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Why estimate? 
We are continually bombarded by numbers, good, bad and bogus.   

• Our deficit is $1 trillion 
• Every American produces 100 cubic-feet of garbage a year 

 
Do they make sense? 
How should we respond? 
 
Answers/estimates lead to actions.   
 
Estimates fall in one of three ‘Goldilocks’ categories: 
1) Too big 
2) Too small 
3) Just right (in the middle) 
 
‘Too big’ or ‘Too small’ lead to obvious actions. 
‘In the middle’ requires more thought (and perhaps even actual calculation). 
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How to estimate (almost) anything  

1) Write down the answer (to within a factor of 10).   
1) Establish lower and upper bounds,  
2) Then take the geometric mean for your answer. 
 

How many clowns can fit in a Cooper Mini? 
 More than 1 (100) and less than 100 (102). 
 Estimate = 

 
 
This ensures that your estimate will be within a factor of 10.  

 
2) If you can’t write down the answer, break the question 

into smaller pieces and go to step 1 

1´100 =10

Dare to be imprecise! 



Making Arithmetic Easy 
Million = 1,000,000 = 106 
Billion = 1,000,000,000 = 109 

Trillion = 1,000,000,000,000 = 1012 

Counting zeroes gets tiresome,  
 let’s use scientific notation 

(3´104)´ (2 ´105) = (2 ´ 3)´104+5 = 6 ´109
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Arithmetic is now easy! 
 
 

•Worry mostly about the exponents 
•Use only ONE significant figure 
3×3 = 10 
9 / 4 = 2 
√10 = π 

300000000000® 3´1011



Millions, billions, trillions, gazillions 
What do these big numbers  really mean? 

Consider seconds: 
One day = 24 hours × 60 min/hr × 60 s/min ~ 105 s 
Thus 1 million sec = 106 s × (1 day / 105 s) = 10 days 
         1 billion sec  = 109 s × (1 day / 105 s) = 104 days 
                              ~ 30 years 
         1 trillion sec  ~ 3×104 years 
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• We just sent $250 Million to Egypt 
• The sequester will cut $85 Billion 
• Our budget deficit this year will be about $1 Trillion 
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www.xkcd.com 
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How many people in the world are listening 
to a speaker now?  

picking their nose now?  
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How many people in the world are listening 
to a speaker  

picking their nose now?  

The fraction of time you spend doing something typical 
equals 

The fraction of people doing that something right now 

Time spent nose picking: 
•More than 1 second/day (100) 
•Less than 100 seconds/day (102) 
Choose geometric mean of 101 = 10 seconds/day = 10 s / 105 s 
 
A person spends 1 part in 104 of their time nose-picking 
Therefore 1 in 104 people are picking their nose right now 
6×109 / 104 = 6×105 = almost a million people!  
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How much trash does the US generate yearly? 

Landfill space needed for a century’s trash? 

More than 1 and less than 100 pounds per person per week 
 10 lb (5 kg) per person per week = 500 lbs / person - year 
Double it to include businesses  1000 lbs / person - year 
(1/2 ton / person-year) × (3×108 people) = 2×108 tons/year 

Landfill is 100 m high and 109 m2 = 103 km2 in area 
 
That is Virginia Beach or Los Angeles or 10-4 of the total area of 
the US  

Landfill space is not a problem. 

V =
(2 ´108 ton/yr)´ (102 yr)

0.2 ton/m3
= 1011m3
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Why do we drive gasoline-powered cars? 

1.5 eV per chemical reaction. CH2 + O  CO2 + H2O 
At 14 g/mole, 1 kg contains 102 moles 
 
Energy per kg: 

What is the energy density of gasoline? 

Gasoline has more hydrogen than coal (C) and less than 
natural gas (methane - CH4) so it is CH2   

e = nNAereac

= (102  mole/kg)´ (6 ´1023 # /mole)´ (3eV)´ (1.6 ´10-19 J/eV)

= 3´107 J/kg

Reality: e = 4.5 ´107 J/kg = 3´107 J/L
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Why do we drive gasoline-powered cars (2) ? 

What is the energy density of batteries? 

Battery energy density is 100 times less than gasoline 

D-Battery powered flashlight (hand torch) 
  light output: more than 1 Watt, less than 10 W 
  duration: more than 1 hour, less than 1 day 
Stored energy: 
 
 
 
 
 
5-10 D-batteries per kg  

E = Pt = (3W) ´ (5hr)´ (60s/min) ´ (60min/hr)

= (10W-hr)´ (4 ´103s/hr)

= 4 ´104 J

e = (4 ´104 J/batt) ´ (7 batt/kg) = 3´105 J/kg
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What is the energy transfer rate of gasoline 
(when fueling your car)? 

Why do we drive gasoline-powered cars (3) ? 

How much fuel do we transfer? 
About 12 gal = 50 L 

How much time does it take? 
About 2 minutes (102 s) 
(more than 10 s and less than 103 s) 
P = E / t = em / t

=
(3 ´107 J/L) ´ (50 L)

102 s
= 107 W

That is 10 MegaWatts! 

Home power cords only carry 103 W 
We’ll need a very thick power cord! 



Can we grow our gasoline? 
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How much cropland would we need to grow corn for ethanol? 

How much energy do we each consume? 
How much energy do our cars consume? 

We each consume 2500 Calories per day. 

2.5 ´103Cal = 2.5 ´106 cal =107 J

Our car consumes 1 to 2 gallons (4 to 8 L) of gas per day 

(6 L)´ (3´107 J/L) = 2 ´108 J

We would need 20 times more cropland to grow all our ethanol. 

Why are we burning food in our cars? 
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Should you recycle that plastic drink bottle? 
What is its value? 
Consider its energy content E = em 
Energy density: Plastic ~ gasoline so e = 4×107 J/kg 
Mass: 
 more than 1 g (paperclip), less than 100 g (3-4 oz) 
 geometric mean = 10 g 

E = em = (4 ´107 J/kg) ´ (10-2 kg)

= 4 ´105 J

= (4 ´105 J)´
1 hr

4 ´103s
= 100 W-hr That is worth $0.01 

It is only worth one cent after collecting, cleaning, sorting and 
processing.  
Landfill space is not a problem. 
 It’s up to you! 



Paper or Plastic? 
The most commonly asked environmental question 

of our time 
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How many plastic bags does the US use in one year? 
10 bags per grocery store trip 
2 trips per week 
52 weeks per year  103 bags per person per year. 
3×1011 bags in the US per year. 

Is this a lot? Compared to what? 

A roll of bags weighs a few ounces so there are about 200 bags/lb 
Your 103 bags weigh about 5 pounds 
The 500 gallons of gasoline you burned last year weighs 4000 
pounds (2 tons). 
 Your 103 bags are irrelevant. (Just don’t litter.) 

The answer: Who cares?? 



Lightening the Load 
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How much fuel will the airline save if you urinate immediately 
before flying across country? 

Airplane glide ratio g: the number of furlongs it glides for every 
furlong it descends.  1 < g < 102  g  10 

Distance across country: d = 5 ´103km

h = 5 ´102 km = 5 ´105 mTotal distance descended:  

Volume of pee: 0.1 L < V < 1 L  V ≈ 0.3 L  Mpee = 0.3 kg  

Energy needed: E = mgh = (0.3 kg)(10 m/s2 )(5 ´105 m) = 2 ´106 J

Engine efficiency: 0.1 < ε < 1  ε ≈ 0.3 

Fuel needed:  Vfuel =
E

ee
=

2 ´106 J

0.3(3´107 J/L)
= 0.2 L

That’s about 20¢ of fuel. 
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How much power can a windmill produce? 
Windmills convert some of the kinetic energy of the air passing 
through the area swept by the blades to electrical energy. 
Efficiency: 1% < ε < 100%    ε = 10%.  

Air mass

time
=
M

t
= rair ´ vair ´ Ablades P =

KE

time
=

(1 / 2)Mv2

t

Power P = e ´
KE

time
= 0.1´ (1/ 2)(rair ´ vair ´ Ablades )vair

2

P = 5´10-2 ´ (1 kg/m3)´ (10 m/s)3 ´ (104  m2 )

= 5´105 W

But: Power     wind speed cubed.  Very variable! µ

Estimate: Blade diameter 100 m  
wind speed 10 m/s (20 mi/hr)  

® A = (102 m)2 =104 m2
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How many windmills would we need to 
generate our electricity?  

We each use about a few kW of electricity. 
The US needs (3×103 W) × (3×108 people) = 1012 W 
If the wind is available 100%, we need  
N = (1012 W) / (5×105 W/windmill) = 2×106 windmills. 
If wind is available 20%, we need ten million windmills. 
At $1M each, that is “only” $1013 (ten trillion dollars). 

How many batteries would we need to store 
the energy when the wind is not blowing? 
For each day (105 s) of no wind, we need to store 1017 J.   
At 0.3 MJ/kg, that is 3×1011 kg (3000 aircraft carriers).   
At $30/kg that is another $1013 of batteries.   
Yikes! 



Atomic bombs and confetti 
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Enrico Fermi was about 10 miles from the Trinity A-bomb test: 

About 40 seconds after the explosion the air blast reached me. I 

tried to estimate its strength by dropping from about six feet small 

pieces of paper before, during, and after the passage of the blast 

wave. Since, at the time, there was no wind I could observe very 

distinctly and actually measure the displacement of the pieces of 

paper that were in the process of falling while the blast was 

passing. The shift was about 2 1/2 meters, which, at the time, I 

estimated to correspond to the blast that would be produced by ten 

thousand tons of T.N.T.  

How did he do that? 



Estimating the A-Bomb 
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Work done by the shock wave = pressure times volume change 
 
ΔV = area of hemisphere times displacement of paper 
 
Human surface area ~ 1 m2 

     overpressure less than 104 N/m2 (knock you down) 
     overpressure greater than 102 N/m2 (negligible)  
     P = 103 N/m2 

 
Now multiply by a few because the energy of the bomb can go 
into light (photons), nuclear radiation, shock wave, ground 
pulse …  
We get E = 4 kT 
Fermi got E = 10 kT 
The actual blast was 20 kT 

W = PDV

DV = (2pr2 )d = 6(1.6´104 m)2(2.5m) = 4 ´109 m3

W = PDV = (103N/m2 )(4 ´109 m3) = 4´1012 J =1 kT

Not too bad! 
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If the Sun were made of gerbils, the Earth 
would be incinerated.  Compare the power 
density of mammals and the sun.  

Humans:  

Sun: 

P =
(2.5 ´103kcal/day)(4 ´103 J/kcal)

105s/day
= 100W

M = 100 kg

P

M
=

100 W

100 kg
= 1 W/kg

P = (103 W/m2 )4p (1.5 ´1011m)2 = 3´1026 W

M = 2 ´1030 kg (from the orbital period of the Earth)

P

M
=

3´1026 W

2 ´1030 kg
= 10-4 W/kg

Humans have 104 times the power density of the Sun! 

(and gerbils are even worse!) 
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What is the kinetic energy of a 1 km asteroid 
hitting the Earth (the dinosaur-killer)? 

We need to estimate the mass and the velocity. 

M = rV = (8 ´103kg/m3) ´ (103m)3 = 8 ´1012 kg

Assume an iron asteroid (divide by 3 for a rocky one): 

The asteroid’s velocity comes from the Sun’s gravity. So does 
the Earth’s velocity: 

Vasteroid »VEarth =
2pREarth-Sun

1 year
=

2p ´1.5 ´1011m

p ´107s
= 3´104 m/s

KE =
1

2
Mv2 = 0.5 ´ (8 ´1012 kg)(3´104 m/s)2 = 4 ´1021J

This is 106 megatons of TNT! 



Flying to the center of the galaxy 
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Flying to the center of the galaxy 
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If you fly to the center of the galaxy in your subjective lifetime, how 
dangerous are the protons of the interstellar vacuum?  

Distance: 103 ly < d < 106 ly  d ~ 3×104 ly = 3×1020 m 
 Relativistic contraction needed γ ≈ 103 

1 light-year = (π×107 s) (3×108 m/s) = 1016 m  

Interstellar vacuum: ρ ≈ 1 proton/cm3 

 Each proton has apparent energy E = γmc2 = 1 TeV  

γc = 3×1013 1-TeV prot/sec pass through each cm3 of your body 
Each proton deposits energy 2 MeV/cm3  
   P = (3´1013 p/s)(2 MeV/(p ×cm3))(10-13J/MeV) = 6 W/cm3

Lethal radiation dose = 103 rad = 0.01 J/g = 0.01 J/cm3 

Tissue boils away: 103 J/g = 103 J/cm3  103 s = 20 minutes 

Speed Kills! 



Estimating Uncertainties 

Weinstein - OSAPS - 2013  

Assume your upper and lower bounds are ±2σ uncertainties 

Add powers of ten in quadrature 

Example: how many planets are there in the universe? 

quantity Lower 
bound 

Upper 
bound 

estimate Exponent of 
uncertainty 

#planets per star 10-1 100 3 0.8 

#stars per galaxy 109 1013 1011 1 

#galaxies 109 1013 1011 1 

Total 3×1022 1.5 

Answer: 3×1022 to within a factor of 101.5 = 30  
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Summary 
To estimate: 
•Dare to be imprecise! 

•   Estimate to within a factor of 10 
•   Take the geometric mean of lower and upper bounds 

•   Break up the question into smaller pieces if necessary. 
•Remember a few key numbers 
 
Using estimation and without relying on experts we found: 
•Landfill space is not a problem 
•Batteries are far inferior to gasoline for automobiles 
•Burning ethanol in cars is a really really bad idea 
•You won’t save the world by recycling plastic water bottles 
•Paper or plastic?  It’s irrelevant 
•Speed kills 


