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This book is an experiment. From the minute we first talked about the idea in 
May 2011, we have only been sure about one thing: we aren’t sure about any-
thing. Well, okay, maybe a few things… We knew we wanted to bring together 
a group of personal heroes, mentors, friends, colleagues, and well-known inter-
pretation visionaries. We knew we wanted short, highly relevant, fun-to-read, 
easy-to-share, and above all useful, essays. We knew we wanted to make a book 
that cost under $20, with an ebook version. We knew we wanted to make it easy 
to share. And we knew we wanted to do it ourselves.

Lots of people asked us, ‘Why not ask the SEG to publish it?’ A fair question, 
since they obviously know what they’re doing and we, well, don’t. But we’re 
curious people, and maybe we have grand ideas about doing a series, and stray-
ing away from geophysics, and doing who-knows-what. We knew enough to 
know that we didn’t know enough to give the project away. We wanted to own 
it, experiment with it, and see where it ended up.

It has not ended up anywhere yet, far from it, but this book is the end of the 
beginning. Now we know how to invite people, how to collate, read, edit, re-
read, re-edit, and proof 52 pieces of writing by 39 authors. We know how to 
design cover art, build page layouts, and typeset equations. And we know how to 
make a manuscript into an actual book that you can sell to actual people. We are 
not astute businessmen — we have no idea how many we will sell (100? 1000?  
10 000?), or if the project will come close to breaking even. We hope it does, 
not because we want to make lots of money, but because we want to do it again.

It all started at the annual convention of the Canadian Society of Exploration 
Geophysicists in May 2011. We’d already decided that for the book to be re-
markable, we’d need to somehow convince one or two of a handful of highly 
accomplished people to contribute something. We weren’t at all sure how this 
bit would work, if anyone would even listen. Evan mentioned the project to 
Brian Russell at the convention, and he seemed genuinely interested, enthused 
even. Encouraged enough to put some invites out, we emailed a few potential 
authors a couple of weeks later.

Brian — Brian Russell, über-geophysicist, ex-president of SEG and CSEG, 
award-winning entrepreneur — emailed his first contribution, Don’t neglect 
your math, 23 hours later. It was perfect, exactly the sort of thing we wanted. We 

Introduction



were ecstatic. And we knew the book was going to work. When Matt expressed 
his surprise at getting such a fast response from such an awesome geoscientist, 
his wife Kara (and the book’s managing editor) was incredulous: ‘It’s not sur-
prising at all: that’s precisely why he’s awesome,’ she said.

Well, we had many more moments like this as contributions came in from the 
amazing, and incredibly busy, geoscientists we’d written to. We don’t want to 
make it sound like this project is all about celebrities, far from it. Admittedly, 
getting chapters early on from well-known veterans was highly motivating, but 
ultimately no more so than the insightful chapters from the many energetic 
young professionals who also contributed.

One of our core principles at Agile is that expertise is distributed — we all have 
specializations and experience that others can enjoy hearing about and learning 
from. We are committed to this idea. Insight and creativity come from everyone 
in this industry, not just from veterans, chiefs, and superstars. If we can culti-
vate a culture of more open and accessible writing and knowledge, we believe 
we can spark more ideas, connect more people, and have more fun than ever.

Welcome to the first of these short collections of Things You Should Know. If 
you like it, please share it — give this book to someone you respect.

Matt Hall & Evan Bianco 
Nova Scotia, May 2012
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Hold a well-filled cup of milky coffee on a sunny day and on the liquid’s surface 
you will see a catacaustic. This word has a Greek root and means ‘burning curve’. 
The sun is a point source at infinity whose parallel rays hit the cup according to 
the laws of geometrical optics. The rays are reflected from the reflective inner 
wall of the cup generating the bright curve, the caustic, formed by the envelope 
of the rays. The cusp at the centre of the caustic is called the paraxial focus and 
the liquid surface is brighter below the caustic curve. This particular shape of 
caustic is called nephroid, meaning kidney-shaped.

The phenomenon was known to Huygens in about 1679, and Bernoulli de-
scribed it mathematically as an epicycloid. But almost two centuries earlier, 
Leonardo da Vinci observed the caustic when he was experimenting with using 
concave mirrors to generate heat — he called them fire mirrors. He argued that 
given equal diameters, the one with a shallower curve concentrates the most 
reflected rays, and ‘as a consequence, it will kindle a fire with greater rapidity 
and force’.

Syncline-shaped reflectors generate seismic reflections resembling these types 
of caustics.

Geophysics is all around 
José M Carcione
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The science of geophysics studies the physics of our planet, considering the 
atmosphere, the hydrosphere, and the core, mantle, and crust of the earth. It 
is highly interdisciplinary since it involves geology, astronomy, meteorology, 
physics, engineering, and scientific computing. Today, it is impossible for a 
single researcher to deal with all these fields.

Before the scientific method was introduced, Leonardo da Vinci (1452–1519), 
one of the brightest minds of all time, excelled in every aspect of art, humanity, 
and science. Leonardo foresaw a number of geophysical phenomena. The list 
below is incomplete but illustrative of his discoveries. 

Wave propagation, interference, and Huygens’ principle (1678):
 Everything in the cosmos is propagated by means of waves…

Manuscript H, 67r, Institut de France, Paris.

 I say: if you throw two small stones at the same time on a sheet of motionless 
water at some distance from each other, you will observe that around the 
two percussions numerous separate circles are formed; these will meet as 
they increase in size and then penetrate and intersect one another, all the 
while maintaining as their respective centres the spots struck by the stones.
Manuscript A, 61r, Institut de France, Paris.

The Doppler effect (1842): 
 If a stone is flung into motionless water, its circles will be equidistant from 

their centre. But if the stream is moving, these circles will be elongated, 
egg-shaped, and will travel with their centre away from the spot where they 
were created.
Manuscript I, 87, Institut de France, Paris.

Newton’s prism experiment (1666): 
 If you place a glass full of water on the windowsill so that the sun’s rays will 

strike it from the other side, you will see the aforesaid colours formed in the 
impression made by the sun’s rays… 
Codex Leicester, 19149r, Royal Library, Windsor.

Leonardo was a geophysicist
José M Carcione



43

Explanation of the blue sky, before Tyndall’s 1869 experiments and Rayleigh’s 
theory of 1871: 
 I say that the blue which is seen in the atmosphere is not given its own col-

our, but is caused by the heated moisture having evaporated into the most 
minute and imperceptible particles
Codex Leicester, 4r Royal Library, Windsor.

The principle of the telescope, first constructed in the Netherlands in the early 
17th century:
 It is possible to find means by which the eye shall not see remote objects as 

much diminished as in natural perspective… 
Manuscript E, 15v, Institut de France, Paris.

 The further you place the eyeglass from the eye, the larger the objects appear 
in them
Manuscript A, 12v, Institut de France, Paris.

 Construct glasses to see the Moon magnified.
Codex Atlanticus, 190r, a, Ambrosiana Library, Milan.

A statement anticipating Newton’s third law of motion (1666): 
 As much pressure is exerted by the object against the air as by the air against 

the body.
Codex Atlanticus, 381, Ambrosiana Library, Milan.

The principle of least action, before Fermat in 1657 and Hamilton in 1834: 
 Every action in nature takes place in the shortest possible way.

Quaderni, IV, 16r.

The evolution of the earth and living creatures, preceding George Cuvier (1804) 
and Charles Lyell (1863), and plate tectonics, anticipating Wegener (1915):
 That in the drifts, among one and another, there are still to be found the 

traces of the worms which crawled upon them when they were not yet dry. 
And all marine clays still contain shells, and the shells are petrified together 
with the clay.

 …Strata were covered over again from time to time, with mud of various 
thickness, or carried down to the sea by the rivers and floods of more or less 
extent; and thus these layers of mud became raised to such a height, that 
they came up from the bottom to the air. At the present time these bottoms 
are so high that they form hills or high mountains, and the rivers, which 
wear away the sides of these mountains, uncover the strata of these shells,…
Codex Leicester, Royal Library, Windsor.
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