v

v

v

v

v

| Chapter 4: Motion in Two and Three Dimensions

Position and Displacement

Velocity

Acceleration

Finding Displacement and Velocity from Acceleration
Projectile Motion

Uniform Circular Motion

Relative Motion




| Chapter 4: Motion in Two and Three Dimensions

Session 5:

v Introduction to Vectors
v Position and Displacement
v' Velocity

v Examples




Introduction to Vectors

“* A scalar quantity is completely specified by a single value with an appropriate unit and

has no direction. (Mass, Time, Distance)

“* A vector quantity is completely described by a number and appropriate units plus a

direction. (Displacement, Velocity)

—

< Text uses arrow to denote a vector: A

% Two vectors are equal if they have the same magnitude (A =B if W = ‘é‘) and the same

direction. y
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Introduction to Vectors

¢ Adding Vectors (Graphical Method):

¢ Subtracting Vectors:



Introduction to Vectors

“ Adding Vectors (Component Method):

Y Y

- A =Acosé
A =Asing

| A= Ja A
A

L g =tan' L
A

X




Introduction to Vectors

*» Adding Vectors (Component Method):

** Three-Dimensional Extension

R=A+B
R=(Ai+Aj+Ak)+(Bi+B,j+BKk|
R=(A+B,)i+(A +B,)j+(A, +B,)k

R=Ri+R,j+Rk
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Introduction to Vectors

*» Multiplying Vectors:
bcos ¢

1) The Scalar Product

b

acos o

Zi.l;:(axf+ayj+azﬁ).(bxf+byj+bzﬁ)

b

a.b=ab + a,b, +a.b. a.b = (acosp)(b) = (a)(bcosgﬂ)|

2) The Vector Product :(2
|

Ax B :Vector

AxB=(A4,i+A4, j+ A K)x(B,i+B, j+ B.K)
A

AxB=(A,B.— A.B)i+(AB, - AB.)j+(AB, - A,B,)K
N B

| axn
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Position and Displacement

“* One Dimension (1D):

X
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r=xi+yj = 2 2
Y] Ar:(xf_xi)l_l_(yf_yi)l

AF = Axi+Ayj




Position and Displacement

“* Three Dimensions (3D):

Zl. Z‘

AF:(xf—xi)i+(yf—yi)i+(zf—zi)|2

AF = Axi+ Ay j+ Azk




% One Dimension (1D):

Velocity

Ax  x;—x;
Vav = —
7 At At
_dx
dt
*+ Two Dimensions (2D):
R i TR I
S Y Y s
_dr dx: dy-.: 2
VE—=—oI+——]= VI+V]
t dt dt

S 2 2
M = \/vx +v,

Direction of Motion:
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Velocity
*+ Three Dimensions (3D):
. _Ar Ax: Ay

Az ~ A
Vayg = = I+—j+—k=vavgxl+va
At Al Al Al ’

o

k

vg,yj T Vavg,z

o O AV G i vk
{ dt dt © dt ’
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Ex 1:

An electron’s position is given by r = 3ti — 4t f+ 2k , with t in seconds r and in meters. (a)
In unit-vector notation, what is the electron’s velocity? At t = 2 s, what is velocity (b) in unit

vector notation and as (c) a magnitude and (d) an angle relative to the positive direction of the

X axis?

v =3i-8t]

¥ =31-16]

V| =9+256 =16.3 (m/s)

0 =tan™ ? —-794

$ 3 1 1
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Ex 2: (Prob 4.10)
The position vector T = 5ti+(et+ft?)] locates a particle as a function of time t. Vector r
IS In meters, t is in seconds, and factors e and f are constants. Figure 4-31 gives the angle 0

of the particle’s direction of travel as a function of t (8 is measured from the positive x

direction). What are (a) e and (b) f, including units?

20°
— dF _ - “
V= m) [Vv=5/+(e+2ft)j o
0°
4V e+ 2ft o010
0 =tan"' X+ 0 =tan™ =0
Vx - 5 {(s)
If t=0= 0 =35 = 35=tan-1§ =) ¢-5tan(35)=3.50 (m/s)
e+ 2f(

Ift=14= 6=0 mm) 0=tan

: '9) wmh e+ 28f =5tan(0)=0

f=—2° —_0125(m/s?)
28
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