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Part I Mechanics

Section 1 Why is the Front Fork
of Your Bike Bent™? (1)

0 A properly bent fork keeps the front wheel in its normal,
forward going, @ position. If it were straight, the front wheel
would tend to turn sideways. Without the help of the hand, any
slight deviation from its straight forward direction would lead to
its further sideway sway™.

I Many people use the bicycle every day,and are naturally fa-
miliar with the fact that the front fork of the bike is bent (see
Figure 1). But perhaps few of them have ever wondered why its

Figure I A properly bent front fork of a bike with its axis passing
through the lowest point of the wheel, where the wheel touches the
ground.

@ (, forward going, RIS &89, FRBATERE, “ I3 B B 69511,
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front fork is not made straight, which is obviously easier to
manufacture. Is it made curved purely for its beauty,or is that a
necessity for the normal working of the machine?

2 Strictly speaking, the fork is not necessarily bent, but may
have other structural forms, for example, the motorcycles usual-
ly have two straight rods as the prongs of the front fork while
its shaft is parallel to the prongs. However,one thing is certain
for any front fork:it turns about an axis which passes through
the lowest point of the front wheel, where the wheel touches
the ground.

3 In fact, the curvature of the fork is not arbitrary, but strict-
ly satisfies the condition mentioned above. The purpose of such
a design is that when the handlebars turn a little, the frame of
the bike will not sway left or right, nor will it go up or down, so
that the rider will feel the handlebars free to rotate and hence
easy to handle in its normal, forward-going, position. Moreover,
when the rider is to go left or right, he turns the handlebars for
a considerable angle, perhaps twenty or thirty degrees, raising
the wheel slightly, which raises the center of gravity of the
whole system(both the rider and the bike) . This makes the rid-
er feel that the front wheel as well as the handlebar has a ten-
dency to return to the regular forward-going position. That is to
say, the handlebars in the forward-going position feels as if in
stable equilibrium,just as a ball in a bowl or basin™ can restore
by itself(see Figure 2),once deviated from its central position.
Such a bike is easy to manipulate. And that is why a skillful rid-
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er can ride even without holding the handlebar.

Figure 2 A ball in a bowl. The ball in the lowest position is in bal-
ance. And that is a state of stable equilibrium

4 In contrast to this situation is a ball on a ridge or hump——
it may be in equilibrium, but that is an unstable or labile equi-
librium, where a small deviation from its initial position would
lead to its further moving away, so that only a hand by its side
ready to support can actually keep its balance(see Figure 3). In
the case of the bicycle that would be a constant tendency of trun-
ing left or right of the front wheel, which requires that the rider

Figure 3 A ball on a ridge is in balance, but this is an unstable equi-
librium. From the point of view of potential energy, the ball on the
ridge has a higher potential energy than when it is in all other posi-

tions.
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keep a hand on the handlebars to ensure the wheel in its for-
ward going position. He cannot ride without a hand on the han-
dlebars.

5 There are different methods to explain this fact, but the fol-
lowing is probably the easiest to understand. '
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0 front fork allit
forward-going position
sideway(s) adj,adv
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1 manufacture »n,v

2 prong =n
shaft =n
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What does”properly bent” front fork of a bicycle mean?

Is there any straight prong structure that can substitute for
(that behaves like)a bent fork?
What is the advantage of properly bending the front fork?

Use the example of a small ball in 2 bowl to explain the

phenomena of a stable equilibrium.

Use the example of a small bali on a ridge or hump to ex-

plain the phenomena of an unstable equibirium,

What is the relationship between the potential energy of a
—_— 5 —_—



ball 4n its equilibrium position and its potential energy when
it is in the neighborhood of the equilibrium position?
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Section 2 Why is the Front Fork
of Your Bike Bent? (1)

1 To make the reasoning easy to understand, let us first sup-
pose that the frame of the bike is fixed, so that the frame will
not move when the assembly of the front wheel, fork and han-
dlebars turns. The if the fork is bent, the tire™ (the periphery of
the wheel)will form a surface like an apple or pumpkin placed
on an inclined plane when you turn the handlebars. See the
sketch of Figure 1.

Figare I When you turn the handlebars by 180°, a surface like hatf
an apple is formed. Part of the wheel will go under the ground if the
frame of the bike is rigidly fixed. The ellipses show the shape of the
tire when the handlebars are 30°,60°,120°, and 150" from the nor-
mal, forward going, position. The shape of the tire 90" from the nor-
mal position is a straight line. {caption)

2  With the handlebars turning in the close neighborhood of
—_ 8 —



the normal position, the lowest point of the front wheel will not
move up or down, right or left,as can be seen from the sketch,
Figure 1. But when the wheel is turmnmed a larger angle, say
twenty or thirty degrees or more to the left, the lowest point of
the wheel will go down and go left. But for a point of the wheel
to go down means that the point will go into the ground, which
is impossible. Actually the frame and the rider on it must go up
a little, when the front wheel turns a considerable angle. This
can been seen more clearly from the figure if you imagine the
wheel could turn 90° or even 180° You must raise the frame and
yourself a little each time you turn left or right(see Figure 2).

Figure 2 In the extreme case of turning the handlebars 180°, you
must raise yourself and the bike a little.

3 But to raise the bike you must do work, which means your
arms must exert some force to turn the handlebars. And the
larger the angle of deviation, the greater the force needed, until
the angle reaches 90°, when the bike cannot advance at all, and
so we have no need to consider further turning. This shows that
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the wheel does not tend to move sideways when you do not ex-
ert any force to turn the handle. On the contrary, it tends to
stay in its“normal position”. ,
4 Now suppose that the front fork were made straight. You
can make such a bike that is always in neutral equilibrium, as
shown in Figure 3a, by making the shaft of the fork vertical. In
that case the axis passes the point where the wheel touches the
ground, satisfying the basic requirement mentioned above. In
such a design, wherever you turn the wheel, the whole system
including the rider will not go up or down, as can be seen in
Figure 4. But the handlebars of this design will be too far away
from the seat so that the rider must bend forward to reach it,as

shown in Figure 3a, which is undesirable.

Figure 3
3a. Straight fork with the axis vertical
3b. Straight fork with the axis slanting



Figare 4 A straight fork with a vertical axis s in neutral
equilibrium but the handlebars are too far from the seat.

Hgﬁre 5 A straight front fork with a slanting axis is un-
stable. It tends to turn & 90"-angle and make the potential

energy of the whole system a minimum.

5 So we must have the handlebars closer to the seat, and the
axis of the fork inclined(see Figure 3b and Figure 5). But then
when the handlebars turn, the lowest point of the wheel will go
up with respect to the frame, as shown in Figure 5. The reader
can draw inference by himself and prove that the handlebars are



unstable.

6 A further problem is left to the reader: the equilibrium of

castors under a piece of furniture to make it easy to move.

(38ic)

1 assembly n
tire( AmE) = tyre(BrE)
peripher-y n3-al adj
[Gk] cf. circumference [L]
pumpkin n
(also read/pung-kin/)
caption n

4 neutral equilibrium
undesirable adj

ol ,vT

5 with respect to  prep

slant

draw inference vl
6 caster=castor =
nlU

furniture
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