
11. The study of light bulb radiation 
 

(1 week, 8 points) 

 

Issues: current, voltage, resistance, temperature dependence of resistance, electric power, 

internal resistance of voltmeter and ammeter, blackbody radiation, 

Stefan-Boltzmann law. 

 

Literature: Szc1 ,t.3,214÷219, t.4, 190÷192. 

 

 
The aim of the experiment is to determine the current-voltage characteristics of the bulb, 

determination of filament temperature based on changes in resistance, making a plot of bulb 

electric power in function of T4 and estimation of Stefan-Boltzman constant. 

The measuring system consists of an adjustable DC power supply, voltmeter and 

ammeter, tested bulb and tungsten filament identical to those used in the light bulbs. 

 

Careful handling with the filament is requested! 

 

1. Carrying out measurements. 

 

Assemble a setup for determination of the current-voltage characteristic. Remember to 

take into account the internal resistance of the instruments and not to damage instruments by 

measuring high values of currents and voltages in too small ranges. Remember also to measure 

all the values in the smallest possible ranges (higher accuracy!). In order to check the 

repeatability of measurements, measure the characteristic by increasing and then reducing 

current values. 

Read the temperature in the room. 

Measure the resistance of a switched-off bulb with a multimeter. 

Using the analytical balance, determine the mass of the filament. 

 

2. Data evaluation. 

 

Prepare a graph of I(U) relation (current-voltage characteristic) and R(U). Check 

whether the resistance value extrapolated to zero matches the value determined by a multimeter. 

Based on the temperature dependence of tungsten filament resistance (given in the table) 

determine the filament’s temperature. Use the fact that at room temperature T0 the fiber 

resistance is known and equal to R0. At higher temperature, T, the fiber resistance is equal to R, 

so: 

𝑟(𝑇)

𝑅
=

𝑟(𝑇0)

𝑅0
          (11.1) 

where r(T) is the resistance value at temperature T taken from the table. 

For each point of the current-voltage characteristic, determine the electric power emitted 

by the bulb, P = IU. Assume that this is also the power radiated by the bulb (is this a reasonable 

assumption?). 

The total power P radiated by a black body at temperature T is given by Stefan-

Boltzmann law: 

𝑃 = 𝜎0𝑆𝑇
4      (11.2) 



where S is the body’s surface. In order to check (11.2), present the results of the measurements 

on the chart P(T4), where T is the temperature of the filament (in Kelvin scale). Check whether 

the points form a straight line. If so, determine the slope coefficient of that line, which should 

be equal to σ0S. 

In order to estimate the filament’s surface, use its mass measurement. Assume that the 

filament is coiled from a wire with a radius   and length L and that the density of tungsten is 

equal to d. Then: 

𝑚 = 𝜋𝛼2𝐿𝑑          (11.3) 

From the definition of specific resistance, one can have: 

𝑅0 = 𝜌
𝐿

𝜋𝛼2
          (11.4) 

By transforming equations (11.3) and (11.4) one can obtain the lateral surface area of the wire: 

𝑆 = 2𝜋𝛼𝐿 = √
16𝜋2𝑅0𝑚

3

𝜌𝑑3

4
          (11.4) 

Using (11.5) estimate the fiber’s surface area. Tungsten density and specific resistance at room 

temperature can be found in the literature. From the determined slope coefficient of the line 

(see (11.1)) and surface area S, estimate the Stefan-Boltzmann constant. 

 

Tungsten wire resistance, corresponding to a length of 1 cm and a diameter of 1cm on 

the base of "Tables of physical quantities", Moscow, Atomizdat 1976, p. 316. 

 

Temperature 

[K] 

Resistance 

[10-6 Ω] 

Temperature 

[K] 

Resistance 

[10-6 Ω] 

273 6.37 2000 72.19 

293 6.99 2100 76.49 

300 7.20 2200 80.83 

400 10.26 2300 85.22 

500 13.45 2400 89.65 

600 16.85 2500 94.13 

700 20.49 2600 98.66 

800 24.19 2700 103.22 

900 27.94 2800 107.85 

1000 31.74 2900 112.51 

1100 35.58 3000 117.21 

1200 39.46 3100 121.95 

1300 43.40 3200 126.76 

1400 47.37 3300 131.60 

1500 51.40 3400 136.49 

1600 55.46 3500 141.42 

1700 59.58 3600  

1800 63.74 3650 149.15 

1900 67.94   

 


