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Overview
* Motion in the Earth frame
» Drift of a particle thrown up

* Foucault pendulum

In this lecture I am going to continue the discussion on the phenomena that we observe on the
rotating earth. As we have seen already that earth being a rotating frame, sets up cyclonic
circulation. In this lecture we are going to study the motion of particles that are thrown up from
the surface of the earth. Suppose I can throw a particle vertically up how much does it drift when
it returns back to the ground. The second thing that I am going to discuss is the Foucault

pendulum which was actually used to demonstrate that the earth really spins about an axis.
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Particle thrown vertically up

Wg=T-27%10 rad/g

The angular speed of the earth is shown above. We are going to look at the effect of this rotation
on a particle when it is thrown up. We imagine a point at a latitude ¢ on the surface of the earth
where we are doing this experiment. The experiment is throwing a particle vertically up at this
location at the latitude ¢. I take a plane tangent to the earth at that point and set up the coordinate
system x in the east y to the north and z is vertically upwards from the center as shown above. |
will neglect the effect of air drag etc.
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Particle thrown vertically up
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The position, relative velocity and relative acceleration, as seen/measured by an observer at O is

shown in the slide above. Then the absolute acceleration of the particle, as seen by an inertial

observed is given as
5.9 = ao + Apol + X xOP + 20 kD XxOP + 20« Vral

Using the expressions of angular velocity and acceleration of O as
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we obtain the inertial acceleration of the particle as
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Neglecting terms containing Q? we obtain the simplified expression of acceleration as
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Particle thrown vertically up
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Particle thrown vertically up
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Now the kinematics is all done, and we will move to the equation of motion of the particle Using

Newton’s 2™ law for the particle, we obtain the equations of motion as shown above.
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Particle thrown vertically up
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The equations of motions and the initial conditions are presented above. We integrate the
equations of motion as discussed in the slide above, and use the initial conditions and neglect

terms involving Q7 to obtain
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Change is y coordinate is negligible.
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Particle thrown vertically up
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Using the time of flight expression in the x coordinate expression, we obtain
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The negative sign indicates a west-ward shift of the particle when it returns back to the ground.
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Foucault pendulum

* Jean Bernard Leon Foucault (1819-1868)
* Demonstrated rotation of Earth (1851)

Next we discuss this very interesting pendulum which goes by the name Foucault pendulum after
Jean Bernard Foucault (1819 to 1868). He was the first person to demonstrate the effect of
rotation of earth using a pendulum in 1851.
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Foucault pendulum
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Consider a pendulum constructed using a long inextensible string and hung from a latitude
position as shown above. The acceleration of the mass point is presented above, and the
equations of motion are derived using the assumption that the z coordinate of the mass point does

not change appreciably. Then the equations of motion are obtained as
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Foucault pendulum
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Using the definition shown in the slide above, we convert the 2 coupled equations of motion to a

single complex second order differential equation in terms of the complex variable .
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Foucault pendulum
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Following the steps shown in the slide above, we obtain the solution of &, and hence x and y, as
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Foucault pendulum
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The slope y of the projection line on the x-y plane of the path of motion of the mass point is

given as shown above, implying
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This also represents the plane of motion of the pendulum. Since vy is a function of time, the plane

of motion of the pendulum is constantly rotating about the z-axis with time. The direction and

rate of this rotating is obtained from
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This implies that, in the northern hemisphere (¢>0), rotation is clockwise as seen from the top.
Whereas, in the Southern hemisphere, ¢<0, and hence the rotation is counter clockwise as seen

from the top.
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Summary

* Effect of rotation the Earth
* Drift of a particle thrown up

* Foucault pendulum

To summarize we have looked at certain natural phenomena that shows us that the earth is a

rotating frame, and that we must consider this rotation in order to explain these phenomena.



