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Once more it becomes absolutely neces-
sary for us to call attention to our condi-
tion financially.  During the past two
months, the Business Manager has sent a
bill, together with a letter requesting pay-
ment, to every subscriber among the
Alumni. The return has been alarmingly
small. In fact, only a small portion of the
subscribers have remitted their arrears
thus far. Now, as it was stated some time
since, we are in rather straitened circum-
stances, and we need every subscription in
order to make ends meet.

We do not understand why it should be
necessary to emphasize the payment of sub-
seriptions to such a body of gentlemen as
constitute the subscribers of the W P I.
It is well known that our Alumni occupy
prominent and lucrative positions. There
is not a subscriber of ours but could imme-
diately pay his subscription without any
perceptible inconvenience. =~ Why, then,
this delay, and, indeed, sometimes failure?

Our Alma Mater is growing in import-
ance every day. Surely its representative
paper ought not to require to have its claims

pushed forward in this manner. It is true
we have a large number of subscribers who
always pay their subscriptions cheerfully
and promptly, We are not addressing
these gentlemen, but only those who appar-
ently ignore the notification sent them by
the Business Manager.

Owing to the previous business misman-
agement of this paper, there have been a
number of subscriptions collected before
they became due, and no record made of
the fact on our books. The present Busi-
ness Manager can simply take the records
as he finds them, and thus there have been
cases where bills have been sent to sub-
seribers who have already paid. If these
subscribers will inform the Business Mana-
ger when such is the case, he will gladly
make the necessary corrections. It is dis-
appointing to find that we are not to receive
the money we expected ; but, nevertheless, it
is much more satisfactory than to have our
notification ignored entirely.

We believe that if our subscribers remem-
bered how materially the publication of this
paper increases our work at the Institute,
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they would be more willing to assist us by
prompt remittance when requested. We
trust it will not be necessary to mention
this matter again. If your bill is still
unpaid kindly look it up and attend to it at
once.

That our Faculty is interested in our well-
being, physically as well as mentally, is
shown by the fact that they have arranged
to shoulder, in conjunction with the In-
structors and resident Alumni, the pur-
chasing of the prizes for next Thursday.
Let us prove that we are worthy their kind-
ness.

Next Thurday’s Games promise to be a
greater success than its most ardent sup-
porters dared hope. Numbers of entries
are promised from outside colleges, and
many cracks will be here.

The effect on our own athletic outlook is
marked, and the Athletic Committee of the
Faculty, which has fostered the project
from the start, deserves very great credit.
They made a bold move, but the result
shows their foresight. Captain Allen now
has fifty men training daily at the rink.
There are several promising men in this
number, and it is safe to say that the ma-
jority were brought out by the opportuni-
ties offered at the Indoor Meet.

With this view in mind the Meet cannot
be a failure, no matter what the financial
result. We may say, however, that the
finances need cause no worry, and there is
small doubt but that the Rink will be filled,
and the Treasurer of the Association return
home rejoicing after the Games.

Is it possible that our athletic fervor has
caused us to forget the Burlesque? If so,
let this serve as a reminder that the date for
the production is but seven weeks distant.

Two things are now lacking, which, if
soon provided, will ensure the success of
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the work ; namely, enthusiasm and constant
attendance at rehearsals.

Both the ballet and chorus need constant
practice to bring them to proper form ; in-
spiration will not do it. The practice at
first may be slightly tiresome, but it is sure
to grow more interesting as the workers
become more skilful, and what satisfaction
each one may feel at the part he had in
making the Burlesque a triumph in college
theatricals.

Let us urge that more men turn out for
both ballet and chorus, and that they attend
rehearsals faithfully, for the ten per cent.
rule doesn’t hold in this matter.

It is with great pleasure that we announce
the final organization of the Current Topics
Club. The idea is an excellent one and
should receive encouragement from students
and instructors alike. No one who attended
the last meeting of the Society could but
feel that he had obtained information on an
important subject, in a short time and in a
pleasant manner.

The tendency of all societies in our Col-
lege is toward special lines of thought and
work, so, when a club is formed whose ob-
ject is general and wide reaching, it must be
of benefit to a great number. It obviates
the danger, which is imminent in a college
like our own, of the men, engrossed in sci-
entific labor, becoming narrow.

The student in this Institute lacks oppor-
tunity for general reading. His studies take
up most of his time; and, if not occupied
in his college work, he seldom feels like
indulging in outside literary work.

This, we may say, is the rule, but we are
confident there are many exceptions. But
since it is the rule we must deal fairly with
it and see how it may be overthrown.

What better way, what pleasanter way,
than by attending the meetings of the Current
Topics Club? At these meetings remarks
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are made by men, whose duty it has been to
inquire into, and form opinions on, the mat-
ter under discussion; men who have care-
fully collected facts and figures for our
enlightenment. All this may become our
own at a trifling expenditure of time. This
time will be taken but once in two weeks,
notice of the meeting being posted in ad-
vance so that all may arrange to attend.

All this good, however, can only be ac-
complished by the awakened interest of the
students. Shall it fail? We hope every
one connected with the Institute will an-
swer, No. Ifsuch an answer is conscien-
tiously made, the Club cannot but be a
success.

The responsibility rests with you, Stu-
dents of the Institute. See to it that you
do your duty.

We suggest that a larger attendance
might be secured by changing the hour of
meeting so that it will not conflict with
Burlesque rehearsals.

LABORATORY MEASUREMENTS AND
HOW TO TREAT THEM.

An Abstract of Mr. A. D. Risteen’s Paper.

‘¢ It has long been known,” the speaker began,
‘“ that poets cannot be made, but must be born.
To a certain extent this is true of observers
also; but just as one may learn to write credit-
able verse, even in the absence of the * divine
frenzy’ that is necessary to make one a poet, so,
also, one may learn to be a very fair observer,
even thongh he has no especial natural aptitude
for observing. I am not here to tell you how
to observe, but rather to discuss the treatment
of the observations after they have been made ;
and yet I should like to say a few words about
observing, by way of introduction. In the first
place, you should study your instrument, and
investigate the errors to which it is liable; and
you should then endeavor to plan your experi-
ments so that the effects of these errors will be
. as small as possible. For example, let us con-

sider the common tangent galvanometer. (1)
In the first place we have to consider the possi-
bility of parallax errors; for if the needle is
not in the same plane with the scale we shall ob-
tain an erroneous reading, unless the eye is
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situated directly over the needle. Parallax
errors are easily avoided, as you know, by
placing a piece of mirror-glass below the needle,
and taking care that the image of the pupil of
the eye is bisected by the needle as we look
down to take a reading. (2) We have also to
consider the possibility of the needle-pivot being
slightly eccentric with respect to the graduated
circle. Any instrumental imperfection of this
kind will cause the reading to be too great at
one end of the needle and too small at the other
end; and its effects may be eliminated by ob-
serving the needle at both ends, and taking the
mean of the two readings so obtained. (3)
The zero of the graduated circle may deviate a
little from strict magnetic north, or the plane of
the coil may not be accurately square to the line
joining the needle-pivot and the zero-point of
the instrument. In either of these cases the ob-
served deflection will be too large or too small;
but the effects of such errors in adjustment may
be eliminated by making fwo observations, one
with the current traversing the coil clockwise,
and the other with the current passing counter-
clockwise. One of the readings so obtained
will be too large and the other too small; and
if the instrument is only slightly out of adjust-
ment the mean of the two readings will be un-
affected by the errors we are considering. Of
course there are still many other errors to which
galvanometers are liable, but I have said enough
to illustrate the point I wanted to make, which
is, that in order to get good results we have to
study our instruments carefully, and plan our
work so that the various instrumental errors may
be eliminated, as far as possible.

You must always remember that you are
a part of the mechanism by which the obser-
vation is made—you are really a part of the in-
strument. You must, therefore, take care, not
only of the inanimate part of the combination,
but also of yourse/f; and you must know some-
thing about the errors to which you are liable.
Above all, do not try to do too much at once.
Do what you do carefully and well; but if you
find that the work cannot be completed to your
entire satisfaction to-day, remember that there
is another day coming, and wait for it. The
human body never works perfectly, and it is
found that the very best observers have a con-
stant habit of error in making certain kinds of
observations. This habitual error, or * personal
error,” as it is called, has been studied most in
connection with the estimation of time. In ob-
serving the passage of a star across the merid-
ian, for example, some observers will be late in
their estimate, and will not be satisfied that the
transit has occurred until a fraction of a second
after the true passage. Others, on the other
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hand, will be anxious to be ‘on time,” and will
conclude that the event has occurred, when it
still wants a fraction of a second of the true
time. A noviece will observe transits sometimes
too soon, and at other times too late; but the
experienced observer settles down to a constant
habit, so that his estimates are all too early, or
all too late, by an amount which is fairly con-
stant. A constant personal error is of small
importance, because the ultimate object of time-
measures is usually the determination of an in-
terval of some sort; and if the errors commit-
ted at the beginning of the interval and at the
end of it, are identical, both in magnitude and
in sign, the interval itself will be unaffected by
them. It may interest you to know how * per-
sonal error’ was first discovered, so I will read
you the account of it given in the American
Cyclopeedia: *The first recorded case of per-
sonal equation [i. e. personal error] oceurs in
the observations, for the year 1796, of Maske-
Iyne, the astronomer-royal of England. He
says that in Auguost, 1795, his assistant, Mr.
Kinnebrook, began to record his observations
half a second later than he should, and in 1796
about eight-tenths of a second too late, and
that it appeared to be impossible for him to
overcome the habit. Maskelyne assumed that
his own observations were correet, and dis-
charged his assistant, although he says he was
‘¢ diligent and useful.” This was a case of per-
sonal equation, and at the present day astrono-
mers place as much reliance upon the observa-
tions of Kinnebrook as upon those of Mas-
kelyne.’

As I have said, yon cannot avoid having a
personal error; and hence you should take
measures to ensure that that error shall be con-
stant, or as nearly so as possible. You should
never allow yourself to feel in the least degree
anxious about your work, you should always do
your observing in a comfortable position, and
you should take care of your general health.
As a single illustration of the attention that
good observers pay to small points, 1 may say
that the best of them, in recording times by
means of the electric chronograph, take care
that their arm and hand shall always be in about
the same position, so that the muscles may have
the same leverage every time they press the key,
and the fingers respond with uniform quickness
to the impulse sent to them by the brain.

In recording observations and in making
computations, always be methodical. Tt is best
to have ruled note-books in which to record
measurements, but in the work that you will be
likely to do this will seldom be feasible, on ac-
count of the expense involved. However, you
can easily prepare some sheets of paper by
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ruling them with a pen, and writing in the head-
ings of the various columns. I would advise
you, wherever possible, to use ink, both in re-
cording and computing. Above all things, do
not record your measures on miscellaneous slips
of paper, relying on your memory to tell you
what the various entries mean. These bits of
advice may seem beneath your notice; but I
assure you that they are worthy of the most
careful consideration. If yon relax your vigi-
lance in the smallest respect, you may be sure
that errors will creep into your work—some-
where and somehow.

There is one point that I should like to dis-
cuss very fully, but which I shall have to dismiss
with a few words. I refer to the rejection of
observations. You may as well make up your
mind, at the very outset, that you are going to
make some discordant measures, because then
you will be more resigned to them when they
come. Professor C. S. Peirce, formerly of the
U. S. Coast and Geodetic Survey, once had a
couple of young men at work for him (I wasn’t
one of them!), and for a considerable time their
measures came out very smoothly. They were
quite elated, and called the Professor’s attention
to the quality of the work they were doing; but
he, instead of being properly impressed, merely
nodded his head, and said, sympathizingly,
¢ Boys, don’t be discouraged! Keep right on,
and you’ll get some bad ones.” The temptation
to reject an apparently bad observation is often
too great to be resisted by the novice; but you
will find that competent, honest, and experienced
observers do not throw out such work, but write it
right down in his books, possibly marking such
suspected measures with an (7), so that they
can afterwards remember which they were. The
best rule that I can give you in a few words is,
Never reject a measure, unless you have posi-
tive knowledge that it is wrong. If your instru-
ment falls over on the floor, or if you Anow you
disturbed an adjusting-screw, there may be rea-
son in rejection; but otherwise my counsel
would be, to keep everything. Several important
discoveries have been brought to light by ob-
servations that were apparently discordant, and
I have seen repeated instances in which suspected
observations were afterwards proved to be the
best of the lot. Youn will often see pablished
observations in which the results are remarkably
accordant; and when yon compare these with
your own, you may possibly be discouraged and
feel that your work is extraordinarily poor.
You must not allow yourself to do so! Rest
assured that those smooth, published results con-
ceal a story that would be of extreme interest,
if we could only read between the lines. I do
not mean to imply that they have been dishon-
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estly ‘prepared,” but that they are very likely
the final outcome of a great amount of relatively
poor work, which does not appear on the surface.
Many hours of patient, unrecorded toil were re-
quired before the conditions of success were
understood, and the instruments and methods of
observing perfected sufliciently to make accord-
ant results possible.”

The speaker then passed to the consideration
of graphiecal methods of treating observations.
He touched first upon the simple plotting of the
results, giving as an example the calibration errors
of a thermometer, and illustrating the process
of interpolation by finding, from the diagram,
the calibration—correction to be applied to a
given reading of thermometer. Regnault, he
said, plotted his observations on a smooth cop-
per plate, by means of a dividing engine, making
the interpolations in the same way. The useful-
ness of the graphical method in enabling us to
draw conclusions concerning points that cannot
be directly investigated by experiment, was illus-
trated by quoting Rankine’s method of obtaining
the position of the absolute zero of tempera-
ture.
Rankine argued that such bodies as air and car-
bonie acid will depart more and more from the
condition of a perfect gas, the greater their dens-
ity becomes; and he considered that the coefli-
cient of expansion of a perfect gas might be
obtained by determining the limit towards which
the coeflicients of actual gases approach, as their
densities are indefinitely reduced. By using the
results obtained for air and CO,, the speaker
deduced, graphically, the limiting value of the
coefficients of expansion ; and the reciprocal of
this gives the position of the absolute zero, which
was found to be about 274.3° C. below the
freezing point. The chief objection to the graph-
ical method is its crudeness, and the speaker
showed how this could be overcome by the use
of “residual curves,” such as are deseribed in
Pickering’s Physical Manipulation. Several ex-
amples of these curves were given, the principal
ones being Mr. Schott’s investigation of the mag-
netic declination at Paris during the past 350
years, and an illustration of the determination of
wave-lengths by means of scale-readings on a
single-prism spectroscope.

*The graphical method is also useful,” he con-
tinued, ‘‘when we wish to determine empirical
equations between observed quantities; for a
plot often enables one to make a shrewed guess
at the form of equation that will fit the given ob-
servation curve. I remember a very good illus-
tration of this point that was once given by
Professor Sinclair. *If you glance out of the
window and see something in the yard that looks
like a cat,’ he said, * that does not prove that it
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is a cat, but yet it lends some color to the sup-
position ; and it is then easy to find out whether
you are right or not. In the same way, if you
see a curve that looks like a parabola, you have
not proved anything, but you have a suggestion,
which you can then proceed to investigate.” I
have thought of that illustration a great many
times, and there is a good deal in it. I have
often been asked how to find the equation of a
given curve. The only answer to this question
that can be given is *If you know some general
property of the eurve you can find its equation;
but otherwise the problem is impossible.” The
equation of a curve really contains an infinite
amount of information, inasmuch as it gives the
relations between the codrdinates of an infinite
number of points. In order to derive the equa-
tion we have to know something about all of
these points. A general property of the curve
supplies such information ; but when nothing is
given but the codrdinates of a few of the points,
we are really required to deduce an infinite
amount of information from a finite quantity of
data. I think the mere statement of the prob-
lem, in this light, is sufficient to show the im-
possibility of solving it. But although we can-
not find an exaect equation to a curve from such
meagre data, we can always find some curve that
shall agree with the given curve so closely that
the distance between the two shall nowhere ex-
ceed a certain proposed limit.”

When the curvature is not very great, it is
usually possible to approximate the curve satis-
factorily by means of an equation of the form

y=a+bx+4+ecx*4 - (1)
keeping as many terms as experience may show
to be necessary. When no satisfactory equa-
tion of this form can be found, it is often useful
to try a series of descending powers, such as

b ¢
Y-“+—x—+x2 T (2)
When neither of these forms will give a satisfac-
tory result by itself, some combination of the
two may be found serviceable; for example,
something like this :

y:n.-i—bx-}-—ch- ;

Methods of finding the coefficients of (1) and
(2) readily were given, but space will not allow
us to describe them.

At the conclusion of Mr. Risteen’s address
Dr. Mendenhall spoke briefly of a few points
that oceurred to him in eonnection with the sub-
ject under discussion. He agreed with the
speaker, he said, in his advice to keep all obser-
vations that do not involve manifest blunders.
Professor Benjamin Peirce had devised a mathe-
matical eriterion for the rejection of observa-
tions, but it is not generally in use among ob-
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servers at the present day, and some doubts
have been expressed with regard to its validity.
It is important to note all the little irregulari-
ties of anobservation curve—the ** big humps”
have all been seen before, and have been pretty
thoroughly investigated. Only a short time ago
Mr. Schott, of the U. S. Coast and Geodetic
Survey, had discovered a most minute variation
in the magnetic declination, a variation so slight
that it had entirely escaped the attention of
others. The period of this variation has been
found to coinecide with the moon’s period of
revolution about the earth, and there is little
doubt about the irregularity in the motion of the
magnetic needle being due to an actual tidal
motion of the golid earth, under the influence of
the moon’s attraction. Here is a case in which
important conclusions are drawn from irregu-
larities in the observations so slight as to be
barely perceptible, even when we are told that
they are there. Another instance of the im-
portance of ‘“bad” measures is afforded by the
results of Crookes’ researches on high-vacnum
tubes. In determining the atomic weight of
thallium Professor Crookes found that his weigh-
ings were subject to slight errors that he could
not account for. By patient investigation he
discovered the cause of the discrepancies, and
they opened up before him a new and unexplored
realm in the physics of gases. Some of the
properties of gases that were discovered in this
way were shown in the beautiful high-vacuum
tubes exhibited by Mr. Risteen last year.

The recent discovery of ** argon,” the new con-
stituent of the air, was due to a similar methodi-
cal investigation of what seemed to be bad
observations. A slight difference was observed
between the density of nitrogen as obtained
from the air, and that of the same gas as ob-
tained from its chemical compounds. Instead
of rejecting discrepant measures and ¢ smooth-
ing things,” Lord Rayleigh and Professor Ram-
sey examined all the results systematically, and
after a great deal of hard, blind work, they sue-
ceeded in isolating the substance *‘argon,”
which is now thought to be a new element. This
discovery is undoubtedly one of the most im-
portant that have been made for many years,
and we cannot yet foresee its consequences. At
the present moment the new substance seems to
be entirely anomalous, and if subsequent re-
search confirms its elementary nature, we shall
undoubtedly have to modify many of our pres-
ent chemical theories to make room for it.

The design for the new arrangement of the
chapel was by W. H. Morse, Jr., '95. He will
receive the prize offered for the best design.

THE STEAM ENGINE.

Lecture to Seniors by A. K. Mansfield.
Gentlemen :

I have sclected for the subject of my remarks,
“Present Tendencles in Engine Construction,” and
design, if possible, to bring out some points of
interest to yon relating to changes now going on, and
to be anticipated in this branch of mechanics.

I labor under the disadvantage of not knowing to
what extent you are acquainted with the science of
steam engineering, therefore to make my conclusions
more intelligible, will begin with a briel historical
review.

The science of steam engineering, as you are all
doubtless aware, may properly be said to have begun
with the investigations and discoveries of James
Watt. The intelligence of this wonderful man, by
some called the Shakespere of steam engineering,
was 8o remarkable that he was able, in a few years,
to solve the principal problems connected with the
economical use of steam, as we understand it, so
completely as to leave comparatively little for his
ambitions followers to accomplish.

Before Watt, condensation was accomplished by
spraying water directly into the steam cylinder. He
separated the condenser from the engine, thus
enabling the cylinder to be held at a more nearly
uniform temperature, and enabling him to double the
useful effect of the steam.

e invented the steam jacket, and explained its
philosophy in a masterful manner. He first applied
the centrifuganl governor, that beautiful machine which
may safely be said to be the most truly class<ical of all
mechanical devices. He also invented the steam
engine indicator,—in a crade form, of course, but
refined enough, as it was sure to be from his hands,
to fully suit the requirements of his day.

Some political economists have told us that the
steam engine has done more to civilize the world,
during the last century, than all otherinfluences. If
this be so, and it may not lightly be denied, then
James Watt may well be placed at the head, as the
greatest individual benefactor of the human race. I
believe that in mechanics we are too prone to sepa-
rate the man from his work, rather glorifying the
work while half forgetting the worker. If this be
an error, as I believe, I shall try to avoid it this
morning.

As I propose to consider stationary engines alone,
I only casually refer to Stephenson, the father of the
locomotive.

He is known principally through his two great in-
ventions—artificial draft produced by the escaping
exhaust, and his wonderful link motion—the latter
another of those classical combinations in mechanism
which immortalizes its inventor.

In stationary work, the next great inventor to leave
a well-defined footprint in the path of Watt, was our
George H. Corliss. In considering his work we must
bear in mind that, dating from Watt, the science of
which we are treating is but little more than a century
old, That the first half of that century saw but few
engines produced compared with the vast number
made in the latter half. Corliss' work began in
about 1549. He seems to have invented the rocking
or Corliss valve, and originated the application of
the centrifugal governor to the so-called releasing
valve gear.

His work, however, seems to me to have been more
in the line of a constructing engineer and a pushing
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business man than in that of an inventor. He applied
such admirable sklll and boldness to the details of
design and proportions of parts, that in spite of what
must have been viewed in the first place as extreme
complexity of mechanism, the admirable results in
point of economy which he obtained, justified the
means; and the civilized world by copying his work,
has glorified him as the originator of a new and suc-
cessful type.

Last among the names of those whose work I wish
you to consider with me to-day, is that of Mr. J. W.
Thompson. This name may not be familiar to you,
but the name of the ¢ Buckeye” engine doubtless is.
In this case the name of the inventor has been ob-
scured by that of the company which adopted his
invention. It is known to you that I am engaged in
that company’s service. Being, therefore, fairly
familiar with their produet, I shall occupy a little
time in explaining some of its features to you. Be-
fore doing so, let me call your attention to the inter-
esting fact that the founders of this company’s busi-
ness began to manufacture steam engines more than
half a centuryago. Their experience, therefore, ex-
tends over nearly half the time since Watt firstgave his
attention to the subject. They began before Corliss
entered the field, and the number of important im-
provements in engine construction which have been
made at their works in this time, is worthy of your
careful consideration.

I speak of these matters merely as an onlooker,
and in a desire to do justice; even to glorify the
notably successful workers in steam engineering.

Previous to the invention of the now well-known
Buckeye engine the founders of this business had
built a large number of highly successful high-speed
saw-mill engines, which coupled directly on to the
saw mandrels, thus making them, in this country, at
least, the pioneer builders of high-speed engines.
The modern Buckeye engine, however, was first
brought out shortly prior to the Philadeliphia Exposli-
tion. It was invented and designed by Mr. Thomp-
son, and at once attracted the attention of the engi-
neering world. 1 consider this invention to be
entitled to the distinetion of being classed as a new
and important type, and shall ask you to consider
with me some of its novelties.

I have here a model of a valve-movement, showing
the construction and operation of the ordinary slide-
valve. Itisnota Buckeye valve, but if you under-
stand this well you will understand the Buckeye bet-
ter. I take it that you are already so familiar with
this that it would be useless for me to occupy much
of your time with it, but will, nevertheless, to
refresh your memory, point out its leading features.

The valve, as I said before, is the ordinary slide-
valve. It dates from Watt's time, and is still in very
extensive use. Nearly all the locomotives of the
world have it.

In stationary practice it is principaily used in con-
nection with throttling governors.

This is the kind of engine which Corliss displaced,
being able to guarantee about forty per cent. better
efficiency by the use of his autuvmatic cut-off system
with condenser than could be obtained by throttling
performance without condenser; about half of this
being due to the condenser.

I will now call your attention to the Buckeye
hollow-valve. This valve is made hollow to obviate
the necessity of the “D" cavity of the ordinary
slide-valve.

To explain how it is held to its seat and balanced :
Suppose a hollow box filled with steam at boiler
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pressure, thus (referred to figure on blackboard)
the pressure of the steam I8 counter-balanced within
the valve, and there is no tendency of the valve to
leave its resting place. Suppose an opening or port
cut throngh. A steam pressure due to the area of
this port now tends to lift the valve from its seat.
Suppose this port to be so placed relative to the
cylinder port that steam is admitted to the cylinder;
there is now a lifting pressure due to the areas of
both ports. Now suppose one or more round rings,
resting on the top of the valve and fitted to a steam
chest, steam tight, above the valve; the steam chest
also contains steam at boiler pressure. Clearly the
valve is forced to its seat by a pressure due to the
total area of the circle or circles whose diameter
is the ontside diamet