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Abstract 

Physics is probably the one are of science where many areas of 

mathematics have been directly applied. Each new development in physics often 

requires a new branch of Mathematics. To a physicist, mathematics is a tool box. 

Before attacking a particular problem, you should have the necessary tools for the 

job. There are some tools (such as calculus) that should be in any physicist’s tool 

box. Knowing how to solve differential equations (and how to set up them) is an 

invaluable tool in physics. Fluid mechanics without differential techniques is very 

difficult to imagine .To design any device that makes use of heat transfer (e.g., a 

heat sink or an electric store) strength of materials (e.g. a building or a car) 

electricity and magnetic (e.g., electric motors). Fluid mechanics (e.g. airplane 

wing, morphing) or a mix of any of the above (example solar panels) one must 

analyze these phenomena using partial differential equations. These equations 

constitute a large and important part of mathematical physics. Spring systems of 

RLC circuits (electro dynamics) are actually differential equations. This paper 

studies on one of the application of differential equations which is Newton’s laws 

of cooling. If gives the derivation of this and explains its role in the engineering 

connection. Calculus lays the foundations for more advanced mathematics. 

Subjects like (partial) differential equations and mathematical analysis all have 

their roots in calculus. 

 Keywords: Differential equations, Newton’s law of cooling, Heat applications. 

Introduction: Seperable equations arise in a wide range of application problems. 

One does not have to watch too many crime dramas to realize that the time of 
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death of a murder victim is an important question in many criminal investigations. 

How does a forensic scientist or a medical examiner determine the time of death? 

Human beings have a temperature of 98.6oF. If the surrounding temperature is 

cooler, then the body will cool down after death. Eventually, the temperature of 

the body will match the temperature of the environment. We should not expect 

the body to cool at a constant rate either.  Think how a hot cup of coffee or tea 

cools. The liquid will cool quite quickly during the first few minutes but will 

remain relatively warm for quite a long period. The answer to our forensic 

question can be found by using Newton’s law of cooling, which tells us the rate of 

the temperature of an object is proportional to the difference between the 

temperature of the object and the temperature of the surrounding medium. 

Sir Issac Newton created a formula to calculate the temperature of an object to its 

surroundings. Newton’slaws of cooling states that the rate of change of 

temperature of a body is proportional to the difference between the temperature 

of the body and its surroundings. 

                                    
��

��
� (�t-Ts) 

The Newton’s laws of cooling is given by 

                             
��

��
= � (�t-Ts) 

Where Tt is the temperature of time t and  

             Ts is the temperature of the surroundings 

             K is a constant 

The formula can be used to find the temperature at a given time .The SI unit of 

temperature is the Kelvin (K) ,but degrees celcius (oC) is common temperature at  

a certain time= Surrounding temperature+(starting temperature –surrounding 

temperature)*exponential to the power (-constant cooling* time) 

                         T(t)=Ts + (To-Ts)e(-kt) 
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T (t)-temperature of an object at a certain time (Kelvin k) 

 t-   time (s) 

Ts- temperature of the surroundings (Kelvin k) 

To- starting temperature of the object (Kelvin k) 

k-a cooling constant 

Note: The greater the difference in temperature between the system and 

surroundings more rapidly the body temperature changes. 

When a body cools in an enclosure, the quantity of heat lost depends upon the 

temperature of the body above the surroundings and on the nature and the 

surface area of the body. The body cools due to convection and radiation .The 

rate of cooling is expressed by Newton as an empirical law called Newton’s laws 

of cooling. 

-One physical system in which many important phenomena occur is that where an 

initial uneven temperature distribution causes heat to flow of course as heat flow, 

the temperature distribution changes, which in turn modifies the heat flow. That 

is to say: Heat flow from hot places to cold ones, and as this happens, the 

temperature of cold places rises and the temperature of hot places decreases. 

These are two rough mathematical rules governing the relationship between heat 

flow and temperature change. Heat flow is proportional to spatial rates of change 

in temperature distribution. The time rate of temperature change at any point is 

proportional to the rate of heat flow into that point. Students come to see the 

exponential trend demonstrated through the changing temperatures measured 

while heating and cooling a beaker of water. This task is accomplished by first 

appealing to students real-life heating and cooling experiences and by showing an 

example exponential curve. After reviewing the basic principles of heat transfer, 

students make predictions about the heating and cooling curves of a beaker of 

tepid water in different environments. During a simple teacher 

demonstration/experiment, students gather temperature data while a beaker of 

tepid water cools in an ice water bath, and while it heats up in a hot water bath. 
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They plot the data to create heating and cooling curves, which are recognized as 

having exponential trends, verifying Newton’s result that the change in a sample’s 

temperature is proportional to the difference between the sample’s temperature 

and the temperature of the environment around it. Students apply and explore 

how their new knowledge may be applied to real-world engineering applications. 

Engineering connection:-  Heat transfer is a broad topic used in many branches of 

engineering. For example, mechanical engineers who design engines-from steam 

locomotives to modern internal combustion engines-rely on a detailed 

understanding of how heat moves through all types of matter. Industrial 

engineers use heat transfer concepts to design climate control systems for 

manufacturing facilities, such as foundries or refrigerated food production 

facilities, which integrate temperature-sensitive human workers with extreme 

temperature processes. Moreover, heat transfer is so critical to biological 

engineering that it has spawned the specialty of ‘bioheat’ transfer which is the 

study of normal functioning of the cardiovascular system as well as inherently 

heated treatments such as cryo-surgery and laser-based therapies. 

Problems: 

Example1: The big pot of soup has a part of his summer job at a restaurant, Jim 

learned to cook up a big pot of soup late at night, just before closing time, so that 

there would be plenty of soup to feed customers the next day. He also found out 

that, while refrigeration was essential to preserve the soup overnight, the soup 

was too hot too hot to be put directly into the fridge when it was ready.(The soup 

had just boiled at 100 degrees C, and the fridge was not powerful enough to 

accommodate a big pot of soup if it was any warmer than 20 degrees C).Jim 

discovered that by cooling the pot in a sink full of cold water,(kept running, so 

that its temperature was roughly constant at 5 degrees C) and stirring 

occasionally, he could bring that temperature of the soup to 60 degrees C in ten 

minutes. How long before closing time should the soup be ready so that Jim could 

put it in the fridge and leave on time? 

Solution: 

 Let us summarize the information briefly and define notation for this problem. 
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 Let  

T(t)=Temperature of the soup at time t(in min). 

T(0)=To = initial temperature of the soup=100 deg. 

Ta= Ambient temperature (temp of water in sink)=5 deg. 

Given: The rate of change of the temperature dT/dt, is (by Newton’s  law of 

cooling) proportional to the difference between the temperature of the soup T(t) 

and the ambient temperature Ta .This means that: 

                  dT/dt is proportional to (T- Ta).       

Here a bit of care is needed: Clearly if the soup is hotter than the water in the sink 

T (t)-Ta >0, then the soup is cooling down which means that the derivative dT/dt 

should be negative. (Remember the connection between a decreasing function 

and the sign of the derivative).This means that the equation we need has to have 

the following sign pattern: 

                               
��

��
=-k(T-Ta) 

Where,  k is a positive constant. 

This equation is another example of a differential equation. The Independent 

variable is t for time, the function we want to find is T(t), and the quantities Ta ,k 

are constants. In fact, from Jim’s measurements, we know that Ta=5, but we still 

don’t know what value to put in for the constant k.  

Example:2 A pot of soup starts at a temperature of  373.0 K, And the surrounding  

temperature is 293. 0 K . If the cooling constant is k = 0.00150 1/s, what  will the 

temperature of the post of soup be after 20.0 minutes? 

Answer: The soup cools for 20.0 minutes, which is: 

 t=20.0 min × 
�� �

� ���
 

t=1200 s 

The Temperature of the soup after the given time can be found using the 

formula: 

T (t) =   �� +  (�� − ��)  �(���) 

T (1200 S) = 293.0 k  + (373.0 k-293.0k) �
(����.������

�

�
�(���� �))

 

            T (1200 s) = 293.0 K + (373.0 K – 293.0K) �(��.���)             
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T (1200 s) =  293.0 K + (373.0 K – 293.0K) (0.1653) 

T (1200 s) =  293.0 K + (80.0 K )(0.1653)      

T (1200 s) =  293.0 K + 13.224 K 

T (1200 s) ~  306.224 K 

           After 20 minutes, the soup’s Temperature is 306.224 K. 

Example 3:  A rod of iron is heated in a forge to a temperature of 1280.0K.The rod 

is then plunged in to bucket of chilled water with a temperature of 280.0 K .After 

10.0 s, the temperature of the iron rod drops to 329.7K. What is the cooling 

constant for this iron rod in water? 

Answer: The cooling constant can be found by rearraning the formula: 

   T(t) =   �� +  (�� − ��)  �(���) 

∴T(t) - �� = (�� − ��)  �(���) 

∴
 �(�) � ��

�����
 = ���� 

The next step uses the properties of logarithms. The natural logarithm of value is 

related to the exponential function ( �� ) in the following way:  

If y= ��, then  lny  =  X.  To continue rearranging the formula, the natural 

logarithm is applied to both sides: 

 
 �(�) � ��

�����
 = ���� 

 ∴ �� �
 �(�) � ��

�����
� = �������� 

 ∴ �� �
 �(�) � ��

�����
� = −�� 

           ∴- �� = �� �
 �(�) � ��

�����
�  

  ∴  � = − 
�

�
�� �

 �(�) � ��

�����
� 

 
Using this formula for the cooling constant k, the solution can be found: 

 � = − 
�

�
�� �

 �(�) � ��

�����
� 

 � = − 
�

��.� �
�� �

(���.��)�(���.��)

(����.��)�(���.��)
� 
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� = − 
�

��.� �
�� �

(��.��)

(����.��)
� 

� = − 
�

��.� �
��(0.0497) 

� = − 
�

��.� �
��(−3.002) 

� =  
�.���

��.� �
 

� =  0.300 1/� 

The cooling constant for the iron rod in water is K =0.300 1/s. 

Example 4 

The oil is heated to 70℃. It cools to 50℃ after 6 minutes.Calculate the times 

taken by the oil to cool from 50℃ to 40℃. Given the surrounding temperature  

Ts=25℃. 

Solution : 

Given: 
Temperature of oil after 10 min = 50℃, 
Ts=25℃. 
Ts=70℃. 
T=6 min 
The Newton’s law of cooling formula is expressed as 

T(t) =   �� +  (�� − ��)  ���� 

T(t) − ��  /�� − �� =   ����  

-kt ln = ln  T(t) − ��  /�� − �� 

-kt = ln 50-25/70-25 

        =ln 0.555 

K=−(−0555/6) 

   =0.092. 

If  T(t) = 45℃ (average temperature as the temperature decreas from    50℃ to 
40℃) 
Time taken is –kt ln e=   ln T(t)−��/�� − ��  

−(0.092)� = ln 45 −
25

70
− 25 
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−0.092 � =  −0.0597 
 

     T =−0.597/−0.092 
         =6.489 min. 

Example 5: Anil heats the water to 80℃.He waits for 10 min. How much would be 
the temperature if k = 0.056 per min and surrounding temperature is 25℃ 
Solution: 
Given: 
�� = 25℃ 
�� = 25℃ 
T=10 min, 
K=0.056 
The Newton’s law of cooling formula is expressed as 

 

T(t) =   �� +  (�� − ��)  ���� 
       = 25  +  (80-25)e-(0.56) 
        = 25+55x0.57 
         = 45.6 ℃ 

Temperature cools down from  80℃ to 45.6 ℃ after 10 min. 

Conclusion: This paper explained one of the application of differential equations 

which is Newton’s laws of cooling. When a body cools in an enclosure, the rate of 

cooling is expressed by Newton as an empirical law called Newton’s law of cooling  

which says that the temperature of many objects can be modeled using a 

differential equation. Newton’s law of cooling states that the rate of heat loss of a 

body is directly proportional to the difference in the temperatures between the 

body and its surroundings provided the temperature difference is small and the 

nature of radiating surface remains same. As such, it is equivalent to a statement 

that the heat transfer coefficient, which mediates between heat losses and 

temperature difference is a constant. This condition is generally true in thermal 

conduction(where it is guaranteed by Fourier’s law), but it is often only 

approximately true in conditions of convective heat transfer, where a number of 

physical processes make effective heat transfer coefficients somewhat dependent 

on temperature differences. Finally, in case of heat transfer by thermal radiation, 

Newton’s law of cooling is not true.  

Suraj Punj Journal For Multidisciplinary Research

Volume 8, Issue 12, 2018

ISSN NO: 2394-2886

Page No: 85



References: 

1. Gibbons, Patrick. Physics. Boston: Barron’s, 1992 

2. B.S.Grewal, Higher Engineering Mathematics,42ndEdition,Khanna Publishers 

3. Bell, Randy, National Educational Technology Standards For Students 

Curriculam Series: Science units for grades 9-12. City: ISTE, 2005 

4. Greenberg, Advanced Engineering Mathematics, 9th Edition, Wiley- India 

5. Peter O Neil, Advanced Engineering Mathematics, Cengage Learning 

 

 

 

 

 

 

 

 

 

Suraj Punj Journal For Multidisciplinary Research

Volume 8, Issue 12, 2018

ISSN NO: 2394-2886

Page No: 86


