The Coriolis Effect

By Lisa Limpright

Section A – Teacher Introduction

Curriculum Outcome

S2-4-03
Explain 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 Niño.

Purpose and Intent of the Activity

The purpose of this activity is to demonstrate to students that an object that moves latidutinally over the surface of a rotating planet, such as the Earth, experiences the Coriolis effect. The Coriolis effect is the apparent deflection of an object’s path from a straight line. The intent of the activity is to get students to understand the concept of the Coriolis effect by working together and manipulating various materials. Students should understand that an imaginary force causes the Coriolis effect but it has real effects on weather. Students will learn how the Earth’s rotation affects winds.

Justification for the Approach Used

As the Coriolis effect is a difficult concept for students and many misconceptions relating to it exist. Having the students work together to manipulate various materials will likely allow them to gain a better understanding of the effect. This lesson also incorporates aspects of the theoretical, evidential, and psychological levels of understanding, which helps students to internalize what they are learning.

Important Information to Consider When Using this Activity

Students may have a difficult time understanding the concept of the Coriolis effect. As a result, some groups may need extra help as they work through the questions. It may be difficult to provide every group with a wooden turntable. A heavy cardboard with a pin or needle in it can be used instead. This may be more cost and time effective but it may not work quite as well.

Exemplar of Activity for Teachers

1. Start class by asking students if they have ever heard of the Coriolis effect. Ask them to explain what they know about it and let them know that we will be studying it. Tell them that the Coriolis effect is the reason why our winds in Canada flow from west to east across the country.

2. Provide the students with a bit of background information on the Coriolis effect before getting them to do the activity. Start by explaining why winds blow by using the following analogy:

Winds blow as a result of a difference in pressure in the atmosphere. This is known as the pressure gradient force. This can be compared to what happens when we squeeze a balloon. For example, when squeezing a balloon full of air, the air gets “pushed” to the end of the balloon that you are not squeezing because it works itself to an area of lower pressure. When you release your grip on the balloon, the air flows back to the area that your hand was once squeezing. Air in the atmosphere works in a similar way, It moves from a high pressure area to a lower pressure area. The total forces applied to winds are therefore generated by these high and low pressure systems. This phenomenon also affects the speed of wind and is responsible for the changes in wind speed. The greater the difference is between two areas of pressure, the greater the wind speed will be.

3. After a brief explanation on the development of winds, tell students they will now be looking at the movement of wind and ocean currents within the atmosphere and the hydrosphere by examining the Coriolis effect.

4. Distribute the student worksheet to all students in the class.

5. Play the movie clip regarding the Coriolis effect from the following website http://weather.about.com/gi/dynamic/offsite.htm?zi=1/XJ&sdn=weather&cdn=education&tm=38&gps=300_5_1020_567&f=20&tt=3&bt=1&bts=1&zu=http%3A//www.nasa.gov/audience/forstudents/brainbites/nonflash/bb_home_corioliseffect.html. This short movie demonstrates the Coriolis effect by using an analogy of a merry-go-round and explains its effects in space.

6. Put students in groups and have them work through the activity and the questions together.

References

· http://teacherlink.ed.usu.edu/tlnasa/units/PlanetaryGeology/11.pdf
· http://daphne.palomar.edu/lyon/Animations/Coriolis.swf
· http://weather.about.com/gi/dynamic/offsite.htm?zi=1/XJ&sdn=weather&cdn=education&tm=38&gps=300_5_1020_567&f=20&tt=3&bt=1&bts=1&zu=http%3A//www.nasa.gov/audience/forstudents/brainbites/nonflash/bb_home_corioliseffect.html
Section B - Student Activity

Purpose of the Activity

You will demonstrate the real and apparent motions of objects as they move across the Earth by marking an object as it moves across the surface of a rotating and non-rotating mode. You will also view a short clip of a real life situation that serves as a model for how objects move across the surface of the rotating Earth.

Background Information

An “imaginary” force causes the Coriolis effect but it actually has very real effects on our weather. The Coriolis effect occurs on Earth and on other planets due to their rotation. The “imaginary” force deflects objects, such as rockets or large storms, which move over the surface of the rotating Earth.

Materials

· Turntable/cardboard & push pins

· Paper

· Tape

· Coloured markers

· Globe

What to do:
Watch the movie your teacher will play for you then get into groups of 3 or 4. Discuss and answer the following questions as a group.

1. Why does the ball’s path an arc when the kids throw it straight to one another on the spinning merry-go-round?

_______________________________________________________________________________________________________________________________________________________________________________________________________________

2. How come the ball appears to move in a straight line when looking down at the spinning merry-go-round from a view above?

_______________________________________________________________________________________________________________________________________________________________________________________________________________

3. Name another situation in the movie in which the Coriolis effect is demonstrated.

_____________________________________________________________________

4. Do you think the Coriolis effect would have an effect on anything else on Earth? If so, describe another situation and explain why you think the Coriolis effect would apply.

_______________________________________________________________________________________________________________________________________________________________________________________________________________

Group Inquiry

Follow the directions outlined below and respond to the questions after discussing them in your groups.

1. Have someone in your group collect the materials from the list provided. Cover the turntable with the paper. Tape it to the edges of the turntable.

2. Draw a straight line from one end to the other passing through the centre of the turntable. This shows the path of clouds, wind, ocean currents, or objects moving on a non-rotating planet.

3. Observe and describe the shape of the line you drew. Looking down at your line, is it straight or curved?

_____________________________________________________________________

4. How do you think this compares to the ball being thrown on the merry-go-round in the movie?

_____________________________________________________________________

5. What is missing from this model of the Earth that might affect how objects truly move over the Earth’s surface?

__________________________________________________________________________________________________________________________________________

6. Spin the globe in a counterclockwise direction. This is the way the Earth rotates on its axis. Looking at the North Pole, which way is the Earth spinning, clockwise or counterclockwise? 

_____________________________________________________________________

7. Now flip the globe over and look at the South Pole while the globe is spinning in a counterclockwise direction. From the southern hemisphere, does the Earth appear to be spinning clockwise or counterclockwise?

_____________________________________________________________________

8. Now spin the turntable counterclockwise. This is the direction that the Earth rotates when viewed from the North Pole. Your turntable is therefore modeling the northern hemisphere of the Earth.
9. Draw a straight line across the turntable with a different coloured marker than previously used. Make sure you are spinning it at a constant speed and that your marker follows a straight path, this can be tricky!

10. Label the beginning of the line you drew with an arrow pointing in the direction the marker moved. What does your line look like? (Is it straight?)

_____________________________________________________________________

11. Have the turntable with the beginning of the line directly in front of you. Which direction was the line deflected? (In other words, which way is the line pointing?)

_____________________________________________________________________

12. Does the line curve clockwise or counterclockwise?

_____________________________________________________________________

13. If you were in an airplane taking off from Miami, Florida and flying to Toronto, Ontario, which way would the plane be deflected as it flew?

_____________________________________________________________________

14. Now spin the turntable clockwise. This is the direction the Earth rotates when looking at it from the South Pole. Your turntable is now modeling the southern hemisphere instead of the northern hemisphere as before.

15. Draw a straight line across the turntable with a different coloured marker than previously used. Make sure you are spinning it at a constant speed and that your marker follows a straight path, this can be tricky!

16. Label the beginning of the line you drew with an arrow pointing in the direction the marker moved as you did when the model represented the northern hemisphere. Which way does your line curve this time, clockwise or counterclockwise?

_____________________________________________________________________

17. If you were in a cruise ship setting sail from Cape Town, South Africa and sailing for Rio de Janeiro, Brazil, would your ship be deflected to the left or to the right as it traveled?

_____________________________________________________________________

18. What is the difference between the way objects move over the Earth in the northern hemisphere compared with those in the southern hemisphere? Explain your answer.

_______________________________________________________________________________________________________________________________________________________________________________________________________________

19. Inferring from what you know about how the line you drew curved in the model of the “northern hemisphere”, how would the wind and ocean currents be deflected in the northern hemisphere of the Earth?

_____________________________________________________________________

20. How would wind and ocean currents be deflected in the southern hemisphere of the Earth?

_____________________________________________________________________

Apply What You Have Learned to Mars!

Examine the photograph of Mars on the last page of this handout (can be found at http://teacherlink.ed.usu.edu/tlnasa/units/PlanetaryGeology/11.pdf).
The streaks seen near some of the craters are deposits of dust that have formed downwind from the craters. They can therefore be used to tell us the direction of the wind on Mars. In your groups, using your newly learned knowledge about he Coriolis effect, answer the following questions related to wind direction on Mars.

1. Consider the group of streaks as a whole. Do they follow a straight or curved path?

2. According to the shape of these wind streaks, do you think there is a Coriolis effect on Mars as there is on Earth? Justify your answer.
______________________________________________________________________________________________________________________________________________________________________________________________________

3. Do you think Mars rotates? Explain your answer.

______________________________________________________________________________________________________________________________________________________________________________________________________

4. Which way did the wind blow to make the streaks in this photo?

__________________________________________________________________

5. Imagine that you are on the part of Mars shown in this figure. Standing with the wind at your back, is the wind being deflected to the right or to the left?

__________________________________________________________________

6. If Mars rotates in the same direction as the Earth, counterclockwise from east to west, would this be a picture of the northern hemisphere or southern hemisphere of Mars?

__________________________________________________________________

Concluding Questions
1. The Coriolis effect causes wind, ocean currents, and objects, to deflect from a straight path on a rotating planet so why is it often called an imaginary force?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Which way do you think most tornadoes spin in the northern hemisphere? Which way do you think they generally rotate in the southern hemisphere? Explain your answer.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. If you were traveling from the equator to the north pole, which way would the wind deflect? 

________________________________________________________________________________________________________________________________________________

4. Which way would it deflect from the equator to the South Pole?

________________________________________________________________________________________________________________________________________________

5. Experiment with slower and faster rotations of the turntable. How does the line you draw curve when it is spinning slower? How does it curve when the speed is increased?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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