Unit 4: surface force, with normal (perpendicular) & frictional components

COMPILATION.  Unit 4: surface force, with normal (perpendicular) & frictional components
[Editor’s note: confusion here. The best consensus seems to be expressed in Vonnie Hick’s post on Oct. 18, 2007.]

Date:    Wed, 17 Oct 2007 
From:    Marc Price Reif 
Subject: Surface force
     We call the force from a string or cable a tension, so why don't we call surface force a compression? Or perhaps some of you already do, although it just occurred to me today.  I thought I might try it this year.  I'm early into Unit 4.

******************************************************************************

Date:    Tue, 16 Oct 2007 
From:    Rob Spencer 
     ...along these lines, would it be more conceptually comfortable to call the force between surfaces a surface force with components of normal and friction?  That way, a system schema would not magically have two forces (normal and friction) between surfaces sliding across each other but a single force called the surface force.  If there was no motion between surfaces nor impending motion between surfaces, then the surface force would be perpendicular to the surfaces.  But if there was motion, and thus friction, then the direction of the surface force would be somewhere between perpendicular to the surfaces and parallel (and against the motion) to the surfaces.
******************************************************************************
Date:    Tue, 16 Oct 2007 
From:    Dan Crowe 
     I've been using a single line for surface forces since I started using system schemas soon after I read Lou Turner's article in TPT (Vol. 41, p. 404, October 2003).  I label the single line for a surface force using the following component notation: (F_N, F_f), possibly with
additional labels in the subscript to indicate which objects were interacting.  I never liked the use of two lines for one interaction. I've considered using a single label, such as F_S for surface force, that would later be resolved into a normal component and a friction component, but I haven't done so, yet.  Maybe I'll start doing that this year.
******************************************************************************Date:    Wed, 17 Oct 2007 
From:    Jane Jackson 
    You can download a draft of Lou Turner's article at the modeling website.  See also the article by Brant Hinrichs.  

From  http://modeling.asu.edu/modeling-HS.html (the high school page), click on "Resources for the modeling classroom".

        ------------------

System Schemas, by Lou Turner (6 pages, 2003)

Using the System Schema Representational Tool to Promote Student Understanding of Newton’s Third Law, by Brant Hinrichs (4 pages, 2004)

 Date:    Wed, 17 Oct 2007 
From:    Marc Price Reif 
     I think I'll try getting students to call surface force the result of a "compression interaction" and tension force the result of an "extension interaction."  And labeling the double-headed arrows with these terms on the system schemas. 
     Make sense to you others?
     I understand the logic behind one surface interaction with two components, but a couple of things about it bother me, and Dan or Rob, maybe you'd clear one of them up.
     It seems that surface force and friction are two different manifestations of the electric force.  Surface force resulting from the repulsion of electron shells and friction force resulting (at least in part) from the attraction of electron shells to atomic nuclei.  Is this correct?  If so, doesn't it make sense to keep them separate?  It seems confusing that one interaction can both grab at and push away a surface.
     The other concern is the AP exam.  I read AP exams (both B and C) for the last six years, and although AP readers take great care to give all students the credit they deserve, they must move fast and would likely pass over a free body diagram (FBD) without surface force perpendicular to friction, unless it were very clearly labelled/explained.  And I don't trust students to do that.  I have this concern since a fair number of my students go on to take my AP class. For this reason, in AP I tell students to quit using FentireEarth and label Fgravity.
 

    BTW, Terri McMurray and Ingrid Novodvorsky are also modelers and AP readers  (and much higher up in the hierarchy than myself).  But, that means more than 97% of the AP exams are read by non-modelers.  So more of you modelers who teach AP ought to sign up to read.  It's a good time, believe it or not.
******************************************************************************
Date:    Wed, 17 Oct 2007 
From:    Matt Greenwolfe 
     I've been using "support force" for the past few years …, and I have also been emphasizing the universal nature of forces resulting from compression interactions and extension interactions as Mark describes, so that springs, strings, chains, bridge cables or metal girders are all doing the same thing when they are stretched.  Similarly, springs, couches, pillows, wooden floors, concrete floors, roads and granite rocks are also all doing the same thing when something presses on them.  It’s just a matter of amount.
     This does work much better than the name normal force, because support force is more descriptive of the agent that exerts the force and evokes the picture of that surface bending a little bit (as shown by the brick wall-laser demo) and pushing back to *support* the object and prevent it from crashing through the surface.   I'm not sure which would be the best term, surface force, support force, surface support force vs. surface friction force ... ?  But judging from my experience, any of these are better than normal force.
******************************************************************************
Date:    Thu, 18 Oct 2007 
From:    Jon Fishwild 
     I have a concern about support force.  Support force makes sense if you are referring to the force exerted upward by the ground on a person's feet, for example.  But don't kids have a problem with the other side of that interaction?  Do they consider the downward force on the ground by the feet to be a support force as well?  The image formed by the word "support" seems only to apply to one-half of that interaction.  A normal force between the feet and the ground seems to avoid this problem.
******************************************************************************Date:    Thu, 18 Oct 2007 
From:    Park, Nicholas 
     We call the force in question "the perpendicular force exerted by the ground on his feet (or whatever it is)." We use "perpendicular force" as a short form of this - essentially replacing the archaic term "normal" with its modern equivalent. I find this to be an effective approach.
******************************************************************************Date:    Thu, 18 Oct 2007 
From:    Vanderway, Joseph
     Ok, I call it "the normal component of the surface contact force" or "normal" for short.
     If we can talk about velocity, acceleration, force, momentum, power, voltage, charge, energy and impulse each as different ideas and expect our students to replace their previously held definitions (all are synonyms of "ooomph") then I think that we can expect them to understand that the term "normal" means "perpendicular".
     Then they can converse with other physics pholks.
     It very much helps to define force as an INTERACTION between objects (or systems or fields if you must).
******************************************************************************Date:    Thu, 18 Oct 2007 
From:    David Cole 
     There is actually only _one_ force that the surface 'creates'; it can be at essentially any angle and has, therefore, two components.  When viewed this way, it perhaps matters less what names we give to each component--normal and friction, etc.  But friction is very subtle and deserves special attention.  I suppose the relevant question is what model to use ....
******************************************************************************Date:    Thu, 18 Oct 2007 
From:    Vonnie Hicks 
     Add my name to the chorus in favor of the concept of surface force (with normal and frictional components, if necessary).  

     For the AP problem solvers, consider the classic circular motion cases where, say, a motorcycle is moving in a circle at constant speed.  If the curve has no banking, the centripetal force is supplied exclusively by the friction component of the surface force, allowing the calculation of coefficient of friction if the motorcycle is on the verge of skidding.  If the curve is ideally banked, the surface force has no friction component, and is thus all resulting from the normal (or compression) component, and the horizontal component of that surface force supplies the centripetal force, and the ideal banking angle can be calculated.  In both cases, the centripetal force is the resultant of the vector addition of just two forces: gravitational force and surface force.
     Now consider the case of a motorcycle moving in a circle on a surface that is banked, but not sufficiently for the speed.  For several years I used such a problem with my AP-C students, derived from a photograph of a racing motorcycle viewed head-on in the middle of a
curve insufficiently banked, with a specified radius of curvature (I asked for the speed of the motorcycle and the apparent weight of the rider).  My own solutions were very complicated and mathy as I was stuck in the normal/friction mode of viewing the surface forces.  In the third year of use, I had a student hand me the most elegant solution I had ever seen:  a gravitational force and a surface force, added as vectors to yield the centripetal force.  It did not matter whether the surface force was normal, frictional or a combination (as in this case), the centripetal force is still the resultant of THE SAME TWO VECTORS!  Conveniently, the surface vector was exactly in the direction of the apparent vertical for the leaning motorcycle, gravity offsets its vertical component, and the resultant horizontal component supplies the centripetal force.  Even a parallelogram resolution of the forces is simple.
     Since then I have taught surface force that can be resolved into normal and frictional components, but can also be resolved into other components (such as horizontal and vertical, as the need arises).  It seems to work, and solve the confusion of the 'natural force' problem.
******************************************************************************Date:    Fri, 19 Oct 2007 
From:    Park, Nicholas
     I think I may try this.
     I suppose that in this way of describing things, the coefficient of friction can be described as the tangent of the maximum possible angle that the surface force can make with the perpendicular?
******************************************************************************Date:    Fri, 19 Oct 2007 

From:    Bob Warzeski 
     Regarding the current discussion of normal force:  I've struggled with this, as the word "normal" apparently isn't even commonly used in geometry (at least as they are exposed to it in HS), whereas most other subscripts for forces have some logical connection to the force in question in their minds. Last year I posed it as a question in my freshman Modeling classes when we deduced, via the bridging analogy, etc, that the surface exerts a force perpendicular to itself. The class decided to call it the perpendicular force.  What sabotaged us was that we're required to have a text, and the texts all use normal Force (Fn).
     The problem with support force for me is that, in order to make the point that this force is always perpendicular to the surface, I have a student push against the wall, and another climb on a lab table and push on the ceiling.  How can a normal force exerted by the ceiling be thought of as a "support force"?
     This year, back using P^3 (Physics Principles and Problems, Glencoe), my non-Modeling jr-sr classes are once again having a very hard time keeping net or total force (for which I use capital Sigma F, but the book uses Fnet) straight from Fn.  No amount of explaining why I use Sigma F to avoid this exact confusion seems to help.  They hear the word Net and immediately confuse it with Fn.  Next year, whatever text I'm using, I'm going to lead them to calling it the perpendicular surface force, as distinct from frictional surface force.  And I'm going to try to erase the word Net from my vocabulary.
******************************************************************************Date:    Fri, 19 Oct 2007 
From:    Park, Nicholas 
     Support force makes sense because regardless of the surface or the direction, it exerts a perpendicular, or normal, force to *support* its own structural integrity. This is akin to calling it compression force.
     As I mentioned, I have been using "perpendicular force." At the same time, the book we use says "normal force." I think that this is *wonderful*, for the same reason that I'm glad our book says "for every action, there is an equal but opposite reaction" even though in class we say something like "every interaction involves equal and opposite forces on the two interacting objects". I want my students to default to a language that clarifies the conceptual elements of the model, but to also recognize the more traditional language so that they can communicate with others outside of my classroom.
******************************************************************************

Date:    Sat, 20 Oct 2007  
From:    mitchell johnson 
     I have juniors but it does not seem to be a problem even though  MOP uses Fn  fg  fnet.....  Maybe it is because MOP spends a lot of time developing the forces and we do the lab with force sensors parallel and perpendicular to the track attached to a car.  When we rotate the track it is so natural to call the forces parallel and perpendicular because they are.  Moving from the general to the specific terms of normal friction tension.... is much more natural.  Spring scales are just as good as force sensors and the kid gets to feel the force change with the angle.  They then have a surprisingly easy time figuring out that the acceleration of the car down the track is due to the net force after adding the vectors.  We do this instead of Atwood’s lab.  Every chance I can, I get them into vectors; I do because they have not covered them in math yet.

******************************************************************************

Date:    Sun, 21 Oct 2007 
From:    Bob Baker 
     In order to make it easier for students to understand force concepts, I like to have students describe force on an object by using the name of the other object.  For instance, the force on a ball falling toward the earth is called force of the Earth or Fe.  The force of a cable on an object is called force of the cable or Fc.  The forces acting on an object sliding on the road are called force of the Earth (Fe), force of the road parallel (Fr (parallel symbol)), and force of the road perpendicular (Fr (perpendicular symbol)).
     In view of the discussions about naming forces, I thought it would be interesting to include a list of common force names and their descriptions. This is what I have so far:
Tension: the force interactions within a flexible object or the force interaction between an object and a flexible object in the direction of the flexible object.  Tension forces cannot be in a direction away from the flexible object.
Force of Earth: The force interaction between the earth and another object that has mass.  The direction of the force is toward the center of the earth.
Weight (common use): same as the force of the earth

Weight (scientific use): force interaction between two masses.  The direction of the force interaction on each mass is toward the center of the other mass.
Gravitational force of the earth: the same as Force of the Earth
Gravity: the same as the common use of weight when used in common talk or the same as the scientific use of weight when used in scientific talk. Sometimes gravity is meant to mean the gravitational field of the earth.  It can also mean the gravitational field constant 9.8m/s/s for earth or the gravitational field constant of any mass.  The multiple meanings of gravity are a good reason to not use the word when referring to a force.
Surface force perpendicular: the force interaction between two objects that is in a direction perpendicular and away from the other object.
Normal force: same as surface force perpendicular.
Perpendicular force: same as surface force perpendicular.
Kinetic surface force parallel: the force interaction between two objects which is parallel to the surface of one object and in a direction opposite to motion.
Static surface force parallel: the force interaction between two objects which is parallel to the surface of one object and in a direction opposite to the net interaction of other force interactions parallel to other object's surface when there is no relative motion between the objects.
Kinetic friction force: same as kinetic surface force parallel
Static friction force: same as static surface force parallel.
Parallel force: same as kinetic friction force if the object is moving or static friction force if the object is not moving.  It can also mean a force from a third object that is parallel to one of the object's surfaces such as a parallel force on an incline plane.
******************************************************************************Date:    Sun, 21 Oct 2007 
From:    Dan Crowe 
     Calling g "the gravitational field constant" implies that it is constant.  The strength of the gravitational field is not constant.  Calling it a constant can cause confusion when introducing Newton's law of universal gravitation.  I call g "the gravitational field", "the strength of the gravitational field" or "the gravitational field strength".
******************************************************************************Date:    Sun, 21 Oct 2007 
From:    Matt Greenwolfe 
     [A response to the questions: Do they consider the downward force on the ground by the feet to be a support force as well? How can a normal force exerted by the ceiling be thought of as a "support force"?]
     In this sense:  The surface bends a little bit (as shown by the brick wall-laser demo) and pushes back to *support* the object and prevent it from crashing through. This does work for feet and ceilings as well as walls and floors.
     I don't think the exact name, such as support, is all that important.  It is important that the student learns to imagine the microscopic bending of the surface that leads to this perpendicular push back - in other words that they have a mental model of the force as an interaction between the surfaces of two objects, regardless of what it is called.  To me, student use of the word "natural force" or confusion of normal and net force is an indication that they have not developed this model.  So I would get them to clarify what object exerts this "natural" or "net" force and then ask, "What does the surface do that enables it to push on the other object like that?" Similarly, I was seeking a name that evoked this microscopic reaction of the surface and not merely the object exerting the force (surface force) or the direction of the force (normal force), which to me seem like the less important aspects.  I readily admit that the word support may not be the best for the job, but it was the best I could come up with.
     I think frictional force does this job nicely for the parallel component. Once students are introduced to the idea that seemingly smooth surfaces actually have roughness - peaks and valleys that interfere with and adhere to each other and impede the motion - the word friction can evoke this picture again.  They also have to learn about the objects that cause it and the direction - that the frictional force is present when there is contact between surfaces, that it is parallel to the surface, and that it opposes the motion or the tendency to move.  But the word itself describes the mechanism that causes the force.
     I also like the way that Vonnie is going with this.  Friction and normal have distinct physical origins and are often a useful way to split the surface force into components, but there are other choices that are equally valid.
******************************************************************************Date:    Sat, 20 Oct 2007 
From:    Nicole Y. Murawski
     I, too, get those kids that confuse Fnormal with Fnet.  It's not terrible...just a few.  However, when I have taught  9th grade average-to-lower-level Phys Sci and 11th-12th grade lower-level Phys. Sci. classes, without a text (thankfully), I had the liberty to call things whatever-the-heck I wanted to.  I wouldn't even bother with Fnormal with the 9th graders...just kept things in one
dimension...that was enough for them.  So, if it was a book on a table, it was Ftableonbook.  However, my 11th/12th graders, they could handle Fnormal all right.
     However, for Fnet, I called it Fsum in both classes!  They know the word "sum" (well, at least we hope they do) and that made it make better sense to them.  You know what?  My 11th/12th graders NEVER confused Fnormal with Fsum!
     Now, if I can just get my upper-level 11th/12th graders every year to stop referring to Fnormal as Fnatural!!!  I'm dying to know what's so "unnatural" about all the other forces!
******************************************************************************
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