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Components Of A Vector
• In Cartesian coordinate system, you can 

represent any vector lying in x-y plane as 
sum of a vector parallel to x-axis and a 
vector parallel to y-axis  

 θ increases 
counter clockwise



More On Unit Vectors
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-y



Multiplying Vectors: Vector Product
• In mechanics, can express many physical 

relationships by using vector product
• Vector product is not like multiplying #s
• Two different kind of vector products

– scalar product yields a value that’s scalar
– vector product yields another vector !



Finding Angle Between Two Vectors

   

Dot product formula :
r
Ag
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B = ABcosφ = AxBx + AyBy + AzBz

⇒ cosφ =
AxBx + AyBy + AzBz

AB
= 

-3
14 21

= −0.175

⇒ φ = cos−1(−0.175) = 100o



 

Right Hand Rule 

Always two directions perpendicular 
to a plane, which one to choose ?

Follow right hand rule direction of 
thumb or advance  of a right hand 
screw when vector A sweeps 
towards vector B

Need to practice this until 
obvious !



 



   Vector Product Of 
r
A & 

r
B: Definition

Angle  ϕ measured positive when from A turns towards B



Vector Product of Unit Vectors

verify now !



Vector Product of Two 3-D Vectors



Vector Product of Two 3-D Vectors

In the Determinant
form



Calculating A Vector Product



Chapter 2: Motion In a Straight Line
• Study of Mechanics: Study of relationships 

among force, matter and motion
– Kinematics: study of motion of objects
– Dynamics: relation of motion to its causes

• Simplest form of motion: object moving 
along a straight line.
– Describe object’s in motion by a point 

particle
– Measure its displacement in direction x Vs 

time t, describe motion in terms of 
  its speed, velocity & acceleration



Need to Define A Reference Frame First

+x-x

+y

-y

(0,0)

Defines for a displacement vector 
which way is positive and which way is negative 



Displacement Vector 

Describe race car’s motion by the that of a representative point on carmiddle

Car’s displacement vector

Need a coordinate system to describe car’s change in position
Choose x axis of coord. system to lie along car’s straight line path 

Displacement  Δx = x2 – x1



Velocity: Average and Instantaneous
Define x-component of average velocity

X=0
+x-xdefinition

Time always increases 



The x-t Graph of An Object’s Motion
Pictorial representation of object’s motion in x as function of time t

Not the path the object took along x axis !



Some Velocities



Instantaneous Velocity vx

• Definition: Velocity of an object at any 
specific instant of time or location
– Is the limit of average velocity as the time 

interval Δt →0

Speed, the magnitude of the velocity vector, is a scalar



Instant. Velocity vx  on x-t Graph

On an x-t graph, the  
Instantaneous velocity vx 
is the slope of the tangent 
to the curve at that point 

Average Velocity



Interpreting An x-t Graph
Examine motion of object along x axis 

with when its velocity is changing vs time



Indiana Jones and The Temple of Estimates !

What makes Indiana Jones so invincible ? ….the ability to calculate stuff !



Scale Of Things: Universe By Orders of  Magnitude



The Scale of Things 


