Unit 9: momentum and pumping a swing

COMPILATION. Unit 9: momentum and pumping a swing

Date:    Mon, 25 Feb 2008 
From:    Guinals-Kupperman Seth 
Subject: momentum and the swings
     I got this question from a LOT of students this year:  When you pump your legs on a swing, you move more and more.  Is that conservation of momentum?
     Is there an explanation for this that relies 100% on material that modeling would have previously covered?  If I get into this, will I have to get into periodic motion and angular momentum, or is it totally explicable within the realm of stuff that students have already discussed at this point?
****************************************************************************
Date:    Mon, 25 Feb 2008 
From:    Richard J McNamara 
     I don't know of a way to explain this without relying on conservation of angular momentum and conservation of energy. The energy part is covered in the modeling materials, but the angular momentum part is not.
****************************************************************************
Date:    Tue, 26 Feb 2008 
From:    Paul Lulai 
     IF you've done center of mass, center of gravity, you might be able to look at this as a timed energy transfer.  Each push/pull of arms on the swing ropes moves the swinger's c.g. / c.m.  It is like incrementally pushing yourself (as swinger) higher & higher so you can fall from a greater height.
     I am relatively new to the modeling approach.  I don't hit all topics all modeling all the time.  I am not sure if pure modelers hit c.g. or c.m., if they do, when they do...I might miss a bit here, but this is my take.  One might use terms like work(ing) to convey the energy transfer.
****************************************************************************

Date:    Tue, 26 Feb 2008 
From:    Mark Schober 
     Regarding Seth's question about the modeling materials for momentum, I have created my own version of the material in the momentum unit to fit the needs of my students, and some of those fixes may address his concerns. The materials employ momentum bar graphs, which helps students to organize all of the before and after information in a typical momentum conservation problem. I added a worksheet at the beginning of the unit to better transition students into the idea of impulse. I also added a worksheet to support the rocket launch project I do with my students that deals with mass flow rate.
     All of the materials are posted under the "impulsive force model" link on my website: http://www.modelingphysics.org
****************************************************************************

Date:    Wed, 27 Feb 2008 
From:    Bob Baker
    Here is one thought on the swing problem.  To make a swing go higher the person leans back at the top of the back swing and leans forward at the top of the front swing.
     The Back Swing:  Leaning back at the top of the back swing increases the torque on the swing
since the force of the Earth perpendicular to the horizontal extension of the top of the swing chain is increased as the person leans back.  In the process of leaning back the person puts force on their upper body and moves it a displacement parallel to the force.  The parallel force and displacement requires energy which comes from the chemical energy of the person.  Since the new body position increases the torque on the swing, the swing has a greater acceleration than it would have if the person did not move.  The new acceleration gives the swing greater speed at the bottom of the swing.
    Therefore, chemical energy of the person is transferred into kinetic energy of the person as the swing moves faster at the bottom.  The increased kinetic energy at the bottom is then transferred into increased gravitational energy at the top as the swing gets higher on each successive cycle.
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