Coriolis Effect

The Coriolis effect is not a force but only an effect the Earth’s rotation seems to have on air moving in the atmosphere.

You students may have heard of the Coriolis effect on TV. The Simpsons had an episode where Lisa explains the Coriolis effect to Bart, who then calls Australia to confirm it. Lisa's explanation, however, is not accurate. While the Coriolis effect acts on all bodies, its effect is so small that its influence on water draining in a sink would be much to small to overcome other influences such as shape of the basin, currents in the water due to how it poured in or how someone stirred it. 
What causes the prevailing winds of global circulation? Since the sun is always directly above Earth between the 23.4 degree N latitude line and the 23.4 degrees S latitude line, the tropical regions  of the Earth receive more solar energy per square kilometer than the polar regions.

Since the sun shines more strongly on the equatorial regions, the air there would be heating to a greater extent than at the poles.
1.This hot air would rise, creating an equatorial low pressure system.

2.This low pressure system would draw in air from the mid-latitudes.

3.Meanwhile, the air in the atmosphere would be spreading out towards the poles.

4.This air would be cooling (due to lower pressure as it rises) and would eventually sink at the poles, creating a high pressure region there.

5.Finally, this high pressure region would help push air back towards the equator.

6.This movement of air in a circular pattern is called a cell (model).

Once started, this convection cell would continue on both sides of the equator. 
To explain cause of the "Tradewinds," Edmund Halley first postulated the existence of convection cells in the earth's atmosphere in 1686. In 1735, George Hadley extended Halley's explanation by adding the Coriolis effect (it didn't have that name at that time-- Gaspard de Coriolis later explained the mathematics behind the effect, and it has been named after him) which explained the easterly component of the tradewinds.

Upon close inspection of prevailing winds and pressure regions, it was concluded that there are actually three cells. The existence of these cells is driven by the Coriolis effect (see next page). The three act like gears, each assisting the one next to it. Looking at the troposphere, moving from the equator to the poles, we notice 4 things:
1. The Equatorial Low, or Intertropical Convergence Zone (ITCZ) at the equator, is where warm air rises causing winds to converge on the equator.

 

2. The Subtropical High at 30 degrees North and 30 degrees south, is where cooler air sinks in the mid latitudes to create a high pressure region.

 

3. The Subpolar Low, at 60 degrees north and 60 degrees south, is where air rises in the far northern and southern regions. The exact nature and strength of this region is not as well understood. The two convection cells on either side are also not that strong, and are more theoretical than real.

 

4. The Polar High, at the north pole and at the south pole, is where cool air descends at the north pole and the south poie to create another high pressure zone.

Prevailing winds due to cells:
The existence of these cells creates a prevailing wind pattern moving from high pressure regions on earth to low pressure regions. These patterns move across different latitudes on the earth.  Looking at just the northern hemisphere, on the earth’s surface, wind is moving from about 30 degrees north towards the equator. Air, or wind, is also moving away from 30 degrees north toward 60 degrees north. Air is also coming from 90 degrees north (the north pole). So air is moving away from the 30 degree latitude and the north pole. Air is moving toward equator and the 60 degree latitude. The same pattern is found in the southern hemisphere. 

This pattern, however, is an extreme over simplification. One major additional contributor to the pattern is the "Coriolis effect." The Coriolis effect is the observation that an object moving perpendicular to the rotation of a sphere (for example, moving north or south on the earth which rotates east-west) will not travel in an apparent straight line, but will curve in a specific direction. This is called the Coriolis effect because the wind is not actually changing direction, it's the earth that's moving below it.
Changes due to Coriolis effect:
Winds are named by where they come from, so N.E. tradewinds are blowing towards the S.W. It is not just E and W winds. The wind appears to curve. 
Since the Earth is rotating to the East, air has momentum in that direction. Now comes the hard part. We'll look at the northern hemisphere first. The southern just mirrors it. We'll round off numbers here:
Notice that the change in speed increases close to the poles. This results in the Coriolis effect being strongest at the poles, and weakest at the equator. 
Since the Earth is rotating to the East, air has momentum in that direction.

Let's assume the earth is 24,000 miles in circumference at the equator. 

At the equator the land is moving 1,000 miles per hour to the east. 

At 30ºN it's 20,785 miles around, and the speed is 866 mph (134 less than equator)
At 60ºN it's 12,000 miles, and 500 mph (366 less than 30ºN)
At the North Pole, it's 0 miles and 0 mph (500 mph less than 60ºN)
it's the inertia of the winds while the earth spins under them that generates the appearance of winds moving east or west.
Eastward speed of air moving towards the equator from Subtropical High is 866 mph 

As it moves south land is moving faster, so the apparent motion of the wind is to the west. 

Thus, we have winds blowing toward the southwest, which are then called N.E. Tradewinds.

The eastward speed of air moving towards the north pole from Subtropical High is 866 mph

As it moves north the land is moving slower so the apparent motion of the wind is to the east. 

Thus, we have winds blowing toward the northeast. In this case they are just called the westerlies.
Air moving from the polar high towards the equator has no eastward speed

As it moves south the land is moving faster so the wind has an apparent west motion. 

Thus, they are called easterlies.
The earth's rotation is responsible for the jet stream as well. The motion of the air is not directly north and south but is affected by the momentum the air has as it moves away from the equator. The reason has to do with momentum and how fast a location on or above the Earth moves relative to the Earth's axis. Your speed relative to the Earth's axis depends on your location. Someone standing on the equator is moving much faster than someone standing on a 45° latitude line. In the graphic (above right) the person at the position on the equator arrives at the yellow line sooner than the other two. Someone standing on a pole is not moving at all (except that he or she would be slowly spinning). The speed of the rotation is great enough to cause you to weigh one pound less at the equator than you would at the north or south pole.

The momentum the air has as it travels around the earth is conserved, which means as the air that's over the equator starts moving toward one of the poles, it keeps its eastward motion constant. The Earth below the air, however, moves slower as that air travels toward the poles. The result is that the air moves faster and faster in an easterly direction (relative to the Earth's surface below) the farther it moves from the equator.

In addition, with the three-cell circulations mentioned previously, the regions around 30° N/S and 50°-60° N/S are areas where temperature changes are the greatest. As the difference in temperature between the two locations increase, the strength of the wind increases. Therefore, the regions around 30° N/S and 50°-60° N/S are also regions where the wind, in the upper atmosphere, is the strongest.

The 50°-60° N/S region is where the polar jet located with the subtropical jet located around 30°N. Jet streams vary in height of four to eight miles and can reach speeds of more than 275 mph (239 kts / 442 kp/h). The actual appearance of jet streams result from the complex interaction between many variables - such as the location of high and low pressure systems, warm and cold air, and seasonal changes. They meander around the globe, dipping and rising in altitude/latitude, splitting at times and forming eddies, and even disappearing altogether to appear somewhere else. 
Jet streams also "follow the sun" in that as the sun's elevation increases each day in the spring, the jet streams shifts north moving into Canada by Summer. As Autumn approaches and the sun's elevation decreases, the jet stream moves south into the United States helping to bring cooler air to the country. Also, the jet stream is often indicated by a line on maps and by television meteorologist. The line generally points to the location of the strongest wind. Jet streams are typically wider and not as distinct but a region where the wind increases toward a core of strongest wind. One way of visualizing this is consider a river. The river's current is generally the strongest in the center with decreasing strength as one approaches the river's bank. It can be said that jet streams are "rivers of air".

