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Jupiter

Jupiter is the fifth planet from the Sun and is the largest one in the solar system. If Jupiter were hollow, more than one thousand Earths could fit inside. It also contains more matter than all of the other planets combined. It has a mass of 1027 kg and is 142,800 kilometers (88,736 miles) across the equator. Jupiter possesses 16 satellites, four of which - Callisto, Europa, Ganymede and Io - were observed by Galileo as long ago as 1610. There is a ring system, but it is very faint and is totally invisible from the Earth. (The rings were discovered in 1979 by Voyager 1.) The atmosphere is very deep, perhaps comprising the whole planet, and is somewhat like the Sun. It is composed mainly of hydrogen and helium, with small amounts of methane, ammonia, water vapor and other compounds. At great depths within Jupiter, the pressure is so great that the hydrogen atoms are broken up and the electrons are freed so that the resulting atoms consist of bare protons. This produces a state in which the hydrogen becomes metallic. 



Colorful latitudinal bands, atmospheric clouds and storms illustrate Jupiter's dynamic weather systems. The cloud patterns change within hours or days. The Great Red Spot is a complex storm moving in a counter-clockwise direction. At the outer edge, material appears to rotate in four to six days; near the center, motions are small and nearly random in direction. An array of other smaller storms and eddies can be found through out the banded clouds. 

Credit: Calvin J. Hamilton, Department of Defense (DOD) at Los Alamos National Laboratory (LANL).
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The Great Red Spot (GIF, 413K) 

This dramatic view of Jupiter's Great Red Spot and its surroundings was obtained by Voyager 1 on Feb. 25, 1979, when the spacecraft was 9.2 million kilometers (5.7 million miles) from Jupiter. 

Cloud details as small as 160 kilometers (100 miles) across can be seen here. The colorful, wavy cloud pattern to the left of the Red Spot is a region of extraordinarily complex and variable wave motion. (Courtesy NASA/JPL). 





























1. Flow Rate and Continuity

Consider a steady flow of a fluid through a tube.
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�Let � EMBED Equation.2  ���be the mass of the fluid passing through a given cross section A1 per time � EMBED Equation.2  ���. The mass flow per unite time is

� EMBED Equation.2  ���.

Mass is conserved  ----->>>   The mass flow rate is the same at both ends of the tube   ------>>>

Continuity equation:

� EMBED Equation.2  ���



For constant density (incompressible fluid),

� EMBED Equation.2  ���



The greater is a cross-section area, the slower is flow. 

Infer: A river has the highest flow speed in a gorge.

Example 1: A radius of a typical capillary in a human body is about 10-3 cm, and the blood-flow rate in a capillary is about 10-3 m/s. The radius of aorta is about 1 cm and the blood-flow rate is about 0.3 m/s.

Estimate the total number of capillaries in the human body.

Solution: Let us first find the total cross-section area of all capillaries using the continuity equation,

� EMBED Equation.2  ���

It’s a pretty large area!

Now we find the total number of the capillaries,

� EMBED Equation.2  ���

capillaries in a human body.







2. Bernoulli’s Equation
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Consider energy-work theorem in application to an incompressible fluid within a flow tube.

There are three contributions to the work done on this volume of fluid by external forces:

� EMBED Equation.2  ���

The contribution of external pressure at the entrance,

� EMBED Equation.2  ���,

similar contribution at the exit,

� EMBED Equation.2  ���,

and the work of the gravity force

� EMBED Equation.2  ���.



The energy-work theorem is 

� EMBED Equation.2  ���, or



�� EMBED Equation.2  ���

We know that 

� EMBED Equation.2  ���.

Therefore, we can cancel the volume throughout. Collecting quantities related to one end of the flow tube in one side of the equation, we obtain





� EMBED Equation.2  ���

This is the famous Bernoulli’s principle. The higher is flow velocity (within one flow tube), the lower pressure.



�Example 2: Torricelli theorem.















Find the velocity at which the fluid leaves the spigot.

Solution: we use the Bernoulli’s formula. We note that at the both the open ends, the pressures are equal to the atmospheric pressure, � EMBED Equation.2  ���. 

The velocity at the top (“entry”) is zero, � EMBED Equation.2  ���. The difference of heights � EMBED Equation.2  ���

Substituting this into the Bernoulli’s formula, we get

�� EMBED Equation.2  ���

From this, we immediately find Torricelli’s formula

� EMBED Equation.2  ���

Discussion: The speed is the same as for a block falling from the height h. It does not depend on the liquid’s density. This result is valid only if viscosity can be neglected.



Example 3: Dynamic lift of an airplane.
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The airflow is separated into two streams that are then reunited at the rear edge of the airfoil. The upper stream goes longer way than the lower stream in the same time. Therefore the velocity at the upper surface of the stream is higher then at the lower. Consequently, the pressure is lower.
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The same effect allows a sailboat to go against the wind.



�Example 4:Magnus effect. 

In Lab system:















�In ball’s system
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�Trajectory of a rotating ball:
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� EMBED Equation.2  ���
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� EMBED Equation.2  ���
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