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w Question 1: Number seven billion

The seven billionth human was born recently.  How pre-
cisely do we need to measure time to know which spe-
cific baby is number seven billion?  Is this possible? 

Answer:  If the population is in a steady state, then 
there are an equal number of births and deaths each year.  
Global average life expectancy is more than 50 years and 
less than 90 years, so we will choose the arithmetically 
convenient value of 70 years. This means that 1/70 of the 
population dies each year and thus the death rate is 
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However, because the population is growing, there are 
more births than deaths. Let’s see if this is significant.  
The growth rate has been slowing in recent decades and 
is now only about 1% per year. This means that there are  
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and thus

Nbirths = 5 Hz.

Thus, in order to determine the identity of the seven 
billionth human being, we would need to measure the 
time of birth and the time of death to better than 0.1 s.  
Measuring time this accurately is easy. The difficulties 
arise in (a) keeping track of seven billion people with a 
precision of 1 part in 1010, and (b) defining the biological 
instants of birth and of death.
The time of birth is not well defined. It can be the time of 
separation from the mother’s body or it can be the time 
of drawing the first breath. In either case, it will be diffi-
cult to determine the time much more precisely than  
1 second.
The time of death is even less precise. Death is frequently 
defined by cessation of breathing. The normal respira-
tion rate is about 10 breaths per minute (more than 
one and fewer than 100). Since you need to make sure 
that breathing has definitely stopped, the uncertainty in 
the time of death will be the time it takes to draw a few 
breaths, which is on the order of 10 seconds.
However, by far the biggest obstacle to identifying num-
ber seven billion is the task of precisely counting seven 
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billion people. The uncertainty in the total population is 
never specified (alas) but it must be more than 1% and 
less than 25% so we will estimate 5%.  At a global popu-
lation growth rate of 1%, even a 1% uncertainty implies 
an uncertainty in the arrival time of the seven-billionth 
person of one year. 
Alas, we will never know the precise identity of number 
seven-billion.
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w Question 2: Cost to heat water
How much does it cost to heat the water for a typical 
American household for one year?

Answer:  In order to estimate this, we need to estimate 
the hot water consumed, the temperature increase of the 
water, the energy used to heat the water, and the cost of 
that energy. Here we go.
We can estimate the total water used by adding up show-
ers (10 minutes per day at 3 gallons per minute), dish 
washing (5 minutes per day at 3 gallons per minute), 
clothes washing (50 gallons per week), drinking (0.5 
gallons per day) and all the other ways we use water. 
The total is about 50 gallons (200 L) per person per day.  
About half of this, or 100 L per day, is hot water. There 
are about three people per household (more than 1 and 
less than 10) so each household uses about 300 L/day of 
hot water.
This water is heated from about 60 oF (winter) or 
80 oF (summer) to about 140 oF, so that the temperature 
change is 70 oF or about 40 oC (it is also about 40 K, if 
you prefer). The specific heat of water is just one (in the 
appropriate units). That is c = 1 cal/g-K or about 
4 J/g-K. Thus, the total energy used to heat the water for 
one household for one year is 
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At $0.1 per kilowatt-hour, this amounts to $600 per year 
per household.
This puts a limit on the value of alternative energy sys-
tems for heating water. In sunny places, a solar hot water 
system could heat all of your hot water and save almost 
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100% of the heating costs. However, in cloudier loca-
tions, it might only save you 30%. In terms of capital 
expenses, if it is worth spending up to $6000 for a 
solar hot water system in southern California, then it is 
only worth spending up $2000 for the same system in 
Boston.
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