
 

FYSP103 / 1 IDEAL GAS 

 

1 Introduction 

In this exercise you will study properties of ideal gases and measure the moisture 

content of the air in laboratory room assuming that the air behaves like an ideal gas. A 

sufficient reference before starting is Young and Freedman, University Physics 11th ed., 

chapter 18.1 and further ch. 18.3.  Same information (in a different form) can be found 

in older text books Ohanian, Vol. 1, p. 469 - 479 and Alonso-Finn, Vol. 1, p. 417 – 420. 

  

2 Postulates and formulae related to ideal gas 

Ideal gas is postulated to obey following basic properties 

• The size of molecules is negligible small so that they occupy only a minor fraction 

of the volume of the gas sample. This means also that the molecules are very far 

from each other. Outside forces on the molecules are negligible. The forces acting 

on them are related on their mutual collisions. 

• Collisions are totally elastic and the collision time is very small so that the collisions 

are instant compared to the time between collisions. 

Above conditions lead to the following empirical ideal gas formula  
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where p = pressure, V = volume, m = mass, M = mole mass, T = temperature and R = 

universal gas constant = 8,314 J / (mole K). 

From eq. (1) we can deduce the density of the gas 
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Eq. (1) also tells that the volume of a mole of ideal gas does not depend on mole mass M 

whenever pressure p and temperature T remain constant. Mole volume is independent 

of the type of the gas. So called normal state NTP is defined as follows 
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Mole volume Vm corresponding to NTP is 
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The pressure in NTP is 
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3 Moisture content of air and the density 

Air can be considered as an ideal-gas mixture, whose main components are nitrogen 

and oxygen. In addition air contains small amounts of carbon monoxide, noble gases 

and water vapour. The relative amount of water vapour depends largely on conditions. 

The amount of other components is very precisely constant. The mole mass and density 

of air depend thus sensitively of the water vapour content. 

So called partial pressure of a gas component means the pressure that the component 

creates compared to the total pressure.  Eq. (1) shows, that the pressure of a gas depends 

on amount of material in gas but not on the mole mass. The partial pressure eI   

is thus 
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where ni is the amount of gas i, n total amount of the gas mixture and p the total 

pressure. 

Following basic definition are related to define the moisture content of the air: 

• Absolute moisture F, which is the amount of water steam in units of mass per 

volume unit e.g. 3cmg . The absolute moisture is dependent of the air conditions.   
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• Maximal moisture Fm corresponds to the vapour pressure of water in a state where 

no more water in vapour phase can exist. This vapour pressure of water so called 

saturation pressure Fm depends thus on temperature i.e. the absolute amount of 

water vapour air can contain depends on temperature. 

• Relative humidity f gives in percents the amount absolute humidity F compared to 

maximal humidity i.e. f = (F/Fm) * 100 % 

• Condensation point is the temperature where F= Fm. In this temperature the water 

vapour starts to condense into droplets. Water vapour can also exist in so called over 

saturation phase i.e. relative humidity f is over 100%. This kind of situation can 

happen when the air contains not enough centers (particles) for the condensation to 

begin. In the dew point the partial pressure e equals to the saturation pressure i.e. 

mee = . 

If the mole mass of dry air is iM  and the mole mass of humid air'1M , we can derive an 

equation 
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Where wM  is the mole mass of water, e is the partial pressure of water steam and p is 

the total pressure. 

The relation between the partial pressure of water steam and the saturation pressure is 

equal to the relative humidity 
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With equations (7) and (8) we can deduce the density of dry air with the density of moist 

air, the relative humidity as well as saturation and total pressures. Work out this relation 

and write the result as well as details of the derivation in your report. 
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4 The experiment  

Pump a vacuum as good as possible to a laboratory bottle. Connect the bottle into a 

pressure meter and read the pressure in the bottle. Weigh the bottle using the Precisa 

XB220 (reading precision 0.1 mg) scale. 

With several repeated steps, fill the bottle until to the outside pressure. During every 

step define the pressure alike the first measurement. At least 15 steps should be reached 

with nearly equal pressure differences. Minor changes in the pressure differences are 

not crucial for a reliable result.   

Define the relative humidity with a hair hygrometer. The device functions since the 

length of the hair depends of its moisture. The scale is calibrated comparing it with an 

absolute instrument. Define the partial pressure and the mass of the water vapour with 

the aid of table 1. 

Note! The bottle is made of glass and is in vacuum. Use protective 

goggles! 

 

5 Results   

Plot the measured (p, m)-pairs and perform a linear fit. Equation (1) can be written as   

 

 p
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In the fit the slope of the curve corresponds the term
RT

VM
. What does the constant term 

tell you? With this linear fit, determine the total mass of the humid air in the bottle at the 

room pressure (including error analyses). With this, the density of the humid air can be 

calculated when the volume V of the bottle is known. Use the max-min –method in 

error analyses. 

From the density of humid air (with the help of T, f and p) the density of dry air is 

calculated. What do you see when the densities of the humid and dry air are compared? 

How do you explain it? Normalise the result to NTP-conditions and compare your result 
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with the one given in literature (be sure the density found in literature is also given in 

NTP).  

 

Table 1. Humidity of the air 

 

t [[[[°°°°C]]]] Em [[[[Pa]]]] Em 

[[[[mmHg]]]] 

Fm [[[[g/m3]]]] t [[[[°°°°C]]]] Em [[[[Pa]]]] Em 

[[[[mmHg]]]] 

Fm [[[[g/m3]]]] 

11 1312 9,84 10,0 21 2485 18,64 18,3 

12 1401 10,51 10,7 22 2642 19,82 19,4 

13 1496 11,22 11,4 23 2807 21,06 20,6 

14 1597 11,98 12,1 24 2982 22,37 21,8 

15 1704 12,78 12,8 25 3166 23,75 23,0 

16 1817 13,63 13,6 26 3359 25,20 24,4 

17 1936 14,52 14,5 27 2563 26,73 25,8 

18 2062 15,47 15,4 28 3778 28,34 27,2 

19 2195 16,47 16,3 29 4003 30,03 28,7 

20 2337 17,53 17,3 30 4240 31,81 30,3 

 


