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Terms to know: gauge pressure, barometer, buoyancy

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
11.6. Gauge Pressure, Absolute Pressure, and Pressure Measurement
• Define gauge pressure and absolute pressure.
• Understand the working of aneroid and open-tube barometers.
11.7. Archimedes’ Principle
• Define buoyant force.
• State Archimedes’ principle.
• Understand why objects float or sink.
• Understand the relationship between density and Archimedes’ principle.
11.9. Pressures in the Body
• Explain the concept of pressure the in human body.
11.6 Gauge Pressure, Absolute Pressure, and Pressure Measurement
Gauge pressure is the pressure with respect to atmospheric pressure.  When you measure the pressure of air in a tire you read the gauge pressure.   The instrument you use to measure the pressure of the tire is between the gas in the tire and the atmosphere.  The pressure in the tire creates a force on the instrument.  The atmospheric pressure creates a force in the opposite direction on the instrument.  The instrument responds to the difference in the forces and displays the difference in the pressures.  The true pressure is found by adding the atmospheric and gauge pressure values.  Most calculations require a true (also called absolute) pressure, not a gauge pressure.

PTRUE = PGAUGE + PATMOSPHERE
Q1.  What is the absolute pressure in a tire when the tire gauge shows a pressure of 18 lb/in2 ?

What questions do you have on the open-tube manometer ?

Describe the construction / operation of a mercury barometer.  Why is the tube closed and the gas evacuated in the column where the pressure reading is recorded?

The atmospheric pressure is used to balance the pressure created by a column of mercury.  As the atmospheric pressure varies the value of h for the mercury column varies.  Why is water not commonly used for constructing this type of barometer?

11.7 Archimedes’ Principle
Suppose that an object is submerged in a fluid.  At what point on the object does the pressure have its largest value   a) above the object   b) on the side of the object    c) at the bottom of the object?
Since Force = Pressure * Area, the upward force on the object due to the fluid is greater than the downward force on the object.  This difference in force is the buoyant force.  Archimedes’ Principle states that the value of the buoyant force is equal to the weight of the displaced fluid.  It is true for objects of any shape.  This principle applies for both liquids (people swimming, iron ships) and gases (hot air balloons, helium balloons).   Buoyant Force (BF) is the best friend for swimmers!

Buoyant force =  mass of displaced fluid * g    or

Buoyant force = (density of displaced fluid * volume of displaced fluid ) * g    or

Buoyant force = (density of displaced fluid * volume of object that is displacing fluid ) * g  

The third calculation is the one that is commonly used to solve problems.

Q2.  What is the buoyant force when a 1200 gram piece of aluminum displaces 400 cm3 of sea water?

Q3.  What is the apparent weight and mass of this piece of aluminum?

What is the maximum number of 70 kg students who can stand on a raft made of 10 pine boards (each board is 400 cm x 40 cm x 20 cm ) such that everyone’s feet is dry?  The raft is floating in fresh water (4 oC).  Let the density of the pine board be 0.45 grams/cm3 .    The solution will be given in class.  You need to write an equation that shows the net force in the vertical direction is zero.  The upward force is the buoyant force for the system.  The downward force is the weight of the system.

What volume of lead should be attached to the bottom of a pine board (mass = 1.2 kg) such that the board becomes totally submerged in sea water but does not continue to sink?  Let the density of the pine board be 0.45 grams/cm3 .  You need to write an equation that shows the net force in the vertical direction is zero.  The upward force is the buoyant force for the system.  The downward force is the weight of the system.   The upward force is the result of two displacements.  The wood and the lead displace sea water.  The downward force is the sum of the weights of the wood and the lead.  

Why do ships made of iron not sink? (at least when initially placed in water at the shipyard)

Is it possible to make a canoe out of concrete?

11.8 Cohesion and Adhesion in Liquids: Surface Tension and Capillary Action

We are skipping this material.

11.9 Pressures in the Body
It is important to monitor various pressures in the body.  Why is there such a big range of pressures in the bladder?

Why is an IV bag for a patient in a hospital placed on a pole about 30 cm above the entry point of the IV?  (Recall P = ρ g h )

We will not do any calculations for the material in this section.

What questions do you have on the material in this chapter?

---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1.  First comment:  Unless you have specially designed tires, 18 lb/in2 is too low and presents a safety issue.  Check the sidewall of your tires to find the recommended gauge pressure.  The air pressure in an auto tire (in 2012) is normally around 35 lb/in2.  Standard atmospheric pressure is about  14.7 lb/in2 so the true pressure would be 18 + 14.7 or 32.7 lb/in2 .  Let’s convert this to standard units.  1 atmosphere is 1.013 x 105 Pascals.    

32.7 lb/in2   *   1.013 x 105 Pascals  /    14.7 lb/in2   2.25 x 105 Pascals is the true pressure

Q2.  B.F. = 1,025 kg/m3 * 400 cm3  * ( 1 m3 / 1 x 106 cm3 )   0.410 Newtons
Q3.  The apparent weight of the iron object would be the weight measured in air – B.F.

(I am ignoring the buoyant force created by the displacement of air.  Why?)

The apparent weight is :

mg – B.F.   or  (1.2 kg * 9.8 m/s2 )  - 0.410 Newtons    or  11.76 N - .410 N    11.35 N

Weight = mg

11.35 N = “m” g   The apparent mass is   11.35 N / 9.8 m/s2    1.158 kg  or  1,158 grams.
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