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Enrico Fermi?

ENRICO FERMI (1901-1954) is an Italian physicist best known for his contributions to nuclear physics and the development of quantum theory. In addition to his contribution to theory, he is also noted as an experimentalist. Fermi was awarded the Nobel Prize for his physics work on the nuclear process. 

Shortly after receiving the Nobel Prize, Fermi was forced to flee Italy. He settled in the United States, first at Columbia University and then later at the University of Chicago. During World War II he was a member of the Manhattan project team that developed the atomic bomb in Los Alamos, Mexico.

Two "typical" Fermi questions are posed and solved in this section. 

· How many piano tuners are there in New York City? 

· How many jelly beans fill a one-liter jar? 

WARNING: Fermi questions are not really typical and Fermi questions do not have single solutions. These two examples are provided simply for illustrative purposes. 
Example 1: 
HOW MANY PIANO TUNERS ARE IN NEW YORK CITY?

How might one figure out such a thing?? Surely the number of piano tuners in some way depends on the number of pianos. The number of pianos must connect in some way to the number of people in the area. 

Approximately how many people are in New York City?
10,000,000

Does every individual own a piano?
No

Would it be reasonable to assert that "individuals don't tend to own pianos; families do?
Yes.

About how many families are there in a city of 10 million people?
Perhaps there are 2,000,000 families in NYC.

Does every family own a piano?
No.
Perhaps one out of every five does.
That would mean there are about 400,000 pianos in NYC.

How many piano tuners are needed for 400,000 pianos?
Some people never get around to tuning their piano; some people tune their piano every month. If we assume that "on the average" every piano gets tuned once a year, then there are 400,000 "piano tunings" every year.

How many piano tunings can one piano tuner do?
Let's assume that the average piano tuner can tune four pianos a day. Also assume that there are 200 working days per year. That means that every tuner can tune about 800 pianos per year.

How many piano tuners are needed in NYC?
The number of tuners is approximately 400,000/800 or 500 piano tuners. 

Try it yourself.
Use different assumptions for various factors. It is unlikely that you can justify an answer greater than a factor of 10 or smaller than a factor of 10 from the number originally obtained; that is to say, there are probably not more than 5000 tuners and surely no less than 50. Thus the answer obtained is good to within an "order of magnitude".

Example 2: 
HOW MANY JELLY BEANS FILL A ONE-LITRE BOTTLE?

As with any Fermi question, there are multiple directions from which the problem can be approached. Solution 1 illustrates a more algorithmic approach; solution 2 is more intuitive. In both solutions, it is understood that one liter is equal to 1000 cubic centimeters. 

Solution 1

What is the approximate size a jelly bean?
An examination of a jelly bean reveals that is approximately the size of a small cylinder that measures about 2 cm long by about 1.5 cm in diameter.

Do jelly beans "completely fill the liter bottle"?
The irregular shape of jelly beans result in them not being tightly packet; approximately 80% of the volume of the bottle is filled

The number of jelly beans is the occupied volume of the jar divided by the volume of a single jelly bean
Number of beans = (Occupied Volume of Jar)/(Volume of 1 Bean)

The volume of one jelly bean is approximated by the volume of a small cylincer 2 cm long and 1.5 cm in diameter
Volume of 1 Jelly Bean = h(pi)(d/2)^2 = 2cm x 3 (1.5cm/2)^2 = 27/8 cubic centimers 

Thus the approximate number of beans in the jar is
Number of beans = (.80 x 1000 cubic centimeters)/(27/8 cubic centimeters) = approx 240 jelly beans 


Have your students try it out with jelly beans and a liter bottle or jar. If you don't have a liter jar, use a quart jar (.95 liter) 

Solution 2

Have your students construct or visualize a paper cube that measures 1 cubic inch.
How many jelly beans will fit in the cube?
Approximately 4

How many cubic inches are there in 1 liter?
1 inch = approx 2.54 centimeters. Therefore 1 cubic inch = approx. 16 cubic centimeters
1000 cubic centimeters/16 cubic centimeters = approx 62 cubic inches in one liter.

How many jelly beans are there in the one liter container?
62 x 4 = approximately 248 jellybeans 

Fermi Type Questions

1. The mass of how many mini cars is equal to the mass of the water in the swimming pool at the Crown Pools in Ipswich? 

2. How many jelly beans fill a one-litre jar? 

3. What is the mass in kilograms of the student body in your school? 

4. How many golf balls will fill in a suitcase?

You might want to first assume that the diameter of the golf ball is 1". An extension to the problem would be: How many balls with a 2" diameter would it take to fill the suitcase?

5. How many gallons of petrol are used by cars each year in the United Kingdom? 

6. How high would the stack reach if you piled on trillion dollar bills in a single stack? 

7. Approximately what fraction of the area of the continental United States is covered by automobiles? 

8. How many hairs are on your head? 

9. What is the weight of solid garbage thrown away by American families every year? 

10. If your life earnings were doled out to you at a certain rate per hour for every hour of your life, how much is your time worth? 

11. How many cells are there in the human body? 

12. How many individual frames of film are needed for a feature-length film? How long is such a film? 

13. How many water balloons will it take to fill the school gymnasium? 

14. How many flat toothpicks would fit on the surface of a sheet of poster board? 

15. How many hot dogs will be eaten at major league baseball games during a one year season? 

16. How many revolutions will a wheel on the bus make during our seventh grade trip from Baton Rouge, LA to Washington, D.C.? 

17. How many minutes will be spent on the phone by middle school students in the United States? 

18. How many pizzas will be ordered in your state this year?

Fermi Question – Classroom Activities

The number of classroom activities that can be built around Fermi questions are as varied as the questions. Collaborative learning, problem solving skills, estimation skills, and number sense are integral components of all Fermi exercises. 

This section will provide anecdotal accounts of possible classroom activities that support and embed Fermi-type problem solving. 

· Water Balloon Fun 

What could be more fun for middle school students than water balloons? Pose the question to the class: how many water balloons does it take to fill the school gymnaisum, auditorium, classroom (etc.). 

1. Have students, working in groups of 2-3, build a cubic foot container using paper or posterboard. 

2. Have students approximate the volume of a water balloon. 

3. Have students approximate how many water balloons needed to fill their cubic foot container. 

4. Have students investigate/measure/approximate (your choice) the volume of the room to be filled with water balloons. 

5. Have students determine based on approximations in #1-4, the approximate number of water balloons that would be needed to fill the room or gym. 

Then for the real fun ... let students test out their approximations. Allow students to fill cubic foot container with water balloons. Have students keep a record of how many water balloons they place in the container. Allowing for varying amounts of water in balloons, calculate the "average number of balloons" per cubic water. After completing the mathematics, allow students to engage in water balloon "party". 

WARNING: Best done in warm weather with the approval of a very understanding principal and very supportive parents! 

· Jelly Bean Contest 

Fill one or more containers (rectangular solid, cylinder) using different sizes/shapes with assorted candies and/or beans. Have students work in groups to use their estimation and Fermi skills to "guess" the number of items in each container. Closest approximation wins the container and its goodies!

· "It is estimated you can get 50 000 pennies into a cubic foot - a trillion pennies would fill two St Paul's Cathedrals." (Michael Blastland)

· The atomic nucleus in size relative to a whole atom is sometimes compared to a fly in a cathedral. How accurate is this?

· The sizes of moon, earth and sun are sometimes represented by a ball bearing, a tennis ball and a football. Is this accurate? Can you suggest other more accurately-sized objects? What about the planets in the solar system and their relative sizes and distances?

· “‘Space’ isn’t remote at all; it’s only a hour’s drive straight upwards.” (Fred Hoyle) Is he right?

“If you took all the human blood in the world, it would fill only a cube 870 feet on each side. Or if you poured it into the Dead Sea it would add only ¾ inch to its height.” True or false? How many Olympic swimming pools would it fill?

· “If you took all the people in the world, you could drop them into a hole 1 km wide by 1 km long by ½ km deep and they would have plenty of room to move about.”

· “If you took all the people in the world and gave each one a room 10 m × 10 m × 10 m, you could fit all the rooms into the Grand Canyon.”

· “Take a sheet of paper and tear it in half. Put the two pieces together and tear them in half. Put the pieces together and tear them in half. And so on – assuming you could do it – for 50 times altogether. The stack would be so high it would be more than half way to the sun.” 

