V2.2: Demonstration of Atmospheric Pressure

(Related to Textbook Section 2.3 - Pressure Variation in a Fluid at Rest)

The sea level atmosphere exerts about 14.7 lbs of force per square inch of surface area. We do not easily observe this pressure on everyday objects because the pressure acting on a typical body, such as the shown in the video, is the same on the inside and outside of the can.

However, the effect of this sea level pressure becomes clear when the air inside the can is heated. Because the top of the can is open to the atmosphere, hot air can flow out of the can and decrease the air mass within the can. Therefore, the temperature of the air inside the can increases while the pressure remains approximately constant at atmospheric pressure. An increase in air temperature at constant pressure causes a decrease of the air density within the can (from the ideal gas law, see Chapter 1) that corresponds to the mass lost by the hot air escaping from the can.

In the video, the heated can is sealed and placed in a cold water bath. Initially, the hot air within the can is at atmospheric pressure. Consider, an idealized situation where the can does not deform. In this situation, the air density within the can would be constant since the volume of the can and the trapped air mass do not change. As the gas within the can cools and the temperature decreases at constant density, the pressure would drop below the atmospheric pressure outside the can (from the ideal gas law).

Even a small change in pressure can have an enormous effect. For example, a 10 inch by 10 inch metal sheet that experiences a 0.5 lb per square inch change in pressure will feel a net force of about 50 pounds. In the video, the force created by the pressure imbalance is enough to crush the can. Notice that when the can collapses the volume within the can decreases, and the pressure increases, resulting in a more complicated problem than the idealized one discussed above.
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