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Abstract 

Energy is one of the fundamental quantities in physics. Energy occurs in different 

forms, which can be converted one into the other. In a closed system, the total energy 

is conserved in the course of conversion processes. In this experiment, the 

equivalence of mechanical energy Em and thermal energy Eth is established 

experimentally. Mechanical work Em is expended by turning a crank handle against 

the frictional force. This leads to a temperature rise of the calorimeter and thus to an 

increase in the thermal energy Eth. The two energy forms can be registered 

quantitatively in units of newton meter (Nm) and Joule (J) by measuring the 

temperature ϑ and the number of revolutions so that their numerical equivalence can 

be demonstrated experimentally: Em = Eth. 

 

Keywords: mechanical energy, heat energy, conservation of energy, calorimeter, 

heat balance, heating. 

 

The Main Part: 

Energy is one of the most important fundamental laws of nature; according to it, in 

any closed system, energy does not appear from nothing and does not disappear, but 

only changes from one type to another. Burke, if there are only conservative forces in 

the system, the total mechanical energy of the system remains unchanged, that is, 

kinetic energy is transformed into potential energy and vice versa. If in a closed 

system there are non-conservative forces, such as frictional forces, in addition to 

conservative forces, the total mechanical energy of the system decreases with time. As 

a result, non-mechanical energies: thermal or chemical, electromagnetic field 

energies, etc., increase over time. But the sum of all forms of energy does not change 

over time. 
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We used the following equipment to observe the transformation of mechanical energy 

into thermal energy: Sensor-CASSY, CASSY Lab 2, Timer box or Timer S, 

Temperature box, Temperature sensor NiCr-Ni  or NiCr-Ni adapter S , Temperature 

sensor NiCr-Ni, type K, Forked light barrier, infrared, Multicore cable, 6-pole, 1.5 m, 

Equivalent of heat, basic apparatus, Calorimeter, water calorimeter, copper 

calorimeter with heating, aluminum calorimeter with heating, large aluminum 

calorimeter with heating, Bench clamp, simple, Stand base, V-shape, 20 cm, Stand 

rod, 10 cm, Stand rod, 25 cm, Clamp with jaw clamp, Weight, 5 kg, PC with Windows 

XP/Vista/7/8. 

When conducting an experiment, we assemble the device in the following order. 

* The equivalent of a heating device is fixed to the corner of the table. 

* A bench clamp is attached to the edge of the table at a distance of approx. 40 cm 

from the plastic mounting of the main device. As shown in the drawing, the clamp for 

the installation of the temperature sensor is fixed using a 25 cm rod with a jaw clamp. 

* The calorimeter is installed with the hole facing up and water is poured into the hole. 

* The cover is inserted into the hole and held in place by the locking screw. 

* The filled calorimeter body is attached to the main apparatus, the rivet pins are 

placed in their plastic sockets and the calorimeter body is screwed to fix the pins. 

* The temperature sensor is inserted into the hole of the calorimeter as deep as 

possible and the locking screw of the calorimeter is tightened. As shown in the 

drawing, the temperature sensor is fixed using the already prepared stand material. 

* A weight of 5 kg is placed under the body of the calorimeter. 

* The nylon strap is wound approx. Around the calorimeter 4 times (maximum 6) and 

it is connected to the weight on the floor. The weight should hang from the front side 

of the crank. 

* The handle of the crank is operated and it is checked that the weight of 5 kg is raised 

a few centimeters and that it is kept at a constant height when the handle is turned 

more. If it rises too high, the number of turns of the nylon band is reduced; if it does 

not rise at all, the number of turns is increased. 

* To measure the number of revolutions NA1, the plug light barrier is placed using the 

stand base as shown in the drawing and connected to input A of Sensor-CASSY 

through the timer box. 

* The temperature sensor ϑB11 is connected to input B of the Sensor-CASSY through 

the temperature box (socket T1) to measure the temperature. 

mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/CASSYs/Sensor-CASSY/Introduction.htm
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/CASSYLab/Introduction.htm
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524034
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524074
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524045
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_5240673
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(pic.1) 

The temperature 𝜗𝐵11 is already displayed graphically as a function of the number of 

revolutions 𝑁𝐴1 during the measurement. In the prepared diagram Evaluation, the 

thermal energy is plotted against the mechanical energy that has been provided by 

turning the crank against the friction. The mechanical energy Em is equal to the 

product of the frictional force and the covered path s:  𝐸𝑚 = 𝐹‧𝑠  (1) with 𝐹 = 𝑚𝑔. (2)     

F = frictional force, m = mass of the weight = 5 kg, g = acceleration of gravity = 9.81 

m/s2 and = 𝑁‧𝑑‧𝜋 .  (3) 

s = frictional path, N = number of revolutions, d = diameter of the calorimeter = 0.047 

m.   

Thus the mechanical energy is:  𝐸𝑚 = 𝑚‧𝑔‧𝑑‧𝜋‧𝑁.  (4) 

The increase in thermal energy as a result of the temperature increase is given by: 

Eth = C·(ϑ2 - ϑ1) 𝐸𝑡ℎ = 𝐶‧(𝜗2 − 𝜗1)  (5) 

The heat capacity C depends on the calorimeter used and is entered into the C setting 

according to the following table:  
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Calorimeter Heat capacity C/(J/K) 

Water  40 + mH2O/g · 4.2 (mass of the water in g) 

Copper  264 + 4.2 (for 1 g water in the bore) 

Aluminum  188 + 4.2 (for 1 g water in the bore) 

Aluminum, large  384 + 4.2 (for 1 g water in the bore) 

 

The equivalence of the mechanical energy Em and the thermal energy Eth can be 

confirmed by means of a fit to a line through the origin. Usually the slope of the 

straight line through the origin is somewhat smaller than 1. This is due to heat loss 

which is not registered, for example by thermal contact of the calorimeter with the 

nylon band or the plastic mounting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Pic. 2) 

 

Summary  

Using this device, it is very convenient to observe the transformation of mechanical 

energy into thermal energy, and the efficiency of the device is high. The law of 
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conservation of energy is very well explained in the experiment. the experimental 

analysis is shown in Figure 2. 
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