Order-of-magnitude and Dimensional Analysis problems

Order of magnitude:

· How many faculty work at UCLA?

· What is the annual budget at UCLA?

· How many restaurants are there in the world?

· How many atoms are in the dot of an “i" written by a graphite pencil?

· What is the total radiant energy output of the sun (watts)? How much mass per time does the sun convert to radiant energy (kg/sec) using E=mc2?

· Neutrinos and photons from the Sun: how many pass through us per square cm per second, how much energy does each type of particle carry (Joules/square cm per second)?
· How much is the inventory that a typical (Ralphs-size) grocery store has on its shelves worth at retail prices?

· What is the ratio of heat generated by energy resources (oil, natural gas, coal, nuclear, etc) to the heat generated by sunlight on earth? 

· How much energy (Joules) does a 1.5 AA battery put out? How much could a totally optimized battery put out?

· How many books get written in one year in the U.S.? How many megabytes of memory would it take to store all the books ever written?

Dimensional analysis:
· How should the world records for lifting weight scale with body weight?

· Estimate the radius r of the circular area of contact between a resting ball and a floor given that the ball has density , bulk (compression) modulus , and radius R. Hint: there is some other constant that needs to be used. Does the force needed to press a ball against the floor obey Hooke’s Law, or is there some other variation of force with compression distance?
· How long does it take the heat generated near the earth’s center by radioactivity to reach earth’s surface? 
· A ball of gas collapses to form a sun. What temperature is it heated to by the gravitational collapse?

· Bathyspheres are spherical vessels designed to withstand the water pressure deep in the ocean. How thick must the wall of a 2 meter radius bathysphere be in order for it to safely travel to the deepest parts of the ocean, depth 10 kilometers? Does an empty bathysphere float?

· Consider an array of 50 soda bottles half full of water and pressurized to 10 atm used as a propulsion device. Estimate the thrust that this array could generate and the maximum height that it could rise carrying a 50 kg person (inspired by a Japanese video and a Mythbuster television program).

· How fast could a plant grow (height per unit time)? Consider limitations due to the availability of light, water, and CO2.

