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Basic problems for ideal gases  

and  

problems to the first law of thermodynamics and cycles 

 

SHORT SUMMARY OF THE FORMS: 

Equation of ideal gases:  

Number of moles:  

Universal gas constant:  

General gas equation or general low for ideal gases:   

Boyle-Mariotte’s principle: If ,   

Gay-Lussac’s 1st principle: If ,  

Gay-Lussac’s 2nd principle: If ,  

For adiabatic processes: , , ,  

First law of thermodynamics U=Q+W    for special processes:  

 U Q W 

isochoric 

  

0 

isobaric 

  
 

Isothermic/isothermal 0 

  
adiabatic 

 

0 

 
 

Values for kappa: 
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Consequence: Let we use air as a double atomic gas (gas with molecules of double atoms). 

Cycles: 

Thermal efficiency of the Carnot-type thermodynamic cycle:  , if .  

Thermal efficiency of a general type of thermodynamic cycle for problems solving: 

, or , where i=1…n are the numbers of the processes in a 

thermodynamic cycle. (remark: , ) 

Thermal efficiency of a general type of thermodynamic cycle as correct definition: , 

where W’ is the work done by the gas on the surrounding medium. 

 

PROBLEMS: 

Basic problems and first law of thermodynamics: 

1) A balloon full with helium floats at somewhere several kilometers height of the 

atmosphere of the Earth. The volume of the balloon is 800 m3 at the mentioned height. 

Temperature and pressure of the helium fill is equal to the temperature and pressure of 

the air neighboring the balloon, which are -50 C and 5.26103 Pa, respectively. How 

many moles of helium are in the balloon? What is the mass of the helium gas? (Molar 

mass of the helium is M=4 g/mol). What was the volume of the balloon on the surface of 

the Earth when someone just started it? The temperature of the gas was 0 C and the 

pressure of the helium was 105 Pa on the surface. (n=2269.66 mol, V0=51.51 m3). 

2) There is gas in a gas container. A valve on the container will be opened and a quarter of 

the gas quantity will be released to the outer range. Due to this process the temperature 

of the gas will be decreased by 20%. What is the decrease of the gas pressure? (40%)  

3) 8.31 Wh (Watthours) heat is transmitted to 1 mole single atomic ideal gas. The gas 

temperature is 27 C and the pressure is constant during the process (slow process). 

What is the new temperature? What is the change of the internal energy of the gas? 

What is the work done during the gas is surrounding? (1739.307K, U=17949.60J, 

W=11966,40J) 

4) 500 liters of oxygen is given with pressure of 106 Pa and temperature of 30 C. The 

oxygen will be compressed isothermally to the 1/5th of its original volume. What is the 

work done by the outer neighboring medium during the gas is being compressed? What 



3 
 

is the heat transmitted to the gas during the process? What is the change of the internal 

energy of the gas? What is the new pressure of the gas at the end of the process? (U=0, 

W=804718.956J, Q=-W, p=5106 Pa)    

5) Air is compressed from 10 liters to 2 liters using two different ways. First way is use of 

adiabatic and second way is use of isothermal way. Work done by the neighbor medium 

during the adiabatic process is Wa. Work done by the neighbor medium during the 

isothermal process is Wi. What is the higher value, Wa or Wi? Explain the problem 

graphically! What is the ratio of Wa and Wi? (Wa>Wi) 

6) An unknown, general thermal process on a given amount of air will be made. The 

process is plotted on the Figure 1. Does the temperature of the air decrease or increase 

during the process? What is the work done by the gas during its surrounding? Data are: 

p1=105 Pa, p2=1.4105 Pa, V1=0.07 m3, V2=0.11 m3. (increasing, W=4800 J) 

 

 
Figure 1. Figure to the problem 6). 

 

7) How many moles of gases are in a gas tank if the volume of the tank is 10 m3, and the 

pressure and the temperature of the medium are 0.9105 Pa and 17 C, respectively? 

(n=373.5 moles)  

8) Nitrogen gas will be compressed keeping the temperature constant. Data for the gas: 

number of moles is 1 mol, temperature is 40 C, pressure is 1.2105 Pa. The final volume 

is 13 liters. What is the final pressure of the nitrogen? M=28 g/mol. (2105 Pa)  

9) In a sleeping room there is approximately 2500 moles of air. What is the change of the 

internal energy of the air during the temperature of the room is decreasing from 24 C to 

12 C? The pressure is kept constant. (Use the air as a double atomic gas.) (U=-6.23105J)  

10) During an adiabatic process the work done by the neighbor medium on the oxygen gas 

is 146 kJ. The mass of the oxygen gas is 32 kg. What is the change of the gas temperature 

during the process? What is the change of the internal energy of the gas? M=32 g/mol. 

(7 C, 146 kJ) 

 

Cycles: 

1) A heat engine works by Carnot thermodynamic cycle between temperature limits of  

500 C and 100 C. During every single thermodynamic cycle the heat absorbed by the 
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system is 250 J. What is the heat absorbed by an outer cold heat container (or in other 

words the heat dissipated from the heat engine to the medium)?  At least how many 

thermodynamic cycles have to be made if the engine has to raise up a piece of stone 

from the surface (0th level) to 100 meters height? Mass of the stone is given by 500 kg. 

(Qdissipated=120.634 J, 3865 thermodynamic cycles) 

2) A thermodynamic cycle is made with the working gas air. Pressure and temperature of 

the air is 1 bar and 27 C, respectively in the original status. The mentioned 

thermodynamic cycle can be described as follows: Step (1) first, the air is expanded 

isothermally to a new volume which is 4-times greater than the original volume. Step (2) 

as next, the volume is compressed to the original volume keeping the pressure constant. 

Step (3) finally, the gas is gone back to its original status. What is the thermodynamic 

efficiency of the given cycle? ( ) 

3) What is the efficiency of the thermodynamic cycle given by Figure 2? The cycle is made 

by double atomic gas (gas molecules with double atoms, for example N2) and . 

( ) 

 

Figure 2.: Figure to the problem 3). 

4) A thermodynamic cycle is given by Figure 3. The working gas is oxygen (O2).  What is 

the thermal efficiency of the cycle, if the followings are given: , ratio of 

compression is 6? What is the thermal efficiency of a special Carnot-cycle works in 

between the same temperature limits belong to problem 4)?  

( , ) 

 

Figure 3.: Figure to problem 4). 
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5) The working gas of a thermodynamic cycle is oxygen. In the original status the gas is 

given by the following status indicators: , , . As first 

step of the cycle the gas is warmed up to the pressure of  keeping the 

volume fixed. After it the volume of the gas is extended to its double value keeping the 

pressure constant. Next step is: the gas is cooled down to the original pressure during 

the volume of the gas is fixed. Finally, the gas is gone back to the original status holding 

the pressure constant. What is the thermodynamic efficiency of the cycle and what is the 

work done during the whole thermal cycle?   ( , W’=3000 J) 

6) Original volume of an ideal gas is  at pressure value of and at 

temperature of C. The gas takes part in  the thermodynamic cycle given here: As first 

step the pressure of the gas is increased to  keeping the volume constant. Next 

step is to expand the gas isothermally to the original pressure value. After it, as last 

process is made: the gas is gone back to its original status keeping the pressure fixed. 

What is the temperature during the isothermal process? What is the volume reached at 

the end of the isothermal process? What is the work done by the gas during its whole 

cycle? (T2=341.25, V3=2.510-3 m3, W’=6.9415 J) 

7) What is the thermodynamic efficiency of a Diesel-engine cycle? The cycle is shown on 

Figure 4. Give us the thermodynamic efficiency by only temperatures! ( ) 

 

Figure 4.: Figure to problem 7) 

8) What is the theoretical thermodynamic efficiency of an Otto-engine if  and the 

ratio of the compression is  (see Figure 5)? What is the heat dissipated to the 

surrounding medium if the heat absorbed by the cycle is ? 

( , ) 
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Figure 5.: Figure to the problem 8). 

9) The working gas is helium (He) in a thermodynamic cycle given by Figure 6. All known 

parameters are the followings: , , , . 

What are the heats during all the given processes (separately)? What are the works done 

during the processes (calculate the work for all given processes separately)? What is the 

change of the internal energy during the processes (separately)? What are these values 

for the whole cycle? What is the thermodynamic efficiency of the cycle? (Q1=2.25105 J, 

Q2=-2.4105 J, Q3=0.45105 J, W1’=0.9105 J, W2’=0, W3’=-0.6105 J, U1=1.35105 J, U2=Q2, 

U3=1.05105 J, Q=0.3105 J, W’=0.3105 J, U=0, =11.1%) 

 

Figure 6.: Figure for problem 9). 


