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PHILOSOPHICAL
TRANSACTIONS.

1. The greateft Effet of Engines with uni-
Sformly accelerated Motions confidered. By
Francis Blake, Efg; F.R.S. *

Read June 24, T H E writers, I have met with,

1756 upon the maximum of Engines,

or the greateft effect pofiible in

any given time, have fuppofed the working parts of
the machine to retain their direction, and be uni-
formly moved by the force of a current. ‘They
have therefore confidered only the cafe of an uniform
Rotation, as in the action of grinding; where the
impediments and impulfes being brought to a ba-
lance, the impulfes are but fufficient to prevent a
decay in the generated motion. And, upon that
view of the Problem, the load of an Engine, when

* The diftance of time betwixt the reading of this paper, and
its now appearicg in the Tranfations, was owing to the abfence
of the author, and his defire to reconfider it before it went to
the prefs. : ‘
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the effe€t is a maximum, and the force a current,
is determined by computation to be four ninths of
the weight which would caufe the Engine to reft.
This, then, being fuited only to an uniform velocity
both in the lever and obftacle, I would confider the
cafe of an uniformly accelerated one in repeated vi-
brations, 'The maximum which correfponds to it is
adapted to the fteam-engine, and of no lefs import-
ance to be determined than the other. And, no
doubt, thefe fpeculative inquiries into mechanical fub-
jecs, were they even barely confidered as our guides
in experiment, may appear to deferve the attention
of the Society. But indeed, and I ingenuoufly con-
fefs it, an opportunity to make fome remarks upon
what I formerly laid before you, concerning the
proportion of the cylinders, was a further induce-
ment to the prefent refearch.

A general expreflion for the time of a ftroke in
fuch vibratory Engines, will lead us without trouble
to a computation of their effects.

A a C 6 D

m A n
Let AD be a lever, whofe Brachia are 4 and 4,
and {uppofed without weight. Let 7 be a Power,
and 7 a weight. Then a:b4::2: %’-’, the balance

bn . .
for nat A, and m — 7" is the effe@ive force at A,

which multiplied by the lever @ gives ma — 24 for
the efficacioufnefs of that force in the angular ve-
locity of the Power and weight. Now, by the prin-
ciples of Mechanics, the Inertia of any bodies re-

volving
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volving about a Center is as the quantities of matter
into the fquares of the Brachia; and in the prefent
cafe, therefore, the whole Inertia of m and 7 is as
ma* 4 nb*. Hence then, and becaufe the velocity
generated in a given particle of time is as the Force
ma — nb

ma b »
the accelerating force, or the meafure of the angular
velocity of the Power and weight at the end of the
faid given particle of time. And I ufe the angular
velocity, becaufe the arbitrary proportions in the
lengths of the Brachia which may form an Equili-
brium will not alter the expreffion. But again, the
times of defcent by means of uniform forces, thro’
a given fpace, are inverfely as the fquare roots of the
accelerating forces, or meafures of the velocities ge-
nerated in a given particle of time; and therefore

dire&tly and Inertia inverfely, we have

J ':‘:; i :f is a general expreflion for the time of a
ftroke. This being had, the folution is eafy ; for,

ma* 4 nb*

fuppofing 7 only to be variable, fay as J

ma — nb
L & . i - Jma—nb
:z:: 1, a conftant or given time: Py

the effe&t in time 1, ex Aypoth. the greateft effect
which can poffibly be produced in the faid given
time. Taking, then, as ufual, the Fluxion equal o,
we have, after a proper reduction, 243 m* —3a*mnb

2z

+ amnb? — 2n*b=o, andn:ﬁli—”J£+34 — 4

b b
4
— X 3;_". Therefore, in thefe forts of En-

4 . . .
gines, when the Brachia are given, the weight :
B2 Power
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SIS St
Power :: £ /7 4 " e :1; and if

the Brachia are equal, 7.e. if 2 =4, the weight :
power :: /% — 3 : I, viz. 0,618 : 1 nearly when
the effett is a maximum. And fo, in like manner,
when &4, m and z are given, and @ is made variable,
it is eafy to fee that, inftead of the load, the beft
diftance of the power from the fulcrum of the lever
will be the refult of the procefs; viz. a:b:: 7+
V/n* 4+ mn:m. But, this by the way.

In the proportion here determined, the power 7
is a weight, and therefore ma — nb, which is the
generating force, being partly employed to overcome
the Inertia of the quantity of matter m, it is not
wholly taken up in giving motion to the weight 73
and the relative velocity is continually decreafing.
But, on the other hand, if 7 be the force of a fpring,
as is that of our atmofphere, or if # can be uni-
formly accelerated any how, in repeated vibrations,
that there may be no fenfible diminution of the rela-
tive velocity, the whole will be exerted on the
weight to be raifed; 7. e. the tenfion of the rope or
chain, by which the power is confined to a& on the
weight, will always be the fame as tho’ the Beam
were at reft; and then, by expunging ma* out of

the expreflion for the greateft effe@, n J H
becomes evidently enlarged to 7 J e 2. The
confequences are thefe. 1ft, The greateft effe@® of
this engine when » is a {pring, will always exceed
the cotemporary effect where m is a weight. 2dly,
The proportion of the Power and weight will then

be
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be n:m::a: 25, as appears by taking the fluxion
of n J '-'if-;"—'b:;'-'-b = o, and reducing the equation in
the manner above. Whence the load to be raifed
for the greateft effet of a fteam-engine, if the Inertia
of the materials compofing its working parts be put
out of the queftion, will be juft half of what is {uf-

ficient to balance the atmofphere, whether the Bra-
chia of the lever be equal or not.

Permit me now to trouble you with two or three
remarks on what I formerly laid before you concern-
ing the proportion of the cylinders. And, 1ft, in all
values of the Brachia, with regard to their lengths,

ma* - nb*
and all values of #, the expreflion / ————; for
ma — nb

the time of a firoke, when m is a weight, is the ge-
neral expreflion to be ufed for the time. 2dly, m
being confidered as a fpring, the time of a ftroke

. b* . .
is as J “ ; and then if, according to what I
ma— nb

have there dire&ed, a be taken variable, and » the
reciprocal of 4, the advantages to be gained by the
breadth of the cylinder can only ariie from a diminu-
tion of friction, and from the matter in the Beam ;
for, the expreflion J maﬂi — becomes conftant, and
thence the ftrokes are ifochronal. I might, further-
more, proceed to examine into thefe advantages, more
explicitly than is there done, upon the principles laid
down, when m is a weight. But many particulars
(fuch as the form of the Brachia and various appen-
dages, with their quantities of matter and centers of

gyration )
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gyration) being wanting to perfect the Theory of the
conftruction, I fhall drop the inquiry when I have
made only one remark more. It is this. The fhort-
nefs of the Brachia diminifhes the refiftance of the
Engine to motion; and, therefore, the inequality
which I propofed in them was in part to avail myfelf
of that obvious advantage, without incurring the in-
convenience of enlarging the pump-bores. 1 fay
it is an obvious advantage ; for, the matter in the
Brachia, that the Equilibrium may be preferved, be-
ing inverfely as their lengths, and the refiftance- to
motion in the dire& ratio of the fquares of thofe
lengths, the refiftance of the longer arm is to that
of the thorter as the lengths of them directly.

Queen-fquare, Weftminfter,
June 22, 1756,

1I. Obferva-



