Problem 15.

a=(acosf;)i+ (asinb;)]
d = (10.0cos 30)m1i+ (10.0 sin 30°)mj=8.66mi+ 5.0mj
b=(bcosO)i+ (bsindjf,6 =105 +30" =135
b = (10.0 cos 135°)m i+ (10.0 sin 135") mj = (=7.07m) i + (7.07 m) j
F=d+b=(866mi+ 5.0mj)+ ((=7.07m)i+ (7.07 m)j)
7= (1.59m) i+ (12.07m) j
a) , =159m

b) r, =12.07m
o) r =2 +1rZ=(159)?2+ (12.07)2 =12.17m

d) 8 =tan™? (:—Z) = tan~! (%) = 825
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*30 @ Here are two vectors:
@=(40m)i — (3.0m)] and b = (6.0m)i + (8.0m)j.

What are (a) the magnitude and (b) the angle (relative to T} of a?
What are (c) the magnitude and (d) the angle of b? What are (e)
the magnitude and (f) the angle of @ + b; (g) the magnitude and
(h) the angle of b — @:and (1) the magnitude and (j) the angle of
@ — b? (k) What is the angle between the directions of b — @
andd@ — b?
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«38 @ For the following three vectors, what is 36-{2;1: X E}'}'
A =2.00i +3.00) — 4.00k
B = —3.00i +4.00] + 200k C = 7.00i — 8.00j
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«39 Vector A has a magnitude of 6.00 units, vector B has a mag-
nitude of 7.00 units,and A - B haia value of 14.0. What is the angle
between the directions of A and B?
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