












Pressure in a liquid at
rest increases linearly
with distance from the
free surface



























Measurement of Pressure: Barometers

Evangelista Torricelli 

(1608-1647)

The first mercury barometer was constructed in 1643-1644 by Torricelli.  He 

showed that the height of mercury in a column was 1/14 that of a water barometer, 

due to the fact that mercury is 14 times more dense that water.  He also noticed 

that level of mercury varied from day to day due to weather changes, and that at 

the top of the column there is a vacuum.



Torricelli’s Sketch

Schematic:

Note, often pvapor is very small, 

0.0000231 psia at 68° F, and 

patm is 14.7 psi, thus:























Compressible fluid
• Gases are compressible i.e. their density varies with 

temperature and pressure  r =P M /RT

– For small elevation changes (as in engineering 
applications, tanks, pipes etc) we can neglect the 
effect of elevation on pressure

– In the general case start from: 
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Atmospheric Equations

• Assume linear
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• Assume constant
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Temperature variation with altitude 
for the U.S. standard atmosphere



Compressible Isentropic
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Measurement of Pressure: Manometry

Manometry is a standard technique for measuring pressure using liquid 

columns in vertical or include tubes.  The devices used in this manner are 

known as manometers.

The operation of three types of manometers will be discussed today:

1) The Piezometer Tube

2) The U-Tube Manometer

3) The Inclined Tube Manometer

The fundamental equation for manometers since they involve columns of 

fluid at rest is the following:

h is positive moving downward, and negative moving upward, that is pressure 

in columns of fluid decrease with gains in height, and increase with gain in 

depth.



Measurement of Pressure: Piezometer Tube

pA (abs)

Moving from left to right:

Closed End “Container”

pA(abs) - 1h1 = po

po

Rearranging: 11hpp oA =−

Gage Pressure

Then in terms of gage pressure, the equation for a Piezometer Tube:

Note: pA = p1 because they

are at the same level



Disadvantages:

1)The pressure in the container has to be greater than atmospheric 

pressure.

2) Pressure must be relatively small to maintain a small column of 

fluid.

3) The measurement of pressure must be of a liquid.

Measurement of Pressure: Piezometer Tube





















Inclined Manometer

• To measure small pressure differences need to magnify Rm

some way.
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Inclined Manometer



Measurement of Pressure: Inclined-Tube Manometer
This type of manometer is used to measure small pressure changes.

pA

pB

Moving from left to right: pA + 1h1 - 2h2 = pB
- 3h3

h2

q

q

h2
l2

2

2sin
l

h
=q qsin22 lh =

Substituting for h2:

Rearranging to Obtain the Difference:

If the pressure difference is between gases:

Thus, for the length of the tube we can measure a greater pressure differential.



Measurement of Pressure: Mechanical and Electrical Devices

Spring 

Bourdon Gage:

Diaphragm:




