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1 Definitions

Skip this chapter if you are familiar with basic Physics

Scary science

Whatever your views about what scientists do, what they think they’re doing, and how and
why they go about doing it, there is no question that science is the most powerful tool ever
to come into the hands of the human race. No other way of looking at the physical world
has anything even remotely approaching science’s practical horsepower, and in terms of our
understanding it has been both hugely successful and, it has to be said, occasionally
woundingly destructive. Either way, it has changed forever how we look at and see the
world and ourselves, and, like it or not, will continue to do so in ways we cannot even guess.

Scientists are not always science’s best ambassadors, and non-scientists don’t always
take kindly to being told they don’t really know anything. Worse, when mathematics is
wheeled out to provide elegant and logical proof of something — it hardly matters what
— many of us experience an overwhelming desire to become completely unconscious. In
fact, a general understanding of how gliders work doesn’t need anything more elaborate
than the ‘three apples plus two pears’ variety of arithmetic. We do, however, need to
understand basic physics, as without it we have little chance of realising how a glider
manages its tricks.

This first chapter looks at some of the basics, with many of the examples being taken
from gliding. In fact, you can check out most of the physics for yourself by doing nothing
more strenuous, mentally or physically, than going to an airfield and either taking a flight,
or just pushing something around at the launch point.

Physics in the field

The list below contains a selection of airfield activities and some of the relevant physical
laws, for the moment stated without any explanation:

. helpers somehow manage to run a glider over your foot. The pain you feel is a
result of the glider’s weight (weight equals mass times gravity)

. you are momentarily distracted by something else on the airfield. Helpers run
the glider into your back. The pain you feel is related to the glider’s momentum
(momentum equals mass times velocity)

. you land on a runway. Helpers come to push the glider. Even though the surface
is smooth and flat, the effort you have to make to get the glider moving,
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particularly if this needs to be done in a hurry, is far more than what’s needed
to keep it moving once it’s rolling. The difference is due to inertia (Newton’s
First Law of Motion)

. the effort you expend pushing the glider also demonstrates energy conversion
(breakfast cereal into bodily movement) and illustrates something about vectors
{force(s) applied in a specific direction)

to manhandle a K13 with two people already on board up the launch queue, you
first have to push down on the tail to lift the nose-skid off the ground. If you
move closer to the wing you have to push down much harder to get the same
result (moments and levers)

you have a cable break on the launch. As you push over you experience a
reduction in your weight (acceleration, Newton’s First and Second Laws of
Motion).

We spend every minute of every day demonstrating these and other laws to ourselves,
even if we aren’t aware of doing so. What is important about all the examples given above
is that the physical laws they illustrate describe things which, apart from the specific injuries
mentioned, happen with a high degree of regularity and predictability; all of which suggests
that the world has a natural and inherent order, as indeed appears to be the case.

Dimensions

We'll take it as read that the physical world exists. If we think about why it works in the
way it does rather than in any other way, then most of what we take completely for
granted turns out to be a bit strange, to say the least. Take the space around us. Each of
us lives at the centre of a sphere of perception dotted with objects that are separated from
each other by ... well, by what exactly? Empty space? Nothing? Whatever it is, without it
none of us would be anywhere.

It is useful to think of this space as either containing or consisting of three related
physical dimensions (figure 1), at right angles to each other.

Despite the world’s hills and valleys, we spend most of our life pinned by gravity to the
surface of the two-dimensional plane represented by figure 1, example (2). As with so
much of the natural toolbox bequeathed to us by Nature and evolution, we are not aware
that our existence is governed by the need for us to continually measure and calculate
where we are within the surrounding space. True, we don’t leap about saying ‘x*+y*=z7,
or ‘d=r x o, but if we weren’t doing something similar we would not last very long. The
information required by the brain for the necessary calculations and comparisons comes
from two main sources:

(1) force information provided by the semi-circular canals in each ear, and sensations
from other parts of the body, particularly the feet and legs (tension in the muscles
and so on)
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Transfer of loads 138
Transition point 85-86, 202, 93
Trigger temperature 268, 290
Trim drag 175, 191, 196

Trim tab 183

Tropopause 265, 290

Troposphere 264, 288

True airspeed (TAS) 155-156, 162
Turbulator tape 90, 93

Turbulent flow 63, 65, 94

Turning 105-108

Ultimate load 122, 147, 162
Undercarriage, mechanism 140
Unstable air 266

Useful lift 71, 72, 94

UTC 285, 290

V tail 185, 196

Vane variometer 244

Vapour concentration 290

Variometer 241, 256

Variometer problems and solutions
250-255

Variometer, types of 243-245

Vector 8, 18, 26

Veer, of wind 291

Velocity 8, 11, 26

Velocity gradient 85, 94

Velocity Never Exceed (VNE) 144, 146,
162

Venturi 66, 247

Vernon, C. 297

Viscosity 84-86, 94

Viscous drag 75, 76, 94

Visibility 264

Vortex ring 273, 291

Vortex shedding 76, 94

Vortices 76, 79, 81, 203

Vorticity 79

Wake turbulence 81
Warm front 279, 291
Warm sector 278, 279, 291

Index

Warren girder 132, 133

Washout and wash-in 213, 220

Water ballast 235, 299

Water ballast, effect of 235-236, 299

Water traps 255

Watt, J. 32, (1736-1819)

Wave, formation of 281-283

Weak gust 149

Weak link 110, 113, 150, 212

Weathercock stability 173, 196

Weighing (a glider) 297

Weight (W) 2, 3, 8-9, 40, 98, 103

Weightlessness 9, 10, 12

Wenham FH. 46, 65, (c1884)

Winch hook 140-141

Winch launching, forces during 109-112,
151

Wind, effects on glide ratio 228-229

Wind gradient 291

Wind shadow 264, 291

Wing drop 208

Wing loading 102

Wing, structure 133

Wing warping 53, 56

Winglets 82, 94

Wood, structure of 124

Wright brothers. 53-55 (Orville
1871-1948, Wilbur 1867-1912)

Yaw axis 168
Yaw stability 173

Zero lift line 68, 73, 94

Zero lift pitching moment 73, 94
Zinc chromate 137, 162

Zulu (Z) (time) 291








