[bookmark: _GoBack]ALTERNATIVES TO NEWTON’S LAW OFCOOLING MODEL FOR TIME OF DEATH ESTIMATION
Rainy’s Method
This is explained by the Newton’s Law of cooling that states that ‘the cooling rate is linear to the difference between the heated object’s temperature and the surrounding ambient temperature.’
The application of this rule was practiced by H.Rainy to the deceased’s cooling bodies in an article titled “On the Cooling of Dead Bodies as Indicating of the Length of Time Since Death” in the Glasgow Medical Journal in 1868.
His approach became the first method that estimated time since death by considering a phenomenal scientific principle for finding out how bodies cool.
An example of liver temperatures taken at the scene of death is as shown below:
	Time
	Liver Temperature oC

	3.30 a.m
	34.00

	3.45 a.m
	33.89

	4.00 a.m
	33.67

	4.15 a.m
	33.56

	4.30 a.m
	33.33

	4.45 a.m
	33.00

	5.00 a.m
	32.78


Subtracting the ambient temperature 0f 21.1oC at 3.30 a.m, and using it in the differential equation solver derive then applying it to the resultant equation from Newton’s Law of Cooling, we note that:
                   Diff (t) =11.9.e0.06585623942.t
By addition of the ambient temperature to diff (t), we  therefore obtained an equation for the body temperature at time (t) as explained by the Newton’s Law of Cooling.
Plotting the graph of the calculated body temperature versus the assumed normal constant body temperature of 37.1oC for a normal live person, we deduce that the estimated death’s time is at 12 midnight, since death is approximately three and a half  hours earlier.

Rainy’s Plateau
In 1868, Harry Rainy discovered that a ‘plateau’, a period succeeding death, where the dead body never cools; the body’s temperature may increase. Hence, he investigated that dead bodies do not necessarily cool in conformity with the Law of Cooling by Newton.
He modified Newton’s Law by including the minimum and maximum of time within which the death occurred.

The inconsistency of the rate of cooling of the sigmoidal curve became a puzzle to many researchers for many years after Harry Rainy modified Newton’s Law of Cooling in 1868.
Almost a Century later,1962, T.K Marshall (M.D) and F.E Hoare (Physicist) published “Estimating the time of death: The Rectal Cooling after Death and its Mathematical Expression”. They further published two more papers on the same agenda that explored the issue and developed a model for the sigmoidal shaped curve.
Marshall’s and Hoare’s Research
They concluded that the rough assumption of Newton’s Law of Cooling was not applicable to the early stages of cooling of a deceased human body.
They further made adjustments to the Newton’s model by introducing an exponential term, in two parts, one that represents the post mortem plateau, and the second that show the exponential drop of time after the plateau according to Newton’s Law of Cooling (Leinbach, 2010)
According to Marshall and Hoare, the expression of the rate of cooling is dT/dt= -k (T-Ta) +Ce-pt     
Where:  
 t: time  
T: Body temperature in 0C 
To: Rectal temperature at death therefore t=0
Ta: Ambient temperature in 0C, 
k:  cooling rate constant
p:  the rate constant for the plateau 
C: a constant
Ce-pt  is an exponential function representing a phenomenon that                 influences the cooling of a body whose effect decays with time.
The first-order differential equation: dT/dt= -k(T-Ta)+Ce-pt has an integrating factor 
u (t) = ekt
Multiply through by the integrating factor, we get:
dT/dt ekt + kTekt= kTa ekt +Ce-ptekt
Therefore:
Tekt= kTaekt+ Ce-pt ekt 
Integrating both sides:
Tekt=ʃ kTaekt dt +ʃ Ce-pt ekt dt+A
Tekt=Taekt +c/k-p e (k-p) t + A
Multiply by ekt, we have:
T=Ta+c/k-p e (k-p) t e-kt + A e-kt
The solution then becomes:
T (t) =Ta+c/k-p e (k-p) t e-kt + A e-kt
At    T (0) = To;
To= Ta + c/k-p+ A
A= To- Ta- c/k-p
Substitute for A
T (t) =Ta+c/k-p e (k-p) t e-kt + (To- Ta- c/k-p) e-kt
T (t) =Ta+c/k-p e-pt + To e-kt - Ta e-kt – (c/k-p) e-kt
T (t) =Ta+ (To- Ta) e-kt+ c/k-p (e-pt - e-kt)
But C=k (To-Ta)
Hence the final solution becomes:
T (t) =Ta + (To-Ta) e-kt +k/k-p (To-Ta) (e-pt - e-kt)
The following assumptions were made:
· The ambient temperature is 37oC
· No strong radiation or extreme changes of the cooling period.
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