Unit 7, worksheet 4: bullet problem

COMPILATION. Unit 7, worksheet 4: bullet problem

Date:    Thu, 8 May 2008 
From:    Julia Slucas 
Subject: Case of the bullet
     My students and I have been having a lively discussion on the bullet question from Unit 7 Worksheet 4, #5.  It says: A bullet with a mass of 10g is fired from a rifle with a barrel that is 85 cm long. a) Assuming that the force exerted by the expanding gas to be a constant 5500 N, what speed would the bullet reach? b) Do an energy pie chart analysis of the situation, with the entire gun and bullet as the system.
     I'd like to know what everyone believes that correct answer is mathematically, and more important to our discussion: the energy bar chart of the situation.  They have had excellent arguments in a number of directions and because I only teach physics every other year, I'd like the pros’ input!
****************************************************************************

Date:    Thu, 8 May 2008 
From:    Christopher Horton 
     From kinematics I work that out to be approximately sqrt 1 million m^2/s^2or about 1000 m/s, or about 3300 ft/s, which is a reasonable result, although I suspect that the constant pressure assumption was made to conform with observed results.  Energy:  What's observable from givens is final KE, approx. 5000 J, which must be equivalent to Chem PE consumed, but of course some CPE went into internal energy of bullet, gun and expelled gasses, and to a lesser extent mechanical and em radiation.  So pie charts would be  1) all cpe  2) some ke, some ie, maybe some radiant energy also. What else do the students say that you find plausible?
****************************************************************************

Date:    Thu, 8 May 2008 
From:    David Weaver 
     Rather than Chris's CPE approach, I would recommend considering that the gas expansion is working on the bullet over a distance of 0.85 m. That way you don't need to invoke kinematics, as it is a straight energy analysis where W = Ek.  That leads to v = sqrt(2*F*x/m) and an "answer" of v = 967 m/s (which, as Chris says, is well within the acceptable range of the real world).

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

Date:    Fri, 9 May 2008 
From:    Andy Edington 
     The bullet imbedding in the block interaction is a good example for making decisions about the specific energy change assumptions and vocabulary that chemists and physics use when they analyze and communicate.
     Declare that the bullet and block interaction is the interaction of interest.
     Choose the bullet as the system for the block and bullet interaction. Initially, the system (the bullet) has energy in the kinetic energy account.  Once the bullet imbeds in the block, assume the wood block is not "springy."
     What energy accounts do we use for the kinetic energy transfer?
     Assume all the "dissipated energy" ends up within the bullet - the system (the bullet) gets hot. This is called an "adiabatic" assumption.  The system's kinetic energy is shifted to the system's thermal energy account.  Don't muddy the waters by trying to get more elaborate.
     Or, assume all the "dissipated energy" ends up in the surroundings’ thermal energy account - the surroundings get hot.  This is called an "isothermal" assumption.  The system's kinetic energy leaves the system, transferring to the surroundings’  thermal energy account.  Sound is a type of thermal energy.  Don't muddy the waters by throwing in chemical bond breaking and such.
     Learning these terms in this way at this time advances communication about thermodynamics in AP Chem and AP Physics.  Using these terms forces students to choose one or the other.
     I suggest not using the term "internal energy" in first year physics. It's hard enough for AP Chem and AP Physics students to get a handle on how that term is used.
     Personally, I greatly dislike the term "dissipated energy." What are the students supposed to picture in their heads?  Just think about molecule (atom) vibrations increasing or decreasing - thermal energy and sound - and include sound into the thermal energy account because it involves molecule vibrations.
     Add in the radiant energy account when you do electric circuits with light bulbs.
     We need to follow a clear, mental model story line to get where we want to go without leaving our students mentally behind.
****************************************************************************

Date:    Tue, 13 May 2008 
From:    Joe Conner 
     David, I think the entire gun is the system including the cartridge, powder and bullet in the initial; in that case you must include Echem as the initial energy, right?
****************************************************************************

Date:    Tue, 13 May 2008 
From:    Christopher Horton 
     So how do you know what Echem is?  Do you know how many grains of powder there are and what the available energy content of gunpowder per grain is?  Or have you made some other measurement to determine this?

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

Date:    Wed, 14 May 2008 
From:    David Weaver 
     One of the beauties of energy analysis in my mind is the ability to select different systems for a given situation and end up the same place.  I often encourage students to try different systems to help them develop the sense of what seems to be most effective for different types of situations.
     If I lift an object a certain distance and am interested in what is happening in energy world, I could consider that energy stored in the glycogen chemical bonds in my muscles is transferred into the gravitational (Earth/mass) account.  However, since I don't know how to quantify that Echem, I would probably leave my body out of the system and just consider that I'm working to raise the object.
****************************************************************************

Date:    Wed, 14 May 2008 
From:    Andy Edington 
     We can never determine the Echem for anything.  We can determine an Echem change.  Using experimentally obtained tables for Echem changes, a knowledgeable person can reasonably predict an Echem change quantity.
     For the initial Echem, just make an Echem bar without numbers.  For the final Echem, make a bar that is 5000J (or whatever the energy change is) less.
     Regarding the F vs x graph that represents the bullet and expanding gas interaction (force on bullet by gas molecules):  the actual F vs x line would certainly be curved.  But, we can model this interaction as a constant force, using a value Fave.
****************************************************************************

Date:    Wed, 14 May 2008 
From:    David Weaver 
      I agree with Andy that determining the "actual" Echem (or Einternal, or...) is not within the realm of high school/lower-division college physics courses, so the change therein is all we can hope for.  Now for a rift to the side...
     I believe the most important thing we can help students to understand in our courses is that science in general and physics in specific is neither real or unreal, true or false, right or wrong. All of science is dedicated (or should be) to the development of models that help us understand the what's and why's of natural phenomena around us. Models aren't right or wrong, they're either useful or not for the task at hand.  When I'm hiking the Superstition Mountains here in Phoenix, I'd rather have a topographical map than a AAA road map.  That doesn't make the road map wrong, it just isn't as useful as the topographical model for what I'm doing.  Back to the topic at hand...
     Of course we can model the change in Echem in a bar or pie chart for the bullet situation, and it is not wrong to do so.  However, is that model useful?  If we're given the mass, average force, and length of barrel and are looking for the muzzle velocity of the bullet, I think that a work/energy model is more useful.  That way I can develop multiple representations that are consistent.  If I stick with the Echem visual model, I will have to develop a symbolic/mathematical model that includes kinematics and is therefore inconsistent.
     Of course if the problem was presented as us knowing the muzzle velocity and we were curious about the chemical goings-on during the firing, then an Echem -> Ekinetic model would be very useful.
****************************************************************************

