
Physics 1A: Classical Mechanics 
Fall 2015 

Concept Lecture 1-1:  
Kinematic Quantities 



Importance of Quantification - asking directions 



Position is a vector quantity of length that 
specifies the location of an object or event 
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●  Position is measured 
relative to an origin 

●  Position conveys 
both magnitude and 
direction 

●  Position vector 
depends on the 
coordinate system 
used 
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The change of position with time can be 
described by path, distance or displacement 
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●  A path is a sequence of 
positions over time - it is 
a vector function 

●  Distance is the length 
traversed along a path - 
it is a scalar quantity 

●  Displacement is the 
difference between two 
positions - it is a vector 
quantity 



The change of position with time can be 
described by path, distance or displacement 
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●  A path is a sequence of 
positions over time - it is 
a vector function 

●  Distance is the length 
traversed along a path - 
it is a scalar quantity 

●  Displacement is the 
difference between two 
positions - it is a vector 
quantity 



track design by Sharon Milne, retrieved from 
http://design.tutsplus.com/tutorials/quick-tip-create-a-

vector-running-track-in-record-time--vector-5791  
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The displacement vector 
is independent of the 
coordinate system 
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The displacement vector 
is independent of the 
coordinate system 
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The first rate of change of position is 
quantified as either speed or velocity 
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●  Speed is the distance 
traversed divided by 
time- it is a scalar 
quantity 

●  Velocity is the 
displacement divided by 
time - it is a vector 
quantity 

timestep: speed: displacement: 



Direction matters! Wrong-way Russell Brand in 2012 
 
Photo published in The Daily Mail, retrieved from 
http://www.dailymail.co.uk/tvshowbiz/article-2099034/Russell-Brand-accidentally-drives-wrong-way-
way-street-realising-it.html  



x(m) 

y(m) 

0 

average 



x(m) 

y(m) 

0 

average 



x(m) 

y(m) 

0 

average 

instantaneous 

Velocity is tangent to the path 



The second rate of change of position and the 
first rate of change of velocity is acceleration 
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acceleration: 

●  Acceleration is generally 
taken as a vector quantity 
parallel to the change in 
velocity 

●  While velocity describes 
motion, acceleration 
describes change of 
motion 

●  Acceleration measures 
change of velocity 
magnitude and/or 
direction 
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Acceleration is present when there is curvature in 
a path or a change in timestep spacing 



Rafael Nadal tennis serve  
image retrieved from 
http://tt.tennis-warehouse.com/index.php?threads/nadal-bangkok-outfit.350742/  



Higher orders of change of motion: 

Jerk = rate of change of acceleration with time 
 
 
 
Snap = rate of change of jerk with time 

   



Summary 

Position is a vector of length describing the location of an 
object or event, and is coordinate dependent 

Path (vector function), distance (scalar) and 
displacement (vector) all describe changes in position 
with time 

First rates of change of position are speed (scalar 
distance/time) and velocity (vector displacement/time) 

Second rate of change of position is acceleration 
(change in velocity/time) 

These quantities are independent - all must be specified 
to completely predict a path 


