Astronomy 105 – Stars and Galaxies - Solar Energy

Name _________________________
Understanding the source of the Sun’s energy and knowing the amount of solar energy the Earth receives, you have enough knowledge to estimate roughly how long the Sun will shine.  Is it thousands of years?  Millions of years?  Billions of years?  Trillions of years?
Calculating the lifetime of the Sun is the same type of calculation you might make on a car trip, but the numbers are bigger.  Imagine you are driving to Florida in a car that gets 25 miles per gallon, and want to estimate how many hours from now you will need to stop for gas.  If you start with half a tank of gas, and drive at 75 miles per hour, your car will burn three gallons per hour.  If the car’s fuel tank holds 15 gallons, how soon will you need to stop for gas?
The Sun begins with a “full tank” of hydrogen, and reaches its end when only half the hydrogen is converted to helium.  To estimate the lifetime of the Sun we need to figure out how much fuel the Sun has, and the rate it is burning that fuel.
HINT: For estimates, use simple math and round off numbers.  You may use a calculator, but should not need to.  This is an “order of magnitude” calculation.  Use scientific notation. 

A.  How much fuel does the Sun have?

The mass of the Sun is 2 x 1033 grams.  Each gram contains about 6 x 1023 hydrogen nuclei. The Sun’s energy is produced by nuclear reactions in the core of the Sun, from the conversion of four hydrogen nuclei into helium.  For each helium nucleus created, 
5 x 10 -12 joules of energy are produced.  (For purposes of an estimate, assume the Sun begins made entirely of hydrogen.)


How many joules of energy can the Sun produce in its lifetime?  Remember that the Sun can only use half of its hydrogen, and that four hydrogen atoms are used to create each helium atom.
B.  How much energy does the Sun produce each second?

The average amount of energy falling on the Earth each second from the Sun corresponds to the energy output of fourteen 100-watt light bulbs for each square meter at the Earth’s equator at noon.  At the distance of the Earth, the energy from the Sun is 1400 watts per square meter or 1400 joules of energy per second per square meter (a watt is a unit of energy per second, a joule is a unit of energy). 
This much energy flows outward from the Sun in each square meter of the surface of a sphere with a radius equal to the distance of the Earth from the Sun (1 AU, 1.5 x 108 km or 1.5 x 1011 meters).  How much total energy does the Sun produce each second?
                                         
a) Compute the surface area of a sphere with a radius of the Earth’s orbit. The formula for the surface area of a sphere is A=4  r2.

b) Multiply the area of the sphere in square meters by the energy per square meter per second (watts per square meter) that falls on the Earth, to compute the total energy output of the Sun each second.

C.  Estimate how long it will take the Sun to run out of fuel. Divide the total energy the Sun can produce in its lifetime by the amount of energy it radiates each second to determine the number of seconds the Sun will shine.

Convert the length of time in from seconds to years (one year contains approximately 
3 x 107 seconds).

In fact, the Sun will shine less than this amount of time, because it will burn hydrogen at a somewhat faster rate as it ages.  
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