Title: Using the terms inertia and centripetal (2005), under 1st semester mechanics

COMPILATION: Using and misusing the terms inertia and centripetal force.

Date:    Thu, 4 Aug 2005 

From:    Don Yost 

Subject: inertia dialog


In teaching a force and motion class to a group of middle school teachers, I realized that using terms carelessly could actually subvert the concept I was teaching.  Inertia is a case in point.  The dishes and tablecloth pull demo asks, "why did the dishes not crash to the ground?"  Pat answer is "because they have inertia". This implies that the dishes have something in addition to their mass which resists pulling.  I believe the correct answer should have been "because there is not enough frictional force to move them".  This suggests that things do not need a cause to remain at rest, but rather need a cause to change their motion.


Another question is often posed about a constantly moving object: "Why does the object continue to move?"  Pat answer is: "because it has inertia", again suggesting that it must have some sort of cause to keep moving, when in fact it needs no cause to keep moving, not inertia, not even mass.  It keeps moving because -----no, there is no because, constant movement does not require a "because" or a "cause" or "inertia".


An analogy to consider is the peanut resting on the airplane tray. To the passenger, does the peanut need a cause to remain on the tray?  Of course not.  Then as a ground observer, does the peanut need a cause to move at the airliner's speed?  Of course not. In fact, if the peanut did need something to keep it going, you could use the existence of that something to determine  if something is absolutely at rest,  and this you can not do.


My suggestion: do not use the word inertia.  If you use it, you are probably misusing it.  There is an inertial principal, Newton's first law, but that does not require that some property called inertia exists.  Comments??


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

Date:    Thu, 4 Aug 2005 

From:    mitchell johnson 


Inertia is one word that is not allowed.  If used it will start showing up on free body diagrams.  Even though Hewitt has a whole chapter on inertia, my students use mass.  Every time they use inertia, I ask them, 


"What units is inertia measured in?"  blank stares.  


"How do you know one object has more inertia then another?"  bigger.  


"So a pillow has more inertia than a car battery?"  No it has weight. 


"So on the space station you would get the same result on your foot if you kicked a car battery as a pillow?"  ok mass.  


"What do we measure mass in?"  kg.  


"So why do we need the term inertia if all we are talking about is mass?"  Then why does the book call it inertia?  "Because it is out of date and uses a term from hundreds of years ago that only confuses the ideas of mass."   oh.  


"When we developed the idea of Newton's first law, did we use the term inertia or did we use the term mass?"  mass.  


"So from now on, the term inertia is banned from this classroom.  Every time you see the term, you are to replace it with mass because that is all it is."


The other banned term is centripetal force.  There is no such thing.  There does happen to be a NET force that is pointing towards the middle of the circle.   If you allow them to use the term centripetal force, I guarantee that you will see it on your whiteboards and tests as if it were a real force.  


This goes to the root problem of science education.  Students have learned, unfortunately from experience, that science is not a living way of doing things but a book of facts sitting on a shelf.  So once they memorize a term and definition they think that they are done.  That is why it is so hard to get them to think.  They memorize centripetal force as a force pointing towards the center, which works as long as you have string or gravity but falls apart when you have more then one force as in banked curves or roller coasters.  So we only use mass and net force for these two archaic terms.


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

Date:    Thu, 4 Aug 2005 

From:   JosephVanderway


I agree with Don.  I avoid the term inertia as much as possible. Unfortunately, the term (like most others in physics) is often used in everyday speech.  Students already KNOW what inertia means as far as they are concerned.  In addition, I've seen inertia show up on standardized tests as an answer to the questions of the sort Don mentions.  What do we do about that?


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

Date:    Thu, 4 Aug 2005 

From: Mollie Small (a 'newbie' to teaching and to modeling)

Newbie 2 cents in response to the Yost post


I want my students to use the word inertia correctly in their explanation of Newton's First Law and its application.  So although I agree I would not want to use the word inertia as a property like whether a particular substance is magnetic or not, I would also hate to avoid using a prevalent scientific term because I don't really know what it means.  I think a better suggestion is to be careful with how you use the term and then discuss the pitfalls - the tablecloth discussion is a good one.


However, the peanut thing is  - well... nuts.  :)  I read through it a few times and all I can respond is that it is counterintuitive that the peanut moves with the plane.  It takes some thinking.  It seems like the reason we have the word inertia (i.e. the resistance an object has to a change in its state of motion) is because we tend to think the opposite is true.


If I did the tablecloth experiment and student Pat responds that the dishes didn't move because the dishes have inertia, I would ask him/her about the forces acting on the dishes and then guide the conversation toward impulse.  I mean, the response isn't vague, it's just incorrect.


Speaking of impulse, I recently watched Paul Hewitt talk about impulse in his Conceptual Physics video.  He started out by talking about how he used to think that 'riding the punch' (in a fist fight) has to do with how fast you move away from a punch.  Then he found out that Joe Lewis' right hook was 90mph.  If Hewitt was in the ring with Lewis, he figured he would only move about 2mph away from Lewis' fist.  So, there had to be something else going on with this riding the punch deal and that is how he led into time the force acts on an object.  Earlier Hewitt does the tablecloth demo too and asks -what if he pulled it slower?  So when he covered change in momentum he got to spiral back a bit.

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

Date:    Thu, 4 Aug 2005

From:    Mervin Koehlinger 


I would emphasize that one should not distinguish between the "at rest" case and the "constantly moving" case. It seems to me that they both have the same explanation. After all, "at rest" is simply a special case of "constantly moving". The explanation for both is the inertial principle: A free object continues in its state of motion.

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

Date:    Thu, 4 Aug 2005 

From:    Matt Watson 

Don Yost wrote--

"I realized that using terms carelessly could actually subvert the concept I was teaching.  Inertia is a case in point."


I couldn't agree more.  Since I started Modeling, I find myself using the Dry-Ice demo to build Newton's First, after which I am loathe to give it the label "Law of Inertia".  Rather than have students fixate on the verbiage, I would prefer that they describe the forces on an object and how its velocity is or is not changing, and vice versa.


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

Date:    Fri, 5 Aug 2005 

From:    Dan Crowe

Subject: Centripetal force


The centripetal force is not always the net force.  Centripetal force is shorthand for "centripetal component of the net force", or "centripetal component of the sum of the forces".  [At the modeling workshop I attended in June, Jeff Hengesbach said that he even avoids the phrase "net force" for the same reason that Mitchell avoids the phrase "centripetal force": many students will include it as a separate force on free-body diagrams (force diagrams).]


The sum of the forces acting on a particle can always be resolved into two components, one of which is perpendicular to the velocity of the particle, and the other of which is either parallel or antiparallel to the velocity.  The former is called the centripetal component or the radial component; the latter is called the tangential component.  The centripetal component changes the direction of the particle's velocity without changing its speed; the tangential component changes the speed without changing the direction of the velocity.


The centripetal component does not equal the sum of the forces unless the tangential component is zero.  The most commonly analyzed situation in which the tangential component is zero and the centripetal component is nonzero is uniform circular motion; however, the tangential component is zero any time the speed remains constant, and the centripetal component is nonzero any time the direction of the velocity changes.


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

Date:    Fri, 5 Aug 2005 

From:    Don Yost 


Mollie Small wrote: "I want my students to use the word inertia correctly in their explanation of Newton's First Law and its application."


I'm not sure how to use it in Newton's first law or its application.  I'm curious how you approach it. I may be seeing things from the wrong viewpoint.

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

Date:    Fri, 5 Aug 2005 

From:    Don Yost 


Inertia:  Thanks for the replies so far.  I urge further discussion from more newbies.  My purpose here is to return a favor.  Joseph Vanderway once said at one of our meetings that forces were not pushes or pulls, but interactions between two objects.  I thought he was being a bit anal and just let it go by.  After working with middle school teachers on force and motion, I realized that J.V. had brought up a very important issue, which I just didn't get.  If you think of a force as a single push or pull, you can convince yourself that the common diagram in jr. high texts of two dogs pulling each other with a rope makes sense. (the larger dog pulls harder, therefore they move in the direction of the large dog). 


Using J.V.'s  suggestion and notation I realized that the text diagram and comment were nonsense.  My incomplete view of a force had lead me to misunderstanding.   I think we owe it to the newbies to share some of our ahas!.  Perhaps some of my ahas! are wrong, so I invite corrections, but my main target is some of the newbies who may share some of my early uncertainties.

 
(To paraphrase Joseph: force, like rope, always comes with two ends.  Force of A on B is one end and Force of B on A is the other.  Both ends are the same, just as on a rope, except they both face opposite directions.  If you use the notation Fab and Fba for every force, Newton's third law becomes far simpler to visualize.  There are not equal and opposite forces, there are just two aspects of single force; Fab and Fba.  No rope is single-ended, and no force is "single-ended".  )  I hope I got that right, J.V.)

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

Date:    Fri, 5 Aug 2005 

From: Mollie Small

Questions for the anti-inertia term people.


When dealing with rotational motion, do you just stick with a dependence on how the mass is distributed (even though the amount of mass is the same) and lengths of lever arms? What about an inertial reference frame?  Just call it a reference frame?  I still don't think abuse is a good reason for dropping a word.  Entropy is a word like inertia, misused and abused; does this give cause for not using the term? 


Is not knowing why something happens a recipe for confusion?  If a phenomenon exists and we don't know why, well... that describes a lot of science.  In fact, it seems like an important part of science (and education in general) is discerning when we can know things and when we can't know things.  If we just lop off all the things that we don't know the answer to as teachers, we prevent students from developing something that seems to be an invaluable tool.


I do see a lot of value in not bringing it up if the students will only be confused by it at this level.  I am just not yet convinced this is true, but time will tell, I suppose.  Also - the unit argument sort of threw me.  Coefficients of friction don't have units and they are useful.   


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

Date:    Sat, 6 Aug 2005 

From:    Bob Baker 

Subject: Centripetal Force


Like Mitch, I try to avoid the use of the words Centripetal Force when developing circular motion.  Otherwise, students think that F=mv2/r is the result of only one force interaction when in fact F=mv2/r is often the result of multiple force interactions.  The name we give the result of multiple force interactions in my courses is Net Force.  Therefore the equation for Centripetal Force should be Fnet=mv2/r.  Similarly when we develop F=ma, we develop it as Fnet=ma since the “ma” is often a resultant force from multiple force interactions.

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

Date:    Sat, 6 Aug 2005 

From:    mitchell johnson 

Mollie Small asked:

> When dealing with rotational motion, do you just stick with a dependence

> on how the mass is distributed (even though the amount of mass is the

> same) and lengths of lever arms?


I give them a baseball bat and have them twist it with their hand at different places.  It is very apparent that the mass distribution, not the inertia distribution, is the culprit.

> What about an inertial reference frame?  Just call it a reference frame?


Regular or rotating.  There is plenty of time in upper level classes to use inertial.  If students are not forced to develop a proper reasoning schema for what happened, they will make up their own. The problem is that they have had 9-12 years where science was the proper definition, not the understanding.  Too many of them think that if they can define it then they understand it.  That is why you will see inertia on free body diagram.


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

Date:    Sun, 7 Aug 2005 

From:    Don Yost 

Mitch Johnson wrote: "I give them a baseball bat and have them twist it with their hand at

different places.  It is very apparent the mass distribution, not the inertia distribution is the culprit."


Could you expand this thought?  I understand mass distribution and how it would be measured and by what units, but I'm not clear on "inertia distribution".


Thanks for input.  I can see some terminology I hadn't thought of.  I can see no problem with using terms like "inertial frame" or "moment of inertia" or "principal of inertia".  Inertia seems to be a physics term with well-defined meaning.  What prompted my comment was a demo given by a teacher in a workshop I gave.  She had plates on a tablecloth, pulled the cloth rapidly, and the plates remained.  She explained that they stayed where they were because of their inertia.  On questioning, she did not mean "the principle of inertia", but rather that they had something "in" them, which kept them in place which she called inertia.  She seemed to think of inertia in much the same way Beakman does as published in "beakmans place":  "inertia is the force that makes a thing that's moving, keep on moving- like you being pushed forward when the car you're in suddenly stops.  Gravity is the thing that keeps us on the ground and not floating away.  It's a force that pulls mass toward each other.  We live with both.


I'm also trying to look just at the first law, where mass has no role, and not the second, where inertial mass clearly is central.  I also have ulterior motives.  I want to bring up this topic in another list serve for middle school teachers and wanted a trial run to gather other views and critique content.  I often say things on "auto-pilot", and need the experience of re-examining my "axioms".


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

Date:    Sun, 7 Aug 2005

From:    John Roeder 


Sometimes I have found that using the term "centripetal force" leads students to consider it as a cause rather than the effect of the forces adding together to produce the circular motion.  Thus, Bob Baker's comments are very appropriate.


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

Date:    Sun, 7 Aug 2005 

From:  "Bud" Gangaram Budhram (FIU modeling workshop in 2005)


"The radial component and the tangential component are components of which force?" is a question students can ask. How do we explain this?


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

Date:    Mon, 8 Aug 2005 

From:    Dan Crowe 


Any vector can be resolved into components. We have been discussing the components of the vector that represents the sum of the forces acting on a particle.

 
-----------------

Date:    Tue, 9 Aug 2005 

From:    WILLIAM JAMESON 


While I agree with Don that misusing a term can compound students' problems with the concepts, I like inertia.  I use it to mean any tendency in a system to resist change in some property of the system. 


As for Newton's 1st law, I avoid calling it 'the law of inertia'.  In fact, I often think that in teaching there ought to be only 2 laws : 

The summation of forces =MA (where A may or may not be zero), and the Fab =Fba. However, as some other posts have mentioned, we do have a responsibility to our students to teach them about the way other people/books/tests will talk about forces so that they can converse with them. 


Inertia does get used on standardized tests, like the AP exam, and therefore our students need to know what the word means. Likewise, even though I'd like to teach only 2 laws of forces, I stick to the traditional 3 because my students have to speak the same language as the rest of the world.


I agree totally with Don that modeling has changed my comprehension of forces in particular (I got through grad school in physics not really understanding Newton's 3rd), and that we should raise discussions on these topics.


Finally, regarding Don's mention of forces as the interaction between two objects -- have you read the three essays by Frank Wilczek in Physics Today over the past year (Oct 04, Dec 04, and July 05) on F, m, and a? He argues that at a fundamental level F= ma is not meaningful or true, and that it is not really a 'Law' but an empirical rule that is very useful in the macro world.  I would not do justice to try to explain his arguments.

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

Date:    Tue, 9 Aug 2005 

From:    Robert Warzeski 

Subject: Fnet


I needed to chime in on the current discussion of which force/property terms tend to cause confusion, and might therefore be avoided.  I find that my students tend to confuse the terms normal force (Fn) and net force.  Unless I'm very careful (and sometimes even then) some will start thinking off both of these as Fn, and try to use them interchangeably.  Some even try calling Fn the "natural force."  In addition to continually trying to clarify and distinguish the concepts, I try to avoid this problem by using "total force" F instead of net force.  As most, if not all books use the term net force, the fact that we're still using a traditional text (Glencoe) exacerbates the problem for those students who actually try to read it.


I found the discussion of centripetal force interesting.  I point out (repeatedly) to my students that centripetal force isn't a KIND of force, like friction, tension, etc., but a direction of a force.  Any object moving at constant speed and subject to a constant force perpendicular to its direction of motion is forced to move in a circle.  Thus, if an object is moving in a circular path, all of the forces acting on it must add up to (mv2)/r.  This approach is not uniformly successful.


After following the discussion on the listserv, I like the idea of simply viewing the "central force" as a sum of forces, and then mentioning that the word used to describe it is centripetal.  This year I'm going to try starting with an activity demonstrating that a constant perpendicular force is required to make something travel in a circle (using a hover puck or dry ice, and students' feet to supply the forces).  I haven't tried using the modeling materials for the Central Force Model yet (I'm still forbidden to use modeling per se, but with a new Upper School Head and Headmaster, there's hope), but assume there's a lab activity there that lets them measure Fc (in tension of a string?) and Vtangential, and lets them find that Fc = (mv2)/r graphically, rather than starting with the standard geometric derivation.


At some point, as a matter of scientific literacy, they will be expected to know the difference between centripetal and centrifugal force; which one is the actual sum of forces required to make an object undergo UCM, and which is the apparent force experienced in the non-inertial reference frame of an object undergoing UCM.  I point out that my respect for Faith Hill went way up when I heard the line "It's centripetal motion" in her hit "This Kiss."  Most of the public has either never heard of that word, or flushed it from their brains when they finished high school science.  Even scientists being interviewed by the media use the term centrifugal force in explaining orbits, etc.  

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

Date:    Tue, 9 Aug 2005 

From:    "Vanderway, Joseph" 

Subject: Re: Fnet, Fcent, Inertia, Net Force, Newton's Laws...

Ok, I'll chime in here since Don brought up my force thing.  Excuse the long rambling.


Inertia - I avoid the term as much as possible, but sometimes begin to allow it for "inertial reference frame" which I explain is another term for "constant velocity reference frame".  I guess I try to skirt the issues with a discussion of "gravitational mass" and "inertial mass"  I explain that one shows up in the Universal Law of Gravitation and refers to "stuff", while the other comes into Newton's 2nd Law as  a "resistance =to change in motion".  There is no reason they should be the same, but they seem to be to the best of our measurements.  So I call them the same: "mass".  Why do the dishes stay on the table when the tablecloth is quickly pulled out from under them?  The dishes have mass, which resists a change in their motion.  The force from the tablecloth is insufficient to accelerate the plates off the table.  (Instead, they begin to move a bit from the friction from the tablecloth, but then are brought to a stop by the friction from the table itself once the cloth is gone.)  Once "mass" is not the same as "resistance to a change in motion" (when things spin) then "inertia" as a concept seems to make some more sense and we use the term "rotational inertia".


Net Force, Centripetal Force, etc. - I avoid these terms whenever possible.  I think it is easier on the brain-part to set up a coordinate system and say "sum of forces in the x-direction" or "sum of forces in the radial direction" (that's centripetal  force).  We are constantly asking "what are the forces in the tangent direction" or "what are the forces in the vertical direction?"  Often these forces are components.  I don't like net force.  Instead I use sum of forces and the capital sigma symbol.

Force & Newton's Laws - Here is how I define force and state Newton's Laws of Motion:


Definition of Force:  Force is an interaction between two objects (resulting in a push or pull).  The last bit is for those who think "interaction" might refer to Romeo interacting with Juliet in a play.  I don't often use the symbology that Don mentioned Fab and Fba, and I allow them to be considered separately so that we can put "all the interactions acting on object A" on a single force diagram.  Often it is fine just to say normal force in a force diagram instead of "perpendicular component of the interaction with the table".  However I often ask "what is the object interacting with to cause that force?"

1st - If the sum of forces acting on an object is zero, the object has a constant velocity.

2nd - The sum of forces acting on an object is equal to the mass of the object times its acceleration.  I always write this out using a summation symbol and vectors, showing that sum of forces and acceleration are always in the same direction.

3rd - The force of object 2 on object 1 is equal in magnitude and opposite in direction to the force of object 1 on object 2.  (I never allow use of the phrase "for every action, there's an equal and opposite reaction."  that's an excuse to hit your little sibling!)


I introduce these in my class with a definition of force (which comes from a discussion "What is a force? (give examples)" followed by "What do all these examples have in common?")  Then Newton's 3rd falls naturally into place.  Then it’s finding an "explanation" for the "constant velocity model" and "constant acceleration model" that gets Laws 1 and 2.  So Don, you actually took my idea and expanded on it a bit.  I like that.  Thanks!  I'll probably use the Fab & Fba notation much more often.


BTW, Bob, Faith Hill is with the rest of the world.  Her lyrics are actually

     


"It's a feeling like this




It's centrifugal motion



       
It's perpetual bliss"

That's ok.  She's just measuring with respect to a non-constant velocity reference frame.  Kisses can do that to you.

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

Date:    Wed, 10 Aug 2005 

From:    Matt Greenwolfe 

Subject: "avoiding terms" robs you of a valuable tool

Robert Warzeski wrote: "I needed to chime in on the current discussion of which force/property

terms tend to cause confusion, and might therefore be avoided.  I find that my students tend to confuse the terms normal force (Fn) and net force."

Joseph Vanderway wrote: "Net Force, Centripetal Force, etc. - I avoid these terms whenever

possible."


After teaching modeling for a few years, I have developed a different opinion about censoring certain terms from discussion (i.e. avoiding them), especially if the students already know the terms and they come up naturally.  A student using the term inertia, for example, is highly likely to have impetus misconceptions.  That's a clue for me to ask some further probing questions to see what the student is really thinking.  If I try to avoid or censor the term, then I've lost a tool to help me understand what the student is really thinking, as well as an opportunity for Socratic questioning to try to improve understanding. Of course, the student may have a great understanding of the concept of inertia, but in that case, the whole class can learn from the explanation.  


So I tend not to censor any terms, and instead press for the class to develop a common meaning.  The student didn't develop impetus misconceptions because the instructor or book used the term inertia and I don't think avoiding the term will help them overcome it.  The misconception was already present in their models of physics, which they need to reconstruct with some guidance. 


The bridging sequence by Camp and Clement, ending with the flexing of a brick wall, helps students develop a picture of a surface actually flexing and pushing back like a compressed spring.  Usually use of the term natural force or otherwise improper use of normal force is often an indication that the student hasn't developed this dynamic picture of a surface and what it is actually doing when something exerts a force on it.  Censoring or avoiding the term would not deal with the underlying misconception, but instead just leave me with a little less insight that the misconception is still out there in the class.  I do, however, prefer the term support force, rather than normal force.  Normal just describes a direction, perpendicular, while support describes what the force actually does - prevent things from crashing through the surface.


I think problems with understanding the term net force arise because we too quickly abandon graphical vector addition in favor of axis systems and components.  Typically, we teach graphical vector addition, then develop components, and then abandon the graphical approach when it comes to actually solving problems.  I think this is a mistake.  There is much to be learned by drawing the vectors tail to head so that the net force shows up as a gap (or extra piece) in the diagram, even in the most complicated AP-B or -C type problems.  With a clear graphical

reference for the net force, students have little problem interpreting what it means.  With the graphical approach, students can easily answer conceptual questions, such as how their answers would change if the angle of one force were altered, etc.  If only components are used, the

answers to these conceptual questions are buried among several simultaneous equations and trig functions.  I started out using a more graphical approach so that my lower-level classes could solve problems by drawing and measuring instead of having to use trig, but I now use it even with AP-C because of the greater conceptual insight. 

 
If the graphical approach is used, components are not even needed, as students can draw construction lines in their vector addition diagrams and proceed to solve any problem in the curriculum. (You can even think of this as an elementary introduction to David Hestenes' Geometrical Algebra, which seeks to express geometrical concepts in physics without

the use of axis systems or components at all.)  I have found that a student who has mastered the graphical approach can learn the use of components in a matter of minutes.  The reverse is not true at all. Once again, improper student use of the term net force is a clue to lingering misconceptions.  I want to have that clue to help me figure out what the student is thinking.  


Similarly with centripetal and centrifugal force, if students put a force on a diagram using these words as labels or use them improperly in discussing things, then I have a clue that they've still got misconceptions either about the physics concepts or about the meaning of the terms, which are only adjectives specifying directions.  I want to use that opportunity to generate discussion and hopefully clear up those misconceptions.  Instructing the students to avoid the terms just leaves me without a valuable tool.  Graphical vector addition also helps students sort out forces in circular motion.

 
---------------------

Date:    Thu, 11 Aug 2005

From:    James Vesenka 

Subject: avoiding terms


I would like to support Matt Greenwolfe's post.  In my hands modeling instruction has evolved similar to Matt's in facilitating the understanding of algebra-based physics at my school.  Even to the use of surface force in exchange for normal force.  Yes, one can argue that friction is a surface force, but like the use of any name the students (with some poking) adopt surface force as an operational definition during our Camp and Clement bridging discussion on interactions with surfaces.  Next time we cover that concept I'll listen to the class to see if support force comes up and might be preferred.


Interestingly the term net force rarely appears in our discussions.  I too make extensive use of graphical tip to tail vector addition, in which we sum all the force (vectors).  During our discussions students rarely seem to use net force, preferring simply the sum of forces.  When other terms appear and are misused (e.g. centrifugal), class activities and discussions generally achieve that "aha!" moment needed to clear up misconceptions, rather than avoiding or not allowing terms to be used.

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

Date:    Thu, 11 Aug 2005 

From:    "Vanderway, Joseph" 


I like the term surface force - it is far more descriptive.  ("Supporting" might not be preferable, because often these surface contact forces are not "supporting" anything.)  I like to keep terms as descriptive as possible, like "constant velocity reference frame" or "constant acceleration model".  Still, I see the value in using the terms that the students already "know" and trying to correct and expand their understanding of those terms.  Perhaps I'll allow inertia to come up more often...                        
