Measurement of Atmospheric Pressure With Inverted Tube Water Barometer.
Purpose:  In this experiment the student will measure the pressure of the atmosphere by compressing a known volume of air with a water column.
Apparatus:  Inverted tube water barometer, supply of water.
Method:  Let an inverted cylindrical tube of length L, closed at one end, be lowered, open end down, into a container of water as depicted in Fig. 1 below.  As the tube makes contact with the water surface from above (where yb = ym = ys and yt = yb + L ) the air  trapped in the volume of the tube at that time is compressed by the added pressure due to the depth below the surface. By measuring the variation of compression with depth one can extract the value of the (initial) atmospheric pressure of the captured air sample by analyzing a graph expressing this variation. [image: image1.png]Data Table 1
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                                                              Fig.1
We can treat the captured air as an ideal gas, so  P V = n R T, with  P  the absolute pressure, V the volume, n the number of moles of air, R the Universal gas constant, and T the absolute temperature. Since the amount of gas is constant, and the temperature can be assumed a constant for the duration of the experiment, then
relates the pressures and volumes of the trapped air sample  at any two degrees of submersion, (1) and (2).  If P1 represents the original (atmospheric) pressure of the uncompressed air and V1 the original volume of uncompressed air, then
Where A is the cross-sectional area of the inner inverted tube and L is its length. Therefore, if point 2 refers to the air-surface boundary inside the tube, then Eq(1) becomes 
Since, by the increase of fluid pressure with depth we know that
where  ρ is the density of the water, then with Eq(3) and Eq(4) one can show that
This equation allows us to measure the atmospheric pressure Patmos by plotting the left-hand side of Eq(5) as a function of ym-yb and extracting the slope of the resulting straight-line graph, as illustrated below, using the symbol z to represent the left hand side of Eq(5):
Procedure: 
1. Measure the inside length L of the inner tube which will be inverted and which will contain the trapped air sample. Record results in Data Table 1.
2. Fill the outer tube with an appropriate level of clean water. The level must be such that when the inner tube is completely immersed the surface level ys measures nearly 
       to the level of the top of the outer tube.
3. Carefully lower the inner tube until the open lip makes contact with the water surface and continue lowering the outer tube a few centimeters below the outer surface level. Secure the apparatus at this depth with the elastic attachments and measure the values for the levels yb, ym, and ys. Record these values in Data Table 1. Be extremely careful that none of the original air escapes as the inner tube is lowered below the surface.
4. Continue this process, lowering the inner tube several centimeters between each set of measurements, until the inner tube is completely lowered to the bottom of the outer tube.  This completes the data-taking. Disassemble the apparatus and empty the tubes.
5. Complete the calculations to fill out the other columns in Data Table 1. Include in your Lab Report samples of each type of calculation carried out.
6. If time permits, use the computer graphing program to generate the graph corresponding to Fig.2 , using the data collected in your Data Table 1. If  there is not enough time left in the lab period this graph will have to be prepared at home.
7. Record under Data Table 1 your measurement of the slope of the graph. Be sure to include measurement uncertainty. Include the Data Table from this handout as part of your Laboratory Report, along with your graph corresponding to Fig.2. 
Questions to address in the analysis section of your report: 
1. What are the main sources of error and variation in this experiment? Be quantitative as per the description of measurement uncertainty in Chapter 1 of your physics text.
2. How does your group's measurement of atmospheric pressure compare to the published value for that day as reported by your lab instructor?
3. Compare the compression of your air column to that which would have occurred if the liquid had been liquid mercury instead of water.Be quantitative. What advantages and disadvantages have relative to the water system used here? 
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