Review topics: Position vectors, velocities and Accelerations.

First, position vector 
[image: image24.bmp] is defined as the vector extended from the origin of the coordinate to the position of the particle at any particular time t.
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Next, the velocity vector can be calcula

ted based on the definition:

lim, and similarly, 

Finally, the acceleration can be obtaine

d from the difference of 
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the velocity vector:
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The 2-D acceleration vector a can be des

cribed using different coordinate system

s:

Cartesian coordinates: a=(a)i+(a)j

Tangential and normal coordinates: a=(a)

u+(a)u

Polar coordinates: a=(a
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Note: the tangential (t) and normal (n) 

components coincide with angular () 

and radial (r) coordinates, respectively

, for a circular particle path
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Normal and tangential coordinates:

Sometimes, it is convenient to define the coordinate system based on the motion of the particle in such a way that one coordinate is tangent to the particle path and the other coordinate is normal to the path.  This is called the normal and tangential coordinate system.  The representation of velocity in this system has the simplest form: 
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, where  is the magnitude of the velocit

y and u is the unit vector pointing alon

g 

the instantaneous direction of the parti

cle path. 
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The acceleration can then be determined by differentiating the velocity vector:
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From the directional change diagram, one can easily recognize the relation between the magnitude of the change of velocity due to the direction change, 
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,and the velocity magnitude,V, is 
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Traditional Example: Freeway off-ramp design 

A freeway off-ramp is circular with a radius R as shown in the following.  In order to prevent cars skid off from the road due to the sharp turning, the roadway is usually banked at an angle  as shown.  For a given radius R, bank angle , and a rough estimate of the minimum static friction coefficient between the tires and the road surface, S, one should be able to determine the upper limit of the car velocity traveling down the ramp.  Use the schematic sketch of section A-A, determine that the maximum velocity a car can travel without losing tire traction is:

Show that: 
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Change in magnitude





Change in direction





Physical interpretation
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V)magnitude


=V(t+t)-V(t)





V)direction=V(t+t)-V(t)
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(V)both=V)magnitude+V)direction





Graphical interpretation





Mathematical expression
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Section A-A
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: bank angle
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