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Tychonic theory, and gave animated expression at every opportuni
to his reverent and acknowledgment of everything tor whi
he wrus indebted to Brahe and his observations.

Two days after Brahe's death, Barwitz, an imperial adviser, came §
to Kepler and brought him the glad ddings chat the emperor had #
decided to mansfer to him the care of the instruments and incompleted 3
works of Tycho Brahe. He was informed of 2 salary and he was ordered
to make applicadon for the corresponding sum. Therewith be was
Mm.w&.hﬁ& hs successor to the man on whom he had hitherto been 3

&

pendent. He was imperial mathematician hirself, He had a position

such as he had long hoped for and dreanit 2bout. Now he could work
freely. The rich store of obscrvations was at his free disposal. For he
was dependent thereon, since he had to complete Brzhe's works and ¢

especially had to carry out the great tables, for which barely any
re EM@E had been made. That here lay a source of vexations and
m&%n&&ﬂ he was, to be sure, soon to discover. But at any rate, Kepler,
with good canse, took charge of the observations in whicl were put

down Brahe's lifework, The great observer had fulfilled his task; he
was called away, Now the great theoretician took over—he, who from

these ohservations had to solve the sccrets which they concealed. So
the sadness over Brahe's passing mixed involuntanly fu Kepler's

* breast with the joy over his own promotion. Hafenreffer and Rollen-
hagen,* the well known poct of the “Froschmauseler” (The Frogs and -

Mice), sent congratulations, Herwart particularly tock joyful part in
the favorable turn, in Kepler's fortune. He was convineed that there
was o mathematician other than Kepler in all Germany, indeed in all
Europe, who was able to succeed Brahe. He voiced this convietion
directly to Barwite, the imperial adviser, to whotm he wrote: “I, as
ane informed about these matters and having also some experience,
lenorws very well that at this time 2s far as one can judge from the works
that _uﬂw,nqwonn published {ex operibus edifis) no ene <an be found who
cary be compared botk i intellectual power and in mathematics (et
ingenia, ot wentis artis Muotheseod) with this Master Kepler, let
alone be preferred to him, so that [ have no doubt whatever that when
it is rﬁon_w_uﬂ to the attention of His Majesty most graciously and most
humbly he will not lee him go for any amount of mency. While ke
said be kmew a position for Kepler in the aniversity in Laumgen, yet
it would he best for all parties if he were to remain in Prague, Only
e would then also have to “direct things in snch 2 manner that he”
would be “reimbursed for his past as well as mﬁ%ﬁaﬁn expenses.”
Herwart was quite at home in questions of salary an particulzrly knew
1 B, More, Gearg Bollenhapen, T542-1602, German sattrist amil Jorgymn,
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w they were handled at the imperial coure. Therefore, right from
eginning, he advized Kepler: “My friend should not be satisfied

small and pinched salary but should ask for a large and com-
fortable one. And the estimate of it should not be based an bodily
freeds n_ma quantitate corporis) nor on the “living standard’” (et fennitate

ts) but on the greamess of your mind {sed pro magnitudine animi tit)
‘ind of the subject matver (et ref subfectae) and you should make an effore
1o receive an adequate dovwn-payment at once.” How justiied Hee-
vart’s warning was, soon became appareat. Advised by men near him,
Kepler left the fixing of his salary to the cmperor, who granted bim an
annval sam of 500 gulden, beginning Oetaber 1, 1601, However, he
bad to muwmno »whﬁwnmpunn for months Wn».oun EEWM.M an March g, 1602,
he receiv TSt pa t. The sum app very trifling com-
pared to that which wzﬁ.ﬁw_ received. However, it must be mm.ﬂb in
mind that, for the obscrvations which constituted the wealth of the
departed one, the latter’s heirs made great demands which had to be
complied with. Soon Keplet moved into a new dwelling in the New
Town opposite the Braas cloister, neatly an hour's ol from
the castle, at which he frequently had to present himself,

The m@mw” ane penetrates into the cvens from Kepler's fisst expul-
sion up to s appointment as imperial mathematician, iato the motives -
which guided the people concerned, into the temporal relationships
which M.“Mﬂ bare to each other, into the significance which they posscss
for the histary of astronomy, that much more dearly does one recog-
nize the hand of a higher gnidance. In order chat the paths in life of the
two preat astroncmers who uniquely supplemented one ancther could
unite, it was mecessary that bath be nEme& from their widely sepa-
rated residences, in order to meet at the cowrt of an cmperar whom b
tory reproaches for having neslected the affairs of government for the
sake of his astrological and alchemical bents. Eepler himself expresses
his convietion of the rule of a divine decree in these evetuts when he
writes: “If God s coticerned 'with astronomy, which piety desires to
believe, then § hope that I shall achiewe something in nﬂb omain, for
I see how God let me be boand with Tyche through an unalterable

fate zud did not let me be separated from him by the mast oppressive
hardships.”

3. Astronomis Nova; and the second and first planet laws
Even, in the midst of the hardships and affictions in which his life
abounded, Kepler was very seldom forsaken by his temarkable abilicy

121



Kepler

to plunge fto and bury himeelf in studies and s tions, Similarly,
during the suspension and fear of the last year, lis cver active mind
made keenest use of the pauscs, which care and ilness allowed him, to
pursue s scholarly researches. I we examine these researches, we
fmmediately arrive at the beginnings of his most renowned accom-
plishment, the discavery of the planet laws, We see him in the months
of bis first visit to Tycho Brabe and then later when concerned with
other works, oecupied above all with the foundation of the glarious
structure of his New Astrotamy. It is not, howeves, as though he had
lid ¢his frundation according to a precise preconceived plan. The
work that was being formed grew out of him jn accordance with the
unfathomable Jaws of gifted creation. Assuredly, he appears as the
active one, the agent, the calculatar, the meditative one, the designer,
the constructar, but ke was the sufferer, the stimulated one, the hanted

one, since his genius directed his mind, led bis hand, showed him the

ezl which he st follow, called hirm back when he made a mistake,
spuurred him on and left him neither rest nor quiet until everything was
completed and he, who had carried it out, finally regarded with amaze-
ment the work in which he had sacceeded. For anyone whose mode of
thinking is not so unassuming that he operates only with complete
resuls but who is able to derive pleasute md profit from considering
the multiplicity of the divine manifestations of life, it is upcommonly
fescinating to Muﬁoﬁ in, this tmique example, the separate phases in the
devdopment of revolutionary opiniens in the models of natore, and
to follow step by step the wark of the genims who introduced this
cevalution. In the example at hand, this is afl the more possible since
the extant sources give us ail the information desived. OWS.QEH% for
various reasons, this undeetaking cannot be completely carried out
within the bounds of 2 biography. The difficulties of the material are
pot insignificant I the case ﬂﬂmunn us because of the astronomical
and ematical knowledge which must be assumed, Howewer, 2
biographer would faléill his task badly, if he were to let these diffi-
culties restrain him from giving the reader something more than only
the Tast formulations of the final resulss. In the inroduction to the great
work, in which Bepler informs the world of his brilliant conchrsion, he
compares his voyage of discovery with those of a Columbas and a
in. whose nacratives ﬂ,nnwi great entertaininent, Whereasin

reading we takene part atall in the hardships of the travels of the Argo-

nzats, the reader c»m Kepler's works would get an opportimity to trace

the obstacles and thotns on his paths of thought. However, sa heasserted,

this is the common lot of all mathematical books. As some people find

pleasure in that, othersin something else,so there will also be some who,
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» having overcome the intellectual difficulties, will be filied with joy to
. have before their eyes at one time the whaole series of his discoveries.

Tt was already noted that previously, during Keplec's first visit, the

EBE Lboration of the theory of Mars was asigned to him by Tycho
g% Brahe. Because he did not find there, 25 he had hoped, ready wvalues
S for the sizes which he needed for corroboration and correction of his

tions, he had to set about caloulating these sizes him-

harmonic s

3% «df. Now what happened at dloser range with these calenlations:
‘¥z It is common knowledge that Mars, like the two other “upper”

lancts, Tupiter and Saturn, advances in the eclipde from day to
v from west to east until, in abone 780 days, it has completed one
synodic revolution. When it gets near to being in opposition to
the sun, thus some tme before it culmmates at midnight, it Is
stationary, just as though it wanted to ponder, even moves back a
bit, in order to continue its journey in the old direction sometime after
the opposition. It is known that Copernicus had demonstrated in a
startlingly simple manner that this remarkable loop was a reflection of
the motion of the earth, from which we ohserve withoit percelving
this mmotion. Even if no account is taken of this loop, nevertheless
another irregulariry is still perceptible, The times between twa opposi-
Hons, that is the synodic petiods of 2 planer, are not exacily equal, as
the observations of se cenearies have established in detatl. Because
people, in their coriosity, want to know where the planets would
stand ot 2 pacticular time in the funure, the calcolation of this irregu-
larity had to be taken into consideration. How was this possiblez In
the presentation of these motions of the heavens the ancients began
with the principle that a natural remrograde motion must of neccssity
be a umiform circular motion. Supported in particular by the authority
of Arstotle, an axiomatic character was.given to this proposition,
whase content, in fact, is very casily grasped by one with 2 naive poine
of view; men deemed it necessary and ceased to consider another
possibility. Without reflocting, Copernicus and Tycho Brahe sill
embraced this conception, and na y the other aseronomers of their
dime did likewise. Tn order to master that irregularity mathematically,
the center. of the universe {the carth according to Prolemy, the sun
according to nownaﬁnmu was assumed o be somewhat away from the
center of the orbit. The distance between the two potnts was called
the ecceniricity, the ciradar path the eccenmic, the axis connecting
the eenters of the universe and of the orbit the line of apsides, and the
intersections of this straight line with the otbit the apsides (according
to Copernicns perthelion ot mearest to the sum, aphelion or farthest
from the sun), Even if the motion in the orbit procesds uniformly, it
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snill Mumnmhm to an ohserver in the center of the universe as ircegalar, +

v quicker at perihelion, dower at aphelion,

Yet since this siraple aid did not manage to save the appearances, ag
it was expressed, zdditional assumptons were made, Only with the
orbit of the sun (according to wﬁaﬂﬁnﬂ and Tyche Brahe| or of the
earth {according to Copernicus) was it considered passible to get along
withowt sach supplements; here 2 simple uniform circular motion on
an eccentric was retained. What those supplementary assumptions
rested ot i3 onby hinved ar: Prolerzy assumed a point oo the lme of
apsides (equalizing or competsating point or puncum acquanst) from
which the motion on the sccentric should appear aniform, so that in
reality it is pon-miform. Copernicus, whom Brahe followed in this,
sought to reach the same aﬁmﬂuﬁ the superpositon of two uniform
cirerdar motions. For what fellows It is not necessary to go into this
in greater detail. Only note that some astcenomers 1o Kepler's time
saw the chief metit of Copernicus %3&3—% in the fact that his theory
does greater justice to that axiom, of uniform circular motion than does
that of Polemy.

To develop the theory of Mars meant, consequently, to calenbate the
position of the line of apsides and the value for the eccentricity. Since
a circle is defined by three points, to solve this problem it was necessary
that three WAEE on the mﬁ.ﬁ».m orbit be kmown. These are obtained
from the observations of the opposidon, because {to use the words of
Copernicus) at an opposition it is immaterial whether onc obsarves
from the moving earth or the stationary suix, sinee in this configuration
planet, Ehﬂripwm. sun lie In 2 straight line. Now Tycho Brahe had a
series of ten such Mars aw.mm“&oﬁ trom the years 1580-1600 (later in
1602 and 1604 Bepler added rwo more). They formed the material
which Kepler had before him when he set to work on the task set for
him. Naturally the result had to be the same each tme, no matter
which group of three appositions was taken as a basis if, yes, if, the
assumptions as to the form of the path and the form of the motion were
correct. Let it also be noted that the calenlations were entirely carded
out solely with the mathematical #ids supplied by the geometry of
Enclid and trigeno .

This mﬂbﬁm—nﬂn& M the fundamental ideas of the earlier planet
theories marks the runway from which Kepler started his fight into
new regions. From the 4&?@%&5@&& set to work at his task with
optimistic impetnosity. He believed that in eight days he would master
the difficulties which had sturmped Lovgemontanus, He even made a
bet that he would accomplish this. When it did not go that fas;, he

1 Ep. MNoca, Bguant,
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| s
kept hoping from day to day that he would rcach 2 happy conclusi
: H.Mm_ ﬂﬁwﬁmﬁﬁ bent on his calcrlations, The purpase for which he

wanted the resalts receded into the background. Immediately after
returning from his first visit to Benatky, he wrote to Herware: “1
would alteady have concluded my rescarches about world harmony,
had not Tyche's astrotomy so shackled me that T nearly went out of
my mind.” It was clear to Mmﬁ honorable seeker after the truth: “Those
speculations may not ¢ priori tun GOUNLEr 10 obvious ﬂﬂmﬁmm_.wnpoﬁn
ledge, rather they must be brought into umg:mﬁ with it."” Now
was & question of testing the empirical knowledge, of comering
nature snd foreing ket to answer prudent mw%mmoam. At the new task,
new abilities developed in him. The Kepler who speculated made
wray for the Kepler who computed and wreighed critically. That he
went straight to Mars, was a most _W“w?nnﬁ piece of good luck. For
since this ane of the three outer planets has by far the largest eccen-
tricity, it alone did not i the earlier theories and so mads possible the
new discovery. T consider it a divine decree,” writes Kepler, “that T
came at y the time when Longomontants was busy with Mars.
Because assuredly either through it we arrive at the kmowledge of m&w
secrets of astronomy of els¢ they remain forever concealed from us.
Now how did Eepler take hold of this work? Certainly he must
have started by the traditional method. However, the vain attempts of
Brahe and Longomontanus had alrcady demonstrated that the con-
ventional procedure was found wanting if sl the essumptions made
there were rctained. Thercfore, he to m&ow or change one or
another. In the first place his criticism was directed toward the supple-
mentary assumptions discussed above. From the very beginning he
rejected the superposition of two uniforo dircular metions, as intro-
duced by Copermnicus. Introducing an equant (or puncium_aeqians)
was more satisfactory becanse then the motion of the planets i reality
s irregular and appears uniform only from this mathematical point.
This will be seess to have fitted into his fundamental concept from. the
very start. Previousty, without any evidence, a very precise assumption
zbout the position of this point had been taken as the start for the
calulations. Eepler abandoned this procedure and left the position of
the point on the line of apsides open. Smcc he thus introduced one
more degree of fresdom, the task naturally became more complicated.
Instead of thece points of the path, s hitherto, he oW had vo make nse
of Eouir sa 45 to he able also to caloulate the position of the equant.
Accordingly, be selected a favorable quadruple of four observations of
appositions, by the use of which he carried through the very cumber-
some calculation, The sohution of the task was possible only by a
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procedure of approximations. Mot less chan seventy tmes, as ke
Em.mﬁﬁm us asking for sympathy, had he had to nﬁnwwq out the entire
serics of difficult separate calenlations which the solution required
before everything agreed sufficiently for him to be content. And the
resuit: He checked the mmwnw so calculated againet the other available
obwervations and saw chat for all, the calculation fitred well with
the obscrvation within the limits of accuracy of two minnees which
conformed o the Tychonic observations. Since those were distribuead
aver the whole ecliptic, he bad good cause to conclude that he possessed
& WMM.-WEE% B_n&mﬂnm the position. of Wﬁﬁm Mm.. any desired moment
wi ose limits of accuracy. How he could triumph wi

Hﬂ_ﬂfﬁﬂ not bis oEnEpMm_.E solved: Epib

anyone else would bave been satisfied, but not Kepler, 1

wanted to be absolutely certain of his results and aceords memn.:mv_m
further confirmation. Like a possessed collector, he W_Hﬂmn?nn the
accumulated treasure of observations and with the eye of a connofssens
selected a few rarc nmnﬁnﬂ which cnabled him to calenlete the eccen-
tricity of the orbit directly, in 2 highly original manner. However, he

i obtained, not a confirmation, but s conmradiction which was sa large

that at the maximum there was a difference of eight minutes for the

planet’s position. The EFHM_H was too carly, Such a difference was

not to be neglected. Here observation confronted observation
indubitable. Lagic decided: there must be an error in the Emmowwmunw
nnmhmwum ..._Ermonwﬂ of the orbit-and the form of the motion. One or
other or both assumpdons were wrang, So much K clearl
stated. “These eight minutes showed n_uhuﬂmﬂ.ﬂ o a Hgdmmww of nww
whole of astronomy.” Kepler was undaunted, The sincetity and urity
of the purpose which guided him in his inquiries is expressed he
seals the nagative result with the incomparcble lovely words: “ After
the divine goodness had given us in Tycho Brahe so careful an observer
that from his observations the error of caleularion amounting to n.ﬁmm
minutes betrayed imself, it is scemly that we recognize and utilize in
nwmu.ﬁ..& manner this good deed of God’s, that is we should take the
_uBHMm to Mmﬁnr cn_mwwn ast the trie form of the heavenly motions.”
ow the scene changes. On the stage appear two thoughts, which
had long been standing behind the wings uwm were wﬁ&%mu? to wait
for their turn to play their parts. After all, they had advanced once
before. Both figrwes sharply criticized antiquity, both for the same
reason. Copernicus in his picture of the universe had, it is true, placed
the sun in the center. Hawever, since he relicd entirsly on Prolemay
whom he esteemed highly, be had, in presenting the theories
always assumed as conter of the universe, not the sum itself but rather
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the center of the earth’s othit, which was somewhat to the side of the
" sun, and referred all his calculations to this. Tycho Brahe, in his system,

had made an assumption corresponding exactly to this. Because both
of them, on the strength of these assumptions, erected their planet
theorics an oppositions to the so-called mean sun instead of to the
true one, inacourate figures narurally entered the calenlations from the
very beginning, Very exly Kepler rightly took exception to that. He
required that all walues be referred to the true sun.

The second thought which he intzoduced concermed the earth’s
orbit, Copetnicus had assumed that the earth moves imiformly in
her circular orbit; he had not foumd any of the supplementary assump-
tions necessary here as contrasted with the paths of the upper planets.
Tn this regard, too, he followed Ptolemy as did in turn Tycho Brahe.
Why, Kepler now asked, should a diffcrent theo be valid for the
ap_..nwg for the ather planets: It was not solely 2 dedustion by
analogy which put this critical question fato his mind. Behind this

uestion stood an important positve ...rorMME. It was the same thought

rom which the previous consideration had also growm: The sun is the
seat of a foree which moves the planets in their course, and, what is
more, the motion is so much the quicker the nearer the planet is to the
source of the force, If that is the case, then the sun itself, the body of
the stn, musc be the middle point of the whale planet systcm, not an
oint like the center point of the earth’s orbit, And if the effect

©em
; of WW %...Ba decreases and increases according to the distance, then the

earth, In its eccentric orbit, must also move faster when nearer the sun,
sloweer when farther away. -

Itt the sun there is the seat of 2 moving force. This was the great new
guiding. thought which from now on shone in front of him in his
inquiries and led him to the discovery of his laws, the great theme which
he henceforth varied to the utmost and tried to found out of observed
facts with all the consummate skill with which he was able to utilize the
ohservational material. Henow wanted to abandon dhe old beaten track
and adopt new ways. He was no longer willing to be satisfted with a
kinematic and pure geometric presentation of the motions; he wanted
to explain these by their causes. As he righely said, if the eariier mastors,
and Copernicus and Tycho as well, always had proceeded wore
Btolemaico mutafis, $o he now intended to clean house, getting rid
of the entre furnishing of epicycles, and demonstrate the planstary
system s govemed by inncr laws, regulated by physical foress. Even
in his student days, he had such thoughts we have scen similar
physical considerations emerge soveral times, Now the time had come
to introduce them systematically into the science of the heavens, to
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shape astronomy into celestial mechanics. With this Kepler fiad set
himgelf a~difficult task, The mathematical resonrces of his time no
longer sufficed to accomplish it. Also, we see how in the solution of
kis problems, which later was relatively simple to accomplish with the
touls of mathematical analysis, he slaved onceasigly, without quite
reaching the goal which he had set for himself.

However, before introducing his physical notions into the theory,
Kepler still wanted to prove empirically that his supposition in d
tor the motion of the earth was correct. More exact mnhoﬂnpﬁ_.bbﬂ.mwnﬁ

~ 7 jt was therefore necessary, because of course all observations are made

S thoroughly and carefully did he now proceed, taking no step without-

" the “key to a more desply

7. from the moving earth, so that an error made in regard to this motion
7+ pecessarly alse creeps into the working vp of the observations. For

this reason Kepler perceived in the correct theory of the earth’s orbit
ating astronomy.” As daring and rich
specalation about the ynivetse, just as

in fantasy 2 he was

. gathering “acthorization and confirmation from the obscrvations.

fadeed, while following his Mars researches, onc almost gets the

. f impression that sometimies he deals with individual tasks and proofs

out of pure delight and pleasure m the observations.

But now, how could he get more exact knowledge of the earth's
orbit: In any event, not by comscientiously employing the old methods;
even though Brahe, also assuming a uniform cirenlar motion, suc-
ceeded, with the aid of bis accurate observations, in doing justice to the
phenomesta within the Emits of 4 set by him. Now here again
Kepier's inventive gentus was active and suggested an ingenious mick.

the point of view had besn from the earth to Mars; now

;. Kepler wanie Smo__oﬂnwnﬂnwﬁmﬂnoﬂgmoﬁw_mﬁoh?n
transposed

orbit of Mars “as from a watchrower” He, 30 to s
“7 his to a particelar position of Mars” orbit and from there totnd

=" out directly the relative values of the distances from sun to earth,
Since the sidereal period of Mars was accurately known, such poinrs of

time, When it was in the same positions in its orbit, could easily be
specified. Kepler chose three. Since, naturally, at these poits of time
the earth cccasionally was to be found at various sufficicnily accurately
known positions in its orbit, wﬂﬁi&ﬁé%ﬂﬂg
eometrical means, the sclative distances of the earth the sun for
three points of time. But in this he mastered the assmmed
gdrevlar orbit of the earth and could ealerlyte the distance of the son
from ehe central point of the orbir, that is the eccentyicity of the earth’s
orbit, Out of this was derived a value for tiis ectenmmicity which
beyond doubt corroborated his surmise that the theery of the carch’s
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motion Is the same as that of the upper planets, namely that the earth,
£O9, MOV i in_its ochit. This extremely ingenious
Pracedure was still further profitable for his later researches; to wit, it.
also provided him with the relation between the rading of the earth's
orbit and the distance of Mars from the sue at that place I its orbit
which was @ guestion, that is a relative distance of Mars from the
sum.

Now, however, the moment had come to introduce his physical
conceptions, The procedure just now sketched, as a more ewact
inquiry proved, had demonstrated noc only the iregularity of the
motion of the earth in its orbit, in general; from it could also be derived
2 measurement for the points ot which the earth has Its preatest and -~
smallest distance from the sun. It was shown that at these places, that is |
at aphelion and peribelion, the speed of the earth is inversely propor- m
tional to irs distance from the sun. This measurement he Immediarely |
extended to the whole orbit and thys advanced the general propositionaf sy
which he had alrcady had i his mind for 2 Jong time: The rataat whi
the earth moves in its orbit, as 2 consequence of the foree issuing .

i
o2

 the sun, is inversely proportionil to its distance from the sun. And

introdnoedstill another genérillization, What holds for the earth, holds)
also for the other planets. Naturally, as Keplec well knew, experience|
still had to provewhether ﬂH-ﬂnEhm“Bdﬁ condusions were admissible,:

But how can one caloclate with this proposition, that is solve the!
problem set by astromony, to ascettain cthe place of the planet in
its orbit at 2 given moment: This was a difficnit matter for Kepler,

%ﬂﬁ motion of a point which travels on 2 circle in such a way that its

rate is inverscly propostional to its distance from a given eccentric point
leads, gccording to modern analysis, ro an glliptical ﬁmﬂﬂﬁm Yet
Kegplerwas not frightencd 2way, He divided half of the circular orbit
beginming at ane apside into 180°, calenlared the distance go the sun
of gach one of chese lirtle graduated arcs (letting the semi-diameter of
the orbit nﬂﬁﬂ_ GH.-.m_._ u.B.m. nﬁunmnnm these 180 numbers. The sum pave him
the measure of the tme it takes the earth to travel around half its
orbit, If he wanted to calculate$he time when the carth had moved
$0° from the apside, he added the frst fifty values of the distances.
The ratio, then, of this sum to the peevious one is the same as that of
the time sought to half the period of revolution. Thns was solved the
problem of computing the time which it takes the carth to reach a
given point on its orbit. The Inverse problem, to be sure, of calclaring

k - the position of the carth at 2 piven moment of time, could only

be solved by interpolation with the help of 2 tablg, constructed in -
accordance with the previous procedure. -
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Now, however, calculating with the sums of the distances was
exceedingly bothersome. And Kepler immediately looked around for
a suitable short cut, He hirnself tells about his nexe step: “Since I was
copmizant of the fact that there are infinitely Eubﬂ%aiﬁ on the orbic
Epm correspondingly infinitely many distances, the thought came to
me that ol these distances are contsined in the plane of the orbit. For
I remember that once Archimedes also divided the circle in the same
manner mto infinitcly many triangles, because be tried to find the rado
of the dircumference to the dismeter.” So now Kepler, tempeed by
this consideration, not mathemagieally indispucable, replaced the sums
of the distances by the corresponding areas and succeeded in finding the
time it takes a p to pass over a particular secton of i orbit. He
did this by measuring the arca bowmded by the rays from the sun to the
end points of these sections, In that way he oheained what Is today catled
the second planet law: The radius vector describes equal areas in equal
times. Since the arcas, which he thus introduced, were easy to calculate,

‘he thenceforth wsed this proposition as the working hypothesis for

furtlier research, He was nevertheless completely cognizant that the
two propositions, the distance proposition and the area proposition,

*are not identical. Immediately after he had sccomplished the change

from the one to the other, he himself pointed our the difference with
mathematical precision; the applications he made in this connection
constitute 2 specimen of bis dever mathematical way of thinking, as

1. . wwell as his accurscy and thoroughmess. The difference in the results

of the two propositions in their application to the motion of the
carth was irrelevant considering the limits of accuracy of thae time.
Only experience with other planet orbits of greater eccentriciry could
establish which proposition was the cosrect one,

Although calculating those arcas was gimple, Kepler still could only
solve the problem of caleulating the position of 2 planet for a given
point of dme indirectly a5 previously, because the statement led to 2
so-called wranscendental equation. Every mathematician well knows

the great significance of this famous “Keplerian problem™ in the -

further development of the theory of functions.!

{UEp, Mo This pratileen was well stated by Robert Small in s et of the Asiro-
a_w.hmﬂw Biszoveries of Kepler . . ., London: Mawiisn, 1884, . 506, #5 Tolows: mEy

:fheearez-of FIFE of 1 stmmiirele gives, snd = point in it diameter, to determine gn

of the sermecitele, and an 2ngle at the given point, such that the piven széa may be
%%WHEEF%&WEEWFEWW% wired arch: or, to deaor
from a gaven pomnt in the dismeter of 2 pemi-circls, a straight line dividing the area of
the senai-circle in a giver muo.™ Geometers have been unable ta achisve 1 rigoconsy
zieumate soluton, For a medern solmtion with mlmladng maching, ase Jenz P. hoier,
"Oip the Sclutien of Bepler’s Equation,” Fessehrift ¢ Elir Sirengren, Copeahagen:
Mugksgaard, 1940, Pp- 10374 :
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These researches clarified the form of the motion for Kepler. Mow it
was a question of testing che other assumptions of the earliér theories;
those regarding the shape of the orbit. He began with the information
that the orbit cannot possibly be circular. This eruch he demonstrated
by refeariug to the distances of the s 1o Mars, which were known to
himn frem his eatlier detailed researches. If the orbit were circalar, thea
he would always have to come up with the same orbit whatever
triplet of distances he werc to use. Now, however, the negative was
demonstrated, since a different resule appeared depending on the
choice of the three distances. But how to proceed nows His physical
concepts which hitherto had brought him rich returns now enticed
him on an extremely burdensome and very long decour. As soon as it
had becomg clear to him that the orbit departs laterally inward from
a circle, he believed it possible to furnish a pliysical cause for this
phenomenon. He prepared a cortain mechanism showing the motion
dne to the force issuing from the sup. The mechanism led to an epg-
shaped ozbit with the blant end at aphelion and the point at peribelion.
Conquering this picture of the mation mathematically gave Kepler
infnite trouble. He calculeted the becadth of the “moonlets” which
lie between o circular orbit and his oval one. He sought to ascertain the
area of the avoid. Then again its perimeter. He attempted to solve the
problem now with the mms of the distances, now with the areas.
For 2li 180° he recalentated the distances of the sun to Mars provided
by his mechanism, For in no ather way could he complete his integra-
tion problem, When the result did nat agree with the observation he
changed his preliminary statement; at least forty times, so he remarks,
he carricd out such a calculation for all 180°. If anly he had succeeded
in ascettaining the arez of an ovoid by geometry, without its being
necessary to reckon repeatedly *'in smallest divisions.” Ves, if the orbic
were a perfect ellipse, he wrote at that Hme to a friend, so the problem
would already have been solved by Archimedes and Apollonins. Only
the picture of the motion, with which he had fallm in love, did not
admit of such a thing, Then what was the fault in these disagreements?
Eepler sought it in his area proposition, he sought it in an erroneous ase
of the propasition. of distances. The only place he did not seek it was
where i lay, in his piceure of the motion. Only when all possibilities
were exhausted did he decide, with heavy heart, to desist from this.
He had agzin erinmphed too soon. Later he joked about the over-

eat haste, with which he had taken hold of his problem. “Hasty
mwmm bear blind youmg."

Afrer this lack of success, Kepler once more took ap where he had
ler himsclf be pushed aside from the correct path, He began to caleulate
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distances and, indeed, very thoroughly. 5o, at last, he had marked off'a
great jany points on the orbit of Mazs. Indecd, he now had the parts
at hand but d the pictare which comprchends and puts these parts
together, Bxeited, he was on the lookout for a solution., Now was it
chance or a good firy which set him on the correct tracks He had
caloulated the width of the “little moan,” which his oval prodeced.
T, his teials he had found that this width may be only half as big. The
parmber stuck in his head. Then he accidentally hit upon the idea that
precisely in the ellipse, whose eccentricity is equal to that of the orbit
of Mars, the differcnce berween the semi-major and the sami-minor
axis was half as big as the width of that “Hitle moon.” It was for him,
as he says, as though he were awakened cut of sleep and saw a new
light, Tt was clear to him that the rule, by which the distances change
from point to point of the orbit, %Eﬁm correct procisely for dhis
ellipse. The guestion of the shape of the orbit was solved. What beld
for Mars, mst also hold for the other planets. The law wwas announced ;
Planets move in effipses with the sun at one focus,

Tt was 2 steep and long path which Kepler had to retrace in order to
scale the summniit which he had seen from the distance. Some reader
to whom the subject is forcign may alteady be nearly out of breath
from the attempt to become acquanted with this path as it has been
described i the previous statements of particulars. And yet here every-
thing is put in the simplest form, all tathematical detail being left out,
and only the main fines shown. Anyone who penctrates deeper into
Kepler's exposition finds himself transplanted inta = confusion of calen-
lations deliberations. What sounds exceedingly simple in our
arguments divides into difficalt single problems, for whose solution
an_ﬁ hirmself had to conaive a method becawse up to then no one
had set or carried out such problems, ¥ is necessary to force 2 way with
him through the thicket of his numbers, to share in his detours, to aver-
' come the difficulties of lus ahstruse style. Yet it is warth the trouble.
The power of the logic which impels him forward is captivating, the
ability with, which mwnuﬁnﬁu every difficuley is admirable, the rich
flaches of ideas which streamed in on him are pleasing, every new
outlock which he opened is eajoyable. His pro igious industry, bis
inventive genius, his mathematical sense, his unhesitaning seuse of fact
are ta be marveled at. The same man who came to Prague to complete
his ¢ priori structure of the universe we now see calqulating, for months,
for years, becanse the chservatons required it, ¥ is atwrays the obser-
wations which chain him, which he forees to answer his questions. The

-oblem which he had mastered should be made clear. The numbert
giving the position of Mars at the fimes of the observations are ot
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many pages in Brohe's journals, A confused muddle | Kepler brought
order oue of this chaos. He had hunted out the laws uniting these
numbers, so that they no longer stand together unvelated but rathee
each can be np—ﬂbﬁMM from the other. In this connection one cifru-
stamce sdll deserves special mention: that is the limits of accomacy of
the Tychonic observations. That these limits were narrow enough so
that Kepler could not afford to peglect those very important eight
minutes, we bave already seen, But had the been considerably nar-
rower, he wotld cerrainly have been nmnmw_«n in a fine meshed net,
becase in many of his calculations he would no longer have been
permitted to overlook certain inaccuracies, a8 Was ReCESAry for the
pragress of his research. Thas, theory and practice harmonized remark-
ably with one another.

It is a neve land which is glimpsed fom the position next to Eepler
on his summit, He lefe fir behind him not only Prolemy bt also
Copernieus ari¢ Tycho Brahe Perhaps it seeims that it noakes Hide
difference whether the planet orbit is a girele, ar an ellipse deviatin
jittle fram the circalar shape. Yet Eepler's prodigious step forward -

comsists precisely in the fact chat with his n_mm.wn roposition he had
overthrown for ali dme the wﬂccﬂwoﬁuhﬂuygé axiom, according
to which every motion retrograde in itself must of necessity be a
umiform circular motion. By that step he had made the orbit frec for

" a new development of astronomy. And nothing is more difficult in

ccience than m set aside such deep-rooted opinions. People who have
not read Fepler often tell the story as &E% Kepler Wmm found his
laws in a purely geometrical way, so to speak by trials, Tt is nafve to
bkieve mﬁnmm.ﬂﬁﬁ&mﬂﬁmﬁﬂrﬁamoﬁwp&ﬁﬁﬂurmﬂwﬁ
by such means, Mo, everywhere i the salution of the problem con-
Fronting him, physical concepts weze in the backgrownd and drove him
forward. They hecamg more and mote intimately jntertwined with
his astronomical thinking. In. 1605 he wrote in 2 Jetter: “ admit that
for at least five years past [ have used for mrwnmn& considerations at least
half the tinae left me by the affairs at court.” When he was reproached
for having a passion for immovation because he wanted to mix together
such heterogeneous scicnces as astronomy and MWM&Q. he explained:
S beliove that both sciences are so closely bound with one another
chat neither can, achieve perfoction without the other.”

Nowadays we are 50 accustomed o seeing mechanical forces opera-
ting in the planetary moticns that it is difficulc for 1s to think that it was
cnce different. And yet Kepler ran up against rejection and lack of
snderstanding on all sides. Maestlin, Fabricius, Longomentanus and
others shook their beads. Bven many yoars later Maestlin advised his
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(7 Bormer pupil to leave physical causes and hypotheses entirely out of

the questian and to explain astronomical matters enly according to
astronomical method; geometry and arithmetic alone are the wibrations
of the knawledge of the heavens. It is Kepler's greatest service thae he
substitoted 3 dynamic system for the formal schemes of the carlier
astronomers, the law of narure for mathematical rule, and causal ex-
planation for the mathematical description of motion. Thereby he truly
became the founder of celestial mechanics. The goal that be pursued he
summarized deatly: “My goal is to show that the heavenly machine js
not 2 kind of divine living being but similar to 2 dockwork in so
far as almost all the manifold motions are eaken care of by one single
absolutely simple magnetic bodily foree, as in a dockwark all motion
is taken care of by a simple weight. And fndeed T also show how this
M.WE representation can be presenved by calcudation and geometri-
y."! I magnetic force is here replaced W the designation attractive
force and the limitation “almoet” is omitted, then with these words the
great problem of classical celestial mechanics is farmulated, Tn, historical
atcounts it 5 repeatedly stated that it was Galileo who founded
the Copernican theory physically. While full appreciating Galilea's
unonﬂmm__.mrﬂnnh in the dormain of mechanics, w" trtusst still be emphat-
cally pointed ot that he complerely fxiled to comprehend the idea of 2
celestial mechanics, In none of his works did he eake notics of Kepler's
planet laws although he certainly knew them. Not once in his Gumous
Dialogue about the systems of the world, which appeared 2 quarter of a
cenpury later, did be speak of them, although they surely should have
played a central part. Yes, a3 though Hnﬂmhﬁrwm spaken into the wind,
Galilco praised Copernicus in this wotk, use he mderstond how o
present the planet motions by umiform citeular motions; he sticks here,
throughout to the old Aristotelian, distinetion berwéen, “natural” and.
“violent” motion. So it was Kepler firse of all, not Galileo, who frced
astronomy from the bonds of Aristotelian physics !

* Bp. HMMH Aitheugh H.:M _ﬂ.ummﬁvﬂﬁ go inta detall at hii place concerning
Galilen's il to 5 i
reader’s anention ?Eannﬁ E,p.wﬂg.u Mwu“n %ﬁﬂwﬂ,&ﬂ rﬂ.nncn_w_,w Ewnﬁnﬁﬂ%
this mbfect even though they can be treated oaly supeefiefally here, In this regaed ses:

mE_H.m. Banofiky, Galiles a8 # Critic of the An, The Hapge: Mihoff, 1934, cpeciliy
pp. 20 £,

Alezandre Eoyré, "Attimd: cahétque et Penséc saennfrgee Criti Sepe—Oat,,
1535, {p. B354, which 5 & ctiticl zevicw of the Panoftky pamphlet listed shove,
ﬁ.EhmEﬂﬂ_uwﬁmw carlies Etudes Galilferne: {1939) 5 cited by Prof Panefky in the Ipcs
pampier,

— 6 .
B Mots Grarinm it n&ihm whmwﬂ.ﬁw o%&m% Wﬁmﬂwﬁaﬂﬂwﬂ?
American Philosopkical Sosaty, new see., wol, 42, part 4, 1955,

gmﬁn@w..dtﬂgﬁngamﬁgngamﬂcmnﬁnm%
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B s s o
" Lo NIVIE (1os8], 315 which is an urum.mma_ﬂn“nm on.mﬂ_rhnEmh o
.._ﬂam.m_..m..__rom .m.m author's pamphlet Lisesd above and which sugEestions

wirualize i of alli . _
inalize the solat system as 3 comtbination o f : o ol
2 Prof. Paoofiky ﬁwﬂuﬂﬂ g, 26), "edid brealr the o.m.nﬁzwwwm.ww nonﬁha&".:: Le
o e e as DilvILEl b e & Ew”mrcpnmcﬂnm the waditions] cirgilar
Teowsn points out {Bs, KLVIL, 7g), Hepler 2 no e adinen) o
i Hﬂﬂvﬁnﬁﬁn: . cirde wonld fit the chservatons at Emnmpowwﬂnam o et
Eb_..,m_?nbﬁo i Eﬂﬁuﬂ,annm ot whoss scturacy Kepler .Fm_u&uEﬁmun. L ook P
.EEMME e farmnue avronaniers attgrmpted 6 m:% Eﬁpw.h e Euwwn
S [ the mations of the stars with thess a b et
e ot i Nnmuhawnmn&mmﬁn&pﬂuu&%nﬁﬁ&ﬁ e
ﬁﬁmmn Mﬂmﬂ%aﬁw %HE&EEn and Calilen that a1l hiynan moTanents
tincple a . : .
muumwﬁnﬂnm. &BQEE&%E«EE%@&?%
Cion s e ped Galil=o the Keplerisn astropamy was
gl that thew were saz, and thar for e
ﬁEquBnEh i cmw&umhnwuﬁ ilet yery probably hed the Nuﬁthuﬂnﬂw . B Bophec 4
“.Ewomuuﬁmﬁ we af gosmpthealogical reasonisg that he e goTit .
_H.ﬂmuonm ﬁwﬁm%wﬁﬂ%ﬁw finds m,ﬂﬁuaﬂu.wpn EENM,%H omﬁwnum%um W”H .ww
Emﬁfm&ﬁoﬁnﬁﬁﬁﬂ?ﬁﬂ%ﬂoﬁ hidden away in Keplec's heap of deoss,
Mo nection, which was mars maderm, Calileo b o o
Ll rejiacioes, alth difforent vnes. Leplor was at o umnmﬁa_gmu:
e naales fnematics Pecause ke clun to Arispatle’s inbgrpretatio o
: * bedi .nEn_mE.n the p ﬂnc.._nm cease to mave QE Em“”aﬁﬁbﬂﬂuhpmaﬁ g
Moﬂp:mmhnﬁ ﬁu&%ﬂ”ﬁﬁ oo them. ﬂ&p_ba.u uﬂmﬁﬂnﬁsﬂﬁoouﬂﬂnwﬂ unwhnﬂm_ xoe, ot
: i _ G :l
S Bk, Bl et ool o G B gt
.Eﬁﬂﬁn&.mb 3 Eﬂ#ﬁﬂb&ﬁumsﬂ%@nﬁ: mmnohmnﬁanlww wg Sunspots _um“amu.: I EMEHHMM M%mm
i ﬂnﬁau.n_ww&nﬂ_bﬂﬂ:ﬁ i B.nﬂm_mmm unn.,.m_bwmpﬁwuﬂo _"_”Mn che mﬂdnﬁ.._.ﬁ
muhoumﬂhwlﬂﬁﬂ. &ﬁ%&h : mpn QDM&EWHMWW%WH%M&E. and Kepher, that bathk the Eeplerian
celestisl dynanies atid E%mﬁ?ﬁﬁﬂﬁa% O
4 .ﬁﬂmﬂﬂﬁ&gﬁh%ﬁﬁiﬁﬁﬁ% mw e
Enrnbhmﬁhuw Hﬁu_nﬂ 5 TR m,nwwﬁm wawnﬁhnubﬂ&ar%ﬂh,umﬂﬁn HE _..H_W_Faﬂ,
i i B ' T - m ..
mﬁnﬁrﬁﬁaﬁﬂm» Mmﬁ%ﬁmﬁm mmm_wmhudrﬁﬂ and Metaphysics,” Amérizan Jawmal of Phyiies;
4
u..muﬂﬂ (May, 1956], 34051
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Of conrse Kepler did not reach the high goal of celestial mechanics
which he vwas the firse eo ser up and perceive. It was reserved for New-

ton's genius, by stating the law of gravity, to cxown the structure which
Eepler had begun, and to prove &RHW that the planet laws follow as
necessary consequences of this general law of nature. Yer various of his
rernarks show how close Kepler actually came to this Law, for example,
when he says the magnetic, chat is the attracting, force of the stm
spreads Tiself ont ke light and at another place proves that the intensity
of the Hght diminishes with the square of the distance, or when he
categorically asserts: “If one would place a stone behind the earth and
would assume that both are free from any odier modon, then not only
would the stone hurry to the earth, but also the earth would hurry
to the stone; they would divide tha space Iying between fn nverse
proportion to their weights.™ That is an unprecedented speech in
a time when the Aristotelian theory of weight was stll universally
recognized. Here the dever researcher positively has at hand the idea
of universal gravitation. However, in the physical presentation of the
planet motions be did not foliow tliis concept but pictured the motion
differently. He divided it into two components, 2 cireular revolution
around sun and a deviation alomg the radivs vectar, The first
motion is taken care of by the sun. .Hmuh force issning from: the san
spreads out in the plane of the ecliptic and grows weaker with the dis-
tance away. Now the sun, sinee it rotates (an assumption which Kepler
made ad hoc a few years before the actmal discovery of axial rotation),
by means of its Ikewise rotating rays of foree, pulls the planets arcund
henomenon that the rate of the orbital velocity is less
than the rate omusﬂmmoa of the sun is to be explzined by the mertia
of the planet body which by nature inclines to rest. Stimvalated by the,
very importact work on etism. published in 1600 by Willi
ﬂwﬂnﬁ_ the Englishman, Wﬂuﬁ explaing the deviation in the radius
vector by imagining the planet badics pelarized, that is consisting of
parallel Emmﬁu.n filaments one end of which is pulled by the s
while the other is being repelled. A vital foree is supposed ta hold these
filaments continually in a parallel position, and perpendicuTar to the
line of apsides. Now if the rays of foree of the sun pull the planet
around away from aphelion, where the effect of the stn is the same on
both poles of the planct, then the ead of the Blaments, which undergoes
an, atraction, lies nearer to the sun than the other. Thus the planet
steers coward the sun and, indeed, it does so usil it reaches perihelion.

1 Ep, Norte Johames Fepler Crtdmielie Werke, 3OV (letter nomber 3483, from Kepler
to David Fabricius, from Prague, Oct. 11, 1995, pp. 246-F0, especially p. 241, Similady,
st ibid., I {Astronmmia Nova), 25.
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; weighed down b :
Mﬁnﬂ%ﬁﬂlﬂbﬁmp as far 25 w.n went, at the University of Tithin-
" gen. But he soon recovered from. his depression and abandoned this
" plan. Final success was near; at Easter fme, in 1603, he discovered FM
: llipse proposition. Tusiiflably he cotld give the work i had compose

- the proud title: Astronomia Nova acrtoduynres Sey Physica Coelestis,
- sradifa commentoriis de Mottbus stellae Martis. It is the first modern

" There were Hnm,_..ﬁﬁ owmﬁ&ﬁ& in the

ol choounbered ermasat
&_mﬁm”w@nwwnmu 2 m...nmwlwm rclacionship _”wnw mmnﬁm&om&%ﬂ_&ﬁa them um.m
; . This immediately came to the sirface when, executing

: Wﬁnﬁh&ﬁuﬁﬂg to mwwmmr the works left by Brahe, Eepler _BnEom
 -the completion of the printing, already well along, uom Brahe's _mMMH
 Progymnasinata, To this book which dealt with Brahe’s solar and

“ theones as well as with the fived stars and the new start of 1572, he
¥ composed an appendix® gud here and there he made improvements.
o, to his annovance, the “Tychonians, without hs Wﬁ.ﬁw&mn“
" had various notes printed, which be had wrinen down for ptivate use.
" They also kept him from correcting proof, so that many eerors
" remained. The main subject of the fight between the two sidos was
. Kepler's use of the Tychonic observations. After Tycho'’s death, the
right to possess theny was transferre
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¢ point of, the reverss takes place. The deeper reason why
ool ﬁw MMPEEWm the mechanism of planetary motion, could not
rrate to the knowledge which we owe to Newion Is obviously
“ehat he Tacked the conception that 2 mass remaimns Lit uniform straight
’ ine motion if no external forces act on it

" n the sumumer of 1605 Kepler had collected those researches about
che orbit of Mars, which we have followed zbove. The first pare bad
- already been muw_u&m&%m ﬁwﬂh,m B
“gtion was introduced soon ter, .
’ Mnnnmm& the year 1603 mﬁuﬂwaqhmwo n.m._nﬁm_%r the oval hypothesis and
rejecting 1 oW 0

_rejecting it took up neadly it

rahe’s kifetime. The atca propo-
in the year 1602. Other works

owing year. In December,
15 n.m death, he considered

of publication. The first
Mﬁ_moﬁmmabmm heirs. After

4 to his heirs, The emperor wanted
© tiy acquire them along with the instruments and offered the heirs the
.. ate bofars last, concerning recent lenratuee. Eegler wrote fo
b Joﬁnnmaia ot oL, ¥ t0), in & lectec dated Oct, 37, rdos, tha
= by natre n...ﬂm. body indines to rest, ..ﬂdm_wuwﬁﬁ matetiatipr LIPS, 22 1psd IpR
Db est quisscetts, quocingue laco rapaTitur.

g mu..ZMHP To a letter to Magini, Kepler explicidy ﬂhﬂm that be m‘mlwn_mﬁ Enwmnww%
+ thi endix, *“Approdicis ad Progymoismats ipse 20thad SUM:. .. haties
MMMMM.“E Qﬁﬁwwﬁﬁ,ﬁh@&u {letrer oumber s5t], dated from Frague, Feh. umnwwu?
i espectally p. 279. The appendix, which was poblished 3= part of the bock, cad be in
5 Tychonis Brahe Drani Cpera Ominés, T (r916], 329-1.
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sum of 20,000 talers for them. Natorally, however, the imperial

treasury hed no money to.satisfy diem. Indeod, in the course of
the year, they Hpnmdmmw a few thouwsand talers. This, however, was
not sufficient to cover the acewmulated interest. On the other hand,

Kepler could nat catry out che imperial order without free and .

bampered vse of the observations, of which, afier all, he had taken
charge immediately after Beahe's death. Besides, asa follower of Coper-
vicus and an opponent of the Tychonic system of the universe, Kepler’s
researches fed _W.E turther and farther from the theoretical point of
view of the man without whose observations be could not have catried
out his investigations successflly. Out of this arose, spontaneoinly,
the reproach on the pare of Bralie's heirs, that Kepler was not using the
observatlons in the sense intended by the man whe had acqrired them
by many years of toil, and that he was looking out for his own fame
and advantage, His chicf opponent was Brahe's son-in-law, Tengnagel,
who, in order to keep the upper hand, repeatedly promised 2 publica-
tion of his own on the basis of the ohservations, %&.Eﬂm_u be was not
at all qualified for such a task, Indeed, he prefered not o be called 2
mathemarician. Contrasting chareter traits made an amicable agree-
ment more difficole. Kepler hmwmcmmﬁn_% characterized the way his
opponent wanted to goard Brahe's treasure by comparing him, mcmo..cn
ing Aesop’s well-knawn fable, with 2 dog in the meanger ‘who cer-
tainly eate no hay himself bat 2lso Jets no ane else near it. The chief
plan to be realized was the working out of the Rudolphise Tbles,
whese completion was very important to Tengnagel his family,
partly bocause of the paternal glory, parely because of the soumd of
money clinking which they boped it would bring, Whereas they were
not ar all aware of the dificulties of this problem, Kepler, on thegther
hand, fully anderstood that only someone full of selconfidence and
willing to risk his scholarly calling could hope to solve this problem
rapidly, To him it was clear that, mﬂmunn the work on the tables could
be approached with a view to success, he firse had to solve the proh-
Jem in the midst of which he wras already embroiled, and free the old
planet theories from the faults clinging to them, that js found 2 new
HM-HD&HUEH_..

In the course of these disputss, the emperor’s father confessor, the
prelate Johaunes Pistorius, was selected a5 the man to whom Kepler
should new and then report on the use of his time and about his mﬁ%ﬁ
Pistorius was favorable to Kepler and in the circumstances it might
not have been too unpleasant for Kepler to consene, B was, however,
less pleasant when in the year 1604 in return for the relinguishment
of the Tychonic obscrvations he had to agree in writing not to

Y40

" gtowed an gddifianal soo gulden. Since ev
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ish anything based on them withour Tengnagel’s approval until
mrﬁv_m:%ﬁmgm Tahles were Eﬂwﬁa&l This made the pu lication nwﬁ.
the cornmentary on Mars dependent on Tengnagel's consent, New the
Tater wanted to undertake the daboration of the tables himself and
orally promised the emperor that they would be completed within
four years. moﬂa#ﬂuwnﬂﬁmﬂhoruasﬂrn?mﬁcuw*ﬁ#rmﬂh&m.
did or could set about them in real earnest, Consequently HQWWM. und
himself in a disagrecable position. This did not improve when Teng-
nagel soon after was named imperial appeal comnsel and joined the
Catholic Church, farther increasing his influence at court. .H_nnmuhmm_.
after taking office, could think less then ever about carrying out the
work he had promised. Thus he had Kepler in his power. Accordingly,
the latter foresaw further disputes becamse Tengnagel's sole owr_mnm
was to guard the fame of his facher-in-law, whereas Kepler, en
contzary, had the freedom of research in view. In fact, Tengnagel

i the printing of the commentary on. Mars when
m.waaﬁ oL e fe of i ageectment sfes b opponcar fled
to

is promised term of four years. Nevertheless, an ‘agreement

was ?ﬁuwwuﬁhr& becanse Wmmmﬁ... mnnw.ﬂmw W:EM_H ready to sert 2
preface by Tengnagel at the beginning WOt o

.H._En@owoum ohstacle to mu_uﬂnmmon was the delay of printing M
financial ressons. At the cnd of 1606, Emperor Rudolph gran
400 guiden, “because for the extension of the fondness of patron=
izing astronomy, which is aur custorm and that of our predecessors in.
the Austrizn House, we did not gladly leave untouched the previously
mentioned book, in which so many glorious searets of matore WM”
induded.” However, since Tengnagel's mmwuo.ﬁ,_ had not yet
given, the printing could not be started immediately. In Hm_mﬁ m“_unmn.
while Kepler spent the money “in 2 great w»nnonrnnﬂﬁnmhm E.ﬂrﬂmﬂ
hold nesds” use the payment of his salary stopped. With the
remainder he got the printing under way in 1608 mnmﬂundm.wmﬁm
in, Heidelberg. Since the sum still at his disposal did not suffice uMmp
Eepler wanted to travel to Heidelberg, he had to ask wrnwn_nﬂnﬂwnwo.
Maecenas for further financial 2id. As a ﬁnn&ﬂbdom _.“_uw.unﬂq HW._

inting was not completed watl the summer of 1609, Wi 1e

Wswﬁﬁbhwm in m&mnmwﬁm.m,dum emperor had donied Kepler the mﬂrﬁn
sale of the: book and ordered chat “he giveno DMM“MMw% of it wit mw.wmn
our previous knowledge and comsent.” He r the cﬂﬂm—.ﬁ ip
of the entire edition evidently because it was compased by Kep m“
the pursuance of his office and printed with imperial money. In
ocder there is also implied 2 recognition of the great importance
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ateribuited by the emperor to the book which be wanted to distribues
himself, However, since the imperial treasury remained continually in
arrears with salary payments and the emperors situation had in the
meauwhile hecome so precarions that he could trouble himself bue
lintle more with such things, Kepler tried to recover his losses and in
the end sold the wiele Qm..w_ou to the printer. In make-up, the book
corresponds completely to the impartance due to the New Astranomy.
In big folic format and lovely print, it is the most magnificsit of all
the works which Kepler published. Because only a small edition was

HE% it is today by far the most expensive of the great astronomer’s

{ edizons.

4. Astronomia Pars Dm.mnm

It 15 reasonable to suppose that the planet orbits with their secrets and
whims had so filled Kepler's thoughts that no room remained for other
scientific research, And yet we see him at the same time busy with
another comprehensive complicated question, This certainly touched
upon the former but sdll, for the most part, had its own form and
meaning, namely the subject of optics. When. he went from Graz to
Prague, he already carried a sizable portion of the questions within
him; others were aroused by the assoctation with Tycho Brahe as
well as by the exigendes of his work on the planet arbits, One can,
recall the eclipse observation which Kepler had made in July, 1600, with
bis own instrument, devised and conseructed for this purpose, as well
as the successfl detailed considerations he made in this conmection
regarding the laws for pictures by 3 pinhole camerz. Becanse of -
favarable circumstances he did nat cetry out his original inténtion of
publishing immediately what he found here. But the problem which
was hiere set had established itself in bis thought and developed further,
However well instructed a person was in general sbout the occurcence
of solar and lunar eclipses of his time, there still arose a host of separate
questions which needed explanation and solution as soon as he con-
certied himself more n._cmwm_. with these phenomena, often observed
since antiquity. Yet such a dependible ssronomer as Tycho Brahe had
denied the possibility of 2 total solar eclipse, The many observations

* Ep. More. The optcl work of Kepler, i the setting af its fme, i well handled by
Dir. Vaseo Ronchi, directer of the itara Nazionale 4 Ottioa in Finrenee, m “Llattica
del Keplero & quella di Newton'™ in Ate Deits Fondazione . Ronchi, anne X1 M. (rg56),
FE. t85—202, Seg also Vasee Roochi, Opric: The Sclemr of Fisiow, translated from she

[talize: and revwieed by Bdward Rosen. Mew ¥eck: Mew York Univerdty Press, 1957,
BP. 4351, 203-5.
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zealously gathered by Eepler both from ancient literature and from
ncﬂﬁﬁm rary nnm.cnw m%m_aﬂ&w did not correspond exacily with
each other or would not agree with the calculations as to the passage

of time and the size of the obscuration to the same degree which 2

demnanded. There could be warious reasons for these
%ﬁ. They could stem from the fact that the numerical
values, on which wears founded the calculations for the sizes and dis-
tances of the two heavenly lights, were inexact, or from the fact that the
phenomena of the motions of the sun and moon had not yer been
completely mastered. The cause could, however, also lie in too erude
uhnh..mmﬂaﬁmow& procedure that did not take into consideration ceztatn
exvernal circumstances and telied too much on estimates instead of on
exact methods of measurement. In addidon, sdll mmﬁn questions
appear, with which Kepler bad beea partly occupied previously.
Sﬂmﬁ comes the Hn_w_n light of the moen during a total hmar
eclipses What is the explanation of the reported luminous appearances
around the sun at Snm. safar eclipsest The nﬁunom concerning the
diminution of the lunar diameter during solar eclipses was already
recalled. So many questions, so many problems. They all made Keples
restless and forced him to formulate 2 great plan. He wanted to wite
2 book exploting and mnﬂln”mﬁwm the sizes and mutual distances of the
sup, moon and earch, pri ily supported by the phenemena of
eclipses. Since he knew from a report by Theon of Smyrna that the
reat astropomer of antiguicy, H&Mu?ﬂnwﬁ_ had composed 2 work
sitrce Jost) dealing with the same subject, be wantod to give his book
the title Hipparchws. However, the fitst step toward carrying out this
plan was to examine and clear up those optical questions without
whose solution the ﬁnnnu&gnwpn and trustworthy foundation to the
work could not be securely Laid. .

A further series of mﬁﬁmboﬁ on, optics, connectzd, .Fm@oP with the
abave, but playing & part in all astronomical observations, are grouped
about the subject of atmospheric refraction, The importance of this is
perceived when it is remembered that it I precisely by the refraction
of its rays in the atmosphere that the sun, when oo the liorizon, is
raised by an amount approximately equal to the diameter of the solar
disc, s that the sun seems to touch the horlzon with its lower fm
swhen: in reality it s immersed just beneath the hotizon. Cestainly, the
amount of refraction decreases with increasimg altitnde; nevertheless,
it is sefll sa great that it must always be taken into consideration if the

recise star positions, determi ﬂmﬂw nwmmh& mEr_,.EEnum ars to
ve meaning. Brahe's improvement o art of observation conse-
quently aspired to more exact knowledge of refraction. He hiraself
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