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bution necessary for trimming the 
sailplane at high angles of attack. 

The question is then, "How does the 
bird accomplish this trimming with­
out suffering the resultant induced 
drag rise?" Figure 11, taken from 
Hankin (ref. 9) shows the plan form 
of a buzzard (Otogyps Calvus) in 
various flight modes. At low speeds, 
the wings are swept forward. In 
other words, the center of pressure 
of the wing is moved forward of the 
center of gravity of the bird. As a 
result, an upward pitching moment is 
developed which counterbalanct's the 
nose down pitching moment of the 
highly cambered wing. 

Whether the trimming by means 
of forward and backward sweep re­
sults in a stable configuration in 
pitch cannot be determined without 
a knowledge of the camber and angle 
of attack distribution of the bird's 
wing. However, the bird is capable 
of correcting for instability by 
means of intuitive sensing and asso­
ciated reflexes. 

I The process of trimming to dif­
ferent speeds is clearly seen fromI figure 11. At very high speeds, the 
tips are swept back by bending the 
elbow of the wing. This tends to 
move the center of pressure of the 
wing farther back thus applying a 
nose down pitching moment and 
trimming for higher speeds. 

The fort'going explanation of the 
control of a bird in pitch is admitted­
ly sketchy. It would, however, be 
entirely possible to carry out ex­
periments on the control and stabil­
ity of a bird which had been trained 
to fly in a tunnel capable of lwing 
inclint'd with the horizon so as to 
force the· bird to fly at different 
glide ratios and spepds. By adding 
weight to the bird ahead of, or be­
hind his center of gravity, it would 
be possible to introduce pitching 
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moments for which the bird would 
have to compensate with sweep of the 
wings. 

So far, we have discussed only the 
aerodynamics of the bird in gliding 
flight and the bird's stability. 1\'ow, 
we will consider the process of gain­
ing energy from the atmosphere. 
namely, soaring. Static soaring is ac­
complisht'd by flying in an upward 
moving air mass having a higher 
vertical velocity than the bird's mini· 
mum sinking sileed. By staying with­
in the confines of such upcurrents, 
the bird will gain altitude. 

One common source of upcurrents 
is that due to orographic lifting as 
the wind passes over a ridge. Birds 
are capable of soaring Oil deelevities 
of very small dimensions. However, 
they also soar on mountain sides. the 
best example being the soaring of 
hawks on Hawk Mountain ill Penn­
sylvania. 

With a sailplane fitted with a 
sensitive instrument mt'asuring the 
rate of climb, a pilot is able to dupli­
cate the bird's feat of soaring on a 
ridge. In fact, many times a sailplane 
pilot merely needs to follow the bird 
in order to find the bpst lift. 

Just how the bird measures the 
vertical velocity, and just how he 
determines which way to turn in or­
der to stay in the upcurrent are 
questions which we cannot presently 
answer. 

Another source of energy for soar­
ing is that provided by thermal up· 
currents. These exist both in hilly 
and in flat country. A very thorough 
exposition of the nature of birds 
soaring on thermal upcurrenls is 
given by Huffaker (ref. 10). 1\ot 
only did Huffaker in 1897 clearly 
describe the bird's thermal soaring, 
but he also indicated that there is 
good reason to believe that birds 
have some means for detecting ther­
mal upcurrents at a i!istance, for 
they often head directly [or a given 
area and began circling. They inevit­
ably gain altitude. 

Some years ago, the author specu­
lated that the bird must measure in 
some way the temperature gradient 
in the horizontal plane ani! from this 
gradient is able to determine the di­
rection towari! the warm upcurrent 
core. An attempt to do this in a 
sail plane merely proved that we 
know too little about the nature of 
thermal ul'currents to be able to 
devise instruments for prospecting 
for the thermal upcllrrents (ref. 11). 

Another form of upcurrent, still a 
thermal upcurrent, but over water 
instead of land, was beautifully stui!­
ied by Woodcock (ref. ]2), using 
herring gulls as his indicators of the 
nature of thp upcurrent. In figure 12, 
is shown a plot taken from Wooi!­
cock's paper which del ineates the 
type of thermal lIpcurrent, a col­
umnar or cylindrical vortex with 
axis horizontal. This research is a 
clear case of careful observation and 
analysis which shouli! be appliei! to 
more of the problems of bird flight 
which have been mentioned previous­
ly. 
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