Physics Chapter 13
States of Matter

13.1 Properties of Fluids


-if a solid melts, its mass remains the same but its shape changes to become that of the container



the substance is in


-both liquids and gases are classified as fluids


-fluids are materials that flow and have no definite shape of their own

Pressure


-is defined as 
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-metric unit of pressure is the Pascal or kPa


-our own body very accustomed to air pressure



-can detect small pressure changes in our ears



-atmospheric pressure is approximately 10 N  (1 kg weight)

Sample Problems:

1.  The atmospheric pressure at sea level is about 1 x 105 Pa.  What is the force exerted on the top of a typical office desk, 152 cm x 76 cm.

2.  A car's tire makes contact with the ground on a rectangular "footprint" 12 cm by 18 cm.  The car's mass is 925 kg.  What pressure does the car exert on the ground?

3.  A lead brick, 5 x 10 x 20 cm dimensions, rests on the ground on its smallest face.  What pressure does it exert?  Assume the density of lead is 11.8 g/cm3.

Fluids at Rest

-every liquid has its own distinct properties, density, etc.


-an ideal fluid is one which has no internal friction among its particles


-fluids exert pressure - as evidence by pressure when going under the water and need to have 


scuba gear

The Gas Laws


-Boyle's law - volume and pressure are indirectly related


-Charles' Law - volume and Kelvin temperature are directly related


-Combined Gas Law - combines volume, temperature, and pressure changes into a single 


equation


-Ideal Gas Law


historical equation form is p V = n R T



p - pressure in kPa



V - volume in liters



n - number of moles of gas



R = Boltzmann's (Ideal Gas Law) Constant




= 8.3145 
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T - temperature in Kelvin degrees




K = C + 273

Sample Problems:

4.  A tank of helium gas used to inflate boy balloons is at a pressure of 155 kPa and a temperature of  

20.0 C.  The tank's volume is 0.020 m3.  What would be the volume at 101 kPa and a temperature of 

40.0 C?
Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________

5.  What is the mass of the gas in problem 4?

6.  A tank containing 200.0 L of hydrogen gas at 0.0 C is kept at 156 kPa.  The temperature is raised to 95.0 C and the volume is decreased to 175 L.  What is the new pressure of the gas?
Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________
7.  The average molar mass of the components of air is about 29.0 g/mole.  What is the volume of 1.00 kg of air is the air is at atmospheric pressure and at 20.0 C?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
Thermal Expansion


-generally liquids expand when heated


-expansion of liquids greater than expansion of solids


-expansion of gases greater than expansion of liquids and solids

The Effects of Freezing 


-for most solids, during freezing, particles move closer together


-for most solids there is an increase in the density of the solid, when compared to density of liquid


-a solid form of a substance will usually not float in its own liquid since solid's density greater
The Freezing of Water


-because water expands when frozen, ice will float in its own liquid



-at 3.96o C water has its maximum density

-as go below 3.96o C the volume increases and the density decreases


-at 0.00o C have maximum volume for ice (smallest density)


-as go below 0.0o C or above 3.96o C have a slight decrease in volume

Pressure and Freezing of Water


-since ice expands when frozen, an increase in pressure causes the ice to melt


-process of melting under pressure and refreezing called regulation

-melting of ice for ice skating may be partially due to regulation

Plasma - a fourth state of matter


-formed when a gas is heated to a very high temperature


-is a gas like state of negatively charged electrons and positively charged ions


-stars consist mostly of plasma at extremely high temperatures


-lightning bolts are in the plasma state


-is another fluid state of matter


-found in neon tubes, the interior of stars, fluorescent bulbs, sodium vapor lamps, and 



the region around a lightning strike


-a normal gas cannot conduct electricity - plasma can

13.2  Forces Within Liquids

Cohesive forces - forces of attraction between molecules of the same substance


-surface tension the result of cohesive forces between the molecules in a liquid


-affects of surface tension include:



-spherical water droplets because sphere is volume which maximizes volume and 




minimizes surface area



-ability to place many drops of water on an object before water will overflow



-ability to bead up on a surface related to surface tension - liquids such as alcohol or




acetone (fingernail polish remover) do not bead up on a surface typically because




these liquids have very low cohesive forces of attraction

Viscosity

-a measure of the internal friction between molecules of a liquid

-a liquid with a very high viscosity is lava


-liquids with high viscosity flow at a very low rate  (molasses, corn syrup, etc)

Adhesion

-electromagnetic forces of attraction between two different substances


-examples include water being attracted to glass to form a concave meniscus or mercury not being



attracted to glass forming a convex meniscus


-capillary action is the rising of water in a glass tube due to adhesive attraction forces


-theory concerning adhesion and cohesion both based on electromagnetic attraction


-results include paint moving through the bristles of a brush, wax rising in the wick of a candle,



and water rising in the stem of a plant

Evaporation and Condensation

-evaporation has a cooling effect


-on hot, humid days, not as much evaporation of water from the skin 



-rate of evaporation not as fast since already have a lot of water vapor in the air (a high




humidity), so the body is not able to cool itself as well


-air above any body of water contains evaporated water vapor which is sometimes called fog


evaporation - the escape of particles of a liquid into a gas or vapor



-causes a decrease in the temperature of the liquid since only the high energy molecules




change to a vapor


volatile - a liquid which evaporates quickly



-if liquid volatile, indicates very weak attraction forces between the molecules



-when volatile liquids put on your hand, they will feel cool


condensation


-process of a gas changing into a liquid



-can be easily observed by bringing a cold object into a warm humid area




(liquid forms on container filled with cold liquid)



-strong cohesive forces of attraction change a gas into a liquid



-will release energy to the surface when condensation occurs



-will feel very hot on surface of condensation (energy being released)



-also causes the formation of fog and clouds



-when open a can of a soft drink, some of the CO2 gas leaves the liquid and then the




temperature of the liquid decreases

13.3  Fluids at Rest and In Motion

Fluids At Rest


Pascal's Principle


-Pascal was a French physician


-discovered that any change in pressure applied to a confined fluid at any point is 




transmitted undiminished through the fluid



-examples include squeezing a tube of toothpaste



-is used to understand the workings of hydraulic lifts



-has the general form, if P1 = P2, then 
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Sample Problems:

8.  The cross sectional area of a small piston is 0.0500 m2 and the cross sectional area of a larger piston is 0.100 m2.  A 20.0 N force on the small piston will lift a force of 40.0 N.  If the diameter of the larger piston is doubled, what force would be lifted if a 20.0 N force were applied to the smaller piston?

9.  Dentist's chairs are examples of hydraulic lift systems.  If the chair weighs 1600 N and the chair rests on a piston with a cross sectional area of 1440 cm2, what force must be applied to the small piston with a cross sectional area of 72 cm2 to lift the chair?

Swimming Under Pressure

-the pressure of the water is equal to the weight, Fg, of the column of water above you divided



by the cross sectional area


-even though gravity pulls only in the downward direction, the fluid transmits the pressure in 



all directions

Buoyancy

-an increase in pressure with increasing depth of a solid in a liquid produces an upward force


-is determined by comparing the upward force with the weight of the object


-this upward force is referred to as the buoyant force


-the force is equal to the weight of the fluid displaced by the object


-relationship discovered by the Greek scientist Archimedes (see story that follows)

Archimedes

Archimedes was a Greek scientist with an eye for practical matters.   The most famous story about Archimedes is his great bathroom scene.  Hedon, the king of Syracuse in Sicily, had a new crown.  There was doubt in his mind that it was made of pure gold.  The king suspected the goldsmith of cheating him by mixing cheaper silver in with the gold.  The king asked Archimedes to find out if his crown was pure gold.  Archimedes probably talked to himself about this problem.  How was he to find out if the crown was pure gold?


One day Archimedes filled his bathtub to the very brim. As he got into the tub water overflowed onto the floor.  The farther he got into the tub, the more water he displaced.  If he completely submerged himself, the overflow would have been the space or volume occupied by his whole body.  Then he thought of the crown.  It was difficult to measure its volume because it was such an odd shape.  If he completely submerged the crown into a full container of water, the overflow of water would be the volume of the crown.  Taking an equal weight of pure gold, he also submerged it in a container full of water.  If the volumes were the same, the crown would be pure gold.

Archimedes was so excited by his discovery that he ran home naked through the streets shouting "Eureka, Eureka" 

(I have found it.  I have found it.)  Later he found out the goldsmith cheated.

Archimedes Principle

The buoyant force of an object is equal to the weight of the fluid displaced by the object, 

which is equal to the density of the fluid in which the object is immersed multiplied by the 
object's  volume and the acceleration due to gravity.


The force needed to raise an object = weight of the object - buoyant force



Fa = Fg - Fb


Fa = Fg - density of fluid x volume x g

Buoyant force = volume of object x density of liquid x gravity


-principle applies to objects of all densities


-if weight > buoyant force - the object will sink


-if weight = buoyant force - object will neither sink nor float


-if weight <buoyant force - object will float


-if object floats, the portion of the object submerged will just displace a volume of fluid with a 


weight equal to the weight of the object


-wearing a life jacket filled with a very light material has the affect of decreasing your body's 


density


-submarines rise and float by adding to or pumping water out of large tanks


-fish have air sacs that allow them to adjust their densities

-accepted density of water is 1000 kg/m3​

-accepted density of air is 1.20 kg/m3
Sample Problems:

10.  A teenage is floating in a freshwater lake with her head just above the water.  If she weighs 600. N, what is the volume of the submerged part of her body?

11.  An ice cube has a volume of 21.0 mL.  The ice cube is placed in ethyl alcohol.  If the density of the water is 1.00 g/cm3, and the density of the alcohol is 0.907 g/cm3, what is the buoyant force on the ice cube?  Will the ice float?

12.  A 32.0 kg rock resting on the bottom of a lake must be moved from the path of boats.  The rock has a density of 1735 kg/m3.  The density of water is 1000 kg/m3.  What force is needed to lift the rock while the rock is still in the water.

13.  A helium filled balloon has a volume of 3.10 m3.  The weight of the plastic in the balloon is assumed to be zero.  If the density of the air is 1.20 kg/m3 and the density of helium is 0.177 kg/m3, what will be the upward acceleration of the balloon?

14.  A cylinder of mass 2.00 kg is hanging above a beaker of water by means of a string.  The cylinder has a diameter of 6.00 cm and a height of 14.0 cm.  Assume the cylinder has a uniform density.  

(a)  When the cylinder is lowered into the beaker of water 5.00 cm, what should be the force on the string?

(b)  When the cylinder is lowered into the beaker of water 10.0 cm, what should be the force on the string?

15.  A 750. kg rock requires a force of 4800 N to raise after sinking in water.  What is the volume (in m3) of the rock?

Fluids in Motion: Bernoulli's Principle

-sometimes called hydrodynamics


-relationship between air velocity and pressure studied by Swiss scientist Bernoulli


-states as the velocity of a fluid increases, the pressure exerted by the fluid decreases


-there is an indirect relationship between velocity and pressure


-examples of the use of Bernoulli's principle include:



blowing over the top of a piece of paper

curtains in a shower



aerosol spray cans

airfoils on cars

falling water from a faucet



pump spray devices

airplane wings



verturi tubes in small gasoline motors (used to take gas into engine)

Streamlines

-used to determine air flow over objects


-well defined lines indicate smooth air flow and low pressure areas


-diffuse lines indicate turbulence and no pressure differences (see page 310)

13.4  The Solid State

Solid Bodies

-as temperatures are lowered, substances change from liquids to solids


-the particles become frozen in a fixed pattern called a crystal lattice

-particles still vibrate in this fixed pattern

Amorphous Solids

-solids which do not have a fixed crystalline pattern


-have definite volume and shape, but no crystal structure


-do not have definite melting points - soften rather than melt


-examples include butter, wax, glass, and plastic


-classified as viscous, or slow flowing, liquids   


-glass is sometimes referred to as a super cooled liquid
Pressure and Freezing

-water is an unusual liquid because it is more dense at 4o C than at 0o C


-an increase in pressure lowers the freezing point of water


-in ice skating, friction between the blade and the ice causes enough thermal energy to melt the



ice and create a thin layer of liquid water

Elasticity of Solids

-defined as the ability of an object to return to its original form when external forces are removed


-dependent on the electromagnetic forces that hold the particles of the substance together


-other important solid properties of ductility and malleability



ductility is the ability to be drawn into wire



malleability is the ability to be hammered into sheets

Thermal Expansion of Solids

-most solids expand when heated, contract when cooled


-expansion allows a liquid to be heated rapidly, since the convection currents will move the higher



temperature liquid to the top because of its lower density and the lower temperature less



dense material will move to the bottom


-different solids have different expansion rates - very useful in thermostats


-use bimetallic strips to adjust temperatures


-see chart of coefficients of linear expansion in book on page 317, table 13-2


-general equation:



change in length = coefficient of linear expansion x temperature change x original length

Sample Problems:

16.  A piece of aluminum house siding is 3.660 meters long on a cold winter day (-28.0o C).  What will be its change in length when the outside temperature on a warm summer day is 39.0o C?

17.  A piece of steel is 11.500 m long at 22.0o​​ C.  It is heated to 1221o C, close to its melting point.  What is the length of the steel at this temperature?
18.  An aluminum soft drink can, with a volume of 354 mL, is filled to the brim with water at a temperature of 4.4o C.  (a) What will be the volume of the fluid on a warm day with a temperature of 34.5o C?

(b)  What will be the volume of the can?

(c)  How much liquid will spill?

Concept Questions:
19.  You are installing a new aluminum screen door on a hot day.  The door frame is concrete.  You want the door to fit well on a cold winter day.  Should you make the door fit tightly in the frame, or leave extra room?  Explain your answer

________________________
_______________________________________________________
_____________________________________________________________________________________

20.  Roofs on houses sometimes come off during a tornado or hurricane.  Explain in terms of Bernoulli's principle.

_____________________________________________________________________________________

_____________________________________________________________________________________

21.  Why does the canvas top of a convertible bulge out when the car is traveling at high speeds down a highway?

_____________________________________________________________________________________

_____________________________________________________________________________________

22.  A tall Styrofoam cup is filled with water.  Two holes are punched in the cup near the bottom, and water begins rushing out.  If the cup is dropped so it falls freely, will the water continue to flow from the holes?  Explain your answer.

_____________________________________________________________________________________

_____________________________________________________________________________________

23.  Why do airplanes normally take off into the wind?

_____________________________________________________________________________________

_____________________________________________________________________________________

24.  Why does a stream of water from a faucet become narrower as it falls?

_____________________________________________________________________________________

_____________________________________________________________________________________  


25.  What information discussed in this chapter is useful in the operation of a water pistol (squirt gun)?  Explain how.
_____________________________________________________________________________________
_____________________________________________________________________________________
26.   What provision is made to allow for the expansion of:
(a)  concrete highways
____________________________________________________________
(b)  bridges


____________________________________________________________
(c)  piston rings

____________________________________________________________
27.  A hole 1.00 cm in diameter is drilled through a piece of steel at 20.0oC.  What happens to the diameter of the hole as the steel is heated to 100.oC?  Explain
_____________________________________________________________________________________
_____________________________________________________________________________________
28.  A platinum wire can be easily sealed in a crown glass tube, but a copper wire does not form a tight seal with crown glass.  Explain why.
_____________________________________________________________________________________
_____________________________________________________________________________________

29.  Does the coefficient of linear expansion depend on the unit of length used?  Explain
_____________________________________________________________________________________
_____________________________________________________________________________________

30.  Why does the measurement of the expansion of a liquid contained in a tube (such as a thermometer) not give a true value for the expansion of the liquid?
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________

31.   A brass disk fits a hole in a steel plate snugly at 20.0oC.  In order to make the disk drop out of the plate, should the disk and plate combination be heated or cooled?  Explain why
_____________________________________________________________________________________
_____________________________________________________________________________________
32.  An ice cube floats in a glass of water filled to the brim.  As the ice melts, will the glass overflow?  Explain

_____________________________________________________________________________________
_____________________________________________________________________________________
33.  The density of a rock doesn't change when it is submerged in water, but the density of a human body does change when submerged.  Why?

_____________________________________________________________________________________
_____________________________________________________________________________________

34.  Two soft drink cans one straws are placed very close together.  Air for a straw is blown between the cans.  What happens to the cans and why?
_____________________________________________________________________________________

_____________________________________________________________________________________

35.  (a)  What should a plastic tube opening be placed in order to inflate the tube as quickly as possible?
____________________________________________________________________________________

_______________(b)  What principle is being illustrated?

(c)  Explain why this is the best location?

____________________________________________________________________________________

____________________________________________________________________________________

(d)  How is this same principle applied when hot air balloons are inflated?

____________________________________________________________________________________

____________________________________________________________________________________

(e)  As a hot air balloon rises into the air, what principle is being illustrated and what is the reason the balloon rises?

__________________________
____________________________________________________

__________________________________________________________________________________

35.  What principle was responsible for the damage to the windows in the Indiana Square building in April of 2006?  Why?
___________________________
_____________________________________________________

_____________________________________________________________________________________

36.  What principle is being illustrated by a large stell ship floating in the ocean?

___________________________
_______________________________________________________

____________________________________________________________________________________

37.  On a windy day, is there more pressure on a small bridge above the bridge, below the bride, or is the pressure the same?  Explain.
__________________________
_______________________________________________________

_____________________________________________________________________________________

Review Problems:

1.  What force must be exerted on a piston of radius 5.00 cm to raise a 50.0 kg mass placed on a piston of radius 17.0 cm?

2.   What force would be on a steel cable attached to a 450. kg mass with a volume of 0.150 m3 in a pond filled with water?

3.  A 54.0 kg rock resting on the bottom of a fresh water lake has a density of 1525 kg/m3.  What force is needed to lift the rock while the rock is still in the water?

4.  The volume of a gas is 5.25 L when the temperature is 35.0oC and the pressure is 165 kPa.  What is the volume at STP?

Info 1:
    ____________________________
Logic 1:  __________________________

Info 2:
    ____________________________
Logic 2:  __________________________

Equation:  _________________________________________________  = _____________


5.  What is the pressure, in kPa, exerted by 15.0 g of oxygen gas, O2, molar mass 32.0 g, in a 16.0 L container at 40.0oC?

__________
__________
__________
__________


____________________
___________________________________________________  =    ________________
_1237024706

_1237025619

_1237032355

_1237024667

