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Raymond David Mindlin
A biographical sketch

Raymond David Mindlin was bom on September 17, 1906 in New Y ork City, the second
of three sonsof Henry, a progperousbusnessman, and Beatrice (nee Levy) There are clear
indicationstha the family, which subsequently came also to indudea hdf-sister, was suppotive
and closely knit, and tha Ray, as he came to be known to hisfriendsand colleagues, enjoyed a
tranquil childhood

For his seconday education theyoungman was sent to thehighly regarded Ethical
Culture School, of which hehad fondrecollectionsin later years. Upongradudingin 1924he
enrolled at Columbia, beginning an assodation with the University that was to last for more than
hdf a century. Four years later (during which time hedistinguished himself as a sprinter onthe
varsity track team) hereceived thefirst of hisfourearned degrees, aB.A. followed by aB.S. in
1931,andin 1932by a C.E. and thelllig medd for (proficiency in scholarship.O

Theeconomc depression then gripping theland was a maor reason why heremained for
graduae work, fundel by the modest stipend tha accompanied the research assistantship to
which hewas appointed. Loveés Treatise on the Mathematical Theory on Eladicity, thefourth
and last edition ofwhich had appeared notlongbefore, came to his hand, and from then on the
direction of his professiond work was firmly set.

Applied mechanics was not strongly represented on Columbia's faculty; in fact there was
little subgantive research in it in the United States, and essentially no graduae ingruction, urtil
the advent on the scene of Stephen Timoshenko, exiled by the Bolshevik revolutionin Russia
Some time after his appointment as professor at the University of Michigan in 1927 he
organized a series of summer courses, in which each year oneor another of theforemod names
in thisfield, induding L. Prandtl, R. V. Southwell, and H. M. Westergaard, participaed.
Mindlin attended in 1933 '34, and '35, and there is no doubttha theexperience at Ann Arbor
served to confirm him in his choice of hislife'swork.

Hisinitial publication[l]" dates from the middle of this period, a solo, full-length pgper
describing anew type of polariscopefor phobdastic andysis. April of 1935saw the appearance
of alengthy discussion, written with Westergaard, of a pgper ontorsion of structural beams.

During theyear, Mindlin spent all available time in his basement office strugging to
master Loves grand opus a massive, difficult, demanding book,fromtimeto time having to
contend with complaints, from a faculty lacking in theoretical trainingand outiook, that the
youngman was wasting time. It was James Kip Finch, his Department charman (andin later
years anoted historian of engineering as well as Dean of the Engineering School), who served
both as his protector and source of encouragement by issuing an edict to his colleagues, Q_eave
him along maybe something will come of it.OMindlin, in his turn, never forgot Finch'skindness
and suppot, andit was at his persistent urging tha the University, 35 yearslater, created the
Finch char (with Mindlinitsfirst occupant).

For hisdodoral research Mindlin set himself afundamental problem in theoretical
elasticity: determining the stressesin an elastic hdf-space subjected to a sub-surface point load.
Working withoutany guidance at Columbia, he succeeded in finding the solution by employing
themethod of nudei of strain. Theresults, nowadays referred to as Mindlin's problem,O
represent a generalization of thetwo classical 19th century solutionsrespectively assodated with
thenames of Kelvin and Boussinesq, and have become the basis for andytical formulations
widdy employed in geotechnical engineering. At Timoshenko'surging,in order to establish the
author's priority of discovery, asummary of theresults was dispatched to the Conptes Rendusof

" Numbers in brackets refer to corresponding entries in the list of publications.



the Academie des Saencesin Paris, noted for amost indantaneouspublication, where it
appeared [3] in September of 1935 Thefull pagpe [4] was published in Physics (now the Journal
of Applied Physics) in 1936 theyear Mindlin received the Ph.D. degree. It was also theyear in
which he published his oneand only paper to appear in aperiodical devoted to pure
mathematics, in essence a completeness proof of the Papkovich representationin classical
elasticity [5]. It isinteresting to note tha nearly twenty years later hereturned to the problem
bearing his name and offered a solution by means of a systematic procedure groundel in
potential theory [42].

Academic advancement, it appears, proceeded at arather leisurely tempoin those days.
Mindlin remained an assistant for another two years, at which point hewas elevated to ingructor
in civil engineering, and only in 1940did hereceive promotion to assistant professor. His
research in the six years following receipt of the doctorate was a mix of andytical and
experimental endeavors, with emphasis on the phaodastic method of stress andysis. It induded
awork onthree-dimensond phob easticity [17], published jointly with D. C. Drucker, hisfirst
dodoral student, in which themethod of obliqueincidence was first suggested. An important
part of current laboratory techniqueis based on this and a companion and two subsequent pape's
[18], [26], [27].

In 1942Mindlin was co-opted by the Applied Physics Laboratory in Silver Spring (a
Maryland subuib of the naion'scapital), an inditution engaged in naval ordnance work. There he
played a significant role in the development of the proximity fuse, oneof the major achievements
in thescientific war effort. For hispart in its success hewas presented, shortly after the end of
thewar, with thePresidential Medd for Merit, thehighest decoration awarded to civilians

Theswiftness of his climb up theacademic ladde now made up for theearlier glacial
pace: he came back to Columbiain 1945as an assod ate professor, and two years later attained
therank of professor.

Theyear of hisreturn to academia aso marked the publication, in the Bell System
Technical Journal, of a small monogaph onthe dynamics of package cushioning [21], which
quickly became avade me cumfor designea's of containers for protection of electronic equipment
from mechanical shodk and vibration. It was thefirst of several papers stimulated by his eight
year assodation as conaultant to the Bell Telephore Laboratories.

A mog important pgoer arising from his symbioss with the Bell Laboratories stemmed
from aperennial effort toward rationd design of the carbonmicrophone Published in 1949, it
gave new direction to research onfrictiond phenomenaat surfacesin contact [28]. Thework, its
basic consequencesfirst tested and verified experimentally [38] and then generalized [41], led to
an undestanding of the process of wear dueto local diding and gave amighty impetusto world-
wideresearches, andytical and experimental, in the indugrially vital areas of didingandrolling
contacts, bdl bearings railway wheels, and the mechanics of granular media[ 56].

Shortly thereafter Mindlin began his trail-blazing studies, which hewas to continue
intermittently for more than two decades, on waves and vibrationsin isotropic elastic plates [34]
and, concommitantly, on high-frequency vibrations of crystal plates [35], soonextending his
studies to accountfor the piezodectric effect [39]. The method he had employed of redudngthe
exact, three-dimensond equaionsto describethedynamics of plates, by expanding in series of
thethickness coordinae (or in terms of selected functionsthereof) and truncating the series, he
also applied, suitably altered, to dynamical problems of bars[37], [60], [62], stimulating, asin
the case of plates, an ever growing literature of the subject.

Thework onisotropic bars and plates led to resultsin use world-widein development
and design of electromechanical filters and solid delay lines. But it was his studies on crystal
plates that caused the greatest tir, for they were pioneering papersin avexingly difficult
mathematical field. In them, heeluddaed avery complicated phenomenon of great technical



importance and thereby pointed theway to major improvementsin the design and performance
of quatz crystals for filter circuits. TheU.S. Army Signd Corps long-time sponsr of the
research on crystal plate vibrations persuaded him to prepare amonogaph onthe subject by
granting him a sole-supplier contract for the purpose. In 1955thetask was completed to the
acclaim of the spon®r-it wasin theform of a ca. 170-page-longreport entitled OAn Introdudion
to the Mathematical Theory of Vibrationsof Elastic Plates.OY et even asits author was
composng thetext, better ways of doing the old were occurring to him and new ideas for wha
should, and could, be donewere springing to his mind. Indeed, despite much subsequent work in
other areas of mechanics, he kept returning to this subject to the very end of hislife. The
monogiaph seemed to haunt him, for heintermittently worked on arevison-more accurately, a
complete reworking-of it. A few monthsbefore his death he spokeof plansto add yet another
major pat to wha hehad aready written before he would consder thejob dong ever therealist,
he added, But don'thold your breath!O

It isstrikingly clear in retrogoect tha the peiod of thelate '40sand early '50swas a
paticularly fruitful onefor him. In addition to the basic pgpers on elastic contact and on high+
frequency vibrationsof plates and ba's, a pioneering article ontheinterpretation of optical
birefringence in viscodastic materials[27] and a semind pgper ontheinteraction of an elastic
shdl with asurroundngfluid [40], the second of these written in collaboration with his
colleagueH. H. Bleich, daeto tha time. Of evident importance to the Navy, thelatter work
triggeed agreat deal of subsequent research on the respon of submerine hulls to shok
loading. Also sandwiched into tha periodisthelengthy article on andogies[31], with another of
his colleagues, M. G. Salvadori, as co-author, which appeared as a chgpter in the Handbookof
Experimental Stess Analysis.

Beginningin 1962,in respon% to wha purported to be, butwere seen by Mindlin as
erroneoudy based, expandel theories of anisotropic materials, hewas led to condrud, first, a
theory tha took accountof couple-stresses [74], characteristically applying it immediately
thereafter to atwo-dimensond case tha seemed simple enoughto be susceptible of
expeimental validaion[75]. Two years later, in apgper on micro-structure [ 78], hetreated a
continuumendowed at each point with an internd displacement field, and showed tha the lowest
orde of thisformulation results in atheory tha indudes the optical lattice modes at thelong
wavelength limit. In apgpe publshed thefollowing year [83], heformulated alinear theory of
equilibrium of an elastic solid in which the stored energy dependson the strain and itsfirst and
secondgradients. This proved to bethefirst continuum description capable of ac- couningfor
surface tenson, withoutresorting to the artificial congruct of avanishingly thin surface
membrane Thepgpeas contributed to thestart of lively activity in thisfield of generalized elastic
continuag and stimulated applicationsto areas as diverse as the mechanics of laminaed and of
fiberreinforced materials, and of framed structures.

In 1967hewas appointed James Kip Finch Professor of Applied Science, thefirst holder
of achar named in honorof the patron and protector of his days as a graduaed student. He was
to hold this pog until hisretirementin 1975

A series of papersinitiated with [88] introduced the contribution of the polarization
gradient (in addition to the strain and the polarization itself) to the stored energy of a solid.
Mindlin was able to show tha this augmented formulation of the elastic dielectric continuum
accomodaes the surface energy of deformation and polarization, predicts the experimentally
observed anomalouscapacitance of thin dielectric films[95], and accounts for acous tica and,
when the magnéic field isinduded, optical activity [99].

* Shortly after making this observation, aware of the gravity of what proved to be his last illness,he entrusted the manuscript for
completion (and, it is fervently hoped, timely publication) to P. C. Y. Lee, one of hislast doctora students.



More or less conaurrently came oneother group of highly innovdive researches, in which
his aim was to bridgethe ggp between coninuumand lattice theories. Thus hewas able to show
[91] tha amodd ofa continuum formed by two or more interpenerating media, in which the
stored energy dependsnot only on thestrainsof the individud congituents butalso onther
relative displacements, and smulating a (non-Bravais) lattice with abasis, containsoptica as
well as acoudical branchesin thevibrationd spectrum. In [95], a pgper mentionad above he
demondrated that his augmented theory of the elastic dielectric coninuumyieldsthe correct
long-wave limit of amonaomic lattice theory with ashdl modd, andin[101], by endowing the
modd of [91] with individud polarizations tha the resulting coninuumcan yield thelong-wave
limit of adiatomic lattice with shdl modd.

The steady stream of his research was interrupted early in 1969by illness, and hewas
obliged to submit to cardiac surgery. (This was before the coronay bypass opeaation became
pat of clinical procedure.) As he madeamply clear at thetime, heresented thelengthy
convdescence because it was inhibiting his work. But by the end of tha year hewas back at his
desk, and aglance at hislist of publicationsafter tha date shows that hewas able to resume his
enviable scientific produdivity.

Hislast hurrah, jug ayear before his death, camein theform of two pgpers, onedealing
with free vibrationsof arectangular parallelepiped [128] and the other, with vibrationsof a
rectangular plate with all four edges free [129, classic problems agang which he had butted his
head, in vain, decades earlier. At longlast he managed to condruct solutions appaently by
ingpired guess-work, reminiscent of thetour deforce of his dodoral dissertation 50 years earlier.
He was manifestly elated, particularly by what tumed outto be his find publication,
characterizing the accomplishment in thefollowing words Ot's a pity there aren't many around
anymore, who would appreciate wha an extraordinary feat tha solutionis.OHis |etter,
accompanying a phobcopy of thework in hdograph and dated Januay 9, 1986 continues, in
evident allusonto the 19th century origin of the problem, Q'm reminded of Tony Biot [Maurice
Anthony Biot] whowas frequently a generation ahead of histime. I, ontheother hand, seem to
be some generationsbehind O

The preceeding narative, thoughsketchy, has, | hope given some indica- tion of the
breadth and depth of Mindlin'sscholarship. Those who worked with him, and thos other's who
knew him and his work, quickly came to appreciate his profoundindghtsinto thephyscs of any
given situaion, his surefoatedness in discerning wha is central and what is peripheal, and his
multifaceted andytical and experimental skills. Neverthdess, a disservice would be donethe
subject of this account(as well asitsreade) if nothing were said abouthim as colleague mentor,
and human bang.

His professiond colleagues treated him with deference at times bordering on awe. He
was secure in theknowledgeof his own worth, but wore the mantle of his eminence with
genuine modesty. He was generousin giving or sharing credit, and urfailingly courteousto peers
seeking his opinion or advice. Basically a shy, reserved person, hewas, invariably and
unexceptiondly, the consummate gentleman.

His many disciples revered him and, onesuspects, in his quiet way he enjoyed being the
father figure. To celebrate his 60th birthday, hisformer dodora students tendeed him adinne
in Minnegpolis, where mog had joumeyed ogengbly to attend a professiond meeting.1n 1974,
in anticipaion of hisimminent retirement, hewas presented with a published book entitled R..D.
Mindlin and Applied Mechanics. In eightsubgdantial chapters, by fifteen of his erstwhile
students, thisnovd kind of Festschrift contains summaries of those areas onwhich Mindlin's
own endeavors have exercised a profoundand lasting effect.

But it was by nomeansaoneway relationdhip. Whenever aformer student ofhiswas
being feted, as such thingstended to occur with increasing frequency astheyears passed, Ray



Mindlin would beincongicuousy present among thewell-wishers. Perhgostheloydty and
affection made up to some extent for not having any children of his own. He married twice, each
time logng a bd oved mate by untimely death dueto illness.

He served with devotion the profession which hemade his life's work, throughhis
research, his teaching, his advisory capacity to numerousgoven- ment agendes, and his
activitiesin variousscientific and technical sodeties. Amongthelatter, mentionis warranted of
thefollowing postionshe hdd at varioustimes: In the American Sodety of Mechanical
Engineers (ASME), charman, Applied Mechanics Division; member, PublicationsCommittee,
Engineering Sodeties MonoglphsCommittee, Advisory Board of Applied Mechanics Reviews.
In the American Sodety of Civil Engineers (ASCE), charman, Committee on Applied
Mechanics of the Structural Engineering Division (precursor of the Engineering Mechanics
Division). Inthe Sodety for Experimental Stress Andysis (SESA), co-founde and president;
member, executive committee. In the American Institute of Physcs, assodate editor, Journal of
Mathematical Physics. Also, hewas member of: the U.S. Nationd Committee for Theoretical
and Applied Mechanics; the General Assembly of the Internaiond Union of Theoretical and
Applied Mechanics; the American Physcal Sodety.

To besure, hisremarkable intellectud fecundity and gentle persondity did notgo
ungppreciated by his peers, and recognition came in theform of copioushonors and awards He
was elected Fellow of the American Academy of Arts and Sciences (1958) of the ASME (1962,
and of the Accoudica Sodety of America (1963; member of the Nationd Academy of
Engineering (1966)and of the Nationd Academy of Sciences (1973) and Honorary Member of
the ASME (1969.

He received the Research Prize (1958 and thevon Karman Medd (1961)of the ASCE;
the Timoshenko Medd (1964)and the ASME Medal (1976)fromthe ASME; theTrent-Crede A
ward of the Acoudical Sodety of America(1971) theFrocht Award of the SESA (1974, the
Great Teache Award (1960)and the Egleston Medd (1971)from Columbia University; and an
Honorary D.Sc. degree from Northwestern University (1975) aso, a Naval Ordnance
Development Award (1945)and the C. B. Sawyer Award of the Army Elec- tronics Command
(1967) Remarkably, prestigiousas these are, al but onewere sandwiched between his mos
noteworthy honoss, both bestowed by the U.S. Government: the Presidential Medd for Merit
(1946) as noted earlier the highest civilian decoration of the second World War, and his ultimate
accolade, the Nationd Medd of Science, which hereceived in 1979

Mindlin died on November 22,1987,at age 81, in conequence of adebilitatingillness
tha lingeaed for aboutayear. Andyet, to thelast, his mind remained acute and active, amogs as
it divorced from his frail body. His passing was moumed by all who knew him, but his name will
live throughhis work.

Chaucer'slines, written aboutanother scholar, of dayslonggone mightjud as aptly have
been indited for Raymond Mindlin:

Of studytook he utmod care andheed

Not oneword spoke he more thanwas his need
And thatwassaid in fullest reverence

And short and quick andfull of high goodsense
Pregnantof moral virtuewas his speech

And gladly would helearn and gladly teach.

H. Deresiewicz



