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Abstract   

The aim of this work, proposed for undergraduate students and teachers is the 

Calibration of temperature of  tungsten filament bulb from electric measurements that are 

simple and precise and also the power dissipated across the filament under considerable 

limitations by following a simple heat transfer model.  

  

  Most of the filament- bulbs exhibit resistivity and yield a high temperature at the 

burning point. In this scenario, an experiment is performed by using available low power 

incandescent bulbs. The experimental results obtained, at higher temperature of the filament 

using  empirical formula, were compared with those of resistivity of the material, in terms of 

linear expansion relation. The melting and boiling points of Tungsten is 3683 Kelvin and 5933 

Kelvin respectively 

I.INTRODUCTION: 

There is number of methods to estimate the 

temperature of the Tungsten filament (Ref. 

1, 2, 3, 4, 5, 6, 9). The following is the 

significant observations from the 

systematic review of literature, regarding 

the Tungsten filament. 

1. A power law exists between the 

resistances R versus temperature T of the 

Tungsten filament.  (Ref.1) 

2.  A transfer of input power predominantly 

into the Planck’s radiation channel through 

Stephan’s law occurs. (Ref.2) 

3. The life time of the filament is governed 

by the rate of thermal evaporation of the 

metal.(Ref. 3) 

4.  The Current - Voltage characteristics of 

the filament lamp is found to exhibit 

hysteresis. (Ref. 5 , 6 ) 

5. An experiment is conducted for 

verification of the Stefan’s Boltzmann law 

by using a low power incandescent bulb. ( 

Ref. 9) 
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        In this present work, commercially 

available low power tungsten filament 

bulbs of 2 watts-12 volts and 21 watts-24 

volts were used. Experimental data plots of 

Resistance versus Voltage and Temperature 

versus Voltage for the tungsten filament 

were done and also the behavior of  

Temperature and Resistance with respect 

voltage as well as current are similar under 

the limitations of experiment. Verification 

of Stefan’s – Boltzmann law is done 

experimentally observed and at low 

intensity of currents it was observed that the 

temperature is not uniform. The results 

obtained are indicative of the transfer of 

electrical power predominantly into the 

Planck’s radiation channel, through Stefans 

– Boltzmannlaw. Also the empirical 

relation of temperature of the filament as a 

function of its resistivity has been 

considered, (Ref no. 6). But it linear 

expansion coefficient (=0.0045 /K) and 

emissivity of the filament (= 0.3, on 

average) have been taken to be constant 

value within this limitation of low intensity 

of currents and  this emissivity could be 

taken so, because of its spectral dependence 

(CRC Hand Book of Chemistry and 

Physics), corresponding to the 

Temperatures, with in the data we have. 

 

 

II.EXPERIMENT: 

In the present experiment 12 Volt (2 Watt), 

24 Volt (21 Watt) commercial bulbs were 

used. The Current – Voltage measurements 

were doneby using a variable DC power 

supply and Multi meters. To determine the 

voltage across the filament and current in 

the series circuit, millimetersare made to 

operate as a voltmeter and ammeter 

respectively. The Resistance of the filament 

is obtained by using Ohm’s law and the 

power dissipation is obtained from the 

Voltage and Current characteristics.  

The temperature of the filament at different 

voltages were measured fromthe empirical 

relation derived from the Stefan’s – 

Boltzmann law as, 

T = 3.05 X 108 ( ρt) 
0.83Kelvin. (since: ρt  = 

ρ0 × 
𝑅𝑓

𝑅0
      )      (Ref . 6) 

From the thermal expansion property, the 

filament temperature is  

T = T0 + { [ ( Rf – R0 ) / α] – 1 }, where α is 

the linear expansion coefficient of the 

material of the filament. 

In terms of Resistivity,  

T = T0 + { [ ( ρt – ρ0 ) / α] – 1 } K 

 

From the above mentioned relations of 

temperature, it was observed that their 

values at low intensity of currents coincide 

approximately (for 2 watts bulb error is 

below 2-5%  from following given 

experimental data and analysis of the Plots. 

With the help of Travelling Microscope we 

counted the no.of helical turns and by 

geometry procedure we evaluated the 

length and radius of the filament:  

1.For 2 watts bulb:  

   Length and Radius of the filament are 2.5 

cm and 10μm, surface area = 2πrL   

2.For 21 watts bulb:  

   Length and Radius of the filament are 23 

cm and 120μm, surface area = 2πrL   

 

Filaments observed through  Travelling 

Microscope : 
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III.MODELING: 

The Stefan–Bolzmann law establishes a 

relation for the energy flux (heat radiation 

emitted per unit area and unit time) 

corresponding to anybody of finite absolute 

temperature (T≠ 0) placed in an 

environment at room temperature To(293 

K), giving a radiated energy increasing with 

the fourth power of the temperature.  

The electrical power input to the lamp is 

represented as the sum of the dissipated 

power by the filament due to conduction, 

convection and radiation processes 

respectively. 

 

V2 / R    = K ( T – T0 ) +eσ A s ( T
4 – T0

4) 

K – The conduction and convection losses 

of the system 

T and T0are the temperatures in Kelvin for 

the filament and the surrounding ambient, 

respectively 

σ - Stefan’s – Boltzmann constant  

   At higher temperatures T4>> T0
4 and for 

low power electrical bulbs (Ref. 2), such as 

those used in present work, the literature 

survey indicate that convention and 

conduction losses are very negligible in 

comparison with the radiation loss. 

Therefore V2 = e σ A s   T
4 R 

   Usually, resistance of the metal increases 

with temperature due to disruption of free 

electron path in the crystal, and a drift 

dislocation of atoms and increase in the 

lattice phonon vibrations. 

The increase in the temperature of the 

Tungsten in the range 300 K to 3655 K can 

be represented in terms of Resistivity as, 

 

T = 3.05 x  108 ( ρt) 
0.83 

 

       For higher temperature of the filament 

conduction, convention and the Newton 

laws of cooling heat energy for low power 

bulbs negligible. 

Here calculating temperatures from the 

temperature coefficient of resistance 

approximately equal to the semi empirical 

relation temperatures and also from the 

logT versus logP graph the slope of a line 

indicates Stefan Boltzmn law accepting.  

T = 3.05 ×  108 ( ρt) 
0.83 K 

    In this method we are using simple 

laboratory equipments and the obtained 

values from this experiment gives us less 

than 2% - 5% of the mean error in these 

values. 

In the present work we have measured R 

and T both as function of voltage V and 

these have been shown in the Results and 

Discussions. 
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IV.RESULT AND DISCUSSIONS: 

The experimental data is as mentioned below 

 

Voltage (volts) Current (I) (Amperes) T = 3.05 X 108 

( ρt ) 
0.83 

T = T0 +  

{ [ ( Rf – R0 ) / α] – 1 }    

Kelvin 

1.59 0.070 793.2 809.71 

2.25 0.084 909.7 917.43 

3.82 0.114 1095 1134.9 

4.24 0.125 1106.5 1148.2 

5.19 0.138 1205.7 1267.6 

6.47 0.157 1300.7 1384 

7.12 0.164 1358.3 1455 

 

 

Voltage (volts) Current (I) (Amperes) T = 3.05 X 108 

( ρt ) 
0.83 

T = T0 +  

{ [ ( Rf – R0 ) / α] – 1 }    

Kelvin 

2.08 0.24 421 421.1 

3.06 0.28 536.6 509.58 

6.13 0.46 642.02 620.26 

8.01 0.52 724.04 709.02 

10.02 0.58 796.36 789.02 

12.50 0.63 856.02 856.16 

13.17 0.67 888.09 892.65 

 

 

The above taking and variable values are mostly readout from standard positioning values for 

digital multimeter. 

GRAPHS:    
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Resistance versus voltage,  Temperature versus voltage curves obtained with 21watts and 2 

watts incandescent filament bulb. These curves indicate the approximate proportionality 

relation between temperature and Resistance.  
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Log R versus Log V and Log T versus Log V curves obtained with 21watts and 2 watts 

incandescent filament bulb. These curves indicate the approximate proportionality relation 

between temperature and Resistance.  
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Log P versus Log T curve obtained with 

21watts and 2 watts incandescent filament 

bulb. This curves indicates the result of 

Stephan’s Boltzmann law.  

The experimental data and the straight line 

represent least square fit to the data 

generated by a computer. 

 

Plot a graph between Voltage versus 

Resistance gives us a non-linear curve and 

logV versus logR gives us a straightline 

represents least square fit to the data 

generated by system.  

Plot a graph between Voltage versus 

Temperature also gives us a non-linear 

curve and logV versus logT gives us 

straight line for those considering bulbs. 

Analysis of the given experimental data 

from the graph known us the resistance of 

the conductor variable with temperature in 

non ohmic region. When we consider total 

power converting to burning temperature of 

the filament then the slope of  the logT 

versus logP graph gives experimental 

evidence of Stefans Boltzmann law.  Which 

is giving the slope 3.892 to 4.01. 

 

V.REGRESSION ANALYSIS OF GRAPHS: 

From the analysis of the 21 watt bulb, the 

relation between log V vs Log R, implies : 

R=5.29 V0.5106 ohms the relation between 

log V vs Log T, implies : T=261.8 V0.436 

ohms therefore, R/T = 0.02 V0.0734 ≈ 0.02 

V0 i.e implies R is proportional to T 

From the analysis of the 2 watt bulb, the 

relation between log V vs Log R, implies : 

R=18.793 V0.4223 ohms the relation between 

log V vs Log T, implies : T= 275.04 V0.3722 

ohms therefore, R/T = 0.06 V0.0501 ≈ 0.02 

V0 i.e implies R is proportional to T. 

From the above verification of two bulbs, 

the resistance of the filament is variable 

with the temperature in the proportionality 

manner. 

 

1.For 2 watts bulb:  

   Length and Radius of the filament are 2.5 

cm and 10μm, surface area = 2πrL   

   P = (2.398X10-14 )T 4.368 

      =  Aεσ T 4.368 

    σ = 5.0912 x 10 -8 watt/m2/K 4 

 

2.For 21 watts bulb:  

   Length and Radius of the filament are 23 

cm and 120μm, surface area = 2πrL   

   P = (2.684X10-12 )T 4.2 
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      =  Aεσ T 4.368 

    σ = 5.1616 x 10 -8 watt/m2/K 4 

 

VI.CONCLUSION: 

 

An experiment using two low power 

incandescent bulbs for the verification of 

Stefans Boltzmann law and the Empirical 

relation  ( T vs ρt ) ---- (Ref.6) 

Two separate sets of measurements were 

made on the filament bulbs included 

filament resistance versus applied voltage 

and filament temperature applied voltage 

results compared. Overall satisfactory 

results were obtained with negligible errors. 

(Ref.10,11,12,13,14,15,16) 

 

Measurement of the filament temperature 

to confirm theoretical results is expected to 

give some confidence in theory to the 

student. To measurement of filament 

temperature by using the Pyrometer. 

(Ref.17,18,19,20,21,23) 

 

When some conducting materials 

added(doped) to Tungsten, due to changes 

in resistance properties, then burning 

temperature of  the filament can be 

controlled. May be by the Annealing 

process, the filament changes more heat-

resistant and the internal structure of the 

tungsten filament changes and deform. The 

filament can become extra soft and flimsy. 
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