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FORCES IN FLUIDS
INTRODUCTION

WORKSHOP LEADER'S PLANNING GUIDE

BUOYANCY   Section 1

This subtopic can be a baffling one for teachers and their students. Since sinking and floating are apparent in everyday life, clarification of reasons for these phenomena is important.

Participants need a clear understanding of density before undertaking this subtopic. Activities 1C1, 1C2, and 1C4D of Matter and Its Changes may be appropriate to perform before undertaking this section.

Naive Ideas

1.
Objects float in water because they're "lighter" than water. (1A2, 1B2, 1B3, 1C1)

2.
Objects sink in water because they're "heavier" than water. (1A2, 1B2, 1B3, 1C1)

3.
Mass/volume/weight/heaviness/size/density may be perceived as equivalent. (1B1)

4.
Wood floats and metal sinks. (1A1, 1A2, 1C1)

5.
All objects containing air float.  (1B2, IC1)

CHARACTERISTICS OF FLUIDS   Section 2

This section is aimed at explaining the causes of the observed behavior of liquids and gases. Participants will be familiar with the behavior, yet they may be unfamiliar with the specific terms used to describe this behavior.

Participants should have an understanding of density as a mass per unit volume characteristic property of a material. Appropriate activities from Matter and Its Changes may be conducted prior to this section.

Naive Ideas

1. 
Liquids of high viscosity are also liquids with high density. (2A3)

2. 
Adhesion is the same as cohesion. (2B1, 2B2, 2B3, 2C1, 2C2, 2C3)

3. 
Heating air only makes it hotter. (2E2)

PRESSURE   Section 3

This section begins by defining pressure through vivid examples of various phenomena. Subsequent ideas show phenomena caused by pressure changes (Bernoulli's principle) and pressure constancy (Pascal's principle). Pressure concepts are presented using examples from daily life: siphons, barometers, pumps, sprinklers, submarines and atomizers.

The subtopic could be presented separately from the others. It is not necessary to precede PRESSURE with CHARACTERISTICS OF FLUIDS, although this sequence is a logical one.

Naive Ideas

1. 
Pressure and force are synonymous. 

2. 
Pressure arises from moving fluids. 

3. 
Moving fluids contain higher pressure. 

4. 
Liquids rise in a straw because of "suction." 

5. 
Fluid pressure only acts downward.
FORCES IN FLUIDS
MATERIALS LIST
	
	Activity Code,
	Readily Available
	Must Be Obtained

	
	(on site)
	
	(by workshop leader)

	
	
	
	

	
	1A1
	
	copies of article

	
	
	
	

	
	1A2
	water
	objects that sink

	
	
	balance or scale
	objects that float

	
	
	
	overflow can

	
	
	
	ruler

	
	
	
	c y

	
	
	
	25 ml graduate cylinder

	
	
	
	paper clips

	
	
	
	

	
	1B1
	water
	various regularly‑shaped sinking and floating objects

	
	
	triple beam balance
	25 ml graduate cylinder

	
	
	
	metric ruler

	
	
	
	

	
	1B2D
	water
	tall jar or I liter bottle

	
	
	
	eye dropper

	
	
	
	rubber sheet

	
	
	
	heavy rubber band

	
	
	
	

	
	1B3D
	water
	soap solution

	
	
	gas jet
	bubble pipe or horn

	
	
	
	basin or bowl

	
	
	
	rubber tubing

	
	
	
	

	
	2A1D
	water
	IL or 2L beaker

	
	
	
	1L Erlenmeyer flask

	
	
	
	magnetic stir plate with spin bar

	
	
	
	glass stirring rod (optional)

	
	
	
	dishwashing liquid

	
	
	
	

	
	2A3
	water
	(4) vials or test tubes

	
	
	balance
	test tube rack

	
	
	
	(3) 10 ml graduate cylinders

	
	
	
	(3) plastic weighing “boats”

	
	
	
	cooking oil

	
	
	
	dishwashing liquid

	
	
	
	safety goggles

	
	
	
	

	
	2B1
	water
	paper clips

	
	
	balance
	paper towel

	
	
	
	

	
	2B2
	water
	string

	
	
	balance
	(2) Styrofoam plates

	
	
	
	paper clips

	
	
	
	washers

	
	
	
	(3) petri dishes (or flat trays)

	
	
	
	alcohol (isopropyl)

	
	
	
	cooking oil

	
	
	
	


FORCES IN FLUIDS
MATERIALS LIST
	
	Activity Code,
	Readily Available
	Must Be Obtained

	
	(on site)
	
	(by workshop leader)



2B3
water
water containers




eye dropper or straw



waxed paper



paper towel



aluminum foil



metric ruler



plastic wrap

2C1D
water
cotton balls



overhead projector
alcohol (isopropyl)




(2) eye droppers



stopwatch

2C2
water
(3) eye droppers or straws




water containers



plastic wrap



aluminum foil



alcohol (isopropyl)



cooking oil



metric ruler

2C3D
overhead projector
acetate sheet




(2) eye droppers



alcohol (isopropyl)



dishwashing liquid or oil or syrup



paper towels

2D1D
water
glass




50 pennies (I roll)

2D2D
overhead projector
petri dish



water
small pieces of cardboard




soap solution



alcohol (isopropyl)



(2) eye droppers

2E1D
water
food coloring




glass or Erlenmeyer flask



deep bowl

2E2D

Bunsen burner




balloon



Erlenmeyer flask and holder



spark lighter

3A1D

trash bag




(6) plastic straws



duct tape

3A2D
water
clamp or iron ring




Erlenmeyer flask or other wide‑mouthed bottle



acetate square



ring stand
FORCES IN FLUIDS
MATERIALS LIST
	
	Activity Code,
	Readily Available
	Must Be Obtained

	
	(on site)
	
	(by workshop leader)



3A3D
water
empty aluminum soda can




Bunsen burner and hose



1000 ml beaker



beaker tongs



spark lighter or safety match

3A4D
water
goggles




eyedropper



Alka‑Seltzer tablet



plastic film



cannister or pill vial with flip top

3B1D
water
milk carton or 2L plastic soda bottle




pencil or ice pick



duct tape



catch basin

3C2D
scissors
rubber darn or balloon



string
large funnel


3C3D
water
milk carton or 2L plastic soda bottle




pencil or ice pick



duct tape



catch basin

3D1D
water
50 cm rubber or plastic tubing




(2) jars or beakers

3D2D
water
(2) bottles or flasks




one‑hole stopper to fit bottle or flask



two‑hole stopper to fit bottle or flask



(2) straws

3D3D
water
plastic syringe




water tray



cylindrical tube, open one end



30 cm plastic tubing

3E1D
paper



3E2D
dime
cup



table
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FORCES IN FLUIDS

1WL

WORKSHOP LEADER’S PLANNING GUIDE

BUOYANCY

This subtopic can be a baffling one for teachers and their students. Since sinking and floating are apparent in everyday life, clarification of reasons for these phenomena is important.

Participants need a clear understanding of density before undertaking this subtopic. Activities 1C1 1C2 and 1C4D of Matte and Irs Changes may be appropriate to perform before undertaking this section.

Some naive ideas may include:

1.
Objects float in water because they’re “lighter” than water. (1A2, 1B2, 1B3, 1C1)

2.
Objects sink in water because they’re “heavier” than water. (1A2, 1B2, 1B3, IC1)

3.
Mass/volume/weight/heaviness/size/density may be perceived as equivalent. (1B1)

4.
Wood floats and metal sinks.  (1A1, 1A2, IC1)

5.
All objects containing air float.   (1B2). 1C1)

A.
FLOATING OBJECTS DISPLACE AN EQUAL MASS OF FLUID: SINKING OBJECTS DISPLACE AN EQUAL VOLUME OF FLUID.

1.
Article: “Why Do Boats Float?”


This article provides an entertaining way to open discussion on buoyancy and to elucidate misconceptions from


participants or to address questions on this subtopic.

2.
Activity: “Sinkers and Floaters”


This fairly complex activity allows participants to arrive at the generalizations concerning sinking (when the object


weighs more than its displaced water) and floating (when the object weighs less than the displaced water). It also


involves participants in the design of a structure (boat) that will hold objects, yet not sink.

B
AN OBJECT WILL FLOAT OR SINK IN A FLUID DEPENDING UPON THE RLATIVE DENSITIES OF THE OBJECT AND FLUID.

1.
Activity: “How Can the Density of Various Objects Be Determined?”


This activity is a measurement and calculations activity that depends upon an understanding of mass and volume for success.

2.
Demonstration/Discussion: “Cartesian Diver”


This demonstration combines the concepts of air pressure, air compressibility, density, and buoyancy. The Cartesian 
diver is sensitive to temperature changes and should be monitored if it is to be a standing demonstration in the 
classroom that participants can manipulate on their own. The workshop director should prepare the bottle in advance. Participants may make their own divers from small, transparent soda bottles.

3.
Demonstration/Discussion: “Buoyant Bubbles”


This is an attractive, intriguing demonstration that shows bubbles of a gas (different from exhaled breath‑blown


bubbles) that float into the air. Here, the buoyancy of gases, rather than of liquids, is illustrated.

C.
BUOYANCY IS RELATED TO DENSITY AND TO ARCHIMEDES’ PRINCIPLE,

1. 
Discussion ‑ Focus on Physics: “Buoyancy” The idea of buoyancy is related to the density of the object compared to that of the fluid in which it is placed. A discussion of the role of Archimedes’ Principle in explaining the buoyant force is presented.

FORCES IN FLUIDS
1A1

WHY DO BOATS FLOAT?

(Article by Aaron A. Abbott)

This is a question that has baffled [people] since the first boat was discovered. The insight into explaining this phenomenon comes from putting oneself in place of the water, i.e., to think like water. For purposes of discussion, I will break down the question into three parts:

1. 
Why empty wooden boats float. 
2. 
Why wooden boats with things in them sometimes float. 
3. 
Why metal boats float.

The first case, why empty wooden boats float, is the simplest of the three. Wood floats and water knows it. If wood floats and a wooden boat is made of individual pieces of wood, each of which would float on its own, it should be obvious to the boat and the water that the boat, being entirely constructed of floating components, should also float.

[image: image2.png]



The second case is somewhat more complicated. A wooden boat, which by its nature floats, can be loaded with heavier, non‑floating objects to a certain extent and then it will abruptly sink. The explanation of this has to do with the expectations of the water for the boat. As a wooden boat is loaded with heavier objects, it starts to sink. The water, however, says “Wait a minute, this boat is wood,” so the water resists and pushes up on the boat, keeping it afloat. As more and more heavy objects are added, the water keeps on resisting and the boat stays afloat although sinking lower and lower in the water. If, as this continues, the water should reach the top edges of the boat, it will see into the boat and realize that it had been fooled and it will rush in to surround the heavy objects. The boat will then sink. If, by chance, a certain amount of rotation takes place, the boat will resurface and the heavy objects will take their rightful places on the bottom. It is also possible for the boat to sink to the bottom with the heavy objects and temporarily be held there. This should clear up any questions anyone might have about wooden boats.

[image: image3.png]



Why do metal boats float? No one really knows why metal boats float.

FORCES IN FLUIDS
1A2

SINKERS AND FLOATERS

Materials:
container of water
several regularly shaped objects that sink


several regularly shaped objects that float
overflow can


ruler
balance or scale to measure mass


plasticene clay
25 ml graduate cylinder


paper clips

1.
Obtain one regularly shaped object from the table and quickly determine whether it floats or sinks in water. Then make the following measurements: mass, measured volume, and water displaced.


Measured volume of regularly shaped objects can be obtained by using the following formulas:



cube = length   x   width x height



cylinder  =  pi   x   radius2 x height




 sphere  =  4/3  x  pi  x  radius3

To measure the water displaced by the object, fill the overflow can until water pours out the spout. Carefully place an empty 25 ml graduate cylinder under the spout. Place your object in the overflow can, trying not to splash. The graduate cylinder will now catch any water displaced by the object. You can read the volume of displaced water directly from the graduate cylinder markings.


Repeat these measurements for the other objects available.


Enter these measurements in the data table listed on the next page.
2.
What generalizations can be made from the data?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

3.
Obtain about 50 grams of clay. Shape it into a ball. What do you predict will happen if you place the clay ball in water?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


Try it! What happened?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


What does this tell you about the volume of the clay compared to its mass?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

4.
Try to get your ball of clay to float. How would you describe the shape of your successful floating clay?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


From your data in the table, what do you know about the volume of this floating clay object compared to its mass?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
1A2

SINKERS AND FLOATERS   2

5.
Next, make a clay boat that will hold the most cargo possible. For cargo, you can use weights that go with the balance, or some paper clips. Predict, before you try loading the cargo, how much your clay boat will hold. Use the generalizations obtained from step 2 for your predictions. What measurements would you have to know to make your predictions?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

	Sinkers and Floaters

	Sinkers
	
	Floaters

	 
	Measured
	Water
	 
	
	 
	Measured
	Water
	 

	Mass
	Volume
	Displaced
	 
	
	Mass
	Volume
	Displaced
	 

	(grams)
	(cm3)
	(ml)
	 
	
	(grams)
	(cm3)
	(ml)
	 

	 
	 
	 
	 
	1
	 
	 
	 
	 

	 
	 
	 
	 
	2
	 
	 
	 
	 

	 
	 
	 
	 
	3
	 
	 
	 
	 

	 
	 
	 
	 
	4
	 
	 
	 
	 

	 
	 
	 
	 
	5
	 
	 
	 
	 

	 
	 
	 
	 
	6
	 
	 
	 
	 

	 
	 
	 
	 
	7
	 
	 
	 
	 

	 
	 
	 
	 
	8
	 
	 
	 
	 

	 
	 
	 
	 
	9
	 
	 
	 
	 

	 
	 
	 
	 
	10
	 
	 
	 
	 

	 
	 
	 
	 
	11
	 
	 
	 
	 

	 
	 
	 
	 
	12
	 
	 
	 
	 

	 
	 
	 
	 
	13
	 
	 
	 
	 


Note: 1 cm3 is the same volume as 1 milliliter (ml)
FORCES IN FLUIDS
1A2TN

SINKERS AND FLOATERS

IDEA:
PROCESS SKILLS:

Floating objects displace an equal mass of fluid;
Observe
Measure

sinking objects displace an equal volume of fluid
Record 
Analyze Data

LEVEL: U
DURATION: 1‑2 Hours

STUDENT BACKGROUND:
Ability to measure and use a calculator to compute volumes. Ability


to carry through several steps of an experiment. A clear understanding


of mass and volume.

ADVANCE PREPARATION:
Finding several regularly shaped objects, some which sink and some which float, as well as 50 grams of clay.

MANAGEMENT TIPS:
The symbol “<“ means “is less than” and the symbol “>“ means “is greater than.”
RESPONSES TO

SOME QUESTIONS:
1. 
Data Table:



Meas.
Water

Measured.
Water


Mass 
Volume.
Displaced.
Mass
Volume
Displaced

(g)
(cm3)
(ml)
(g)
(cm3)
(ml)

[image: image4.png]




40
15
14
17
25
16


36
20
20
40
60
41


120
40
42
6
22
5


62
12
14
15
30
15


36
14
14
25
40
22


4
2
2
32
37
33


The leader may have to direct the attention of the students to the necessary columns in the data table. Also, it is important to point out that in most cases, the appropriate columns will not be exactly equal, but similar enough to make a generalization.


It is also important to note that the values of mass equal the values of water displaced for floating objects ONLY because water is being used as the fluid. See the “Focus on Physics,” 1CIF for a more complete explanation.

FORCES IN FLUIDS
1A2TN

SINKERS AND FLOATERS  2


2. 
Sinkers: M > V



Floaters: M < V



Sinkers: V = water displaced



Floaters: M = water displaced


3. 
Part 1: Some students will predict it will float, while some will predict it will sink. After they try: It sinks. 


Part 2: It is less than 50 cm3. Reason: For sinkers, mass > volume.


4.
Students may try a variety of things, but eventually will realize that the clay must be shaped like a boat. Volume is greater than 50 CM3. Reason: For floaters, volume > mass.


5. 
Using the generalizations, predictions such as the following would be made: To sink the boat, the M>V. Therefore, you need to know the mass of the boat (50g) and its volume ‑ measured or determined by water displacement.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

For sinkers, M>V. For sinkers, V = water displaced. 


For floaters, M<V. For floaters, M = water displaced.

POSSIBLE EXTENSIONS:

See if the students can solve this problem:
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You have a boat with a weight in it as shown in A and the water level on the outside of the container is marked as shown. What will happen to that water level if the weight is taken from the boat and placed in the water where it sinks? What will happen to the water level on the side of the container? Up? Down? Stays the same?



         Reasoning:
Before
After





Boat = floater 
Boat = floater





Cargo = floater
Cargo = sinker


The boat displaces an amount of water equal to its mass, both before and after. Cargo displaces an amount of water equal to is mass (before) and its volume (after). Since M > V for sinkers, it displaces more in the before and less in the after, which results in the water level going down.

FORCES IN FLUIDS
1B1
HOW CAN THE DENSITY OF VARIOUS


OBJECTS ARE DETERMINED?

Materials:
various objects (metal cubes, cork, steel, glass, marbles, rocks, wooden blocks, etc.)


graduated cylinder


triple‑beam balance


metric ruler


water

1.
Use your balance to determine the mass of each (regularly shaped) object you have been given. Record the mass on the data sheet.

2.
Use your ruler to find each object’s length (L), width (W) and height (H). Record these measurements on your data sheet. From these measurements, you can calculate:

V  =  L  x  W  x  H

3. 
a.
Density is mass/volume. Determine the density of each of the objects you have been given. Record these densities on the data sheet.


b. 
Sequence your regularly shaped objects by density ‑ least dense to most dense.


c. 
Classify the objects into several groups based on the type of material (metal, wood, plastic, etc.).



Compare this classification to a classification of the objects that might be made by density.

4.
Use a balance to determine the mass of your rock and any irregularly shaped objects you have been given.

5.
Partially fill your graduated cylinder with water. Record the volume or level of the water (L1) on your data sheet. Predict what would happen if you dropped an object into the cylinder.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

6.
Place your irregularly shaped object (rock) into the graduated cylinder. What is the volume of the water now? Record the new level of water (L2). Explain why the water level changed.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

7.
How does the amount (or volume) of the water displaced compare with the calculated volume of the solid?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
1B1

HOW CAN THE DENSITY OF VARIOUS


OBJECTS ARE DETERMINED?  2

8. Determine and record the density of each object by dividing its mass by its volume (D = m/v).

[image: image6.png]




1. Object A


2. Object B


3. Object C

9. 

Use the water displacement method to find the volume and then the experimental density for the regular objects. Record this information on the data sheets.

10. You have now found the densities of regularly shaped objects using two methods of determining the volume in each. Compare the volumes and densities. Do the pairs agree?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

11. Predict if you could use the water displacement method to find the density of sand.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

12. Could you use water displacement to find the density of salt? Explain.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

13. Which of the objects in your attached table will float in water, and which will sink?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

14. How can you tell if an object will float in water?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
1B1

HOW CAN THE DENSITY OF VARIOUS


OBJECTS ARE DETERMINED?   3
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FORCES IN FLUIDS
1B1TN

HOW CAN THE DENSITY OF VARIOUS OBJECTS BE DETERMINED?

IDEA:
PROCESS SKILLS:

The general properties of matter can
Observe
Describe

usually be observed and measured.
Predict
Measure

These are inertia, volume, and density.
Record Data
Experiment

LEVEL: U
DURATION: 45 min.

STUDENT BACKGROUND:
Students should have done the following activities: “How Can I Measure


Mass?”, “How Can I Find Volume?” and “What is Density?”

Common Misconceptions:


1.   Mass and volume are the same.


2.   Density is how “thick” something is.

ADVANCE PREPARATION:
Assemble the objects. The same objects should be used in this lab as in the


previous activity, “How Can I Measure Mass?” and in the following


activity, “How Can I Find Volume?”.


Objects should include some rectangular solid objects such as wooden


blocks, dice, metal cubes, rocks, marbles, corks, etc. (Spheres are


“ regularly shaped” objects). V = 4/3pr3.

MANAGEMENT TIPS:
Students can start with any object. When finished with one object, they should return it and work on another. Breakage of glass graduated ylinders can be minimized by showing students how to slide the objects down the side of the cylinder instead of dropping them into the graduated cylinder, or by using plastic cylinders. The smaller the object measured by immersion, the greater the percentage of error. Use the largest objects that will fit into the cylinders. Water displacement technique practice: Partially fill a graduated cylinder with colored water and use a thread to lower various nonporous objects into the water to show the relative volumes of the objects as measured by their water displacement. A narrow graduated cylinder having a volume of about 10 cm can be used to show the volume of rather small, thin objects, such as nails.

RESPONSES TO

SOME QUESTIONS:
6.
The water level changed because the object displaces an amount of water equal to its own volume
.


7.
Volume of the solid is equal to the volume of water displaced.


10.
The values should not be too different.


13. 
Greater density than water ‑ sink, and less denser than water ‑ float.


14.
If the density is less than that of water.

FORCES IN FLUIDS
1B1TN

HOW CAN THE DENSITY OF VARIOUS OBJECTS BE DETERMINED?  2

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Students have a basic sense of the difference between heavy and light objects when what they really mean is objects with low and high densities. Density is a fundamental unchanging property of materials. When liquids of different 
densities that don’t dissolve in each other are placed in the same container, 
the one with the higher density settles to the bottom. Solids with lower densities float on a given liquid.


1.

Density is the amount of mass in a given volume. The density of a  

specific material does not vary. Density = mass “per” 1 unit volume.



Weight and mass are often confused. The weight of matter is a measure 
of the gravitational pull upon an object. Weight is dependent upon the strength of the pull of gravity. Mass is a constant and remains the same regardless of gravity.


2.

Displacement of water as a method to calculate the volume of a solid



body can be used because of the idea that since no two objects can



occupy the same space at the same time, a volume of water equal to the volume of the object is moved and measured.

POSSIBLE EXTENSIONS:
1.

Find the density of: ice, alcohol, cork (may need to hold it under water with the point of a pencil)


2.

There is an apparent contradiction of the law that no two substances can occupy the same space at the same time by mixing equal volumes of 
alcohol and water. Mixed, the total volume is about 4% less than the 
combined volumes when separate. Here the concept of intermolecular spaces can be introduced to show that there is no contradiction. The 
molecules of each liquid have intermingled, taking up intermolecular space previously empty. This also occurs with sugar in water.


3.

Make a DENSITY COLUMN by pouring the following liquids into a 
tall glass column in order. Pour them slowly and carefully so that the 
liquids do not mix. The liquids are: Glycerin (1.260), Water with food coloring (1.000), Mineral Oil (0.880), and Isopropyl alcohol with food coloring (0.7854). The numbers in parenthesis are the densities in g/cm3.



Try dropping objects into the column to find their approximate densities. Examples: Styrofoam, cork, different types of wood (including ebony if available), samples of plastic, and metal. The 

deeper the objects sink, the higher the density. (An olive jar makes a nice column).

FORCES IN FLUIDS
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HOW CAN THE DENSITY OF VARIOUS OBJECTS BE DETERMINED?   3

[image: image1.png]Isopropyl alcohol 0.7854
{ with food coloring)

Mineral oil 0.880

Water 1.000
(with, food coloring)

Glycerin 1.26





FORCES IN FLUIDS
1B2D

CARTESIAN DIVER

(Demonstration)

Materials:
tall jar or cylinder

[image: image8.png]



eye dropper


sheet of rubber large enough to cover the top of the jar


heavy rubber band


water

PURPOSE:

To illustrate density changes and the effects of compressing a gas.

PRIOR KNOWLEDGE:

The student should have an understanding of pressure and of Pascal’s Principle. It is suggested that 3C1D of Forces In Fluids and/or 1A3C of Matter and Its Changes be performed before this demonstration is attempted.

PROCEDURE:

1. 
Fill the jar nearly full of water.

2. 
Place the eyedropper in the jar and adjust it by drawing in or letting out water until it just barely floats.

3. 
Cover the jar with the sheet of rubber and secure with the rubber band.

4. 
Press down on the rubber sheet and observe what happens.

EXPLANATION:

When the rubber is pushed down, the air remaining in the jar is compressed, forcing more water into the eye dropper. This increases its density and it sinks. When pressure is released, the eye dropper rises due to the decrease in density again. Should the eye dropper not respond properly, readjust the water level in it.

ALTERNATIVE PROCEDURE:

A Cartesian diver can be made with a glass Coca-Cola bottle full of water and a small test tube, partly air‑filled and inverted in the water. The bottle is sealed with a rubber stopper. Hand pressure, squeezing on the bottle, has the same effect on the gas in the tube as described above with the eye dropper.

FORCES IN FLUIDS
1B3D

BUOYANT BUBBLES

(Demonstration)

Materials:
soap solution
bubble pipe or horn


rubber tubing
methane gas jet


basin or bowl

Purpose:

To show that gases also have different densities. Some gases will float compared to air, and others will sink.

Prior Knowledge:

Breath contains carbon dioxide, oxygen, nitrogen and water vapor which collectively are denser than the surrounding air which is mostly nitrogen and oxygen. Therefore, the air (fluid), being less dense, will not have a strong enough buoyant force to allow the breath bubbles to float.

Natural gas consists of methane and some mercaptans (minor) whose density is significantly less than that of the surrounding fluid, air. The gas jet bubbles, therefore, float.

Note that you may ask for participant volunteers to blow the bubbles.

Note:

TIES DEMONSTRATION SHOULD NOT BE DONE IN THE PRESENCE OF OPEN FLAMES OR SPARKS!!

Procedure:

1. 
Dip the bubble pipe in soap solution and blow bubbles. Watch how the bubbles move when released from the pipe. What happens to them? (Repeat several times.)


(They sink towards the floor and burst.)

2. 
Connect the bubble pipe to the gas jet via rubber tubing. Again, dip the pipe into soap solution and turn the gas jet on until a large bubble forms at the opposite end. Release the bubble from the pipe by sliding the pipe gently sideways. Observe what happens to the bubble. (SHUT OFF THE GAS!)


(The bubble floats toward the ceiling.)

3. 
Suggest a reason for the different behaviors.


(The breath‑blown bubble is denser…..C02, H20, air vs. CH4.)

For a possible extension, this demonstration can be done using a battery jar containing a chunk of dry ice, C02. A breath‑blown bubble, released over the C02, will hover. It will neither sink nor float since the buoyant force is approximately equal to the gravitational force (weight) of the bubble. The densities of both fluids (inside the bubble, and outside it) are approximately the same.

FORCES IN FLUIDS
1C1F

FOCUS ON PHYSICS

BUOYANCY

(Discussion

All fluids exhibit buoyancy: it is a real uplifting or upward force that both liquids and gases exert on objects immersed in them. Whether or not an object sinks in a fluid, and to what extent, is linked to the densities of the object and the fluid in which it is immersed. Therefore, BUOYANCY cannot be discussed without referring to DENSITY and, if necessary, this latter property of matter must be reviewed, discussed, and clarified.

When an object is placed in a fluid, the fluid is displaced by the object. Sometimes the object becomes completely submerged (it “sinks”) and other times, it becomes only partially submerged (it “floats”). In all cases, however, the fluid displaced by the object exerts an upward‑directed force which tends to support the object. This force is called the BUOYANT FORCE.

When an object completely sinks in a fluid, there is still a buoyant force which tends to “support” the object or “make it feel lighter.” If the normal weight of the object in air is compared to its weight when immersed in the fluid, the difference between the two weights is the BUOYANT FORCE exerted by the fluid. It turns out that this buoyant force is also numerically equal to the weight of the fluid displaced by the object.

This relationship between the buoyant force exerted on the object by the fluid and the weight of the fluid displaced is called ARCHINMDES’PRINCIPLE.

All fluids exert a buoyant force. However, to determine if an object will float or sink in a fluid, the DENSITY of the object must also be considered.

While playing at the beach, a child tosses a rock into the ocean and the rock sinks. The child tosses a beach ball into the same water and the ball floats. Why do these objects behave differently when the water is exerting an upward force on both of them?
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weight, air + ball, 5 grams
weight, rock, 40 grams
weight, water of equal volume, 50 grams 
weight, water of equal volume, 8 grams
For the. ball, the portion which is submerged displaces water. Consequently, a buoyant force is provided equal to the weight of the water displaced. Since this upward‑directed buoyant force equals the weight of the ball, it FLOATS. In terms of density, the average density of the ball and air in it is much less than the average density of water. Hence, the ball floats.

For the rock, which sinks completely, its weight is more than an equal volume of water. Therefore, even though the water exerts a buoyant force, the force is only equal to the weight of the water displaced, which is far less than the rock’s weight, and it sinks. In terms of density, the average density of the rock (say, 5 g/cm3) is much greater than the average density of water (1.03 g/cm3).

FORCES IN FLUIDS
1C1F

FOCUS ON PHYSICS

BUOYANCY  2
(Discussion

Can a “sinker” become a “floater?” Yes, if either the fluid or the object immersed in it is altered in some way. A 12 ounce, unopened can of regular soda sinks in a cooler filled with ice water. However, if salt is gradually added to the water and continually dissolved in it, eventually, the can of soda will “pop up” and float in the water. Why? The immersed object (soda can) has not changed. Its weight, volume and density are constant. What has changed is the density of the water (more mass‑per‑volume) and its buoyant force on the can of soda is now greater.

BUOYANCY causes objects to “weigh less” in fluids and is useful in submarine operation, marine life regulating swimming depth, hydrotherapy of stroke patients, and swimming.
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WORKSHOP LEADER’S PLANNING GUIDE

CHARACTERISTICS OF FLUIDS

This section is aimed at explaining the causes of the observed behavior of liquids and gases. Participants will be familiar with the behavior, yet they may be unfamiliar with the specific terms used to describe this behavior.

Participants should have an understanding of density as a mass per unit volume characteristic property of a material. Appropriate activities from Matter and Its Changes may be conducted prior to this section.

This section includes the following naive ideas:

1. 
Liquids of high viscosity are also liquids with high density. (2A3)

2. 
Adhesion is the same as cohesion. (2B1, 2B2, 2B3, 2C1, 2C2, 2C3)

3. 
Heating air only makes it hotter. (2E2)

A. 
VISCOSITY IS NOT THE SAME AS ]DENSITY

1.
Demonstration/Discussion: “What is Viscosity?”


Having a swirling mass of liquid is an attractive way to begin discussing viscosity. A large, water‑filled beaker


is stirred rapidly to form a vortex, which disappears when the stirring is stopped. As dishwashing liquid is


added, the vortex gets smaller because of the increased viscosity of the liquid. Use of a magnetic stirrer


facilitates the demo as an attention‑getter to introduce characteristics of fluids since the vortex is constant. If a


stirrer is not available, place the liquid in a 2 liter soft drink bottle, cap it, and swirl vigorously.

2.
Overhead: “Viscosity of Various Substances at Room Temperature”


The definition of viscosity, as well as the viscosities of several common liquids and gases is given. The relative


values might be acknowledged; the units (centipoise) will probably not be familiar to most participants.


Therefore, it may be more useful to relate the values given to the participants experience in handling the fluids.

3.
Activity: “Clarifying Viscosity”


Participants examine liquids to compare the viscosities. They also determine the relative densities of the liquids,


and derive statements to show that the properties are distinct It may be necessary to do a brief review (or


explanation) of density, and the use of a balance. It is imperative that the volumes of oil and water be identical


for comparison of their masses. Try this out before the workshop and use an oil that is easy to handle.

B. ADHESION IS THE “STICKING TOGETHER” OF UNLIKE PARTICLES

1.
Activity: “How Much Water Cana Paper Towel Absorb?”


Participants recognize the “adhesive force” by finding the mass of water absorbed by a paper towel. An article


from The Science Teache is referenced for participants who want an upper level, long‑term extension.

2. 
Activity: “Measuring Adhesion” This activity is intended to measure quantitatively the adhesion of styrofoam to water by adding masses sufficient to lift a piece of Styrofoam from the surface of a pool of water. It is a somewhat tedious experiment and involves much manipulation of equipment and a good deal of patience. It may be done as a demonstration: if so, the demonstrator should prepare the Styrofoam and thread in advance, and “rehearse” the demonstration.

3.
Activity: “Drop‑by‑Drop: Part I”


This activity is meant to illustrate adhesive forces. Various surfaces are used to demonstrate water’s ability


to adhere, or be “soaked up” by, different materials. This activity could be followed by 2C2.

FORCES IN FLUIDS
2WL

WORKSHOP LEADER’S PLANNING GUIDE

CHARACTERISTICS OF FLUIDS  -  2
C.  COHESION IS THE “STICKING TOGETHER” OF LIKE PARTICLES

1.
Demonstration/Discussion: “Evaporation of Liquids”


The rates of evaporation of alcohol and water from a chalkboard are compared. The difference in rates is


related to the cohesive forces within each liquid. (This demonstration could also be done on an overhead


projector, and, in fact, is more effective if done this way.) Alcohol evaporates immediately, while the more


cohesive liquid stays intact, even with the heat transferred from the projector. CHOICE OF METHOD


depends upon the time you wish to allow for this activity.

2.
Activity: : “Drop‑by‑Drop: Part 2”


This activity is meant to illustrate cohesive forces. Various liquids are used to demonstrate each liquid’s


ability to retain a definite (hemispherical) form when placed upon a non‑absorbent surface. The magnitude


of adhesion versus cohesion can be used to explain the observations. It is recommended that 2B3, “Drop​


by‑Drop: Part I,” be completed before this activity is attempted.

3.
Demonstration/Discussion: “Spattering of Liquids”


The extent of spattering of liquids is used to illustrate the extent of cohesion. The demonstration may be


used either to contrast adhesion and cohesion or it may be used in conjunction with viscosity (2A1, 2A2) 2A2)


and evaporation (2C1) I) to relate various observed phenomena to the extent of cohesion within liquids,

D.
SURFACE TENSION IS A RESULT OF THE COHESIVE FORCES THAT EXIST IN LIQUIDS

1.
Demonstration/Discussion: “How Much More’


This demonstration quite dramatically illustrates the surface tension of water. As pennies are added to a


glass already filled with water, the water forms a significant convex surface before spilling. The demo may


be used in conjunction with any cohesion activity. The demonstrator should practice the addition of pennies


and should have 50 pennies on hand. This can also be done as a very effective activity.

2.
Demonstration/Discussion: “The Skin Like Effect or Tug of War’“


This demonstration shows the change in water’s surface tension when soap solution or alcohol is added to


it. ‘Me demonstration can be done only once effectively; the water must be replaced for each VW. Be sure


to use an overhead projector and large, shallow petri dish to make the demonstration visible to all.

3.
Discussion ‑ Focus on Physics: “Viscosity and Other Properties”


A discussion of the properties of viscosity, adhesion, cohesion, capillarity and surface tension is included.


Appropriate definitions and examples are provided.

E. 
AIR CAN BE COMPRESSED AND EXPANDED

1. 
Demonstration/Discussion: “Can Air Be Compressed?” This demonstration should allow participants to see that air occupies volume and is compressible. Little care or equipment is necessary. This could be done as an activity.

2.

Demonstration/Discussion: “Can Air Be Expanded?”


Studies have shown that one‑third of children aged 11‑12 believe that air cannot be heated. The act of carrying 
out and commenting on activities in which air is heated seems sufficient to allow most children to believe 
firmly that air can have different temperatures and does expand in the process of the heating. The particles move farther apart, that is, the space between them increases; the molecules themselves do not get larger.

FORCES IN FLUIDS
2B1

HOW MUCH WATER CAN A PAPER TOWEL ABSORB?

Materials:
balance paper clips water paper towels

1.
Use a balance similar to the one in the diagram or a balance already available in your lab. Be sure it is balanced or “zeroed.”
2. 
Place a dry paper towel on the balance and determine its mass. Record your result below.


__________ grams (or other units ‑ paper clips, etc.)

3. 
Now wet the towel until it does not absorb any more water. (Allow excess water to drip out, but do not squeeze). Find the mass of the saturated towel and determine how much water was absorbed by comparing to the mass measured in step 2. Record your result below.


__________ grams (or other units ‑ paper clips, etc.)
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1. 
Which has the greater mass, a dry towel or a wet towel? Why?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

2.
 If adhesion means that unlike particles stick together, what do you see in this experiment that shows adhesion?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
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HOW MUCH WATER CAN A PAPER TOWEL ABSORB?

IDEA:


PROCESS SKILLS:

Adhesion is the “sticking together” of


Observe

unlike particles.


Measure




Describe




Compare

LEVEL: L/U


DURATION: I hour

STUDENTBACKGROUND:
Knowledge of measuring with a balance.

ADVANCE PREPARATION:
A balance (with masses if necessary), paper towel and beaker of 
water should be at each station.

MANAGEMENT TIPS:
It may be, helpful to have a waterproof covering for the table and a 
sponge nearby for cleanup.

RESPONSES TO

SOME QUESTIONS:
1. 
Participants will recognize quickly that the wet towel is 
heavier. They may suggest that the towel “soaks up” or 
“absorbs” water.


2.

Answers should indicate that the participants recognize that water is attracted to or adheres to the paper towel.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Discuss the force of adhesion of water to paper towels as a way of explaining “soaking up” or “sticking.”
POSSIBLE EXTENSIONS:
The same activity could be repeated using water with cloth, strips 
of plastic, waxed paper, aluminum foil, etc.


For upper level, open‑ended, long‑term extension, see “Don’t


Throw in the Towel ‑ Test It!” by John Seese, in the April 1984 
issue of The Science Teacher .

FORCES IN FLUIDS
2B2

MEASURING ADHESION

Materials:
balance
string


Styrofoam trays
paper clips


washers
petri dish (or flat tray)


water
alcohol (isopropanol)


oil
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1.
Obtain or construct a balance similar to the one shown below.

2.
Cut out some pieces of Styrofoam from the trays and assemble the balance shown in the steps below.
[image: image13.png]




a.
Remove 1 cup and add a thread loop.
[image: image14.png]



b.
Balance the beam with clay.


c.
Attach a loop of thread to a piece of Styrofoam cut from the tray. Use masking, adhesive or duct tape to attach the Styrofoam to the thread.

[image: image15.png]
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d.
Add masses (washers, paper clips, etc.) in the opposite pan until the balance is balanced (or leveled). Record your results on the first line of Table I on the following page.
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e.
Rest the Styrofoam on the liquid.

f.
Add washers to the cup until the Styrofoam piece lifts off the surface. Record in Table 1, the total number of washers in the cup necessary for the styrofoam to lift from the surface. From the information you placed in Table 1, determine the number of washers necessary to overcome the ADHESION between the water and the styrofoam. Place that result in the last column of Table 1.

	TABLE 1

	 
	Number of washers
	Total number of
	 

	 
	in cup of equal
	washers in cup to
	Number of washers

	 
	mass of Styrofoam
	lift styrofoam from
	to overcome

	Liquid
	in air
	surface
	Adhesion

	Water
	 
	 
	 

	Alcohol
	 
	 
	 

	Oil
	 
	 
	 


g.
You could try this experiment using clay to balance the balance with the Styrofoam in the air. Then you will only have to count the surface‑pulling washers.

3. Repeat the process using different liquids. Record your results in Table 1.

4. Record your generalizations concerning the adhesion of the various liquids tested with Styrofoam.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
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MEASURING ADHESION

IDEA:

PROCESS SKILLS:

Adhesion is the “sticking together” of

Measure

unlike particles.

Record Data



Analyze Data

LEVEL: U

DURATION: 1‑2 Hours

STUDENT BACKGROUND:
Ability to conduct a fairly tedious experiment. Ability to use an equal‑arm balance.

ADVANCE PREPARATION:
This can be done as a demonstration, especially if you don’t have equal‑arm balances. Any type of 
equal‑arm balance will suffice. These can be soda straw balances, purchased balances, etc. 
They don’t have to look like the ones pictured on the sheets. However, the type pictured are the easiest to use and will cause the fewest problems. Additional petri dishes or trays will be necessary for the other liquids that will be used.

MANAGEMENT TIPS:
The workshop leader needs to do this activity 
prior to the participants doing it in order to become aware of pitfalls such as:


a. overturned balances


b. tape dislodged from Styrofoam

RESPONSES TO

SOME QUESTIONS:
2. 
f. 
The number of washers to balance the 
Styrofoam will depend upon the size of the 
piece and the amount of tape used. The




number of washers to overcome the 
adhesion is the difference between columns two and three in Table 1.


4. 
For equal sizes of Styrofoam, the oil should 
exhibit less adhesion than water and the alcohol less adhesion than oil.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
It takes extra mass to pull up the Styrofoam shape because of the attraction of the surface of the 
water for the Styrofoam. Actual results and sample data are difficult to anticipate because of 
so many potential variables, i.e., size of Styrofoam, etc.

POSSIBLE EXTENSIONS:
Have the participants try other shapes and sizes of Styrofoam.

FORCES IN FLUIDS
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DROP‑BY‑DROP

(PART 1)

Materials:
eye droppers or straws
water containers


waxed paper
paper towels


aluminum foil
metric ruler


plastic wrap
water

1. 
Tear off a sheet of waxed paper about 30 cm in length.

2. 
With the eye dropper and container of water, slowly drop water onto the paper from a height of about 3 cm.


a.
Measure and record the diameter of a drop you made on the waxed paper.



___________________________________________________________________________________


b. 
Continue to drop water slowly in the same spot. Now, measure, and record the diameter of the largest drop you can make.



___________________________________________________________________________________


c.
Does there seem to be a limit on the size drop you can create?



___________________________________________________________________________________


d.
Raise the height from which a drop is released from the eye dropper. Record what you observe as the release height increases.



___________________________________________________________________________________

3.
Repeat these steps using water on other surfaces, e.g., aluminum foil, paper towels, plastic wrap. Record your observations.


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

4.
What similarities and/or differences did you observe using different surfaces?


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________

FORCES IN FLUIDS
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DROP‑BY‑DROP

(PART I)

IDEA:



PROCESS SKILLS:

Adhesion is the “sticking together” of



Measure

unlike particles.



Record Data





Observe





Communicate

LEVEL: L



DURATION: 30‑45 min.

STUDENT BACKGROUND:
Ability to use a metric ruler.

ADVANCE PREPARATION:
30 cm squares of waxed paper, paper towels, aluminum foil, and plastic wrap may be helpful. Each station should have a beaker of water, eye​ dropper (or straw), and a metric ruler.

MANAGEMENT TIPS:
Water is being used with eyedroppers. Water‑filled straws with a forefinger held over one end can easily substitute for the eyedroppers. It may be appropriate to do this activity in conjunction with 2C2

RESPONSES TO

SOME QUESTIONS:
2. 
c. 
The drop will continue to increase in size as water is added (cohesion). For equal numbers of droplets from the droppers (say, three droplets), the diameter of the drop formed on the surface will be the smallest with the waxed paper, followed by the plastic wrap, the aluminum foil, and finally, the paper towel (where no “drop” forms because it soaks in).



d. 
As the height increases, the water scatters into many tiny droplets.


3. 
T
he water will also “bead up” on the plastic wrap and the foil, but not to the extent as on the waxed paper.


4. 
Plastic wrap is similar to waxed paper. Paper towels involve adhesive forces that are greater than water’s cohesive forces. No individual drops are visible since the water adheres to or “soaks” into the paper.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Some liquids (water is an excellent example) bead up on surfaces such 
as waxed paper due to cohesive forces exceeding adhesive, forces. On 
other surfaces, they do not bead up because adhesion is a greater force in 
these cases. Adhesion and cohesion are actually electromagnetic forces.
FORCES IN FLUIDS
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DROP‑BY‑DROP

(PART II)

Materials:
eye droppers or straws
water containers


plastic wrap
aluminum foil


water
alcohol (isopropyl)


cooking oil
metric ruler

1.
Tear off a sheet of waxed paper about 30 cm in length.

2. 
Fill three droppers with water, alcohol and cooking oil respectively. From a height of about 3 cm, drop each liquid onto the aluminum foil. Describe your observations for each.


_______________________________________________________________________________________


_______________________________________________________________________________________

3.
Continue adding drops from greater heights. In Table 1 record your observations.

4. 
Repeat with the plastic wrap and record your observations in Table 1.

TABLE 1

“As the height gets greater, the size of the drops gets.. . .”  
	Surface
	Water
	Alcohol
	Oil

	Aluminum Foil
	 
	 
	 

	Plastic Wrap
	 
	 
	 


5.
On each surface, place the largest drop of each liquid that you can. For each drop, answer the following questions and record your answers in Table 2 below.


a. 
Can you make 2 drops from 1?


b. 
Can you make I drop from 2? 3? 4? How many maximum?


c. 
How large a drop can you pull around the paper with the dropper?

TABLE 2

	
	2 from 1
	1 From 2? 3? 4?
	Largest Drop

	
	Y or N
	(maximum number)
	(centimeters)

	Surface
	Water
	Alcohol
	Oil
	Water
	Alcohol
	Oil
	Water
	Alcohol
	Oil

	Aluminum Foil
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Plastic Wrap
	 
	 
	 
	 
	 
	 
	 
	 
	 


6.
What similarities and/or differences did you observe using different liquids?


_______________________________________________________________________________________


_______________________________________________________________________________________

FORCES IN FLUIDS
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DROP‑BY‑DROP


(PART 11)

IDEA:

PROCESS SKILLS:

Cohesion is the “sticking together”


Describe

of like particles.


Record Data




Observe




Compare




Test

LEVEL: L/U


DURATION: 45‑60 min.

STUDENTBACKGROUND:
Understanding adhesion as a force of attraction between unlike particles.

ADVANCE PREPARATION:
30‑cm squares of aluminum foil and plastic wrap may be helpful. Each station should have a metric ruler, three droppers (or straws), and a container for each liquid ‑ water, alcohol, and oil.

MANAGEMENT TIPS:
Use separate, labeled droppers for each liquid. A straw with forefinger


held over one end can be used as a substitute for the dropper.

RESPONSES TO

SOME QUESTIONS:
2. 
The size of the drop will depend upon the type of liquid and the 

surface upon which it is placed. Some of the drops will form more 

rounded “beads,” and hence, have a smaller diameter.


3. 
As the drop height increases, the liquids will have a tendency to 

spatter. The alcohol will have the greatest tendency to spatter.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The amount of spatter and the size of the largest drop possible depend upon cohesive forces within the liquid. The more cohesion that exists within the liquid, the easier it is to pull a large drop around the surface with the dropper. However, because the adhesive forces between the liquids and the surfaces are different, it may be easier to pull a liquid 
drop around when it is on aluminum foil than when it is on plastic wrap.

FORCES IN FLUIDS
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HOW MUCH MORE?

(Demonstration/Discussion)

Materials:
1 glass or styrofoarn cup 


50 pennies (1 roll) 


water

1.
Completely fill a glass with water until it no nearly overflows.

2.
Have the participants predict the number of pennies that can be dropped in before the water overflows. (Over 30 pennies for a 12 oz. glass.)

3.
Very carefully, place pennies into the water, one at a time, until the water overflows. Place the pennies into the water straight down, in the center of the glass.

4.
Have the participants draw a diagram of the system and explain the cause of what they observed.

Care must be taken not to spill water out of the glass with each penny added. Hold the penny at the center of the water surface and slide it into the glass vertically. The number of pennies needed will depend upon the size of the glass; consequently, have at least 50 on hand.

Allow the participants to gather around to observe more closely, but care must be taken not to disturb the system. STOP at the first overflow of water.

Explanation:  

The cohesive force that holds the water molecules together gives rise to SURFACE TENSION. It is the surface tension that forms the “skin” over the water, keeping it from overflowing (at least for awhile).

Note: 
This demonstration can be done very successfully as an activity for older, patient participants.

Possible Extension:

After the water has formed a very clear convex surface, place a small drop of liquid dish washing soap in the glass. Then ask the following questions:

What do you observe? (The water immediately overflows.)

Why did it happen? (The surface tension is broken by the dish washing liquid.)

FORCES IN FLUIDS
2D2D

THE SKINLIKE EFFECT OR “TUG OF WAR”


(Demonstration/Discussion)

Materials:
overhead projector
petri dish


small pieces of cardboard
soap solution


alcohol
eyedropper


water

To illustrate the concept of surface tension, set up the apparatus on the overhead projector as shown in the diagram
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Take a medicine dropper filled with a soap solution (25% soap and 75% water) and put a drop of the soap solution to one side of the cardboard in the water. If the participants have performed the extension of 2D1D, have them predict what will happen. Then try it‑ (Result: The cardboard moves away from the drop of soap solution.)

Note:   Each time you repeat the experiment, you must use clean water.

Try it with a dropper containing alcohol. (Result: Same as the soap solution.)

Try it with a dropper containing water. (Result: No rnovement of the cardboard.)

Explanation​

The force from the SURFACE TENSION is equal in all directions around the cardboard. If you place a drop of soap or alcohol, say at point A in the following diagram, the cardboard moves away toward B. The soap solution or alcohol reduces the surface tension at point A causing an unbalanced force toward B; hence the movement of the cardboard toward B. This happens because the soap or alcohol molecules “bond” with the water molecules, reducing the “bonding” or cohesion that occurs between neighboring water molecules.
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Possible Extension:

See the article “Surface Tension” in the December, 1989 issue of The Physics Teacher (p. 586). It describes using camphor to propel a small boat around a large, flat‑bottomed dish. The principle is the same as in this demonstration.

FORCES IN FLUIDS
2E1D

CAN AIR BE COMPRESSED?

(Demonstration/Discussion)
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Materials:
1 glass or Erlenmeyer flask


1 deep bowl


water (colored with food coloring)

1.
Hold a glass with its mouth down and push it into a deep bowl of water. The water enters the glass and no air bubbles escape. the water forces the air into a smaller space. The molecules of the air are forced closer together or compressed.


Questions:

a. 
Is there air in the glass? (Yes, it is what prevents the water from filling the glass.)

b. 
What happens to the air as the glass is pushed into the water? (Answer is in number 1, above.)

2.
Modification: Tape a crumpled tissue into the bottom of the glass. Ask the participants to explain why the tissue does not get wet. (Air is in the glass, surrounding the tissue.)

FORCES IN FLUIDS
2E2D

CAN AIR BE EXPANDED?

(Demonstration/Discussion)

Materials:
Bunsen burner


balloon


Erlenmeyer flask and holder


spark lighter

1. 
Assemble the equipment as shown in the diagram below.
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2. 
Heat the flask. The balloon will inflate due to the expansion of the air in the system.

3. 
Ask for possible explanations. Be ready for a variety of answers. Studies have shown that answers can include:


“The air becomes hotter.” (Not an explanation because no relationship to movement of molecules is proposed.)


“The hot air in the flask pushes the colder air in the balloon and causes the balloon to expand.” (Ignores the mixing of air that takes place and the expansion occurring.)


“The air changes into a 11 gas” or some other substance.” (Only an expansion occurs, not a chemical reaction.)

Explanation:

As heat energy is added to the air in the flask, the molecules of air begin to move faster. Because they are moving faster, and bump into each other more, ‑they tend to separate from each other. This is the cause of the expansion of the air in the flask. These faster moving molecules mix with the air in the balloon, and give some of their energy to those molecules, also. Hence, the air molecules in both the flask and the balloon have greater speed, and tend to separate from each other. Viola!! The balloon expands. Note that the size of the molecules, themselves, does not change; simply the distance between them increases because of the added energy from the flame.

FORCES IN FLUIDS
3WL

WORKSHOP LEADER’S PLANNING GUIDE

PRESSURE

This section begins by defining pressure through vivid examples of various phenomena. Subsequent ideas show phenomena caused by pressure changes (Bernoulli’s principle) and pressure constancy (Pascal’s principle). Pressure concepts are presented using examples from daily life: siphons, barometers, pumps, sprinklers, submarines and atomizers.

The subtopic could be presented separately from the others. It is not necessary to precede PRESSURE with CHARACTERISTICS OF FLUIDS, although this sequence is a logical one.

This section includes the following naive ideas:

1.
Pressure and force are synonymous. 

2. 
Pressure arises from moving fluids. 

3. 
Moving fluids contain higher pressure. 

4. 
Liquids rise in a straw because of “suction.” 

5. 
Fluid pressure only acts downward.

A. 
FLUIDS EXERT A PRESSURE. OR FORCE PER UNIT AREA

1.
Demonstration: “Trash Bag Lift”


This activity can involve all participants and vividly illustrates the pressure exerted by a “weak” fluid. Care 
must be taken to prevent leaks in the bag. Strong duct tape should be used around the straws and to seal the 
opening. An air mattress and hair dryer can substitute conveniently for the trash bag if done as a non-​participatory demonstration.

2.
Demonstration/Discussion: “Air Supports Water: A Silent Demo”


This ongoing, silent demonstration is one used to initiate discussion that can clarify naive ideas regarding 
air pressure. Beginning with an inverted cylinder, completely water‑filled, and covered at its mouth with 
acetate, one can reason that there is an upward‑directed force due to air pressure on the bottom side of the 
acetate. The acetate falls off when the sum of the pressure of the water and air inside the cylinder exceeds 
the air pressure acting to hold the acetate. Care must be taken in setting up the apparatus in a location 
where it is free from rapid air movement caused by ventilation or by the participants. The acetate covering 
the mouth should make a smooth, secure seal ... some experimentation is necessary.

3.
Demonstration/Discussion: “The Collapsing Can”


This demonstration can be used to show that reduced pressure inside a container, = “suction,” is the cause 
of its collapse. This example of unbalanced forces provides participants the opportunity to observe a 
phenomenon less familiar to them than an explosion (where the internal pressure is greater than the 
external). The collapsed can may be compared to a collapsed straw or cardboard juice container, whose sides 
have been pushed in by normal air pressure: withdrawal of juice and air into the mouth reduces the pressure 
inside the container such that this occurs. Here, the idea of “suction” may be critically analyzed, since no 
“ sucking action” caused the soda can to collapse. It is important to use an aluminum can; steel cans do not 
work well. Also, cold water in the beaker causes the implosion to occur quite rapidly. (This demonstration needs modification at higher altitudes.)

4.
Demonstration: “Alkabomb​”


The mini‑explosion that occurs is surprising in its magnitude, yet safe, since the container is plastic and the


cap ejected from the explosion shoots straight into the air. The demonstration shows the increase of gas


pressure within an enclosed container. It may be used to initiate a safety discussion of containers in which


explosions may occur and how they may be prevented. It is important to use new Alka‑Seltzer tablets and


to have a few vials on hand in the event that one leaks. If the vial does not explode with 1‑2 minutes, and


if the cap is not convex, a leak probably exists.

FORCES IN FLUIDS
3WL

WORKSHOP LEADER’S PLANNING GUIDE

PRESSURE  -  2
5.
Discussion: “The Pressure is 30.50 ‑ What Does That Mean?”


Prior to this discussion, participants may record the barometric pressure reported in the newspaper or on


TV. Subsequent discussion of the values has greater meaning if a mercury barometer and meter stick are


available to show the height of a column of mercury which can be supported by air pressure.

B. 
FLUID PRESSURE INCREASES WITH DEPTH

1.
Demonstration/Discussion: “Pressure at Varying Depths”


This demonstration vividly shows the pressure‑depth relationship within a relatively small depth. A I liter


or 2 liter plastic bottle (or milk carton) has 3 holes equally spaced along its side. The holes are plugged,


the bottle filled with water, and the plugs removed simultaneously to release the water. Follow‑up


discussion with the observed exit path of water shows depth related to pressure. The workshop leader needs


participant assistance to remove plugs quickly and simultaneously.

2. 
Discussion: “How the Thresher Died: Thresher Post‑Mortem” Some participants may recall the sinking of the submarine “Thresher” in the early sixties. The Newsweek and Scientific American articles are brief and factual, and they include references to the pressure‑depth relationship, as well as other fluid‑related topics.

C. 
FLUID PRESSURE IS THE SAME IN ALL DIRECTIONS AT THE SAME DEPTH

1. 
Discussion/Overhead: “Pressure and Pascal’s Principle” This discussion and overhead provides an explanation of the SI units of pressure and a definition of Pascal’s Principle with an example.

2.
Demonstration: “Does Air Press in All Directions?”


This demonstration is a quick and effective way of illustrating air pressure in all directions. Care must be 
taken while explaining the concavity in the rubber sheet; unbalanced air pressure must be emphasized, rather than “sucking,” as its cause.

3.
Demonstration/Discussion: “Pressure in All Directions”


This demonstration employs the same plastic bottle or milk carton as in 3B1D I   (“Pressure at Varying 
Depths”). The exit path of water from holes at the same depth proves that pressure is the same in all 
directions. This is in contrast‑to the previous demonstration (3B1D), and it is recommended that these 
demos be shown and discussed sequentially.

D. 
FLUIDS MOVE FROM REGIONS OF HIGH PRESSURE TO LOW PRESSURE

1.
Demonstration: “Siphoning”


The principle by which a siphon works is illustrated. It is important to reverse the jars’ positions and to 
place them at equal levels. It may also be helpful to use different sized jars with different amounts of liquids to convince participants that the effect is independent of the amount of liquid in the jars. Enlist participant assistance in handling the jars and tubing to avoid spills. Do this near a sink.

2.
Demonstration/Discussion: “Drinking Through a Straw”


A “contest” in which two people drink soda through a straw can only be “won” by the person assisted by air pressure. The person drinking through the straw fitted into the one‑hole stopper is unable to draw liquid 
into his/her mouth. Again, it is important to invoke air pressure reduction rather than “sucking” as the 
cause of the observed results. “Sucking,” in fact. has no effect on the liquid in the single hole bottle. It is 
important to fit the bottle openings tightly with the stoppers to prevent air infiltration.

FORCES IN FLUIDS
3A1D

TRASH BAG LIFT

(Demonstration)

Materials:
1 trash bag 


plastic straws 


duct tape

PURPOSE:

To demonstrate the relationship between force and pressure.

PRIOR KNOWLEDGE:

Fluids exert a pressure, which can be visualized as a force spread over a specific area. The definition of pressure is:

                                      Pressure = Force/Area

PROCEDURE:

1.
Cut the tips of the plastic straws so they will penetrate the bag easily.

2.
Spread the bag out on top of a table.
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3.
Each participant making the lift jabs a straw into the trash bag around the edge and tapes each to prevent air leaks. (If done as a student activity, it may be beneficial for the teacher to make the insertions.)

4.
Tape the open end of the bag closed to eliminate air leaks.

5.
One person sits on top of the trash bag while the other participants blow into the straws.

6.
The bag‑sitter will be lifted by the pressure of the gases in the bag.

EXPLANATION: While the pressure supplied by the air in the bag is fairly low, that pressure applied over a large area provides a large force, large enough to lift the weight of the person sitting on the bag.

Optional:  Each student can use straw in baggie with book on top. 
FORCES IN FLUIDS
3A2D

AIR SUPPORTS WATER: A SILENT DEMO

(Demonstration/Discussion)

Materials:
clamp or iron ring


erlenmeyer flask or wide‑mouth bottle


water


acetate


ring stand

PURPOSE:

To relate atmospheric pressure to water pressure and to demonstrate that pressure acts in 0 directions.

PROCEDURE:

1. 
Cut a square from the acetate that is large enough to cover the mouth of the bottle.

2.
Fill the bottle completely full of water. Cover the opening with the acetate square, making sure no air bubbles are trapped inside the bottle.

3.
Holding the acetate square in place, carefully invert the bottle. Remove your hand from the acetate square, and the water stays inside the bottle!

4.
You can clamp the upside‑down bottle to a ring stand and, as long as it is undisturbed, the water will remain in the bottle indefinitely.

QUESTIONS

1. 
What does the water tend to do in an overturned container?


     (spill out )

2.

Why isn’t the water flowing out?

(The participants may say that the acetate is holding the water in, but get them to realize that the acetate would fall to the floor if some other forces besides gravity were not at work.)

EXPLANATION:

Air pressure, acting upward on the acetate, is greater than water pressure acting downward on it. Also involved is the surface tension of water and some adhesion between the water and the acetate, both of which help to adhere the acetate to the mouth of the flask.

FORCES IN FLUIDS
3A3D

THE COLLAPSING CAN

(Demonstration/Discussion)

Materials:
I empty soda can (aluminum )
Bunsen burner and hose


1 large beaker filled with cold water
beaker tongs


spark lighter or safety match

PURPOSE:

To demonstrate the existence of atmospheric pressure as acting in all directions, even when there is no visible fluid motion.

PROCEDURE:

1. 
Put a small amount of water into a soda can.

2.
Holding it with beaker tongs over a burner flame, heat the can until vapors are continually released (as seen by their condensation).

3.
Quickly invert the can and submerge it in the beaker just enough to cover the can opening. The can will immediately collapse, and a loud “whump” will be heard.

QUESTIONS

1. 
What is in the can before heating it? (air and water)

2.
What is happening as the can is heated? (water boils, and steam (water vapor) escapes)

3.
What happens to the air in the can? (It is heated and partially driven out by the water vapor)

4.
When the can is inverted in the water, no air can re‑enter the can. The water vapor condenses to liquid taking up very little space in the can. Therefore, how does the pressure outside the can compare to the pressure inside the can? (It is greater outside the can than inside)

5.
What you have observed is called an IMPLOSION. Based on this, how can you compare outside to inside pressures in an EXPLOSION? (The pressure is greater inside than outside in an explosion)

Alternate Method of Can Crushing: 

Obtain an empty can (such as a ditto fluid can) and fill it completely full of water, then empty it completely getting rid of any fumes of ditto fluid. Put about 10 ml of water back in the can and heat this uncapped can on a hot plate until the water boils and you can see the vapor coming out the top. Remove the can and recap it. Have the participants observe what happens. (the can crushes in)

EXPLANATION: 
Heating the small amount of water until it boils fills the inside of the can with this water vapor. Removing the can from the hot plate (and recapping it) causes this vapor to cool. The cooling vapor condenses back into water taking up much less space than it did as steam forming a partial vacuum in the can. Compared to the outside of the can, the inside is at a much lower pressure. The walls of the can collapse because of this difference in pressure, being forced inward by the higher pressure outside.

FORCES IN FLUIDS
3A4D

ALKABOMB

(Demonstration)

Materials:
1 fresh Alka‑Seltzer tablet


plastic film canister or pill via] with flip top


goggles


water


eyedropper

PURPOSE:

To demonstrate the pressure produced when a gas is produced in a chemical reaction.

PRIOR KNOWLEDGE:

Alka‑Seltzer and water produce a gas.

NOTE:   Goggles should be worn throughout this demonstration.

PROCEDURE:

1.
Place 15‑20 drops of water into a film canister. Drop one‑half tablet into the canister so that it fits on the bottom. Immediately cap the canister tightly.

2.
Place the canister so that all the participants can observe any changes.

3.
The canister cap will visibly distend within a minute.

4.
The cap will be blown off several feet into the air, accompanied by a loud pop.

EXPLANATION: 
As the Alka‑Seltzer reacts with the water, carbon dioxide (C02) is produced in the canister. As more gas is produced, the pressure inside builds until the combination of the tightly‑fitting cap and outside air pressure is not sufficient to keep the cap on. It then pops off.

WORKSHOP TIPS:

1.
The workshop leader may wish to perform this demonstration without telling the participants about it, then have them offer hypotheses as to what occurred

2.
Some film canisters leak ... the caps do not fit snugly. Test beforehand.

3.
Do not use anything but a plastic vial!

4.

The tablet must be fresh; if the package has been open for a while, the tablet may not perform satisfactorily.

FORCES IN FLUIDS
3D1D

SIPHONING

(Demonstration)

Materials:
50 cm rubber or plastic tubing


2 jars or beakers


water

Note:
It is very difficult to actually see fluids move from regions of high pressure to low pressure, especially


gases. With gases, one generally uses indirect methods to show this. These indirect methods usually


involve a reaction of solids (which you can see) to the pressure difference sometimes present in gases.

PURP0SE:


To relate the pressure difference at different heights in a fluid to fluid flow. Also involved is the gravitational force which is necessary for the behavior to begin.

PRIOR KNOWLEDGE: Some knowledge of gravitational force and surface tension (cohesive forces) is necessary.
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PROCEDURE:

1.
Place a jar nearly full of water on a table, and an empty jar on a chair beside the table.

2.
Fill the tubing with water and hold the water in by placing your fingers on the ends of the tube.

3.
Place one end of the tubing into the jar on the table, and place the other end into the jar on the chair. Remove your fingers.

4.
Observe that the water will flow from the upper jar into the lower one.

5.
When the water stops flowing, reverse the position of the jars. The water will not begin to flow again unless the tubing is completely filled.

6.
Try it again with both jars on the table. Observe that no water will flow.

EXPLANATION: 

Because there is more water in the outlet side of the hose the imbalance of weight causes water to flow from the outlet. This reduces the pressure within the hose (point B in the diagram). The cohesive force between the water molecules then draws additional water up the inlet side.

Note that is it not the atmospheric pressure acting on the water surface at A that initiates the siphoning action. The difference in the atmospheric pressure acting on the water surface at the outlet end and at the inlet end helps to maintain the siphoning. However, the fact that some liquids will siphon in a vacuum indicates that atmospheric pressure, alone, cannot explain the results.

FORCES IN FLUIDS
3D2D

DRINKING THROUGH A STRAW

(Demonstration/Discussion)

Materials:
bottles


soft drink (or water)


straws


one‑hole rubber stopper


two‑hole rubber stopper

PURPOSE:

To demonstrate that atmospheric pressure is what is responsible for liquids rising in a straw.

PROCEDURE:

1. 
Set up the materials as shown in the diagram below.
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2. 
Ask two volunteers to drink the soft drink.

3. 
Ask the observers to predict the results.

4. 
As they vary in their success, ask the observers to hypothesize the reasons for the differences.

EXPLANATION: 

When a straw is used to drink a liquid, the pressure is reduced inside by the “sucking” of air out of the straw. The liquid is then pushed up the straw by the atmospheric pressure acting on the liquid’s surface. With the one‑hole stopper in place, and the hole filled by the straw, the atmosphere cannot act on the surface of the liquid; consequently, no liquid can be forced up the straw. On the other hand, the two‑hole stopper allows the air to enter the bottle and act on the liquid surface, forcing the liquid up the straw.

FORCES IN FLUIDS
3E1D

CAN YOU RAISE A PIECE OF PAPER?

(Demonstration)

Materials:
piece of paper

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased.

PROCEDURE:

1.
Hold a single sheet of paper below the lower lip letting it bend and hang downward.

2.
Blow over the sheet and OBSERVE it rise up into a horizontal position.

EXPLANATION: 

As the air moves over the sheet, the pressure against the upper surface is reduced. The greater atmospheric pressure on the lower surface pushes the paper into the air stream.

POSSIBLE EXTENSIONS:

1.
Blow downward between two vertically hanging sheets of paper.

2.
Hang two ping‑pong balls about 5 cm apart at the same level. Blowing between them lowers the pressure in that region; the greater atmospheric pressure on the other side of the. balls will force them closer together.

FORCES IN FLUIDS
3E2D

CAN YOU GET A DIME INTO A CUP WITHOUT TOUCHING IT?


(Demonstration)

Materials:
dime


cup (this may be a plastic coffee cup, but a transparent beaker



or cup helps to make the action more visible in a classroom)


flat, smooth table top

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased.

PROCEDURE:

1.
Place the dime about 7‑10 cm from the edge of a flat, smooth table top. Hold a tilted cup with its edge about 34 cm from the top of the table, as indicated in the diagram below.
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2.
Adjust your lips to direct a concentrated stream of air from your lungs over the top of the dime in a single, strong puff. When done properly, the dime will jump off the table upwards, be, caught in the air stream, and carried upwards and sideways into the cup.
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EXPLANATION:

The high speed air, blowing across the top of the dime, causes the pressure above the dime to be decreased. The lowered pressure above the dime enables the dime to be lifted from the table by the surrounding higher atmospheric pressure. When the dime rises from the table, it enters the fast‑moving air stream and is blown into the cup.

FORCES IN FLUIDS
3E3D

THE STATIONARY CARD


(Demonstration)

Materials: 
3 x 5 index card

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased.

PROCEDURE:

1. 
Fold the card as shown in the figure below.
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2. 
Place the folded card near the edge of the table and blow through the “tunnel” formed by the card.

3. 
Care must be taken to blow through the tunnel, and not over the top of the card.

EXPLANATION: 

As the air moves under the card, the air pressure against the underside of the card’s top surface is reduced. The higher atmospheric pressure on the top side of the card then pushes it downward and causes it to “stick” to the table.

FORCES IN FLUIDS
3E4D

TRAPPING A PING‑PONG BALL

(Demonstration)
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Materials:
ping‑pong ball


funnel


0.5 meters of plastic tubing

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased.

PROCEDURE:

I. 
Attach the plastic tubing to the funnel.

2.
Holding the funnel upright, place the ping‑pong ball inside.

3.
Blow through the tubing. The ping‑pong ball rises and spins, but is not blown out of the funnel.

4.
While blowing, turn the funnel sideways, then upside down. The ping‑pong ball will stay in the funnel.

EXPLANATION: 

The rapidly moving air passing by the ball lowers the pressure at point A (see the diagram below). However, the atmospheric pressure at point B remains relatively unchanged and is greater than at point A. Therefore, the ball is forced to stay in the funnel by the higher surrounding atmospheric pressure outside of the stream of fast‑moving air.

FORCES IN FLUIDS
3E5D

THE SUSPENDED CARD

(Demonstration)
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Materials:
3 x 5 index card thread spool straight pin

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased.

PROCEDURE:

1.
Push the straight pin through the center of the card.

2.
Hold the card against the bottom of the spool with the pin centered in the hole. (The pin is only needed to keep the card from “wandering.”)

3.
Blow down through the hole in the spool while releasing the card.

4.
The card will not blow away from the spool but will appear to “stick” to its bottom for as long as air passes through the hole.

EXPLANATION: 
As the air goes through the hole and passes over the top surface of the card, the pressure against that surface is reduced. The atmospheric pressure against the underside of the card is greater, causing a differential in pressure acting upward toward the spool. This differential in pressure provides a force which is greater than the weight of the card, holding it against the spool.

FORCES IN FLUIDS
3E6D

HOW DOES AN ATOMIZER WORK?

(Demonstration)

Materials:
plastic straw


knife


cup


water

PURPOSE:

To show the effect on static pressure when the velocity of the fluid is increased,

PROCEDURE:

1. 
Make a slit half‑way through a straw about 1/3 from one end.

2.
Bend the straw at the slit with the slit facing away, and place the short section into a glass of water as in the diagram below.

3.
Make sure the slit is no more than 1/4 inch above the surface of the water.

4.
Blow hard through the far end of the long section of the straw.

5.
Water will ‑enter the straw from the’ glass and come out through the slit as a spray.


EXPLANATION: 

The stream of air blowing over the top of the short. section of the straw reduces the pressure in the lower section of straw. Normal atmospheric pressure acting on the surface of the water in the glass forces the water up in the straw. The moving air then blows the water off in drops.
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