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CERTAIN ALLUREMENTS IN 
PHYSICS1 

THEREis no doubt as (to the alluring nature 
of physics. We are led on as reasoning, 
imaginative dreamers who never attain full in- 
tellectual satisfaction but who are always suf- 
ficiently rewarded io be happy to participate 
either as workers or as spectators. The fasci- 
nating quality of physics is not our concern 
here, but in the akniosphere of ,the recognition 
of this drawing and compelling pox7er, certain 
of oar present proi)lems will be briefly dis-

cussed. 
I t  is doubtful if ever there has been a more 

inviting appeal to imaginative reason than can 
be found a t  present in atomic structure and 
radiation theories. The search in this field is, 
in fact, so exciting .that we can easily forget 
the mysteries in our own hypotheses. The 
progress of the last decade has (been rapid. 
Only $thirteen years ago Professor Rutherford 
in his Winnipeg address set forth the elaim 
that suficient evidence had at that time been 
addncad !toplace ithe theory of the existence of 
atoms in the classification of accepted fact. 
To-day, with perhaps equal conservatism, sev-
eral details as to the structure of jthe atom oan 
also be regarded as accepted. The existence of 
the nucleus, with a dia,meter of about 10-12 cnl. 
or less no one OUT-doubts, ~tliougl~ direct evi- 
clence is based upon but one ,type of experi-. 
ment, naniely, the impact of an U. particle. 
The size of the charge of the nucleus, its sign 
ant1 the fact that a particles and H particles 
eaist in i t  least some of the nuclei are certainly 
just as true. But we would be willing to sacri- 
fice a great deal to know Inore of the content of 
and arrangement in nuclei. JfTe may be nearer 
the acceptance of the existence of a particles, 
13rotons and electrons as the units of structure 

1 Addre3s of ithe rice president and chairman 
of Section B, physics, Anierican Association for 
the Advancelnent of Science, Boston, Decembel*, 
1922. 



in all nuclei than some of us realize. Reasonable 
deductions from isotopic measurements may 
convince us as to this composition, but at the 
moment the experiments of andR n t l ~ e ~ f o ~ d  
Chadwick upon H particles give us the hope 
of a direct and hence a more valuable means 
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The oorbital theory appears to be a more poa- 
erful method of attack, partly because it is not 
hlndered by a consideration of the mechanisnl 
of radiation and partly because it relies upon 
principles and mathematical methods instead 
of upon visualization. The attempt to mi^ 

of attack. The extension of the n x e a ~ ~ ~ ~ e m e n t  the two would probably seriously decrease the 
of the masses of isotopes with the remarkable 
present accuracy de-reloped by Aston and 
Dempster will undoubtedly lead to the recog- 
niltlon of classifications that will at least in- 
dicate, if not prove, nuolear compos~tion, but 
the interpretation of the H-paz.ticIe experiments 
demands a very much higher accuracy. Ruth-
erford and Chadwick have pproducecl H particles 
from the nuclei of six of nineteen 1:ght eie-
ments and in five of the six with an lacrease in 
total kinetic energy of from 6 to 42 per cent. 
of the kinetic energy of the colliding 3 parti-
cle. A consideration of the relativity changb 
in mass of the H particle is important, al-
though povhaps not yet profitable. For the 
kinetic energy of a 7 em, cu, partlcle 1s .009c" 
per gram-atom, c being the velocity of llgilt, 
hence the change in mass produced by this 
energy is ,009 gram, per gram-atom, 01. in 
atomic weight units, .009 for each r, par'ticle. 
If  a t  impact 42 per cent, of this energy is ac- 
quired by the nucleus and a particle as shown 
by experiment, there must be a total increase 
i~ mass of .42 x .009 or .004 or 0.4 per cent. 
of the mass of an  H parbicle, o r  .01 and .03 
per cent., respectively, of the masses of alum- 
mum and boron, two of the elements concerned. 
At  least Ulis accuracy in atomic weight meas- 
urements must be obtained Before a relativity 
consideration can even begin. The develop-
ment of highly improved methods is of p e a t  
importance. 

I n  regard to the arrangement and activities 
of the extra-nuclear electrons, the status of 
atomic structure theory is rapidly improving. 
Three years ago a t  this session u7e had a clis-
cussion in which a suggested reconciliation of 
the so-called sbatic and orbital theories was 
presented. At the present time one can say 
with a fair degree of confidence that reconeilia- 
bion is neither probable nor de~i~able .  The 
sbt ic  theoyy alppears superior as a picture to 
be used ill the discussion of periodic physical 
and chemical properties of the elements, the 
magnetic properties and compound folmations. 

fnture real benefit3 of both. The statlc atom 
is valuable not merely because the spacial re- 
lations can be visuzlized but alio because, lo 
the extent that it affords such an ex cell en^ 
partial explanation of phenomena and is suc-
cessful in the pxdictions of properties of new 
compounds, i t  must have a meailme of truth. 
But i n  some respects i t  is misleading. Con-
ventionality mu's't not be accepted as a reality. 
The use of the term (Lcell" lea& to a perhaps 
unconscious sstisfaction that does not bear 
analysis. &Ioreover, the position of an electron 
in a cell on bhe outwmost shell seems to make 
molecular formation much easier than if the 
electron has any sort of orbital motion. But 
yet the conveme may ;be nearer the truth. This 
is not an effort to criticize the statlc atom 
theory. I t  is merely a remlnder of the danger 
of overenthusiasm concerning any explanation 
that depends upon vlsuelization. 

The present orbital theory of atomic strac- 
ture, as enunciated by Bohl; is str~kingly dif- 
ferent both as to content and as to value. I t  
is less of a picture and more of a theory. Sta-
bility is not neglected 'but emphasized. So de- 
tailed has become the clevebpment of the theory 
that perllaps a brief non-technical description 
i a  appropriate to this address. Until recently 
our orbital conception ba~ed  upon the work of 
a number of contributors could be sketched 
in the following manncr. The fundamental as- 
sumption mas a generalization of Planckls 
quantum, which not only gave the frequency re- 
lation, but stipulated stationary states of an  
atom system. By orbits, circular or elliptical, 
with a central nucleus and a single electron ra- 
diating as rt passed from one stationary state 
or  energy level to another, the Balmer, Paschen 
and Lyman series of atomic hydrogen and the 
wries of ionized helium mere computed with 
high accuracy. By assuming elliptical orbits 
and a relativity change in mass of the electron, 
the fine structure of hydrogen approximately 
and of ionized helium more exactly, were ob-
tained. Extending the theory and assuming 
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internal X-ray energy levels, X-ray doublets 
were computed and found to agree with experi- 
ment. By assuming the presence of an un-
symmetrica~l field exkrnal to the nacleus and 
inner electrons, the well lmown series formuls 
of the alkali metals could be quickIy derived. 
By the application of an electric field, not only 
the general l~henomenon but also the details 
of the Stark rffec~t were obbainecl. The Zeeman 
effect was espiained as well as was formerly 
done by the classical theory. By the applica- 
tion of the ('coirespondenae principle" the in- 
tensity and state of polarization of lines for 
large o'bits and more app~oximdtely for small 
orbits were obtained. But in this remarkable 
theoretical work, producing quantibative agree- 
ments that were exceedingly impressive, no ac- 
count nas  taken lof Ithe spacial distribution of 
orbits and no explanation was given of the 
variation of physical and chemical properities 
as shown by the periodic table. We had, lthen, 
two pictures of atomic st~uctui*e, one wi%h eleeo- 
trons in cells and &ells, and {me with electrons 
in mplanar orbits. But because la spacial dis- 
tribution of electron whits was demanded on 
several grounds, some progsess wm made in 
considering such a distribution by ithe poly-
hedml symmetry of electron3 which in the co-
pllanar modd had the same olibit. Bohr's re-
cent descripti~n in %he Zeitschrift fiir Physik 
of 1922 seems b abandon a rigorous theoreb 
ieal approach but, iat the same time, Lo profit 
by the theoreiical investigations of the forego- 
ing idealized conditions. He  a d h e s  to the 
quankum theory and applies the corsespondence 
principle as a substitute f o ~  our lack of knowl- 
edge of the i n n e ~  conneiction which determines 
bhe possibility of ~adiation or s quantuun 
change. He concludes that there is no modifi- 
oqtion in the former hydrogen atom model. 
The helium a b m  in the normal sibate has two 
app~oximlately circular electron orbib, having 
an angle (between their axes of 120°,with tihe 
pbnes turning slowly about the fixed axis. 
Preliminaty computations promise the experi- 
mental value of the ionizing potential. These 
helium orbits remain a fixed substructure in all 
elements of higher atomic numbers. Bohr as-
certains ithe s'tructure of succeeding elemenb 
in the periodic table by obtaining an answer 
to the question, "How oan the atom be built 

through suoces&ve seizure and binding of the 
single electrons in &he field of force surround- 
ing the nucleus?" H e  is lled by this approach 
to a conclusion as to the nature of the orbits 
of the elements. Briefly, the orbits are ap-
proximately circular, elliptical and highly ellip- 
tical, resuhting in an interpenetration of orbits. 
Electrons having relatively large energies will, 
on acclount of the greater ellipticity of !,heir 
orbits pass closer to the nucleus than do other 
electrons possessing slpaller energies and mov- 
ing in orblts of Iess eccentricity. The visits to 
the inte~ior by a group of electrons in non-
coplanar ell~iptiid o h i t s  of s cerfain energy, 
do not occur simultaneously, f o ~the electrons 
approach the nucleus alternately with equal 
time intervals. Because of the interpenetra-
tion of onbits there is an intimate coupling of 
the electroln orbits of the different groups in- 
dicated by quantum numbers, 'and also an  in- 
dependence of the nature of the binding of the 
electrons of one and bhe flame group. Bohr 
discusses the entlire periodic (table, showing how 
%is structure may explain (the chemieal and 
physical periodic phenomena. He has aban-
doned rigorous 'treatment, mesely be.oause it is 
no Jonger possible. Another new result of Dr. 
Bohr's investigation is that at  four difjferent 
regions in the periodic table, the added elec- 
tmns find more stable adjustments ,by becom- 
ing membem of groups formed earlier in the 
building up process. The ferromlagnetic metals 
are near the end of such an inner change or 
what might be termed the healing process of 
an internal wound of the atom. 

I n  the above i t  is observed that o m  former 
relatively simple picture of an orbital atom has 
gone and we have, in an atom of high atomic 
weight, a maze of interpenetrating orbits 
too complicated to tisualize. But me 
have a description of the (atom i n  terns of 
quantum numbers land nudear charges. While 
this remarkable conception looks very p r o d s -  
ing indeed, me must patieably await a very 
slowly accumulating rigorous treatment. The 
forthcoming publicaitions of Dr. B o h ~  will ibe 
received with gre&t interest. H e  is just pub- 
lishing an  article on X-rays in collaborstiori 
with Dr. Caster in w%ich chere is derived a very 
strong support h~lthe main features of the 
new theory. He has been working out and 
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will qoon publish details in regard lo the series 
spectra and will show ithat the new views thsow 
much additional light in rwpect to :he main 
feature and lalso the quantiitaltive details. 

The above description will indicate that a n  
attempted reconeiliation between the static and 
orbital theories ~~ou lc lprol~ablg prove either 
unsuccessful or naprofibable. We ought to he 
willing to use either theory freely mherever of 
service. But it is almost inevitable that in the 
future, though we may Adhere to pictures for 
elementary studelnts, in the work of investiga-
tion m-e will get further and further. from 
models and become more and more satlisfied 
with principles which, although not containing 
ulhimate explanations, ne~er~theless w e  appar-
ently the nearest approdch to the truth. Qb-
viously the function of pictures is serionsly 
limited, for oux* natural aibility bo gain by vis- 
ualizatlon does not increase materially from 
generation (to generation, whereas our power 
of attack through &athemaibical ins~estigations 
based upoin principles does accumulate with 
the elapsing years. I t  is not surprising, there- 
fore, that i t  is easy to have more faith in the 
g ~ e a t e ~fruitfnlness of the olJbital 'theory as 
compared with the static theory. 

I t  is folly to prophesy senon,ly as to the 
clirection of future progrpss in {the theoly of 
atomic strncture. Bat  theye are eertlain evi- 
dences that are worthy of consideration. The 
quanlunl theory seeinecl a f ev  years ago to be 
a curions as well as a remarkable element in 
Planck's theory of radialion, the oddity of .tihe 
quantum reflecting merely the difiiculties of the 
problem. To-day, we regard a quantum theoly 
more ~e~ ions ly .  Although not as consistent as 
t 1 ~cla~eicil! theory, its use in radiation is or 
should be just as orthodox. While formerly me 
mere lnclined to call attention to the formal 
character of the theory and the failure to ex-
plain any mechanism unclerlying it, to-day we 
realize that neither the classical nor the quan- 
tum theory gives us the mechanism. This mech- 
anism, though fundamental, is a detail and the 
evidences is that we can make progress more 
rapidly by following a successful formal prin- 
ciple tlian by speculating about the nature of 
the mechanism itself. Our willingness to adopt 
as a working theory such a formal principle is 
not a fault but a vir'tue. Such a principle 

attacks, as it were, from without land its suc- 
cesses and f a ~ l u ~ e s  am determined ;m that re-
glon. Hence we ean not hope to judge oy im- 
pl*mre the method b j  speculations from within. 
Progress In atomic structure can ce~ ta~r i l jbe 
anhclpated by foPo~ving o i the~ tihe quantum 
theory or perhaps J, sabst~tnte not yet sug-
gested. The accumnlatlon oi data aloilg oui 
pre3ent restrlctecl 11neb ot e r p e n u z e ~ t ~ ~ t l o ~ i  inl~st 
of course be of pelmanelit lalae. Gut u i l t ~  
another %ma1principle is found that 1- moreD 

successful than the quantum theory or untll a 
hitherto unsuspected region of observahon a.j 
opened up, we can scarcely expect any matelial 
modrfication in our present mews of atomic 
structure in so far  as they are app~icahleto 
experimental test. But we have not arsr~ecl. 
The attack upon the problem has hut begun. 
The allurement remalns. 

Havlng commented upon the most attractive 
problem in physics, I turn now by way of 
contrast to a field regarded by many as pos-
sessing but LLttle interest. During the war 
many ph5-s~e~stsrema~*keci. that amusties was 
a: laat comlng ‘‘into ~ t so~vn." Only In a !~m-
ited sense was this true. Bcoustlcs docs not 
~nyuire as to the naitme of ~ k ,assumed con-
olnuum and heace is not a fundamental subjecit. 
It can never have the attractiveness of a funda- 
~nental fielcl ln ~ ~ h i c h  a m a l l  amount of prog- 
less may e~entnall j  leacl to an estenaive accu-
mulation of valuable results. The chance of 
enli~renment In acou3tics through new dlscovevy 
is sl~lght. But while the allusements are less 
che achievements for an lndlvldual may be more 
s;ttlsfactory because of thelr permanent value. 
This permanency rests upon t~vo facts. I n  the 
lirst place 'the truth iin the assumptions and 
apl~rolaaiatioi~sare clearly understood and any 
theo~etical acivauce ~~111 not need to be ithloivn 
a i d e  because of the incolrectness of the bases 
adopted. Moreover, the ~mpo~tance  acous-of 
tics will not vane. In this reapect optics and 
acoustics are similar, for itheir interest to the 
race will last as long ai3 will human vision and 
audition. Progress in acoustics undoubtedly is 
limited, but rk imporbnee mill persist. I 
speak not as an advocate for greater attention 
"co acoustics, neither would I urge in business 
one particular hne over another. Men will go 
into b~gbusiness eruterprrses, some to t on  and 
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some b lose. O%er anen will be niose con-
swvative, taking less of a gambler's chance and 
consequently neither winning nor losing so 
great a stake. These digerences in adjustment 
to alluremenltls exist in the field of scienbiBc 
research as mell, and one must select that kind 
of linvestigation in which he can be most 
efective and happy. I t  is unfortunate, how- 
ever, thalt physioists generally clo not appre-
aiak that acoustics is a d1ifEcult field, begging 
$or the attention of masters of mathematical 
methods. The late Lord Riayleigh had a great 
mind, as is a~ttested by his numerous co:oetribu-
tions in almost all branches of physics. I t  has 
often been ~vonderad why he remained strangely 
inacbive to~~-at-d such an abtra~t~ivesubject as 
the electron theory. The speaker, in the ab- 
sence of information, is of the opinion that 
Lord Rayle~igh's intere~t was controlled in pa& 
by the proniised pelmanency of results. I n  
acoustics he must bare been attracted by the 
substantial correctness of [the assumpltions, for 
this insured a corresponding quality in  the 
results obtain~ble by mathematiead processes. 
I t  is much to be hoped thait aaoustics will re- 
ceive an increasing share of the interest of our 
mathematicians. 

Nathematical difficulties anise in  even the 
most simple acou~itical devices. For example, 
a solution has not been found for the '(end cor- 
rection" of a conical horn. Until recently there 
has been no theory which included a aiscussion 
of the !natural vibrations in  a conical horn 
which are not radial, ibut Dr. V. A. Elkersch has 
now found how to compute the frequencies 
of these other resonance frequencies, his sdu- 
tion providing for a horn of any angle, but 
with an infinite plane flange. An experimental 
test of this unpublished theoretical investiga- 
tion has not been made. This same inveshiga- 
tor has slso shown the reason fui* the existence 
of an "optimum" horn angle. When a conical 
horn is used as a receiver (&ere is an  angle for 
which the amplification will ibe a maximum, 
assuming fundamental resonanm. This angle 
is less when the vibration is an overtone than 
when i t  is +he fundamental of the born. But 
measurements demonstraking this effect require 
the escape of a small m o u n t  of energy at  the 
vertex. M. has now been proved by a 'fair ly 
simple theoretical investigation that the cause 

of an  optimum angle is ithis escape of energy. 
Were this loss zero, hhe amplifioatkn would 
continue to increase ~vibh clecreiasing angle 
until viscosity !became a flactor of importance. 
I t  is clear, then, that the adjustment of a con-
ical horn as an amplifying receiver requires 
not only a knovledge of fihe frequencies 
involved but (also [of Pne nature of the IappaTa. 
tus a t  the vei.tex even though i t  may abso~b 
but a small amount of energy. The suggestio~l 
should be made, in passing, that the incorrect 
conception of a conical horn as a collector of 
the incoming energy should soon be supplanted 
by a correct recognition of the horn as a re$- 
onator. 

Acoustic prdblems are not without attrao-
tiveness per se. The acoustic wave filters just 
described in the December Physical Review are 
uncommonly interesting and part17 /because of 
the element of surprise. TVe are familiar vilh 
the nature and behavior of the medium and by 
daily experiences with sound trannsmission. Pet  
we are hardly prepared by experience to wit- 
ness an unobstruoted cylindlioal tube a n  inch 
in diameter ,and a fev  inches long that refuses 
audible transmission to a large group of fre- 
qtxencies. Up to the p~esent time, successful 
lo~r--frequency-pass, high-frequency-pass and 
single-band and iiouble-band filters have been 
constructed. Additional contributions to the 
theory by other workers, but not published, 
will probably ladd Elters of a different type. 
Just what the future usefulness of the acoustic 
wave iilters mill be can not be estimated. Hut 
the permanency of our method of heming with 
air as a medium necessitates the continued rzn-
portance of meehods of filtering which use this 
same medium. MoTeover, as presented, the 
fundanlmltais of fie theory apply to any me-
dium whatsoever. This magi prove of sig-
nififiaaince in several directions. 

But i t  is not ~ n ypurpose 'to discuss present 
problems of acoustics in any detail. %fey-
ence has been made merely to several items d 
progress in which the speaker's interesit has 
been keen and in which the al~urements have 
certainly been slhnig. I t  is iapprapriate, espe- 
cially in ithis laboratory where we are in ses- 
sion to-day, that reference rbe made to one who 
there did much for the field of acoustics, Pro-
fessor Wallace Clement Sahine. The desire is 
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not to laud his contributions but to speak in 
simple terms of him as a person. There is 
very clear in memory his act of kindness to the 
speaker who was a young experimenter in em-
other laboratory. I t  beti-ayed a gentline human 
interest that, wherever found, compels aclmim- 
tion. Ris mind was keen and full of sugges- 
ltions to the students in thk Jefferson Physicd 
Laboratory. Although kind and generous, he 
was intensively a just man. Xever aggressive 
in a 'bold sense, others sought him out. He 
was essentially modest, but he had confidence 
in his mental powers. He was fine in spirit, 
outwardly highly accepbable and, withal, a 
splendid type of gentleman. One can not for- 
get him as a )person. 

Q. W. STEWART 
UXIVERSITYOF IOIVA 

THE ORIGIN AND STRUCTURE OF 
PLANT GALLS' 

THE study of the histology of paibhdagiod 
tissues of plank has been very much neglected, 
especially in America. I t  is true that mom w 
less extensim studies have 'been m r d e d  and 
discussed in the p a p a  on B e  various diseases 
of plants but nothing has been done towards 
bringing this data together into a mprehen-
sive whole. In  recent years this phase d 
botany has )begun to attxtact atbntion, esp&~dy 
in the case of aihomal growtrhs, ahieh have 
ibeen referred to under many names, su& ias 

' cecidia, galls, caacers, hypertrophies and vari- 
ous terms which are more or Ims indefinite. D 
is the purpose of this paper to give a brief 
histmical review of the phase of plant ptxt~ho- 
anatomy which is involved in these abnormal 
struotures. The fact that $he author hs  made 
&her extensive skudies of bhose plant g& 
whioh azv the result of insect stimuli m y  be a 
er&&ent excuse for attempting to discuss this 
very broad subjeot involving similar abno~ma1 
planit structures which are abtributed to other 
organism. A b n o m ~ l  growths on plaats m e  
oaused by insects, nematodes, fungi, slime 
molds, bacteria amd ch&oal and meohanid 

1 Address of the vice-president and &airman 
of Section G, B a t a q ,  American Association for 
the Advancemeat of &knee9 Boskon, December, 
1922. 

irritations. Similar growths are also pro-
duced on miraals; but, m general, i t  may be 
said that the causes are not nearly so well 
understood as in t~he case of plan&. On %he 
other hand the histology of abnormal animal 
growths hm been the subject of mu& more 
extensive studies than that of 'chose found on 
plants. 

The plant galls which are caused (by insects 
were among the first to attract attention and 
the early Greek literature oontarinr many refer- 
ences to toem. However, very i i t~le real 
progress was inade until Nalpighi published his 
"De Gallis" in 1686. This work was prirnarilj 
descriptive (but the author also advanced the 
theory that the excitation was due to a poison 
secreted by the mother linsect. Slthough this 
idea mas disproved long ago, there are some 
text-books which st31 retain t~hk so-mlled 
'hhemical theory" of more than two hundred 
years ago. The next great advance was about 
fifty years ago and was marked by Adle-r's 
"Ueber den Generations-wechsel der Eichen 
Gdlwespen," a work dealing entirely with oak 
galls caused by insects. The works of Adler, 
Beyerinck and their emtemporaries gave us 
very definite infomation concerning $he life 
history of same of the eausal insacts and the 
struohres of cenbain insect galls, and dis-
proved the theory bhat 'the excitation w a ~due 
to a fluid seereted by the mother inseat. 

Tihe European literature is much more exten-
sive than )the Amerioan. I n  tihis country the 
major part of the m r k  has 'been by eatomolo- 
gists but within recent yeam i h ~attracted the 
aitkention of several botanists and papers hare 
been published by Cosens, Rosen and Wells. 
Fel;t9s "Key to Insect Galls" is the most 
m p l e t e  and usable work in our American 
literature for the detexmination of $these plant 
giwwths. He lists and describes more .than 
1,400 species, a number whioh is no doribt 
insignificant when compared with $he number 
of undescribed species. In  most cases each 
species of inseot ceoidium. is confined to a 
single specific host plant and those that occur. 
c~n more than one host are restricted to closdy 
"lakd species' 

A of nematodes are known 
as the causes of &bnormal plant grQWtbs. Th'T 
are widely diskilbuted ehroughowt the world, 


