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Copernicus “De revolutionibus orbium coelestium”
Bacon “Novum organum”

Kepler “Dioptice”

Galileo “Sidereus nuncius”

Descartes “Discours de la mtithode”

Newton “Principia”
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Francis Bacon projected his Instauratio magna to
be a lengthy work, but completed only two parts:
Advancement of Learning, first published in
1605, and Novum organum (right), published in
1620. In Novum organum (The new
instrument), Bacon argued that science should
be based on induction, and that through careful
observation and collection of data one can infer
general principles about the natural world. The
author's name on the title page (Francisci de
Verulamio) refers to the peerage --Baron
Verulam--granted to Bacon in 1618. The
allegorical frontispiece portrays the ship of
science sailing through the Pillars of Hercules and

into a new world.
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In Discours de la méthode, a collection of essays
published in 1637, Descartes laid out his
approach for using reason to guide scientific
inquiry. This landmark work also contained
essays on optics, meteorology and analytical
geometry in which Descartes applied his method.
Descartes wrote Discours in French, rather than
Latin, to make it accessible to readers outside of
scholarly circles.
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In 1665, the British scientist Robert Hooke
published Micrographia: or, Some Physiological
Descriptions of Minute Bodies Made by
Magnifying Glasses. The book was richly
illustrated with engravings of dozens of objects
that had come under his scrutiny, including a
flea, a wasp, and a tick, as well as a number of
plants. Each drawing was accompanied by text
describing Hooke's observations. In one of these
passages, Hooke coined the term "cell" to
describe the microscopic structures he saw in a
piece of cork. In 1679, Hooke became editor of
Philosophical Collections, a short-lived
replacement for the Transactions.
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In 1665, the British scientist Robert Hooke
published Micrographia: or, Some Physiological
Descriptions of Minute Bodies Made by
Magnifying Glasses. The book was richly
illustrated with engravings of dozens of objects
that had come under his scrutiny, including a
flea, a wasp, and a tick, as well as a number of

plants. Each drawing was accompanied by text
describing Hooke's observations. In one of these
passages, Hooke coined the term "cell" to
describe the microscopic structures he saw in a
piece of cork. In 1679, Hooke became editor of
Philosophical Collections, a short-lived
replacement for the Transactions.
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Books and learned letters

1rregalars

2z Delle Stacchie Salari
gasfihora cifteimgecfize de da Terrain fo Reflaifi rinolgefic,quet-
Jc ancora i (o moto {cguirebliono 4 e per effer di nonmalral,
profondita sifpettoali’ampiczza , Jocondo fa quale conunnne-
mente elle fi diltendono ; quelle , che nel mczzo dell’ Ennsfero
veduto apparircbbono mokto larghe venendo. werfo l'cftremira
parrchbano seringetil, & in tommaaccidente alcuno non cre-
do che fifcorgelic,chc fimile non fi vegea nelle macchic folag:
. e WA perche i8 comra & ofcura, ¢ 1i)-
! A’ " luminazione viene dal Jume efter
: ¢ no del Sole, fe hora potefle da lon-
' tanallimo laogo cffcr vedutasnon fi
| vedrebbe affolutamcnte in lei ne-
grezza,o macchiz alcuna cagiona-
! tadallo fpargimento delle nugole,
| perche queite ancora riccucrebbo~
no , & reflcteercdbono il lume del
Sele . Della mutazion poi di figo-
radella irregolaritage della difpari
| denfitd, prendance V. S. quelti dua
: cilempli .
4 La macchia A. che il di 5. d’A-
| prile pafiato nel tramanzar del So-
| Je fi vedeua tenuifsima,e poco ofcu
ra , il giorno feguente i vidde pur
ncl tramonzar del Solc, ‘come Ja
! macchiz B. crefciuta in fcurita, ¢
mutara di figura, & il giorno fetti-
mo fu fimile alla figura C. ¢ la po-
fitura loro fu fempre lontana dalla
circonferenza del Sole .
I giorno 26. dellifteffo mefe s
ocl tramontar del Sole comingd
' ad apparir nella parte fupremas
‘della fua cisconferenza vna mace
chua imilc alia D. laqualc il gior-
no 28. cra come laE.il 29. co-
me

Published in 1613, Galileo
Galilei's Istoria e dimostrazioni
intorno alle macchie solari e
loro accidenti (Account and
demonstrations concerning
sunspots and their origins),
contained letters by Galileo on
sunspots. By including
illustrations of his observations
on the same page as the text, he
was able to refer to a particular
spot (e.g. "La macchia A.") and
the date on which he observed
it.
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A Letter of Mr.Maac Newton, Mathematick Profeffor in the Univerfi.
ty of Cambridge 5 contatning his New Theory about Light and Co-
lors: Where Light is deslared to be not Similar or Homsgenzal , but
confifling of difformrays, fome of which ave more refrangible than o-
thers : And Colors are affirm'dto be not Qualifications of Light, de-
riv'd from Refradlions of natura! Bodses, (as ‘tis penerally believed y)
but Original and Connate properticsy whichin divers rays are divers
IWhere feveral Obfervations and Experiments are alledged to prove the
[aid Theory. An Accompt of fome Books: 1. A Defersptionof the
EAST-INDIAN COASTS, MALABAR, COROMANDEL,
CEYLON,&c. in Dutch, by Phil.Baldaeus, 11, Antonii le Grand
INSTITUTIO PHILOSOPHIAE,(ecandliim principia Renati
Des-Cartes 5 novd methodo adornata 3 explicata. 111, An Effay
to the Advancement of MUSICK 3 by Thomas Salmon J7. 4,

Advertifement about Thaon Smyrroeus, An Index for the Traéls
of the Year 1671,

A Letter of Mr. faac Newton, Profiffor of the Mathematicks in the
Dniverfity of Cambridge ; containing bis Nero Theory about Light and
Colors : fent by the Author to the Publ)fber from Cambridpe, Febr, 6.
1655 inorder to be communicated to the R. Society, '

SIR,
TO perform my late promife to you, T fhall without further
ceremony acquaint you, thatin the beginning of the Year
1666 (at whichtime Lapplyed my felf to the grinding of Optick
Flaﬁ'es of other figures than Spherical,) 1 procured mca Triangu-
ar glafs-Prifme, to try therewith the c:lebrated Plenimena of

Ggaeg Colours,
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Colenre.  Andin order thereto having darkened my chamber,and
made a fmsll hole in my window-thuts, to let inaconvenient
quantity ofthz Suns light, I placed my Prifme at his entrace,that
it meg' be thereby refrected to the oppofite wall. It was at fisft
avery pleafi:g divertifement, to view the vivid and intenfe co-
Inurs produced thereby 5 bur after a while applying my felfto con-
fider them more circamf{p2¢tly, 1 became furprifed to fee them in
an odlong form; whch, accordingto the received laws of Refra-
Gtion, Iexpedted fhou'd have been circalar,
hzy were terminated at the fides with {treight lines, butat the

ends, the decay of light was fo gradual, that it was difficult to de-
tc;mine jultly, what was their figures yet they feemed femicir-
culcr,

Comparing the length of thiscoloured Spedrum with its breadih,
I found itabout five times greater; a difproportion fo extravas
gant, that it excited me to a more then ordinary curiofity of ex-.
amining, from whence itmightproceed, I could fcarce think,
that the various Thickne/s of the glafs, or the termination with fha:
dow or darknefs, could have any Influence on light to produce
fuch an effects yet I thoughtitnotamifs, firft to examine thofe
circumftances, and fo tryed, what would happen by tranfmitting
light through parts of the glafs of divers thicknefles, or through
holes in the window of divers bignefles, or by fetting the Prifme
without fo, that the lightmight pafs through it, and be refricred
before it was terminated by the hole : But I found none of thofe
circumftances matcrial The fafbion of the colours was in all thefe
cafes the fame.

Then 1ufpe@=d, whether by any uncvennefs in the glafs, or o-

ther contingent irregularity, thefe colovrs might be thus dilated.’

And to try this, ] took another Prifme like the former, and fo
placed it, thatthelight, paffing through them both, mightbe re:
fra&:d contrary ways, and fo by the latrer returned into tha:
courfe,from which the former had diverted it. For. by this means
1 thought,the regular ¢ff=€s of the firft Prifme would be deftroyed
by the fecond Prifme, but the irregular ones more zugmented, by
the multiplicity of refractions. The event was, that the lighr,
which by the firft Prifme was diffufed into anoblong form, was by
the fecond reduced into an erbicular one with as much regularity,
as when it d:d not at all pafs through them. So that, what ever was
the caufc of that length, twas not any concisgent irregularity.

( 3085)

about three foot radius (fuppofe a broad Objelt-glafs of a three
foot Telefcope,) at the diftance of about four or five foot from
thence, through which ali thole colours may atouce be tranfmit.
ted, and made by its Refration to convene at a further diftance
ofabout ten or twelve feer,  If at thatdiftacce you irtercept this
light with a fheet of white paper, you will fee the colours convert-
ed into whitene(s again by being mingled,  But icis requifite, that
the Prifme and Lens be placed fteddy, and chat the paper, on
which the colours are caft, be moved to and fro; for, by fuch
mation, vouwillnot only find, at what d:ftance the whitenefs is
moft perfeét.butalio fee how the colours graduaally convene, and
vanifh into whitenefs, and afterwards having crofied one another
in that place where they compound Whizenels, are again diffipa-
ted, and fevered, and i aninverted order retain the fame co-
lours, which they had before they entered the compofition. You
may alfo fee, that, if any of the Colours atthe Lens be intercept-
ed, the Whitenefs wilibe changed into the other colours,  And
therefore, that the compofition of whitenefs be perfe@,care muft
be taken, thatnone of the colours fall belides the Lens.

Inthe annexed defign of this Experiment, A BC exprefleth
the Prifin fet endwile to fight, clofe by the hole F of the window

EG. Its vertical Angle A C B may conveniently be about éo
Cegrecs: M N defigneththe Lens.  Jtsbreadth 2§ or 3 inches.
SF one of the freigactines, in which difform Rays may be con-
ceived to How fuccefively from the Sun, FPand FR two of
thofe Rays unequally refraéted,which the Lens makes to convergs
towards Q, and after decuffation to diverge again, And H e
paper, atdivers diftances, on which the colours are projeéted :
whichin Q_conftitute Whitenefs, butare Red and Zellow in R.r, and
¢, and BLwaud Parple in P, pyand 7. 72
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Le Journal des scavans was first published in 1665
by Denis de Sallo. The journal included a mix of
content, not all of which was scientific, including
book reviews, obituaries, the results of
experiments and observations of natural
phenomena, and recent court decisions. At right is
the Latin edition of the journal which covers the
years 1665-67.
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Saggi di naturali esperienze recorded the
instruments, methods and results of experiments
conducted by the Accademia del Cimento in
Florence. The academy established one of the
first physical sciences laboratories in Europe in
order to test the discoveries of such noted
scientists as Galileo and Evangelista Torricelli.
"LEOPOLDO DI TOSCANA," whose name appears
in red on the title page of the Saggi (right), was
the Grand Duke Leopold of Florence, one of the
society's founders.
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Acta eruditorum was one of the first scientific
journals from Germany. Although based in
Leipzig, the journal was published in Latin, rather
than German, in order to reach a broader
international audience. The title page at right is
from a bound volume of Acta editions from 1682-
87. The text lists a few of the topics covered in
the journal, among them mathematics, physics,
medicine and anatomy.




In the middle of July, I drew and gathered of the Milk of Lactuca
syl. Costa spinosa, C.B. and of all our English Plants, that I have
met with, this most freely and plentifully affords it. It springs out
of the Wound thick as Cream and Ropes, and is White, andg yet
the Milk which came out of the Wounds, made towards the top
of the Plant, was plainly streaked or mixt with a purple Juice, as
though one had ashec}l or sprinkled Cream with a few drops of
Claret. And indeed, the Skin of the Plant thereabouts was
purplish also, perhaps with Veins. Again, in the Shell I drew it, it
turned still yellower and thicker, and by and by curdled, that is,
the white and thick caseous part did separate from a thin purple
Whey. So the Blood also of Animals, whilst warm remains liquid
and alike, but so soon as cold, it cakes and has a Serum or Whey
separated from it; the Cake is made of glutinous Fibers, and
therefore if the hot or new drawn Blood be well stirred or
beaten, it will not break.



Frgure
"

-

A-quuhr.
C. {horon . ;
N Neved der deswe cordone . e :
P. Placerrts . e ==3==__ _
: R de Pdead . Towe X PLXIV. poyzy.




The letter never really disaneared as a medium of scientific
communication: personal letters between scientists remain a
vital element in any historical reconstruction of their science.
And as indicated by the letters in Nature, Science, Physical
Review Letters, and other contemporary journals, the published
letter is still a significant medium of scientific communication.
Moreover, the link between the learned letter and the article is
direct: many of the articles in the very first journals are learned
letters lightly revised for publication ﬁy an editor. This was the
case with Newton's famous first article on optics, published in
the 1672 Philosophical Transactions. Also important during the
seventeenth and eighteenth centuries were books containing
collected letters or short articles on technical matters by a single
author, as exemplified by Leeuwenhoek's published letters to the
Royal Society of London and Hooke's splendidly illustrated
Micrographia.



In the later decades of the eighteenth century, scientists along with their societies and
{)ublications became more specialized as a means of coping with the flood of technical
knowledge, particularly in the fields of physics and chemistry. The age of the generalist
and inspired amateur of science was in decline.

One of the first general scientific journals aimed at serious researchers was the
Observations et miimoires sur la physique, sur 'histoire naturelle et sur les arts, founded
in 1773 by Fran3sois Rozier. As Rozier eloquently, if brusquely, put it in the preface to the
first volume: "We will not offer to idle amateurs purely agreeable works or the sweet
illusion of believing themselves to be initiated into science of which they know
nothing...We offer this collection to the truly knowledgable." He further asserted that
the journal itself would "reject everything that is nothing more than undigested
compilation and that is wanting in new and useful views." At the founding of the British
Association for the Advancement of Science in 1831, William Whewell suggested that
membership be restricted to those "who have published written papers in the memoirs
of any learned society." He wanted to exclude as members those who were not, as one
critic of the Royal Society put it, "labourers in the vineyard" of science. This general
desire for higher professional standards in science led to an influx of individual articles
primarily aimed at subject-matter experts. It also spawned the first great specialt
journals in the natural and physical sciences from Germany, France, and England.
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Tunpl HayuHBIX cTaTel (articles,
papers)

Teopetuueckue (theoretical)
DKcreprMeHTaabHbIe (experimental)
Hab6mronenus (observational)
MeTtoaunyeckue (methodological)
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In 1858, the Journal of the Proceedings of the®
Linnean Society published brief articles by =
Charles Darwin and Alfred Russel Wallace in
the same issue, under the title "On the
Tendency of Species to Form Varieties; and
on the Perpetuation of Varieties and Species
by Natural Means of Selection.” Darwin
noted that "This sketch is most imperfect; 4_} :
but in so short a space I cannot makeit
better. Your imagination must fill up very
wide blanks."
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Ethics of the Physician written by Ishaqg bin Ali
al-Rahwi (854-931) of al-Raha,

Medical Essays and Observations, 1731, published by
the
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1.«K a/texTpogriHaMuKe ABMKYIIXCS Tem» ( Zur
Elektrodynamik bewegter Kérper).

2. «O06 oHOM 3BPUCTHUYECKON TOYKe 3peHUs,
Kacalollelicss BOSBHUKHOBEHUS U ITpeBPallleHHs CBETa»
( Uber einen die Erzeugung und Verwandlung des
Lichts betreffenden heuristischen Gesichtspunkt).

3. «O ABMOKeHMH B3BellleHHBIX B MTOKOSILENCsI
XUIKOCTH YaCTHUIl, TPeOyeMOM MOJIEKY/ISIPHO-
KHMHETHUYeCKOI TeopHrei TeTIOThI» ( Uber die von
der molekularkinetischen Theorie der Wdrme
geforderte Bewegung von in ruhenden Fltssigkeiten
suspendierten Teilchen)



Irigheit eines Korpers von seinem Energieinhalt abhingig? 641

tiven Konstanten der Energien // und £ abhingt. Wir kénnen
also setzen:
Hy — B, =K, + C,
H — K =K +0,
du ¢ sich wahrend der Lichtaussendung nicht #ndert. Wir
crhalten also:
K —K =

0 2

infolge der Lichtaussendung ab, und zwar um einen von den
Qualititen des Korpers unabhingigen Betrag. Die Differenz
K, — K, hingt ferner von der Geschwindigkeit ebenso ab wie
die kinetische Energie des Elektrons (. c. § 10).
Unter Vernachlissigung von GroBen vierter und hoherer
Ordnung konnen wir setzen:
K, — K, =

[lie kinetische Energie des Korpers in bezug auf (&, , £) nimmt

L o
Pee
Aus dieser Gleichung folgt unmittelbar:

Gibt ein Kérper die Energie Z in Form von Strahlung
ab, so verkleinert sich seine Masse um .L/72 Hierbei ist es
offenbar unwesentlich, daf die dem Koérper entzogene Energie
gerade in Energie der Strahlung iibergeht, so daB wir zu der
allgemeineren Folgerung gefiihrt werden:

Die Masse eines Korpers ist ein MaB fiir dessen Energie-
inhalt; andert sich die Energie um Z, so dndert sich die Masse
i1 demselben Sinne um Z/9.10%, wenn die Energie in Erg
und die Masse in Grammen gemessen wird.

s ist nicht ausgeschlossen, daf bei Korpern, deren
Energieinhalt in hohem MaBe verinderlich ist (z. B. bei den
Radiumsalzen), eine Priifung der Theorie gelingen wird.

Wenn die Theorie den Tatsachen entspricht, so iibertrigt
die Strahlung Trégheit zwischen den emittierenden und absor-
bierenden Korpern.

Bern, September 1905.
(Eingegangen 27. September 1905.)




ATHER

UND

RELATIVITATSTHEORIE

REDE
GEHALTEN AM 5. MAL 13N
AN DER REICHSUNIVERSITAT ZU 1EI1DEN

Vos

ALBERT EINSTEIN

BERLIN
VERLAG VON JULIUS SPRINGER
190




No, 4356 April 25, 1953

aipment, nad to Dr. G, 1. B, Deacon and the
Sgups . 5 gt . .
gaptain and officers of R.R.S. Discovery i1 for their
port in making the observations,

1young, ¥
3 £1020)
S Longues-Tlgsios, M. 8., Mow. Net, Roy, dstro, Soe.. Goophye, Supp.,
o ) 285 (1049) 3 o
S y0n Arx, V

(4) (1950).

Aplannn, V. W., drkie, Aol Astran. Fyeik, (Sockhalm), 2 (11) (1%05)

. B, Gerrand, 1., and Jovons, W., Ml Mag., 40, 149

Woos Hole Vapers in Phys. Ocearog. Meteor., 11

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

wigh to suggest s structure for tho salt
vribose nucleic acid (DN.A.).  This
structure has novel features which are of considerable
biological intereat,
A structure for nucleic acid has already been
sed by Pauling ond Corey*. They kindly made
their manuseript available to us in advar of
publication. Their model consists of threo inter-
twined chaing, with the phosphates near the fibro
axig, and the beses on the outside. In our opinion,
this struoture is unsatisfuctory for two reasons :
(1) We beliove that the material which gives the
X-ray disgrarns is the salt, not the free scid. Without
the aeidic hydrogen stams it is not clear what forces
would hold tho structure together, especinlly ss the
negatively chargod phosphates near the axis will
pgpel ench other. (2) Some of the van der Waals
distances appear to be too small.
Another throochain structure has also been sug
gested by Frasor (in the press). Tn his model the
aphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
gtructure s described ig rathor ill-defined, and for
this reason wo shall not comment
on it
We wish to put forwand a
radically different structure for
the salt of deoxyriboso mucleio
ocid.  This struoture has two
helieal chains sach eoiled round
the ghne axis (see dingram). Wo
have mado the usual chemical
assumptions, namely, thst each
hain consists of phosphoate di-
estor groups joining B-n-doeoxy:
ribofuranose residues with 3°.5°
linkages. The two chains (but
not their bases) are related by o
dyad porpendionlar to the fibre
oxis,  Both chains follow right-
handed  helices, but owing to
the dysd the sequences of the
ntomns in the two chains run
wite direotions,  Bach
chain  loogoly resembles Fur-
berg's? 1 1; that is,
ho basos are on the inside of
the helix snd the phosphates on
::;";"‘wf-.l pusly  the outside. Tho eonfiguration
symbolize the of the sugar and tho atoms
hahapate—sugst  noar it 4 closo to Furborg's
wmd. tho pairs of 'standard configuration’, the
m.::"‘ i the sha! sugar being roughly perpondi-
Twe tnnrics the fibre xxhs  0lar to the attached base, There
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15 & residue on each chain every 34 AL in the z-diree-
tion, We have assumoed an angle of 36° betweon
adjacont residues in the same chain, so that the
struoture repeats after 10 residues on ench ohasin, that
is, after 34 A, The distance of & phosphorus atom
from the fibre axis is 10 A, As the phosphates are on
tho outside, cations have cazy scoess to them,

The structure is an opon one, snd its water content
is rathor high. At lowor water contents wo would
oxpeot the bases to tilt 50 that the structure eould
become more compast,

The novel featury of the structure is the many
in which the two chains sre held togsther by the
purine snd pyrimidine bases, The plancs of the bases
aro perpendicular to the fibre axis. They are joined
together in pairs, a single baso from one chain being
hydrogan-bonded to o single base from the other
chain, 8o thet the two lie side by side with identical
z-co-ordinates, One of the pair must be & purine and
the other a pyrimidine for bonding to occur. The
hydrogan bonds are made as follows : purine position
1 to pyrimidine position 1; puring position 6 to
pyrimidine position 6,

If it is assumed that the bases only occur in the
struoture in the most plousible tsutomeric forms
(that is, with the keto mather than the cnel con
figurations) it is found that only specific pairs of
bages can bond togeth These pairs are : adenine
{purine) with thymine (pyrimidine), snd gusnine
(purine) with cytosine (pyrimidine),

In other words, if an adenine forms one member of
@ pair, on either ohain, then on thess ssswmptions
the other momber must be thymir similarly for
guanine and oytosine. 'The sequence of bases on n
singlo ohain does not appear to be restricted in any
way. How . if only spoocifie pairt of bases can be
formed, it follows thuat if the sequonce of bases on
one ohain is given, then the sequence on the other
chuin is sutomatically determined,

It has boen found oxporimoentslly®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to.cytosine, are always vory close to unity
or deoxyribose nucleio ncid,

It is probably impossible to build this structure
with & riboso suger in place of the deoxyribose, ss
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray datat4 on de
ribose nueleio acid wro insufficiont for o rigorous test
of our structure, Ro far a8 wo can tell, it is roughly
compatible with the experimental dats, but it must
bo regarded ns unproved until it has been chocked
sgainst more cxoct results. Some of these sre given
in the following communications. We wore not aware
of the details of the results presented there when we
dovised our structure, which rests mainly though not
entiroly on published experimental data and sterco
chemical arguments.

It has not escaped our notice that the specifio
pairing we have postulsted immedintely suggests w
poasible copying mechusnism for the genstic miaterial,

Full dotsils of the atructure, inoluding the oon
ditions assumed in building it, togethor with & sot
of co-ordinates for the atoms, will be published
elsowhere.

We aro much indsbted to Dr. Jerry Donohue for
econstant advioe and criticism, especially on inter-
atomio distances, We have slso been stimulated by
u knowledge of the general nature of the nnpublished
experimental results and ideas of Dr. M. H. F.
Wilking, Dr. R. 1. Franklin and their co-workers ot
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King’s College, London. One of us (J.D.W,) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.
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F. H. C. Crick
Medical Research Council Unit for the
Study of the Molecular Structure of
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Molecular Structure of Deoxypentose
Nucleic Acids

WaILE the biological properties of deoxypentose
nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury') show the basic molecular

onfiguration has great simpli The purpose of
this communication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nucleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give crystalline'-%, semi-crystalline
or paracrystalline material. In all cases the X-ray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the other by the longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visible.

Oriented paracrystalline deoxypentose nucleic acid
(‘structure B’ in the following communication by

anklin and Gosling) gives a fibre diagram as shown
in Fig. 1 (cf. ref. 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded to the inter-
nucleotide repeat along the fibre axis. The ~ 34 A.
layer lines, however, are not due to a ropeat of a
polynucleotide composition, but to the chain con-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
interstitial water. The absence of refloxions on or
near the meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices

It may be shown® (also Stokes, unpublished) that
the intensity distribution in the diffraction pattern
of a series of points equally spaced along a heli
given by the squares of Bessel functions. A uniform
continuous helix gives a series of layer lines of spacing
corresponding to the helix pitch, the intensity dis-
tribution along the nth layer line being proportional
to the square of J,, the nth order Bessel function.
A straight line may be drawn approximately through
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the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an element of
the helix and the helix axis. If a unit repeats n times
along the helix there will be a meridional reflexion
(Jo*) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about the origin around the new origin, on the nth
layer line, corresponding to € in Fig. 2.

We will now briefly analyse in physical terms somo
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of a unit having circular symmetry
about an axis parallel to the helix axis, the whole
diffraction pattern is modified by the form factor of
the nucleotide. Second, if the nucleotide consists of
a series’of points on a radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different diameter passing through each
point are the same. Summation of the corresponding
Bessel functions gives reinforcement for the inner-

. Diffraction pat vatem of helices corresponding to
structure of deoxypentose nucleic acid. The squares of Bessel
functions are plotted about 0 on the équator and on the first,
second, third and fifth layer lines for half of the nucleotide mass
at 20 A, diameter and remainder distributed along a radius, the
mass at a given radius being proportional to the radius. Abou
€ on the tenth layer line similar functions are plotted for au onter

diameter of 12 2
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