
DANM 250C-01 Winter Quarter 2014

Exercise 4 Solutions
In this exercise we’ll fill in some of the numbers asserted in class regarding the Sun

and its energy supply.

1. As a first step, let’s compute the energy released by burning hydrogen atoms to helium.
The net reaction that occurs in the Sun to produce energy is 41H→ 4He. Look up the
mass of a hydrogen atom and a helium atom (you can find this on wikipedia, among
other places), and compute the difference in mass between 4 hydrogen atoms and 1
helium atom. Give your answer in kg. Be sure to work to at least four decimal places
of precision.

Solution:

From wikipedia, the mass of a hydrogen atom is 1.00782 amu, and the mass of a helium
atom is 4.002602 amu, so the mass difference between 4 H atoms and 1 He atom is
0.02868 amu, or 4.7621× 10−29 kg.

2. Using Einstein’s formula E = mc2, compute the energy released per hydrogen atom
burned; the speed of light c = 3.0× 108 m / s. Your answer will be in units of Joules,
but convert this to MeV (1 MeV = 1.6× 10−13 J) and verify that your answer agrees
with the value you read off the plot of nuclear binding energies in the notes. Hint:
remember that the reaction involves 4 hydrogen atoms, so you have to divide by 4 to
get the energy per hydrogen atom.

Solution:

The energy per hydrogen atom is

E = mc2

=
4mH −mHe

4
c2

= 1.19× 10−29 kg× (3.0× 108 m s−1)2

= 1.07× 10−12 J

= 6.70 MeV

3. Given the Sun’s luminosity L = 3.9 × 1026 W, and the energy released per hydrogen
atom burned, compute the number of hydrogen atoms burned by the Sun each second.
Note that 1 W = 1 J / s.

Solution:
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Here we just have to divide the luminosity by the energy released per hydrogen atom:

Burning rate =
L

E

=
3.9× 1026 J s−1

1.07× 10−12 J H−1

= 3.6× 1038 H s−1.

Thus the Sun burns through 3.6× 1038 H atoms every second.

4. Compute the total mass of the hydrogen burned every second from the quantities you
have already computed.

Solution:

We can get this by taking our number of hydrogen atoms burned per second and
multiply by the mass per atom:

Mass burning rate = 3.6× 1038 H s−1 × 1.67× 10−27 kg H−1 = 5.8× 1011 kg s−1.

5. Most of the mass that is burned is converted to helium atoms, but some small amount
of mass is radiated as light. How much mass does the Sun lose every second in the form
of light? (You can do this multiple ways, but they should all give the same answer.)

Solution:

The easiest way to do this is just to take the Sun’s luminosity and use E = mc2 to
convert it to a mass. In 1 second, the Sun radiates away an energy 3.9 × 1026 J, and
this corresponds to a mass

m =
E

c2
=

3.9× 1026 J

(3.0× 108 m s−1)2
= 4.3× 109 kg s−1.

6. The Sun is approximately 4.6 Gyr old. Assuming its luminosity is has not changed
over this time (not precisely true, but close enough for our purposes) how much mass
has the Sun lost over its lifetime in the form of light? What fraction of its current
mass is this?

Solution:

Here we can just multiply the mass loss rate by the age:

mlost = 4.3× 109 kg s−1 × 4.6 Gyr = 4.3× 109 kg s−1 × 1.5× 1017 s = 6.3× 1026 kg.

Thus the Sun has lost 6.3× 1026 kg. In comparison, its present mass is 1.99× 1030 kg,
so this loss is 6.3× 1026/1.99× 1030 = 0.032% of its present mass.
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7. Optional, bonus question: suppose that, instead of nuclear reactions, the Sun were
powered by gravitational contraction as Lord Kelvin thought. The gravitational bind-
ing energy of an object of mass M and radius R is approximately GM2/R. Compute
the Sun’s gravitational binding energy, and divide by the Sun’s luminosity to arrive at
an estimate of how long the Sun could survive in its present form if it were powered
by gravity instead of nuclear energy.

Solution:

The Sun’s binding energy is

E =
GM2

R
=

6.67× 10−11 N kg−1 × (1.99× 1030 kg)2

6.96× 108 m
= 3.8× 1041 J.

To estimate how long gravity could power the Sun, we can divide this by the luminosity:

t =
E

L
=

3.8× 1041 J

3.9× 1026 J s−1 = 9.7× 1014 s = 31 Myr.
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