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Abstract

It is offered a preview of the lengthy, intense aiwh exchange of scientific correspondence
(currently in press) which took place in the periodm 1931 to 1937 between Ettore and
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and theoretical aspects tied to the study of charigephotoresistance in thin metal films
exposed to light in suitable conditions and thespie identification of new effects of a
photoelectric type. It also leads us to realis¢ thany theoretical parts of the most mature
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the constant role he playefk-a-vis his uncle Quirino as a methodologically astutdéiciand
epistemological guide. It is pointed out, furthermothat this correspondence allows us to
recognise Ettore as the true author of the Leatar&alvani that Quirino Majorana presented in
Bologna in 1937, on the occasion of a great inténal Congress organised to celebrate the
second centenary of the birth of Luigi Galvani. dfiy, the article refutes the widespread and
common belief that after 1933 Ettore no longer eoned himself with physics.
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1. Introduction

“I really hope to go to Naples”: thus ended the intense and consé&wttivespondence
between Ettore and Quirino Majorana. The letter, dated November, 16 1937, containthene of
rare moments testifying to a grgaie de vivrein Ettore Majorana. Then a veil of obscurity fell
over Ettore’s life and work. But not silence. On the contrary, ffumpoint of view there have
been all too many interpretations concerning his mysterious disappeaend “sure leads”
identified by various parties.

Being one of the last letters written by Ettore, who, without doing injustiaeytone, may
be considered one of the greatest, if not the greatest physicist ofdjsttbecomes of essential
importance to acquaint scholars, and all those interested, with thentsoof these letters,
which are of great human, scientific and methodological value.

1.1 The Correspondence

But what does this correspondence consist in? It includes 34 |atteespostcard written
by Ettore to his uncle Quirino and 2 letters (and an excerpt ofea)letritten by Quirino in his
own hand to his nephew. To this we may add, as they relate to theessraech topic, 6 letters
addressed to Quirino Majorana by the mathematician Dario Gitagfiolld be said right away
that nearly the entirety of this material is unpublish&tie brief correspondence we are talking
about on this occasion is part of a much vaster archive that tjogavia family (to whom we
acknowledge our thanks), above all through the initiative of MrsiaSToniolo Majorana,
Quirino’s daughter, has chosen to donate to the University of Bolognath@oPhysics
Museuni), where Quirino Majorana, as Director of the Institute of Physics, engageatitirtg
and experimental activity for over thirty years.

The specific contents of the letters in question are almostysjvimarring one or two
exceptions, exquisitely scientific in nature. They testify to aangg collaboration between
uncle and nephew on the subject of research undertaken by Quirino, reghedipgssible
existence of new photoelectric phenomena and the effects of photoresistahin metal films
when the latter are illuminated by a suitable light. The inténethese topics, and above all the
manner in which they are addressediso in view of later and current developments in the
scientific research in question, as well as the careful methadalogrocedures contained
therein — is very high.

1 Indeed only about ten letters were publistiedE. Recamill Caso Majorana Arnoldo Mondatori, Milan

1987 and following editions.
Physics Museum of the University Museum &ysand the Bologna Department of Physics, Bologna
University
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1.2 Historical relevance of the correspondence

Moreover, the historical value of what is contained in this clogehange of
correspondence grows in importance when one considers that, accordingréis Bhost
intimate friends, canembers of Fermi’'s Group at the Institute of Physics in Vidadparna in
Rome- and whose opinion is shared by many historiairs those years (193B938) Ettore
Majorana practically no longer concerned himself with physicsa#t actually known from a
letter of 1936, again addressed to his uncle Quirino, that he waslestiting himself to
physics: “I have been working for some time on quantum electrodysdmidowever, this
was but an isolated and, as it were, generic allusion.

In actual fact, not only was Ettore still interested in physics, but he also followvedher
guided — as will become apparent from the reading of these lefténe collection of letters
currently in press, and from the excerpts we offer in this pragmmtathe sophisticated, refined
and difficult experiences of his uncle.

These letters thus bring to light an unexpected but humanly and scaytifich image of
the only ltalian physicist who, at least up to now, succeeded in obtaining/ersity chair in
theoretical physics by virtue of his clear fame!

Our presentation aims to pay reverent, respectful and due homager® &hd Quirino
Majorana, on the onlundredth anniversary of Ettore’s birth.

2. The experimental research of Quirino Majorana on metallic
photoresistance

These were experimental studies conducted by Quirino Majorana bet@2&mnd 1940
(circa) on phenomena of photoresistance in thin metal films and, ioybart the increase in
electrical resistance that metal films undergo when exposeghto éspecially if periodically
interrupted. In these experiments Quirino observed that the thertial at light — to which
these effects are traditionally ascribed — does not suffice sowh to explain all the
characteristics of the effects in question. Quirino Majorana fiikshtior believed to have
identified, a new effect or effects of a photoelectric type betadded to the classic one earlier
discovered by Hertz (1886), studied and theoretically interpretednsyelii (1905), and whose
famous quanturbased interpretation was experimentally verified by Millikan (1916).

But here is what Quirino has to say: «The experimental studiesi®subject, already
previously reported, have now continued, being limited to the case offip¢dof varying
thickness, fixed or deposited on glass. The results now obtained arnbekkserth a distinction
made according to the method by which the films themselves wepaned. Then follows the
presentation of a theory of the observed phenomena, considered as beingtheeptire
thermal effect. It is pointed out, finally, that the results of thieory do not always coincide
with the experimental ones. This confirms the hypothesis that tberallg exists a new effect

3 E&QM Correspondence, Letter of E. to Q. frRimme June 11, 1936
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of light on metal films; this effect is almost always @opanied by the common thermal effect
and at times remains completely concealed b it.»

2.1 Quirino’s research

The research in question, to which reference is made here bytbigimgore general and
almost conclusive paper written by Quirino in 1938, has a long story bethwkich is thus
described by the Author:

«In the lengthy experimental period | have dedicated to this gdanave noticed that
the observed effects depend on numerous circumstances. They ardutbeand thickness of
the metal constituting the film; the method of fixing it on an inswpsubstrate (glass, quartz,
ebonite, etc.), using an adhesive substance; or generating it on thratsubself by chemical,
thermal, mechanical or cathodic precipitation; exposing the otherceuwsfathe film, fixed as
just described, to water or a gas made to flow over it atteehigr lower speed; using the film
without any substrate (just supporting it at either end) immersed in ailgasi{gdrogen), or in
a vacuum; and, finally, changing the nature and intensity of the sotin@liation and the
frequency of interruption of the lattet.»

I,

/’__/
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The drawings in Fig. 1, Fig. 2 and Fig. 3 respectively represemiritisit employed, the
the photoelettric cell (audiohnd the principal and most refined experimental device devised
by Quirino Majorana in the course of his experiments is illustrated in the follovguaigefi

4 Q. Majoranallteriori ricerche sull’azione della luce su soitiamine metallichein “Il Nuovo Cimento”,

15(1938) 573593; 573

®  |bidem, 573

6 Q. MajoranaSu di un fenomeno fotoelettrico constatabile comgdiion “Rendiconti Accademia dei
Lincei” 7 (1928) 801806; 802803



E. Majorana as a guide Giorgio Dragoni

Fig. 3 represents, specifically, the main apparatus which is tregilsed by Quirino
Majorana.  is rotating disc o€lektronwith a diameter of 50 cm, whose periphery is provided
with 48 radial indentations. The width of thedentationsis equal to that of theolid parts
With this, the light from a lamp (which can be an incandescent or merayugrtz lamp with
power adjustable to up to around 900 and 300 watts, respectively), penodicales on a
common glass platé bearing the metal film (gold in these experiments), prepared according to
one of the methods mentioned. The rotation speed of the disc is seténttlads so as to
generate, usually, a frequenewf interruption of the light ray equal to 600 or 1200 periods per
second. By means of a centrifugal force de@g, supported by a brack& and a pointet
sliding over the graduated scdlgit is possible in any case to control the value and constancy
of this frequencyC is a potassium photoelectric cell in a vacudrnis a subsidiary adjustable
intensity incandescent lamp which illuminat@shrough the indented edge of the rotating disc
D. The cell C and lamg@ " are borne by an aritNN’ keyed to the rotating shaft of the disc,
which can be shifted angularly around this by means of a micronseteevV, which bears a
pointer sliding over a graduated horizontal fhdrhe relative angular position between the two
systemsamp L— plate Mandlamp L’ - cell C may be identified by taking readings on the
graduated sectddG (having its centre on the disc shaft) and fhgSpecial protections, not
illustrated in the figure, prevent the air currents generateatiebyotating disc from acting upon
M. The apparatus is connected with the other accessories indicdbexddampensator layout
published previously. It thus achieves the formation, amplification angpensation of the
pulsing current which characterises the effect in quesfion.»

" Q. Majoranallteriori ricerche.., 576
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2.2 Experimental results

The abovealescribed apparatus makes it possible to determine «the valuea/rof
(maximum change in the electrical resistance of the film) and the phase shift ¢ between the
pulsation of the light and that of the electrical resistance. The magnitude Ar/r is equal, as was
seen, to the ratio between the peaks of the two electric cuadtes compensation) which
circulate in the photoelectric cell and in the metal film. Thki® of this magnitude gives the
measure of the effect. And as | said earlier, it is to be admitteddtibeffect must, if anything,
be of a mixed nature: thermal and photoelectric of a new nature.»

The existence of a possible new photoelectric type effect is confirmed, ast¢edence
thereof is given, shortly thereafter the article we are citing.

«In the case of glued films, these latter facts can natufialliyno explanation in pure
thermal theory. They give, once again, clear evidence of thergesbdf a photoelectric fact of
a new nature
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The lengthy experimental work of Quirino may be condensed in two syngregshs (see
Fig. 4), which are thus commented by Quirino, with a certain degree of satisfaction:

«The experimental curves diverge considerably from the thedrdimenal ones. For
small thicknesses and for each frequency they lie intermediatedrethe experimental ones of
the two lamps. For large thicknesses they lie decidedly above, deviating bylaasralmout 5°.

These results confirm the influence of the nature of the radiatidinecsize of the effect.
Further considerations will be made after an illustration has ¢igen of the theoretical study
of the pure thermal hypothesis, which here as well does not appeaiestiffo explain all of
the modes of the facts observéd.»

The fundamental point of all this work is thus to assess whethefféwts identified, or
believed to have been identified, are, or are not, of a typicallynteorigin. At this point

Ibidem, 577
®  Ibidem, 581
0 |bidem, 583
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Quirino develops a detailed mathematical argumentation with thefidentifying the exact
order of magnitude of the thermal effect in his experiments andtefndi@ing, accordingly,
whether the origin of the recognised effects is other than thermal.

3. The theory of the phenomena studied

Here’s how Quirino Majorana presents the mathematical calootathat will enable him
to determine the entity of the effect due to thermal variations in the metal fil

Quirino intends to study «metallic photoresistancee, the increase in electrical
resistance that a metal film undergoes when exposed to lightn@QWikajorana realises that,
using the devices described earlier, such an effect will be eamity observable if the light is
periodically interrupted.

His research has led him to the conclusion that: «the thermah aaft light does not
suffice on its own to explain all of the characteristics of fifiecein question. It may thus be
interesting to establish, based on the classic theory of heat ptiopadle size of the effect
predictable by such means, in order to see, afterwards, whether ansubtlova prediction
deviates from the actually observed facts. | shall thus proceed to an ilarstraieof.5

3.1 Theoretical development

A very reasonable hypothesis is advanced concerning the intenwathatiracteristics of
the phenomenon studied.

«Let us now suppose, first of all, that light rays of any wavéhefal on the film in a
continuous manner. They will be partially absorbed. Let us say thatithiseur to the degree
of W calories per ciof film per second. If, by contrast, said rays are deliveredgieslly, by
means of a disc with radial indentations, we can admit that the interruption euil @ocording
to a sinusoidal law and with an angular frequenc¥his result may be achieved with sufficient
approximation by suitably configuring the indentations in the disc and tfibepof the metal
film.

With said contrivance, the energywhich is transferred to the film in each unit of time
will become variable rather than constant and can be indicated with the expression:

w
W= 5 (1 + cos wi)

Under the action of this thermal energy, the temperature oflth@fogressively rises, in
relation to the ambient temperature, until reaching a steady atat consequence of external
heat dissipation. It may thus be said that the energy absorbed filyntive the unit of time is
expressed by:

(1) q = A cos wi

where A = W/2. This relationship establishes the pulsation of thermal energgsatkby
the film. Therefore, such energy increases during oneplealbd and decreases during the

1 |bidem, 584



E. Majorana as a guide Giorgio Dragoni

other; this is so since the absorption and of said energy and ifsatli®s to the outside occur
continuously in a periodic mode and with opposing phases.

In such conditions, the film temperature pulses with an amplitydardund a certain
temperature, somewhat higher than the external ambient temperature. The phageeobtihic
phenomenon is delayed, in relation to that of the light pulsation, by an@mgiethe purposes
of this discussion, it is of interest to determine onjyaild ¢.

Now let p be the density, C the specific heat of the metal and J, e, the analogous
magnitudes for the glass. Let us €y cpe, the thermal capacity of the film per cm® E = €3,
the thermal capacity of the glass pefciret k, moreover, be the thermal conductivity of the
glass.

The variable part of the film temperature may be indicated as

(2) T — M cos wt + N sen
M, N being unknown constants.
The anterior surface of the glass, which is in more or lesgqiezbntact with the film,

likewise has a variable temperaturg;, Which will be quite different due to the poor thermal
conductivity of the adhesive and the considerable propagation of heat in glass. We can say

(3) T, = P cos wi + ) sen mi

P, Q being two other unknown constants. Generally speaking:
N4
uFp

Since the phases of the thermal pulsations of the metal and ofathe surface are
different, the phase lag ¢ we are looking for corresponds to:

(4) tang © —

the maximum amplitude of the thermal pulsation of the film is given by

(9) T.,=VM*+ N?

It is now a question of finding four equations enabling us to determiri¢, M, Q. Let it
be observed, first of all, that part of the heat absorbed by theidilased to increase the
temperature thereof and part is transferred toward the air and the glasewi thiat:

fﬁ) Acoswt=C {517{‘ 4+ AT -+ 7‘.(T — TO'_)

From this, given (2) and (3), and equating the coefficientsoofot and sin wt, it is
possible to deduce two of the four equations being sought

(I) A=CoN + (h + 9)M — 7P,
(II) 0=— CoM + (h+ )N — Q.
To obtain the other two, we must examine the way in which heat isgatgghinside the

glass. The latter's surface temperatlisgé being known, the temperature at a depth x may be
obtained by means of a wédhown procedure and is expressed by:



E. Majorana as a guide Giorgio Dragoni

—
-3

T, =e—2"[(P cos ax — () sen ax) cos wf +

+ (@ cos oz -+ P sen ax) sen wt],
where:

ikl "'/Bfl_l
= ]_/ 72? .

The quantity of heat transmitted by the film to the glass seirfacst now be equated with
that which penetrates from this surface toward the inside. It follows that:

o1
WL — Ty) = — ;f,f(f‘ )
o) 0T [ap—0)
By replacing the values with those expressed in (2), (3) and (7),iregj@at usual the
coefficients ofcos ot and sin ot and assuming:

P I; é‘k Ld
{ -_{
we obtain the other two equations sought:
(I11) (M — P)=p(P + @),
(IV) nN — Q) =q(@ — P).

The four equations (1), (I), (1), (IV) must enable us to detaa¥, N, P, Q. Then to
obtainT and ¢, it will suffice to use (5) and (4).

The written equations are thus satisfied by the following expressions:
A Sy o
® T.= VAL =S
]/[C‘-" i ;}3+'~F,)“—:p"-’] s [_h TP p+
s
2pn + 1t
(p+ 1)} +Dp°

h-+p

Cew—+p p+nf + pt
h ) — 2p7]+'g2_
daag (p—+ 1+ p? 12

(9) tang 9 =

3.2 Experimental and theoretical comparison

Thus concludes the main part of the mathematical discussion. Someisatiplit will be
illustrated below.

In his 1938 article for “Nuovo Cimento” Majorana continues:

«To clarify the meaning of the previous formulas, one may cons&ugraphic
representation, varying some of the parameters contained ther&nmdre interesting and
simpler to do this for (9); this formula gives the valueppfvhich, as may be seen therefrom,

2 |bidem, 584687
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and as is largely confirmed by experience, is independent of the guartigatA absorbed by
the film, and thus also of the intensity of the rays that fall upon it.

| refer to the experimental case described previously: golds fiimed on glass. The
following values may be chosen for the various parameters indicated earlier: p =19.2; 6 =2.51;
¢ = 0.030;e = 0.21;k = 0.0017;h = 0.00018. Among these, the latter two (internal heat
conductivity of the glass, and external heat conductivity of the guohdersed in air) posed a
greater degree of uncertainty. Therefore, using the direct metteterminedk for the special
glass used, being very small, has little importance and | drew its valu® current manuals.
Two frequencies of light ray interruption were chosen: 600 and 1200; fisrwé may derive
the two values of . In (9), ¢ and 1 thus remain variable. Experimentally, as was said, no
prediction can be made as to the value of . I assume here that it may vary between the extended
limits: 50 and 0.00%. calorie per crhof film, per second, and per degree of thermal difference
between metal and the anterior surface of the glaisas the graphs of figure 5 are constructed,
point by point, for the aforesaid frequencies and for two differentribggdes of gold film: 0.08
and 0.7 microns. In calculating the points of these curves, we ignoreglthe of h. This is
perfectly legitimate within the limits of graphic approximation.

~ _h.rh_“h
O Pt I
N N |
al \' e |
70—
| s \g.
60—t
NN
] \ .‘1
50° i —\ﬁl !
i = . %
3ot '
|
o
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o
¥
?::mr:n& aor Qo2 005 o a2 Qﬁ- 1

510070 50
calfem’ sec-grad

Fig. 5

The curves are baseth the values of n expressed on a logarithmic scale, to better
highlight what occurs for small values; and on the arc degreessented on a linear scale,
from 0° to 90°. They show a minimum, which, for 0.08u films, is around 10°. They are
asymptotic, due to the logarithmic representation, to a curve glatallthe abscissas-(
coordinatespf ordinate 90°, for n| tending to zero (or infinite insulation). On the side of large
values of 1 they are still asymptotic (and they would always be so even for a linear

10
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representation of 1) to an ordinate proximate to 45°, but slightly higher than that value, for n
tending to infinity (perfect conductivity, as for cathodic films).

Assuming permanently 1 = oo, the formulas (8) and (9) are simplified, so much so that the
value ofh becomes completely negligible. In such a case, the thermal puoksati the film are
channelled almost exclusively into the glass. Said formulas become:

10 i - e

(10) S/ e i
Cw

(1) tang p =1+ —

P’

Two curves corresponding to the theoretical computation of ¢, made using the formula
(11), have already been plotted in figure 4 of the paragraph above, arubtomred with the
experimental results'$
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Fig. 6— Ettore Majorana’s letter addressed to Quirino (Mdy1935). Please, note the equivalence
between this writing and the one above printed.

It may perhaps surprise some that in this brief presentation sugle space has been
dedicated to this theory. The reason lies in the fact that theythes may be inferred from the
correspondence we are referring to — was written in full by Ettorerstag. In consideration of
the exiguous quantity of published writings by Ettore, it is hardBldwant to point out this
aspect. Both for general reasons — his profound interest in physhes yedrs documented by
the letters and because of the light it sheds on Ettore’s character.

B |bidem, 587589
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4, The role of Ettore

Besides what was already known, namely that Ettore helped his tancenfirm or
formulate some calculations, in actual fact the correspondencedrethetwo demonstrates a
much more profound and complex form of collaboration. The young Ettore’sisedevis his
well-known uncle Quirino is in fact surprising, given the considerableddfgence; that is,
Ettore acted as a guide, a referee, a scientific judtigeit an affectionate, attentive onef his
uncle’s work. This initial impression becomes increasingly definite andserecth the passing
of time and thus the pages of the letters exchanged between theciembists and their
respective roles are better defined and clarified. At thé Btiore acted almost exclusively as a
go-between between Quirino Majorana and Enrico Fermi. Quirino appearedttirtof be
anxious to know what opinion the young, brilliant Fermi held about his @se&ear uncle,
only tonight | have been able to see Fermi, who had been off for sysigtdauirino April
17, 1931). And again, more than a year after: “If you wold like to mawee authoritative
comments (on the subject), | will ask Fermi, whom | hope to seewsskend.” (to Quirino
July 12, 1932). And the week after: “Beside the thermal hypothesisi Baggests two more
ones, whose worth can be judged only by the experimentalist...” (to Quirpd 3, 1932).
Then the role of Ettore becomes defined as that of a theoreticsicishywho develops
calculations and works out formulas for his uncle: “However, theitudpl and phase can be
obtained almost simultaneously with both methods, and | would have used thécaldton if
| had saved it{to Quirino September 7, 1936).

4.1 Experimantal suggestions

Scholars who have already had an opportunity to see these lettgrsftem consider
Ettore’s role to have been limited to this behaviour, alreads@lf iimportant and significant.
That is, he is seen basically as a simple and occasional sgueparhaps in part disinterested,
of his uncle’s experimental research. A more complete analysieaforrespondence instead
reveals an active, interested, increasingly involved partioipadf Ettore in his uncle’s
research. “You don't describe me the device that you have used...'U{tm@February 20,
1935). Or, like when, as an example, he suggests new types of obtamessares through
variation of the luminous intensity or the frequency of the employggd: [fintensity measures
could facilitate the interpretation. Perhaps the easier mean isyttheafrequency.” (to Quirino
May 4, 1935). Or when he raises doubts: “The fact you referred topdhaof the energy is
absorbed directly by the glass rather than by the films, certailso warrants careful
examination, but | lack too many data to be able to express an opiront@sonsequences”
(to Quirino May 9, 1935). And furthermore: “As regards the experiments emizmily
interrupted, my impression continues to be that discussing the onlysratnglady obtained
cannot lead to any conclusion.” and: “It is not indispensable that hypiBascribe me credit
for an elementary calculation that you can do and redo or have chsckdtbever you judge

¥ The reference is probably related to “La RieeScientifica”, National Research Coungizione della luce

su sottili lamine metallichel (1935)
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best if you do not wish to take responsibility for it.” (to Quirino Asgll, 1935). Or: “The
curves you sent me do not actually correspond to the formula. lintertall not be difficult

for you to discover the source of the error’(to Quirino January 23, 193%)etCGrgain: “The
possibility of an immediate comparison of the two curves being thed out, it does not seem
that any definitive conclusions can yet be drato”Quirino September 17, 1936). In reality,
Ettore’s role in the research increases systematically towe, as when he presses his uncle
with new requests, asking about further and more specific experimesulis. “But as it is now
too late to take advantage, | must confine myself, given the eaitypbf the facts observed, to
venturing some rather vague suppositions and above all.... to asking you some more questions.”
(to Quirino July 25, 1935), or: “Naturally, in order to definitively ov@ne such objections it
would suffice to demonstrate the stability of the results obtairidd the varying of certain
experimental conditions” (to Quirino August 29, 1936). And, addressing the biednte
problem: “The main question is whether the technique of the experinfitentihee considerable
and effective improvements you have made since the first @ifeimas already reached the
necessary perfection, such as to achieve the rigorous isolatiansg#scwhich is its intent. But
perhaps there is no call to think so far in advance about everybingill want to do upon
your return to Bologna” (to Quirino August 2, 1935).

4.2 Methodological indications

Another general function systematically performed by Ettore througheit exchange,
besides the one illustrated above, was to exert a cautious, rabpetifism of his uncle’s
enthusiasms. Like when he expressly invites him to suspend judgriteatpbssible that the
observed phase lags indicate the existence of a new phenomenon, but pevbajgsnot be
superfluous to exercise some caution in ruling out its being a simple thedfetd;” (to Quirino
May 4, 1935) or when he encourages him, implying that his uncle has adaitestialogical
caution by his own initiative: “There is not much to say concermieg interpretation, since
you deliberately refrain from advancing hypotheses” (to Quirino Aut®s1936)Or when he
pays deference to the typical role, experimental, of his unclegands “| have nothing else to
add as a “theoretician”, other than the hope that where theorykisdabelp may come from
experience” (to Quirino February 20, 193B). else, as he seeks to placate and mitigate the
annoyance expressed in the reply of his uncle, who felt he was not lmdiaged in his
experimental convictions, with a display of diplomacy and of methodologgtateness that
still has resonance today: “I do not well understand why, however, theireg two
inverisimilitudes in conflict, one should definitively side with onetlidm when it is not only
easy, but extremely easy, to solve the dilemma with furthearels. | do not think you will
wish simply to reply to me that a definitely ascertained ¢artnot be denied by theories and
above all by theoretical assumptions. It is not, in reality, aemaif immediate, tangible
evidence but rather of facts recognised with the aid of hypothesesusiones to be sure, on
the experimental conditions, but to which we may not, without making aassxely
subjective judgment, attribute greater verisimilitude than td skhieoretical assumptions. For
these reasons it appears to be good method to examine other possibhiid in other
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circumstances would be rightfully ignored becaasggriori improbable. | thus do not find the
accusation of a lack of serenity to be justified; on the confrémgve made a point of not
attributing excessive, and certainly not decisive, importance tmbfections | have been
obliged to raise. Naturally, if you allude to this speaking abouptthetical purposes of life, no
one can expect you to continue experiments that may constantly poseoidsmgrand if you
choose to leave this task to others | shall certainly not be the onédiserBut it was my duty
to point out to you precisely what, in my modest opinion, are the open proatehes present
time. | would be truly grieved if there remained even the gigfhdhadow of misunderstanding.
Affectionately yours, Ettore” (to Quirino September 5, 1935). Or where&ssures him about
the importance of his lengthy and arduous research: “Thank you foretiee tegarding
engineer Baldini, which we immediately delivered to the person coedeand for the news
you give me about the new phenomena you have observed in the course efpgriments.
Whatever may be their explanation, given their impressivenesg, atee likely to be of
considerable applicative interest.” (to Quirino March 9, 1935). Or a&tskde mentions the
possibility of conducting further, decisive verifications: “Natlyalurther tests (with an
approximate value of ‘experimentum crucis’) are always possilsligall mention two: ...” (to
Quirino May 16, 1935). In the abowpioted passage Ettore Majorana demonstrates a
methodological foresight that frankly surprises us. He knows weaty, after all, that no
experimentum crucigxists (indeed he says: “with an approximate value of ‘experimentum
crucis’...”) but he leaves his uncle room for hope, emphasising hisfispeminpetences and
role as an experimenter, fundamental in the eternal comparison behgeey and experiment:
“Therefore, the theoretical assumption against the result you othtaiag fall in the face of
experiments that give quantitatively definite and reproducibletee’s(tio Quirino February 20,
1935). To summarize, Ettore takes upon himself the task to singtaases that may perturb
the phenomenon, secondary effects, sources of error, the main physicatiesuand the
parameters involved, determination of their respective ordersaghitnde, narrowing the
research field to better isolate the phenomenon at hand ... But heugtgests techniques
capable of minimizing certain effects and maximizing others, deroto depurate the main
phenomenon of all possible perturbing causes. A further task that Etkeie upon himself is
that of checking — logically and methodologically — the explicitifgplicit) hypotheses made
by his uncle while comparing the general physical principles ighniethod employed in
collecting and representing graphically his data. To achieveatmisEttore availed certainly
himself of knowledges and competences he had acquired by following undergradusgés in
engineering to near fulfillment of a bachelor degree before graduet physics (Ettore’s
nephew Fabio Majorana and | do quite agree on this point).

5. Concluding remarks

In the case we have analysed — unlike those concerning otherambagher papers
published by Ettore Majorana and investigated by other colleaguessarctiaision where we
have reflected upon this extraordinary figure from various perspsct Ettore stands out not
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so much for the extraordinary quality of his calculations or the invemdss and brilliance of
his predictions and theoretical formulations, but rather for the noteyvartd truly surprising
ability he showed in the supervision and methodological verificatiothefexperimental
procedures carried out by his uncle. Indubitably, since those yearedtug sonnected to
photoelectric phenomena has been extended, broadened and developed considerably
However, rather than dwelling upon this point, we wish to draw read#esition to the
importance of the aspects of general historiographic interegingeto Ettore’s behaviour as a
human being, to the small historiographic discoveries that have bese, nand to
considerations of method that may be documented through this correspondence.

51 Human aspects

With regard to the first aspect, as we read through the lettersvitness Ettore’s
progressive withdrawal into himself. At the time he began cooreding with his uncle and in
the first letters dated 19333 he repeatedly mentions Fermi’'s name, almost as if to provide an
absolute guarantee of scientificity and, at the same time, es#lgif to underscore their
friendship, familiar acquaintance and the esteem he enjoyed “...| thameeet him next
weekend...” (to Quirino July 12, 1932). After these initial mentions, Femame disappears
for good from his dialogue with his uncle. From the end of 1933, Ettore pi®tedsolate
himself from the Group of Via Panisperna; he almost never go#setinstitute any more
“...send the letters to me at home...” (to Quirino September 6, 19838Wwitness a progressive
estrangement of Ettore from his friends. As we read furthertir@ccorrespondence we may
perceive another worrying sign — knowing how things later went ereetiefuses to accept
credit for a calculation his uncle would like to attribute to Hiims not indispensable that on
p.8 you ascribe me credit for an elementary calculation that youlcaand redo or have
checked by whoever you judge best if you do not wish to take respdgdinilit.” (to Quirino
August 11, 1935)Still later Ettore refuses to take credit, unless aautbor — something that
would have been only right given his contribution to those studies — féormelation of the
thermal theory of the phenomenon investigated. “There’s no reasoretoitgitrons”(to Quirino
August 23, 1936). His uncle is worried, but not as much as the situatiopgevaeanted. He
thinks such behaviour is due to reasons of modesty on Ettore’s pédng siniplicity of the
calculations performed by his nephew, to whom he attributes extraordibiities: “| wanted
to ask you something else. In the course of this work of mine, h aftered to you for
collaboration. Already last year, you did not want me to cite yourenarthis connection. On
the other hand, | think that in a complete account of the observeditfagtauld not be
inappropriate to mention some of the developments that you favoured Witheregards to
this point, | ask you: Do you think this would be considered inappropriatieebreaders? Do
you insist in denying me the pleasure to mention your name? And, iteesdo you do it for
modesty or because these matters are too simple for you? Bug case, do you believe that
your uncle could wrap himself in your doctrine without doing somethengath his dignity
(subsequently corrected imeproachablg’” (to Ettore August 22, 1936). He fails to realise,
maybe because he loves his nephew too much, that Ettore is in thie ofidsfurther
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involutional process, becoming estranged even from the persons ¢tos@st and society in
general. An estrangement which, as we know, will lead to his decision to disappear.

5.2 Historiografical results

As regards the second aspect, we may note that through this corregmoBttere leaves
us, as in all the other fields he concerned himself with, preciossralugifts that we may
include among the results of our research. We were able to idantigntire chapter within
Quirino’s article of 1938 which was in reality completely writi@nd formulated by Ettore: the
thermal theory of the phenomena investigated by Quirino. Another samiffinding of our
research — one we have yet not talked about — relates to thdicdénti of an entire lecture
traditionally attributed to Quirino, and objectively bearing his signatureybigh in actual fact
was completely written by Ettore: Quirino’s conference on Luigi Galgawven on the occasion
of the second centenary (1937) of the birth of Galvani. As it iffieestoy the following
quotation: “Dalla NocE had informed me about the congress on Galvani. | would like to
participate, but shall very likely be obliged to renounce to avawueh too long trip from
Sicily. | have improvised an opening speech according to what seemeddadom the lines you
had in mind. You will probably think that | kept too much to generalities, ldiditt look easy
to me to tell much more without exceeding the limits you had indicéteany case, if you
don't like it, send it back to me with your comments. | shall bRome within a week, and a
few days later, | guess, in Sicily. The opening and closing partsjords suitable to the
occasion, are not an example of eloquence, but | added them for the podsibiéth the rest.
(to Quirino September 1, 1937). Evidently Quirino, that had been submittedstogeal
operation a little time before, had asked for the aid of the nephew.

5 Giulio Cesare Dalla Noce, at that time leetdor theoretical physics and secretary of then@ittee for

the Galvanian celebrations
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Fig. 7— Scientists and Nobel Prize Winners participatm¢ghe galvanian celebrations in Bologna (1937).
From the left: A. Turpain, A. Cotton, C.V. Ramanof¢l Prize), W. Heisenberg (Nobel Prize), Niels
Bohr (Nobel Prize), O.W. Richardson (Nobel Prize)Schrodinger (Nobel Prize), Q. Majorana.

Attending the conferences other Nobel Prizes wessant: L. de Broglie, E. D. Adrian, K.M.G.
Siegbahn, P.J.W. Debye, F.W. Aston and W.R. HemsieSther participants obtained the Nobel Awards
in the following decades. Full of meaning the alosesf A. Einstein, perhaps due to political reasons
(Courtesy by “Sapere”, October 31, 1937, p. 266)

A conference of extraordinary importance because it was held b&fly'e monarchs in
1937 and above all because it was attended by the leading experieataheoretical
physicists of that time. It was a text abounding in notes of @wsttrical and epistemological
value.
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Fig. 8— Quirino Majorana’s replicas of Galvani's histotiexperiments on frogs with mono and bi
metallic arcs in the anatomical Theater of Arahigisio Palace in Bologna, where Galvani lectured.
Please note Niels Bohr’s interested and astonigRpression, in front of the didactxperimental ability
shown by Q. Majorana. (Courtesy by “Sapere”, Octdie 1937, p. 265)

Ettore Majorana will comment therefore the event: “| haveiwat also ‘Saper®. A lot
admired, and from many, your speech.” (to Quirino November 16, 1937). Amongodte m
relevant aspects in this regard is the extraordinary setsisitown by Ettore Majorana (and
which may have stemmed from his reading of Galvani’'s work) rtdvlae role exercised in
science by th@rinciple of Wishful Thinkingwhen thought is influenced by desire and hence
inevitably lacks objectiveness and individual judgment becomesdsedptive). Galvani
himself had been perfectly cognizant of this: “it is easy to bked in making experiments and
to believe to have seen and to have found what we wish to see amdl’td But, alas, despite
his wariness, he was unable to avoid its inexorable effects anobheatv what wished to see
and discover. In this case as well, Ettore aligned himself with the besifacieaditions of the
past. Both Galileo and Newton had been perfectly aware of the iapeent in our very
process of thinking and which lead us, almost inevitably, “to see ihainted to be seen and
to be found”. It is an epistemological principle of tantamount importasicieh Ettore shows to
be well aware of, practically elevating it to the role af@dern “Occam’s Razor”. Almost such
as to be applicable to scientists in general and their culiemaltwity, based on their effective
comprehension and adhesion to this subtle principle, and hence on the basisafareness
with respect to the validity and applicability of this principlail&ire to recognise this principle
strongly limits, though it does not exclude, the possibility of inteiqyeatality in an adequate
fashion. Naturally, even being aware of it is no guarantee, it gloiemake one immune to

16 “sapere” (October 31, 1937)
7 L. GalvaniOpere Scelteed. G. Barbensi, UTET Torino 1967, 262
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falling prey to wishful thinking. Just as the cases of Arisi@halileo, Galvani, Righi and many
others teach us.

5.3 A conclusive remark

We would like to conclude our considerations with two quotations we judge to beste
adequate and pertinent with respect to the figure of Ettore Majanath@ history of science
and his disappearance. They are both from Enrico Fermi, the grpateshage with whom
Ettore consciously exchanged views, deciding, perhaps, to follow othertpaththose of his
friend and mentor.

The first quotation is due to Giuseppe Cocconi, at the time a youstaassf Fermi, who
remembers the opinion of his master about Ettore Majorana: ~ Begausknow, in the world
there are several categories of scientists; people of seadnthied rank, who make their best
but do not go very far ahead. There are also people of first rankeablb discoveries of great
level, of fundamental importance for the development of the sciancehere | have clear the
impression that in this category he wanted to include himself)th@uatthere are the geniuses,
like Galileo and Newton. Well, Ettore was one of those. Majoranawlnead no other in the
world owns; unfortunately he lacked the thing that is instead ed#ydtin the other men, the
simple good sensé?®,

The second is due to Antonio Carrelli, the director of Naples Irsstitiit Physics
wherewith Ettore collaborated at that time, who, speaking wittmiFeome months after
Ettore’s disappearance, asked the following question: “Yes, he’'d lok lbleaow it is passed
some time has already gone since we last heard about him...Howstméeidy of Majorana
not found?”. Fermi answered Carrelli this way: “But you think that Magar with his genius, if
he had the problem to disappear and to make his corpse to disappear, wbaldentoéen able
to resolve it?*

They seem so remote from each other in both meaning and motivatiealityg, in our
opinion, these quotes both express the same admiring wonder of anothegrefatiest Italian
physicists of that time: Enrico Fermi.
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