California Physics Standard 1k*               Send comments to:  layton@physics.ucla.edu
1. Newton's laws predict the motion of most objects.


As a basis for understanding this concept:

k* Students know how to solve two-dimensional problems involving balanced forces (statics).

Statics is an excellent application of vectors and helps bring students to understand that walls and tables can push since all the forces acting on an object at rest must add to zero.  Although the standard does not specify having a discussion of friction, this concept seems so important to physics we will discuss it here.

Demonstrating static friction and kinetic friction.
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With this device you can demonstrate how an increased normal force influences the force of sliding friction by simply loading more kilogram masses (that weigh “10 N”) into the box and observing the linear increase in the force required to pull the box.  It also clearly shows the difference between static and sliding friction since as long as the box is not moving, you can apply any force.  However, after it starts to move, the force will drop to a lower value and remain essentially the same no matter how fast you move it at constant velocity.  A student activity can also be done using spring balances and books.  (See details of this activity discussed earlier in Forces and Motion 1c.)

Forces on an inclined plane.
Discussing friction on an inclined plane provides an excellent way to use vectors as well as helping students to understand the meaning of free body diagrams and the meaning of normal force.
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Tension
[image: image5.wmf][image: image6.wmf]The concept of tension can be a little confusing when first encountered.  To appreciate that this, “force of a string”,  always pulls away from the object it is attached to yet at any point on the string it is equal and in opposite directions, requires a little thought and familiarity.  The following demonstration might help students to come to a better understanding of tension.

Have the students vote as to their individual feelings about what the scale will read.  Past experience suggests that you will get three answers: twice the weight of a single mass, the weight of a single mass and zero.  Other answers can appear but these three are the most common.  As you discuss why the reading is the weight of the mass, remind them of all the forces on the spring balance when you simply weigh the mass.   (It is easy to forget that you are pulling up on the spring balance as the mass pulls down.)

Problems involving tension
A typical problem involving tension (discussed in the California Science Framework) involves the tension in the support strings on a hanging picture.


The impossibility of pulling a string perfectly horizontal.

The hanging picture example can lead to a question:  “Would it be possible to support the picture with the string straight and parallel to the floor?”  That is, what happens to the tension in the string if we try to make Ø zero?  


A practical consequence of this is that telephone lines are always stretched with some droop between poles.  Apparently, was this not the case, in winter, accumulations of ice could weight down the wires to an extent that the wires could break.

A simple classroom experiment in statics involving vector addition.

Avery nice experiment can be done in small groups with several spring balances, some string, a washer and a piece of paper.  In the illustration three students pull outward

An important topic in statics that the Framework and Standards omit.
No mention is made of applications involving torque.  The Framework even suggests discussing ladders leaning against walls, which, without considering torque, can only be solved in the simplest cases.  Torque will not be discussed here, with regrets.
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A simple demonstration of most aspects of friction can be made using a small cardboard box large enough to hold 4 cylindrical kilogram masses.   Place a wire hook on one end of the box so a demonstration spring balance can easily pull it.
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A small cart can be loaded with a mass that, ideally, makes the cart plus the mass weigh 10 N.  When this cart is placed on an adjustable inclined plane, a demonstration spring balance can be used to show how the force parallel to the plane and the force normal to the plane will add to give the weight of the cart.  Measuring the angle of the plane with the horizontal will give the angle between the normal and the weight.  These values can then be used to show the vector sum of the force parallel and the normal force will always add to give the weight.
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With two low friction pulleys held apart using ring stand supports as illustrated, hook a string to either side of a large spring balance and pass these strings over the pulleys and have them support a kilogram mass on either end.  Turn the spring balance so the students can’t see what it reads and ask them for their conclusion as to the reading on the scale.  (Before doing this demonstration, it is well to show the students what each mass weighs.)
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There are several ways to approach this problem, two of which are illustrated on the right.  One is to look at the forces acting on the nail supporting the picture (illustrated above the picture.)  The upward force must be the weight of the picture and assuming the tension in the string is the same on both sides and the angles are equal, it is easy to show: 2TsinØ =W.  Another way to look at this problem is illustrated to the right of the picture.  Assuming that the right support holds half the weight of the picture, the vertical component of the tension is given by:  


TsinØ = 1/2W.
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This question quickly leads to the inverted question:  Is it possible, by pulling outward to pull a string supporting a weight into a straight horizontal line.  Finally, there is a popular demonstration involving a long strong rope held on either end by two strong students.  Then invite a smaller less robust student to try to press the center of the rope to the floor as the two strong students attempt to hold the rope from touching the floor.  If the rope is long enough, almost anyone will be able to pull the center of the rope down to the floor.
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on the washer carefully holding a constant value while a forth student sketches the position of the center of the washer, the direction the strings are pulling and writes on each string drawing the reading on each of the spring balances.  This “data sketch” can now be used to construct the force vectors involved and test to see if they sum to zero.  Other string and spring balance configurations can be easily repeated on a separate piece of paper.








