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Phy 2053 Announcements

Phy 2053 Chapter 3
Vectors, and Motion in 2-D

Thursday, Sept. 10, 2008—Gary Ihas

What to do? Zero v at the Top

∆x2vv 2
0

2 a+=

v = 0

Throw ball up -initial velocity non-zero and positive 
Instantaneous velocity = 0 at maximum height

=0

∆x

x∆Can be given v0 and ask for

OR vice versa

Vectors let us keep track of our way in any number of dimensions
by carrying all the numbers-components-we need in one symbol

� Here is a vector that shows 
us going at an angle Θ with 
the x axis

� It is useful to use 
rectangular components 
to manipulate vectors

� These are the projections 
of the vector along the x-

and y-axes Ax and Ay
Ax and Ay are scalars

Vector 
Components

� The x-component of a vector

is the projection along the x-axis

cosA A θ=x x θ=
uur ur

cosAA x

�The y-component of a vector is the 
projection along the y-axis

sin
y
A A θ= y θ=

uur ur

sinAA y

These equations are valid only if θ is 
measured with respect to the x-axis

x y= +
r r r
A A AThen,

Graphically Adding Vectors

� When you add vectors, just put 
the tail of one on the head on 
the next…

� The resultant      is drawn from 
the origin of the first vector to 
the end of the last 
vectorVectors obey the 

commutative law of addition

The order in which the vectors 
are added doesn’t affect the 
result

Note that vectors are 
unchanged by being moved 
as long as their direction or 
magnitude is not changed

R
ur

+ = +A B B A
r r r r

Vector Subtraction and Scalar Multiplication

� Special case of vector 
addition--add the 
negative of the 
subtracted vector

� Continue with standard 
vector addition procedure

( )− = + −A B A B
r r r r

�The result of the multiplication or division of a vector by a scalar is a 
vector-the magnitude of the vector is multiplied or divided by the scalar

•If the scalar is positive, the direction of the result is the same as of the 
original vector

•If the scalar is negative, the direction of the result is opposite that of the 
original vector
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Adding Vectors Algebraically

� Choose a coordinate system and sketch the 
vectors

� Find the x- and y-components of all the vectors

x xR A=∑
y yR A=∑

Add all the x-components

Add all the y-components

2 2
x yR= R +R

y1

x

R
tan

R
θ −=

Use Pythagorean theorem find
The magnitude of the resultant:

Use inverse tangent function
To find the direction of R:

Displacement, Velocity, and Acceleration

� The position of an object 
is described by its 
position vector, 

� The displacement of 
the object is defined as 
the 

� change in its position
(meter)

� Velocity
(meter/sec)

� Acceleration
(meter/sec2)

∆t

r∆
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r
r =r

r

f i∆ = −r r r
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=
can change speed, 

direction, or both
ava
r

We will be specialists in Projectile Motion!

� Object may move in x and y 
directions simultaneously: 2D 
motion

� The form of two dimensional 
motion we will deal with is called 
projectile motion

•Ignore air friction

•Ignore the rotation of the earth

•With these assumptions, object in projectile 
motion will follow a parabolic path

Projectile Motion

Rules of Projectile Motion
� The x- and y-directions of motion completely 
independent

� The x-direction is uniform motion: ax = 0

� The y-direction is free fall: ay = -g

� The initial velocity      can be broken down into its x-
and y-components cos sinOx O O Oy O Ov v v vθ θ= =

0v

• x-direction--ax = 0

x = vxot This is the only operative equation in the x-direction 
since there is uniform velocity in that direction

constantvcosvv xooxo ==θ=

• y-direction--free fall:  a = -g

–take the positive direction as upward

–uniformly accelerated motion, so the motion equations all hold
2 2 1tan y

x y

x

v
v v v and

v
θ −= + =• Velocity at any time

Projectile Motion 
at Various Initial Angles

� Complementary 
values of the initial 
angle result in the 
same range

� The heights will be 
different

� The maximum 
range occurs at a 
projection angle of 
45o
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Problem-Solving Strategy
� Select a coordinate system and sketch the 
path of the projectile--Include initial and 
final positions, velocities, and accelerations

� Resolve the initial velocity into x- and y-
components

� Treat the horizontal and vertical motions 
independently

• Horizontal motion: Use techniques for problems  
with constant velocity

• Vertical motion: Use techniques for problems with 
constant  acceleration

Some Special Cases of Projectile Motion

Object may be 
fired horizontally

� The initial 
velocity is all in 
the x-direction

� vo = vx and vy
= 0

� All the general 
rules of projectile 
motion apply

Non-Symmetrical Projectile Motion

� Follow the 
general rules for 
projectile motion

� Break the y-
direction into 
parts:

� up and down 
back to initial 
height

� and then the 
rest of the fall

Relative Position Vector

� Position of car A 
relative to car B is 
given by the vector 
subtraction equation

• is the position of car A as 
measured by E 

• is the position of car B 
as measured by E 

• is the position of car A as 
measured by car B

AE
r
r

BEr
r

AB
r
r

AB AE EB= −r r r
r r r

Relative Velocity Notation
� The pattern of subscripts can be useful 
in solving relative velocity problems

� Assume the following notation:

� E is an observer, stationary with respect 
to the earth

� A and B are two moving cars

� The rate of change of the 
displacements gives the relationship 
for the velocities

AB AE EB= −v v v
r r r


