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Background
The evolution and origin of stars has been studied for hundreds of years.
What causes these giant fire balls to come together and create heat and
energy for our planet? Well these stars are formed from these giant gas
clouds in space called global molecular clusters, or GMC’s. A picture of
what this looks like is shown below.

While being extremely extremely beautiful to look at, these giant clouds
are actually quite turbulent as violent shocks rip through these huge clusters
of gas. This is what my reseatch was focused on this semester.

Shocks
Shocks are a very important part of the evolution of these gas clouds which,
in turn, means they play a major role in the formation of stars. While these
shocks are passing through the clouds, they change a lot of different things.
Temperatures rise and fall, the velocity of the atoms increase and decrease,
and even the chemistry changes. This change in chemistry is the aspect of
these shocks that we are most interested in.

J-Shocks
There are two types of shocks that travel through this interstellar media,
and the first type we are going to discuss are Jump Shocks, or J-Shocks.
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J-Shocks are instantaneous increases of momentum of the particle in the gas
and the temperatures of the particles in the gas. There is no warning or
sign that allows us to tell they are coming. J-Shocks occur when the ion
magnetosonic speed νims is less than the speed of the shock νs and there is no
magnetic field present in the area. Most of the research on shocks in GMC
clouds have focused on these types of shocks. These types of shocks have
a unique way of affecting the chemistry of the clouds that wasn’t assumed
before. To be more specific, its not as accurate because of the fact that most
of the time there is a magnetic field present in the cloud. In fact these types
of shocks only occur because they are set off by the other type of shock
we are going to talk about. In essence they are a consequence of something
more important. Even though these shocks aren’t as particularly interesting
to look at, they are much easier to analyze and still give us some interesting
results. A code that I edited is shown on page three. I did more harm than
good doing this but it really got me familiar with the concept of writing a
code for this problem as well as physics of it. It also familiarized me with
FORTRAN pretty well and prepared us to discuss the next step.

C-Shocks
The second type of shock to look at are Continuous Shocks, or C-Shocks.
These are different than J-Shocks in that they are not an abrupt change
in temperature and momentum. They increase rapidly but there is not a
sudden jump like there is in J-Shocks. This is due to the magnetic field
present in the area at which they occur. These are much more complicate
to deal with because of the fact that they do have a magnetic field. Because
of this we must look at the types of molecules that make up these global
molecular clouds. These clouds contain many neutral particles, but they
also contain many ions with different charges. When writing a code for J-
Shocks one doesn’t have to take into account the different types of particles
that are in the system being looked at. But when a magnetic field is added
to it the particle react differently. The ions will move in a direction caused
by the magnetic field and the neutrals will be unaffected by this field. The
neutrals are affected by the movement of the ions which means there are
two different parts one must look at instead of one. This makes writing a
program for it all the more difficult.

Set Up
Fortunately for us there are equations we can look at. They deal with
the conservation of mass, momentum, and energy in a system that has been
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Figure 1: Code for J-Shock type chemistry

3



through a shock. The conservation of mass equations basically demonstrates
the change of ions to neutrals and vice versa.
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These equations provide us with the basis we need to begin to address
the issue with the magnetic field. Equations (1) and (2) deal with the
conservation of mass. The subscript i indicates that the formula is referring
to the ions in the system. Likewise, the subscript n denotes the neutrals
in the system. In these equations ρ is the mass density of the particle in
which it is referring and υ is the velocity of these particles. Sn is the rate at
which the mass in the system is converted from ions to neutrals and neutrals
to ions. Equations (3) and (4) describe the conservation of momentum for
each of the two types of particle. They add a few new variable into these
equations: k is the Boltzmann constant, υs is the velocity of the shock, B0
is the magnetic field, F is the rate at which momentum is transferred from
neutrals to ion and ions to neutrals, T is temperature, and µ is the internal
thermal energy of the particles due to vibration or rotation. Equations (5)
and (6) represent the conservation of energy for the system. Some new
variables to look at are Gn, Gi, and Ge. These represent the rate at which
thermal energy is added to the neutrals, ions, and electron fluids respectively.
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Using the Equations
The next step in the process is to take these equations and put them to use.
The first step is to solve them. These equations are coupled for the most
part so in order to solve them they must be solved together. This is not a
very easy thing to do. One can make this much easier by eliminating some
of the equations. Solving for them become much easier if there are less of
them to solve for. If we make two basic assumptions we can elimate most
of these equations. The two assumptions are 1) particles dont change from
neutrals to ions or ions to neutrals, and 2) the heat gained by these particles
is dissapated rapidly into space. If we take these two basic assumptions we
can eliminate equations (1), (2), (5), and (6). This allows us to solve for
only equations (3) and (4). This may seem like it makes the solution we
arrive at less physically accurate, which is true. But in physics it is often
more important to start simple and make it more complex later.

Prepping the Equations
To make these equations a bit easier to solve we first make a substition. We
set Jn = ρnυn where Jn is a random variable. Solving for ρn we arrive at
ρn = Jn

υn
. Plugging this into equations (3) and (4) we get:
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Taking the derivative of the above equations gives us:
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Using a the computer program Octave, it is no possible to solve these
two equations for υ. This will give us the basis for the code we are seeking
to create.

Future Plans
This is as far as the project was able to advance this semester. Next semester
we will be looking into solving the other equations and writing a code for
the chemistry for the molecules taking into account the magnetic field.

Difficulties
The most difficult part of this project was the programming. It took a
long time for me to get a grap on FORTRAN coding which was surprising
since I am not new to coding. Octave commands were also new to me
since I am not familiar with it or any of the other programs like it such
as Maple or MATLAB. Learning to use new tools seems to be the most
difficult part about doing this type of research. Unfortunately it is also the
most important part for the progression of my research. I look forward to
continuing this research next semester.
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