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Suspended Block

Mechanics

Vector Components

Description: 
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A block is place on an inclined plane and the forces are balanced with a set of pulleys and external masses.  When the block is in equilibrium, the inclined plane can be removed and the block will not move, remaining suspended in midair.


Discussion

A cart (or a block) is placed on an inclined plane that is constructed in the ratio of 3-4-5. The cart is balanced between a force parallel to the plane and a force perpendicular to the plane. Two strings are attached to the cart and passed over pulleys. Counterweights are added to the strings so that the cart is exactly supported by the two strings with no downward force exerted on the plane (though it appears that the cart is supported by the plane). Slide the incline out of the way after the forces are balanced and the block will be suspended in midair.

The cart (block) is in static equilibrium. The resultant of the weight (Fg), the normal force (FN), and the parallel force (FP) is zero. Calculate the two components which will produce equilibrium by calculating the two components of the weight as shown below. If the plane is built in the 3-4-5 ratio the formulas become FN = Fg cos 37o and  FP = Fg sin 37o. The counterweights placed on the strings are therefore the same in magnitude but opposite in direction to the components of the weight. The resultant of the two forces on the strings is equal in magnitude and opposite in direction to the weight of the cart. 

Hints for this demonstration

Allow some time before class to set up this demonstration.  Even if the math is done ahead of time, it will take a few minutes to get everything balanced the first time it is done. The ratio of 3-4-5 is not necessary for this demonstration to work.  The angle of the plane can be measured – any inclined plane will work.

How to present this demonstration

This demonstration should already be set up on the lab table when the students come into the classroom. The effect is much better if they think the cart is resting on the plane. After discussing static equilibrium and the components of forces, remove the plane gently from under the cart.  The cart remains suspended in the air which surprises the students even though the physics has been discussed.

After doing the initial demonstration change the pulleys to fit a different inclined plane.  Have the students do the math to calculate the force needed to produce equilibrium while the pulleys are being changed.

Equipment for this demonstration

Inclined plane constructed in a 3-4-5 ratio

Cart (such as a Halls cart) or a wooden block

Two pulleys

Two strings

Weights to act as counterweights on the ends of the strings
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