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Date:    Wed, 15 Feb 2006 

From:   Andrew Schuetze 

Subject: Unit 4 wksht 3 prob. 5

Problem 5 has a block on a frictionless ramp with a 30 degree slope held in place by a tension force.  The block is 20 Kg. Find the normal and tension force.

Is this a case where one needs to rotate the coordinate system by 30 degrees to solve?

Without rotating I get the following equations:

     Sum of all Forces in X  = (-) FTx  +  FNx  = 0

     Sum of all Forces in Y  = (-) FG  + FTy  +  FNy  = 0

With only F of G and no symmetry I was stuck.

Rotating the coordinate system by 30 degrees I get the following:

     Sum of all Forces in the X = (-) FT + FGx  = 0

     Sum of all Forces in the Y = (-) FGy + FN  = 0


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

Date:    Thu, 16 Feb 2006 

From:    "K. Fincher" 

     Thanks to the modeling workshops, I can answer your question with confidence!  I keep the horizontal axis parallel to the surface the object is on.  This makes the weight of the box straight down, as usual, but not along any axes.  Break the weight into its horizontal and vertical components and then the problem can easily be solved.

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

Date:    Thu, 16 Feb 2006 

From:    "Cline, Brad" 

     It is best to rotate the coordinate system by 30 degrees as you did in your second scenario.  This makes the whole problem more manageable to the students and (as you showed) simplifies the problem down to two forces in the x and two in the y directions with both giving a net force

of zero.  I usually approach all incline problems with this approach by explaining that the weight of the object is no longer in line with the x-y coordinate system but instead lies between the two axes which have been tilted by the angle of the incline.  Thus you solve for the Fx and Fy components of the weight.  It still takes time for the students to"get" this, but I've found this approach to the problem to be much more understandable. 

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

Date:    Thu, 16 Feb 2006 

From:    "Pifer, Rebecca" 

It's a lot easier if you do rotate the coordinate system.  If you don't want to, you can also use FTx=|FT|cos(theta) [etc. for other force components].  This produces a clumsy system of equations that can be plug & chugged.

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

Date:    Thu, 16 Feb 2006 12:58:11 -0500

From:    "Kathleen A. Harper" 

         The best rule of thumb is to make sure you always have one of your axes parallel (or anti-parallel) to the direction of the acceleration.


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

Date:    Fri, 17 Feb 2006 

From:    Matt Greenwolfe 

     I agree with the recommendation of everyone else to solve using the rotated coordinate system.  But I also want to point out that it is possible to solve this problem without any coordinate system at all!
     There are three force vectors on the system: the earth's force points straight down, the force from the string points to the left and up at a 30 degree angle from horizontal, and the normal force from the ramp points to the right and up at a 60 degree angle from horizontal.  To solve this without a coordinate system, just vector add these three force vectors by placing them head-to-tail to form a closed triangle. Then apply trig to the triangle. 

     The point of solving the force problem without a coordinate system is that all of the physics is contained in the angles and lengths of the forces *relative to each other*.  The solution to the problem must be the same regardless of which coordinate system is chosen.  If one chooses to use a coordinate system, some choices are easier than others. Starting with the triangle formed by adding the three vectors, you can show this by drawing some construction lines to outline a rectangle. One choice is to make a rectangle by drawing lines parallel to the tension and normal forces, which is equivalent to choosing the rotated coordinate system.  Another choice is to draw two horizontal lines starting from the ends of the gravitational force vector, and then a

vertical line connecting those and also touching the point where the normal and tension forces arrows meet.  This is equivalent to choosing the non-rotated coordinated system.  Looking at things this way, it's obvious just from the picture which coordinate system will lead to a simpler solution. 

     Other choices of coordinate system are also possible.  Each choice would correspond to drawing a rectangle around the triangle of forces such that it touches all of the vertices of the triangle.  None of these choices changes the forces themselves, which are all that is really needed to solve the problem.

     I find it easier to teach students to vector add by putting the vectors tail to head and then just apply their trig to the resulting geometrical figure.  This focuses the students on real physical quantities and their relation to each other, and avoids the coordinate system, an unnecessary complication that does not represent anything physically real.  This corresponds with some elementary geometrical algebra, as developed by David Hestenes, in which he does all of mechanics in a coordinate-free

manner.

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

Date:    Fri, 17 Feb 2006 

From:    Dan Crowe 

     Matt Greenwolfe discussed a geometric method for solving force problems that does not use a coordinate system.  He applied this method to a system in equilibrium when three forces act on it.  In this case, the three force vectors form a triangle, and the problem can be solved by applying the law of cosines and the law of sines.  (If the force vectors form a right triangle, the law of cosines reduces to the Pythagorean Theorem and the law of sines reduces to the geometric definition of the

sine ratio.)

     I would like to know how Matt, or others who use this geometric method, analyze non-equilibrium cases and cases in which four or more forces act on the system.

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

Date:    Fri, 17 Feb 2006 

From:    Mark Schober 

Subject: notes on force diagrams

With the comments about the Unit 4 worksheets and force diagrams for objects on inclines, I noted the posts used "x and y"  (and sometimes "horizontal and vertical") as names for the coordinate 

axes. The kids are often confused by which axis should be "x."

I have saved myself a bit of grief on the force diagrams for objects on inclines by getting students to refer to the coordinate axes as "parallel to the hill" and "perpendicular to the hill." The kids can 

easily abbreviate parallel and perpendicular component names with || and  |  subscripts. Also, it reinforces the idea that friction forces act parallel to two surfaces in contact while normal forces act 

perpendicular to two surfaces in contact.

Also, getting students to draw force vectors with lengths proportional to the size of the force was a losing battle. I encourage students to use congruency marks similar to those they have seen in geometry class with the variation that the marks can be added. For example, if two forces to the left (one marked with a slash, the other with a circle) balance one force to the right, the force to the right gets a slash and a circle. An added benefit is that when students are solving quantitative problems, they create their force equations by writing down the equalities shown by their 

congruency marks. The students can also clearly mark when the forces are not equal, which sets them up well for the net force model.

An example of both of these ideas is posted at:

   <http://www.jburroughs.org/science/mschober/freeparticle/problem6solution.html>


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

Date:    Fri, 17 Feb 2006 

From:    "Francesco P. Noschese" 

Mark,

First:  Your website is an awesome resource!  

Second: The congruency marks are great...I use those too.  But I never thought about adding them

together...super idea!


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

Date:    Sat, 18 Feb 2006 

From:    Ed Sadler

   To reinforce the idea of the forces involved on the inclined plane, you could set up a demonstration with a cart on an inclined plane. Using two  pulleys, string, and weight hangers, apply a force to the cart parallel to the plane and one perpendicular to the plane. The amount of 

force needed  is calculated in the usual manner. The F|| will keep the cart from rolling down the plane.  The Fperp will hold the cart just off the plane. Once the cart is in equilibrium, remove the plane.
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