
45. The mechanical equivalent of heat 
 

(2 weeks, 20 points) 

 

Issues: mechanical equivalent of heat, mechanical work, heat, heat capacity, first law of thermodynamics 

specific heat capacity. 

 

Literature:… 

 

 
The purpose of this experiment is to determine mechanical equivalent of heat for tested 

objects. Furthermore, assuming the equivalent of mechanical work and heat, specific heat of 

aluminum and brass can be found. 

 

1. Equipment needed to carry out the exercise 

 

• "Mechanical heat equivalent" application 

• Friction cylinder made of CuZn, m = 1.28 kg 

• Friction cylinder made of Al, m = 0.39 kg 

• Tripod rod - PASS-, l = 250 mm 

• Cross connector - PASS- 

• Dynamometer – 10 N 

• Dynamometer – 100 N 

• Digital stopwatch, 1/100 s 

• Table holder (type G), -PASS- 

• Universal terminal with connector 

• Weight, 1000 g 

• Weight, 5000 g 

 

2. Preparation and execution of the experiment 

 

Prepare the experiment as shown in above photo. On beginning secure firmly the friction 

cylinder, the rotary handle support, and a base plate against the table using fastening screws. 

Not taking care of it may cause the base plate to wobble during the experiment, which can lead 

to breakage of the thermometer located in the hole. Friction tape attached to the dynamometer 

entwine the cylinder 2.5 times (in such a way that, when the handle is rotated clockwise, the 

dynamometer is relieved). At the bottom of the friction belt attach the proper weight. To 

measure the temperature, fastened by a universal clamp thermometer should be carefully 

inserted into the hole. The thermometer should be precisely align according to the cylinder hole 

to make sure that the thermometer does not burst during cylinder revolutions. To improve 

thermal contact, the hole inside the cylinder was filled with heat conducting paste. 

At the beginning of the experiment, record the temperature every 30 seconds for 4 

minutes. Then turn the crank handle specific number of times (e.g. 200) as fast and evenly as 

possible. At the same time using a dynamometer measure a force acting on the strap. Next at 

30 second intervals, record a steady decline temperature. 

Run the second part of the experiment in a similar way. Measure the heat capacity of 

cylinders made of aluminum and brass. Before starting the experiment wipe the cylinder and 

tape with a dry cloth to get rid of possible metal filings. With number of handle turns n, average 

force FD and temperatures increase ΔT determine the specific heats of both cylinders. 

 



NOTE: When using an aluminum cylinder, friction should not exceed 10 N (therefore use a 

weight of 1 kg and more accurate 10 N dynamometer) to avoid excessive abrasion and 

smudging of the tape. 

 

3. Theory 

 

For a long time it was considered whether the heat of the system, determined by its 

temperature, was a form of energy, or an independent quantity. In first mid-nineteenth century 

it was proved that mechanical energy resulted of friction is completely converted into heat, 

regardless of the transformation process and physical and chemical features of used materials. 

Heat has been properly defined as energy of disordered, macroscopically invisible particle 

movements. 

 
Fig. 1: Balance of forces when rotating the friction cylinder 

 

The relationship between mechanical work ΔW, and the value of heat generated by 

friction ΔQ is called a mechanical equivalent of heat. During this experiment, mechanical work 

is done by rotating the cylinder relative to the moving on friction forces FR of synthetic tape. 

Since the weight M (Fig. 1) does not accelerate during the turn of a handle, the force balance 

can be written as: 

𝐹𝑅 = 𝐹𝐺 − 𝐹𝐷    (45.1) 

The work done by friction can be expressed as: 

𝑊 = 2𝜋𝑟𝑛𝐹𝑅 = 2𝜋𝑟𝑛(𝐹𝐺 − 𝐹𝐷)  (45.2) 



While the synthetic tape moves on the cylinder, much of the mechanical work is being 

transformed into heat, due to the elastic deformation of the abrasive material. Consequently, 

the cylinder temperature T increases because of friction by the difference ΔT: 

𝑄 = 𝐶𝑡𝑜𝑡∆𝑇     (45.3) 

where Ctot is the total heat capacity of the heated parts. 


