B o t E

Parameter estimation, The first part of problem solving

How do we do it? 

Kind of parameters that we can estimate  --

1. We have sensory recall (experience) - have seen it/heard/felt/used it. eg - How tall is the building? How far is the grocery store? How much time will it take to cook rice for six people? 

From some benchmarks, we learn to meter our senses. Since I have run the 100m tracks, 400m tracks, cycled to school which I knew was 11Km, travelled in cars at 40Km/h (the average speed in India), seen a 1m rod, used the 6inch ruler for school geometry (from which I got an idea of milimeters, centimeters, etc), know that I am 1.7m tall, etc; I have these experiential sensory landmarks/meters for length. All these landmarks may not be internally described as length, for example I know it took me 40 mins to cycle to school, so when I cycle I might use time to keep track of distance. Now, if I have to estimate length of a building, or the distance to grocery store; since I have some sensory data on these things by experience, I then try to reformulate the problem so that I could think in terms of one of the landmarks that I have. One important property of this reasoning is the ability to smoothly extra/intrapolate between the few discrete landmarks that we have. 

2. Some basic things about the world whose OM values we know; like 

===

Q1 When it rains, water would accumulate on the roofs of flat topped buildings if there were no drains. Estimate the total force the roof of ILS would have to support if we had a heavy rainfall and the roof drains were plugged.

To answer this question, we need the surface area of the roof, the amount of rainfall, and the density of water.

(Sensory recall) ILS has a L shape with both it arms approximately rectangular, shown below. Now that the shape is known, lets try to place numbers. For width; I recall space near my office, which I think is 4-5m wide, then the copier and walk space slightly more than a meter, and then the printers, till Jeff’s room will be 4-5 more meters, and then Jeff’s room is slightly smaller than mine, about 3-4 meters. So total width about 15m. The length of the arm I estimate about (maybe less than) 50m. Once we have this, the surface area is quite easy.



Surface area = 50*15 + 35*15 = 1275 m2

On a heavy rainfall, there is usually about an inch of rainfall, or about 0.025m (scope for refinement, could collect exact info about rain at Chicago from weather.com, etc).

Net volume of water collected on the rooftop = 1275 * 0.025 m3 = 31.875 m3.

Mass of this water (Volume, Density known, therefore can compute mass) = 31.875*1000 Kg = 31875 Kg.

Force exerted (weight = mass*accn-due-gravity) = 31875*9.8 = 312375 N

==

Q2 Estimate the amount of work a person does shoveling the walk after a snowstorm. 

The shovel is used to gather the snow, and throw it to side. Thee work done in this will be (mainly) equal to the sum of 1) the work done in lifting the snow up the shovel to a certain height, and 2) the kinetic energy imparted to the snow when it is thrown to side.

Assume the shovel is 1ft by 1ft and can hold snow up to a height of 6inches. Converting into SI, the volume of snow shoveled in one go = 0.5 ft3 = 0.0142 m3.

Mass of this snow = 2.84 Kg

Work done in lifting it up by 1ft off ground (assume) = W1 = m*g*h = 2.84Kg * 9.8m/s2 * 0.3048m = 8.4583 J

Assume it is thrown to the side with a velocity of 1m/s2 (**How wide is the sidewalk, range/2 of the projectile equals width/2 of sidewalk, calculate initial velocity from that). The work done to achieve this equals the kinetic energy imparted (Work Energy theorem). Therefore, W2 = 0.5 * m * v2 = 0.5*2.84*

If we have an estimate of how much snow (mass) one can shovel, and the work done in one act of shoveling, than we’ll need to know the total amount of snow that is in the walkway.

Assume: 1. The length of a typical path from a house to the street is 10m. 

2. The snow fell to a depth of 4inches.

3. The snow was only moderately packed so that its density is about 1/5th of water, about 0.2g/cm3.

==

Q3 One suggestion for putting satellites into orbit cheaply without using rockets is to build a HUGE tower containing an elevator. One would put payload in the elevator, lift it to top, and just step out into orbit. Ignoring other problems, such as struct strain estimate the weight of such a tower. 

(if base were the size of Washington DC, and it were made of steel.)

density steel = 5 times of water = 5 gm/cm3

This is a question where there are just too many unknowns, and all that we may come up with might be a very primitive estimate, as the designs of the trusses etc that will be able to support such a tower, and the architecture is something which will require a lot of domain knowledge of structural engineering, etc. Lets see if we can come up with some estimate. 

The tower has to be about 300Km tall, so that we can straightaway put things in orbit. What should be the area of the base? What should be the basic structure of a tower like this? Some knowledge about tall buildings/towers is required at this stage. Some of the tall buildings that we know are the Sears tower, Petronas, etc; but this problems asks for a tower, not a residential complex. One of the tallest towers is the Eiffel tower, Paris. Lets assume we could stretch it to the inter-orbital tower; and come up with some numbers. Maybe we’ll need more re-inforcing than the Eiffel as it is much more big, and has to support the powerful elevator/payload, etc as well; but that gives us a (maybe) lower bound.

Its quite easy to find precise information about Eiffel – (from http://www.greatbuildings.com/cgi-bin/glk?http://www.endex.com/gf/buildings/eiffel/eiffel.html)
Height: 300.51 meters (986 feet) (+/- 15 cm depending on temperature)
Weight: 7,000 tons (1,000 tons removed during 1990's renovation) 

Base: 412 feet square, although also noted as about 2.5 acres Foundation
-=-=-=-=-=-=-=-=-=-=-=-

http://www.mcintoshengineering.com/rules_of_thumb.htm
What is a Fermi Problem? 
When you need an estimate of a value only to the nearest order of magnitude, you can approach it as a Fermi Problem. As an example, we will estimate the number of dice it would take to fill a large football stadium. 

First identify the most significant variables. In our example, you might choose to use the following variables: the length of a side of one die, the height of a typical stadium, and the interior diameter of a round stadium. (While few football stadiums are truly round, the error created by this assumption is probably far less than a factor of ten.) Of course, the problem could be approached using different variables as well. 

Then, estimate an order-of-magnitude value for each variable. (The tricky part here is that the dividing line for rounding up or down is not 5, as usual, but the square root of 10, or about 3. That is: when the estimate is expressed in scientific notation, one must round down if the coefficient is less than 3 and up, to the next order of magnitude, if the coefficient is greater than 3.) Here, the length of the side of one die is closer to one centimeter than one millimeter or one decimeter. The height of a stadium is closer to one hundred meters than to one kilometer or to ten meters. The diameter of the interior of a round stadium is probably just under 300 m, so it must be rounded down to 100 m. 

Finally, put the estimates into the relevant equation(s) and calculate the final answer to within an order of magnitude. 

L = 1 cm = 10-2 m 
h = 100 m = 102 m 
d = 100 m = 102 m 

Volume of 1 die = L3 = (10-2 m)3 = 10-6 m3 

Volume of stadium = h¼(d/2)2 = hd2(¼/4), which is approximately hd2 

hd2 = (102 m)(102 m)2 =106 m3 

# dice = Volume of stadium/volume of 1 die = 106 m3/10-6 m3 = 1012 

So, approximately one trillion dice would be required to fill a typical stadium. If the concepts behind the equations are sound, and if the assumptions are correct to an order of magnitude, then the answer should be correct within an order of magnitude. Someone else might have used different variables, equations, and estimated values, but they would probably reach the same order of magnitude for the answer. 

From http://lasker.princeton.edu/ScienceProjects/ai/newton/fermi.htm

Typical pencil writes 45,000 words, or 35 miles

==

Bank of China Towers 369m 72 floors

Chase Manhattan Bank 813 ft

wt of sears tower = 222,500 tons =445,000,000 lbs ;1454 ft high

(from http://www.paris.org/Monuments/Eiffel/)

A Bit of History

The Eiffel Tower was built for the International Exhibition of Paris of 1889 commemorating the centenary of the French Revolution. The Prince of Wales, later King Edward VII of England, opened the tower. Of the 700 proposals submitted in a design competition, Gustave Eiffel's was unanimously chosen. 

However it was not accepted by all at first, and a petition of 300 names - including those of Maupassant, Emile Zola, Charles Garnier (architect of the Opéra Garnier), and Dumas the Younger - protested its construction. 

At 300 metres (320.75m including antenna), and 7000 tons, it was the world's tallest building until 1930. Other statistics include: 

· 2.5 million rivets. 

· 300 steel workers, and 2 years (1887-1889) to construct it. 

· Sway of at most 12 cm in high winds. 

· Height varies up to 15 cm depending on temperature. 

· 15,000 iron pieces (excluding rivets). 

· 40 tons of paint. 

· 1652 steps to the top. 

It was almost torn down in 1909, but was saved because of its antenna - used for telegraphy at that time. Beginning in 1910 it became part of the International Time Service. French radio (since 1918), and French television (since 1957) have also made use of its stature. 

During its lifetime, the Eiffel Tower has also witnessed a few strange scenes, including being scaled by a mountaineer in 1954, and parachuted off of in 1984 by two Englishmen. In 1923 a journalist rode a bicycle down from the first level. Some accounts say he rode down the stairs, other accounts suggest the exterior of one of the tower's four legs which slope outward. 

However, if its birth was difficult, it is now completely accepted and must be listed as one of the symbols of Paris itself. 

TOWER BASICS

http://www.greatbuildings.com/cgi-bin/glk?http://www.endex.com/gf/buildings/eiffel/eiffel.html
eqn of the tower – 

http://www.greatbuildings.com/cgi-bin/glk?http://www.endex.com/gf/buildings/eiffel/eiffel.html
Years Built: 1887-1889 for 1889 Universal Exhibition and Centennial of the French Revolution Engineers : Maurice Koechlin and Emile Nouguier Architect : Stephen Sauvestre Contractor : Gustave Eiffel Occasion for Construction: 1889 Universal Exhibition Construction Period: 23 January 1887 to March 1889 (2years,2months,5days) Tower inaugurated: March 31, 1889 Number of Steel Workers: 300 Number of Workers Killed during Construction: 1 Rivets: 2,500,000 Steel pieces: 18,038 

*Height: 300.51 meters (986 feet) (+/- 15 cm depending on temperature) 1st level - 57 meters 2nd level - 115 meters 3rd level - 276 meters Height including television antenna: 320.755 meters (1052 feet) Weight: 7,000 tons (1,000 tons removed during 1990's renovation) 

*Base: 412 feet square, although also noted as about 2.5 acres Foundation Pressure: 58.26 to 64 psi (9000 psf) 

Paint: 50 tons every 7 years Paint Color: Dark Brown Steps to Top: 1789 (Birnbaum), 1671 (Joseph Harriss), 1652 (others) Year lighting added contributing to Paris' reputation as "City of Lights": 1986 Lighting : 352 projectors of 1000 watts Day German flag was hoisted on the Eiffel Tower as German army entered and occupied Paris: June 14, 1940 Number of Visitors, 1987: 4,000,000 Number of visitors, 1996 : 5,530,279 Numbers of visitors from the beginning to 1996: 167,664,439 First Radio Transmission: 1918 First TV transmission: 1957 Maximum sway in wind: 12 cm Tallest Structure in the World: 1889-1930 (until Chrysler Building) 2nd Tallest Structure in the World: 1930-1932 (Until Empire State Bldg) Parachute Descent: 1984 by two Englishmen Bicycle Descent: 1923 Journalist Mountaneering Ascent: 1954 Visibility on a clear day: 67 kilometers (42 miles) Phone Information: 45-55-91-11 011.33.01.44.11.23.23 (from US) Phone Number for Dinner Reservations at Jules Verne Restaurant (1-star) (from the US): 011-33-1-45-55-91-11 011-33-1-45-55-61-44
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