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1 Forensics

Forensics is the field of all sciences used to help answer questions for legal circumstances.
It is the use of scientific methods to generalize certain accounts or items being examined
as evidence for a legal system. Out of the many divisions of forensic the focus of my
research will be on biological forensics and forensic entomology pertaining to a corpse, in
particular calculating the time since death of the corpse also known as the post mortem
interval.

2 Post Mortem Interval

When a person dies no matter what the cause of death may be, their corpse proceeds
to go through numerous physical changes as well as chemical processes. Through these
changes and processes, forensic scientists are able to approximate the elapse time since
the last moment the person was alive. This elapsed time since death is known as the post
mortem interval of a corpse. Calculating the post mortem interval of a corpse is at most
times the initial objective for investigators, at a crime scene. Knowing the post mortem
interval is imperative in order to proceed with an investigation. By approximating the
post mortem interval forensics are estimation of the time the person was still alive hence
when the person died or was killed. With this information, investigators are able to verify
whether a suspects alibi would be acceptable enough to prove his or her innocence other-
wise to prove guilty. Besides alibis, post mortem intervals are crucial for diverse reasons
such as numerous legal insurance issues which depend on when the person had died.
Time of death is also very important for family closure, which allows a date and time for
family grievance. In many circumstances like family grievance, an approximation of the
time of death is reasonable enough, though in some cases it is not always liable.

2.1 Methods

The fact that determining time of death for a corpse depends on numerous variables that
make the calculations very difficult. Forensic scientists deal with different circumstance
with every corpse post mortem interval they calculate. Whether its environmental or
physical differences there will never be two corpses exactly alike. So for these reasons
determining exact time of death is in most cases not an exact calculation. This creates a
problem when investigators are collecting possible suspects for a crime. If the calculated
post mortem interval is inaccurate it is possible for investigators to conclude a wrongful
conviction. These wrongful convictions have been made in the past due to inaccurate
calculations on post mortem intervals and this has become the main focus for my research.
Forensic scientists use methods pertaining to the processes that the human body goes
through immediately following death to calculate the post mortem interval. There are
three main processes that the body goes through directly following death: Algor Mortis,
Rigor Mortis and the inhabitation of insects that surround the persons body.
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3 Algor Mortis

Algor Mortis is the process by which the body proceeds to cool down to its surrounding
temperature immediately following death. The method scientists use for this process is
Newtons Law of Cooling, which is the differentiation of temperature with respect to time.

3.1 Newtons Law of Cooling Equation

T (t) = Ta + (T0 − Ta)e
−kt (1)

Ta = Ambient temperature ,T0 = temperature at time zero, t = time, k = constant The
surrounding temperature is known as the ambient temperature. The problem that this
method deals with is the actuality that in most cases ambient temperature is not constant.
For the instance where a corpse is outside the ambient temperature is constantly chang-
ing, becoming warmer in the afternoon and cooler at night in most cases. Another factor
would be the amount of insulation the body has that will reduce the speed at which the
body will cool down. This could mean any substance or material such as clothing. With
these two factors alone we can conclude that Newtons Law of Cooling is very inaccu-
rate when dealing with corpses. Thus the idea would be to enhance Newtons Law to
accommodate for the various variables that need to be taken into account. The first step
would be to accommodate for the changing ambient temperature. Set ambient tempera-
ture changing as a linear equation (a + bt). Using Matlab to visually see the change and
using arbitrary temperature calculations this gives us the graph shown below

function dxdt=rhs(t,x)
dxdt=(-5/100)*(x-(40+(30/480)*t));
close all
x0=200;
tspan=[0 480];
[t,sol]=ode45(@rhs,tspan,x0);
plot(t,sol,-*b);

4 Rigor Mortis

Rigor Mortis is the process by which the body stiffens and joints lock up due to chemi-
cal reactions occurring inside the body. When a person dies, chemical balance known as
homeostasis no longer persists. With respect to Rigor Mortis the muscles and joints lock-
ing up is due to imbalanced chemical reactions. Muscle cells pump calcium ions in and
out with the use of ATP (adenosine triphosphate) which is the energy cells use to keep a
level of chemical order. The calcium ions are use to link myosin and actin fibers together
to create muscle contraction. When a person dies their body no longer is creating ATP
and so it starts to diminish from the body. The ATP is not able to pump out the calcium
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ions out of the cell causing the myosin and actin to permanently wrench together causing
muscles to totally lock up until decay stage begins.

5 Hypothesis

I hypothesized that the human body is similar to a battery in which it is filled with energy
being the ATP. When a person dies the energy is being drained out and if it is possible
to calculate the amount of ATP or energy in a persons body at any given time then we
can correlate the amount being drained out with respect to time. So like a battery we can
calculate the amount of energy left and know how long the battery or person has been
dead for. As I began researching my hypothesis I soon came to the realization that humans
have over fifty trillion cells which each cell can have up to one million ATP molecules at
any given time. So to be able to accurately calculate the amount of ATP in a persons body
at any given time you will be dealing with over a million trillion amount of molecules
that are constantly being recycled. This quickly halted my research into my hypothesis
due to the fact that I do not have the capacity and or equipment to prove.

6 Entomology

Lastly Forensic Entomology is used when there is evidence of insect inhabitation on or
around the body. Forensic Entomology is the study of insects, particularly blow flies
which pertain to corpses. Forensics use the blow fly developmental stages to calculate
how long the first fly initially landed at the sight. When a person dies in the open, blow
flies are immediately attracted to the sight. When the fly lands at the sight, it searches out
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Figure 1: (Under ideal conditions of about 20-30 degrees Celsius) Graph from
http://www.scienceinschool.org/print/39

open wounds or moist areas where they can lay their eggs. The eggs use the liquid pro-
tein which they absorb as their main diet. They have not yet developed any open mouth
where they can physically intake solids. There are three main larvae stages that the blow
fly follows, each is distinguished by mouth development. The blow flys developmental
cycle from the moment the egg is laid to the point of becoming an actual full adult fly can
take anywhere between 20 to 60 days, largely dependent on temperature. The relation
between developmental time with respect to temperature can be pictured as an exponen-
tial function (which is still in progress). The higher the temperature the shorter the time
till full development takes place.

Egg: Laid on open wounds and/or moist areas on corpse-150-200 are laid at one time-
Take from one half to one full day to get to first larval stage Three Larval Stages: Each
stage is distinguished by the size of the mouth hole-All three stages take about 5-10 days
before entering the pupa stage

Pupa Stage: In the pupa stage of development, the pupa strays away from the corpse
and borrows near by in either soil or cloth to continue its final development into a adult
fly-The time span of this stage can takes about 9 days

Adult: As an adult the blow fly can lay up to 2,000 eggs in it entire life span of about
3 weeks
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7 conclusion

In conclusion, I believe that temperature is the major variable associated with each of
these scientific methods which causes the degree of error in the calculations of a corpses
Post Mortem Interval. Ambient temperatures is always factor in more than one way and
the fact that its never constant makes calculating past temperatures difficult. Using math-
ematical programming we can see graphically the relationship between these different
methods which respectively is temperature. With more research and information I have
to collect as well as mathematical programming accessibility I hope to continue acquiring
more in depth analysis of the problem these methods are facing with temperature.
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