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JO H N  A R T H U R  S H E R C L IF F

10 S ep tem ber 1927 — 6 D ecem ber 1983

E lected  F .R .S . 1980 

B y  H . K. M o f f a t t

E a r l y  l i f e

J o h n  A r t h u r  S h e r c l i f f  was born  and  b red  in Eccles, M anchester, the 
youngest of a fam ily of th ree. H is father, W illiam  Shercliff, was a teacher 
of geography, together w ith  som e physics and m athem atics, at Eccles 
G ram m ar School; A r th u r ’s lifelong in terest in the application  of m ath e 
m atics to practical p rob lem s of science and engineering  owed m uch to his 
fa th e r’s influence d u ring  his early years. H is m other, M arion  Prince 
Shercliff (nee H oult), was also a qualified teacher w ith  a keen in terest in 
the hum an ities  and litera tu re , an in te rest th a t com plem ented  the m ore 
p ractical skills of her husband , and p rovided  a stim ula ting  and liberal 
env ironm en t for the flow ering of na tu ra l talen ts.

A rth u r displayed these natu ra l talen ts at an early stage. H e attended  
M on ton  G reen  C ouncil School, and in 1938 w on a scholarship to 
M anchester G ram m ar School, w here he rem ained  till 1945. A t the 
outbreak  of w ar the school was briefly evacuated to Blackpool; A rth u r 
recorded  in a letter from  Blackpool ‘I t ’s ro tten  having no relatives w ith 
y o u ’ and he fu rth e r m ain tained  tha t the 3d then  charged on the m in iatu re  
railway was a fraud!

A rth u r spent two years at M .G .S . on the Classical side, followed by 
two years on the Science side w here he came under the influence of the 
great teacher H . A. Field. A fter achieving nine d istinctions in the School 
Certificate of 1942 he spent th ree years in the m athem atical sixth form , 
w here, according to his own notes of that period, he was taugh t by F. L. 
H eyw ood and H . G . M augham , ‘two absolutely ou tstand ing  teachers 
who instilled know ledge and habits of though t that w ould prove good for 
a life tim e’. T h ey  certainly proved good for the H igher School Certificate 
w hich A rth u r took in 1944 w ith five m ore d istinctions in double 
m athem atics and physics, thereby  w inning State and C ounty  Scholar
ships. H e then  w ent on to w in an O pen Scholarship  to T rin ity  College,
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C am bridge , in the exam ination  of M arch  1945, and cam e up  to C am 
bridge in O ctober of th a t year. A le tte r from  F. L . H eyw ood to A r th u r ’s 
father survives from  th a t period; it reads, ‘Y our young m an owes less to 
m e th an  anyone else in the class. H e is suprem ely  gifted  (in m usic also 
from  w hat I heard  last n ight) and is m odest enough to follow every lead 
and w ork as hard  as his fellows. W hat m ore can one ask?

E a r l y  s c i e n t i f i c  c a r e e r

A rth u r ’s u nderg radua te  career at C am bridge  was equally  d is tin 
guished. H e read for the E ng ineering  T rip o s , and at the  end of his first 
year w on the Percy P em berton  Prize w hich is aw arded annually  to the 
‘T rin ity  und erg rad u a te  w ho has m ost d istingu ished  h im self in his stud ies 
d u ring  his first year of residence’. H e duly achieved a F irs t in P art I in 
1947 and was aw arded the Rex M oir Prize as the cand idate  w ho acqu itted  
h im self ‘w ith  the g reatest d istinction  in th a t exam ination ’. H e spent the 
sum m er of 1947 at R. V. S ou thw ell’s sum m er school on relaxation 
m ethods, no doub t a m isnom er as far as the  w ork was concerned , and he 
spent som e tim e also at R .A .F . F a rnbo rough . H e then  re tu rn ed  to 
C am bridge to take a fu rth e r F irs t in Part II  E ng ineering , specializing in 
aeronautics. A m ong o ther activities, includ ing  choral singing, he gained a 
half-B lue at lacrosse, partic ipa ting  in the defeat of the ‘o ther p lace’ on two 
occasions, and he was also P residen t of the C am bridge U niversity  
C ongregational Society, a Fellow ship  tha t he greatly  valued th ro u g h o u t 
his life, and w ith  w hom  in later years he w ould  m eet for m oun ta ineering  
reunions in the Pennines, the Lake D istric t and N o rth  W ales.

A fter g raduation  in 1948 Shercliff was aw arded the Joseph  H odges 
C hoate M em orial Fellow ship , w hich enabled him  to study  for one year at 
H arvard  in the G raduate  School of A rts and Sciences w here he took a 
M aste r’s degree (S .M .) in 1949. At H arvard  he encoun tered  one of the 
earliest com puters in the  shape of the H arvard  M ark  I, w hich he 
described  as ‘B abbage’s dream  realised’. T h e re  also he m et L . B rillouin 
and R. V on M ises, w ho stim ulated  and encouraged the m athem atical 
approach  to engineering p roblem s th a t cam e so natu ra lly  to Shercliff in 
later years.

H e re tu rn ed  to E ngland  to spend two years as a graduate  apprentice  
w ith  A. V. Roe & Co. L td  in M anchester, w here, w ith  characteristic  
dow n-to -earth  realism , he later recalled the ‘p lu m b in g ’ side of the 
w ork— fitting pipes together in the w ings of the early Avro V ulcan 
aircraft. Shercliff’s first two pub lications (1 ,2)*  are reports on ‘T heo ry  
and tests on an air ejector for de-ic ing ’ and (significantly) M echanical 
com putation  and aero-engineering  .

In  1951 he re tu rned  to C am bridge to undertake  research tow ards the 
P h .D ., under W . R. H aw thorne, in liqu id  m etal m agnetohydrodynam ics

526 Biographical Memoirs

* N um bers given in this form refer to entries in the bibliography at the end of the text.
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John Arthur Shercliff 527

u n d e r an A .E .R .E . H arw ell research  con tract. M agnetohydrodynam ics 
(M H D ) was then  in its infancy, certain ly  as far as eng ineering  ap p li
cations w ere concerned , and  it was th is  aspect of the sub ject th a t Shercliff 
was destined  to dom inate  d u rin g  the  great developm ent of the subject in 
the late 1950s and the 1960s. A m ajor influence on Shercliff d u ring  his 
early researches in M H D  was W . M u rg a tro y d , w ho in troduced  him  not 
only to M H D , b u t also to nuclear eng ineering  generally  and to p rob lem s 
of irreversib le  therm odynam ics. H e was also m uch  influenced by G . K. 
B atchelor, F .R .S ., w hose 1950 paper ( Soc. Lond. A 201 , 405) had
stim u la ted  in te rest in the p rob lem  of m agnetohydrodynam ic  tu rbu lence; 
the com m on in te rest in M H D  betw een the Facu lties of E ngineering  and 
M athem atics later led Shercliff to p resen t an annual course of lectures 
(1958-63) on m agnetohydrodynam ics w ith in  P art I I I  of the M athem atical 
T rip o s .

W ith in  his first year of research Shercliff had  com pleted  his first 
paper (3) in M H D  on ‘S teady m otion  of conducting  fluids in pipes under 
transverse  m agnetic  fields’ and had subm itted  it for pub lication  to Proc. 
Camb. phil. Soc. T h e  only prev ious w ork on th is topic of any note had 
been th a t of H artm an n  & L azarus ( MMeddr  15, no. 7 (1937)), 
who had stud ied  the effect of a transverse  m agnetic field on flow of a 
conducting  fluid in a tw o-d im ensional channel, and had discovered the 
boundary -layer character of th is flow at high M . Shercliff stud ied  the 
effects of the side walls of a rec tangu lar channel and found tha t boundary  
layers appear on these also; th is was an im portan t discovery because it is 
these side-w all layers (or Shercliff layers as they are now called) tha t are 
of dom inan t im portance in the relation betw een volum e-flux and p res
sure g rad ien t for such a flow. T h is  is because the th ickness of the Shercliff 
layers is of o rder M ~^, i.e. a factor M* g reater than  tha t of the H artm ann  
layers. Shercliff’s solution gave rem arkably  good agreem ent w ith experi
m ental results of H artm an n  & Lazarus, and m ust represen t one of the 
earliest po in ts of contact betw een theory  and experim ent in the h istory  of 
a subject tha t has not been noted  for such contact.

F rom  a practical po in t of view, different com binations of applied 
m agnetic and electric fields m ay be used to provide electrom agnetic 
pum ps or generators or flow m eters; and it was to the last of these 
applications tha t Shercliff devoted m ost a tten tion  du ring  the m id-1950s. 
T h e  p rincip le  of the electrom agnetic  flow m eter had been recognized by 
M . Faraday, F .R .S ., who (as Shercliff delighted to tell his P art I I I  M H D  
class in the late 1950s) had unsuccessfully  a ttem pted  to m easure the 
poten tia l difference induced by the flow of the river T ham es across the 
E a r th ’s m agnetic field, w ith a view to deducing the flow rate. As Shercliff 
h im self said in the preface to his book (19) on the subject of ‘the theory  of 
electrom agnetic  flow m easu rem en t’: ‘As m agnetohydrodynam ic devices 
go, the flow m eter may appear a little unglam orous, bu t it is at least the 
one w hich has the longest record  of useful service in m any areas of science
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528 Biographical Memoirs

and eng ineering ’. G lam our was the last th ing  tha t Shercliff looked for in 
his work; and yet in the practicalities of the flow m eter p rob lem  he found  a 
field in w hich his m athem atical and experim ental skills found elegant 
expression , and the book (19) th a t em erged  as the cu lm ina tion  and 
d istillation  of his series of papers on electrom agnetic  flow m eters (4—12) is 
a m ino r classic of exposition , full of insight and shrew d com m on sense, 
w hich can still be read w ith  p leasure and profit, desp ite  the considerable  
subsequen t developm ent of the subject w ith  the passage of tim e.

E lectrom agnetic  techn iques for flow m easu rem en t had been used for 
m any years in a n u m b er of contex ts involving fluids of m odera te  electrical 
conductiv ity , particu larly  for the  m easu rem en t of ocean cu rren ts  via the  
p rincip le  envisaged by Faraday , and for the n o n -in tru siv e  m easu rem en t 
of blood flow in hum an  arteries. A new  field th a t em erged in the  postw ar 
years, how ever, was stim u la ted  by the use of liqu id  m etals (particu larly  
liqu id  sodium ) in the p rim ary  cooling c ircu its  of fas t-b reed er reactors. 
T h e  full com plications of m agnetohydrodynam ics are p resen t w hen a 
liqu id  m etal flows th ro u g h  an electrom agnetic  flow m eter— particu larly  
the L oren tz  force tha t reacts back upon  the fluid dynam ics— and it is 
largely due to Shercliff’s efforts of the 1950s th a t we have a good 
u n d ers tan d in g  of the operation  of these devices in the liqu id  m etal 
context.

C a m b r i d g e , 1955-1964

Shercliff took his P h .D . degree at C am bridge in 1955, and in the same 
year was m arried  to D aphne M argaret L lew ellyn in E m m anuel C ong re
gational C hurch , C am bridge, w here they had m et in their s tu d en t days. 
F rom  1954 to 1957 he was a dem o n stra to r in the E ngineering  L aborato ry , 
and in 1957 was appo in ted  to a U n iversity  L ec tu resh ip , a post tha t he 
held until 1964. In  1958 he was elected to a Fellow ship  of T r in ity  
College, w here he becam e a D irec to r of S tudies in E ngineering . H e was a 
popu lar lec tu rer and superv isor, w ith  a great zest for his subject, and a 
great w it and good h um our tha t never failed to engage his audience. In  
1958 he w rote an am using article for the C am bridge U niversity  
E ngineering  Society u n d er the pseudonym  F red  C arno t B.A. (failed) 
C A N T A B , w ith  the title ‘778 and all th a t’, w hich gives an engaging 
glim pse of his hum o u r as d irected  at E ngineering  underg radua tes of the 
day:

‘O ne th ing  is m ade clear at the outset. I t is positive tha t work is to 
be got ou t of your system . T h is  them e is e laborated  w ith the aid of 
Q ys and IT’s preceded  by w hat appear to be holes from  m in iatu re  
violin bellies, som etim es transfixed by a circle so as to resem ble u p 
ended, w rought ironw ork L ondon  T ra n sp o rt signs. L ittle  d ’s som e
tim es invade the scene, b u t can be struck out w hen they appear as a 
com m on factor. O ne result of th is is that^>dt>, d and the o ther 
perm utations are m ore or less in terchangeable, provided  one keeps a
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John Arthur 529

spare change of sign handy  as the answ er draw s near. S tatistical 
appraisal soon show s th a t tak ing  logs to the base e in every th ird  
calcu lation  has a h igh chance of success . . . ’

In  1955 the Royal Society held  a d iscussion m eeting  on m ag
netohyd rodynam ics, to w hich Shercliff co n trib u ted  a paper (7) ‘Som e 
eng ineering  applications of m ag n e to -h y d ro d y n am ics’. (T he  hyphen  was 
ev iden tly  in serted  by a scrupu lous editor; perhaps hydro -dynam ics was 
once hyph en a ted  also!) O th er partic ipan ts  at th is m eeting  included  Sir 
E dw ard  B ullard , F .R .S ., H . A lfven, B. L eh n e rt, V. C. A. F erraro , T . G . 
C ow ling, F .R .S ., S. C handrasekhar, F .R .S ., all from  the geophysical or 
astrophysical side, and  also R. H ide, W . M arshall and W . B. T h o m p so n  
from  A .E .R .E ., H arw ell. Shercliff delivered the only paper involving 
explicitly  engineering  applications of M H D , a significant ind ication  of 
the sta tus th a t he already enjoyed, and of the role th a t he w ould continue 
to play. H e confined h im self to a d iscussion of the flow m eter problem , 
b u t it is in te resting  to note his final rem arks: ‘In  conclusion, it should  be 
added  tha t there  are o ther applications of m agnetohydrodynam ics in 
engineering . T w o  exam ples are the  s tirring  of m olten  m etal in eddy 
cu rren t induction  furnaces and the m otion  of liqu id  m etal b rushes in high 
cu rren t electrical m ach in ery .’ Shercliff was 20 years ahead of his tim e in 
recognizing the m agnetohydrodynam ic  character of these problem s, 
w hich only in the m id-1970s began to a ttrac t serious theoretical and 
experim ental investigation.

A characteristic  feature of Shercliff’s w ork was to seek sim plicity  
th ro u g h  generality , a tra it th a t becam e evident in his first ven ture  into gas 
dynam ics (13), ‘Som e generalizations in steady one-d im ensional gas 
dynam ics’, in w hich he show ed the sim plification tha t could result from  
trea ting  a single-phase fluid or a m ix tu re  of fluids in equ ilib rium  w ithou t 
any specific assum ption  concern ing  an equation  of state. T h is  approach 
was readily adaptable to the p rob lem  of one-d im ensional flow of e lec tri
cally conducting  gases in transverse  m agnetic fields, a problem  that 
excited great in terest in the late 1950s as a na tu ra l exten tion  of incom 
pressib le m agnetohydrodynam ics. Shercliff w rote two definitive papers 
in this field (16, 17), the first of these being on flow in a purely  transverse 
field and p resen ted  at the In te rnationa l U nion  of T heoretical and A pplied 
M echanics ( IU T A M ) Sym posium  on M agnetofluid D ynam ics at 
W illiam sburg , V irginia, in January  1960, one of the first tru ly  com pre
hensive and in ternational m eetings on M H D . T h e  second paper con
siders the effect of a m agnetic field w ith  com ponent in the flow direction, 
and includes an exhaustive trea tm en t of shock waves in the presence of a 
field oblique to the wave. A lthough there was w idespread activity in the 
field of m agnetogasdynam ic (M G D ) shock waves, Shercliff’s particu lar 
con tribu tion  provided a rem arkably clear p ictu re  of the categories of 
transition  perm itted  by the overall conservation equations. D espite  this
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530

w ork, how ever, Shercliff was aw are of the slightly  academ ic na tu re  of th is 
k ind of w ork, and indeed  he sounded  a w arn ing  in a paper (15) to the 
Royal A eronautical Society in 1959: ‘I t shou ld  be clear th a t m agnetogas- 
dynam ics is sufficiently in te resting  and po ten tia lly  useful to w arran t 
fu rth e r  stud ies of its app lication  to aeronautics, b u t it is necessary to 
stress the  necessity  of choosing realistic m agn itudes. M any of the 
in te resting  phenom ena w hich occur in astrophysical or th erm onuclear 
m agnetohydrodynam ics do not appear in aeronautical s itua tions because 
the electrical conductiv ity  is no t h igh  e n o u g h .’ T h is  w arn ing  d id  n o th ing  
to p reven t the ex trao rd inary  w orld -w ide  explosion of research activity  in 
p rob lem s of M H D  and M G D  in the  early 1960s, m uch  of it of a sterile  
na tu re ; b u t it perhaps explains Shercliff’s ow n reluctance to be draw n 
fu rth e r  in to  p rob lem s of M G D , and  his re tu rn  in 1961 to the m ore 
p ractical and p rom ising  field of liqu id  m etal M H D . H is ow n experim ents 
w ith  m ercu ry  w ere no d o u b t an im p o rtan t factor in th is choice: Shercliff 
liked to see his fluids in m otion  and to describe the effect of the L o ren tz  
forces in strongly  visual term s.

T h is  visual urge, and a na tu ra l in tu ition  in the  design of sim ple 
experim en ts  w ith  m ercu ry , led to one of Shercliff’s m ost m em orable  
creations, the film (23) ‘M ag n etohyd rodynam ics’ p roduced  as one of a 
series u n d e r the U .S . N ational C om m ittee  on F lu id  M echanics F ilm s 
in 1965. T h is  film closely reflects the  general ph ilosophy  espoused in 
Shercliff’s w ell-know n Textbook of magnetohydrodynamics pub lished  in 
the sam e year by P ergam on Press: the  em phasis was on the rotationality  
of the L o ren tz  force, and on its consequen t ability  e ither to suppress 
vortic ity  or to  generate vortic ity , depend ing  on the  relative o rien tation  of 
m agnetic  field and flow. T hese  effects w ere clearly dem onstra ted  in the 
film, as was also the redistribution of vortic ity  th a t occurs in the H artm an n  
flow prob lem . T h e  film is also notab le for its a ttem p t to dem onstra te  
A lfven waves bo th  th ro u g h  an ingenious feedback m echanism  in a 
sequence of cu rren t loops, sim ulating  a perfectly  conducting  fluid, and 
th ro u g h  p ropagation  of a pu lsed  cu rren t th ro u g h  an annu lar tank 
con tain ing  N aK . T h is  was a m odification of an earlier experim en t carried  
out in C am bridge by Shercliff’s research studen t, A. Jam eson, and 
pub lished  in 1964 (jf. Fluid Mech. 19, 513).

Biographical Memoirs

U n i v e r s i t y  o f  W a r w i c k , 1964—1980

In  1964 Shercliff was appo in ted  F ound ing  Professor of E ngineering  
Science at the new U niversity  of W arw ick, and H ead of the D ep artm en t 
of E ngineering . T w o  of his research studen ts  at the tim e of his m ove to 
W arw ick were M . K. Bevir (now at C ulham ) and J. C. R. H u n t (now 
R eader at C am bridge U niversity) who recall well the novelty  and 
excitem ent of the situation: M ike Bevir w rites as follows:
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John Arthur Shercliff 531

‘W hen  being  form ally  in terv iew ed  by A rth u r  at W arw ick ju s t 
before  going, there  w ere th ree  b u ild e rs ’ h u ts  on the site— tw o w ith  
b u ild e rs  and  one w ith  professors h iring  staff. A rth u r  had ju s t had a 
good lunch , possib ly  so ften ing  up the local businessm en  or som e 
such  activ ity , and , w aving an expansive hand  a round  the m ud- 
b esp a tte red  b u ild in g  site, he said “ W hatever else we do n o t have, we 
do have m o n ey ’’. T h is  claim  alm ost backfired later on w hen I had 
done som e theo ry  on flow m eters and w anted  to  s ta rt experim ents, 
since ju s t at th a t tim e it appeared  th a t the U G C  had done its sum s 
w rong  and w ere even th rea ten in g  no t to ho n o u r com m itm en ts 
already  taken on. So I was sen t away to do m ore theory , w hich 
actually  tu rn e d  ou t to be m uch  m ore successful th an  the first a ttem pt.

‘T h e  M H D  group  at th a t tim e consisted  of C hris A lty, new ly 
appo in ted  as a lec tu rer, and fou r research studen ts: Ju lian  H u n t, who 
had already been  there  a year before the  form al s ta rt and who had 
set up  an experim en t w ith  m ercu ry  duct flow in a m agnetic  field 
in labora to ry  space lent by a local firm; D avid  M alcolm  (from  
Saskatoon), who was m easu ring  m ercu ry  flows w ith  hot wire 
anem om eters, pu rchased  abroad  and often  b roken  by custom s 
officials exam ining  the  strange con ten ts of the parcels; Bill Bolton, 
m yself and ou r techn ician  A lf W ebb.

‘Bill B olton shared  an office w ith  m e and, as far as I rem em ber, was 
tackling annu lar axisym m etric  flow in radial m agnetic  fields in 
m ercu ry . T h e  th ree  of us who had ju s t s ta rted  w ent th ro u g h  A r th u r ’s 
book on M H D  w ith  h im , includ ing  the questions at the end of w hich 
w ere alm ost sufficient for a P h .D . thesis by them selves. L a ter on we 
b u ilt the m ercu ry  gro tto , a 30' x 10' x 8' or so plastic room  w ith 5 
cubicles con tain ing  various types of D .C . m agnet and a m ercury  
d istr ib u tio n  system , air ex tracto rs, etc. etc. I t  was designed as an 
M H D  m ercury  facility b u t never really fully used since there  were 
not enough of us to do so.

‘. . . I suppose m y final com m ent is th a t I never really though t of 
A rth u r so m uch  as an engineer, i.e. p rim arily  in terested  in devising 
or designing gadgets, b u t ra ther as a teacher w hich, given his family 
background , w ould be u n d e rs tan d ab le .’

T h e  reference to Shercliff’s in teraction  w ith the local businessm en in 
the above is no t w ithou t significance, for it is a fact that the U niversity  
and the School of E ngineering  Science at W arw ick were generously 
endow ed by industry , w ith  consequential benefits for the rapid  expansion 
of the School particu larly  in the area of autom otive, control and 
p roduction  engineering. Shercliff was active in p rom oting  industria l links 
from  the outset, no t least th rough  the appo in tm en t of v isiting ‘associate 
p rofesso rs’ from  industry , to help both  w ith lecturing and w ith the 
d irection  of research projects orien ted  tow ards industry .

 D
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^22 Biographical Memoirs

It was na tu ra l th a t Shercliff shou ld  be p reoccup ied  in his early years at 
W arw ick w ith  the developm ent of a sound and flexible degree course in 
eng ineering  science, and w ith  the underly ing  p rincip les of an engineering  
education . It should  perhaps be said tha t his views in these m atte rs  were 
by no m eans universally  accepted, particu larly  at C am bridge  w here 
Shercliff had experienced som e fru stra tio n  over the com partm en ta lized  
s tru c tu re  of the T rip o s  courses, w hich did  not in his view adequately  
exploit the pow erful un ify ing  influence of m athem atics. H is transla tion  to 
W arw ick gave him  the  o p p o rtu n ity  to p u t his ideas in to  practice. H e set 
ou t his views w ith  adm irable  clarity  in a paper (24) on ‘E ngineering  
science courses’ p resen ted  to the In stitu tio n  of M echanical E ngineers in 
1966. H ere he w rote:

‘T h e  E ngineering  Science course recognizes explicitly  th a t it 
cannot teach professional com petence, and so escapes the rem orseless 
p ressures to cram  the syllabus and can concen trate  on m aking sure 
tha t w hat is taugh t can be absorbed  tho rough ly  to the po in t at w hich 
it becom es a basis for creative action, even in the face of unfam iliar 
situations. T h e  m ain  aim  is to p roduce  a confident, critical, ap p ra is
ing a ttitude  tow ards physical situations and industria l practices based 
on sound know ledge and an active im ag ina tion .’

Shercliff was perhaps idealistic in his aim s and in his estim ate of the 
capabilities of the average s tu d en t of engineering; b u t it was nevertheless 
on these princip les tha t he developed the W arw ick course, and in a 
m anner tha t allowed s tuden ts  considerable flexibility in the choice of 
course com binations w ith in  the fields of m athem atics, physics, eng ineer
ing and com puter science.

Shercliff’s a ttitude  to m athem atics for s tuden ts  of engineering  was set 
out after a decade of experience at W arw ick in a paper (43) pub lished  in 
the  Bulletin of the Institute of M athematics and its , in w hich
he posed the question  ‘Can m athem atics form  the heart of the eng ineer
ing cu rricu lu m ?’ A gain the idealism  shines th rough: ‘For the E ngineer 
m athem atics should  becom e synonym ous w ith  the o rdered  s tru c tu re  of 
the physical w orld, the m astery  of w hich enables him  to bend  it to his wi 
in creating new system s and devices. M athem atics then  the heart of the 
cu rr icu lu m .’ A nd yet the idealism  is tem pered  by realism  in his estim ate 
of the engineering s tu d e n t’s a ttitude  to m athem atics: ‘H e is generally a 
“ d o er” , m otivated  to achieve a useful outcom e, and is unlikely to be 
im pressed by assertions (tacit or otherw ise) that certain  know ledge is 
good for his soul or is part of m ankind  s in tellectual heritage, or Y * e 
need to find the M athem atics D epartm en t som eth ing  to do! He will w ant 
to see the relevance of the m aterial to engineering activities. Sherclitt s 
dual them e of m otivating  m athem atics via real-w orld  problem s, and of 
dem onstra ting  the unity  of underly ing  princip les via m athem atics is 
developed in his textbook Vector fields, pub lished  by C am bridge U n i
versity  Press in 1977.
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John Arthur Shercliff 533

In  M ay 1967 Shercliff spen t tw o weeks in the  U .S .S .R . as a guest of the 
A cadem y of Sciences, v isiting  M oscow , L en ing rad  and Riga. In  Riga he 
v isited  the fam ous M H D  labora to ry , and m et O. L ielausis, H . B ranover, 
A. T s in o b e r and  o thers, all w ell-know n for th e ir  experim ental w ork on 
M H D  d uct flow. It was d u rin g  th is visit th a t he encoun tered  w hat is now 
know n as the  ‘w e ld -p o o l’ p rob lem , w hich had been briefly discussed by 
V. N . Z higulev  in the R ussian  lite ra tu re  in 1960. T h is  is the p rob lem  of 
the fluid flow th a t arises w hen a large electric  cu rre n t en ters a body of 
conducting  liqu id  at a m ore or less concen tra ted  po in t. T h e  cu rren t 
spreads ou t radially  in to  the fluid and  in teracts w ith  its self-m agnetic  field 
to p roduce  a L o ren tz  force w hich drives the  fluid m otion . Shercliff 
analysed th is process in a b rillian t paper (30), w hich ru th lessly  elim inated  
irre levan t com plications (associated for exam ple w ith boundary  shape 
and finite d im ension  of the  cu rren t source), and focused a tten tion  on the 
key feature  of the p rob lem  th a t m akes it one of novel fluid m echanical 
in terest: again the rotationality  of the  L o ren tz  force, and the associated 
genera tion  of vortic ity  in the fluid. Shercliff found the relevant (inviscid) 
sim ilarity  so lu tion  describ ing  a je t- ty p e  flow away from  the boundary . 
T h e re  are m any varia tions on th is p rob lem  that have been the subject of 
extensive researches by others; b u t it was typical of Shercliff tha t he 
should  be con ten t to set ou t the p rincip les of the p rob lem  and the 
essential character of the solution in a single definitive paper, and then  
m ove on to o ther th ings.

T h is  w ork was com pleted  d u ring  a term  of sabbatical leave at C altech 
in 1968, a refresh ing  break from  the b u rdens of office at W arw ick. A 
second im p o rtan t paper (28) em erged from  this visit concern ing  the 
an iso tropic  character of the surface waves on a layer of fluid contain ing  a 
horizontal m agnetic field and cu rren t, the wave propagation  speed being 
dependen t on the angle betw een the wave crests and the cu rren t vector. 
Shercliff gave a beautifu lly  sim ple analysis of the p roblem , and poin ted  
out the analogy tha t could be draw n w ith the m ore com plex problem  of 
m agnetoacoustic  waves.

T h e  pow er of analogy appealed to Shercliff’s versatile m ind , and he 
was to em phasize this pow er at a later date (42) in a con tribu tion  to the 
2nd Batsheva Sem inar on M H D  and T u rbu lence , a triennial m eeting 
organized by H . B ranover follow ing his em igration from  the Soviet 
U nion  to Israel. Shercliff a ttended  the first th ree of these sem inars (1975, 
1978 and 1981) and indeed did m uch  to help establish these m eetings as a 
recognized in ternational forum  for engineering m agnetohydrodynam ics. 
H is concluding  rem arks in the paper (42) delivered to the 2nd Sem inar 
were particu larly  revealing:

‘It should  now be clear that analogies w ith in  M H D  and betw een 
M H D  and o ther subjects, particu larly  fluid m echanics, are well 
w orth  pu rsu ing  in the search for understand ing  and progress at all 
levels, w hether in elem entary  pedagogy or at the research frontier.
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534
E ven w hen the analogy is incom plete  (as in th a t betw een  to and B), it 
can be very suggestive of fru itfu l con jec tu res w hich can be tested  
rigorously . W here  the analogy is exact (even th ough  phenom eno log i
cal laws or the k ind of geom etrical configuration  w hich  is of physical 
in te rest m ay differ in detail in th e  tw o cases) com plete  m athem atical 
m ethodologies can be tran sfe rred  across and  explo ited . A nd un d er 
the  m ost favourable cond itions of all, it is m erely  a m atte r  of 
bo rrow ing  en tire  solu tions, w ith , one hopes, always a due acknow 
ledgem ent to the  o rig inato r of the  bo rrow ed  so lu tion , for p iracy is 
surely  no t in keeping w ith  the trad itions  of Science. H ow ever, if one 
is realistic, every m an ’s apparen tly  original th o u g h ts  are b u t a 
d istillation  of all his earlier learn ing  experience and, deep dow n, the 
forces of analogy are con tinually  at w ork in p ropelling  ou r tram s ol 
th o u g h t forw ard. So we are all praise be guilty .

In  1971 Shercliff (w ith Ju lian  H u n t as co -au tho r) p ub lished  a review  
(32) of ‘M agnetohydrodynam ics at h igh H artm an n  n u m b er in Annual 
Review of Fluid Mechanics, in w hich the  accum ulated  experience of 
tw en ty  years on p rob lem s involving H artm an n  and Shercliff layers (bot 
on fluid boundaries and, m ore in teresting ly , in fluid in terio rs) is com 
pressed  and d istilled  in to  25 h ighly  readable pages. T h e re  follow ed th ree  
lean years w ith  no research pub lica tions, coinciding w ith  the period  
d u ring  w hich Shercliff was C hairm an  of the  Science Facu lty  at W arw ick. 
W hile recognizing the  im portance of such a position , one m ust surely 
regret th a t any such ap po in tm en t should  have been allow ed to suppress 
the  in tellectual creativ ity  of w hich Shercliff was so clearly capable. Is it 
really in the best in terests of B ritish  science th a t un iversity  adm in istra tive  
b u rd en s be qu ite  so crippling?

T h e  rem oval of th is particu la r b u rd en  saw an im m ediate re tu rn  to 
p roductive  research. In  a change of field w ith  his paper (34) ‘Seepage flow 
in unconfined aqu ife rs’, a study  of flow w ith  a free surface in a porous 
m edium , Shercliff explains w hy, and under w hat c ircum stances, a naive 
one-d im ensional theory  m ay give resu lts th a t are m uch  m ore accurate 
than  m igh t reasonably be expected. T h e  paper includes an exact tre a t
m en t of the p rob lem  of a horizontal line source on the inclined base of a 
porous m edium , and a H e le -S h aw  experim ent th a t agrees well w ith  the 
theory . I t also contains a beau tifu l pho tograph  of the free surface 
instab ility  th a t occurs w hen the  inclination of the boundary  is greater 
than  ^7t, b u t m akes no a ttem p t to analyse th is phenom enon .

In  1976 Shercliff re tu rn ed  to the p rob lem  of A lfven waves (36), b u t 
now w ith  a view to assessing the possib ility  of technological exploitation 
in connection  w ith  energy storage. As Shercliff said: ‘A though  the A lfven 
wave has several m anifestations in astrophysics, it is qu ite  rem arkab  e 
how  little it has figured in technology since it was first p red ic ted  by 
A lfven .’ It was typical of Shercliff to  b ring  astrophysics dow n to earth  in

Biographical Memoirs
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John Arthur Shercliff 535

th is  way: he had  little  tim e for astrophysia l M H D  unless he could see 
som e possib ility  of te rres tria l exploitation! T h e  A lfven wave is so strongly  
d issipa ted  on leng th-scales o f the  o rd er a few m etres th a t technological 
exp lo ita tion  is hedged  abou t w ith  difficulties; Shercliff addressed  these 
difficulties and ind ica ted  how  in p rincip le  they  m igh t be overcom e. T h e  
p a rticu la r com plication  of the  secondary flow associated w ith  the p ro 
pagation  of a pu lsed  A lfven wave in a cy lindrical annu lus was trea ted  in 
detail in a su b seq u en t paper (39).

In  1977 Shercliff spen t two term s of sabbatical leave at the  C ulham  
L abo rato ry , A bingdon , w here he becam e involved in eng ineering  aspects 
of th erm o n u clear fusion devices. C hief am ong these is the p rob lem  of 
heat tra n sp o rt and fluid flow in the lith ium  ‘b lan k e t’ tha t m ay be used 
bo th  for the b reed ing  of tritiu m , and  for cooling. In  the  presence of a 
s trong  tem p era tu re  g rad ien t, a significant therm oelectric  cu rren t (p ro 
po rtiona l to the tem p era tu re  g rad ien t) will be generated; equally  the 
c u rre n t m akes a co n trib u tio n  to the  heat flux. T h is  com plex of new 
phenom ena, involving in terac tion  betw een velocity, tem p era tu re  and 
m agnetic  fields, constitu tes the sub ject of therm oelectric  m agne tohyd ro 
dynam ics (or T E M H D ), a subject to w hich Shercliff devoted m uch 
co n tinu ing  effort over the  next six years, and in w hich he m ust surely be 
recognized as a p ioneer. In  the first of these papers (44), he discussed 
o rders of m agn itude  for liqu id  lith ium , and show ed th a t the L oren tz  force 
associated w ith  therm oelectric  cu rren t in te rac ting  w ith  a m agnetic field 
of I T  could generate velocities of the  o rder of 25 c m s - 1 , w hich w ould 
m ake an im p o rtan t co n trib u tio n  bo th  to heat tran sfer and to the m ixing of 
im purities . H e then  trea ted  bo th  of these effects in detail, first th rough  
analysis of the duct flow geom etry , w ith  w hich he was already so fam iliar, 
b u t now  w ith  the inclusion of a spanw ise tem pera tu re  g rad ien t, and 
secondly th rough  analysis of the effects of a localized im purity , giving a 
spherically  sym m etric  d istrib u tio n  of the therm oelectric  pow er S, in the 
presence of a un ifo rm  tem p era tu re  gradient; th is com bination  drives a 
m erid ional cu rren t tha t in teracts w ith  a un ifo rm  m agnetic field to 
generate a zonal flow. Such  a flow in itself w ould not be efficient for 
s tirring , b u t as Shercliff po in ts out, it is p rone to instabilities tha t could 
greatly  augm ent the stirring  effect. T h e  im plication is that a m agnetic 
field and parallel g rad ien t of tem pera tu re  can conspire to m aintain  a well 
m ixed m elt.

W hile at the C ulham  L aborato ry  in 1977, Shercliff also w orked on the 
p rob lem  of the m agnetostatic  equ ilib rium  of a plasm a contained in a two- 
dim ensional geom etry  by the m agnetic field of external line curren ts. 
U sing  the hodograph  m ethod , he found a new fam ily of solutions in 
w hich the plasm a is confined w ith in  a curve, w hich m ay (in lim iting 
circum stances) exhibit cusps (45). A sim ilar com plex variable technique 
was to prove useful th ree years later, w hen Shercliff tackled a problem  
that he encountered  th rough  contact w ith  R. M oreau  and his group at the
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M adylam  L abo rato ry  in G renob le , nam ely the shap ing  of a co lum n of 
liqu id  m etal w ith  the h igh -frequency  m agnetic  field associated w ith  a.c. 
cu rren ts  in ex ternal circu its. H ere again, it was no d o u b t a process of 
reasoning by analogy th a t led Shercliff to the  ap p rop ria te  so lu tion  (51), in 
w hich the fluid b o undary  again exh ib its  cusps (in the lim it of small 
surface tension).

Shercliff’s long-stand ing  in terest in the reform  of eng ineering  educa
tion  led him  to serve for th ree  years (1976—79) on the C om m ittee  of the 
E ngineering  P ro fesso rs’ C onference; th is was d u ring  the crucial period  
w hen evidence was being assem bled for the F inn is ton  In q u iry  in to  the 
E ng ineering  P rofession. D u rin g  his tim e at W arw ick his involvem ent in 
p rob lem s of b lood flow m easurem en t by electrom agnetic  techn iques led 
him  to serve also as C hairm an  of the A dvisory  C om m ittee  to the 
C oven try  Area H ealth  A u tho rity  on IVledical E ngineering , and then  for a 
period  (1975-80) as V ice-C hairm an  of the  A u tho rity  itself. A parallel 
in te rest in the in terface betw een art and eng ineering  in the  design area led 
h im  to serve also on the C ouncil for N ational A cadem ic A w ards, and on 
its com m ittee  for A rt and D esign.

536 Biographical Memoirs

R e t u r n  t o  C a m b r i d g e , 1980-1983

In 1980 Shercliff was elected to the Fellow ship  of the Royal Society, 
and alm ost sim ultaneously  to the H opkinson  and I .C .I . P rofessorsh ip  of 
A pplied  T herm odynam ics  at C am bridge, succeeding his form er su p e r
visor S ir W illiam  H aw thorne , F .R .S . At the same tim e he was re-elected  
a Fellow  of his old college (T rin ity ). He re tu rn ed  to C am bridge w ith his 
fam ily in A ugust and set up house in H un tin g d o n  R oad, next door to S ir 
H aro ld  and L ady Jeffreys. A lm ost im m ediately  he was involved in m ajor 
plans to reform  the C am bridge E ngineering  T rip o s , partly  in response to 
the m icrocom puter revolution. Sadly, ill health  was to in tervene, and he 
was unable to see these plans th ro u g h  to com pletion.

Also in 1980 Shercliff accepted appo in tm en t as an Associate E d ito r of 
the Journal of Fluid Mechanics (J F M ),to w hich he had been a regular 
co n trib u to r since its inception  in 1956. T h e  25th anniversary  of the 
jou rnal was celebrated  in M ay 1981 w ith  the pub lica tion  of a special 
‘b irth d a y ’ num ber (volum e 106) to w hich each E d ito r con tribu ted  an 
article in inform al vein. Shercliff’s ‘Reflections of a new e d ito r’ (54) 
provide a valuable insight into his view of his own editorial role, and of 
the likely fu tu re  developm ent of the subject. O n the first, he wrote:

‘Referees and potential au thors alike m ay feel the need for a 
clarification of the editorial position on papers on engineering  fluid 
m echanics. I can only speak for m yself, bu t essentially I th ink  the 
position is that, of course, J F M 's norm al high standards of scientific 
w riting  m ust apply (and the jarg o n -rid d en , inept prose that disguises

 D
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John Arthur Shercliff 537

woolly th o u g h t in so m uch  eng ineering  repo rting  m u st be avoided) 
and th a t as well as a certain  am oun t of novelty , of advancing  the art, 
the paper should  above all show  physical insight. In  the contex t of 
tru e  eng ineering , i.e. design as d istinc t from  eng ineering  science, th is 
ing red ien t is absolu tely  crucial because it is only th ro u g h  broad  
physical insights th a t creative m an ipu la tion  of the physical w orld , the 
essential job  of the eng ineering  designer, becom es possib le .’

A nd on fu tu re  developm ents Shercliff p red ic ted  and advocated m ore 
‘active in te rv en tio n ’ in the contro l of fluid system s. H e w rote: ‘. . . I have 
in m ind  the active  or interventionist postu re  th a t the engineer is increas
ingly adop ting  in the face of cheap m icro -com pu ting  . . . .  It becom es 
possible to envisage m uch  m ore in te rven tion  in the operation  of physical 
system s than  ever b e fo re ’. H e goes on to discuss such possibilities as 
active contro l, via feedback m echanism s, of a com plian t boundary , and of 
the m ore esoteric contro ls available in M H D  w here the engineer can 
‘escape from  the fru stra tin g  position  of being  able only to push  the fluid 
at its edges and instead grab and m anipu la te  it in m id s tream ’. (H ere he 
w rote in the b lu n t and d irec t m an n er characteristic  of his speech.) A nd 
then  he says ‘E ngineering , or in terven tion ist, fluid m echanics seem s to be 
offering endless scope for rew arding  investigation, w ith rew ards w hich 
one hopes will go beyond the intellectual satisfaction of the p rac titioner to 
the  p ro sperity  of industria l en terp rises and to benefits to the com m unity  
at large’. Shercliff’s appo in tm en t to jf. Fluid Mech. did in fact a ttrac t a 
good n u m b er of papers w ith strong  engineering con ten t to the jou rna l, 
a lthough  the in terven tion ism  that he urged is still at a fairly p rim itive 
level.

In  1980 the In te rnationa l U nion  of T heoretica l and A pplied 
M echanics (IU T A M ) agreed to sponsor a Sym posium  on M etallurgical 
A pplications of M agnetohydrodynam ics, to be held in C am bridge in 
A ugust 1982 u nder Shercliff’s chairm ansh ip . Shercliff had an unusually  
wide range of contacts in the w orld of industria l m etallurgy  as well as in 
university  m agnetohydrodynam ics, and he succeeded, as no one else 
could have done, in b ring ing  them  all together and in constructing  a 
p rogram m e of lectures of exceptional range and in terest covering p ro b 
lem s of stirring , shaping, form ing, solidification, and particle segrega
tion, w ith  the use of applied electrom agnetic  fields (both  a.c. and d.c.), in a 
n u m b er of industria l contexts: a lum inium  sm elting, continuous casting 
of steel and o ther m etals, the operation  of the coreless induction  furnace, 
arc w elding, etc. T hese  were all fields to w hich Shercliff’s own con
tribu tions  were highly relevant; it was tragic that he was struck by cancer 
in the weeks before the Sym posium , and was in the event unable him self 
to participate. T h e  Sym posium  Proceedings, published  by the M etals 
Society in 1984, stand as a tribu te  to Shercliff’s own con tribu tions to the 
subject of m agnetohydrodynam ics in m etallurgical contexts and to his
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rare ability  to com bine m athem atica l and physical insigh t w ith  a dow n- 
to -ea rth  apprecia tion  of the realities of industria l technology.

A lthough  unab le  to a ttend  the S ym posium , Shercliff took a close 
in te rest in all the papers su b m itted  to it, and read them  d u rin g  the 
m on ths of forced physical inactiv ity  th a t follow ed. D esp ite  severe 
d iscom fort d u ring  th is  period , he w ro te  one fu rth e r  paper (58), in w hich 
he addressed  ‘the p rob lem  of iden tify ing  efficient and accurate  m ethods 
of calcu lating  the m ean m agnetic  force field . . . from  given m agnetic  field 
data  . . .  in o rder to allow analysis of the resu lting  fluid m otions. T h is  
paper, pub lished  posthum ously  in M etals Technology (a pub lica tion  of 
the M etals Society), refers to 19 of the  Sym posium  papers, and m ay be 
regarded  as Shercliff’s definitive postscrip t and seal on the  m eeting .

In  January  1983, w ith  great courage, Shercliff resum ed  his full du ties 
in the D ep a rtm en t of E ng ineering  at C am bridge. H e had  already been 
appo in ted  som e tim e previously  to succeed P rofessor W . A. M air as H ead 
of D ep a rtm en t on the la tte r’s re tirem en t in S ep tem ber 1983. In  view of 
the seriousness of the  illness th a t he had been th ro u g h , and the dub ious 
p rognosis of w hich he was well aw are, it w ould  have been en tirely  
u n ders tandab le  if he had  w ithd raw n  from  th is obligation. In  the event, 
how ever, he did  assum e the heavy b u rd en  of responsib ility  of H ead  of 
D ep a rtm en t in O ctober 1983. T h e  vigour and vision th a t he b ro u g h t to 
th is position  was sadly to be short-lived . H is illness recu rred  late in 
N ovem ber, and on 6 D ecem ber 1983 he died in the Evelyn N u rsin g  
H om e in C am bridge. H is funeral was held  in E m m anuel C ongregational 
C hu rch , w here he and D aphne  had been m arried  28 years before, and 
w ith  w hich they had m ain ta ined  a close association.

Biographical Memoirs

F a m i l y  a n d  p a s t i m e s

A rth u r left two sons, D avid  and H ugh , bo th  engineers, and a daughter, 
H elen. H is younger son H ugh  a ttended  A rth u r’s lectures in the 
E ngineering  T rip o s , and w ent on to graduate  w ith first class honours in 
1984. D avid  is m arried , w ith two young ch ild ren  w ho were a great joy  to 
A rth u r in his last years. A rth u r was very m uch  a fam ily m an. D a v id ’s 
trib u te  at the funeral is revealing:

‘sphere was never a dull m om ent. W ith  D ad  s sense of h u m o u r and 
his in tense in terest in every th ing  about h im , he m ade the sim plest 
th ings exciting. T h e  ingenious gam es we used to play to pass the 
tim e, the in teresting  walks, even sitting  round  the breakfast table 
could tu rn  into a science lesson. In  his play as well as in his w ork he 
pu rsued  an idea to the end. W e used to joke th a t after one of D ad s 
holidays we all needed a holiday . . . d riv ing  across A m erica in a car, 
cam ping am ong the grizzly bears, clim bing  every m oun ta in  in sight 
on one of our m oun ta in  w alking holidays . . .’
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John Arthur Shercliff 539

M usic  was a shared  in te rest for A rth u r  and D aphne , who had sung 
to g e th e r since th e ir  s tu d e n t days w ith  the C am bridge  U n iversity  M usical 
Society, and later w hile at W arw ick w ith the St M ich ae l’s S ingers in 
C oven try  C athed ra l. As a research  s tu d en t, A rth u r took up the clarinet, 
and p layed to D a p h n e ’s p iano  accom pan im en t. In  his late forties A rth u r  
d iscovered  a la ten t a rtistic  talen t, and  on holidays in D evon (w here his 
fa ther lived in re tirem en t), he pain ted  in oils a n u m b er of beautifu l 
landscapes, in terio rs, and still-lifes; his pa in ting  of the  in te rio r of St 
P e tro ck ’s C h u rch  in P arracom be is one of D a p h n e ’s favourites. H e also 
pa in ted  p o rtra its  of the  fam ily, and a se lf-po rtra it, in pastel. H is pa in tings 
w ere exh ib ited  in C oven try , to gethe r w ith those of o th er local artists.

All w ho knew  A rth u r Shercliff com m ent w ith  great affection on the 
w arm th  of his charac te r and  on his spon taneous w it and b luff good 
h u m o u r. I recall tw o occasions w hen he was in relaxed m ood and w hen I 
experienced  th is w arm th  and h u m o u r at first hand: the first in Israel 
follow ing the 1975 Beersheva Sem inar, w hen we tou red  u p p e r G alilee 
together; the second in 1980 w hen, after a sum m er school in M H D  in 
U d ine , we together v isited A quileia. O n bo th  occasions A rth u r was 
m arvellous com pany and his open g o od -natu red  en thusiasm  com bined  
w ith  an artistic  sensitiv ity  to m ake him  an ideal com panion  in these 
excursions in the ancien t w orld.

H e was a m an of broad  talen ts and generous d isposition  who gave 
unstin ting ly  of his tim e and energy bo th  in h is role as U niversity  
P rofessor and in the w ider range of public  service to w hich he was draw n. 
H is influence and achievem ents at W arw ick and C am bridge have been 
fittingly com m em orated  th ro u g h  the estab lishm en t of the A rth u r S h e r
cliff M em orial T ru s t  whose objective is to p rovide travel scholarships for 
eng ineering  studen ts  at C am bridge and W arw ick U niversities. T h ro u g h  
th is T ru s t, u nder w hich the first aw ards have now  been m ade, the 
m em ory  of an idealistic and gifted engineer and teacher will surely live 
on.

A c k n o w l e d g e m e n t s

T h is  m em oir was p repared  w ith the help of notes w ritten  by Shercliff 
h im self, and a m anuscrip t p repared  by his elder b ro th e r Bill, dealing w ith 
aspects of his hom e and fam ily life. I w ould like to acknowledge 
also m ost helpful com m ents from  D r M . K. Bevir, D r M . D . Cowley and 
D r J. C. R. H un t.

T h e  pho tograph  reproduced  was taken by G odfrey A rgent in 1980.
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