What the heck is the Coriolis Effect? 

a) Curriculum Outcomes:

S2-4-03 Explain the effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents.

Include: Coriolis effect/convection, prevailing westerlies, jet streams, El Nino.

b) Purpose/Intent of the Activity:

The purpose of this activity is to make students familiar with the Coriolis effect.  Upon completion of this activity, students should:

· Understand the concept of the Coriolis effect.
· Relate events affected by the Coriolis effect to different frames of reference.
· Understand that weather patterns on earth result from many factors (e.g. rotation on its axis, wind currents, ocean currents, etc.)
· Understand how the Coriolis effect relates to the earth’s weather patterns.
c) Justification:


Current Understandings: 

I chose to begin the lesson by checking students’ current understandings of the Coriolis effect and some basic facts that are associated with it.  These questions provide the teacher with an assessment of students’ comprehension of the material before instruction as well as giving the students some clues as what they will be learning.  In addition, this step will serve to activate students’ prior knowledge.

Introduction:

This section is a short teacher guided introduction to the activity and the concepts of the earth’s rotation on its axis and the Coriolis effect.

Activity A:

I chose this activity to give students some hands-on experience.  This activity demonstrates to students that the direction of rotation of an object has a differential effect on the pathway of objects moving on it. The questions are used to guide students’ observations.  In addition, I believe that using water for an activity will help students make the connection between the Coriolis effect and ocean currents.

Activity B:

I chose this activity to relate the rotation of an object back to the earth’s rotation on its axis.  This activity also serves to demonstrate the differential effect that the Coriolis effect has on an object traveling in the Northern and Southern Hemispheres.  It also is a means of reinforcing students’ understanding that, the earth “appears” to rotate in different directions, depending on your perspective.  The questions are used to guide students’ observations.

Extension Questions:

I chose to use some web-based research questions to solidify students’ understanding of the Coriolis effect.  The questions and websites/tutorials/video clips were chosen to give students a variety of audio-visuals representations of the Coriolis effect in a way that appeals to various learning types.  The two extension questions related to the images are designed to help make the connection between the rotation of the earth and its effects on both wind and ocean currents.  The question regarding the water flow in the toilet bowl is used to deal with a common scientific misconception.

d) Teacher Considerations:

Some considerations teachers may want to take into account when delivering this investigation are:

· Organizing student pairs for activities.

· Availability of computers and the Internet (both within the school and in the homes of students).

· Time considerations (Activity A and B should take about one class period.  The extension questions could be worked on during the next class period, or they could be assigned as homework).

· There are no significant safety issues.

Student Investigation: What the Heck is the Coriolis Effect?

Check your current understanding

1. Viewed from above the North Pole, the Earth rotates in counter clockwise direction.  True or False?
True
2. If the Earth stopped rotating on its axis, life on Earth would not be affected much.  True or False?
False
3. The Earth's rotation has no effect on our weather.  True or False?
False

4. The rotation of the Earth determines the direction water rotates as it goes down the drain in your bathroom?  True or False?
False

5. What is the Coriolis effect and what causes it to happen?

Coriolis Effect is an “apparent deflection” of a moving object in a rotating frame of reference (e.g. air and water).  It is an “apparent deflection” because it is actually the earth that is doing the turning underneath as the object moves forward.


The Coriolis effect results from the earth’s rotation and our perspective as residents more or less fixed to the surface.

6. How does the Coriolis effect in the northern hemisphere compare to the Coriolis effect in the southern hemisphere?

The object appears to be deflected in the opposite direction.

Northern Hemisphere ( deflected to the right

Southern Hemisphere ( deflected to the left

7. If you are traveling in an airplane due south in the northern hemisphere, will the Coriolis effect cause you to miss to the left or to the right of your target?

Right
8. How is the Coriolis effect different when you are close to the poles compared to when you are near the equator?

The effect of the Earth's rotation on horizontally moving objects is greatest at the poles. The Coriolis deflection decreases as latitude decreases, until it is zero at the equator.

9. In general, what is the direction of rotation of ocean currents in the Northern Hemisphere? The Southern Hemisphere?
Northern Hemisphere ( Counter clockwise

Southern Hemisphere ( Clockwise
10. Provide an example of a weather pattern that is affected by the Coriolis effect?  How is it affected?

In the Northern Hemisphere, winds (air current) are deflected to the right by the Coriolis force. In the Southern Hemisphere, air moving from high to low pressure (winds) is deflected to the left by the Coriolis force.  This causes cyclones to rotate counterclockwise in the Northern Hemisphere and clockwise in the Southern hemisphere .
The Coriolis Effect

Introduction

The rotation of the earth has a major effect on weather patterns, including wind direction and the flow of water (e.g. ocean currents).  In the previous classes, we learned about the effects of pressure differences and temperature differences on the flow of wind and water.  For instance, we learned that pressure differences cause air to flow from regions of high pressure to regions of low pressure.  However if pressure differences were the only thing acting on winds, they would simply blow from high to low pressure areas.  Why doesn’t this occur?

One of the reasons for this is something called the Coriolis effect.  The Coriolis effect causes winds and oceans currents to appear to curve, which has implications on the weather patterns we experience.  To understand this phenomenon, we are going to do a little investigation!

Let’s begin by looking at a globe.  The earth rotates on its axis from west to east.  Take the mini-globe you have at your desk and spin it in a west to east direction,

If you were standing on the north pole looking south, would you be turning in a clockwise or counterclockwise direction?

Counterclockwise

If you were standing on the south pole looking north, would you be turning in a clockwise or a counterclockwise direction?

Clockwise

Activity A


Work with a partner to complete the following activity.
Materials required:

Turntable (or a lazy Susan)

A large bowl

Tape and a marker to indicate the diameter of the large mixing bowl

2 x 1 litre plastic bottles with small holes punched in them about 2 cm from the base

Water

Step 1

a) Place the large bowl on the turntable and place one of the 1 litre bottles in the centre.  

b) Align the hole that was punched in the bottle with the diameter line.

c) Fill the 1 litre bottle with water.  Observe what is happening from above.

d) Rotate the turntable in a clockwise direction and observe what is happening to the water from above.

e) Rotate the turntable in a counterclockwise direction and observe what is happening from above.
Questions for Step 1

What direction does the steam of water move in before you rotate the turntable?

The water moves is a straight line

What direction did the stream of water move in when you rotated the turntable clockwise?  Counterclockwise? 

Clockwise ( Left

Counterclockwise ( Right
Step 2

a) Place the bowl on the turntable and place the two bottles against the wall of the bowl on opposite sides of the diameter line.

b) Align the holes that were punched in each bottle with the diameter line (towards the centre of the bowl).

c) Fill both bottles with water and observe from above (the streams of water from each bottle should meet each other near the centre).

d) Rotate the turntable in a clockwise direction and observe what is happening to the streams of water from above.

e) Rotate the turntable in a counterclockwise direction and observe what is happening streams of water from above.

Questions for Step 2

What happened to the direction of the streams of water when you rotated the turntable clockwise?  Counterclockwise? (Hint: a drawing may help illustrate)


Clockwise ( both streams of water deflected to the left

Counterclockwise ( both streams of water deflected to the right

Step 3

a) Place the bowl on the turntable and place the two bottles against the wall of the bowl on opposite sides of the diameter line.

b) Align the holes that were punched in each bottle parallel to the side of the bowl, but in opposite directions to the direction of rotation.

c) Fill both bottles with water and observe from above (the streams should look straight).

d) Rotate the turntable in a clockwise direction and observe what is happening to the streams of water from above.

e) Rotate the turntable in a counterclockwise direction and observe what is happening to the streams of water from above.

Questions for Step 3

What happened to the direction of the streams of water when you rotated the turntable clockwise?  Counterclockwise? (Hint: a drawing may help illustrate)


Clockwise ( both streams deflected to the left


Counterclockwise ( both streams deflected to the right

When you are looking down at the turntable/bowl and they are rotating in a clockwise direction, what hemisphere is this analogous to observing (i.e. the Northern Hemisphere or the Southern Hemisphere)?

Southern Hemisphere

When you are looking down at the turntable/bowl and they are rotating in a counterclockwise direction, what hemisphere is this analogous to observing (i.e. the Northern Hemisphere or the Southern Hemisphere)?

Northern Hemisphere

What did you notice, if anything, about the curvature of the streams of water coming from the bottles as they moved further from the holes (i.e. close to the bottle).  Explain.

The parts of the stream of water that were farther from the holes curved more than the parts of the stream closer to the bottle.  This occurred because the water that is farther from the bottle has traveled longer than the water that is closer to the bottle.  In addition, the bottle has moved more relative to the point where the farther stream exited than it has moved relative to the closer stream.  
Activity B


Work with a partner to complete the following activity.
Materials Required:

Cardboard square (approximately 18 cm x 18 cm)

Northern and Southern Hemisphere picture cutouts (see attached)

Thumb tack

Tape

Pencil

1. Cut out the pictures of the Northern and Southern Hemispheres.

2. Tape the cardboard square to the desktop.

3. Pin the Northern Hemisphere to the cardboard at the North Pole.

4. Have one person slowly turn the picture of the Northern Hemisphere counterclockwise (remember the globe spinning at the beginning of the lesson).  

5. Have the other person simulates the path that a plane would travel if it was flying from the North Pole to the equator by taking the pencil and drawing a straight line along the picture starting at the North Pole and moving south.

What direction does the line end up curving towards?

Right

If a plane is flying north from the Equator to the North Pole, which direction is it “deflected” (i.e. which way will it curve)?

Right

6. Have one person slowly turn the picture of the Southern Hemisphere clockwise (remember the globe spinning at the beginning of the lesson).  Have the other person simulates the path that a plane would travel if it was flying from the South Pole to the equator by taking the pencil and drawing a straight line along the picture starting at the South Pole and moving north.

What direction does the line end up curving towards?

Left

If you were on a plane traveling from Cape Town, South Africa to Rio de Janeiro, Brazil, would the plane be “deflected” to the right or to the left? (you may need to look at a map)

Left

Extension Questions/Activity

(Note: These questions will require you to do some online research)

1. Go to the following University of West Florida website and proceed through the three tutorials on the Coriolis effect.  After completing the tutorials, do the six online quiz questions and record the number of correct responses you received. 
http://www.uwf.edu/atc/projects/coriolis/main.swf 

2. Go to the following website and view the video clip demonstration of the Coriolis effect.  Sketch the pathway of the ball and briefly explain why it moves in that direction.

http://www.ccpo.odu.edu/~arnoldo/ocean604/ppt/coriolis.mpg




The ball moves to the right because the turntable (Northern



Hemisphere) is rotating underneath it in a counterclockwise



direction.

3. Is the reason the water flows down a certain direction in your toilet bowl due to the Coriolis effect?  In the space below, explain why or why not.  

(Hint: go to the website: http://www.ems.psu.edu/~fraser/Bad/BadCoriolis.html)

The direction that water flows in draining toilets is NOT determined by the rotation of the earth.  The flow of water in toilets is caused by a rotation that was introduced earlier (e.g. when it was being filled by the water tank).  The amount of water in a toilet isn’t large enough to be affected significantly by the rotation of the earth.

The rotation of the earth is only able to influence the direction of rotation of large weather systems and large spinning currents in the oceans.  This is because these events are long lasting occurrences, thus allowing the Coriolis effect to produce a more significant result over time. 

 [image: image1.jpg]




(Source: http://visibleearth.nasa.gov)
In which hemisphere has this photograph been taken in?  Explain.

The photograph has been taken in the Northern Hemisphere.  You can tell because of the direction the wind pattern ( Counter clockwise.

4. Visit the website The Coriolis Effect: An Introduction at http://trampleasure.net/science/coriolis/ and answer the following questions:
i. How are winds named?
Winds are named by where they come from (e.g. N.E. tradewinds are blowing towards the S.W.)
ii. Where is the Coriolis effect the strongest? Briefly explain.
The Coriolis effect is strongest at the poles because the relative change in the earth rotation is the greatest at this point.

iii. The Coriolis effect is sometime referred to as being the Coriolis force.  Is this accurate?  Briefly explain.
No, calling the Coriolis effect a force is not accurate.  A force acts on something to change its motion.  Objects subject to the Coriolis effect are actually moving in a straight line and just “appear to be deflected”.  There is no real force exerted on them by the earth’s rotation.
5. The world's oceans travel in well-defined circular patterns called currents, which flow like rivers. When the atmosphere pushes over the surface of the ocean some of the energy goes to forming waves while the rest goes to pushing the water in the direction of the wind.

Answer the following questions related to the map of ocean currents below (circle the correct answer – left or right). 

[image: image2.png]



(Source: http://www.mos.org/oceans/motion/currents.html)

i. If a current flows from the North Pole to the Equator, which direction is it deflected (with respect to its initial movement)?

Left 

Right



ii. If a current flows from the South Pole to the Equator, which direction is it deflected (with respect to its initial movement)?

Left 

Right


iii. If a current flows from the Equator to the North Pole, which direction is it deflected (with respect to its initial movement)?

Left 

Right



iv. If a current flows from the Equator to the South Pole, which direction is it deflected (with respect to its initial movement)?
Left 

Right



6. Pick a weather phenomenon that is affected by the Coriolis effect and write a brief paragraph explaining how it is affected.
The Coriolis effect influences low-pressure systems, like cyclones.  For instance, in the Northern Hemisphere cyclones will spin clockwise, while in the Southern Hemisphere they will spin in a counter clockwise direction.  In addition, The fact that the Coriolis force is zero at the equator and very weak at points near the equator helps explain why tropical cyclones (e.g. hurricanes and typhoons) rarely form on the equator, even though this is a prime location for them to occur. 
Ian Elliott

