
© 2019 JETIR May 2019, Volume 6, Issue 5                                                  www.jetir.org  (ISSN-2349-5162) 

JETIRBU06003 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 13 
 

Newton’s Law of cooling and its application to 

find time related temperature of body  

Aditya Gaur[1], Jasmeet Singh Ratra[2], Deep Nakhva[3], Prof. Parmeshwari Aland[4] 

Ajeenkya DY Patil University, Charoli, Pune-412105 

Abstract: One everyday phenomenon –milk getting cold in a pot– is studied as an example of a 

typical method used in physics i.e. Newton’s law of cooling. The first step is 

to focus attention to the development and to gather some expertise. Secondly  

 experiment controls conditions and with totally different variants of studied objects..The 

third step is a shot to grasp the results of the experiment and also the nature of the 

phenomenon. To reach that within the case of cooling milk, we tend to attempt to follow the 

pathway of warmth within the studied system. we are able to guess that some heat is employed 

for evaporation, some heat is radiated to surroundings and alternative quantity of warmth 

accepted from surroundings. We conjointly should not forget the transport of warmth between 

liquid and pot, through the pot and finally between pot and surroundings. we have a tendency to 

don't live the individual heat flows, but we have a tendency to place them into the step and from 

the comparison of the step prediction for the time-dependent temperature with the information 

we have a tendency to deduce the role of various mechanisms and the parameters that enter the 

model. 
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Introduction  

A standard situation from the lifestyle could be a pot of hot milk slowly obtaining cold once we forget 

about it. will it matter what reasonably the pot we tend to use? What square measure and role the 

physics processes play during this normal occurrence? Which processes are necessary, which less? 

will we tend to influence the evolution within the direction we want, like cool quicker to drink in hurry 

or cool slower throughout our busy activity? let us find out with experiments. Firstly we measure the 

temperature dependent on time of the milk cooling  in a pot. The measurement must be completed 

intervals, e.g. in every five minutes, either with a usual mercury thermometer (our case) or with some 

more sophisticated equipment. The estimated error of our measurement is about 0.3◦C. We would 

prefer to concentrate to the elaborated understanding of the measured dependence and to distinctive 

the relevant physics phenomena tributary to the process. Firstly, we should know about the Newton’s 

Law of Cooling. 
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Newton’s Law of Cooling 

 The Newton's Law of Cooling computes the temperature of associate degree object of mass M 

because it is heated by a flame and cooled by the encompassing medium. The model assumes that the 

temperature T at intervals of the object is uniform. Newton’s law of cooling states that the speed at 

that a heat body cools is roughly proportional to the distinction between the temperature of the object 

(warm) and the temperature of its surroundings.. Newton’s law  of cooling is generally limited to 

simple cases where the mode of energy transfer is convection, from a solid surface to a surrounding 

fluid in motion, and where the temperature difference is small, approximately less than 10º C. When 

the medium into which the hot body is placed varies beyond a simple fluid, such as in the case of a 

gas, solid, or vacuum, etc., this becomes a residual effect requiring further analysis (Whewell , 1866).  

 Introduction to the Principle of Heat Transfer 

 Heat transfer is a science that studies the energy transfer between two bodies due to temperature 

difference. In the simplest form, the heat transfer is concerned only with temperature, and also the 

flow of heat. Temperature represents the quantity of thermal accessible, whereas heat flow represents 

the movement of thermal energy from place to position. On a 4 microscopic scale, thermal energy is 

expounded to the K.E. of molecules. The larger is a material's temperature, the larger the thermal 

agitation of its constituent molecules. It is natural for regions containing bigger molecular mechanical 

energy to pass this energy to regions with less mechanical energy. Many material properties serve to 

modulate the heat transferred between 2 regions at differing temperatures. Examples embody thermal 

conductivities, material densities, specific heats, fluid velocities, surface emissivity, and fluid 

viscosities. Taken together, these properties serve to form the answer of the many heat transfer 

problems associate concerned method. Heat transfer mechanisms may be sorted into 3 broad classes: 

(Conduction, Convection and Radiation).   

Conduction  

Conduction is the flow of warmth through solids and liquids by vibration and collision of molecules 

and free electrons. The molecules of a given perspective of a system that square measure at higher 

temperature vibrate faster than the molecules of alternative points of an equivalent system or of 

alternative systems- that are at lower temperature. The molecules with the next movement touch the 

less energized molecules and transfer a part of their energy to the less energized molecules of the 

colder regions of the structure.. For example, there is transfer of heat by conduction during the car’s 

bodywork. Metals are the good heat conductors; while non-metals are bad heat conductors. For 

conduction of heat from one object to another they must be in contact. If the contact is obstructed, 
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conduction ends. Another example is, if we put a spoon in a pot of hot chocolate, the heat energy is 

conducted with the spoon. Conduction is most effective in solids-but it can happen in fluids.   

 

Convection  

is the flow of warmth through currents inside a fluid (liquid or gas). Convection is the displacement of 

volumes of a substance during a liquid or foamy part. When a mass of a fluid is hot, for instance once 

it's to bear with a hotter surface, its molecules are scattered inflicting that the mass of that fluid 

becomes less dense. For this reason, the warmed mass will be displaced vertically and/or horizontally, while 

the colder and denser mass of fluid goes down (the low-kinetic-energy molecules displace the molecules in 

high-kinetic-energy states). Through this process, the molecules of the hot fluid transfer heat continuously 

toward the volumes of the colder fluid. For example, once heating up water on a stove, the degree of 

water at rock bottom of the pot are going to be warm up by physical phenomenon from the metallic 

bottom of the pot and its density decreases. Given that it gets lesser dense, it shifts upwards up towards 

the surface of the water’s volume and displaces the upper -colder and denser- mass of water 

downwards, to the bottom of the pot. Natural convection happens once the flow of a liquid or gas is 

primarily because of density differences inside the fluid because of heating or cooling of that fluid. 

Forced convection occurs once the flow of fluid (liquid or gas) is primarily because of pressure 

variations. 

 

Radiation 

Radiation is that the transfer of warmth from one object to a different by means that of electro-

magnetic waves. Radiative heat transfer doesn't need that objects be in grips or that a fluid flows 

between those objects. Radiative heat transfer occurs in the void of space (that’s how the sun keeps us 

warm). Individuals in a very space at 70 o F air temperature could feel uncomfortably cold if the walls 

and ceiling square measure at 52 o F. Conversely, they will feel uncomfortably heat if the walls square 

measure 80 o F. even if the air temperature is that the same in each cases, the radiative cooling or 

warming of their bodies relative to the walls and ceiling can have an effect on their comfort level 

(people sense heat gain or or, not temperature). Radiation heat transfer is the exchange of thermal 

radiation energy between two or more bodies. Thermal radiation is outlined as radiation within the 

wavelength varies of 0.1 to 100 microns and arises as a result of a temperature distinction between two 

bodies. No medium want exist between the 2 bodies for warmth transfer to require place as is required 

by conductivity and convection. Rather, the intermediaries square measure photons that travel at the 

speed of sunshine. The heat transferred into or out of associate object by thermal radiation could be a 
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function of many components. These embody its surface reflectivity, emissivity, expanse, temperature, 

and geometric orientation with reference to different thermally taking part objects. In turn, associate 

object's surface reflectivity and emissivity could be a function of its surface conditions (finish, 

roughness, etc.) and composition. 

Methodology 

We will start with a simple assumption that the heat transferred from the hot milk to the colder 

surroundings per unit time is dependent only on the temperature difference and that this dependence is 

linear:  

                             ∆Q/∆τ = k(𝑡𝑐 − 𝑡𝑠),  

          Where, k is the coefficient of the heat exchange between milk and surroundings, 

           𝑡𝑐 is the changing temperature of the milk,  

          𝑡𝑠 is the constant temperature of surroundings. 

We assume that the milk temperature is uniform. Than we can write the equation relating the heat loss 

with the change of the milk temperature with time τ in the form  

m c ∆𝑡𝑐 ∆τ = ∆Q ∆τ = k(𝑡𝑐− 𝑡𝑠) 

 Where, m is the mass of milk and c is the specific heat capacity of it. 

 This relates to Newton’s law of cooling. 

We solve this equation in approximately simplest possible manner we only check that the time step is 

sufficiently small not to influence the results. We fitted the coefficient k to meet the data. We may 

expect heat losses by evaporation and related loss of milk mass. Heat may be radiated to surroundings 

and accepted from it. The pot is heated initially so it cools; it's going to have the temperature totally 

different from milk. Heat is transferred through all the surfaces.  

 Here we use the “brute force method” to improve the step agreement and data - arbitrary constant x is 

introduced 

                 ∆Q/∆τ = k(𝑡𝑐 − 𝑡𝑠) x .  

The introduction of this exponent is clearly a substitute for higher and additional careful description of 

the method. Each parameters k and x area unit applied.  
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We’ll try and introduce all the on top of mentioned effects.  

 

• Transfer of heat from milk to the pot:  

            ∆Q1/∆τ = k1 (𝑡𝑐 − 𝑡𝑝); 

• Milk evaporation to surroundings:  

                    ∆Q2/∆τ = vlv𝑡𝑐P, 

    Where, v is the speed of evaporation, lv is specific heat of vaporization, P open surface; 

 • Radiation from milk to surroundings:   ∆Q3/∆τ = ασT4 c P,  

   Where, σ is the Stefan-Boltzmann constant, α is the absorptivity of milk;  

• Radiation from surroundings to milk:          ∆Q4/∆τ = ασT4 s P 

 • Transfer of heat from pot to surroundings:   ∆Q5/∆τ = k2 (𝑡𝑝 − 𝑡𝑠);  

• Radiation from pot to surroundings:              ∆Q6/∆τ = βσT4 p S,  

   Where, S is the emitting surface of the cup, β is the absorptivity of its material; 

 • Radiation from surroundings to pot:            ∆Q7/∆τ = βσT4 s S; 

  

Although we do not tend to have any elaborate information on the dependence of evaporation speed on 

temperature and different conditions, we are able to try and place a free power z within the “vaporizing” 

term: 

                ∆Q2/∆τ = vlvt z cP.  

In the next step we suppose the pot with nonzero thickness to treat totally different pots. It means we 

have a tendency to assume there is an external and enclosed temperature of the pot. Then we need to 

adapt the 2 already used terms within the following approach:  

             ∆Q1/∆τ = k1(𝑡𝑐 − 𝑡𝑝𝑖),       ∆Q5/∆τ = k2(𝑡𝑝𝑒  − 𝑡𝑠),  

Where, 𝑡𝑝𝑖, 𝑡𝑝𝑒  are the internal and the external pot temperature. 
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Graphical Representation 

                                 T(t) (temperature of the milk)  

 

                                              t (time taken by milk to cool)  

Graph 1: Temperature Vs Time 

The following diagram shows the rate at which milk gets cold in pot where, T is temperature of milk 

and t is the time taken by milk to cool. 

 

Proposed Enhancement 

By introduction of the parameters within the sequence of steps which describe the experiment 

comparatively well. We need additional experiments with specifically directed setup for specification 

of different parameters. To ascertain the importance of the evaporation we have a tendency to place 

some fat on the liquid surface. We have a tendency to use numerous pots with numerous specific heat 

capacities and also the heat conductivities. Comparison of milk and clear water shows US the role of 

the absorption factor of the liquid surface. We performed a collection of experiments with different 

conditions: initially we tend to discover that the results don't depend upon the physical phenomenon, 

necessary for the comparison of milk and water. In the successive step we measured:  

Measured items: 

1. 3 pots (china, vacuum pot and normal metal sheet pot) 

2. 3 liquids (milk, water and water containing fat layer in it) 
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By determination and matching of all coefficients we have justified following facts: 

milk surface radiates and absorbs heat better than water surface 

shining stainless pot radiates and absorbs heat worse than the dim one 

Layer of fat in the liquid prevents evaporation. 

Heat transfers through the china pot a little worse than through the thin metal pot an    

much better than through the vacuum-pot. 
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Conclusion 

This contribution shows the beginning of a story originating from one phenomenon of our everyday 

life. We formulated few steps to describe the cooling down of a cup of milk with rather good final 

result. The sequence of approximations shows how we are pushed towards the more detailed 

description and towards the study which processes are important and which not. We were forced to 

introduce some nonlinearity; we tried to do it by introducing power into evaporation speed. We 

verified its power dependence on the temperature in an independent experiment. The whole story 

shows by simple means the path from observation to the description on some level and may continue 

in further studies. 
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