capture on Sl In this we recognize the
traditional artstic selectivity exercised in
annnorthodox medim.

To the entomelogist, Me Scharf’s
insect-scapes may be familiar, faceual
portrais. But the ninitiated, delving fike
Alice into an unexpecied Woridest and,
mdy actually experience visceral horror ;u
the sight of the monstrous hairiness of a
jumping spider or feathery midge. The in-
verted perspective of a gladiola petal seen
as z Surrealisiic sea of breasts or the
growth steps on salt crystals compose a
vivid essay on natural symmetry and the
relativity of size. :

- Many sdentists who use the $8M in
their research often alfow aesthede prin-
cples to influence their search for mean-
mg. And meaning — In science — 1§ psu-
ally found in regularities, paiterns, sym-
metries — the repetitive and reproducible
motifs which appeal 10 the mind’s eye.

Indeed, most of us who probe with an
seM to photographically encapsulate mi-
crostructaral informaton will have rou-
ble switching mental gears to view Mz
Scharf’s work as art, it is difficelt o eval
uate this photographic essay by estab-
lished standards — of either art or tech-
nology — simply because it PUIPOITs £0
chart-new territory in no man's land.

Perhaps the greatest value of thiz col-
lection of microphotographs is its abiliey
to arobse our sense of wonder and quench
our thirst for symmetries. This is an area
where art and sdence often interface and
infersect. Mathematidans such as Her
mane Weyl have analvzed with the rools
of Group Theory the symimetry patteins in
nature, amplified and reproduced in
human culture: in architecture, art, and
minsic. Artists such as M. C. Escher have
intuited and almost exhausted all the pos-
sible celor group symmetries which had
mathematical and physical reabity, but not
always artistic power. ?ﬁwsic!sts like
Fugene Wigner in his essays on “Symumet-
ties and Reflections” have delved mio the
hidden power of symmetry prinaples,
whick engender comserved or invarant
quanttes in the physical world, The sem
may alse blur the often artificial bound-
aries between science, technology, and ar,
by revealing the beavty of form and stroe-
ture in the microscopic world and beyond,

Avivd Brecher teaches phsics at Wellgsley
College and is a Visiting Scientist in the
Laboratory for Paleowmagnetism of
M1 T s Department of Earth and Plane
tary Sciences. She occasionally wses the
scamning elecivon microscope in her re-
search to reveal the magnetic structure of
ancient meteorites and moon rocks, [

Meanings of Em@s’gy
Energy: Historical Developwent of the
Concapt

K. Bruge Lindsay, ed. _

Strounddsburg, Penn.: Dowden,
Hutchinson, & Ross, e, 1975, xii +
36Y pp.s no price

Reviewsd by Fhias F. Gyfiopoules

This volume ¥ the first of 2 sedes of
benchmark papers on energy. The book is
intended “eo trace the development of the
concept from esarly tmes 1o the middle of
the nineteenth centary, when the concept
had arrived essennally o its modern
meaning . ..7

The editor beging by swmmarizing the
significance of the field being covered. -
portapt papers are translared or fepro-
duced from some onginal source, and
groups of papers are introduced by edito-
rial comments that place the material in
the proper conrext and perspective. The
editor himselt rranslated many of the ar-
ticles. The volume indudes 39 complere
papers ot excerpts from the works of Aris-
totle, Plato, Hero, DaVinag, Galileo, New-
ton, Leibniz, the Bernoullis, Carnaot, Gas-
sendi, Lavoisier, Hamilron, Maver, Joule
and other distinguished thinkers who con-
tributed to the development of the coneept
of energy. They are an excellent collection
of seminal tdeas from which “the concept
that has unified our understanding of ex-
perience” originated. And they compose a
complete and representative sedes of the
concept’s history.

The editor has scrutinized and corre-
lated these papers into a unified whole by
using the criteron of “constancy in the
midst of change,” which he regards as the
key idea thar characrerizes both the prac-
fical and the philosophical meanings of
ENETEY.

Bur “constancy in the midst of chsnge”
provides neither an explanation of the
popular usage of the woid energy nor a
scientific definmition of the concept of
energy.

Constancy or Degradation?

The popular usage of the word encrgy re-
fers to something that makes eleciric Hghts
work, automobiles run, and factories pro-
duce consumer goods — that is, ro the
capadity of certain material bodies o per-
form usefal tasks. This usage represents
what scentists and engincers call avail-
abiliry, available enscrgy, or available
wark — 2 concept related 1o both energy
and another inherent property of matrer
called entropy. Bur availability can be

c}»f a m!d fuelair mixiare to _h{}t_pi '_{i
of combustion), Tn other. words 4
ability is lost whep the transféraf
or change of condition nvolves:
bility. Neverstheless, availability
tribure of matter which provides
the Lapabt wy <) du pr Gducuwﬁ W{,‘rﬂ{

b(}th at h(}me md abroad.”
So, the popular usage of -the
“eﬂergy” does not sansfy dhe critenion of
“constancy in the midsty of change” b
rather that of degradation in themidste
our efforts 1o caprure energy’s nsehiln

iﬂvari-ance in zhe: presmcé é}f cﬁzangie._
magnitude of this energy differs'fior
of the u}rrespemding availability, the
ference being écterzr‘med hy the value o
the entropy.

A Critical Distinction
The editor introduced his critetion in
sponse to the guestion: “MMust y VOu parsy
a whole course of university physics

its awful arvay of mathematical '
bolism in order to understaind
umrﬁy means, Emw iris mcasarcd an

smﬁple way t0 explam merg,yg Lyerm
have found a definition as inclusive dn
encompassing as that offerédiby the hir
faw of thermodynamics. In essenve,”
law holds that “energy is o property of
matter (a state fam:tion) whick can’be:

lew!‘- avsty feld) ” No d@uht th’
a Lompllaared defindtion, but wiﬂ‘l(}uﬁ _
understanding of the werms 'matier Svs'
temm, state, property, and work the
tific meaning of cnergy cannot: b
pressed. These prerequisites are sGmMew
analogous to the prerequisites of other
familiar terms (for example, instantan
ous velpdty or acceleranion) for whi
scienmific definition cannot be given pingl
other concepss, such as spsce, positibn

time, and derivative sre understood:
though common-sense -Examples can:
plain availability, no ebvious; intuidy
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everyd ?«iﬁfﬁ C{phﬁd?i{m extses for energy
tself
ccinge dts @pcratwnaé definition in-
lves: work, energy is often waisinter-
reredias ‘iht capacity of mateer to per-

m nseful tasks, This interpreeation can
iy di‘;fﬂm%{i, if we consider as an
ample the zir avound us. I has lois of
nergy and yethas no ability o heat our
mes o1 feed our growth. Mose funda-
tally,: any -amonnt of energy can be
sterred tonatter by doing work on it,
e svailability of this energy depends
thie final Condirion of siate of the
nquestion is reached, I the final
tate is reached without irreversibilicy, the
_paczty to perform wseful rasks — rhe
tic availability — will be eaqual o
energy Hmsferfm‘ wawu .af thc

_i‘ictki}i’} that'can he maasz‘;reé by
: i dmp}y ‘constancy in the midse
of change.” the idea of constancy or con-
tion. neither ‘defipes nor implies the
nice of energy.as a property of mai-
r.Money in'a‘safe is conserved and yetis
not energy. As axtenswe‘iy discussed in
Lpapers in the book; momentam is
aserved and vet Is not ehergy, The work
involved: in' the mecasnrement of eners;
16t be related toa change of a quan-
at'zs conserved and is a property of
_ An ther words, the definition of
~eneigy is the essence of the first law and,
e; no one hasbeen able 1o derive this
o other: prmap!es of physical sci-
encesinchiding all ‘the invariances result-
from the symunetry transformations of
chanics. The reason, of course, is that
other principles cannot cope with entropy
- ag pmperty ()f matte; whereas the first

"he di%ﬁ!ﬂ ction betwecn availability and
- its scieniific and phliosoph‘zﬂ]
"piu:amms aside — is of paramount im-
ince to o concerns ahout exhaasii-
e fuel resources. Several studies have
isclosed that the 17.5. economy uses only
PCI‘ cipiof the availabilicy of all the fuels
tir consumes. By making better use of
availability, namely by increasing the
fﬁmfmcy of end-vies of fuels in our
onomy, we will be able to perforin
pany.more useful tasks in our sodety
- without diminishing the amount of energy
at-we can afford 1o buy.

ke book is thorough and thought-
ovoking. Bur readers should be fore-
wained not to expec an elaborare ex;ﬂa-
naten: @f Citha’:r the popular vsage of the

_ -eé_h-nolegy Review, May, 1978

word energy or the contemporary scien-

1ific definiion of the rerm.

Elias P. Gyftopoulos is Ford Frofessor of

Engmeering at MAT, [

A Key to the
Corporate
Washroom

The Maragerial Wermas

Margaret Hennlg, Anne Jardim

Mew York, N Y Houbleday and Co.,
1977, wvil + 237 pp.g $7.95

Reviewed by Melissa M. Weikenar

There’s a kind of survivor guilt we north-
easterniers feel biving in Texas — we ref-
ugees, s¢ branded each tme we say “yiall’
with a Boston accent. P'm a member of
ane of those 5,004 houscholds who move
o Mowston cach month. To state iny mo-
tve in iis crodest seme: | came here o
make money.

First, there’s the culnare shock and
compromise. X you fve out by NLAS AL
and work 20 miles vonderin one of Hous-
tan's three downtown districes, you've got
i be on the freeway by 6 aun. to aveid
raffic jams (one vear ago, it was 6:830.
You warch all the cowboys in theis pickup
mucks, and come o vrave the morning re-
pori from Port City Stockvards. Youw're
condemned a heretic # von dislike beef,
Your favorite yogure ' made in Mizmi
even if vou find the brand in Houston,
there’s no prune whip. The New York
Times takes three days 1o get here, but by
then history is repeating itself anyway.

Fwork for 2 major ofl company, de-
veloping and maintaining computer pro-
grams for our international production
engineers. Pm the fberal, Fast-Coast
establishment, freeze-in-the-dark, rene-
gade-Yankes, ML T.~women's libher.

One dav ar the office, | pulled my Finees
Book Review fmm ig g!ﬁm brown wrap-
per and noticed an ad for The Managerial
Woman. Pining for imelleciual - stimula-
tian, Fhoughs ie. | skimmed Chapier Four:
the authors’ Cedipal theory appears as i
only to prove that someone passed Psych
100 ar Wellesiev. And remembering thar
the auithors deal only with e milien of
middle management, 1 exreapolared care-
fully. T haven't been able 1o keep a siraight
face 1n the conference room since.

The book’s appearance coincided with a
series of irksomic meetings I'd been artend-
ing. B bothered me to encousiter interna-

uongl corporate managess whe Jdo's
evers appear competent, and { needed an
explenation. I'd heard “good old boys”

roiors, Aad § @:i%;}aurﬁi from the way
these men talk wo gne anorther thar a cer-
min bond comes only with the nwd,
sweat, and years thev've invested in bor
nig the earth {or peiroleum.

Mgs. Hewmig and Jardiv teli me that the
big bovs work like the Brde boys play.
Even if ever vhody hates Sonny, it w.kcs 11
kids te make a ream. Years later, off imvthe
sands of Libya, Sonny becolnes vous

bh-hour teammate and drinking haddy
~- past a8 you toleraed bim as 5 braf on
your foothall squad. Another hangnail

maybe Simon is simply your friend; be
d{m«» Ve make vou win, bur at least he
doesn’t make you lose. Because he’s vour
friend, vou abeays Bod a place for him on
yOUr feam.

ey &)r us girls (sic). Our childhood
plav tends 1o be intiraate, so likes apd dis-
likes can aomzw*{* in the absence of 4
higher goal: “You don's ike my doll’ shﬁ%”
eodor s you're not my friend any more.”
This ﬁl&‘v Iralt CWCrges a8 persol nal petti-
15 i b,g girls, and supposedly dooms ns
tn big business.

The Managerial Woman alerm us that a
wmszg man entering bii%fﬁ“‘w doesn’t
sty the perqz}na!mm of those around
hml, but rather the personal wes: is ihis
environment supporive? He sees hm waork
as & step in 2 career, and will transcend
personal Bies and dislikes. Te is ninch
move concerned abouwr the %m{wmis:y sUF-
sounding him than his ability o sail with
technical competence: ithe result of team
sports, we're told, Further, lirde boys ex-
pect from an carly age that “someday™
they will have to earn a Hving. Lirtle girls,
even now, still perceive a scapegoat: they
Bgure, for better or for wosrse, they can
always find 2 male wsupport them.

We're rold that the women who enter
business are 100 upright about their per-
sonal g;i.mﬁ;ﬁeatmm But how else do we
make an impact? Afrer all, males are
natorally accepted in bh‘;l}](ﬁsm they es-

sentially bave to prove they can fail before
bmng thrown overhoard. Females rodst
prove success 1o come on board in the first
place. But, alas, it’s nor onr credengials,
but our risk- t’zkmh that will help us suc-
ceed, And again, we're vicims of breed-
tng. Rigk for lirele boys means advennue
and excitement; dsk for e girls means
yowll ger your dress dirry, or vou'll fall
and hawt vourself. Therefore, the authors
feel, wormen have heen rairght to view nisk
as & potential for loss, not a possibiliry for
'é‘__lllﬂ

Further coupled with risk-aversion is a




