CHAPTER 1

ROTATIONAL AND CIRCULAR MOTION
OBJECTIVE:

Determine the parameters of rotational and circular motion.

INTRODUCTION:

Because the earth is round and spinning upon its axis, many fundamental atmospheric motions and forces can be expressed in mathematical formulas.  Through manipulation of these formulas, the forces that affect the atmosphere become apparent.  This chapter defines the many different forces that affect the atmosphere. 

INFORMATION

DEFINITIONS OF ROTATION

A revolution (rev) is defined as turning around or rotating on an axis making a complete circle [One complete turn, 360( around a circle, (or 2( radians (rad), where ( = 3.14)].  The axis of rotation is the line about which a rotating body, such as the Earth, revolves.  The radius of rotation (r) is the distance from the axis of rotation to the edge of the circle (Figure 1-1).
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Figure 1-1.  Rotation

Angular velocity


Angular velocity (() represents the rate of rotation about an axis of rotation, measured in degrees or radians, per unit time.  Angular displacement and time are combined to produce the concept of angular velocity.  The angular velocity of the Earth is denoted as ( (omega).  (Figure 1-2). 
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Figure 1-2.  Angular Velocity for the Earth is constant.

Some examples of angular velocity include the second hand of a clock (360(/60 seconds or 2( rad/60 sec), 45 RPM records, and the solid earth ( 1 rev/day = 360(/24 hours or 2( rad/24 hours).  For example, on a bicycle, the angular velocity of each wheel depends on how fast the wheel is spinning as well as the direction of spin.   


Every point on the earth has the same angular velocity.  It takes 24 hours to complete one revolution, no matter whether you are standing at the equator or 80( north latitude. 

Linear Velocity


Linear velocity (v) represents the rate of displacement (distance/unit time) of a particle in a given direction.  For example:  45 mph to the northeast (Figure 1-3).
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Figure 1-3.  Linear Velocity
ANGULAR AND LINEAR VELOCITY RELATIONSHIPS


Angular velocity (() is constant for every point on the earth because it is solid.  ( = 7.292 * 10-5 radians/second. The angular velocities of points “A” and “B” both equal 1 rev/day (Figure 1-4).
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Figure 1-4.  Angular Velocity is Constant

Because the Earth is a solid, linear velocity (V) varies as the radius (r) changes (Figure 1-5). Mathematically stated as :

V = ( r, therefore with ( as a constant, as r decreases, V decreases


As you go poleward, r decreases; therefore V decreases with an increase in latitude. 
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Figure 1-5.  Linear Velocity Changes with Latitude

For the atmosphere (or ocean), and NOT the solid Earth, angular velocity (() and linear velocity (V) are variable because the atmosphere is a fluid and does not rotate at the same speed as the earth.  The fluid atmosphere can move faster, slower, poleward or equatorward (Figure 1-6).
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Figure 1-6.  Angular and Linear Velocity

MOMENTUM

Momentum is a measure of inertia.  It is the product of the mass of an object multiplied by its velocity.  There are two types of momentum we will be concerned with. 

Linear Momentum


This type of momentum is referred to as straight line momentum.  Newton’s First Law of Motion states that an object at rest will tend to stay at rest, and an object in motion will tend to stay in motion at the same velocity (be conserved) until acted on by an outside force.


Linear momentum (LM) is the rate of displacement of an object multiplied by its mass.  As stated in Newton’s first law of motion, the momentum of an object will tend to be conserved in the absence of friction or other forces, and is equal to mass (m) times velocity (V).

LM = mv

Angular momentum


Angular momentum (AM) is referred to as momentum found in curved flow.  It is the product of the LM and radius of rotation for an object, or parcel, following a curved path.

AM = LM x r, so AM = mvr


Angular momentum is conserved for an object when forces acting upon the body are in balance.  If radius decreases, and mass is constant, then velocity must increase in order to conserve angular momentum.  If you had a ball on the end of a string and you spun it around your finger, as it spins, the string wraps around the finger, decreasing the radius, and increasing its velocity.


Because the atmosphere is a fluid, and not attached to the solid Earth, it tries to conserve its angular momentum.  As a parcel moves poleward, the radius decreases with an increase in latitude causing its velocity to increase (Figure 1-7).  Conversely, a parcel flowing equatorward, the radius increases with a decrease in latitude, and its velocity will decrease. 
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Figure 1-7.  Angular Momentum
SUMMARY


This chapter has dealt with the rotational and circular motions involved in the atmosphere.  It is through the mathematical formulas that many of the primary atmospheric motions can be described.  Understanding these basic motions and definitions is critical for proper interpretation of atmospheric flow.

REVIEW EXERCISE 1

1.
Why is the ( (angular velocity of the Earth) a constant? 

2.
Why is the ( for the atmosphere not constant everywhere? 

3.
What is the axis of rotation for: 


a.  the Earth?


b.  an air parcel?


c.  a pressure system?

4.
If an air parcel is moved poleward, will it have the same V as the solid earth below it?  Why? 

5.
If the wind is from the east, are the air parcels moving faster or slower than the earth?  Why?

6.
Which will slow down faster, assuming the same force is applied to each:

a. 10 kg moving at 20 m/s

                   or

b.  5 kg moving at 50 m/s

c. Why?

7.
If a parcel moves from 20(N to 40(N, what will happen to its velocity?

8.
If a parcel moves from 50(N to 20(N, what will happen to its velocity? 
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