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Mass Extinctions and Periodicity

The recent article Michael J. Benton
tracking “Diversification and extincrion
in the history of life” (7 Apr., p. 52)
iodicity in the mass ex-

concludes that I
tinction record is not supported, as echoed
in “This Wecek in Science” (p. 9). Benton's
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article, however, contains no quantitative
statistical analyses designed 1o test the
extinction record for penodic compo-
nents, and may lack the resolution to
identify all of the significant species-level
extinction events on which such an anal-

hould be based

ysis

Benton wsed compilations of unculled

family-level data to estumate the magninxde
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of extinction events, whereas previous anal-
yses (1, 2) have used familial data from
Raup and Sepkoski (3) cullad o enhance
the exrinction signal by eliminating extant
families, those known only from strata with
exceptional  prese m  (Lagerstatten),
and families with extinctions not resolved
c stage level. Be able
to identify the three major events of the last
250 million years (the Late Permian, end-
Triassic, and end-Cretaceous events), but
nly four other less severe events, the end-
honiand, Aptian, Cenomanian,
Eocene (Priabof )} extinctions,
in contrast to the carlier studies that had
m 8 to 12 extinction

identified a
events in culled, family

1 genus-level data for the same interval

evel and more de-

The apparent lack of resolunion in Ben-
ton's study is not unexpected, as Sepkoski
{#) has shown that the use of unculled
familial data in extinction analysis is prob-
lematie, and has determined that genus-
level data are best suited for detecting sec-
onc-order extinction events, First, as the
standard error in any frequency count {n}) is
approximately n'?, the smaller number of
familial extinctions as opposed to these of

genera is thus subject 1o considerable ran-

om variation, making derection of signal
hove noise more difficulr (4).

Because all species in a family or genus
must disappear in order to produce an
extinction on those lev els, and as species
extinctions are independent of family or
genus membership, the higher-level daa
should significantly dampen the severiry
ot speci
predicrable through rarefacrion relation.
ships {(4). Raup (5) has determined that
the rarefaction curve for families shows a
shallow slope over low levels of species

at

s-level extinctions in a2 manner

exumncuon, where even a 50% loss of spe-
% family extine-

cies results in only a |
tion, whereas a similar loss of species re-
sules in a 25% extincrion « nera. Or
the basis of these two factors, one can

predict rhat one’s use of family-level data
will present difficulty in resolving extinc-
tion events involving loss of less than or
equal to 40% of species, which is the range
of the additional peaks identified in the
genus-level data (4)

With regard to periodicity, Bento
that the seven extinction peaks dete:

his unculled familial data over the last
million years are spaced 20 to 60 million
years apart and uses this as evidence against
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Fundamental Constants

Constant Symbol Sl CGS

Avogadro's constant Na, No 6.022 x 10”> mol™’ 6.022 x 10?3 mole™’
Boltzmann's constant k, kg = R/N, 1.381 x 1072 JK~! 1.381 x 107 '° erg/deg
Molar gas constant R = Nak 8.314 ) K~ mol™' 8.314 x 107 erg/mole-deg
Electronic charge —e 1.602 x 107'°C 4.803 x 107'° esu
Faraday constant F=Npe 9.649 x 10* C mol™’ 9.649 x 10* C/mole
Planck's constant h (h = h/2m) 6.626 x 10734 s 6.626 x 107%7 erg sec
Permittivity of free space & 8.854 x 107" C?J) ' m™* 1

Mass of L of '“C atom* u 1.661 x 10727 kg 1.661 x 1072 gm

Mass of hydrogen atom My 1.673 x 107%" kg 1.673 x 107%* gm

Mass of electron Me 9.109 x 103"kg 9.109 x 10?8 gm
Gravitational constant 6.674 x 107" N m?” kg 6.674 x 108 cm®/gm-sec?
Standard gravity g 9.80665 ms 2 (Nkg™ " 980.665 cm/sec’

Speed of light in vacuum C 2.998 x 10° ms™' 2.998 x 10'° cm/sec

“Atomic mass unit (also denoted by a.m.u. and a.u.), which is also the modern unit of molecular weight, the Dalton (Da).



Derived SI units

Derived SI Units

Quantity SI Unit Symbol Definition of Unit

Energy Joule J kg m? s~2 (also Nm and CV)
Force Newton N Jm™ " =kgms?

Power Watt W JsT'=kgm?s3

Pressure Pascal Pa N m~2

Electric charge Coulomb C As

Electric potential Volt \Y; JAT s =) T

Electric field Volt/meter vm™

Frequency Hertz Hz i

Fraction 0= 40° 96® f0¢° 1 W= W W* 4= W™= 1= 1957
Prefix symbol T G M k d C m 1l n P f z




The 4 forces of nature

() Itis now well- established that there are four distinct forces in
nature. Two of these are the strong and weak interactions that act
between neutrons, protons, electrons, and other elementary
particles. These two forces have a very short range of action, less
than 10-> nm, and belong to the domain of nuclear and high-energy
physics.

© The other two forces are the electromagnetic and gravitational
interactions that act between atoms and molecules (as well as
between elementary particles).

(O These forces are effective over a much larger range of distances,
from subatomic to practically infinite distances, and are
consequently the forces that govern the behavior of everyday things.

() Electromagnetic forces—the source of all intermolecular interactions—
determine the properties of solids, liquids, and gases, the behavior of
particles in solution, chemical reactions, and the organization of
biological structures.
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Fundamental Forces

Strong

Clche

Electro- =@®
magnetic ©O><®

Weak “ﬁf@ => ‘@’V

neutring interaction
induces beta decay

clo.

holds nucleus 1

Strength Range (m) Particle
1 0-1 5 gluons,
(diameter of a r(nucleons)
medium sized nucieus)
Strength Range (m) Particle
1 photon
137 Infinite mass = 0
spin = 1
_ Strength Range (m) Particle
10 Intermediate
(0.1% of the diameter oSt b??"s
of a proton) Wo, W 0
mass > 80 GeV
spin =1
Strength Range (m) Particle
- graviton 7
6 x 10 2R Infinite mass = 0

spin = 2



mass

@ Mass is the quantity of matter in a physical body.

@ Itis also a measure of the body's inertia, the resistance to acceleration
(change of velocity) when a net force is applied.

@ An object's mass also determines the strength of its gravitational attraction
to other bodies.

F=ma [N]
F:Gmﬂznz
r

G =6.67 %1071 Nm?kg=*

On the Earth’s surface | m; = 5.97 X 10%* kg

r=6371x103m
F=m,g

N

g~9.86 (m/s)/s




mass

This is not non-sense

We are saying that the
gravitational accelaration
equals the acceleration of a
body on the Earth’s surface, if
the gravitational and inertial
mass of the body, coincide

ds—jt dt = gt
dt_og _g

F=m,a This is the inertial mass
F=m,g This is the gravitational mass
a=4g sse m, =m,
a=1g
~ % _ 981 (m/s)
a=_-=9 m/s)/s
dv d?*s

Fraialye 9.81 (m/s)/s

t t gt?
S=JdS =Jgtdt=
0 0 2

gt?

S:CO‘l‘Clt‘l‘ 5




Newton's law of universal gravitation

mpm;
F = >
r
intensity at
sphere area surface of sphere g
4mr2 4nGM _ 1 _ GM E

4mr 2
source strength

47GM

* The subscript E
indicates values at
the surface of the
Earth

The energy twice as far from the 21'
source is spread over four times
the area, hence one-fourth the intensity. E



General theory of relativity

Gravity isn't a
force, it's the
curvature of
space-time
caused by the
presence of
mass-energy

Principle of equivalence

mpm;
F=6—"3—
r
space-time curvature <
mass-energy stress

1 8nG
Ry, — ERguv = 7Tuv
StreSS-energy

fensor

curvature



Linear momentum

q=mv

F 4q

e S
dt

Fdt = dq



Pressure

Ideal gases
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work

®@ w=Fs |
2

W szFds
1

® w=AE work-energy theorem

@ AE=AK+ AU

@ AE=AK+AU

U=mgh
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Table 1.1 Scientists Who Made Major Contributions to Our Understanding of Intermo-
lecular Forces (including some whose contribution was indirect)

Scientific Newton’s Mathematical Kinetic theory Quantum theory
method Principia methods Thermodynamics Colloids
1500 1600 1700 1800 1900 2000
R. Bacon
Galileo
Boyle
Newton
Euler
Coulomb
Laplace
Young
Clausius
Maxwell

van der Waals

Gibbs

Boltzmann
Langmuir
Debye
Lennard-Jones

London

Pauling

Onsager

Hamaker, Casimir,
Derjaguin, Overbeek

Landau

Lifshitz

de Gennes

1500 1600 1700 1800 1900 2000




