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W illiam  Harvey an d  the 

C ircu lation  of the  B lood

JOHN MARTIN and RICHARD EIMAS

T o apprec ia te  the  in te llectual a tm o ­
sphere  in  w hich  W illiam  H arvey  (1578-1657) w o rk ed  one n eed s  
to review  briefly the  p reced ing  cen tu ries, an d  particu larly  the  
1400 years back to the  tim e of G alen  (C laud ius G alen  of 
Pergam on, 130-200 A .D .). As in  an y  long  period  of tim e, the 
general p rog ress of m an  w as fo rw ard , b u t it seem s th a t in  those 
centuries after G alen it w as a m atte r of tw o  sh o rt s tep s  fo rw ard  
an d  one long step  backw ard . C o n tin u o u s  w ars, the  rise of 
strong  an d  rival political sta tes, the  d o m in eerin g  p o w e r of the  
C hurch  of Rom e, relig ious schism , the  p ro fo u n d  effects of 
Islam , great pestilences such  as bubon ic  p lague  an d  syphilis, all 
accom panied by  the  m iserable living cond itions of the  m asses, 
w ere hard ly  conducive to a n y th in g  b u t the  c ru d es t aspects of 
biological science.

The inven tion  of the  p rin tin g  p ress  p ro d u ce d  a vo lum inous 
m edical literature  before H arvey , particu larly  in  ana tom y , less 
so in  any th ing  tru ly  physiological. A natom y, or s truc tu re , h ad  
to precede physiology, or action. But from  the  earliest tim es the  
d istinction  w as incom plete, th e  tw o be ing  m ixed in  an  am al­
gam  of " science,"  a long  w ith  su p ers titio n , astro logy , theology, 
teleological reason ing , a n d , too o ften , p la in  guessw ork . Today 
w e limit ou r s tu d y  of m edical h isto ry  m ain ly  to  even ts  in  the  
W estern  w orld , b u t it w o u ld  be unrealistic  n o t to th in k  th a t a 
great body  of biological in fo rm ation  w as available in  the  ancien t 
civilizations of such  coun tries  as C hina  an d  India. It is cu stom ­
ary to begin  m o d ern  m edical h isto ry  w ith  H ippocra tes (460-370 
B.C.), A ristotle (384-322 B.C .), various m em bers of the  A lexan­
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d rian  School, as E rasistra tus a n d  H ero p h ilu s  (ca. 350 B.C.), and  
so o n  th ro u g h  the  w an in g  classical G reek period  to Galen.

A consideration  of th e  sta te  of m edical science lead ing  u p  to 
the  tim e of H arvey  conven ien tly  beg ins w ith  G alen, for Galen, 
in  h is vo lu m in o u s w ritings, sum m arized  all th a t h ad  gone 
before  h im , a d d e d  his o w n  original w ork  w h ich  w as p h en o m ­
enally  ex tensive for o n e  m an , an d  expressed  h im self so au th o r­
itatively  a n d  logically th a t he  rem ained  for the  m ost part 
u n q u e s tio n e d  for fo u rteen  cen turies. Indeed , w ith  G alen as his 
m en to r, th e  scholar n e e d ed  an d  accep ted  b u t little m ore; w ith  
the  various w orks of the  physic ian -bo tan ist D ioscorides (ca. 50 
A .D .) a n d  the  Canon of A vicenna (980-1037), he w as fully 
arm ed . T here w as no  reaso n  to q uestion  these  tru th s . The 
C hristian , H ebrew , a n d  M oslem  faiths all frow ned  u p o n  or 
p ro h ib ited  h u m a n  dissection; m edical w ritings consisted  
m ain ly  of tran sla tions  of the  classics or end less com m entaries 
on  a n d  res ta tem en ts  of such  au tho rities  as G alen an d  Avi­
cenna, w ith  the  resu lt th a t th ere  w as practically no  advance­
m en t of th e  m edical arts. G alen 's  au tho rity , particu larly , w as 
n o t to be questio n ed . G alen, w ith  h is facile, in g en u o u s answ ers 
for all p rob lem s, congealed  m edical p rog ress all th ro u g h  the 
M iddle  A ges u n til th e  first cracks in  h is law s ap p eared  du ring  
the  early  stirrings of the  R enaissance.

The Anathomia of M ond ino  dei Luzzi of Bologna (1275?-1326), 
w ritten  in  1316 a n d  first p r in te d  in  1476, w as little m ore th an  a 
s tu d e n t 's  h a n d b o o k , p u re ly  G alenical, en tirely  w ith o u t origi­
nality , b u t it rep re sen te d  the  first re tu rn  after cen tu ries to the 
d issection  of the  h u m a n  b o d y  for anatom ical s tudy . In spite of 
the  fact th a t M ond ino  saw  struc tu res  in  the  cadaver clearly 
d isp layed  by  h is p rosecto rs  (anatom ists), he  dogged ly , an d  no 
d o u b t in  reverence  for " th a t  Prince of P hysicians,"  Galen, 
described  w h a t he  saw  strictly  the  w ay  G alen  h a d  described  it 
cen tu ries  p rev iously . It w as a p o p u la r book a n d  w en t th ro u g h  
m any  ed itions b u t it co n tribu ted  n o th in g  to anatom y, physio l­
ogy, or the  n a tu re  of the  card iovascu lar system . N evertheless, 
it w as a beg inn ing . The au th o r, if n o t actually  do ing  the
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dissection him self, d id  a t least pe rsona lly  observe h u m an  
dissection, how ever m uch  in  erro r h is d ed u c tio n s  w ere.

In an  overv iew  of the rap id ly  chang ing  an d  increasing  
biological know ledge of the  R enaissance, h e re  considered  as 
the period  from  M ond ino  th ro u g h  H arvey , m any  notab le  
nam es are en coun tered . M ost of these  m en  w ere  p rim arily  
anatom ists, th o u g h  they  usua lly  also practiced  som e clinical 
m edicine a n d  surgery , a n d  th e ir w orks con ta in  fragm en ta ry  
bits of physio logy , all too o ften  e rroneous. But o u t of th is 
period  there  arose m ore o rd er in  anatom ical n o m enc la tu re , a 
g radual w ean ing  aw ay  from  the  p h ilo so p h y  of the  ancien ts, 
and  a g row ing  d isda in  for the  restric tions of the  C hurch . The 
practical m atte r of h o w  th e  b o d y  functions beg an  to be consid ­
ered. The h an d s-o n  m eth o d  of d issection  by  the  teacher h im self 
g rew  popu lar, an d  vivisection w as u se d  increasing ly  so th a t 
som e of the  g rosser facts of physio logy  w ere  revealed . T hese 
R enaissance doctors becam e bo lder each decade w ith  their 
denial of G alen, th o u g h  G alen  c o n tin u ed  to have  his loyal 
sup p o rte rs , even  am ong  the  best ed u ca ted , w ell in to  the 
e igh teen th  cen tury . C erta in  of these  m en  an d  th e ir p u b lish ed  
w orks m ade a strong  im pression  on  W illiam  H arvey , th o u g h  
the  m eth o d  of investiga tion  H arvey  u se d  w as his ow n. C red it 
is d u e  to som e of the  m ore p ro m in en t nam es d u rin g  th is crucial 
period  of the  h isto ry  of m edicine: L eonardo  da  Vinci (1452- 
1519), Jacopo B erengario da C arp i (1470-1530), A n d reas  C esal­
p ino  (1519-1559), M ichael S ervetus (1511-1553); the  six great 
figures com prising  the  "V esalian  School"  a t the  zen ith  of 
P ad u a 's  ren o w n  as a cen ter for m edical study : A ndreas  V esal­
ius (1514-1564), Realdo C olom bo (1516-1559), G abriele Fallopio 
(1523-1562), H ieronym us Fabricius ab A q u ap e n d e n te  (1533- 
1619), G iulio C asserio  (1561-1616), a n d  A driaan  v an  d e r Spiegel 
(1568-1625). W ith Spiegel ana tom y  peaked ; it h ad  been  refined  
abou t as m uch  as possib le w ith o u t the  a id  of the  m icroscope 
an d  m ore soph istica ted  m eth o d s  of s tu d y . Spiegel w as in te r­
ested  in com parative ana tom y  a n d  the  action of the  m u scu la­
ture . H arvey , for tw o  years th e  p u p il of Fabricius, o rig ina ted  an
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experim en tal ap p ro ach  to  functional anatom y, th a t is, physio l­
ogy, a n d  after h im  in rap id  succession  cam e such  m en  as 
L ow er, M alpighi, a n d  Borelli.

If one u n d e rs ta n d s  the  G alenic ru les for ana tom y  an d  p h y s­
iology u n d e r  w h ich  the  scientific com m unity  labored , one can 
u n d e rs ta n d  h o w  difficult it w as to  refu te  those ru les, how  
daring , actually  risky, for those  ru les, reveren tly  frozen for 
cen tu ries , w ere  cleverly w ritten  a n d  left no  op en  ends. A ccord­
ing  to G alen, an d  in d eed  in  large p a rt all the  w ay  back to 
A risto tle , th ere  w as an  overall Life Force, an  A nim a, a Pneum a, 
co n ta ined  everyw here  in  the  air, inhaled  w ith  the  air, and  
necessary  for all an im al life. The life-giving blood, p resen t 
visibly in  the  b lood  vessels, ebbed  a n d  flow ed, back an d  forth, 
w ith  vary ing  sp eed s th ro u g h o u t the  body , be ing  con tinuously  
m an u fac tu red  by  the  liver from  the  n u trim e n ts  b ro u g h t to the 
liver via the  p o rta l ve ins from  the  gastro in testinal tract. In the 
liver the  n u trim e n ts  w ere  tran sfo rm ed  in to  m aterials usable by 
the  b o d y  an d  for creating  blood. In  the  liver th is continuously- 
ren e w ed  su p p ly  of b lood  w as en riched  by  the  N atu ra l Spirit. 
The b lood  p assed  from  the  liver via the  inferior vena  cava to the 
righ t side of the  h ea rt, a n d  from  th ere  p a rt of it w en t th ro u g h  
the  p u lm o n ary  a rte ry  to the  lungs, a n d  p a rt of it p assed  directly 
th ro u g h  po res  in  the  se p tu m  of the  h ea rt in to  the  left ventricle. 
In  the  lu n g s the  b lood  n o u rish e d  th e  pa renchym a of the  lungs 
a n d  cooled the  b lood  of the  excessive h ea t w hich  the  h ea rt had  
genera ted . The in h a led  air abso rbed  the  p ro p er  con ten t of 
P n eu m a, th a t essen tia l Force w h ich  h a d  been  n am ed  b u t never 
really  defined  since anc ien t tim es. It w as the  basis of life, the 
soul, an  en tity  a p a rt from  the  b o d y  in  orig in  an d  yet a p a rt of 
the  body . In  sho rt, it w as a concep t difficult to u n d e rs tan d . 
Blood, d escen d in g  from  th e  b rain , b ro u g h t w ith  it the  A nim al 
sp irit w h ich  h a d  b een  fo rm ed  there , an d  th is b lood  reached  the 
righ t side of the  h ea rt th ro u g h  the  superio r vena  cava. In the 
lungs the  term ina tions of the  p u lm o n ary  artery  m ade  fine 
connections w ith  the  term inals of the  p u lm o n ary  vein. Blood in 
the  lu n g s re tu rn e d  to the  left side of the  h ea rt th ro u g h  the 
p u lm o n ary  vein , th ere  m ixing w ith  the  b lood  w hich  h ad  come
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directly th ro u g h  the  sep ta l w all from  the  rig h t ventricle . Vital 
Spirit, fo rm ed  by  the  h eart, m ixed w ith  th is  b lood , a lready  
contain ing  P neum a a n d  N a tu ra l a n d  A nim al Spirit. N ow  the 
blood, flow ing th ro u g h o u t the  body , expelled  sooty  vapo rs  an d  
air th ro u g h  the  po res  of th e  skin, a n d  seep ed  th ro u g h  the 
tissues in  a fine n e tw o rk  of b lood  vessels. V eins an d  arteries 
w ere recognized  as som ew hat d ifferen t in  s tru c tu re  b u t their 
special p u rp o ses  w ere  n o t recognized . The v en o u s side of the  
system  w as considered  to be the  m ore im p o rtan t. T hus the  
b lood, con tinuously  ren ew ed  by  the  liver a n d  ju s t as co n tin u ­
ously  consum ed  by  th e  body , con ta in ing  the  th ree  essen tia l 
spirits form ed by the  th ree  m ost im p o rtan t o rgans in  th e  body , 
the  liver, b rain , an d  h eart, a n d  activated  by  the  all-pervasive 
P neum a, su sta in ed  anim al life. This, in  essence, is th e  G alenic 
concept of the card iovascular system . It h a d  served  w ell for 
over fou rteen  h u n d re d  years. It an sw ered  all questions  an d , it 
w as so com fortable.

But w h y  do  m en  a n d  w o m en  even tua lly  ap p e a r  w h o  dare  to 
say w h a t they  th ink , describe w h a t th ey  see, a n d  fly in  the  face 
of estab lished  au thority?  W here, o u t of the  m orass of the  early  
days of the  R enaissance d id  V esalius com e from , a n d  w hy? 
W hy d id  H arvey, in  so m any  w ays the  very  an tithesis  of 
V esalius, ap p ear w ith  the  sam e sing le -m indedness , to  p u rsu e  
an  in d ep e n d e n t course, th o u g h  fearing  censu re , w ork ing  in  
secret, an d  delaying pub lication  o u t of reticence a n d  m odesty? 
W here d id  H arvey  com e from , a n d  w hy? W hy a N ew to n , a 
C opernicus, K epler, or Boyle?

Leonardo da Vinci, w h o  seem s to have  investiga ted  m ain ly  
for his ow n satisfaction, n ev er b ring ing  h is w ork  to  a clear, 
u ltim ate conclusion, an d  n ever pub lish in g  an y th in g , sh o w ed  
in  his d raw ings a good rep re sen ta tio n  of the  gross an a to m y  of 
the h u m an  h eart an d  an  app rec ia tion  of the  probab le  function  
of the cardiac valves. W ith B erengario w e can be su re  th a t h is 
pub lished  w orks w ere  b ased  on  h is p e rso n a l observation  of 
h u m an  dissection. T hough  a G alenist, h e  s ta ted  as early  as 1521 
th a t he strong ly  d o u b ted  the  p resence  of po res  in  the  cardiac 
sep tum , for the  sim ple reason  th a t he  d id n 't  see any . W hen
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V esalius, like a com et, flashed  u p o n  the  scene in  1543 w ith  De 
Humani Corporis Fabrica Libri Septem, G alenic princip les w ere 
n ev er th ereafte r on  a firm  foundation . A  new  m ethod  of 
d issection , experim en ta tion , a n d  teach ing  h ad  been  estab ­
lished , th o u g h  to be su re  these  iconoclastic teachings w ere by 
no  m eans everyw here  accepted . V esalius h a d  been  educated  
to tally  in  G alenic p rincip les an d  he  never d id  com pletely 
overcom e his obeisance to  the  g rea t m aster. H ow ever, in  the 
1555 ed ition  of the  Fabrica he  d id  ra th e r reluctan tly  state  th a t he 
fo u n d  no  ho les in  the  cardiac sep tu m  for the  passage  of blood. 
H is basically accurate a n d  com plete  account of h u m an  anatom y 
crea ted  a secure  fram ew ork  for the  physio logy  th a t w as to 
follow , a n d  it w as th e  resu lt of h is ow n  in tense , persona l study .

From  anc ien t tim es there  h a d  alw ays been  an  in te rest in  and  
a confused  exp lana tion  of the  p u lm o n ary  circulation. It has 
b een  th o u g h t by  som e h isto rian s th a t M ichael Servetus, the 
S pan ish  theo log ian -ph ilo sopher-m athem atic ian  an d  superfi­
cially tra in ed  physician , m ay  have  ob tained  h is essentially  
accurate descrip tion  of the  p u lm o n ary  circulation, as he d e ­
scribed it in  Christianismi Restitutio (1553), from  the  Syrian 
physic ian  Ibn-al-N afis (ca. 1289).1 M ost likely, how ever, this 
susp ic ion  is n o t true . S ervetus ' descrip tion  of the  flow of blood 
from  the  rig h t to  the  left side of the  h ea rt th ro u g h  the  lungs w as 
basically correct, th o u g h  he  d id  n o t recognize the  function  of 
the  lungs. It is strange  th a t he  sh o u ld  even  have w ritten  this 
little tract on  physio logy , b u t it is the  m ain  th in g  by w hich  he 
is rem em bered . Im m edia te ly  u p o n  pub lication  the  C hurch  
declared  h im a heretic , the  book  b lasp h em o u s, as m any  copies 
of the  book  as possib le w ere  collected, an d  they  an d  Servetus 
w ere  b u rn e d  at the  stake a t G eneva in  1553. O nly  th ree  copies 
of the  book  are k n o w n  to have  surv ived . Servetus shou ld  have 
co n ten ted  h im self w ith  essays on  The Syrups, an d  left the 
circulation alone.

1 Owsei Temkin, The Double Face of Janus and Other Essays in the History of 
Medicine (Baltimore: Johns Hopkins University Press, 1977), p. 284, and Geoffrey 
Keynes, The Life of William Harvey (Oxford: Clarendon Press, 1966), p. 170.
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A ndreas C esalpino, w h o  occup ied  the  chair of ana tom y  at 
the  U niversity  of Pisa from  1544 to  1549, w ro te  of th e  h e a rt 's  
action and  the lesser circulation in  h is Peripateticarum Quaestio­
num  (1571), a p o s th u m o u s  pub lica tion  w h ich  sh o w ed  little 
originality and  n o th in g  based  on  actual experim en tation . The 
fact th a t he bo rrow ed  from  Colom bo m ay  or n o t be true , b u t it 
is unlikely tha t H arvey , w h o  knew  of the  w ork , w as in  any  w ay  
influenced  by it. Realdo C olom bo, w h o  fo llow ed V esalius in  
anatom y at Padua, p u b lish ed  De re Anatomica in  1559. It w as an  
excellent text, d raw n  m ostly  from  V esalius, a n d  w ith o u t illus­
trations. H is descrip tion  of the  p u lm o n ary  circulation w as the  
m ost accurate to date , a n d  he  n o ted  th a t th e  b lood  re tu rn in g  to 
the  heart via the pu lm o n ary  vein  w as of a ligh ter, b rig h te r color 
th an  the  blood in  the  p u lm o n ary  artery . But Fabricius ab 
A quapenden te , as H arv ey 's  teacher, g reatly  in fluenced  
H arvey 's later w ork  by  his s tud ies  on  th e  valves of the  veins, as 
expressed  in  his w ork  De Venerum Ostiolis (1603). T rain ing  in  
the  intellectually-charged a tm o sp h ere  of th e  in te rnationa l s tu ­
d e n t body  at P adua, H arvey  could  n o t b u t be in trig u ed  by 
various problem s of h u m an  ana tom y  a n d  physio logy , p a rticu ­
larly th a t of the v enous valves a n d  h o w  th ey  p rev e n ted  the 
re tu rn  of blood to the p e rip h e ry  of the  body . O f all the  teachers 
of anatom y an d  physio logy  w ith  the  w ork  of w h o m  H arvey  
w as acquain ted , a n d  w ith  the  large a m o u n t of m edical litera­
tu re  available, the g rea test in fluence lead ing  H arvey  to the  
creation of De M otu Cordis w as h is association  w ith  Fabricius. 
Yet H arvey could n o t agree w ith  Fabricius on  m any  po in ts , 
particularly  the  function  of resp ira tion . T hough  Fabricius accu­
rately described the valves in  the  veins, he  d id  n o t u n d e rs ta n d  
their purpose; th a t w as for H arvey  to d em o n stra te  later.

W illiam H arvey  w as bo rn  on  A pril 1, 1578, in  the  E nglish 
coun ty  of K ent at Folkestone. H is father, T hom as H arvey , w as 
a p ro sperous m erchan t w h o  served  as m ayor of Folkestone 
later in his career. W illiam  w as the  o ldest child  of h is fa th e r 's  
second m arriage an d  h a d  six b ro th e rs  a n d  tw o  sisters. W hen  he 
w as tw enty-six  he m arried  E lizabeth B row ne, d a u g h te r  of Sir 
Lancelot Brow ne, physician  to  the  king. E lizabeth  rem ains  a
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sh ad o w y  figure , w as n ever m en tio n ed  in  any  of H arvey 's  
p u b lish ed  w orks, they  h a d  no  ch ild ren , a n d  she d ied  som e ten  
years before W illiam , w h o  d ied  on  June  3, 1657.

H e w as ed u ca ted  at K ing 's School in  C an terbury , w hich  he 
en te red  in  1588. H e co n tin u ed  his s tud ies  a t G onville an d  Caius 
College, C am bridge , w h ere  he  g rad u a ted  as Bachelor of A rts in 
1597. The follow ing year H arvey  w e n t to  P adua  to  s tudy  
m edicine a n d  g rad u a ted  in  1602 w ith  h is D octor of M edicine. In 
the  sam e y ear he  re tu rn e d  to  E ngland  an d  w as inco rporated  as 
a D octor of M edicine of the  U niversity  of C am bridge. In  1604 he 
becam e a m em ber of th e  College of Physicians an d  w as m ade a 
Fellow  in 1607. By 1607 he  h a d  also been  m ade  a Fellow of the 
Royal Society, an  h o n o r com ing u n u su a lly  soon  for a young  
m an , a n d  particu larly  one tra in ed  abroad . But his peers  recog­
n ized  in  H arvey  a m in d  exceptionally  b rig h t an d  gifted, and  
th o ro u g h ly  tra in ed  in  the  G alenic p rincip les to  w hich  the  Royal 
Society so faithfully  ad h e red .

Portrait of William Harvey at about age 45.
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H arvey 's  p rofessional life as a physic ian  w as largely  associ­
a ted  w ith  St. B artho lom ew 's H osp ita l, th e  College of P hysi­
cians of L ondon, an d  the  royal cou rt w h ere  h e  served  as 
physician  to the King. H e w as ap p o in te d  physic ian  to St. 
B artholom ew 's in  1609 an d  w as the  only  physic ian  on  the  staff, 
w hich  also included  th ree  su rg eo n s  a n d  an  apo thecary . H is 
du ties included  a tten d an ce  at the  hosp ita l a t least once a w eek  
an d  exam ination an d  p rescrip tion  of th e rap y  for pa tien ts .

W hile he w as physic ian  to  St. B artho lom ew 's, H arvey  w as a 
capable and  co m p eten t adm in is tra to r a n d  reco m m en d ed  a 
nu m b er of changes to im prove m an ag em en t of the  hosp ita l. H e 
also took care to m ain ta in  the  su p erio r s ta tu s  of the  physic ian  
over the su rgeon  an d  decreed  ''th a t  the  C h iru rg ions, in  all 
difficult cases or w h ere  in w ard  physic  m ay  be necessary , shall 
consult w ith  the  D octor, a t the  tim es he  s itte th  once in  the  w eek  
and  th en  . . . relate  to the  D octor w h a t he  conceiveth  of the  cure 
an d  w h a t he h a th  do n e  th e re in . ''2

H arvey  m ade  no tes  on  m any  of the  d iseases he  en co u n te red  
an d  also perfo rm ed  a large n u m b er of au to p sies, includ ing  
som e on  his ow n  relatives. The cond itions he  described  include 
en la rgem en t of the  sp leen  in  ague, constrictive pericard itis , an d  
liver d iseases includ ing  abscess, cancer, h y d a tid  d isease , an d  
am yloidosis. In  m edical practice H arvey  a d h e re d  largely  to  the  
com m on practices of h is era. H e e sp o u se d  b lood le tting  as 
"forem ost am ong  all the  genera l rem edia l m ea n s"  an d  also 
followed the  po lypharm aceu tical p ractices of the  day  w h ich  
dictated  the  d isp en sin g  of m edications con ta in ing  n u m ero u s  
ingredien ts, few  of w h ich  w ere  active.3

A lthough bu sy  w ith  his m edical responsib ilities, H arvey  also 
found tim e to qu ietly  w ork  in  h is sm all laborato ry , tw o  room s 
attached to h is hom e. T here, w ith  the  seeds of w o n d e r an d  
curiosity p lan ted  in  h is m in d  d u rin g  his years  a t P adua , 
together w ith  h is observations a t h is an a to m y  d em o n stra tio n s , 
he  fulfilled the  u rge  to an sw er for h im self the  recu rring

2 D'Arcy Power, William Harvey (London: T.F. Unwin, 1897), pp. 100-101.
3 Herbert Ritchie Spencer, William Harvey, Obstetric Physician and Gynaecologist 

(London: Harrison, 1921), p. 33.
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q u estio n s  w h ich  conflicted  w ith  estab lished  beliefs concerning 
the  m otion  of the  h e a rt an d  b lood  in  an im als. Q uietly , p ri­
vately , a lm ost secretly , he  carried  on  experim en ts  an d  recorded  
observations on  the  d ev e lo p m en t, g row th , an d  action of the 
card iovascu lar system  in  all form s of anim al life, from  insects 
a n d  w orm s, th ro u g h  various species am ph ib ian  an d  avian, to 
w arm -b looded  an im als such  as cats an d  dogs. M uch, if no t 
m ost, of th is s tu d y  w as d o n e  w ith  vivisection. H is role as 
teacher of ana tom y  allow ed rep ea ted  close observation  of the 
h u m a n  body . H e perfo rm ed  public  anatom ies, conducted  
au topsies, a n d  s tu d ied  the  living h u m an  subject as well. 
B rought u p  in  the  G alenic concep t of biology, he  tau g h t these 
concep ts, for it w as requ ired  by  the  Royal Society th a t he do so. 
N everthe less , H arvey  early  h a d  p rivate  d oub ts, if n o t ou trigh t 
denial, of m uch  of G alen 's  ru les, particu larly  those  concerning 
the  card iovascu lar system . But it w as th e  ill-advised person  
w h o  ever exp ressed  an y  such  d o u b ts  in  public.

H arvey  w as ap p o in te d  Physician  E xtraord inary  to King 
Jam es I in  1618. By th is tim e he  w as also physician  to m any  of 
E n g lan d 's  lead ing  citizens as w ell as a p o p u la r consu ltan t. He 
w as o rd ered  by  C harles I, w h o  becam e King in  1625, to 
accom pany  the  D uke of L ennox on  a d ip lom atic visit to the 
C o n tin en t in  1629 a n d  in  1631 H arvey  w as a p p o in ted  Physician 
in  O rd in ary  to  C harles. H arv ey 's  responsib ilities a t the  royal 
court becam e so tim e-consum ing  th a t a d e p u ty  physician  w as 
ap p o in te d  to assis t h im  at the  hosp ita l in  1631. A lthough  he 
w as still able to occasionally  fulfill h is du tie s  a t the  hospita l, he 
lost h is a p p o in tm e n t because of h is royalist sym path ies once 
the  Civil W ar beg an  in  1642. It w as fo rtuna te  for H arvey  tha t 
C harles w as an  av id  h u n tsm a n  a n d  allow ed h im  to d issect the 
spoils of the  h u n t  because  it gave H arvey  m any  oppo rtun ities  
to  s tu d y  em bryonic  d eve lopm en t, especially  of deer, in form a­
tion  he  later in co rp o ra ted  in  De Generatione Animalium  (1651).

W h en  the  Civil W ar s ta rted  in  1642 H arvey  accom panied  the 
K ing w h e n  he  left L o n d o n  a n d  w as w ith  the  royal court at 
O xford , w h ich  w as C harles ' h e a d q u arte rs  for the  next four 
years. In  1642 he  w as inco rpo ra ted  as a D octor of M edicine at
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O xford an d  in 1645 he  w as ap p o in te d  W arden  of M erton  
College. H arvey  w as in  the  p o s t on ly  a sh o rt tim e because  it 
reverted  to a parliam en tary  su p p o rte r  the  fo llow ing year w h e n  
O xford fell to  the  k ing 's  enem ies a n d  H arvey  re tu rn e d  to 
London. A fter th a t he  w as largely inactive in  public  life, w ith  
the exception of the  affairs of the  College of Physicians, in 
w hich he con tinued  to take an  active in te res t for the  res t of his 
life.

H arvey 's g rea tes t w ork  w as directly  associa ted  w ith  L on­
d o n 's  College of Physicians, w h ich  he n ev er served  as p res i­
den t, b u t w as censor in  1613, 1625, an d  1629, an d  treasu re r in 
1628. H is royalist political sym path ies w o u ld  have  k ep t h im  
from  the p residency  d u rin g  or im m edia te ly  after the  Civil W ar 
and , w h en  u n an im o u sly  chosen  as p res id en t in  1654, he 
declined on  the  g ro u n d s  of age an d  infirm ity.

Reticent, shy  of publicity , p refe rring  to w ork  alone, H arvey  
w as above all else an  h o n e s t m an , an d  he  w ro te  d o w n  his 
observations of experim en ts  exactly as he  saw  them . H e h ad  
the  gift of be ing  able to th ro w  o u t all d istrac ting , irre levan t 
questions an d  in ten tly  to p u rsu e  one  p rob lem  at a tim e, slow ly 
bu ild ing  his store of evidence. U sing  d issection  at all stages of 
anim al developm ent; w atch ing  the  b lood  p o u r  from  sectioned  
arteries and  veins; no ting  the  effect of ligation o n  a rteries  an d  
veins; u sing  a bellow s to inflate  the  lu n g s an d  sim ulate  resp i­
ration  in  a decap ita ted  dog; w atch ing  the  living, p u lsa tin g  h ea rt 
in  various anim als; d issecting  veins a n d  w atch ing  the  d irection  
of the blood flow as o p p o sed  to the  arterial flow; w atch ing  the 
heart and  periphera l vessels in  the  expiring , hem o rrh ag in g  
anim al; repeated ly  observ ing  the  m uscu lar activity of systole 
and  diastole; considering  the  particu larly  efficient occlusive 
action of the  cardiac valves, a n d  w ith  m any  o th er s tud ies, 
H arvey becam e fam iliar w ith  p h e n o m e n a  n ever before  ob­
served. H e w as particu larly  im p ressed  by  the  q u an tity  of b lood , 
and  d id  n o t believe th a t such  a large vo lum e of b lood  th a t he 
com puted  to be p re se n t in  the  average h u m a n  a d u lt could  be 
m ain ta ined  th ro u g h  renew al by  the  liver in  an  ind iv idual w ho
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h a d  b een  g iven  no  food  or d rin k  for tw en ty -fou r hours. H e did 
n o t th in k  it possib le for the  liver to  p roduce  such  a quan tity  of 
b lood , or th a t th e  v en o u s  side of the  vascular system  w as m ore 
im p o rta n t th a n  the  arterial. By sim ple m athem atical deduction , 
considering  th a t a t each  th ru s t the  left h ea rt in  systole d is­
charged  approx im ate ly  th ree  d rachm a of b lood  in to  the  aorta, 
a t seven ty -tw o  tim es a m in u te , a t sixty tim es th a t for an  hour, 
a n d  at tw en ty -fo u r tim es th a t for one day , it w as p reposte rous 
to believe th a t such  a large vo lum e w as created , consum ed  by 
the  body , a n d  recreated  con tinuously . Such a volum e of blood 
w o u ld  w eigh  far m ore th a n  the  body  itself.4 " Ebb an d  flow " 
w as n o t w h a t sectioned  vessels show ed . A n anim al quickly 
ex san g u in a ted  an d  d ied  w ith  o p en ed , sp u rtin g  arteries. The 
fact h a d  to be th a t the  sam e b lood  w as u sed  over an d  over, that 
it p a ssed  rap id ly  th ro u g h  the  body  from  the  arterial to the 
v en o u s system , an d  to accom plish  th is it h a d  to be in  constan t 
m o tion  as in  a circle. It h a d  to  circulate. The h ea rt w as a pum p.

H arvey  looked  for p o res  in  the  cardiac sep tu m  an d  found 
none. The fetal d u c tu s  a rte rio sus a n d  fo ram en  ovale w ere 
recogn ized  for w h a t th ey  really  w ere. H e n o ted  tha t the 
p u lm o n ary  a rte ry  an d  vein  w ere  of equal size, ind icating  that 
the  sam e a m o u n t of b lood  th a t e n te red  the  lungs cam e ou t of 
them , a n d  th a t th a t vo lum e of b lood  w as m uch  too large sim ply 
for th e  n o u rish m en t of the  p u lm o n ary  parenchym a. H e p o s tu ­
la ted  a " fine connection" b e tw een  the  veins an d  arteries in  the 
lungs, no ting , as Colom bo h a d  done , th a t the  b lood in  the 
p u lm o n ary  vein  w as b rig h te r a n d  red d e r  th an  in  the  p u lm o ­
n a ry  artery , as if " re fresh ed  by  new  sp irit."  H e saw  no 
ev idence of sooty  vapors in  the  b lood  n o r of air in  the  b lood of 
the  p u lm o n ary  vein . H e d em o n stra ted  th a t cardiac pu lsa tion  
an d  resp ira tio n  w ere  separa te  functions. H e p roved  tha t the 
arterial p u lsa tio n  w as d u e  to  the  cardiac th ru s t, a n d  though  he 
h a d  no  tools w ith  w h ich  to p rove  his h ypo thesis , he  believed 
th a t th e  b lood , m ov ing  p e riphera lly  th ro u g h  the  arteries,

4 The average adult human body volume of blood is about 7% of the body 
weight, or approximately 11 pints, and each ventricle is capable of containing about 3 
ounces of blood.
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en tered  the  v enous system  th ro u g h  m in u te  connections in  the  
tissues, an d  re tu rn e d  steadily  to w ard  the  rig h t h ea rt th ro u g h  
the  veins, be ing  k ep t on  course  by the  v en o u s  valves.

The Lum leian L ectu resh ip , fo u n d ed  in  1582 at O xford  by 
Lord John Lum ley, w as for the  p u rp o se  of fu rth e rin g  the 
know ledge of surgery . O nly  a Fellow  of the  Society w as 
allow ed to deliver the  an n u a l series of lectu res, an d  to be 
chosen  as a lectu rer w as no  sm all h ono r. H arvey  w as chosen  to 
give the  lectures in  1616, an d  the  bod ies of tw o  convicted  
felons, w hose  h an g in g  w as conven ien tly  tim ed , w ere  u sed  for 
the anatom ical dem o n stra tio n s  a t the  lectu res on  A pril 16, 17, 
18. He h ad  approx im ately  tw o  w eeks in  w h ich  to p rep a re  h is 
th ree lectures, en titling  the  m anuscrip t: "L ectu res on  the 
W hole of A natom y by m e W illiam  H arvey , D octor of L ondon , 
Professor of A natom y a n d  Surgery . A nno  D om ini 1616, aged  
37, delivered on  A pril 16, 1 7 ,  18 on  th e  m ale a n d  fem ale b o d y ."  
These w e now  k now  as the  fam ous lectu re  no tes , the  Praelec­
tiones Anatomicae.

It m igh t be su p p o sed  th a t h av ing  a lready  d o n e  so m uch  
experim entation  on  the circulation of the  b lood  by  1616, the  
Praelectiones w ou ld  som ew here  sta te  H arv ey 's  final concep t of 
the vascular system . But th is is n o t so. Even if a t th a t tim e he 
h ad  m ade his final conclusions concern ing  the  circulation, he 
could no t have safely exp ressed  his op in ions publicly , th o u g h  
he d id  discuss h is w ork  in  p riva te  w ith  certain  friends. T here  is 
evidence tha t it w as n o t un til 1627 th a t he  clearly a n d  finally 
sta ted  his conclusions as th ey  ap p e a r  in  De M otu Cordis. In  fact, 
the Praelectiones Anatomicae of 1616, g reatly  d e p e n d e n t in  con ­
ten t on C asper B auhin 's  anatom ical text Theatrum Anatomicum  
(1605), did n o t advance  m uch  fu rth e r in  n ew  m ateria l on  the  
heart and  blood th an  could  a lready  be fo u n d  in  the  w ork  of 
Realdo Colom bo. But d u rin g  " th o se  n ine  y e a rs ,"  from  1616 to 
1627, H arvey  obviously  collected a substan tive  a m o u n t of new  
data, to the  po in t th a t he  felt pub lica tion  m igh t be in  o rder, 
though  he feared  th a t step .

From  1616 o n w ard  H arv ey 's  p riva te  s tud ies , h is d irect an d  
logical experim ents on  the  m otion  of the  h ea rt a n d  b lood , an d
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his belief th a t w h a t he  actually  saw  w as true  con trary  to 
p rev ious h y p o th eses , all even tua lly  fo u n d  place in  one  form  or 
a n o th e r  in  h is public  lectures, h is anatom ies, a n d  the  Praelec­
tiones. All th is, by  1627 g a th e red  in to  a com pact m ass w hich  in 
large p a rt h a d  b een  read y  for n ine  years, tum b led  forth  at last 
as De M otu Cordis in  1628. A fter th a t, m edical th o u g h t w as 
n ev er to  be the  sam e. H arvey  n ev er overcam e som e of his 
G alenic concep ts, a n d  at h ea rt he  rem ained  an  A ristotilean. De 
M otu Cordis con ta ins m an y  references to  bo th  A ristotle and  
G alen, b u t it does n o t concern  itself w ith  the  role of special 
Spirits a n d  the  P neum a. De M otu Cordis confirm ed a new , 
logical thesis in  the  face of rid icule a n d  outcry , b u t the 
m o v em en t of the  h ea rt an d  b lood  h a d  b een  so sim ply and  
d irectly  s ta ted  th a t th a t a ttractive a n d  long-troub ling  subject 
could  a t last be u n d e rs to o d  in  sim ple term s.

De M otu Cordis et Sanguinis in Animalibus, a very  sm all book, 
barely  m ore th a n  a p am p h le t, o p en s  w ith  a sho rt ded ication  to 
K ing Jam es I. In  a le tte r to  h is friend , D octor A rgen t, an d  in  the 
P rooem ium , H arvey  s ta tes  h is reasons for a t last m aking  public 
h is radical hyp o th esis . N ot, he  insists , for persona l glory, bu t 
ra th e r w as it do n e  to  correct e rro rs w h ich  h a d  gone uncha l­
lenged  for cen tu ries. This sh o d d y , cheap ly  m ade  little book of 
on ly  six ty-eight pages of type  is w ritten  in  lean, sparse, 
uncom plica ted  p ro se , a n d  w ith  such  little e laboration  tha t 
fo llow ing such  a bare-bones account is n o t easy. It requires 
slow , th o u g h tfu l consideration . The last th ree  chap ters  of the 
book  w a n d e r so m ew h at from  the  m ain  them e, b u t the four­
tee n th  chap te r, w h ich  actually  en d s  h is a rg u m en t, sum m arizes 
the  w o rk  so succinctly  th a t it d eserves reco rd ing  here:

"Chapter Fourteen
Conclusion of my description of the circuit of the blood.

May I now be permitted to summarize my view about the 
circuit of the blood and make it generally known!

Since calculations and visual demonstrations have 
confirmed all my suppositions, to wit, that the blood is 
passed through the heart and the lungs by the pulsations of 
the ventricles, is forcibly ejected to all parts of the body,
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therein steals into the veins and porosities of the flesh, flows 
back everywhere through those very veins from the 
circumference to the centre, from small veins into larger ones, 
and thence comes at last into the vena cava and the auricle of 
the heart; all this, too, in such am ount and with such a large 
flux and reflux — from the heart out to the periphery, and back 
from the periphery to the heart — that it cannot be supplied by 
the ingesta, and is also much greater in bulk than would 
suffice for nutrition.

Title page from The University of Iowa Libraries copy 
of Du Motu Cordis.
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I am obliged to conclude that in animals the blood is driven 
round in a circuit with an unceasing, circular sort of 
movement, that this is an activity or function of the heart 
which it carries out by virtue of its pulsation, and that in sum 
it constitutes the sole reason for that heart's pulsatile 
m ovem ent."5

T hat u n q u es tio n ab ly  is a clear s ta tem en t. But a m odern  
s tu d e n t of W illiam  H arv ey 's  life a n d  w ork  has sta ted , "The 
p ro p e r  u n d e rs ta n d in g  of De M otu Cordis can  only be h ad  from  
the  k n ow ledge  of the  w ho le  of H arv ey 's  th o u g h ts ." 6

H arv ey 's  cau tion  a n d  reticence abou t pub lish ing  his w ork  is 
a w ell-know n story. H e feared  ostracism  by  his con tem poraries 
a n d  loss of m edical practice, a n d  on  b o th  accounts he w as right. 
But even tua lly  he  w as conv inced  by  a friend , the  strange, 
so m ew h at m ystical Dr. R obert F ludd , a Rosicrucian, to have 
the  book p ub lished . A  y o u n g  E nglishm an , Jam es Fitzer in 
F rankfort, w as chosen  for a p rin te r. F itzer w as the  son-in-law  of 
Jo h an n  T heodore  de Bry, w h o  h a d  been  the  p rin te r of F ludd 's  
n u m ero u s  pub lications. F itzer w as a po o r choice. H e p roduced  
a cheap ly  m ade  book, p rin te d  w ith  po o r type  on  poor paper, 
w ith  only  a few  copies on  p a p e r  of lasting  quality . M ost existing 
copies are  in  a p o o r sta te  of p rese rv a tio n  d u e  to the  inferior 
quality  of the  p a p e r  a n d  its acidic con ten t. It is n o t k now n  
exactly ho w  m an y  copies no w  exist, p robab ly  approxim ately  
seven ty , m ost of these  be ing  in  in stitu tions. If the  m anuscrip t 
reached  Fitzer in  H arv ey 's  h an d w ritin g , w h ich  it p robably  did, 
F itzer m u st have  had  a difficult task  in  deciphering  the  au th o r 's  
execrable script. It is possib ly  because  of th is th a t w h e n  the first 
copies w ere  sen t to E ng land  for H arvey 's  rev iew  th a t he found  
126 erro rs, a n d  sen t back the  list w ith  the  req u es t th a t a p ro p er 
e rra ta  list be a d d e d  to  the  rem a in d e r of th e  issue. M any m ore 
erro rs w ere  fo u n d  by  later ed itions. M any existing copies of De 
M otu Cordis do  n o t con ta in  the  e rra ta  page. It m ay  be, too, tha t

5 William Harvey, Movement of the Heart and Blood in Animals, An Anatomical 
Essay. (Springfield, IL, 1957), p. 87.

6 Gweneth Whitteridge, William Harvey and the Circulation of the Blood (London: 
Macdonald, 1971), p. 144.
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the young  an d  inexperienced  p rin te r  d id  n o t realize the  im p o r­
tance of the w ork  e n tru s te d  to h im  a n d  th a t he  th o u g h t it 
w arran ted  only ind ifferen t trea tm en t. F itzer's  ju d g m e n t re ­
m ains one of the  sad  facts of m edical h is to ry .7

The book w as d istrib u ted  fairly w idely  b o th  in  Britain a n d  on 
the C ontinen t. It w as m et, to  p u t  it in  m o d ern  term s, w ith  
m ixed review s. The overw helm ing  ju d g m e n t w as th a t the  
w hole th ing  w as sim ply u n th in k ab le  n o n sen se . The m ajority  of 
British physicians, som e of the  b righ test m inds, co n d em n ed  
the book sound ly . The first v itupera tive  b last cam e in  1630 from  
Jam es P rim rose, a y o u n g  physic ian  of H ull, w h o  h a d  been  a 
pup il of the  French anatom ist-physician , Jean  Riolan. A  V ene­
tian physician , Em ilius P arisanus, also savagely  re fu ted  H arvey  
in  1635, b u t he w as silenced  by  a rep ly  from  Sir G eorge Ent, 
long a friend  of H arvey , a n d  the  sam e G eorge E nt w h o  u rg ed  
H arvey to pub lish  h is w ork  De Generatione Animalium  in  1651. 
Robert F ludd  likew ise staunch ly  su p p o rte d  H arvey  a n d  a n ­
sw ered  m any  of his critics. O n  the  C o n tin en t the  book w as m et 
w ith  u tte r  con tem p t by m ost of the  m edical com m unity , am ong  
them  the ren o w n ed  C aspar H offm an, w ith  w h o m  H arvey  later 
h ad  a considerable co rrespondence . Jean Riolan w as E u ro p e 's  
loudest an d  m ost acrim onious critic, a n d  his criticism  bore 
w eigh t because he  w as a fine a n d  m uch  resp ec ted  anatom ist, 
th o u g h  he w as no  in tellectual m atch  for H arvey . H is criticism s 
finally goaded  H arvey  at last to pub lish  in  1649 a sm all book of 
tw o " le tte rs"  to Riolan in  w hich  Riolan w as a n sw ered  in  polite, 
concise term s, w ith  an  occasional sligh t p u t-d o w n  a d d ed . René 
D escartes w as H arvey 's  s tro n g est su p p o rte r  in  E urope. H e first 
saw  De M otu Cordis in 1632 after he  h a d  a lready  s ta ted  in 
Tractatus de Homini, th en  in  p rep ara tio n , essen tia lly  the  sam e 
hypo thesis  as H arvey  concern ing  the  vascular system .

7 It is not known how many copies of De Motu Cordis were printed in 1628, but 
the number was probably limited. Keynes states: "The publication of the book was 
announced in the Ostermesskatalog for 1628 and it was issued in the autumn of that year 
at the price of 6 schilling 2 pfennig" (Geoffrey Keynes, The life of William Harvey. 
Oxford, 1966).
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These figures, demonstrating the valves of the veins and direction of the 
venous blood flow, are the only illustration in any edition of De Motu Cordis.
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Eventually  the  su p p o rt of accum ulated  physiological experi­
m en ta tion  an d  discovery , such  as th a t of the  d iscovery  of the 
capillaries by M alpighi in  1661, led  to a genera l, if n o t com plete , 
acceptance of H arv ey 's  thesis. H e reg a in ed  h is practice, s tayed  
in  the  K ing 's service, traveled , co n tin u ed  to  collect da ta  on  
p ro jected  b u t n ever p u b lish ed  w ork  on  the  action of the  
m uscles a n d  the  physio logy  of insects, a n d  at last com pleted  
his m anuscrip t for De Generatione Animalium , p u b lish ed  in  
L ondon  an d  R otterdam  in  1651. H e lived to  see h is m ain  life 
w ork  v ind icated , b ring ing  h im  at last som e satisfaction. Yet he 
had  suffered  the  loss of h is laborato ry , m an y  records an d  
m anuscrip ts, an d  o th er p ro p erty  a t the  h a n d s  of C rom w ell's  
ruffians; he  m o u rn ed  the  loss of h is wife; an d  in  h is last years 
he suffered  greatly  from  g ou t of the  feet. P ortra its of H arvey  in  
old age do  no t dep ict a h a p p y  m an.

It is im possible to  rev iew  the  lives of the  g rea t ana tom ists  an d  
physio logists of the  six teen th  a n d  se v en te en th  cen tu ries  an d  
no t com pare V esalius an d  H arvey . Poles a p a rt in  th e ir p e rso n ­
alities, together th ey  broke the  b o n d s  of G alen. T hey in stitu ted  
the  new  concept of perfo rm ing  d issections a n d  experim en ts  
w ith  their ow n  h a n d s , a n d  of teach ing  d irectly  from  the  an im al 
or h u m an  subject. They b o th  d a red  to  reco rd  a n d  p u b lish  w h a t 
they  saw . They b o th  su ffered  the  a n g u ish  of u n w a rra n te d  
criticism . V esalius estab lished  forever ana tom y  as the  cen tral 
p ivot of biological science. H arvey , b reak ing  w ith  the  ancien ts  
w ho  had  been  m ore in te res ted  in  th e  ph ilosoph ical w h y  th an  
the factual how , b ro u g h t to conclusion  w h a t is doub tless  the  
greatest con tribu tion  to physio logy  of all tim e. De M otn Cordis 
is no t rem em bered  only  by  the  revealed  facts, b u t also an d  
especially by the  m eth o d  w ith  w h ich  those  facts w ere  m ade 
know n.
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