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Chapter 1, Solution 53.

A barometer is used to measure the height of a building by recording reading at the bottom and at the top of the building. The height of the building is to be determined.

Assumptions  The variation of air density with altitude is negligible.  
[image: image25.bmp]Properties The density of air is given to be ( = 1.18 kg/m3. The density of mercury is 13,600 kg/m3.

Analysis Atmospheric pressures at the top and at the bottom of the building are


[image: image27.bmp]
Taking an air column between the top and the bottom of the building and writing a force balance per unit base area, we obtain
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It yields

h = 288.6 m
which is also the height of the building.

Chapter 1, Solution 57.

A gas contained in a vertical piston-cylinder device is pressurized by a spring and by the weight of the piston. The pressure of the gas is to be determined.

Analysis Drawing the free body diagram of the piston and balancing the vertical forces yield
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Thus,
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Chapter 1, Solution 67.

Water is poured into the U-tube from one arm and oil from the other arm. The water column height in one arm and the ratio of the heights of the two fluids in the other arm are given. The height of each fluid in that arm is to be determined.

Assumptions  Both water and oil are incompressible substances.
Properties The density of oil is given to be (  = 790 kg/m3. We take the density of water to be ( =1000 kg/m3.

Analysis The height of water column in the left arm of the monometer is given to be hw1 = 0.70 m. We let the height of water and oil in the right arm to be hw2 and ha, respectively. Then, ha = 4hw2. Noting that both arms are open to the atmosphere, the pressure at the bottom of the U-tube can be expressed as 
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Setting them equal to each other and simplifying,
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Noting that ha = 4hw2, the water and oil column heights in the second arm are determined to be
  

[image: image8.wmf]m

 

0.168

 

=

®

+

=

2

2

2

       

   

4

 

(790/1000)

m

 

0.7

w

w

w

h

h

h


  

[image: image9.wmf]m

 

0.673

 

=

®

+

=

a

a

h

h

       

   

(790/1000)

m

 

168

.

0

m

 

0.7


Discussion Note that the fluid height in the arm that contains oil is higher. This is expected since oil is lighter than water.   
Chapter 1, Solution 73.

The gage pressure of air in a pressurized water tank is measured simultaneously by both a pressure gage and a manometer. The differential height h of the mercury column is to be determined.

Assumptions The air pressure in the tank is uniform (i.e., its variation with elevation is negligible due to its low density), and thus the pressure at the air-water interface is the same as the indicated gage pressure. 

Properties We take the density of water to be (w =1000 kg/m3. The specific gravities of oil and mercury are given to be 0.72 and 13.6, respectively.

Analysis Starting with the pressure of air in the tank (point 1), and moving along the tube by adding (as we go down) or subtracting (as we go up) the 
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 terms until we reach the free surface of oil where the oil tube is exposed to the atmosphere, and setting the result equal to Patm  gives
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Rearranging,
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or,
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Substituting,
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Solving for hHg  gives   hHg = 0.582 m. Therefore, the differential height of the mercury column must be 58.2 cm.

Discussion Double instrumentation like this allows one to verify the measurement of one of the instruments by the measurement of another instrument
Chapter 1, Solution 75.

The top part of a water tank is divided into two compartments, and a fluid with an unknown density is poured into one side. The levels of the water and the liquid are measured. The density of the fluid is to be determined. 

Assumptions 1 Both water and the added liquid are incompressible substances. 2 The added liquid does not mix with water.

Properties  We take the density of water to be ( =1000 kg/m3. 

Analysis Both fluids are open to the atmosphere. Noting that the pressure of both water and the added fluid is the same at the contact surface, the pressure at this surface can be expressed as 
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Simplifying and solving for (f  gives
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Discussion Note that the added fluid is lighter than water as expected (a heavier fluid would sink in water). 

Chapter 1, Solution 87.

An airplane is flying over a city. The local atmospheric pressure in that city is to be determined. 

Assumptions The gravitational acceleration does not change with altitude.

Properties The densities of air and mercury are given to be 1.15 kg/m3 and 13,600 kg/m3.
Analysis The local atmospheric pressure is determined from
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The atmospheric pressure may be expressed in mmHg as
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Chapter 1, Solution 101.

A helium balloon tied to the ground carries 2 people. The acceleration of the balloon when it is first released is to be determined.

Assumptions  The weight of the cage and the ropes of the balloon is negligible.  
Properties The density of air is given to be ( = 1.16 kg/m3. The density of helium gas is 1/7th of this.

Analysis The buoyancy force acting on the balloon is
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The total mass is
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The total weight is
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Thus the net force acting on the balloon is
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Then the acceleration becomes
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