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compressed, meeting resistance on it, rebounds in the 
same way as a ball striking against a wall” (Codex Triv-
ultinanus). In other words, he believed that high-pres-
sure, high-density air is formed under a lifting surface, 
which pushes the surface up. This is actually not the 
case. Anderson writes, “Today we know that lift is 
achieved primarily because of the low pressure (suc-
tion) over the top of a wing and that the pressure on the 
bottom of the wing, albeit higher than that on the top, is 
not much higher than the free-stream static pressure.”

Nevertheless, by 1513, Leonardo was coming much 
closer to identifying the actual source of lift. In Codex 
E, he wrote:

“The air surrounding birds is above thinner than the 
usual thinness of the other air, as below it, it is thicker 
than the same, and it is thinner behind than above in 
proportion to the velocity of the bird in its motion for-
wards, in comparison with the motion of its wings 
toward the ground; and in the same way the thickness of 
the air is thicker in front of the bird than below, in pro-
portion to the said thickness of the two said airs.” [I told 
you it was hard to read these notebooks!—SW]

Anderson suggests replacing the words “lower pres-
sure” for “thinness” and “higher pressure” for “thick-
ness,” concluding that the result is a clear explanation 
of the pressure distribution over an airfoil, and hence of 
the source of lift and pressure drag. “Thus,” he writes, 
“Leonardo was three centuries ahead of his time, be-
cause George Cayley, in 1809, was the next person to 
appreciate the actual source of lift.”

Most of Leonardo’s sketches and discussions of 
flying machines (including in the Codex on the Flight of 
Birds) are based on attempts to mimic the flapping 
motion of birds’ wings (see Figure 4). This was an ob-
stacle to conceptual progress throughout most of his 
work on human flight, but his endless investigations fi-
nally led him to the conclusion that the flapping of the 
wings was not, in fact, an important source of lift, but 
rather was the means by which the tip feathers produced 
a forward thrust for propulsion. As the air flowed over 
the wings because of the bird’s forward motion, lift was 
produced. Leonardo wrote: “Therefore if air moves 
against motionless wings the same air supports the heavi-
ness of the bird through air” (1505, Codex Atlanticus). 

Still Puzzling

Five centuries after Leonardo’s Codex on the Flight 
of Birds was written, there is much that remains un-
known about the subject. Three biology researchers 
introduced their article, “Bird Flight: Insights and 
Complications: New techniques show that more than 
the wing participates in flying,” with a discussion of 
Leonardo. G.E. Goslow, Jr., K.P. Dial, and F.A. Jen-
kins, Jr. (BioScience, Vol. 40, No. 2, February 1990), 
wrote that much has been learned in recent decades 
about the performance of the wing, including the 
subtleties of wing movement during upstroke and 
downstroke as revealed by slow-motion photogra-
phy. “Nevertheless, due to the complexity of its 
design and the movement of patterns during a wing-
beat cycle, knowledge of the bird wing remains 
sketchy and incomplete.”

They initiated a series of studies on neural control 
of the wing, biomechanics of the wing and shoulder, 
and evolution of flapping flight. But, “as was the case 

for Leonardo da Vinci, . . . we were confronted with 
unexpected results that required further investiga-
tion.” The particular problem in understanding the 
control of the wing, they reported, has been “the in-
ability to document the precise movements of its 
skeletal elements during flight. They built a wind 
tunnel for testing small European starlings, using a 
technique called the cineradiograph to observe the 
movements of the wing skeleton. To their surprise, 
they found that the bones of the shoulder and thorax 
move rhythmically with the wingbeat. Why? They 
hypothesized that the bird’s wishbone (furcula) 
spreads and collapses with the wingbeat, acting as a 
secondary pumping system to meet the increased 
metabolic demands of flight, moving air between the 
air sacs and lungs.

Like Leonardo in his pursuit of artificial flight, 
the scientists wrote, they planned to continue their 
studies along these lines, thereby to understand “the 
evolution of this most amazing and successful form 
of locomotion.” (More recent work by the authors 
can be found through the usual online search en-
gines.)

—Susan Welsh
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