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... @ sincere Hand and a faithfl Eye,
to examine, and to record, the things

themselves as they appear.”

— Robert Hooke




Fish Scales

e world between 1600 and 1700 was the stage for
many exating events. The Pilgrims sailed from
Europe to start a new way of living on the continent that
Columbus had discovered about a hundred vears earlier
In dozens of plays William Shakespeare showed kings,
queens, hunters, mechanics, actors  Explorers traveled
all over the carth, scarching out details of the globe on
which we live. With the invention of the telescope the
heavens themselves opened up: old stars, new stars, old
plancts and vew moons. (It wasn't until the next hundred
vears that there were newly found planets)

One of the most remarkable of the new exploratians was
of the world of very small things This exploration could
not begin until the microscope was invented, shortly before
1600 Fiftv vears later an Englishman named Roberl
Hooke spent honrs peermg through one of these nstru-
ments. e explored a new world withou! leaving London

Robert Hooke had an interested and cunous mind, as
vou will see for vourself. He put many different things on
his small stage, lighted them, turned them, puzzled them
out Indeed, he was the very first man to see many of the
small things at which he looked.

In London a group of men, called the Roval Socety,
were busy poking into the world around them and ask.
ing questions. These men of science held mectings to share
their discovenes, at which thev regularly asked Robert
Hooke to tell about his explotations. He showed them
drawings of the things that he had seen wath his micto-
scope  After a time Hooke made his account of the world
of small things into a book which he called “Micrographia



Needles' points and the dot of an "i"

At the beginning of his book Hooke speaks of
starting by Jooking at simple things. He savs

We will begin these our inquunes therefore with the obser
vations of bodies of the most sunple nature first

One of the things he chose was the point of a needle

miade 50 sharp that the naked eye cannot distinguisl: any
parts of 1t But if viewed with a very good microscope, we
may find that the top of a needle appears a broad, blunt,
and very irregular end.

A Needie's Point

Bul ta proceed The aimage we have here exhibited m the
first figure, was the top of a small and very sharp needle,
whose pomt “e—a” nevertheless appeared through the
microscope broad. not round, nor fat, but wregular and
uneven; so Lhat it seemed to have been big enough Lo have
afforded a hundred armed mites [small inscets] room enough
to be ranged by each other without endangering the breaking
of one another's necks by being thrust off on cither side
The surface of which, thongh appeating Lo the naked eve
very smooth, could not nevertheless hide 2 multitude of holes
and scratehes and ruggedness from being discovered by the
microscope.

The manufacture of needles mav have changed in
the past 300 vears. Does the pomnt of a modern
needle resenible tis drmung® Does it make a
difference i the needle 15 new or used”

Hooke also discusses points sharper than sewng necdles

Now, though this pont be commonl accounted the
sharpest | we say, as sharp as a necdle) yet the microscope
can afford us hondreds of instances of points many thousand
times sharper, such as those of the hais. and bustles, and
claws of multitudes of insccts, the thoms, or crooks, or hairs
of leaves, and other small vegetables

These are all natural rather than man-made

pomnts. But it may be different todav. How does
the point of @ modem phonograph needle compare
with a rose thorn?

Having fimshed with the needle’s pomt,
Hooke gocs on to exanune another “pomt” —
aperioclor the dot of an i

0Ox

A Perrod

1 observed many, both printed ones and wntten; and
among mullitudes I found few of them more round or regu-
lar than this which I have delineated [drawn) but very
mam abundanth more dishgured [distorted]

You may have sufficient reason to guess thal a pont may
appear much mose ugly than this which T have here repre-
sented, which though 2t appeared through the microscope
gray, like a great splatch of London dirt about three inches
over, vet to the naked eve it was black and wa bigger than
that in the mudst of the arcle A
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Find out for yourself if 2 modem printed period

or the dot of an 1" also resembles a “great splatch”
of dirt. Are peniods different in magazines,
newspapers, and books? (The photogaphs in
magazines — especially the colored ones — are
also well worth your examimation )

Seme remarks on lvoking

Nowadays when loaking at small things through
amiczoscope we mostly put them on glass siides,
Tighting them from befow  This is party because
so many things are transparent when they are very
thin. Hooke, however, stuck the things he
examined o the end of 2 pm. (This is marked M in
the drawing In the photograph you can see the
pint of the microscope under the tube.] Placing his
specimens on a pin allowed Hooke to Took at them
in many ways' not only when they were in various
positicns, but also when the light came from
diflerent directions

He describes haw he did this i the introductron
of his book

1 endeavored (as far as | was able) first Lo discover the
true appearance, and next, to make a plain representation of
it And therefore, | never began Lo make any drafl [drawing]
before by many examinations n several lights, and in several
posibions to thosc lights, 1 had discovered the true form
For 1t is exceedingly difficult in some obijects, to distinguish
between a prominency [hump]) and a depression, between a
shadow and a black stain, or a reflection and a whiteness in
the color. Besides, the transparency of most objects renders
them yet much more difficull than il they were opaccous
[opaque]

At the left is a photograph showny
how one of Hooke's nieroscopes
actually looked

Below is @ drawmg of the same
microscope  from Hooke's Micro-
graphia It shows the complicated
arrangement he designed for lighting
— before electncity!t



Here is a glimpse at the working manner of a
setentist, and it 1s worth follewing his lead in order
to see things well through an instrument. For
mstarce, a small Aashlight, which can be moved
about and held near what you would examine, can
increase your understanding of what you see.

Playing atound with the mirror on a microscope -
can also be surprisingly rewarding. I is in fact
astonishing how much better an understanding -

vou get of what vou see, if you look at it from
various angles and in various lights

Hooke has also a clever wav of fnding out the
appraximate magnification of a hand lens or
microscope

My way for measuring how much a glass magnifies an
object is this . al the same time Lhat T look upon the object
through the glass with one eye, I Took upon other objects at
the same distance with my other eye; by which means 1 am
able, by the help of a ruler divided into inches and small
parts, and hid on Lhe pedestal of the microscope, to cast, as
it were. the magnified appearance of the object upon Lhe
ruler, and thereby exactly to measure the diameter it appears
of through the glass, which being compared with the diam-
eter 1t appears of to the naked eyve, will easily aflord Lhe
quantity [power] of its magnification

Looking at cork

Sometimes Hooke tells particularly clearly how |
he prepared his specimens and made his
observations

Observation 18 OF the Texture of Cork

I took 2 good clear piece of cork, and with a penkmfe
sharpened as keen as a razor, T cut a picce of it off. and
thercby Teft the surface of il exceeding smooth

6

His piece of cork was just what von'd suppose. The
same matenal was used in s day that we use

today to make stoppers for bottles Tt comes from
the bark of the cork oak tree Today corks can

be bought in hardware stores and supermarkets
Hooke continues

Then examining at very diligently with a microseope, me
thought | could pereenve ot to appear a httle porous; but 1
could nol so plamh distinguish them, as to be surc that thes
were pores, much less what figure [shape) they were of

He tells — and vou can cheek this for vourself —
that 1t's very hard to see the structure of the cork
m this wav. But he said he was willing to keep
trving, so

I with the same sharp penkmife, cul off from the former
smaoth swface an exceeding thin picce of it

He means very thin The easiest wav to do ts is
to use a very sharp kmife or a single-cdged razor
blade. Cutawedge-shaped picve of cork, rather
like a small serving of birthday cake The thinnest
part will be as “exceeding thin” as | {ooke's shec of
cork was,

He contimaes to describe how he got the details

to be clearly visible

Placing 1t on a black object plate, hecause it was itself a white
bodv. T could exceeding planh percenve it to be all
perforaled and porans, much hke a honescamb, but that the
pores of it were not regular

You yoursell nught iny looking at a shee of cark
with both whitc and black paper under i, as well
as on a slide with light coming through 1t
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Thin Stivers of Cork

But to proceed

it was not unlike a honeycomb in these particulars

First, m that it had a very little solid substance, n com-
parison of the empty cavity thal was contained between, as
does more manilestly appear by the Figure A and B.

Next, in that lhese pores, or cells, were nol very deep, but
consisted of a great many little boxes, separated out of one
continued Jong pore by certain diaphragms [ partitions], as is
visible by the Figure B, which represents a sight of those
pores split the long ways

8
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In the 1600's a “cell” meant a monk's cell or a
pson cell. Nobody before had ever noticed the
little compartments in living matter or called them
cells. Robert [looke here invented a use for the
word cell that we still use today

1 no sooner discemed [saw] these (which were indeed the
first microscopical pores 1 ever saw, and perhaps, that were
ever seen, for [ had not met with any writer or person, that
had made any mention of them before this) but me thonght |
Tad with the discovery of them, . . the reason of all {he phe-
namena of cork

Why the weight of cork is so small

First, if T enquired why it was so exceeding hight a body?
My microscope could presently inform me that here was the
same reason cvident hal there is found for the lightuess
of froth, an emply honeycomb, wool, a sponge, a pumice
stone, or the Tike; namely, a very small quantity of a solid
body extended into exceeding large dimensions.

You need no microscope to tell this about soap
froth and honeycombs, but woel, punice and
sponge (both the natural and the artificial kincls) are
worth putting under vour microscape.

Why rerk, wunfike sponge, doesn't get welerlogged

Next, it seemed nothing more difficult to give an intelh
gible reason why cork is a body so very unapt to suck and
drink in water, and consequently preserves itself, floating on
the lop of water, though left on it ever so long, and why it s
able to stop and hold air in a bottle .. . For, as lo the first,
since our microscope informs us that the substance of cork
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15 allogether filled wath air, and that that ar s perfectly Looking al various things under a micrescope
enclosed i little boxes or cells distinel from one anather, !
1t seems very plain, why neither the water, nor any other ar
can easily msinuate itsell into them

Tius man put everything imaginable under Ins
microscope. He found it all new and beautiful
Each thing taught fum fo sec morc m the next

. thing that he looked at

Wy eark 7. qieeiable The descriptions of the things that follow have
beer chosen from Micragraplua because vou
yourself can casily get many of them You'll not
only Jearn more by looking for yourselt, vou'll alse
enjoy more what Robert Honke has to sav about

And thirdly, if we enquire why cork has such a springiness
and swelling nature when compressed? Our microscope 4
will easily inform us that the whole mass consists of an in-
fimle company of small boxes or bladders of air, which is a
substance of a springy nature, . . the things

He goes on to do some anthmetic that gets hin B el
nto the billions!
Viewing some of the hairs of my head with a verv good
I told [counted] several lines of these pores, and found microscope, | took notice of these particulars
thal there were usually about threescore [one score is bventy]

of these small cells placed end-ways in the eighteenth part of 1. That they were, for the most part, T,‘h“d”c;] .l :1'”!
an inch in length, whence I concluded there must be near I near round, such as are represented by the cylinders
eleven hundred of them, or somewhat more than a thousand I EEE

in the length of an inch, and therefore in a square inch above
a million, or 1,166,400 and in a cubic inch, about twelve
hundred milliens, or 1,259,712,000, a tling almost incred-
ible, did not our microscope assure us of it by ocular dem-
anstration [seeing]

P——a

Hairs

Ausof e boar, B a cat’s “mustachios.” C and D the
“long hatrs of horses,” E E E are Hooke's own hair
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Sprders’ webs

That that part which was next the lop was bigger than
that which was nearer the root

That they were all along from end (o end transparent,
though pot very clear; the end next the root appearing
like a black transparent prece of hom, the end next the
lop mare brown.

That the reot of the hairs was pretty smootl, tapeang
inwards, almost like a parsnip; nor could 1 find that it had
anv filaments . such as the fibers of plants

That the top when spht (which 15 common in long hair)
appeared Tike the end of a stick, beaten il 1t be all fit
leted, there being not only two sphinters, bul sometines
half 3 score and more

1 observed further that the sadiating chords [spokes] of the

web were much bigger and smeother than those that were

woven tound, which scemed smaller, and all over knotled or
pearled with small transparent globules, not unhike small
crystal beads or seed peatls

The nature of a sponge

It cunsists of an infinite pumber of small short fAbers, or

nervous parts, much of the same bigness, cunously jointed

together in the form of a net

@'ﬁ%a Hocke's drawmg is of only one of
SRt many kinds of sponges

(,\f 12

Linen froni e
Fine Handkerchicf

The threads were scarce discemable [could scarcely be
seenr] by the naked eve and yet through an ordimary micro-
scope vou may pereerve whal a goodly picce of coarse malting
itas.
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FPoppy seeds

Da poppy seeds, such as come on top of some buns,
look different from thar “300-great” grandfathers®

The small seeds of poppy both for their smallness,
multiplicity and prettiness deserve Lo be taken notice of
among the other microscopical seeds of vegetables For first,
though they grow in a case . oftentimes bigger than one of
these pictures of the microscopical appearance, vet are they
for the most part so very little, that they exceed not the bulk
of a small nilt [an insects’ tiny egg] being not above 1ia
part of an inch in diameter, whereas the diameter of the hive
of them oftentimes exceeds bwo inches, so that it is capable of
containing near two hundred thousand, and so in all Jikeli-
hood docs contain a vast quantity, though perhaps not that
number.

Can you check Hooke's arithmetic? It will help
you if you suppose that both the seeds and their
case are hittle cubes

Next. lor their prettiness, they may be compared lo any
microscopical seed | have yet seen; for they are of a dark
brownish red color, curiously honeveombed all over with a
very pretty variety of network.

A small vound charcoal

There will appear an infinile company of exceedingly small,
and very regular pores, so thick and so orderly set, and so
close to one another, that they leave very little room or space
between them to be filled with a solid body for the
separating sides of these pores scem so thin in some places
that the texture of a honeveomb cannot be more porous.

Mast of these small pores seemed o be pretty round. and
were ranged in tows (hat radiated from the pith to the bark

14

Poppy Sceds as Robert Hooke Saw Them
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A Smell \White Spot of Hairy Mald

16

A mess plant

Moass though among plants it be in bulk one of the
smallest, vet 1t is nat the Jeast considerable 1t has a root
almest Iike a seedy parsmp, furnished with small strings snd
suckers, which are all of them fincly branched, ke those of
the 1oots of much bigger vegetables Oul of this sprmgs the
stem or body of the plant, . . on the sides of this are close
and thick set a multitude of farr, large, well-shaped leaves.
Also, from the top of the leaves there shoots out a small white
and transpaient hair . on which grows a large seed casc,

A spot of mold

Hooke found a small spot of mold growing on

the cover of abook A slice of bread kept for a few
days in a plastic bag will provide you with a
different but similar mold

Snerflakes

These spots appeared, through a good microscope, to be a
very pretty shaped vegetative body, which - shol ont mulu-
tudes of small  transparent slalks, not exactly straight, but
a little bended with the weight of a round and white knob
thal grew on the top of each of them, many of these knobs 1
observed to he very round, and of a smooth suiface, such
as AA Others smooth likewse, but a little oblong, as B.
Several of them a little broken as C Others flittered
as ‘twere, or fown all o picces, as D D

Fxposing a picee of black cloth, or a black hat to the fall-
ing snow, 1 have often wath great pleasure, observed such an
infimte vanety of curiously hgured [shaped] snow, that it
would be impassible to draw the shape of every one of
them
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In all which T observed that if they were of any regular
figures, they were always branched out with six prncipal
branches, all of equal length, shape, and make from the
center. being each of them inclined to the branches on ather
side of 1t by an angle of sixty degrees.  In a very litde time
I have obscrved above an hundred several sizes and shapes of
these starry flakes

Wit an apology for the crudeness of his Snowflakes
drawing, Hooke stdl shews his delight at these

“starry flakes.” A hand glass vall show you mucii

detarl on snowfakes. A micrascope will show vou

even more. But you must leave vour mstrument

out-of-doars for ait hour or so to get cold and then

work verv quickly m orcler to see the little ervstals,

for to snowflakes you aze ke a fireplace. Not many

people have cver seen a real snowflake so magmfied,

and it 15 well worth the effort

Of the shape of feathers

As for the make . of the down itsclf, 1t is indeed very
rare and admirable, and such as I can hardly believe that the
like 15 10 be discovered 1 any other bady w the woild, for
therc is hardhy a Jarge feather in the wing of a bird, but con-

Y
tams near a million of distinct parts, and every onc of them
shaped m a most regular and admirable lorm, adapted to a
particular design

Parts of Feathers
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A bee sting

The stmg of a bee . scems to be a weapon of offense, and
is as greal an mstance that nature did really intend revenge
asany,  first, because there seems to be no other use of it
Secondly, by reason of 1ts admurable shape, secmung 1o be
purposcly shaped for that very end Thirdly, from the vire-
lency of the liquor it cjects and the sad effects and symploms
that fallow 1t

A Bee's Weapon of Offense

The end of this dart was very sharp, and
itwasarmed  with  tenterhooks or claws

e
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A Fly and Its Wing




Varicus parts of flies The eyes of a fly in one kind of light appear almost like a
lattice, drilled through with abundance of small holes. .

In the sunshine they look ke a surface covered with golden
nails; m another posture, hke a swiface covered with pyra
mids; 10 another wath cones; and in ather postures of quite
other shapes

[ tock a large drone fly . . . examining it according Lo my
usual manner, by varying the degrees of light, and altering its
position to cach kind of light, I drew that representation . . .
and found these things to be as plain and evident as notable
and pleasant.

1f you can convince yourself by looking, as

Hooke did, that the eves of a fly are little

hemispheres, you have become an ex-
The greatest part of the face, nay, of the head, was nothing pert microscopist.

else but two large bunches, the sutface of each of which was

all covered over, or shaped into a multitude of small hemi-

spheres . . . the botloms of which were perfectly entire and -

nol al all perfarated or duilled throngh, which 1 most certainly The Feet of a Fly

was assured of, by the regularly reflected image of cerlain

objects which I moved to and fro between the head and

the light

Many insects have eyes of this general sort, fies,
bees and wasps are all casy to see

Eyesofaly

In each of these hemispheres 1 have
been able to discover a fandscape of
those things which lay before my

window.

The foot of a fy which represents three jomts is of a most
You can see two windows of Robert Hooke's atlmirable and curious construction, for by this the flies are
study seflected in the eyes of a iy under his gnabled to walk agamst the sides of glass perpendicularly
microscope. You even can tell how manv panes upward, and to contain themsclves in that posture as long as
of glass those lang ago windows had. they please. Nay, to walk and suspend themselves agamst
Hooke mentions the difficulty of bemng sure of the under surface of many bodies as the celing of a room or
the shape of insects’ eyes in his untroduction the ke
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The Head of a Fly

Al the face of ¢ fly is nothing almost but eyes.
24
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stclirun maonsiiiner
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Hooke was interested in the world of the very large as well as the
very smell Here he shows what he saw when he examined o con-
stellation and @ part of the moon through his telescope
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A note about the Hooke book

Micrographia was first printed i October of 1664, It
became and has remained a greal success. Today at 15 avail-
able, entire, with all ats old spellings, fetlers, and pictures,
trem Dover Books, Inc, New York

The puctures

Hooke first made his own drawings of what he san for
lumsell. He had these copied by expert engravers until he
was satisfied they cleark: showed what he had seen Pho-
tography had not vet been invented and those baoks which
had pictures in them had wood prints or metal engravings

With the exception of the phatogeaph of Heoke's micro-
scope, used with the permission of Brown Brothers,
all of the pictures in this book are photographs of the
pictures in Micrographia. Thev were made from one of
the remaining copies of the 166+ book one kept at Har-
vard Universily.

The words
A note about the quotations from Micrograplua

Wards printed in this type are evact quotes from Micro-
graphia. Only the spelling has been changed.
This means that some words have been left out
[ 1 This is a word or phrase added to make 2 meaning
clear

At the night i a page from the ongmal cdition of
Micrographia

Each “f* without a crossbar 1s an old-fashioned *'s ™
Spelling was less orderly m those days, casier on the
writer but harder on the reader

26

Microcorariga,

curions, but that poflibly, if 1 could uk fae finther diligence,
find 3t to be difeernable with a Aricrojéepe, 1 with the fame fha
knife, cut off from the former fmooth furtace

aHoacy-comb,bur that the pores of n were s
unlikea Honey-comb in thefe patticulars,

(as1may o call them) ur partitions of thofe pores were neer a5

(which enclofeand conftitute the fex igalar coflsyare to theirs,

fight of thofe porcs iplic the long-way s.

Firlly if 1 enquird why it was foexceeding light 2 body? my
feape could prefentdy inform me that here was :%\ !

aSpunge, a Pumicedtone, orthe like 3 namely, a very fmall quant
felid body, extended into exceeding large dimenfions,

Next, 1 feem'd nothing more difficult to give an intelligible
why Corkis a body fo very umapt ro fuck :mf
fequently preferves it felf; gm
never fo long : and why itis able to fiop and haldair in a Bottle,

to get a paflage our, without fuffering the Jeafl bul

Nets, and fiopples for Viols, or other clofe Velfels.

fion, and yet fufferd to retum, is found to extend ir felf again i

—

drink in Warer, and
ting on the top of Warer, though leftonic

I might
ip Pen-

} Tt 0 an execeding thin piece of
it, and placing it on a black ohjeét Plate, becayfe it was it fr]l‘: white
body, and cafting the lighe onie with adecp pline copvex Glafs, 1 could
cxceeding plainly percewve it tobe 3] perloraced and porousmuch like
not regular s yeLir wasnot
Firfty in thar it had a very little folid fubflance, in comparifon of the

empry vavity that wascontain'd berween, as does more monifeltly appear
by theFigure A and B of the X L cheave, fir the Intesfirtea, or walls

thin in

proportion 10 theie pores, as thole thin hlms of Waxina Honey-comb

Next, in that thefe pores, or cells, were nor very deep, bur confilted
of a geear many liwde Boxes, feparated oue of one continued long pore,
by certain Draglragms, as is vible by the Figure B, which reprefents a

L no focner dilcern'd thefe (which were indecd rhe il mucrafeopical
pores Tever faw, and perhaps.that were ever feen, for Thad notmer with
any Writer or Perfar, that had made any mention of them before this)
butme thought | had with the difcovery of them, prefently hinted tome
the true and intelligible reafon of all the Fhemonreme of Cork ; As,

Afiers-

B e lame reafon evident thar
thereis found for the lightnefs of froth, an empey Honey-camb, Waal,

ity of 2

realon,
oon-

though

i be there very much condens'd and confequently Enﬁa very flrongly

ble to pais through
i fubllance. Far, asto the firf, fince our Arerafeape informs us that the
fobitance of Cork is altogether fill'd with Air, and that that Air is per-
feltly enclofed inlitele Boxes or Cells diltingt from one another, It feems
very plain, why neither the Wacer, nor any other Aiz can cafily infion-
ate it felf into them, fince there is already within them an rmiws exifiens,
and confequently, why the picees of Cork become fo good Hoats for

And thirdly, if we enquircwhy Cork has fucha fpringinels and fivcl-
ling nature whem compreh'd? and how it comes to fuffer fo greatacom-
Er:l‘ﬁen, oz Reming penetration of dimenfions, o as to be made a fub-

nce as heavic again and more, bulk for bulk, asic was before compref:

nto the

e fpace? Our Microfigpe will eafily i.l'\[{uun ugy thac the whole mas

confifrs
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Microscapes

All of the microscopes recommended in the Teacher's
Guide to The Elementary Science Study umt Small Things
are fine for seeing the sorts of things Hooke saw, about as
well as or perhaps a little better than be saw then.

Some — not all —of the $2-515 mictoscopes available
in hobbv stores and such are satisfactory. Test thenr before
purchase by looking at a Hooke thing: a needle’s point or
the dot of an 1™ Aside from clear seeing. choose only the
instrament that seems sturdy enough to last Two particu-
larly fine ones that meet all these tests and that vou might
aspire to own for yourself are a simple {one lens) miero-
scope made by Amencan Scierice and Engincering Ine
and 3 Bauseh and Lomb 100X microscope (model ESM
00

The teachers and scientists of the Flementary Science
Study would like to know what vou think af this hook, and
about the small things that von have looked at wath vour
magnifving gliss or miczoscope

Tf vou would like to share vour discoveries, thoughts, and
questions. please wnite and send vour drawings to

Hooke Book

Elementary Saience Study
118 Water Street
\Watertown

Massachusetts 02172
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