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Tutorial 8:  Spreading forces over surfaces
[bookmark: I][image: ]Beds
A bed of nails is not especially comfortable.  However, it’s a lot more comfortable than draping your body over a single spike.  Explain why this is so, especially since the force involved (your weight) is the same in either case.



Lying on the floor is even more comfortable than lying on a bed of nails.  Why?  Draw a diagram to illustrate your answer.





Lying on a soft bed is the most comfortable of all.  Why is it more comfortable than the floor?  Again, draw a diagram to explain this phenomenon.




When we are interested in the overall motion of an object, we can think of any forces as being “on the object,” without worrying about where exactly the forces act.  When we’re interested in what’s going on within the object (such as whether you’re comfortable when lying down), it can be useful to think about whether and how any forces are spread over the object’s surfaces.
In physics, the quantity force per unit area is called “pressure.”
Explain how the pressure is different in the four situations described above.  



[bookmark: II]Containers
Imagine a water balloon filled with water.  How could you demonstrate that the water is pushing outwards on the balloon, rather than just sitting there like stuffing?  (Hint:  You might try a pin.)


Suppose you had two water balloons, each filled with one cup of water so that they are the same size.  However, one of the balloons was a bigger balloon to begin with.  How could you tell which balloon started out larger?  (Again, the pin might help.)


In a beaker of water, does the water exert forces on the sides of the beaker?  Where?  How could you demonstrate the direction of those forces?  How could you demonstrate their relative magnitude?
Water squirting out of holesA
B
C

Imagine that a container filled to the brim with water has small holes opened in its side, labeled A, B, and C as shown at right.  
Using a dashed line, sketch the path you think the water from each hole will take when it leaves the container.  Where do you think the water will squirt out the hardest, and where the most weakly (or will it be equal)?

Conduct the experiment using one of the containers provided.  Use a solid line to sketch your observation.

What causes the water to squirt harder from some places than from others?  Explain the idea that you think should guide your predictions from now on.




Where else could you open a hole in the container and have the water squirt out exactly as hard it does at point C?  Why is that so?

A
B
C



If the container were deeper (as shown at right), but still filled to the brim with A, B, and C at the same distance from the top of the container, would there be any difference in the path the water takes from A, B, and C?  Why or why not?



Conduct the experiment using two appropriate containers (one deeper than the other).  Record your observations.



Account for the results you see.  What determines how hard the water squirts out of each hole?


Imagine a container wider than those you used above, but with the holes A, B, and C still at the same depth.  Before you do the experiment, consider the following exchange between two students.A
B
C

Wendy:	“The water above the hole pushes down on the water next to the hole, pressing it out.  The strength of the squirting is determined by the weight of the water above the hole.  There’s more water above point A for this container, so the water will squirt out of that hole more strongly than it did with the other containers.”
Doug:	“I think the strength of the squirting is determined by the depth of the hole.  The depth of point A is the same as for the other containers, so the water will squirt out the same.”
With whom do you agree?  Or do you have a different idea?



Conduct the experiment, using appropriate containers, and record your observations.



Roughly speaking, the pressure at a point in a fluid is the strength with which the fluid would squirt out of a hole opened at that location.
Summarize your work so far:  What determines the pressure at a point next to the wall of an open container of water?



Points in the water that don’t have a wall next to them also have pressure, even though it doesn’t make sense to think of opening a hole there.  
What other points would you guess have the same pressure as point B – including points that aren’t on the wall of the container? 



Come up with some other way of thinking about pressure that makes sense even for points not next to a container wall.



[bookmark: checkpointI]	Consult an instructor before you proceed.
Water in layersLayer 1
Layer 2
Layer 3

When water squirts out of a container, unbalanced forces are accelerating the blob of water nearest the hole.  In this section we will consider the relationship between pressure (squirtiness) and forces.
To begin, imagine a water-filled beaker with straight sides.  Two imaginary boundaries that divide the water into three layers of equal volume have been drawn in the diagram.  No material barrier separates the layers.  (The three discs at your table may be used as models of the layers.)
For each layer, draw a free-body diagram in the space provided.  Draw both vertical and horizontal forces.
Layer 2
Layer 1
Layer 3









[bookmark: checkpointII]	Call a TA over to check your free-body diagrams if you like.  You don’t have to.
Rank the magnitudes of all the vertical forces you have drawn in the three diagrams from largest to smallest.  Explain your reasoning.



Consider each of the contact forces in your diagrams.  Use the disks to show where each of the contact forces in your diagrams is exerted.  (Hint: Each force is exerted over a surface, not only at a point.) 

The technical definition of pressure is force per unit area. 
Suppose you wanted to know the pressure at the bottom of layer 2.
What vertical force would you associate with that pressure?
Over what area is the force you chose distributed?  Indicate the area physically on the discs at your table.

Suppose you wanted to know the pressure at the middle of layer 2.
What horizontal force would you associate with that pressure?  
Over what area is the force you chose distributed?  Indicate the area physically on the discs at your table.


Imagine opening a hole in the side of the beaker.  What force would determine how water squirts out?



[bookmark: checkpointIII]	Consult an instructor before you proceed.

[bookmark: V]Water in a container shaped sort of like Utah
[image: ]
The container shown in side view at right is filled with water. 
What’s your initial feeling about how the pressure at point T would compare to the pressure at point U?  Explain your reasoning.



Draw a free-body diagram for the small volume of water that’s outlined by the dotted box.
Explain to yourself how you can use the free-body diagram to compare the pressures at T and U.  


How do the pressures compare?  How do you know?


Rank the pressures at points Q, R, S, T, and U.  Explain your reasoning.


Think back to the statements made by Wendy and Doug in part I of this tutorial, in addition to your own statement from that section as to what determines the pressure at a point in a fluid.
Identify the ways in which each of those statements might be misleading to someone considering the Utah-shaped container.



Is there a way to refine those statements so that they are less likely to be misleading?  Restate those assertions, keeping the correct parts and introducing whatever’s needed to reduce confusion.  



Is this a case where you needed to draw a free-body diagram to fully understand the situation, or was a free-body diagram not necessary?
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