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COMPILATION: fluids labs using Modeling Instruction; pressure model 
 
Date:    Thu, 13 Oct 2016  
From:    David Ennis, a long-time modeler and former engineer 
     If a student asks, "What causes the great pressures in the depths of the ocean?" chances are 
that you will reply with a textbook answer that unintentionally dodges the question ("pressure is 
due to the weight of the fluid above, and is given by Rho g h"), and/or one that is incorrect 
(pressure on a surface deep in the ocean is the effect of bombardment by particles).   
     In order to figure out the correct answer you must look at it more deeply and apply the Law of 
Change (below).  I invite you to try it.  This ability to clear up what is otherwise cloudy is one of 
the principal virtues of this or any physics law. 
     A universal Law of Change is, evidently: 
Change <=> energy transfer <=> force exerted through distance <=> a change in motion or 
position, where Change is a change in system properties, and the symbol "<=>" denotes "is 
always associated with." 
 ------------------------------ 
Date:    Fri, 14 Oct 2016  
From:    Jim Deane  
> and/or one that is incorrect (pressure on a surface deep in the ocean is 
> the effect of bombardment by particles). 
     I am interested to know how the model that pressure is a result of the interaction of particles 
is wrong. Is the problem with the word "bombardment"? The model that uses the average kinetic 
energy of the particles and their density to describe what happens when the particles interact with 
other particles through repulsive electric force and the resulting change in momentum seems to 
describe pressure quite well (though my quick description does not do it justice). 
     I mean, provided the right tools you could draw a vacuum around something in the Marianas 
trench. Perhaps there is a nuance of the argument that is simply escaping me. 
 -------------------------------- 
Date:    Sat, 15 Oct 2016  
From:    James Vesenka <jvesenka@UNE.EDU> 
Greetings Modelers: 
I have few opportunities to contribute, but I when I saw the post about "pressure" I wanted to 
mention that we (UNE and UNH) have undertaken extensive physics education research on 
fluid statics and dynamics and developed a suite of modeling-centered lab activities.   
   These were developed in part because the majority of students taking college physics are life 
science majors.  With few exceptions, most college physics texts focus on models that are not 
relevant to these majors.  We spend a half of one semester on fluids.   
     I am not saying this approach is appropriate at the high school level, but some of the labs 
could easily be picked up, such as  our ideal gas lab (multiple particle model MPM). 
     Details at:  http://faculty.une.edu/cas/jvesenka/scholarship/index.htm 
     There are some tongue-in -cheek content - anyone interested in word documents to edit to 
meet their own needs should contact me at the email address below.   
     The motivation for this more visual approach was learning that in chemistry the only 
coverage was mathematical, which PER research indicates is completely opaque to students.  
With the visual MPM models provided in the link above, students can make remarkably accurate 
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predictions in many complicated situations.  
      I should mention that the model that precedes the MPM is the impulsive force model, i.e. we 
cover conservation of momentum as the introduction to fluids long after the mechanics section 
has been completed.  It is an excellent mechanics review and then starting point for gasses that 
provides an excellent application for life science students.   
     Liquids are more complicated and require model modifications (exchanging billiard balls with 
velcro spheres - look up Dawn Meredith at UNH if you are interested in those models) that 
probably are not appropriate for the high school level. 
Kind regards, Jamie 
James Vesenka, Ph.D., Professor of Physics, University of New England 
Department of Chemistry and Physics, Biddeford, ME  04005 
E-mail: jvesenka@mail.une.edu 
 ------------------------------ 
Date:    Sat, 15 Oct 2016  
From:    Marc Reif  
Jamie, Thanks! I downloaded a bunch of great stuff. Particularly excited about the thermo 
modeling units. The fluids and buoyancy models will be great for AP-2, as well. There's an 
emphasis on microscopic models. 
 ------------------------- 
Date:    Sat, 15 Oct 2016  
From:    David Ennis  
Subject: Pressure and the Law of Change 
     Jim Deane wrote [regarding the mechanism for liquid pressure]: 
“The model that uses the average kinetic energy of the particles and their density to describe 
what happens when the particles interact with other particles through repulsive electric force and 
the resulting change in momentum seems to describe pressure quite well.” 
 
and a few days ago, Joe Morin wrote: 
“I still fail to see how a "Law of Change" can help me understand hydrostatic pressure since 
nothing is changing.” 
  
     Thank you both for continuing the discussion.  The ideas are fun, and, I think, important. 
 
     Joe, the "Change" is the change in pressure with depth of a liquid. 
     Jim, the model you describe is in many books, where it is usually introduced in connection 
with the pressure that keeps a balloon expanded.  The gaziilions of impulses per unit area per 
unit time associated with tiny, momentum-changing collisions sum up to have the effect of a 
steady state force per unit area.  You read on and find that if you pump more gas particles into a 
container, the collision rate and the pressure increase.  If you heat it up, the average kinetic 
energy of the particles, the frequency and magnitude of the impulses, and the pressure, increase.  
You can go and explore a PHET simulation and see all of this happen.  It's a very good and 
satisfying model, verified by experimental data.  But explicitly or implicitly, the model gets 
transferred to objects submerged in fluids, including liquids, and that's where it goes wrong. 
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     Without regard to mechanism, we develop a separate model for fluid pressure as a function of 
depth.  We say that a column of fluid exerts a pressure at any particular depth in proportion to its 
weight, like a book exerting pressure on the surface of a table in proportion to its weight.  This 
model is very sensible and satisfying too, and verified by experimental data.  However, this 
model doesn't get connected to the pressure mechanism model, so we find ourselves in trouble at 
the bottom of the Mariana Trench, trying to explain the mechanism of the pressure there. 
     In agreement with the depth model, the pressure at the bottom of the Trench is more than 
1000 times that at or near the surface.  Does the balloon's pressure mechanism model fit?  Well, 
due to the relative imcompressiblity of liquids, the density down there is only 5% greater.  If the 
volume concentration of particles is 5% greater, then the area concentration of particles available 
for collisions is even less, about (1.05)^(2/3), or about 3.3% greater than at the surface.  And the 
temperature is on the order of 60°C colder, so the average kinetic energy of the molecules is 
lower.  So the pressure mechanism model for gases fails quite badly for this change in pressure, 
while the pressure at a depth model holds up.  Let's find a model for a mechanism that works. 
     Applying the Law of Change, the Change here is the change in pressure.  The Law says that 
there must be an energy transfer--so what is it?  If we can't answer that immediately, let's move 
on to the Law's provision that whatever the energy transfer is, it must be associated with a force 
exerted through distance.  So let's look at the forces.  Consider a vertical stack of single 
molecules.  Picking any one of them, we see that the force exerted on it is its own weight plus the 
weight of all the molecules above it, since it is supporting them.  How is this force exerted 
though a distance?  Scrunching.  Our molecule is forced to move closer to the one below, just as 
the one above it is forced to move closer to it.  At the bottom of the trench, the 5% volume 
change becomes a (1.05)^(1/3) or 1.6% linear change, or change in distance.  And for completion 
of the application of the Law we see of course that the force through distance resulted in a 
change in position.  Going back to the beginning, the energy transfer associated with the change 
in pressure is from the gravitational fields between the Earth and the molecules to the electric 
fields of the molecules. 
     Thus, the increasing pressure of a liquid with increasing depth is due to the increasing 
electrostatic forces between molecules.  And, of course, a submerged surface is exposed to the 
virtually steady state sum of electrostatic forces from the molecules adjacent to it.  What we don't 
see in the balloon model or the PHET simulation for gas pressure, but which we do see in 
liquids, is the accumulation of particles in close proximity to the surfaces. 
     The unifying model for pressure, the one that accounts for changes in pressure due to 
changes in depth, density, and temperature, the one that works for the PHET simulations for 
gases and for the sea water at the bottom of the Mariana trench, is that pressure in a fluid is the 
volume concentration of the energy of particles. 
 -------------------------------- 
Date:    Wed, 14 Feb 2018  
From:    Joseph Mahler  
     Last year there was a discussion about Modeling labs for fluids. I have worked on and 
developed some hands-on labs to teach fluids [in AP Physics 2].  
     The first lab I admit is not "hands-on". Students use the PhET Fluid Pressure and Flow 
simulation to do three "labs". The IVs are gravitational field strength, fluid density, and depth 
below the surface. The DV is the absolute pressure. They graph the data, interpret 
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slope/intercept and develop the static pressure model. After completing the lab, we derive the 
model they developed from their data, using what they learned in AP Physics 1. 
 
     The next lab is to develop Pascal’s principle and the relationship between Pin/Pout, Fin/Fout, 
volume of liquid moved on either side, and distance each piston moves. To do this lab I 
purchased six glass 10 ml and six glass 50 ml syringes from Amazon (cost $250). The amount of 
friction between the piston and the edge of the syringe is negligible. I fill the syringes with 
water and connect them with plastic tubing.  
     I started by having the students move each piston back and forth separately and make 
observations. The 10 ml syringe they can move with their pinky, but it takes them some 
effort to move the 50 ml syringe around. Also they noticed that when you moved the 10 ml 
syringe, the 50 ml syringe barely moved. This led to a great discussion and they hypothesized 
that the pressures were the same on either side, but different force due to the areas. Also when 
posed how work in compares to work out, they thought it would be the same due to the 
increased force but decreased distance.  
     To collect actual data I replaced the plastic syringes on a Pascal Demonstrator I had with the 
glass ones. I put the demonstrator on top of a lab jack and mounted two force probes on 
top of the syringes. We then cranked the lab jack and recorded the corresponding force on each 
probe. When we graphed F1 vs. F2 we got a slope of 3.95, and when we did the ratio of the areas 
we got a value of 3.90. Also when we plotted P1 vs P2 we got a slope of 1.01.  
 
     I also used the syringes for a flow rate lab. They students videotaped the syringes as they 
pushed one of the plungers at a constant velocity. They did this for several velocities and used 
LoggerPro to get the velocity of each plunger, which we said would be the velocity of the fluid 
in the syringe. They graphed v1 vs. v2, and we got great results that showed A1v1=A2v2. 
 
     Finally for a buoyancy lab I used metal cylinders of the same mass but different volumes 
(They came in an Archimedes lab kit). They hung the cylinders from a force probe and slowly 
submerged them into a fluid. They recorded the change in tension in the string using the force 
probe and used their force diagram to get the corresponding Fb. They then plotted Fb vs. 
volume of liquid displaced and mass of liquid displaced. I used three different liquids [water, 
vegetable oil, and rubbing alcohol]. Again this worked and they easily developed a buoyancy 
model; however, I had to borrow some 500 ml graduated cylinders from the chemistry teacher 
and she was a little reluctant to let me have them. I guess they are pretty pricey. 
 
     I have pictures and handouts for each lab but haven't had a chance to write up any teacher 
notes. If you are teaching fluids and want them, you can contact me directly. Once I have the 
teacher notes done, I'll submit them to AMTA. 
 --------------------------- 
From: Marc Reif  
Date: Sun, 8 Apr 2018  
    Sorry to be so late in replying to this. I have a modification to Joseph's fluids lab. I have 
students lower a full, sealed can of food into the water. It's bigger than the small metal cylinders 
and measurement error is less of a problem. 



 
 
 

 

 5 

     We put the beaker on a scale. When you plot upward force of sensor on the can + upward 
force of balance on the can, you get a horizontal line. 
     We also lower the object to several completely submerged depths (you need a big beaker for 
this) and see that the forces don't change. 


