Studying A Model System: The Happy Bird
Perhaps you have seen the Happy Bird "toy" on a shelf in an office or on a shelf behind a bar (the bar owner wants you to behave like the bird!). The bird, once started, works something like a perpetual motion machine. The bird tilts forward, dips its beak in a glass of liquid, then stands back up. How can this bird keep moving with no input of food or drink (energy!)?
The bird is made of glass. If you look closely you can see that its abdomen is a bulb filled with a colored fluid. Fused into this bulb of fluid is a tube that forms the bird's axis. The head is another bulb. Although you cannot see inside the head, its structure is similar to the abdomen. The head and beak are covered with a kind of "fuzzy" flocking. The hat and tail feather are just decorations. The body pivots in a "hip joint" atop large legs and feet that stabilize the bird as it "drinks."
First Approach
Try to start the bird by poking at it, swinging it in its pivot (hip joint). It is good to be sure the bird's body is freely swinging in the pivot. 
Did the bird start drinking regularly on its own?   Yes    No  
So the Happy Bird is not a simple pendulum; it must take something else to get it going, some continuous application of energy that poking once with fingers cannot supply.
Second Approach
Pick up the bird, wrap the abdominal bulb in your fingers for a few moments and observe what happens inside.
The   fluid    gas   inside the abdominal bulb is expanding.
What is an unusual property of the fluid inside this bird?

This property is essential to the function of the bird. If you think about this for very long, you will realize that you do not want to drop this bird on the floor! Treat it as the fragile object that it is; you probably noticed the safety warning on the box. Readers play it safe!
Now, stand the bird back on the table, let go of the abdominal bulb, and observe closely.
	What does the bird do?

	What makes the bird “tip” forward?

	What makes the bird stand back up?


Beyond one or a few cycles of tipping and restanding, 
does this bird seem to be “drinking regularly” on its own?   Yes    No  
How this Second Approach worked
Think about how the fluid went up the body tube in the first place. This is a pressure phenomenon, yes? Does the Poiseuille equation come to mind? It should!
Flow = π r4 (8η)-1 ⋅ ΔΨp Δx-1
Clearly the value of pi (π), the radius of the body tube (r), the fluid viscosity (η), and the length of the body tube (x) do not change, so to get the fluid to go up the body tube, a pressure difference (ΔΨ) between the two ends was needed.

When you heated the abdominal bulb with your hand, you must have altered pressure somehow. Maybe the gas law comes to mind (PV=nRT)? Obviously the number of molecules of the fluid in the bird, the gas constant, and the volume of the bulb did not change, so the added heat from your hand   increased    decreased   the pressure in the abdominal bulb, but the brittle wall of the bulb did not expand the volume of the abdominal bulb. Instead, the pressure pushed the fluid up the tube to increase the gas space. Compared to the lower pressure in the head bulb, the increased pressure of the abdominal bulb provided the pressure difference. The fluid moved through the tubular body and into the head bulb.
Wrap your fingers around the bulb for an extended period of time, while observing the fluid and the gas space above it in the bulb.
What eventually happens?
Obviously this effect on PV=nRT is more than just a change in  P via change in T! There is a change in another factor in the gas of the bulb. Can you figure out which one?
If this bird toy is a bit like a plant, what role
did the heat from your hands play?   root pressure    capillarity    evaporation  
When you let go, with all of the fluid in the body tube and pushed up into the head bulb, the bird tipped forward, because the center of gravity was now above the pivot.
[bookmark: _GoBack]When the bird tips forward (becoming horizontal) what is happening between the gases and liquids in the two bulbs?
This is clearly not something that happens in xylem!
So, we know now that it takes a pressure difference between the two ends of the bird to invoke the Poiseuille equation to cause flow along the body tube. We could do it with heat applied to the abdominal bulb as you did with your hands. Yet on the shelf behind the bar, there is no heat source for the abdominal bulb. So there must be some other factor to explain how this bird repeatedly dips on that barroom shelf!
Of course the bar-owner is hoping by now that you get the idea that the bird isn’t drinking because you have not given it any incentive!
Third Approach
So this bird needs a drink, right? Fill the plastic cup with water. Put it in front of the bird.
Does the bird take a drink?   Yes    No  
Well maybe the bird does not know that the water is there. Stand the bird close enough so that if it tips forward it will dip its beak in the water. And then heat the abdomen bulb to make the bird tip forward and dip its beak into the water.
Does this bird dip its beak regularly now?   Yes   No  
So getting a drink as a reward is NOT the incentive needed. The bar-owner was wrong…or was she? If heating the abdominal bulb is not the solution to get the repeated drinking, how else could you get a pressure difference between the two ends of the tube? Yes! cool the head bulb. But there is no ice under the hat of the bird in the bar, so how else could you cool it? Notice the flocking on the surface of the head and the now-wet beak! Hmm. Touch the flocking on the dry head and then the flocking on the wet beak.
Which area is colder?   Dry head    Wet beak  
With those results in mind, give your bird a "swirlie" in the cup of water and stand it back up. The water and flocking combine to increase the evaporative cooling from surfaces on the head thanks to the high latent heat of fusion (heat of vaporization) of water.
The cooling   increases    reduces   the pressure in the head bulb (PV=nRT)
The pressure change   pushes    pulls   the fluid up the body tube.
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If this bird toy is a bit like a plant, what role did the head cooling
from the water play?   root pressure    capillarity    evaporation  
Is your bird now tipping forward and drinking regularly?   Yes    No  
When will your bird stop doing this?
/2
So now you understand why the flocking on the head extends onto the beak. The bird does not drink in the usual animal sense, but 
the purpose of dipping the beak in the water is to (be specific!):


the flocking of the bird’s head is equivalent to this leaf tissue:

As long as the water is high enough in the cup, the bird should continue to operate. This is not a perpetual motion machine because someone has to replace the water in the cup!
In the plant, what liquid from what tissue replaces the evaporating water?

 Hopefully you have appreciated how this Happy Bird has taught you something about the transpiration of water through a plant.
Which transpiration component 
was not well demonstrated?   root pressure    capillarity    evaporation  
How and where on this toy does this component play an important role? (hint: not in the body tube)
/2
The body of your bird consists of three parts…name their equivalent plant organ:
abdominal bulb=__________    body tube=_________    head bulb=__________
Extension
What environmental factors would accelerate the rate of the bird’s dipping to drink? Since the rate of evaporation is the major driving force, I hope you are thinking about ambient temperature, humidity, and wind!
	How many times does your bird normally dip its beak in five minutes?	dips
Position a fan blowing air across your bird (i.e. side-to-side).
	What is the new 5-minute dip count?	dips
What is causing the change in the rate? 
wind decreases _______________, so increasing _______________ and increasing_________/3
Position a bright light near your bird with the fan still running.
	What is the new 5-minute dip count?	dips
What is causing the change (or lack of much change) in the rate?

What cells in a plant would respond to light and therefore increase transpiration?	
	-      /20
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