Newt2sys()         
Newton's 2nd Law Applied to Systems of Objects      
  12-8-2006

By Don Benson     
dbenson@vw.vccs.edu

This program solves problems involving any number of forces (in a plane) applied to an object or a system of objects and pulleys.  It treats objects as point particles, that is, it will not treat rotation (except pulleys).  If a pulley is not assumed to be massless, it is treated as a separate object in the system, and the effects of its mass, radius and inertia are included.  It works for either dynamic or static situations.  Either numerical or symbolic solutions can be found, although the symbolic solutions are sometimes slow.  Equations are displayed as the program runs and are also copied to the home screen.  Any coordinate system can be used, although it is probably easier, for each object, to choose one axis parallel to the direction of the acceleration.  When the number of unknowns exceeds the number of equations, you can choose which to solve for: the rest are treated as parameters.  In general, the program cannot be used to solve for angles.  All solutions are copied to the home screen (using Copyto_h(), by Samuel Stearley) so they can be more easily used in further calculations.

( See Torque() for a treatment of rotating objects.)

Partsxll(), Partsand(), Varlist(), and Copyto_h() are used in the main program.  Place all programs in the same folder, then run Newt2sys().
Example 1:  A block of mass 
[image: image80.wmf]Q

 is pulled upward along an incline by a hanging mass 
[image: image2.wmf]2
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 and the rope and pulley system shown.  The pulley has mass 
[image: image3.wmf]p
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, moment of inertia 
[image: image4.wmf]p
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, inner radius 
[image: image5.wmf]1
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, and outer radius 
[image: image6.wmf]2
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.  Find the acceleration of each block and the tension in each rope.
[image: image1.wmf]1
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Choose:  Symbolic, Normal gravity, 3 Objects

Object 1:  A  pulley?  No, 1 force other than gravity, friction, and normal.

Enter values:
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[image: image9.wmf]Forces equations are displayed.
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Object 2:  A  pulley?  No, 1 force other than gravity, friction, and normal.

Enter values:
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Object 3:  A pulley?  Yes
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[image: image14.wmf]Torques  and angular acceleration equati

ons are displayed
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TOO MANY UNKNOWNS

6 unknowns allowed

Delete any 8
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Continue

Quit

Solutions are calculated and copied to the home screen, along with the equations.

At the Home screen
Results:
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If values are known for some of the quantities, use the same procedure, except choose the appropriate system of units instead of Symbolic, then enter the values.  

Example 2:  Two blocks, 
[image: image18.wmf]12

20 kg and 30 kg
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, are pushed up a 
[image: image19.wmf]15

°

 incline by a force 
[image: image20.wmf]400 N
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 applied at an angle 
[image: image21.wmf]20

b
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 as shown.  The coefficient of friction between the blocks and the incline is 
[image: image22.wmf]0.2
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.  Determine the acceleration of the blocks and the contact force each block exerts on the other.
[image: image29.wmf]2
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Choose:  MKS, Normal gravity, 2 Objects

Object 1:  A  pulley?  No, 1 force other than gravity, friction, and normal.

Enter values:
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Object 2:  A  pulley?  No, 2 forces other than gravity, friction, and normal.

Enter values:


[image: image25.wmf]:30

:105

:

:0

:2

:90

m

g

aa

a

nn

n

q

q

q

=

=-

=

=

=

=
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Quit

Solutions are calculated and copied to the home screen, along with the equations.

At the Home screen

Results:
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