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9.4: Measurement of Pressure

The pressure of the atmosphere is exerted in all directions, not just downward, at any given altitude. You can show this with a
simple party trick that allows you to invert a cup of water without spilling a drop.

The video above certainly goes a long way towards showing that air exerts pressure in all directions, but how do we go about
measuring that pressure? Below you see a , which is a device for measuring pressure invented a long time ago and is still
used today. To find out how it works, read on.
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Figure 9.4.1 A mercury barometer. (a) A tube filled with Hg(l) is stoppered with a cork and inverted in a beaker of mercury. (b)
When the cork is removed, mercury flows out of the tube until atmospheric pressure (at point A) just balances pressure due to the
column of mercury (at point B). The region C above the mercury in the tube is an almost perfect vacuum with zero pressure.
Therefore the pressure of the mercury column, of height h, equals atmospheric pressure.
Barometers measure pressure in a rather indirect way, using liquid displacement to define how how much pressure is applied. An
inverted tube (see above) is placed into a beaker full of a liquid (often mercury or water). The pressure of the air presses down on
the liquid in the beaker, causing it to rise into the tube. The amount of liquid that rises into the tube can be measured (usually in
terms of height) and compared, giving us a comparable and repeatable measurement.

To summarize, the maximum height of liquid which can be supported by atmospheric pressure provides a measure of pressure. It
turns out that a column of water about 10 m (more than 30 ft) high can be held up by earth's atmosphere. This would be an
inconvenient height to measure in the laboratory, and so a much denser liquid, mercury, is used instead. The mercury barometer, a
device for measuring atmospheric pressure, is shown in Figure 9.4.1.

Another tool of measurement is the manometer, pictured below. A manometer has a bulb (pictured below as the giant circle) with a
known pressure. The tube section connected to the ball is filled with a liquid, in this case mercury. The end of the tube is open to
the atmosphere, which exerts a pressure on the mercury. The pressure inside of the bulb exerts a pressure from the other side.
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If the atmospheric pressure is greater than the internal pressure, the manometer will look like the second image. If the atmospheric
pressure is less than the internal pressure, then the manometer will look like the first image. If the pressures are the same, the levels
will be equal on each side. The difference in height between the two sides of the two can be quantified, providing a measurement of
pressure.

Figure 9.4.2 Use of a mercury manometer. (a) Measuring a pressure greater than atmospheric; (b) measuring a pressure less than
atmospheric. P, = atmospheric pressure, Pyg = pressure of mercury column; Py, = pressure of confined gas.

The liquid is placed in the "U" shaped tube connected to the big circle containing the gas. For case "A", the level of the liquid in the

left side of the tube is lower than the level at the right side. For case "B", the level in the left side of the "U" shaped tube is greater

than the right side.
Although the Pascal is the accepted SI unit of pressure, it is not yet in general use in the United States. Therefore, one must also be
familiar with the atmosphere. The atmosphere is also convenient because 1.000 atm is nearly the same as the atmospheric pressure
each of us experiences every day of our lives. This gives a concrete reference with which other pressures can be compared. For
these reasons we will usually employ the atmosphere as the unit of pressure for the remainder of this chapter. Nevertheless, there
are a number of cases where using the Pascal gives a significant insight into gas behavior. In such cases we shall use the newer
internationally recognized unit.

v/ Example 9.4.1 : Atmospheric Pressure

A barometer is constructed as shown in Figure 1. The cross-sectional area of the tube is 1.000 cm? and the height of the
mercury column is 760.0 mm. Calculate the atmospheric pressure.

Solution First calculate the volume of mercury above point B. Use the density of mercury to obtain the mass, and from this,
calculate force and pressure as in Example 1 from "Pressure.”

V =1.000 cm? x 760.0 mm = 1000 cm x 760.0 mm x 1 cm x (10 mm)~! = 76.00 cm 3
migg = 76.00 cm? x 13.595 g cm ™ = 1033.2 g = 1.0332 kg

F=ma=1.0332kg x9.807ms2=10.133kgms2 =10.133 N

P=E - 018N _ 018N, (100n)? — 10133 x 10* Nm—2 =101.33 kPa

A 1 cm?2 1 cm?2

The preceding example shows that a mercury column 760.0 mm high and 1.000 cm? in area produces a pressure of 101.33 kPa
(1 atm). It can also be shown that only the height of the mercury column affects its pressure. For a larger cross section there is a
greater mass of mercury and therefore a greater force, but this is exerted over a greater area, leaving force per unit area
unchanged. For this reason it is convenient to measure pressures of gases in terms of the height of a mercury column that can
be supported. That is, we might report the atmospheric pressure in Example 1 as 760 mmHg instead of 101.3 kPa or 1.000 atm.
It is useful to remember that 760 mmHg = 1.000 atm = 101.3 kPalhe pressure of a gas in a container is often measured
relative to atmospheric pressure using a manometer. This is a U-shaped tube containing mercury and connecting the container
to the air (Figure 2).

v/ Example 9.4.2: Pressure

A mercury manometer is used to measure the pressure of a gas in a flask. As shown in Figure 2b, the level of mercury is higher
in the arm connected to the flask, but the difference in levels is 43 mm. Barometric pressure is 737 mmHg. Calculate the
pressure in the container (a) in millimeters of mercury; (b) in kilopascals; and (c) in atmospheres.

Solution
a) Py + Py =Py
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Pgas =Py — PHg
Pys =737 mmHg — 43 mmHg = 694 mmHg

b) Pys =694 mmHg x %ﬂg =92.5kPa ¢) Py, = 694 mmHg x Wﬁ}g =0.913 atm

Note that essentially the same procedure suffices to convert from millimeters of mercury to either kilopascals or atmospheres.

Laboratory measurements are usually made in millimeters of mercury, but further calculations almost invariably are more
convenient if kilopascals or atmospheres are used.

This page titled 9.4: Measurement of Pressure is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed Vitz,
John W. Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.
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