Chapter 9 – Solids and Fluids

This chapter deals with properties of solids and fluids (liquid and gases).  One of the properties of a material is its elasticity, which is a measure of the extent to which a force can deform the material.  In particular, the elastic modulus, is defined as
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The elastic modulus is a measure of the stiffness of a material.  Stress is the applied force per unit area (N/m2 = Pascal) and strain is the fractional change in a dimension due to the stress.  There are three main types of elastic moduli.
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Young’s modulus – elasticity of length
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Up to a certain limit, the stress is typically proportional to the strain; i.e., Y is a constant.  Beyond a certain stress called the elastic limit, this proportionality ceases to exist and the material will be irreversibly strained.  Additional stress will eventually break the material.
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Shear modulus – elasticity of shape
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Bulk modulus – elasticity of volume
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(P is the change in the pressure (force per unit area normal to the surface).  The minus sign in the above equation is because an increase in pressure gives a decrease in volume and B is positive.

Example:

A copper wire has a length of 1 m and a diameter of 2 mm.  How much force is required to stretch the wire by 1 mm?  Y(copper) = 11 x 1010 Pa.
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Pressure in a fluid
Pressure is defined as the perpendicular force on a surface per unit surface area.  
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Mass density is mass per unit volume.
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Water has a density of about 1 g/cm3 (= 103 kg/m3).

Due to gravity, pressure increases with depth in a fluid as
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where P0 is the pressure at the top of the fluid and P is the pressure at a depth h.  As seen in the diagram to the right, additional pressure below a section of a fluid is required to keep this section from sinking.  Since this section of fluid is in equilibrium,
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But M = (V = (Ah, so
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If the fluid container is open to the atmosphere, then P0 is atmospheric pressure.  At sea level 


P0 = 1.013 x 105 Pa ( = 14.7 lb/in2 = 1 atm)

Example:

What is the downward force exerted by the atmosphere on top of a 2 m x 1 m desk top.


F = P0A = (1.013 x 105 Pa)(2 m2) = 1.026 x 105 N
Or, F = (2.026 x 105 N)(0.225 lb/N) = 45,585 lb 

= (45,585 lb)(1 ton/2000 lb) = 22.8 tons!!

The reason why this enormous force doesn’t crush the desk is because of a nearly equal upward force on the bottom of the table.

Example:

At what depth in water is the pressure 2 atm?
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Example:
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A mercury manometer consists of an inverted tube of mercury as shown to the right.  The top end is closed and the void at the top is essentially a vacuum.  The bottom end is open and is in an open container of mercury.  What is the height of the column of mercury in the tube?  The specific gravity of mercury is 13.6.
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Hydraulic press
A hydraulic press uses a fluid to magnify an applied force.  A force F1 applied to the small piston of area A1 increases the pressure in the fluid by P1 = F1/A1.  This pressure increase is transmitted uniformly throughout the fluid (Pascal’s principle).  This additional pressure results in a lift on the large piston. 
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Example:

In a hydraulic press, the diameter of the small piston is 2.5 cm and the diameter of the large piston is 10 cm.  If the force applied to the small piston is 500 N, what is the force applied to the large piston?
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Is conservation of energy violated?  Not really.  The large piston only moves ¼ as far as the small piston, so the work done in pushing the two pistons is the same (in the absence of resistance). 
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Archimede’s Principle
Archimede’s principle states that an object submerged in a fluid is buoyed up by a force equal to the weight of the fluid displaced by the object.


[image: image15.wmf]g

V

g

m

W

B

obj

f

f

f

r

=

=

=


The buoyant force, B, is just a consequence of the fact that the pressure below the object is greater than above it.  To understand Archimede’s principle, we envision replacing the object with fluid of the same size and shape.  This fluid must be in equilibrium and have the same buoyant force as the object.  Thus, its weight and the buoyant force must be the same.
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Example:
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A cubical block of aluminum 10 cm on edge is suspended in water by a cord.  What is the tension in the cord?  The density of Al is 2.7 x 103 kg/m3.

Since the block is in equilibrium,
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Example:

An ice cube floats in a glass of water.  What fraction of its volume is below water?  The specific gravity of ice is 0.917.
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Thus, 91.7% of the volume of the ice is below the water.

Fluid Dynamics
Equation of continuity
The rate at which fluid mass flows through two different parts of the same pipe must be the same.  Thus,
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If the fluid is incompressible, i.e., its density is nearly the same throughout the pipe, then we have
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(Eq. of continuity)

Example:

A hose of diameter 3 cm has a nozzle of diameter 1 cm.  If the water flows at 2 m/s in the hose, what is the water speed as it goes through the nozzle?
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Bernoulli’s equation:

Bernoulli’s equation gives a relationship in a flowing fluid between the fluid’s pressure, flow speed, and elevation.  It is based on conservation of energy and holds for an ‘ideal’ fluid.  The ideal fluid would be (1) non-viscous, (2) incompressible, (3) steady in its flow, and (4) non-turbulent.
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Bernoulli’s equation

This means that if you pick any two points in a flowing fluid,
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If the fluid is at rest (v1 = v2 = 0), then Bernoulli’s equation is the same as the earlier equation giving P as a function of depth in a fluid – 
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Qualitatively, Bernoulli’s equation says that the pressure is lower in a region of a fluid where its speed is greater.

Example:

An airplane wing has curvature and angle of attach such that the air speed above the wing is greater than below.  If v(below) = 100 m/s and v(above)  = 103 m/s and the area of the wing is 10 m2, what is the lift on the wing?  The density of air is about 1.3 kg/m3.  The difference in elevation below and above the wing is nearly the same, so y1 ~ y2 and


[image: image24.wmf]N

m

m

N

PA

F

Lift

m

N

s

m

s

m

m

kg

v

v

P

P

P

666

,

6

)

10

)(

/

666

(

/

666

)

)

/

100

(

)

/

105

)((

/

3

.

1

(

)

(

2

2

2

2

2

3

2

1

2

1

2

2

2

1

2

1

=

=

D

=

=

=

-

=

-

=

-

=

D

r


� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���








PAGE  
7
www.lodiscience.com


[image: image35.wmf] 

h

 

P ~ 0

 

P

atm

 

[image: image36.wmf] 

F

 

[image: image37.wmf] 

F

 

F

 

A

 

h

 

D

x

 

[image: image38.wmf] 

A

 

F

 

L

0

 

D

L

 

F

 

[image: image39.wmf] 

h

 

PA

 

P

0

A

 

Mg

 

[image: image40.wmf] 

fluid

 

F

1

 

F

2

 

[image: image41.wmf] 

[image: image42.wmf] 

B

 

W

 

[image: image43.wmf] 

T

 

B

 

mg

 

[image: image44.wmf] 

[image: image45.wmf] 

v

1

 

v

2

 

A

1

 

A

2

 

_1254420681.unknown

_1254445263.unknown

_1254472508.unknown

_1254473207.unknown

_1254505012.doc

[image: image1]

h







P ~ 0







Patm












_1254505180.unknown

_1254476388.unknown

_1254473174.unknown

_1254446208.unknown

_1254446989.unknown

_1254446689.doc

[image: image1]

v1







v2







A1







A2












_1254446113.unknown

_1254423571.unknown

_1254442851.unknown

_1254443820.doc

[image: image1]














_1254444178.unknown

_1254444956.doc

[image: image1]


_1254444144.doc

[image: image1]

T







B







mg












_1254443304.doc

[image: image1]

B







W












_1254424042.unknown

_1254421536.unknown

_1254422457.unknown

_1254423339.doc

[image: image1]

fluid







F1







F2












_1254421598.doc

[image: image1]

h







PA







P0A







Mg












_1254421392.unknown

_1254342428.unknown

_1254380004.unknown

_1254380124.unknown

_1254344175.doc

[image: image1]

A







F







L0







(L







F












_1254345019.unknown

_1254343386.doc

[image: image1]

F












_1254340184.unknown

_1254340915.unknown

_1254342201.doc

[image: image1]

F







F







A







h







(x












_1254339498.unknown

