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VI
MR. TOAD

It was a bright morning in the early part of summer; the river
had resumed its wonted banks and its accustomed pace, and a
hot sun seemed to be pulling everything green and busi1y and
spiky up out of the earth towards him, as if by strings. The Mole
and the Water Rat had been up since dawn, very busy on matters
connected with boats and the opening of the boating season;
painting and varnishing, mending paddles, repairing cushions,
hunting for missing boat-hooks, and so on; and were finishing
breakfast in their little parlour and eagerly discussing their plans
for the day, when a heavy knock sounded at the door.

“Bother!” said the Rat, all over egg. “See who it is, Mole, like
a good chap, since you’ve finished.”

The Mole went to attend the summons, and the Rat heard
him utter a cry of surprise. Then he flung the parlour door open,
and announced with much importance, “Mr. Badger!”

This was a wonderful thing, indeed, that the Badger should
pay a formal call on them, or indeed on anybody. He generally
had to be caught, if you wanted him badly, as he slipped quietly
along a hedgerow of an early morning or a late evening, or else
hunted up in his own house in the middle of the Wood, which

was a serious undertaking. .

The Badger strode heavily into the room, and stood looking at
the two animals with an expression full of seriousness. The Rat
let his egg-spoon fall on the table-cloth, and sat OPCH‘IT{OUthed'

“The hour has come!” said the Badger at last with great

SOlemnity. |
“What hour?” asked the Rat uneasily, glancing at the clock

on the mantelpiece.



LR R & 0N w S
—ZU —rlnl' L

O g < .b> D oy

“Whose hour, you should rather

“Why, Toad’s hour! The hour of Toaq) B st lied the Badger.

in hand as soon as the winter was we|| omm_a ! would e
take him in hand to-day!” ver, and I’'m going to

“Toad’s hour, of course!” cried the Mo : @

I remember now! We’ll teach him to be Mmoﬂﬂ.%ﬂ%ﬂ?@:ﬁ ooray!

“This very morning,” continued the Badger, E_Awsw an ar
chair, “as I learnt last night from a trustworthy source msoaﬁ-
new and exceptionally powerful motor-car will mz.?n, at ._,om:w.
Hall on approval or return. At this very moment, perhaps, Toad
is busy arraying himself in those singularly hideous habiliments
so dear to him, which transform him from a (comparatively)
good-looking Toad into an Object which throws any decent.
minded animal that comes across it into a violent fit. We must
be up and doing, ere it is too late. You two animals will accom-
pany me instantly to Toad Hall, and the work of rescue shall be
accomplished.”

“Right you are!” cried the Rat, starting up. “We’ll rescue the
poor unhappy animal! We’ll convert him! He’ll be the most
converted Toad that ever was before we’ve done with him!”

They set off up the road on their mission of mercy, Badger
leading the way. Animals when in company walk in a proper
and sensible manner, in single file instead of sprawling all across
the road and being of no use or support to each other in case of
sudden trouble or danger.

They reached the carriage-drive of Toad Hall to find, as the
mm.mmo_. had anticipated, a shiny new motor-car, of great size
painted a bright red (Toad’s favourite colour), standing E,
front of the house. As ﬂ_.gmw neared the door it was flung open,
and Mr. Toad, arrayed in goggles, cap, gaiters, and enormous
overcoat, came swaggering down the steps, drawing on his
gauntleted gloves,

e MM%%MV MNMM: on, WM_W. mm:osm._a w.m cried ormmnméw on catch-
Lo +Jou're just In time to come with me for a
Jolly—to come for a jolly—for a—er—jolly——”

His hearty accents faltered and fel| away as he noticed the

ster 1
Ea_w. unbending look on the countenances of his silent friends,
IS Invitation remained unfinished,

mmwv »

The Badger strode up the steps. “Take him inside,” he said
sternly to his companions. Then, as Toad was hustled through
the door, struggling and protesting, he turned to the chauffeur

in charge of the new motor-car.
“I’m afraid you won’t be wanted to-day,” he said. “Mr. Toad

has changed his mind. He will not require the car. Please under-
stand that this is final. You needn’t wait.” Then he followed the
others inside and shut the door.

“Now then!” he said to the Toad, when the four of them
stood together in the Hall, “first of all, take those ridiculous
things off!”

“Shan’t!” replied Toad, with great spirit. “What is the mean-
ing of this gross outrage? I demand an instant explanation.”

“Take them off him, then, you two,” ordered the Badger
briefly.

They had to lay Toad out on the floor, kicking and calling all
sorts of names, before they could get to work properly. Then the
Rat sat on him, and the Mole got his motor-clothes off him bit by
bit, and they stood him up on his legs again. A good deal of his
blustering spirit seemed to have evaporated with the removal of
his fine panoply. Now that he was merely Toad, and no longer the
Terror of the Highway, he giggled feebly and looked from one to
the other appealingly, seeming quite to understand the situation.

“You knew it must come to this, sooner or later, Toad,” the
Badger explained severely. “You’ve disregarded all the warnings
we’ve given you, you’ve gone on squandering the money your
father left you, and you’re getting us animals a bad name in the
district by your furious driving and your smashes and your
rows with the police. Independence is all very well, but we ani-
mals never allow our friends to make fools of themselves be-
yond a certain limit; and that limit you’ve reached. Now, you're
a good fellow in many respects, and I don’t want to be too hard
on you. I'll make one more effort to bring you to reason. 40;
will come with me into the smoking-room, and there you will
hear some facts about yourself; and we’ll see s&mnrnn you come

out of that room the same Toad that you went in.” .

He took Toad firmly by the arm, led him into the smoking-

room, and closed the door behind them.
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,.H.\Enw no moo&. said mwm Rat no::.p.Bon:w_w.
Toad’ll never cure him. He’ll say anything,”

They made themselves comfortable in arm-chq; ;- .
patiently. Through the closed door they could j wmﬂ_ﬂow”mréﬂ_am
continuous drone of the Badger’s voice, rising ang mm_:c: o_wm
waves of oratory; and presently they noticed that the mm:wo:
began to be punctuated at intervals by long-drawn sobs, evi-
dently proceeding from the bosom of Toad, who was a soft-
hearted and affectionate fellow, very easily converted—for the
time being—to any point of view.

After some three-quarters of an hour the door opened,
and the Badger reappeared, solemnly leading by the paw a
very limp and dejected Toad. His skin hung baggily about
him, his legs wobbled, and his cheeks were furrowed by the
tears so plentifully called forth by the Badger’s moving dis-
course.

“Sit down there, Toad,” said the Badger kindly, pointing to a
chair. “My friends,” he went on, “I am pleased to inform you
that Toad has at last seen the error of his ways. He is truly sorry
for his misguided conduct in the past, and he has undertaken
to give up motor-cars entirely and for ever. I have his solemn
promise to that effect.”

“That is very good news,” said the Mole gravely.

“Very good news indeed,” observed the Rat dubiously, “if
only—if only. ”

He was looking very hard at Toad as he said this, and could
not help thinking he perceived something vaguely resembling a
g,_.,:r_n in that animal’s still sorrowful eye.

e B, “Tond Ly o coninued th grat
friends here, what . ou fi :wo:mmo.oa% v e et your
room just :ws\. m_.ﬁmw woccmWoNoﬁ.:ﬁm 8:50 n ,ﬂ e smoking-
you see the folly of _.Mm=.v: Y RENRAE Pt v oty and

There was a long, long pau ) .
way and that, S_:._m the Mﬁmﬁ. Mﬂ:ﬁwﬂ_ &MWMA Ma.mnm@nnmﬂm; this
At last he spoke. ed 1n grave silence.

“No!” he said, a little sull
.  said, enly, but stoutly: “’
And it wasn’t folly at all! It was simply m_oaovwm.: ot oy

“Talking to
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“You back-

bl

“What>” cried the Badger, greatly scandalised.

sliding animal, didn’t you tell me just :oi..ms aro_,:o ) .
“Oh, yes, yes, in there,” said Toad impatiently. “I’d have said

anything in there. You’re so eloquent, dear mmnmn? and 50 mMov-

ing, and so convincing, and put all your points so frightfully

well—you can do what you like with me in there, .w:m you r_‘._oi
it. But I’ve been searching my mind since, and going over nrimm
in it, and I find that ’'m not a bit sorry or repentant really, so it’s
no carthly good saying I am; now, is it?”

«Then you don’t promise,” said the Badger,
motor-car again?”

“Certainly not!”
trary, I faithfully promise that the very first motor-ca

-poop! off I go in it
uom%om_um VME SO, %&:.H [?” observed the Rat to .n_.ao zo_m..

“Very well, then,” said the Badger firmly, rising to his feet.
«Since you won'’t yield to persuasion, we’ll try what force can do.
 feared it would come to this all along. You've often asked us
three to come and stay with you, Toad, in this handsome house
of yours; well, now we’re going to. When we’ve converted you o
a proper point of view we may quit, but not before. .ﬂmw.a him
upstairs, you two, and lock him up in his bedroom, while we
arrange matters between ourselves.”

“It’s for your own good, Toady, you know,” said the Rat
kindly, as Toad, kicking and struggling, was hauled up the
stairs by his two faithful friends. “Think what fun we shall all
have together, just as we used to, when you’ve quite got over
this—this painful attack of yours!”

“We’ll take great care of everything for you till you’re well,
Toad,” said the Mole; “and we’ll see your money isn’t wasted,
as it has been.”

“No more of those regrettable incidents with the police,
Toad,” said the Rat, as they thrust him into his bedroom.

« And no more weeks in hospital, being ordered about by fe-
male nurses, Toad,” added the Mole, turning the key on him.

They descended the stair, Toad shouting abuse at them
through the keyhole; and the three friends then met in confer-

ence on the situation.

“never to touch a

replied Toad emphatically. “On the con-
r I see,

—wu
.
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“It’s going to be a tedious business,” said the B Loy,
“I’ve never seen Toad so determined, However adger, Sighiy
out. He must never be left an instant unguardey «M\o will e, M_W
to take it in turns to be with him, til] the vo_.%.u: m»mrm__ r?M

S w

itself out of his system.” Orkeg
They arranged watches accordingly. Each anima]
turns to sleep in Toad’s room at night, and they &<wm took it ;,
up between them. At first Toad was undoubted] <na the day
to his careful guardians. When his violent @mnoxwmw:m CrY trying
him he would arrange bedroom chairs in rude Smoazb essed
motor-car and would crouch on the foremost of them M:nm ofa
sm.a and staring fixedly ahead, making uncouth m:,m i
noises, till the climax was reached, when, turning a mrmmﬂ_w
somersault, he would lie prostrate amidst the ruins of nrn o:mn _.mg
apparently completely satisfied for the moment. As :.Ena s
roéﬁ.\mb .58@ painful seizures grew gradually less m:w assed,
Mﬂa_ Mﬂa ?MH...% mmoé to divert his mind into fresh nvm::mm,:w”m
erest 1n other i . )
apparently languid mﬁMHMMMMHmMﬁ.: e Fo revive, and he grew
off ms%m:m% _Mor:w teve Badger, whom he found fidgeting to be
down his mm%: _ma_omm in a long ramble round his wood and
Rat, outside Em M: v.w.:.oi.m. “Toad’s still in bed,” he told the
leive fin i Ma Mwn Can’t get much out of him, except, ‘O
presently, it may .wmmm ,Mwmnm .:o&::m“ perhaps he’ll be better
50 on. Now Off in time, don’t be unduly anxious,’ and
. > you look out, Rat! When Toad’s quiet and mcm::.m-

know him. Well, now, I must be off.”

“How are you to-q
-day, old 2% inani
a5 Ma ﬂ@m toached ._,Omav“m v&mw%%. Inquired the Rat cheerfully,
€hadt : : ’
O Wait some minutes for an answer. At last a feeble

voice replied, “Thank
t0 inquire! But fige Hn__www Wo o oh, dear Ratty! So Bond piyon

lent Mole>” OW you are yourself, and the excel-
:Ou we'’re all ri » z
cautiously, right,” replied the Rat. “Mole,” he added in-

“is goi
80Ing out for 3 ryp round with Badger. They’l]
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| lunchcon time, SO you and I will spend a pleasant

ing together, and I'll do my best to amuse you. Now jump

= Onwrnnm,m a good fellow, and don’t lic moping there on a fine
Ey_.:m:m like this!” . .

mo! Dear, kind Rat,” murmured Toad, “how little you realise

, and how very far [ am from ‘jumping up now’—

condition, .
ay not trouble about me. I hate being a burden to

. r! But do
%M,Mmg%, and I do not expect to be one much longer. Indeed,

hope not.”

: m._wﬂamum_ﬂ I %onm not, too,” said the Rat heartily. “You’ve been a
fine bother to us all this time, and I'm glad to hear it’s going to
stop. And in weather like this, and the boating season _cwﬁ.wo-
ginning! It’s too bad of you, Toad! It isn’t the trouble we mind,
but you’re making us miss such an awful lot.” .

«I’m afraid it is the trouble you mind, though,” replied the
Toad languidly. “I can quite understand it. It’s natural enough.
You’re tired of bothering about me. I mustn’t ask you to do any-

thing further. ’'m a nuisance, I know.”

“You are, indeed,” said the Rat. “But I tell you, I'd take any
trouble on earth for you, if only you’d be a sensible animal.”

“If I thought that, Ratty,” murmured Toad, more feebly than
ever, “then I would beg you—for the last time, probably—to
step round to the village as quickly as possible—even now it
may be too late—and fetch the doctor. But don’t you bother. It’s
only a trouble, and perhaps we may as well let things take their

course.” .
“Why, what do you want a doctor for?” inquired the Rat,

coming closer and examining him. He certainly lay very still and
flat, and his voice was weaker and his manner much changed.

“Surely you have noticed of late » murmured Toad.
“But, no—why should you? Noticing things is only a trouble.
To-morrow, indeed, you may be saying to yourself, ‘O, if os_.w I
had noticed sooner! If only I had done something!” But no; it’s
a trouble. Never mind—forget that I asked.”

“Look here, old man,” said the Rat, beginning to get rather
alarmed, “of course I'll fetch a doctor to you, if you really think
you want him. But you can hardly be bad enough for that yet.

Let’s talk about something else.”




“[ fear, dear friend,” said Toad, with a sad s
can do little in a case like this—or doctors e e
ter; still, one must grasp at the slightest Mﬂroﬁ for
way—while you are about it—I hate to m“mé. An
trouble, but I happen to remember that you miw yo
would you mind at the same time asking the __ -
It would be a convenience to me, and the e
wwnrmmm [ should say there is a Boua:ﬂliwo o
aawmaomzm tasks, at whatever cost to mxrmzmﬁooﬂ o
: r\.w lawyer! O, he must be really bad!” the mm:.mﬁgm ;

o himself, as he hurried from the room, not f at said
aﬁ% S.MOn_A rﬂrm door carefully behind Em: ST,
utside, he stopped to consi .
mcmmw., mwm he had %% one to nwwmm_m_ﬂ.. the other
t’s best to be on the safe side,” he said, on reflection «
MMM*“MMWMM% mmm:_”uw ::.dwn_m frightfully bad v&oﬁmﬂﬂ_ﬁﬂﬂ.ﬁ _Ma
i :oz:mo:. ut I've never heard him ask for a lawye _ﬂ_o
feee’s noth; zoﬂ Mnm_nw the matter, the doctor will tell him rn,w..m m
o vm:,an i ch MM E_M” M%m mwm.ﬂrmﬁ sm: be something mmm:a%
ran off to the village on his wﬂw”mc%m:ﬂamw@ very fong.” So he

Th i
¢ Toad, who had hopped lightly out of bed as soon as he

heard the key turned i
the o 2l b &mm_z the lock watched him eagerly from

smartest sui v as quickly as possible i .
pockets sw\:ﬂ he no:E. lay hands on at the Eowzwm_v_mz_: nr.m
S ith cash which he took from e wm "

ressing-table, and a small drawer in the

3

2 thay ‘tall

nrmn Mat.
d, by the
m&a_ﬂo:m_
H_._o Qoonl
E mﬂob :bu
Momengg__

€ must f,.,
mnﬂﬂo_ ”»

how-

go were mM—..

such a feature of hj
sb
to the ground, and, Q_Anwmmaooav he scrambled out, slid lightly

: g the o ite directi
mene_wwﬁm_ Mm_:mr?rmmn&? érmmﬁﬂﬂwmwﬂw:m“noM_on b e et
gloomy luncheon for Rat when H_w@ Mwm.mn_. and th
e

mo@. ..;m Badger’s caustic, not to
WSmmS&, and therefore passed
at that even the Mole, though he

cay brutal, remarks may be
3 DUt it was painful tg the
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KR ¢ side as far as possible, could not help saying,
it of a duffer this time, Ratty! Toad, too, of all

y well,” said the crestfallen Rat.
y well!” rejoined the Badger hotly. “How-
calking won’t mend matters. Em.m.moﬁ clear away for the
that’s certain; and the worst of it is, he’ll be so conceited
.h what he’ll think is his cleverness that he may commit any
MV_:% One comfort is, we’re free now, and needn’t waste any
more of our precious time doing sentry-go. But we’d better con-
dinue to sleep at Toad Hall for a while longer. Toad may be
brought back at any moment—on a stretcher, or between two
nozntos.: . )
So spoke the Badger, not knowing what the future held in
or how much water, and of how turbid a character, was
before Toad should sit at ease again in his

everls
amamw

store, .
to run under bridges

ancestral Hall.

Meanwhile, Toad, gay and irresponsible, was walking briskly
along the high-road, some miles from home. At first he :m.m
taken by-paths, and crossed many fields, and changed Em
course several times, in case of pursuit; but now, feeling by ﬂ.r_w
time safe from recapture, and the sun smiling brightly on him,
and all Nature joining in a chorus of approval to the song of
self-praise that his own heart was singing to him, he almost
danced along the road in his satisfaction and conceit.

“Smart piece of work that!” he remarked to himself chuck-
ling. “Brain against brute force—and brain came out on ﬁr.m
top—as it’s bound to do. Poor old Ratty! My! won't he catch it
when the Badger gets back! A worthy fellow, Ratty, with BE%
good qualities, but very little intelligence and mvmoES_x no ed-
ucation. I must take him in hand some day, and see if I can

make something of him.”
Filled full of conceited

along, his head in the air, ti

sign of “The Red Lion,” swinging across t
down the main street, reminded him %.mﬂ he
as exceedingly h

fasted that day, and that he w:

thoughts such as these he strode

Il he reached a little town, where the
he road half-way

had not break-
ungry after his
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long walk. He marched in
. to the Inn
m:m: could be provided at so short a wwmﬁoama
it in the coffee-room. e 2
He was about half-wa
e y through his
?M:__mn sound, mvwmomnEzm down nrmzwww_ When 3y
and fall a trembling all over. The poop- €¢t, made hip,"
nearer, the car could be heard to En Poop! drew near, an
come to a stop, and Toad had to ro_anw into rﬂrn mzz-wmnmﬂ o
. : . ntot a
m:ﬂmwaﬁowﬂ_ r_mmoén-amwﬂm::m emotion. ?mmoo”p.m_w of the Bn_m
el nM coffee-room, hungry, talkative, m:mﬁ Y the Party
chariot ﬂrmﬂﬂwmmmgm ﬂm ﬁ*_.g ¢ morning and the Bmm«, volubl,
rought them alon Crits of ¢
gerly, all ears, for a time; g so well. Toad listc n
S , ¢; at last he could stand i ned ea.
as mooﬂvww mwn of the room quietly, paid his ZMMMH::O longr,
yard. “There nmmﬁ ocmao sauntered round quietly :M vma and
. not be any h » , ! the inp.
oz,__.wr_s& looking at it!” y harm,” he said to himself, js_wuw
e car stood in the middl
mﬁmvmmu_um— ¢ of the %mH&v uite
walked m_w ﬂsw o%mwrm:me.m-on being m:MH ﬂrn_ww Mﬁa:ma, e
y round i, inspecting, crvicising, musing deeply.
v eeply.

“I wonder,” he sai
,, he said to him
sort of car starts easily?” self presently, “I wonder if this

Next moment, h

, hard
he had hold of ﬁrnmmm_
sound broke forth, th

the beg;

nd sat dg E:nrm

0

amﬁ

=~v~ ~Oo

:wmuwzw_ﬁ:m how it came about, he found

_ e ol was Emasm it. As the familiar
Dletely mastered him, b passion seized on Toad and

ﬂ_BmmF somehow, mmmﬁo% R e e Mn mnozm

e pulled the fever sy e 0 thE driver’s seat; as if i can

through th er and swung the car il s s

€ archway; and, as if in 4 QMMM_MQ Mwomwm& mwa omﬁ

) nse of right

om i

nﬂw i

voured the stree

t

open country, he and leapt forth on the high-road through th
ough the

i € was only conscj
m& et mS:w n_..a lone trail, before n:roH. s
Gl oo nnn: into nothingness and whom all must
w, and the - 961.»%5@ night.
responded with sonorous

drone m
; the mile
S W
€re eaten up under him as he sped he k
ed he knew
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ither, ful
ight com

glling his instincts, living his hour, reckless of
e to him.

% ¥ % *

erved the Chairman of the Bench of Mag-
. only difficulty that presents itself in this
15 e very clear cas€ is, how we can possibly make it suffi-
for the incorrigible rogue and hardened ruffian whom
ring in the dock before us. Let me see: he has been
on the clearest evidence, first, of stealing a valuable
ondly, of driving to the public danger; and, thirdly,
nence to the rural police. Mr. Clerk, will you tell
is the very stiffest penalty we can impose for
nces? Without, of course, giving the prisoner
oubt, because there isn’t any.”
The Clerk scratched his nose with his pen. “Some people
would consider,” he observed, “that stealing the motor-car was
the worst offence; and so it is. But cheeking the police undoubt-
edly carries the severest penalty; and so it ought. Supposing you
were to say twelve months for the theft, which is mild; and
three years for the furious driving, which is lenient; and fifteen
years for the cheek, which was pretty bad sort of cheek, judging
by what we’ve heard from the witness-box, even if you only be-
lieve one-tenth part of what you heard, and I never believe more
myself—those figures, if added together correctly, tot up to
nineteen years—— |
«First-rate!” said the Chairman.

«__So you had better make it a roun

the safe side,” concluded the Clerk.
“An excellent suggestion!” said the Chairman approvingly.

«Prisoner! Pull yourself together and try and stand up straight.
It’s going to be twenty years for you this time. And mind, if you
appear before us again, upon any charge whatever, W€ shall
have to deal with you very seriously!”

Then the brutal minions of the law
Toad; loaded him with chains, and dragged him from

House, shrieking, praying, protesting; across the mar
where the playful populace, always as severe upon

,” obs
cerfully, “the

ciently hot
we see CoWe
mOc:& mcm_ﬂ%v
motor-car; Se¢
of gross imperti
us, please, what
each of these offe
the benefit of any d

d twenty years and be on

fell upon the hapless
the Court

ket-place,
detected
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crime as they are sympathetic and helpful whe
“wanted,” assailed him with jeers, carrots m:a: one
s@%w past hooting school children, their mn: Popu
qs%. the pleasure they ever derive from the si Mnmsﬂ m
in m_m.._nc_anmw across the hollow-sounding amn ﬁ o_Um :
the spiky portcullis, under the frowning mnnrwé ridee, below,
old castle,'s whose ancient towers soared Emr,\w“\ ow the grim
mmwmﬂwﬂomwmmmw o.m m::i:m.moammnw off duty, past MM:M% Past
Al Mnﬁ mmm%mmzn way, because that is as Ecnw who
e naB%:m R are do to m.ro(.c his contempt and mvﬂ o
in casquet and moho__am.méog s:?.::m SHAifs, past men-at-a s
et ot mnnommﬂnw sMMM_MM»EMm Hrﬁamﬁi:m looks ﬁrno“ww
_M_mm.: and pawed the air to get MM M_ﬁﬂmwﬂ_mm strained at their
their halberds leant against the wall. d 3 past ancient warders,
flagon of brown ale; on and o o OVer a pasty and a
thumbscrew-room, past th , past the rack-chamber and the
fold, till they Hmmnwma the MEEEW - _.oa to the private scaf-
lay in the heart of the EMQ of the grimmest dungeon that
paused, where an ancient ga Mn.:oma keep. There at last the
keys. gaoler sat fingering a bunch of E_.mrﬂw

“Oddsbodikins!” saj
hel ns! m.u:::nmmao . .
elmet and wiping his monormmmm. WMOMM%M_@MP MMM_A _ﬂm gl
. ’ oon, and

IS Bono_w
~m~. Omﬁnr.
aces :ﬂ up
mozﬁ_nams

» greybeard, should aught unto-

ward befall, thy old hi
1s—and a murrain

on TOﬂT Om nrma_u

The gaoler
odded grimly. |avi ;
oulder of the miserable ,—.Mm%wﬂ%mra withered hand on the
. rust

all the length and breadth of
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THE PIPER AT
THE GATES OF DAWN

ping his thin little song, hidden him-
e river bank. Though it was past
g to and retained some lin-

Willow-Wren was pi
he dark selvedge of th

ck at night, the sky still clun
ts of light from the departed day; and the sullen heats

d afternoon broke up and rolled away at the dispers-
f the cool fingers of the short midsummer night.
hed on the bank, still panting from the stress of
had been cloudless from dawn to late sunset,
riend to return. He had been on the river
leaving the Water Rat free to keep an
ing with Otter; and he had come back
d deserted, and no sign of Rat, who
late with his old comrade. It was
g indoors, so he lay on some cool
he past day and its doings, and

The
self in't
ten o’clo
gering skir
of the torri
ing touch o
Mole lay stretc
the fierce day that
and waited for his f
with some companions,
engagement of long stand
to find the house dark an
was doubtless keeping it up
still too hot to think of stayin
dock-leaves, and thought over t

how very good they all had been.
The Rat’s light footfall was presently heard approaching over

the parched grass. “O, the blessed coolness!” he said, and sat
down, gazing thoughtfully into the river, silent and pre-occupied.
“You stayed to supper, of course?” said the Mole presently.
“Simply had to,” said the Rat. «They wouldn’t hear of my go-
ing before. You know how kind they always are. And they made
things as jolly for me as ever they could, right up to the moment
I left. But I felt a brute all the time, as it was clear to me they
were very unhappy, though they tried to hide it. Mole, I'm afraid
they’re in trouble. Little Portly is missing again; and you know
what a lot his father thinks of him, though he never says much

about it.”
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“What, that child?” said the Mole lightly. “Well, g,
is; why worry about it? He’s always straying off o % POse b,
lost, and turning up again; he’s so adventuroys, But :om ﬂ
ever happens to him. Everybody hereabouts knows hin arp,
likes him, just as they do old Otter, and you may be syr ang
animal or other will come across him and bring hjp, vwsn
again all right. Why, we’ve found him ourselves, mijleg mon_ﬁ
home, and quite self-possessed and cheerful!” o

“Yes; but this time it’s more serious,” said the Rat
“He’s been missing for some days now, and the Ott
hunted everywhere, high and low, without finding the slightegy
trace. And they’ve asked every animal, too, for miles around, apq
no one knows anything about him. Otter’s evidently more any.
ious than he’ll admit. I got out of him that young Portly haspt
learnt to swim very well yet, and I can see he’s thinking of
the weir. There’s a lot of water coming down still, considering the
time of the year, and the place always had a fascination for the
child. And then there are—well, traps and things—you know,
Otter’s not the fellow to be nervous about any son of his before
it’s time. And now he is nervous. When I left, he came out with
me—said he wanted some air, and talked about stretching his
legs. But I could see it wasn’t that, so [ drew him out and pumped
him, and got it all from him at last. He was going to spend the
night watching by the ford. You know the place where the old
ford used to be, in by-gone days before they built the bridge?”

“I know it well,” said the Mole. “But why should Otter
choose to watch there>”

“Well, it seems that it wa
swimming-lesson,”
gravelly spit near th
him fishing, and th
which he wa

oém

Bravely,
ers haye

. s there he gave Portly his first
continued the Rat. “From that shallow,
e bank. And it was there he used to teach

poor little chap—he might
; or if he came across it he’d
nd play, perhaps. So Otter
—on the chance, you know,

for a time, both thinking of the same thing—

ilent :
Q.N mw_n sore animal, crouched by the ford, watching
eart-

the _o:a_.vam the long night through—on the chance.
tings

\—nrmva w

wal » sai Rat presently, “I suppose we ought to
mnmﬂ\n:w ,<m=moww“ﬂaﬁﬂm mn.m But he never offered to move.
be %m:_w:m.mw the Mole, “I simply can’t go and turn in, and go
“Bab mmw do nothing, even though there doesn’t seem to be
to sleep> a0 be done. We'll get the boat out, and paddle up
mnﬁr_:m_. wm moon will be up in an hour or so, and then we will
stream.

h as well as we can—anyhow, it will be better than going
mnmmma and doing :oﬂw_.:m.s e R ST ot he
P hat 1 was thinking myself,” said the Rat. not h

3 frn for bed anyhow; and daybreak is not so very far oft,
mom MMMHM,B may pick up some news of him from early risers as
an 0 |
" The »_onm.ﬂrn boat out, and the Rat took the sculls, paddling

..;Q mm M: Out in mid-stream, there was a clear, :mn.wfm
e nﬂc _mmm.:ﬁq reflected the sky; but wherever mrm&oém a:
e from bank, bush, or tree, they were as solid to a
o imﬂoww the banks themselves, and the Mole r.ma to mﬁmma
mmwam.mmwnmann accordingly. Dark and deserted as it Emm,_.n e
i:w s full of small noises, song and chatter and rust :wmw
Em. n éwmﬁrn busy little population who were up m:m. about, _m Mn
i _:m@ trades and vocations through the night till suns ine
ch n_%_m il on them at last and send them off to their ém:-
o d c ose. The water’s own noises, 80,., were more mmwﬁ&
Mwﬂswr»wmww a.mf its gurglings _mzmr an_moﬁmwwa . M_ﬁof“\ﬂ M:MMMz e

: nstantly they .

o :2:._2 rmmm,%M“n%a »Q:mwﬁanc_mﬁm voice. ihe s
e ; nmmm the horizon was clear and hard against =<a3w

Mrw _A_VMM Wmanc_mn quarter it showed black NHMMWMH M wﬂ =
Mmbmnm phosphorescence that grew and grew. A

i j ill it
im of the waiting earth the moon lifted with m_omi M,MMMM .:M_:a
g lear of the horizon and rode off, free of m e ,n =
g e hey began to see surfaces—meadows Wi e M_A s
R &M:m and the river itself from bank "Mn o mm&-
o _mm& m_v_ washed clean of mystery and terr Q,.:n:mocm.
mom_wmmm_wommmg,amw but with a difference that was tf
ant a ) .

N
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Their wE haunts greeted them again in other rq;
rma slipped away and put on this pure n faiment, o ;¢
quietly back, smiling as th .o appare] e

‘back, smiling ey shyly waited to see ;
recognised again under it. 10 see if they

. Fastening their boat to a willow, the fri
Mﬁ:w m__éw kingdom, and wmﬁ.mozn_v\ axv_o%mwﬂwmrwm:a& In thi
Smnmﬁmwmwv t mmEM:a_m. and ﬂrw: little culverts, the &Rﬂm. the ho|.
e ww. HHQ arking again and crossing over, the s and
e Nnr vm e stream in this manner, while the Bowséo}&
and e ﬁn s_ﬂ a n_o:.&mwm .m_&w did what she could uﬁwﬁgm
vy mmnw ,Mm M p them in their quest; till her hour came ough

rds reluctantly, and left them, and ¢ and she

Bm_mm held field and river. > A1¢ mystery once
Saoﬂnw MMmMmﬁ_w%mmM: slowly to declare itself. The horizon }
. &mmmm ; ~m= tree came more into sight, and someh y
e :m Mo_n the mystery began to drop away ?Ms
sprang up mz% . MEE@:_& and was still; and a light vams
s g mmm w e reeds E.a bulrushes rustling. Rat ern
and listened iﬁm the gmr Er.;n Mole sculled, sat up m:m,%:_o
s P s, Mol who v

' e boa i i

Hrma Wmmz_mw _”Mﬂmw n.mﬂw looked at him %mﬁowhwmv“nﬂ_m he scanned
“So vwm:a?._ mhmmmw d the Rat, sinking back in his seat again
I almost wish I had L :.2<_ Since it was to end so moo:.
it m:&:mé_“..roma it. For it has roused a longing in
ot s o:mo Bo:oﬂ Ing seems worth while but just to hear
._..rann it is again!” rnn mn_.ww% m_o o __.mﬁm:_.:m to it for ever. No!
m__mwxHH MOn.m lotis space mmm_w_.ﬂ Mwﬁs msno more. Entranced, he was
. W it passes o L .

O Mole! the _ummc% menm%mms to lose it,” he said presently.
clear, happy call of the g ¢ merry bubble and joy, the thin,
dreamed of, and the call i Istant piping! Such music I never

N 1t 1s stronger even than the music is

sweet! Row o
n
for us.” » Mole, row! For the music and the call must be

The Mole,
self,” he said
ommoﬂm.z ’

dry

great| -
“but Hﬂwﬂmmmmz_:mm o@@&. “I hear nothing my-
playing in the reeds and rushes and

R ey Y 2 .
it ol XA Mo W it el i Cu oy
—— Hrad
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Rat never answered, if indeed he heard. Rapt, trans-
_uo_a&, trembling, he was possessed in all his senses by this new
Jivine thing that caught up his helpless soul and swung and
Jandled it; 3 powerless but happy infant in a strong sustaining
grasp-

In silence
where the river div
side. With a slight mov

Mole rowed steadily, and soon they came to a point
ided, a long backwater branching off to one
ement of his head Rat, who had long

dropped the rudder-lines, directed the rower to take the back-
water. The creeping tide of light gained and gained, and now
they could sce the colour of the flowers that gemmed the water’s

edge.
«Clearer and nearer still,” cried the Rat joyously. “Now you
must surely hear it! Ah—at last—I see you do!”
fixed the Mole stopped rowing as the lig-

Breathless and trans
uid run of that glad piping broke on him like a wave, caught
him up, and possessed him utterly. He saw the tears on his com-

rade’s cheeks, and bowed his head and understood. For a space
they hung there, brushed by the purple loosestrife that fringed
the bank; then the clear imperious summons that marched
hand-in-hand with the intoxicating melody imposed its will on
Mole, and mechanically he bent to his oars again. And the light
grew steadily stronger, but no birds sang as they were wont to
do at the approach of dawn; and but for the heavenly music all

was marvellously still.

On either side of them,
meadow-grass seemed that morning 0
ness unsurpassable. Never had they noticed t
the willow-herb so riotous, the meadow-sweet SO odorous and
pervading. Then the murmur of the approaching weir began
to hold the air, and they felt a consciousness that n_.aw were
nearing the end, whatever it might be, that surely awaited their

expedition.

A wide half-circle of foa
shoulders of green water, the great weir closed t
from bank to bank, troubled all the quiet surface
eddies and floating foam-streaks, and deadened all
with its solemn and soothing rumble. In midmost 0

as they glided onwards, the rich
f a freshness and a green-
he roses so vivid,

s and shining
he backwater
with twirling
other sounds
f the stream,

m and glinting light
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embraced in the weir’s shimmerin i

. g arm-spr

_ﬂm anchored, fringed close with willow M:an“m_m Small isang

a .m_“.. ”m_mn?&,. shy, but full of significance, it rw%n birch gpq

might hold behind a veil, keeping it till the hour mrédmﬂﬁﬁ it

ould cop,

and, with the hour, those who were called
o and
%WMM_NW vmsh_i_mr no doubt or hesitation Srmﬂmwh.owww :
the broken. £ mS__H expectancy, the two animals E,_mm& :wmoao-
cty mar :” :m::w tuous water mam moored their boat at ﬁ_M iy
nrmocmrm:m _M the island. In silence they landed, and e flow-
led ap to the _ommm_:: and mnmmﬂmm herbage and ::monmnoéwnm:&
T evel ground, ::. they stood on a little law that
ceab-apcl green, set round with Nature’s own orchard " ofa
..‘;w W M Mﬂ_a n_rmnaw and sloe. AH0-trees—
e place of m
la » : y mOﬁW:QHONEu HTQ 1 i
Wrmmwmw_wo WM, _Mcr_m.vmn& the Rat, as if in a mhwnnw. m”MaE:m._n
Then mm&am_“_ onm if anywhere, surely we shall find I:dn_w "
awe that EB&% mmM R_M_M_MM _MOm water >N<m.mm= rie b him, an
rooted hi water, bowed hi v
felt %owm_mam”“_ﬁo the ground. It was no panic Snno“mmmwﬁwm% Ma
smote and rm_awrw et m.:m happy—but it was an awe n_..mm
g m and, without seeing, he knew it could onl
culty he turnod w:mcmﬂ 583.8 was very, very near. With &mmvu
cowed, stricken M Mor for his friend, and saw him at his side
utter silence in uﬂr: trembling violently. And still there was
them; and still th ¢ populous bird-haunted branche d
Perhaps rn_ the light grew and grew. > aron
ol tha EMME“ never have dared to raise his eyes, but that
seemed still ao::w 8 0w r:m?&, the call and the mc?Bo:m
Death himself u ant and imperious. He might not refuse, were
looked with Bonm __::m to strike him instantly, once rm had
bling he obeyed. and sy things rightly kept hidden. Trem-
utter clearness m% :r nm_m&. his humble head; and then . in that
with fulness of in ﬂ % Imminent dawn, while Nature “flushed
the event, he _oo_hnmw ._En colour, seemed to hold her vmomﬂr f
ed in the very eyes of the Friend and Im_v%.”.

kind] “Hos
Yy eyes . N, hooked nose
_ yes thac were looking down on them m.:BnHWP.I MMW_‘MJM

o AT THE GATES OF DAWN -
1o the cwﬁan&é@c&nﬁnorn into a half-smile at the corners;
a\_a% ippling muscles on the arm that lay across  the broad
%&%ﬁ@mw@mﬁm& holding the pan-pipes only just

y y from the parted lips; saw the splendid curves of th :
S ;.mbwm.)mm\ﬂw_wmmmwmmﬂ.o:,ﬁmm “sward; saw, last

* il nestling betweenhis-veey hooves, sleeping soundly in ut-
" peage-and-contentment, ..wm_mﬁggm:m%m& childish
1 4w, for one moment breath-

f the baby otter. All t
Jess and intense, vivid on the morning sky; and still, as he looked,

he lived; and still, as he lived, he wondered.
«Rat!” he found breath to whisper, shaking. “Are you
afraid?”
« Afraid?” murmured the Rat,
able love. “Afraid! Of Him? O, never, neve

yet—0O, Mole, I am afraid!”
Then the two animals, crouching to the earth, bowed their

heads and did worship.

Sudden and magnificent,
itself over the horizon facing them;
across the level water-meadows, took the animals full in the eyes
and dazzled them. When they were able to look once more, the
Vision had vanished, and the air was full of the carol of birds
that hailed the dawn.

As they stared blankly, in dumb misery deepening as they

slowly realised all they had seen and all they had lost, a capri-
ing up from the surface of the water,

cious little breeze, danci

tossed the aspens, shook the dewy roses, and blew lightly and
caressingly in their faces; and with its soft touch came instant
oblivion. For this is the last best gift that the kindly demi-god is

careful to bestow on those to whom he has revealed himself in
their helping: the gift of forgetfulness. Lest the awful remem-
brance should remain and grow, and over-shadow B._nr and
and the great haunting memory should m_uo.._ all the
of little animals helped out of difficulties, 1n order

d :mrﬂ-rnmama as before. .
at Rat, who was looking

«] beg your pardon; what

o

his eyes shining with unutter-
r! And yet—and

the sun’s broad golden rim showed
and the first rays, shooting

pleasure,

after-lives
that they should be happy an

Mole rubbed his eyes and stared
about him in a puzzled sort of way.
did you say, Rat?” he asked.

/l"!\l\\l\.\l.l’dlr
[r——
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“I think I was only remarking,” said Rat g]

was the right sort of place, and that here, if anywher,
should find him. And look! Why, there he is, the little feljq
And with a cry of delight he ran towards the m_:vaazm vo“ﬂ_.

But Mole stood still a moment, held in thought. A one w, _W
ened suddenly from a beautiful dream, who struggles tq Snm_m
it, and can re-capture nothing but a dim sense of the beauty of
it, the beauty! Till that, too, fades away in its turn, and ¢,
dreamer bitterly accepts the hard, cold waking and al] jtg penal-
ties; so Mole, after struggling with his

memory for a brief Space,
shook his head sadly and followed the Rat.

Portly woke up with a joyous squeak, and wriggled with
pleasure at the sight of his father’s friends, who had played with
him so often in past days. I

' a moment, however, his face grew
blank, and he fell to hunting round in a circle with pleading
whine. As a child that has fallen happily asleep in its nurse’s
arms, and wakes to find

itself alone and laid in a strange
place, and searches corners and cupboards, and runs from

, despair growing silently in its heart, even so

O<<_v~v «

Em, till at last the black mom
ting down and crying bitterly,
’ .;m. Mole ran quickly to comfort the little animal; but Rat,
Ingering, looked long and doubtfully at certain hoof-marks
deep in the sward.

143 e
moBm.lmzme’mESm_.lrmw been here,”
m.ﬁ %o:mr&::ﬁ and stood Scmm:m
mcﬁna. ,

,wm.uo:.m along, Rat1”
watting up there by the
Portly had soop been

he murmured slowly
musing; his mind strangely

called the Mole.

i “Think of poor Otter,
OH owu

.y : B ....,“\Lnsf poe
- s

<06\ P T
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PIPER . . some-
THE med to remember seeing quite recently so
see
an they red where. -
ﬁwrﬁ, e—they wonee hed again, they turned the boat’s head up
v

in river reac e 1
The main BMM the point where they knew their friend w
towar

igi ew near the familiar ford, the
b Lo o wmmww ﬁwr and they lfted Portly out
k the r.om_o s on the tow-path, gave him his marching
i _m& mmmnmén: pat on the back, and shoved A_EM
:om;w watched the little animal as he saaﬂ e
HMHH&E and with importance; «<mﬂnrmm . _H
e suddenly lift and his <§mﬁ.=o vn.om in °
ckened his pace with shrill ér_sn_uw an
Looking up the river, they could sce

here
tart up, tense and rigid, from out of the wvmmmumnu -
b ched mm_ dumb patience, and could wn.mn is e path.
ro nno%wmnw as he bounded up through the osiers MMH e
%WMM the Mole, with a strong pull on one oar, 2&: mi:ﬁrﬂ. e
round and let the full stream bear them down ag
wonidy fhe € quest :oémrm%?_w MMW&@ mro Mole, leaning Eoma_w_\
« 1 strangely tired, Rat, L s isht, you’
oﬁh MMW ommnm mw ﬂNm boat drifted. “It’s being WWrm*_g_mﬂmmro %mrﬁm
say, perhaps; but that’s nothing. We do m.m_aﬂmm_ 2T hed been
of mro week, at this time of Hr.n year. Zo_,.- B e, an It s
through something very exciting and Bﬂra_, o ned.”
just over; and yet nothing particular has _mvnmm - beautiful,”
! “Or mwBQE:m very surprising and sp L his eyes. “I fecl
rmured the Rat, leaning back m.:& n_ﬂm_:mr o+ body-tired.
M”Mﬁ as you dg, Mole; stupy dead MRPM M%wmo us home. Isn’t it
’ . 0
. *ve got the stream with US, :  And hark
wwmhcnwrmaunﬂwn m:: again, soaking into one's bones
to the wind playing mm the R&W_Emmn » said the Mole nodding
::,mzrmac&nl.wnmi@ .

. uid.
a3<m<m___<. as thinking,” murmured the Rat, dreamful and lang
(4% o i Y

ithout a stop—but
“Dance-music—the lilting sort ﬁrmm. runs o%?ma o et of tem
ith words in it, too—it passes into Wort B corsl o
i h ﬂmma at intervals—then 1t 1S e
mmmhmﬂwanwwmn nothing but the reeds’ soft thin whisp
more,

stream,
keeping
Mole to0
and set him
orders and a f
into midstream.
along the mmﬁr. con
till they saw his muzzl .
a clumsy amble as ra qui
wriggles of recognition.

o f St |



«You hear better than I,” said the Mole sadly. «| cannot

the words.” | o
«Let me try and give you them, said the Rat softly, hjs e

«till closed. “Now it is turning into words again—fajp, but
clear—Lest the awe should dwell—And turn your frof;. )

fret—You shall look on my power at the helping hour—p,,

then you shall forget! Now Fhe reeds take it up—.—forget, forget
they sigh, and it dies away in a rustle and a whisper. Then h,
voice returns—

“Lest limbs be reddened and rent—I spring the trap that j
set—As I loose the snare you may glimpse me there—For surely
you shall forget! Row nearer. Mole, nearer to the reeds! It s
hard to catch, and grows each minute fainter.

“Helper and bealer, 1 cheer—Small waifs in the woodland
wet—Strays I find in it, wounds I bind in it—Bidding them all
forget! Nearer, Mole, nearer! No, it is no good; the song has
died away into reed-talk.”

“But what do the words mean?” asked the wondering Mole.

“That I do not know,” said the Rat simply. “I passed them on
to you as they reached me. Ah! now they return again, and this
time full and clear! This time, at last, it is the real, the unmistak-
able thing, simple—passionate—perfect——

“Well, let’s have it, then,” said the Mole, after he had waited
patiently for a few minutes, half-dozing in the hot sun.

But no answer came. He looked, and understood the silence.
With a smile of much happiness on his face, and something of a
listening look still lingering there, the weary Rat was fast asleep.
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4. CONTRIBUTION OF BOSCOVICH'S THEORY TO
MODERN COMPREHENSION OF THE
STRUCTURE OF MATTER

4.1. Common view of the historical journey for the discovery of
structure of atoms, molecules and macromolecules

It is often said that the ancient Greek philosophers Leucippus and Democritus first
came to idea that all was made of atoms, tiny indivisible particles. Their thought was
religiously prohibited and dormant for more than 1500 years. During this period,
there were a few people who thought about the atomic structure, but in the period
to19th century, there was a great preparation that formed the basis for further work on
it. It is often said, that John Dalton at the beginning of the 19th century came up with
the idea that each chemical element has its smallest particles. Believing that these
particles are indivisible, Dalton, following the example of the Greeks, called them
atoms (Scheme 4-1.).

The Greek term Dalton's term Contemporary theory
of atoms of atoms of atoms
(Leucippus and
Democritus, | (Early 19th c.) | (Thomson, Rutherford,
5 century BC) Bohr, the beginning of the
20th c.)
/
Molecules Macromolecules
(polymers)
(Avogadro and Cannizzaro, | —»
the beginning of the (Staudinger in 1920)
19th c.)

Scheme 4-1. A common view of the historical journey of discovery
structure of atoms, molecules and macromolecules
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A little later it turned out that these Dalton atoms must be divisible, i.e. the atom
had a structure, and the atom was made up of smaller particles, the atomic nucleus
and electrons. This truth of atoms was revealed in the 19th and 20th century and
many famous scientists contributed to finding out the structure of atoms are usually
named as: Faraday, Maxwell, William Thomson (better known as Lord Kelvin), J. J.
Thomson, Rutherford and Bohr. The remarkable contributions of the last three
scientists are emphasized; according to the usual contemporary story for the historical
journey of the discovery of the atomic structure looks like shown in scheme 4-1.
Then, usually are listed the names of A. Avogadro and A. Cannizzaro who in 19th
century indicated that atoms are combined into molecules, and then its stated that H.
Staudinger in 1920 first introduced the hypothesis that the molecules combine into
even larger entities - macromolecules.

However, it was not quite so. A part of the story was left out. It is undeniable that
these scientists contributed highly to the interpretation of the structure of matter. It is
important to note, however, that these achievements are based on the ideas of Roger
Boscovich, which is not known enough to the wider scientific community.

Earlier in western literature it was regularly cited the importance of Boscovich to
the discovery of the structure of atoms, but since 1920, his name is usually omitted
/6a/. 1t is commendable that some of our scholars in Serbia and Croatia typically cite
the name of this great scientist, but unfortunately do not give enough information on
his impact on the discovery of the structure of atoms. Therefore, we would like here
to briefly introduce the reader to the contribution of Boscovich to the discovery of
atomic structures, and more detailed views can be found in the literature /2, 6a, 7, 15,
17, 18/.

4.2. Contribution of Boscovich's Theory to
the discovery of the structure of atoms

At the end of the 19th century, the more mature conviction (i.e. point-of-view) was
that Dalton's atoms of chemical elements were still divisible and consisted of
positively charged particles and negatively charged electrons. The question was - how
were these particles located in the atom.

At the end of the 19th century, J. J. Thomson (from Cavendish Laboratory in
Cambridge) discussed various models of atoms. According to one of them, which is
most frequently cited in contemporary literature as by Thomson, is that of positive
charge filling the entire atom forming a ball, where negative electrons are deployed
like plum grains in pudding. (Hence, it is named "plum-pudding model™ as well as
"Thomson model”.) However, Lord Kelvin, in the period 1902-1907, published
several works which emphasized his belief that the issue of atomic structure can be
resolved by Boscovich's Theory and proposed a "planetary model of the atom".

4-2



J. J. Thomson also thoroughly discussed the "planetary model of the atom", under
which the positive charge is located in the nucleus of atom and the electrons orbit the
nucleus /2, 7/. Seeking a theoretical foundation for the idea that electrons can move
only at certain paths around the nucleus of atoms, Thomson concluded that for this
purpose only Boscovich's Theory would serve. In 1907 Thomson wrote in his work
"The corpuscular theory of matter” /90/: "Suppose we regard the charged ion as a
Boscovichian atom exerting a central force on a corpuscle which changes from
repulsion to attraction and from attraction to repulsion several times... such a force,
for example, as is represented graphically in Figure 4-1 where the abscissa represent
distances from the atom, and the ordinates the forces exerted by the atom on a
corpuscle...” It is obvious that Figure 4-1 actually combines Boscovich's curve (Fig.
3-1) and Boscovich's orbitals (Fig. 3-2).

//_\ N TN

Figure 4-1. Left curve as stated by Thomson /90/: A positively charged nucleus
of the atom is at coordinate's origin and the positions of electron orbits are at
bolded part of the curve. Following Thomson's opinion, Gill /7/ presented
"permissible” (solid line) and "forbidden" (dashed line) orbitals (right curve).
The abscissa shows the distance of the electron from nucleus and the ordinates
show the force: repulsive (below) and attractive (above) /7/.

The doubt, over what model of the atom was correct, the "plum-pudding” or
"planetary", was solved by Rutherford, who was a former student and collaborator to
Thomson. Rutherford in 1907 transferred to the Department of Physics, University of
Manchester, and in the next year confirmed that alpha particles are actually helium
nuclei, i.e. positively charged particles which are composed of two protons and two
neutrons. Thin sheets of metal were bombarded with alpha particles, and thus
Rutherford in 1911 experimentally confirmed the “planetary model of the atom". This
model is commonly called a "Rutherford model".

In 1912, after seven months spent with Thomson in Cambridge and four months
spent with Rutherford in Manchester /19/, Niels Bohr in 1913 calculated the possible
paths of electrons, taking into account that electrons can move from one orbital to
another only if they receive or lose a certain amount of (quantum) energy - as
Boscovich said a century and a half earlier (Section 3.3). Today, this model of the
atom is called "Bohr model”, which is not fully justified to call it that.
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Chapter 3
Moving Toward the

Industrial Age

New Ways of Farming If an English family
living in, say, the 1300s could travel forward
in time to the 1700s, they would notice that
many things were still the same. But some
important changes were happening.

Before the Industrial Revolution, most people still
worked on the land, struggling to put enough food on their table to keep from

starving. Over the years, however, inventive people discovered new and more
efficient ways to do their work. And foods, not known before, were brought across
the Atlantic from the Americas. Potatoes grew well in moist, sandy English soil.
Corn grew well, too, but most farmers thought it was only fit for farm animals!
Most families probably never tasted chocolate; many never saw anyone smoking
tobacco. These were expensive items and were only sampled by the wealthy.

Oxen, cows, horses, sheep, goats, and pigs were larger now, thanks to better
feed and breeding practices. For many families, there was meat on the table
more than just once or twice a year. Better-fed people were healthier and even
noticeably taller than their ancestors. More sheep also meant more wool for
clothing and blankets.

More important than the availability of new crops were the many new tools and
farming techniques. New plows were stronger and heavier, and had metal blades.
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These plows allowed the plowman to loosen and turn
over deeper, richer soil. Seedlings had better root
systems and were less likely to dry out if there was
little rain. New methods of harnessing draft animals
made better use of their strength. Larger oxen or

horses pulled these heavier plows more efficiently.

Agriculture was beginning to bring profits to the
lords and some of the most enterprising villagers.
Improved roads and newly dug canals made it
easier for farmers to bring grain to the mill. Flour
was more easily brought to markets in nearby
towns, too. Waterwheels were improved, so mills
could grind more flour. There was an enthusiasm
for change, especially if it meant increased

productivity and increased profit.

Waterwheels converted the power of flowing water into a form of energy that could power
machinery. Often mills were built beside rivers and streams for this reason.
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The Enclosure Movement

The English landscape began to change. Land where villagers had once
grown crops was taken over by gentry landlords and “enclosed”—fenced

in and turned into pasture for the sheep whose wool was in great demand

for cloth. Meadows and woods that lords and villagers had shared were also
enclosed. Previously the land was divided into many small plots. By the 1600s,

larger, more efficient farms were emerging.

As this “enclosure movement” lumped together many small fields, the cost of
producing crops fell. Fewer farm workers were needed. With bigger harvests
and lower costs, the larger landlords reaped more profits and grew wealthier.
But many villagers found themselves without work. Some hired themselves
out as day laborers. Many rural families scraped together a modest living by
doing weaving in their cottages. Desperate for work, hundreds of thousands
of villagers had to leave the countryside, flocking to cities, to nearby mines,
or to the American colonies. Eventually, these displaced people, and certainly
their descendants, would become a large part of the labor force as the
Industrial Age took hold.

New Ways of Mining and Making Metal Tools

By 1700, timber and firewood were scarce in England, and coal became an
important source of energy. Coal could burn hot enough to soften iron. Iron
was used to make new, stronger farm tools. It could also be used for strong
bridges, and for machinery that would help dig canals and deepen harbors.
Many wealthy English landowners began investing some of their profits in
coal and iron mines.

Soon, the easy-to-mine coal and iron deposits
that were close to the surface of the ground were
used up. Miners dug shafts down underground
to follow the minerals wherever they could. Quite

often, these mines flooded with groundwater.
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