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PREFACE. 

TJ~ERE are few men whose mechanical inventions have 
contributed so much to the good of our country as those 
of Oliver Evans; for my own part, I could name but two, 
and thy are Whitney and F&on. There have, it is 
true, within the last thirty years, been a great number 
of original machks invented, and a great many improve- 
ments mP,de on those fbr which we are indebted to other 
countries, that do great credit to American genius, and 
evince a peculiar aptitude to excel in mechanical con- 
t rivances : but few, however, of these inventions could be 
denominated national, although they have been of high 
importance in the various arts to which they are applied 

The improvements in the flour mill, like the invention 
of the cotton gin, apply to one of the great staples of our 
country; and, although nearly forty years have elapsed 
since Mr. Evans first made his improvements known to 
the wrld in ther present worlc, the general superiority Of 
AmcricQn milk to t\lose even of Great Britain, is still a 
subject of remark by intelligent travellers. Mr. Evaens, 
however, esperienced the fate of most other meritorious 
inventors ; the combined powers of prejudice and of in- 
terest deprived him of all benefit from his Pabours, and, 
like Whitney, he was compelled to depend upon other 
pursuits for the means of establishing himself in the 
world. His reward, as an inventor, was a long continued 
course of ruinous litigation, and the eventual success of 
the powerful phalanx which was in league against him. 



iv PREFACE. 

It is not the intentjon of the editor to pronounce 5, 
panegyric on, or to write the history of, 0 iver Evans; 
but his sense of justice, and a confident hope that, in the 
history of American inventions, ~o~ter~t.~ may accord to 
him the piace which he really merits, have called forth 
the preceding remarks. 

Mr. EYWS made no pretensions to literature; he con- 
sidered himself, as he really was, a plain, practical man ; 
and the main object of his writing this work NEES to in- 
troduce his inventions to public notice; it has, however, 
heen extensively useful to the mill-wright and the milier, 
as a general treatise, and an edition of it has been pub- 
lished in the French language. The present editor was 
employed to revisz the work, a few years ago, and a new 
edition being again called for, the dame tes 
again assigned to him by the ~u~~~$~~~rs. St has not 
ken thought proper f.o make any s~~c~~ ~~ter~t~~~s in it 
ns ~he:dcl destroy its identity; as it w hi, in limt 6rl8@, 
be essentinl!y a new work, t,o whicl t WmIiCl not bo 
proper to attach the name of Mr. Evans as the author ; 
encouraged, however, by the general a 
nl terat ions and additions f~rrnerl~ made, 
thought himself justified in pursuing, in the present in- 
stance, tb2 sxmc UNrse, to 8 greeter extent; and aPt 

some thcoretisnl vicwa we i~~t~r~v~v~~ in the general 
testurc of the work whic~h rnwy b utebb, OltlesO can 
detract hut little from it?: practical utility; and it is hopelI 
that the farthw shnngz~ which hnw been made in tPlc 
phw~iogy, as weI1 as in some other points, will $e 
found to add to its worth in this respect. 
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It is only, howcvcr, thou propwtics of bodice, nnd 
those laws of motion, which most intimately conccru the 
practical mcchanician, that it is thought prop4T, here, to 
treat at any Icrgtb, as an7 thing farther v-ould be clltire- 
ly foreign to the 0 cct et this work. 

J”iprc, Or Stli1~IC~ la the ncccLsmrv result Of estcn9ion. 
:wd con&utcs ite limits. The lkincss of the ruachinist 
is to give to wrious substances those figures, or shapes. 
whicl~ shall adapt than to his purpose. 

h~x’MhYfh$f,y is that [Jropertj-, by which a body OC- 
cupics c’L ccrtwl spat- 2, which cannot, at the same time, 
be occupi=A L?\’ nnother body. If a nail bc driven into 
a piccc of ~~W4 it remows c’l portion of the lnttcr out 
of its wan. ~\*~tcr illld other fluid3 may bc mndc to cntcr 
the pori’z 01’ \\.ood, but it is mnnifcst that two distinct 
particles o!’ nrnttcr cannot esist in the same space with 
each other. 

DithiLJiry is the susceptibility of matter to be divided 
into any number of parts. If, in conceiving of the minute- 
ness of the particles of matter, we carry the imaginntion 
to its utmost limits, we must confess that a single pnrti- 
cle must contain as many l~alves, citlWcrs, and ci$~ths, as 
the largest masses. WC are not to conclude irom this, 
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r~cccesnr~s that the particles of matter be in c 

each ot3cr, as it does not take place at sensible dis- 
tances. By sawing, filing, grinding, and many other 
Illcclranicnl’operntioLn-. T: WC destroy the attraction of co- 
Ile5ion; and tllis, indwd, is the great object of these pro- 
(‘csscs. In those b3dics w1k.h arc capable of undcrgo- 
ji]fi fusion, as the metals, W? can rcndily rcstorc this at- 
t-xc Gun, by subjecting the disintegrated particles to this 
process. 

‘]L’i~c attract ion of Gra&zfia~z is manifested in masses as 
~211 as in particlcs of matter, by it all the I)odics in nn- 
turn tend to approach each other. The sun, the earth, 
the moon, and all the p!ancts, notwithstanding their ink 
fnc~~se distances, are subjected to this universal law. A 
Ftonc, or other substance, if unsupported, falls to the 
earth, in consequence of the attraction existing between 
it rind the cnrth. Wiat we call weight, results from 
this attraction, and is the measure of its force or 
power, in ditlkrcnt bodies. The wci$~t of 8 body: is tlb6 
P~II~ of the attractive force cscrtcd upon its indwidunl 
particks. A piccc of lead, weighing two pounds, con- 
tains twice as many partic?cs as another weighing but 
f-we pound, nrx! it is thcrctforc drawn to the earth with 
~l0111~10 tliz fxcc. It might be supposed that, in consc- 
(jucnce of this double quantity of attraction, the pk.333 of 
two pound s would fall with double the velocity of that 
f-J one pound: IMJS, upon making the espcriment, the 
time of their flnll will be precisely the same in each. 
‘L’his arks from the inertia of matter, hy which, when at 
rwt, it tends to remain so; and, thcrcforc, to move n 
~!011I&2 quantity with the same velocity, must require a 
clorllllc force. Ckwitation must bc considcrctl as act- 
iln,n equally on each particle, and consequently, there cs- 
i,+ts no reason why a piece weighing two pounds should 
Ml v.ith any greater rapidity than would its two I&es, 
were it clivlded. Light bodies, which expose a large 
surface to the air, arc retarded in their fall by the resist- 
:wcc which it presents; were that rcmowd, a feather 
wo~~ld fall with the same velocity as a piece of lead. 

This fact is of high importance in practical mechanics, 
as, in the greater number of instances, gravitation is the 
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active agent in moving machines, and in the construclaorn 
of all, it it;; an clement which must enter into the calcuPa- 
tion of their powr. 

ARTICLE 3. 

1. Every body in a state of rest9 will remain so; and 
carp: bo~ly in motion will continue to move in a right 
litle,;ntil i change is effected by the agency of some me- 
chanical force. 

2. The change from rest to motion, and from motion 
to rest, is always proportiona! to the force producing 
these changes. 

:3. Action and reaction are always equal, and in dircc- 
tions contrnrv to each othsr; or, when two bodies wt 
upon cash oihcr, the forces arc always equal, nnd di- 
rcctcd towards contrary parts. 

The first of thcsc Iaw, results, necessarily from the 
inertia Of matter. The assertion, however, that a body 
in motion would continue to move in a ri$t lint, may 
require some illustration. That motion when once cow 
wrrnicated would never cease, is fairly inferred from the 
fact that the motion is continued in the ehact proportion 
irl w\~ich the obstruction is diminished. A pendulum 
will Gfvatc longer in air thnQ in water, and longer still 
in an cshnustcd receiwr? and stops at last in consequence 
of the friction on its points of suspension, and the irnpcr- 
fcction of the vacuum. 

When a stone is thrown in a horizontal direction, as 
motion is constantly retarded, it also moves in a curve, 
and everltually falls to the ground. The retardation, in 
this case, is exactly proportioned to the density of the 
air, and the curve in which it moyes is the consequence 
of the force of gravity, which is alwqys drawin.g it tri- 
vxds the earth : t!le curve in nhich It moves IS deter- 
mined by this known force, and is precisely proportion- 
atf! to it. It necessarily follows, that, $f the course of 
retardation, and of deflection were both rcmcwd, that the 



22 
I 

MECHANICS. II CHAP. I. 

body k-ould continue its course in a right line. The pre- 
ceding remarks may serve to illustrate the second, as well 
as the first law. 

The third law is confirmed by all our observations on 
the motions of the heavenly bodies, and by all our expe- 
riment s. If a glass bottle be struck by a hammer, or a 
hammer by a glass bottle, the bottle will in either case be 
broken by the same degree of moving power: were the 
hammer equally fragile with the bottle, both would be 
broken. If a stone be thrown against a pane of glass, the 
glass would be broken and the stone retarded, in esuct 
;* P 10 ortion to the resistance offered by the glass. 

To assert the contrary of this law would be to main- 
tain an absurdity; for if-action and reaction be not equal, 
one must be greater than the other, which would be to 
sav that the effect was greater than, or not equal to, the ., 
cause. 

ARTICLE 4. 

AN ABSOLUTE AND RELATIVE MOTIOX. 

The idea intended to be conveyed by the term molior~ 
is too familiar to require a definition. 

Motion is either absolute or relative. 
,4hsol~tc nzotio?z is the removal of a body from oue part 

of space to another, as the motion of the earth in its 
orbit. 

Relntivc ?notiok is the change of place which one body 
undergoes in relationship to another: such, for esamplo, 
as the difference of motion in the flight of two birds, or 
the sailing of two ships. 

Were all the articles upon the surface of the earth to 
retain their respective situations, they would still be in 
ah zkte motion with the earth in space, but they would 
esperience no relative motion, and would appear to us to 
be at rest. 

In the theory of mechanics, much information is de- 
rived from our linonkdge of the laws observed by the 
heavenly bodies in their absolute motions; but, in prac- 
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tical mechanics, we have to do with relative motion 
only. 

On upable, accelerated, and retarded motion. 

Time must, of necessity, enter into the idea of motion, 
as it is the measure of its z.~Zoci~z~. Thus a body which 
passes the distance of two miles in an hour, moves with 
twice the velocity of another, which, in the same time, 
travels but one mile. 

A body in motion may continue to move with the same 
velocity throughout its whole course; its motion is then 
sai;d to be cguable: or, 

‘Its motion may be perpetually increasing, as is the 
case with falling bodies. This is denominated accelerated 
motion. 

Retwdcd rnolio?~, is that which is continually decreasing; 
suc!l is the motion of a stone, or of a cannon ball, pro- 
jected perpendicularly upwards. 

The cause of the equable acceleration of falling bodies, 
and the retardation of such as are projected upwards from 
the earth, will be rendered clear, by attending to the arti- 
cle on fklling bodies. 

ARTtCLE fi. 

OF NOMENTUM. 

It is IinoWt to every one that if the velocity of a moving 
bodv be increased, the force with which it will strike 
against another body will be increased also: the fact is 
equally familiar, that if the weight of rS body in motion 
be increased, the result will be similar. It is evident, 
therefore, that the force wiih which a body in motion 
strikes a.gainst another body, must be in the compound 
ratio of its velocity, and its mass or quantity of matter. 
This force is called its momentum, which is the product 
of its quantity of matter multiplied by its quantity *of 
motio?z ; or, in other words, its might multiplied by Its 
w?zocity, 
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The effects produced by the collision of bodies against 
each other differ greatly in those which are elastic, from 
those that are non-elastic, which vvill be more particular- 
ly noticed presently. 

ARTICLE 6. 

ON POWER, OR FORCE, AND ON THE MOTIVE POWERS. 

Force, or ~ozc’cr, in a mechanical sense, is that which 
causes a change in the state of a body, from motion to 
rest, or from rest ‘0 motion. 

When two or more forces act upon a body, in such a 
way as to destroy the operation of each other, there is 
then said to be an eq-uilibrium offorces. 

The Motive Pozoers, are those which we employ to 
produce motion in machines; these are, the strength of 
men, and of other animals; the descent of weights; the 
force of water in motion; wind, or the motion of the air; 
the elasticity of springs, and the elastic force of steam. 
The whole of these are included in the two principles of 
Gravitation cord Elasticity. 

Attempts have been made to employ other agents as 
motive powers, but these have either fidiled altogether, or 
have not been attended with that success which justifies 
the giving to them a p!ace in a practical work. Among 
these may be mentioned magnetism ; electricity ; con- 
dcnscd air; air rendered more elastic by heating it; es- 
plosivc gases and fulminating compounds. 

ARTICLE 7. 

ON THE EFFECTS OF COLLISION, OR IMPACT. 

The striking of bodies against each other is denomi- 
nated collision, or impact. 

Bodies are divided into eklsric, and nomekastic. By 
elastic bodies are intended those which resume their di- 
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mensions and form, when the force which changes them 
is rem’oved. Non-elastic bodies are those which not only 
change their forms when struck, but remain permanently 
altered in this particular. Although there are no solid 
bodies which possess either of these properties iu perfec- 
tion, yet the difference between those which are most, and 
those which are least elastic, is sufficiently great to justify 
the diviaion. 

Ivory and hardened steel are eminently elastic. Such 
bodies, when struck together, become flattened at the 
point of contact; but nnmediately resuming their form, 
they react upon each other, and rebound. Lead and soft 
clay are non-elastic : if two balls of either of these 
substances be struck together, a permanent flattening is 
produced at their points of contact, and they do not rem 
bound. 

If two non-elastic bodies, A and B, fig, 1, each havinp 
the same quantityof mattcr,move towards each other with 
equal wlocitics, they will come into contact, as at A B, 
in the ccntrc, where they will remain at rest after the 
str&c, hccause their momentums were equal, and in op- 
posite directions. That is, if each have two pounds of 
matter, and a velocity which we may call ten, the mo- 
mcntam of each is twenty; and just sufficient, therefore, 
to destroy each other. 

If, on the contrary, the bodies be perfectly elastic, they 
will rcccdc from each other with the same vclocitv with 
which they met. In the former case, a permanentL&2n- 
tation was produced on the bodies; in the present the flnt- 
tcning is instantaneous only, and the particles rssuming 
their former position and arrangement, react upon each 
other with a force equal to their action, and, after the 
stroke, recede with undiminished velocity. 

If two non-elastic bodies, A and B, fig. 2, moving in 
the same direction with different velocities, impinge upon 
each other, they will move on together aftcr the stroke 
with such velocity as being multiplied into the sum of 
their weights, will produce the sum of the momentums 
which they had before the stroke; that is, if each weigh 
one pound, and A has 3, and B 4 degrees of velocity, 
the sum of their momentum is 12; 1 x 8 + 1 x 4 = 12 : 
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then after the stroke their velocity will be 6; which, 
multiplied into their quantity of matter 2, produces 12. 
The quantity of motion before and after the stroke, or, 
which is the same thing, their momentums, will be un- 
changed. 

3f, on the contrary, they had both been elastic, and 
moving as before, then, after the stroke, A. would have 
moved with four, and B with eight dogrces of vellocity : 
they would consequently have interchanged velocities, 
but the quantity of motion would remain unchanged. 

If A and B be non-elastic bodies, equal in quantity uf 
matter, and A moving with a velocity 10, come into con- 
tact with B at rest, they will move on together with the 
velocity 5. The quantity of motion will therefore remain 
unchanged, a double mass moving with one half the vc- 
locitp. If the bodies A and II bo both elastic, B, after 
the stroke mill fly off with the velocity ‘10, and A will 
remain at rest. The quantity of motion will? as before, 
remain unchanged. To understand this difference bo- 
twcen elastic and non-elastic bodies, we mny suppose 
that when the two elastic bodies como into contact with 
each other, they tend to move on together, like the non- 
elastic, with one half the velocity of the body A ; that is, 
A gives half its motion to B ; but being elastic. the im- 
pinging parts, which ~ &c way, instantaneously rcsumo 
their form, and rc;ict upon each other with a force equal 
to their first action, which drives A back with a velocity 
5, and J3 forward with an equal velocity: the cffcct of 
which must be to lcavc A at rest, and to accumulate the 
whole motion in B, 

ARTICLE 8. 

OX COJIPOUSD XOTIOS. 

If a body be struck by two equal forces, in contrary 
directions, !it will remain unmoved; but if the forces, in- 
stead of acting on the body in directions exactly oppo- 
site? strike it in txo direciions inclined to each other, 
motion n-ill be communicated to the body so struck ; but 
its direction will not be that of either of the striking bo- 
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dies, but somewhere between them, dependent upon the 
po~cr of the blows respectively. The motion in this 
case is manifestly compounded of the two possessed by 
the striking bodies, and is therefore called a compozd 
ndo~~ 

If a body A, fi,. Q 4, receive tlvo strokes, or impulses 
at the same time, in direrent directions, one which would 
propel it from A to B in a n nivcn time, and another which 
would propel it t’rom A to D in an equal time, then 
this conlpound force will propel it frum A to C, in the 
E~IIIC tune in which it would have arrived at B or D by 
OIIC imphe only. If !ines be drawn from C, to join B, 
and D, the parallelogram A B C D, will be formed, in 
the diagonal of whxh the compound motion was per- 
fhtlcd. If the t\vo impulses had been equal, then -4 D 
would be cqunl to A 13, and the parallelogram would be- 
COItlC il Sq\li1PC* 

OF KOS-ELASTICITY, AXD OF FLUIDITY, IN I~IPIh’GIXG BODIES. 

If A and B, fig. 3, be tno columns of matter in mo- 
tion, meeting each other, and equal in non-elasticity, 
ql~antity and velocity, tll:,ly will meet at the dotted line 
c’ (-1, destroy each other’s motion, and remain at rest, pro- 
dxl uont? of tllcir parts separate. 

IIut if A be! elastic, and 13 non-elastic, when they meet 
at c3 c, B will give way by battering up, and both will 
NW a little farther; that is, half the &stance that B 
Ellol’tCllS. 

l3ut if I.3 be a column of fluid, and when it strikes A, 
flies off in a lateral direction, perpendicular to A, then 
l\.Ili~t~YC!~ is the sum total of the momentums of these par- 
ticks laterAy, has not been communicated to A. 

But with what proportion of the striking velocity the 
fluid, after the stroke, will move in the lateral direction, 
I do not find determined; but, from some experiments 1 
hnx made, I suppose it to be more than one half; bc- 
c:~usc water fklling four feet, and striking a horizontal 
pla.nc with lG,, 9 feet vclociav will capt some few drops to 
the distance of 9 feet (say io feet, allowing one foot to 
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be lost by.friction, kc.) which we must suppose take 
their direction at an angle of 45 degrees ; because a body 
projected at an angle of 45 degrees, will describe the 
greatest possible horizontal range. It is known also, that 
a body falling 4 feet and reflected with its acquired ve- 
locity 163 feet at 45 degrees, will reach 16 feet hori- 
zontal range, or four times the distance of the fall. There- 
fore, by this rule $ of 10 feet, equal to 2,5 feet, is the fall 
that ‘will produce the velocity necessary to this effect, viz. 
velocity 12,64 feet per second, about three quarters of 
the striking velocity. 

This side force cannot be applied to produce any fhr- 
ther forward force, after it has struck the first obstacle, 
because its action and reaction then balance each other; 
which I demonstratecl by fig. 227. 

Let A be an obstacle, against which the column of 
water C A, of quantity 16 with velocity per second 16, 
strikes ; as it strikes A, suppose it to change its direction 
at right angles with 3 velocity and to strike B B, then 
to change a-gain and strike forward against C C, and back- 
wards against D D; then again in the side dircct,ion 
E E; and again in the forward and backward directions, 
all of which forces counteract and balance each other. 

Therefore, if we suppose the obstacle A to be the float 
of an undershot water-wheel, the water can be of no fir- 
thcr service in propelling it, after the first impulse, but 
rather a disadvantage; because the elasticity of the float 
will cause it to rebound in a certain degree, and,instcad 
of lieeping fully up with the float it struck, to react back 
jlgainst the next float. It will bc better, therefore, to let 
it escape freely as soon as it has fully made the stroke: 
not sooner, however, as it will require a certain space to 
net in, which will be in direct proportion to the distance 
between the floats. 

From these considerations, we may conclude, that the 
greatest effect to be obtained from striking fluids, will not 
amount to more than half the power which gives them 
motion, and much less, if they be not applied to the best 
advantage : and also that the effect produced by the col- 
lision of non-elastic bodies, will be in proportion to their 
non-elasticity. 
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ARTICLE lo. 

OF FALLISG BODlES. 

Bodies descending freely by their gravity, in vacua, or 
in a non-resisting medium, are subject to the following 
lnws :- 

1st. They are equally accelerated. 
It is evident, that, in every equal part bf time, the body 

must, receive an equal impulse from gravity, which will 
1wol-A it at an equal distance, and give it an equal addi- 
tioilal velocity ; it will, therefore, produce equal effects in 
ccpal times ; and the velocity w-ill be proport.ioned to the 
t imc. 

2~1. Their velocity is always in proportion to the time 
of their fall, and the time is as the square root of the dis- 
tance fYk.5 

If the velocity, at the end of one second, be 32,4 feet, 
nt the end of two seconds, it will be 64,s ; at the end of 
three seconds, 97,2 feet per second, and so on. 

&I. The spaces through which they pass are as the 
squares of the times and the velocities. 

That is, as the square of one second is to the space 
passed through, 1 ti,2, so is the equarc of two seconds, 
l\,hich is 4, to G-1,8 feet, passed through at the end of 2 
wcolKla ; and so on, for any number of seconds. There- 
fore the spaces passed through at the end of every second 
will bc a$ the square numbers 1,4,9,16, 25? 36, kc., and 
the spaces passed through, in each second separately, 
\\ill hc as the odd numbers 1, 3, 5, 7, 9, 1 I, 13, 15, kc. 

Li th. Their velocities are as the square root of the space 
&xendcd through, and their force, to produce cfIect, as 
their distances fallen, directly. 

That is, as the square root of 4, which is 2, is to l&2, 
the zclocitg acquired in falling four feet ; so is the square 
root of nnv other distance, to the velocity acquired in Ml- 
ing that dixtance. 

5th. The spxc passed through the first second, is wry 
nenrlv l&i2 feet, and the velocity acquired, at the lowest 
point; is 32,4 feet, per second. 

Gtll. il body will pass through twice the space, in a 
horizontnl direction, with the last acqrlircd velocity of 
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the descending body, in the mnc time that its Ml rc- 
quircd. 

That is, suppose the body, as it arrives at the lowest 
point of ila ttill, and has acquired itsgrcatcst velocity, 
were to Lc turned in a liorizoutal directlou, or that the ac- 
cclwation from gravity was at that moment to cease, and 
the velocity to continue Aform, it would then pnes owr 
double the dktaucc that it 11ad descended though, in the 
EalllC time. 

7th. The total sum of the cffectivc impulse acting on 
fillling bodies to give them velocity, is in direct propor- 
tion to the space descended through ;* and their velocity 
being as the square root of the space descended tlarougl~, 
or, \\ hicli is the same, as tlic square root of the total h- 
pulse. Tlicrcfbrc, 
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This scale shows at one view all the law observed by 
falling bodies. The body 0 would fall from 0 to 1, equal 
to lG,2 feet, in the first second, and acquire a velocity 
that would carry it 32,4 feet from I to a, horizontally, 
in the nest second, by laws 5 and 6; this velocity would 
also carry it down to three in the same time; but its gra- 
vity, producing equal effects, in equal times, will acce- 
lerate it so much as to take it to 4 in the same time, by 
law 1. It will now have a velocity of 64,8 feet per se- 
cond, that will take it to b horizontally, or down to 8, 
but gravity will he@ it on to 9 in the same time. Its 
vcl0cit.y will now be 9 A ,’ * 3 feet ; which will take it hori- 
zontnllp to c or dow;l to 15, but gravity will help it on 
to 1 G; and its last acquired velocity will be 129,6 feet, 
per sccon~l, which would carry it to d horizontally. 

If either of these horizontal velocities be continued, 
the body will pass over double the distance it fell, in the 
same time, by law 6. 

Again, if 0 be perfectly elastic, and klling, strikes a 
pcrfectl!: elastic plane, either at 1,3, 5, or 7, the effec- 
tive force of its stroke will cause it to rise again to 0 in 
the same space of time it took to fall. 

This shows, that in every equal part of distance, it 
received an equally effective impulse from gravity, and 
that the total sum of the effective impulse is as the dis- 
tancc fallen directly-and the effective force of the 
stroke will be as the squares of the velocities, by laws 7 
and 8, 

ARTICLE 11. 

0~ BODIES DESCE?;DIh‘G ISCLTSED PL.iSES AND CURVED SURFACES. 

BODIES descending inclined planes and curved sur- 
fhccs, arc subject to the followi@ laws:- 

1. They are equably accelerated, because their motion 
is the cfkct of gravity. 

2. The force of.gravit>* propelling the body A, fig. 5, 
to descend an inchned plnnc ,A 0, I.S to the absolute gra- 

3 
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vity of the body as the height of t!le plane A C is to its 
length A D. 

3. The spaces descended through are as the squares 
of the times. 

4. The times in which the different planes A D, A 11, 
and A I, or the altitude A C, are passed over, arc as their 
lengths respectively. 

5. The velocities acquired in dew wding such plants, 
in the lowest points, D, II, I, or C, are all equal. 

6. The times and velocities of bodies descending 
through planes alike inclined to the horizon, are as the 
square roots of their lengths. 

7. Their velocities, in all cases, are as the square roots 
of their perpendicular descent. 

From these laws or properties of bodies descending 
inclined planes, are deduced the following corollaries : 
namely :- 

1. That the times in which a body descends through 
the diameter A C, or any chord A a, A e, or A i, are 
equal : hence, 

2. All the chords of a circle are described in equal 
times. 

3. The velocity acquired in descending through any 
arch, or chord of an arch, of a c.ircle, as at C, in the 
lowest point C, is equal to the velocity that would be ac- 
quircd in fal1in.g throl~gb the perpendicular height F C. 

Pendulums m matron have the same propertics, the 
rod or string acting as the smooth, curved surface. 

For illustrations of these properties, see Katcr and 
Txdner’a Mechanics, pa 79, or any general treatise on 
that subject. 

ONTHE I\fOTIOY Or PROJECTILES. 

A projectile is a body thrown, or projected, in any rli- 
rection ; such as a stone froill the hand, water spouting 
from any vessel, a ball from a cannon, kc., fig. 6, 
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Every projectile is acted upon by two forces at the 
same time; namely, Pmpulae and Gravity. 

l3y impulse or the prqjfctile force the body will pass 
over equal distances, A B, B C, kc., in equal times by 
1st general law of motion, Art. 7, and by gravity, it cle- 
scends through the spaces A G, G H, kc., which are as 
the squares of’ the times, by 3d law of falling bodies, Art. 
9. ‘l%xeforck by these forces compounded, the body will 
describe the p.urve A Q, called a parabola; and this will 
be the case in all, escept perpendicular directions; the 
curve will vary with the elevation, yet it mill still be what 
is called a parabola. 

It’ the body be projected at an angle of 45 degrees ele- 
vation, it will be thrown to the greatest horizontal dis- 
tance possible; and if projcctcd with double velocity, it 
will dcscribc a quadruple range. 

ARTICLE 1% 

OF CIRCULAR MOTIOS ASD CESTRAL FORCES. 

If a body A, fig. 7, be suspended by a st’ring A C, and 
cnwx~ to move round the centre C, that tendency which 
it has to fly from the ccntrc, is culled the centrifugal 
fiwco ; ;wl the action upon a body ; which constantl~y so- 
licits it towards a ccntrc, is c&d the ccutripctnl force. 
l’fk is rcprcscnterl by the string, which keeps the body 
A, in the circle A 31. SpCiIkillg of these two forces in- 
tliffwcntl~, they arc called central forces? 

‘I’hc particular laws of this spccics of motion, are9 
‘1. Eqrlnl bodies describing qua? circles in cqwl times, 

have (qua1 central forces. 
2. I-11cqua.l bodies de5crilIing equal circles in uneqwl 

times, tilcir, ccritral forces arc as their quantities of Illat- 
tur nwltiplicd into tlwir wlocitics. 
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3. Equal bodies describing unequa! circ!cs in cc@ 
times, their velocities and central forces are as their dis- 
tances from their centres of motion, or as the radii of 
their circles.* 

4. Unequal bodies describing unequal circles in equal 
times, their cehtral forces are as their qnantitics of matter 
multiplied into their distances from. their centres, or the 
radii of their circles. 

5, Equal bodies describing equal circles in unequal 
times, their central forces are as thr squares of their vc- 
locities; or, in other words, a double velocity generates 
a quadruple central force.7 Therefore, 

6, Unequal bodies describing equal circles in unequal 
times, t.heir central forces are as their quantities multi- 
plied into their velocities. 

7. Equal bodies describing unequal circles with equal 
cclcritics, their central forces arc invcrsclg as their di+ 
tawxs from their centres of motion, or the radii of their 
circlcs.$ 

* This shows that when rnl!l-stones are of uneqt~al diameters, and revolve in 
equal times, the largest should have the draught of their furrows less, in propor- 
t ioli as their central force is more; v hich is m in xrse proportion ; also, that the 
~1~1\1~ht oi a stone should vary, and be in inverse proportion to the &stance from 
the c-entre. That is, the greater the distance, the less the draught. 

IIence, we conclude, that if stones revolve in equal times, their draught must 
1:~ equal near the centre; that is.so much of the large stones as is equal to the 
hiZt Oi the smdl Ont?S, ImISt be 01 CqUd driNl,Rht. 
must have less draught in inverse proportion ; 

But that part which is greater 
as the distance iron1 the centre is 

greutcr, the furraw~must cross nt so much less angle, which will be nearly the 
case (if their furrows lead to an equal distance from their ccntrc‘s) at any considc- 
~.nblt? dlstancc from the centre of the stone; btit near the ccntrc the angles become 
greater than the proportion; if the furrows be straight, as appears by the lines, 
g I, h 1, g 2, h 2, g 3, h 3, in fig. 1, PI. XI. the angles near the centrc are too 
great, which seems to indicate that the furrows of mill-stones should not be straight, 
hut a little curved; but what this curve should be, is very ditticult to lay down 
exactly in plactice. By theory it should be such as to cause the angle of furrows 
crossing, to change in inverse proportion with the distance from the centrc, which 
\vill require the furrows to curve more as they approach the ccntrc. 

j This show that mill-stones of equal diameters, having their velocities unc- 
~1x11, should have the draught of their furrows as the square roots of their number 
of revolutions per minute. Thus, suppose the revolutmns of one stone, the fur- 
TOWS of which are rorrecrly made, to be 81 per minute, and the mean draught of 
thr! I’t\rrn\vs 5 inches! and l‘bund to be right, the revolutions of the other stone to 
\w l\K); then, to find the draught, say as the square root of 01, which is !I, is to the 
;i inches, dril\l;gllt, 50 is the square rtwt ofl00, which is 111, to 4,s inches, the draught 
r~yllire4 (1)~ IIIVCI‘SC’ proportion,) because the draught must c!ccrwse as the cen- 
trn! I;)rre increases. 

: ‘l’hirt is, the greater tlrc diitancp. the less the central force. Thisshow that 
mill-slwlcs of different din:netcrl;, hnvin?r their periphtTics revolving with equal 
velocities, should have the nngk of draughtF wi!h which their furrows cross each 
other, in invcw proportion? to their diameters, because their central forces are ai 
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EL Equal bodies describing unequal circles, having 
their central forces equal; their periodical times are as 
the square roots of their distances. 

9. Therefore the squares of the periodical times are 
proportional to the cubes of their distances, when neither 
the periodical times nor the celeritiesare given. In that 
case, 

10. The central forces are as the squares of the dis- 
tanccs inversely.* 

their diameters, by inverse proporlion, direct!y; and the angle of draught should 
increase, as the central force decreases, and decrease, as it increases. 

But here we must consider, that, to give stones of different diameters equal 
draughts, the distance of their furrows from the centre, must be in direct propor- 
tion to their diameters. Thus, as 4 feet diameter is to 4 inches draught, so is 5 
feet diameter to 5 inches draught. To make the furrows of’ each pair of stones 
CI’LW path other at equal angles, in all proportional distances from the centfe, see 
iig. I, Plate XI, where g b, o = d, g f, h a, h c, and h e, show the direction of the 
furrows of the -l, 5, and 6 feet stones, with their proportional draughts; now it is 
obvious that they cross each other at equal angles, because the respective lines 
urc paraliel, and cross in each stone near the middle of the radius; which shows 
that in all proportional distances, tlaey cross at equal angles, consequently their 
draughts are equal. 

Uut tbc draught must be farther increased withthe diameter of the stone, in order 
to increase the angle of draught in the inverse ratio, as the central forc:e decreases. 

To do which, sny,- If the 4 feet stone has central force equal 1, what cettral 
force will the 5 feet stone have? Answer: 8, by the 7th law. 

Then say,-If the central force 1 require 5 inches draught, for a R feet stone, 
what will central force 8 require; Answer : 6.25 inches draught. This is, sup- 
posing the verge of each stone to move with equal velocity. This rule may 
bring out the draught nearly true, provided there be not much difference between 
the diameter of the stones. But it appears to me, that neither the angle wirh 
which the furrows cross, nor the distance of the point from the centre, to which 
they direct, is a true measure of the draught. 

* Tl~se arc the lnws of circular motion and central forces. For experimental 
demonstrations of them, WC Ferguson’s Lectures on Mechanics, page 27 to 47. 

1 may hcrc observe that the whole planetary system is governed by these laws 
~4’ circular motion and central forces. Gravity acting as the string, is the cen- 
tripctal force ; and as tbc power of gravity decreases, as the square of the distance 
illCreases, a11d as the centripctal and centrifugal forces must always be equal in 
order RO kcacp the body in a circle; hence appears the reason why the planets 
most remote from the sun have their motion so slow, while those near him have 
tljcair motions swift; because their celerities must be such as to create a cen- 
trifugal force rclual to the attraction of gravity. 



38 I: CHAP. 1. MECHAIWX. 

ARTICLE 14. 
,. 

OF THE CENTRES OF MAGSITUDE, MOTION, AND GRAVITY. 

1. The centre of magnitude is that point which is 
equally distant from all the external parts of a body. 

2. The centre of motion is that point which remahs 
at rest, while all other parts of the body move round it. 

3, The centre of gravity of bodies, is of great conse- 
quence to be well understood, it being the principle of 
much mechanical motion; it possesses the following par- 
ticular properties. 

1. If a body be suspended on this point, as its centre 
of motion, it will remain at rest in any position. 

2. If a body be suspended on any other point than its 
centre of gravity, it can rest only in such position, that a. 
right line drawn from the centre of the earth through the 
centre of gravity will intersect the point of suspension. 

3. When this point is supported, the whole body is 
kept from falling. 

4. When this point is at liberty to descend in a right 
line, the whole body will fall. 

5. The centre of gravity of all homogeneal bodies, as 
squares, circles, spheres, kc., is the middle point in a 
line connecting any two opposite points or angles. 

6. In a triangle, it is in a right line drawn from any 
angle to bisect the opposite side, and at the distance of 
one-third of its length from the side bisected. 

7. In a hollow cone, it is in a right line passing from 
the apex to the centre of the base, and at the distance of 
one-third of the side from the base. 

8. In a solid cone, it is one-fourth of the side from the 
base, in a line drawn from the apex to the centre of the 
base. 

The solution of many curious phenomena, as, why 
many bodies stand more firmly on their bases than others; 
and why some bodies lean considerably over without filll- 
ing, depends upon a linonlcdgc of the position of the ccn- 
tre of gravity. 

Hence appeal ‘s the reason, why wheel-carriages, load- 
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ed with stones, iron, or any heavy matter, will not over- 
turn so easily, as n hen loaded with wood, hay, or any 
light article; for when the load is not higher than a b, 
fig. 22, a line from the centre of gravity will fall within 
the centrc of the base at c ; but if the load be as high as 
d, it will then fall outside the base of the wheels at e, 
consequently it will overturx From this appears the 
error of those, who hastily rise in a coach or boat, when it 
is likely to overset, thereby throning the centre of gravi- 
ty more out of the base, and increasing their danger. 

CHAPTER II. 

ARTICLE 15. 

OF THE MECHANICAL POWER. 

IIaviti~ premised and considered all that is ncccssar~ 
for the better understanding those machines called me- 
chanical powers, we now proceed to treat of them. They 
are sis in number; namely: 

The Lever, the Pulley, the Wheel and Asle, the In- 
clined Plane, and the Screw. 

These are called Mechanical Powers, because they in- 
crensc our power of raising or moving heavy bodies. Al- 
though they are sis in number, yet they are all governed 
by one simple principle, which I shall call the first Gene- 
ral Law of .Mechanical Powers j it is this, tik moo322e12(21ums 
yf the pozccr cmd wight are cdwtys equal, ud2en the a2ginc 
2s it?. cfpilibrio. 

Momentum, here means the product of the weight of 

the body multiplied into the distance it moves; that is, 
the poivcr multiplied into its distance moved, or into its 
distance from the centre of motion, or into its velocity, 
is equal to the weight multiplied into itsdistance moved, 
or into its distance from the centrc of motion, or into its 
vclocity; or, the power multiplied into its perpendicular 
descent, is equal to the weight multiplied into its perpen- 
dicular ascent. 
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The Second General Law of Mechanical Powers, is, 
The power pf the engine, and velocity of th weight moved 

are uizcnys irk the iwcrse proportion to each other; that is, 
t,he greater the velocity of the weight moved, the less it 
must be; and the less the velocity the greater the weight 
may be: and that universally in all cases. 

The Third General Law, is, 
Purt of the original power is ahays lost 2% tmrcoming 

friction, htia, &c.$ but no power can 6c gained hy engkesI 
u4m time is considered iu the calculation. 

In the theory of this science, we suppose all planes to 
be perfectly smooth and even, levers to have no weight, 
cords to be perfectly pliable, and machines to have no 
friction: in short, all impcrfcctions are to bc laid aside, 
until the theory is established, and then proper allow- 
anccs are to be made for them* 

ARTICLE 16. 

OF THE LEVER. 

ii bar of Iron, of Wood, or of any other inflesible ma- 
terial, one part of which is supported by a fulcrum or 
prop, and all other parts turn or hlove on that prop, as 
their centrc of mo’lion, is c&d a lcvcr ; when the lever 
is Mended on each side of the prop, these estcnsions 
are called its arms ; the velocity or motion of every part 
of these arms, is directly as its distance from the centre 
of motion, by the third law of circular motion. 

With respect to the lever, when in equilibriumrOb- 
serve the following laws:- 

1. The power and weight are to each other, inverse- 
ly as their distances from the prop, or centre of mo- 
tion. 

That is the power I?, fig. 8, Plate I, which is one 
multiplied into its distance B C, from the centre 12, is 
equal to the weight 12 multiplied into its distance A B 
1; each product being 12. 
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2. The power is to the weight, as the distance the 
weight moves is to the distance the power moves, re- 
spectively. 

That is, the power multiplied into its distance moved, 
is equal to the we@t multiplied into its distance moved. 

3. The power 1s to the weight, as the perpendicular 
ascent of the weight is to the perpendicular descent of 
the power. 

That is, the power multiplied into its perpendicular 
descent, is equal to the weight multiplied into its pcrpen- 
dicular ascent. 

4. Their velocities are as their distances from their ccn- 
tre of motion, by the 3d law of circular motion, p. 25. 

These simple laws hold universally true, in all me- 
chanical powers or engines ; therefore it is easy (Tom 
thcsc sin@e principles) to compute the power of any 
cngille, cithcr simple or compound; for it is only to find 
how much swifter the power moves than the wci$t, or 

how much farther it moves in the same time ; and so 

much is the power (and time of producing it) increased, 
by the help of the engine. 

A1tTICL.E 17,. 

GENER.AL RULES FOR CONFUTING TIIE POWER OF AXY ESGISE. 

1. Divide cithcr the distnncc of the power from its 
centrc of motion, by the distance of the weight from its 
centre of motion. Or, 

2. Divide the space passed throu$ by the power, by 
the space passed through by the weight, (this space may 
be colluted either on the arch, or on the perpendicular 
described by each,) and the quotient will show how much 
the power is increased by the Lelp of the engine ; ther! 
multiply the power applied t.0 the engine, by that quo- 
tient, aud the product will be the power of the engine, 
whether simple or compound. 
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ESAMPLES. 

Let A B C Plate I. fin. 8, represent a lever; then, to 
compute its power, divide the distance of the power IL” 
from its centre of motion 13 C 12, by the distance A B 1, 
of the weight IV, and the quotient is 12 : the power is 
increased 12 times by the engihe ; which, multiplied by 
the power applied 1, products 12, the power of the en- 
gillc at ;I, or the weight IV9 that will balance P, and 
l~~ld the cngirle in cquilibrio. But supposc the arm A 
B to bc continued to E, then, to find the power of the 
engine, divide the distance I’, C 12, by B E 6, and the 
quo&M is two ; which, multiplied by 1, the power ap- 
plied, produces 2, the power of the engine, or weight IV, 
to l.dallcc, I? 

Or dkidc the perpendicular descent C D of the power 
cc@ to G, by the perpcndiculnr ascent E I;‘ qua1 3 ; and 
tlic quotient 2, multiplictl by the power P qua1 1, pro- 
tluccs ?, the power of the cnginc at E. 

Or divide the velocity of the power P equal 6, by the 
wlocity of the weight IV qua1 3 ;‘nnd the quotient 3 
mu1 tiplicd by the power 1, protluccs 2, the power of the 
cngitic at E. If the power P had been applied at 8 then 
it xould have required to have besn 16 to balance W, or 
IF’ : bwnuse 15 times S is 12, which is the momentum of 
both weights \V and w, If it had been applied at 6, it 
1nust 11nw been 2; if at 4, it must have been 3 ; and SO 
au1 for ally other distance from the prop or ccntrc of ino- 
tiun, 

ARTICLE 18. 

OF THE DIFFERE?I’T IiISDS OF LEVERS. 

The arctifotu khds of Lcwrs. 

1. The most common kind, n-hcrc the prop is placed 
lwtwccn the weight and powcrY but gencrnlly ncawst the 
nei$, as otherwise, thcrc M-ould by no gain of power. 

2. When the prop is at one end, the power at the other, 
and the weight bctwxu them. 
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3, When the prop is at one end, the weight at the 
other, and the power applied between them. 

4. The bended lever? which differs only in form, but 
not in properties, from the others. 

Those of the first and second kind, have the same pro- 
perties and powers, and produce real mechanical. advan- 
tage, because they increase the power; but the third kind 
produces a decrease of power, and is only used to increase 
velocity, as in clocks, watches, and mills, where the first 
mover is slow, and the velocity is increased ‘by the gear- 
ing of the wheels. 

The levers which nature employs in the machinery of 
the human frame, are of the third kind ; for when we lift 
a weight by the hand, the muscle that exerts the force 
to raise the weight, is fastened at about one-tenth of the 
distance from the elbow to t.he hand, and must exert a 
force ten times as great as the weight raised ; therefore, 
he that can lift 56 Ibs. Cth his arm at a right angle at 
the elbow, exerts a force equal to 560 lbs. by the nwcles 
of his arm. 

ARTICLE 1% 

OF COldPOUND LEVERS. 

Several levers may be applied to act one upon another, 
as 2 1 3 in fig. 9, Plate I, where No. 1 is of the first 
kind, No. 2 of the second, and Ko. 3 of the third. The 
power of these levers, united to act on the weight IV, ia 
found by the following rule, which will hold universally 
true in any number of levers’ united, or wl~cels (which 
operate on the same principle) acting upon one another. 

RULE. 

I st. Multiply the power I’, into the length of all the 
driving levers successively, and note the product. 

2tl. Then multiply all the leading levers into one ano- 
ther successively, and note the product. 
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3d. Divide the first product by the last, and the quo- 
tient will be the weight W, that will holdthe machine in 
equilibrio. 

This rule is founded on the first law of the lever, Art. 
N, and on this principle ; namely : 

Let the weight W, and power P, be such, that when 
suspended on any compound machine, whether of levers 
united, or of wheels and axles, they bold the machine in 
equilibrio: then if the power P be multiplied into the 
radius of all the driving wheels, or lengths of the driving 
levers9 and the product noted, and the weight W multr- 
plied in the radius of all the leading wheels, or lengths of 
the leading levers, and the product noted, these products 
will be equal. If we had taken the velocities, or the cir- 
cumferences of the wheels, instead of their radii, they 
would have been equal also 

On this principle is founded all rules for calculating 
the power and motion of wheels in mills, &c. See Art. 
20. 

EXAMPLES. 

Given the power P equal to 4 on lever 2, at 8 distance 
frorn the centre of motion. Required, with what force 
lever 1, fastened at. 3 from the centrc of motion of lcvcr 
2, must act to hold the lever 2 in equilibria? 

Ry the rule 4 x 8 the length of the long arm is 32, and 
this diviclcd by 2, the length of the short arm, given 16, 
the force required. 

Then 1G on the long arm, lcvcr 1, at G from the ccntrc 
of motion. Kcquircd the weight on the short arm, at 2, 
to balance it. 

I3y the rule, 16 x G s !X, which divided by 2, the short 
arm, gives 48, for the weigi>t required. 

Then I8 is on the lever 3, at 2 from the centrc. RC- 
quired the weight at S to balance it. 

Then 48 x 2 = 
the long arm, gives 

96, w!iich divided by 8, the lcn$h of 
1’2, the weight required. 

Given, the power P = 4, on one end of the combination 

* In order to abbreviate the work, I shall hereafter use the following Algebraic 
signs, nnmly : 
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of levers. Required, the weight ML on the other end, to 
hold the whole in equilibrio. 

Tbcn by the rule, 4 x 8 x G x 2 = 354 the product of 
tbc power multiplied into the length of all the driving 
levers, and 2 x 2 x 8 = 33 the product of all the leading 
lewre, and 384 +- 32 = 12 the weight \V required. 

ARTICLE fzo. 

CALCULATING THE POWER OF WHEEL WORK. 

TIE same rule holds b Good in calculating the power of 
machines consisting of wheels, whether simple or com- 
pound, 1.)~ counting the radii of the wheels as the lcvcra ; 
and bcc&~2 the diameters and circumferences of circles 
arc ~~~OpOl+fiOIlill, w.2 may take the circumfcrenccs instead 
of the yndii, and it will bc the same result. Then, again, 
l~~n1k5c the number of cogs in the Wheels constitute the 
circle, WC! may talcc the number of cogs and rounds in- 
~;tea~I of the circic or rar!iii, and the result will still bc the 
sonic. 

Let 6-c II, Plate II, reprc5cnt a wter milE (for grind- 
inn ,??i1;Z) CtOLlWC WZtWtl. 

7C,11ub& S ‘I’blc~~atcr-\\l,eci, 
4 The great. cog-n.hccI, 
2 The k~llowcr, 
3 The counter cog-wheel, 
1 The trundle, 
2 The mill-stones, 

:\utl let the nbovc numbcra also rcprcscnt the radius of 
cadi wheel in feet. 

N-m ~uppoac tllcrc bc a power of 500 lbs. on the water- 
~vlwl rcql~ircd, what will be the force cscrtcd on the 
mill-stone, 2 feet from the ccntre. 

1'1112 sign + plus, or mnw. f0r addition. 
- min:is, or less? f0r suhtroct ion. 
Y, multiplictl. fnr rnultiplicntioo. 
+ divitlfd. for division. 
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Then by tbc’rule, 500 x 8 x 3 x 1 = 8000, and 4 x 3 
X2= 24, hy which divide 8000, and it qz~otcs 333~3 lbs. 
the power or’ force required, escrted on the mill-stone two 
feet from its centre which is the mean circle of a 6 feet 
stone.-. And as the velocities are as the distance from the 
ccntre of motion, by the third law of circular motion, Art. 
13, therefore, to find the wlocity of the mean circle of the 
stone “ -, apply the following rule; namely : 

1st. Alultiply the velocLy of the water-wheel into the 
radii or circumferences of all the driving wheels, succcs- 
sively, and note the product. 

2. Multiply the radii or circumferences of all the 
leading wheeis, successively, and note the product; di- 
yidc the first by the last product, and the quotient will 
bc the answer. 

13ut ohscrvc hcrc, that the driving wheels in this ruIc, 
arc the leading levers on the last rule. 

ARTICLE 2 I. 

It may bc proper to obscrvc licrc, that as the velocity 
of tllc stone is increased, the power to mow it is de- 
crcasc(1, illrd as its velocity iA dccrcascd, the po~cr on it 
to 111c)vc it is irlcrcawd, IIJ- tk frond gcncml iaw of me- 
clwicnl powers. This llolds uniwrsally true in ill1 en- 
giuw t.hat can possibly bc contrived; -.Aich is cvidcnt 
l.i-oln t/lo first li1W of the lcvcr when in equilibrium, 
n:tl11cIy, the powr UlUlti]ili~tl illto its velocity or dis- 

tnncc moved, is Ctjllill to the weight. multiplied into its 
velocity or distance moved. 
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Hence the general rule to compute the powr of any 
engine, simple or compound, Art. 17. If you have the 
moving power, and its velocity or distance moved, given, 
and the velocity or distance of the weight, then, to find 
the weight, (which, in mills, is the force to inove the 
stone, kc.) divide that product by the velocity of the 
weigllt or mill-stone, kc. and this gives the weight or 
force exerted on the stone to move it. But a cwtain 
quantity or proportion of this force is lost from friction 
in order to obtain a velocity to the stout; which is shown 
in Art. 3 1. 

ARTICLE 2’2. 

NO POWER GAINED BY EKLARGISG OVERSHOT WATER-WHEELS. 

This sccrns a proper time to show the abswlity of the 
idea or increasing the pmvcr of the mill, by cnInr$q the 
diameter of the water-wheel, on the principle of Icng Itcn- 
ing the lever; or IJV double gearing ClIs wlicrc !+ingle 
gears Ivi!I do; Lcc:lu”ic tllc l,owr can citlm bc iui:wk!scd 
or dlillini5kx.l by the help of cngitm, while tlrc wlo~ity 
of the bctly niovcd is to rcmnin the mm. 

EU1\IPLE. 

Suppose we enlarge the dinnictw of the wtcr-~vheel 
from 8 to N feet radius, fig. 11, Plate II. and lcaw the 
otlicr &xls unnltcrcd j th& to find the velocity of the 
stone, allowing the vclocitv of the periphery of the xatcr- 
wheel to be the mm (12 feet per second;) hg the rule 
12 x 4 x 3 x 3= 285. and 16 x 2 x 1 = 33, b: nhich 
divide 2SS, which giws 9 feet in a second, for the wlocity 
of the stone. 
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mills, we shall be obliged, in order to restore the velocity, 
to enlarge the great cog-wheel from 4 to 8 radius. 

Then to find the velocity, 12 x 8 x 3 x 2 = 5?G, and 
16X3X1 = 32, by which divide 576, it gives 18, the 
velwity as before. 

Then to find the power by the rule, Art. 20, it will be 
333,33 as before. 

Therefore no power can be gained, upon the princi- 
ple of lengthening the lever? by enlarging the water- 
M’llcel. 

The true advantages that large wheels have o\-cr small 
ones, arise from the width of the buckets bearing but a 
small proportion to the radius of the wheel; because if 
the radivs of the wheel be 8 feet, and the width of the 
bucket or float board but 1 foot, the float takes up 1-8 of 
the arm, and the water may be said to act fairly upon 
the end of the arm, and to advantage. But if the radius 
of the wheel be but 2 feet, and the widt.1~ of the float 1 
foot, part .of the water will act on the middle of the nrm, 
;tnd of course, to disadvantage, as the fioat takes up half 
the arm. The lnrgc wheel also serves the purpose of a 
Q--wheel (nrt. 30;) it likewise keeps a more regular mo- 
tion, and casts off back n ater better. (See Art. ‘70.) 

313ut the espense of these large wheels is to be taken 

into consideration, and then the builder mill find that 
thcrc is a maximum size, (see Art, 44:) or a size that will 
+ld him t,hc grcatcst profit. 

- 

ARTICLE 23. 

l"C! POWER GAIXED,BUT SOME LOST, BY DOUBLE GEARING hIILLS. 

I might go on to show that no power or advantage is 
to bc gained b-y double *gearing mills, upon any other 
principles than the followng ; namely : 

1. When the motion necessary for the stone cannot be 
obtained without having the trundle too small, WC arc 
obliged to have the pitch of the cogs and rounds, and the 
size of the spindle, large enough to bear the stress of the 
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power ; and this pitch of gear, and size of spindle, may 
bear too great a proportion to the radius of the trundle, 
(as does the size of the float to the radius of the wa.ter- 
wheel, Art. 22,) and may work hard. There, therefore, 
may be a loss of power on that account, greater than that 
resulting from friction in doubie gearing. 

2. By double gearing, the mill may be made more con- 
venicnt for two pair of stones to one water-wheel. 

Many and great have been the losses sustained by mill- 
builders on account of their not properly understanding 
these principles. I have often met with water wheels of 
large diameter, where those of half the size and expense 
would answer better; and double gears, where single 
would be preferable. 

ARTICLE 24. 

OF THE PULLEY. 

Q. The pulley is a mechanical power well known. 
One pultcy, if it be moveable with the weight, doubles 
the power, because each rope sustains half the weight. 

If t\yo or more pulleys bc joined together in the com- 
mon way, then the easiest mode of computing their power 
is, to count the number of ropes that join to the lower or 
movcablc block, and so many times is the power increased; 
because all these ropes have to be shortened, and all run 
into one rope (called the fall) to which the moving power 
is applied. If there bc 4 ropes, the power is increased 
fourfold. See Plate I. fig. 10. 

The objection to this engine is, that there is great 10s~ 
of poxer, by the friction of the pulleys, and in the bend- 
ing of the ropes. 

- 

ARTICLE 25. 

OF THE WHEEL AND AXLE. 

3. The wheel and axle, fig. 17, is a mechanical power, 
similar to the lever of t.he first kind; therefore, when 

4 
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the power is to the weight, as thediameter of the axle is 
to the diameter of the wheel; or when the power multi- 
plied into the radius of the wheel is equal to the weight 
multiplied into the radius of the axle, this engine is in 
equilibrium. 

The loss of power is but small in this instrument, be- 
cause it has but little friction. 

ARTICLE 26. 

OF THE INCLINED PLANE. 

4. The inclined plane is the fourth mechanical power; 
and in this the power is to the weight, as the pcrpendicu- 
lar height of the plane is to its length. This is of use in 
rolling heavy bodies, such as barrels, l~ogsheads, &c., into 
wheel carringcs, kc., and for letting them down again. 
See Plate I. fig. 5. If the height of the plane bc half its 
length, then half the force will roll the body np the plant, 
that it would lift it pcrpcndicularly to the same height, 
but it has to trawl double the distance. 

ARTICLE 27. 

OF THE WEDGE. 

5. The we$c is only an inclined plane, Whcncc, in 
tlw common term of it, the power applied will bc to the 
rcsistanca to bc owrconic, as the thickness of the wedge 
is to the .lcngth thcrcof. This is a very useful mochani- 
cal power, and, for some purposes, escels all the rest; 
because with it WC can cfltict what WC cannot with any 
other in the same time; and its power, I think, mgy be 
computed in the following manner. 

If the wedge be 12 inches long and 2 inches thick, 
then the power to hold it in equilibrio is as 1 to balance 
12 resistance; that is 12 resistance pressing on each side 
of the wedge and when struck with a mallet the whole 
force of the weight of the mallet, added to the whole 
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force of the power eserted in the stroke, is communicated 
to the wedge in the time it continues to move: and this 
force to produce effect, is as the square of the velocity 
with which the mallet strikes, multiplied into its weight ; 
therefore, the mallet should not be too large, because it 
may be too heavy for the workman’s strength, and will 
meet too much resistance from the air, so that it will )nse 
more by lessening the velocity, than it will gain by its 
weight. Suppose a mallet of 10 lbs. strike with 5 velocity, 
its cffcctive momentum is 250 ; but if it strike with 10 
velocity, then its effective momentum is 1000. The 
effect produced by the strokes will be as 250 to 1000 ; 
and all the force of each stroke, except what may be de- 
stroycd by the friction of the wedge, is added in the wedge, 
until the sum of these forces amounts to more than the 
rceistancc of the body to be split, which therefore must 
give ~a)-; but when the wedge does not move, the whole 
force is’dcstroyed by the friction ; therefore the less the 
inclination of the sides of the wedge, the greater the re- 
sistance we can overcome by it, because it will be easier 
moved by the stroke. 

ARTICLE 28. 

OF THE SCREW. 

6. The screw is the last mentioned mechanical power, 
and may be dcnominatcd a circular inclined plane, (as 
will nppcar by wrapping a paper, cut in form of an in- 
cli~cd plane, round a cylinder.) It is user1 in combina- 
tiou with a lever of the first kind, (the lever being ap- 
plied to force the weight upon the inclined plane:) this 
compound instrument is a mechanical power, of esten- 
sivc USC, both for pressure, and raising great weights. 
The power applied is to the weight it will raise, as the 
distance through which the weight moves, is to the dis- 
t,aucc through which the power moves; that is, as the dis- 
tancc of two cont.iguous threads of the screw is to the cir- 
cle the power describes, so is the power to the weight it 
will raise. If the distance of the thread be half an inch, 
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and the lever be fifteen inches radius : and the power ap- 
plied be 10 lbs. then the power will describe a circle of 
94 inches, while the weight rises half an inch ; then as 
half an inch is to 94 inches, so is 10 Ibs. to 1880 lbs. the 
weight the engine would raise with 10 lbs. power. But 
this is supposing the screw to have no friction, of which 
it has a great deal. 

ARTICLE 29. 

OF THE FLY-WHEEL AND ITS USE. 

Before I dismiss the subject of mechanical powers, I 
shall take some notice of the fly-wheel? the use of which 
is to regulate the motion of engines, it is best made of 
cast iron, and should be of a circular form, that it may 
not meet with much resistance from the air. 

Many have supposed this wheel to be an increaser of 
power, whereas it is, in reality, a considerable destroyer 
of it : which appears evident, when we consider that it 
has no motion of its own, but receives all its motion from 
the first mover ; and as the friction of the gudgeons, and 
the resistance of the air are to be overcome, this cannot. 
be done without the loss of some power; yet this wheel 
is of great use in many cases; namely: 

1st. For regulating the power, where it is irregularly 
appliccl, such as the treadle and crank moved by the foot 
or hand ; as in spinning-wheels, turning-lathes, flax-mills, 
or where steam is applied, by a crank, to produce a cir- 
cular motion. 

2. Where the resistance is irregular, or by jerks, as 
in saw-mills, forges, slitting-mills, powder mills, &c., the 
fly-wheel by its inertia, regulates the motion ; because 
if it be very heavy, it will require a great many little 
shocks or impulses of power to give it a considerable 
ve!ocity ; and it will, of course, require as many equal 
shocks to resist or destroy the velocity it has acquired. 

While a rolling or slitting-mill is running empty, the 
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force of the water is employed in generating momentum 
in the fly-wheel ; which force accumulated in the fly, will 
be sufficient to continue the motion without much abate- 
ment, while the sheet of metal is running between ths 
rollers ; whereas, had the force of the water been lost 
while the mill was empty, its motion might be destroyed 
before the metal passed through the rollers. Where wa- 
ter is scarce, its effect may be so far aided by a fly-wheel. 
as to overcome a resistance to which the direct force of 
the water is unequal, that is, where the power is required 
at intervals only. 

A heavy water-wheel frequently produces all the effect 
of a fly-wheel, in addition to its direct office. 

ARTICLE 30. 

ON FRICTION. 

We have hitherto considered the action and ctrcct UT 
the mechanical powers, as they would answer to the 
strictness of mathematical theory, wcr’c there no such 
thing a~ friction, or rubbing of parts upon cnch other ; but 
it is generally allowed, that one-fourth of the eKcct of a 
machine is, at a medium, destroyed by it: it will be pro- 
per to treat of it nest in course. 

From what I can gather from different authors, and by 
my own cspcrinicnts, it appcnrs’ that the doctrine of fric- 
tion is as follows, and we may say it is subject to the fol- 
lowing laws ; namely ; 

Laws vf Frictitm 
1. Friction is greatly influenced by the smoothness or 

roughness, hardness or softness, of the surface rubbing 
against each other. 

2. It is in proportion to the pressure, or load, that is, a 
double pressure will produce a double amount of friction. 
a triple pressure a triple amount of friction, and so of any 
other proportionate increase of the load. 

3. The friction does not depend upon the extent of 
surface, the weight of the body remaining the same. 
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Thus, if a parellelopiped, say of four inches in width and 
one in thickness, as 17, plate 11. fig. 13, be made smooth, 
and laid upon a smooth plane A. B. C. D. and the weight 
I?. hung over a pulley, it will require the weight I? to 
draw the body F along, t.o be equal, whether it be laid on 
its side or on its edge. 

The espizriments of Vince led him to conclude that the 
law, as thus laid down, was not correct ; but, those more 
rccentlv performed justify the conclusion, that it is so, 
the c?&iations being so trifling, as not to aflect the gene- 
ral rcsul t. 

4. The friction is greater after the bodies haw been 
allowed to remain for some time at rest, in contact with 
each other, than when they arc first so placed ; as, for 
esamplc, a wliccl ttirnivg ripon gudgeons will require a 
grcatcr weight to start it i1fiCS wnaining for sonic hours 
at rest, than it wonld at first. 

The cause of this appcnrs to be, that the minute aspc- 
ritics which exist even upon the emoothcst bodiw, gradrr- 
ally sink into the opposite spaces, and thus hold upon 
cnch other. 

It is for the same reason, tlli.kt a greater force is rc- 
quired to set a body in motion, than to keep it in motion. 
If about 4 the amount of a wei.@ be required to mov@ 
that wejght along in the first instance, f will suffice to 
keep i e In motion. 

5. ‘1’1~ friction of aslcs dacs not at all dcpcnd upon 
their velocity ; thus a rail-road car travclling at the rate 
of twenty milts an hour. will not hnvc been rctartlcd by 
friction, more than another which trawls only ten inilcs 
in that time. 

It nppcars, thcrcfore; from Phc last three laws, that the 
amount of friction is as the prcwure directly, without rc- 
gard to surfwc, tirw or wlocit~. 

6. Friction is greatly tlin~ini~lwtl bp ungncnts, and this 
diminutiou is as the natrirc of tlw ungwnts, without rc- 
ttircIicc to the substances moving Owr fhcn7. The liind 
of nngwnt which ought to bc cinploycxl dcpcnds prin- 
cipil.ll~ U~OII the load ; it ougllt to suflicc. just to prcvcnt 
the bodies from coming into contact wltll each other. 
The liglltcr the wchight? .tlwrcfi)rc, the finer and more 
fluid should be tlic ui+cnt, and Ccc versa. 
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ARTICLE 3 1. 

ON THE FRICTIOF OF DIFFEREXT SUBSTANCES. 

It is well known that in general the friction of two dis- 
similar substances is less than that of similar substances, 
although alike in hardness. The most recent experi- 
ments upon this subject are those of Mr. Rennie, of Eng- 
land, performed in the year lS25, and published in the 
l%ilosophical Transactions. Many of the experiments 
xere performed upon substitnces which do not concern 
the lwesen t work ; those with the metals, and other hard 
sul.Mnnccs, were tried both with and without ungucnts. 

The following facts wcrc deduced from those in which 
ungucnts were not cnq~loyvcd : 

Tdlc sho2ivkg the anmmt of friction (without ump?n?s) of iliJ?hmt 
szhtco~c~s, the h&ted trx’~glrt being 36 lbs.,and witftirz the limit8 
0J’ ubrasiori sf ths softer substtrm-es. 

Pnrts of the 
whole weights. 

Rrnse on wrought iron - - = - - - 7.38 
13rass cln cast iron - - - - - - - 7.1: 
13rass 011 steel - - ” - - - ‘- - 7.20 
i5of’t stccal 011 soft steel - - - _/ - - - 6.85 
C:~bl iwn 011 stcol - I - - - - - 6..6% 
l\‘rotiglit imu on wrought iron -. - - - - 6.26 
C:wt irctrl on cwt iron - - - - l - - 0.12 
Il:lrtl \~r;w4 on cast iron * * . I * - 6.00 
(‘;cst. iron en wrougllt iron - - - - - - 0.87 
11~1s~ on brass . - - - - - - - 5.70 
‘I’ili 011 (wit iron - - - - - - - - 5.50 
‘l‘iu 011 ~vriqiit iron - - - - - - - 5.53 
bSc)l’t like1 011 wrought iron - - - - - - 5.28 

\Vith ungucnts it was ftiund that, with gun metal On 

cast iron, with oil intervening, the insistent weight be- 
ilg 10 cwt. the friction amounted to 3:-q of the pressure ; 
that 1~ a diminution of weight, the friction was rapidly 
dinii&lwd. 

That cast iron on cast iron, under similar circum- 
stmces, showed less friction; and that this was still far- 
ther dimir~ished by hog’s lard. 
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That yellow brass, on cast iron, with anti-attrition com- 
position of black lead and hog’s lard, increased friction 
with light weights, and greatly diminished it with heavy 
weights, showing extremely irregular results. 

That yellow brass, on cast iron, with tallow, gave the 
least friction, and may therefore be considered the best 
substance under the circumstances tried. 

That yellow brass, on cast iron, with soft soap, gave 
the second best result, being superior to oil. 

ARTICLE 32. 

OF MECHANICAL CONTRIVARCES, TO REDUCE FRICTIOK’. 

Friction is considered as of two kinds, the first is oc- 
casioned by the rubbing of the surfiuxs of bodies against 
each other, the second by the rolling of a circular body, 
as that of a carriage wheel upon the ground, or rollers 
placed under a heavy load. In the prcccding articles 
the first kind of friction has been considcrcd ; it is that 
which we most frequently have to encounter, and 14lich 
produces the greatest expenditure of pon:er. When th2 
parts can be made t-o roll over each other, the resistancti 
is greatly diminished. To change one into the other has 
been the object of those mcchanrcnl contrivances dcnomi- 
nat.cd friction wheels, and friction rollers. 

A, in plate II. fig. 14, may represent the gudgcon of a 
whW1 set to run upon the p&iphcries of two wheels C, C, 
which pass each other ; these arc called friction wheels. 
This gudgeon, iustead of grinding, or rubbing its sur- 
face, or the surface on whit!; it presses, carries that sur- 
face with it, causing the wl~~ls C, C, to revolve. A 
gudgeon, IS, is sometimes set upon a single wheel, with 
supporters to keep it on, which produces an analogous 
effect. 

Less advantage, however, has been derived from fric- 
tion wheels in heavy machinery, than had been antici- 
pated ; and it has been found, in many cases, that they do 
not compensate for the expense of construction, and their 
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liability to get out of order. The rubbing friction still 
exists in the;r gudgeons, and it has frequently happened 
that instead of turning them, the gudgeon resliyg upon 
them has rolled round, whilst they have remained a: 
rest. t 

The principle of the roller has already been noticed, 
and its mode of action is shown in fig. 15, plate II., where 
A I3 may represent a body of a 100 tons weight, with the 
under side perfectly smooth and even, set on rollers per- 
fectly hard and smooth, rolling on a horizontal plane, C D, 
perfectly hard, smooth, and horizoafal. If these rollers 
stand precisely parallel to each other, the least imagina- 
ble force would move the load; even a spider’s web would 
be sufficient, were time allowed to overcome the inertia. 

Thcsc suppositions, however, can never bc realized. 
and although in this mode of action there will be the 
Icast powble rubbing friction, there will be enough to 
produce considerable resistance. 

It has been attempted to apply this principle to wheel 
carriages, to the sheaves of blocks on ship board, and to 
tltc asks of other machinery, by an ingenious con- 
trivanco called Garnctt’s friction rollers, .for which a 
patent was obtained in England about fifty j-cars ago, 
by an Arnericr~n gentleman from New Jersey. This 
contrivnncc is shown at fig. 16: PIate II. The outs~dc 
ring 13, C, I$ may rcprewxt the box of a carriage wheel, 
the inside circle A the ask ; the circles a a n a a a the 
rollers round the axle, and bctwccn it and the box ; the 
inner ring is a thin plate for the pivots of the rollers to run 
in, to lxcp tlwn at a proper distance from each other. 
When the wheel turns, the rollers pass round on the 
axle, and on the inside of the box, and that nlmorzt with- 
out friction, because there is no rubbing of the parts in 
passing one another. 

Such friction rollers, from the use of which so much 
was expected, have not been found to answer in practice. 
If not made with the most perfect accuracy, they gather 
as they roll, and thus increase the friction. In carriages. 
and indeed in every kind of machines, subject to an ir- 
regular jolting motion, the rollers, and the cylinder with- 
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in which they revolve, soon become indented, and are 
then worse titan useless. 

ARTlCLE 33. 

OF MASIW-JIS, OR THE GREATEST EFFECTS OF ANY MACHINE. 

The eflect of a, machine is the distance to w11ich it 
moves a body ok* given weight, in a given time; or, in 
other words, the resist.ance which it overcows. The 
weight of the body multiplied into its velocity, is the 
measure of this effect. 

The theory published by philosophers, and rcccivcd 
and taught as true, for scvernl ccnturics past, is, that 
il.lIy mncl~inc will work with its grcatcst pcrkction Whe11 
it, is cllargctl with just 4-9tlis of the power that \vould 

holtl it in equilibrio, and then its velocity will bc just JJ 
of the greatest velocity of the moving power. 

To explain this, we may suppose the water-wheel 
Plate II, fig. 17, to be of the undershot kind, 16 feet di- 
anlctcr, turned by water issuing from under a 4 f&t head, 
with a gate drawn 1 foot wide, and 1 foot high, then the 
force will be 250 lbs., because that is the weight of the 
column of water above the gate, and its velocity will be 
IG,2 feet 1-w second, as shall bc shown under tllc head 
of 1Iytlrwlics ; 
cr of 23) ll,S., 

the wheel will then bc moved by a pow- 

and if let run empty, will mow wth *a Vc- 
locity of 1G ibet 1x2 scconcl; but if’thc weight W lx hung 
by a rope to the aslc of two feet dinmctcr, and we 
continue to add to it until it stops the wheel, and holds 
it in cquilibrio, the weight will be found to be WOO lbs. 

by the rule, Art. 19; and then the cffcct of the iwchine 
is nothing, because the velocity is nothing: but as we 
dccrcase ihe weight W, the w!;eel begins to ~KNC, and 
its wlocity increases accordingly ; and then the product 
of tlic wc:igIlt multiplied into its velocity, will iilcrm3C 
until the weiqht is decreased to 4-9tha of 2000 = 888,7, 
which multi$ied into its velocity or distance moved, 
n-ill produce the greatest effect, a.nd the velocity of the 
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wheA mill then bc! 5 of 16 feet, or 5,33 fe’et per second. 
So say those M&O have trcatedaf it. 

This will probably appear plainer to a beginner, if he 
conceives this wheel to be applied to work an elevator, 
as E, Plate II, fig. 17, to hoist wheat, and suppose that 
the buckets, when all full, contain nine pecks, and will 
hold the wheel in cquilibrio, it is evident it will then 
hoist none, because it has no motion; and in order to ob- 
tain u~otiou, WC must lessen the quantity in the buckets, 
wlm the wheel will begin to IIIOW, and hoist f&ter and 
kstcr urltil tile quantity is dccrcased to 4-9tlls or 4 pecks, 
and then, by the theory, the wlocity of the .wwlGnc will 
be Yj of the greatest velocitv, when it will hoist the grcat- 
est quantity pow ‘ble in a given time: for if we lessen the 
quantity in the huclicts below 4 pecks, the quantity hoist- 
ed in any given time will be lcsscncd; this is the esta- 
blished tl;cory. 

ARTICLE 34. 

OLD THEORY INYESTIGATEL i 

In or&r to irw3tign.W this thcor~~, and the better f.0 
rmclwtnnd what has been snid,Ict us consider w folloass; 
IlmlclY: 

2. ‘l’lkc wction or arca of the ptc chwn, in feet, 
u~ultiplictl 1.1~ the height. of the head in feet, gives the 
crlbic feet irl the whole co121nin, which niriltiplicd by 
GZi (tile weight 01’ a cubic foot of water) gives the 
n-cigllt or form of the nholc coluniu prcssi b.g on the 
wllcul. 

3. That the radius of the ~~1~~1, multiplied by the 
fowc, ant1 t.hnt pro~luct clivitlrd I)?- the radius of tllC 
d0~ k niws the wcigllt tlmt will hold the wheel in cqui- 
librio. 

4. That the n\~solutc wlocitv of the wheel, subtracted 
timii tlic absolute velocity of ‘the water, lcaws the re- 
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lative velocity with which the water strikes the wheel 
when in motion. 

5. That as the radius of the wheel, is to the radius oi 
the axle, so is the velocity of the wheel, to the velocity 
of the weight hoisted on the axle. 

6. That the elects of spouting fluids, are as the 
squares of their velocities (see Art. 45, law 6,) but the 
instant force of striking fluids is as their velocities 
simply. See Art. 8. 

7. That the weight hoisted, multiplied into its per- 
pendicular ascent gives the effect. 

8. That the weight of water expended, multiplied 
into its perpendicular descent, gives the power used per 
second. 

On tlicse principles I have calculated the followng 
scale: iirtit, supposing the force of striking fluids to be as 
the squzrc of tlwir striking or relative velocity, which 
brings out the maximum agreeably to the old theory, 
namely : 

When the load at cquilibrio ia 3000, then the maxb 
mum lonri is S88,t = 4,9ths of 2000, the cfkct, being then 
trreate8t, namely, 591,98, as aplc)cars in the sixth column ; 
L-d then the velocity of the wheel is 5,333 feet per se- 
cond, equal to Z$ of 16, the velocity of the water, as ap- 
pears in the fifth line of the scn\cs but there is an eviilcnt 
error in the first principle of this theory, by counting 
the instant force of the water can the wheel to be as the 
squaw of its striking velocity, it cannot, tlwrcforc, be 
true. See Art. 41. 

I then calculate upon this principle, nsmcly : that if 
the instant force of striking fluids is as their wlocity 
sitnplv, then the load that the machine will carrv, willa 
its diii’crcnt velocities, will also bc as tlic velocity bnply, 
as appears in the 7th column; and the load, at a mnsi- 
n1un1, as 1000 HIS. = $ of 3000, the load at cquilibrio, 
when t!lc wlocity of the w11ccl is 8 feet. = ; of 16, the 
velocity of the water per second; and then the c&t is 
at its grcatcst, as shown in the 8th column, namely. 
1000, as appears in the dtli lint of the scale. 

This I call the new theory, (bccausc I found that 
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William Waring had also, about the same time, esta- 
blished it, see Art. 37,) namely, that when any machine 
is charged with just one-half of the load that will hold it 
in equilibrio, its velocity will be just one-half of the na- 
tural velocity of the moving power, and then its effect 
will be at a masimutn, or the greatest possible. 

It thus appears that a great error has been long over- 
looked by philosophers, and that this has rendered the 
theory of no use in practice, but led many into expen- 
sive f%lures. 
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ARTICLE 35. 

Pr’EW THEORY DOGBTED. 

Although I know that the velocity of the ~&cl, by 
this new theory, is, (though rather slow,) much ncarcr to 
general practice than by the old, yet I am led to doubt its 
corrcctncss, for the following reasons ; narncly : 

Thcrc are 16 cubic feet of water, qua1 to 1060 lbs. 
espendrxl in a sccoud ; which, inultiplictl by its pc~pen- 
dicular dcsccnt, 4 feet, produces the power 4MO. The 
ratio of the’ power and effect by the old theory, is as 10 
to 1,47, n nd by the new, as 4 to 1, as appears m the 9th 
colunm of the scale ; this is a proof that the old theory is 
iucorwcf, and eufticicut to rllilliC us swpcct Ithat tlrcrc is 
sorn~ wror in the new. ;\nd as the aubjcct is of the 
grcafwt conscqulcllcc in practic~tl nKxha&s, I tlwrefarr~ 
IlilVC! CI!~~L!i1VOUL’Cd EO discowr tl tpUe thCOrY1 aud will slK~\v 
uiy \wrIc, iu order that if I r:dtabli4 a l!mol.j;, it runy bc 
the CilSiC!r Ulldcr~tOOd, if right, or clctcctcd, 11 wrong. 

ARTICLE 36. 

ATTEJlFT TO DEDUCE A TRWE TFIEORY’. 
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feet. the firat second, and the distance it has to fall 16 
t’cet. 

4. That we suppose the weight w, or resistance, will 
occupy its proportional part of the velocity, that is, if w 
llc! = i P, the velocity with which P will then dcsccnd, 
will be 4 1 G = 8 feet per second. 

5. If w be! = P, there can be no velocity, consequently 
no cffcct; mid if w = o, then P will descend 1G feet in a 
second, but product no effect, because the power, although 
IciOO pm second, is applied to hoist nothing. 

Upon time principles I have calculated the following 
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By this scale it appears, that when the weight w is 
50 a i P the power, the effect is at a tnasimum, name- 

;, 400, as appears in the 6th column, when the velocity 
is Mf the natural velocity, namely, S feet per second ; and 
then the ratio of the power to the effect is as 10 to 5, as 
appears in the 8th line. 

By this scale it appears, that all engines that are moved 
by one constant power, which is equally accelerated in 
its velocity, must be charged with weight or resistance 
equal to half the moving power, in order to produce 
the greatest effect in a gven time ; but if time he not re- 
garded, then the greater the charge, so as to leave any 
velocity, the greater the effect, as appears by the Sth 
column, So that it appears that an overshot wheel, if 
it be mntlc inmensc!ly capacious, and to move very slow- 
ly, may produce cKccts in the ratio of 9,9 to 10 of the 
pmY!r, 

- 

ARTICLE 37. 

SCALE OF ESPERIM ERTS. 

Tllc following is a scale of actual csperiments made 
1.0 prow whether the resistance occupies its pro ortion 
at’ ttw vclacity, in order that I might judge whet xr the P 
lbrcgaing scale was founded on true principles: the cs- 
pc?rimcnts wcrc not very accurately pcrformcd, but were 
0lic11 rcpcntcrl, and the resulta were always nearly tllc 
sa111c. see Plate II. fig. IS. 
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By this scale it appears, fhat when the power P falls 
freely without any load, it descends 40 feet in five equal 
parts of time; but when charged with 3,5 lbs. = P, 
which was 7 lbs., it then talics up 10 of those parts of 
time to descend the same dktancc ; which seems to show, 
that the charge occupies its proportional part of the 
w41olc velocity, which was wanted to be known, and the 
nlasimuni appears as in the last scale. It also shows that 
the cikct is not cis the weight multiplied into the square 
of its ascending velocity, this being the measure of the 
effect that would be produced by the stroke on a non- 
clast ic body. 

Atwood, in his Treatise on Motion, gives a set of ac- 
curate experiment& to prom (beyond doubt) that the 
conclusion I hnvc drawn is right; rlntmly :--That tl~c 
charge occupies its proportional part of the whole vclo- 
cit,y. 

These csperimcnts partly confirmed mc in what I liavc! 

called the New Theory ; 
had formed the 

but still donbtin~, and alicr I 
foregoing t.:hlcs, I c;llhl, for his assist- 

ance, on the late ingenious and worthy friend, \Villiillll 
Waring, tcnchcr in the Friends’ Academy, l’hiladcl- 
phin, who informed me that he had di~covcred the error 
in the old theory, and corrected it in a paper which he 
had 1iIid before the i’trilosoplkal Society Of’ Philndclphia, 
whowin he had shown that the wlocity of the undwAot 
water-wlwcl, to product a m~sinnm eKcct, luuut Lx judt 
Ollc 1li111‘ the wlocity Of th wtcr. 

ARTICLE 35. 

\VILLIARI W’ARISG’S TIIEOltY’. 

After llis Icarncd and mod& introduction, in which 
he sl~ow~ the ncccssity of correcting so great an wror as 
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the old theory, he begins with these words; namely :- 
&k But, to come to the point, I would just premise these 

DEFINITIONS. 

If a stream of water impinge against a wheel in mo- 
tion, there are three different velocities to be considered 
appertaining thereto ; namely : 

1st. The absolute velocity of the water. 
2d. The absolute velocity of the wheel. 
3d. The relative velocity of the water to that of the 

wheel; that is, the difference of the absolute velocities, 
or the velocity with which the water overtakes or strikes 
the wheel. 

Sow the mistake consists in supposing the momentum 
or force of the water against the wheel, to be in the dug 
p’icate ratio of the relative Velocity; whereas: 

PROP. I. 

The force of an invariable stream impinging against a 
mill-wheel in motion, is in the simple proportion of the 
relative velocity, 

For, if the relative velocity of a fluid against a single 
plnlle be varied either by the motion of the plane or of 
the fluid from a given aperture, or both, then the num- 
bor of particles acting on the plane, in a given time, and 
Iikc\visc the mornen~um of cnch particle being respcc- 
tidy as the rclativc velocity, the force, on both these 
accounts, must be in the duplicate ratio of t,he relative 
velocity, agreeably to the common theory, with respect 
to the single plane; but the number of these planes, or 
parts of the wheel acted on in a given time, will be as 
lhe velocity of the wheel, or inversely as the relative ve- 
locity; therefore, the moving force of the wheel must bc 
as the simple ratio of the relative velocity. Q. U. D. 

Or, the proposition is manifest from this consideration, 
hat while the stream is invariable, whatever be the vc- 
locity of the wheel, the same number of particles, or 
quantity of fluid, must strike it sotncwhcre or other in a 
given time; consequently, the variation of the force is 
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only on account of the varied impingent velocity of the 
same body, occasioned by a change of motion in the 
wheel ; that is, the momentum is as the relative velociiy. 

Now this true principle, .- wbstituted for the erroneous 
one in we, will bring the theory to agree remarkably 
with the notable experiments of the ingenious Smeatoa, 
published in the Philosophical Transactions of the Royal 
Society of London, for the year 1751, vol. 51 ; for which 
the honorary annual medal was adjudged by the society, 
and presented to the author by their prcsidcnt. 

An instance or two of the importaxe of this correction 
may be adduced, as follows: 

PROP. II. 

The velocity of a wheel, moved by the impact of a 
&warn, must bc half the sclocity of the fluid, to product 
the grcntcst cfkct possible. 

V = f;hc velocity, M = the moment.um, of the fluid, 
= the pawr, of the wheel. 

their relative v&city by definition 3d. 

And as ‘? : V-v : : &I : z x V-v = P, (Prop. 1,) which 
‘V 

XV= p,~~3+~= a masimum ; hence Vv-V =r 
v 

;n-+wimum, and its flusion (v being a vvriablc quavtity), 
v-avv f 0 ; thcreforc = 5 v; that IS, the wloclty ot 

the wheel =: half that of the fluid, at the place of impact 
~vhcn the cilkt is a maximum. Q. E. D. 

The usual theory gives v = !J V, where th error ia llot 
less than one-sixth of the true velocity. 

War. W~RISG.” 
PI1 ihCl’c?//‘l” l-Cl) 7th t 

9/h 7710. 1790. \ 
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I here omit quoting Proposition III. as it is alfq,aether 
algebraical, and refers to a figure; I am not wntlng for 
men of science, but for practical mechanics. 

ARTICLE 39. 

Extract from u fzrrther paper, read in the Philosophical So- 
ciety? April 5th, 1793. 

Y3ince the Philosophical Society were pleased to fa- 
your my crude observations on the theory of mills with 
a publication in their transactions, I am apprehensive 
some part thereof may be misapplied; it being therein 
demonstrated, that ‘the force of an invariable stream im- 
pinging against a mill-wheel in motion, is in the simple 
direct ratio of the relative velocity.’ Some may suppose 
that the ef5xt produced should be in the same proportion, 
and either fall into an error, or finding by esperimcnt, 
the effect to be as the square of the velocity, conclude the 
new theory to be not well founded ; I therefore wish 
there had been a little added, to prevent such misapplica- 
tion, befcre the Society had been troubled with the read- 
ing of my paper on that subject, perhaps something like 
the following. 

The maximum effect of an undershot wheel, produced 
by a, given quantity of water, in a given time, is in the 
duphcnte ratio of the wlocity of the water; for the effect 
must be as the impetus acting on the wheel, multiplied 
into the velocity thereof: but this impetus is dcmon- 
strated to be simply as the relative velocity, Proposition 
I., and the velocity of the wheel, producing a maximum, 
heir-g half of the water, by PropositIon II., is-likewise as 
the velocity of the water; hence the power acting on the 
wheel multiplied into the velocity of the wheel, or the 
cffcct produced, must be in the duplicate ratio of the ve- 
locity of the water. Q* E. D. 

COROLLARY. Hence the effect of a given qunntit.y of 
water, in a, given time, will be as the height of the head, 
because thw height is as the square of the velocity. This 
also agrees with cspcrimcnt. 
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If the force, acting on the wheel, were in duplicate 
ratio of the water’s velocity, as is usualiy asserted, then 
the effect would be as the cube thereof,-when the quan- 
tity of water and time are given, which is contrary to the 
result of experiment.” 

ARTICLE 40. 

I WAXING’S THEORY DOUBTED. 

From the time I first called on William Waring, until 
I read his publication on the subject (after his death,) I 
had rested partly satisfied with the new theory, as I 
have called it, with respect to the velocity of the wheel, 
at least, but finding that he had not determined the 
charge, as well as the velocity, by which we might have 
compared the ratio of the power and the effect produced, 
and that he had assigned somewhat different reasons for 
the error, and having found the motion to be rather too 
slow to agree with practice, I began to suspect the whole, 
and resumed the search for a true theory; thinking that 
perhaps no person ha.d ever yet considered every thing 
that effects the calculation; I therefore premised the fol- 
lowing 

I POSTULATES. 

1, A given quantity of perfectly elastic, or solid mat- 
ter, impinging on a fixed obstacle, its effective force is 
as the squares of its different velocities, although its in- 
stant force may be as its velocities simply, because the 
distance it will recede after the stroke through any rem 
sisting medium, will be as the squares of its impinging 
velocities. 

2. An equal qnanti.ty of elastic matter, impinging on a 
fixed obstacle with a double velocity, produces a quad- 

ruple effect, their effects are as the squares of their velo- 
cities. Consequently- 

3. A double quantity of said matter, impinging with a 
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double velocity, produces an octuple effect, or their cf- 
fects are as the cubes of their velocities, Art. 47 and 67. 

4. If the impinging matter be non-elastic, such as 
fluids, then the instant force will be but half, but the ra- 
tio will be the same in each case. 

5. A double velocity, through a given aperture, gives 
a double quantity to strike the obstacle or wheel; there- 
fore the effects will be as the cubes of the velocity. See 
Art. 47. 

6. But a double relative velocity cannot increase the 
quantity that is to act on the wheel; therefore, the ef- 
feet can only be as the square of the velocity, by postu- 
late 2. 

7. Although the instant force and effects of fluids 
striking on fixed obstacles, are only as their simple velo- 
cities, yet their effects, on moving wheels, are as the 
squares of their velocities; because, lst, a double striking 
velocity gives a double instant force, which bears a dou- 
ble load on the wheel ; and 2d, a double velocity moves 
the load a double distance in an equal time, and a double 
load moves a double distance, is a quadruple cfli,ct. 

AR.TICLE 4 1. 

SEARCII FOR A TRUE TIIEOBY, COMJIEXCED ON A IfEM- PLAS. 

It appears that we have applied wrong principles in our 
search after the true theory of the mnslmum velocity, and 
load of undershot water-wheels,or other cngincs moved by 
a constant power, that does not increase or dccrcnsc in 
quantity on the engine, as on an overshot water-nhcel, as 
the velocity varies. 

Let us suppose water to issue from under a head of 16 
feet, on an undershot water-wheel; then, if the wheel move 
freely with the water, its velocity will be 32,4 feet per se- 
cond, but will bear no load. 

Again; suppose we load it, so as to make ita motion 
equal only to the velocity of water spouting from under 
a head of 15 feet ; it appears evident that the load will 
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then be just equal to the 1 foot of the head, the veIocity 
of which is checked ; and this load multiplied into the 
velocity of the wheel ; namely : 3 1,34 x 1=31,34, for the 
effect. 

This appears to be the true principle, fi-om which we 
must seek the maximum velocity and load, for such en- 
gines as are moved by one constant power j and on this 
principle I liavc calculated the following scale. 

A SCALE 

FOR DETERMIWSQ THE 

TRUE RIAXI~IUJI VELOCITY AKD LOAD , 
FOR 

UNDERSHOT WHEELS. 

i 

Naximom moliou i 
nnd load. 

I 

I 



74 MECHANICS. I: CHAP. 11. 

In this scale let us suppose the aperture of the gate to 
be a square foot; then the greatest load that will balance 
the head wi!l be 16 cubic feet of water, and the different 
loads will be shown in cubic feet of water. 

It appears by this scale, that when the wheel is load- 
ed with 10,133 cubic feet of water, just $ of the-greatest 
load, its velocity will be 18,i’l feet per second, just, 577 
parts of the velocity of the water, and the effect produced 
is then at a maximum, or the greatest possible, namely : 
1 !l9,4-i. 

To make this more plain, let us suppose A II, Plate 
11. fig. 19, to be a Ml of water of 16 feet, which we 
wish to apply to produce the greatest effect possible, by 
hoisting water on its side, opposite to the power applied. 
First, on the undershot principle, where the water acts 
by its impulse only. Let us suppose the water to strike 
the wheel at I, then if we let the wheel move frcclywith- 
Out any load, it will mow with the velocity of the \ViltCI’, 
namely, 32,4 feet per second, but will produce no efkct, 
if the water issue at C; althou,gh there bc 3$4 cubic feet 
of water cspcndcd, under 1G lcct perpendicular descent. 
Let, the weight of a cubic foot of water be represented by 
unity or 1, for case in counting ; then 3’3,;~ x 16 will show 
the power expended, per second, namely, 518,4 ; am\ the 
water it hoists multiplied into its perpendicular ascent, or 
bright hoisted, will show the cffict. Then in order to 
ohin cfkct from the power, we load the wheel ; the sini- 
plcst iray of doing wlkh, ia, to cause the tube of \vilter C 
D, to act on the back of the bucket at I; then, if C 1) bc 
C~l.LiL.1 to 21. 13, the wheel will bc held in cquihbrio; this is 
tllC grC:LtWt loiltl, ilntl tllC Whole! Of tllC Ml A 11 is h- 
l:mxd, and no part left to give the wheel vclocitv ; tlwre- 
hY! the cll%ct = 0. lkt if wc make C II = 12 Let of A 
13, then from 4 to :I, = 4 - feet, is left unbilli~IlcCd, to give 
velocity to the wheel, which being loaded with 18 kct, 
u*Ould ‘bc CSilCtlv balnnccd bv 12 on the other side, and 
left perfectly f&e to mow ejtlnx- way by the leai;t force 
npplicd beyond this balance. Thcr~forc it is cvi- 
clcnt. that the who!c prcssnrc or force of 4 feet of A II, 
will act to give velocity to the wheel, and, as thcrc is 
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no resistance to oppose the pressure of these 4 feet, the 
velocity will be that of water spouting from under a 4 
feet head? namely, 16,, 9 feet per second, which is shown 
bv the horizontal line, 4 = 16,2 and the perpendicular 
like, 12 z 12, represents the load of the wheel ; the rec- 
tangle or product of these two lines forms a parallelogram, 
the area of which is a true representation of the effect, 
namely, the load 12 multiplied into 1&Z, the distance it 
moves per second = 194,4, the effect. In like manner we 
may try the effect of different loads; the less the load, the 
greater will be the velocity. The horizontal lines all 
show the velocity of the wheel, produced by the respec- 
til*e heads left unbalanced, and the perpendicular lines 
elbow the load on the wheel; and we find, that when the 
load is lO,GG = -3 16, the load at cquilibrio, the velocity of 
the wheel will be 18,71 feet per second, which is ;&& parts, 
or a littlc less than G tenths, or : the velocity of the WXtC!r, 

and the clkct is 199,44, the maximum, or greatest possi- 
b1c ; and if‘ the aperture of the gate bc h foot, the quantity 
will be 18,7 I cubic feet per second. The power being 
18,7 I cubic feet cspcndcd per second, multiplied by IG 
f&t of the perpendicular descent, produce 209,36, the 
ratio of the power and effect, bcilg as 10 to 6, +vq or 

nearly as 3 : 2; but this is supposmg none of the tbrce 
lost by non-elasticity. 

This may appear plainer, if w-e s~~pposc the water t0 
dcsccntl in the tube 11 13, and by its pressure, to raise 
tltc! wat.cr in the tube C D; for it is evident, that if we 
.r~ kc the water to D, WC have no velocity, therefore, 
dkct = 0. Then again, if wc open the gate at 6, we 
II;LVO 3ZjI feet l~r second velocity; but ~CC~USC WC do 
not hokt the water to any height, effect is s 0. Thcre- 
fore, the maximum is somcwhcrc between C and D. 
TIKx~ suppose WC open gates of 1 foot area, at diKerent 
llcigllts, t,hc velocity mill show the quantity of cubic 
feet raked ; which multi plied by the perpendicular 
Ilcight, of the gate from C, or height raised, gives the 
CiTcCt, iIIIt1 tllc rnnsin~.rm~ I\S b&x. But hcrc wc must 
cotlsidcr tltat in both thcsc cases the xatcr acts as a 
pcrlkctly dcfinitc quantity, Which will produce effects 



76 MECHANICS. 1 CHAP. II. 

equal to elastic bodies, or equal to its gravity, (See Art. 
59,) which is unattainable in practice: whereas, when it 
acts by percussion only, it communicates only half of its 
original force? on account of its non-elasticity, the other 
half being spent in splashing about; therefore, the true 
effect will be fan (a little more than $) of the moving 
power; because nearly 5 is lost to obtain velocity, and 
half of the remaining s is lost by non-elasticity. Thcsc 
are the reasons why the effect produced by an undershot 
wheel is only half that produced by an overshot wheel, 
the perpendicular descent and quantity of water being 
equal. And this agrees with Smeaton’s experiments 
(See Art. 68 ;) but if we suppose the velocity of the wheel 
to be one-third that of the water = 10,8, and the load to 
bc G of 16, the greatest load at equilibrio, which is = ‘7,111, 
as by old theory, then the effect will be 10,s x 4,9 of 1G 

7iiJ9 for the eRect which is quite too little, the moving 
,‘,,,r beinn 32,4 cubic feet of water multiplied bv 16 
feet desccn t% 51S,4 ; the cff’cct by this theory being* less 
than <& of the power, about hali’ equal to the clTcct, by 
espcriment, which effect is set on the outside of the dotted 
circle in fig. 19. The dotted lines join the corner of the 
parallelograms, formed by the lines that represent the 
loads and velocities, in each experiment or supposition, 
the areas of which truly represent the effect, and the 
dotted line A a d s, meeting the perpendicular line x E 
in the point s, forming the pnrallclogram A B C s ; truly 
represents the power = 518,4. 

Again, if WC suppose the wheel to move with half the 
vclocitv of the water, namely, l&2 feet per second ; and 
to be lkaded wit!> half the greatest load = 8 according to 
Waring’s theory; then the effect xi11 be lG,2 x 8 = 129,G 
for the effect, about <& of the power, which is still less 
than by esperiment. All this seems to confirm the masi- 
mum brought out on the new principles. 

But, if we suppose, according to the new principle,\ 
that. when the wheel moves with the velocity of 16,3 
feet per second, which is the velocity of a 4 feet hfad, 
it. will then benr as a load the relnilinillg twelve feet, then 
the effect will bc l&2 x 12 = EM,4 which nearly agrees 
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with practice: but as most mills in practice move faster, 
and few slower, than what I call the true masimum, this 
shows it to be nearest the truth; the true maximum ve- 
locity being ,577 of the velocity of the water, and the mills 
in practice moving with 5, and generally quicker.* 

This scale also esta.hliahes a true maximum charge for 
an overshot wheel; that is, if we suppose the power, 
or cpantity of water on the wheel at once, to be always 
the same, even although the velocity vary, which would 
be the cast, if the buckets were kept always full ; for, 
suppose the water to be shot into the wheel at a, and 
by its gravity to raise the whole water again on the op- 
posite side; ‘then as soon as the water rises in the wl~ccl 
to d, it is evident that the wheel will stop, and the effect 
bb = 0 ; therefore, we must let the water out of the 
whwl, bcforc i’t rises to d, which wit! bc, in cfl’cct, to lose 
part of t,hc power to obtain velocity. If the buckets, both 
tlcscendillg and axending, carry a column of water 1 
foot square, then the vclocity of the wheel will show the 
qwtntity hoist4 as bcforc, which multipticd by the pcr- 
lmdicrhr ascent, shows ttic cfkct ; and the quantity 
cstxwtcct n~ultitdicd ky the perpcndiculnr dcaccnt, shows 
the power ; and we fmd, that when the wheel is loaded 
with + of the power, the etkt will be at. a masimum ; 
that is, the whotc of the water is hoisted, $ of its whole 

Agin, if X cllbic feet. of wn.rlastic maftrr, moving with the same Velocity 
(\vitlr \\~llicli ~IIP It; fwt of PlilStiC lU;tttcr r;trlirk thr plane,) strike ;I WhfVl in the 
ea~nc timr, alt l1011gh it comnlltnirntt~ only hnlt‘thc fowe that gave it motion; yet 
brcauY(l ttrvrr i< a ~ln111~lc qllalltity strikln: in the same tim41, the rffects will be 
CC~II;I I ; tIlLIt is;, it \vill bear a load of 16 cubic feet, or the whole column, to hold it 
irl cvlllilil~rin. 
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descent ; or ; of the water, he whole of the descent ; 
therefore, the ratio of the power to the effect ia as 3 to 2, 
or double the efkct of an undershot wllcel: but this ia 
supposing the qua”tity in the buckets to be always the 
sxue, whereas, in overshot wheels, the quantity in the 
buclwts is inversely as the velocity of the 1% heel ; that is, 
the slower the motion of the wheel, the greater the quan- 
tity in the buckets, and the greater the wlocity, the less 
the quantity ; but a.gain, as we are obliged to let the ovcr- 
shot WINXI move with a considerable velocity, in order to 
obtaiu a steady, regular motion to the mill, we shall find 
this charge to be always M!iWly right; hcncc, I deduce 
the following theory. 

ARTICLE .l’L. 

A TRUE THEORY DEDUCEI). 
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2. It agrees better than any other theory with the in- 
genious Smcaton’s experiments. 

3. It agrees best, with real practice, according to the 
best of my information. 

Yet I do not wish auy person to reccivc it implicitly, 
lvitliout first informing himself wlictber it be well founded, 
and in accordance with actual cspcriencc ; for this reason 
I have quoted the esperirnents of' Smeaton ilt firll length, 
in this work, that the rcadcr may cornparc them with the 
theory. 

TRUE THEOREM FOR I~JNDING TIIE RIA~IMURL CHARGE FOR UPI’DER- 
SIIO’I’ \VHEELS. 

As the square of the velocity of the water, or wlw2l 
empty, is to the hc,ight of the llcnd, or pressure, which 
protlwx0 that wloclty, SO is the SCjIlillT.2 Of tile velocity of 
tlko wheel IOiltlCd, t0 tllc hd, prcwwc, or furw, wllich 
will proOucc tllilt velocity ; wl this lwcsdurc, dcdu~~fc0 
from t.hc whole prcssurc or kmc, will lCi1VC tllc lOi 
ruovctl by the wI~cc’I, on its pcriplwry or vqe, wlrich 
lcml lkdtiplid by the vc1ocit.y of’ tlic w11cc1, SI~OW the 
clii!ct. 

I’ROIILHW. 

I,ct V = 32,/I, tlkc velocity Of tllc water or wl~~~l, 
1) = I 6, tltcl lw~wmr~~, l&w, or IOiltl, iIt cquilil)rio, 
v =z tllc vdocrity 1 )t’ tllc \\‘11L’c’I, sIl~qmxxl to 1)~ l(i,!2 

kct;, pw stxY~Ikd, 

1' = the! pv’?:Sllr~.!, hl’C0, or IICiLd, t0 )wOducc Silitj 

wlocit v, 
1 S tlkc IOikci Oil t1lC \\.11P(!l, 

‘l’h to M I, tllc Id, wc mist first fiutl p ; 
‘l‘hcn, 1,) 
‘rllcoI’cLkL VC’ : P : : YV : p. 

fhl I’--]) = 1 
VV]) = vvl’ 

WI’ 
I’ =-=t f 

vv 
1 = P-p = 12, tbc lod. 
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Which, in words at length, is the square of the docity 
of the wheel multiplied by the whole force, pressure or 
had of the water, and divided by the square of the 
wlocity of the water, quotes the pressure, force, or head 
of water, that is left unhnlanccd by the load to produce 
the velocity of the wheel ; which pressure, force, or head, 
wbtracted from the whole prcssurc, I’orcc, or licad, lcavcs 
the ioad that is on the wheel. 

As the square root of the wlmlo prcssurc, force or load 
i1.t equililk3, is to tllc v&city of tllc wiktcr, so is the 
squ;krc root of the difl’crencc, lwtwccu the Isnd 011 the 
wl~ccl, awl the load at cquilibrio, to tllc velocity of the 
WlM!l. 

LA v = velocity of the watcP = 32T4, 
1’ = pxsurc, force, hcwl or load at ccpilibrio f 

16, 1 = the load 011 the wIw.c1, suppos” 12, 
velocity of the wlml, 

‘ri,e,lvL; tlu.2 
‘l’licorcu~ ~1’ : V : : +Z4 : v -__- 

hi ~1' x v = V&A : v 

vy&-1 
v= = lG,2 

i 
The vclcrcity of 

VP 
the wheel. 

Tlknt is, in words at length, the velocity of the water 
3~~4 multiplied by the square root of the ditfereuce, he- 
twxrk the load on the wheel, 12, and tlic load at crpili- 
l)rio 16 = 2 z ti.1,8 divided by the squaw root of the load 
;I t quilibrio, quotes 1 G,?, the velocity of tlic wlwcl. 

Now, if wc wclc for t.he inasiruuui, by eitlicr of time 
thcorms, it will bc found as in the scale, &ig. 19. 
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Perhaps here may now appear the true cause of the 
error in the old theory, Art. 34, by supposing the load 
on the wheel to be as the square of the relatwc velocity 
of tlw water and wheel. 

And of the error in what I have called the new theo- 
ry, by supposing the load to be in the simple ratio of 
the dative or striking velocity of the water, Art. 38; 
w!wons it is to be found by neither of these proportions. 

3kit.h tllc old nor the new theory ngrccs with prac- 
t ice; ~hcwforc WC may suspect they are both founded in 
CPI’Ol-. 

ht if what I call the true theory r;l~ould be found to 
accord wit la cspcriencc, the practitioner need not be 
much conccrncd on what it is founded. 

ARTICLE 14. 

Q)’ t71c: i’lha:itt~m~ TXoci/jj for Omwl~ol Whcls, or fhsc 
tJtrrt (7rc moved bg rltc IlT;.grlt of rlro Irutcr. 

l3cfim I clisniiss the snl+xt of maximwus, I think it 
l)eFt. to ccwidcr, whctllcr this doctrine will apply to the 
miotion ot the overshot wliccl. It seems to be the .gcnc- 
ml o!Pirlioll of t.!iosc wlio cont;idcr the matfcr, that It will 
Itot ; Imt tllilt tlic slower tlw wheel moves, provided it lw 
cn!xkow Cnough to hold all the water, without lorzing 
ilIly rmtil it ‘1X tlclivcrcd i1\. tllc battON of thC WIICCI, the 
gmlter will lx the cfl’cct, which appears to bc the casct 
in tlwcy (WC Art, 36,) but how l&r this theory will hold 
gootl irl !~l*ilCtiCC? is to 1x2 considcrcd. IIa\ing met with 
the ingcllious James Snwnton’s cspcrinxnts, where hc 
sl10ws tlliat when the circunifcrcncc of his little ~~licel~ 
of 24 inches diamctcr, (hcnd B inches) moved with about 
3,l feet per second (altl~oqh tllc greatest cffcct was di- 
minishcd about & of the w!iolc) he Ol~taincd the best cf- 
feet with n stcndy, rcgulnr motion. lTcncc hc concludes 
rhout tlwc feet to be the lwst velocity for the circum- 
f’crcnw of owrehot mills. See Art. (23. I undcrtooli t0 
~Ot~l~Ii~1’C this tllcory Of Ilk witll the best mills in plWtiCC9 

ci 
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and finding that those of about 17 feet diameter gencral- 
1~ moved about 9 feet per second, being treble the vclo- 
iity assigned by Smcaton, I began to doubt the theory, 
which led me to iuquirc into the principle that moves an 
overshot wheel; and this 1 found to be that of a body de- 
sceuding by its gravity, and subject to all the laws of Ml- 
ing bodies (Art. 10,) or of bodies dcscendiug inclined 
plnncs, and curved surfaces (Art. 11;) the motion being 
equably accelerated in fhe whole of its descent, its velocity 
being as the square rolot of Ihcdistrtnce dcsccndcd through; 
and, that the diutnetcr of the wheel was the distance 
through which tllc water dcsccndcd. From thence I 
concluded, that the velocity of the circumfcrcncc of 
ovcrstiot whecla was as the square root of their &am+ 
tcrs, and of :lIc distance the water has to dcsccnd, if it 
be a breast or a pitch-back wticc!t : then, taking Sfm3-b 

t.on’s cspcriuncnts, with his hxl of two feet diamcfcr, 
fbr a fOlliic.liltioll, I say, as tlrc PqIIaI’c root Of tllc dinriic- 
fcr of Suwaton’s wlwel is fo its masinmi~ wtocify, so 
id t’llc SqWIPC root of ttlC (tiilIM!tPl’ Ot’ ;111$ 0th \\‘ll~Tl, t0 

it.+ mnsiumul wlocity. I!pn thcsc priucil’rtcs I 11iwf~ 

C!iIl~*Uli\tC!d t\W rOllOWillg talk, :Illd hnvir~~ CollltXIWd it 
wit11 at lcnst 50 inill~ in twwficc, hund-it to i~grcw so 
Ilendy with all t.llOsC I.wst. cotlstrllctcd, tllilt I 1MVC rc:ksou 
to I~elicvc~ it is fountlcd on true twiuciptcs. 

lf‘ nn overshot \vtwc1 IllO\‘C lk!l~, wit.tmart rc&tnlK!c. 
it will rcquirc iI IllCall vctocily h?tW!Cll. that Or tlw Wii- 

tcr c!oGg 011 ttic wliwl, rwl tlic! gwntcst velocity, it 
wmltl iwtuiro, by hlling liwt~ fhrougti ifs ukh ctc- 
kXX!llt : ttlr!WhlT, this llK!:lII wlocity Will 1X? glT.iItc~l* ttlill1 
tllc wlocitp of tlac WiItPr mn~ii~g 011 tllC WllCcl ; COIIsc- 
r]llclltI~, tllC tXlCl<S Of tllc t~Wlic~fs \\.ill overtake tile Wtl- 

fcr, and drive :I grcitt part. 01‘ it out of tlw wtlccl. hit, 
tl~c wtocity of ttlc \vntcr king E1Ccctc~i~tcd by it a pa- 
vity, ovcrt;ikcs the w11ccI, p~~rhnps hnlf way down. and 
prcsscs on the bucltct~, ulltit it lcavcs the ntm4: ttrcrc- 
fore the water prcssca htlw 1lpo” the buclwts in the 

lower than in ttlc upper qlIi\rtCr of the wheel. 91, ncc 
;tppCilrS the lTI\SOII Why SOIxIc ~\tlcCls CiIst tlwir W:IlCr' : 

which is alwnys tlw case, wticn the hoad is not wfticknt 
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to give it velocity enough to enter the buckets. But 
this depends also much on the position of the buckets, 
and the direction of the shute into them. It, however, 
appears evident, that the head of water above the wheel, 
should be nicely adjusted to suit the velocity of the 
wheel, Here we may consider, that the head above the 
wheel acts by percussion, or on the same principles with 
the undershot wheel ; and, as we have shown, (Art. 40) 
that the undershot wheel should move with nearly %3ds 
of the velocity of the wtlter, it appears, that we should 
allow a head over the wheel, that will give such velocity 
to the water, as will be to that of the wheel, as 3 to 2. 
Thus, the whole descent of the w-a&r of a mill-seat, 
should be nicely divided between bead and fall, to suit 
each other, in order to obtain the best effect, and a 
steady-moving mill. First, find the velocity with which 
the wheel will move, by the weight of the water, for any 
tliumctcr you may suppose you will take for the whizI, 
and divide said velocity into two parts; then try if your 
hcnd be such as will cause the water to colne on with a 
velocity of 3 sucll part,, q making due allowances for the 
friction of the water, according to thCh apcrturc, See Art. 
55. Then, if the bucltcts and the direction of the shutc 
be right, the IAce1 will rcccivc the water well, and move 
to the best advantage, keeping a steady, regular motion 
when n.t work, loatlcd or clrargcd with a resistance equal 
to 2-&h of‘ its power, (Art. 4 I, 42.) 
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A TABLE 

OF 

‘VELOCITIES OF THE CIRCXJMFEREXCE 
OF 

OYERSHOT WHEELS 
Suitable to their Diameters, or rather to the Fall, after the Water strikes the 

Wheel; and of the head of Water above the Wheel, suitable to said Velocities; 
nlso of the Number of Revolutions the Wheel will perform in a Minute, when 
rightly charged. 
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This doctrine of masimums is very interesting, and is 
to be met with, in many occurrences through life. 

1. It has been shown, that there is a maximum load 
and velocity for all engines, to suit the power and velo- 
city of the moving power. 

2. There is also a maximum size, velocity and feed 
Qr mill-Ftones, to suit the power; a maximum velocity 
for rolling screens, and bolting-reels, by which the great- 
est work can be done in the best manner, in a given 
time. 

3. A maximum degree of perfection and closeness, 
with which g&u is to bc manufactured into flour, so as 
to yield the greatest profit by the mill in a day or week, 
and this maximum is continually changing with the 
prices in the market, so that what would be the greatest 
profit at one time, will sink money at another. See 
kt. 1 EL 

4. A masimum wzigllt for mallets, axycs, sledges, kc., 
according to the strength of those that use them. 

A true nttentiou to the principles of maximums, will 
prcvcnt us from running into many errors. 
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CHAPTER III. 

HYDRAULICS. 

PRELIMINARY REMARKS. 

THE science which treats upon the mechanical pro- 
perties and effects of water and other fluids, has most 
commonly been divided into two branches, HYDROSTA- 
TICS and HYDRAULICS. .&clros!a~ics treats of the weight, 
pressure, and equilibrium of fluids, when in a state of 
rest, Hydmvlics treats of water in motion, and the 
means ot raising, conducting and using it for moving 
machinery, or for other purposes. These two divisions 
are so iQtimate!y connect4 with each other, that the 
latter could not be ai’all understood without an acqunirrt- 
nnce with the former; and it is not necessary, in a work 
like the present, to treat of them separately. Considered 
abstractedly, the same laws obtain in the pressure and 
motion of water, as those which belong to solid bodies, 
and in the last chapter, on Mechanics, this similarity has 
led to some notice of the effects produced by water, 
which, strictly speaking, would belong to the present. 
In doing this, utility has been prcferrcd to a strict ndhc- 
rencc to system. 

In treating of the clemcntary principles of Hydrau- 
lics, it is necessary to proceed upon theoretical prin- 
ciples : hut let it always be recollected that from various 
causes resulting froni the constitution of fluids, and par- 
ticularly from that essential property in them, the per- 
fect mobility of dheir particles among each other, the 
phenomena actually exhibited in nature or in the pro- 
cesses of art, in which the motion of water is concerned, 
deviate so very considerably from the deductions of thc- 
ory, that the lnttcr IilllSt he considered as a very impcr- 
feet guide to the practical mill-wright and engineer. It 
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is not to be inferred from this circumstance, that such 
theoretical investigations are false and useless; they are 
still approximations, which serve as guides to a certain 
estent. Their defectiveness arises from our inability to 
form an estimate of the many disturbing causes which 
influence the motion of fluids ; whilst in the mechanics of 
solids we have, in many cases, no other correction to 
make in our theoretical deductions, than to allow for the 
c&ect of friction. 

~6 The only really useful method of treating a branch 
of knowledge so circumstanced, is to accotnpany a very 
concise account of such general principles as are least 
inapplicable to practice, by proportionately copious de- 
tails of the most accurate experiments which have been 
instituted, with a view to ascertain the actual circum- 
stances of the various phenomena.” (Imdrxv~‘s llydro- 
strr/ks.) Such has been the course pursued, to a conside- 
rablc c,vtcnt:, by the author of this work, and in pursu- 
iug this sub,ject, under the present head of Ilydraulice, 
WC shall consider only such parts of the science as im- 
n~edintely relate to our purpose, namely, such as may 
lend to the better understanding of the principles and 
powers of water, acting on mill-wheels, and convc$ng 
water %o them. 

ARTICLE 45. 

OF SPOUTING FLUIDS. 

Spouting fluids observe the following laws: 
1. Their velocities and powers, under equal pressures, 

or equal pcrpendiculor heights, and equal apertures, are 
cc-pal in all cases.* 

2. Their velocities, under different pressures or per- 
pendicular heights, are as the square roots of those pres- 

t * It makes no difference whether the water stands perpendicularly, or inclined 
above thr npcrture, [see Plate III. A,. rr !22,] provided the perpendicular height be 
thr same; or whether the quantity be great or small, provided it be sulficient to 

f keep the fluid up to the same height. 
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sures, or heights, and their perpendicular hci$ts, or 
pressures, arc as the squares of their vclocitics.* 

3. Their quantities espendcd through equal apertures, 
in equal times, under unequal pressures, arc as their vc- 
locitics sitnp1y.t 

4. Their pressures or heights being the same, their 
effects arc as their quantities expcudcd.$ 

5. Their quantities cs1~eth.l being the same, their 
cfkcts arc as their pressure, or licight of their head di- 
rectly. 5 

6. Their instEnt forces with equal apcrturcs, arc as 
the squares of t!lcir velocities, or as the 1Icigllt of their 
lmds directly. 

7. Their ctkcts arc as tlkr quantities, multiplied into 
the sqwms of their vclocitics.~~ See Art. 46. 

8. ‘l’I~crcforc, ttwir cllixts or powcr~ with equal apcr- 
turca, iwc as the cubes of their vul0citics.T 

* Tliis law is similar lo the 4th law of firllin:: bodies, their vclnritiPs being as 
IhC SlIllilrC IWOt Ol’ tllpir SpOCCS pssml tlll3~llgll; ~111~1 Iby c~xpritrirtit il is 1~110wn, 

: I~at walrr will rp\tt L’rom unclcr 11 four rtict E~iul, with it v’rnlclcity ul It;,:! tt9bt p’r 
Pl!(‘L)Il~l, ill\\! I‘UOlil llll~l~‘1’ Zl I ti fccbt l]G11fj, 32, 1 FL’PI ]Wl htWuI~l, whkh id rb11lv dollhlc 
10 tllilt l)E il *I Ii'd!t Ill’illl, altlllblJ~j~ t)i(*I.Ls IBe il C~llil~llu~llC I~l’~‘Sdlll‘~‘~ ‘I.lIl’l.(‘l;brP, by 
this lil!Vy \\‘I’ (!i\ll lilltl tll(! velocity Of \Viltc’r spittin: I’Ttllll IIII~ICI. ally civtbri Ill’iItl: 

for as tli(l scluilr~! root 01’ 4 eq11a1 2, is to It;,2 its velocsity , ro is 111~ rcl112rc root of 

Iii CI~IKLI 4, to 32J sqnnrcd, to 16, its head : by which ratio we ci\ll (id tile head 
that jvill pro~luc’c ally vrlocity. 

t 1 t is cviilciit, that a cl011\1lc velocity will vent a cloi~l~le quantity. 
$ II‘ tll0 p1‘~~sSllW be equal, the vrlocily milht IW Wllliil; and it is cvidcnt, that 

llorll,lP c]\lnnt it j’, witli qual velocity, wiil pr01I1iCc n iloiil)le cfkrt. 
4 ‘I’lliLl is, ir‘ tVC Sllpl~os~ Iti cubic fivt of \V;ltvr t0 issue I‘rom lll~~lrr ;L 4 ftvt h@i\d 

in i\ SCCOllll, i\llCl ill\ l!t1\l;\l clllnlrtity to issue in tl\U SillllC time 1’FOlIl mhbr i\ Iti feet 
lll’illl, IIII~II t Iwir etlkts Will lw 1;s 4 to 11;. IlIlt W: IllWit note, tllot 1110 ilpt?rtllrt! 
ill t Ill’ IilSt CikYf!, tIlll?it IjO Wly llill(‘tBT tlK\t in 1111’ lirit, i\h thrb velocity wili \W lltlt\blt?. 

I! ‘I’liis is cbviclclit I’rolli this COllsi~lc~riltic~ll; tlnincl~: Ilint n ~lilmlrlll~l~~ inlpilsc Is 
WCllli Wll to prodll~‘v n tloillblu velocity, Iby la\% ’ 2~1, whew 1110 vt~locitivs iIre as thtb 
Srllli\rl’ WOtS Ol’ their Ill?idS : tll~rcfore tllbir clfc?CtS tlJtlS1 IC i\S the SqklillIS OC their 
vvlocit iw. 

!I ?‘IIP cfX,cts of striking fluids with qua1 apertures arc as the ruhes of their 
vrlocitirs, for the follo\ving rensons, namely : 1st. It’nn cqual quantity strike 
with d~~hle velocity, the etl’ect is ~t~i\drllpl~~ on that acrc,itnt by the 7th li\\v; antI 
a double velocity expends it donble quantity by 311 law; therefore. the rlkct is 
augmented to the cube of the velocity .-The theory for undershot wheels agrees 
with this law alao. 
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9. Their velocity, under any head, is equal to the ve- 
locity that a heavy body would acquire iu Mling from 
the same height.* 

10. Their velocity is such, under any head or height, 
as will pass over a distance equal to twice the Ileig$t of 
the lw~d, in a horizontal direction, in the titnc that a 
heasy body fi~lls the distance of the height of the licacl. 

11. Their action and reaction arc equal.? 
I?. They being non-elastic, communicate only half 

their real force by impulse, in striking obstacles; but by 
their gravity produce efYects equal to elastic or solid 
bod ics.$ 

A SCALE. 

Founded on the &I, Gth, arid ;‘th Inws, showin, m the C&CC3 Of strikiag Fluids with 

dillirent Velocities, 
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* l’11s falling body is nctcd on by the whole force of its own vnvity, in 1hv 
wl1011~ ol‘ its dcsccllt through any space; ml th(l whole sum of this act ion that is 
;Icquircd as it arrives at the lowest point of its fall is equal to the ~~W~III’C d the 
~1101~ Iwnd or perpendicular height above the issue ; therefore their velocities are 
equal. 

t That is, a fluid reacts back against the penstock with the same force that it 
issues agr;lillst the obstacle it strikes; this is the principle by which Barker’s mill, 
and all ~hnse that arc denominated improvements thereon, move. 

4 IVhcrr non-elastic bodies strike an obstacle, one half of their force is spent in 
a ItLfCrill ~lirwti0ti. in chnngin g their ligurr or in SplilSkiIl~ ahut. SW Art. 9. 

For \\‘iltlt of cliir cOnsi(lcrntiorl or l;rw\vlrtlgc ot’ thiz principlr, tnauy Itdve I)@l~ 
the wi0r.i fwnrriittecl by npplyiq sr \v;lter to act by impulse, when it WOuLtl hilve 
prOdUCd it 1loUblc effect by its gravity. 
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ARTICLE 46. 

DEMONSTRATION OF THE %‘H LAW OF SPOUTISG FLUIDS. 

Let A F, (plate III. fg. ~6,) p re resent a head of water 16 feet high, 
and suppose it divided into 4 ciXcrent heads of 4 feet each, as B C D 
E; then suppose we draw a gate of 1 foot square at each head succes- 
sively, always sinking the water in the head, so that it will be but 4 
feet above the centre of the gate in each case. 

Now it is known that the velocity under a 4 feet head, is IO,2 f&t 
per sc~oncl ; to avoid fractions say 16 feet, which will issue 16 cubic 
feet of water per second ; and for sake of round numbers, Ict unity or 
1 represent the quantity of a cubic foot of water; then, by the 7th law 
the c&t will be as the quantity multiplied by the sq:lare of the ve- 
locitv; that is, 1G multiplied by 16 is equal to 256, which multiplied 
I,- Ii;, the quantity, is equal to 4006, the cfF:ct of each 4 feet head, 
and 4006 mulrip’ied by 4 is equal to 1638,L, for the sum of ctfccts of 
ill1 tllC 4 feet. ‘IICOdS. 

‘I’llc~~, as tht$ velocity under a 16 feet head is 33,4 feet, Lo avoid frac- 
t ijl:)?j Sily 32, t,hc! gate must bn drawn lo only half thr: size, to vent the 
1 li i*lllk fwt of wntcr per sccoild 11s bctfwc ( bcc:riw the vdoc~ity ia 
tl~~rcl~l~ :) llwn to find the cffcct, 39 multiplied by 32 is equal to IO%1 ; 
\vliich. ml~ltiplicil by 16, the quantit! ‘, gives tilC Cli;?Ct lG’IJ4, Cqllill tllb 

Slllll 0t’ ill1 t.he 4 feet lIPails, which ilglW?S will1 th@ praclica ikIll CX- 

p~ricmx of the best I.cnchcrs. 131:t it’ their ClIi!CtS wcro ad their v(!Ioci. 
tit9 Simply, then the et’ti!ct at’cach 4 fwt Ill!ikll would hc, lti mul\iplicd 
iby lfi, “q”:‘l to 2X; which multiplirtl by 4, is cqu:ll to lOJ-I. t;bi+ the 
siiin of tlic ef’fccts of aII the 4 f&t hf~lds ; and 16 multiplied by 32 cq~id 

to 512, for the elkct of tlic 16 li:ct hCild, which is onty half of the ef- 
fclct of the same hcnd when divided into 4 parts; which is c0ntr:iry to 
I~olll cxpcrirlifxlt aiid reason. 

.hwill, Int IIY srrppose the 1~~1~ h of quantity 16, io bc perfectly 
ClilSliC, lo fall 1G fibct and atrikc I:, fl pcrI;‘ctIy PlilStiC l>lilllc\, it will 
(lb!. lil\vs of filllirlg botlios) striitc with a vclocily of 92 feet per sccon~l, 
illl~l riw l(; litot lo A :I~ilill. 

l:lII, il’ it. 1lilI only to II, .L t>cl, it will strike with a vcioeitv of 16 feet 
pnr qcsond, id r&t 4 tht to X :tg:kiu. lTt:rc the cl&t of ihc 16 feet 
hll is 4 tilllou the clkct of the 4 fwt fall, bCCUllW tiw body rises 4 titncs 
th hcligllt. 

But if we count the effiictivc momentum of their strokes to bc as 
their \.clocilics simplv, then 16 mrlltil~lied 1~~ 33 is “qua1 to 512, the 
monlentum of the 1G ?eet fall; ani! lti multipl&d by 16 is equal to ‘L56; 
which, multiplied hv 4, is equal to 102.4, for the sum of the II~OIW~~PUII~S 

ol’ tl~c strokes of 16 feet diviclcd into 4 equal ti~lls: which is absurd. 
Hut if we count their momentums to be as the squares of their velocities, 
tllr ctlkt3 will bo cqiial. 

2Iy:tin, it iu eridcrlt that whatever impulse or force is required to 
give a htlv wlocitv, the salno f0rcc or rcsistnncc will bc required to 
stole it ; tI;~wfore,‘if the implilsc! he II$ tlw square of the velocity pro- 
duccd, the tjrcc or rcsiataucc will bc as the sqiir~rc5 of the velocity 



CHAP. IlIe] HYDRMJLICS, 91 

&JO. But the impulse is as the squares of the velocity producec, which 
is evident from this consideration : Suppose we place ‘a light body at 
the gate B, of 4 feet head, and pressed with 4 feet of water; when the 
gate is drawn it will fly off with the velocity of 16 feet per second ; 
and if we increase the head to 16 feet it will fly off with 32 feel per 
second. Then, as the square of 16 equal to 256is to thssquareof 32 
equal to 1624, so is 4 to 16. Q. E. D. 

ARTICLE 47. 

THE 7TH LAW IS XN ACCORDANCE WITH PRACTICE. 

Let us compare this 7th law with the theory of undershot mills, es- 
tablished Art. 44 where it is shown that the power is to the effect as 
3 to 1, By the 7th law, the quantity shown by the scale, Plate II., to 
b.2 32,4 multiplied by 1049,76, the square of the velocity, which is 
equal to 3401,2124, the effect of the 16 feet head; then, for tho effect 
of n 4 feet head, with equal apertures, quantity by scale 16,2, multi- 
plied by 262,44, the velocity squared, is equal to 425,1528; the effect 
of’ a 4 feet head; here the ratio of the effect is as 8 to 1. 

Then, bv the theory, which shows that an undershot wheel \vill raise 
l-3d of tlie water that turns it, to the whole height from which it de- 
scended, the 1-3d of 32,4 the quantity, being equal to 80,8, multiplied 
by 16, perpendicular ascent, which is equal to 172,8 ef-i’ect of a 16 feet 
heu‘d: and l-3d of 16,2 quantity, which is equal to 5,4 multiplied by 
4, perpendicular ascent is equal to 21,6 effect of a 4 feet head, by the 
theory; and here again the ratio of the eflbcts is as 8 to 1; and, 

as 3401,‘2124, the efkct of 16 feet head, 
3 

by 7th law, is to 425,1R25, the effect of a 4 feet head, 
so is 1748, the effect of 6 feet head, 
to 21,6, the effect of 4 feet head, 

The quantities being equn’l, their effects as tho height of theie 
heads directly, as by 6th law, and as the squares of their velocities, as 
by the 7th Inw. Hence it appears, that the tteory agrees with the 
cstahlished laws. 

Application of the Lnws vf Motion to Undershot Wheels. 

To give a short and comprehensive detail of the ideas 
I have collected from different authors, and from the re- 
sult of my own reasoning on the laws of motion and of 
spouting fluids, as they apply to move undershot mills, I 
refer to fig. 44, Plate V. 

Let us suppose two large wheels, one of 12 feet, and 



92 HYDRAULICS. C CHAP, III. 

the other of 24 feet radius, the circumference of the 
largest will then be double that of the smallest : and let A 
16, and C 16, be two penstocks of water, of 16 feet head 
each, then,- 

1. ff we open a gate of 1 square foot at 4, to admit 
water from the penstrck A 16, to impinge on the small 
wheel at I, ,the water being pressed by 4 feet head, will 
move 16 feet per second (we omit fractions.) The instant 
pressure or force on that gate being four cubic feet* of 
water, it will require a resistance of 4 cubic feet of wa- 
ter from the head C 16 to stop it, and hold it in equili- 
brio, (but we suppose the water cannot escape, unless the 
wheel moves, so that no force be lost by non-elasticity.) 
Here equal quantities of matter, with equal velocities, 
have their momentums equal. 

2. Again, suppose we open a gate of 1 square foot at 
A 16 under 16 feet head, it will strike the large wheel 
at k, with velocity 32, its instant force or prcssurc being 
16 cubic feet of ~vatcr ; it will require 10 cubic fix% rc- 
sistnnce, from the head C 16, to stop or balance it. In 
this case, the pressure, or instant force, is qundruplc to 
the first, and so is the rcsistancs, but the velocity only 
double. In these two casts the forces anti resistances 
being equal quantities, with equal velocities, their mo- 
mentums are equal. 

3. Again, suppose the head C 16 to be raised to E, 
16 feet above 4, and a gate drawn 104th of a square foot, 
then the instant pressure on the float I of the small wheel, 
will be 1’1 cubic fixt, pressing on 104th of a SqUiLT43 foot, 

and will1 esnctly b&ncc 4 cubic feet, pressing on 1 
square LIoot from the hc?d A l(i ; and the wheel will ba 
in equilibria, (supposing the water cannot escal)e until 
the wheel moves as bef’orr,) although the one has power 
of velocity 32, and the otbcr only 16, feet per second ; 
their loads at equilibria are equal, conscqucutly, their 
loads at a maximum velocity and charge will be equal, 
but their velocities different. 

Then, to try their erects, suppose, first, the wheel to 
move by the 4 feet head, its maximum velocity to be 
half the velocity of the water, which is 16, and its mas- 
imum load to be half its greatest load, which is 4, by 
Waring’s theory j then the velocity I6t2 multiplied by 
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t.tie loa~l 4 + 2 = 16, the effect of the 4 feet head, with 
16 cubic feet expended ; because the velokity of the w-a- 
ter is 16, and the gate I foot. 

Again, suppqsc it to move by the 16 feet head and 
gate of 1.4th of a foot ; then the velocity 32+2 multiplied 
by the loild 4 + 2 = 32, the effect, with but 8 cu- 
bic feet expended, because. the velocity of the water is 
33, and the gate but l-4th of a foot. 

In t.his cast the instant forces are equal, each bsing 
4 ; but the one moving a body only 1-M as heavy as the 
other, ~r~.~cs with velocity 32, and produces efikct 33, 
while the other, moving with velocity 16, produces ef- 
fect 16. A doleble velocity, with equal instant pressure, 
produces a double effect, which seems to be according 
to the Kwtonian theory. And in this sense the mo- 
mwtunw, of baths in motion are as their qualities mul- 
tiplictl into their simple vclocitics, and this is what I call 
the instnnt moinciltunw. 

Iht when we consider, that in tlrs above cast it was 
the quautity of mnttcr put in motion, or water cslwnd- 
cd, lllilt prOdl1ccrl the CfiCCt, WC find that the clwmtity 
16, with velocity 16, produced cffcct Ifi ; while quantity 
S with v&city 32, prodUcct1 cfkct X2. lkrc the cf- 
fccts arc as their quantities, muhip!ictl into the squares 
of their vclocitics, and this I call the elkctivc momcn- 
t UI11S. 

A@], if the quantity espcndcd under each head 
h;1d IWCll CqWI, tlicir dh?CtS WOUld lli1Yc llCCl1 It, and 
G-1, which is as t.hc equnrcs of their vclucitics, 16 ant1 
32. 

4. Agrt in, s;uppse both wllccls to be on one draft . nnd 
let a gi~tc of 1-W of a sqwrc foot bc drawn at, 16 C, to 
strike tlw wllccl at I<, t,hc hwd being 16 l&t, the indent 
prcssurc on the gate will bc 2 cubic kct of \\‘i\tC1’, which 
is half of tlic 4 kct Iicad with 1 foot gate, from A 4 
strilhg at. I ; but. the 16 fc‘ct 11cnd with instant prcs- 
S!]I’C 2, nctilig on the ,nrcat. \vhccl, will btllancc 41 1kcbt on 
~IIC sl11i\ll O;IC, bccausc the lcwr is of hlh lcrlgth, and 
2lic \~~li(~l~ will bc in cquilibrio. Tlicn, by \\*ilriHg’S 
tllPOW, tllC glTiltC!St load Ot‘ the 1 G kCt 1lCWl IKhg 2, its 
.lOlbcl ht. il. l~~i~~illlrllll,~~~iill bc 1, and th velocity Ofthe \\‘a- 
tcr being 32, the masimum wlocity of the wheel will be 
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16. Now the velocity 16 x 1 = 16, the effect of the 16 
feet head ; and gate of l-&h of a fbot, the greatest load 
of the 4 feet head being 4, its maximum load 2, the ve- 
locity of the wate- * 16, and the velocity pf the wheel I!? : 
now 8 x 2 = 16, the effect. Here the effet:ts are equal, 
and here, again, the effects are as the insknt pressures, 
multiplied Into their simple velocities : anJ the resist- 
ances that would instantly stop them must be equal thcre- 
to, in the same ratio. 

But when we consider, tha.t in this case the 4 feet 
head espended 16 cubic feet of water, with .velocity 16, 
and produced effect 16; while the 16 feet be.ad espcnd- 
ed only four cubic feet of water, with velocity 32, and 
produced effect 16, we find that the effects are as their 
qunntitics, multiplied into the squares of their vcloclties. 

And when MC consider, that the gflte of I-8th of a 
qurwo foot with velocity 32, produced effects equal to 
the gate of’ 1 square foot, with velocity 16, it is evident, 
that if we make the gates equal, the effects wilt bc as 8 
to 1; t.hat is, the efkcts of spouting fluids, with equal 
apertures, arc as the cubes of their velocities ; because, 
their instant forces are as the squares of their velocities, 
by 6th law, dthui;gh the instant forces of solids arc as 
their velocities simply, and their effects as the: squares 
of their velocities, a double velocity does not duuble the 
quantity of a solid body to strike in the same time. 

ARTICLE 45. 

I THE IIYDROST.iTIC PARADOX. 

The prcseurc 03’ fluids is as their perpendicular heights, 
without any rcgnrd to their quantity; and their prcs~urc 
upwards is equal to their pressure downwards. In short, 
their prcssurc is every way equal, at any equal distance 
from their surface. 

In a vessel at’ cubic form, whose sides arxl bottom are 
equal, the? prcssurc on each side is just half the pres- 
sure on the bottom ; therefore, the pressure on the bot- 
I:OIN and sides is equal to three times the pressure on the 
bottom. 
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And, in this sense, fluids may be said to act with three 
times the force of solids. Solids act by gravity only, 
but fluids by gravity and prcssurc jointly. Solids act 
with a force proportional to their quantity of matter, but 
fluids act with a pressure proportional to their altitude 
only. 

To explain the law, lhat the pressure of fluids is as their perpendicular heights, 
let A l-l c I,, Plate III. fig. 23, be n vessel of water of a cubical form, w~rh B 
small tube, as II, tixed therein; let a hole of the same size with \hc tub be nrado 
at o, and covered with a piece of pliant lenther nailed thereon, so as to hold the 
water. Then fill the vessel with water by the tube Ii,clntl it will press upwards 
against the leather, and raise it in a convex form, requiring just as much weiglif 
to press it down, as will be equal to the weight of the water in the tube H. Or 
if we set a glass tube over the hole at o, and pour water therein, we shall hnd 
that the water in the tube o, must be of the same height as that in the tube 
H, before the leather will subside, even if the tube o be much larger rharr H; 
which shows that the pressure upwards is equal to the pressure downwards; IN- 
cause the water pressed up against the leather with the whole weight of the water 
in the tnbc! 1.1. Again, if we Iii! the vessel by the tube I, it wilt rise to ftrc same 
height in 1-t that it is in I ; the pressure being the snme in every purl of the vessel 
as if it Id hem fillet! by !“I; anal the pressure on the bo:tom af the Vrssol Will 
be the same, whether the tuba II bc of the whole size of the vessel, nr only one 
quarter of an inch diameter. 
the tvhnle top of the vclssrl 

For suppose 11 to be 14th of an inch dinmrter, and 
of lonther,ns st o, nnd WC pour wntcr down H, it will 

press the leather up with such force, that it will rcquiro n column of water of the 
whotc size of the vessel, and height of l-1, to cuusc the leather to subside. (2. E. 1). 

ARTICLR 4% 

PRACTICAL RESULTS OF TIII3 EQUAL PRESSVRE. 

AntI again, suppose WC rnnkc two holes in the vessel, one close to the bottom, 
and thr! other in the bottom, both of OIW size, the water will is;rre with equal ve- 
locity out of ench; this may be proved by hollling equal vessels under each, which 
will lx? lillotl in equal time; this shows that the pressure c-111 the sides and bottom 
is cqnal under equal tlistanccas froln the surface. Anrl this velocity will be the 
same jvhether the tttbc bc tilled by pipe I, or II, or by a tube the whole size of 
the VI~SSCIS, provided the pcrpcnrlicular height be equal in all cases. 

From \vhat has been said. it appears, that it makes no tlifTerence in the powers 
of \Yiltt!r in mill-wheels, whether it he brought on in an open for&y and per- 
pcndic*ular penstock, or down an inclining one, as I C; or under ground in aclosc 
trunk, in nny form that may bttst sIrit the situation and circumstances, provided 
that rho trunk be suflicicntly large to supply the water fast enough to keep the 
heat1 from sinking. 

This princiljle of the Ilydrostatic Paradox has sometimes operated in undrrshot 
mills, by pressing up against the bottom of the buckets, tbrreby destroying or 
counteracting, in grcut part, the force of impulse. Set Art . 59. 
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ARTICLE 58. 

c CHAP. III. 

The weight of a cubic foot of water is found, by cx- 
pcrieucc, tu be 1000 ounces avoirdupois, or Q2,5 Ibs. On 
the phciplcs csplained 1n Art. 4% nud 49, is founded the 
fi&nviug 

The area of the base or bottom, or any pnrt of a vessel, 
of wklteucr form, multiplictl by the greatest pcrpcndi- 
cdnr height of any part of the fluid, above the centre of 
he base or bottonl, whatever be its posititin with !he 
horixnn, produces the prcssurc on the bottom of said 
vcssl!l, 

PRQBIJm I. 
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ARTICLE 5 1. 

RULE FOR FINDING THE VELOCITY OF SPOUTING WATER. 

It has been found by esperiment, that -xater will spout 
from under a 4 feet head, with a velocity equal to 16,2 
feet per second, and from under a 16 feet head, with a ve- 
locity equal to 324 feet per second. 

On these experimenta, and the 2d law of spouting 
fluide, is founded the foilowing theorem, or general rub, 
for finding the velocity of water under any given head. 

THEOREM. 

As the square root of a 4 feet head (= 2) is to l&2 feet, 
the wlocity of the waler spouting under it, so is the 
square root of any other had, to the velocity of the w\‘fl- 
tur spouting under it, 

PiWRLE:hI I. 

Given? 111~ 1~3~1 of wntor 16 fed, required the wl0- 
city of WiltfJr spouting under it. ’ 

‘I‘hcn, as the square root of 4 (= 2) is to 16,‘2 so is the 
sqll”‘c root of 16, (= 4) to 32,:1- the wlocity of tlrc water 
under the ZG fcc?t llwl. 

ARTICLE 53. 

From the 1 st and 26 laws of spotlting fl,uids, (Art. 45,) 
tlw l.hcor~ for finding the mnsirnum chwgc nnd vcloci- 
ty of undcrsl~ot whcCls, (Art. 41,) and from the princi- 

7 
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pie of non-elasticity, the following theorem is deduced 
for finding the effect of any gate Brawn under any gkcn 
head upon an undershot water wheel. 

THEOREM. 

Find by the theorem (Art. SO,) the instantaneous prcs- 
sure of the water, which is the load at equilibrio, and 
Wrls thcrcuf is the maximutn load, which, multiplictl by 
,577 of the velocity of the water, under the giwn hca~l, 
(found by’ the thcorcm, Art. 51,) produces the c&t. 

PROBLEM. 

Given, the head 16 feet, gate 4 feet wide, ,25 of a 
foot drawn, rquircd the ef5cct of cln undershot wlwl, 
per SCCOrld, ThC! rucasurc! Of thC fi?ffiCt t0 b6 tlK? qUillI* 

iity, multiplied into its distance moved (velocity,) c.x 
into its pcrpcndicuiar ascent. 

Then, by the thcorzm (kt. 50) 4 x $5 = 1 square root 
(the nrca of the gate) x 16 I 16 the cubic feet prcsuiug ; 
but, for the sake of round uunkxs, WC call each cuLlc 
foot I., and although 32,4 cubic feet strike the wheel per 
second, yet, on account of nowelasticity, only 16 culk 
feet is the load at rquilibrio, and 2-6ths of 16 is 10,666, 
tlw msiuuun load. 

Thcll, by thcorcm (Art. 51) the velocity is X,-l ,5Y 
of which is = l&71, the! 1WISilllllll\ velocity of llrc wlkc~C! 
iy 1 O,GG, the load = 1!)!),*1, rhc cllkt. 

‘I‘lk iIglW?S with Stllclltr~u’S obacrwtion~:, \\.lwr<b 112 
snys, (Art. 67,) LG It I. ‘3 soulo\vIrtjt rcuwkablc, tllilt tl1(-,;1!:!! 
the wlocity of the wheel iu rclatiou to tlx wlwil7 01’ 
the wter, turns out to bc more thiln l-3& yet al!~~‘i:~l- 
p!W Ot‘ thC Wiltcr, in C!ZkSC Ot‘ thC lllilSilllIlill, is l??<~R\ Ill;! iI 

dorhle of what is nsGg;wd Iby fl:eory ; that is, itwtcwl 4 
4-!)tlH Of th colrlinr~, it ia ll(‘ilrly CqIl,?l t0 tllc wlmh! (‘I:- 
11111111,” IIcncc, I conclude, fh:bt nowelasticity do!+ rw.t 
op~~~tc so much ng:tfuSt thi 5 ;IppliCiltioII, IIS to wll:(‘:! 
t\lf! Itjild to bc ICSS fllall ?-Ztl~-. And when wi: con-iilcl!*, 
tlliIt. 32j4 cubic feet of wtor, or a colurun 22,.1 I;lc:t 
loug, strikes the wheel, whi-lc it moves only 18,X fwt, 
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the velocity of the wheel being to the velocity of the 
water as 577 to 1000, may not this be the reason why 
the load is just 2-3ds of the head, which brings the ef- 
feet to be just ,38 (a little more than l-3 of the power?) 
This I admit, because it agrees with experiment, al- 
though it be difficult to assign the true reason thereof. 
See Annotation, Art. 42. 

Therefore, ,577 the velocity of the water = 18,X, 
multiplied by 2-3ds of 16, the whole column, or instan- 
taneous pressure, pressing on the wheel-Art. 50- 
which is 10,6G produces 199,4, the eXect. This appears 
to be the true effect, and if so, the true theorem will be 
as follows ; namely : 

TMEORE M. 

Find by the theorem Art. 50, the instantaneous pres- 
sure of the wat.er, and take %3ds for the maximum load; 
multiply by ,577 of the velocity of the water-which 
is the velocity of the wheel-and the product will be the 
eKect, 

Then 1G cubic feet, the column, multiplied by 2-3ds 
= 10,66, the load, which multiplied by l&71, the velo- 
city of the wheel, produces 199,4, for the effect ; and ii’ 
we try difl’crent heads and dilt‘ercnt apertures, we find 
the cl%:cts t.o bear the ratio to each other, that is agree- 
able to the JWS of spouting fluids. 

ARTICLE 53. 

WATER APPLIED 0N WHEELS TO ACT BY GRAVITY. 

When flrlids ilre appkd to act on wheels to produce Cf- 
ft-xts by their gravity, they act ou ycry dill’ercnt princi- 
plcs from the fdregoing, producing double cirects to kvhat 
they do 1~~ percussion, a.nd thcu their powers are dircct- 
ly is t,h& quantity, or weight, rnuttiplicd into their pcr- 
pend i cular dcsccn t. 
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DEMOK’STRATION. 

Let D. B. fig. 19, Plate III. be a lever, turning on 
its centre or fulcrum A. Let the long arm A B repre- 
sent the perpendicular descent, 16 feet, the short arm 
A D a descent of 4 feet, and suppose water to issue from 
the trunk I?, at the rate of 50 Ibs. in a second, falling 
into the buckets fastened to the lever at B. lSow, from 
the principles of the lever, Art. 16, it is cvidcnt, that 
50 Ibs. in a second at D, will balance 200 lbs. in a se- 
cond, at D, issuing from the trunk G, on the short arm; 
because 50 x 16 = 800, and 4 x 200 = 800. Perhaps 
jt may appear plainer, if we suppose the perpendicular 
line or diameter F C, to represent the descent of 16 feet, 
nud the diameter G I a descent of 4 feet. Dy the laws 
of the lever- ,4rt. H-it is shown that to multiply 50 
into its perpendicular descent 16 feet or distance moved, 
is = 200 multiplied into its perpendicular dcsccnt 4 feet, 
or distance moved ; that is, 50 x 16 = 0,011 x 4 = 800 ; 
that is, their power is as their quantity, multiplied into 
their perpendicular descent ; or, in other words, a fall of 
4 feet will require 4 times as much water, as a fit11 of 1G 
kct to produce equal power and effects. Q. E. D. 

Upon these principles is founded the following simple 
theorem, for measuring the power of an overshot mill, 
or of a quantity of water, acting upon any mill-wheel by 
its gravity. 

TIIEOREM. 

C’nusc the water to pass along a regular canal, and 
multiply its depth in feet and parts, by its width in feet 
and parts, for the area of its section, which product 
nmltiply by it s velocity per second in feet and parts, 
and the product is the cubic feet used per second, which 
multiplied by 62,5 lbs. the weight of one cubic foot, 
l~roduccs the weight of water per second, that falls on 
the wheel, which multiplied by its whole pcrpcndicular 
dcsccnt, gives a true mcasurc of its power. 
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PROBLEM I. 

Given a mill-seat with 16 feet fall, width of the canal 
5,333 feet, depth 3 feet, velocity of the water passing 
along it Z,O3 feet per second, required the power per 
second. 

&Then, 5,333 x 3 = 15,999 feet the area of the section 
of the stream, multiplied by $03 feet, the velocity, id 
equal 32,4 cubic feet, the quantity per second, multi- 
plied by 62,5 is equal 2025 lbs. the weight of the water 
per second, multiplied by 16, the perpendicular de- 
scent, is equal 32400, for the power of the seat per se- 
cond. 

PROBLEM II. 

Given, the pcrpcndicular descent 18,3 width of the 
gate %,GG feet, height I,45 of a foot, velocity of the water 
per second issuing on the wheel, 15,76 feet, required tho 
power. 

Then, 2,4iG x ,I& = ,3857 the area of the gate, x 15,X 
tl1c velocity = 6,178 cubic feet expended per second, 
x G2,5 = 335,s lbs. per second, x 18,3 feet perpendicular 
dcsccn t c 6877 for the measure of the power per second; 
which has ground 3,75 lbs. per minute, equal ,375 bush- 
cla in au hour, with a five feet pair of burr stones. 

ARTICLE !jd. 

INVESTIGATION OF THE PRINCIPLES OF OVERSHOT MILLS. 

Some have asserted, and many believed, that water 
is applied to great disadvantage on the principle of an 
overshot mill; because, they say, there are never more 
than two buckets, at once, that can be said to act fairly 
on the cud of the lever, (as the arms of the wheel are 
called in these arguments.) But we must examine well 
the laws of bodies dcsccnding inclined planes, and curved 
s11rfi1ccti. see Art, 11. This matter will be cleared 
up, if WC consider the circumfcrcncc of the wheel to 
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be the curved surface; for the fact is, that the water acts 
to th,e best advantage, and produces effects equal to what 
it would, in case the whole of it acted upon the very end 
of the lever, in the whole of iis perpendicular descent, 
The want of a knowlcdgc of this fact has ted to many 
fatal errors in the application of water. 

Let A B C, Plate III. fig. 20, represent a wafer- 
wheel, and F H a trunk, bri$ng water to it from a 
16 feet head. Now suppose F G and 16 I-1. to be two 
penstocks under equal heads, down which the water dc- 
sccncls, to act on the wheel at C on the principle of an 
undershot, on opposite sides of the float C with equal 
apertures; it will bc evident from the principles of 
hydrostatics, shown by the pnrndos, (Art. 48, and the 
first lam of spouting fluid:., Art. 45,) that the impuh 
and prcssurc, will be equal from cac’tr pcnstocl; rc~pcc- 
tivcly. Although the one be an inclined plane, and the 
other a perpendicular, their forces arc eqnnl, hecnnsc 
their perpendicular heights arc so; (Art. 48,) therefore, 
the wheel will remain at rest, bccausc each side of the 
float is prcsscd on ,by a column of water of equal size and 
height, as rcprescntcd by the lines on each eidc of the 
float. Then, suppose we shut the pcnstocl; F G, and 
Ict the water tl0wn the circular one r s which is close 
to the point of ,thc bcckcts; t.his mnkcs it obvious, from 
the same principles, that the wheel will be held in 
cquilibrio, if the columns of each siclc 1x3 equal. For, 
althou,nh the colutrw in the circular pcnstock is longer 
than the pcrpondiculnr one, yet, because part of its 
n-tight prcsscs on the lower side of the pcnstock, its 
prcssurc 011 the float is due only to its pcrpcndicular 
height. 

Then, again, suppose the column of water in the circu- 
lar pcnstock to bc irHantlv thrown into the burkrts, it 
is cvidsnt that the ~Iuxl \\:ill bc still held in cquililnio, 
nnd each bucket will then bear a proportional part of the 
column that the bucket C bore before; and that pnrt of 
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the weight of the circular column, which rested on the 
under side of the circular penstock, is now on the gud- 
goons of the wheel. This shows that the effect of a 
strcarn,. applied on an overshot wheel, is equal to the ef- 
feet of the same stream, applied on the end of the lcvcr, 
in it,s whole perpendicular descent, as in fig. 21, whcrc 
tJlc water is shot into the buckets fastened to a strap or 
chain, revolving over two wheels ; and here the whole 
force of the gravity of the column acts on the very end 
of the lever, in the whole of the descent. Althou$ the 
lengtla of the column in action, in this cast, is only 16 
feet, whereas, on a 16 feet wheel, the length of the 
column in action is 25,15, yet their powers are 
eq11”l. 

Again, if WC divide the half circle into three archc~~ 
Ah, bc, cc’, the ccntrc of gravity of the ripper and Jowcr 
nrchcs will fall near the point a, 3,9 feet from the ccn- 
trc of motion, and tlx ccntrc af gravity of the miitltllc 
arch, ucnr the point 0, 7,G feet from the ccntrc of mo- 
tiorl. Now, cacli of tl~cse nrclics is ,9,38 feet, and f&35 
x 2 x 3,9 = G!43G, and 8,38 x 7,G feet, = G3,07, which two 
products nddcd = 128,43, for the momentum of tlic cir- 
cular colrw-m, by the laws of the lcvcr, nud for the pcr- 
pcntliculnr column 1G x 8 the radius of the wheel = 128, 
ILr t.Jw rnomcntum; by which it appears, that if WC could 
tlctcrminc the csact Jloints on which the arches act, time 
rnomcntums would be cqr~nl : all which shows, that t.hc 
po\vc’r of wnl:c?r on overshot wheels, is equal to the 
whoJc pow3 it can any way J)rodiices through the whale 
01’ its J~crpcli2diculilr tlC!SCCllt, cSCcJ1t Wl1a.t Illil~ bC lost t0 
Ol~til.iIl vrlocity, (Art. 4 I,) overconic friction, or by spill- 
ing il part, of the \yatcr bcforc it gets to tJlc bottom of tile 
wl~ccl. (2. I-I. D. 

I may add, that I have mndc the f4lowing cspcri- 
mcnt ;*nnii~cJy: I fixed a truly circular wheel on nice pi- 
vot5, to avoid friction, and took a cylindrical rod of thick 
I\‘ i IT, clotting One: piece eYfict1.V tile Icl~$ll Of llillf tllC 
circr~n~!brcI~cc of t.hc ~1x321, and fastening it to one side, 
close to t,l:c rim of the whc:cl its wholu lcrrgth, as at G S 
r a. I t.hcln took another piccc of the smnc Grc, of a 
Jcl@h oqu:~l to tlic dininctcr of the wheel, and hung it 
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on the opposite side, on the end of the lever or arm, as 
at 5, and the wheel was in equilibrio. Q. E. D. 

ARTICLE 5% 

ON THE FRICTION OF THE APERTURES OF SPOUTIKG FLUIDS. 

The doctrine of this species of friction appears to be 
as folio ws :- 

1 The ratio of the friction of round apertures, is as 
their diameters, nearly ; while the quantity expended is 
as the squares of their diameters. 

2 The friction of an aperture of any regular or irre- 
gular figure, is as the length of the sum of the circum- 
scribing lines, nearly ; the quantities being as the areas 
of the aperture.” Therefore, 

3. The less the hcnd or pressure, nnd the larger the 
aperture, the less the ratio of the friction; thcreforc, 

4. This friction need not bc much regarded, in the 
large openings or apertures of undershot mills, whcra the 
gates are from 2 to 15 inches in their shortest sides; but, 
it very sensibly affects the small apcrturcs of high over- 
shot or undershot mills, with great heads, where their 
shortest sides arc from five-tcnthsof an inch to two inches.? 

* This will plainly nppcor, if we cons&r that the frict:on does sensibly re- 
tard the velocity of the tluid to a certain distance; say halfnn inch from the side 
or ctl~o of the nprturc, towards iI8 ccntrc; nnd we mny reasonably eonrlu~le, thur 
this tlistmlce will be nearly the same in B 2 end 19 inch aperture; 80 that ia the 
2 inch npertnre, a ring on 11~ uutdc, hnlf nn inch wide, is censibly rctnrdctl, 
which ia nhout 34th~ of the whole: while, in the 12 inch aperture, there is R ring 
on tho outside half nn inch wide, rctnrtlcd about one sistb of its whole area.. 

t This 8ecms to be pruvcd by Smcnton, in his csperimcnts; (see tnbh?, Arf;. lit;) 
where, when the bend wns 33 inches, the sluice smell, dmwn only to Ihe Is,t hole, 
the velocity ~38 only such QS is assigned by theory to a head of 15,% inc!~es, 
which he cnlls v::tunl herd. BII~ when the sluice was larger, clraw~~ to the Gth 
hole,and head 6 inches, the virtual head was 5,33 inches. But seeing there is no 
theorem, yet tliscovcrcd, by which we can truly determine the &ntitv 03 :ffect of 
the friction, according to the size of the aperture, nnd height of the h&l; we enn- 
not, therefore, by the csrnblishrd lnws of hydrostatics, determine csactly the velo- 
city or quantity expended through any small aperture; which renders the theory 
in these cases but little better than conjecture. 
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ARTICLE 56. 

OF THE PRESSURE OF THE AIR ON FLUIDS. 

Under certain circumstances, the rise of aaicr is 
caused by the prcssure of the air on the surface of its 
reservoir, or source ; and this pressure is equal to that of 
a head of water of about 333 feet perpendicular hc$$t ; 
under which pressure or height of head, the velocity of 
spouting water is 46,‘?3 feet per second. 

If, therefore, we could. by any means take off the prcs- 
sure of the atmosphere, from any one part of the surface 
of a fluid, that part would spout up with a velocity of 
46,73 feet per second, and rise to the height of335 feet 
nearly. 

All syphons, or cranes, and all pumps for raising wa- 
tcr bj* suction, as it ia called, act on this principle.-Let 
f q, 23, 1’1, III, rcprcscnt a cask of aatcr, with a syphon 
thcrcin, t,o extend 335 feet above the surface of the wa- 
tcr in t.hc cask. Now, if the bung bc made pcrl‘cctly 
air-tight round the syphon, so that no air can get into 
the ca&, and the cask be full, and if all the air be then 
drawn out of the syphon, the fluid will not rise in the 
syphon, because the air cannot get to it to press it up ; 
but tnkc out the plug l’, and let the air into the cask, 
to 1~~s on the surface of the Water, and it will spout up 
the short log of the syphon El A, \*ith the same force 
and velocity, as if it had been pressed with a hcnd ai 
water 33Jj feet high, and will rim into the long leg and 
fill it. Ii’ we then turn the cock c, and let the water 
ruu out, its weight in the long leg will overbalance the 
weight in tbc short one, drawing the water out of the 
cask until it sinks so low, that the leg B A will bc 333 
feet high, above the surf&c of the water in the cask ; it 
will then stop, because the weight of water in the legs, 
in which it rises, will be equal to the weight of a colulnn 
of the air of qua1 size, and of the whole height of the 
iW-W)hCW. The water will not run out of the leg A 
C, but will stand 335 feet above its mouth, bccausc the 
air will press up the mouth C, with a force that will 
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balance 334 feet of water in the leg C A. This will be 
the case let the upper part of the leg be of any size: n-hat- 
ever- and there will be a vacuum at the upper end of :he 
syphon. 

It must not, however, be supposed that if the mouth 
C be lcf’t open, after the water has ceased running, that 
the portion of it which is in the 1~3” A C, will remain 
thcrc, as air will be gradually admitted, and will press 
upon the upper end of the column A B, which will then 
dcsccnd in both legs. 

ARTICLE 57. 

OF PUMPS. 

Lrl~. fi.g. 24, Pl. III. rcprcscnt a pump of the common 
kind uacd for drawing water out of wclla. TIN lllrjvcal)le 
wlvc or bucket A, is cased with lcnthcr, which ppriugs 
ollt\vilrtls, and fits the tube SO ~~iccly, thitt neither air n& 
IYiltCr can puss freely bv it. When the lcvcr L is worlicd, 
tllc valve A opens a,, 
tcr pass through it. 

p ‘It descends, lettipg the air or wag 
As it ascends ~gnln, the valve shuts, 
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A TABLE FOR PUMP MAKERS. 

Diameter of 
Height of the the bore 

pomp, in feet, 
above the SUP 5’ %:o’ 
face of the 2 i.i 
well. r !$iz 

35 
40 
45 
50 
55 
GO 

55 
75 
80 
85 
90 
95 

100 

10 z 93 
15 66 
20 4 90 
25 4 38 
30 4 00 

i 70 

3 ii! 
3 10 
2 95 
2 t-44 
2 72 
2 G:! 
2 53 
2 45 
2 38 
a 31 
2 25 
2 18 - 

- 

-- 

Water discharged 
in a minute, in 
wine measure. 

81 6 
A4 4 
40 7 
32 6 
27 2 
23 3 
20 3 

18 16 i 
14 7 
13 5 
19 5 

11 10 : 
10 2 
9 5 
ii 5 1 

8 1 

The prccertinq tahle is &racted from Ferguson’s Lectureqand its USC is pointed 
orit by him in the subSjoined quotation: before giving which, howewr, it will be 
prnprr to remark, thnt it is R common practice to make the bore in the lower part 
ol’ tlw pump-tree smaller than the chamber, under t.be erroneous supposition that 
thc?rc \\*ill IN a less weight ofwater to lifr in this than in a larger bore. The con- 
sqwnw of this is, that thr water hna to rush with greater velocity in order to 
fill the cnpncity ofthc chamber, by which much friction is caused, ond much ~OWCT 
r\‘ilY1(!d. 

6‘ XI1 pumps should 1)~ so construrtrd as to wnrk with equal east in raising the 
\\‘iltc’r to any given height nhovc the surface cf thcrwrll: and this &nay be done by 
olwrving n due proportion bclwccn the! diameter of‘tbat pnrt of thr pump-bore in 
which the piston or bucket works, and the height to which the writer must be 
raised. 

“ I:or this purpose I hove calculated the above table ; in which the handle of 
~IIP pump is s~~pposcd to be a Ierrr, increasing the power five times : thzt is, the 
diqtiljlce or Icngth of that pnrt of the bandle that lies between the pin on which it 
I~IJVCR, and the top of the pump rod tn which it is tised, to be only one-fifth part 
01’ tht- lrn$h 1-4 the handle, from the said pin to the part where the man who 
Works the pump applies his force or pnwer. 

6; In t IIP tirst column of the table, tind the height at which the pump must dis- 
rllnrg~~ the water nbove the srlrfacf? of tlw well: thrn in the second rolumn YOU 
have the dinmcter of thnt part of the bore in ~vbicb the piston or bucket works, in 
ilIchcs and kundrctlth parts of an inch; in the third column is the qunntity of 
writer (in wine mcnwre) that a man of common strength can raise in n mi:iute- 
And by ronstructing nccording to this method, pumps of nll heights may be 
wrought for a man of or&nary strength, so as to be able to hold out for an hour.” 
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ARTICLE 53. 

OF CONVEYING ~ATERUNDERVALLEP~ ANDOVERHILLS. 

Water, by its own pressure, and the pressure of the at- 
mospke, may be conveyed under valleys and over hills, 
to supply a family, a mill, or a town. In fin. 20, PI. 
III. I? II is a canal for conveying water to a mill-wheel : 
now let us suppose F G 16 I-I to be a tight tube or trunk, 
-the water being let in at F, it will descend from F to 
G, and its pressure at F will cause it to rise to H, which 
shows how it may be conveyed under a valley; and it 
may be conveyed over a hill by a tube, acting on the 
principle of the syphon. (Art. 56.) But some who have 
had occasion to convey water, under any obstacle, for 
the convenience of a mill, have gone into the following 
expensive error ; they have made the tube at G 16, 
smaller than they would if it had been on a Icvcl; because, 
say they, a greater quantity will pass through a tube, 
prcsscd by the head G I+‘, than on a Icvcl; but, it should 
be considered that the head G I:, is balanced by the 
head II 16, and the velocity through the tube G IG, will 
be such only, as a head equal to the difkrcncc between 
the perpendicular height of G F, and II IG, would give 
it (see Art. 4 I, fig. 19 ;) 
at ‘G 16; as if on a lcvcl. 

therefore, it should be as large 

OF THEDIFFERENCE IN THEFORCEOF INDEFINITE AND DEFZSITE 
QUANTITIES OF WATER STRIKING A WIIEEL. 

DEFIXITIONS. 

1. I3y an indefinite qunntit.y of wntcr we here mean a 
river, or quantity much larger than the float of the ~&XI, 
so that, when it strikes the float, it has liberty to mo\‘c 
or cscnpc from it in every lateral tlircction. 

2. By a definite quantity of water VT mean a quantity 
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passing through a given aperture, along a shute, to 
strike a wheel; but as it strikes the float, it has liberty 
to escape in every lateral direction. 

3. By a perfectly definite quantity we mean a qnan- 

tity passing along a close tube, so confined that when it 
strikes the float, it has not liberty to escape in any late- 
ral direct,ion. 

First, When a float of a wheel is struck by an indefi- 
nite quantity, the float is struck by a column of water, 
the section of which is equal to the arca of the float; and 
as this column is confined on every side by the surround- 
il?g water which has equal motion, it cannot escape 
sideways without some resistance; more of its force, there- 
fore, is communicated to the float, than would be, if it 
had free liberty to escape in every direction. 

Secondly, The flon.t being struck by a definite cpn- 
thy with liberty to escape freely in every lateral clirec- 
tidn, it acts aCthe most perfectly non-&&tic body; there- 
fore (by Art. 9) it communicntcs only a part of its force, 
the other part being spent in the lateral direction. 
IIcncc it appears, that in the application of water to 
act by impulse, we should draw the gate as near as possi- 
siblc, to the float-board, and confine it as much as possi- . 
blc from escaping sideways as it strikes the float; 
but taking care, at the Sam; time, that we do not bring 
the principle of the Hydrostatic Paradox into action. 
(Art. 48,) 

What proportion of the force of the water is spent in 
a lateral direction is not determined. 

4. A pcrfcctly definite quantity striking a plmc, 

comnlunicatcs its whole force, bccausc no part can escape 
sideways ; and is equal in power to an elastic body, or to 
the weight of the water on an overshot wh021, in its 
wl~olc pcrpcndiculnr descent. But this application of 
wat(x to ~hccls in this way, has hitherto proved inqwac- 

ticnl)lc; for wlicncvcr we attempt to confine the nxter, 
totdly from escaping sirlcwnys, we bring the priixiplc 
of the! IIydrostatic parndos into action, which defeats the 
sclKm2. 

To mnlic t,his plain, let fig. 25, Pl. 111. be a water- 
ml~ccl, and, first, let us suppose the water to be brought 
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to it, the penstpck 4.G, to act by irnlmlse on the flout 
board, llaviug liberty to cscapc every way as it strilics; 
tllcu, by Art. 9, it will communicate but half its fbrcc. 
13ut if it be conhxl both at the sides and bottom, 
antI can escape only upwards, to which tlic gravity 
will lllilke some opposition, it w-ill communicnte mcrc 
than Id its fbrcc, aud will not rcnct back agaiust tlic 
flix-d C; but if wc put soding to the whxl, to prcvout 
the water fmn cscnpirig up~vm~.Is, t.hcii tlrc spcc ht,wceu 
the fhts will be tilled :ls SOO~I 11s th whcd begins to bc 
rctt’1rdetl, ad tllc paradosicd priuciplc, Art. 48, is 
brought fully into action ; nnmcly : the prcssurc of wntcr 
is every way equd; aid it will pms brwlcwards nginst 
tllc bottom of the hat (1, with a f’urce equal to its prcs- 
EUPC ou the top of 11 10 flOilt b, ant1 tllC \vhccl will iuuuc- 
ciiatoly stop, and Ibe lwltl iu cquilihio, and will not Stilrt 
iIg:l ill ~~ltll~~~l~ll all I.I!FistillKll lM.2 lV!PllOVd Tll(!lW illT 

Illillly wilk;, wlicrc this priuciplc i s, iu I)ilrt, IWOUgllt iuto 
actioil, wlkh wry liiuch lcasclls thir power. 
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Velocity, as that the gravity of the water acting thereon 
can be thcrcby lessened.* 

1louce, it: appears, that when a greater head is uwd 
than that which is necessary to shoot the water &ir!y 
into the wheel, the impulse should be directed a litttc 
dowward, as at D, (which is called pitch-back,) and it 
slmilrt IIWC a circular sheeting, to prevent the water 
f’rorll lcil,viug tlw WIIC~CI ; bccausc if it bc shot horizout;Jl,y 
on ttlc top of tlic wticd, the iiiIpulsc in fhat case wit! uot 
give ttlc water any gxater vctocity downwardd, niitt, in 
ttlis c:~se, the f..tl wodcl be lost, if tlrc! head wrc wry 
gr(!ilt: ad if the \vtlcct nlovcd to suit the velocity of tt~ 
imputs’c, the water would be thrown out of the buckets 
by the centrifugal force; and if M’C attclnpt to rctirr:t the 
\;~Ivc~ so as to rctaiti the water, the mill wor~lrl Ix: SO 
ticlilisti : ~414 unstcatly, that it woutrl lx.2 atnnost iiiitm4.Ae 
t;O ilttC!11. ?:a 

li(!llcC i’\y nptmw ttlc rcasorl \Irlljr blT!ilSt-1VllCPt.i ,gP- 
11CI’illJy lWII quictm thll ovcrstiots, iLlhli~t1 ttlc lilll, 
ulil!r the water strittcs, 1JC Ilot SO pmt. 

1, ‘.lIICPC is gCW?lYltty iiiorc hr?iltl iLllO\VC!d t0 lbl’CilStm 
I~*lrccts ttlikn to ovcrstlots; and tlrc Wllccl will itwtiuo to 
11~0VC Wit.11 MXWt~ O-3ds the v&city of the wa?tcr stm\i!- 

ing fmn uudcr ttlc tmrd. (Art. 4 I .) 
2. It’ ttio wntcr wore pcrniittcd t0 fall freely iIliC'1' it 

issiws IYoin the ptc. it worllcl bc ncccluratcd by t tw !;I It, 
S(‘r tllilt. its VcllCXltJr ilt tllC lilS!Q poirit WOllld 1X! CqUilt t,O its 
wlrwity tI1I.(l it, ~tWltoit f~Oll1 \IllctctP. El. htt C(]llilt 14) irs 
I\ I:olc ~“:~~NJlldiClllil~ ~tcwAYlt. ‘I’liis iu.xctcratc~t Yc’toc’i- 
?$ 01’ ttlC \ViltGr tCll(tS 10 ilCCC’tClYlt(? ttlC \VtlCC) ; tlI>IlCI!, to 

filltt lllC wlocity Of il. lbrPilS:t \\‘t1(V!t, \VlK?R? tllC \\ iltc’r 
StI’it\c\S it irk t.tl~~;Ijr~~~t~c>ll Ol’iL till)~Cllf, ilS irk fig. 3 1, ::L’? I 

dchw the folio\\ ilg 
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THEOREM. 

1, Find the diifercnce of the velocity Of the water 
under the bad altowcd to the wheel, above the point 
of itnpct, and the velocity of a body, having Mtctr the 
whole tmpxdicular descent of the water. Call this 
ttiftiircncc tlw accctcration by the Ml: Then say, As 
the velocity a body would acquire in tilting through the 
rtinmctcr 0-f my ovcrst~ot wheel, is to the proper vcloci- 
ty of that wl~~t by the FCILIC, (Art. 43,) so is the: accc- 
tmafiotl by tlrc fill1 of ttw water hcforc it strikes ttm 
wtwel, to tllc acceleration of the wl-hcel by its frrtt, after 
it strikes. 

2. Ikd tllc vcl0cit.y of the wntcr issuing on the 
\\.lHXt ; tiIliC, 577 Of kit1 vclociIy, to which utttl ttbC ;1c- 
c:otcr:~tcd vatacity, and ttmt sum wilt be ttrc vctucity of 
illc? \m:LRt-wh!Ct. 



CHAP. II:.] MYDRACLICs. 113 

ARTICLE 6 1. 

RTJL,E Boa CALCULATING THE POWER OF ANYMILL-SEAT. 

The only loss of power sustained by using too much 
head, in ihc application of water to turn 8 mill-wheel, 
is from the head producing only half its power. Thcre- 
fore, in calculating the power of 16 cubic feet per se- 
cond on the different applications of fig. 25, PI. III. 
we must add half the he&l to the whole fall, and count 
that sum the virtual perpendicular dcsccnt. Then, by 
the thcorcm in Art. 53, multiply the weight of the wa- 
ter per second by its pcrpendicnlar descent, and you 
have the t,ruc rncasurc of its power. 

lht to eiuIpli[y the rule, Ict us call each cubic foot I, 
nnd t.hc rule will then be--Multiply the cubic feet cs- 
pcntlcd per second, by its virtual perpendicular rlcsccnt 
in feet., and the product will be n true measure of the 
power per second. This mcasurc must have a ttamc, 
which I Cilll Cr~boch ; that is, one cubic foot of wntcr, 
mrlkiplicxl by one foot dcsccnt, is one cuboch, or the 
unit; of powcx. 

EXARIPLES,! 

1, Given, 16 cubic feet of water ilcr sccand, to be ap- 
plic:(i by pcrciis&~n alone, uudcr 16 feet head, rcrluircd 
tilt! pmw per second. 

‘J’IIcII, Ilillf’ 16 zz 8 x 16 c. 128 cubochs, for the IWX- 
sure CJI‘ the power per second. 

2. Iiivcn, 16 cubic feet per second, to be applied to 
a hall’ brcnst of 4 feet fall and 12 feet head, required the 
power. 

Then, half 12 = 6 + 4 = 10 x 16 = 160 cubochs for 
the power. 

3. Civcn, 16 cubic feet per second, to be applied to a 
pitch-back or high-breast-fall 10, Itcad 6 feet, required 
the powr. 

8 
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Then, half 6 = 3 + 10 = 13 x 16 = 208 cubochs, for 
the power per second. 

4. Given, 16 cubic feet of water per second, to be ap- 
plied as an overshot -head 4, fall 12 feet, required the 
power. 

Then, half 4 = 2 + 12 = 14 x 16 = 224 cubochs, for 
the power. 

The powers of equal quantities of water amounting to 
16 cubic feet per second, the total perpendicular de- 
scents being equal, stand thus by the different modes of 
application : 

The undershot, 
128 cubochs of power. 

The half breast, 

The high bycast, 

1 

4 fee?, head, 
The overshot, 12 feet fall, 

224 cubochs of power. 

1 

2,s Set head, 
Ditto, 3 1,s feet fkll, 

263 cubochs of power. 
The last being the head ncccssary to shoot the watc?r 

fairly into the buckets, may bc said to be the bcc;t nppli~ 
cation. See Art. 43. 

On thesc sin@ r&s, and the rule laid down in Art. 
4.3, for proportioning the head and Ml, I have c&u* 

* IVnfer, by passion, spcnt!s its force 011 the wheel in the following time, 
which is in proportion to the &stnux npr: of the bloat-boards and PIE dr~li~~~ 
of the velocity of the wntcr dnd the wheel. 

If the water runs with donble I!:: vi! witty of the wheel, it will spend all its force 
on the floats while the water rlln~ to ;he &tonce of two tlont-Lards, and while 
the wheel runs to the distance of ant * ; thrreforc, the water need n~f be kept to %ct 
on the wheel farther frown the point oi impact than the: dlsFancc of hut l\Vu hiat- 
bon&. 

13ut if the lvhecl run with two-thrrds of the velocity of the wafer, then, while 
the wheel runs the distance of two tlont, and while the eater \VINI~~ have Ron the 
dintnncc of three float, it spenda all its force: therefore, the water net4 h liept 
to act on the wheel the! dislnncc of three !loa~ only past the paint of impacts. 

If it he ron\inucd in action m?lcIr longer, it will fall back, and re-xt against 
the following bucket, and retard the ~hccl. 
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lated the following table, or scale, of the different quan- 
tities of water expended per second, with different per- 
pendicular descents, to produce a certain power; in or- 
der to present, at one view, the ratio of increase or dc- 
crease of quantity, as the perpendicular descent increases 
or decreases. 

A TABLE 

Showing iho quantity of water required, wifh different falls, to produce, by its 
gravity, 112 ,cubochs of power, which will drive &L five feet stone abont 97 rcvo- 
lutions in a minute, grinding about five bushels of wheat in an hour. 

AR’I’lCLE 6% 

THEORY AND PRACTICE COZU’ARED. 

II will hcrc give n tnblc of 18 mills in actual practice, 
out of about 50 of which I have taken an account, in of- 
rlcr to compare theory with practice, and in order to as- 
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certain the power required on each superficial foot of the 
acting parts of the stone. But I must premise the fol- 
lowing 

1. To find the &wrnfcrencc of any circ!c, as of a 
milt-stone, by the dinmeter, or the dimetcr by the cir- 
cumferencc ; say, 

As 7 is to 22, so is the &mctcr of the stone to the 
circumference; that is, multiply the diameter by 22, and 
divide the product by i’, for the circun~fimncc; or ml- 
tipty the circumference by 7, and divide the product by 
22, for the diameter. 

2. To find the area of a circle, by the diameter: As 
I, squnredr is to ,7854, so is the quwe of‘ the dim~cter 
tO fhc nrca; that is, multiply the square of the diilmcter 
by ,7854, and, in zk mill-stone, tlwluct one foot for the 
qx.2, id you have tilt2 rareu of tlrc stone. 

ORSERVATIONS ON THE FOLLOWING TABLE OF ESPERI?JESTS. 
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3. Overshot. Velocity .of the water 12,16 feet per 
second, velocity of the wheel l&2; throws out great part 
of the water by the back of the buckets, which strikes it, 
and makes a thumping noise. It is allowed to run too 
fast; revolves faster than my theory directs. It is at 
Brandywine, in Delaware state. 

4. Overshot. Velocity of the water 14,4 feet per se- 
cond, velocity of the wheel $3 feet, a little less than 
3-3ds of the velocity of the water. It receives the wa- 
ter very well; has a little more head than assigned by 
theory, and runs a little faster; it is a very good mill, si- 
tuated at Brandywine, in the state of Delaware. 

6. Undershot. Vc1ocit.y of the wheel, loaded, 16, 
and when empty, 24 rcvolut.ions per minute, which con- 
firtns the theory of motion for uudcrshot wheels. See 
Art. 42, 

7. Overshot . Velocity of the watbr 15,X3 f&t, vcla- 
city of the wheel 7,8 feet; less than 2-3ds of the velocity 
of the water; motiou slower and head more thim as- 
signed by theory. The miller said the wheel ran too 

sk~ly, that he would have it altcrcd ; and that it worked 
best when the head was cousidcrably sunk. This mill is 
at Bush, Hartford county, Maryland. 

8. Overshot. Velocity of the water 14+X feet per se- 
cond, velocity of the wheel 83 feet, less than %3ds, 
wry near the velocity assigned by the theory ; but the 
head is rrrcater, and the wheel ruus beet when the l-read 
i,s sulk hn little ; is counted the hcst mill, and is at- the 
sanm place with the last mcut.iour~d. 

9, 10, 11, 12. Uurlcrshat opcu wluxls. Velocity of 
the wheels wheu londcd $0 and N, aud when empty 28 
and 5G revolutions per miuutc, which is faster thuu my 
theory for the motion of undershot mills. Ellicott’s 
mills, mar Baltimore, in Maryland, serve to confirm the 
theory. 

l-1. Overshot. Velocity of the water 16,2 feet, velo- 
city of the wheel $1 fc‘ct, 1~s than 2-3ds of the ~\vatm-, 
rcvolutious of the stone 144 per tuinutc, the head nearly 
thC 5111110 X3 I)y theory, the vclocitv Of the wheel ICSS, 
stone mrc. ‘lkis shows the mill to be gcnred too high. 
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The wheel receives the water well, and the mill is 
counted a very good one, situated at Alexandria, in 
Virginia. 

1.5. Undershot. Velocity of the water, 24,3 per se- 
cond, velocity of the wheel If&67 feet, more than 2-3ds 
the velocity of the water. Three of these mills are in 
one house, at Richmond, Virginia--they confirm the 
theory of undershots, being very gaod mills. 

16. Undershot. Velocity of the water 25,63 feet per 
second, velocity of the wheel 19,05 feet, being more than 
%3ds. Three of these mills arc in one house, at Petcrs- 
burg, in Virginia -they are very good mills, and confirm 
the theory. See Art. 43. 

18. Overshot wh~cI. Velocity of the water 11,4 feet 
per second, velocity of the wheel IO,96 feet, nearly as 
CM. ibfl the wntcr. The l~acks of tlrc l~uckcts strike tlrc 
water, and drive a great part over; and i\g the motion of 
the stone is about right, and the tncrtion of the wheel 
fkstcr than nssignctl by the thcxlrv, it SIMNS the mill to 
bc too low gcnrcil, all which caniirm tlrc tlrcory. Sicc 
Art. 43. 

In the following taklc I have countctl the dinmctcr of 
the mean circle to bc I ~-MS of’thc cliametcr of thcr great 
circle of the stone, which is not strictly true. The mean 
circle fo contain lid the (7rcfl of any given circle, 11m4 

bc ,707 parts of tllc dininc!tclr of the snitfi circb, tlilli,rin~ 
but littlc frofn ,$, :wl somcwhnt csr~rlitq t’-3tlS. 

I Ioncc the Mowing thcorcm, fx finilin~ tllc mean cir- 
clc of any stone. 

TIIEOREM. 

Multiply the diamctcr of the st.onc by ,707, and the 
product is the diamctcr of the mcim oirclu. 
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ARTICLE 63. 

FARTHER OBSERVATIONS ON THE FOLLOWING TABLE. 

119 

1. The mean power used to turn the 5 feet stones in 
the experiments (No. 1, ‘7, 14, 17,) is 87,5 cubochs of 
the measure established, Art. 61, and the mean velocity 
is 104 revolutions of the stows in a minute, the vclocitg 
of the mean circle being H3,W feet per second, and their 
mcnn quantity ground is $8 lbs.. per minute, which is 
3,8 bushels per hour, and the mean power used to each 
foot of the area of the stow is $69 of the mcasurc aforc- 
said, cffcctcd by 36582 supcrficinl feet, passing each 
other in a minute. IIcncc we may conclude, 

1. Tht 87,s cubochs of power per second will turn 
a 5 feet stone, 104 revolutions in a minute, and grind 
3,t3 bushels in an hour. 

2. ‘IkQ. 469 cubochs of powr arc rcquircd to cvcry 
supcrlicinl foot of a mill-stow, when its SllCiIIl circh? 
moves wit11 a velocity of l&37 lixt per second. Or, 

3. ‘I’hnt for cvcry 36582 feet of the kc of stones that 
pass cacl~ other, WC may cspcct $8 lbs. will bc ground, 
tvllcrl the stones, grain, &c., arc iu the snmc StiLtC illId 
conclltic,:r as they wcrc in the above cspcrimcats. 



120 HYDRAULICS. C CHAP. III, 

A TABLE OF EXPERIMENTS ON EIGHTEEN MILLS IN PRACTICE. 

G 
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As we cannot attain to a mathematical cxactncss in 
those crzscs, and as it is evident that all the stones in the 
foregoing experiments have been working with too littlc 
po~‘cr, beci~use it ia known thilt n pair of good burr stones 
of 6 fbct diameter will grind, sufficiently well, about 1% 
buslwls in 24 hours- thal is, 5,2 bushelsh iln hour, which 
would rcquirc G,ri of power per scce d-wc may, for the 
salcc of simplicity, say 6 cubochs, when 5 lirct r;t,oncs 
,grind 5 busl~As per hour. I-Iclm! WC dcducc the follow- 
ing sinlplc thcorcrn for dctcrtnining tlic size of the stones 
to suit the power of any given scat, Qr the power rcquircd 
to any sizu uf n stone. 



122 HYDRAULICS. I: CHAP. III. 



CHAP. III.] HYDRAULICS. 123 

the squares of their areas, muitipiied by their revolu- 
tions. 

8, If their diameters be equal, the quantity of surfkes 
passed, kc., are as their velocities or revolutions simply. 

But WC have been supposing theory and practice to 
agree strictly, which they will by no means do in this 
cr\. se. To the quantity ground, and the proporfion of 
power used by large stones more than by small ones, the 
ratio avsigrled by the theory will not apply ; because the 
meal Iwing to pass a greater dis~ancc through the stone, 
is opcratctl upon oftcner, which operation must be lighter, 
else it will bc overdone; large stones may, thgrefore, be 
~n:aclc~ to grind equal qunntitics with small ones, and 
wit-h aqua I power, and to do iE with less pressure ; thcrc- 
fort, the flour will be bct.tcr.* See Art. 111. 

I+om thcso cousidcrixt ians,nddcd to cxpcrimcnts,I con- 
ch&:, tllilt th power rquirctl and quantity ground, will 
IW IlCilldy ilS talC ilN% Of the StBIlCS, ri~ultilkx~ iiNtO tllt3 
m!loi:ity of the nwa.rl circI(3, or, which is ncnrly the same, 
(7s 1 hc squ:m:s of tlroir dinnWx3=x IW if t,lw vclocitic~s 
of t.hcir moan circle8 or circuml’crenccs be cqurll, then it 
will IW ilS Ihcir :lN?ilS simply. 

On tlrcm principles I lli1V@ Calcul,ltcd the following 
t:lldc, showing Elm power rcquircd, nrltl ~“;llltit~ ground, 
lb01 Ir by 1 Ilc-my, and, what. I siipposc to bc, the most car- 
rcct pcticc. 

* A l~wnch author (hf. Fnh) fmy3 thnt hr he4 fi~~ud Iry exprimenl~, that ts 
)~rn~i~wv 111~ Iwst Ilwlr, n tatn~w 5 1;wt di~wwler drwld r~~wlvc lw?w~~~n 4% rml 4il 

1111ws ii1 0 miilutr. ‘4Ylih i3 i~~wil slowr Il~nn tlw prnrliw in Anwricn, bait PVC mdy 

c~~i11~1111lv lIti it is 1~3~ to vrr OII tiw sdv 0I’n slnwcr tlrrm ofn li\*tm nmlinn lhn 
tlcit 01’ ~:II~IIC~II pructico; eqwciallp w11~w the p~wc1 , , tcaa smnl: Ibr tlw sir43 ul” tlpu 

FtUllC. 
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A TABLE 
OF THE AREA OF MILLSTONES 

OF 

DIFFERENT DIAMETERS, 

And of the power required to move them with a mean velocity of 18 feet per 
second, &c. 

bet, cubs. 
Y- 
51.7: 
5!).!K 
(i3.3( 
ttl 
8!LI 

IOO.S( 
Ill.3 
lG3.W. 
I 3G.5 
L53.7 
lli3.6 
17H. 
I!6 
2116.6 ,. 42s. 

3 

-- 
lO3l!$ 1.4:) 
M23d 2.3 

B 23999; 3.46 
i 3.ldO4j 6. 

j 
GOOlO! 8 G . 

i 
/ 

Ili.19!li 14.06 
IG 7 

13& 

121, 

108, 

97' 

33+ 2.3, 2.45 
D 2.8 

52 j 3.1 
E 
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I have now laid down, in Art. 61, 62, and 63, a the- 
ory for measuring the power of any mill-seat, and for as- 
certaining the quantity of that power that mill-stones of 
different diameters will require, by which we can find 
the diameter of the stones to suit the power of the seat; 
and have fixed on six cubochs of that power per second 
to every superficial foot of the mill-stone, as requisite to 
lnovc the mean circle of tlE stone 18 feet per second, 
when in the act of grinding with modcratc and snficicnt 
feed; and have allowed the passing of’ 34504 feet per mi- 
nute to grind 5 lbs. in the same tune, which is the effect 
of the five feet stone in the table, by which, if right, we 
can calculate the quantity that a stone of any other size 
will grind with any given velocity. 

I Itilvc chosen a vciocity of 18 feet per second for the 
mean circle of roll stones, which is slower than the COIU- 

II1011 prilct iC0 ; hut not too slow for nialiinq good flour. 
See Art. 111. Here will appear the dVillrtilgc of Iilrg(? 

stones over small ones ; for if’ wc will mirkc suIal1 stoned 
grind as fir.st as large ones, WC lnust give them such vc- 
ocity as to heat the mcnl. 

But I must hcrc inform the rcadcr, that the cspcrimcnts 
from which I have dcduccd the quantity of power to 
each superficial foot to be six cubochs, have not been 
suflicicntly csact to br3 rclicd on; but it xi11 bc easy for 
cvcry intolligcnt mill wright to make nccuratc cspcri- 
lncnt.8 t0 SiktiSfj’ 1limSc~if as t0 this point? 
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ARTICLE 64. 

OF CANAL FOR COSVEYINC WATER TO MILLS. 
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ARTICLE 65. 

OF THE SfZE AND FALL OF CANALS. 

I As to the size and fall necessary to convey any quan- 

I 
tit,y of water rcquirccl to a mill, I do not find my rule 
IiIi(l tluwtl for either. J3ut in or&x to estd.dish one, 

’ let us cousidcr, that the size depends entircly upon the 
I quantity of water ant1 the velocity with which it id to 

]Xl”” : thcrcforc, if wc can dctcrinine on the velocity, 
wlkh 1 will suppose to he from 1 to 2 feet per second 
-hut the slower the bcttcr, as tllcrc d be the less 
Gill lost-\vc can fud tllc size of the canal by the follow- 
ing 

j;ivi(ie tllc quantity rcquircd in cubic feet per w- 
ccmd Iby 1.116 velocity ‘in kist per sccoud, wrl th quo- 
ticrit; wjll Ilc tllc n.Wil, Of tllc section aftlle cNII\l. Divide 
t.l\il.t illV!i1 I)y t.llC [KO[IOSCd th?]~fh, aMI tllC? quoticut is !lH? 
Ivitltll : or, diviclc by the width, and the quotient is the 
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PROBLEM II. 
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ARTICLE 6G. 

OF AIR-PIPES TO PREVENT TIGHT TRUNKS FROIIZ BURSTkiVG WHEN 
FILLED WITH WATER. 

When water is to be conveyed under ground or in a 
tight trunk below the surface of the water in the rcwr- 
voir, to any considerable distance, thcrc must bc air- 
pillcs (as tlrcy have been called) to prcvcut the trunk 
from h-sting. To understand their use, let us suppose 
a trunk 100 f’cet long, and 16 feet below the surf&cc of the 
water ; to fill which, a gate is to bc drawn at out cud, of 
cqunl size with the trunk. Then, if the water meet no 
WSiStilllCC in passing to the other cntl, it acquires g-cat 
vclociCy, which is suddenly to bc sCoppd wlicn the trunk 
is fiill, This great coluim of wntcr, in motion, in this 
cnsc?, worllcl st.rikc with iI force CqUill t0 ill;lt Of a mlitl 
lmtly ~1’ cqua.1 wciglit aird volocily, lhc shock of which 
wo~l(l 1)~ srlficicnt to brci& any Crunk that ever was rrmdc 
of \\‘001l. Mnny having thought the udc of Chcsc pips to 
IN to Id OUt fl16 air, IlilW! IlWtlC Chl 1f.W ?;lllilll ; 80 tht 
thy would vent tlic air fast enough to let the wntcr iu 
with cousitlcrahle velocity, but \\‘0\h1 uot admit Clle \vil- 
lcr fast clrough to chcck’its anotiou ~lY\(l~liIll~*; in which 
CilSC Cllc!y IIIV? worm tllau USCl~T3 ; lor ii’ tlH3 air C;$lIllOt 

wcnp” iiY?oly, th water ciuiimt cuter freely, arid Chc 
~lmli will II~ tlccrcnscd by its rcsist,nllcc, 
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I consider it best, therefore, to make an air-pipe of the 
full size of the trunk, every 20 or 30 feet; but this will 
depend much on the depth of the trunk below the sur- 
face of the reservoir, and upon other circumstances. 

Having now said what was necessary, in order the bct- 
tcr to understand the theory of the power and principles 
of mechsnicxl e;gincs, and of water acting on water- 
wheels upon diflcrcnt principles, and, fix establishing 
true tllcorics of the motion of the different kinds of wa- 
ter-wliecls, I hcrc quote many of the cclcbratcd Mr. 
Smca.tot~‘s expcrimcnts, tlmt the reader may coniparc 
them with the thcorics proposed, and judge l’sr himself: 
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the deductions made therefrom in real practice, in a va- 
riety of cases and for various purposes ; so as to be able 
to assure the society that I have found them to answer.” 

PART I. 

CONCERNING UNDERSIIO’I’ WATER WVSEELS. 

Watt XII. is a view of the machine for cspcrimcpts 
on water wheels, wherein 

AlWCD is the lower cistern or magazine for receiving 
the wa.tcr after it hns left the wheel, and for supplying 

DE, the upper cistern or head, wherein the water be- 
ing raised to any height by a pump, that height is shown 
by 

W, a small rod divided into inches nnd par!?s, with a 
float at the bottom to move the rod up and down, as the 
surfiwc of the wr\tcr rises and Ms. 

3 11 i8 n rod by which the sluice is drawn, and stopp”d 
at illly height rcquircd by Incall of 

Ii, iI l)iu or peg, which iits several holes plWX?d in the 
nlanucr of a diagonal 3x1~ upon the face of the rod 
111. 

W the hx~rn which suppOrts the scale! that is lkccd 
15 or 16 kct higher than the wheel. 
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XX is the pump-barrel, 5 inches diameter and 11 inches 
long. Y is the piston, and Z is the fixed valve. 

GV is a cylinder of wood5 fixed upon the pump-rod, and 
reacbea above the surface of the water; this piece of wood 
being o,f such thickness that its section is half the area 
of the pump-barrel, will cause the water to rise in the 
head as much while the piston is descending as while it 
is rising, and will thereby keep the gauge-rod I? C more 
equally to its height. 

a a shows one of the two wires that serve as a director 
to the float, b is the aperture 3f the sluice. c a is a 
cant-board for canting the water down the opening c d 
into the lower cistern. c e is a sloping board for 
bringing back the water that is throvln up by the 
wheel. 

There is a contrivance for engaging and discngnging 
thc scale and weight instantaneously from the wheel, 
by means of a hollow cylinder on which the cord winds 
by slipping it on the shaft ; and when it is discngngcd, 
it is held t0 its plscc by it mtchct-wheel: for without 
zhis, cspcrimcnts could not be made with any dcgrcc of 
cs8ct ncss. 

The apparatus being now csplnincd, I think it nc- 
ccssnry to assign tbq scnsc in which I use the term 
p-we’. 

The word power is used in practical nwchanics, 1 ap- 
prchcnd, to signify the cscrtion of strcn,nth, gravity, irn- 
plsc, or prcssurc, so as to prodi~cc motion. 

The noising of a weight, rclativc to the height to 
Aich it c:w be raised in a given time, is the most pro- 
p IIlcnGLuT Of poxw. Or, in other words, if the weight 
IXiWd bc multii~licd by the height t0 WlliCh it Cilll bC 
raised in a, given tiinc, the product is the mcasurc of the 
power raising it; rind, consco,ucntly, all tlro powers are 
Cqllill. l3Ut note, all this is to bc understood in CilSC? of 
glow or equable motion of the Loti; raised ; for in quick, 
accclcrated or rctardcd motions, the vis inertia of the 
mat tcr mo,ved will make a variation. 

III comparing the cfl’ccts produced by water wheels 
with the powcra producing them ; or, in other words, to 
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know what part of the original power is necessarily lost 
in the application, we must previously know how much 
of the power is spent in overcoming the friction of the 
machinery and the resistance of the air; also what is the 
real velocity of the water at the instant it strikes the 
\r?heel, and the real quantity of water expended in a 
given time. 

From the velocity of the water at the instant that it 
strikes the wheel , given; the height of the head pro- 
ductive of such velocity can be deduced, from mcknow- 
lcdged and experienced principles of hydrostatics: SO 
that by multiplying the quantity or wzlght of mater 
really expended in a given time, by the height of head 
so obtained, which must be considered as the height from 
which that, weight of water had dcsccnded, in that given 
time, wo shall have a product c ual to the original pow- 

cr of tlta w~ttcr, nnd clear of al uncertainty that would I 
arise from the friction of the water in passing sinall 
itpcrturcs, and from all doubts, arising from the dill&- 
cut, incasuw of spouting watcss, assignccl by diti’crent 
ilL~thors. 

On the otllcr hand, the sum of the weight raised by ths 
action of this wa.tcr, and of the wci,ght required to over- 
come the friction and resistance of the tnnchinc, multi- 
plied by the hci# to which the weight can be raised in 
t.hc @on time, the product will be tlrc cffcct of that pow- 
cr; imd the proport ion of the two products will be the 
proport,ion ol’ tlrt:! power to t.116 clTcct: so that by kmding 
lho wheel with dilfc!rciit weights successively, wc shnll 
be ahlc t 0 rlctcrminr: rit what pi1~tiCUl~r 1oZNl crIId velocity 
of the wheel the cl&t is a masiniunl. 

Lc First, let the whcc’l bc put in motion by the water, 
but without ttnv weight in the scale ; and let the number 
of t.urns in n AWc bc 60 : now, it is evident, that were 
the ~1~~x1 lkc from friction nnd rcsktancc, that, 60 times 
lhc circutnfcrcncc of the wheel wouPtl be the space 
throu$ \vhich the water would hava passed in a nzl~u!e 
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with that velocity wherewith it struck the wheel. nut 
the wheel being encumbered with friction and rcsist- 
ante, and yet moving 60 turns in a minute, it is plain, 
that the velocity of the water must have been greater 
than 60 circumferences, before it met with the wheel. 
Let the cord now be wound round the cylinder, but con- 
trary to the usual way, and put as much weight in the 
seato as wilt, without nny water9 turn tl9e wheel sotnewl9at 
faster than G0 turns in n minute, suppose G3, and call tl9is 
the counter-weight; then let it be tried again with ths 
water assisted by this counter-weighf, tt9e wheel, there- 
fore, will now make more than 60 turns in a minute, sup- 
pose 64, hence we conclude the water sGtl exerfs some 
power to turn the wheel, Let the weight be increased 
80 IPS to make 64h t.urns in C’L minute wit99out the wattcr, 
tt9en try it wit19 tt9a wclfer nnd ttro wcigt9r us bcforqnnd 
fa9pposc it now mnkr! tt9e snmc miunlxr of t99rns wit19 tt9c 
waber, w witt9ol9t ; 9rnndy, 64 fr hcncc, it is cvidcnt, t9lnt 
in t”t9is case the wl9cx\ makes the same number of turr9s 
as it would wibl9 bho wMer, if tl9e wt9ccl Ird no friction 
or rcsistnncc nt dt, bccilrisc tt9o wcigt9t iP; q~iivnt~ut 
tt9crcto ; for if tt9c counter-wcigt9t wcxc too tittlc to over- 
come the friction, tl9e waler would nccclcratc the wt9cc1, 
a:~9 if 600 great it. would retnrd it: for tt9c wafer in tE9is 
cim bccomc:s p?, rcgi9tMor of the whcct’s motion, and tt9e 
vclocily of its circumfercncc bccomss a measure sf ttrc 
velocity of bt90 wntcr. 

In like mnnncq in scdciiig t19e grcntcst proih9ct or mas- 
imum of dkct,; having fo1919tt by trirds what weight gives 
tl9c grcntcst product, by siurpt~ 99999ltipt@Ig tl9o wcigt~t 
ii-r the scnlc by the number 01 turns ot the wtrecl, 619~1 
what weight in tt9c scntc, when tl9c cord is on tt9et con- 
trarv side Of tt9C cvtindrr, wilt CilEISC the WhfI.Tt t0 lllilkC 
tt\c tiamc r9umbcr 07 fl9rns, tt9c sninc way, without water: 
it is cvidcut ttlilt tl9is weight witt bc nearIv Cqual to all 
friction nud resistance takers togcthcr; anti, conscqucnt- 
Iv, tt\i9t tht” svc?igt9t in tt9c scaIc, wit99 twice* tt9e weight 
df the scntc, raddcd to the b8ck or cuuntcr-wcigt9t, wilt 
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be equal to the weight that could have been raised, sup- 
posing the machine bad been without friction or resist- 
ance, and which multiplied by the height to which it 
was raised, the product will be the greatest effect of that 
power. 

4‘ The pump was so carefully made, that no lvater 
escaped back through the leathers, it delivered the same 
quantity each stroke, whether quick or slow, and by as- 
certaining the quantity of 12 strokes and counting the 
9wmbcr of strokes in a minute that was sufficient to keep 
tho surface of the water to the same height, tlhc qt9ar9- 

titv cxpsndd was found. 
“I’hcse things will be farther illustrated by g 

the calculations of one set of csperimcnts. 

The sluice drawn to the first hole. 
The water above the floor of the sluice, 30 h9cl9cs. 
Stroltcs of tile punlp in a minute, 3v -3 
Tllc head raised by 12 StrOliCS, 21 

The ~19~~1 raised the empty scale and made 1 
turw in a ruinuta, 

Will9 rz counter-weight sf one lb. 
\ 8o 

nmlc, 
025 it 85 

TXtt.0, tried with water, 
t 

86 



Counter4x+$it for 30 turns without water 2 oz. in the 
S&i!& 

N. I?, The area of the head was 105,s squat inches, 
weight of the enlpiy scale and pulley 1.0 ounces, circutn- 
fwcncc of the cvhndcr 9 iuchcs, and circumfcwncc of 
the w tur4:llccl ?S inches. 

The circumi‘ercn4x of the wheel 75 inches, multi~ 
plied by SG CLurns , gives 6450 inch for the velocity CA’ 
the water in a minute, 1450th of w-hich will be the vclo- 
cite in a xcond? equal to 107,58 inches, or S-96 feet, 
wlkh is due to a head of 15 inches,* and this WC call 
the Gtual or effective head. 

The area of the head being 105,s inches, this multi- 
plied by the wi@t of water of one cubic inch, equal 
to the decimal ot‘ ,579 of the ounce avoirdupois, giws 
G1,2G ounces for the weight of as much water as is a’::+ 
taincd in the head upon one inch in depth, l-M?h ;d 
which is 3,S3 lbs.; this multiplied by ~hc depth QE 
inches, gives SO43 lbs. for the value of 12 strokes, and 
by propo??ion 395 (the number made in a minute) wiXI! 
give 264,'7 Ibs., 
minute. 

the weight of water espended in 2. 

Sow, as “,G-l,T lbs. of water may be considered as having 
descended through a space of 15 inches in a minute, the 
product of these two nrimbws 3970, will express the pow 
er of the water to produce mechanical effect; \TliiCtl are 
as follows :- 

The velocity of the wheel at a maximum, as appears 
above! ws 30 turns in a minute; which, multiplied by 9 
inches, the circumference of the cylinder, makes X0 
inches: but as the scale was hung by a pulley and dou- 
ble li’ne, the weight was only raised half of this, namel!:; 
135 inches. 

* This is determined by the common maxim of hydrostatics; that the velocity 
of spouting water is equal to the velocity that a heavy body would acquire in 
falling from the height or’the reservoir; and is proved by the rising of jets to the 
height of their reservoirs nearly. 
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Ibs. oz. 

The weight in the scale at the 1 
in,asimiini, \ 

8 o 

133 

Sum of tlic resistance5 lbs. 9 - 6,or 9,375 11)s. 

But though tliis bc the grcntcst Binglc cfT”‘ct produci- 
ble from the power mcntioncd, by the unpulse of the wa- 
tcr upon an undcwhot wheel ; yet, as the whole power 01’ 
tlic wrtcr is not cshaustcd thcrcby, this will not 1.x t!io 
true ratio bctwccn the power and the sum of all the cf- 
fects producible 1 herefrom: for, as the water must nc~ 
cessarily lca\:e the wheel with a wlocity qua1 to the 
circumference, it is plain that some part ot the power of 
the wtcr must remain after leasing the wheel. 

The velocity of the wheel at a maximum is 30 turns a 
minute, and, conawwntly, its circumference moves at 
t!w rate of 3,123 f<et per second, which answers to a 
hex\ of’ 1,52 inches; this being multiplied by the cs~ 
pcixw of water in a minute: namely, %X,7 lbs~~producc~ 
Ml fiw the power remaining: this being deductcrl !‘~OIII 
the original power, 3970, leaves 3489, which is Jhat part 
of the power that is spent in pr0ducin.g the effect lZG6; 
~0 that the power spent, 3489, is to its greatest effect 
1266, as 10: 3,62, or as 11: 4. 

Tile velocity of. the w-a tcr striking the wheel 86 turns 
in a minute, is to the velocity at a maximum 30 turns a 
minute, as 10: 3,s or as 20 to 7, so that the velocity of 
the wheel is a little more than l-3d of the velocity of the 
water. 

The load at a maximum has been shown to be equal to 
9 Ibs. 6 oz. and that the wheel ceased moving with 12 



* 7%~ resistance of the air jn this case ceases, and the friction is not nddod, QB 
32 lb, in tltr scnlc was sufficiest to stop the whee: after it had been in full ma- 
t inn, and, Mrefore, somewhat more than a counterbalance for the impulse of the 
\vater. 

t I may here O~E~I-C. that it is probable, that if the gate of the sluice had been 
drawn as near the Aoa~i>~,ards as possible, 18s is the practice in America, w!wre 
water is applied to act by impu:Ke alone,] that the wheel would have continued 
to move until loaded with 14 tilncs the weight of the maximum load i namely, !I 
Ibs. 6 oz. multiplied by 14, equal to 14 Ibs. 1 oz. It would then haw agreed 
with the theory established Art. 41. This, perhaps, escaped the notice of our au- 
thor. 

$ This observation of the author I think a strong confirmn2on of the truths of 
the theory established Art. 41, where the maximum velocity is made to be ,577 
parts of the velocity of the water, and the load to be %3ds the greatest load: for 
if the gala had been drawn near the floats, the greatest load would probably have 
been 1-I its. 1 oz. or as 3 to 2 of the maximum load. 
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A TABLE OF ESPERIJIEMTS. 

I 
g Pj 

z -. -. 9 0 

E: -0 
a--D 

g ;z 
5 

4 cf’ 9 

4% a; 

;z jit* 

z ;. S 
“-g zv 

4 9 ; 

I 3’ 

.#‘p 
‘$1 
p 

2 1 -.+ 3: D - 
2 a ‘J‘ -2 -- 
;o’ 2. 
1 
g 

5 
Cl s 

-1--i- 
-,-;- 
o:g jlo:f.;ii~ 1 



Mns. 1. That the virtual or effective head being the 
same, the e%xt will be ncarlg as the quantity of wtcr 
cspCn’lctl, 

This will appear h) 7 comparing the contents of the 
colmrmd 4, S, and 10, in the foregoing Sets of esperimrnte, 
~19~ for 

Xow, the lb2ctds being cC@, if the eKects be propsr- 
t ior~c~! to fhc water cspcrdcd, wc sl~nll have by maxim 1, 
ilS Hi1 : 355: : 329: 723 ; but 733 falls short of 
it i.irr~~s out in cspcrimcnt, according to No. 25 
The clkxt, therefore, of $0. 25, compared wit11 
grcntcr than, accorditlg t0 the prcscnt maxim, in the ratio 
of 1.4 to 13.* 

‘.I%2 foregoing esample, with four similar ones, may 
Ix seen at one Cew in the following table. 
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d4hcin~a md Ot?wwdons &Jz’zrccd from the fortgoiqg 
Xrbic of E.quminxvr~s. 

3Has. I. That the virtual or effective bead being the 
same, the 4Tect will be racarlg as the quantity of water 
~Sp~llCld. 

Ths will appear by r, ompnring the contents of the 
col:vamS 4,8, and 10, in the forcgoing Sets of esperimsnts, 
as, for 

E.rcu~~plc I# tnky front IV’. 8 and 25 ; nnmc?y :- 
X0. T irtual head. Water expended. Effect. 

8 7,29 161 82.8 
25 729 355 785 

Xov-, the heads being equal, if the erects be propor- 
ti011cr1 to the writer expended, we shall have by maxim I, 
iIS Ml : 355 : : 323 : 723 ; but ‘7223 fitlls short of 785, as 
it i.urllS out in experiment, according to No. fl5 
TIN dkct, thcrcfore, of NQ. 25, compared wit!) N 
grcatcr than, according t0 the ptcscnt maxim, in the rcatio 
of 1-L to 13** 

The foregoing esample, with four similar ones, may 
bc seen at one view in the following table. 

l TT the true maximum velocity of the wheel he ,577 of the rclocity of the water, 
nnd rhe true maximum load be 2.3ds of rhc whole column, as shown in .Irt. 49; 
tilti:n t hP c!Tat will be to the pow3 in the ratio of 100 to 38, or as 10 to 3,fi, a little 
IIICIPC tl!nn nppws by the tnble of expwimcnts in columns !) and tl): the dltfcrcnca 
is owing to \he disadvantageous ap;>lication of the water on :he wheel in tht~ model. 



142 C CHAP. IPf. 

m. II. 
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Virtual head. 

No. Table I. 
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l3v this table of experimcnte, it appears that some Ml 
shol:t of, and others esceed, the ruasimum, and all agree 
as nearly as can be espccted in an affkir where s0 many 
diffcrcnt circumstances arc concerned; therefore, we may 
conclude the masim to be true. 

Mas. H. That the cspense of the water being the same, 
the effect will bc nearly aLs the height of the virtual or 
effective head. 

This also will appear by comparing the contents of co- 
lumns 4,8, and 10, in any of the sets of experiments. 

h-0. Virtual Head. Expense. Effect. 
2 15 264,7 1266 

22 47 262 85 

Now, as the espcnscs are not quite equal, WC must 
proportion one of the effects accordingly, thus:- 

IDv masim I. 262 : 264,7 :: 3% : 359 
Aid mas. by 11. 15 : 4,7’ :: 1266 : 397 

Difference,> 

The effect, therefore, of Xo. 24, compared with No. 
2, is less than according to the present maxim, in the ra- 
t,io of 49 : 50. 

l&s, III. That the quantity of water espcndcd being 
the same, the effwt ie nearly as the square root of its ve- 
locitv. 

This will appear by comparing the contents of co- 
hnnns 3, 8, and 10, in any set of experiments; as for 

Example I. of No. 2. wit?8 No. 24; nameh~ :- 

NO. Turns in a minute, Expense. EfG?ct. 
2 86 264,7 1266 

24 48 262 385 

The velocity being as the number of turns, we shall 
have, 



14 4 

Diffcrmce, fi 

The cffwt of So . 2-4, compnrd with No. 2, is less than 
i)y the lwc5cut masim in the ratio of 75 : 79. 

Jltls. 1V, The aperture being the same9 tha efkct will 
bc IUXQ ns t116 cube of the vck9city of the wttcr. 

‘I’!k ;dm will appcar by comparing the contents of co- 
ltunns 3, S, and 10, as for 

hm1n. It must here be obecrd, that, if water pass 
0llt (A au apturc in the Same scction, but with di1Pilrcnt 
yclocitics;, the ex[Jcnsc w-i\\ bc proporfiond to the velocity ; 
:&, fh~rtforc, conwrdy, if the expense be not propor- 
ti0d to tile velocity, %c section of water is not the wmc. 

X3w, cornparinb m the w.tcr clischargxl with the turns 
0fSos. 1 kind 10,W?.sl~FIllh~IT 83:42::275: 131,2; ht the 
j\.atcr di3chnrgcd by X0. 10 is orily 114 lbs., thercforc, 
I~IC)U$I th sluice was dsnw~ to the some height in Ko. 
10 fls in So, 1, yet the scdon of the water pL3sirq out, 
was 1~s~ in So, 10 than So. I, in the proportion of 114 
to 1x,2; conscclucntly, had the efkctivc aperture or sec- 
tion of the wntcr been the same in Xo. 10 as in No. 1, SO 

Illat 131,2 lbs. of water had been did~nrgecl instead of 
11-1 lbs. the effect wodd have been increased in the 
~;lme proportion ; that is, 

By lemma 6s : 42 :: 275: 131,2 
lit maxim I. 114 : 131,2 :: 117 : EM,5 

Difference, 19 
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The cfixt, therefore, of XI. 10, compared with X0. I, 
is 1~9s than ought to be, by the present maxim, in the 
ratio of 3 f 9. 

u 1 will hwc nbserve, that Mr. Smenton may be mistnkcn in his conclusion, tha: 
the hcst ~:encr;tl ratio of the velocity oi the water to that of the wheel mill be irs 
:‘, to 2, b&ausc, WC may observe, that, in the first experiment, whwc the virtual 
hcnd was 15,P.‘i irichr’s, and the gate drawn to the first hole, the ratio is us IO :3,-L 
!;ut in the last experiment, where the hesd was ,543 inches, and the *gate drawn 
to the sixth hole. the ratio is as i0 :5;2: . wd that the 2d term of the ratlo increases, 
qradually, ;\s thv head decreases. and quantity of water increases; therefore, we 
mav COIIC~U~~~, that, in the Iarge’openings of kiIlsl the ratio may approach 3 to 2, 
which will at’rec with the practice and e.verimentu of many able mill-wrights of 
?imcrica, a~:cl mi\ny esperiments I have made on mills. An&as it is better to give 
th? wheel too great thou tOfJ little vrln~i:y! I conclude, the wheel of an nndershot 
mill must have ncariy two-thirds UC the 1 elpzitg oi the water to produce a maxi- 
mum cffcct. 

10 
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load that the reheel will carry at ,its maximum, and what 
41 totally stop it; but that they are contained within the 
limits of 20 to 19 and of 20 to 15; but as ihe edict ap- 
proaches nearest to the ratio of 20 to 15 or of 4 to 3, when 
the power is greatest, whether by increase of velocity or 
quwntity of water9 this aeetns to be she mosf applicable 
to lww works; but as the load that a wheel ought to 
have & order to work to the best advantage, can be as- 
signed by knoGng the effect it ought to produce, and 
the velocity it ought to have in producing it, the exact 
knowledge of the greatest load that it will bear is of less 
consequence in practice.* 

It is to be noted, that in almost all of the examples 
under the last three ma.vims, (of the four preceding,) the 
effect of the less power falls short of its clue proportion to 
the greater, when compared by its maxim. And hence, 
if the experiments be taken strktly, we must infer that 
the effects kncrcmsc and diminish in a h$$er ratio than 
those maxims s~pposc ; but as the kviations are not very 
considerable, the greatest being about J-8 of the quan- 
tity in question, and as it is not easy to make cxperirrxxts 
of so compound a nature with absolute precision, me may 
rather suppose that the less power is attended with sovme 
friction, or works under sornc disadvantage, not account- 
ttd for: and, therefore, we may conclude, that these tnax- 
ims will hold very nearly, when applied to works in 
large. 

After the espcrirncnts above mentioned were tried, 
the wt~bcl ~vhich had 24 floats ww reduced to 12, which 
cnused a diminution in the! effect on account of a greater 
quantity of water escaping between the floats and the 
floor; but a circular sweep being adapted thereto, of 
SIIC~ a length that one float entered the curwc before the 
preceding one quitted it, the effect came so near to the 
former, as not to give hopes of increasing the elect by 
increasing the number of floats past 24 in this particular 
wheel. 

* Perhaps the author is here again deceived by the imperfection of the model, 
fur had the water been drawn close to.rhe float, the load that would totally stop the 
wheel would always be equal to the column of water, acting on the wheel. See 
the note, page 70. The friction of the shute and air destroyed g.reot part of the 
force of his rmall quantity of water. 
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I’ A R T I I. 

ARTKLE 68. 

CONCERSIXG OYEBSEIOT W\?HEELS. 

GP the former part of this essay, we have considered 
the impulse of a confined stream, acting on undershot 
wheels; WC now proceed to examine the power and ap- 
p\ica.tion of water, when acting by its gravity on overshot 
Ii. heels, 

It will appear in the course of the following deduc- 
tions, that thte eRk,t of the gravity of descerrdiqg bodies 
is very diRerent from the erect of the stroke of such as 
arc non-ctlastic, though generated by an equal mechanical 
power. 

The alterations of the machinery Aready described to 
wcommodxte the same for experiments on overshot 
1~~l~cc1s, were principally as follows:- 

Plate XII. The sl&x P b being shut down, the rod 
11 I was taken off. The undershot water-wheel was taken 
off the wis, and instead thereof, an overshot wheel of tk 
stln~ size and diameter was put in its place. Note, tk 
M heel was 2 inches deep in the shroud or depth of the 
buckst, the number of buckets was 36. 

A trunk for bringing the water upon the wheel was 
fiscd according to the dotted lines f g, the qerturc was 
:~cljustccl by a shuttle, which also closed ug, t81e outer end 
ot‘ the trunk, when the water was to be stopped. 
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Counter weight for 30 turns, besides the scale, 3 ounces. 

NO. wt. in the scolc. turns, product. (Irbservations. 

1 0 GO - threw most part of 
2 1 56 - t the water out of the 
3 2 53 -- s whed 
4 3 49 147 received the water 
5 4 47 
G 

188 more quietly. i 
5 45 233 

7 6 42$ 235 
8 7 41 28’: 
9 8 38$ 308 

10 9 364 398: 
11 10 3x 355 
12 11 32j 36Oq 
13 12 3’Y5 
14 

314 
13 28; 370: 

15 14 27; 355 
16 15 2G 390 
17 16 24; 393 
18 17 22i 3865 
19 18 213 391; 
20 19 203 394: 21 20 1% 395 maximum, 

2% 
l 

21 lS$ 3S3f 
23 22 13 396 worked irreguhdy. 
24 23 overset by its load, 

* The small difference in the value of 18 strokes of the pump from the forms-r 
experiments, was owing to a small difference in the length of the stroke, octa- 
sloned by the warping of the wood. 
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Ii’ we takb the 20th espcriment for the maGw’::4t, we 
~1~~11 have ZOg turns in a minute, each of which rL$ded 
the wcigld iag inches, that is, 93,237 inches in a minute. 
The wc.igl~t in the scale was 19 lbs. the weight <I!’ the 
scale 10; oz., the counter-weight 3 oz. in the scale, ~~~hicla 
with th&veight of the sc& log oz., make in the whole 
XC HIS, which is the whoic rcsistrancc or load; this, mui- 
tipiicd by 93,37 makes 1914, for the efict. 

The ratio, tlwrefore, of the power and effect ~411 be as 
0,900: 1914, or as 10 : 6,G, or as 3 to 2 newly. 

ht., if we compute the power fram the heiigh~ of the 
wl~A only, WC have 96; tbs. x 24 inches s 2kZO *for the 
jxwcr, and this will be to the dEect as 2329 t X914, or as 
PO: 8,2, or 85 5 to 4, nearly. 

The reduction of this specinlen is set down in NO. 9 
of the following table, and the rest were deduced from a 
~imilur set of csperimcnts, reduced in the same manner, 



---m ----szw-----~,- 
6 ?8 j-9 731.3 133-4 17 l-22090 l764+m 10: 7 
‘; 28 l-2 963-3 ‘20 1-z; 20 15;3755P3?U,ltiGB IO : 6.8 

- ,- I- ----.~u-E.-*--~ 
27oW?I6U:I75JIO:6~5jlQ:8~ 
2!Jooia32u~Inl4 10 : 6.5110 : 8, 

ZQI-4' 13 l-2 1i1;01360~1231)~1(1:6.@~I0:I)~ 
22 l-4’ 21 1 2:3520’2560:2Lj3 10 : 6.1~10 : 0, 
23 127 1-2i4840~3520;2846,iO:5.Y~10:8 

---- '-- 
14; 35 i 6.5 19 3-4! 16 1-2~.2.275156oi1466:10:6.5110 : 9’ 
15 35 1120 211-2' 25 l-2~4200'2$80~.?467jlO :5.9\10 :8 
16,35 z1631-21 25 / 26 1-2579839P4j'39~l;lO:5.2~lU :7 
-~--I~-~--~~, 
11 2 1 3 I 4 / 5 ;6~7[8i~-i~ 

-.- 



*L ‘Fltc cfkct ivc po~cr of the water must be reckawxl 
upon the avhch descent, ‘bccau~e it rr.ust be raised to that 
hci~~ht in order to be in 8 condition of producing the same 
cfk% a second time. 

The powers of water computed from the height of the 
wheel only, compared with the effects as in column 10, 
appear to observe a more constant ratio; for if WC take 
the medium of each class, which is set down in column 
11, we shall find the extremes to differ no more than 
from the ratio of 10:&l to that of 20: 8,5 and as the se- 
cond term of the rat& gradwAy increases fl*om 8,il to 
8,5 by an increase of head from 3 inches to 11, the es- 

l These observations of the author agree with the theory, Art. 41-4’1. I may 
arid, that non-elastic bodies, when acting by impulse or collision, communicate only 
half of their original power, by the laws of motion. 



hi WC hnvc thcndy seen, in the prcccding obscrvntion, 
t hilt th dlixt d tlrc si;luc quantity Of WiltW, dCSCeIId- 
itq tlwygh the siwx pcrpcndiculnr space, i?; douldc, 
wimi nct~ng by its ; 8 ~wvitx rqmn nn ovcrshst whed, to 
\vIiilt tlic Si1IkIC pr0ducca \Chl wzting by its impulw UpOn 
:tn llliclCrAc~t* It illSO iqqwa~w, that, by incrcnsing the 
hcntl i’~~m I1 to i3 itlches, that is, the whole dwccnt, fkom 
27 to 35, or in the ratio of 7 to 9, nenrlp, the eflilct is 
;dvanccrl no more than in the ratio of &I to &I ; that is, 
as 7: 7,:X, and, conacqueutly, the increase of‘ the cffcct 
i:: riot 1-X of the incrf3SC of the pcrpendicuinr height. 
.l1c11cc, it follows, thrit the higher the wheel is in pro or- 
tion to tlm whole descent, rho greater will be the e f? ect; 
bccnusc it depends less upon the impulse~of the hand, nntl 
more upon the gravity of the water in the buckets: and, 
if WC corklcr how obliquely the water issuing from the 
I~ari must strike the buckets, WC shall not be at a loss to 
wcount for tlic littlc xlvantagc that arises from the im- 
pulac thereof; and shall immediately see of how little con- 
scquencc this impulse is to the effect of 811 overshot wheel. 
Jhvevcr, as every thing has its limits, so has this: for 
thus much is desirdde, thc7t the water should hwc somc- 
what p-cater velocity tlinn the circumference of the 
wheel, in coming thereon; otherwise the n-heel will not 
only bo retarded by the buckets striking the water, but 



Lc If a body be let fall freclg from the surf&x of the 
1~~1 to the bottom of the descent, it will take G!.. certain 
time in Mling, and in this case the whole action of gra- 
vity is spent in giving the body a certnin velocity: but, 
if this t&y in fi~lling be made to act upon some other 
horly, so w to produce a mechanical ctrCct, the Ming 
body will bc rctnrdcd; bcc(r.nse a part of the action o% 
grn+- is then spent in producing 11x efict, and the rc- 
nAwl& only giving motion to the falling body: and, 
t!lClYfblT, thC SlOWtX c4 hly df2SCC?~IdS, tllf2. gWiltC!r U’ill 
he the portion of the action of gravity ~pplwnblc to tlro 
producing of a mechc~nical efkct. Hew2 we we led to 
this general rule, that the less the velocity of thf3 wheel, 
Ihe gwnter will be the, cfExt thereoK A confirmation of 
this doctrine, together with the limits it is subject to in 
practice, nq be deduced from the foregoing specimen 
of a set of experiments. 

From these experiments it appears, that when the 
whcct matlc rlbout 20 turns in a minute, the cfkct was 
nearly upon ahe greatest; when it made 30 turns, the eC= 
fixt was diminished about 1-20th part; but that, when it 
made 40, it was diminkhcd about Mth: when it made 
less than lS~, its motion was irregular; and when it was 
Ion&d so as not to admit its making 18 turns, the wheel 
was overpowered by its load. 

It is an advantage in practice, that the velocitv of the 
wheel should not be diminished farther than &at will 
procure some solid advantage in point of power; because, 
as the motion is slower, the buckets must bc IT. de larger9 
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I PART III. 

ARTICLE 69. 

OF THE CONSTRUCTION AND EFFECTS OF WIND-MnL SAILS.” 

“In trying experiments on wind-mill sails, the wind 
itself is too uncertain to answer the purpose; we must, 
therefore, have recourse to artificial wind. 

This may be done two ways; either by causing the air 
to move against the machine, or the machine to move 
against the air. To cause the air to move against the 
machine in a sufficient column, with steadiness and the 
requisite velocity, is not easily put in practice: To carry 
the machine forward in a right line against the air, would 
require a larger rooLm than I could conveniently meet 
with. What I found most practicable, therefore, was to 
carry the axis whereon the sails were to be fixed progres- 
sively round in the circutnference of a large circle, Upon 
this idea the machine was constructed.t 

Spcimen of a Set of Experimenk 

Radius of the sails, - - - - 21 inches. 
Length of do. in cloth, - - - - 18 
Breadth of db. 

Angle at. the extremity, - 
- 596 

Do, at the greatest inclination,- 
10 degs. 

1 25 
20 turns of the sails raised the weight, 11,s inch. 

Velocity of the centre of the sails in the cir- 
cumference of the great circle in a second, G feet. 
in which the machine was carried round, 

Continuance of the experiment, - - 52 seconds. 

* Read May 31st and June 14th, 1759, in the Philosophical Society of London. 
‘f I decline giving any description or draught of this machine, as I have not 

room; but I may say, that it was constructed so as to wind up a weight, (as did 
the other model,) in order to find the effect of the power. I also insert a speci- 
men of a set of experiments, which I fear will not be well understood for want of 
a full explanation of the machine. 

$ In the following experiments, the angleof the sails is accounted from the plane 
of their motion; that is, when they stand at right angles to the axis, their angle 
is denoted O deg.; this notation being agreeable to the language of practitioners, who 
call the angle so denoted the weather of the sail; which rhey denominate greater 
or less, according to the qnantity of the tingle. 
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No. Weight in the scale. Turns. Product. 
1 0 lbs. 108 0 
3 6 85 510 
3 6g 81 SZS$ 
4 7 ‘78 546 
5 7$ 73 547 5 maxim. 
6 8 65 520 
7, 9 0 0 

The product was found by simply multiplying the weight 
in the scale by the number of turns. 

By this set of experiments it appears, that the maxi- 
mum velocity is %3ds of the greatest velocity, and that 
the ratio of the greatest load to that of the maximum is 
as 9 to ?,5, but, by adding the weight of the scale and 
friction to the load, the ratio turns out to be as 10 :8,4, 
or 5 to 4, nearly. The following table is the result of 19 
similar sets of experiments, 

By the following table it appears that the most general 
ratio between the velocity of the sails unloaded and when 
loaded to a maximum, is 3 to 2, nearly. 

And the ratio between the greatest load and the load at 
a maximum (taking such experiments where the sails 
answered best,) is at a medium, about as 6 to 5, nearly. 

And that the kind of sails used in the 15th and 16th 
esperiments. are best of all, because they produce tho 
greatest effect or product, in proportion to their quantity 
of surface, as appears in column 12, 
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TABLE IY. 

sets of Experiments on Wind-mill sails 
Positions, and Quantities of S&ace. 

of various Structures, Contakling Kiaeteen 

CJ 
“0 
G 
E R . 

- 

- 

P E 0 
% 

e 
$2 
“2 . 

B 
8 

if 
v 
? -m 

IU: 7. i 
-I_ 
1U:lO. I 
10 : 10.15 
10 : 10.15 
-- 
10:11. 4 
10 : 12. E I 
10 : 13. 0; 

IO: 11. 01 
10:13. 7 
10 : 14. 5 
10 : 1.5. 8 
10:15. 7 
10 : 14. 4 1 

-- 
I- I1 

_‘_ -- 
)eg.,Deg 

10:6 --- 
10 : 8. 
10:8. 
10:7. 

_‘- 
‘r c 

-- 
66 42 

-- 

log 
96 66 

-‘- 
166 
i70.E 
‘ti3.: 

-,- 
120’93 
120 79 

178 
1137i 
1 O&73 
loo,66 

-- 
123 75 
117 i4 
114 66 
96,63 

-- 
105 64.: 
98,64.E 

-- 
4 I 5 

7.56, 12.591 31; 
--- -I- 

6.3 i 7.56 4-l 
6.721 8.12’ 46 
7.0 / 9.61 46 

-‘pm 

--- 
4.751 5,311 44 
‘7.U 1 8.15~ 55 
7.5 8.121 5k 
8.3 9.81 63 
8 69’ 10 37 63 
8:4l/ lo:941 5E 

,0:7 

’ 212 1’2 
II. 1 3!15 I 15 

I 4;ls 18 
10:6.1 
IO:7 

---- 
il$ 7.5 22.: 

v jlCll0 25 
’ 11612 27 

ll7,15 30 
---- 
VI i1q12 132 

’ /19jl2 j*J 
----e 

Ill 2 I 3 

10:8, 
lO:Sa 
10 :9, 
10:8, 
IO:f?, 
10: 7, 

10: 7.’ 
LO : G.1 

10:6. 
IO:6. 
10:6. 

10:6. 
10 : 6. 
10 : 5. 
10: 6. 
I-- 
10:6. 
10 :5. 
-- 

10 

’ , 
) 

-- 

iI 10 : 5.5:10 : 15. aj 
10:8.1,10: IO. 2 
10 : 8.4810 : 15. 8 
10 :B.2;10 :15. I 
--- 
10; 5.9’10 : 12. 41 

j!O : 10. I/ 
16.421 2?.8i~IOS1~~ 85 
18.06; 

I 
1165;114 

--a-- 
G 17 ‘8lg 

I. Plain sails at an angle of 55 degrees. 
II. Plain sails weathered according to common practice. 
III. J\‘eatherecl according to Maclaurin’s theorem. 
IV Weathered in the Dutch manner, tried in various positions. 
V. Weathered in the Dutch manner, but enlarged towards the extremities. 
VI. Eight sails, being sectors or ellipses in their best positions. 
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TABLE V. 

1 CHAP. III. 

Containing the result of six sets of experiments, made for determining the diffe- 
rence of elect according to the different velocity of the wind. 

Ratio of the greatest load to the load at a 
maximum. 

Ratio of the greatest velocity to the ve- 
locity at a maximum. 

Ratio of the two products. 

Product of the lesser load and greater 
velocity. 

Turns of the sqils therewith. 

Maximum Igad for half the velocity. 

Product. 

Greatest load. 

Load at the maximum. 

Turns of the sails at a.maximum. 

Turns of the sails unloaded. 

Velocity of the wheel in a second. 

Angle at the extremity. 

Number. 

N. B.-The sails were of the same size and kind as those of Nos..lO, 11, and 12, 
Table IV. Continuance of the experiment one minute. 
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conccr&g the EYects of Sails according to the di&erelzt 
VeZocity of the Wind. 

6‘ From the foregoing table the following maxims are 
deduced. 

Rfaxim I. The velocity of wind-mill sails, whether un- 
loaded or loaded, SO as to produce a maximum, is nearly 
as the velocity of the wind, their shape and position being 
the same. 

This appears by comparing the respective numbers of 
columns 4 and 5, table V., wherein those numbers 2, 4, 
and 6, ought to be double of NO. 1, 3, and 5, and are as 
nearly so as can be expected by the experiments. 

Maxim II. The load at the maximum is nearly, but 
somewhat less than, as the square of the velocity of the 
M+H/, the shape and position of the sails being the same. 

This appears by comparing No. 2,4, and 6, in column 
6, with 1,3, and 5, jyherein the former ought to be quad- 

ruple of the latter, (as the velocity is double,) and are as 
nearly so as can be espected. 

Masim III. The effects of the same sails at a maximum 
are nearly, but somewhat less thw, as the cubes of tile 
velocity of the wind.* 

It has been shown, maxim 1. that the velocity of sails 
at a maximum is nearly as the velocity of the wind ; and 
by maxim II. that the load at the maximum, is nearly as 
the square of the same velocity. If those two maxims 
would hold precisely, it would be a consequence that the 
effect would be in a triplicate ratio thereof. Flow this 
qrces with esperiment will appear by comparing the 
products in column 8, wherein those of No. 2, 4, and 6, 
(the velocity of the wind being double,) ought to be octu- 
pie of those of NO. 1,3, and 5, and are nearly so. 

l&sit-n TV. The load of the same sails at the maximum 
k ncarlyhs the squares of, and their effects as the cubes 
of, their number of turns in a given time. 

l This confirms the 7th law of spouting fluids. 
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This maxim may be esteemed a consequence of the 
three preceding ones.” 

These 4 masims agree with and confirm the 4 maxims 
concerning the elects of spouting fluids acting on under- 
shot mills; and, I think, sufficiently confirm as a law of 
motion, that the effect produced, if not the instant mo- 
mentum of a body in motion, is as the square of its velo- 
city, as asserted by the Dutch and Italian philosophers. 
Sirneaton says that by several trials in large, he has found 
the following angles to answer as well as any:- 

“ The radius 1s supposed to be divided into G parts, and 
l&h, reckoning from the centre is called 1, the extremity 
being denoted 6. 

KO. Angle with the axis. Angle wit3 the plane of motion. 
1 $2Q 18O 
3 ‘71 19 
3 72 18 middle. 
4 
5 
6 

34 
77; 
83 

1G 
lo1 “3 

7 extremity? 

He seems to prefer the sails being largest at the ex- 
trenli ties. 

END OF PART FIRST. 



THE 

YOUNG BIILL-WRIGHT'S GUIDE. 

PART THE SECOND. 

INTRODUCTION. 

lvH.4~ has been said in the first part was meant to 
establish theories, and to furnish easy rules. In this part 
I mean to show their practical application, in as concise 
a manner as possible, referring only to the articles in the 
first part, where the reasons and demonstrations are 
given. 

This part is particularly intended for the help of young 
and practical mill-wrights, whose time will not admit of 
a full in,vestigation of those principles and theories, which 
have been laid down ; I shall, therefore, endeavour to 
redrice the substance of all that has been said to a few 
table rules, and short directions, which, if found to agree 
1~ ith csperience, will be sufficient for the practitioner. 

CIIAPTER IV. 

OF THE DIFFEREBT KIND3 OF MILLS. 

- 

ARTICLE 70. 

OF UNDERSHOT BZILLS. 

UNDERSHOT wheels move bv the percussion or stroke of 
the water, and are only half as powerful as other wheels 

11 
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that are moved by the gravity of the water. See Art. 9. 
Therefore, this constrr&on ought not to bc adopted es- 
cept where there is but iittlc fall, or great plenty of 
water. The undershot wheel, and all others that move 
by percussion, should move with a velocity nearly equal 
to two-thirds of the velocity of the water. See Art. 42, 
Fig. 28, Plate IV., represents this construction. 

For a rule for finding the velocity of the water, under 
any given head, see Art. 51. Upon the principles, and 
by the rule, given in that article, is formed the following 
table of the veiocity of spouting water, under different 
heads, from one to twenty-five feet high above the centre 
of the issue; to which is added the velocity of the wheel 
suitable thereto, and the number of revolutions a wheel of 
fifteen feet diameter (which I esteem a good size) will 
revolve in a minute; also the number of cogs and rounds 
in the wheels both for double and single gears, so as 
to produce about ninety-seven or one hundred revolu- 
tions per minute9 for a five feet stone, which I think a 
good motion and size for a mill stone, grinding for mer- 
chantable flour. 

That the reader may fully understand how the follow- 
ing table is calculated, let him observe, 

1. That, by Art. 42, the velocity of the wheel must be 
just 577 thousandth parts of the velocity of the water; 
therefore, if the velocity of the water, per second, be tnul- 
tiplied by ,577, the product will be the maximum velocity 
of the wheel, or velocity that will produce the greatest 
effect, which is the third column in the table. 

2. The velocity of the wheel per second, multiplied by 
60, produces the distance the circumference tnoves per 
minute which divided by 47,1 feet, the circumference of 
a 15 feet wheel, gives the number of revolutions of the 
wheel per minute, which is the fourth column. 

3. That, by Art. 20 and 74, the number of revolutions 
of the wheel per minute, multiplied by the number of 
cogs in all the driving wheels, successively, and that 
product divided by the product of the number of cogs 
in all the leading wheels, multiplied successively, the 
quotient is the number of revolutions of the stones per 
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minute which is found in the ninth and twelfth co- 
lumns. 

4. The cubochs of power required to drive the stone 
being by &Qrt. 61, equal to lllJ’8 cubochs per second, 
which divded by half the head of water, added to all 
the fall, (if any,) being the virtual or effective head by 
Art, 61 S gives the quantity of water, in cubic feet re- 
quired per second, which is found in the thirteenth co- 
lumn. 

5. The quantity required, divided by the velocity with 
which it is to issue, gives the area of the apertures of the 
gate, and is shown in the fourteenth column. 

6. The quantity required, divided by the velocity 
proper for the water to move along the canal, gives the 
area of the section of the canal; as in the fifteenth co- 
lumn. 

7. Having obtai.ned their areas, it is easy, by Art. 65, 
to determine the width and depth, which may be varied 
to suit other circumstances, 
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THE MILLWRIGHT’S TABLE 
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It must be observed, that five feet fall is the least that a 
single gear can be built on, to keep the cog-wheel clear 
of the water, and give the stone sufficient motion. 

Although double gear is calculated to fifteen feet fall, 
yet I[ do not recommend them above ten feet, unless for 
some particular convenience, such as for two pairs of 
stones to one wheel, kc., kc. The number of cogs in 
the wheels is even, and is thus suited to eight, six, or four 
arms, so as not to pass through any of them, this being 
the common practice ; but when the motion cannot be 
obtained without a trundle that will cause the same cogs 
and rounds to meet too often, such as 16 into 96, whxh 
lvill meet every revolution of thl3 cog-wheel, or 18 to 96, 
\Aich will meet every third revolution, I advise the put- 
ting in either of one more or one less, as may best suit 
the motion, !vhich will cause *them to change oftener. 
See ‘Art, 82, 

It should be recollected that the friction at the aperture 
of the gate ITill greatly diminish both the velocity anti 
power of the mat&, lvhere the head is great, if the gate 
Ix nx~cle of the usual form, t’llat is, wide and ehallow. 
\Vherc the head is great, the friction ~-ill be groat. Sco 
Art. 55: therefore, the wheel must be narrow, and the 
aperture of the ,gate of a square form, in order to avoid 
the f’riction and loss in a Fvide ,ivheel, especially if it do 
not run very closely to the sheeting. 

Having levelled your miLLseat carefully, and finding 
sllch fi~ll and quantity of wat.,er as determines you to 
r-nakc, choice of an undershot Ivheel; for instance, suppose 
6 feet fall, and about 45 cubic ket of water per second, 
\vhich you may find in the way directed in Art. 53 ; cast 
oO’,zbout one foot for fall in the tail-race below the hoe- 
torn of the wheel, if subject to back-water, \~hich leaves 
you 5 feet head; then look fcr 5 feet head in the first 
column of the table, and against it are all the calculations 
for a 15 feet water-wheel, and 5 feet stones; in the thir- 
tcenth column you have cl-i,‘7 cubic feet of water, which 
shows you have enough for a p:lir of five feet stones ; and 
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the velocity of the water will be 18 feet per second, the 
velocity of the wheel lo,38 feet per second, and it will 
revolve 13,22 times per minute. If you choose double 
gear, then G6 cogs in the master cog-wheel, 24 rounds 
in the wallower, 48 cogs in the counter cog-wheel, and 
18 rounds in the trundle will give the stone 97 revolu- 
tions in a minute; if single gear, 112 cogs and 15 rounds 
give 95,66 revolutions in a minute; it will require 44,7 
cubic feet of water per second ; the size of the gate must 
be Z,4S feet; which will be about 4 feet wide, and ,62 
feet, or .about S$ inches deep : the size of the canal must 
be 29,% feet; that is, about 3 feet deep, and $93 or nearly 
10 feet wide. If you choose single gear, youmust make 
your water-wheel much smaller, say 7$, the half of 15 
feet, then the cog-wheel must have half the number of 
cogs, the trundle head the same, the spindle will be longer, 
and the husk lower; the mill Jvill then be full as good as 
with double gear: irr the case supposed, however, a cog- 
~hcel of 66 cogs would not answer, because it would 
reach the water; but where the head is ten or twelve 
feet, it ,vill do very well, 

If vou choose stones, or mater-wheels, of other sizes, 
it wilI be easy, by similar rules, to proportion the whole 
to suit, seeing you have the velocity of the periphery of 
a wheel to any size? 

* One advnntage large wheels have over small ones is, that they cast. off the 
bacls;.water much better. The buckets of the lobv wheel will lift the water much 
more than those of the high wheel; because the nearer the water rises to the cen- 
tre of the wheel! the nearer the buckets approach the horizontal or lifting position. 

To make a wheel cast off back-\f*atcr, some mill-wrights fix the sheeting bc- 
low the wheel, with joints and hinges? so that the end down stream can be raised 
so as to shoot the water, as it leaves the wheel, on to the surface of the back- 
water, and thus roll it from the wheel : it is thought that it will drive off the back- 
water much better. 

Plate IV. fig. 28, shows an undershot wheel. Some mill-wrights prefer to slant 
the forebay under the wheel, as in the figure: that the gate may be drawn near the 
floats; because they think that the water arts with more power near the gate, than 
at a distance; which appears to bc the case when we consider, that the nearer we 
approach the gate, the nearer the column of water approaches to what is called a 
perfectly definite quantity. See Art. 5!). 

Others, again, say, that it acquires equal power of descending the shute. (It 
will certainly acquire eqnal veIncity, abatinzonly for-the friction of the shutc arld 
the air.) U’hen rhe shute has a considerable descent, the greater the distance 
from the gate, the grealer the ve?ocity and power of the water; but where the 
descent of the shntc 1s not sufi~cient to overcome the friction of the air, &c., then 



OF TUB MILLS. 

Observations on the Table. 

16’7 

1, The table is calculated for an undershot wheel con- 
structed, and the water shot on, as in Plate IV. fig. 28. 
The head is counted from the point of impact I., and the 
motion of the wheel at amaximum, about $8 of the velo- 
city of the water; but when there is plenty of water and 
great head, the wheel will run best at about ,66 or two- 
thirds of the velocity of the water; therefore, the stones 
will incline to run faster than in the table, in the ratio of 
58 to 66, nearly ; for which reason, I have set the motion 
of 5 feet stones under 100 revolutions in a minute, which 
is slower than common practice; they will incline to run 
between 96 and 110 revolutions. 

2. I have taken half of the whole head above the point 
of impact, for the virtual or effective head by Art. 53, 
which I apprehend will be too little in very low heads, 
and, perhaps, too much in high ones. As the principle 
of non-elasticity does not seem to operate against the 
power so much in low as in high heads; therefore, if the 
head be only 1 foot, it may not require 223,s cubic feet 
of water per second, and if 20 feet may require more than 
1 I,17 cubic feet of water per second, the quantities given 
in the table, 

ARTICLE 7 1. 

OF TUB MIL?:S. 

A tub mill has a horizontal &ter-wheel, that is acted 
on by the percussion of the water altogether; the shaft is 

the nearer the gate, the greater the velocity and power of the water ; which argues 
in favour of drawing the gate near the floats. Yet, where the fall is great, or water 
plenty, and the expense of a deep penstock considerable, the small difference of 
power is not worth the expense of thus obtaining it. In these cases, it is best to 
have a shallow penstock, and a long shute toconvey the water down to the wheel, 
drawing the gate at the top of the shute : this is frequently done to save expense in 
building saw-mills, with flutter-wheels, which are small undershot wheels, fixed 
on a crank shaft, and made so small as to ob:ain a sufficient number of strokes of 
the saw in a minute, say about 120, This wheel is to be of such a size as is cal- 
culated to suit the velocity of the water at the point of impact, so as tomake that 
number of revolutions (123) in a minute. 

Thomas Ellicott’s method of shooting the water on an undershot-wheel, where 
the fall is great, is shown in Plate 13, fig. 6. 
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vertical, carrying the stone on the top of it, and serves 
in place of a spindle ; the lower end of this shaft is set in 
a step fised in a bridge-tree, by which the stone is raised 
and l,owered, as by the bridge-tree of other mills; the wa- 
ter is shot on the upper snde of the wheel, in the direc- 
tion of a tangent with its circumference. See fig. 29, 
Plate IV., which is a top view of the tub-wheel, and fig. 
39, which is a side view of it, with the stone on the top 
of the shaft, bridge-tree, &c. The wheel runs in a hoop, 
like a mill-stone hoop, projecting so far above the wheel 
as to prevent the water from shooting over the wheel, 
and whirls it about until it strikes the buckets, because 
the water is shot on in a deep narrow column, 9 inches 
wide and 18 inches deep, tc drive a 5 feet stone, with 
8 feet head-the whole of this column cannot enter the 
buckets until a part has passed half way round the 
wheel, so that there are always nearly half the buckets 
struck at once ; the buckets are set obliquely, that the 
water may strike them at right angles. See Plate IVg 
fig. 36, As soon, as it strikes, it escapes under the whee!, 
In every direction, as in fig. 29,” 

* NOTE. That in Plate IV. fig. 30, I have allowed the gate to be drawn inside 
of the penstock, and not in the shute near the wheel, as is the common practice; 
because the water will leak out much alongside of the gate, if drawn in the shute. 
But here we must consider that the gate must always be full drawn, and the quan- 
tity of water regulated by a regulator in the shute near the wheel: so that the 
shute will be perfectly full, and pressed wrth the whole weight of the head, else 
a great part of the power may be lost. 

To show this more plainly, suppose the long shute A, from the high head (shown 
by dotted liues) of the undershot mill, fig. 28, be made tight by being covered at 
top, then, if we draw the gate A, but not fully, and if the shute at bottom be large 
enough to vent all the water that issues through the gate when the shute is full 
to A, then it cannot fill higher than A: therefore,al; that part of the head above 
A is lost, it being of no other service than to supply the shute, and keep it full 
to A, andgthe head from A to the wheel, is all that acts on the wheel. 

Again, when we shut the gate, the shute cannot run empty, because it would 
leave a v’acuum in the head of the shute at A ; therefore, the pressure of the atmo- 
sphere resists the running out of the water from the shute, and whatever head of 
water is in the shute when the gate is shut, will balance its weight of the pres- 
sure of the atmosphere, and prevent it from acting on the lower side of the gate, 
which will cause it to be very hard to draw. For, suppose I1 feet head of water 
to be in the shute when the gate was shut, its pressure is equal to about 5 lbs. per 
square inch; the 11, if the gate be 48 by (i inches, which is equal to 285 inches, this 
multiplied by 5, is equal to 1440 lbs. the additional pressure on the gate. 

Again, if the gate be full drawn, and the shute be not much larger at the up- 
per than the lower end, these defects will cause much loss of power. To remedy 
all this, put the gate H at the bottom of the shute, to regulate the quantity of water 
by, and make a valve at A to shut on the inside of the shute, like the valve of a 
pair of bellows, which will close when the gate A is drawn, and open when the 
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The disadvantages of these wheels are, 
1. [Jnder the best construction, the water does aot act 

to advantage on them; and it is in general necessary to 
make them so small, in order to give velocity to the stone, 
that the buckets take up a third part of their diameter. 

2. The water acts with less pojver than on undershot 
wheels, as it is less confined at the time of striking the 
wheel, and its non-elastic principle operates more fully. 

3. If the head be low, it is with dificulty we can put 
a sufficient quantity of water to act on them so as to drive 
them with sufficient power; I, therefore, advise to let thf, 
water strike on them in two places ; as in Plate IV. fig. 
29; the apertures need then only be about 6 by 13 inches 
each, instead of 9 by 18; they will then operate to more 
advantage, as nearly all the buckets will be acted on at 
once. 

Their advantages are, 
Their esceeding simplicity and cheapness, having no 

cogs nor rounds to be. kept in repair, their wearing parts 
are fejv, and have but little friction ; the step-gudgeon 
runs under water, therefore, if well-fixed, it will no.t get 
out of order in a long time; they will move with suffi- 
cient velocity and polver with 9 or 10 feet total fall, it’ 
there be plenty of water; and, if they be well fixed, they 
will not require much more water than undershot wheels; 
they are, therefore, preferable in all seats which have a 
surplus of water, and above 8 feet fall. 

In order that the reader may fully understand how 
the following table for tub-mills is calculated, iet him 
consider, 

1, That the tub-wheel moves altogether by percussion, 
the water flying clear of the wheel the instan’t it strike9, 
and that it is better, (by Art. ~8,) for such wheels to move 
fLster tElan the calculated maximum velocity : therefore, 
instead of ,s??‘, we will allow them to move ,66 Relocity 
of the water; then multiplying the velocity of the water 

gate shuts, and let air into the shute; this plan will do better for saw-mills with 
flutter-wheels, or tub-mills, than long open shutes, as by it we avoid the friction 
of the shutc and the resistance of the air. 

To understand what is here said, the reader must be acquainted with the theory’ . 
of the pressure of the atmosphere, vacuums, 8~. See these subjects touched on 
in Art. 26. 

r 
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-. 
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by ,66, gives the velocity of the wheel, at the centre of 
the buckets, which constitute the third column in the 
table. 

2. The velocity of the wheel per second, multiplied by 
GO, and divided by the number of revolutions the stone 
is to make in a minute, gives the circumference of the 
wheel at the centre of the buckets; which circumference, 
multiplied by 7, and divided by 23, gives the diameter 
from the centre of the buckets, to produce the number of 
revolutions required : which are contained in the 4th, 6th, 
and 7tl1 columns. 

3. The cubochs of power required, by Art. 63, to drive 
the stone, divided by half the head, give the cubic feet of 
water required to produce said power; which are found 
in the 8th and 10th columns. 

4. The cubic f-et of water, divided by the velocity, 
will give the sum of the apertures of the gates; which 
are shown in the 9th and 1 Ith columns. 

5, The cubic feet of water, divided by I,5 feet, the velo- 
city of the water in the canal, gives the area of a set- 
tion of the canal; which is shown in the 13th and 13th 
columns. 

6, For the quantity of water, aperture of gate, and 
size of canal, for 5 feet stones, see table for undershot 
mills, in Art. 70, 
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THE MILL4VRIGHT’S TABLE 

FOR 

TUB MILLS. 
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Having levelted your mill-seat, and found that you 
have above 8 feet fall, and plenty of water, and wishing 
to build a mill an the simplest, cheapest, and best con- 
struction to suit your seat, you wilt, of course, make choice 
of a tub mill. 

Cast off 1 foot for fall in the tail-race, below the bottom 
of the wheel, if it be subject to back water, and 9 inches 
for the wheel ; then suppose you have 9 feet left for head 
above the wheel; look in the table against 9 feet head, 
and you have all the c&ulations necessary for 4,5,6, and 
7 feet stones, the quantity of water required to drive them, 
the sum of the areas of the apertures, and the areas of 
the canals. 

If you choose stonea of any other size, you can easily 
proportion the parts to suit, by the rules by which the 
table is calculated. 

Let it be recollected, however, that it is a very common 
error, to build tub mills in situations where they must 
fail during a dry season. They are suited to those places 
only where water runs to waste during the whole year. 
There are hundreds of such mills in the United States 
which are useless at the season when they are most 
needed, whilst a welt-constructed overshot, breast, or 
pitch-back wheel, might be kept constantly running,, 

ARTICLE 7% 

OF BREAST MILLS. 

Breast wheels, which have the waker shut on them in 
a tangential direction, are acted on by the princip’iea both 
of percussion and ofgravity; all that part above the point 
of impact, called head, acts by percussion ; and all that 
part below said point, called fktt, acts by gravity. 

We are obliged, in this structure of breast mills, to 
use more head than will act to advantage ; because we 
cannot strike the waier on the wheel, in a true tangcn- 
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tial direction, higher than I. the point of impact, as 
shown in Plate IV., fig. 31, which is a breast wheel with 
12 feet perpendicular descent, 6,5 feet of which are above 
the point I,, as head, and 5,s feet below, as fall. The 
upper end of the shute that carries the water down to the 
wheel, must project some inches above the point of the 
gate when full drawn, otherwise the water will strike 
t.owards the centre of the wheel ; and it must not p!‘oject 
too high, or else the water in the penstock will not come 
fast enough into the shutc when the head sinks a little. 
The bottom of the penstock is a little below the top end 
of the shute, to lea\Te room for stones and gravel to settle, 
and prevent them from getting into the gate. 

We might lay the water on higher, by setting the top 
of the penstock close to the wheel, and using a s1idin.g 
gate at bottom, as shown by the dotted tines; but this 1~ 
Ijot approved of in Dractice. See Ellicott’s mode, Plate 
;\iv,, fig. 1, 

But If the water in the pcnstoclc be nearly as high as 
the wheel, it may be carried over; as shown by the up- 
per dotted lines, and shot on backwards, making that part 
next the wheel, the shute to guide the water into the 
wheel, and the gate very narrow or shallow, allowing the 
wtcr to run over the top of it when drawn: by this 
u~!aod (called pitch-back) the head may be reduced to 
t hc snm6 as it is for an overshot wheel ; and then the 
tnotim of the circumfcrcnce of the wheel will be equal to 
the motion of an overshot wheel, whose diameter is equal 
to the fall below the point of impact, and their powers 
will be equal. 

This st.ruct.ure of a wheel, Plate IV., fig. 31, I view as 
a good one for the following reasons, namely :- 

1. The buckets, or floats, receive the percussion of the 
water at right angles, which is the best direction possi- 
ble. 

2. It prevents the water from flying towards the cen- 
trc of the wheel without reacting against the bottom of 
the buckets, and retains it in the wheel, to act by its 
gravity in its descent, after the stroke. 

3. It admits air, and discharges the water freely, with- 
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out lifting it at bottom; and this is an important advan- 
tage, because, if the buckets of a wheel be tight, and the 
wheel made a little in back-water, they will lift the wa- 
ter to a considerable distance as they empty ; the pres- 
sure of the atmosphere then prevents the water from 
leaving the buckets freely, and it requires a great force 
to lift them out of the water with the velocity of the 
wheel; this may be proved by dipping a common water- 
bucket into the water, and lift.ing it out, bottom up, with 
a quick motion; you have to lift not only the water in the 
bucket, but it appears to suck much more up after it; 
which is the effect of the pressure of the atmosphere. 
See Art. 56. This shows the necessity of air-holes to 
let air into the buckets, that the water may have liberty 
to escape freely. 

Its disadvantages are, 
I. It loses much water, if it be not kept closely to the 

sheeting. And, 
2. It requires too great a part of the total fall to be used 

as head, which is a loss of power, one foot fall being equal 
in povver to two feet heacl. 

Plate IV. fig. 32, is a draught, showing the position of 
the shutc for striking the water on a wheel in a tangent, 
for all :he total perpendicular descents from G to 15 feet; 
the points of impact are numbered inside the fig. \+th 
t.ix nun&x of the total fall, fbr each respectively. The 
top of the shute is only,about 15 inches from the wheel, 
in order to set the pomt of impact as high as possible, 
allowing 3 feet above the upper end of the shute to the 
top of the water in the penstock, which is little enough, 
when the head is to be often run down any considerable 
distance; but where the stream is steady, being always 
nearly the same height in the penstock, 2 feet would be 
sufficient, especially in the greatest total falls. Where 
the quantity is less, raising the shute 1 foot would also 
raise the point of impact nearly the same, and increase 
the power, because 1 foot fall is equal in power to 3 feet 
Ii&d, by Art. 6 1. 

On these principles, to suit the applications of water, 
as represented by fi,. 0 32, I have calculated the fol!ow- 
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ing table for breast millss And, in order that the reader 
may fully understand the principles on which it is calcu- 
lated, let him consider as follows:- 

I. That all the water above the point of impact, called 
head, acts wholly by percussion, and all below said point, 
called fall, acts wholly by gravity, (see Art. 60:) these 
form the 2d and 3d columns. 

2. That half the head, added to the whole fall, consti- 
tutes the virtual or cfiectual descent, by Art. 61, which 
is given in the 4th column. 

3. That if the water were permitted to descend freely 
down the circular sheeting, after it passed the point of 
impact, its velocity would be accelerated, by Art. GO, 
so as to be, at the lowest, point, equal to the velocit,y of 
water spouting from under a head equal to the whole de- 
scent; the maximum velocity of this wheel will, conse- 
(itilently, be compounded of the velocity to suit the head, 
and the acceleration after it passes the point of impact. 
Thcrcforc, to find the velocity of this wheel, I first mul- 
tiply the velocity of the head, in colutnn 5, by ,W?, (as 
for undershot mills,) which gives the velocity suitable to 
the head; I then, (by the rule for determining the velo- 
citrof overshots,) say, as the velocity of water descending 
Q,I feet, equal to 37J I feet per second, is to the velocity 
of the wheel, JO feet per second, so is the acceleration of 
velocity, after it passes the point of impact, to the acce=. 
lcr;~tcd. velocity of the wheel ; and thcae two velocities 
nddcd, give the velocity Of tllC Vkccl; which is shown ill 
tlic 6th column. 

4. The \-e1ocit.y of the wheel per second, tnultiplicd by 
GO, and divided by the circumference of the wheel, gives 
the revolutions per minute: see 7th column, 

5. The number of cogs in the cog-wheel, multiplied by 
the number of’ revolutions, per minute, of the water-wheel, 
and divided by the rounds in the trundle-head, will give 
the number of revolutions of the stone per minute; and 
if we divide by the number of revolutions the stone is to 
have, it gives the rounds in the trundle, and, when frac- 
tions arise, take the nearest whole number; see columns 
8, 0, and 10. 
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6. The cubochs of power required to turn the stone, 
by Art. 63, divided by the virtual descent, give the cu- 
bic feet of water required per second ; column 11. 

7. The cubic feet of water, divided by the velocity 
allowed to it in the canal, suppose l,5 feet per second, 
qive the area of a section of the canal : column 12. 
’ 8. If the mill is to be double-geared, take the revolu- 
tions of the wheel from column ? of this table, and look 
in column 4 of the undershot table, Art. 70, for the num- 
ber of revolutions nearest to it, and against that nknber 
YOU have the gearing that will give a 5 feet stone the 
ki$t motion. 
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THE MILL-WRIGHT’S TABLE 

FOR 

BREAST MILLS. 

Calculated for a water-wheel fifteen feet, snd stones five feet diameter: the water 
being shot 011 the direction of a tangent, to the circumference of the wheel- 

feet. 

0.6’ 
.1.3 
l2.0’ 
12.5: 
13.0’ 
j3.5: 
14.0 
14.3 
14.4 
14.7 

m . . 

1 I 

1 
71 
31 
71 
31 
3,l 
5’1 

II1 
6il 
m. 

I 6 

rup. ft No, 
-- 
112?! 
112 li 
104,1( 

19.2f 
16X 
14.1: 
12.3 
10.8 
9.61 
8.4! 
i.S! 
7.01 
6.41 

i9.8 
14.8: 
?1.2! 
L8.4f 
16.2 
14.4: 
12.7: 
11.6: 
10.51 
Y.Sl 

.e 
11 

3.5 
4.4 
5.3 

::6 
7. 
.7.8’ 
.8.2I 
58 3! 
i8.51 

i’ 

12 6.8’5.: 
13 6.86.1 
14 6.97. 
I5 7. 18. 

- 
1 I-;[-3 

i 

k 
j 
3 
2 
11 

1 
-. 1 

‘4 15 I 

12 

10411( 
96’16 99. 
96116 102. 
96117 100. 
96!18 97. 
96118 97. 
96;181 98. 

-++- 

7 1 8 191 10 
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Use of the Table for Breast-Mills. 

Having a seat witb above 6 feet fal!, but not enough 
for an overshot mill, and the water being scarce, so that 
you wish to make the best use of it, should lead you to 
the choice of a breast mill. 

Cast off about 1 foot for fall in the tail-race below the 
bottom of the wheel, if much subject to back water, and 
suppose you have then 9 feet total descent; look for 9 
feet in the first column of the table, and agai’nst it you 
have it divided into 5,9 feet head above, and $1 feet 
fall below, the point of impact, which is the highest point 
that the water can be fairly struck on the wheel: leaving 
the head 3 feet deep above the shute= which is equal to 
6,s feet virtual or eKectivc descent ; the velocity of the 
lvater striking the wheel will be 18,99 feet ; and the ve- 
locity of the wheel 12,07 feet per second; it Fvill revolve 
16 times in a minute; and, if single-geared, UM cogs and 
16 rounds, gives the stone 99,4 revolutions in Q minute, 
: equiring 21,29 cubic feet of water per second ; the area 
of a section of the canal must be 14,19 feet, or about 3 
feet deep, and 5 feet wide. If the stones bc of any other 
size, it is easy to proportion the gearing to give them 
any required number of revolutions.* 

If you wish to proportion the size of the stones to the 
polvcr of your sfxf, tuullt 2 ply the cubic kct of water 
!/our stream atfi~rds pcx second, by the virtual dc:xcnt in 
co\umn 4, and that product is the power in cuboche; 
then look in the table, in Art, 63, for the size of’ the 
stone that most nearly suits that pofvcr. 

For instnrlce, suppose your stream aford 14 ctihic fbct 
of water per second, then 14 nrultiplicd by 6,05 feet vir- 
tud descent, produce 84,7 cuboclrs of power; ~vhich in 
the table in Art. 63, C~IIKS nearest to 4,~ feet for the di- 
amctcr of the stones: but by the rules laid down in Art. 
63, the size may be found more exxtly. 

” The mill-wright will do well to examine with attention the article in the ap- 
pond& written by the lntc IV. P nr k ix, a practical and skicntiCc workman, u hose 
ougpstions arc’ of the ut:nost import&e, RS they mirr lend to tl?e cor,rc*cTinn of 
erro1’9, which the editor is assured, from his own observations, ure almdst urliver- 
&al, fhe too great velocity, and the too little ccyacity of water wheels. 
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Six cubochs of power are required to every superfi- 
cial foot of the stones. 

ARTICLE 73. 

OF OVERSHOT MILLS. 

Fig. 33, Plate IV., represents an overshot wheel: the 
water is laid on at the top, so that the upper part of the co- 
lumn will be in the direction of a tangent, with the cir- 
cumfcrencc of the wheel, but so that all the water may 
strike within the circle of the wheel. 

The gate is drawn about 30 inches behind the perpen- 
dicular line from the centre of the wheel, and the point 
at the shute ends at said perpendicular with a direction 
,a little downwards, which gives the water a little velo- 
city downwards to follow the wheel; for if it be directed 
horizontally, the head will give it no velocity downwards, 
and if the head be great, the parabolic curve, which the 
spouting water forms, will extend beyond the outside of 
the circle of the wheel, and it xi11 incline to fly over. 
See Art.. 4-4 and 60, 

The head above the wheel acts by percussion, as on 
an undershot wheel, and we have shown, Art. 43, that 
the head should be such as to give to the wa,ter a velo- 
city of 3, for 2, of the wheel. After the water strikes 
the wheel, it acts by gravity; therefore, ta calculate the 
lwvcr, we muRt take half the head and add it to the fall, 
for t.he virtual descent, as in breast mills. 

The velocity of ovcrslrot wheels is as the square roots 
of their diameters. See Art. 43. 

On thcsc principles, I have calculated the following 
table for overshot wheels; and, in order that the reader 
may understand it fully, let him conaider well the follow- 
ing premises :- 

t. That the velocity of the water spouting on the 
wlw4 must be one and a half times the velocity of the 
wt~~1, by Art. 43: then, to find the head that will give 
said velocity, say as the square of I&2 feet per sccen 1, 
is to 4 feet, the head that gives that velocity, SO is thg 
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square of the* velocity required, to the head that will 
give the velocity sought for; but to this head, so found, 
we must add a little, by conjecture, to overcome the 
friction of the aperture. See Art. 55. 

In this table, I have added to ‘the heads of wheels of 
from 9 to 12 feet diameter ,I of a foot, and from 12 to 20 
feet I have added one-tenth more, for every foot increase 
of diameter, and from 20 to 30 feet I have added ,O5 
more to every foot diameter’s increase; which gives a 30 
feet wheel 1,5 feet additional head, while a 9 feet wheel 
has only one-tenth of a foot, to overcome the friction. 
The reason of this great difference will appear when we 
consider that the friction increases as the aperture de- 
creases, and as the velocity increases: still this depends 
much on the form of the gate, for if that be nearly square, 
there will be but little friction; but if very oblong, say 
24 inches by half an inch, then it will be very great. 

The heads thus found, compose the 3d column. 
2. The head, added to the diameter of the wheel, makes 

the total descent, as in column 1. 
3. The velocity of the wheel per second, taken from 

the table in Art. 43, multiplied by 60, and divided by 
the circumference of the wheel, gives the number of re- 
volutions of the wheel per minute; as in column 4. 

4, The nutnber of revolutione of the wheel, per mi- 
nute, multiplied by the number of cogs in all the driving 
wheels successively, and thn.t product divided ~JJ the pro- 
duct of all the leading wheels, gives the number of revo- 
lutions of the stone per minute, and is found in column 
9, double gear, for 5 feet stones; and in column 12, sin- 
gle gear, for 6 feet stones. 

5. The cubochs of power required to drive the stone, 
by table in Art. 63, divided by the virtual or effective 
llescent, which ir; half the head added to the fall, or the 
cliameter of the wheel, gives the cubic feet of water re- 
quired per second to drive the stone, and is column 13. 

6. The cubic feet required, divided by the velocity 
YOU .intend the water to have in the canal, gives the area 
hf a section of the canal. The width multiplied by the 
depth, must always produce this area. See Art. 64. 
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7. The number of cogs in the wheel, multiplied by the 
quarters of inches in the pitch, produces the circumfe- 
rence of the pitch circle; which multiplied by 7, and di- 
vided by 22, gives the diameter in quarters of inches, 
which reduced to feet and parts, forms column 15. The 
reader may here at once observe how near the cog-wheel, 
in the singIe gear, will be to the water; that is, how near 
it is, in size, to the water-wheel. 

Use of the T&b. 

Having with care levelled. the seat on which you mean 
to build, and found, that after deducting 1 foot for fall 
below the wheel, and a sufficiency for the sinking of the 
head race, according to its lefgth and size, and having 
a total descent remaining suffictent for an overshot wheel, 
suppose 17‘ feet; then, on looking in the first column of 
the table, for the descent nearest to it, we find 16,74 feet, 
and against it a wheel 14 feet diameter: head above the 
wheel 2,7 feet; revolutions of the wheel per minute 11, 
l? ; double gears, to give a 5 feet stone 98,7 revolutions 
per minute; single gears, to give a 6 feet stone 76,6 re- 
volutions per minute ; the cubic feet of water required 
for a 5 feet stone 7,2 feet per second, and the area of PC 
section of the canal 5 feet; aboui; 2 feet deep, and 2,s 
feet wide, 

If it be determined to proportion the size of the stones 
exactly to suit the power of the seat, it. may be done as 
directed in Art. 63, All the rest can be proportioned 
by the rules by which the table is calculated. 
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THE MILLWRIGHT’S TABLE 

FOR 

CALCULATED FOR FIVE FEET STONES, DOUBLE GEAR, AXD SIX 

FEET STONES, SINGLE GEAR. 

25,54:21 
2G,t%i 22 

454 9.1 &+n'48 171 98.3 129 
4.86 EL!-) !)G 24 19 17; 1OI-U 1?9’ 

27,99,U3 4.W 8.7 9625 ;',4!18/ 100.2 
20 27124 5.27 8.5 96%5iS4 17 103. 
30.4525 5.45 8.3 9G2534 li:lOl. 
31.57’26 5.57 8.19 9625’54 17: !)9.6 
32.7 7 27 
3;3,9d<f? 

5.77 8.03 104 25 54 16 100.2 
5 06 i.9.3’104 85 54 18’ 00 

35,15m2!l 6Ii5 7.75 11226 53 18.lbo:l 
3G.4 130 6.4 7.63 112,2654,ld; 98.6 

P---M-----.- -- - -1. --- 
1 ‘2 3 14 5 IG 7i8! 9 ldll 121 
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Observations on the Tables. 

1 l It appears that single gearing does not w-d suit this 
construction; because, where the water wheels are low, 
their motion is so slow that the cog-wheels, (if made 
large enough to give sufficient motion to the stone, with- 
out having the trundle too small, see Art. 23,) will touch 
the! wnttCr. And again, when the water wheels are above 
20 feet high, t.he cog-wheels require to be so high, in 
order to give motion to the stone without havmg the 
trundk too small, that they become unwieldy; the husk 
also is too high, and the spindle so short as to be incon- 
vcnicnt. Single gearing, therefore, seems to suit over- 
shot wheels only where their diameter is between 12 and 
18 f&t, twd cwn then the water wheel wilt have to run 
rather too t’nst, or the trundle be too small, and the stones 
should bc, at. Icast, 6 feet in diameter. 

2. I hnve, in the preceding tables, supposed the WR= 
ter to [)ilSS dOI1g thf2 canal With 1,s fi3X velocity per se- 
cond ; but being of opinion that 1 foot per second is near- 
CT the proper motion, that is, about 20 yards per minute, 
the cubic kct rcquircd per second, will, in this case, be 
t Iw illY!il of a section of the canal, as given in column 14 
of this t&k. 

3, Although I have calculat;cd this table for the velo- 
cities at‘ the wh~xls to vary as the square roots of fheir 
diillllCt(!~~, which l)lilkCS (?, 30 fiX3 Wheel mow 11,99 kC?t 
per sccond~ and a I.- 0 feet wheel to wow 7,57 fest per se- 
c011d, yet 111cy will do to hrwc equal velocit); and head, 
wllich ‘is the common practice among mill-wnght~. nut, 
for the reasons I have mentioned in Art. 43, I prefer 
gking tlwn the velocity and head assigned in the table, 
in or&r to obtain steady motion. 

4. Many hwe been dcccived, by observing the es- 
ccctlingly slow and steady motion of some very high 
owwl~ot wheels, working fixge! or furnace bellow, con- 
2ludit-q tficrcfrom, that thw will work as steadilv with a 
wry slow, as with any yuiEkcr motion, not conAxing, 
pwhlp”, that t i is the principle of the bellows that re- 
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gulates the motion of the wheel, which is different from 
any other resistance, for it soon becomes perfectly equa- 
ble, therefore the motion will be uniform, which is not 
the case with mills of any kind. 

5. An opinion is sometimes entertained, that water is 
not well applied by an overshot wheel, because, it is said, 
those buckets which nearly approach a line drawn per- 
pendicularly through the centre, either above or below, 
act on too short a lever. To correct this erroneous idea, 
I have divided the fall of the overshot wheel, fig. 33, 
Plate IV., into feet, shown by dotted lines. Now, by 
-4rt. 53 and 54, every cubic foot of water on the wheel 
produces an equal quantity of power in descending each 
perpendicular foot, called a cuboch of power; and that 
because where the lever is shortest, the greatest quan- 
tity of water is contained within the foot perpendicular; 
or in other words, each cubic foot of water is a much 
longer time, and pzsses a greater distance, in descending 
a perpendicular foot, than where the lever is longest : 
this exactly compensates for the deficiency in the length 
of lever. See this demonstrated, Art. 51. It is true, 
that the edict of the Iowcr foot is, in pr~cticc, entirely 
lost, by the running of the water out of the buckets. 

We have now treated of the four different kinds cJf 

mills that are in general use. There is another, the in- 
vention of, or rather an improvement by, the late in- 
genious James Rumsey, which moves by the reaction 
of water,* 

* This is sometimes known by the name of Barker’s mill; several of which 
have been built in different places; but it is believed that they have all been aban- 
doned, as they-have not in practice answered the expectations which had been 
entertained respecting them. A modification of this mode of applying the power 
of water has, of late years, been extensively used in the United States, and been 
made the subject of several patents. These wheels will be noticed in the appen- 
dix.-EDITOR. 



CHAP. V.] RULES AND CALCULATIONS. 

CHAPTER V. 

ARTICLE 74. 

RULES AND CALCULATfONSa 

183 

THE fundamental principle, on which are founded all 
rules for calculating the motion produced by a combina- 
tion of wheels, and for calculating the number of cogs to 
be put in them, to produce any motion that is required, 
has been given in Art. 20; and is as follows:- 

If the revolutions that the first moving wheels make 
in a minute be multiplied by the number of cogs in all 
the driaing wheels successively, and the product noted; 
and the revolutions of the last leading wheel be multi- 
plied by the numberof cogs in all the leading wheels 
succees’ively, and the product noted ; these products will 
be equal in all possible cases. Hence, we deduce the 
following simple rules :- 

1st. For finding the motion of the mill-stone; the rc- 
volutions of the water-wheel, and the cogs in the wheels, 
being given:-- 

RULE. 

Multiply the revolutions of the water-wheel per mi- 
nute, by the number of cogs in all the driving wheels 
successively, and note the product ; and multiply ths 
number of cogs or rounds in all the leading wheels SUC- 
cessivcly, and note the product; then divide the first 
product by the last, and the quotient is the number of 
revolutions of the stone per minute. 

EXAMPLE. 

Given the revolutions of the water-wheel per 
minute, - - - - - - 10,4 

No, of cogs in the master cog-wheel - 38 . 
No. of do, in the counter cog-wheel - 48 t 

Drivers . 

No. of rounds in the wallowk - 
No. of do, in the trundle - - 23 t Leaders. 

- - 17) 
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Then lO,Li, the revolutions of the water-wheel, multi- 
plied by 75, the cogs in the master-wheel, and 49, the 
cogs in the counter-wheel, are equal to 38937,6; and 23 
rounds in the wallower, multiplied by 17 rounds in the 
trundle, are equal to 391, by which we divide 38931’,6, 
and it gives 99,5, the rcvolu.tions of the stone per minute ; 
which are the calculations for a 16 feet wheel, in the 
0vcra110t table. 

2d. For finding the number of cogs to be put in the 
wheels, to produce any number of revolutions rcquircd 
to the mill-stone, or to any whesl. 

RULE. 

Take anv suitable number of cogs for all the wheels 
except one”; then multiply the revolutions of the first 
n~ovcr per minute, by all the drivers, except the onr? 
wnntin~, (if it be a rlriwx) and the revolutions of the 
~1~3 required, by all the leaders, and divide the grcat- 
cst product by the least, and it will give the number of’cogs 
rcquircd in the omitted wheel, to product the d&cd re- 
volut.ions, 

Note. If nnv of the n~hccls be for straps, take their di- 
anlctcrs in in&s and parts, and multiply n.nd divitlc with 
tlicm, as with the cogs. 

EXAhlPE,!3. 

Given, the revolutions of the wtcr-wheel 10, 
And tllc CORS in tllC mnstcr-wheel - 75 DrivcrP 
IXfto in the cour~tw wheel - - - 48 ’ l 

1 

Rorinrl~ in the wllowcr 23 
The nurnl~er of the trunilc is required, to give the 

stone 99 revolutions. 
Then 10,4, multiplied by ‘78 and 48, is equal ta 

38937,6; and 99, multiplied by 23, is equal to 2277, by 
which divide 38987,G, and it gives X,66; instead of 
which, I take the nearest whole number, 17, for the 
rounda in the trundle, and find, by rule lst, that it pro- 
cluccs 09,5 revolutions as required. 

For the exercise of the inexperienced, I have con- 
structed fia. 7, Plate XI. ; which I call the circle of mo- 
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tion, and which serves to prove the fundamental princi- 
ple on which the rnPes are founded; the first shaft be- 
ing, also, the last of the circle. 

A is a cog-wheel sf20 cogs, and is a driver. 
B do. 24 - leader. 
c do. 24 - driver. 
D do, 30 - ieader. 
I;: do. 25 - drive7. 
F do. 30 - leader. 
G do. 36 - driver. 
I-l do. 20 - leader. 

But if we trace the circle the backward way, the lcad- 
ers become drivers. 

I is a strap-wheel I.44 inches diameter, dri&. 
I< l 

L cog-$Lel 
30 do, - leader. 
12 cogs. - driver. 

M do. 24 do, - leader. 

MOTION OF THE SHAFTS. 

The upright shaft, and first driver, AH 36 revs. in a min. 
BC 30 do, 
TX 24 do, 
JXi 20 do. 
Hi?.. 36 do. 
fi.i 4 do., which is 

the shaft of a hopper-boy. 
If this circle be not so formed, as to give the first and 

hst shafts (which are here the same) exactly the same 
motion, one of the shafts must break as soon as they are 
put in motion. 

The learner may esercisc the rules on this circle, un- 
til he can farm a similar circle of his own ; and then he 
need ncvcr be afraid to undertake to calculate any other 
combination of motion. 

I omit showing the work for finding the motion of the 
severa! shafts in this circle, and the wheels to produce 
s.;lid motion ; but leave it for the practice of the learner, 
in the application of the foregoing rules. 
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EXAMPLES. 

1st. Given, the first mover AH 36 revolutions per 
minute, and first driver A 20 cogs, leader B 24 ; re- 
quired, the revolutions of shaft BC. Answer, 30 revolu- 
tions per minute. 

2dly. Given, first mover 36 revolutions per minute, dri- 
vers 20-24-25, and leaders 24-30-30 ; required the 
revolutions of the last leader. Answer, 20 revolutions 
per minute. 

3dly. Given, first mover 20 revolutions per minute, 
and first driver, strap-wheel, 14: inches, cog-wheel 12, 
and leader, strap-wheel, 30 inches, cog-wheel 29; re- 
quired, the revolutions of the last leader, or last shaft. 
Answer, 4 revolutions. 

4thly. Given, first mover 36 revolutions, driver A 20, 
C 24, leader I3 24, ID 30 ; required the number of lend- 
er I?, to produce 20 revolutions per minute. Answer 30 
cogs. 

5thly. Given, first mover 36 revolutions per minute, 
driver d 20, C 24, E 25, driver pulley 141 inches dia- 
meter, C 12, and leader B 24, E) 30, k? 30; RI 29; re- 
quired the dinmetcr of the strap-wheel K, to give the 
shaft 4, four revolutions per minute. Answer, 30 inches 
diameter. 

The learner may, for exercise, wo]rk the above ques- 
tions, and every other that he can propose on the circle. 

ARTICLE 7% 

The following are the proportions for finding the cir- 
cumference of a circle, its diameter being given, or the 
diameter by the given circumference; namely :- 

As 1 is to 3,1416, so is the diameter to the circumfe- 
rence; and as 3,1416 is to 1, so is the circumference to 
the diameter: Or, as 7 is to 22, so is the diameter to the 
circumference ; and as 22 is to 7, so is the circumference 
to the diameter. The last proportion makes the diame- 
ter a little too large; it, therefore, suits mill-wrights best 
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for finding the pitch circle; because the sum of the dis- 
t,anccs, from centre to centre, of all the cogs in a wheel, 
makes the circle too short, especially where the number 
of cogs is few, because the distance is taken in straight 
lines, instead of on the circle. In a wheel of 6 cogs only, 
the circle will be so much too short, as to give the dia- 
meter & p arts of the pitch or distance of the cogs too 
short. Hence, we deduce the following 

RULES FOR FINDTNG THE PITCH CIkLE. 

Multiply the number of cogs in the wheel, by the 
quarters of inches in the pitch, and that product by 7, 
and divide by 22, and the quotient is the diameter in 
quarters of inches, which is to be reduced to feet. 

EXAMPLE. 

Given, 84 cogs 4: inches pitch; required the diameter 
of the pitch circle, 

Then, by the rule, 84 multiplied by 18, and by 7, is 
equal to 10584 ; n:hich, divided hy 22, is equal to 481& 
quarter inches, equal to 10 feet &$ Inches, for the diame- 
tcr of the pitch circle requkd. 

ARTlCLE 76. 

A true and expeditious method of finding the diameter 
of the pitch circle, is to find it in measures of the pitch 
itself that you use. 

RULE. 

Rlultipl~~ the number of cogs by 7, and divide by 22, . 
and you have the diameter of the pitch circle, in measures 
of the pitch, and the 22d parts of said pitch. 

EXAMPLE. 

Gircn, ?g cogs; required the diameter of,,the pitch 
circle. Then, bv the rule, I f 
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78 
7 

. 

22)546(24;; I Measures of the pitch for the diameter 
44 of the circle required. 

106 
88 

18 
Malf of which diameter, 12,0, of the pitch, is the radius, 

or half diameter, by which the circle is to be swept. 
To use this rule, set a pair of compasses to the pitch, 

and screw them fast, so as not to be altered until the 
wheel is pitched : divide the pitch into 22 equal parts; 
then step 12 steps, on a straight line with the pitch com- 
passes, and 9 of these equal parts of the pitch, make the 
radius that is to describe l:he circle. 

To save the trouble of dividing the pitch for every 
wheel, the workman may mark the different pitch which 
he commonly uses, on the edge of his two-foot rule, (or 
make a little rule for the purpose,) and carefully divide 
them there, where they will always be ready for use. 
See Plate IV. fig. 35. 

By these rules, I have calculated the following table 
of the radii of pitch circles of the different wheels com- 
monly used, from 6 to 136 cogs. 
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A TABLE 

OF THE 

PITCH CIRCLES OF THE COG=WHEELS, 

COMMONLY USED, 

From 6 to 136 cogs, both in measures of the pitch, and in feet, inches, and parts. 

61 1 1 2:2: 0 I I 33 5 5 l-2 I 
7’ 1 3.5 2:3;12 

I 
34, 5 9 I 1 

1 9’ 6.7 31: 3 35; 5 12 1-2: 1 1 lo.2 3:2:13 

‘I;Ir! 1 13.6; 4:o: 3 
119 1 17.1 4:1:17 
12 1 20.5 4;3: 5 
13 2 1.9 5:0:17 
1st 2 5.3’ 522 a 
1’ &) !I? 8.81 5:3:20 
11; ;;: 18,2j G:I:ll 
17 B 15,7 G:3:8 
18 2 19.1 7:o: 15 
19 3 0.6 7:8: G 
20 3 4.1 7:3:18 
21 3 7.5 R:l: 9 
33 3 Il. EM: 0 
23 3 14.5 9.0:13 
2c 3 1R. !~:o,: 4 
25 3 21.5 9:3:17 
Bti 4 
27 4 ;.,I 

1O:I: 8 
10:~:31 

2R 4 IO. 11:0:12 
‘L!) 4 13.5 11:2: 3 
30 4 Ii. 11:3:16 
31 4 20.5 1’L:l: 7 

$36 6 ,J lb22:‘&‘20 

--z-l-T- 1 

36: 5 16 
37 
38’ 
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Suppose you are making a cog-wheel with 66 cogs; 

look f’or the number in the 1st or 4th column, and against 
it, in the 2d or 5th column, you find 10, 11; that is, 10 
steps of the pitch (you use) in a straight line, and 11 of 
22 equal parts of said pitch added, make the radius that 
is to describe the pitch circle. 

The ad, 6th and 7th columns, contain the radius in 
feet, inches, quarters and 22 parts of a quarter; which 
may be made use of in roughing out timber, and fixing 
the centrcs that the wheels are to run in, so that they 
may gear to the right depth; but on account of the dif- 
ference in the parts of the same scales or rules, and the 
difficulty of setting the cotnpasses exactly, they can never 
be true enough for the pitch circles. 

RULE COM~~OMLY PRACTISED. 

Divide the pitch into PI equal parts, and take in vour 
compwcs 7 of those parts, and step, on a strnight”line, 
munting four cogs for every step? until you come up to 
the number in your wheel ; if there be an odd one at 
last, take -f- of a step- if two be left, talic ; of a step- 
i!’ 3 be left, take 3 of a step, for them; and these steps, 
ildded, make the radius or sweel+staff of the pitch sir- 
de ; but cm account of the difl-kulty of making these di- 
Gsisns suficiently exacf, there is little truth in this 
r~&+--nnd where the numtwr of cogs js few, it will maI 
the (liameter too short, for thb reasons formerly mcn- 
t ioncd. 

The following geometrical rule is more true, and in 
some instances, more convenient. 

RULE. 

Ihv the line AB, plate IV. fig. 34, and draw the line 
0,22 at random ; then take the pitch in yaw compasses, 
nr~l beginning at the point 22, step 11 steps towards A, 
rwi :3$ steps to point X, towards 0, draw the line AC 
through the point X ; draw thu line DC parallel to AI$ 
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and,;’ withoE, having altered your compasses, begin at 
point 0, and step both ways, as you did on AB, then, 
from the respective points, draw the cross lines parallel 
to O,22; and the distance from the point, where they 
cross the line AC, to the line AB, will be the radius of 
the pitch circleslfor the number of cogs respectively, as 
in the figure. If tke number of cogs be odd, say 21, the 
radius will be between 20 and 22. 

This will also give the diameter too short, if the wheels 
have but few cogs; but where the number of cogs is 
above twenty, the error is imperceptible. 

All these rules are founded on the proportion, that, as 
22 is to 7, so is the circumference to the diameter. 

ARTICLE 77. 

CONTENTS OF GARNERS, HOPPERS, &C. IN BUSHELS. 

A fIpclbIo of English Dry ilhmtrc. 

The bushel contains 
2150.4 solid inches. 
Therefore, to mea- 
sure the contents of 
any garner, take the 
following 

RULE. 

Multiply its length in inches, by its breadth in inches, 
and that product by its height in inches, and divide the 
last product by 2150,4 and it will give the bushels it con- 
tains. 

But, to shorten the work decimally; .because 2150,4 
solid inches, make 1,244 solid feet, multiply the length, 
breadth, and height, in feet, and decimal parts of a foot, 
by each other, and divide by 1,244, and it will give the 
contents in bushels. 

IXAMPLE. 

Given, a garner 6,25 feet long, 3,5 feet wide, X),5 
feet high; required its contents in bushels, Then, $25 

13 
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multiply by 3,5 and 10,5 is equal to 229,687; which, di- 
vide by 1,244, gives 184 bushels and 6 tenths. 

To find the contents of a hopper, take the following 

RULE. 

lMultiply the length by the width at the top, and that 
product by one-third of the depth, measuring to the very 
point, and divide by the contents of a bushel, either in 
inches or decimals, and the quotient will b,e the contents 
in bushels. 

EXAMPLE. 

Given, a hopper, 42 inches square at the top, and 24 
inches deep; required, the contents in bushels. 

Then 42 multiplied by 42, and that product by 8, is 
equal to 14112 solid inches: which, divided by 2150,4, 
the solid inches in a bushel, gives 6,56 bushels, or a little 
more than 64 bushels. 

To make a garner to hold any given quantity, having 
two of its sides given, pursue the following 

RULE. 

Rl;ltiply the contents of 1 bushel by t.he number of 
bushels the garner is to hold; then multiply the given 
sides into each other, and divide the first by the last pro- 
duct, and the quotient will be the side wanted, iir the same 
measure by which you have wrought in. 

EXARIPLE. 

Given, two sides of a garner G,25 by 10,. 2 It: re- 
quircd, the other side, to hold 184,6 bushels. 

Then, 1,244 multiplied by 184,6 is equal to 2N,642; 
which, divided by the product of the two s&s, 65,625, 
the quotient is 3,5 feet for the side wanted. 

To make a hopper to hold any given quantity, having 
the depth given. 

RULE. 

Divide the inches contained in the bushels it is to hold., 
by I-3d the depth in inches; and the quotient will be the 
square of one of the sides, at the top in inches. 
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Given, the depth 24 inches; required, the sides to hold 
6,56 bushels. 

Then 6,56 multiplied by 2150,4 equal to 14107,624; 
which, divided by 8, gives 1764, the square root of which 
is 42 inches ; which is the length of the sides of the hop- 
per wan ted. 

CHAPTER VI. 

ARTICLE 18. 

OF THE DIFFERENT KINDS OF GEARS, AND FORMS OF COGS. 

In order to conceive a just idea of the most suitable 
form or shapn of cogs in cog-wheels, we must consider 
that they ci scribe, with respect to the pitch circles, a 
figure called an Epicycloid. 

And when one wheel works in cogs set in a straight 
line, such as the carriage of a saw-mill, the cogs or rounds 
moving out and in, form a curve called a Cycloid. 

To describe this figure, let us suppose the large circle 
in Plate V., fig. 37, to move on the straight line from 0 
to A ; then the point 0, in its periphery, will describe the 
arch ODA, which is called a Cycloid; and ‘by the way in 
which the curve joins tho line, we may conceive what 
should be the form of the point of the cog. 

Again, suppose the small circle to run round tbc large 
one ; then the point o, in the small circle, will describe 
the arch 0 b C, called an Epicycloid; by which we may 
conceive \vhat should be the form of the point of the cogs. 
nut in common practice, we genera ly let the cogs ex- 
tend but a short distance past the pitch circle; so that 
their precise form is not so important. 

ARTICLE ??. 

OF SPUR GEARS. 

The principle of spur gears, is that of two cylinders 
rolling on each other, with their shafts or axes truly pa- 
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rallel. Here the touching parts move with equal velo- 
city, and have, therefore, but little friction; but to pree 
vent these cylinders from slipping, we are obliged to in- 
dent, or to set cogs in them. 

It appears to me that, in this kind of gear, the pitch of 
the driving wheel should be a little larger than that of 
the leading wheel, for the following reasons :- 

1. If there is to be any slipping, it will be much easier 
for the driver to slip a little past the leader, than for the 
cogs to have to force the leader a little before the driver ; 
which would be very hard on them. 

2. If the cogs should bend any, by the stress of the 
work, as they assuredly do, this will cause those that are 
coming into gear to touch too soon, and rub hard a.t en- 
tering. 

3. It is much better for cogs to rub hard as they are 
going out of gear, than as they are coming in; because 
then they wc)rk with the grain of the waod; whereas, at 
entering they work against it, and would wear much 
faster. 

The advantage of this kind of gear is, that we can 
make the cogs as wide as we plcasc, so that their bearing 
may be so large that they will not cut, hut only polish 
each other, and wear smooth; therefore, they will last a 
long time. 

Their disadvantages are, 
1st. That if the wheels be of different sizes, and the 

pitch circles are not made to meet exactly, they will not 
run smoothly. And, 

2~11~. “We cannot, conveniently, change the direction 
of the shafts. 

Fig, 38, Plate V. shows two spur-wheels working into 
each other; the dotted lines show the pitch circles, which 
must always meet exactly. The ends of the cogs are 
made circular, as is commonly done; but if they wcrc 
made true cpicycloids, adapted to the size of the wheels, 
they would work with less friction, and, consequently, be 
much better, 
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Fig. 39, is a spur and face wheel, or wa\lower, whose 
pitch circles should abvays meet exactly. 

The rule for describing the sides of the cogs, so as 
nearly to approach the figure of an epicycloid, is as fol- 
lows ; namely : Describe a circle a little inside of the pitch 
circle, for the point of your compasses to be set in, so as 
to describe the sides of the cogs, (as the four cogs at A. 
Plate V. fig. 38-39,) as near as you can to the curve of 
the epicycloid that is formed by the little wheel moving 
round the great one ; the greater the difference between 
the great and small wheels, the greater distance must 
this circIe be within the pitch circle: in doinn this pro- 
perly, much will depend upon the judgment orthe vvork- 
man? 

ARTICLE 80. 

OF FACE GEARS. 

The principle of face gears is that of two cylinders 
rolling Gth the side of one on the end of the other, 
their axes being at right angles. Here, the greater the 

* The following is ?Gr, Charles Taylor’s rule for ascertaining the true cycloid- 
ice1 or epicycloidisal form for the paint of coga:- 

Make a segment of the pitch circle of each wheel, which gcnr into each other; 
fasten OIIO to a plain surface, and roll the other red itj as shown, Plate V. fig. 
37, and, with a point in the moveehlc segment, describe the epicycloid o b c; set 
off at the end o one-fourth part of the pitch for the length of the cog outside of the 
pitch circle. Then fix the compasses at such nn opening, that with one leg thcre- 
of in a certain point, (to be found by repeated trials,) the other leg will trace the 
epicycloid from the pitch circle to the end of the cog : preserve the set of the com- 
passes, and through the point where the fixed leg stood, sweep a circle from the 
cen!re of the wheel, in which set one point of the compasses todescribe the point 
of all the cogs of that wheel whose sqmcnt was made fast to the plane. 

If the wheels be bevel gear, this rule may be used to find the true form of both 
ihr outer and inner ends of the cogs, especially if the cogs be long, as the epicv- 
cloid is different in different circles. In making cast iron wheels, it isabsolute’ly 
necessary to attend to forming the cogs in the true epicycloidical figure, without 
which they will grind and wear rapidlv. 

The same rule serves for ascertaining the cycloiclicn\ form of a right line of 
cogs, such as those of a saw-mill cnrringe. kc., or of cogs set inside of ;I circle or 
hollow cone, Where a wheel works within a wheel, the cogs require a very dif- 
ferent shape. 
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bearing, and the less the dia;;jeter of the wheels, the 
greater will be the friction ; because the touching parts 
move with different velocities-therefore the friction will 
be great. 

The advantages o,f this kind of gear are, 
1st. Their cogs stand parallel to each other; there- 

fore, moving them a little out of or in gear, doesnot alter 
the pitch of the bearing parts of the cogs, and tbey will 
run smoother than spur gears, when their centres are out 
of place. 

2dly. They serve for changing the direction of the 
Bhafts. 

Their disadvantages are, 
1st. The smallness of the bearing, so that they svear 

out very fast.” 
2dly. Their gr eqt friction and rubbing of parts. C 
The cogs for small wheels are generally round, and 

p!it in with round shanks. Great care should be taken 
in boring the holes for the cogs, with a mnchine, to dirqct 
the auger straight, that the distance of the cogs may he 
equal, without dressing. And all the holes of all the 
snlell wheels in a mill should be bored with one auger, 
and made of one pitch ; then the miller mny keep by him 
a quantity of cogs ready turned to a gauge, to suit the 
auger; and when any fail, he can put in new ones. with- 
out much loss of time. 

Fig. 40, Plate V. rcpresent.s a face cog-wheel working 
into a trundle; showing the necessity of having the co6 
ncrs of the sides of the cogs sniped, or worked off in a 
cycloidal form, to give liberty for the rounds to cntcr be- 
tween the cogs, and pass out ag;lin freely. To describe 
the sides of the cogs of the right shape to meet the roynds 
when they get fairly into gear; as at c9 there must be a 
circle described on the ends of the cogs, a little outside 
of the pitch circle, for the point of the compasses to he 
set in, to describe the ends of the cogs; for, if the 
point be set in the pitch circle, it will leave the inner 

* Tf the bearinp of the cogs be small, and the strms so great that they cut one 
another, they will wear exceedingly fast; but if it be so large, and the stress so 
light, that they oniy polish one another, they will last very long. 



CHAP. VI,] OF BEVEL GEARS. 1YY 

corners too full, and make the outer ones too scant. 
The middle of the cogs is to be left straight, or nearly so, 
from bottom to top, and the side nearly flat, at the dis- 
tance of half the diatlaeter of the round, from the end, the 
corners only being worked off to make the ends of the 
shape in the figure; because, when the cog comes fully 
into gears as at c, the chief stress is there, and there the 
bearing should be as large as possible. The smaller the 
cog-wheel, the larger the trundle, and the wider the cogs, 
the more will the corners require to be worked off. Sup- 
pose the cog-wheel to turn Corn 40 to b, the c?g 40, as it 
enters, will bear on the lower corner, unless it be suffi- 
ciently worked off; when it comes to c, it will be fully in 
gear: and if the pitch of the cog-wheel be a little larger 
than that of the trundle, the cog a will bear as it goes out, 
and let c fairly enter before it begins to bear. 

Suppose the plumb line A B to hang directIy to the 
centrc of the cog-wheel, the spindle is, by mariy mill- 
wrights, set a little before the line or centre, that the 
working round, or stave, of the trundle may be fair with 
said line, and meet the cog fairly as it comes to bear; by 
this means, also,, the cogs enter with less, and go out with 
more friction. Whether there be any real advantage in 
thus setting the spindle foot before the centre plumb line, 
does not seem to be determined. 

ARTICLE 8 1. 

OF BEVEL GEABS. 

The principle of bevel gears, is that of two cones roll- 
ing on the surface of each other, their vcrteses meeting 
in a point, as at A, fig. 41, Plate 17. Here the touching 
surfaces move with equal velocities in every part of the 
cones; therefore, there is but little friction. These cones, 
when indented, or fluted, with teeth diverging from the vrrtex to the base, to prevent them from siipping, be- 
come bevel gear; and as these teeth are verylsmall at the 
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point or vertex of the cone, they may be cut off 2 or 3 
inches from the base, as 19 and 25, at B; they then have 
the appearance of wheels. 

To make these wheels a suitable size for any num- 
ber of cogs you choose to have to work into one another, 
take the following 

RULE. 

Draw lines to represent your shafts, in their proper 
direction, with respect to each other, to intersect A; then 
take frotn any scale of equal parts, as feet, inches, or 
quarters, as many parts as your wheels are to have cogs, 
and at that distance from the respective shafts, draw the 
dotted lines a, b, c, d, for 21 and 20 cogs ; and from where 
they cross at e, draw e, A. On this line, which makes 
the right bevel, the pitch circles of the wheels will meet, 
to contain that proportion of cogs of any pitch. 

Then, to determine the size of the wheels to suit any 
particular pitch, take frotn the table of pitch circles, the 
radius in measures of the pitch, and apply it to the ccntre 
of the shaft, and the bevel line A e, taking the distance 
at right angles with the shaft; and it will show the point 
in which the pitch circles will meet, to suit that particu- 
lar pitch. 

By the same rule, the sizes of the wheels at B and C 
are found. 

Wheels of this kind, when made of cast iron, answer 
esceedingly well. 

The advantages of this kind of gear arc, 
1. They have very little friction? or sliding of parts. 
2. We can make the cogs of any width of bearing we 

choose; therefore they will wear a great while. 
3. By them we can set the shafts in any direction de- 

sired, to produce the necessary movements. 
Their disadvantage is 
They require to be kept exactly of the right depth in 

gear, so that the pitch circles meet constantly, e!se they 
will not run smooth, as is the case with spur gears. 

The universal joint, as represented, fig. 43, tnay be 
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applied to communicate motion, instead of bevel gear, 
where the motion is to be the same, and the angle not 
more than 30 or 40 degrees. This joint may be con- 
structcd by a cross, as in the figure, or by four pins, fas- 
tened Gt right angles on the circumference of a hoop or 
solid ball, It may sometimes serve to communicate the 
motion, instead of two or three face wheels. The pivots, 
at the cud of the cross, play in the ends of the setnicir- 
clcs. It is best to screw the semicircles to the blades, 
that they may bc taken apart. 

ARTICLE 82. 

OF hZATCHING WHEELS TO MAKE THE COGS WEAR EVEN. 

Great care should be taken, in matching or coupling 
the wheels of a mill, that their number of cogs be not 
such that the same cogs will often meet; because, if two 
soft ones meet often, they will both wear away fkster than 
the rest, and destroy the regularity of the pitch, whereas, 
if they are continually changing, they will wear regular, 
even if they be at first a little Irregular. 

For finding how often wheels will revolve before the 
same cogs meet again, take the following 

RULE. 

1. Divide the cpgs in the greater wheel by the cogs 
in the lesser; and of there be no remainder, the same cogs 
will meet once every revolution of the great wheel. 

2. If there be a remainder, divide the cogs in the lesser 
wheel by the said rema.inder, and if it divide them equally 
the quotient shows how often the great wheel will revolve 
before the same cogs meet. 

3. But if it wilt not divide equally, then the great 
wheel will revolve as often as there are cogs in the small 
wheel, and the small wheel as often as there are cogs in 
the large wheel, before the same cogs meet : they 
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never can be made- to change more frequently than 
this. 

EXAMPLE. 

Given, whe.els of 13 and 17 cogs; rcquirkd, how often 
each will revolve before the same cogs meet again. 

Then 13)17(.1 
13 

4)13(3 
12 Answer. 

7 
Great wheel 13, and 
Small wheel 17 revolutions. 

ARTICLE $3, 

THEORY OF ROLLING SCREENS AND FANS, FOR SCREENING AND FAN- 
NING THE WHEAT IN MILLS. 

Let fig. 42, Plate I?, represent a rolling screen and 
fan, fixed for cleaning wheat in a merchant mill. DA 
the screen, AF the fan, AB the wind tube, 3 feet deep 
from a to b, and 4 inches wide, in order that the grain 
may have a good distance to Ml through the wind, to 
give time and opportunity for the light parts to be car- 
ried forward, away from the heavy parts. Suppose the 
tube to be of equal depth and width for the whole of its 
length, except where it communicates with the tight 
boxes or garners under it; namely : C for the clean wheat, 
S for the screenings and light wheat, and c for the cheat, 
chaff, &c. Now, it is evident, that if wind be driven into 
the tube at A, and if it can no where escape, it will pass 
on to B, with the same force as at A, let the tube be of 
any lepgth or direction; and any thing which it will move 
at A, it will carry out at B, if the tube be of an equal size 
all the way. 

It is also evident that if we shut the holes of the fan 
at A and F, and let no wind into it, none can be forced 
into the tube ; hence, the best way to regulate the blast 
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is, to fix shutters sliding at the air holes, to give more or 
less feed, or air, to the fan, so as to produce a. blast su6 
ficient to clean the grain. 

The grain enters, in a small stream, into the screen at 
D, where it passes into the inner cylinder. The screen 
consists of two cylinders of sieve wire; the inmost one 
has the meshes so open as to pass all the wheat through 
it to the outer one, retaining only the white caps, largc 
garlic, and every thing larger than the grain of the wheat, 
which falls out at the tail A. 

The outer cylinder is so close in the meshes, as to ro- 
tain all good wheat, but to sift out the cheat, cockle, 
sm~il wheat, garlic, and every thing less than ood 
grains of wheat; the wheat is delivered out at the tail of 
the enter cylinder, which is not quite as long as the in- 
ner one, whence it drops into the wind tube at a ; and as 
it falls from a to b, the wind carries off every thing lighter 
t ban good wheat ; nnmcly: cheat, chaft; light, garlic, duct, 
and Ii&. rotten grains of wheat; but, in order to affect 
this complctcly, It should Ml, at Icnst, 3 feet through the 
current of wind. 

The clean wheat falls into the funnel b, and thence 
into the garner C, over the stones. The light wheni, 
screenings, kc. fiqll into garner S, and Ihe chaff settle8 
into t.hc! chaff room c. The current slackens in passing 
over this room, and drops the chaff, but resumes its full 
fbrce as soon as it is over, and carries out the dust 
through the wall at B. To prcvcnt the current from 
slnckcning boo much, as it passes over % and c,and un- 
dcr t hc screen, ma Ice t hc pas~agc~, where the grain come8 
in and goes out? as small as possible, not more than half 
an inch wide, and as long as nccesstwy. If the win4 
escapes any where bnt at B, it defeats the object, and 
cnrrics the dust into the mill. Valves may bc fixed 
to shut the passages by a weight or spring, so that the 
weight of the wheat, falling on them, will opt-n them 
just enough to tct it pass, without suffering any wind to : 
escnpc. 

TIN fan is to be so set as to blow both the wheat and 
screenings, and carry out the dust. Ht is to be recol- 
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lected, also, that the wind cannot escape into the garners 
or screen-room, if they are tight ; for as Soon ats they are 
full no more can enter. 

fix 
By careful attention to the foregoing principle, wc may 
fans to answer our purposes. 

The principal things to be observed in fixing Screens 
and fans, are9 

1. Give the screen 1 inch to the foot fall, and between 
15 and 18 revolutions in a minute. 

2. Make the fan blow strong enough, let the wings be 
3 feet wide, 20 inches long, and rcv6lve 140 tinxkin a 
minute, 

3. 
wind, 

Regulate the blast by givin more or less feed of 

4. Lenw no 
end through the 

plnce for the wind t scape but at the 

5. w IlereveP want it %o Plsw l~~,rd~~t~ thars mak 
the tube narrow 

6. Where you want th 
widen the tube 

7. M-k? the 1111 the whe!at and ~cr~~ni~~~~~ 
and carry the d of the mill, 

8. The wind tube may be of a,ny lengt,h, and cifhsr 
crooked or straight, as mnv belt suit; but no whcra SDP~ 
er than where tlk wheat iYls. 

CXIAI?TI2R VII. 
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fastened, by any ordinary band, without danger of 
moving it from the centre. 

One great use of these wings is, to convey away the 
heat from the gudgeon to the bands, which are in con- 
tact with the air ; by thus distributing it through so much 
metal, with so large a surface esposed to the air, the heat 
is carried off as fast as generated, and therefore can 
never accumulate to a degree sufficient to burn loose, as 
it is apt to do in common gudgeons of wrought iron. 

These gudgeons should be made of the best hard me- 
tal, well refined, in order that they may wear well, and 
not be subject to break; but of this there is but little 
danger, if the metal be good. I propose, sometimes, to 
have wings cast separate from the neck, as represented 
in fig. 4, Plate XI.; where the inside light square shows 
a mortise for the steeled gudgeon, fig. 8, to be fitted into, 
with an iron key behind the wings, to draw the gudgeon 
tight, if ever it should work loose: when thus made, it 
may bc taken out, at any time, to repair. 

This plan would do well for step-gutlgeons for heavy 
upright shaft ‘s, snch as those of tubAIls. 

When the neck is cast with the wings, the square part 
in the shaft need not be larger than the light square, rc- 
prescn tirlg the mortise? 

* Grcnsc of nny kind, uwd with n drill, in boring cast iron, prevents it from 
cutting, but will, on the contrary, m&c it cut wrought iron, or steel much fasjter. 
This qu.llity in cast iron reurlers it most suitd)lc for gudgeons, anti mny be the 
principal ci~\I~c why cast iron gu~lpx~~ have prowl much bcttcr than any one cx- 
pcctc*d. Scvernl oi’ the most f!xpwicncccl snd skilful mill.wrights and millw us- 
sort that tlwy hnvP found cnst g~dgcons to run on cast bows lwttcr than on stow 
or l)rilSS. III on<% iustnnw thcay Ilil\*e carrid h~~lvy overshot W~WIS, which turnrd 
sevrw fwt mill-stonw, tlwy haw run fur ten pvws, doing much work; nod have 
hardly \VOrfl Otl’ tllC SW11 KhilrkSe 
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ARTICLE 85. 

ON BUILDING MILL-DAMS, LAYING FOUNDATXONS, Ah’D BUILDING 
MILL-WALLS. 

THERE are several points to be attained, and dangers 
to be guarded against, in building mill-dams. 

1. Construct them so, that the water, in tumbling over 
them, cannot undermine their foundations at the lower 
side? 

2. And so that heavy logs, or large pieces of ice, float- 
in*g down cannot catch against any part of them, but will 
shdc easily 0ver.t 

I 
l If you have not a foundation of solid rocks, or of stone, so heavy that the 

I water ,will never move them, there should be such a foundation made with great 
stones, not lighter than mill-stones, (if the stream be heavy and the fall great,) 
well laid, as low and as close as possible, with their up-stream end lowest, to prc- 
vent any thing from catching under them. But if the bottom be sand or clay, 
make a foundation of the trunks of long trees, laid close together on the bottom 
of the creek, with their butt-ends down stream, as low and as close as possible, 
across the whole tumbling space. On these the dam may be built, either of stone 
or wood. leaving I2 or 15 feel below the breast or fall,for the water to fall upon. 
See fig.3, Plate X., which is a front view of a log dam, showing the position of 
the logs; also, of the stones in the abutments. 

j If the dam be built of timber and small stones, Prc., make the breast perpen- 
dicular, with straight logs, laid close oue upon another, putting the largest, longest, 
and best logs on the top; make another wall of logs 16 or I.5 feet up-stream, laying 
them close together, to prevent lamprey eels from working through them; they 
are not to be so high as the other, by 3 feet; tie these walls together, at every 6 
feet, with cross logs, with the butts down-stream, dove-tailed and bolted strongly 
to the togs of the lower wall, especially the upper log, which should be strongly 
bolted down to them. The spaces between these log walls, are to be filled up 
with stones, gravel, %c. Choose a dry season for this work; then the water will 
run through the lower part while you build the upper part tight. 

To prevent any thin, 0‘ from catching against the top log, flag the top of the dam 
with broad or long stones, laying the down-stream end on the up-stream side of 
the log, to estend a little above it, the other end lowest, so that the next tier of 
stones will lap a little over the first; stilt getting lower, as you advance up-stream. 
This will glance logs, &c. over the dam, without their atchine against any thing. 
If suitable stones cannot be had, I would recommend strong plank or small logs, 
laid close together, with both ends pinned to the top logs of the wall, the up- 
strearn end being 3 feet lower than the other. Eut if plank is to be used, there need 
only be a strong frame raised on the foundation logs, to support the plank or the 
timber it is pinned too See a side view of this frame, fq. 45, Plate IV. Some 
plank the breast to the front posts, and fill the hollow space with stones 
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3. Build them so that the pressure of force of the cur- 
rent of the water will press their parts more firmly to- 
gether.” 

4. Give them a sufficient tumbling space to vent all the 
water in time of freshets.? 

5. Make the abutments so high, that the water will not 
overflow them in time of freshets. 

6. Let the dam and mill be a sufficient distance apart, 
so that the dam will not raise the water on the mill, i-n 
time of high flood.$ 

and gravel; but this may be omitted, if the foundation lqgs are sufficiently long 
up-stream, under the dam, to prevent the whole from floatmg away. First, stone, 
and then gravel, sand, and clay, are to be ti!led in above this frame, so as to stop 
the water. If the abutments be wall secured, the dam will stand well. 

A plank laid in a current of water, with the up-stream end lowest, set at an an- 
=le of 234 drgrers, with the horizon or current of the water, will be held lirmly to 
SS plncc -by the force of the current, aatl, in this position, it requires the greatest 
lorcc to remove it; and the stronger thr? cur&G, the firmer it is held to its place; 
-this points out the best position for the breast of dams. 

* If the dam bc built of stone, make it in the km of an arch or semicircle, stand- 
ing up-stream, and endeavour to fix strong abutments on each sitlo, to support the 
arch; thrn, in layin g the stones, put the witlcst end up-stream, and the more they 
arc forced down-stream, the tighter they will press together. All the stones of 
ii (lam should be laid with their up-stream ends lowest, and the other end lapped 
nvcr the prcccding? like the shingles or tiles of a house, to glance rvcry thing 
~knoothly over, as at the side 3, of lig. 3, Pliite S. l‘hc breast may be built up with 
stone, either on a good rock or log foundation, putting the best in front, Icnning a 
littlc up-stream, and on the top lay one r_l c~ood log, and another 15 frxcat up-stream c 
nt~ the bottom, to tic the top log to, by several logs, with good butts, down-stream, 
clove-tailed and bolted strongly, both at bottotn and top of the top an11 up-stream 
lqs : till in between them with stone and gravel, laying large stones slanting next 
the top loq, to glance any thing over it. This will be much better than to build 
iill of stone; because if one at top gives way, the breach will increase rapidly, 
and t111: whole go down to the bottom. 

t If tlic! tllrnbling space be not long enough, the water will be apt to overflow 
t11c oblilmcnts; and il‘ they be of cnrTh or 10050 stones, they will br! I)lWlic~ll down, 
att~l pc~h;~ps~ a vary p,rcat breach ma&. If the dam be of lop, tlw ahtmcnts 
Ivill he best made ol’ stone, laid as at the sid(’ 3, in fig. 3; but if storlc is not to be 
hntl, thy must be made of wood, although it will bc subject to rot soon, being 
al)ovc water. 

1 I have, in many instances, seen a mill set so close to the dam, that the picr- 
head, or forebay, was in the breast, so that, in case of a leak or brrnch about the 
ibrehny, OF mili? there is no chance oi shutting oti’ the water, OF ronvrying it 
another way; but all must be left to its fate. Such mills are frcqu~Wtly broken 
clown, and carried away; even the mill-stones are sometimes carrirtl a consider- 
able distance down the stream, buried under the sand, and never found.. 

The great daqer from this error will nppar more plainly, if WC suppose six 
mills on one stream, one above the other, each at the breast of the cln~n, and a 
great tlood to break the first or uppermost dam, say through the pier head, carry- 
ing wi.11 it the mill, stones and all: this so increases the flood, thht it overflows 
the next dam,which throws the water against the mill,and it is taken away; the 
water of these two dams has now so atl:,rmcntctl the flood, that it cnrrics every 
mill before it until it comvs to tlx? dam of the sisrh, which it sweeps away also; 
but suppose this dam to be a quarter of a mile above the mill, which is set well 
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ARTICLE 86. 

ON BUILDING MILL-WALLS. 

The principal things to be considered in building mill- 
walls, are, 

1. .To jay the foundations with large, good stones, so 
deep as to be out of danger of being underGned, in case 
of such an accident as the water breaking through at the 
mill.* 

2. Set the centre of gravity, or weight of the wall, on 
the ccntre of its foundation.+ 

into the bank. the extra water that is thrown into the canal, runs~vcr at the waste 
left in its bnnlts for the purpose; and the water having a free passage by the mill, 
does not injure it, whereas, had it been at the breast of tZle dam, it must have 
gone away with the rest. A case, similar to this, actuo!ly ‘happened in Virginia, 
in 1794; all the mills and dams on Falling Creek, iu Chesterfield county, were 
carried away at once, except the lowest, (Mr. Wardrope’s,) whose dam, having 
broke, the year before, was rebuilt a quarter of a mile higher up; by which means 
his mill was saved. 

* If the foundation be not good, but abounding with quick-sands, the wall cannot 
be expected to stand, unless it be made good by driving piles until they meet the 
solid ground; on the top of these may be laid large, flat pieces of timber, for the 
walls to be built on; they will not rot under water, when constantly excluded 
from the air. 

t It is a common practice to build walls plumb outside, and to batter them from 
the inside; which throws their centrc of gravity to one side of their base. If, 
therefore, it sc!ttlcs any, it will incline to fall outwards. Mill-walls should be 
battered so much outside, as to be equal to the offset insice, to cause the whole 
weight to stnntl on the ccntre of the foundation, unless it stands against a bank, 
as the wall next the wagon, in Plate VIII, The bank is very apt to press the 
wall inwards, unless it stands battering. In this case, build the sic?c agaiust the 
bank plumb, even with the ground, nnd then begin to hatter it inwards. The 
plumb rule should be made a little widest at the upper end, so as to give the 
wall the right. inclination, according to its height; to do which, take a line, the 
length cq~nl to the height of the wall, set one end, by a compass point, in the 
lower end of the plumb-rule, and strike the plumb line; then move the other end 
just as much as the wall is to be battered in the whole height, and it will show 
the inclination of the side of the rule, that will batter the wall exactly right. 
The error of bui1din.g walls plumb outside, is frequently committed in building 
the abutments of brlcjges; the cclseqnence is, they fall down in a short time; 
because the earth between the walls is expanded a little by very hard frost, which 
forces the walls over. 

14 
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3, Use good mortar, and it will, in time, btzome as 
hard as stone.* 

4. Arch over all the windows, doors, kc. 
5. Tie them well together by the timbers of the floors. 

* Good mortar, made of pure, well burnt limestone, properly made up with 
sharp clean sand, free from any sort of earth3 loam or mud, will, in time, actual1 
petrify, and turn to the consistence of a stone. It is better to put too much san % 
into your mortar than too little. Workmen choose their mortar rich, because it 
works pleasantly; but rich mortar will not stand the weather so well, nor grow 
so hard an poor mortar. If it were all lime, it would have little more strength 
than clay. 
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PART THE THIRD. 

CHAPTER IX. 

ARTICLE 87. 

INTRODUCTQRY REMA 

These improvements con 
plication of the followin 

t of the invention and ap= 
machines; namely f- 

1. The Elevator. 
2, The Conveyer. 1. 
3, The I=Io per-boy. 
4, The I9ri 1. P 
5. The Descender. 
These five machines are variously applied, iii different 

mills, according to their construction, SQ as to perform 
every ncce8aary movement of the grain, and meal, from 
one 

P 
art of the mill to another, or from one machine to 

anotxr, through all tho varioue 
the grain is emptied from the w 
m~ure OE board the ship, un 
facturcd into flour, either superfine 
and separated, ready for packing into barrels9 for aale or 
exportation. All which IS performed by the force of the 
water, without the aid of manual labour, exe to set 
the different machines in motion, kc. This P 

ting 
e&ens the 

labour and expense of attendance of flour mills, fully one- 
half. 
VIII. 

The whole, aB applied, is represented in Hate 
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ARTICLE 88. 

1. OF THE ELEVATOR. 

The elevator is an endless strap, revolving over two 
pulleys ; one of which is situated at the place whence 
the grain or meal is to be hoisted, and the other where 
it is to be delivered; to this strap is fastened a number 
of small buckets, which fill themselves as they pass under 
the lower pulley, and empty themselves as they pass 
over the upper one, To prevent any waste of what may 
spill out of these buckets, the strap, buckets, and pul- 
leys, are all enclosed, and work in tight cases, so that 
what spills will descend to the place from whence it was 
hoisted. AI3, in fig. 1, Hate VL9 is an elevator for 
raising grain, which is let in at A, and discharged at 13, 
into the spouts leading to the different garners. Fig, 2, 
is a perspective view of the strap, with different kinds of 
buckets, and the various modes of fastening them to the 
strap. 

2. OF THE CONVEYER. 

The conveyer ICI, Plate VI., fig. 1, is an endless screw 
of two continued spirals, put in motion in a trot.@; the 
grain is let in at one end, and the screw drives it to the 
other, or collects it to the ccntre, as at y, to run into the 
elevator (see Rate VIII., 37--36-4, and 44-45) or it 
is let in at the middle, and conveyed each way, as 15, 16, 
Plate VIII. 

Fig. 3, Plate VI., is a top view of the lower pulley of 
a mea.1 elevator in its case, and a meal conveyer in its 
trough, for conveying meal from the stones, into the ele- 
vator! as fast as ground. This conveyer is an ci@t-sided 
shaft, set on all sides with small inclining boards, called 
flights, for conveying the meal from one end of the trough 
to the other; these flights arc set in spirally, as shown by 
the dotted line ; but the flights being set across the spiral 
line, the principle of the machine is changed from a 
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screw to that of a number of ploughs; which is found to 
answer better for conveying warm meal. 

Besides these conveying flights, there are &hers some- 
times necessary, which are called lifters ; and set with 
their broadsides foremost, to raise the mealfrom one side 
of-the shaft, and let it fall on the other side to cool; these 
are only used where the meal is hot, and the conveyer 
short; there may be half as many of these as of the con- 
veying fligkts. See N-22, in Plate VIII., which is a 
conveyer, carrying the meal from three pair of stones to 
the elevator, 23-24, 

i 

3. OF THE HOPPER-BOY. 

Fig. 12, Plate VII., is a hopper-boy; which consists 
of a perpendicular shaft, A B having a slow motion, (not 
above 4 revolutions in a minute,) carrying round with 
it the horizontal piece C D, which is called the arm ; this, 
on the under side, is set full of small inclining boards, 
called flights, so as to gather the meal towards the cen- 
tre, or to spread it from the ccntre to that part of the 
arm which passes over the bolting hopper; at this part, 
one board is set broadside foremost, as E, (called the 
sweeper,) which drives the meal before it, and drops it 
into the hoppers I-I 14, as the arms pass over them. The 
meal is gcncrally let fall frotn the elevator, at the estre- 
mity of the arm, at ID, where there is a sweeper, which 
drives the meal bcforc it, trailing it in a circle the whole 
way round, so as to dischnrgc nearly the whole of its 
load, by the time it returns to be loaded again: the 
flights then gather it towards the centrc, from every part 
of the circle ; which would not bc the case, if the sweep- 
ers did not lay it round; but the meal would, in this case, 
be gathered from one side only of the circle. These 
sweepers are screwed on the back of the arm, so that 
they may bc raised or lowered, in order to make them 
discharge sooner or later, as may be found necessary. 

The extreme flight at each eid rof the arms is put on 
with a screw, passing through its centre, so that they may 
bc turned to drive the meal outwards; the use of which 
is, to spread the warm meal as it falls from the elevator, 
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in a ring, round the hopper-boy, while it, at the same 
time gathers, the cooled meal into the bolting hopper; 
so that the cold meal may be bolted, and the warm meal 
spread to cool, by the same machine, at the same time, 
if the miller chooses SO to do. The foremost edge of the 
arm is sloped up in order to make it rise over the meal, 
and its weight is nearly balanced by the weight w, hung 
to one end of a cord, passing over the pulley P, and to 
the stay iron F. About 4$ feet of the lower end of the 
upright shaft is made round, passing loosely through a 
round hole in the flight arm, giving it liberty to rise and 
fall freely, to suit any quantity of meal under it. The 
flight arm is led round by the leading arm L M, there 
being a cord passed through the holes L M, at each end, 
and made fast to the flight arm D C. This cord is length- 
ened or shortened by a hitch stick N, witil two holes for 
the cord to pass through, its end being passed through a 
hole at D, and fastened to the end of a stick ; this cord 
must reeve freely through the holes at the end of the 
arms, in order that the ends may both be led equally, 
The flight arm falls behind the leader about 14th part 
of the circle. The stay-iron C F E, is formed into a ring 
at F, which fits the shaft loosely, keeps the arm steady, 
and serves for hanging the hands of an equal height, by 
means of the screws C E. 

Fig. 13, Plate VII., is a perspective view of the under 
side of the flight arms. The arm a c, with flights and 
sweepers complete ; s s s show the screws which fasten 
the sweepers to the arms. The arm c b, is to show the 
rule for laying out for the flights. When the sweeper 
at b is turned in the position of the dotted line ; it drives 
the meal outwards. Fig. 14, Plate VII., represents a 
plate of metal on the bottom of the shaft, to keep the arm 
from the floor, and 15 is the step gudgeon. 

4. OF THE DRILL. 

The drill is. an endless strap revolving over two pul- 
leys, like an elevator, but set nearlv horizontal, and, in- 
stead of buckets, they are small rakes fixed to the strap, 
which draw the grain or meal along the bottom of the 
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case. See GH, plate VI., fig. 1. The. grain is let in 
at H, and discharged at G. .This can sometimes be ap- 
plied at less expense than a conveyer; it should be set a 
little descending ; it will move grain or meal. with ease, 
and will answer well, even when a little ascending. 

5. OF THE DESCENDER. 

The descender is a broad, endless strap of very thin 
pliant leather, canvass, flannel, kc., revolving over two 
pulleys, which turn on small pivots, in a case or trough, 
to prevent waste, one end of which is to be lower than 
the other, See E F, Plate VI. fig. 1. The grain or 
meal falls from the elevator on the upper strap at E ; and 
by its own gravity and fall, sets the machine in motion, 
which discharges the load over the lower pulley F. 
There are two small buckets to bring up what may spill 
or fall off the strap, and lodge in tho bottom of the case. 

This machine moves on the principles of an over-shot 
water wheel, and will convey meal to a considerable dis- 
tance, with a small descent. Where a motion can bc 
readily obtained from the water, it is to be preferred, as 
when working by itself, it is easily stopped, and is apt 
to be troublesome. 

Tile crane spout is hung on a shaft to turn on pivots 
or a pin, so that it may turn every way, like a crane ; into 
this spout tho grain falls from the elevator, and it can be 
directed by it into any garner. The spout is made to 
fit close, and play under a broad board, and ths grain is 
let into it throuih the middle of this board, near the pin ; 
it will then always enter the spout. It is seen under B, 
Plate VI., fig, 1. L is a view of the under side of it, 
and RI is a top view of it, The pin or shaft may reach 
down so low, that a man may stand on the floor and turn 
it by the handie x. 
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CHAPTER X. 

ARTICLE 8% 

APPLICATION OF THE FOREGOING MACHINES IN THE PROCESS OF MA- 

NUFM2TURING WHEAT INTO SUPERFIKE FLOUR. 

PLATE VIII. is not meant to show the plan of a mill, 
but merely the application and use of the foregoing ma- 
chines. 

The~rain is emptied from the wagon into the spout I, 
which IS set in the wall, and conveys it into the scale 
2, that is made to hold 10, 20, 30, or 60 bushels, at 
pleasure, 

There should, for the convenience of counting, be 
weights of 60 lbs, csch divided into 30, 15, 74 lbs.; 
then each large weight would show n bushel of svhcat, 
and the smaller ones, lialves, peeks, kc., which any on6 
could count with case, 

When the wheat is wcighcd, draw the gate at the 
llottom of the scale, and let it run into the garner 3 ; at 
the bottom of which there is a gate to let it into the clc- 
vator 4-5, which raises it to 5 ; the crane spout is to 
be turned over the great store garner 6, which cornmu- 
nicates from floor to floor, to garner 7, over the stones 8, 
which may be intended for shelling or rubbing the wheat, 
bcfbrc it is ground, to take ofT all dust that sticks to the 
grtiin, or to break smut, fly-eaten grain, lumps of dust, 
&c. As it is rubbed, it runs into 3 again ; in its passage 
it goes through a current of Wind, blowing into the tight 
room 0, havnrg only the spout a, through the lower floor, 
for the wind to escape ; all the chaff will settle in the 
room, but most of the dust will pass out with the wind at 
a. The wheat again runs into the elevator at 4, and the 
crane spout, at 5, is turned over the screen hoppers 10 
or Jl, and the grain lodged there, out of which it runs 
into the rolling screen 12, and descends through the cur- 
rent of aind made by the Gin 13 ; the clean heavy grain 
descends, by 14, into the conveyer 15-16, which con- 
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veys it into all the garners over the stones ?‘-17-1.8, 
and these regularly supply the stones 8-H-20, keep- 
ing always an equal quantity in the hoppers, which mill 
cause them to feed regularly; as it is ground, the meal 
falls to the conveyer 21-22, which collects it to the 
meal elevator at 23, and it is raised to 24, whence it gent- 
ly runs dovvn the spout to the hopper-boy at 25, which 
spreads and cools it sufficiently, and gathers it into the 
bolting hoppers, both of which it attends regularly; as it 
passes through the superfine cloths 26, the superfine flour 
falls into the packing chest 28, which is on the second 
floor. If the flour is to be loaded on wagons, it should 
be packed on this floor, that it may conveniently be rolled 
into them; but if the flour is to be put on board a vessel, 
it will be more convenient to pack on the lower floor, 
out of chest 20, and thence roll it into the vessel at 30. 
The shorts and bran should be kept on the eccond floor, 
that they may be conveyed by spouts into the vessel’s 
hold, to snvc labour. 

The rubbings which fall from the tail of the 1st rcc’1 
26, arc guided into the hcnd of the 2d rcc?E 27, which is 
in the same chest, near the floor, to save both room and 
machinery. On the head of this reel is 6 or “I ‘feet of 
fine cloth, for tail flour; and nest to it the middling 
stuff, &c. 

The tail flour lvhich falls from the tail of the 1st reel 
26, and hcnd of the ad reel 27, and rcquircs to bc bolted 
over again, is guided by a spout, as shown by dotted line 
2L-422, into the conveyer 22-23, to be hoisted again 
with the ground incal ; a littlc bran may bc Ict in wltll it, 
to keep 1.1~2 cloth open in \varkn Ivcnthcr ;-but if there 
be not a Ml suficicnt for the tail flour to run into the: 
lower conveyer, there may be one set to convey it into 
the ckvator, as 31-33. Thcrc is a little rcgulnting 
board, turning on the joint s, under the tail of the first 
reels, to guide more or less Gth the tail flour. 

The middlings, as they fkll, are conveyed into the eye 
of either pair of mill-stones by the conveyer 31-32, and 
ground over with the lvheat ; this ia the best way ofgrind- 
ing them, because the grain keeps them from being 
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killed; there is no time lost in doing it, and they are FC- 
gularly mised with lthe flour. There is a sliding board 
set slanting, to guide the middlings over the conveyer, 
that the miller may take only such part, for grinding over, 
as he shall judge fit; a little r!gulating board stands be- 
tween the tail Aour and middhngs, to guide more or less 
into the stones, or elevator. 

The light grains of wheat, screenings, Brc., after being 
blown by the fan 13, fall into the screenings garner, 32; 
the chaff is driven farther on, and settles in ths chaff- 
room 33; the greater part of the dust will be carried out 
with the wind through the wall. For the theory of fan- 
ning wheat, see Art. 83? 

Pl)rnw the little gate 34, and lc!t them into the elevator 
at 4, to bc clevatcd into garner 10; then draw gate 10, 
and shut I1 and 31, and let them pass through the roll- 
ing screen 12 and fan 13; and as they fall at 14, guide 
them down a spout (shown by dotted lines) into the ele- 
vator at 4, and elevate them mto the screen-hopper 11; 
then draw gate 11, shut 10, and let them take the same 
course over again, and return into the garner 10, &c. as 
often as necessary : 
stones to be ground. 

when cleaned, guide them into the 

The screenings of the screenings are now in garner 
32, which may be cleaned as before, and an inferior qua- 
lity of meal made out of them. 

‘By them means the wheat may be effectually separated 
from the seed of weds, kc., and thcsc saved for food for 
cattle. 

This completes the whole process from the w?gon to 
the wagon again, without manual labour, escept in pack- 
ing the flour and rolling it in, 

* The bolting reels may all be set is a line connected by jointed gudgeons, sup- 
ported by bearers. The meal, as it leaves the tail of one reel, may be introduced 
into the head of ‘the other, by an elevator bucket, fixed on the head of the reel 
open at the side next the centre, so that it will dip up the meal, and, as it passes 
over the ccntre, drop it in. This improvement was made by Mr. Johnson Elli- 
cott; and by it, in many cases, many wheels and shafts, and much room may be 
saved. 
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ARTICLE 90. 

OF ELEVATING GRAIN FROM SHIPS. 

If the grain come to the mill by ships, No. 35, and 
require to be measured at the mill, then a conveyer, 35 
-4, may be set in motion by the great cog-wheel, and 
may bc under or above the lower floor, as may best suit 
the height of the floor above high water. This conveyer 
must have a joint, as 36, in the middle< to give the end 
that lies on the side of the ship, liberty to rise andlower 
with the tide. The wheat, as measured, is poured into 
the hopper at $5, and is conveyed into the elevator at 4; 
which conveyer will so rub the grain as to answer the 
end of rubbing stones. And in order to blow away the 
dust, when rubbed off, before it enters the elevator, part 
of the wind made by the fan 13, may be brought down by 
a spout, 13- 36, and when it enters the case of the con, 
veyer, it will pass each way, and blow out the dust at 37 
and 4. 

In some instances, a short elevator may bc used, with 
the centre of the upper pulley, 38, fixed immovably, 
the other end resting on the deck, but so much aslant as 
to give the vessel liberty to raise and lower: the elearator 
will then slide a little on the deck. The case of the 
lower strap of this elevator must be considerably crooked, 
to present the points of the bucket from wearing by rub- 
bing in their descent. The wheat, as measured, is 
pour4 into a hopper, which lets it in at the bottom of 
the pulley. 

But if the grain is not to be measured at the mill, then 
fix the elevator 35-39, to take it out of the hold, and 
elevate it through any conveniently situated door. The 
upper pulley is fixed in a gate that plays up and down 
in circular rabbets, to raise and lower to suit the tide and 
depth of the hold, and to reach the wheat. 40 is a draft 
of the gate, and manner of hanging the elevator in it. 
(See particular description thereof, in the latter part of 
Ar title 95.1 

This gat;? is hung by a stout rope, passing over a strong 
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pulley or roller 41, and thence round the axis of the 
wheel 42, round the rim of which wheel there is a rope, 
which passes round the axis of the wheel 43, round the 
rim of which is a small rope, leading down over the pul- 
ley I?, to the deck, and fastened to the cleet q; a man, 
by pulling this rope, can hoist the whole elevator; be- 
cause, if the diameter of the axis be 1 foot, and the wheel 
4 feet, the power is increased 16 fold. The elevator 
is hoisted up, and rested against the wall, until the ship 
comes to, and is fastened steadily in the right place; then 
it is set in the hold on the top of the wheat, and the bot- 
tom being open, the buckets fill as they pass under the 
pulley ; a man holds by the cord, and lets the elevator 
settle as the wheat sinks in the hold, until the lower 
part of the case rests on the bottom of the hold, it being 
so loyg as to keep the buckets from touching the vessel; 
by this time it will have hoisted 1,2, or 3000 bushels, ac- 
cording to the size of the ship and depth of the hold, at 
the rate of 3000 bushels per hour. When the grain ceases 
running in of itself, the man may shovel it up, till the load 
is discharged, 

The clcvator dischnrgcs the wheat into the: conveyer 
at 44, which conveys It into 1.11~ scrccn4loppcrs 10-I 1, 
or into any other, from which it may descend into the 
elevator 4-5, or into the rubbing stones S. 

This convcycr mav serve instead of rubbing stones, 
and the dust r&bed ok thereby may be blown out through 
the wall at 13, by a wind-spout from the fi2n 13, into the 
conveyer at 45. The holes at 44 and 10-H nrc to be 
small, to let but littlc wind escape any whcrc, csccpting 
through the wall, whcrc it will carry off the dust. 

A small quantity of wind might be let into the con- 
vevcr 15-K, to blow away the dust rubbed 00’ by it. 

?he fan, to be suficicnt for all these purposes, must 
be made to blow very stro!&, and the strength of the 
blast may be regulated as dlrcctcd by Art. 83. 
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ARTICLE 9 1. 

A MILL FOR GRINDING PARCELS. 

Here each person’s parcel is to be stored in a separate 
garner, and kept separate through the whole process of 
manufacture, which occasions much labour; almost all of 
which is performed by the machines. See Plate VI., 
fig. 1; which is a view of one side of the mill, containing 
a number of garners holding parcels, and a side view of 
the wheat elevator. 

The grain is emptied into the garner g, from the wa- 
gon, as shown in Plate VIII., and, by drawing the gate A, 
it is let into the elevator A B, and elevated into the crane- 
spout B, which, being turned into the mouth of the gar- 
ner-spout B C, which leads over the top of a number of 
garners, and has, in its bottom, a little gate over each 
garner ; these gates and garners are all numbered with 
the same numbers, respectively. 

Suppose we wish to deposite the grain in the garner 
No. 2, draw the gate 3 out of the bottom, and shut. it in 
the spout, to stop the wheat from passing along it, pass 
the hole, so that it must all fall into the garner; and 
thus proceed for the other garners 3 4 5 6, &c. These 
garners are all made like hoppers, about four inches wide 
at the floor, and nearly the length of the garner; but as 
it passes through the next story, it is brought to the form 
of a spout, 4 inches square, leading down to the general 
spout IC A, which leads to the elevator: in each of these 
spouts is a gate nurribercd with the number of its garner, 
so that when we want to grind the parcel in garner 2, we 
draw the gate 2 in the lower spout, to let the wheat run 
into the elevator at A, to be elevated into the crane-spout 
13, which is to be turned over the rolling-screen, as shown 
in Plate VIII. 

Under the upper tier of garners, there is another tier 
in the nest story, set so that the spouts from the bottom 
of the upper tier pass down the partitions of the lower 
tier, and the upper spouts of the lower tier pass between 
the pa.rtitions of the upper tier, to the garner-spout. 
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These garners, and the gates leading both into and out 
of them, are numbered as the others. 

If it be not convenient to fix the descending spouts 
B C, to convey the wheat from the elevator to the gar- 
ners, and K A to convey it from the garners to the ele- 
vator again, then the conveyers r s and I K may be used 
for said purposes. 

To keep the parcels separate, there should be a crane- 
spout to the meal elevator; or any other method may be 
adopted, by which the meal of the second parcel may be 
guided to fall on another part of the floor, until the first 
parcel is all bolted, and the chests cleared out, when the 
meal of the second parcel may be guided into the hop 
per-boy. 

I must here observe, that in mills for grinding parcels 
the tail flour must be hoisted by a separate elevator to 
the hopper-boy, to be bolted over; and not run into the 
conveyer, as shown in Plate VIII; because then the par- 
cels could not be kept separate. 

The advantages of the machinery, applied to a mill 
for grinding parcels, are very great. 

1. Because without thctn there is much labour in 
moving the different parcels from place to place: all 
which is here done by the machinery. 

2. The meal as it is ground, is cooled by the machi- 
nery, and bolted in so short a time, that, when the grind- 
ing is done, the bolting is also nearly finished. There- 
fore, 

3. It saves room, because the meal need not be spread 
over the floor to cool, during 12 hours, as is usual ; and 
but one parcel need be on the floor at one time. 

4. It gives greater despatch, as the miller need never 
stop either stones or bolts, in order to keep parcels se- 
parate. The screenings of each parcel may bc cleaned, 
as directed in Art. 89, with very little trouble; and the 
flour may be nearly packed before the grinding is 
finished; so that if a parcel of 60 bushels arrive at the 
mill in the evening, the owner may wait till morning, 
when he may have it all finished ; he may use the offal for 
feed for his team, and proceed with his load to market. 
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ARTICLE 9% 

A GRIST-MILL FOR GRINDING VERY SMALL PARCELS. 

Fig. 16, Plate VII., is a representation of a grist-mill, 
so constructed that the grist being put into the hopper, 
it will be ground and bolted and returned into the bags 
again. 

The grain is emptied into the hopper at A, and as it 
is ground it runs into the elevator at B, and is elevated 
and let run into the bolting hopper down a broad spout 
at C, and, as bolted, it falls into the bags at d. The chest 
is made to come to a point like a funnel, and a division 
made to separate the fine and coarse, if wanted, and a 
bag put under each part; on the top of this division is 
set a regulating board on a joint, as x, by which the fine 
and coarse can be regulated at pleasure. 

If the bran require to be ground over, (as it often 
does,) it is made to fnll into a box over the hopper, and 
by drawing the littlc gate b, it may be let into the hop- 
per as soon as the -grain is all ground, and as it is bolted 
the second time, it 1s let run into the bag by shutting the 
gate b, and drawing the gate c. 

If the grain be put into the hopper I?, then as it is 
nround it falls into the drill, which draws it into the cle- 
iator at B, and it ascends as before. 

To keep the different grists separate;-when the 
miller sees the first grist fall into the elevator, he shuts 
the gate I3 or d, and gives time for it all to get into the 
bolting reel ; he then stops the knocking of the shoe by 
pulling the shoe line, which hangs over the pulleys p ;j, 
from the shoe to near his hand, making it fast to a peg; 
he then draws the gate B or d, and lets the second grist 
into the elevator, to fall into the shoe or bolting hopper, 
giving time for the first grist to be all in the bags, and 

/ the bags of the second grist to be put in their places ; he 
i then unhitches the line from the peg, and lets the shoe 

i 
knock again; and begins to bolt the second grist. 

b 
1 

If he does not choose to let the meal run immediately 
into the bags, he may have a box made with feet, to stand 
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in the place of the bags, for the meal to fall in, out of which I 
it may be taken and put into the bags, us fast as it is bolt- 1 
ed, and mixed as desired; and as soon as the first parcel 
is bolted, the little gates at the mouth of the bags may 

1 

be shut, while the meal is filled out of the box, and the 
1 

second grist may be bolting. 
The advantages of this improvement on a grist-mill ’ 

are, 
1. It saves the labour of hoisting, spreading, and cool- 

ing the meal, and of carrying up the bran to be ground 
over, sweeping the chest, and filling up the b?gs. 

2. It does all with great despatch, and little waste, 
without having to stop the stones or bolting-reel, to keep 
the grist separate, and the bolting is finished almost as 
soon as the grinding ; therefore, the owner will be the 
less time detained, 

The chests and spouts should be made stee 9 to re- 
vent the meal from lodging in them; so that t 1e mi ler, P P 

l 

by striking the bottom of the chest, will shake out all 
the meal. I 

The elevator and drill should be so made as to clean 1 
out at one revolution. The drill might have a brush or 
two, instead of rakes, which would sweep the case clean 

) 

at a revolution; and the shoe of the bolting hopper 
should be short and steep, so that it will clean out ra- 
pidly. 

The same machinery may be used for merchant-work, 
by having a crane-spout at C; or a small gate, to turn the 
meal into the hopper-boy that tends the merchant bolt. 

A milt, thus constructed, might grind grists in the 
day-time, and merchant-work at night. 

A drill is preferable to a conveyer for grist-mills, be- 
cause it may be cleaned out much sooner and better. The 
lower pulley of the elevator is twice as large in diameter 
as the pulleys of the drill ; the lower pulley of the ele- 
vator, and one pulley of the drill, are on the same shaft, 
close together; the elevator moves the drill, and the pul- 
ley of the drill being smallest, gives room for the meal 
to hll into the buckets of the elevator. 
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ARTICLE 93. 

OF ELEVATING GRAIN, SALT, OR ANY GRANULAR SUBSTAKCE FROM 

SIIIPS INTO STORE-HOUSES, BY THE STRENGTH Ok’ A HORSE. 

Plate VII., fig. 17, represents the elevator, and the 
manner of giving it motion ; the horse is hitched to the 
end of the sweep beam At by which he turns the upright 
shaft, on the top of which is the driving cog-wheel of96 
cogs 2; inches pitch, to gear into the leading wheel of 30 
cogs, on the same shaft with which is another driving 
wheel of 40 cogs, to gear into another leading wheel ot 
19 cogs? which is on the Qame shaft with the elevator 
pulley ; then, if the horse make about 3 revolutions in it 
minute (which he will do if hc walk in a circle of 20 feet 
diameter) the elevator pulley will make about 30revolu- 
tions in a minute; and if the pulley be 2 feet in diamc- 
ter, and a bucket bti put on every fbot of the strap, to 
hold a quart each, the elevator will hoist about 187 quarts 
per miuute, or 320 bushels in an hour, 3840 bushels in 
12 hours; and, for every foot the elevator is high, the 
horse will have to sustain the weight of a quart of wheat, 
say 48 feet, which is the height of the highest store- 
h&uses, then the horse would have to move 1; bushels of 
wheat ‘Ipwards, with a velocity equal to hi 5 own walk; 
which, I presume, he can do with ease, and overcome the 
friction of the machinery: From this will appear the 
great advantages of this application. 

The lowr end of the elevator should stand near the 
side of the ship, and the grain, salt, Qc., be emptied into 
a hopper; the upper end may pass through a door or 
window, tis may be most convenient : the lower case 
s1~0uld be a little crooked to prevent the buckets from 
rubbing in their descent. 

15 
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ARTICLE 94. 

OF AN ELEVATOR APPLIED TO ELEVATE GRAIN, &C., WROUGHT BY .4 

MAN. 

In Plate VII., fig. 18, A B, are two ratchet wheels, 
with two deep grooves in each of them, for ropes to run 
in ; they are fixed close together, on the same shaft with 
the upper pulley of the elevator, so that they will turn 
easily on the shaft the backward way, whilst a click falls 
into the ratchet, and prevents them from turning for- 
wards. Fig. 19 is a side view of the wheel, ratchet, and 
click. C D are two levers, like weavers’ treadles, and 
from lever C there is a light staff passes to the foreside of 
the groove wheel B, and is made fast by a rope half way 
round the wheel ; and from said lever C there is a rope 
passing to the backside of the wheel A ; and from lever 
D there is a light staK passing to the foreside of the 
groove wheel A, and a rope to the backside of the groove 
wheel, B. 

The man who is to work this machine stands on the 
treadles, and holds by the st:lK with his hands ; and as 
he treads on D it descends, and the staff pulls the wheel 
A forward, and the rope pulls the wheel I3 backward, 
and as he treads on C, the staff pulls forward the wheel 
B, and the rope pulls backward the wheel A : but the 
click falls into the ratchet, ~0 that the wheels cannot. 
move forwiird without turning the elevator pulley : it is 
thus mavcd one way by the trcndlcs ; and in order to keep 
up a regular motion, a heavy tlyirq wheel F, is added, 
which should be of cast iron, to prcvcnt much obstruc- 
tion from the air. 

To calculate what quantity a man can raise to anv 
height, let us suppose his weight to be 150 tbs.; which is 
t.hc power to be applied; and snpposc hc be able to walk 
il.bout ‘70 feet up stairs in a minute, by the strength ot 

I~3t.h his Icgs and arms,or, which is the same thing, to 
move his weight on the treadles 70 steps in a minute : 
then, supposc we allow, as by Art. 29-4’3, to low l-3d 
of the power to gain velocity and overcome friction, 
(which will be a large allowancr! in this case, because in 



f: 0. 

CHAP. x.1 APPLICATION OF THE MACHINE%. 227 

the experiment in the table, in Art. 37, when 7 lbs. were 
charged with 6 lbs. they moved with the velocity of 2 
feet in half a second,) then there will remain 100 lbs. 
raised 70 feet in a minute, equal to 200 lbs. raised 35 feet, 
to the top of the third story, per minute, equal to 200 
bushels per hour, 2400 bushels in twelve hours. 

The great advantages of this application of the eleva- 
tor, and of this mode of applying man’s strength, will ap- 
pear from these considerations; namely: he uses the 
strength of both his legs and arms, to move his weight 
only from one treadle to the other, which weight does the 
work; whereas, in carrying bags on his back, he uses the 
strength of his legs only, to raise both the weight of his 
body and the burden; add to this, that he generally takes 
a very circuitous route to the place where he is to empty 
the bag, and returns empty ; whereas, the elevator takes 
the shortest direction to the place of emptying, and is al- 
ways steadily at work. 

The man must sit on a high bench, as a weaver does, 
on which hc can rest part of his weight, and rest himself 
occasionally, when the machine moves lightly, and have 
a beam above, that he may push his head against, to over- 
come extraordinary resistances. This is probably the best 
means of applying man’s strength to produce rotary 
motion. 

DESCRIPTION OF PLATE IX. 

The grain is emptied into the spout A, by which it 
descends into the garner B; whence, by drawing the gate 
at C, it passes into the elevator C D, which raises it to D, 
ancl empties it into the crane spout E, which is so fixed 
on gudgeons that it may be turned to any of the surround- 
ing garners, into the screen hopper F, for instance, (which 
has two parts, F and G,) out of which it is let into the 
rolling screen at H, by drawing the small gate a. It passes 
through the fan I, and falls into the little sliding-hopper 
K, which may be moved, so as to guide it into either of 
the hanging garners, over the stones, L 0~ M, and it is 
let into the stone-hoppers by the little bags b b, as fast 
as it can be ground. When ground, it falls into the con- 
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veyer N N, which carries it into the elevator at 0 0, 
this raises and empties it into the hopper boy at P, which 
is so constructed as to carry it round in a ring, gathering 
it gradually towards the centre, till it sweeps into the 
bolting hoppers Q Q. 

The tail flour, as it falls, is guided into the elevator to 
ascend with the meal, and, that a proper quantity may 
be elevated, there is a regulating board IR, set under the 
superfine cloths, on a joint x, so that it will turn towards 
the head or tail of the reel, and send more or less into the 
elevator, as may be required. 

There may be a piece of coarse cloth, or wire, put on 
the tails of the superfine reels, that will let all pass 
through except the bran which fa!ls out at the tail, and 
a part of which is guided into the elevator with the tail 
flour, to assist the bolting in warm weather; the quantity 
is regulated by a small board r, set on it joint under the 
ends of’ the reels. l3cans may be used to keep the cloths 
open, and still be returned into the elevator to ascend 
again. What passes tlirou$rh the coarse cloth or wire, 
and the remainder of the bran, are guided into the reel f!3, 
to be bolted. 

To Clean wheat several times. 

Suppose the grain to be in the screen hopper E; draw 
the gate a; shut the gate e; move the slidkg hopper K, 
over the spout K c d; and let it run into the elevator to 
be raised again. Turn the crane spout over the empty 
hopper G, and the wheat j,fill be all deposited there nearly 
as soon as it is out of the hopper F. Then draw the gate 
e, shut the gate a; and turn the crane spout over I’; and 
so on, alternately, as often as necessary. When the grain 
is sufkiently cleaned, slide the hopper K over the hole 
that leads into the stones. 

The screenings fall into a garner, hoppcrn-ise ; to clean 
them, draw the. gate f, and let them run into the elcva- 
tar, to be elevated into the screen hopper F. Then pro- 
ceed with them as with the wheat, till sufficiently clean. 
‘To clean the fknnings, draw the little gate h, and let them 
into the elevator, kc., as before. 
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Fig. II. is a perspective view of the conveyer, as it lies 
in its troughs, at work; and shows the manner in which 
it is joined to the pulleys, at each side of the elevator. 

Fig. XII. exhibits a view of the pulley of the meal ele- 
vator, as it is supported on each side, with the strap and 
buckets descending to be filled. 

Fig. IV. is a perspective view of the under side of the 
arms of the hopper-boy, with flights complete. The 
dotted line shows the track of the fhghts of one arm; 
those of the other following, and trackmg between them. 
A A are the s~vccpcrs. Thcsc carry the meal round in 
a ri~lg, trailing it regularly all the way, the flights draw- 
ing it to the ccntre, as already mentioned. 13% are the 
sweepers that drive it into the boltinfr hoppers. 

Fig. V. is a perspective view of the bucket of the 
wheat clcvntor; and shows the manner in which it is fas- 
tcnctl, by a broad piece of Icathcr, which passes through 
and uwlcr the clcv~tlor-strap. and is nailed to the sides 
with little tacks. 

01: THE CONSTRUCTIOS OF THE SEVERAL MACHISES. 

ARTICLE %. 

To construct a wheat elevator, first dctcrnlinc how 
many bushels it should hoist in an hour, and Whcrc it 

shall bc set, so as, if possible, to nnswcr all the follo~iug 
purposq?s :- 

1, To elevate the grain from a wagon or ship. 
2. From the different garners into which it may be 

stored. 
3. If it be a t\vo-story mill, to hoist the wheat from 

the tail of the fan, as it is cleaned9 to a garner over the 
stones. 
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4, To hoist the screenings, to clean them several times. 
5. To hoist the wheat from a shelling-mill, if there be 

one. 
One elevator may eff?xt all these objects in a mill 

rightly planned, and most of them can be accomplished 
in mills ready built. 

Suppose it be wished to hoist about 300 bnshels in an 
hour, make the strq 4 3 inches wide, of good, strong, 
white harness leather, ia one thickness. It must be cut 
and joined together in a straight line, with the thickest, 
and, consequently, the thinnest ends together, so that if 
they be too thin, they may be lapped e)vcr and doubled, 
until they are Click enough singly. Then, to make 
wooden buckets, take the but of a willow or water birch, 
that will split freely; cut it in bolts, 15 inches long, and 
rive and shave it into staves, 5% inches wide, and three- 
eighths of an inch thick ; these will make one bucket, each. 
Set a pair of compasses to tha width of ths strap, and 
m~kc the sides and middle of the bucket cqunl thcrsts at 
the mouth, but let the sides bc only two-thirds of tlmt 

width at the bottom, which will make it of the? form of 
fig. 0, Pinto VI, ; the ends being cut a little circulwV to 
make the buckets lie more closelj to the strap and wheel, 
as it passes over. Make a pattern of the form of fig. 9, 
by which to describe all the rest. This makes a bucket 
of R neat form, to hold about 75 solid inches, or somewhat 
more than a quart. To make them bend to a square a.t 
the corners 6 6, cut a mitrc square across where they are 
to bend, about 2-8t!~+ through; boil them and 4~21~~ them 
hot, tacking a strip BEE’ lcatlrcr across them? to hold them 
in that forum until they get cold, and then put 4lottanw to 
thcnl of the thin skirts of the harness Icuther. Thcsc 
bottoms arc to cstenrl from the lower ml to the strnp 
that binds it on. To llnstcn thcnj on ~41, and with de- 
spntch, proparc a nurnbcr of straps, I$ inch n.iJc, of 
the best cuttings of the harness lcnthcr: wet them and 
stretch thenl i&3 hard as possible, wlrich rcduccs thSr 
width to about L I inch. Xeil one of these straps to 
the si&2 of a bucl&, with 5 or 6 strong tacks that will 
reach through the buckets, and clinch inside. Then take 
a 1; inch chisel, aud strike it through the main strap 
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about a quarter of an inch from each edge, alld put one 
end of the binding-strap through the slits, draw the 
bucket very closely to the strap, and nail it on the other 
side of the bucket, which will finish it. $ee B in fig. 2. 
Plate VI. C is a meal-bucket fastener3 in the same man- 
ner, but is bottomed only with leather at the lower end, 
the mita titrap making the bottom side of it. This is the 
best way 1 have yet djscovered, to. make wooden buckets. 
The str:aps of the harness leather, out of which the ele- 
vator-str,;zp$ arc cut, arc gc!ncra\ly about cncq$ to corn- 
pleeo the buckets, 
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at the upper edge, holding the saw very much aslant, 
the point downwards and inwards, so that in bending, the 
parts will slip past each other. The upper case must be 
nearly straight; for if it be made much croolwd, the 
buckets will incline to turn under the strap. Make the 
cases (34th~ of an inch wider inside, than the strap and 
buckc~s, and l$ inches deeper, that they nmy play frcc- 
ly ; but do not give them room to turn upside down. If 
the strap and br~clwts be 4 inches, then m&c the side 
boards X, and the top and bottom boards 6Q inches wide, 
of inch boards. 13~ careful that no sl~or~ltlcrs nor nnii- 
point* IIC left inside of the casts, for the buckets to catch 
in. A~Inl~c the ends of each cast, whcrc the bucks cn- 
Ecr as tllcy pass over the pulicys, a 1it;tlc wider than the 
rest of tlw cnsc. Uoth the pulleys arc to bc nicely cascrl 
round to prwcnt wnstc, not lcnving room for a grain to 
CScfipC, crw~tinuing tllc CilS6 of the Snmc wiihh rorrntl t,lW 
top d’ lhc lJ)~)~W, :Llld bOftOlll Of t)K! )OWl )3ll))C~ ; t.)lCJl if 
il.tly Of t.llC 1Nlclict.S Sll~~litl cwr get. IoOSC, illId StillId aSl<b\V. 
they will hc kept riglit by thtl cnsc; wlicrcns, if 1licrc 
WCL’C 311~ clHlS Of bOi1dS or shoulders, tilCS WOUltl CntCll 

agn,inet, itlicni. See A B, fig. 1, l’latc VI. TIIC bottom 
of the CI\SC of the upper pulley must bc dcscenrling, FO 
that, w11:1t g23in may Ml out of the buclwts in piwing 
ovr!r t.110 )~llllcpS, my be guitlcd into tlio tlrsccnding 
cc? s(7 ,. ‘IIN? slI:1ft ]Xl.&illg through this pllllCU is IIIiIrlC 
ronnd whw the cnso fit5 to it,: 11~111’ cirrlw & cut out 
01’ 1.\VO .IIOi\I’dP, SO tllilt t,ilPV lllCC!t fllld cirilwacc~ CIOSCIV. 
TIN ~~~~clrrltr~~st ImrO, wh&c? it Inccts th ~Ili~Ii, is c’i- 
)hwl olt’ iklc nest tlic pulley, lo gurtlc the grain in- 
\VilkYi. Ihlt it is fill1 as gootl 1”1 WI\\’ t.0 ll;kPC :l Wang 
pU(l$XIil t0 [>i\YS tllro\lgll thC ~l)>pC\ jwlicy5 with il t1‘1lOll 

it OllC Cll(i, to Cllt Cr il FocliPt, wlri~lr lllily 1W iI> tllc Sllilftq 
that is to give it motion. ‘I’his will suit best, whcrc tire 
s11ntI is hrt, ml 1~1s to bc moved to pit the AxNor 
0111. 01; iIll ht.0 gwr. 

‘lh ww that, I irwc gcncwllv cxxx’1 tlrc lwlic~~ is as 
f0110\\~S, Il~il~wly ; tlkc tc,;! bOilrt1 bf tllC upper strkqwxsc 
rllltl tliC I~~~tfOl~l IKI:IlYl 01’ t11(! lower StlYll9-CilW, iIW CS- 
tctIrlcr\ jIiISt t IIC her pullcg to rest 011 thlt floor ; :111(1 tllc 
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lower ends of these boards are made two inches narrower, 
as far as the pulley-case extends; the side board of the 
pulley is nailed, or rather screwed, to them, with wooden 
screws. The rest of the case boards join to the tdp of 
the pulley-case, both being of one width. The block, 
which the gudgeons of this pulley run in, is screwed fast 
to the outside of the case boards; the gudgeons do not 
pass quite through, but reach to the bottom of the hole, 
which keeps the pulley in its place. 

The top and bottorn boards, and, also, the side-boards 
of the strap-cases, are extended past the upper pulley, 
and the side-boards of the pulley case are screwed to 
them ; but this leaves a vacancy between the top of the 
side-boards, of the strap-cases, and shoulders for the buck- 
ets to catch against, and this vacancy is to be filled up 
by a short board , guiding the buekcts safely QWP the up- 
per pulley. The cast must be as close to the points of 
the buckets, where they empty, as is safe, that as little 
as possible may fall down again. There is to be a long 
hole cut into the case at II, for the wheat to fall ant et, 
and a short spout guiding it into the crane spout. The 
top of the short spout nest 13, should be loosely fastened 
in with a button, that it may be taken off, to csaminc if 
the buckets empty well, Ax. Sony neat workmen have 
a much better way of casing the pulleys, which is not 
easily described ; what I hnvc described is the cheapest, 
and answers wry ~~11, 

The wheat should be let in at the bottom, to meet the 
buckets ; and a gate should shut as ncar to the point of 
them as possible, as at A, fig. 1, Plate VI. Then, if 
the gi),tC be drawn suficicntlp to fill the buckets, and the 
elevator be stopped, the wheat will stop running in, and 
the elevator will be free to start again; but if it had been 
let in anv distance up, then, when the elevator stopped, 
it would IiN from the gate to the bottom of the pulley, 
end the elevator couid not start agniu. If it. be, in any 
case, let in at a grcatcr distmm? U[J, thC gate shlld bc? 
so fiscd that it cannot be drawn so fw & to Ict in the 
\&cat fiistcr than the buckets GUI tnkc it, C&C the case 
will fill and stop the buckets. It’ it bc let in filstcr at the 
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I hindrnos t side of the pulley than the buckets will carry 

~ it, the same evil will occur; because the buckets will 
push the wheat before them, being more than they can 
hold, and give room for too much to come in; therefore, 
there should be a relief gate at the bottom, to let the 
wheat out, should too much happen to get in. 

The motion is to be given to the upper pulley of all 
clcvators, if it can be done, because the weight in the 
buckets causes the strap to hang tightly on the upper, 
and slackly on the lower pulley ; thercforc, the upper 
pulley will carry the greatest quantity without slipping. 
All elevators should stand a little slanting, because they 
will discharge the better. The boards for the cases 
should be of unequal lengths, so that two joints may he- 
ver come close together; this greatly strengthens tllc; 
cast. Some have joined the cases at cvcry floor; which 
is a great error. There must bo a door in the ascend- 
ing case, at the place most convenient for buckling the 
strap, &c. &c. 

To make a crane spout, fix a board 18 or 20 inches 
broad, truly horizontal, or level, as a, under IS, fig. 1, 
Plate VT. Through the middle of this board the wheat 
is conveyed, by a short spout, from the elevator. Tltrzu 
maim the spout of 4 board, q 12 inches wide at tlx upper, 
and about 4, or 5 iuches at the lower end. Cut the up- 
per end OR aslant, so as to fit nicely to the bottom of the 
board; hang it to a strong pin, assing through the broad 
board near the hole through w lich the wheat passes, so f 
that the spout may be turned in any direction, and still 
cover the hole, at the same t.imc it is receiving the wheat, 
and guidin:g it into any garner, at pleasure. In order 
that the pm may have a strong hold of the board and 
spout, there must bc a piccc of scnntling, 4 inches thick, 
nailed OH the top of the board, for the pin to pass through ; 
and nnothcr to the bottom, for the head of the pin to rest 
on. But if the spout bc long and heavy, it is best to 
hang it an n shan’t, that may cstcnd down to the floor, or 
below the collar-beams, w&h a pin through it, as s? to 
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turn the spout by. In crane spouts for meal, it is some- 
times best to let the lower board reach to, and rest on 
the floor. If the elevator-cases and crane spout be well 
fixecl, there can neither grain nor meal escape, or be 
wasted, that enters the elevator, until it comes out at the 
end of the crane-spout again. 

Of un l?kcvalor lo cZcvutc Wlkulji~om a Ship’s ITs~d.* 

Make the clcvntor complctc (as it qqmws XL-39, 
Fklec VIII.) on the ground, and raise it to its phcc af- 
?X3WUdS. The pul!~~s arc to be both fisccl in their 
places and casctl ; and the blocks that the gudgeon of the 
upper pulley is to run in, are to be riveted thst to the 
case-bowls of the pulley, and these case-boards screwed 
to the strnp-cases by long screws, reaching tlrrough tlw 
CclSC~bOillYlS C!tl$j~Vil~S. 110th sick3 of tlno pulle~ww2 arc 
fiMzw.31 by on6 set of screws. On t\nc satsitl’c of tlrcsc 
blocks, r0h1 tl~ c(?nt.re of the +~COW, art) circular 
knobs, G inches dininotcr, md 3 inches long, strangly ri- 
vctcd to 1~~1~ t11crn fr01n splitting oH; bccilusc, 1)~ thcac 
l;nobS thC wllOlC wcight of t\K! f!lcV(‘ltOr is t0 Ililllg* In 
the movcnblc frauic 40, 0 0, 0 0, arc thcsc l~locks with 
their knobs, which arc Ict int.0 the picccs of the franw 
n c T s. The g~tlgcons of the upper pulley 11 1~~s 
t.hrot~gh these ~<IIO~)S arid \>lily in thc[n. Their IIW is to 
km the weight of the clcwtor lhrrt hangs by tlwm: tlm 
b ~udgcoIIs, by this mciu~s, Emu only tllc weight of the 
st,rnp and its 1~~1, as is tlmc cnsc with atlrcr clcvators. 
Their being circular, gives the clcv~ltor liberty to swing 
0l.e fr011-1 tjlc 1~11 t0 the hold 0f the ship. 

The fhnc 40 is nitatlc as follows; tlic tq piccc 1113 is 
9 by S inclios, strongly tenoned into the s&2 picccs AD 
and IIC wit11 double tenon, which side picccs arc S by 
6. The piccc r s is put in with a tenon, 3 incl~s thick, 
which is dove-ZailcJ, lxyed, and draw-pinned, with 
(7.11 iron pin, so that, it can ‘be easily taken out. In wch 
side piece AD and .nC there is a row of co$s? set in a 
circle, that arc to play in circular rabbcts m the posts 

* SIX the description of this elevator in Art. 90. 
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p. 41. These circles are to be described with a radius, 
whose length is from the centre of the joint gudgeons G, 
to the centre of the pulley 39; and the post must be set 
up, so that the centre of the circle will be the centre of 
the gudgcon G; then the gears will be always right, al- 
though tla elevator rises and falls to suit the ship or tide. 
The top of those circular rabbets ought to be so fiscd, 
that the lower end of the elevator may hang near the 
wall. This may bc rcgulatcd by fixing the ccntre of the 
gudgcon I,& ‘1‘1~ Icngth of thcsc rabbcts is regulated by 
tlic dist;lncc the vcsscl is to rise and Ml, to allow the clcrD 

valor to swing clear of the vessel ~vhcn ligllt, at high w-a- 
t.W. ‘l’hc bcsjt way to make the circular rabbets is, to 
dress two pieces of 2 inch plank for each rabbet, of the 
right circle, and to pin them to the posts, at such a dis- 
tancc, leaving the rabbct bet.ween them. 

ARTICLE 96. 
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that the meal may run easily down, and not cause a dust; 
fix it so that the meal will spread thinly over its bottom 
in its descent: and it will cool the better. Cover the top 
of the spout half way down, and hang a thin, light cloth, 
at the end of t.his cover, to check all the dust that may 
rise, by the fall of the meal from the buckets. Rcmem- 
ber to take a large cipher off the inside of the board, 
where it fits to the undermost side of the shaft of the up- 
per pulley: the meal will otherwise work out along the 
shaft. Make all tight, as dircctcd, and it will eflectually 
prevent waste. 

In letting meal into an elevator, it must be let in some 
distance above the centre of the pulley, that it may f;Lll 
clear from the spout that conveys it in; otherwise, it will 
clog and choke. I?@ 4, Plate VI., is the double socket 
guclgeon of the lower pulley, to which the conveyer joins. 
Fig. 3, a b c d, is a top view of the cclsc that thb pulley 
runs in, which is construct4 thus; a h is a strong plank, 
14 by 3 inches, stepped in the sill, dove-tailed and kcycd 
in the mcnl-beam, and is called the main bearer. In 
this, at the determined height, are framed the gutlg~!on 
bcarcrs a c b (I, which arc planks 15 bv 13 inches, set 7; 
inches apart, the pulley running bctw&n, and resting oli 
them. The end piccc c d. 3 inches wide and two thick, 
is set in the direction of ;hc strap case, and cstcnds 5 
inches above the top of the pulley; to this the bearers 
arc nailed. On the top of the bcarcrs, above the gud- 
gcons, are set two other planks, 13 by lf inches rab- 
betted into the main bearer, and scrtxvcd fast to the end 
piece c d: these arc 4 iuchcs above the pulley. TIN bot- 
tom piece of this case slides in bctwecn the bearers, rcst- 
ing on two cleets, so that it can bc drawn out to empty 
the case, if it should ever, by any means, be overcharged 
with meal : this completes the case. In the gutl~con 
bearer, under the gudgcons, arc mortises, mride about 
12 by 2 inches, for t.hc meal to pass from the conveyer 
in the elcvntor ; the bottom board of the conveyer 
trough rests on the bearer of thc$c mortises. The strap- 
cast loins fn tl.rc top af ilkc prllioy-case, but it is not madfx 
l&t, hut the back board of the dcsccnding cast is stepped 
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into the inside of the top of the end piece c d. The bot- 
tom of the ascending case is to be supported steadily to 
its place, and the board at the bottom must be ciphered 
off at the inside, with long and large ciphers, making 
them, at the point, only 3 of an inch thick ; this is to make 
the bottom of the case wide for the buckets to enter, if 
any of them should be a little askew ; the pulley-case is 
wider than the strap-cases, to give room for the meal from 
the conveyer to fall into the buckets; and, in order to 
keep the passage open, there is a piece 3 inches wide, 
and 1: inches tt~ick, put on each side of the pulley, to 
stand at right angles with each other, estending 3; inches 
at each end, past the pulley; these are ciphered OK so as 
to clear the strap, and draw the meal under the buckets: 
they are called bangers. 

ARTICLE 97. 

OF THE MEAL CONVEYER. 

Fig. 3, Plate VI., is a conveyer joined to the pulley of 
the clevntor. (See it described, A’rt. 88.) Fig. 4 is the 
guclgcon that is put through the lower pulley, to which 
the convcycr is joined by a socket, as rcprcsentcd. Fig. 
5 is a view of the said socket and the band, as it ap- 
pears on the end of the shaft. The tenon of the gudgeon 
is square, that the socket may fit it every way alike. 
Make the shaft 5: inches diameter, of eight qua1 sides, 
and put on the socket and the gudgcon; then, to lay it out 
for the flights, begin at the pulley, mark as near the end 
as possible, on the one side, and, turning the shaft 
the way it is to work, at the distance of 1: inches to- 
wards ihe other end, set a flight on the nest side, and 
t.hus W--I on to mark for a flight on every side, still ad- 
vnnc~~g 1 i inches to the other end, which will form the 
dotted spiral line, which would drive the meal the wrong 
way ; but the flights arc to bc set across this spiral line: 
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at an angle of about 30 degrees, with a line square across 
the shaft; and then they will drive the meal the right 
way, the flights operating like ploughs. 

To make the fl$hts, take good maple, or other smooth 
hard wood; saw it into six inch lengths, split it always 
from the sap to the heart; make pieces 2; inches wide, 
ilIld 3 of an inch thick ; plane them smooth on one side, 
and m&c a pattern to describe them by, and make (a tenon 
2; inches long, to suit a 3 inch auger. When they are 
pcrfcctly dry, having the shaft bored, and the inclination 
of the &$ts mnrkcd by a scribe, drive thetn in and cut 
tlwn uK 2; inches from the shaf’t; c’lrcss them with their 
foremost edge sharp, taking all OK from the backside, 
leaving the face smooth and straight, to push forward the 
meal ; make their ends nearly circular. If the conveyer 
bc short, put in lifting flights, with their broadside forc- 
mwt, half t,lie number of the others, bctwccn t,lrc spires 
o!’ them; they cool the ineal by lifting an41 lctting it fall 
0\‘(‘1 the sldt. 

To make the trough for it to run in, take 3 boards, the 
htom one 11, back 15, and front 13 inches. 15s the 
I~lock for fhe guclgcon to run in at one end, and fill the 
corners of the clcets, to make the bottom nearly circular, 
t.hnt but little meal may lie in it; Join it neatly to the 
pulley-case, resting the ‘)ottom on the bottom of the hole 
cut. for dL!x meal to enter, and the other end on a sup- 
l~xter, that it can be rcmovcd autl put to its place again 
with ww, without stopping the clcvator. 

A nwal elevator and conveyer thus made, of good ma- 
tcri:d*, will last 50 year- + with very little repair, and save 
a11 i~lm~.mc qunntit~v of meal from waste. The top of 
the trough mnst bc left O~CII, to let the stream of the 
1111!d o11t ; arltl n door, rlbout 4 feet long, may bc rundc in 
the ascending case of the clcvntor, to buckle the strap, 
&c. ‘I’lrc str;lp of the elevator turns the convcvx, so 
t 11:) t it can be oGly stopped if any thing should be ‘caught 
in il:; it is tl;wgcrouv to turn it bv cogs. This machine 
is ol’tr~rr r~l~l~lictl to cool the meal, &h&t the hopper-boy, 
and to attc11d the boltin~g4~oppcr, by cstcnding it to 
:t gwnt length, and conveying the meal immcdintcl~ 
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into the hopper, which answers very well; but where 
there is mom a hopper-boy is preferable. 

_ ._ .- _ 

ARTICLE 98. 

OF A GRAIN CONVEYER. 

This machine has been constructed in a vwicty of 
ways ; tllc following appears to bc the best, nam’ely : 
First, relic a round shalt, 9 inches diameter; and then, 
to mnkc the spire, take strong sheet-iron, make a pattwn 
3 inches broad, and of the true arch of a circle; the di- 
arnctcr of which (bciyg the inside of the pattern) is to be 
12 iirchcs; this will glvc it room to stretch along a 9 iuch 
shaft, so as to mdic (z rnpid spiral, that wilt advance 
nbou t X i nchcs along the shaft cvcry revolut.ion. Uy 
this pttcrn cut tllc sheet-iron into circular picccs, and 
join the ends togcthcr by riveting and lapping ttwn, so 
as to let the grain run freely over the joints; whcu they 
arc joined togcthcr thy will fortn several circles, out 
aboW tllc other, slip it 011 the shaft, and stretch it along 
as fm ix-3 you cam, till it comes tight to tllc shaft, and fx+ 
ten it I.0 it9 phcc by pins, set in the shaft at the back side 
oi’ the spire, and nail it to the pius: it wilt now form a 
bcnut~ihl spiral, with rctums 21 hchcs apart, which dis- 
tance is Coo great; thcac sl~ould, ttierclbre, bc two or fhree 
of tlrcse spirnls nmtlc, and wound into cm11 other, and aIt 
put 011 t.ugctl~cr, bccnuse, if one bc put on first, ttlc 
otlms cnnnot bc got on so well afterwards; if ttlcrc bc 
tlmec, thy will then bc 7 iuclrcs apart, and will convey 

/ 1vlWa.t VC”y fhst. If thsc spirals be punched Ml of 

holes like a grater, and the trough bc lined with shect- 
iron, pinched full of small liolcs, it will bcconic an cs- 
ccllcnt rulhcr ; will clean the wtlcnt of tllc dust rlOW1, 

thd iltlllcrc to it, and supcrscdc the ncccssity of auy other 
i rubhg nlaclhinc. 

The spirals may also be fomcd with cithcr wooden or 

16 
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iron flights, set so near to each other in the spiral lines, 
as to convey the wheat from one to another. 

ARTICLE 9% 

OF THE HOPPER-BOY. 

This machine, also, has appeared under various con- 
structions, the best of which is *represented by fig. 12, 
Plate VII.-(See the description ,4rt. 8@.) 

To make the flight-arms C D, take a piece of dry pop- 
lar, or other soft scantling 14 feet long, 8 by 25 inches in 
the middle, 5 by 1; inches at the end, and straight at the 
bottom; on this strike the middle line a b, fig. 13. Con- 
sider which way it is to revolve, and cipher off the under 
side of the foremost edge fro.m the middle lint, 1caGng 
the edge 4 of an inch thick, as appears by the shaded part. 
Then, to lay out the flights, take the following 

RULE. 

Set your compasses at 4; inches distance, and, begin- 
ning with one foot in the ccntre c, step towards the end 
b, observing to lessen the distance one-sistecnth part of 
an inch every step; this will set the flights closer tog+ 
thcr at the end than at the ccntrc. Then, to set the 
ilights of one arm to track truly between those of the 
other, and to find their inclination, with one point in the 
ccntrc c, sweep the dotted circle across every point in 
one arm; then, without altering the ccntrc or distance, 
mnkc the little dotted marks on the other arm, and be- 
tween them the circles are to be swept for the flights in 
it. To vary their inclination regularly, from the end 
to the ccntre, strike the dotted Iinc c d half an inch from 
the centre c, and 2; inches from the middle line at d, 
and then with the compasses set to half an inch, set off 
the inclination from the dotted circles, on the line c d ; 
the line c d then approaches the middle line, the in- 
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clination io greater near the centre than at the end, and 
varies regularly. Dove-tail the flights into the arm, ob- 
serving to put the side that is to drive the meal, to the 
line of inclination. The bottoms of them should not es- 
tend past the middle line, the ends being all rounded and 
dressed off at the back side, to make the point sharp, 
leaving the driving side quite straight, like the flight r. 
(See tbem complete in the end c a.) The sweepers 
should be 5 or 6 inches long, screwed on behind the 
flights, at the back side of the arms, one at each end of 
the arm, and one at the part that passes over the hopper: 
their use is described in Art. 88. 

The upright shaft should be 4 by 4 inches, and made 
round for about 49 feet at the lower end, to pass lightly 
through the centre of the arm. To keep the arm steady, 
there is a stay-iron 15 inches high, its legs $ inch by 3, 
to stride 3 feet. The ring at the top should fit the shaft 
ncntly, and be smooth and rounded inside, that it may 
slide cnsily up mid down ; by this the arm hangs to the 
rope that p~sscs over a pultcy at the top of the shaft, 8 
ir~hcs diamctcr, with a deep groove for the rope or cord 
to run in, Mnlcc the lending arm G by lf inches in the 
niiddlc, f3 by 1 inch at the cd, and S feet long. This 
arm must bc braced to the cog-wheel above, to keep it 
f’rorn splitting the shaft by an cstra stress. 

‘.lIo weight of the balance w, must bc so ncarlv rqual 
to the weight of the arm, that when it is rniscd to’thc top 
it wilt &mxm.t rluic!ly. 

111 the l)otf.oIu al the upright shad’t is ttic step gudgcon 
(fig. 15,) which p3S’cS tllKNlg1~ tll@ square ~llilt~ 4 ly 4 
inches (lig. 1.1 ;) on this ptatc the arm rests, bclbrc the 
llij$tS touch lhc floor. ‘l’hc ring on the lower end of’ the 
Sllillt is IWS tl~ikll the Shaft, that it may [XISS tll~O~l~i1 th? 

nr1rr : this gmlgcoii comes out, cvcry time the shaft is 
t&cmi out of the arm. 

11’ t,hc mnchinc is to attend but one bolting-hopper, it 
need not be above 12 or 13 feet long. Set the upright 
shaft ctosc to the hopper, and the flights all gather as 
the Clld c b, fig. 13. But, if it is to attend, for the grind- 
ing of two pair of stones, and two hoppers, make it 15 
feet long, and set it between them a little to one side of 
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both, so that the two ends may not both bc over the hop- 
pers at the same time, which would make it run unstea- 
clily ; then the flights between the hoppers and the cen- 
tre must drive the meal outwards to the swccpcrs, at the 
end c a, fig. 1.3. 

If it he to attend two hoppers, and cannot bc get be- 
tween them for want of room, then set the shaft near to 
one of them; make the flights so that they will all qther 
to the ccntrc, and put sweepers over the outer hopper, 
which will 1x2 first supplic& ancl tlic surplus carrictl to 
the other. The machine Gil rcgulrltc itself to nt,tcnd 
both, although one should feed tlircc times as fast as the 
other. 

If it lx to attcud three hoppers, set the shaft ncnr the 
mitI(Ilc one, and put swcc~ptrs to fill the other two, the 
~ru$us will come to the ccntr’c one, and it. will rcgulntc 
to t’cctl all three; but shoultl the contrc hopper cvcr ~;tand 
while tllc otlicrs arc goitlfi, (of cit,lIcr of tlicS;c IilSt appli- 
cation?,) tllc Iliq$its nest tllc cciltrc must l)c XW~Y(%t)lC+ 
t1la.t tllcly may bC turned, ant1 set to tlrivc tllC lllf2ill Out 

from the ccntrc. Iloppcr-boys should 1~ tlrivoir by a 
strap in some part 01’ their movcmcnt, that they may 
casiIv stop ii’ nnv thing cnto.j 

k 
in thcn~ ; but Innny mill- . . 

n-ri$ts prcfcr cogs ; thc\T sho,~ld not rcvo!vc more than 
4 tiks in a minute. ” 

ARTICLE lo(). 

OF TIIE DRILL. 

(See tlx description, Art. 8%) The pulleys should 
not 1x2 ICPS than 10 inches diamctcr for meal, and for 
wlxnt tuorc. Tlic tax they run in is a deep, narrow 
troq$, say, 16 iixhcs deep, and 4 wide; pulleys antI strap, 
3 inclxx The rakes arc lit&, square blocks of \GlIow 
or pOjIli>T, or any soft wood, that will Ilot split by tlrking 
the rl:ii!s ; t tlcy shOllld all bC Of OllC size, tllilt CilCh may 
t& 1111 quaI quantity ; t.hcy arc n;liIrrl to tllc Strap with 
1011~, ~innll nails, with broad hcntls, which arc? inside the 
strap ; the meal should always be let into them above the 
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I centre of the pulley, or at the top of it, to prevent its 
I choking, which it is apt to do, if let in low. The motion 
I should be slow for meal, but may be more lively for 

wheat. 

Directions for using a Hopper-boy. 

1. When the meal elevator is set in motion to elevate 
the meal, the hopper-boy must be set in motion also, to 
spread and cool it; and as soon a~ the circle is full, the 
bolts may be started ; the grinding and bolting may like- 
wise be carried on regularly together; which is the best 
wa,y of working. 

2. But if you do not choose to bolt as you grind, turn 
up the feeding sweepers and let the hopper-boy spread 
and r001 the meal, and rise over it; and when you begin 
to Mt, turn them down again. 

& If you choose to keep the warm meal scparatc from 
..p the cool, shovel about 18 inches of the outside of the cir- 

cle, in towards the centre, and turn the end flights, to 
drive the incal outwards ; it will then spread the warm 
meal outwards, and gather the cool u~eal into the bolting 
hopper. As soon as the ring is full with warm meal, 
take it out of the reach of the hopper-boy, and let it fall 
again. 

4. To mix tail flour or brat), kc,, with a quantity of 
mcnl that is under the hopper-boy, Nllz\ie a hole for it in 
the mcnl quite to the floor, and put it in ; and the hoppcr- 
bov will mis it rcfrulnrly with the wvholc. d 

5. If it do not keep the hopper full, turn the feeding 
swecpcr a little lower, and throw a little meal on the top 
of the arn1, to make it sink deeper into the med. If the 
sprcnrlirg sweepers discharge their loads too SOOR, and do 
not trail the meal all round the circle, turn thcrn a little 
lower; if thc~~ do not discharge, but keep too full, raise 
them rz little. W 



246 UTILITY OF THESE IJII’ROPEJIENTS. c CHAP. XI. 

ARTICLE 101. 

OF THE UTILITY OF THESE INVEXTIONS -4ND IMPROVEMENTS. 

In order to dry the meal in the most rapid and effectual 
manner, it is evident, that it should be spread as thinly 
as possible, and be kept in motion from the moment it 
leaves the stones, until it be cold, that it mav have a fair 
opportunity of discharging its moisture, &ich will be 
done more ef%ctually at that tit-w, than after it has grown 
cold in a heap, and has retnincd its moisture; this immc- 
diatc dryin, m does not allow time fior insects to dcpositc 
their eggs, which, in titne, breed the worms that arc often 
found in the heart of barrels of fli3Ur well lx~2lxd; and, 
by the moisture king cspellcd more cffcctually, it will 
not l~c so apt to sour, The first grcnt arlwntngc, tlwrc- 
Cm, iu that h mccil is hcllcr prcpc~wd for lollbrg,,/kr ptd- 
kg, crltcl*jbr kccjhg, iIt mwh hs time lhra ivstwl. 

2. Thy th Ihc w.d~ fa 7iwcft grcc~k~ prr$vGm, by 
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go; so that there is not so much time expended in grind- 
ing over middlings, which will not employ the power of 
the mill, nor in cleaning and grinding the screenings, 
they being cleaned every few days, and mixed with the 
wheat, and as the labour is easier, the miller can keep the 
stones in better order, and more regularly and steadily at 
work, cspccially in the night time, when they frequently 
stop for want of help; whereas, one man would be s&-i- 
cien t to attend sis pairs of stones, running (in one house) 
with well constructed machinery. 

6. rY%y last a limg time, with but little cxpenso of rep.+, 
bccausc their motions are slow and easy. 

7. They hoist tlte g-ruin cd nzeal udh less power, ad 
disturb the motio?z of t74e miM 9nzcc74 hs that t7k old way, 
because the descending strap balances the ascending one, 
so that there is no more power used, than to hoist the 
grain or meal itself; whereas, in the clld way, for every 
3 busl~cls of wheat, which fill a 4 bushel tub with meal, 
tllc tub has to bc hoisted, the weight of which is equal to 
a bush1 of what; consequently, the power used is as 3 
for the clcvator to 4 for tho tubs, which is one-fourth less 
with elevators than tubs ; besides, the weight of 4 bushels 
of wheat, thrown at once on the wheel, always checks the 
motion; bci’ore the tub is up, the st.one sinks a little, and 
the mill is put out of tune every tub full, which makes a 
great difKxcnce in ;L year’s grinding; this is worthy of 
notice when water is scarce. 

8, ?h/ sm ~1 great CX~~I~SG of dldm~~, One-half 
of the Ilauds that were formerly required arc now sufi- 
cicnt, auf1 their labour is cnsicr, l:ormerly, one hand 
was rcquircd for every 10 barrels of flour that the tnill 
made daily; now, one for every 20 bnrrcls is sufficient. 
A mill that made 40 barrels a day, required four tncn and 
a boy, two men are now sufficient. 



248 BILLS OF MATERIALS. 

CHAPTER XII. 

BILLS OF MATERIALS TO BE PROVIDED FCJR BUILDING AND CONSTRUCT- 

ING THE MACHINERY. 

ART1 CLE 102. 

Three sides of good, firm, white harness-leather. 
220 feet of inch pine, or other boards that are dry, of 

about 1%; inches width+ for the casts; these arc to be 
dressed a? followd : 

86 feet in length, 7 inches wide, for the tap and bottom. 
86 feet in length, 5 inches wide, with the edges truiy 

squared, for the side boards. 
A quantity of inch boards for the garners, as thy may 

be watltcd. 
Sheet-iron, or a good but of’ willow wood, for the buckets. 
2000 tacks, I.4 aud PG ounce size, the largest about half 

an inch long, for the buckets. 
3 lbs. of 8 penny, and I lb, of 10 penny nails, for the 

cases. 
2 dozen of large, wood screws, (but naila will do,) for 

pulley cases, 
16 feet of two inch plank, for pulleys. 
16 feet of ditto, for cog-wheels, and dry pint scantling, 

4$ by 4& or 5 by 5 inches to give it motion, 

Smitld’s Bill of Iron. 

1 double gudgeon t inch, (such as fis. 6, Plate IX,) 5 
inches between tire shoulders, 3: inches bctwccn the 
holes, the necks, or gudgcon part, 3 inches. 

1 small gudgcon, of the common size, + inch thick. 
1 gudgeon an inch thick, (fig. 7,) ncrck 3,-i, tang. 10 inches, 

to be nest the upper pulley. 
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f2 small bands, 4$ inches from the outsides. 
1 harness-buckle, 4 inches from the outsides, with 2 

tongues, of the form of fig. 12. 
Add whatever more may be wanting for the gears, that 

are for giving it motion. 

For a Meal-EZcvntor 43 Ftxt high, Sirup 3$ hcJlcs t&h?, 
‘and a Convcp fur two pairs of’ Shmm. 

270 feet of dry pine, or other inch boards ; most of them 
114 or 12 inches wide, of any lengt’r 1, that they may 
suit to bc dressed for t4c msc boards, as L~sllows: 

86 feet in length, Fji inches wide, for tops and 4ottoms 
of tkc cases. 

86 f&t in length, 4; inches wide, for the side boards, 
truly squared at the cdgcs. 

The 4aclc 4aard of the conwycr trough 15 inches, bot- 
tom do. 11 inches, and front $3 inches wide, 

SSlI~C 2 inch plank for the! pulleys and cog-wlrcd. 
Scmtliry for conveyers G 4y 6 or 5; by 3: inchs, of 

dry pm or ycllaw poplar, (prd’er light &mtl;) phc 
for shafts, 4 -!- 4y 4$ or 5 by 5 itichw. 

2$ sides of go&I, pliant harness Icathcr, 
1500 01‘ 14 OUIICC tacks. 
A good, clcnn but of willow for buckcte, unless the picccs 

that (71-c left, which are too mall for tllc dwnt-bwk- 
ct9, will mnlic tilt meal-buckets. 

4 14s. of 8 penny, and 1 lb. of 10 penny nnila. 
2 dcncm ot’ lnrgc wood screws, (nails will do,) for the 

pulley cases. 

XI1l~illl?S Bill of .rmlZ. 

1 doul~lc gudgcon, (such as fig. 4, Plate VI.?) I :- inch 
thick, 7; inches bctwccn the necks, 3: 4ctKccn the 
Itcy-11olcs, the! llCCliS 14 inch long, nnd the tenons at 
cnch cut1 of the same length, csuctly square, that the 
socket may fit every way alike. 

3 sacl~c~t.a, one for each tenon, such as nppcars on tlw one 
CU(l of fig* 4. The distance betwcn the outside of 
t,hc strnlrs, with the nails in, must bc 5: inches; fig. 
5 is tau end view of it, and the band that drives OUT 
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more than the len,gth of the grain apart, The hoop 
should be lined insmde with strong sheet-iron, and this, if 
punched full of holes, will be thereby improved. The 
grain is to be kept under the stone as long as nzxssary : 
this is effected by forcing it to rise some distance up the 
hoop, to be discharged through a hole, which is to be 
raised, or lowered, by a gate slidin in the bottom of it. 

The principle by which the grams arc l~ullcd, is that 
cl rubbing them against one another, bctwccn tire stoued 
with grci;t force ; by which means they hull on9 another 
without being much broken by the stones. As the grain 
passes through the stones 5, it slrould Ml into a rolling- 
screen or aldhg sicvc G9 nmtlc of wire, wi1,h such 
meshes as will let out all the sand and dust, which may, 
if convenient, run through the floor int,o the wutcr; the 
rice, and most of the heavy chaI& slronlrl fall tilrorrgh into 
tlm corivcycr, which !vill convey it into tlic clr;evnt,sr a,t 
2, Tbc ii@. cllnfT, &c.~ tlrtlt tlacs not ptim t,lrrari~l~ tlrc 
simq Will Ml out at tlrcz tail, ends iB’ u~clcW, my nl~~ run 
into, Elm wlatcr m1b1 float nwny. TIIWQ nmv LW ii, lliri~ put 

on the spintllc, z~bovc t,lis truntllc, la makE a light blast, 
to blow out. t,hc clrnfl mtl duet, which ~lrcdl bc co1wy3l 
out throu$i t,he wall, and this fim may supmcdc tlrc u4a- 
ccssity of the slinkiq-sicvc. The firam md lwtuv chaff 
arc to bc clcviatcrl into prncr 7; thcrdcc they a&o de- 
scant1 into prncr 8, and pm through the stonm 0, which 
ar0 to bc f&d mtl drcsscd ii1 tlrc snma mv tm tile otlrcra, 
hit wc! to rub tlrc grnin liwrtlw, TlW out4tlc of t II@ ~lI&lI~ 
from itrj ~lmpc~~, Will cub CN all tlrc insidc hull tioin 
tllo pin, tint1 1cWs it prti?ctly Clc~Oi: w it hlls Ohn~ 
thcsc Ins!: stones, it passes tluwngh tlrc wind ol‘ th hn 
10, fiscd on the spindle 01’ fhc Hones 0, which will bloW 
O\lt th? Cll,lf% iI!d dUSt, IlId tllPy tlWl1 dW[I into tk? lWOlll 

21 ; tlM.2 wind SlKNllrl CSCi113C t.lKNlgl1 tllC MYIll. WK?I’C is 
il rcgulatiq I~oartl that nlOW8 Qn a juint :I6 21, SO. s?S to 
tidic 2111 the grain into the convcycr’, which will csrm.y 
it into fhc clcvator at 11, which cltrvoks it into tlro $$iIr- 

ncr 12, to pnss tllrou$ the Rollins ~crml 13 ; tlk 4aoulil 
littvc incshcs of flm.26 alilkrcnt sixes; first, tu tnkc oue the 
dust, which MIS into part 37, by it~aclt‘; secondly, to ptW3 
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stone is to cut the grain, and near the periphery the of- 
fice of the two planes is to reduce the flour to the re- 
quired f-h.x~ess, and scrape the bran clean9 which is ef- 
fectcd by the edges formed by the numerous little pores 
with which the burr stone abounds. We must consider, 
imwvq that it is not best to have the stones too sharp 
near the eye, because they then cut fhc bran too fine. 
TIE stones incline to keep open near the eye, unless they 
be too close. If they bo porous, (near the eye,) and will 
l~cp opcil without picking, they will remain a little ilull, 
which will flatten the bran, without cutting it too much : 
hut if thy be soft next the eye, they wi?l keep too opcn9 
and th.t prt of the stone will bc nearly useless: tlrcy, 
thcrctbrc, d~ould be very hard and porous. 

17 
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motion. I3 e is a furrow of the running stone, and we 
may see by the figure, that the furrows cross one ano%= 
ther at the centrc at a much greater angle than near the 
periphery, which I conceive to be right, because the 
centrifugal force is much less towards the centre than 
near the periphery. But we must also consider, t!lat the 
grain, whole or but little broken, requires less draught and 
centrifugal force to send it out, than it does lvhcn ground 
firle ; which shows that we must not, in practice, follow 
t.lle theory laid down in Art. 13, respecting the laws of 
circular nmt.ion and central forces; because the grain, as 
it is ground into meal, is less nfl‘ectcd by the ccntrnl forca 
to drive it out ; the angles, therefore, with which the 
hmows cross each other, must bc grcatcr near the verge 
or skirt of t.he stone, and less near its ccntrc than would 
IIC assigned by that theory ; and what ought to b.r 1 he 
ilrnount of this variation is a question which practice hs 
Irot. yet dc?twwiucd. 
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2; shift to 2, and continue to 1, and the curve of the 

6, 
furrow is formed, as l-6 in the figure. 

To this curve form a pattern, .by which to lay out all 
the remainder. 
The furrows with this curve will cross each other with 

the following avgles, shown fig. 1, 
at circle 1, which is the eye 

of the stone, at 75 degrees angle, 
- 2 - - 45 - 
- 3 - - 35 - 
- 4 - - 31 - 
- 5 - - 27 - 
- 6 23 
These angles,-as shiwn by the linz r, I3 r, G a, 13 s, 

kc., f&c,, will, I think, do well in practice, will grind 
smooth, and make but little coarse meal, kc. 

Supposing tlic grcntest dmnght circle to lx (5 inches 
radius, then, by tllcory, tha angles would have bccrrr 

at circle 1 - - - 138 dcgrccs n.nglc. 
- 2 - - - (jg m 
- 3 - - - 46 - 
- 4 I I 9 39,s - 
- 5 I m m 27&i - 

6 23 
If ;I;c draunht Arclo h-d ken 5 inches rZ wed tl)c 

fmw3w~ stmi&, tlic nnglcs ‘would then hnvo%xn a; 
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ing the angles wherre they cross those of the bed-stones, 
In every part. Here I have supposed the extremes of the 
draught of 6 inches for the verge, and 3 inches for the 
eye of the stone, to be right for a stone 5 feet diameter, 
revolving 100 times in a minute; but of this I am, by no 
means, certain. Yet by experience the extremes may be 
ascertained for stones of all sizes, with different velocities; 
no. kind of dress of which I can copceive, appears to me 
likely to be brought to perfection excepting this, and it 
certainly appears, both by reason and by inspecting the 
iigure, that it will grind the smoothest of all the different 
lrinds exhibited in the plate. 

The principle of griading is partly that of shears, clip- 
piyg; the planes aIf the face of the stones serving as 
guides to keep the-grain in the edge of the shears, the 
furrows and pores iorming the edges; if the shears cross 
one another, at tool great an angle, they cannot cut; it 
f’4Ows, thcrcfbrc, that all the strokes of the pick should 
bo pwnllcl to the flirrows. 

TO give two stones of different diameters the same 
drq$t, we must make their draught circles in direct 
proportion to their diameters; then the furrows of the 
upper and lower stones of each size will cross each other 
with equal angles in all proportional distances, from their 
ccutrcs to their peripheries. Iht when we come to con- 
sidcr that tllc nlcan circles Of all stones are to have nearly 
cqrml vclcdcitics, ant\ tliat their centrifugal forces will be 
in invorso proportion to their didmctcrs, we must pcrccive 
that mnll stsncs must have much lbss draught than large 
Ouos, in prOpOrtion to their diatnctcrs. (See the propor- 
tion for dctcrmining the draught, Art. 13.) 

It is very ncccssnry that the true draught of the fnr- 
rowrs shOu\tl bc dctcrmincd to suit the velocity Of the 
stone, because the ccntrifuqal force of the meal will vary, 
as tllc squares of the vcloclty of the stone, b*y tile 5th li~w 
of circulnr motion. But the error Of the draught may 
bc c0rrccfCd, ill some mcasurc, by the depth Of the fu& 
FOW9. The less the drq$t, the deeper must be the I 
fitrrow ; ml t\ao grcntcr the drau$t, the sl~alloW9- the 
furrow, to prevent the meal from esctlping uugrouud; 
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but if the furrows be too shallow, there will not a suffi- 
cient quantity of air pass through the stones to keep them 
cool. But in the central dress the furrows meet so near 
together, that they cut the stones too much away at the 
centre, unless they be made too narrow ; 1, therefore, pre- 
fer what is called the quarter dress, but divided into so 
many quarters, that there will be little difference between 
the draught of the furrows; suppose 18 quarters in a 5 
foot stone, then each quarter takes up about 10; inches 
of the circutnferencc of the stone, which suits for a divi- 
sion into about 4 furrows and 4 lands, if the stone be 
close; but, if it be open, 2 
will be enough. 

or 3 furrows to each quarter 
This rule will give 4 feet 6 inch stones, 

16; and 5 feet 6 inch sbones, 21; and 6 feet stones, 23 
quarters. But the rmmber of quarters is not very im- 
portant; it is better, however, to have too many than too 
few. If the quarters bc few, the dis&antage of the short 
fin-rows crossing at too great an apglc, ant1 throwing out 
the meal too coarse, may bc rcmcdicd by maliin!: the 
land widest nest the verge, thcrchy turning the furrows 
toward the centrr, when they wilt hat72 lcs~ draught, as 
in the qunrtcr III I, fig. 3. 
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ing parts should be well cracked with picks, and again 
ground with a small quantity of water or sand; after this, 
take them up, and try the staff on them; picking off the 
red parts as before, and repeat this operation, until the 
stait’ will touch nearly alike all the way across, and until 
the stone comes to a face in every part, that the quality 
thcrcof may plainly appear; then, with a red or black 
line, proceed to lay out the furrows, in the manner de- 
tcrtnincd upon, from the observations already laid doRn 
in the last article. After having a filir view of the face 
and quality of the stor re, we can judge- of the number of 
furrows most suitabtc, observing that whet-c the stone is 
tnost opc19 and porous, fewer furrows wilt bc wanted; but 
whcrc it is close and smooth, the *furrows ought to be 
more numerous, and both they and the lands narrow, 
(~l~~ut 1; inch wide,) that tticy ma.,: form a greater 
uurrrhcr of cd~cs, to perform the grInding. The fur- 
I’ows, rrt ttlc: bilCli, SllOuttl tJC INNIC nearly th6 depth Of tk? 
f hi~:liIicx+ 01 il fiMil1 Ol’ WtMXlt, hf. slOpctl Up t0 C’L fc”ath@r 
c,+P, not clc\cp~x ttl:in the ltrickncss of a finger nail $@ 
tlk odgc is to I,(! IllildC ns slwp ns lxx!&&?, which Can 
not I)c (10iic wit.trorrt cl. very dlil1’tI hard pick. When 
f IN lillTO\VK iIN 1111 IllilClC, tr)! t\X red St,iIfT WCr ttKXIly aIN 
it‘ it 4oudi IlCiL1’ tllc cxntrc, thC tnarks 1iNlst be quite taken 
c !!‘I~lrt~!l?. I! f~KG. :!cst tc It, ht. chcrviiig is Ci3Ck lighter 
tlw !kth~r ti’r~ it, so th:U. wlicn ttrc stonas arc krid to- 
wllwr, lhy will nat touch af ttro crzlltrL7, by dmrrt on0 t- 
1 wwl icttlr t;ilrf 01’ ;111 iIlCh, ano ctosc grrldualty, $0 I-bs 18 
ttr\l~‘lI i\llfl tit, (?S:\Ctl\‘, O’esr ;Ilb0\lt. 10 Or 1% in&S oiOlI\ the 
\‘KYg.‘. If’ ttic titwtr’s hc twc well hung, having tlrc ~~,c~I~~ 
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and fiirrowing neatly done, they will he found in the most 
excellent order that they can possibly be \uti for grinti- 
ing wheat, because they dare in good fkce, fitting so neatly 
together that the wheat cannot escape unground, and all 
the edges being perfectly sharp, so that the grain can bet 
ground into flour, with the least pressure possible. 

ARTICLE 18% 

OF HANGING MILL-STONES. 

If the stone have a balance-ryne, it is an casv matter 
to hang it, for wc have only to set the spindle Ikpcndi- 
cullar to the f&x of the bed-stone; which is done by f&s- 
terling a st,nff on the cack4~2ad of the spkrtllc, so that the 
cnrl may reach to the edge of the stone, nnd be ntrnr the 
face. In this ond we 
as aF whalcbons or qui T 

ut a piece of clnst ic ma tcrinl, such 
I, EMI as t,a touch the stony, that 9 QII 

tunling the trundle hczud, t.ho quill may move round tha 
cdgo of the stone, and when it is mado t,o touch alike alI 
the way round, by altering the wcdg(~s of t,hc bridge, tlac 
stone nrczy be laid down and it will be ready hung;* 
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but if we have a stiff ryne, it will be much more difficult, 
because we have not only to fix the spindle perpendicular 
to the face of the bed-stone, but we must set the face of 
the runner perpendicular to the spindle, and all this must 
be clone with the greatest esactness, because the rync, 
hcing stiit; will not give way to suffer the runner to form 

itself to the bed-stone, as will the balance-sync. 
The bed of the ryne being first carsfully cleaned out, 

the ryne is put into it and tied, until the stone be laid 
down on the cock-head; then WC find the part that hangs 
lowest, and, by putting the hand thcrcan, we prcas the 
stone down a little, turning it about at the sa~nc time, and 
olxxxving wlicthcr the lowest part touches the bed-stone 
equally all the way round ; if it do not, it is adjusted by 
altering the wedges of the bridge-tree, until it touches 
equally, and then the spindle will stand pcrpcndicular 
to the fwo of the bed-stone, Then, to jet the kcc of 
the runner pcrpci~dicular, or qunrc, to 1he q4rrtltc, wc? 
lV3lliliIl ilr the s:uur: l&Icc, fiirning tlrc stone, arid p-es+ 
ing on it at. cvcry horn al[‘ the ryncI 0% it pns;scln3 and olr- 
ecrvinq 7~11~t116r tlrc runner will tauch the b~d-8t0m3 
ccpdly n.1: cvcry IICITII, wliiclr, if it do rrc$ w8 Hrikcz 
with tiii irnxr bar on the horn, thnt bears the stone hi&- 
~23, which, E)y it.s jarringr wilt ~2111~ it4f IWtcr info its 
hI, i111(\ tlwreby let th StOIW dO\VJJ Zk Me iii tllilt part; 
but, il’ this bc not suflicicnt, there must lrc ~Elpi!r put oil 

1.110 top ol’ the horn t,liat Icts tlic stone? too low ; tibpcrvirl~ 
to runrti ttra high horns, thnt wlrcn tlJc! staalc is tilI<QJJ Up, 

n lirtlc \llilJr GC t~~kc!Jl Cdl 1,11(2 \M?d, JIJd tllc rync? Will zWOl~ 
1xx011ic SO ucntly bct1ttct1, t,lrnt thcl stauc will hang- very 
Ctl,td\‘. Jhlt i iks ~WVS f’o\~i~tl ha ~PVC~V tink IIW 
r;t.ollG is tiltiC!ll Up, tllt2 b&t~c iSI tJlOWtt a I’ittlc OUt Ot 

pl~kcc ; or, in 0th \vords, t Ire apinrllc moved a lit tie from 
its true prpndiculnr position wi?.li rcqxxt Its the OZiCS 
of the bed-stone, ~vhich is a qeat objection to the stifr 
horn rvnc ; for if the qtindlo be flu-own but vcrv little 
out ot”; p&c, the stones cannot conic togCf her cjnnlly ; 
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whilst, with a balance-ryne, if it be considerably out of 
place, it will do but little or no iujury in the grinding, 
because the running stone has liberty to form itself to the 
bed-stone. 

ARTICLE 108. 

OF REGULATING THE FEED AND WATEB IN GRlK’DfNG. 
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ARTICLE 10% 

RULE FOR JUDGING OF GOOD GRINDING. 
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But if it be broad and stiff, and the inside white, it ia 
a sure sign that the stones are duli, or over-fed. If you 
find some parts that are much thicker and harder than 
the rest, such as half or quarter grains, it shows that there 
are some furrows that have too tnuch draught,or are too 
deep, or steep, at the back edge; else, that you are grind- 
ing with less feed than the depth of the furrows, and ve- 
locity of the stone will bear. 

ARTICLE 110. 

OF DRESSING AND SHARPENING THE STONES WHEN DVLL. 

When the stormcs get dull they must be taken up, that 
they may 1x1 shq>cncd ; to do this in the best manner, 
wc must bet provided with sharp, hard picks, rvith which 
the fiinlhcrw~edg~~ of tl16 furrows am to Ix drassed us shnrp 
IIS possible ; which cannot be done with soft or dull picks, 
TIC bottoms of the furrows am likewiscc to PE dmwxl, to 
kwp thm of the proper depth ; but here the dull picks 
may be uscc1,* The straight stnR must now, also, be run 
over the face carefully, and if there bc any parts harder 
or hi&x than the rest, the red wi!l be left on them; 
ihey must bc cracko4 lightly, Fvith many cracks, to make 
t.lm~ wear as fast ns t,lw saft,t)r parts, in order to keep 
1 ho hco #ml. Tl~csc woks also form the edges thnt 
lwlp to ckm tlw bsnn ; and thc2 hnrder and closer the 
stmw, the tnorc nun~cro~Is arc they to be, They arc to 
bc nzuic with n. very shnrp pick, parallel to the furrows; 
th tlqxr the ,nraiu, the more the stone is to be crticked ; 
and t.hc drier and harder it is, the smoother must the 
f;w? bc. The hwcl;, mooth places Ivhich glaze, may 
bc mriclc to \vcar more cvculy, by striking them, either 
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lvith a smooth% rough-faced hammer, many light strokes, 
until a dust begius to appear, which frets the flinty part, 
and makes it softer and sharper. The stone will never 
be in the best order for cleaning the bran, without first 
grinding a little sand, to sharpen all tile little edges 
formed by the pores of the stone; the same sand may be 
used several times. The stones may be sharpened with- 
out being taken up, or wen stopped ; to do this, take half 
a pint of’ sand, and hold the shoe from knocking, to let 
them run empty; then laour in the sand, and this will 
take the glaze off the face, and whet up the cbges so that 
t,hcy will grind considerably better: this ought to be often 
done? 

Sor~3 are in the practice of letting stones run for 
months without being dressed; but I am well convinced 
that those who dress them mcil twice a wcelr, are fully 
paid fix their trouble. 

ARTICLE 111, 

OF THE MOST PROPER DEX;REE OF FIKENESI FOR FLOIJR. 

As to t.he most proper degree of fineness for flour, 
millws difkr in their opinion ; but a gre(“Lt majority, and 
many of the most espcricwxd, 4 of the best jvdqwnt, 
qrce in t.his; that if the flour be mndc wry fine, it will 
bc killed, (as it is tcwncd,) so that it will not ride or 
fimu~nt so ~211 in bilking; but. I have ixnrd many goad 
millers giw it iIs tlwir opinion, that flour cwnot bc nwic 
too fine, if ground with shnrp, clcnn stones, provided 
they bc not sufl’crcd to rub against cnch other; ~(1 sow 
of those miilcrs do actwily reduce almost all the nrcnl 
they get out of the wheat. into Pupc’Linc fkaur ; by which 
twxns they have but two kinds; namely, superfine flour 
nnd horse-kcd ; which is what is lcfi after the flour is 



To test the pr pertie of the finest flour, I contrived to 
catch $9 Inuch of the dtw of that which was float@ 
about in the nril T as n&e a large loaf 0f bread, which 
was raked with the mm yeast, and baked in the saw 
0wct1, with other Ioaws, that were n~~d~~: out of the most 
liwlv nvxl; the Poaf made of the dust of the flour was 
cqu’;lly I,ight, and as good, if not bettw, than any of the 
ot h-s; it was more moist, and plexant to the task, 
thouJl made of flour that, from ita fmms, felt like oil. 

1 Cronclude, therefore, that it is n0t the dcgrce of fine . 
nes5 tlmt destross t.he life of the flour, but tile dqpe cd 
heat produced 6’ the too great pressure applied in grind- 
ing; and that Aour may tic reduced to the greatest de- 
gree of fineness, without injuring the quality, provided it 
6e done with csharp, clean stones, and with httle prewre. 

ARTICLE 11% 

OF G.lRI.lC, \V.‘ITH DIRECTI0N.s FOR GRI?c’D:SG \VHEX.T MIXED THERE- 
1VlTH: AS9 FQR DRESSISG THE STONES SUITABLE THXRETO. 

In manv mrfs of Aenerica there id a species of onion, 
called mriic‘, that grows epontaueowly with the wheat. .9 
It IWWS a head re~cmhling a seed onion, which cont+s 
(2 nutnh of grains about the size of a grain of whca!, but 
EOI11c2~vIlnt l&titer.* It is of a glutinous texture, and ad- 

* The ~~rn‘pl~tc separation of this garlic from the wheat, is so diff~cul!, that it 
has hiIhrrto bafflrd all our art. ‘I’hose grains that are Ihrgcr, and those that are 
Flnnlll~r than thl! ivllcat. can be scparatd by .GrrPf-ns; atd those that arc much 
lightt~r. may be hlo\vn out by Tdn+; but thoshth,*t a:~ 01’ the same size. and nearly 
of the! same weight. cannot be separatefl without putting thr: wheat in water, 
whpr(a thr! lvl!cat ~111 sink, and the garlic swim. Cut this mcatho:l is too tedious 
for t tlca rni I Irr to practisfa, except it be once a year, to cl+an up the headings, rather 
thzn 10s~ the xh~~at that is mixed with the garlic, which cannot be otherwise 
odciently separated. Great care should be taken by the farmers to prevent this 



troul~l~somc thing from gettinp root in thr\ir farm?; which. if it rlow, it u*i!l be 
DIINO+~ i~rpo~sil~l~ ever to root it out again, OS it propagates both by BCC~ and root, 
and ij very hurdy. 



ALTHOUGH we may gind the grain in the best milnlm 
we possibly can, so as to make any rewmnable dcspafch, 
there pet will appear in the bolting, a species of coarse 
nwnl, called middlings, and stuff, a qlzality between su- 
pwfine and shorts, which will contain a ortion of the 
best part of the grain ; but in this state t cy will make R 
very coarse bread, and, consequently, will cGmmand but 
a low pice. For this rewxm, it ia oftentimes profitable 
to the miller to grind and bolt them over a,anin, and to 
make them into superfine flour, and fine middlings; this 
may easily be done by proper management. 

The middlings are generall\r hoisted by tubs, and laid 
in a ,ronvenient place on the Boor in the meal loft, near 
the hopper-boy, until there is a large quantity ga- 
lhercd : whep the first good. opportunity offers, it is 
bolted over without any bran or shorts mixed with it, in 
order to take out all that is nlrendy fine enough to pass 
i.t~rough the superfine cloth. The middlings will pass 
throuqh the nY~~dkg% cloth, and will then be round 
and lively, and in a state fit for grinding, being freed 
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from the fine part that ~~~ul(~ have it fronl! 

f&dilg frcelv. The snXt 
miscrl wit t 1 i& being hgh 
not pass through the m~dd~j~ 
the stufFa cloth. 
ricP~cr than befor 
with thti grou 

The middli 
ncr, over the 
‘run into the hopper, and keep it full, as does the wheat, 
‘provided the garner be rightly constructed, and a hole 
nbout 6 bv 6 inches made for It to issue out at. Them 
must be d rod put through the bar that qports the up- 
per end ~4 tl w damsel, the lower end of which must reach 
tnto the q-c of the stones, near to the bottom, a.nd on one 
klc thereof, to prevent the nleal from sticking in the 
cyc, w!~ich, if it does, it will not feed. The hole in the 
bsttam of the hopper must not be less than four inches 
sq”are. Things being thus prepared, and the stones be- 
ing sharp and clean, and nicely hung, draw a smtzll quan- 
tlty of watwT (for mea\ does not require abov one-tenth 
part that grain does) taking great care to avoid pressure* 
because the bran is not now between two stones, to pre- 
vent their coming too closely, together. Xf you lay on as 
UNJC~~ weight as when grindmg grain, the flour will be 
1;illcd ; but if the stones be ~41 hung, and it be pressed 
lighrlv, the flour will be lively, and will make much bet- 
ter bread, without being bolted, than it would before it 
was ground. As fist as it is ground, it may be elevated 
and bolted ; but a little bran will now be necessary to 
keep the cloth open: and all that passed through the SW 
perhe cloth in this operation, may be mixed with what 
passed through in the first bolting of the middlings, and 
be k&ted up, and mised (by the hopper-boy) regularly 
with the ground meal and bolted into superfine flour, as 
directed Art. S9.* 

* All this twllhlo nnd loss of time may be saved by a little simple machinery, 
namci y : Xs the middlings fall by the first boltin:;, let them be conveyed into the 
PVC 01‘ the stow, and ground \%pith the wheat as rllrected Art. 89, Plirtc VIII; by 
6hich menns the whole thereof mn’y LIP mc\tfc into superfine flour, without any 
loss of time, or danger of being too hard prewx!, for want of bran, to keep the 

18 



The stur, which is a degree coarser than middlings, if 
it be too poor for ship brcad9 a&l too rich to feed cattle 
on9 is to kit2 ground over in the sanIc nxmncr as the ruid- 
dliugs. But if it. be mixed with iiuc Bow, (as it sonm 
tinms is,) so that it will not feed freely, it must be bolted 
owr first ; t!& will take out the fine flour, and also the 
fiuE specks of brm? which, being lightest, will come 
thrsu$l~ the cloth last, When it is bolted, the part that 
lmses througll the middlings” and stuPs parts of the 
cloth, are to bc mixed and grouud togctlicr; by this 
means the rich particles ~111 be reduced to flour, aud, 
when bolted, will pass through the finer cloths, aud will 
Nellie tolerably good bread. What passes through the 
middlings’ cloth will make but indifkrent ship-bread, and 
what passes through the ship-stuff % cloth, will be what is 
called brawn-stuff, roughiug~, or horse-feed. 

The hrnn and shorts seldom are worth the trauL~lc! of 
nriudivg over, unless the stsncs haw been very dull, or h 
the grmding been but sli@tly performed, OF the when: 
very gariicky. When it IS done, the stonc3 must be very 
sharp, and more water and pressure are required, than in 
grinding grain. The flour9 thus obtained, k genc~ally of 
an indlfkrent quality, being made of that part of the grain 
that lies nest the skin, md a great part of it is the skin 
itself, cut fine? 

;;p:ps apart, This mode I first introduced, and several others have since ndopt- 

l i‘ho merchant miller is to consider, that there is n certain degree of closcncss 
or pcrf’cction that he is ta aim at in manufactm-ing, which will yi:?ld him the g-cat- 
cst profit possible, in a given time. And this degree oi oare and pcrfcction will 
vary with the prices of wheat and flour, so that what would yiclld the grsntcst pro- 
fit at one time, would sink money dt another; bccaus~, if the? difl’erttucc in the price 
oi wheat and flour be but littip, then we must make the? grain yicltl as much as pns- 
sible: to obtain any profit.. But if the prrcc of flour be much above that of the 
wheat, then we had best make the greatest despatch, even if WC should not do it 
so well, in order that the greater quantity may be done while these prices last: 
whereas, if we were to make such a despatch when the price of flour was but little 
above that of wheat, we shauld sink money, 



ARTICLE 11 -i. 

OF THE C~UALtTY OF NILL-STBSES, TO SCIT THE QU-ILITY OF THE 
WHEAT. 

IT has been found, bv experience, thnt dXbwit quali- 
tics of wheat require dif?ercnt qualities of stones, to grind 
00 the highest perfection. 

Althugh there be seveml species of wheat, of difE2rcut 
r _.sy‘---._-.----.__I_~-~ 

A TABLE 

Showing the Product of a Busbel of Wheat of different weigh% and qualities, as- 
certained by experiments in grinding parcels. 

‘61 139.7 

I 

,j.Gb 2.4 i 9.M i 9.6: Gi. ,White do. mised with green 

3;3,Sl I5 
I 
;,.e:; 

/ 
56 726 1 5.45 56. 

I 
Wite do. 

garlic. 
ver v clean. 

i,ic,).% 35.26 4.4 I A7’11.33’ 6.79 S~.?.iRed 
I 

do. h wit some cockle 
1 I I i i I I and light grains. --- --- ..- 

If the scrcwings hnci been iuxuratc,ly weighed, and the low in weight oscerinned 
1)~ the crincling ascertained, this table wouI~J hew been more interasting. A lass 
01 vcight does tnke p!:xe by the evaporation of the moisture by the heat of the 
etonc: in the operation. 

Theauthor conceived that if a ctimpletc? separation of the skin of the wheat from 
I!W flour could be effected, and the flour be rcducrd to a sufficimt d~~~rcc of fine- 
ncss:it niiqht all pass for superfine : and havine ~::nde the experiments in the tntle, 
Ibe effc\cted such improvements in the manulicture, by dressing the mill-stones to 
grind smooth; and by means of the machinery which he invented, returning the 
~:~iddlinqs into the eye of the stone, to be gror..,, 1n.l over with the wheat, and eleva- 
:iup the tail-Hour to the hopper-boy, to be botted over qain, kc., that in making 
hir last 2000 barrels of superfine flour, he left no middlings or ship-stuff, which 
~3s not too poor for any kind of bread, excepting some small qaant;tiea which 
\yere retained in th,e mill; and the flop passed the inspection with credit. Others 
have since pursued the same principles, and put them more fully and completely 
in to operation. 
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fp;lliticS ; y!t, with rcspcci to the !gTinding, WC niny 
&vi& thcrn into bx kinds only, nanwly:- 

3 , The dry and hard. 
z. ,Thi.? damp md soft. 
3. Wheat that is mised with garhc. 
W11en he grain that is to bc gi*ou!ld is dry and hard, 

such ns is r&cd on high and clagcy lands, thrcehcd iu 
barns, and kept dry, * the %;toncs for grinding it should 
1~2 of that quaky of the burr, that is c~alkkl clssc nnd 
hard7 with few large pores7 in order that thy my hcwc 
more l&e. The grain Being Brittle and easily bdiC!Il 

into pieces, rcqGx3 more face, or plane parts, (O~OliCl~ 
of in Art. 104,) to reduce it to the required fineness, 
without cutting the skin too much. 

When the grain that is to he ground is somewhat damp 
nnd sC)fi, such as is raised on a light wndy soil, iu troddell 
alit. sn ho gram& and is carried in the lmolds of ships to 
mnrkct, which tcnda to incrcasc the dnmpncss, the stanch 
d~ould h-2 111012 open and porous, because the grain iFL 
tough, rtitt‘lcult to bc broken iuto pieces, and rcquircs 
1wxC sharp cd.~X, I 0 q ml less fnco (or plme surhcc,) to rc- 
clr~~c it to the required f’xncneas.T @cc Art. 104.) 

Wlieu tlwrc is garlic or wild onionS (umntioncd Art. 
Ill.) nhx! with the wheat, the stonca require to 4c 
Opl~ pol’ou~, and sharp; bccnwe the glutinous substance 
of the garlic atll,crcs tu file fkx. of the stones, and blunts 
tltc cdgcs ; IJ~ wlrklr mans littlc can 46 ground 4efow 
tllc ~ttI;;m g.3 so dell that they will require to be tnlrcir 
up nnd slmpmxl ; and the more porous and shnrp the 
S~OJIC:T; are, the long-w tlwy will run, and grind a largc~* 
rpantity without getting dull. Tlrcrc is a quality of tlw 
burr stone which nq- IX r!e!IO!?lir:atcc! iilCllO\V ur Sort, 

* S!!c$ whca: as is pru~h~c~d bv t!w mountains and play lands of the country. 
t!ijtant 1‘l.ot-n the sm an4 ride u-at&, is generally of a brownish colour, the WI:!I 
appeal;r;,rr tJlnty,and sometimes the incide a little tronspnrcnt.when cut by a sharp 
knife. ‘I his transparent kind of\Yl:rat 1.. ‘E pwrallv heavy, and of a thin skia,atk.l 
\vill mnke a~ white tlour, and as mr ch of it as the’ whitest grain. 

-f $IcI~ is the wheat that is raiqcd in all the low, level, and sar?dy lands, of COUP 
trips nc,ar the SC;\ and tide waters of .4mericn, where it is customary to tread ON: 
t;,t*ir \~Ilclat 011 the ground by horses. and n-hwe it sometimes gets \\~t by rain a1:1! 
llt.iv, n114l the tlomplrcsa of tlle zr~\lnd. This grain is natrwnllv of a fairer cokwr. 
al-l,1 sn:‘ter; and, \~h~w hrnkcn, the in<ide is white, which showk it to he ncarcr to’n 
btntcb 01’ p1lwrization: it is more cncily reducrd to ilour, and will not bear so mrwl; 
]Irc.ssur(: as the grain that is raised on high and clay lands; or such that, when 
bruk~n, appws solid and transparent. 



ARTICLE 11;). 

4 
* It is very c!jficult to convey my ideas of the quality of the stones to the reader, 

for want of skwthing with which to measure or compare their drgrecs of porosity 
or cIcscncss, hat&es5 or sofrnes?;. The knowledge of these difk-ent qualities is 
wlv to bc nttained Lv practice and experience; but I may observe, that pores in 

. 

ihe~stone, htrgcr in dinmeter than the length of a grain of w*heat, are injurious; 
for ho\*: much soevrr they are larger, is 63 much loss of the face, because It is the 
cdps that ds the grindmg; therefore all large pores in stones arc a disadvantage. 
The greater the number 01’ pores in the stones, so as to leave a sufficient quantity 
of touching surfaf:e, ts r~rluce t!ze flour to ;? sufficient degree of fineness, the better. 

3Iill-stotlc makers cught to be acquaint4 with the true principles on which 
grinding is prformed, and with the art of manufacturing grain into flour, that thny 
may be judges of the quali:y of the stones suitable to the quality of the whwt G 
tiitfclrent’ parts of the country; also, of the best manner of disposing of the different 
pieces of stone, of different qualities, in the xt:re mill-stone, accordiq to the 
office the several pawts, from rht7 centre to the verge of the stone. (See Arc. 
J 04. ) 

Nill-qtoncs are generally but very carelessly and slightly made; whereas, they 
should be made with the utmost care, and ‘0 the greatest nicety. The runner 
must be balanced exactly on its ccntre, and every corresponding opposite part of 
ii sho1114 be of’ equal weight, or else the spindle will not keep tight in the bush; 
(see Art. lOi’;)--end lfit is tc be hung on a balance ryne, it shouiri be put in at 
the formation of the stone, which should be nicely balanced thereon. 

Uut, above all, the kind of stone should be most attended to,that no piece ofan 
unsai~able quality for the rest be put in ; it being known to all experienced millers, 
that they had better give a high price for an extraordinary good pair, than to have 
an indifferent pair for rothing. 
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tIV.wrt.ntiorzs comxmi~lg lhltimp 

1. Suppose that wc try a sieve, the meshes of which 
are so large, 3s to let the bran and meal through: It is 
cvidcnt that we could never thus attain the end proposed 
by the use thereof. 

2. Supposc we try a finer sieve, that will Ict a?1 the 
mea] through, but none of the bran ; by this we Cannot 
~caarrnte the different qualities of the flour. 

3. WC provide as many sieves of the diffircnt degrees 
of fineness as we intend to make diffcrent qualities of 
flour; and which, for distinction, WC name-Superfine, 
Middlings, and Camel. 

The superfine sieve we make of me&es, so fine as to 
let through the superfine flour, but none of the mid- 
dlings: the middlings’ sicvc, so fine as to let the mid- 
dlings pass t.l-mq$, hut none of the camel: the camel 
sieve, so fine as to let none of the shorts or bran pass 
through. 

Now it is evident, that if we would continue the opc- 
ration long enough, with each sieve, beginning with the 
superfine, that we might effect a complete separation. 
I3ut if we do not continue the operation a sufficient length 
of time, with each sieve, the separation will not be com- 
plctc, for part of the superfine will lx left, and will pass 
through with the middlings, and part of the middlings 
with the camel, and a part of the cnrnel with the shorts; 
and this would be a laborious and ti;ldious work, if per- 
formed by hand. 

Many inventions have been made to fxilitate this bu- 
siness, amongst which the circular sieve, or bolting reel, 
is one of the foremost; this w-as, at first, turned and fed 
by hand; a.4 afterwards it was so contrived as to be 
turned by water. But many have been the errors in the 
appiication of thic: machine, either from having the cloths 
too coarse, by which means the middlings and small 
pieces of bran passed through with the superfine flour, 
and part of the carncl with the middlings: or by having 
the cloths too short when they are fine enough, so that 
the operation could not be co&wed a sufficient time to 
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take all the Euperfine out before it reach the middlings’ 
cloth, and all the middlings before it reach the camel 
clath. 

The into improvements made on bolting seem to be 
principallv as follow, namely: 

3~. ‘TtG using finer cloths-hut they were found to clpg 
or choke up, when put on small reels of 22 inches &a- 
meter. 

2. T!lc cnlarmirw the diameter of the IT& to 27 
inches, which &kzYthe meal greater distance io fall, and 
causes it to s&tie harder against the cloth, which keeps 
it open. 

3. The lcngthccin,n the cloths, that operation may be 
continued a suficicnt length of time. 

4. Ttre bolting a much larger portion of the flour over 
again, than IWS done formerly. 

‘Phc meal, as it is ground, must be hoisted to the meal- 
loft, whore it ehould be spread thin, and often stirred, 
that it may cool and dry, to prepare it for bolting. Af- 
ter it is bottcri, the tail flour, or that part of the super- 
fine that falls last, and which is too full of specks of bran. 
to pass for superfine, is to be hoisted up again, and mixed 
with the ground meal, to be bolted over again. This 
hoisting, spreading, mixing, and attending the bolting 
hoppers, in merchant mills, creates a great dea\ of hard 
labour, if performed by hand ; and is never corn 

done at last: but all this, and much more of the P 
letely 
abour 

of mills, can now be accomplished by machinery, moved 
by water. (See Part III.) 

The miller must attain a knowledge of the standard 
quality passable in the ma.rket: to csamine it whilst bolt- 
ing, hold a clean piece of board under the bolt, moving 
it from head to tail, so as to catch a proportional quanti- 
ty all the way, as far as is taken for superfine; then, 
smoothing it well by pressing an even surface on it, will 
make the specks and colour more plainly appear ; if it be 
not good enough, turn a little more of the tail to be bolted 
over. 



It’ the flour appear darker than was expected horn the 
quality of the E twain, it shows the grinding to be to;a high 
and the Mting too near; bccnusc the fmcr the flour, the 
u-hi tcr its culaur. 

This pmcccding requires a good light; tlwrcforc, the 
best way is for the tniller to observe to what. degree of 
poorwss he may reduce his tail flour, of middlings, so as 
t.0 be snk ; by w-hich wms he may ju!ge wth much 
n1orc safety in the rrighr. But the cplit.~~ of the tail 
flour, ~~~itldihg~, 8x., will greatly vnr-r in difkrent mills; 
tbr those tht have the late icnprovcm~nts f?w bolt,ing over 
the tail floury grinding CNCP the middlirgs, &c., can make 
nearly all into superfine; whereas, ir! those that have 
them not-the qu&ty that rcruains mxt to supsrhe is 
ccmnon or fine flour; then rich middlings, ship stuf, 
i!kc. Those who lmvc: experience wili perceive the dif- 
f’brence in the profits. If the flour fW.4 soft, dead ant1 
oily, yet is wllitc, it shows the stones to have been dull, 
and too much pressure used. If it appears lively, yet 
dark-coloured, and too full of very fine specks, it S!~OWS 
the stones to have been rough and sharp, and that it was 
ground high and bolted too closely. 

ART1CL.E 116. 

THE DUTY OF THE -!dILLER. 

The mill is supposed to be completely finished for 
merchant work, on the new plan ; supplied with a stock 
of grain, flour casks, nails, brushes, picks, shovels, scales, 
weighta, &c., when the millers enter on their duty. 

If there be two of them capable of standing watch, or 

taking charge of the mill, the time is generally divided 



il s foIlow. In the dav-titne thcv both attend to business, 
but 01x of them has- t!x c’rlicf“dircction. The night ia 
diGtictf iuto two wutcJws9 the first of wJ)ich ends at one 
c~‘cJocI; irl the mornings when the nwstcr miller shoulri 
tlntcr 011 his watch, a&I c ntinuc till. day-light9 tJlat he 
may h:: rcildy to &wet other hands to t.heir business ear- 
IL ” ‘l’hc first thing he ohouJd do, when his watch be- 
iiw, id to sets whcthcr the Wxws are grinding, and the 
doths bolthg well. Aud xxondl~, he should review 
A the moving gudge01~ oi’ the mill, to see whether any 
of thcw \viItlt grcasct kc.; for want of this, the gudgeons 
often rw dry, arid heat, wJGcl1 bring on heavy Josses in 
t inic and rcpnirs ; for when they heat, they get a little 
loow, and the stones thcv run on crack, after w!-tlich they 
Cillllltjt be kC?IJt COOl, He shou.Jd also see what qua”fity 
ot’grnir~ is 8ser t,hc stxm.x, and if there bc not enough to 
qqdv thcru till numhg, set the cleaning machines in 
moti&. 

A11 tJrings being set right, his duty is very crisp-he 
has only to see to the machinery, the grinding, and bolt- 
ing on& in an hour; he has, therefore, plenty of titne to 
amuse himself by reading, or otherwise. 

Early in the morning all the floors should be swept, 
and the flour dust collected ; the casks nailed, weighed, 
marked, and branded, and the packing begun, that it 
may bc completed in the fore part of Ox day; by this 
mew~s, should any unforeseen thing occur”, there will be 
spare time. Bes’ldes, to leare the packing till the after- 
noon, is a lazy practice, and keeps the business out of 
order. 

When the stones are to be sharpened, every thing ne- 
cessary should be prepared before the mill is stopped, 
(especially if there be but one pair of stones to a water- 
wheel) that as little time as powible may be lost: the 
picks should be made quite sharp, and not be less than 
12 in number. Things being ready, the miller is then 
to take up the stone; set one hand to each, and dress 
them as soon a8 possible, that they may be set to work 
again ; not forgetting to grease the gears and spindle foot. 

In the after part of the day, a sufficient quantity of 
grain is to be cleaned down, to supply the stone&he 
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whole night ; because it is best to have nothing more to 
do in the night, than to attend to the grinding, bolting, 
gudgeons, &cc 

ARTICLE 1 If. 

3b. There being many moving parts in a mill, if any 
piece of timber fall, and lie on any mowing wheel, or 
shaft, and the velocity and pressure bf great, it will gene- 
rate fire, and perhaps consume the mill. 

2, Many people use wooden candlesticks, that mny be 
set OR n cask, bench, or the floor, and forgetting them, 
the candle burns down, sets the stick, cask, &c., on fire, 
lyhich, perhaps, may not be discovered until the mill is 
in a flame, 

3. Careless millers sometimes stick a candle to a CRSIP, 
OF post, and forget it, until it has burnt a hole in the post, 
or set the cask on fire. 

4. Great quantities of grain sometimes bend the floor 
SO as to press the head blocks against the top of the up 
wright shafts, and generate fire, (unless the head blocks 
have room to rise as the flour settles:) mill-wrights shorM 
consider this, and be car&M to guard against it as they 
builcl. 

5. Branding irons, carelessly laid down, when hot, 
tend left, might set a mill on fire. 

6. The f6ot of the mill-stone spindle, and gudgcons, 
frequently heat, and sometimes set the bridge-tree or shaft 
on fire. It is probable, that, from such causes, mills have 
t&n fire, when no person could discover how. 







THIS ywt, ~6 appears from the heailing, was written 
by Mr. ll~omas Ellicott ; 8 part of his preface, published 
in the early editions of this work, it has been thought 
best to omit. After some remarks upon the defective 
operation of mills upon the old construction, he proceeds 
to sny- 

Bn tho new wry, all these inconveniences and diaad- 
vnntn~cs arc completely prwided againsr: (See I%.to 
XSIL,) which is 8 representntionofthe machinery, as aI”- 
plictl in the whole process of the manufacture; taking the 
wain from the ship or wagon, and passing it through the 
thole process by water, until it is completely manufkC- 
Wed into superfine flour. This is a mill of my planning 
and draughting, now in actual practice, built on Occo- 
quam river, in Virginia, with 3 water ~-heels, and 6 pairs 
of sr0ncs. 

If the wheat come b\t water to the mill, in the ship Z, 
it is measured and pouied into the hopper A, and thence 
conwycd into the elevator at 13, which elevates it, and 
drops it it into the convewr C D, which conveys it along 
under the joists of the sc>ond floor, and drops it into the 
hopper garner at D, out of which it is conveyed into the 



I! 
TO THE READER. 

main wheat elevator at E, which carriea 
peak of the roof, and dclive 
at F, which (in this plan) is 
of which it f;qtts into the h 
elevator at H’, which eonvcya it up into the fan I, fiorn 
tvhcnce it wns down slanting, into the midc 
conveyer at J, that runs tsward% both 

e of the long 
en of the mill, 

and conveys the, grnin, RS 

K K K I< It IL over all the st 
cleaned, into any garner 

nes, whict9 is done by shift- 
ily a board under the fan, to guide the gram to either 
side of the cog-wheel J; and although eael9 of these gar- 
ners sf9ould contain 2000 bt9shels of wheat, over eack pair 
of stones 12000 bushels in 6 garners, yet ncar!y all may 
bo ground out without handling it, and the feed of the 
stones wiit be n9ore even and regular than is pcxkble in 
the old way, As it is ground $v the several pairs of 
stones, the meal falls into the cta~veyer at 31 M Mq and 

is convq*ed into the comr99on meal elevator at N, wl9ick 
raises it to 0; from thence it runs dawn tlae hopper-boy 
at P, wt9ich spreads and cools it over a circle of 18 or 
15 feet diameter, and (if thought best) will rise over it, 
and form a heap two or three feet high, pephaps thirty 
barrels of flour, or more at a time, which may be bolted 
down at pleasure. When it is bolting, the hopper-boy 
gathers it, into the bolting hoppers at Q, and attends them 
more regularly than is ever done by kand. As it is bolt- 
ed, the conveyer R, in the bottom of thr: suporfinechest, 
conveys the superfine flour to a hole through the floor at 
S, into the packin g chest, whicl9 mixes it completely. 
Out of the packing chest it is filled into the barrel at T, 
weighed iu the scale U, packed at W by water, headed 
at X, and rolled to the door Y, then lowered down by a 
rope and windlass, into the-ship again at Z. 

If the wheat come t.o the mill by land, in the wagon 7, 
it is emptied from the bags into a spout that is i-n the wall, 
and it runs into the scale 8, which is large enough to hold 
n wagon load ; and as it is weighed it is (by drawing a 
g;lte at bottom) let run into the gwner I.?, out of which it 
1s conveyed into the elevator at E, and so through the 
same process as before, 



+ All my draughts are taken from n scale of eight feet to an inch, except Plate 
XV I I., which is four feet to on inch. 
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the falls are less so as to make the same number of revo- 
lutions in a minute; but this wheel requires more water 
than a breast-mill with the same fall. 

Fig. 6 is the forebay, gate, shute, and fall. Forebays 
should be wide, in proportion to the quantity of water 
they are to con, vy T-V to t-he wheels, and should stand 8 or 
10 feet in the bank, and be firmly joined, to prevent the 
water from breaking through ; which it will certainly do, 
unless they be well secured. 

ARTICLE 120. 

DIRECTIONS FOR MSKING FOREBATS. 

The best way with which I am acquainted, for making 
this kind of forebays, is shown in Plate XVII., fig. 7. 
Make a number of solid frames, each consisting of a sill, 
two posts, and a cap; set them cross-wise, (us shown in 
the figrrrc,) 28 or 3 feet apart; to these the planks are to 
be e~)Ikcd, f& there should be no sills lengthwise, as the 
water is apt to find its way along them, The frame at 
the head next the lvater, and one 6 or 8 feet downwards 
in the bank, should extend 4 or 3 feet on each side of tht; 
Ibrcbny into the bank, and be planked in front, to prc- 
vent the water and vermin from working round. Both 
of the sills of these long frames should bc well secured, 
by driving down plank, edge to edge, ‘iike piles, along 
the upper side, from end to end, 

The sills being settled on good foundations, the earth 
or gravel must be rammed well on all sides9 full to the 
top of the sills. Then lay the bottom with good. sound 
plank, \vell jointed and spiked to the sills. Lay your 
shute, extending the upper end a little above the point 
of the gate when full drawn, to guide the water in a right 
direction to the *heel. Plank the head to its proper 
height. minding to leave a suitable sluice to guide the 
water ‘smoothly down, Fix the gate in an upright posi- 
tion-hang the wheel, and finish it off, ready for letting 
on the water, 

19 
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A rack must be made across the stream, to keep off the 
floating matter that would break the floats and buckets 
of undershot, breast, and pitch-back wheels, and injure 
the gates. 
XVII.) 

(See at the head of the forebay, fig. 7, Plate 
This is done by setting s frame 3 feet in front 

of the fbrebay, and laying a sill 2 feet in front of it, for the 
bottom of the rack; ia it the staves are put, made of laths, 
set edgewise with the stream, 2 inches apart, tlreir upper 
ends nailed to the cap OF the last frame; which causes 
them to lean down stream. The bottoln of the race tnust 
be planked between the forebay and rack, to prevent the 
water from making a hole by tumbling through the rack 
when choked ; and the sides must be planked outside of 
the-post to keep up the banks. This rack must bc twice 
as long as the forebay is wide, or elsl~? the water will not 
come fast enough through it to keep the head up; for tho 
head is the spring of motion of an undershot mill. 

AWTtCLE 181. 

ON THE PRINCIPLE OF WNBERSHOT MLLS. 

They differ from all others in principle, because the 
water loses all ita force by tha first stroke a,gainst the 
floats; t2nd bhc tin~c this force ia spendin:, is In propor- 
tion to the diff’ereace of the vclscities st the wheel tlnrl 
the wafer, and the rlistancs of the- Rants. Other mill8 
have the jvcight sf the \Wgtr a&x the force of the head 
is spent, and will continue to move; but an undershot 
will stop as soon IIS the head is spent, a~ they dcpcnt1 
not on the weight. They should be gcarcd so, that wlrc~ 
the stone goes Ivith a proper motion, the W&x-wha?cP 
will not run too fast, as they will not then receive the 
full force of the wn tcr; nor too slow, so as to lose its p~bbk 
by its rebounding and dashing over the buckets. Thiq 
matter requires very closu attention, and to And it out by 
theory, has puzzled our mechanical philosophers. They- 
give us for a rule, that the wheel must mow just ollc- 
third the velocity of the water: perhnps this may suit 
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where the head is not much higher than the float-boards; 
but I am fully convinced that it will not suit high heads. 

I drew a full sluice of water on an undershot wheel 
with 15 feet head and fall, and counted its revolutions 
per minute; then geared it to a mill-stone, set it to work 
properly, and again counted its revolutions, and the dif- 
f’erence was not more than one-Garth slower. I believe, 
that if I had checked the motion of the wheel to be equal 
to one-third the motion of the water, the water would 
have rcboundcd and flown up to the shaft. Hecce, I 
soncluds, that the motion of the water must not be 
checked by the wheel more than one-third, nor less than 
one-fourth, else it will lose in power; for, although the 
wheel will carry a, greater load with a slow, than with a 
swift motion, yet rt will not produce so great an effect, 
its motion being too slow. And again, if the motion be 
too swift, the load or resistance it will overcome will be 
so much less, that its efkct will be lessened also. I con- 
clude, that about two-thirds the velocity of the water is 
the proper motion for undsrshot wheels; the water will 
then spend 811 its force in the distance of two float-boards. 
It will bg seen that I direr greatly with those learned 
authors who have concluded that the velocity of the 

wheel ought to 1~ but one-third of that of the water. To 
confuts them, suppose the floats b8 inches, and the co- 
Irmm of water striking them, incks deep; then, if two- 
thirds of the motion of this column he chcckcd, it must 
instantly become 24 inches deep, and rebound against 
the backs of the floats, and the whc~l would bc wallow- 
ing i- ‘his dead water; whereas, when only one-third of 
its motion is chcck~d, it becomes 12 irxhcs deep, and 
runs off from the wheel in a smooth and lively manner, 



292 OF GNDERSHOT WHEELS. t CHAP. XIX. 

Directions for gearing Undershot wheels, 18 feet in diameter, 
where the hend is ubot(e 3 mad under 8 feet, with double 
genm; cohntirg the head from the point where the water 
strikes thecfloats. 

1. For 3 feet head and 18 feet wheel, see 18 feet wheel 
in the overshot table. 

2, For 3 feet 8 inches head, see 17 feet wheel in do. 
3. For 4’feet 4 inches head, see 16 feet wheel in do. 
4. For 5 feet head, see 15 feet wheel in do. 
5. For 5 feet 8 inches head, see 14 feet wheel in do, 
6. ‘For 6 feet 4 inches head, see 13 feet wheel in do. 
7. For 7 feet head, see 12 feet wheel in do. 
The revolutions of the wheels will be nearly equal; 

therefore the gears may be the same. 
The following table is calculated to suit for any sized 

stone, from 4 to 6 feet diameter, different sized water- 
wheels from 12 to 18 feet diameter, and different heads 
from 8 to 20 feet above the point it strikes the floats ; 
w-d to make 6 feet stones revolve 88 times; 4 feet 6 inch 
stones 97 times; and 4 feet stones 1QG times in a minute, 
when the water-wheel moves two-thirds the velocity of 
the striking water. 

hIILL.WRIGHTS T.JBLE FOR UXDERSHOT Jfl’LLS, SISGLE GEAR. 

-- 
906 j 91 
9G5 I 23& 

1014 1 23$ 
lOGI 2q 
1111 22) 
1157 233 
1200 2.1 
1242 2q 
1283 ; 253 
133% / MS 
1361 / 253 
1398 ! 25 
1,135 i 25g 

-- 
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h’ote that there are nearly 60 cogs in the cog-wheel, 
in the foregoing table, and 60 inches is the diameter of 
a 5 feet stone: therefore it will do, without sensible er- 
ror, to put one cog more in the wheel for every inch that 
the stone is less than 60 inches.diameter, down to 4 feet; 
the trundle head and water wheel remaining the same; 
and for every three inches that the stone is larger than 
GO inches in diameter, put 1 round more in the trundle, 
and the motion of the stone will be nearly right up to 6 
feet diameter. 

4nTICLE 122. i-i5 - 

I OF BREABT WHEELS. 

Breast wheels dXer but little in their structure or mo- 
tion from overshot, excepting, only, that the water passes 
under instead of over them, and they must be wider in 
proportion as their fall is less. 

Fig. 1, Plate XIV., represents a low breast with 8 feet 
head and fall. It should be 9 inches wide for every foot 
of the diameter of the stone. Such wheels are generally 
1.9 feet diameter; the number and dimensions of their 
parts being as follows: 8 arms 18 feet long, 36 by 9 
inches ; 16 shrouds 8 feet long, 24 ny 9 inches ; 56 buck- 
ets ; and shaft, 2 feet diameter. 

Fiq. 2 shows the forebay, water-gate, and fall, and 
maker of strikin~g on the water. 

Fig. 3 is a middling breast wheel, 18 feet diameter, 
with 12 feet head and fall. It should be 8 inches wide 
for every foot the stone is in diameter. 

Fig. 4 shows the forebay, gate, and fall, and manner of 
striking on the water. 

Fig. 5 and 6, is a high breast wheel, 16 feet diameter, 
with 3 feet head in the forebay, and 10 feet fkll. It 
should be 7 inches wide for every foot the stane is in dia- 
meter. The nuinbcr and dimensions of its parts are 6 
arms, 16 feet long, 35 by 9 inches; 12 shrouds, 8 feet 6 
inches long, 2; by 8 or 9 inches deep, and 48 buckets. 
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ARTICLE 123. 

OF PITCBS-BACK WHEELS. 

Pitch-back wheels are constructed exactly similar to 
breast wheels, only tf~e water is struck on them at a 
greater height. Fig. 1, Plate XV., is a wheel 18 feet 
diameter, with 3 feet head in the penstock, and 16 feet 
fall below it. Should be 6 inches wide for every foot 
of the diameter of the stone. 

Fig. 2 shows the trunk, penstock, gate, and fall; the 
gate sliding on the bottom of the penstock, and drawn by 
the lever A, turning on the roller. This wheel is much 
recotnmended by some mechanical philosophers, for the 
saving of water; but I do not join them in opinion, but 
think that an overshot with an equal head and fall, is 
fully equal to it in power; besides the saving of the ex- 
pense in building so high a wheel, and the greater diffi- 
culty of keeping it in order.* 

ARTICLE 1%. 

OF OVERSHOT WHEELS. 

Overshot wheels receive their water on the top, being 
moved by its weight ; an d are much to be recommended 
\vhere there is fall enough for them. Fig. 3 represents 
one, 18 feet diameter, which should be about 6 inches 
wide for every foot the stone is in diameter. It should 
hang 8 or 9 inches clear of the tail water, otherwise the 
water will be drawn back under it. The head in the 
penstock should be generally about 3 feet, which will 
spout the water about one-third fast.er than the wheel 
moves. Let the shute have about 3 inches fall, and di- 
rect the water into the wheel at the centre of its top. 

I have calculated a table for gearing overshot wheels, 
which will suit equally well any of the others of equal 
diameter, that have equal heads above the point where 
the water strikes the wheel. 

l On this subject eee the Appendix.-bIToR. 
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Dimensions of this wheel, 8 arms, 18 feet long, 3 by 9 
inches; 16 shrouds 7 feet 9 inches long, 24 by 7 or 8 
inches; 56 buckets; and shaft 24 inches diameter. 

Fig. 4 represents the penstock and trunk, kc., the wa- 
ter being let on the wheel by drawing the gate G. 

Fig, 1 and 2, Plate XVI., represents a low overshot, 
12 feet diameter, which should be in width equal to the 
diameter of the stone. Its parts and dimensions are, 6 
il.SlllS ?Q feet long, 3; by 9 inches; 12 shrouds 6$ feet 
long, 2; by 8 inches ; shaft 22 inches diameter, and 30 
buckets. 

Fig. 3 represents a very high overshot, 30 feet diame- 
ter, which should be 33 inches wide for every foot of the 
diameter of the stone. Its parts and dimensions are, 6 
main arms, 30 feet long, 3: inches thick, 10 inches wide 
at the shaft, and 6 at the end; 12 short arms, 14 feet long, 
of qua1 dimensions; which are framed into the main 
arms near the shaft, as in the figure, for if they were all 
put through the shaft, they would make it too weak. 
The shaft should be 27 inches diameter, the whole bei,ng 
very heavy, and bearing a great load. Such high wheels 
require but little water. 

CHAPTER XX, 

ARTICLE 125, 

OF THE MOTION OF OVERSHOT WHEELS. 

AFTER trying many experiments, I conclude that the 
circumference of overshot wheels geared to mill-stones, 
grinding to the best advantage, should move 550 I”eet in 
a minute; and that of the stones 1375 feet in the same 
time: that is, while the wheel moves 12, the stone moves 
30 inches, or in the proportion of 2 to 5. 

Then, to find how often the wheel we propose to make, 
will revolve in a minute, take the following steps: lst, 
Find the circumference of the wheel by multiplying the 
diameter by 22, and dividing by 7, thus: 
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Suppose the diameter to be 16 feet, 
then, 16 multiplied by 32, produces 352, 
which, divided by 7, gives 50 2-7 for the 
circumference. 

32 
32 

7)352 
50 2-7 

By which we divide 550, the dis-1 
tance the wheel moves in a minute, 1 5,0~55~,0 
and it gives 11, for the revolutions of ) 
t!w wheel per minute, casting off the 1 

C times 
. 

fraction 2-7, it being small. J 
To find the revolutions of the stone] 

per minute, 4 feet 6 inches (or 54 
inches) diameter, multiply 54 inches 
by 22, and divide by 7, and it gives 169 t 

2 
iii 

108 

5-T (say 170) inches, the circumference J 7)1168 - 
of the stone. 

By which divide 1375 feet, or 16500’ 
inches, the distance the skirt of the 
stone should move in a minute, and it 
gives 97; the revolution of a stone per 
minute, 4f feet diameter. 

L 

I 
1 

To find how often the stone revolves] 
for once of the mater-wheel, divide 9’1, 1 
the revolutions of the stone, by 11, the ) 
revolutions of the wheel, and it gives 8 1 
9-I 1, (say 9 times.) J 

ARTICLE 126. 

OF GEARING. 

If the mill were to be single-geared, 99 cogs and 11 
rounds would give the stone the right motion, but the 
cog-wheel would then be too large, and the trundle too 
small ; it must, therefore, be double-geared. 
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Suppose we choose 66 cogs in the big ’ 
cog-wheel and 48 in the httle one, and 
25 rounds in the wallower, and 15 in 
the trundle. 

Then to find the revolutions of the 
stone for one of the water-wheels, mul- 
tiply the cog-wheels together, and the 
wallo~~er and trundle together, and di- 
vide one product by the other, and it 
will give the answer, S+#, not quite 8i 
revolutions, instead of 9. 
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25 
15 

Es 
25 

375 

66 
48 

-iGi 
264 

375)s 168375 

168 

We must, therefore, devise another proportion-Con- 
sidering which of the wheels we had best alter, and wish- 
ing not to alter the big cog-wheel or trundle, we put one - 
round less in the wallower, and two cogs more in the lit- 
tle cog-wheel, and multiplying and dividing as before, 
\qe find the stone will turn 9+ times for once of the wa- 
ter-wheel, which is as near as we can get, The mill now 
stands thus, a 16 feet overshot wheel, that will revolve 
11 times in a minute, geared to a stone 4$ feet in dinme- 
ter; the big cog-wheel 66 cogs, 4i inches from centre to 
centre of the cogs ; (which we call the pitch of the gear) 
little cog-wheel 50 cogs 43 pitch; wallower 24 rounds, 
4$ pitch ; and trundle 15 rounds, 4i inches pitch. 

ARTICLE 127. 

RULES FOR FINDING THE DIAMETER OF THE PITCH CIRCLES. 

To find the diameter of the pit& 
circle that the cogs stand in, multiply 
the number of cogs by the pitch, which 
gives the circumference; this multi- 
plied by 1, and divided by 22.gives the 
diameter in inches; which, divided by 
12, reduces it to feet and inches; thus: 

22)2yg9J94i in. 
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For the cog-wheel of 66 cogs; and 45 inches pitch, we 
find 7 feet lO$ inches to be the diameter of the pitch cir- 
cle; to which I add 8 inches for the outside of the cogs, 
which makes 8 feet 6$ inches, the diameter from out to 
out. 

By the same rules, I find the diameters of the pitch 
circles of the other wheels to be as follows ; namely :- 

Little cog-wheel 50 cogs, 43 
inches pitch, 5 7;:;p itch cirY 

I add, for the outside of the circle, 35 
-- 

Total diameter from out to out, 6 3 
Wallower 24 rounds, 4i inches 

pitch, t 
z 113 & do 

Add, for outsides, 0 3.1; do 

Total diameter from the outsides33 
Trundle head 15 rounds, 49 

inches pitch, ! 
1 

85 %3iz do 

Add, for outsides, 0 2$ +; 
-- 

Total diameter for the outsides, 1 11 

Thus, we have completed the calculations for one mill, 
with a 1~6 feet overshot water-wheel, and stones 43 feet 
diameter. By the same rules we may calculstc for 
wheels of all sizes from 12 to 3~ feet, and stones from # 
to 6 feet diameter, and mny form tables that will be of 
great use even to master workmen, in despatching of bug 
siness, in laying out work for their apprentices and other 
hands, in getting out timber, &c. ; but more especially to 
those ‘who are not sufficiently skilled in arithmetic to 
make the calculations. I have from long esperience been 
sensible of the need of such tables, and have therefore 
undertaken the task of preparing them. 
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ARTICLE 128. 

MILL-WRIGHTS TABLES. 
Calculated to suit overshot water-wheels with suitable 

heads above them, of all sizes, from 12 to 30 feet diame- 
ter, the velocity of their circumferences being about 550 
feet per minute, showing the number of cogs and rounds 
in all the wheels, double gear, to give the circumference 
of the stone a velocity of 1375 feet per minute, also the 
diameter of their pitch circles, the diameter of the out- 
sides, aud revolutions of the water-wheel, and stones per 
minute. 

For particulars, see what is written over the head of 
each table, TaLk I. is i3 suit a 4 feet stone, Table II. 
a 44, Table III. a 5 feet, and Table IV. a 54 feet stone. 

N. I% If the stones should be an inch or two larger or 
less than those above described, m&o use of the tablo 
that comes the nearest to it, and likewise for the water- 
wheels, For farther particulars see ~%xwghting Mills.” 

Having levelled vour mill-seat, and found the total fall, 
after malting due allowances for the fall in the races, and 
below the ITheel, suppose there be 21 feet 9 inches, and 
the mill stones be 4 feet in diameter, then look in Table 
1, (which is for 4 feet stones,) column 2, for the fall that 
is nenrw3t yours, and you find it in the 7th example; and 
against it, in column 8, is 3 feet, the head proper to ha 
ahove the’wheel; in column 4 is 18 feet, for the diameter 
of the wheel, kc., for all the proportions of the gears to 
rnakc a steady-moving mill; the stones to rcvolvc 106 
times in a minute? 

l The following tables are calculated to give the stones the revolution per misante 
mwian4 in them, as n~\ar as anv suitable number of cogs and rounds wou1cE pr- 
mit, which motion I find is 8 or i0 revolutions per minute slower than proposed 
by Kwns, in his tnblo;- his motion may do best in cases where there is plenty 
of power, and stcndy work on one kind of grain; but, in country mills, where they 
are continunlly chclnging from one kind to another, and oflen starting and stopping, 
I prcwmc a slow motion will work most rrgulnrlp. His table being calcu@d 
for only one sixe of mill-stones, and mine for four, any one choosing his motion, 
mav luok for the width of the waler-wheel, number of cogs and row& end sire 
of iho wheels to suit them* in the next example following, keeping to my table in 
orher respects, and you will have his motion nearly. 
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TABLE I.-For Overshot Mills with Stones 4 feet diameter, to revolve 106 
times in a minute, pitch of the gear of the great cog-wheel and wallowera 
4 f inches, and of lesser cog-wheel and trundle 4) inches. 

i 
2 

I 
164 87 

I 
3: 17 5 ,2 8 

1 
4, 18 6 I 2 9 
bf 19 I 

7 :s If 
I I 

6, 20 8 2 1: 
I ! 

ii 

6’ 

21 9 I ,3 0 

i 28 103 I 1 

9, 23 11s 3 

ket. ii?. in. 
-- 

12 j3 0 

13 i! 10 

14 12 8 

15 1 ~2 6 

16 j24 
I 

17 12 3 

ml-- 
j it. in. 

s- 
8 6.5 
6 0.5 
8 10.33 

i 100.3fi 
e 0:5 
8 10.33 
6 3 
9 3 
6 6 
9 3 

ki f 
6 6 

g 751 8 11.33 9 7.33 

1 ft. in. 1 ft. in. ( 
--.(--,- 

2 52; 5 10.33 6 6 
isi 8 11.33 9 7.33 

8 
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TABLE IL-For Overshot Mills, with Stones 4 feet 6 inches diameter, to re- 
valve 93 times in a minut?, pizch of the gears 4$ and “1 inches. 

.‘. 
1 
. , 

A. in. 1 k in. ft in. 1 1 

6 0.5i15 
a 10.33g 25 
?i 0. 5 15 

2 11.753 3 
1 1.33 1 11.33 

21 2 10.333 2. 5 
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TABLE 111.-St~~~ 5 feet diameter, to revolve 68 times in a minute, the pitch 
of the gears 44 and 4$ inches. 

i,5 I 30 
I 

114 2 
I , I 
,lG 32 1 14 4 , 
I !17 33 3 i 4 G 

1s 31 6 I ‘4 9 
I 
!I9 35 9 5 0 

-,- - 

ft. in. ifi. in, 
--m 

-j-- 
1 ft. in. 

.63; 7 6.12 
i 468 5 4787 

i 
lie! 7 10. 5 
a$: 5 4.87 

E 
66’ 7 10. 5 
48! 5 4.8i 

i 
69: % 8.33 
4% 5 4.89 

i 
69; 8 2.33 
4%: 5 4.81 

E 
69 8 2.33 
50; 5 7. 5 

I 
72’ 8 7.25 
52 5 10.33 

i 
72’ 8 7.25 
54 5 10.33 

i 
72 8 7.25 
32’ 5 JO.33 
75’ 8 1 J.33 

5 52 5 JO”33 
5% 8 11.33 
(528 5 JO.33 

c 
78 9 3. 5 
52 5 JO.33 

i 
789 3.5 
52, 5 IQ.33 

i 
7%’ 9 3. 5 
5.1’ 6 1 

j 
81 9 8 
5iR 1 

c 
e1: 9 8 
5G’ 6 3.25 

5 s-1 10 O.% i 
3 56’ G 3.251 6 11.2 

0,25,JO 8.2 
7 

0 G.251 .w “5 IQ 
1.2 
8.2 

56’ 6 3?d 6 11.2 

- 

26 
16 
26 
16 
25 
15 
26 
15 
25 
15 
25 
15 
26 
15 
25 
l=J 
8-l 
14 
24 
14 

R in. 

3 1.0: 
1 9.6f 
3 1.2; 
J 9.6( 
2 11.71 
1 8.3: 
3 1.21 
1 8.3: 
2 II.3 
1 8.3: 
2 11.7: 
1 83: 
3 1.2: 
1 8.3: 
2 11.7: 
1 7 
2 10.3: 
1 7 
2 10.3: 
1 ‘I 

3 
s m- 1c 0 -* 

g 
r-i5 
22 
f”l 
ii! c = 

0 

? 
-- 

R in. 
.P 
I 4.25 
! 4.25 
I 4.25 
C 4.25 
I 3 
I 11.33 
I 4.25 
I 111.33 
I 3 
I 11. 5 
I 3 
I 11. 5 
1 4.25 
I 11.33 
I 3 
I 11. 5 
I 2.5 
% 11. 5 
I 2.5 

B 0 
l 8, 5 6.2i 
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TABLE IV.-For Overshot Nills \\*ith Stones .Ij feet G inches diameterz to re- 
volve 80 times in a minute, pitch of the gears 43 and 44 inches. 

‘. 

1 i ft. in. )I. in.. feet, ‘ft. in 

17 33 3 4 6 

-,,-- 
I ft. in. 

-j-L_ 
GO, 7 G.ifi 
ai;r 5 8.75 
63 7 11.12 

f 

481 5 8.35 
66, 8 3.75 
48; 5 8.iZ 

q GSi 8 3.75 

n 

8 2.7; 
G 4*2, 
8 7.1’ 
6 4.2s 
8 11.7’ 
6 4,2 
8 11.7 

-,’ 
5: 

5j 
9 “‘ rl 
t’i 

3: 26 i 3 3.35 3 6.25 
111 12 2 I12 
3 3.25,3 6.25’ 1 9.52 0.5: 11.5 

3 3.253 6.25~ 
1 9. tii3 0. 5, JJ I 

10 1.33; 23 2 JO.“;53 1.75 
G JO 

G 1 
1.1 ‘1 8 :1 11 

10 2.1 ‘3 0.75 3 1.i5 
6 10 i 1.1 1 8 “1 11 

10 G I 23 12 10.i53 1.75 
6 10 i 14 /l 8 11 11 

I 

8.12 

85 

5.25 

s , 

i.i5 
I 

1.5 

6.75 

6.66 

I / I’ 
a i * 

.i 

65 



304 OF COSSTRUGTIXG WHEELS. i CHAP. XXI* 

CHAPTER XXI. 

ARTICLE 1% 

DIRECTIOXS FOR COSSTRUCTIKG UNDERSHOT WHEELS, SUCH AS SHOW% 

IN FIGURE 1, PLATE XIII. 

1. Dntxs the arms straight and square on all sides, and 
find the ccntre of each; divide each into 4 qua1 parts on 
the side, scpre, centre, scribe, and guage them from the 
tlppcr side across each point, on both sides, 6 inches each 
~vay from the centre. 

2. Set up a truckle or ccntre post, for a centre to frame 
the wl~~l on, in a level piece of grouncl, and set a stake 
to lxep up each end of the arms level with the truckle, 
of convcnicnt height to work on. 

3. Lay the first arm with its ccntrc on the centrc of 
the truc’lile, and take a square notch out of the upper side 
341s of its clcpth, wide enough to receive the 2d arm, 

4. hIake a square notch in the lower edge of the 2d 
arm, l-4 of its depth, and lay it in the other, and they 
will joint, standing square across each other. 

ci, Lay the 3d arm just cqui-distant between the others, 
amd scribe the lower arms by the side of the upper, and 
the lowx edge of the upper by the sides of the lower 
fll’IllS, Then take the upper arm off and strike the square 
scribes, taking out the lower half of the 36 arm, aud the 
upper half of the lower arms, and fit and lay them to- 
gether. 

6. Lay the 4th arm cn the others, and scribe as di- 
rcctcd before; then take 3-4ths of the lower edge of the 
4th arm, and l-4 out of the upper edge of the others, and 
lay them together, and they will be locked together in 
the depth of one. 

7. RIalce a sweep-staff with a gimlet hole for the ccn- 
trc at. one end, whi-ch must be set hy a gimlet in the 
ccntre of the arms. Measure from this hole half the dia- 
meter of the wheel, making a hole there, and another the 
depth of d.he shrouds towards the centrc, making each 
edge or this sweep at the end nest the shrouds, straight 
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towards the centre hole, to scribe the ends of the shrouds 
bye 

8. Circle both edges of the shrouds by the sweep, dress 
them to the proper width and thickness; lay out the laps 
5 inches long; set a gauge to a little more than one-third 
their thickness ; gauge all their ends for the laps from 
the outsides ; cut them all out but the last, that it may 
be made a little longer, or shorter, as may suit to make 
the wheel the right diameter; sweep a circle on the arms 
to lay the shrouds to, while fitting them; put a smal! 
draw-pin in the middle of each lap, to draw the joints 
close; strike true circles both for the inside and outside 
of the shrouds, and 14 inch from the inside, where thb 
arms arc to be let in. 

9, Divide the circle into 8 equal parts, coming as near 
the middle of each shroud as possible ; strike-: a scribe 
across cr~h to lay out the notch hy, that is to be c.ut 1% 
inch deep, to let in the arm at the bottom, where it is to 
he, forked to take in the remainder of the shroud, Strike 
:-I scdx on the arms with the same sweep that the stroke 
fof the notches on the shrouds was struck with. 

10. Scribe square down on each side of the arms, at the 
bottom, where they are to be forked; makea gauge to fit 
the arms ; so wide as just to take in the shrouds, and 
leave Ii inch of wood outside of the mortise.; bore 1 or 2 
holes through each end of the arms to draw-pin the 
&rods to the arms when hung; mark all the arms and 
shrouds t,o their places, and take them apart. 

11, Fork the arms, put them together again, and put 
I!IC shrouds into the arms; draw-bore them, but not too 

HWC~I, which would be worse than too little; take the 
,-!wxuds apart again, turn them the other side up, and 
‘i raw the joint3 tonether with the pins, and lay out the 
notches for 4 floats3between each arm, 33 in all, large 
enough for admitting keys to keep them fast, but allow- 
ing them to drive in when any tiling gets under the 
wheel. The ends of the floats must be dove-tailed a lit- 
t!c into the shrouds; when one side is framed, frame the 
4cr to fellow it. This done, the wheel is ready to 
lw~g, but remember to face the; shrouds between the arms 

20 
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with inch boards, nailed on with strong nails, to keep the 
wheel firmly together. 

ARTICLE 130. 

DIRECTIONS FOR DRESSING SHAFTS, &C. 

The shaft for a water wheel Tvith 8 arms should be 16 
square, or 16 sided, about 2 feet diameter, the tree to 
make it being 2 feet 3 inches at the top end. When cut 
down, saw it off square at each end, and roll it on level 
skids, and if it be not straight, lay the rounding side down 
and view it, to find the spot for the centre at each end. 
Set the large compasses to half its diameter, and sweep 
a circle at each end, plumb a line across each centre, and 
at each side of the circle, striking chalk lines over the 
plumb lines at each side from end to end, and dress the 
sides plumb to these lines; turn it down on one side, set- 
ting it level ; plumb line, and dress off the sides to a 4 
square ; set it esactly on one corner, and plumb line, and 
dress off the corner to 8 square. In the same manner 
dress it to 16 square. 

To cut it square off to its exact length, stick a peg in 
the centre of each end, take a long square, (which may 
be made of boards,) lay it along the corner, the short end 
against the end of the pe g, mark on the square where the 
shaft is to be cut, and mark the shaft by it at every corm 
ner line, from mark to mark; then cut it off to the lines, 
and it will be truly square. 

ARTICLE 131. 

TO LAY OUT THE MORTISES FOR THE ARMS. 

Find the centre of the shaft at each end, and strike a 
circle; plumb a line through the centre at each end to 
be in the middle of two of the sides ; make another scribe 
square across it; divide the distance equally between 
them, so as to divide the circle into 8 equal parts, and 
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strike a line from each of them, from end to end, in the 
middle of the sides ; measure from the top end about 3 
feet, and mark for the arm of the water-wheel, and the 
width of the wheel, and make another mark. Take a 
straight-edged 10 feet pole, and put the end even with 
the end of the shaft, and mark on it even lvith the marks 
on the shaft, and by these marks measure for the arm at 
every cxner, marking and lining all the way round. 
Then take the uppermost arms of each rim, and by them 
lay out the mortises, about half an inch longer than they 
are wide, which is to leave key room; set the compasses 
a little more than half the thickness of the arms, and set 
one foot in the centre line at the end of the mortise, 
striking a scribe each way to lay out the Fvidth by; this 
done, lay out 2 more on the opposite side, to complete 
the mortises through the shaft. Lay out 2 more, squ%rc 
across the first, one-quarter the width of the arm longer, 
inwards, towards the middle of the wheel. Take notice 
which way the locks of tile arms wind, whether to right 
or left, and lay out the third mortises to suit, else it will 
be a chance whether they suit or not: these must be half 
the width of the arms longer, inwards. 

The 4 th set of mortises must be three-fourths longer in- 
wards than the width of the arms; the mortises should be 
made rather hollowing than rounding, that the arms may 
slip in easily and stand fair, 

If there be 3 (which are called 6) arms to the cog- 
wheeF, but one of them can be *put through the sides of 
the shaft fairly; therefore, to lay out the mortises, divide 
the end of the shaft anew, into but G equal parts, by 
striking a circle on each end; and without altering the 
compasses, step from one of the old lines, six steps round 
the circle, and from t.hese points strike chalk lines, and 
they will be the .middlc of the mortises, which may be 
laid out as before, minding which way the arms locli, anil 
making two of the tnortlscs one-third longer than the 
width of tlac arm, extending one on one side, and the 
other on the other side of the n3iddle mtn. 

If thcrc bc but 2 (called 4) arms in the cog-wheel, 
(which will do where t.be twn3l.m of cogs dots not cscccrl 
60) tbcy will pass fairly through the sides, whether the 
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shafts be 12 or 16 sided. One of these must be made 
one half longer than the width of the arms, to give room 
to put the arm in. 

ARTICLE 132. 

TOPUT IN THEGUDGEO1SS. 

Strike a circle on the ends of the shaft to let on the 
end bands; make a circle all round, 2% feet from each 
end, and saw a notch all round, half an inch deep. Lay 
out a square, round the centres, the size of the gudgeons, 
near the neck ; lay the gudgeons straight on the shaft and 
scribe round them for their mortises; let them down with- 
in one-eighth of an inch of being in the centre. Dress 
off the ends to suit the bands; make 3 keys of good, sea- 
soned white oak, to fill each mortise above the gudgcons, 
to key them in, those nest to the gudgeons to be 3~ 
inches docp at the inner end, and 1; inch at their outer: 
end, the weclgc or driving key 3 inches at the hersd, and 
6 inclics longer than the mortiw, that it may be cut oltl”, 
if it Mter in driving; the piece nest the band so wide 
as to raise half an inch above the shaft, when all are laid 
in, Then take out all the keys and put oa the bands, 
and make 8 or 12 iron wedges about 4 inches long by 2 
wicl?, 1-&l inch thick, at the end? not much tapered es- 
cept half an inch at the small end, 011 one side next the 
wood ; by rncap\s of a wt, drive them in on cnch side the 
rfurlgcon cstrcmcly hard, at a proper distance apart. 
‘Then put in the kevs ngain, and lny a piece of iron un- 
der ench band, bct&cn it and the key, 6 inches long, 
half nn inch thick in the rCMe, and tapering off at the 
ends; then grcasc the keys we!1 with tallow, and drive it 
well with a heavy sledge; after this, drive an iron wedge, 
half an inch from the two sidwof cnch~gudgcon;, 5 inches 
long, about Mf an inc!a thick, and as wdc as the gudgeon. 
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OF COG-WHEELS. 
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The great face cog-wheels require 3 (called 6) arms, if 
the number of cogs exceed 54; if less, 4 will do. We find 
by the table, example 43, that the cog-wheel must have 
69 cogs, with 44 inches pitch, the diameter of its pitch 
circle 8 feet 25 inches, and of it! outsides 8 feet 103 inches. 
It. requires 3 arms, 9 feet long; 14 by 34 inches; 12 cants, 
64 feet long, 16 by 4 inches. (See it represented, fig. 1, 
Plate XVII.) 

To frame it,, dress and lock the arms together, (fig. 6, 
Pl, XVII.) as directed, Art. 129, only mind to leave one- 
third of each arm uncut, and to lock them the right way 
to suit the winding of the mortises in the shaft, which is 
best found bv putting a strip of board in the middle mar- 
tise, and suhposing it to be the arm, mark which way it 
should be cut, then apply the board to the arm, and mark 
it. The arms being laid on a truckle, as directed, Art. 
129, make a sweep, the- sides directing to the centre, 2 
&et. from the outer end to scribe by; measux on the 
sweep, half the diameter of the wheel; and by it circle out 
the back edges of the cants, all of one width in the middle; 
dress them, keeping the beet faces for the face side of 
the wheel ; make a circle on the arms half an inch larger 
than the diameter of the wheel, laying 3 of the cants 
with their ends on the arms, at this circle, at equal dis- 
tances apart. Lay the other three on the top of ehcm 
so as to lap equally ; scribe them both uuder and top, and 
gauge all fx the laps from the face side; dress them out 
and lay them together, and joint them close; draw-pin 
them by an inch pin near their inside corners: this makes 
one-half of the wheel, shown fig. 5. Raise the ccntrc 
level with that half; strike a circle near the outside, and 
find the centrc of one of the cants; then, with the sweep 
t!lat described the circle, step on the circle 6 ,stepe, be- 
ginning at the middle of the cant, and these steps will 
show tile middle of all the cants, or places *for the arms. 
Make a scribe from the centre across each ; strike another 
circle exactly at the corners, to place the corners of the 



nest half by, and another about 23 inches farther out than 
the inside of the widest part of the cant, to let the arms 
in by ; lay on tharcc of the upper cants, the widest part 
over the nwrovxst part of the lower half, the inside to 
bc at the point .wherc the corner circle crosses the cen- 
tre lines. Saw off the ends, at the centrc scribes, and fit 
them down to their places, doing the same with the rest. 
Lay them all on, and ioint their ends together: dram-pin 
them to the lower half, by inch pins, 2 inches from their 
inner edges, and 9 in&e% from their cndeo. Raise the 
centrc lcvcl with the wheel ; plane a little 0fY the rough 
off the f&x, and strike the pitch circle, and another 4 
inches inside, for the width of the face; strike another 
very near it, im which drive a chkel, half an inch deep, 
(211, round, and strike litms, with chalk, in the middle Qf 
the edge of the upper cants, and cut out of the solid,hnlf 
of tl1c upper CmtS, which raises the face ; divide tlrc 
pitch circle; into 69 cqunl pnrts, 4; inch33 pitch, bcgin- 
ning and cnrliq in a joint; st,rii;e two other circles cwh 
2:. inches frsnl the pitch circle, and strike central scribes 
IUwxn the cogs, and whcm thy crw55 the circles put 
in pin, as many as thcrc arc co,nS, Mf on cacli circle; 
find tic lowest part on the fact, &d make the cwtrc Ic- 
\-cl with it ; look ncros~ in another place, squmw with the 
ht, an? 1ua1;c it lcvcl with tlm ccutre also; then m&2 the 
lilC!C St Kligllt, flU&1 tlK23.2 four plCXCP, iltld it will IJO true. 

Strilic tlrc pitch circle, and divide it owr qnin, and 
stth otw circle on cnch &le? of it, II inch distwx2, for 
th cog umrtix3; swxp Ihc out&lc of the whcl ant1 iu- 
side of t.hc fkc, a~1 two circles .$ths of an inch from them 
to dress OK the cornere; . strike a circle of two inches dia- 
mctcr 011 th ccutrc Of Ctlcll COg, 111111 with tllC SWCCll 
strike ccntrnl scribes at cnch sidC of tlicw circles for tllc 
cog mort.iws ; horc nnd uwrtiso half through ; turn tlw 
~vhcl, rlrcss and niortix the hcl; sib, lcnving the wins 
frown under it ; strike n circle cm the f&c edge of th 
arm, qua1 in diarncter to that struck on the fact of tllc 
hnlf uhcc1, to Ict tlwn in by; saw in square, and t.nkc out 
4,. inl:I1cs, nncl Ict them into the hck of the wheel 1; 
iidl tlccp, and bore a 1101~ 1 i inch into cnch arm, to pin 
it to the 1v1~~1. 
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Strike a circle’on the arms one inch less than the dia- 
meter of the shaft, make a key 8 inches long, 1 f thick, 
31 at the butt, and 2: inches at the top end, and by it lay 
out the mort%es, two on each side of the shaft, in each 
arm to hang the wheel by. 

ARTICLE 134, 

OF SILLS, SPUR-BLOCKS AND HEAD-BLOWS. 

See a side view of them in Plates XIII., XIV., XV., 
anti XVI., and a top view of them, with their keys, at the 
end of tlm shaft, Phtc XVIII. The sills 8ro generally 
33 inches square. Lay them on the wall as firmly as 
possible, and one 3 feet farther out; on thbse lay the spurs, 
which arc 5 feet long, ‘7 by 7 inches, 3 feet apart, notched 
n.nd pinned to the sills: on these are set the head-blocks, 
14 by 154, inches, 5 feet long, let down with a dove-tail 
sl-noulder lietnlcen the spurs? to support keys to more it 
end-wisey and let two inches into ths spurs wiith room for 
keys, to mow it sidewise, and hold it to its place ; see fig. 
33 and 34, Plate XVIII. The ends of the shaft arc3 let 
2 juchcs into the head-blocky, to throve tile weight more 
on the ccntrc, 

Pruvid~ two stones, 5 or G inches square, wry hard 
n1~1 char of grit, for tlm gudgcons to run on, let them 
into the hcnd blocl~s, put the cog-wheel into its place, 
and then put in the shaft on the head-Mocks, in its place. 

Put in the cog-wheel arm, lock them together, and pin 
the wheel to than ; then hang the wheel, first by the 
keys to make it truly round, and then by side wellgee, to 
make it true in fixc ; turn the wheel, and nmalm two cir- 
cles, one on cnch side of the cog-morti%es, half an inch 

1 from them, so that the head of the cogs mav stand bc- Y / t\vcc11 tlwm cqu”lly. 
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ARTICLE 135. 

OF COGS; THE BEST TIME FORCUTTING,ANDMANNER OF SEASONlXG 

THEM. 

Cogs should be cut 14 inches long, and 3: inches square, 
this should be done when the sap runs at its fullest, at 
least a year before they are used, that they may dry with- 
out cracking. If either hickory or white oak be cut when 
the bark is set, they will worm-eat, and if dried hastily, 
will crack ; to prevent which, boil them and dry them 
slowly, or soak them in water, a year, (20 years in naud 
and fresh water would not hurt them :) when they are 
taken out, they should be put in a hay-mow, under the 
hay, where, while foddered away, they will dry without 
cracking; but this often takes too long a time. I hnvo 
discovered the following method of drying them in n few 
days, without cracking, I have a malt kiln with a floor 
of Ninths two inches apnrt; I shank the cogs, hang them, 
&ank downwards, between the laths, cover them with R 
hair cloth, make a wood fire, and the smoke prcvcnts 
them from 
ruins them. 

cracking. Some dry them in an oven, which 
Boards9 planks, or scantling, arc best dried 

jn a kiln, covered ~0 c7.s to keep the smoBe amongst them, 
Instead of a malt kiln, dig a. cave in the side of a hill, 6 
feat deep, 5 or 6 feet wide, with a post in each corner 
with plates on them, on which lay laths on edge, and pilo 
the cogs on end, nearly perpendicular, so that the smoke 
can pass freely through, or amongst them, Cover them 
slightly with boards and earth, make a slow fire, and 
close up the sides, and renew the fire once a day, for 12 
or 15 days; they will then dry without cracking. 

ARTICLE 136. 

OF SHANKING, PUTTING 'IN, -4ND DRESSXSG OFF COGS. 

Straighten one of the heart sides for the shank, make 
a pattern, the head 4, and shank 10 inches long, and 2 
inches wide at the head, 13 at the point; lay it on the 
cog, scribe the shank and shoulders, for the head, saw in 
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and dress off t,he sides ; make another pattern of the shank, 
without the head, to scribe the sides and dress off the 
backs by, laying it even with the face, which is to have 
no shoulder; take care, in dressing them off, that the axe 
do not strike the shoulder ; if it do, it will crack there in 
drying, (if they be green;) fit and drive them in the mor- 
tises csccedingly tight, with their shoulders foremost, 
when at work. When the cpgs are all in, fix two pieces 
of scalltling, for rests, to scribe the cogs by, one across 
the cog-pit, near the cogs, another in front of them ; fix 
them firm1.y. Hold a pointed tool on the rest, and scribe 
for the Icngth of the cogs, by turning the whecI, and saw 
them oft’ 3;; inches long; then mow the rest close to them, 
anti fix it ,firmly ; find the pitch circle on the end of the 
cogs, and, by turning the wheel, describe it thcrc, 

Describe another line a th of an inch outside thereof, 
to set the compasses in to describe the face of the cogs by, 
and a\~othi:r at each side of the cqgs to dress them to their 
width : then pitch the cogs by dividing them equally, so 
that, in stepping round, the compasses may end in the 
point where they began ; describe a circle, in some par- 
:‘ciculnr plaec, 4th the pitch, that it may not be lost: 
thcsc points must be as nearly as possible of a proper dis- 
tancc for the cerltre from the back of the cogs: find the 
cog to the back of which this point ccrmes newest, and 
set the compasses from that point to the back of the: cog; 
with this distance set off the backs of all the cogs equally, 
on the circle, +th of an inch outside of the pitch circle, 
and from these point,, c last made, set off the thickness of 
the cogs, which should, in this case, be 1; inch. 

Then describe the face and back of the cogs by setting 
the compasses in the hindmost point ofone cog, and sweep- 
ing over the foremost point of another, for the face, and 
in the forcrnost point of one, sweeping over the hindmost 
of the: other, for the back part ; dress then1 off on all sides, 
tapering about 4th of an inch, in an inch distance; try 
them by a gauge, to make them all alike ; take a little off 

the corners, and they are finiAed. 
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ARTICLE 137. 

OF THE LITTLE COG-WHEEL AKD SHAFT. 

The process of making this is similar to that of the big 
cog-wheel. Its dimensions we find by the table, and the 
same example, (43,) to be 52 cogs, 4: pitch; diameter of 
pitch circle 5 feet 103 inches, and from out to out, G feet 
6 inches. 

It requires 2 arms, 6 feet 6 inches long, 18 by 3: 
inches; 8 cants, 5 feet 6 inches, 17 by 35 inches. 
it, fig. 4, Plate XVII.) 

(See 

Of the S7K& 
Dress it 8 feet long, 14 by 14 in&es square, and de- 

scribe a circle on each end 14 inches diameter; strike two 
lince through the ccntrc, parallel to the sides, and divide 
the quarters into 4 equal parts, each; strike lines across 
the ccntre at each part at the end of these lines; strike 
chnlk lines from onrt to end, to hew off the corners by, and 
it will be 8 square; lay out the mortises for thcarms, put on 
the bands, and put in the gudgcons, as with the big shaft. 

ARTICLE 135. 

DIRECTIOPI;S FOR bIAXI?iG WALLOWEERS AlSD TRUNDLES. 

Rv example 43, in the table, 1.h wdswcr is ta have 
26 r’&uds 4i pitch: the diameter of its pitch circle is 3 
feet l$ in&and 3 feet 4: inches from outside: (see fig. 
3, Phte XVII.) Its head should be 3: inches thick, dow 
clcd truly together, or made with double plank, crossing 
cnch other. Make the bands 3 inches wide, $11 of an inch 
thick, cvcnly drawn ; the heads must bc made to suit the 
bnntls, by setting the compasses so that tjlcy will step 
round the inside of the band in 6 steps; with this distance 
sweep the head, allowing about gstll of an inch outside, 
in dwssing, to malic such a lnrgc band tight. Rlrkc! thcrn 
hot alike all round with ix c,hip fire, which swlls the 
iron ; put them on the licntl while hot9 and cool them w$h 
water, to liccp them from burning the wood too much, 
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but not too fast, lest they snap: the same lr_oilc scrvcs for 
hooping all kinds of heads. 

Dress the head fair after banding, and strike the pitch 
circle nncl diviclc it hy the sarnc pitch wit.h the cogs ; 
tlorc the holes for the rounds with an auger of at least 19 
inch ; mnl;t: tlw rounds of the best wood, 2: inches dia- 
meter, and 11 inches bctwccn the shoulders, the tenons 
4 inc1iw3T to fit the liolcs loosely, unti\ within 1 inch of 
the shouldor, then drive it tight. Make tlirz mortises 
for the shaft in tlic hcac1~, with notctws for the keys to 
hng it by. Wicn the rounds arc all driw~ into tlic 
d~ouldcrs, obserw whether they stand straight ; if nof, 
thy nmy lx set hir by putt.iq the wedges ncnrcst to one 
sitlc of t!~c tenon, SO that the slrongcst part mrty incline to 
tlmv thcnl straight: this should 1.1~ done with bstll Iwads, 
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put in the cogs, make the trundle as directed for the 
wallower. (See fig. 4, Plate XVII.) 

Lay it in the aye of %he stone, and fix it truly in t!be 
ccntre ; do do which, make a sweep by putting a long pin 
through the end, to reach into, land Et, the pivot hole in 
dhe balance-ryne ; by repeated trials on the opposite side, 
fis it in the centrc; then make a particular mark on the 
Swep,and others to sui% i% on the atone, scribe round the 

rns, land with ieks and &is&3 sink the mortises to 
their proper dcpt 1, trying, by the particulerr marks made, P 
for fhc purpose9 by the sweep, if it b0 in the ccntr42. Put 
in the spindle wiih the foot upwwilo, and the driver 011 
its p1acc9 while one hot& i% plumb. Set the drivsr over 
two of the horns9 if it has four, bu% bstwzen them if it 
1EM but two. When the neck is esnctly in the centre of 
the s%onq scribe round x1x horns of the driver, and let 
it into the sfonCb nearly to the balance, if it has four horns. 
ht the tap of the spindle in the pivot-hole, to try a&e- 
ther the mortisea Pet it down freely on both sides, 

Make n tram, to SC% the spindle equnre by, a9 fbllows : 
take R piece of bsard9 cut a notch in one side, r\% one end, 
and ,hrrng it on t,hs top of the spindle, by a little peg in 
the sl~oulcler of the notch, to go into the hole in the foot, 
to keep it on: let the other end reach down to the edge 
of the sforre; t&c another piece, circle out one end to At 
the spindle neck, and mrlke the other end fast to the low- 
er end of the hanging piece new the stone, so as to play 
round level with the Exe of the stone, resting on the 
cent,rc-hole in the foot, and against the neck ; put a bit of 
quill hrou@ the end of the level piccc, that will touch 
the edge ot the stone as it plays round. Make little 
wcdgeq and drive them in behind the horns of the driver, 
to keep bsth ends, at once, close to the sides of the mop- 
tiscs they bcnr apinst when a% work, keeping the pivot 
or cock-head in its hole in fhe balance; try the tram gen- 
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tly round, and mark where the quill touehw the stone 
first, end dress OR tile bearing sides of the mortises for tile 
driver, until it 41 toucll jqual!g all round, giving the 
driver !ibcrty to move endwise and sidewiss, so that the 
stone may rock an inch either wy. The ryne and driver 
n~~st lx sunk aths of nn inch below the face 0f that stone. 
Then hay the trundle firmly and truly on the spindle: 
put it: in Itis plnce9 to gcnr in the little cog-wheczl. 

ARTICLE 14 1. 



iron ; for if cithcr of thctn break, the danger would be 
great : t,he holes in the stones should be nearest to the up- 
per side of it. Raise tlic runner by Ehc crane, screw, 
and bale, turu it and lay it down, with the horns of the 
driving rync in tllcir right places, as marked, it being 
down, as it appears in Pla%c XXI., fig. 9. Make the 
lighter s.fa~R C C, to raise and lower the stone in grinding, 
ih-mt 6 tixt long, 3; Iq 7 2; inches n.t h large end, and 
2 itrchcs E4)lli~l% iIt fl1c small end, with a knob 011 llrc up- 
per side. AI&c :I msrhc Phrsuglr the but-end, for the 
IWil~-ilTN1 bo 19fws thrsugli, which gscs into n morfibc 4 
inches clccp in tltc end of t.1~ bray at b, and is fwstcned 
with II pitt ; it, Inay bc 2 inches Gidc and ltillf nn ittcli 
thick, t~adc plain, with 1 hole at th2 lower, and 5 or G 
ilt tltC U\IpClr Ctld ; 

i ion. 
if, sIioultI Ix se% in ;2 staggering posi- 

This lighter is hcd in front of tlrc ndl-hem, at 
siich a height tw b-3 bc lwrly ta rnisc and lswcr ccl% pIen- 
SIII’C ; ik wcigk of 4 ll.~, ia hung %S the cud of i.6 1)~ :k strap, 
which iii IIS tw.3 or tltrcc titucs routtd, attd IkIN ofltcr end 
is li~tctictl to bloc post IpcIow, thnb kccp~ it in its plncr!. 
l’)ik)p blK2 ligltbnr ttp Wld iiO\\‘ll, Wtd obscwc WllctliCr th 
doitc? r&s awl tidlS ht ott lItc hxl-stow; if it do, dmw n 
little IYiltCr, all4 Ict the st0tlc IlloVc gCtltlV round; thtt 
see that all thugs bc right, and draw rz Ihlc more\ wn- 
lcr, ict tltc ~ifwtc’ ru11 at it nlorh-ate rate, wd gritrd tltc 
ticcs n !i!\v ~~rinlutcs. 

DIRECTIOSS FOR MIKISC A 11001’ FOR THE 3IIIJATOPU’E. 
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side with hot water, during an hour or two. Bend it 
round so that the ends meet, and nail the other end to 
the short board, put sticl is across inside, in various direc- 
tions, to press out the parts that bend least, and make it 
truly round. Make a cover for the hoop, (such as is re- 
prcscnted in Plate XIX., fia 23 ;) 8 square inside, and 1 
inch outside the hoop. It consists of* E? pieces lapped 
0~1~’ 0wr m~otlmr, the black lines showing the joints as 
they nl)P~i~~ when n:adc, the dotted lines the under parts 
cf ihc lap. Describe it on the floor, and make a pattern 
to n~nl,e! a11 the rest by ; dress all the laps, fit aud nail them 
tog&x by the circle on the flow, and then nail it on 
the hoop; put the hoop over the stone, and scribe it to fit 
the floor. 

Lay boards over the hoop to keep the dust from Hying, 
and take a bu&c\ or two of dry, clearI, sharp sand, teem it 
gcntlv into the cyc’, while tile stone mows at a rnodcrntc 
rnic,continuia~‘to grind for an hour or two: then take 
up the stones, s~wcp :hcm clean, and pick the smoothest, 
I~~lYlCSt PlilCCS, nnd lay tlit: stone down again, and grind 
mm smtl as bcfbrc, turning 0-t’ tine back, (if it IN n INUT,) 
t&irq g-cat care that the chisel do not catch; take up 
the stow again, and make n red stafl; cqunl, in Icngtb, 
to the dktwtcr of the stone, and 3 by 2: inches; paint 
it with red paint and water, and rub It over the fbx of 
the stone in all directions, the red will be loft on the 
Ilight nnd hardest parts, which must bc picked down; 
nlaking the Led-stone perfectly plain, and the runner a 
little concave, about gth of an inch at the eye, nud les- 
sening gradually at about 8 inches from the skirt. If 
they bc close, and have nwh kc, they need not touch, 
or ilour, so far as if they be open, and have but little 
ftlcc ; those things are riecessarilv left to the judgment of 
the mill-wright and miller, * 

I. 
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ARTICLE 1d5. 

DIRECTlOSS FOR LAYISG OUT THE FURROWS IN THE STORES, 832, 

If they be five feet in diameter, divide the skirt into 
16 equd parts, called quarters ; if 6. feet, into IS; if 7 
f’eet, into 20 quarters. 
inch, and the other 3 

Make two hips of board, one an 
inches wide ; stand with your face 

to the eye, and if the stone turn to the $$t when at 
l\*ork, lay the strip at one of the quarter dwisions; and 
the otI:ck at the left hand side, close to the eye, and mark 
with a flatl=poiutcd spike for a master fhww : they are 
alI to bc hid out the same way in both stows, for when 
their fhccs arc togctlicr, the furrow sl~ouid cross ench 
other iilic shears it] ths hcst position for cutting cloth. 
Tllcn, iwitig not fcwr than Ci good picks, proceed to 
pick out ~~11 the mnstcr furr0x3, making the cdgb nest 
th skirt, and th end nest the CJT, tllc decpcst, and the 
fixtiw cdgc not half so deep as the back. : 

YVlleu all the master furrows arc pick4 but, lay the 
broad strip nest to the l’catiicr cdgcs of all the furrows, 
and mark the head lands of the short furrows, tixn lay 
the I~a~~~o strip nest the back edges, and ma.& for tire 
hnds, and lay the narrow ship, and mark for the furrows, 
ant1 so mark out tilt lands and furrow, mhding not 
to cross rthc head lands, but icaving it bctwcn %ho mnstcr 
furrows and the short ones of each qunrtcr. hit if tiwv 
bc ~10s~ cow tq stows, ias Out both fiwrows Ed hi5 

with the narrow strft). 
WIG neck of the spiiidlc must not I)(! wcdgcrl too tight, 

clsc it will burn loosc; britlgc the spindle again ; pk a 
c:ollnr round the spindle neck, hit untlcr it put a piece 
of nii 0lJ stockin, (T, with tai’low rolltxi up hi it, about a 
linger t.lGcli ; tack it clwc:l~ round t!le neck ; put a piccc 
of stiff lca.?hr about 6 inc!& diameter on tllc cool;-lxntl 
under tlic driver, to turn with the q)indlb? and drive 0lT 
the grain, kc., from r.4~ neck; grcssc the neck with tai- 
?on. cvcry time the stone is up. 

Lay the stone down arid turn 0fWc back smooth, and 
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grind more sand, Stop the mill, raise the stone a little, 
and balance it truly with a weight laid on the lightest 
side. Take lead equal to its weight, melt it, and run 
it into a hole made in the same place in the plaster ; this 
hole should he largest at bottom, to keep it in ; RI1 the 
hole with the plaster, take up the runner again, try the 
stuf?’ over the stones, and if in good face, give them a nice 
dressing, and lay them down to grind wheat. 

ARTICLE Pd6. 

I DIRECTION8 FOR MAKIh’G A BCSPPER, SHOE, AliD FEEDER. 

The dimensions of the hsppcr of a common mill is 4 feet a% the top, ilnd 2 feet deep, the hole in the bottom 3 
incl~cs sqw-wc, with 8 sliding gate in the \9o%tam sf %ho 
front to lcsscn it st pleasure: the shoe $0 inches long, 
and 5 wide in the bottom, of ~CMX\ scund oak. ‘I”l~o side 
7 or 8 iuchcs deep at the hinder end, 3 inches nt the 
foremost end9 6 longer tlw thg! bottom of the fore end, 
slanting more than the hopper behind, so thn% it mny 
have libertv to hang down 3 or 4 inches at the fore end, 
which is h&g by a strap called the feeding string, pass= 
ing QVW the fore end of tha happer-frame, and hppiqg 
K.NUIC~ a pin in front of ths nxxh4~ewn, which pin wsl! 
turn by the hnd, and cvbich is cnllcd tbc f~~~ding+xrcu~. 

The fix&r is a piece of wwd turned in a h%11e9 abut 
!20 inch3 Iong, 3 inches diarncter in the middle, a,gninat 
the slmc~ t;ymd OR to 1 i incll at the top ; the Iowes 
end is hded, and a forked iron driven in it, that spans 
over the sync, fitting into notch made on each side, to 
rcccivc it, directly abow tlx spindle, with which it turns, 
the upper end running in a Irolc in a piece acroSs the 

hopper-frame. In the large part, nsst the shot, 6 iron 
lcnoc1ws are set, 7 inches long, half an inch diameter, 
with n tang at each end, turned square t0 driw iuts the 
wood, thcso 1~1ack ypinst rend shake the shoe, and thcrc- 
by shake in the grain regulnrly. 

You may now put the grnirl into the hopper, draw wa- 
21 
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ter on the mill, and regulate the feed by turning the feed 
screw, until the stream falling into the eye of the stone, 
be proportioned to the size thereof, or the power of the 
mill, Were ends the mill-wright% work, with respect to 
grinding, and the miller takes the charge thereof. 

OF BOLTIW CHESTS AND REELS. 

Bolting chests and reels are of different lengths, ac- 
cording to the use for ~vhich they are intended. Com- 
mon countr)r chests (a top view of one of which is shown 
in Plate Xi& fig. 9,) are usually about I.0 feet long, 3 
feet wide, and 7 feet 4 inches high, with a post in each 
corner ; the bottom 2 feet from the floor, with a board 
18 inches wide, set slanting in the back side, to cast the 
meal for~rd in the chest, that it mng be easily taken up ; 
the door is of the whole length of the chest, and two 
feet wide, the bottom board bclsw the door sixteen inches 
Wide. 

The sBaff of the reel is equal in length with the chest, 
4 inches diameter, G square, two banda on each end, 3i 
md 33 inches diameter: gudgeoas 113 inches long, $ of 
an inch dlia~net~er, 8 inches in, the shaft, roraizlied at the 
JICCk 2i inches, \vitlr a t~enon for a ~ockct, or handle, 
Ehere are six ribs k+ inch deep, j + inch thick, $ an 
inch at the tail? and 1 f inch at the head, shorter than 
the shaft, to leave room for the meal to be scouted in at 
the head, and the bran to &I1 out at the tail ; %herc are 
four sets of arms, that is 12 of them, 1: inch wide, and 
if thick. The diameter of the reel fro;1 out to out of‘ 
the ribs, is one third part of the double width of the 
cloth, A round wheel, made of inch boards, in dinm- 
ter equal to the outside of the ribs, and 4$ inches uvik 
mavuring from the outside towards tile cmtm, (which is 
taicen out,) is to be framed to the head of the reel, t9 
keep the meal from Mling out at the head, unboited. 
Put a hoop 4i inches wide, and $ thick, round the tail 



CHAP. XXt,] OF SETTING BOLTS TO GO I3Y WATER. 323 

to fasten the cloth to. The cloth is sewed, two widths 
of it together, to reach round the reel, putting a strip of 
strong linen, 7 inches wide at the head, and 5 inches at 
the tail of the cloth, by which to fasten it to the reel. 
Paste on each rib a strip of linen, soft paper, or chamois 
lea~hcr, (which is the best) I 3 inch wide, to keep the 
cloth from fretting. Then put the cloth on the reel 
tight, sew or nail it to the tail, and stretch it Iength- 
wise as 1mx.l as it will bear, nailing it to the head.-Six 
yards of cloth cover a ten feet reel. 

l3olting reels for merchant mills are generally longer 
than for country work, and every part should be stronger 
in proportion. They are best when made to suit the 
wide cloths, The socket gudgeons at the head should 
‘rpc ~nuch stronger, they being apt to wear out, and trou- 
Mcaomc to repair. 

Tl~2 boltiq-lloppcr is made to pass through the floor 
ihow the chest, is 12 inches square at the upper, and 10 
inches at the lower cncl; the foremost side 5 inches, and 
the back sidr! i’ iuchcs from the top of the chest. 

The shot 2 feet long at the bottom of the side pieces, 
slanting to suit the hopper at the hinder end, set 4 inches 
higher at the hinder than the fore end, the bottom 17 
inlclws long, land 10 inches wide. There should be a bow 
of’ irou rivctcd to lllc tbrc cud, to rest on ihc top of the 
linacl~i~~g whed, which is lisc~l 031 the socket gutlgeons at; 
1llC 1lb’il(l ibt’ tllc Cllcst, and iS 10 iwho.” diamctcr, 2 iwhcs 
tIMA;, with G Mf rQwd3, cut out of its circut~&wCncc, 
f’wwitlg lmxl~tr~ to strike ilgilillat the:! bo\v, and lil’t thi: 
sll(X i Of. ill1 iUcl1 cvcry StrOkC, to shah in the lmrd. 

ARTICLE 14% 

OF SETTISG BOLTS TO GO BY WATER. 

The bolting reck arc set to go by wtcr as follo\vs:- 
3IiLliC ll bricljg2 G by 4 iuchw, id -i ~IK~KS lwgcr than 

t]lC cli+tilIlCC Ol‘ tllc tonAiu poPt3, drscrilwcd Art. 139 ; SC-2 
il. hWc~in tlwnl, on reds tktcwrl into them 10 inches 
below the cogs 01‘ the cog-wheel, and the ccn:rc at’ it hli’ 

the diarnctcr of the spur-whwl in liwnt of thcnl; on this 
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bridge is set the step gudgeon of an upright shaft, wit11 
a spur-wheel of 16 or 18 cogs to gear into the cog-wheel. 
Fix a head-block to the joists of the 3d floor for the up- 
per end of this shaft; put the wheel 28, (PI. XIX.) on it; 
hang another head-block to the joists of the sd floor, near 
the corner of the mill at 6, for the step of the short up- 
right shaft that is to be fixed there, to turn the reels 1 
and 9. Hang another head-block to the joists of the 3d 
floor, for the upper end of the said short upright, and fis 
also head-blocks for the short shaft at the head of the 
reels, so that the centres of all these shafts will meet. 
Then fix a hanging post in the corner 5, for the gudgeon 
of the long horizontal shaft 27-5 to run in. After the 
bead-blocks are all fised, then measure the length of each 
shaft, and make them as follows: namely:- 

The upright shaft 59 inctm for common mills, but if 
for mcrctw&work, with Evans’ elevators, kc., added, 
mnl~e it larger, say 6 or 7 inches ; the horizontal shaft 25 
-5, and all the oihcrs 5 inches diameter. Put a soclwt- 
gndgcon in the mid& of the long shafts, to keep them 
iteady ; make them 8, or 16, square, cscept at the end 
lvhcrc t.hc wheels are hung, where they must be 4 square. 
Band their ends. put in the gudgeons, ancl put them in 
llrcir proper p&es in the head-blocks, to mark where 
the wheels are to be put on them, 

I- 

ARTICLE l#k 

OF bI.\KISG DOLTISG WHEELS. 

~Tnl;c the spur wheel for the first upright7 with a 4; 
inch plmli ; the pitch of the cogs? the same as the cog- 
wiwcl, iuto which it is to work; put two bands 3 Of an 

iuch wide, one on each &1c of the cog?, and (7. rivet bc- 
twcen cnch c:g, to lwcp the wheel from splitting. 

1’0 proportkon the cogs in the wheels, to give the bolts 
the ri$t. motion, the conuuon way is- 

1 Iikkkg tlkc spw-wheel, and set the stows to grind with 
a pro~w motion, and count the revolutiona of the upri& 
shit in a minute; conqme its revolutions with the rcio- 
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lutions that a bolt should have, which is about 36 revo- 
lutions in a minute. If the upright go d more, put + less 
in the first driving wheel than in the leader; suppose 15 
in the driver, then 18 in the Ieader: but if their ditferencc 
be more, (say one-half,) there must be a difference in the 
next two wheels; observing that if the motion of the up- 
right shaft be greater than that of the bolt should ba, the 
driving wheel must be proportionably less than the ieadcr: 
but if it be slower, then the driver must be greater in pro- 
portion. The common size of bolting wheels is from 14 
to 20 cogs ; if less than 14, the head-blocks will be too 
near the shafts. 

Cornn~ou bolting wheels should be made of plank, at 
Icast 3 iuchcs thick, well seasoned; and they are best 
when as wide as the diameter of the wheel, and banded 
with bands nearly as wide as the thickness of the wheel, 
the bands may be made of rolled iron, about 4 of an inch 
tl hk Some make the wheels of 2 inch plank, crossed, 
and 110 bauds ; but this proves no saving, as they arc apt 
to go to pieces in a few years. (For hooping wheels, see 
Art. 136, and for finding the diameter of the pitch cir- 
cle, see Art. 126.) The wheels, if banded, are sene- 
rally two inches more in diameter than the pitch wcle; 
but if not, they should be larger. The pitch OS distances 
or the cogs arb difl&cnt ; if to turn 1 or 2 bolts, 2: inches, 
but, if’ mow, 2:; if they arc to do much heavy work, 
they should not be less than 3 iwAcs. Tlicir cog3, in 
thi&ncss, are MF the pitch : the shank must drive tight- 
ly in an inch auger 1loEe. 

CV hen the mortises are made for the shafts in the head, 
and notches for the keys to hang them, drive the cogs in 
and pin their shanks at the bacli side, and cut them off 
half an inch from the wheel. 

Hang the wheels on the shafts so that they will sear (z 
proper depth, about 2 3 the thickness of the co:<s ; dress all 
the cogs to equal distances by a gauge ; then put the 
shafts in heir places, the wheels gearing properly, and 
the head-blocks all secure; set them in motion by water. 
Bolting reels should turn so as to drop the meal on the 
bacl~ side of the chest, as it Gil then hold more, and will 
not cast out the ma1 when the door is opened. 
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ARTICLE 1i%. 

OF ROLLING-SCREEKS. 
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24 inches diameter,, on the gudgeon of the rolling screen, 
to reduce its motion, to about 15 revolutions in a minute. 
(See eg. 19, Plate XIX.) This strap gearing may do for 
mills In a small way, but where they are 111 perfection 
for merchant-work, with elevators, &AL and have to clean 
wheat for 2,3, or 4 pairs of stones, they should be moved 
by cogs. 

ARTICLE 151. 

OF-FANS. 

The Dutch fkn is a machine of great use for blowing 
the dust and other light stuff frotn among the wheat; 
thcrc are various sorts of them ; those that arc only for 
blowing the wheat as it falk from the rolling-screen, are 
gcncrnlly about 15 inci~cs long, and 14 inches wide, in 
the wings, wtl have no riddle w .“;c~wn in them. 

To give motion to a i&r: of this kind, put a pullev 7 
incIws diameter, on its ask, Qo rcccivc a band fra;;l a 
lw1ley on the @l&t that moves the screcn9 whicir pulley 
m:lyvbe of 24 incllcs diameter, to ;sivc a swift motion; 
~1~3~ thcf band is slack it slips a little on the small put- 
Icy, and the motion is retarded, but when tight the ino- 

tian k quiclkcr ; by this the Mast is regulated. 
Siam 11~8 Ihtclm fhns campletc, with riddOc and screen 

unclw the rolling f;crceno for merchant-work ; and again 
ust? the l-all alone lbr courrt~ry~worli. 

‘lh2 wings ol‘ tlroec which arc the common C~rnwrs” 
wid-dls, or hns, arc 53 inches Ion.+ and 20 inches 
wide ; ht in mills they are set in nw3t.n-x~ with a pulley 
instead of a cog-wheel and wallowr. 

ARTIU,E Iii% 

OF THE SHAKliYG SIEVE. 

Shliing sicvcR arc of considcrnblc use in country nlills, 
to silt Indian nwnl, se~~arating it, if rcquircd, into SGYC- 
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ral degrees of fineness; and to take tbe hulls out of buck- 
wheat meal, which are apt to cut the bolting cloth; also 
to take the dust out of the grain, if rubbed before ground: 
they are sometimes ased to clean wheat, or screenings, 
instead of rolling screens. 

If they are for sifting meal, they are 3 feet 6 inches 
long, 0 inches wide, 3; inches deep; (see it, fig. 16, Plate 
XVIII.) The wire-work is 3 feet long and 8 inches 
wide : across the bottom of the tail end is a board 6 inches 
wide to the top of which the wire is tacked, and then 
this board and wire are tacked to the bottom of the frame, 
leaving an opening at the tail end for the bran to fall into 
the bos 17, the meal falling into the meal-trough 15; the 
head piece should be strong7 to hold the iron bow at 15, 
through which the lever asses that shakes the sieve, 
wMi is effected in thu allowing manner. Take two tp 
pieces of hard wood, 15 inches long, and as wide as the 
&indlc, and so thick that wliet~ cqc is put on each side 
just abo~2 the trundle, it will m7 ka it 1 i inch thicker 
ihnn the spindle is wide. The coi*ners of thcaa are talxn 
off‘ to a hall round, r\nd they arc tied to the spindle with 
a small strong cord. These are to strike against the lc- 
vcr that works on a pin near its ccntre, which is fasten4 
to the sicvc, and shakes it as the trundle goes round : 
(see it rcprcscnfcd Plato XVIII.) This lever nqst al- 
ways be put to the side of the spindle, contrary to that 
of the meal spout; othcrG5x2, it will draw the meal to the 
uplxr end of the sieve : there must be a spriu$ tiscd to 
6116 sieve to draw it forward as often as it is driven ha~ck. It muet hang on straps and be fisod so as to bo easilv set 
to any descent required, by means of a roller in the ibrtn 
of a feeding screw, only longer; round this roller the 
strap winds, 

I IUWVC now given directions for making, and putting 
to work, all the machinery of one of the most complete 
of the old-fwlrioncd grist-mills, that may do mcrchnnt- 
worli in the sn~ll way ; these are rcprcscntcd by I%tes 
XVIII., XIX., ML9 XXI.; but they are Lqr inferior to 
those with the improvemem,, IQ which&c shown by I’latc 
XXIL 
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CHAPTER XXII. 

ARTICLE 153. 
OF THE USE 08’ DRAUGHTI~G TO BUILD MILLS BY, &C. 

PERILS some are of opinion that draughts are useless 
pictures of t?k?gs, serving only to please the fkncy. This 
is not what is intended by them; but to give true ideas 
of the machine, &c., described, or to bc made. Those 
represented in the plates are all drawn on a scale ith 
of an inch to a foot, in order to suit the size of the book, 
esccpt Plate XVII., wllich is a quarter of an inch to (1. 
foot; and this scale I recommend, as most buildings will 
then come on a sllect of common paper. 

N, 1.1, Plate XXIV. was marle after the above direc- 
tions, and ?lns esplanations to suit it. 

Tire great we of draughting mills, &4x., to build by, 
is to co1w2y our Liea s morf3 plainly than is possible 11.y 
writing, or by wor*ds alone ; tlwse may be misconst ruted 
or forgottcu ; but a draught, we?? drawn, spcalis for itsclc 
when once understood by the artist; who, by applying 
Ilk rlivickrs to the draught and to tllc sca?c, finds the 
?cngt?r, brcatlth, and ?@$~t of the building, or tllc (li- 
nxnsiow of any piece of timber, and its proper ?~?acc. 

By t.hc draught, the bills of scnntling, boarrla, raftcrP, 
lath; s?;ing?cs, kc, kc,, are known and rnadc out; it 
should show cvcry whcb?, shaft, and machine, and tlwir 
plnccs. Jiy it wc can find w?x%?~cr the Imuse be s&i- 
cicnt to cwhn all the works t?mt are ncccssary to carry 
on the business; the builder or owner undcrstanc?s wh;tt 
?lc is about, and procwds cheerfully and without error: 
it directs the mason where to put the windows, door5, 
navel-holes, the inner malls, kc., whereas, if there be no 
draught, cvcry t?ming goes on, as it wxe, in the dark ; 
mucll titnc is lost, and errors are committed to tllc loss of 
many pounds. I have heard a man say, tllat ?Ic bclicvct? 
his mill was SIMM. bcttcr from having employct? an cspc- 
ricwx.x? artist to draw him a draught to build it by; ant? 
I linow, ?)v cspcrience, tlw.5 great utility of them. 
mastur ?.&ldcr, at Icast, ought to understand them. 

IGwy 
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ARTICLE 154. 

DIRECTIOSS FOR PLANXING AND DRAWGHTING MILLS. 

1st. If it be a new scat, view the ground where the 
dam is to be, and where the mill-house is to stand, and 
determine on the heiglit of the top of the water in the 
heat? race, where it is taken out of the stream; and level . 
from it for the lower sitlc of the race, down to the scat 
of’ the mill-house, and mark the level of the water in the 
clam there. 

%?ly. Begin where the tail-race is to empty into the 
stream, and lcvc? from the top of tllc water up to the mill 
seat, noticing t?ic dsptb tbcrcof, in places, as you pass 
along, which vvill be of use in digging it out. 

‘I~YI find the total fa?l, allo\\:itg one inc,?r to a rot? for 
fall in the races ; but if tbcy bo very wide anr? long, less 
will do, 

“l’hrn, su?3posing t?ie Ml to 1x2 21 feet 9 inches, which 
is sufficient for an overshot mill, and the stream to0 light 
!‘or an undershot: consider well what size stone wil? suit ; 
fbr 1 (10 not rccommcn~? a ?iqe stone to a weali, nor a 
midl one to a strong stream. I have proposed stones 4 
fsot c?iamc?ter for ?i#, $6 for micldling, and 5 or 5 f&t 
6 inches siinnxtcr, 1br ?lSit’iy 24~C;LlIIS. SUpptXX YOU l?C- 

tcrtnino ~11~ stones 4 feet, then looli in table I., (whicli is 
for stmw of that size.) cohmm 2, for tile fall that is near- 
est 22 feet 9 inches, Sour Ml, mlr? you find it in the 7th 
csatnplc. Column $1 c,ontnins the hcnrl Of WiltPr over t116 
l\.hCCI, 3 feet ; 4th, the cliillW9.C.r Of tilt: WllCC?, IS fW2t; 5t?l, 
its width, 2 feet 2 inches, L&L, for all the proportions to 
ma?ce the stone revolve 106 titncs in a minute. 

Having determined on the size of the wlieels, and alro 
of the house ; the heights of the stories, to suit the vvhccls, 
and mnchinery it is to contain, and the business to be 
carried on therein, proceed to draw a ground plan of the 
IIQIISC, such as plate XVIII., which is 32 \,v 55 fbet. (See 
the description of the ?>lMc,) And for tlie second storv, 
as ldatc XIX,, &CC., and for the 3d, 4tb, and 5th i’oorS,‘if 
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required ; taking care to plan cv-ery thing so that one 
shall not clash with another. 

Draw an end view, as Plate 
Plate XXI. Take the draught 

XX., and a side view, as 
to the ground, and stake 

out the scat of the 11ouse. -It is, in general, best to set 
that corner of an overshot mill, at which the water en- 
tcrs, farthest in the bank ; but great cart should be taken 
to rccousidcr and csaminc every thing, more than once, 
t,o scc whether it be planned for the best; because, much 

labour is often lost for want of due consideration, and by 
setting buildings in, and layirrg foundations on, wrong 
places. l’he arran~cments bcmg complctcd, the bills of 
scanthg and irm work may be made out from the 
draught, 

ARTICLE 1 Ijk 
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For the thirdJEoor. 

4 posts, 9 feet long, 12 by 12 inches to support the gir- 
ders. 

2 girder posts, 7 feet long, 1% by 12 inches to staud on 
the water-house. 

2 girders, 53 feet long, 14 by 16 inches. 
90 joists, 10 feet long, 4 by 9 inches. 

For the fourthJoor. 

G posts, 8 feet long, 10 by 10 iuches, to support the gir- 
ders. 

2 girders, 50 feet long, 13 by 15 inches. 
30 joists, 10 feet long, 4 by 8 do, for the middle tier of 

the floor. 
GO do, 112 feet do. 4 by %, for the outside tiers, which es- 

tcncls 12 inches owr the walia, for the rafters to stand 
on. 

3 phte5,54 feet long, 3 by 10 inches: these lie on the top 
of the walls, and the joists on tlmn. 

2 raising picccs, 55 feet long, 3 by 5 inches; these lie on 
the ends of the joists for tile rafters to stand 011, 

For the Xoof. 
54 rafters, -- Oc) feet long, 3 inches thick, 69 wide at tlic 

bottom, and 4; at the top ml. 

23 collar bcnnir, 17 feet long, 3 by 7 inr:hes, 
3X) feet of laths, running uxwmes 
7000 sllinglcs. 

For doo~3 cud T?hlozc-Cuscs, 

12 picccs, 12 feet long, 6 by 6 inches, for door-cases. 
36 do. 8 feet long, 5 by 5 inches, for window-casts. 

3 sills, 2’7 feet long, 12 by 12 inches. 
1 do. l-1 feet long, 12 by 12 do. 
2 Pn~~r-biocli~, 4 feet 6 mchcs long, 7 by 7 do. 
2 Iicad-blocks, 5 feet lotIg, 12 by 14 do. 
4 posts, 1.0 feet lotq, 8 by 8, to bear up the penstock, 
2 cap-sails, 0 feet 1011 g, s by 10: for the pcl~stoclc to stml 

011, 
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4 corner posts, 5 feet long, 4 by 6 inches, for the corners 
of the penstock. 

2 sills, 24 feet long, 12 by 12 inches. 
4 copncr posts, 7 feet long, 12 by 14 inches. 
2 front posts, 8 feet long, 8 by 12 do. 
2 back posts, 8 feet do, 10 by 12 inches, to support the 

back ends of the bridge-trees. 
2 other back posts, 8 feet long, 8 by 8 inches. 
3 ton&in posts, 12 feet long, 12 by 14 do. 
2 intertics, 9 feet long, 12 by 13 inches, for the outer ends 

of the little cog-wheel shafts to rest on. 
2 bcmw &, 24 feet long, 16 by I6 inches. 
2 brav-trees, 85 feet long, G by 13 inches. 
2 britigc-trees, 0 feet kmg, 10 by 10 inches. 
4 pkmks, 8 feet long, 8 by 14 inches, fbr t,he stone-bcrarers. 
fzo plmks, 0 feet long, 4 by about 15 inches, for .%he top 

of the lwk, 
2 hcnd-blocks, 7 f&t long, 1% by 15 inches, for the wal- 

la~vcr shafts to rw on, They serve as spurs also for 
the head-block fop the water-wheel shaft. 
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S bands, 3: inches, and S do. 4 inches, diameter, for the 
bolting-reel shafts. 

For the Hoi&g Wheels. 

2 gudgeons? for the jack-wheel, neck 3; inches, and tang 
9 inc!xs long, 1; square. 

f3 bnnds for do. 4; inches diameter, 
2 gudgeons, for the hoisting wheel, neck 3; inches, tang 

‘S inches long, and 1: inch square. 
2 bands for do. 7 inches diameter. 
G bat-b for bolting-heads, Irj inches diameter inside, 23 

wide, and $th of an inch thick. 
6 do. for do. 15 inches do. do. 

N. B, All the gudgeons should taper a little, and the 
sides given arc the largest part, The banda for shafts 
shauld bo widest at the foremost side, to make them drive 
well; but tliosc for heads slw~ld be both sides cqu8l. Sis 
picks for the stows, 8 inches long, and lf wide, will be 
wnnted. 

ARTICTJ3 157. 

ESPL~4NATION OF THE PLATES. 

PLATE XVII. 

Drnwn ft*am a scale of a quarter of an inch for a foot, 
Fig. I-tl big cyg-wheel, 8 feet WJ incilcs the ‘diwnetcr 

of its pitch cmlc, 8 feet 10 inches from out to out : 
69 cop, 44 inches pitch. 

2-n. littlc ccpvhccl, 5 feet IOJJ inches tlx diameter of 
its pitch circle, and 6 feet 6 inches from out to out, to 
haw 52 cogs, 4: pitch. 

3-a wrdlowcr 3 feet 1: inch the clior~~etcr of its pitch 
cidc, and 3 feet 4+ inches from out to out; 26 rounds, 
4 i pitch. 

4-n Wuntllc, 1 foot S3 inch the diameter of its pitch 
circle, and 1 foot t 13 inches from out to out; 13 rounds? 
4: inches pitch. 

.‘,-the back part of the big cog-~vhccl. 
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G-a tnodel of locking 3 arms together. 
Y-the plan of a forebay, shcwing the sills, caps, Jnd 
where the mortises are made for the posts, with a rack at 
the upper end to keep off the trash. 

PLATE XVIII.-The Ground Plan of a AM. 

Fig. 1 and S-bolting chests and reels, top view. 
2 and 4-cog-wheels that turn the reels. 
3-cog-wheel on the lower end of a short upright shaft. 
5 and I”/-places for the bran to fall into. 
6, 6, 6-three garners on the lower floor for bran. 
9 and lo-pdsts to support the girders. 
1 L-the lower door to load wagons, horses, kc., at. 
E-the step-ladder, froin the lower floor to the husk. 
13-the place where the hoisting casks stand when filling. 
14 and 1 &-the two meal-troughs and meal spouts. 
16-meal-shaking sieve for Indian and buckwheat. 
I7--a box for the bran to fall into from the sieve. 
18 and 19-the head-block and long spur-block, for the 

big shaft. 
20-four posts in front of the husks, called bray posts. 
W-the jvater and cog-whebl shaft. 
22-the littlc; cog-wheel and shaft, for the lower stones. 
23-the trundle for the burr stones. 
2-k-the wallower for do. 
i&-the spur-wheel that turns the bolts. 
2G-t he cog-wheel. 
Z’-the trwldlc, head wallower, and bridge-tree, for cow 

try StA~nCS. 

23-th four back posts of the husk. 
29-the two posts that Ypport the cross-girder. 
SO-the two posts that Lc;lr up the penstock at one side. 
Zj1-4~ vatcr wheel, 18 feet diameter. 
3+-the two posts that bear up the other side of the pen- 

Stock. 

:~3--th head-blocks and spur-blocks, at water end. 
3 1-a sill to keep up the outer ends. 
35-the water-house door. 
36-n hole in the wall for the trunk to go through. 
W-the four windows of the lower story. 

I 22 
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PLATE XIX.-Scc~~dfloor. 
Fig. 1 and 9-a top view of the bolting chests and reels. 

2 and lo-places for the bran to fall into. 
3 and s-the shafts that turn the reels. 
4 and T-wheels that turn the reels. 
5 -a wheel on the long shafts between the uprights. 
G-a wheel on the upper end of the upright shalt. 

11 and IQ-two posts that bear up the girders of the 
third floor. 

IS-the long shan’t between two uprights. 
l&-fire garners to hold toll, kc. 
15-a door in the upper side of the mill-house. 
16-a step ladder from 2d to 3d floor. 
17-the running burr mill-stone laid off to bc drcsscd. 
1 s-the hatch-may. 
1 !&--stair-way. 
20-the running country stone turned II~ to bc drcswd, 
21 -a small step-ladder from the lausl~ to the Cd floor. 
‘22-the plnccs where the cranes stand. 
24 -the pulley-1+x1 that turns the rolling screen. 
25 and %-the shaft and wheel which turn the rolling 

screen and fan. 
%‘-the wheel on the horizontal shaft to turn two bolting 

reck. 
2%-the ~vliccl on the upper end of the first upright 

shatl. 
29-a large pulley that turns the fan. 
30-the pulley at’thc end of the rolling screen. 
3 L-the f5n. 
32- the rolling screen. 
33-a step ladder from the Lusk to the floor over the MYI- 

tcr-house. 
34 and %-two posts that support the girders of the 

third floor. 
36-a small room for the tailings of the rolling screen. 
37 -a room for the Emnings. 
w- do. for the screenings. 
39 -a small roow I?or the dust. 
~I.~)--thc pcnstocli of water. 
41-11. room for the miller to ltecp his boolis m. 
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42-a fire-pla.ce. 
43-the upper end door. 
44-ten windows in the second story, twelve lights each. 

PLATE XX. 

Represents a view of the lower side of a stone mill- 
house, three stories high, which plan will suit tolerably 
well for a two story house, if the third story be not want- 
cd. Part of the wall is supposed to be open, so that we 
have a view of the stones, running gears, kc. 
Lint 1 represents the lower floor, aud is nearly lwcl 

with the top of the sills, of the husk and watcr4~ousc. 
2, 3! and 4-the second, third, and fourth floors. 

5 and G-windows for admitting air under the lower 
floor. 

7-the lower door, with steps to clscend to it, which COxtl- 
mmly suits best to load from. 

S-the r7rch over ihe tail race for the water to run fisna 
t.hc wlwcl~ 

O-tllc watw-house door, which aanwtimcrs wits bct.t@r to 
h iIt tllc end of the 1101156, where it nl:diCS roon3 to 
wctlgc the grldgcon. 

10-the ml of tlic water-wheel shaft. 
11 -the big cog-wheel shaft. 
12-h little cog-wlwcl and wallower, the trundle being 

swn through the window, 
13--tlrc stones with tlic llappcr, shot, and fccdcr, w fiwd 

for grinding. 
14--t1~6 me:&trorigh. 
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5-a weather-cock, turning on an iron rod. 
b-the end of the shaft, for hoisting outside of the house, 

which is fixed above the collar beams over tbe doors, 
to hoist into either of them, or either story, at either 
end of the house, as may suit best. 

‘I-t\le dark squares, showing the endsl of the girders. 
S-the joists over the water-house. 
O-the mill-stones, with the spindles 

the ends of the bridge-trees, a 
they run on, and 

aa. bb show the ends of the braya, tha% 
t on the brays 
are raised ant9 

lowered by the levers cc, called the 9igh%er=stafE+ for 
raising and lowering the running stone. 

1 O-t he water-wheel and big cog-wheel. 
U-the wall betseen the water and cog-vvhee9. 
1 Z-the end view of the two sirle wa99a of the house. 

Plate XXII. is explained in the preface. 

Tr-m wlrec9s for sawui99s have Been vari 
structcd ; the mast simple, where water is plenty, and the 
C111 above six feet, is the autter-wlleel; but where water 
i8 scarce, or the head insuf99cicnt to give flutter-wheel% 
t hc rquisiff2 motion, high wheels, c\oublc+pmv=d, will Ix: 

lbund ~~cccssary. Flutter-wheels may be adqted to any 
hcnd above six feet, by making them low anA wide, for 
low hea&, nnr3 9&h and narrow for lligh ones, so as to 
I raw about 120 rcvalutisns, or strokes of ths saw in ik. 
rninutc: but rather than double gcarV I would be satisfictl 
with 100, 
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Of these I shall say but little, they being expensive 
and but little used.--‘l[‘hey should be geared so as to give 
the saw 120 strokes in a minute, when at work in a com- 
mon log. The water-wheel is like that of any other 
mill, whether of the overshot, undershot, or breast kind; 
the cog-wheel of the spur kind, and as large as will clear 
the water. The \ilallowcr commonly has 14 or 15 rounds, 
or such number as will produce the right motion. On 
the wallower shaft is a balance-wheel, which may be 
made of stone or wood; this is to regulate the motion. 
There should be a good head above the water wheel to 
give it a lively motion, otherwise the miI1 Gil run hca- 
Cly. 

The mechanism of a complctc saw-mill is such as to 
produce the following ef9iictS ; namelv :- 

1. To move tlic saw up and dodn, with a sufficient 
inotion and power. 

2. To move the log to meet the saw. 
3. To stop of itself when within 3 inches of being 

tl1rough the log. 
4, To draw the carriage with tile 90g back, by the 

pow2r of the water, so that the log may be ready to cn- 
tcr again. 

The mill is stopped as follows ; namely :-When the 
gntc is drawn the lcvcr is held by a catch, and there is 
ii trigger, one end of which is \vit.liin half an inch of the 
side of the carringe, on which is a piece of Wood an inch 
and a half thick, nailed so that it kll catch against the 
trigger as the carriage moves, which throws the catch off’ 
the lever of the gate, and it shuts down at a proper time. 

Dcscripf ion of a &t1L’-Ni~l. 
Plate XXIII. is an clcvation and perspective view of 

11 saw-mill, showing tllc foundation, walls, frame, kc., kc. 
Fig. 0, l-the frame uncovered, 52 feet long, and 12 

Get wide. 
Fig. Z-The lever for communicating the motion from 
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the saw-gate to the carriage, to move the log ; it is 8 feet 
long, 3 inches square, tenoned into a roller 6 inches 
diatnetcr, reaching from plate to plate, and worki.ng on 
gudgeons in them ; in its Ip!ver side is framed a block, 10 
inches long, \Gth a mortise in it two inches wide through- 
out its whole letgth, to receive the upper end of the hand 
pole, having in It several holes for an iron pin, to join 
the hand pole to it, to regulate the feed ; by setting the 
hand poic nearer the centre of the roller, less feed is given, 
and, farther off, gives more. 

Fig. 3, the hand pole or’ feeder, 12 feet long and 3 
inches square, whi=re it joins the block, [I?$. 4,) and 
tapering 2 inches at the lower end, on which IS the iron 
hnr~d, 1 foot long, with a socket, the end of this is flat- 
tcnod, steeled, and hardened, and turned down half an 
inch at cnch side, to kec it on the rag-wheel. 

Fig. &-the rag-whee . f This has four cants, 4 f feet 
long, 17 by 3 inches in the middle, lapped together to 
~na.kc tile wheel 5 feet diamctcr; is fhccd between the 
arms with 2 inch plank, to strengthen the laps. The 
cramp or ratchet iron is put on as a hoop, nearly 1 inch 
square, with ratchet notches cut on its outer edge, about 
3 to an inch. On one side of the wheel are put 12 strong 
pins, 9 inches long, to tread the carriage back, when the 
lmkiug works arc out of order. On the other side arc 
the cogs, about 56 in number, 3 inches pitch, to gear into 
the cog-wheel on the top of the tub-wheel shaft, wit!1 15 
or 16 cogs. In the shaft of the rag-wheel arc 6 or ‘7 
rout~Is, ii inches long in the round part, let in nearly 
their whole thickness, so as to be of a pitch equal to the 
pitch of the cogs of the carriage, and gear into them easily: 
the ends arc tapered off outside, and a band is driven 011 
them at each end, to keep them in their places. 

Fig, G is the carriage; a frame 4 feet wide from out- 
sides, one side 29 feet long, ‘? hy 7 inches; the other 32 
feet long, 8 bv 7 inches, verv straight and true, the in- 
tertics at eaci; end 15 by 4 ikhes, strongly tenoned and 
INYK~~~ into the sides to iiccp the frame from racking. In 
the undcrsidc of the largest piece arc set two rows of 
cogs, 2 inches betmcen the rows, and 9 inches from the 
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foreside of one cog to that of another; the cogs of one row 
between those of the other, so as to make 4$ inches pitch, 
to gear into the rounds of the rag-wheel. The cogs are 
abaut 66 in number; shank 7 incheslong, 13 inch square; 
head 29 ion,, 0 2 inches thick at the points, and 2: inches 
at the shoulder. 

Fig. Y-the ways for the carriage to run on. These 
are strips of plank 4$ inches wide, 2 inches thick, set on \ 
edge, let 1; inch into the top of the cross sills, of the 
whole length of the mill, keyed f&t on one side, mdc 
very Straight both side and cdgc, so that one of then! will 
psss easily between the rows of cogs in the carrlaqe, 
and ieavc no room for it to move sidewise. They sho$d 
be of hard wood, well seasoned, and hollowed out between 
the sills to keep the dust from lodging on them. 

Fig, &-the fender posts. The gate with the saw 
plays in rabbcts 2; deep and Q inches wide, in the fcn- 
tier posts, which ire 12 feet long, and 1% inches quart, 
hung by hooked tenons to the front side of the two large 
cross beams in the middle of tho frame, in mortises in 
their upper sides, so that they can be moved by kays to 
set them plumlx Ttlerc are 3 mortises, 2 inches square, 
through each post, within half an inch of the ralsbets, 
through which pass hooks with large heads, to keep the 
frame in the ra44ets: they are keyed at the back of the 
pasts, 

Fig. I)-the saw, n,lrich is G feet long, 7 or 8 inches 
wide, when new ; hung in n frame G feet wide from the 
outsides, G feet 3 inches 10ng bctwccn the end picccs, the 
lowcrmast of which is "14 by 3 .inches, the upper one I9 
by 3, the side pieces 5 by 3 inches, 10 feet long, all of the 
lxst dry, hard wood. The saw is faetcnccl in the frame 
I3y two irons, in form of staples; the lower one with two 
screw pins passing through the lower end, screwing one 
leg to each side of the end piece: the legs of the upper 
one are made into screws, one at each side of the end 
piece, passing through a 4road, flat bar, that rests on 
t,ile top of the end piece, with strong burrs, 1; inch 
quare, to 4c turned 4y an irQn spanner, made to fit 
them. 
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1; inch square, turned at the lower end to make a round 
hole 1; diameter; made strong round the hole. 

I?& 12 is a large, flat link, through a mortise near the 
lower side of the end of the saw frame. l’hc lug-pins 
pass one ttir ough each end of this link, which keeps them 
cl;ase to the gate sides. 

Fig. 14 is a bar of iron 2 feet long, 3; inches wide, 1 
inch thick at the lowr, and If at the upper end. It is 
@it at the top and turned as in the figure, to pass through 
t k? 1 ug-pins. At fig. 13 ttwrc is a iiotch set in the twid 
Of the pitman Onr 14, 1; inch tong, rscarly 8s rlccp i1S to bc 

in a sbrnight lint with the towr sitts of ttic side-pins, 
matlc a tittlc t~oltow, steeled and 4nnOc wry trnrd. 

Fig. 18 is an iron plate, 1 i inch wi&, haif’ an itwh 
* tbiclr ii1 the middle, with 2 large. nail-holes in cacti end, 
find a round piccc of stcct wtrtcd across ttlc middtc and 
tmdet~cd, nwlc to fit the notsh in ttic upper end of the 
pitmnn, Pliitc XXVI.T mid draw claw t,o the lugpinr;, to 
the rrizttcr sib of the saw-frlmw, awl traitctl f&t. Now, 
iI’ the tEi~ri~~g part. of this joint bc iii a straight tine, tlrc 
lower c?nd of tlrc Gtrwn may play without friction irr the 
joint, becnwe bait, ttx upp;‘r niid lawr parts will roll 
withut sliding, like the cwtrs of t$ s~a.)e4xw~l, and will 
not Ii’c!nr. 
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which one man can draw heavy logs on the mill, and turn 
thetn, by a rope passing round the log and windlass. 

F$J. 18-a cant hook for rolling logs. 
Fq. 19-a double dog, fised into the hindmost hcad- 

block, used by some to hold the log. 
Fig. f2Q-are smaller dogs to use occasionally at either 

end. 
‘li”igs. 21, 23, represent the manner of shuting water on 

a flutter-wheel by a iong, open shute, which should r,ot 
be nearer to a perpendicular than an angle of 43 degrees, 
lest the water should rise from the chute aud take air, 
which would cause a. great loss of power. 

Fig. 23 represents a long, perpendicular, tight shute; the 
gate 23 is hays drawn fuliy, and the quantity of water 
rcgul~ted at the bottom by a little gate rt for the purpose, 
Thcrc must be air let into this shute by a tube entering 
at a. (See Art. 7 1,) Theso chutes arc for saving espensc 
where: the head is great, and should be much larger at thy 
uppw thnn ikt. the lower end, else there will be a loss of 
powx ‘l’hcy must be wry strong, otherwise they ~4 
lwst* The l perpmliculnr ones suit best where a race 
pnsws within 12 feet of the upper side of the mill. 

OPERATION. 

The sluice drmn frarn the pcnstock 10, puts the wheel 
11 in motisn- the crmk 15? u~ovcs the saw-gn tc, and smv 
!I, up i-ml down, end ns they rise they lift up the lever 
2, which pmhos forwnrrt the* hml-pdc 3, which mows 
the rqpvhecl 5, which gears in the cogs of the cnrringo 
4, mid cPr~~ws fbrwml the kg 16 to u-wet the saw, ~1s muc~h 
as is proper to cut at c’L stroke. Wheu it is within 3 
inches of being through the log, the clcct C, on the side 
of the carriage, nrrivcs at a trigger and lets it fly, and 
the sluice gntc shuts down ; the miller itistnntly draws 
water on the wheel 14, which runs the log gently back, 
&C, 
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DESCRIPTION OF A FWLLISG-MILL. 
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inches each side of the shaft, 12 inches wide: end 8 tlkk. 
There is a mortise through each. of them, 4 inclms wide, 
the length from shaft to tappet5 for ths ends of tllrc mol- 
let handles to pass through. 
of hard WBQ~, 12 inch 

The tappets w-b 4 pie 

in the hrm of half ci 
long, 5 wide and 4 thick, ma 
cs pinned to the ends of the 

arms. 
Fig. 274~1 overshot mater-wl3se1, 

otlrcr rI-lills, 





measuring from thr; outsides, set it by the ptc? and not 
by a plumb line, with the upper teeth about halFan inch 
farther forward than the lower ones:---this is to give the 
saw liberty to rise without cutting, and the log room to 
push fb4ViUd EZS it rises. Ititn,. the earrin c fbr\vard SC9 

thut the Eiw may strike the block-strike 
then run it back again its full lcxgth, and 
hind tl4c Si’LW’, set it to direct CWKtly t0 the mflFk. 
thlcr sikw in tEit> frame, mthcr the mC9st at th6 CXlgO, that. it 
may b6 sl:iKz3t thcrc. set it in motion, and hold n tool 
clos~3 to one sick of it, nnd obscrvc! whether it touch qid, 

tlnc wl~olc Icngtll ol’ tlm stroke-try if it bc s 
the tvop ol’ the h~~d~blo~k~~ CISC it will not RX& 
lilrg square. 

?f nlo?;hJ the Iqs to the six Qf t?ic scalltlil?g, (g.,. 
Rhlw (z sliding-block to slide in rz rabbct in front of 

h mill IlCnd-blOCli; fasten th6 log to this with a littlc 
clog on cnch sick, one cwl of which being round, is driven 
into n round llslu, in the front side of tllc sliding4hcl;, 



sstenrl with 8 A=J 
to be driven under this shoul 
NIatke a mtsrk on each block to ~1’1 
log is moved the key is driv 
th6 saw is best hold by a sli 
of tlrc! saw, pintbd like a go 
011 esch side of oh0 StlWr 

. 





Of building Dams on soft Foudations. 

The best method is to lay 3 sills across the stream, and 
frame cross sills into them up and down stream, setting 
the main mud sills or, round piles, and pile them with 2 
inch plank, well jointed, and driven closely t?gether, 
edge to edge, from one end to the other. Takmg one 
corner ofI’ the lower end of the plank will cause it to 
keep a c’&x joint at bottom, and by driving an iron dog 
in the mud-sill, and a wooden wc~gc to keep it close at 
the top end, it will bc held to its place when the tup 
strikes. ‘it is necessary to pile the outside cross sills 
also in some bottoms, and to have wings to run 10 or 12 
feet into the bank at each side; and the wing-posts 3 or 
3 fwt higher then the posts of the dam, where the water 
MIS wcr, planked to the tap N B snd filled with dirt to 
the plntc 0, 

Fig. 4 is a front view of the breast of t?lc tumbling 
dtUl1, 

Fig. 5 is it side view of the Game of the tumbling dnm, 
on its piling n b c d c, and f 
sills. 

g iii is 6116 end of the nrud~ 
l’h posts k, are framed into th6 main mud-sills 

with a hook ‘tenon, leaning down stream 6 inches in “I 
feet, supported by the braces 11, framed into the cross 1 
sills I: ; the cross*sills I to run 2% feet up and down strwma 
nnd to bc \vc!l plank 
plnnlccd to tho top, 

d QWX, and the brcnst=posts to be 
80~5 P9 fig. &) ml filled with dirt 

on 1.h ul-pr side, within 1 inehcs of the pMc 0, 
(SW Q, fig. 5) slnntiirg to cover the up-sErcnm ends of 
the sills 3 or 4 f&t clctip; It rqwcscnts the wnter. 

When the 1~~~1s arc high, it is best to plank the brwss 
for tl9e water to run down; but, if low, it ni~ly full per- 
pccdiculnrly on the sheeting. ” . 
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CIIAPTER XXIV. 

RULES FOR DlSCOVERING NEW IMPBOVELIIENTS; EXEMPLIFIED IN IW 

PROVING THE ART OF CLEANING AND HULLlh’G RICE, WARMING 

ROOMS, VENTING SMOKE BY CHIMNEYS, 8%” 

The true Path to hmtions. 

hx:sstTY is called the mother of invention, but, upon 
inquiry, we shnll find that Reason and Esperimcnt bring 
it forth ; for almost all inventions have resulted from such 
steps as the following :- 

1. To investigate the fundmnentnl principles of the 
theory, nnd process of the art, or mnnufacturc, wc wish 
to improvc. 

II, To consider what is th best plan, in theory, that 
can be deduced from, or founded on9 those principles, to 
produce the cBkct we desire. 

III. To inquire whether t,hc theory be already put in 
pmcticc to the best advantqe; and what are the imper- 
hxtious or dismivntitngcs of the common process, arnd 
what plans arc likely to succeed better. 

IV. To nx-h csperiments in practice, upon any plans 
ht thmw slxculntivc rcnsorrinp nwry suggest, or jc;ld to. 
Any inp-hus wtist, taking the foregoing atqm, will pro- 
lmbly be Id to iinprovenwnt on his own nrt: for we see!, 
11-y daily cslxxicncb, tllrnl. every art tnny bc imp-owl. 
It will, howovcr, bc in win to Mtempt improvcmcnts. 
unless the mind bc freed from prcjudiccs in hxaur of 
cst~blihx.l plans. 

EXAMPLE I. 

On t7tc Art uf c(ca~hg C&ah by Wird. 

I. Wlmt arc the principles on which the art is fomled ? 
\Vhcn bodies fit11 through resisting mediums, their vclo- 
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steam escape, when it has arrived at such a degree of 
heat as to require it, all danger of * explosion is avoided, 
and at1 boiling over prevented. 

EXAMI’LE III. 
The Art of ventiq Smoke from Roams i5y Chimneys. 

T. The principles are :-J-Teat, by rcpclting the pasti- 
clcs of air to a greater distance than when cold, renctcr,r 
it lighter than cold air, and it wilt rise a4ovc it, forming 
a current upward,, q with a velocity proportional to the 
degree of heat, and the size of the tube or funnel of tlrc 
chimney, through which it ascends, and wiLh a power 
proportional to its perpendicular height; which power 
t.o ascend will dwnys be equal to the diflt’crencc of the 
weight of a column of rarefied air of the size of the smalt- 
est part of the chimney, and a calumn Of cominon air of 
equd rsize. 

II, What is the best plan, in thcary, for venting 
smoke, that can be founded on these prirreiplcs? 

1st. The size Of the chimney must tx proportioned to 
the size and closeness of the room and to the fire; bc- 
cnuic, if the chimney be immensely large, and the fire 
wnnll, there wilt be little current upwards. And again, 
it‘ the fire bc large, and the chimney too smatl, the smoke 
cannot bc all vented by it: more air being necessary to 
supply the fire, than cfln firid vent up the chimney, it 
~~1r1~1: sprc’bd in the room again, which air, after passing 
tl~rough t.hc fire, is rcndcrctt dsteterious. 

zttI\~ The narrowest plncc in the chimney must ho 
nest t’hc fire, and in I Qont of it, so that the smoke would 
IKWC to pass under it to get into the room; the current 
will there bc grentcst,, and will draw up the srnokc 
briskly . 

:Mly. The chimney must bc perfectly tight, so as to 
admit, no air but at the bottom. 

III. The errors in chimrlcys in common prncticc, are, 
1st. In making them widest at bottom. 
Zcllv. Too large for tile size and ctoscncss of the room. 
3tllk Tn not building them high enough. so that the 

wind,‘wlkliirg over the tops of houses, blows dowl thwr. 
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4thly. By letting in air any where above the breast 
or opening, which destroys the current of it at the bot- 
tom. 

IV. The cures directed by the principles and theory, 
are, 

1st. If the chimney smoke on account of being too 
lar,ne for the size and closeness of the room, make the 
chimney less at the bottom-its size at the top may not 
Co much injury, but it will weaken the power of ascent, 
by giving the smoke time to cool before it leave the chim- 
ney ; the room may bs as tight, and the fire as small as 
you please, if the chimney be in proportion. 

idly. If it be small at the top and large at the bottom, 
there is no cure but to lessen it at the bottom. 

3dly. If it bc too small, ivhich is seldom the case, stop 
up the chimney and nsa a stove-it will be large enough 
to vent all the air that. can pass through a two inch hole, 
which is lnrgo enough to sustain the fire in a s%ove. 
Chimneys btiilt in accordance with these theories, I be- 
lieve, WC cvcry where found to answer the purpose. 
(See Franklin’s letters on smoky chimneys.) 

EXAMPLE IV. 

I. Consider in what way fire opcratcs. 
lst, The fire heats and rarefies the air in the room, 

whick gives us the sensation of heat or warmth, 
f2rlly. TIN warmest part of the air being lightest, rises 

to tlk uppermost part of the room, and will ascend 
through holes (if there be any) to the room above, making 
it warmer than the one in which the fire is. 

3dly. If the chimney be too open, the warm air will 
fly up it, leaving the room empty ; the cold air will then 
rush in at all crevices to supply its place, which keeps the 
rootn cold. 

IT. Consiclering these principles, what is the best plan 
in theory, for warming rooms? 

1st. We must contrive to apply the fire to spend all 
its heat, to warm the air which comes into the room. 
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2dly. The warm air must be retained in the room as 
long as possible. 

3dly. Make the fire in a lower room, conducting the 
heat through the floor into the upper one, and lcaving 
another hole for the cold air to descend to the lower 
1’001n. 

Sthly. Make the room so tight as to admit no more 
cold air, than can be warmed as it comes in. 

5thly. 13~ closing tlic chimney so as to let no warm air 
escape, but that which is absolutely neccssnry to sustrkirr 
the fire-a hole of two square inches will be suficient 
for a very lnrgc room, 

Gthly. The fire may be supplied by a current of air 
brought from without, not using any of the air already 
wnrnxxl. If this theory, which is founded on true princi- 
plcs and reason, bc coinpnrcd with common practice, the 
crror6 will iljl~K!~l; and lnny bc nvoidccl. 

1 1~1 a stow, constructtxl in accordance with thcac 
principles, and have found al! to answer according to 
l.h0rJ-. 

‘Jh.2 oncrntioi~ ant1 cffcct”s arc as follows; namclv:- 
1st. It’ npplics the fire to ~vc’w~~ the air as it cl&s ttlc! 

room, and admits a full and tiwh supply, rcndcring t.lw 
room modcrnkly warm throughout. 

2dlv. Jt cffcctunlly prewnt~ t11c cold air from prcssin,g 
in at ‘illc CllinliS or crwiccs, but causes a small currs’nt 
to p:1,ss 0ut\viml, 

Wy, It conwys tlrc colrlcst air out of the mm fief, 
collscc~ucntly, 

4tlll~y. It is a complctc ventilator, thwcby rcndcring 
tlac room lied thy. 

Wily. TIE fire may be supplied (in wry cold weather) 
by n current of air from without, tlint dots not communi- 
cate with the warm air in the room. 

sthly. Warm air may be retained in the room any 
length of time, at pleasure; circulating through the stove 
the! coldest entering first, to be warm4 over again. 

?‘thly. It will bnkc, roast, and boil cqunlly well wit*11 
the common ten plate stove, as it has a capacious ovebl. 

8tlily. In consequence of thcsc improvements, it r+ 
quircs not more than half the usual quantity of fuel. 
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jhxyiptio?a of the PhYosophical and V&~tiluh~ SLOW. 

It consists of three part,, c either cylindrical or square, 
the greatest surrounding the least. (See figm 1, Plate 
15;.) S F is a perspective vieJv thereof in a square form, 
supposed open at one side: the fire is put in at F, into 
the least part, which communicates with the space next 
the outside, where the smoke passes to the pipe 1-5. 
T11c n~icldlc part is about two inches less than the out- 
side part, leavin”g a large space between it, and above 
the inner part, for an oven in which the air is lvarmed, 
being brought in by a pipe I3 1) between the joists of the 
floor, from a hole in t.he wall at B, it rises under the stove 
at D, into the space surrounding the oven and the fire, 
which air is again surrounded by the smoke flue, giving 
the fire a full action to warm it, whence it ascends into the 
rooin by tile pipe 2. 
lhw the fire. 

13 brin4gs air from the pipe D B to 
FI is a view 01 the front end plate, showing 

the fire and oven doors. I is a view of thC bil,Cli end, the 
plate being off, the dark square shows the space for the 
fire, and the light pari: the air-spncc surrounding the kc, 
the dark outside space the smoke surrounding the air; 
thcsa: arc drawn on a lnrgcr acalc. The stove consists of 
iiftc:c'~~ [Jhtcs, twclvc of which join, by one end, against 
the front plate II. 

To apply this stove to the best advantage, suppose 
fig. 1, I’M.2 X., to rcprcsent a tllrcc or four story house, 
t.wc3 1’OOlllS 011 ,a iloor --set the stave 8 F in the i,nrtition 
Qn lllc lower lloor, Ilil.lf’il~ cncll room ; pass the SmSliC pipe 
l.hlY.Illgll dl bh statics ; kNill<t~ tllC IQOLU very CIoSC! ; ICt 119 
i1ir clltcr but what comes in by th(3 pipes .A I1 or G C 
tllrough the wall at A ant1 G, that it may bc the more 
pure, t~l pass through tlic stove and bc warmed. IM 
to convey it to any room, and take as much heat as pas- 
siblc wit11 it, there must be an air-pipe surrounding the 
snio1Ic pipe, with a v:llve t 1 open at every floor. Sup- 
pOSC w0 wish to warm the i*OOlllS 33. 3-G, wc opcll the 
wlvcs, :m.l the warn] air enters, ascends to the upper 
]mrt, tlcpresscs the cold air, and if wc open the holes a-c, 
it will dcsccnd tllc pipes, and enter lllc stove to bc 
warnicd again: this may bc done in very cold weather, 
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The higher the room above the stove, the more power- 
fully will the warm air ascend and expel the cold air. 
But if the room require to be ventilated, the air must be 
prevented from descending, by shutting the little gate 
2 or 5, and drawing I or 6, and getting it liberty to as- 
cend and escape at A or G-or up the chimney, letting 
it in close at the hearth. If the warm air be convevcd 
under the floor, as between 5-6, and let rise in s&&al 
places, with a valve at each, it will be extremely eonve- 
nient and pleasant; if above the floor, as at 4, several pcr- 
sons might set their feet on it to warm. The rooms lvill 
be moderately warm throughout-a person will not be 
sensible of the coldness of the weather. 

One large stove of this construction may be made to 
warm a whole house, ventilate the rooms at pleasure, 
bake bread, meat, kc. 

Thcso principles and improvcmcnts ought to be con- 
sidered and provided for in building. 

Arl tf Hullirg wad Chming Iiim 
Srsr 1. The principles on which this art may be 

founded, will appear, bv taking a handful of rough *rice, 
and rubbing it hard bctwcen the hands-the hulls will 
be broken of’& and, by continuing the operation, the 
sharp tcxturc of the o&siOc of fhc hull (which, through 
a magnifying glass, nppcars lilcc a sharp, line No, and 
no doubt, is designed lay nature for tlic purp0sc) will 
cut off the insitlc hull, and the CM’ being blown out, \vill 
leave the rice perfectly clcnn, without breaking any of . 
the grni us. 

II. What is the best plan in theorv, for effecting this? 
(See the plan proposed, rcprcacntcd ‘in Plate X., fig. 2 ; 
esplained Art. 103.) 
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EXAMPLE VI. 

STEP I. T~Q principle on which ships float, is the 
difference of their specific gravities from that of tha? w- 
ter-sinking only to displace a quantity of tv3ter equal 
in weight to that of the ship and its lading; they sink 
deeper, thcrcfsre, in fwsh than in salt water. If IW can 
calcul;~te the weight of tk cubic feet of water n ship dis- 
places when empty, it will show her mcight, and sub- 
tracting that fkom what she displaces when laded, slr9ws 
the wc$$t of her low1 ; each cubic foot of fresh water 
meighmg 62,s lbs. If an empty rum hag~hcnd weigh 
62,a lbs, and measure 15 cubic feet, it will rcquirc 
lbs, to sink it. A vcssd of iron, containing air only, nnd 
so 1nrg0 M to mdw its whole bulk lightw than SO rnr~ch 
wntcr, will float, but if it bc fillsd wid1 w;Iter, it will sink+ 

Hcncc, wc may conclude, that a. ship lodxl with nny 
thing thra1: will flsnt, will not sink if filled with w&G; 
but if lodcd with any thing spccificnlly lwavicr than wa- 
ter, it will sink 3s soon w3 filled. 

II. This appears to bc the true tbcory:-How is it to 
1x2 applic;l, in cwc a ship spring a leak, that gains on the 
pu m 11s ? 

III. The mnrincr who undwstmds well the d~ave prin- 
ciplcs and thcorg will bc Id to the followinp steps: 

1st. ‘So cast ovcrbawd such things ils will not ilsnt, 
and cnrcfidly to rcservc cvcry thing that will float, for 
ly hm t~hc ship may aE last bc buoyctl up. 
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4-‘~he large pit spw .I . e !, * Gng at equal distnnccs 
on ita periphery, the ~wri ii. *, 

5, 5, 5, 5-atta.chcd to the.:: :~)4idles of the mi\l-stones, 
7, 7, 7, %-Mill-stones 5 feet diameter, rcprescntd by 

clotted circles, 

An cnlnrgetl view of the couplings of the upright shaft. 
Thy nro of’ wst iron, with their holegs truly rew~cd, 
to rccoiva tha ends Of tiio iron upright d~nfts. 

3-The fats of a coupling, divided into 6 equd pnrts, 
radinting from the ccntr6: three of the parta project, 
and three arc depressed, so that when two of thn m-63 
caupld, ths projjcctisns of on6 will fill tlw depressions 
in the other, as 1, the coupling connected. 
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screened, falls into the fan 8, is there cleaned, and from 
that descends into a very large hopper, over the centre of 
the four pairs of mill-stones, which are supplied regularly 
with grain. After being ground, the meal descends into 
a chest, is taken by the elevator 15, to the top of the 
building, there deposited under the hopper-boy, which 
spreads, cools, and collects it to the bolting reels, where 
t,he scvernl qualities arc separated, and the four descends 
into the piICkil9g room 17, where it is packed in barrels. 

By this arrangement, we dispense with all conveyers, 
and hnvc only one grain, and one flour clcvator, to attend 
two pairs of stones ; we also dispcnsc with one-half the 
quantity of gearing usually put into mills, and conse- 
quently, occupy much less space, Icaving tlic rest of the 
building for stowing grain, kc. 

All the wheels in this mill are of cast iron, and the fact 
of the cogs very deep ; for espericncc juetifics the asser- 
tion that tlcpth of fircc in cog-whc&, 1daf21~ properly con- 
structed, does not increase friction ; and that the wheels 
will last trcblc the timeF by a small incrcasc of depth: we 
~cxon9n9ml the main driving wlrccls to be 10 inches on 
the hx. The journa,ls of all shait~, when great pressure 
is n~pplictl, ~l~ou’ld be of double the length INW generally 
usctl ; incrcax of length dots not incrcasc frktion ; sag 
!br wa.tcr-\I lxxls, journals of from 8 to 14 inc’hcs. 

6i\I)~~~r\I_IT,aDl~I~ E\~Aw9, 
01mEIt wAxs. ’ 

.I ~IIIC 1 A> 1 b%. 
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WATER-WHEELS. 

On tlls Constructiort of Water- Wheels, and tJdc method of 

The following article is from the pen of a practical en- 
nineer of experience and talents ; his observations are, in 
general, in perfect accordance with those of the editor. 
irphe priticiples which he advocates are undoubtedly car- 
rect, and it is hoped that their publication in this work 
will induce some of our most intelligent mill-wrights to 
forsake the beaten track, and to practise the modes re- 
sommcnded. Let them recollect that Mr. Parkin was 
not a mere theorist, but a practical man, like themsclvcs. 
The death of tlris,gentlclnan has deprived society of the 
service of one of Its members, from whose liberality, cs- 
pcricnce, and skill, much was expected. 

[FROM THE FRtlNKLIN JOWRNAG.] 

En constructing water-wheels, especially those of g-cat 
power, the introduction of iron ia a moat esscutial in-10 
provcmcnt, and if this metal, and artisans slG~1 in work- 
ing it, could 1~ obtained at reasonable r&s, water-wheels 
IIIigllt k! IWMlC h3llJF Of it, nlld WWM ]NOV(?, ~lltitW~tr?l~, 
the! c11cnpcst; f’or if manngcd with clue c:l c, and worliccl 
with purd’ (not salt) water, they would last for ccnturic~: 
but, as the first cost would be an objection, I would rc- 
commend, in all very large wheels, that the axiS be mad42 
of cast-iron ; and, in or&r to obtain the grc:W2& strsugth 
with the least weight, the axis or shaft ought to be &St 

hollow, and in the hexagon or octagon form, with a strong 
iron flnnch, to fix each set of arms, and the cog-whc?cl, 
upon ; these flanchcs t0 IIC firmly tixccl in their )jliICC!S with 

steel keys, 
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vantngeously worked with the undershot wheel ; falls of 
10 feet and upwards, by the bucket or breast-wheel, 
which, up to 20 or 25 feet, ought to be made about one-sixth 
higher th;m the fall of water by which it has to be worked ; 
and in wheels of both descriptions, the water ought to 
flow on the wheel from the surface of the dam. I am 
aware that this principle is at direct variance with the 
established practice, and perhaps there are few wheels in 
the States tha,t can be worked, as they are novv fixed, 
by thus applying the water ; the reasons will be apparent 
from what follows. 

In adjusting the proportions of the internal wheels by 
which machinery is propelled, it is necessary, in order 
to obtain the greatest power, to limit the speed of the 
skirt of the water-wheel, so that it shall not be more than 
from 4 to 5 feet per second ; it having been ascertained, 
by accurate esperiments, that the greatest obtainable 
force of water, is within these limits. As a fnlling body, 
water descends at the speed of about 16 feet in the first 
second, and it will appear evident that if a tvntcr-wheel 
is required to be so driven, that the water with which 
it is loaded has to descend 10, 11, or 1% feet per second, 
at which rate wheels arc generally constructed to work, 
a very large proportion of the power is lost, ora rather, is 
spent, in destroying, by unnecessary friction, the wheel 
upon which it is flowing. 

Fn the common way of constructing mill work, and of 
applying water to wl~Ccls, it has been l’ound intliqxnsn- 
bly IlCCCSS~ry to hilW i1 1MXu~ Of from 2 to 4 fi,\Ct aboW 
tt;e tqxxtwC through which the water flows into the 
hcIwld3, or ngninst the iloats at’ Q wntcr-whcc), in order 
1.0 ho itblC to load t.llc wheel instantancoualy, without 
which prccnution, it could not bc driven at the required 
Yf’“C’I ; from t.!!is circumstance it has bccncrroncousiv in- 
f‘errctl, tht t,llc impulse or SIIOCIC which tt Iv;1 tf+&d, 
so filled rc’ccivcs, is greater than the power to bc. derived 
fiorn the actunl qrnvity of the water i11011C. This th3ry 
1 \InvC IlC!illYl n3mhncri mwug pact,ical tllCll; but it i3, 
in Ihcf, only wsorting to one crrur to rcctily another. 
Ovwshot ~vlW?ls IMvc bccu ~rlC+31, in T1u~16~0US CilSW9 
rnercly for the purpose of getting l,he water more rcndi- 
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ly into the buckets; but confine the wheel to the proper 
working speed, and that difficulty will not esist. 

In consequence of the escessive speed at which wa- 
ter-wheels are generally driven, a small accumulation of 
back water either suspends or materially retards their 
operations; 
resistance 

but, by properly confining their speed, the 
from back water is considerably diminished, 

and only amounts to about the same thing as working 
from a dam as many inches lower as the wheel is im- 
n~erscd ; and in undershot wtrecls worked from a low lwd, 
or sitiiatcd in the tide-way, t!lc rcsistancc from back wa- 
ter may be farther olwiatcd by placing the floats not cs- 
actlg in a lint from the ccntre of the wbec!, but deviating 
6 or 8 inchcg from it, so as to favour the water in tear Lrg 
t!lc ascending float. 
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as one much shallower, and consequently less expensive, 
will be sufficient. 

4. The resistance of back water is reduced as far as 
possible. 

5. The risk of fire is less, as the fiictio,l is reduced. 

September 21tA, 18%. 

That water, whenever the fall is su&ient, ought always 
to be applied upon the principle of its actuai gravity, r4p 
i)ears to be a conclusion so obvious, that it is astonishing 
it sl~~hl cvcr be disputed. The acknowledged direr- 
6t1ce bctwccn the efK2ct of overshot and undershot wheels, 
is an cvitlcnce of the truth of the principle. The who10 
moving power of water is derived front its gravity: it is 
this which Ci’1USBS it to fhll, zknd nlthougb in ffilkng from 
a given height it ncquircs vt?lscity, its gravitating force 
WW1ilH th same, and all th6 CfkCt which this INight 
hnvc ~~rodr~crl, has been cq~cnded q’on itso& and not 
in moving nny other body. The force ‘with which water 
strikes, after it has f4lcn from any hcigbt, is cnlculated 
to dccc’ivc those who are not well grounded in the prin- 
ciples Of Il~dSWstirtiCS; but it is admitted, both by Mr. 
khws ilntl Mr. Ellicatt, that the cf%xt upon overshot 
wl~2cls is hinishxl by incrensing the henal, nnd t,hc rcflxm 
~VCII for Icnvin,r the head so great c?s they prescribs, is t-l 
the ncccssity of filling the buckets with suficient rapi- 
clity ; this ncccssity, however, is created by giving too 
much velocity to the wheel. 

Xt has been stated bv Mr. Evans, and is generally be- 
licwxi by mill-wrights, ihat it is necessary to give a much 
grentf:r velocity to wheels, than that which is recom- 
xrwuhxl by Smcaton and others, in order to cause the 
mill to run st,cadily, and prcveut its being suddculy 
chcckctl by an incrcmxl resistance. This is saying that 
tlw MYmx-\vI1CCl ought to be uadc to apcrnte as a fly- 
wheel, which it will uat do if it,s motion bc slow. The 
objection to this is twofold, By giving to the skirt of 
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the wheel a motion much exceeding 4 or 5 feet per se- 
cond, its power is considerably reduced below the masi- 
mum, and this loss of power is perpetual; wasting a con- 
siderable portion of water, to convert the water-wheel 
into a fly-wheel, which water might be employed in 
giving greater power to the mill. 
ilatrwe of the work which it ha 

When a mill, from the 
to perform, requires the 

action of a fly-wheel, the situation of the water-wheel is 
often the worst that could be devised for this purpose, 
especially where tbcre is any ~on~i~lcrable gx~rirlg in the 
mill, A fly-wheel. does not add actual power, but it 
serves to collect po\iler, where the rcG&mce is unequal; 
:wd in order to its producing this effect most perfectly, 
it ought to be placed as near as possible to the working 
part of the inachincrv. In grist mills there is no ncccs- 
shy for a fly-wheel; Che st.oi-Gcs p2rk.m~ t.his oflice in the 
most effectual mwmer, and the same rwwtrk is npplicn- 
hlc to wcry kind of’ mill without a crank, and in which 
the resistance is equal, or nearly so, during the whole 
time af its action. 
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of reference, an article on water-wheels, published in this 
Journal, (Vol. 1. p. 103,) which being the production of 
a practical engineer, and having passed the inspection of 
a scientific committee, may be considered as corroborating 
my commencing observations. In the third paragraph of 
that article is the following sentence: ‘ As a falhng body, 
water descends at the SJNZ~ of nearly 16 feet in the first 
second, and it will appear evident, that if a water-wheel 
is rcquir?xl to be so driven, that the water with which it 
is loaded has to descend 10,11, or I.2 feet per second, at 
which rates wheels are geuerally constructed to work, 
that a my lurgc prtymr&ion of the power is lost.” 

‘6 Here, in the first place, we find S~MXZ, or ~sloci~~~, con- 
founded with the dishmx f&Hen in the first second; 
whcrcas, the latter is 16 feet, and the former is accelc- 
rittbd, from m3tl~ing, at the commencement, to 32 feet per 
second, at tlrc cnrl of the first second; so that this part of 
the senfcnc~ conveys, strictly, no intelligible menning; it 
is, ncvcrthclcss, made a standard, by a comparison be= 
t+wca~ wlkh, and any given velocity of a water whed, 
we are to inkx ths loss of power sustaiucd through es= 
cess of slxxxl ; lhus, iu the ease of a wheel whose velocity 
is 10 or 13 lixt per second, comparing these numbers 
with the! mystcrised number 16, the writer concludes, 
6 that n very large proportion of the powc~ k lost.’ The 
hcigllE of tlm fall which indicates the vv%dn’Lc amount of 
the power, is not nmtiancd, hut surely, to estinmt,e the 
~wo~MG.N~ 4ctwecn a defined part, and undefined whole, 
is impossi4lc. 

tj+ $ 3 46 

4; I have made a calculation of the distances and velo- 
cities zWkd by falling badics, in various fract.ionab 
parts of a second, which is here introduced for the infor- 
mation of tlmsc practical and theoretical cnginccrs who 
have woiclcd the lnbour of doing it for themselves. 

cb I lrnvc l~~~ccdcd on the following cstabMcd data, 
naIllC1y : 

3 Ilc~y 4odic!3 fkll through a distance of 16 feet, in 
the first s’ccond ; at the end of which they have acquired 
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a velocity of 32 feet per second.-The velocity increases 
aer the times .-The 
of the times. 

distance increases as the square 
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necessary to ascertain what distance the water must de- 
scend to acquire that velocity. Then this distance, com- 
pared with the whole fIall, answ& the question. Thus: 
suppose the whole fall to be ‘10 feet, and the velocity of 
the wheel 4: feet per seco44d ; this velocity is dr4e to a Ml 
of 3 inches, or one-fortieth part of the whole LX!, which 
is the proportion sought. Of, suppose the vcbcity to be 
13 feet per second, which IS due to a fa!P of 2 feet 7: 
inches, then the loss is rather more tt4an one-fourth df 
the whole fall of 10 feet. But it must bc cspccinlly 
noted, that these estimates embrace tlac supposition, that 
t,hlc water issues upon the wheel in the direction of the 
motion of its skirt, and precisely at that distance below 
the surface of the dam, which answers to the velocity of 
the wheel, Inattention to this particular, is r9. wry im- 
portant and frequent cause of lass. 14, W" 

With respect to the actual advantage of giving to over- 
ahot wl4cck1 a 4nstiom much less rap4d t-hen t,hnt 44sunlly 
given, the following example will probably l4avc 4wro 
cfkct on the 4xGnd of the nwxe practical mbrl~4nan, than 
any roasc%ning that could be oflcrcd : and, in fact, reason- 
ing would bc of little value, were it not supported by 
practical results. 

The su4joincd account is from the Technical Rcposi- 
tory, n w&k pu4lishcd in London:- 
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The trial, however, proved, that in driving the nail ma- 
chinery, which had escaped the fire that destroyed the 
water-wheel, the new whml rer/uired twice the pmrztity of 
wcrtcr to work it which nctzsated the former one, aad only 
did the sil-rrne work. 

‘4 Mr, Man Waring has also had an opportunity of vcri- 
fjritig, in this country, the advantages of a construction 
sitniinr to Mr. Perkins’s, in a cast-iron back-shut water- 
wheel of the same diameter as his, (namely, thirty feet,) 
and which also has a ring of teeth around it, driving a 
@$m of three feet in diameter, posited of the same 
of the wheel as Mr. Perkins%, but not quite so high, it 
being a little above the centre of the wheel, and the teeth 
of the wheel and pinion arc always kept wet. This wheel 
is employed in grinding flour, at a corn-mill in Sussex, 
and drives six pairs of stones, besides the other necessary 
macihxj~, it moving at the rate of about tllrcc feet per 
sccsntl; illId so great satisfixtian has it given, that Mr. 
Miluwariug is now const~ructing another ~vabter=whe~I 
upan tllc Siltlle plan, and fbr the same prspricjor; only 
tllilt it b-ill be wider, tzlld is cnlculnted to daivs eight 
pnirs of stones. 



shots: Mr. Ellicott thinks 6b an overshot Ivith qua1 
head and hll, is fully equal in power,” and has dismissed 
them i tl a very few lvords. The reason of this is evident; 
the hcnd, which they thought to be 3xxcswary, was not 
so easily managed \vith the pitch-back, as with the ovcr- 
shot; but when it is admitted, that the water shouid be 
delivered at the surface of the dam, that the velocity of 
the wheel should not exceed 4 or 5 feet per second, and 
that its capacity far containiug water ~hauld be iucreased, 
the difficulty vanishes altogether. The water, when 
emptied from the buckets) has its impulse in the right 
direction to carry it dolvn Jlc tail-race; and in case of 
back wajxr, the greater Facility with which it will move 
is undeniable. 

With respect to undershot wheels, Mr. Evans con- 
cludes that they ought to move with n velocity nearly 
equal to Wo-tl~irds af that of the water9 and Mr. Ellicott 
estimates the vcloeity at quite %\va-thirda. le ~suld lx3 
snying but little to a23scrt that this did not ngrcs \vith 
thcorj ; hit it does no% a,ccord Gth 11~ opinions af many 
intclligcnt and cspcrknecd mill-~vrightfa. Jt WAS ns- 
scrtcd, upcm thcary, t,llilt %he po\vcr of an unclcrshot 
wl~~,4 wauld bc at a maximum9 a~l~c~i the vcloci%y sf ths 
floats of the ~hcel \c’as equal %a one-third of t.1142 velocity 
of the nyatcr; practice, bvcvcr, did not confirm tha 
truth of this tl-reory ; and &x-da has shown that the con- 
clusion was tlacarct,icnlly incarrect, applying anly to the 
wplmsitim thnC the \vatc;?r irnpczllctl n singlrr. float-board ; 
hut thnt ii] 6116 action upon n nunrbcr of fbnt-lxinrrla, w 
in a mill-wliccl, t.,lie velocity of the ~vhe61 jvill be orrc-lraJ/’ 
the velocity of Cl16 \vatcr, when t.he cfkct is a maximum. 
The demonstrutian of this may be seen under the article 
I Jytlradynnmics, in the Edinburgh Encyclopedia. TICS 
ws fully confirmed by the cspcrm~cnts of Smcaton, who, 
in spC”king upon tl3cn-3, observes, that 6c in all the ca\FCs 
in which mast lvorli is performed in proportion to the 
water espcndcd, and which approach the ncarcst to the 
circuuistnnces of grcnt: Fvorl* 1 \h, wlwn properly csccutcd, 
the masiiilrui~ lies mrrc91 ncarcr to one-halt; than ~~+i~~irvJ, 
one-ha.lf swniing %0 bc the true uxmiuwni.~9 
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The succeeding observations are extracted from u Prac- 
tical Essays on Mill-work and Fther Machinery, by 
Robertson Buchanan? Cast iron 1s very generally em- 
ployed in England, not only for the wheel-work of mills, 
but, also, for’ many parts of the framing ; the same prac- 
tice obtains in those parts of our own country where 
castings can be procured with facility, aylci will gain 
ground as its real value becomes known. Of course, the 
following extracts apply, in many instances, to the use of 
this material ; but it will be found that the principles 
upon which they are foundctl, will in general apply to 
wood as well as to iron. 

Ib Having trcatcd of the forms of the tebth of whccIs, P 
cow2 now to consider their praportionnl strcn@h, with 
relation to the resist.ancc they have to ovbrcomc?. 

“ And it is too cvidcnt to require pro”f, that it is csscn- 
Gal to the bcnuty ant1 utility of any mwhinc, fhat the 
strength tl.ld bulk of its acvcrnl parts be drily propor- 
tioncd to the stress, or war, to which the parts may bc 
subject. 

c; Sow2 gcncrnl obscrvntions on the wheel-work of 
nrill5? wilh 
subjtx t, 

scrvc greatly tG simplil:)r our inquiries on the 
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head of four feet, the area of the? orifice should never be 
permitted to fall short of three times the number of square 
inches which can be delivered by all the openings of the 
floats, The penstock, or gate-way, should also be suBi- 
ciently large to admit freely the same proportionate quan- 
tity of water through every part of its section ; say about 
three times the area of the orifices of the cistern heads 
and wheels, 

“For a greater head these openings must be pro or- 
tionally increased, or the whole intention will be de eat- 1p 
ed, as it has been from want of attention to this principle 
that numerous failures have occurred in the attempt ts 
drive mills by reaction wheels, Whenever it is practicn- 
ble, the limit which has been given should be: exceeded, 
but never can be diminished without loss. 

~%st,cad of using a trunk or penstock, smaller than 
the horizontal section of the cistern IB, extend the rsidcs, 
front and back of said ci tern, upwarda in one continued 
line, whcnevcr the same can be done; ths ci 
pcnstoclr then form one trunk, af equal scctio 
out. 

4c When greator power is rcquisitc, place stbr rcnct- 
ing whccPs, or pairs of whcells, upon the sz~mo shaft, so 
that cczch may operate in the Eurnc way. 

“ Fin. 3 represents one of tha rcnctina 
whccl~ placed upon a vertical ahaft, 
with ths cistern by which it is sup 
plied with water j to this is also tattsK4Nx~ 
whnt is dcfiorninntcd IAc* &J$~cw., which is 
intcndcd to reliovo the lower gudgcon 
and step from ths prcssurc of the column 
of wntcr, nnd nlso, when dcsircd, the 
w+-$t of the wheel, and whatever is at- 
tached tllcrcto. Tha whole being shown in a vertical set- 
tion through the axis of the wheel. 

%I A is the cistern of water, the construction of which. 
with its pcnstock, may be seen at I3 A, fig. 4, 

4L D the wl~ccI, the flnnch on it.23 u 3pcr &lcn passing 
within the 4go of that on the lower p n.ts st’ the ci3tertr. 1 

46 L 1, the li$ler for relieving the gudgson aaId step 01’ 
the shaft and wheel from the downward pressure3 
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so that the buckets are adjustable, that 
tures to be enlarged or diminished, ac 
tity of water, employed, or of m 
There are in fact, not fewer, we 
ten patents for different modifica 
from the interest which it ha 
siderod ars in a fair way to ha 
tested, 
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Radius-Half the diameter of a circle. 
Right &&+-a line square, or perpendicular to another. 
~S~lzturcrl-Multiplied into itself; 2 squared is 4. 
7%coly-Speculative plan existing only in the mind. 
%ngent-A line perpendicular to, or square with, a radius, and touch- 

ing 11~3 periphery of 8 circle. 
T/~eoresn-Position laid down as an aeknowlcdgcd truth. A rule. 
Ireloci&-Swiftness of motion. 
Krlucd or cJ2ctiuc &mat plf water-+%x Article 61.) 

SCALE IX0M WHICH TPIE FPGWRES ARE DRAWN IN 
THE PLATE FROM II. ‘I’0 XI. 

THE ESD. 



I) <’ J) II J (’ 

.\ 



a. 

f 

1 



a. 

f 

1 



E 
L 

E 
--- - -__- 













--- 

-- 





II -- I ,*’ 

,’ . 

; -.-- 

.a 

.,. _. 

i 
i 



--__ I-.-- 

-- 



Plate XXI . 

1 



I- 
i 
-- 



I 

I 



Plate XXLV 

l-----r--- 

-- 







. . . 

c- .- 

. 

..--,, 



h 

i 

i 
4 i t. ‘q 



OLOGY AND SOCIETY 

An Arno Press Collection 

Ardrey, R lobert 1 L. American Agricultural Implements. In two 
parts. 1894 

Arnold, Horace Lucien and Fay Leone Faurotc. Ford Methods and 
the Ford Shops. 19 15 

Baron, Stanley J Wade I. Brewed in America: A History of Beer 
and Ale in the United States. 1962 

Bathe, Greville and Dorothy. Oliver Evans: A Chronicle of Early 
American Engineering. 1935 

Bendure, Zelma and Gladys Pfeiffer. America’s Fabrics: Origin and 
History, Manufacture, Characteristics and Uses. 1946 

Bichowsky, F. Russell. Industrial Research. 1942 

Bigelow, Jacob. The Useful Arts: Considered in Connexion with 
the Applications of Science. 1840. Two volumes in one 

Birkmire, William H. Skeleton Construction in Buildings. 1894 

Boyd, T [ homas ] A 1 lvin] . Professional Amateur: The Biography of 
Charles Franklin Kettering. 1957 

Bright, Arthur A [ aron], Jr. The Electric-Lamp Industry: 
Technological Change and Economic Development from 1800 
to 1947. 1949 

Bruce, Alfred and Harold Sandbank. The History of Prefabrication. 
1943 

Carr, Charles C [ arl] . Alcoa, An American Enterprise. 1952 

Cooley, Mortimer E. Scientific Blacksmith. 1947 

Davis, Charles Thomas. The Manufacture of Paper. 1886 



Deane, Samuel. The New-England Farmer, or Georgica! Dictionary. 
1822 

Dyer, Henry. The Evolution of Industry. 1895 

Epstein, Ralph C. The Automobile Industry: Its Economic and 
Commercial Development. 1928 

Ericsson, Henry. Sixty Years a Builder: The Autobiography of 
Henry Ericsson. 1942 

Evans, Oliver. The Young Mill-Wright and Miller’s Guide. 1 SSO 

Ewbank, Thomas. A IDescriptive and riiistotical AccounO of Hydraulic 
aud Other Machines for Raising Water, Ancient and Modern. 1842 

Field, Henry M. The Story of the Atlantic Tel~ph. 1893 

Fleming, A. P. M. Industrial Research in the United States of 
America. 19 17 

Van Geldcr, Arthur Pine and Hugo !khlatter. History of the 
Explosives Industry in America. 1927 

Hall, Courtney Robert. History of American tndustrial Science. 1954 

Hungerford, Edward. The Story of Public 

Hungerford, Edward. The Story of the Baltimore and Ohio ihoad, 
1827-1927. 1928 

Husband, Joseph. The Story of the Pullman Car. 19 17 

Ingels, Margaret. Willis Haviland Carrier, Father of Air Conditioning. 
1952 

Kingsbury, J 1 ohn 1 E. The Telephone and Telephone Exchanges: 
Their invention and Devclopmcnt, 19 ! 5 

Lnbatut, Jean and Wheaton J. Lane, eds. Highways in Our National 
Life: A Symposium. 1950 

Lnthrop, William GI Albert). The Brass Industry in the United 
States. 1926 

Lesley, Robert W., John B. Lober and George S. Bartlett. Wstory 

of the Portland Cement Industry in the United St&s. II 924 

Marcosson, Isaac F. Wherever Men Trade: The Romance of the 
Cash Register. 1945 

Miles, Henry A 1 dolphus 1. Lowell, As It Was, and As, It Is. 1845 

Morison, George S. The New Epoch: As Developed by the 
Manufacture of Power. 1903 



Olmsted, Denison. Memoir of Eli Whitney, Esq. 1846 

Passer, Harold C. Thix Electrical Manufacturers, 1875-1900. 1953 

Prescott, George B [ artlett ] . Beli’s Electric Speaking Telephone. 1884 

Prout, Henry 6. A Life of George Westinghouse. 192 1 

Randall, Frank A. History of the Development of Building 
Construction in Chicago. 1949 

Riley, John J. A History of the American Soft Drink Industry: 
Bottled Carbonated Beverages, I 807- 1957. 1958 

Salem, F 1 rederick 1 W 1 illiam I. Beer, Its History and Its Economic 
Value as a National Beverage. 1880 

Smith, Edgar F. Chemistry in America. 19 14 

Steinman, D 1 avid 1 B I arnard I. The Builders of the Bridge: The 
Story of John Roebling and His Son. !950 

Taylor, F I rank I Sherwood. A History of Industrial Chemistry. 1957 

Technological Trends and National Policy, Including the Social 
Implications of New Inventions. Report of the Subcommittee on 
Technology to the National Resources Committee. 1937 

Thompson, John S. istory of Composing Machines. 1904 

Thompson, Robert Luther. Wiring a Continent: The History of the 
Telegraph Industry in the United States, 1832- 1866. 1947 

Tilley, Nannie May. The Bright-Tobacco Industry, 1860-1929. 1948 

Tooker, Elva. Nathan Trotter: Philadelphia Merchant, 1787-l 853. 
1955 

Turck, J. A. V. Origin of Moderu Calculating Mach’mes. 1921 

Tyler, David Budlong. Steam Conquers the Atlantic. 1939 

Wheeler, Gervase. omes for the People, In Suburb and Country. 
1855 







requirements wary from state to state. Many 

microhydropower projects are e4'omot from this 

their sm&l? size. Contact the sir.Le Departqe 

equivalent agency in your state (listed in Ap 

need a permit and to start the permitting pro 

A related safety requirement is that of 

requires that appropriate restraints be made 

flood plain. This is mandated by Federal le< 

Program for Flood Plain Management, P.L. 90-4 

this program is handled at the Federal level 

Management Agency. Some states have old mill 

regulations governing the control of floodin< 

impoundments. At present, most states have 1 

flood control districts that prescribe the sl 

must be met in the flood plain. To obtain ac 

information, contact the local planning and : 

Department of Water Resources (listed In Appl 

office.of the U.S. Army Carps of Engineers (' 

Federal Emergency Management Agency. Each o 

jurisdictional concern. 

Another often obscure safety requiremen 

for the use of explosive materials during co 

regulated by the Public Safety Divicicn of a 

8.2.5 State Environmental Considerations 

Environmental considerations involve th 

e Water quality and pzlll;tion contra 

0 Fish and wildljfe 

I General er\ ;B-x32ntal impact. 

i 8-17 



requirements vary from state to state. Many 

microhydropower projects are eremot from this 

their sm&ll size. Contact the sik'ie Departme 

equivalent agency in your state (listed in Ap 

need a permit and to start the permitting pro 

A related safety requirement Is that of 

requires that appropriate restraints be made 

flood plain. This is mandated by Federal let 

Program for Flood Plain Management, P.L. 90-4 

this program is handled at the Federal level 

Management Agency. Some states have old mill 

regulations governing the control of floodins 

impoundments. At present, most states have 1 

flood control districts that prescribe the sl 

must be met in the flood plain. To obtain ac 

information, contact the local planning and : 

Department of Water Resources (listed in Appl 

office.of the U.S. Army Carps of Engineers (' 

Federal Emergency Management Agency. Each 0' 

jurisdictional concern. 

Another often obscure safety requirepen 

for the use of explosive materials duFiRg co 

regulated by the Public Safety Divisicn of a 

8.2.5 State Environmental Considerations 

Environmental considerations involve th 

(I Water quality and r>llr;tion contra 

0 Fish and wildl'fe 

I General r?r\ ; *-z3wta 1 impact . 

8-17 



requirements vary from state to state. Many 

microhydropower projects are e.yclmot from this 

their smiill size. Contact the si.!&Lt! Departme 

equivaient agency in your state (iisted in Ap 

need a permit and to start the permitting pro 

A related safety requirement is that of 

requires that appropriate restraints be made 

flood plain. This is mandated by Federal leg 

Program for Flood Plain Management, P.L. 90-4 

this program is handled at the Federal level 

Management Agency. Some states have old mill 

regulations governing the control of f 

impoundments. At present, most states 

flood control districts that prescribe 

must be met in the flaod plain. To ob 

oodi ns 

have f 

the st 

ain ac 

information, contact the local planning and i 

Department of Water Resources (listed in Appt 

offiee.of the U.S. Army Corps of 

Federal Emergency Management Agency. Each o* 

jurisdictional concern. 

Another often obscure safety requiremen, 

for the use of explosive materials during COI 

regulated by the Public Safety Oivisicn of a 

8.2.5 State Environmental Considerations 

Environmental consideratiars involve th 

@ Water quality and rJlll;tion COntrO 

@ Fish and wildlife 

e General er\ ‘9m2?:ental impact. 

8-17 


