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In Fig. 5, the mean is 65, the wave rises to 78 and falls
to 52: a rise and fall of 13. Thus we have a simple propor-

tion sum:
13 is to 65 as ? is to 100.
13 is one fifth of 65; one fifth of 100 is 20. So the amp-

litude of the wave in Fig. 5 is still 20%.

Fig- 5 “—/,,T\\";/

3. The third thing we must know about a wave is its phase.

In Figure 6, four waves are shown. They all have the
same amplitude, but they are phased differently.

For the purposes of discussing this aspect of waves, let
us adopt the terms shown in Figure 7.
We can now say that, in Figure 6, wave a 18 phased so

that the ascending node comes at the beginning of the

period, as drawn, the descending node comes in the miadle,
the peak comes one-quarter of the way along.

In wave 6b all this is exactly reversed; the peak comes
three-quarters of the way along.

In 6c the peak falls in the middle and the trough falls,
as it were, at the edges,

In 6d the peak falls bétween a quarter and hali way
along the wave.

Fig. 6

This is a rather cumbersome way of cxpressing the
phase and we shall need a simpler and more precise way
of expressing this matter. This is done as follows:

14

PEAK

ASCENDING
NODE DESCENDING

NHODE

Fig. 7 ~ TROUGH

Every wave is, in a sense, a cycle or circle, so we can
treat every wave as if it were passing through 360°. This
sunply means, in effect, that we treat the length of each
wave whatever its actual length may be in other respects as being
360° in extent. Thus although the 3rd harmonic of the
circle is 120° in length, we treat it, for purposes of express-
ing the phase, as being one complete cvcle or circle of 36(°.

We can now re-draw Fig. 6 with this scale marked along
the bottom (Fig. 8).

Fig. 8
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We can see from this that our estimate of the amplitude and
phase is very close. My experience is that these graphs of har-
monics will usually give a very close approximation of the true
figures.

Turning our attention to the fluctuations about the 4th
harmonmc in Fig. 24 we are not left with much deubt that it
is simply a 12th harmonic which is shown. The rise and fall
above and below our dominant 4th are fairly, though not per-
fectly, regular and they are quite equally spaced.

We must not fall into the trap of thinking thatl the phasc
angle scale for the 4th harmonic Will do for the 12th. If we
wish to get a better idea of the phase and amplitude of this
wave, we can do it quite easily from the ninc tolals given in
Table 1. We know that the 12th harmonic is 30° in length
and that it will repeat regularly three times each 90°. There-

fore we can sct out pur nine totals from Table 1 in runs of
three, thus:

Table 2

377 360 377 347 291 323, 297 317 357 {from Tablc 1)

347 291 323 ¢
207 317 357 €

1021 968 10567

We can now attempt a graph of these three totals. Afler a
litile experimenting with a pencil to get our wave in the right
place with an equal rise and fall, we shall be able to draw
out our 12th harmonic. We can make our phase angle scale

along the bottom and as we have now divided our 3,046 sol-
diers into three totals, the mecan will be 3,046 — § = 1.015

(See Fig. 25).
165 —\ /T
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Examining our graph we can see that our phase angle
must be about 330° (0 340°, Since the nse and fall of the
wave is about 50, or just over, on a mean distribution of

about 1,000 (actually 1.015}, we know that the amplitude will
he about 5% — (50 +1000) x 100. Referring to the exact

harmeonic analysis by computer we find:

MARS MILITARY MEN

Amplitude Phase

8th Harmonic (0.2 202
12th Harmonic 5.1 336
16th Harmonic 2.8 142

We can see from this that our estimate of the amplitude (5%)
and the phase (330 to 340) are almost exactly correct for the
12th harmonic and that we were also correct in deducing that
the 12th was the only other harmoenic of any note, the 8th
and 16ith having very small amplitudes.

Actually there zx another harmonic which is worth noting
in our Mars distribution pattern., Qur reconnaissance of the
4th harmonic and its sub-harmonics has revealed the presence
of the 12th, and shown us that the 8th and 16th are not

strong. In just the same way, if we made a systematic recon-
naissance of the 3rd and its sub-harmonics we should be able
to see whether the 3rd (120°), 6th (60°), 9th (40°), and 15th
(24" — all multiples of three — played any significant part in
our onginal Mars distribuuion. We should also come across our
frend the 12th again, because the 30° wave will also fit into
the 3rd exactly. Of these it is the Yth which is, as it happens,
the second strongest of all (he Mars harmonics in the soldiers’
nativities. Just to give ourseclves another chance te become fa-
millar with this simple kind of harmonic analysis which we
have been learning, let us look at this 9th harmonic.

The 9th part of a circle is 40°, so our 9th harmonic will
be a wave of 40° In lengih. As it happens our circle has been
divided into 36 sectors of 10° each, so that by taking our to-
tals in runs of four we shall be able to isolate the S9th har-
monic. T'his we will proceed to do.
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