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• Contracting of a Cube Smart 5x5 storage space in 
North Kingstown

• Approval of three-month contract cost of storage 
space, $54.00

• Approval of expenses associated with Winter Field 
Day.

• From the floor?
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Mike Cullen 
and Mike 
Rousseau

GMRS and 
FRS radio 
network 
drill



School Club Roundup 
at All Saints Steam 

Academy
February 10-14





And now for something 
completely different

Tides, shifting seasons, 
Melankovitch Cycles, and Ham 
Radio as Complex Wave Forms



Complex waves

Simple sine 
waves of 
decreasing 
frequency

Sum of simple 
sine waves



Forming a complex wave
Here a concert D 
tone is added to 
a second tone of 
concert A.

The result is the 
sound pressure 
wave that 
reaches your ear.





The cone is an ultra sonic 
projector that measures 
the distance to the sea 
surface every few 
minutes.

Tidal data are an 
excellent example of a 
complex wave.



Somewhat smoothed raw sea surface height readings



To make a Tide Table, the complex 
wave first must be converted to its 
component sine waves. This is the job 
of the Fast Fourier Transform – FFT.
The raw time domain data are 
“transformed” into frequency domain 
data.





https://www.youtube.com/watch?v=spUN
pyF58BY

The fabulous Fourier Transform
The FFT changes a time domain graph into a 
frequency domain bar graph.
The result is an array of the sine wave 
components that formed the original complex 
wave.







Here is an 
adjustable cam 
that will allow one 
engine to make 
predictions for 
multiple harbors.









But why so many cams? 

Are there really that many 
sine wave components in a 
tide cycle?



Now for a little Astronomy

As you know, the Moon is 
the main cause of the 
tides.

The Sun also causes tides, 
but although much 
bigger, it’s further away 
and has less effect.



The difference 
in Earth-Moon 
gravity at each 
location 
generates two 
tidal bulges.



It takes about 28 days from one 
New Moon to the next



Because a Lunar Month is about 28 
days long, each lunar quarter is about 
a week apart.



The Lunar Cycle 
accounts for the first 
cam, but that’s just 
the first sine wave.



Sampled and further smoothed sea surface heights

Fourier Transform reveals that the centers of the first 
two swells are fourteen days apart.  That’s half a Lunar 
Cycle.



Sun and Moon in alignment



Sun and Moon in misalignment





Here is another example of FFT revealing 
the astronomy behind an observed 
phenomenon.
The period of spring-neap tides 
corresponds to the time between Sun-
Moon alignment-misalignment.

Add a second cam



Semi-diurnal Inequality

This tidal element 
often goes unnoticed:

Alternating high tides 
are of different 
heights. Their 
following low tides are 
of different depths.



You’ve seen the result of this inequality, but 
probably didn’t recognize it.

Paired wrack lines



What causes alternating high tides to swing 
between higher high then lower high levels? 

The Fourier Transform shows us that the 
period of this alternation is twice the 
tidal cycle.  In other words, about 25 
hours or a lunar day.





Try your hand – winter or summer in the
Northern Hemisphere?





Semi-Diurnal Inequality builds and 
fades as the Moon moves between 
spring and neap tides. This strong-
weak rhythem also moves as Earth 
moves between seasons.

Add a third and fourth cam.



Those are the biggies of tidal predicting,  
but there are many more.

It’s important to note that for casual 
use, those three components will do, 
but to make a tide table that goes out 
several years, the other sine waves must 
be resolved and included.



The Moon’s orbit is slightly oblate and the long axis 
migrates  with a period of 8.85 years.

Further, the amount 
that it varies from 
circular also cycles 
from nearly round to 
more oblate.



The plane of the Moon’s orbit is slightly different 
than the plane of Earth’s orbit. This effects the tides 
and the occurrence of solar and lunar eclipses.



In summary, there are eleven 
important cycles that determine 
the tides. But as you saw from 
the cams of the tide predicting 
engines, there can be as many 
as thirty-seven!



Before we leave tides, here is 
something that you can impress 
your grandkids with.



Eldridge was found in 
every commercial 
vessel’s wheel house.

But before tide tables, 
every captain needed a 
way to approximate the 
time of high water.



Tidal bulges, time of day, and Moon phases.

In a frictionless all-
water world, the centers 
of both tidal bulges 
would lie in line with the 
Moon.

New Moon at Noon and 
high tide.



Tidal bulges and the effect of geography

But in our world, the tidal bulges are 
slowed. The amount of delay for 
each harbor is called the
Establishment of the Port.

The Establishment of the Port for 
Newport is 6 hours.



Moon movement and time of high tide.

A day later, the Moon 
has moved 
counterclockwise.

High tide will occur 
about an hour later, or 
at 13:00

Still assuming a
frictionless world



Looking South at Noon. The New and Full 
Moons are under and opposite the Sun.



Looking South at Noon. The First and Third 
Quarter Moons are on the horizon.



Quick rule of thumb for Newport Harbor:

• New and Full Moon – High Tide at 6:00 AM and 
PM.

• First and Third Quarter  -High Tide at Noon and 
Midnight.



Where is the Moon today?

Waxing Gibbous
on the 9th.

Full Moon on the 
12th.

Part way between 
today.

12th9th



Add the Establishment of the 
Port, six hours, and high 
water will occur around 04:00 
in the morning.

The Moon will be directly above us two 
hours before Midnight – 22:00. 



The Moon will be directly under us two hours 
before Noon tomorrow – 10:00

Add the Establishment of the 
Port, six hours, and high 
water will occur around 16:00 
that afternoon.



Your turn: At what time will high tide occur?

A day later, the Moon 
has moved 
counterclockwise.

1. Guestimate the time 
when the Moon will be 
overhead.

2. Now add the 
Establishment of the 
Port – 6 hours.

Real world with 
friction



Predicting the tides is hard enough. Predicting 
currents is just plain squirrelly 



Katama Bay and Poge Pond from the air.



Edgartown 
Harbor 
entrance

Norton 
Point

The Gut –
entrance to 
Poge Pond.

P0ge Pond 
tide is 90 
degrees out 
of phase.

Martha’s Vineyard



In our look at tides, we’ve been concerned with 
the direction and strength of the Sun and Moon’s 
gravity.

In our next complex wave example, we will be 
concerned only with the strength of the Sun’s 
radiation.



Milankovitch Cycles
• Changes in Earth’s orbit from nearly circular to more 

elliptical. The distance to the sun varies more during a 
more elongated orbit period

• Changes in the direction of the long axis of Earth’s 
elliptical orbit. 

• Changes in the degree of obliquity (tilt) of Earth.
A more oblique Earth has more extreme seasons.

• Changes in direction of Earth’s tilt (axial precession). 
Changes in the direction of Earth’s tilt change the time of 
year of our seasons.





Precession of 
Earth’s orbit.

We saw this 
earlier with the 
Moon, but 
Earth does the 
same thing.



The shape of Earth’s orbit changes systematically



Like a spinning top, Earth’s axis rotates in space







Fourier analysis has been around for a long 
time. Joseph Fourier started the idea in the 
early 1800s, but others have refined it since.

Some of the central concepts go back as far as 
the Babylonians.




