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COMPILATION: Momentum First! 
 
Date:    Mon, 13 Mar 2017  
From Nick Cabot 
 
…  I think the equation F=ma has very little conceptual content, especially since it does not 
represent in any way the observable behavior of an object.  What CAN we (students) observe?  
Motion, of course.  We can observe (and measure) the acceleration of an object - that is the 
fundamental characteristic of an object's behavior.  This is why the Modeling curriculum has 
students deduce the relationships between the acceleration of an object vs. its mass and vs. the 
applied force. That the acceleration of an object is directly proportional to the applied force 
makes sense to students.  That the acceleration of an object is inversely proportional to its mass 
is similarly sensible.  Thus, the equation a = F/m DOES represent the structural relationships 
between a, F, and m in ways that F = ma cannot.  
 
I like to think of it this way - what would students do in the lab if you asked them to set the 
acceleration of an object (of known mass) to, say, 1 m/s^2 and measure the force required to 
achieve this acceleration?  We would never do this.  Instead, we have students take the object, 
apply a measurable force (such as in a modified Atwood's machine or along an inclined plane), 
and measure its acceleration.   
 
The other thing to remember is that Newton never did any experiments in this regard (he was 
summarizing the work of his predecessors) so we shouldn't be too slavish in using his 
formulations when teaching Newton's Laws for conceptual understanding.  (Of course, Newton 
actually wrote something to the effect that the rate of change of the momentum of a body is 
directly proportional to the force applied, which is how we get F = ma, but this would mean 
students would need to understand momentum before learning about forces.)  The point is about 
promoting conceptual understanding FIRST.    
 
But what F = ma does do for us that a = F/m does not is allow us to easily compute the sum of 
multiple forces acting on an object that result in its acceleration as an aid in solving problems.  
… 
 ------------------------------------------- 
Date:    Tue, 14 Mar 2017  
From:    Paul J. Camp 
   Nick Cabot wrote: (Of course, Newton actually wrote something to the effect that the rate of 
change of the momentum of a body is directly proportional to the force applied, which is how we 
get F = ma, but this would mean students would need to understand momentum before 
learning about forces.)   
 
Many people, including me, argue that is exactly where one SHOULD start. A correct 
understanding of momentum is almost identical to a phenomenological understanding of 
force. That's a much smaller step than starting with Newton's Laws, which then follow 
naturally from  considering the rate of momentum transfer between objects. 
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> The difficulty revolves  around what does it mean to multiply mass times velocity or 
acceleration, square velocity, time or displacement, etc. . . So what is F=ma claiming? 
 
It means what any ratio means -- how much of the thing on top gives you one of the thing on the 
bottom? 
F=ma is claiming that two quantities are numerically equal for no good  reason. That's what 
makes it a law rather than a derived result. There is no deeper level of explanation. 
 --------------------------------- 
From: Holly McTernan, a Modeling Workshop leader in Cleveland 
Date: Wed, 15 Mar 2017  
    Paul Camp wrote:  
> Many people, including me, argue that is exactly where one SHOULD start. 
> A correct understanding of momentum is almost identical to a 
> phenomenological understanding of force. That's a much smaller step than 
> starting with Newton's Laws, which then follow naturally from 
> considering the rate of momentum transfer between objects. 
 
I would like to add that after paying attention to others’ posts and to Allen Sears who was a 
classmate at ASU around '08-'10, I tried introducing the idea of momentum transfer right after 
CV [constant velocity particle model].  I've been doing it for about 5 years now, so probably late 
to that party.  However, I have found the idea of momentum transfer seems to be an easier 
concept for my students to tackle (maybe because it is new language). Also the math for delta 
p (which they knew was referred to as impulse) allows for my students to keep practicing the 
idea of delta. Many of my students seem to have no background that supports the math of 
"change in".  They have language later when we get to objects moving with zero net force that 
makes sense to them. 'Why is it moving if there is zero net force?'  'It has momentum.'  They had 
no trouble recognizing that the magnitude of delta p for one object was equal to the other object, 
but in the opposite direction.  It saved them time calculating, which was a great thing in their 
eyes. 
 
Units later, after the free particle unit we went back to crashing the car into the sensor and 
analyzed the graph for all the stuff they already knew, and then we could add the addition of rate 
of momentum transfer: sigma F delta t = impulse.  This led us to other labs that made the 
connection between change in motion and sigma F.  Many students could see that all roads led 
to the same place; and understanding is greater than in the past as a result.  
 
 I still have students who do struggle, and as soon as the word force gets thrown in their hasty 
responses do still show up with errors, but I would say the depth of understanding for the 
majority is greater doing momentum first; and I would encourage others to try it if they 
haven't, or to share their experiences doing this if they have. 
 ---------------------------------------- 
Date:    Wed, 15 Mar 2017  
From:    Chas Deremer  
     A few years ago, I restructured my curriculum so that momentum was developed prior to 
forces and then defined net force as the rate of change of momentum. I took pieces of the 
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Momentum Model unit, the Balanced Forces Model unit, and the Constant Net Force Model unit 
to make a new Forces and Momentum unit that follows the CAPM.  
     My new unit is admittedly very large and perhaps too large. I made the change because after 
the emphasis of operational definitions of velocity and acceleration in the Constant Velocity and 
Constant Acceleration units and due to my readings of Arnold Arons, I was troubled by the lack 
of an operational definition of force in the BFM and CNFM. I saw no sense in fighting students' 
desire to incorporate momentum just after the CVPM  and in fact delaying momentum to the 
*last* unit of instruction when that desire could be leveraged into developing a model for force 
and Newton's Laws.  
     As I have grown in my understanding of Newton's Three Laws of Motion, I think that the 
separation of the First and Third Laws from the Second Law into separate instructional 
units (the BFM and CNFM units, respectively) awkward and artificial. 
     Furthermore, students' difficulties in realizing that force is an interaction could be alleviated 
by developing Newton's Third Law from Conservation of Momentum.  
     Also, introducing the *idea* of force well before drawing force diagrams avoids the students' 
conflation of the representation of force in the force vector on a force diagram for the force itself. 
 -------------------------------- 
Date:    Wed, 15 Mar 2017  
From:    Marc Reif  
     I find this discussion interesting. My take is that Newton didn't uncover any hidden laws, he 
created a system by which we can calculate certain quantities that are useful in predicting 
the state of motion of objects, and things like the stresses and strains of the object. I think this 
agrees with what Professor Camp is saying. 
     I feel like I have always mixed up the balanced force and unbalanced force units, 
conceptually. I feel a need now to do that more formally and start doing momentum earlier. 
 --------------------------- 
Date:    Wed, 15 Mar 2017  
From:    Fernand Brunschwig  
Subject: textbook by Karplus does momentum 1st nicely 
     Bob Karplus advocated doing momentum first in 1969. His textbook, Introductory Physics: A 
Model Approach, does that, and lots more (including a focus on systems, interactions before an 
operational definition of force, Newton's Laws last....).  
     I edited a paperback second edition in his memory and have recently made it available at cost 
(just over $20) on Amazon and at other online retailers. A seminal work by one of the real 
masters. 
 ---------------------------- 
Date:    Thu, 16 Mar 2017  
From:    Fernand Brunschwig  
 
Acceleration and Force are the two concepts which cause beginning students 
the most difficulty. The scores on the individual questions of the FCI 
would, I am sure, demonstrate this. Neither of them is "intuitive." 
Acceleration depends upon understanding velocity as a ratio of distance and 
time, and then extending that idea and applying it to velocity to see 
acceleration as a ratio of velocity and time.  Force needs a careful 
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development as an operationally defined idea using spring balances 
maintaining a constant reading, and then applying it to understand the 
natural world where almost all forces are changing over time. The nature of 
force is extremely mysterious because the two most commonly experienced 
forces are pushing and pulling with one's hands and gravity, which seem to 
be totally different types of things to the naive student. 
 
Neither of these concepts was understood or defined clearly for thousands 
of years. "Impulse" theories and other similar ideas were what seemed 
intuitive. It took a very long time for scientists of the stature of 
Galileo, Kapler, Descartes, and Newton to identify a dynamical concept that 
was independent of the state of motion and that depended upon the 
interaction between the moving object and other objects. In the Principia, 
Newton used the term "change in the motion" to refer to what we now call 
"impulse" or [F * (delta t)], and this was always set equal to what we now 
call the change in the momentum. 
 
I think that what McTernan, others, and I have been suggesting is that 
momentum is a concept that can be developed immediately after velocity but 
befod re acceleration. It depends upon mass and velocity, JOINTLY, as a 
product, not as a ratio, and it can be used to develop an intuitive, and, 
if you wish, quantitative, understanding of collisions and other events, 
and from this to identify the interaction with the outside world as an 
independent quantity associated with the changes in the motion. I thought 
McTernan's approach to be particularly on point and practical, as well as 
matching up much more closely with the way students' actually think than 
the traditional sequence of development. 
 
Maybe to put it more concretely, using Impulse = change in momentum to 
explain motion stays away from having to go through the hand-waving 
required to explain what change in displacement divided by change in time 
means when the velocity is changing - that is, to answer the question about 
what does delta d/delta t mean and getting into the whole idea of letting 
delta t approach zero (which students have been taught is a no-no...) so 
that the meaning of the ratio is the slope of the tangent.... and then 
doing that again for acceleration. When the strength of the interaction 
between two objects is changing, we can take intervals as short as 
necessary, and the Impulse is still rigorously equal to the change in 
momentum for that time interval. At that point, one could introduce force 
through an operational definition as the strength of the interaction as 
measured by a spring balance, and we can identify force and the time 
interval as the two quantities that jointly determine impulse. 
 --------------------------------- 
From: Paul J. Camp  
Date: Fri, 17 Mar 2017  
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On 3/17/2017 Don Yost wrote: 
> To me, it seems a matter of sophistication of the students.  Let’s 
> assume a student with little or no background.  Velocity, Force, and 
> time are all easily envisioned.  Even acceleration can be understood 
> concretely.  Momentum, however, is an abstract concept.  Looking at a 
> bullet and a lumbering elephant, I can see no way to compare their 
> momentums without calculation..  It seems to me that starting with an 
> abstraction, while satisfying to my own sense of concept flow, might 
> prove far more difficult for the naïve learner than starting with 
> concrete concepts.  
 
So here's the deal -- what you mean by force is not what your students mean by force. When you 
use those words, you are talking at cross purposes. There are two important issues: 
    1. Naive reasoners begin with phenomenological principles identified by diSessa in the 1990's. 
Among those are a group of force p-prims -- force follows motion, etc. The overall conclusion is 
that people think of force as like gas in your tank. It is something you have, not a product  
of interactions, and something that you run out of as you move or interact. This is almost how 
momentum should be thought of. It isn't used up as you move but that is the only thing that needs 
addressing, a description of motion not a fuel for movement. Otherwise, the naive  
understanding of force is essentially what you need to understand momentum, aside from some 
calculation tools, just change the language. 
    2. There is serious evidence that the developmental process leading to understanding of force 
and acceleration are intertwined, not independent. So you either need to develop both at the same 
time, or avoid the whole issue and develop the force concept on an independent basis. 
    3. Acceleration actually can't be understood concretely. It isn't directly visible like velocity is. 
In fact, visibility frequently leads you astray. I have seen many students argue that acceleration 
was increasing because velocity was increasing. Acceleration is at one remove. If something is 
fast, it is easy to convince yourself that it is also speeding up fast, whereas that may not be the 
case. 
 
 


