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INTRODUCTORY

'Irrn IJenorrETEn

1. The hyclrostatic prineiple, by virtue of which the pressure of the
air is measured t,y the ordinary barometer, was first formulated at
Florence in 1643 by Torricelli, whose famous experiments demon-
strateC, not only that the air exerted a very great pressure, but that
this pressure changed slightly from day to clay

2. 
-'I' ort'i,cr:ll'i's lturonusfisv.-'f s repeat 'Iorricelli's experirnent, fill

a clean, dry, preferably warm, glass tube, closed at one encl with pllre,
dry mercury, using care to exclude all air. The lengtb of the- tube
must, in general,_ exceed 30 inches. Close the open end of the tube
firmly r,viih the finger tip_, and submerge it in an _open _cup of mer-
cury. Ilpon removirg !h" finger and causing the tube to starrd
vertically, a portion of the mercury will pass from the tube into the
cup, leavin g _a vacuous gpace, knoivn as Torricelli's -vacuum,_ in the
rop'of the tube. The column of mgrcyry lgn?ainrlg in the tube *iIJ,
at- sea-level stations, be about 30 inches high. The weight of this
mercury is sustained by and exactly balances the downward pressure
of the dir upon the surface of the mercury in the cup. The height of
such a mercurial column, therefore, becomes a measure of the pressure
of the atr) and Torricelli seems to have been the first to discover that
the height of such a column varied from dry to d_ay.

3. Siblt,.on baromsfsy.-Instead of constructing,t!. barometer in the
manner just described, where the cistern and tube are in separate
parts, thb tube 1rray be'made longer and turned up .at the bottbm so
is to resemble the letter J, forming what is commonly called a siphon
barometer, the long arm of which is closecl at the top.

4. Pressln e of oie atmosphere.-soppose the area" of the inside of
the barometer tube to be just 1 square inch, then a 3O-inch barometric
column will contain just" 30 cubic inches of mercury.. l{_o*, 1 cubic
inch of mercury weighs 0.4906 pounds, which, multifiIied by 

'aO, 
gives

the ordinary s"ea-lev1l pressure of the air to be L4.778 pounds Pqr
square inch. This quantity is _frequently used by engineers, and is
called a pressure of one atmosphere.
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5. This pressure of L4.7 pounds per square inch i., in the main.
nothing mbre than the wei$ht of an air -column having a .-€ctic,nal
are& of t square inch and extendirg vertically to the EpPer linrit= of
the atmosphere. In addition to tlre lveight, pure and sitnple. h,rw-
ever, such- influences as the w1nd, the rapid_.heating ar]-d co,rlirg
in confined layers of air, and other causes modify by small Antr-rtlnts
the elastic pressure of the air.

6. Oth,er-f orms of baronteters.-Within the p?st 50_or 60_ 1-earr= a.

form of barometer, made entirely of metal, has been devised. ancl is
u'ide1y used at sea urlg by tgyrists and others on account of its con-
venrence and portability. Tlis form is commonly d..gig"ated the
aneroid, a woid which- signifi_es (6 containing n_o liquid." The in-
strument is also often called the holosteric barometer, mezrning
tt wholly of solids." Aneroids, though often highly sensitive. areJ

at bestl much less accurate than properly constructed mercurial
barometers, as will be explained later.

I. MnncuRrAr, BenolrETERS

7. Fort,in barometers, Weat/uer Bureau, Ttattert?.-In order that the
height of the mercurial column may_ represent accurately !h. true
pressure of the air, and in order to detect the comparatively srnall
ihanges of pressure flom 4uy to day, ma_ny refinements are necessarv
in the constiuction of the initru*etit and lreat precision of meu.rrel-
ment is required. An excellent form of the mereurial barometer,
satisfying the requirepe3rts just stated, was devised Qy Fortin, and is
now very widely-usecl the world over. _fb. parlicular-pattern used
by the Weathei Bureau, sometimes called the Green barometer, is
figured on page 4."8. The bh,rometer consists of a glass tube, about t7*-inch inside
diameter, closed at the top and inclosed in a thin meta.l tube, throu{lh
which laige openings are cut on opp5itu sides, exposing tq vigw the
slass tube- and meicurial column. The graduated scale is formed
Zt one side of this opening, and a, short tube or sleeve, also gradu-
ated (showq at C, _fig=. 1 and 2), encircles the barometer tube and
slides'smoothly within the metal part, motion being given to it by
means of the milled head. I), and a small rack and pinion inside.

At E, Figure 2, is shown what is ealled the attached thermometer.
The Uuib oT tfris is entirely concealed rvithin the metal tube, and is
between it and the glass barometg{ tube,. so as to show as nearly as

possible the mean temperature of both the brass tube and the mer-
CUTY.

i. Ci,sterm,.-The special feature of the barometer is a cistern so

constructed that the- level of the mercury within may be changed
greatly and adjusted to a fixed ildex point.o 

The" topmos6, portion of the cistern consists of a small boxwoo-l
piece G, i'igure 

^3. The gl.ass tube ! passes through the central pr:rr-

iion of 'thi;, to which it is secured by a piece of soft kid leatl,er
folded in a peculiar manner and securely-yra.pped to both the gnas"s

tube and th; boxwood cap G. The fleiible jbint thus fonne,l-'.i1-[
not allow the mercury to-escap€: but permits the passage of a-r to
and from the cistern.

I
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I

i
.t
rl
-4

\t
a
,...{



3

The remainltq p_ortions of the cistern are the short glass cylinder
,F, Pigrlr. 3{, th;. ,,,ro curved b;"#;gd pieces i urr.l i: ;;A inu ki,cleathei bag {, rvith ?,ljusting scre\y o;.i;*p.,".;:rt is ,laJnly seell that on tfrrirr"* til ..".# o, ift leather bag maybe folaea up lnto o, withdru*, trB* tfre *rrrud boxwood chamber 1,in a mannei to cause any clesired .rro"s.-i" frr- i.;;i of the mercurialsurfaee. 'r D -

thlq;{;e?{"?:#i'"t1*dtt:rtJ,ti$;,*?3#Jff i:;.xtth?Lkltern and ioim* d, fiied uria ,i.n"it. p"i"t, to rvhich the level of themercurY in the cistern can be ,udj,rilea in taking r.r-ai"g. of thebaromete", as will be descriuea hereaf6;.
The ir''ory point is, therefore,.t\u ,*yi gnd of the scale, from whichall the rneasurements of the freignt oi tfru column are made.
11. Scale of bat"ontete7".-T}1e Scale of the buroreter is seen on theleft of the 9Puli"g, at the,,top. rt is most conveni;;tty"*ua" of a,separate strlP of metal, although sometimes it is .rrgrrlr.a Ai".rtfoon the metal-tube itself. The lJngth v.aries from-utoilt 4 inchtr, t*

use at stations of only.*o.derate ei'evation above ..u f."Lt ;;Aom 10to 15 inches or morei for barometers intencled to be used in balloonsor on lofty mount?i, summits. The gradu*tion. on the scale alsov?,ry, beips gnly 10 spaces. to the inch"in many instances and ZA inothers; the latter grdduation is to be pr.?;;6a^ * account of thegrea_ter accuracy atlainable in reaclinEsi
The scale of the barometer r,r,he11 efrg"aved on a separate strip isattached to the metal tube by small scfews in ,r.h ,, manner that itmay rq u{}:P9:liglrtl{.,rp "and 

{own, so that trru-so-inch ;.;[;i;;
example, 

9f ,l!"._gradualioirs carr be piaced at eia.tfy tfi" 
"ignt'dis-tance from,the ivory point. lhis adijustment dilg "*uA;,-ifi. scaleshould not be moved afterwards. n

12. Vern'isn.-f vernier is, a device by which one is able to ascer-tain aceurately pu.I smaller fractionui subdivi.io".- of a trua"atedscale than could otherwise be observecl by th; ;;;-*ithr;;;il" aidof a microscope.- For examplu.,-with a.dutu fruoi"g o"iy"Z6 subdi-visions to the inch a vernier e?rables us to ,...rtri";;Z"iri".fi tfr* one-thousandth p{.t of an inch. The name of the Jwr* is derived fromits inventor,,Pierre Yernier. This portion of th;t*o-.tu" i.-th-little graduated scale c, Figures 1 ahd z.A vernier consists, esseritially, of a" small gr?_duated scale, the
spaces upgn which atg j"s!-g ceitain amount srfrailer or lart;; than
those on the main scale. IVhen two such scales or*-piu.*a ?"g.ifr."
some particular line of the one witl always be coirr'.ia."i, or verynearly Sor with a line on the other, an tI fr"om this .rr.rr*stance theposition of the zero line of the vernier in reference to the ..ul* can
b,e Yery^ac,curP*ly determined, as will be readily 

""aerstood-1ro* astudy of the followir_g figures'ancl explanation:"
,.{igote l exhibits t}ie rilanner of grudrating a vernier so as to sub-divide the spaces upon the scale inTo tentfrs.- i, th- fig,rru,"ai. the

scale and a ts the vernier. The lower eclge of the lr.rrr-i;;, *fri"f, i"this case is also zero line, is. exactlv ofpo.ite- or coincident with30 on the seale. The tenth line on ihe^ liernier is coinciau"l withthe ninth line above 30; i;hat is, a space of g-di;i.io"s on the scale isdivided into 10 spaces on the vernieir so that 
"u.f, 

.pace on the latter
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Figure 2 Figure I
Mereurial barometer, with E ortin clstern
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is one-tenth part shorter than a space on the seale. In the present
c3*e the spaces on t-hu scale repr&ent inches and tenths; heirce the
difference between the length .it a space on the vernier and one on
the scale is. 116.of rb:Th of an inch. This principle of ;rkhilt
two scales having spaces of slightly different^ magriitucle is al,vayE
follorved in the construction of iern"iers, though, of- course, the nlm-
ber of spaces embraced by the vernier is raiied to suit the circum-
stances urr{ the degree oT minuteness desirecl. Moreover, in some
lnstancefr the vernier embraces one more space on the scal'e, instead
of one less, than the number of its own 

^subdivisions 
I that i., 10

spaces _on the vernier may be macle to coruesponcl to Ll spaces on
the scale.

- If, as we have seen, the spaces on the vernier are one-tenth smaller:
than on the scale, then, in the adjus'tment shown in Irigure 4, the first
line above the zero on the vernier is one-tenth part oi' th. rpu.., the

30.00
E'rcunn 4

3o'15

Frcunn 5

30.277

F'rcunn 6

30.o34

F'rounu, 7

30.177

Frcunn 8

Verniers

next line two-tenths, the next three-tenths, etc., distant from the
line next above on the scale. lVhen, therefore, ws find the vernier in
such.a position as sho_wn in Figure 5, where tlie fifth line on the ver-
nier is coincident u'ith a scale Tine, it is very clear that the zero line
of the vernier must b. just five-tenths above ifr. scale line next below.
No*,jince we im.aginb these scales to represent inches and tenths,
then Figure 5 will fead 80.1b inches.

13. Estam,at'ion.of 
-fro,cti,o%s o,n, a aernier.-In rnanv cases it witl

happen that no single line on the vernier will be n*u6tlv coincident
with a scale line, but that one line will be a little aboie while the
next line on the vernier will be a little below the correspond ing scale
lines.

In the case shown in Figyre 6 the seventh and the eighth lines on
the vernier are each nearli in coincidence, but neilhe" ,i"" is ."rltiyso. This indicates that ttre reading is somewhere between 80.27 urll
30.28. Moreover, we can clearly Jee that the eighth line is nearer
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coincidence than the seventh. l\,re. thereforr:, estinrate that tir,: tnte
rgading is about 30.277. We might, probably, with as greirt i{n.','uracy
Irave selected 30.278.

If the scale and vernier are accurately gracluatecl. such reaclings
by a practiced observer will rarely be in error by more tlian rt.t-t\Z

inch. It is important in estirnating the fractions that the e)-e be
exactly in front of the lines beine studied.

14. In Figures 7 and 8 are shown verniers applied to a barrc,meter
scale having 20 parts to the inch. In this case 24 parts on the scale
are divided into 25 parts on_the vernier. _ By !h* principle alreaclv
explained i! paragraph .L2, the value of the subdivisions efftetett by
such a verniero or, as it ,is most frequently expressed, the least count
of the vernier, will be * of #:s-ho of an inch. In readins the
vernier, therefore, each iine wili represent 0.002 inch. so that the
fifth, tenth, fifteenth, twentielh, and tw_enty:fifth lines rvill repre-
sent one, two, three, f_our, _and five hunclredths of an inch, respec-
tively, and are so numbered.

As described in paragraph 13, the lines in this kind of vernier also
may_ -not be ^exactly in coincidence; but in such a cASe, owing to the
smallness of the spaces, it is not of ?ny special advantage in making
our estimate to consider whether coincidence is nearer one line th:r[
the other. In ordinary practice we simpl;, take midway between.
Thus in Figure S the reading is between 30.176 ancl 30.178; u'e there-
fore adopt 30.L77 as the proper readirg.

15. 0 aut'ion agaircst eruor.-When the zero line of this style of
vernier is next above one of the shortest lines on the scale, a. *"as the
case in the example ab_ove, sorne attention is necessary in order to
take off the correct readirg. For example, in Figure 8 rve find that
coincidence on the vernier is between lines designatecl 26 and 28,
which correspondp to _a reading of 0.026 or 0.028, or, taking midway
between, 0.027. On the scale itself, however, we see the giaduation
next below the first line of the vernier is 30,150. The complete read-
irg is found by adding the parts thus : 30.150 + 0.027 -30.177. Itfrequently happens with beginners that the 0.050 represented bv the
short line on the scale is overlooked and omitted entirely-that is,
the above reading might be called 30.L27. Whenever readings are
made with a scale and vernier of this character, special pains must
be taken not to omit adding 0.050 to the vernier readinf when the
first line below the zero of the vernier is a, short one.

16. Strai,n on the costern of abarometer.-When the mercury is sent
up to the top of the tube of a barometer by screr,r,ing up the "cistern,

an internal hydrostatic pressure is produced proportional to the
amount by which the length of the column has been increased.
This ptn=J,rte tends to forde thq mercury through the joints of the
cistern or the joints and pores of the leather bag. This is more par-
ticularlSr the case with a barometer at an elevated station, wliere,
owing to the diminished air pressure, the column may need to be
raised 10 or L5 inches in filling the tube, greatly endangering the
cistern. For this reason the Fortin barometer cistern is not w}otly
satisfactory, as it is difficult to make and keep the joints so tight that
the mercury will not be able to find its way through some very small
crevices I such leaka,ge soon impairs the barometef.



L7. Tuch ci,stern 
-]\zfsny 

of the barometers of
are fitted with all improved form of
cistern, devised by Charles B. Tuch,
formerly of the instrument division.
The construction of this is shown in
Figure 9.

The chamber for the mercury is formed
of the iron cylinders c, k, provided with

the Weather Bureau

z

windows ;iii^;;;;;;a;;;ii gru.. -(cylinder f. The glass barometer tube is N
fastened into a metal piece b, by means
of several thicknesses of leather r,vashers,
held and clamped by a screw e) above.
The piston o fits the cvlinder verJr snugly
and '.un be moved- "p and doo'tt 'by

means of the milled-head screrv W,
thereby adjusting the mercury to any
desired level. c

18. Fimed c'istern barometers,At is
very evident that as the column of mer-
curv nses and falls in a barometer tube
theie is a corresponding change in the
level of the surface in the cistern, and as
long as the quantity of mercury in the
whole barometer remains the same, it
follows, except for slight temperature
effects, that the true height of the column
of mercury may always be found simply
from ,eadings *t the top end, a due 

^ai-

lowance being made for the slight rise
and fall in the cistern.

Adjustable cistern barometers, such as
described in paragraphs 9 and 17, are in
general the most accurate, as the correc-
fion for capillarity, paragraph 26,, is
usually rrore constant, and the accidental
escape- of a little mercury from the cistern
does not matter. Still, very accurate re-
sults may be obtained by the use of well-
made barometers with fixed cisterns, and
this form is often adopted in the con-
struction of barometers for use on ship-
board.

The relation between the true length of
the column and the observed position of
its top depends upon the relation between
the inside areas of the cistern and ba-
rorneter tube. When this relation has
been once worked out it is then neces-
sary in reading the barometer to observe
only the position of the top of the column
and apply a (6 correction for capacity )'
(See par. 24.)

311681" _4L--2

Frcunp 9.-Tuch barometer clstern
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19. Cantrac'ted barometer s6q,ls.-fs the correetion f,ir ,tapacity in

barometers with fixed cisterns iemains the same so 1,,,r,, ilS the
tluantity of mercury within the barometer and the insi,le area of
tube and cistern are unchanged, _it will not be neeessar.r rr.r appiy a
capacity correction to every reading made, prorriclecl \re ri>r: i,ir the
barometer a scale having all its divisions shortened by just the proper
amount to compensate Tor the capacity effect. To"untler'=r,,r,^,1 it i=
more clearly, imagine a barometer with the top of the colunrn just
30 inches above the surface of the mercury in the cistern. Srlppos,e

the sectional area of the ltetronteter
tube at the top is only one-fiftieth as
great as that of the cistern (this is
about the usual relation). Now. if we
imagine the column to rise a clistance
of 1 inch in the tube, it will then seem
to become 31 inches high. but, n-hen
the column rises 1 inch, the mercrlry
in the cistern falls one-fiftieth of an
inch, and, therefore, the real height
of the column must be 31rh inches I
that is, we may s&y, that each inch of
a scale represents 1r,o inches of change
in the real height of the mereurial
eolumn. If, therefore, a special scale
be prepared having the spaces repre-
senting inches, each one fifty-first
part of an inch shorter than a" true
inch, then readings of our imaginary
barometer on such a scale will indi-
cate the true height of the column,
presupposing, of course, that the sec-
tional areas of the tube and cistern
are uniform, and that the scale is ad-
justed to a proper distance from the
cistern.

20. By methods of calibration man-
ufacturers are able to construct scales
and barometers of great accuracy in
accordance with the above principles,
and they are very convenient to use.

21. It is obvious that if a barome-
ter tube in such an instrument is
broken it will be difficult to find an-
other so nearly the same size that it

could be used with the old scale; generally a nerm scale is also required.
22. In Figure 10 is shown a cut of an excellent barometer of the

fixed-cistern type, devised bv Schneider Bros., of Jersey City, N. J.
One of the .p"e.iat featur.. bf the barometer i. the means pr6vided
for filling the cistern ancl tube with mercury so that the barometer
can be shipped safely from place to place.

To fill the cistern with mercury, the barometer is first very care-
fully and gradually inclined and' inverted. When fully irivertecl

E rounn 1O.-Fixed" ci.stern barometer
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the mercury suffices to fiIl up the cistern just to the throat of the con-
tlacted portion at G._ By screwing up the milled he3d I{,.the plate
G clos..'uguinst the bott6m of the"ci.tett and completely impnsons
the mercuiy with only a little free space for expansion. _If the
barometer i-s now turned erect the mercurial column can not descend
unless the screw H is loosened, whereupon the mercury flows into
the previously unoccupied space below the plate G and permits the
column to resume its normal level.

23. The capacity correction required for a barometer with fixed
cistern ancl true scale, graduated in stand ar,i[ units, and not con-
tracted, as explained in paragraph 19, can be determined from care-
ful measurements of the internal diameters of the tube and cistern
made before the barometer is filled, but the accuracy of this correc-
tion should always be checked by subsequent comparisons: 2s indi-
cated below.

24. Oap'a,c'ittt corye'ctdon,, h,o,tfit f ound.-It is evident that by sliding
the scale of a fixed-cistern barometer up or d own it can be so adjusted
that a readirg at some one point is just right I for example, we may
place the 30-inch mark so that when the top of the column is at this
mark the surface of the mercury in the cistern is just 30 inches
below. If the sectional area of the tube is a5 and that of the cistern
A, then, if the mercurial column in the tube rises one scale division,

the fall in the cistern will be only the # Ourt of one division. That

is, the eorreetion for a seale reading just one division about the 30-

ineh mark is: + ft dirrisions ; for a reading two elivisions above the

correction is: +zft, etc. This, expressecL in a mathematical formula,

becomes-

0orrection : O- ( /b- A)1;

in which E o is the reading at which the correction is zero anct h is
the observed reading, uncorrected for temperature. This may be
reduced to the followir,.g simpler form-

O -ruh-my
in whi ch rn and n are two quantities whose values are best determined
frorn a complete series of readings of the actual height ^of the mer-
curial column, as compared with the reading of the top of the column
of the fixed-cistern barometer. As the level of the mercury in the
cistern is generally not visible in barometers of this type,- the direct
measurem6nts of the heights of the r:o1umn can not be pade,, ancl the
necess ary actual heights-must, therefore, be obtained from readings
of some standard barometer.

To determine the values of ttb and rb accurately by comparisons,
observations should be made over a greater ranflo of -pressu-res tharr
ordinarity occur from duy to dny, and !h. best results will require
observatibns under pressure artifically changed to. suit.

25. Changes of t&nperature Inay cause tlie sectional areas of the
tubes and cfstern to tiave a different relation than that assumQd in
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the formula above, and rnay also ehange the value of .Pn. but these
effects are slight aria are nofi consitlerecl"here.

26. M ercurial bwonzeter f o* ntari,neltrss.-fufercurial lterrometers
constructed upon the Fortin system and other forms such as described
in the precedirg paragraphs are almost universally usecl orl lancl for'the measurement of atmospheric pressure, and no other form of
barometer affords as, great accuracy in the measurement of that pres-
sure. If, however, such an instrument were placed aboard shrp at
sea, the column of mercury would surge up and down the tube more
or less 'l,iolently with every motion of the vessel, and readings \roulc'l
be rendered inaccurate or impossible.

27. This difficulty has been overeome in a, form of instrument
known as the Kew, or marine, barometer. Its distinguishing char-
acteristics consist in substituting for the simple straight tube of
uniform bore commonly emplo;yed in land barometersr & tube having
a wide bore for 6 or 8 inches of the upper portion only. Below this
the tube has thick walls with a, small capillary bore only a few hun-
dredths inch in diameter. I{ear the bottom end the bore of the tube
is again enlarged to form an air trap, all as shown in X'igure L1. If
small quantities of air chance to enter the open end of the tube they
are not likely to enter the small point of the inner tube, but lodge
instead in the surrounding space, as indicated, where the air must
remain and does not affect the barometric readings. It may even be
removed from the trap when the barometer is undergoing repairs.

28. The flow of mercury through the capillary bore takes placo so
slowly that the column can not surge up and down the tube seriously
rvith the relatively quick motions of the ship. At the same time the
height of the column adjusts itself to the slow changes of atmos -

pheric pressure, and thus more or less perfectly answers the desired
objects.

29. Figure L2 shows a, high-grade mercurial barometer adapted to
all the requirements of marine use, together with a special gimbal
supporting bracket and small wooden box, into which the barometer
and bracket are folded" and thoroughly protected and secured. when
not in use.

30. The glass tube and boxwood cistern, all as shown in Figure LL,
are secured inside the bronze metal jacket provided at the top with
a long, slotted opening through which the top of the glass tube and
mercurial column can be seen. A scale of graduations is fixed beside
the opening and a vernier of a form already described in paragraph
l-2 is arranged to slide up and down so as to enable accurate measure-
ments of the height of the mercurial column to be made.

31. For marine use it is ne,cess ary that the barometer be free to
hang in a vertical line despite the rolling and pitching of the vessel.
For this purpose the rvel}-known arrangement of gimbal rings is
formed upon the outer extremity of a hinged bracket and secured to
the barometer at a point some inches above the middle.

In the position shown in the picture the barorneter is ready for
roading, and the tube will swing on the gimbals so as to remain
nearly or quite vertical. After a readirg has been taken the barome-
ter must not be left exposed, as it is very liable to injurSr by violent
oscillations in heavy weather. In the equipment of the standard
Weather Bureau deiign the whole bracket, 

^barometer and all are
srranged to fold up compactly within the small mahogany case, the
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lid of which closes with a, spring clasp, and not onlv sectlres the
barometer from accidental du*fg. bdt from unclue esposllre to
atmospheric influences as weIl.

32.*Horo, ba,ronteter tubes t?Lau be filled.-Processes thart may be
followed in filling barometer tubes for high-gra_de instrttments are
so rarely describeil and so littte known that ; short clescription of
some m"ethods frequently employed at the Weather Bureau with
highly satisfactory-resul[s wifl dirubtless be of interest to a trtttnber
of readers.

The object of any fiIling process is- simply to introduce. pure mer-
cury and" totally exclude atl air,- moisturer or .other foreign tnatter
esp6cially of a ga.eous_ nature, that pay- possibly later occup.Y the
bairometiic vacuum and cause errors by the pressure it exerts upon
the top of the mercurial column.

83. Tun tel ,method.-It may seem that the desired result could be
obtained by carefully introducing clean mercury_ thr_ough _ 

a lo.rg
slender-sterimed funriel reachi"g quite to the closed end oT the tube.
(See fig. 13.) A suitable funriel-*?, eas.ily @ mad,e.by drawiqg
d own tiie encl of a short piece of rath"er yid.u glass tubing. Such a

method is sonretimes used^and will, indeed, girre approximate results,
but it will be found upon investigation that while the mercury seems
to drive out all the dir, yet a good deal wilt still be found in the
vacuum. Originally, tlifi air frixed with water vapor is 

. 
strongly

adherent to th"e walis of the glass tube by reason of a peculiar proP-
erty this. character of glass is found to have. When the barometric
vacuum rs formed, sorie of the gaseous matter thus attached to the
tube is liberated aird by its pressure depresses' the mercurial column
several hundredths of iln inc^h, as has b-een shown by careful experi-
ments.

fn aII cases it is of great importance that the inside walls of barom-
eter tubes be perfe<,{ly cleafr.. New tubes are thorougbly cleaned
with whiting oi other suitable material while open at both ends, urq
while stilt warm and d*y the top end is closed and the cistern end,

tapered and finally fused shut.
Small tubes (one-fourth inch and less) that have become soiled by

use, exposure, etc.,_can not be egyly-clealed properlY, gid such are
neyer used a second time in the Weither Bureau work. The methods
given in pa,rQgraph 35 for cleaning larger tubes m&Y, however, be
irsed eYen with these.

One very simple and excellent method of driving off nearly all the
air and mbisture condensed on the glass walls is given in the next
paragraph.r 

B+: The boi,ti,ng method.-This is a simp_Ie. method commonly
employed with atl small tubes, gay, one-fourth inch diameter, more
ur i... ; such, for example, as rs^ requrred in the ,several types, of
barometers that have been heretofore- described. Much larger tubes
ur. frequently boiled, but these u,hen full of hot mercury ?re diffi-
cult to hand16, a strong heat is required, and the d"anger of seriotts
accidents is considerable.

It is well at first to warm more
of clean filterec.L mercury' from
also be gently warmed.

or less the whole tube, ancl the ctU)
which the supply is clrarvu shoulcl

l li'or notes and remarks on testing and flltering mercury, s€e pars. 137 and 13S.
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Sufficient rnercury to fill the tube 3 or 4 inches is introduced by the
aid of a funnel such as shown in Eigure 13, except that the slender
stem need be only 2 or 3 inches long. In the absence of such a funnel
it is quite as well to emploJr a small paper cone of the kind commoqly
used 

-in filtering mercury. The mercury in the tube is then boiled
carefully over a good Bunsen burner flamg. (See fig. !+.) For this
purpose the tube is held easily in the hands and moved" continuously

F unnel tube and boiling method of fllling barometer tubes

through the flame and rotated so as to avoid undue local heating of
the tule. As the heating proceeds the air ancL moisture vapor first
form in minute silvery-wfrite bubbles, giving the tube a frosted qp-
pearance. These enlaige, and after actirally boilirg the mercury for
a while all evidence ofJorrnation of bubbles on the walls disappears,
Qncl further boiling of the lqqrcury takes place with sud den bqrstq

ffrcunn 14
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and with sharp rnetallic clicks as the portions of the boiling rnercury
strike each other or the walls of the tube. When it is appirrent that
the gases on the walls of the tube have been driven off sufficiently, a,

fresh quantity-3 or 4 inches-of wa,rm mercury is aclclecl. ancl this
portion then heated and boiled. The line of separation bet\reens the
new and the old rnercury is rendered plainly conspicuous by the
frosted appearance previously mentioned.

These operations are repeated until the mercury reaches 3 or +
inches from the tip of the tube, the latter portion being fiIle.l by the
careful use of the funnel without boiling. If the walls of the tube
are clean and dry the boiling method is easy to employ and gives
very high vacua.

35. Cl,eatuing large tubes.-Tubes that have contained mercury of
which oxidized and impure portions may sti[ adhere more or less
closely to the wall should first be treated with dilute nitric acid ( 1
part in 20); and then thoroughly rinsed with plenty of water.
Ammonia or some other alkali may be added, if desired, after which
the operations described below should be followed.

fntroduce several inches of soapy water and whiting with tissue-
paper pulp. It is often easiest to put into the tube several small
sheets of cheap straw or manila tissue paper, and add the water and
whiting afterwards.

This creamy mass can be strongly shaken about inside the tube
and serves to scour and clean the walls in a very satisfactory manner.
It is then removed by copious rinsing with clean water and after-
wards with distitled water. After draining . some minutes, strong
alcohol in moderate quantities is several times introduced and suc--
cessirrely drained out and the tube given a final draining for half an
hour or so: if convenient, after which it is ready fof drying and
fiI1ing.

36. Ai,r-pwrnp meth,od of fiUi,ng.-This method, with numerous
modifications, has been employed by the writer in a large number of
cases with very satisfacto_ry results. The method requires a good air
puryp, drylng- tubes, beakers, burners, stands, etc., such as are gen-
erally available in any physical laboratory.

The apparatus is arranged as shown in Figure 15. The exhaustion
and funnel tube F/ will probabty require to be made up to suit re-
quirements by sorne one a little familiar with simple glass-blowing
operations. For most purposes this may be attached to the barom-
eter tube by a short piece of soft pure rubber tubing. The outside
end of the" funnel ii drawn down into a long .uplllury extension
which is bent several times, as shownr so as to dip into- the cup of
mercury M. Too fine a capillary should be avoidetl, and it is gener-
ully necessaly and easy to weaken the capillary, as at a, by heating it
a little, so that later the tube will break off at this point when a tbr-
sional strain is put upon it by twisting the bent extremity a b c.
The point at c is closed by fusion, to begin with. A stopcbck ma_y
be empl_oyedr &s a\ d, and in this case the breaking of the tube is not
required, but if the stopcock leaks even a little,-the result ma]' be
defective and the arrangement first described is often best. -

37. Drving aryd fiili,ng the tube.-In order to d.y the tube it is
alternately nearly exhausted and dry air admitted while the walls are
Jnore or .less continuously heated by ptaying oyer the tube with the
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flame from a Bunsen burner. These operations must be repeated 10
or more times and the tube kept hot. Throughout these operations
the mercury is excluded and the funnel tube partakes at least partly
in the dryine influences. While the tube is kept quite warm and
the vacuum maintained at a high point the capillaiy is broken at
a and the mercury in M, which has been heated in -the 

meantime,
is permitted to flow. M need not be large enough to contain aII

the mercury required, but additions may be frequently made and
the whole kept quite warm. The filling will take place slowly, d*-
pending upon the size of the bore of the inlet tube. The vacuum
must be maintained at a high point until the mercury fills the barome-
ter tube, when the flow may be stopped by admitting air to the pump.
The vessel M must also be removed if fhere is any tendency of the
mercury to flow one \yay or the other by gravitation.

311681 o _47_3

'.a,Qr

X'rcunn l5.-Air-pump method of fllling barometers
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For the very finest effects the barometer tube can be exhausted
bv a, Sprenge[ or other high yaeuum pump, _but in this case the

"i,bb.r-fube 
"corrructions muJt be replaced by glass aucl fused jofntg.

38. It may be remarked here that the rrery high yactta rvith rvhich
we are famiiiar nowadays, in X-ray and other sueh tupgp, Are by no
means essential, except in the highest_grade of tt normal " barometers
(see par. 45), 'wherb results d6pend--upon the absolute height of
tLe ,ri.r.rria,I' column. In the case of instruments in which a cor-
rection is found by comparison with a normal, tt* especiully in baro-
graphs rvhere the results depend entirely ypo.n d1trp,1ences in the,pos,i-
fiori of the mercurial column, simple rne-thods of filling give entirely
satisfactory results. In these ci,ses the- gaseous pressure in the
vacuum is"so nearly constant that no serious error is involved.

Suppose, f or exarnple,. that the residual air in a barogra,ph tube
exerti 

^a pi...or* of 0.f inch, which would be inexcusably bad fiIl-
i"g. Noi, since we set t1\" pen of the barograPh t9 ?gtee, from time
to-time, -t ritt a standard barometer, the only efect the air can have
is such as results from changes in pressur-e due either to changes
i" temperature or changes in the volume of the vacuum chamber.
t za" ^change of temperature between settings of tlr. pen is not
usual but w,iuld introduce an error in this case of only about 0.003

i*ti, *t un.e, with reasonqbly good filling, the errors from imperfect
vacua are entirelY insignificant.

Bg. Eryors of baror,leters.-No matter how carefully a barometer
mav be made 

'certain errors due to various causes can hardly be

eliririnated. In the first place, if any residual air or vapor or aly
i.irrA of gaseous matter femains in the tqp of. the barometer. tube,
the colunin of mercury will not rise as high as it should. We know,
iitoewise, from physical laws, that t4. capillaty {gtces actiry between
[n. free' surfade "ot mercury and the g-lass *alIs at the tgP of the
;i"*n also operate to pre_v6nt the mercury f.rom^rising as,high as.it
.rro"ia in the tube. Stitt other errors 

-arise from faults in the
;;;d;ation of the scale and from failure to place it ancl the vernier
ilt 

"*uctly 
the positions they should occupy. 

-It is not pr^acticable, or necessary, as ? rule, tg determine these

errors *.puri,tely. When an instrument is .o,*pleted, its readings
;r; carefuly .o*pared with those of a standafd barometer. The
diffur.nces f"ound in tfris way represent the outstanding effect of the
seve"al sources of error mentioned above and are corymonly called"

[n. tt correction for instrumental error and capillarity."
qO. There is still another source of considerable variation in the

readings of mereurial barometers, .+amely,- thp influence of temper-
ature, L rise of temp_erature expanding both the metal scale and the
***.orial column. ^If both mercury and scale expandgd equally no

correction woulcl be necess ery t but lhe mercury- ex_pands much tnore
than the scale, so that a large correction is required for_ temperature.

4L. The foliowirrg detailed discussion of the several errors mell-
toned above will make the matter more clear"

(1) (loruect,ions tor capi,l,laritu.-Tn ?Il barometers having colll-
pui.r,tively small tubes, ttiat- is,.of less diameter than frotn 0.7 ttt I
ilch, the lop of the mercurial column, 9r the meniscus, ts the rottnderl
surface is lenerallv called, will nearly always be quite 

_ 
co-n\-es on

account of 
"the capillary aition betweeir the mercury and thg glass.
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In consequence of this the tnercury/ eolumn is actually depressed a"

slight arnount and never indicates the true barometric height. This
source of error is one of the most troublesome to rvhich barometers
are subj ect, as the capillarity is never quite constant and there is no
practicable method bv which its changirg value can be accurately
deterrnined in the dai15, use of an instrument.

The error clue to capillarity is nearly always eliminated as far as
possible frorn the scale reading by adjusting the scale so that allow-
ance rvill be made for the average capillary depression. If an ordi-
nary barometer be carefully exarninecl it will be found that the 30-
inch mark on the scale is appreciably less than 30 inches from the
irrory point. In general, the difference represents the amount the
mercurial column is depressed by capillarity. A portion of a barom-
eter scale is shou,n enlargecl at u ) Figure 2 ( ut the top and at the
right). .The index line a is made accuratgly-3O inches from the
ivory point, but,the 3O-inch line on the scale is shou'n set slightly be-
low to offset the capillary depression.

(2) O oruectoon f,o, imperf ect aamffLa1ry.-[f, is generally assumed
that the spaee in a barometer tube above the mercurial column is 

^perfect vacuum, and that there is no downward pressure upon the
lop of the column of mercury. This, {roylever, is lot strictl;, the case
in any. instance, ut + often an tppreciable quantity of air or water
vapor is present. Ary vapor that the mercury may give off i., of
course. alu,ays present. This latter. holever, is very small and is
never consid."ed except in the most refined investigati6ns. If, there-
fore, etrY such pressures exist upon the top of the column it will be de-
pressed, and a correetion, u'hich may be properly called correction
for irnperfect vacuum or reduction to perfect vaeuum, shoulcl be ap-
plied. Such a correction will vary with both the temperature and
the volume of the space. If the trace of air present is slight, &s is
nearly alrygI,s the c-ase in any good. Jruln{"eter, the correetion for
vacuum will be nearly constant, provided the volume is not changed
much by great changes of pressure, as the chanses corresponding to
ordinary changes in temperature are comparatively small. There-
fore, in ordinary observatory barometers this correction, like the one
for capillarity, is includecl in the eoruection for instrumental eruor.
When, however, a barometer is used at both high and low pressures.
the volume of the vacuum space may change many fold, and in such
a case any error due to imperfect vacuum is far from being constant.

(3) C orrect'ion f o, 'inst,mtrn ental or sc'a.le error.-Errors arising
from several independent sources are embracec[ under this designa-
tion, as, for example : (") The graduated scale may not be adjustecl so
perfectly that its divisions are at exactly the right distanee from the
ivory point ; (b) the sighting. e,clgg of the vernier may lot be true or
in proper correspondence r,vith its zero graduation line ; (c) the
unavoidable errori and irregularities in the graduations of the barom-
eter scale itself also introduce different errors from point to point
along the scale. Nevertheless, sufficient precision in scale gradua-
tion -is easily attainable even in a scale that is only fairly good, and
such errors are generally so small as to be unimportant in ordinary
barometric observations and are seldom considered.

As stated in il previous paragraph, the combinecl effect of such
sources of error as those just mentioned gives rise to what is generally
called the correction for instrumental or scale error.
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The manufacturer, in adjustirg a, good baronreter. enclea\-ors to
climinate as. completely as_possible, oi at least to r'€rlur.e to a very
small quantity, the several corrections mentionecl above . \'rz. cor-
rection fo{ capillarity,_for imperfect vacuum? ancl for instrunrental
error. This he can do by sliding the scale up or clown n .rnrrll frac-
tion of an inch until he finds by repeated -trials 

ancl corrlprrrative
readings with a standard instrument that the ne\\- brrr'olrretir'. rvhen
(-torrected for teurperature: &s described below, gives the srrnre or
tgtrly the same readings as the standard. Ary itigtrt ourstancling
difference that may finally remain then becornei the-" corl'er.tion foi
instrumental error, lncluding capillarity," or briefly, tt correction for
scale errors and capillarity."

By comparing a barometer in a partial \,racuum, so as to a.scertain
the tt correction for scale errors and capillarity )) at several pres-*Lrres,
such, for .ex:ampln, as at each inch betrveen 20 and 30 inches of
pressutgr- it has been learned in a few interesting cases that very
g{e?t differences in the correction may be found it different points
of the scale. These differences amounted in one ease to eightrithree
thousands of an inch between 25 and 30 inches, and corild 

'not 
be

explained by any error of the scale or by any influence other than that
of the irregular capillarity action at different points of the tube.
These investigations demonstrated the necessity bf ascertaining the
correction for scale errors and capillarit;r of each instrument for the
particular pressure at which that instrument is to be used.

(4) Coruect'ion f o, tentperature.-The ternperature of a barometer
affects the a_ccuracy of its readings in two ways. First, the metal
s_cale expands and contracts with changirg temperatuies, and i.,
therefore, continually changirg i!. lenfth. Second, the mercury
itself expands and contracts much mor:e than the scale. The 3b
cubic inches of warm mercu{y in a barometer tube at, say, a tempera-
ture of 80" tr'., tvill be more than 1 ounce lighter than the-sarne volume
of mercury at the freezing temperature.

The true pressure of !h. ?ir, therefore, is not shou,n by the observed
height of the mercurial column until u,,e take into account both the
temperature of the scale and the density of the mercury.

For this reason barometric readings require to be reduced to a read-
ing u,hich rvould have been obtaineil had the mercury and scale been
at certain standard ternperatures.

The standard temperature adopted for the mercury is always that
of melting ice-that is, 0o C., or 32o F.

When the leadings of the scale are taken in inches, the standard
temperature for the scale reduction is then 62" F. If, however, the
metric unit of length is used, the standard temperature is then 0o C.
fn the latter case the same ternperature ser:ves for both the scale
and the mercury.

There is thus zr disparity between the temperatures at which tr.g-
lish and metric scales are of stanclard length; moreover. tables ot
barometric corrections for temperature usually give the reduction for
both the scale and the mercury in one correclion, r,vhence it follows
from these two circumstances that the corrections in English irncl in
metric tables are not mutually convertible. An error. is therefore
introduced if the uncorrected reading of a mercurial llaronleter
expressed in metric units is colrverted into English nnits. or r-ice
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versa, and a temperature correction afterwards applied to the result.
lfhe conversion of barometer readings from Englisli to metric or from
metric to English units can only be made correctly after each read-
iqg _has been fully corrected foi temperature. A further discussion
9! t_his point will-be found in the Monthty lVeather Review for July,
1898, page 3A2.

42. Baronrcter cal*reati,on cards.-Each barometer of the Weather
Bureau, when sent out, is accompanied by a correction card (Form
No. 10f9-Met1.) showing the cor^rection f'or instrumental ur*oi, and,
also th,e corruecti,ons of tfre afitached th,ervnometer. If these latter cor-
rections are _as l_a_rge as half a degree, which i., however, rarely the
ease, they should be applied to the reading of the attached iher-
mometer bef ore taki,ng tlte aoruection f o* tuntperatwre from tlr"e table.

43. Tables of tem,p'er,att1fire coruecf'i,6ns.-T-ables of correction for
temperature ?re computed by simple formulre takirg into account the
known coefficients of expansion of the mercury ani[ of the metal or
material of which the scale is made. The scale in this sense includes
all the metal p3rts between the ivory point and the top of the column
of mercury. It is generally assumecl that the temperatures of the
scale and mercury ale the Ia*., _and that the temferature is given
by the indications of the attached thermometer.

For barometers with brass scales the followirg formula is used for
computing corrections :

Correction; C - -h
t - 28.630

1 .1 123 t + 10,979

in which A is the observed reading of the barometer i,n inehes, and t
is the temperature of the mercury and scale in degress Fahrenheit.

The nurierical factors in this equation are obtai"ned by using the
followirg values for the expansion^of mercury and brass, 

"vLZ:

Qubical expansion of mercury, 0.0001010 per degree Fahrenheit.
Linear expansion of brass, 0.0000102 per degree Fahrenheit.
fn Section VIII are given full tables of coirections computed by

the above formula.
M. C oruecti,on f ,* d,ens'ity of mrera.ery_.-I.f the density of the mer-

ctry is not the same in two barometers [frat are exactly itiLe in every
other respect, the heights of the mercurial columns, witt not be th-e
same for the_same pressure. In such a case a reduction to mercury of
a standard density will be required. The presence of 1 per cent of
lead with merc_ury causes a change, in density that woulil require a,

coruection of about 0.051 of an inch. On ttre other hand, m^ercury
containing even so little as one one-hundredth of 1 per cent of lead is
rendered so exceedingly foul that it could not be used for barometric
purposes. It is therefore easily seen that a correction for standard
deniitv is a refinement which need not ordinarily be considered.

4b.rt is.,.,jffiffiffi #, 
^-;Haid above abour

errors of graduation, errors due to capillarity, to imperfect v&cuurl;
to instrumental ]pp.tf-ection, o!c., that even the best of ordinary
barometers is liable to be quite incorrect until corrections for thes-e
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errors have been determined. Moreover, from the nature of things
\\,e can not determine these correlctions except by comparison with a
standard barometer, and the question might properly be asked, IIow
do we know the standard barbmeter is right? We will answer this
by saying that the standard barometer ought to be a normal barom-
.fle". " So"f.w understand clearly the distifrction between these words
6( stand ard. " anrl tt norm al n in the present connection that some
explanation is necessary. In the first-place_, thg expression tt normal
baiorneter " is used a gfeat deal bv the W'eather Bureau and meteorol-
ogists in general whJn, strictly spuaking, the expression should be
rr6rmal bilrometric pressure, tiy which Is meant the average of a

great many years' ob..rrrations" of atmospheric pr€ssure at a si.ngle
Station. Ih ihe present case the word rt norm aI )' has an entirely
rlifferent meaning.

A standard barometer need not necessarily by anything more than
an instrument which has been pronounced to be correct by some
special authority. For instancer the Congress of the Ilnited States
might say that the indications of such and such an instrument
r.ep-resent" the trre atmoppheric _ pr_essyg and that Jhq particular
balrometer in question is th-e standard of the nation. Such an instru-
ment, although formally pronounced to be a standard, might,.never-
theless, possels little more than the average accuracy and_ its induca-
tions still ]:e more or less erroneous. Since the several errors to
rvhich barometers are subject can not, in the majority of cases, be
determined except by comparison with an instrument whose errors
are all known, a stani'lard based only on the dictum of some authority
can not necessarily be regarded as givit g true indications. A normal
barometer. howev-er, is one the conitruction of which is such that the
instru*.rt, fundamentally and. independent of all other similar in-
struments, gives a true measure of the pressure of the air.

Standaril barometers should therefore generally be also normal
harometers. It must not be understood that a normal barometer is
absolutely without any error. The construction,- however, is such
that those errors which can not be wholly eliminated can yet be
ascertained from the indications of the instrument itself. The error
for capillary action, for example, is wholly eliminptq{ by .*ploying
a tube^ of very large diameter. On the other hand, if the yacuum is
not sufficiently peifect, the error frorn this cause can still be ascer-
tained, for th6 Sarometer will be constructed so that readilgs can be
made when the vacuum chamber is large, and again when it is many
times smaller and the pressure of the remnant of air therein propor-
tionately increaqed ; frbm such read ings the desired corrections, can
be comfuted. So, also, other errors are either eliminated or are
ascertaihed by special investigations, and the reading _of_ the barom-
eter after all known corrections are made is regarded as funda-
mentally coruect.

Barometers of this type are generally elaborate of construction
and will not be described here. Several of the European normals
are fully described by Professor Abbe in the annual report of the
Chief Signal Oflicer, 1887, Part II.
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ff. Axnnoru BenorwETERS

46. Figures l-6 and 17 represent tiro of the more important types
of aneroid or holosteric barometers, showing principalty the internal
mechanisms. The first is a, more common forrn, 5ut the second i.,
in general, somewhat better. The essential feature is the same in
both instruments and consists of the small metallic box or cell, M,
the upper and lower walls of which are made of very thin circular
sheets of corrugated German silrrer, which are soldered together
on their outer edges, forming a very short cylinder. The air is
thoroughly exhausted from this cell through 

-a 
tube at one sicle,

which, when the vacuum is as perfect as desired, is pinched tightty
together, cut off, and hermetically sealed with solcler, producin[ the
projection seen at c. fhe flexibls corrugated surfaces, which tend to
be collapsed by the pressure of the outside alr ) are forcibly held

I'rcunn 16.-Aneroid barometer

apa$ by the action of a strong steel spring R. As the pressure
of the air increases tlr" spring_ is gompressed and the corrugatecl
surfaces approach each other ilight1y, ieturnirg again or sefarat-
i+g stilt farther with diminution of pressurel To *ea.ui. the
changes in atmospheric pressure, it is only neeessary to measure the
minute movements of this flexible cell.

The two forms of aneroid figured herein differ simply in the
manner by which the minute alterations in the elastic yielding of
the spring are magnified and rendered measureable.

47. fn the common aneroid a lever l, attached directly to the
spring connects by a link m) with a, very short arm of a" sort of
bell-crank lever r) t) having a horizontal axis on pivots at each encl.

The longer arm t of this belI-crank lever is eonnected by _rr.ans of
a wrre s with a very fine chain, the other end of which winds around
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a small wheel or drum on the axis o, Lrpon whieh is mountecl the fuand
as seerl. At b is shown a small spifal steel spring, like the hair-
spring of ? watch, which serves to t-ake up the siack ln the loose con-
nections of the numerous joints, levers, and links.

At r is shown, also,. a small counterpoise weight attachecl to the
bell-crank lever to aid in securing_a more stable p-osition of the index
when the barometer is placed. in-different positi6ns ; that i=, rvhether
the dial is horizontal, or vertical, or turned to one slae or the other.

The point of attachrnent of the link nb to the bell-crank lever is
sometimes adjustable so that the movements of the hand can be made

to correspond to the value
of the scale graduations.

The steel spring R is
also slightly adjustable by
means of a scre\\, from the
underside threaded into
the part I{. This permits
adjuptilg the hand to any
particular point of th-e
scale to give correct read-
lngs.

48. trffects of tempercl-
f,,177's.-The steel spring
and the feebler elastlc re-
action of the composition
metal of the vacuum
chamber a_re appreciably
weakened by increase of
temperaturer so that in
some cases a rise of the
pressure may seem to oc-
cur which is really caused
by the rveakening of the
spring. In some cases ef-
forts are made to com-
pensate fo{_ this by leav-
i+g u srnall quantity of
air in the vacuum cham-
ber, rvhich when heated

increases its pressure up\yard and tencls to offset the rveakenins effect
Irpon the springs. A better plan is to make the lever t of trvcidiffer-
ent metals, vi.z, brass- and iron, firmly brazed together. The differ-
ential expansion of these trvo metals 

"rvith-t.rypefature 
changes pro-

duces flexure in the lever. By filing and adjusting the bihetatlic
FuI, the ,flexttre due to temperature can be made \zery nearly to
balance the effect of tem_perature on the spring. The an6roid is ilr.rt
said to be t( compensatecl " and this word is olten found on the dial.In ma.ry, cases this r,vord is there when the compensation is yery
imperfect.

49. Defecfs.-The friction and looseness in the ioints of the links
and the lack of perfect balance in the various parts give rise to con-
tinually changirg errors in the reacling of the aner"oicls. TSis will
be shown by tapping the aneroid from difference sicles ancl [olcling

!'rcunp 1 7.-Goldschmidt's aneroid
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it in a variety of positions; a different reading will be given for each
condition.

ir0. Goldschmi,dt's anero'id.-The numerous levers and links in the
common aneroid are dispensed with in this form, and the minute
movements of the cell and spring are measured directly by means
of a micrometer screw.

This is accomplished in several clifferent ways hy manufacturers,
a common form of instrument being shown in l*igure L7. wherd
!h* parts have been separated for a b6tter view. Th; plate b, ;i ti
its attached mechanisms, is secured in the bottom of thd box A.' The
micrometer screw S' works through the cover of the box. The
corrugated aneroid vacuum cham6er I[ is held distended in the
usual manne" hy th.- steel spring R. A sharp knife-edge projection
a of a double-formed lever 7 resfs upon a sm6oth polish-ed^spot near
the outer end of the spring. This spot is sometim6s a bit of^glass or
lgate. _ TIt* lever I is piioted delicately upon an axis at r' and. is
formed of two p?$s joine{ near the a*"is. ^The upper piece of thi;
lever is a vgry clelicate steel spring, with a flat potished turface at c)
which. by thg springirTg of 

^ 
the-arm pres_ses bgainst the point oi

the micrometer- scrern, S'. At the en,{s the spTiog and. l6ver are
formed with little flat surfaces, eagh having ; fin"e line 

"rgru".aacross the middle. This constnrction is nbt clearly seen T1 the
drawir-Ig.. To observe the air pressure the aneroid fiust be cc ."[ r
by bringing the above-mentioned lines into coincidence. For this
Pu.rpose, and at the same time to measure the movement necessary to
bring up-ort such a, coincidence, the finely cut micrometer ..r.# S,is provided. The large |r.r{ q, havin g "a scale of gradu*Cion. en-
graved upon its outer rim, being_ tu{ed, the poirit of the screw
presses_ ag?inst the .spring, at c) anE deflects it so ifrat the lines upon
the ends of the qpring and lever may be placed in exact coincideice.
To facilitate ma\lng this. adjustmenl acc,irately, a small magrritvi"g
glass L is generall1'-provided. A small scale iL'opposite the-.nd. o?
the lever I when the mechanisrns are in their n,irmal position and
indicates the whole number of turns made by the screw, or, what i;
the same thing utld more conveniept, shows tL. pr-essure corr..pond-
irg to the successive positions of the'screw. Tha fractions of a turn
are indicated accurately by the graduations on the head of the screw.

51. Temp'erattlwe effec{t.-Ihe Goldschmidt aneroid is not compen-
sated for temperatuie,. but is generally_ accompanied by a tabl^e of
corrections therefor, -the ^temptrature 

-being 
ihdicated "by a sma11

thermometer, thg scale of wtiich, in the aileroid shown," i. visibie
through an opening at T.

52. Rea:di,ngr.hout'rna,de.-Aneroids of this pattern are read by first
turning the micrometer screw until the Hnds _!pon the sprinft andlwer eome into exact coincidence. The readi^ng on tha ..Elu is
noted, and to this is added the part taken from t1e graduations on
the head.

53. Consult pSTtgraphs 104.to 106 for information respecting the
use of the anerbid in determining elevations.

54. Hoq a,diusted to standard press,tr;res.-The aneroid barometer
no matter ho.w,perfectly constructed, does-not indicate any particular
pressure until by careful comparison with a standard birometer its
index is adiusted to give as ntarly as possible the same reading ;;

3116g1"-47--4
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the standard. This adjustment is made by means of the screw, which
i;-fi;iy -ti aneroids is seen io=t within "a small hole in the back of
the .arel The graduations of the dial must of course be such as to
.ho* changes oT pressure on a,scale of millimeters or inches.---ffr* 

GoflA.cnmiat aneroid is similarl.y adjusted in a variety of
*u;o, of which a" common one is to shift thi) zero or index line at'

which the reading of the micrometer screw is made.
bb. Eruors anff d,efects of mwroids ,ry geryerql.-Lfber beirg on99

adjusted to give__ac_cur?te piessures, as 4fpqay, described, t4. aneroid
shSuld be h-andled with lreat care. Violent knocks and shaking
will. esneciallv with the Common aneroid, almost certainly change

or.irititfre vdrious links and levers in thei" joints and change, more
or less permanently, _t-h. position of the index. For such reasons

aneroid J are very lihfte do acquire unknown and often laTSp accl-
dental errors, urd can not, therefore, be regarded as very satisfactory
instruments,.-bG.- 

Enoot due to u,eryt slous, cluam,gas.r 4 cveeping.n-Tf an aneroid
adjusted to read. correclly. under ordihary air pressures is placed
within the receiver of an 

"ai* pump, the. index will gyi*ty fall to a

1o*er pressure when a partiai vacuum is formed. If, however, the
,u.u,rri. be maintained. ^constantly at the same pressure for man-y

clays in succession, the readitg of tt * aneroid will be formd gra.d-
,uilv to become lower and 15wer, but after three or four weeks
further changes cease or are very'small. The amount of this slow
change differs greatly qnd _may be from one-half inch or less to over
an iritfr, accord"ing to the diminution of pressure and other circum-
stances. Asain, #hen the barometer is removed from the air pump
it does not i'-*m6diately return to its original correct reading, but its
indications will be found to be too slof, several weeEs being again
consumed in a slow return to approximately its former correct
reading' 

.r.oo^in.r 2? srnfinn ripnends no dorrht- Ilnor lecularThis"tt creepirg " action depends, nq do3bt, uPon some mo
changes, as ;iet iot cle_a1ly uh{erstood, that take place within the
matefiais of ihe aneroid box and steel springs. In any case the read-
ings are liable to be very sglioysly- in errol and^touiists and others
*fio carry with them aneroids for"!h* purpose of ascertainirg eleva-
tions sfroirtd have means to determine and-eliminate the very serious
ur"o*. referred to above. A further discussion of these errors will
be found in the Monthly Weather Review for September, 1898,

n"ff;.tfl; 
aneroid barometer is a convenient instrument for showing

more or less accurately the chanaeter an'd, the amoutnt of barometr'ic
,n*rges going on from 4uy to day, but !h" mercurial barometer is the
;"it'irr.trrrmZnt that giv6s atmospheric press_ures with that degree

of il".cision required ffi simultanebus mefeorological observations.--b-3: 
Test of iond,i,tion of aneroid.-Lneroids, ieemingly good, aTe

often 4efectir., because some of the_joints of 
.the 

leveis and pivptl
ur" too tight, causing the haqd to sticli and not move with the perfect
freedorn ii shoulcl. Th. condition of an eneroid can be quickly tested
in this respect by tapping the instrument on the side or bottom with
the fingeri or knuckl^es, g, -p.Thaps bet{e1 by lifting t}r., in'strument
a,bout Ene-fourth of ,an inch frorir a table or cane-seated chair and
piu.i"g it back again somewhat sharply. IJnder this treatment, if
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thu joints and levers ale perfectly free, the hand will jr*p away and
then return quickly with a vibratory movement to its original- posi-
tion. If the instrument is defective, the hand in some cases 

-wiII
not respond to the slight knocks, or will do so without exhibiting any
vibratory movement, o.r upgn being disturbed it may move a, Iittle,
but will not return to its original position.

fff. MrscrcLLAr{Eous BanonrETERs

59. I\{any curious and interesting forms of barometers have been
devised for the purpose of showing the changes of air pressure in a"

much more magnified manner than is possible with ordinary barome-
ters, especially of the mercurial pattern. A few of these will be
briefly mentioned.. Many others equally curious and meritorious are
necessarily ornitted.

60. Water baromsf,s7".-This may be constructed in practically the
same manner as the mercurial barometer, except thaf water is-used
instead of mercury. Now, as mercury,is_13.6 times as heavy as water,
it will result that the water colurnn will be 13.6 times higher than the
rnercurial column, or about 31 feet high I also a, change of 1 inch in
pressure by the mercurial barometer will appear as a change of 13.6
inches in the water barometer.

The great defect of the water barometer, aside from its incon-
venient proportions, i. the shortening of the column, due to the
p_ressure of water vapor in the vacuum. This shortening amounts to
about 10 inches at a, temperature of 70" F., antl if the temperature
were to rise l-0o the pressure woulcl seem to fall nearly 4 inches,
when really no change of pressure had oceurred.

61. Gl,y'c'erin, ba,r'om,eter.-Glycerin, sulphuric acid, or nonvolatile
pilg may"also be used in_ place o"f m.ercyry, each affording a magnifie.I
indication gf prgssLlre changes, as in the case of the water barometer,
and with the advantage that the errors due to vapor pressures are
much less, ot' are quite inappreciable.
.62. Diagonal barom6fis,v's.-!f, is easily seen that_if the top por-

tion of a barometer tube be bent off at a, small inclination upward
from a horizontal positio_n,. !h. movement of the mercury along this
diagonal portion will exhibit, in a magSified manner, the ordlnary
fluctuations of atmospherlc pressure. The same result is secured by
folmir-rg the lop portion of a barometer tube into a helical coil having
suitable graduations.

63. Di,al, baromsfis'7's.-Probab1y the most practical expedient for
magnifying the indications of an ordinary siphon mercurial bat'ome-
ter is the form known as the tt dial barometer," shown in Figure 18,

The action of the instrument will be readily understood fiom the
diagram rvithout further explanation.
. 64.- Fyrn?'iesomsfsr.-This is another form of sensitive barometer,
in which the pressure of the air, acting through a short column of
tiquid o_f lgy. spe_cific gravity, is made to compress a portion of air
eonfined within the instrument. fn this case it is neceis ary to make
allowance for the expansion and contraction of the confined air with
ob?."ges,of temperature. This is conveniently agcomplished by pro-
viding the instiument with two scales, o+e oI whichi containiig the
readings sf pressurer is set to a certain line on the'scale accoldirg
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to the temperature indicated by the attached thermometer of the
u'8fltr,r';ro?1,'s 

bu*ometer.-This ingenioLts and novel device is shown
in section in Figure 20. The barom6ter tub. i! large in diameter and
lonEer than usu"al. The cistern is recurved and extends as a long core

,p Ir=ide the barometer tube, reaching within 3 or 4 inches of the toP
oi tnu .olo*n of mercury. The proportions are arranged to.be such
that the upward pres=ur6 of the air oh the under side of the cistern is
suffi.ient t'o sustain the cistern and contents suspended from the end
of the barometer tube"

I'rcunr, 1&-Dial Ii'IGUBH 19.-Symplesometer

When a change of pressure oceurs the cistern is caused either to
ascend upon a b"arometer tube or to move down to a new position of
equilibriirm, and, by selecting suitable pro_portions between the inter-

"it diameter of tfre barometEr tube an-d t[e thiclrness of its walls in
r.iution to the diameters of the core and cistern, the movement of the
iatter up and down the tube with changes of atmosp4.:iq pressure

can be riade to represent pressures upon a greatly 1lagnified scale.

GO. Magni,fying si,p'h,on, baromstfisrT'.-Figure 21. illustrates still an-
other e*p".dibirt 6y w:hich the indications of- a plain mercurial barom-
eter may be greatiy maggifled. The short leg.of a siphon barometer
is extenhed ,ip,rard, i, tne manner shown. The small-bore tube a is
enlarged at tfie top'to have the same diameter as the cistern portion,

Frquns 19.-Sympiesometer
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XtfOUnn 20.-Howso,n's
barometer Frc unu 21.-Three-liquid.

barometer
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'Ihe portions A, brc,of the shor!.I.g alg filled Ep to a point at about h
with'colored #ater, and then a6or[ this with lierosene or some other
Iiouid of nearlv thd same density as r,vater and with which it does not
*i*. It is plain that l,vhen the level of the me_rcury in the short 1"9
changes, the^ meniscus separating !h. oil.from the water in the small-
bore irtie will be seen td chang6 its position by an, amount enlarged
in proportion to the relation between the areas of the cistern and the
small tube.

67. Generatl, comm,ents on ,tntag'oify'in,g'ba,t om,eters.-The special ba-
rometer,s described above are in[eresting and in many respgqls culious,
but they can not be regarded as a+yt_hlng more thut philosophical
toys urh curiosities. IT is imp racticable fn any .gf the magnity:"g
in"struments to d etermine the dbsolute pressure with great precision,
for the expedients of magnification introduce sources of both constant
and accidintal errors thlt affect the results to a magnified extent: so
that even less precision generally results than is attained with well-
made mercuria-I. barometers of the simple pattern.

IY. BanocnAprrs, oR CoxrrNuousr,y RnconDrNc BenoiuETERs

68. The barograph is a form of barometer with the addition of
parts by which"a cbntinuous record of the barometric oscillations is
traced irpon a sheet of moving paper or obtained by photographic
processes upon sensitized plates - M}+y different form. o{ ?Pparatus
have been &evised, nearly^all of whictr are more, or less elabortte, in
general, but not correspondingly accurate. In most cases the chang-
Irg temperature to wfiich ths instruments are .]bjected introduces
srriutt eirors, and the mechanisms effecting continuous registration
either obstnict the free, action of the barometer proper or do not
transmit to the record sheet a trace representing exactly the origina,l
fluctuations of pressure. The absolute value of t4. pressure indi-
cated by the poiition of the tracing point is also subject to uncert?in-
ties, and whille c/r,,anges_of pressure Are shown rvith greater or less

accvracy) it is impos"sihlg, eiren with the best instruments, to record
the absitute presstrre with a precision_equal to that 9f tn g.ye reacling
of a stanclarh barometer. in general, thereforQr the indications of
automatic instruments are checked and corrected by reference to occa-

sional eye readings of a standard barometer.
69. If hardly r"equires to be said that the mercurial baragraph,is

more reliable "and-^ gives more accurate results than those of the
aneroid type. Man! ingeniousr mechanisms are employed to effect
the continrious regiJtration, thus:

ttl In.some cases this is'aecomplished by directl_y phgtographi"g
on a movrng sheet of sensiti zed paper of a moving plate the changing
positions oF thn summit of a barometric column, notably the case at
[fre Kew Observatory, Ergland,

(Z\ In other form.; ; flott resting upgn the merculy il thg ope,n 1.9

of b'siphon barometer communicaTes-the motion directly to a, lever
which 6arries the recording pen at its end and. produces the record. on

, *ugnified seale. It is dTfficu1t to overcome the friction of the pen

and rfiagnifying levers sufficiertJy to obt.ui* correct records; the eon-
structio"n in"sorfre forms is therefore modified and clock movements or
electromagnets are caused to perform the real labor^ot producing the
record, Urrder this category fue have such cases as follow :
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(.3)- The motion of the float is communicated to a, very clelicately
poised lever, the slightest movement of which sends a current of eled-tricity through prof9rly disposed ma]nets, r,vhich either alone or act-il8 in conjunction with clockwork peifor* tfre real labor of mo;i;g
tlr* peq mechanisms and preserving^a proper condition in the .quiiibl
rium of the float.

(+) + distinct class of barographs is obtained by constructing
mechanisms which measure and fec6rd the barometric"oscillaiio"* b?
u:,ei,gltiqg the .Flrgirg quantities of mercury within a poisea nu*-"-
eter tube or cistern. - The weighilg. i. eff6cte,C by .ri.p.rairg tir*
barometer tube or its cistern fro[r th; beam of a balinc* ,rhi.h iI .or-
tinuously,preservetl in a, conditiol of equilibrium by th.--u,rtomatic
movement of a counterpoise travelitg along the beanl of the balance.
The movement of the co.unterpoise Is effeEted either by cil;6;;[;
or pf electrolq?gnets, or by botih.

(f l + modification of tt e weighirg principle consists in substi-tuting.fol the balance mechanisms- coil-ed steel ^springs, by th; deflec-tion of which the changing weights are measu"uh uri re6ord.d.
The followirq descrfuti6ns, gTyen in some detait, ;l rlp-*entative

tynes, of mercurial barlgraphs-that have been maintaindd i" opera-tioT by the IVeather Bureau will enable the student interested tounderstand more fulty hoy sugh mechanisms operate:
70. Foreman's barigrAT)'lr,.-This is show" i" fid" e 22. It belonssto a class mentioned aboie under _L3)._ Prof. G. TV. H1"gilJir*ffi;of D,udley Observatory, Alb.anf,-N.'f., aboui taoz, p.r$.iua baro-

qrap$, req.rdr-t$_on this principle, the' form here hd;;.d 
-ili"t 

a.-
::ql:{I.y Mr. rr. L. Fo1epan,,wf,o #u. at one time prEfe*;" H;;g[Lassrstant. Thu glass sifT|rgn tube of the barograph is ut tfr* back atB,-?n$ is onlylartly visible, thu bend beint [i?a.l" behind trru-r.cor.lcylind." 4.. 

-,Tftu 
o[ren end'of the siphon "trrb" is seen ut- C: an ironfloat rests lightly u^ion the surfacu oi the mercury ;Irri1., _UL;g sus-

}1ry$,lr^., 
meani of- a fine wire t from the shorf end "i th;-ifi,.,. z,which is delicately Pqi.gi upgn the steel knife uggg= at r. The fo"gend of this lever at h is tippe4 wilh plulinum 

""4 [iaced between two
lrrlitii:T;pginted screwsiboth- of #rricr, nearty, b;t ,oi q;it., rouch
!"n":^tip :l tl: J:"q* when the latter is poi.g_q i, p"oper .'dilibri;;.t ne upper screw ls connected by the wire W r,vifh ah eledtromagnetat the back of the instru*ulj; a correspon{ing,e1;.t*o*agnet, pu?tiy
::111t lf,i. connect.*Qy tt u wire - ,. withit u ..".* l".t Leneaththu-tip of.the lever. P i! a strong clo.ckwork driven-py';h; .o"J 1..;

1l*Ju:,T]tted to run intermittenti"y whenever releas;d "biiiru u.tionof the electromagnet at If.
The clock mov-ement p, regulated by the pen_dulum F, gives motionto the recordirg cylinders 4,- A'. dhe .yh"a"; A makes 1 revolu-tion in 24 hgu{s, whereas N revolves ut the *".f, slower rate ofabout 1 revolution in 1G days.
The lever !, together with the platinum-pointed screws and elec..trical connections W, Wi, ?re all riounted upon a carri; R, ;irich ismoved bv the fine-threaded screw S ancl g".iq..1 6y- tt u".ofri*". a) a.The coat"..-threaclecl screw S' i. pri"ia.t loitL-trr"'a"uble-pen earrierR', tlrg screws s' and s,,being leared with eactr-rih;;^Lf ;;". ofsuitable wheels. We .rrill .u[p6.u that the ,*.lrunisms have beenproperly set so that the irorr^ hoat is normait/ ililffifu;p;" the
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I'tcunu 22,-Eoreman's barograph
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surface of -thg mercury and the lever /, poised in equilibrium, in which
i:::^tl:,Plutinum tip ./L will stand a'6out -ia*;i- il;.-"'th. pr"t:inum-pointed scre\vs above ancl belorv it, respectiirely. Th. pen car-rier R' must also th93 occu_py such a pdsititio or iii" ..*i irrrt"ffi.
l:Yilg P,u"s 

will indicate t6e true barbmetric pr.*.,rre upon the rul-
irg. on -the record sheet. Appropriate .onr.dtions witti u1 electricbattery.being made, the actioir^of tttu mechanisms-*ifi Uu u. tollows:
S"y ryilut:_:l*g" in the level of t4. *91cu{y w_ill uit.*-t[. po*i-tion of the iron float, ln consequence of which tli. ptutinum tip of thelever I will move into contact with one or the oth6r 

"?th; piiti"um-
!lpp..a screws, causing a curre_nt of electricity a;.bu ai"ncte& th;;;g:h
the electromagnet connected therewith. The" action of either electro-magnet releases the clockwork P. fn doing this, however, tn. o".
magnet -shifts the lever L laterally toward"the back oi iirL instru-
ment, while this lateral movement uritt be toward tli; iro"tlt Uro"ght
about by the action of the other magnet. The;;il*."t of the clock-work causes the 

'lever L to advan.ior recede .o tfrut- a pa*f 
"pon 

the
39d, engagirg a tooth of a ratchet wheel ,porr tli; encl of the screwS' revolves the latter a fraction of a turn. ffris fractional imn will
be in one direction if the level L is drawn backward o" i" tfr. oppo-site direction if L is pushed forward, a..ording ;. the 1eve1 t, hasmade contact with the irpper or undu" ..ru*. This movement of thescrew S' shifts the pen carrier R' and the p;; upon a,h. record
sheet, and, being conimunicated to th; ....',* S causes a proportion-
ate,gha"l$e to take place in the float-carrier R. 

- th; clockwork auto-mati,cal{r 
=1ops attg" one such cycle of actiorrs. If aft.r i6* move-ments the lever I is again poiJe,C in equilibrium- no further action

ensues until the contacT of 7t with one 6* the;h.; of tfr- ..rews isagain made, whereYpon the cvcle of actions *ili_again be sei 
"p 

u"A,if necess arY t rep-eltbd in quick succession until Trru e["iilUri.r* of
1!_: q"ised lever- I is restorfr. The moyement of the pe.n 

"u.ri." Racorresponding to a change $ t\e position of the flout', 1* i;;; timeJ
ars great as the change in the freight of the mercuriat .oio*r. Achange of 1 inch in pie..gt.,-therefore, is represented as u .frurgu ;i4 inches on the shelet. Each closur. 'oJ th; circuii p;;;;i"g onetwenty-fifth revolution of the screw S', or one-fiftieth revolution ofp rgnregqnls.a change in the height of the mercurial column of 0.00iinch, r'vhich is the riominal sensi-tir.*u.. ;i the i^l*rment. fii;g,
hor'vever, to unavoidable imperfection. i" screw threads ancl electriccontacts and to the capillarS) action of the mercury in the buro*eter
l1b:1,..* probable err6r of [he instru*urrT i; ;;;hi g..uter rhr; t.triuno cloubt amounting to at least 0.01 inch. c

. Qf selecting, proFer pjoportions for the long ?nd short legs of &siphon baromet6r, fhe uffu.t. of ternp*uirr*. .fn b. almost p#t*tryeliminated. TItiF, however, appearls not to have [;;;"Lrl"*aered
when Foreman's barogra,nh l"u. hesign;d, and the recortls are subje4
tg .TSll.periodic errols du. to tempeiatul" .hu;;;..- For the. further
elucidation of the automatic co*pbnsation of sififron b;;"grrpfr. for
temperature s_ee paragraph 80.

. Oy'ing to !h. presencd of the float on the surface of the mercurvin the short 1,.9, and to other ca_uses, it is practically impos.lUt* ltmake a direct measurement of the actual fr*igfrt oT"tfra ';;il*" of
311681" 
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m-ercury. . When, therefore, it is desired to set the recordirg pens or
check their positions in relation to the true air pressu"., 

-it-iJ 
neces-

sary to make a reading of thp standard barometei. In th'e bu*g**pt,next described the effect of temperature is inappreciable, an? it u
actual height of _the mercurial coLumn may_ be directly *Jusured at
lny time, thr. dispensing with the extra" barometer required oiit.1
Foreman's barograph. -

7L. Marain's h,orvnal barograp'lr,.-This instrument is shown in
Figures 23 and 21. It belongs i,o the class mentionecl above under
,(+), wherein the mercurial -column is directly weigh;d ,pon a
balance.

The glass tube whish, wlth the top portion of the mercurial col-
]r{n, may be seen at B, J?, freely sg.spelded by the hook h from the
balance A. Jhg point of the tube- difs into the mercury contained in
the cistern C, *\ich is suspended byb gimbal joint froin th..rlumls
d, d, hy rq.ans of the meta-l tub.e Biwhlch forms a sheath anctprotec-
tion for the glass barometer tube proper. The rveight of th; barom-
eter tube on the short arm of theleam A is balancld by the roifirrg
carria$u^ W and fixed weight (not shown) qn tle end'of the ilE
arm of A. WheneYer a change occurs in the heieht of the ,rr.r.rria-l
column, .t}.re r1e^ight.g.b"+ges: ind the carriage W"must be moved to a
new. positiot if equilibrium is to be preservEd. In order to make the
rnotions of the carriage .\,t{ autornatic a platinum-tippecl contact
spring is attached to t[e balance beam at tLe u"tr.*. encl r,of the
lo}g arm. . The slightest displacement of the beam from its position
of equilibrium causes the spiing to move into contact with orie or the
other of twollatinum-pointea screws, shown enlargecl in Figure 2+
at m) ^': These are electrically -connected, "u.p.6tivelv, 

.r nTtfr the
maglqets M ?nd l{', so that when the spring , mdk.s contact wt66 rm
or *' 2 an electric bat_tery being in pfoper- connection, a current is
caused to flow through t_h_" corfesponding electromagnet, the action
of rvhich causes the pit, N or I{' tb engage the teettiof [fr* notchecl
wheel D 4 such a_ manner as to revolve- if, tooth by tooth. The long
serew_S,_tr'igure 2}_rcarries the r,vheel D, fixecl at itJend so as lo Uu r.-
volved thereby. -'I4. threaded carrier lM', fitted to the screw S, is
connected by a, doubLe universal linkage to the rolling carriage W.
The electromagnets thus act very directly through the"r,vheel b and
the screw S to automatically moie the cainage Vf into such positions
?s may be required to maintain the equilibrium of the balaice; that
if, to preYent the contact gpring on the beam from remaining con-
tintrously in contact with eifher screw ?rb or nL' .

The motor mechalisms a_ct in such a manner that, whenevep the
equilibrium is disturbed and the electric circuit closed, the armature
of whichever electromagng,t is affected makes stroke after stroke,
revolvirg the wheel D until the equilibrium is restored. Gener aLLy
one or two strokes onl;, are xec_ess ilry, represelting a change in th;
carriage corresponding- to only the teir-thoirsandth [art of uil in.h of
pressure, as explained below. 

-

The continuous record of the pressure, as indicated brr the succes-
sive positions of the 1o1!+g carrlagg, is obtained in a very direct arrcl
simple manner. A suitable spring ;djustably attached to ihe threaded
carrier W', is ltted wi!t, ? pun i, Figure 2b, and traces the pressure
Surve upon a, large cylinder, not shown in 

'the 
figure, but foounted
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Etcunu 23.-NIarvin's normal barograph
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with its axis in the bearilrgs d, a'. The cylinder is revolved regularLy
by the clock movement C': ' 

n

If the height of the mercurial column
carriage and recordirg pen will move 5
cient magnification to render estimations
thousandth part of an inch practicable.

changes 1 inch, the rolling
inches, thus giving a suffi-
of the pressure to the one-

GURE 24.-Electric-motor mechanisms

Tln portion of the 1o.1g _arry of the leam over rvhich the rolling
caruiage moves is provided with a scale of 20 subdivisions to the
inch, which represents hundredths of an inch of pressure. Still
further subdivision is effected by reference to the graduations on
the face of the notched wheel D. These represent the ten-thousanclth
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p.art oI ?, inch in pressure- Thus a mere ingpection of the posi-
tion of thg carriage on the beam, tbgetler with the reading ori the
notched wh9el, gives. the air pregsur-e To four decimal pLaces. - g1p,G
to the frictional resistances and other influences ,nriooidable in al"l
such mechanisms, the fourth figure of decimals can not be *ug;ra;d
as havirg a- real pressure significance.

The readings 4rg as acculatul. pro.bably, as the best eye readings
o{ u ggoq mercurial barometer, tt at is, to" about one-thoulandlh p#t
of an inch.

The record is not aPpreciably affected by changes of temperature
that affect the whole in^stru*urit unifor;ly. 

-------'=,-

72. C ompert sated 
-si,p/r,.on, barogra?h, M ahain s,ystem.-This instru-

ment is illustrated in 
-Figures 

_2b .aid'26 and bel6ngs to that class in
which the record is macle mechanically without interposition of any
clockwork or electric mechanism to dver.ome fri.ti,in, ;A-- To ..1-
cure satisfatory records on a highty magnified scale bi this methodit is indispensable that the fric[ion invdlved in writing the *rgri-
fied record be removed to the last_ degree. Experience- has denion-
strated that this has been accomplishea-i+ the ariurgement d.=.ribu,C,
and this instrument proves to b; exceedingly a.crr"ut" and far more
reliable than ?ny .of the types heretofore Employed. The clock ura
electrical mechanisms requlred in the oldei instruments act in a
certain sense indirectly and are the cause of some errors. Th;
weakening of batteries-or failure of electric mechanisms from time
to time also results in interruptions in the record that do not occur
in the lIstem of dir:ect mechanical registration now to be clescribed.

73. Compensated, si,plton.-The barSmeter of this instru*ent is a
special form-of siPlon clearly sfrow_n in Figure 25 and with dimen-
slons marked i.n Figure 26. 

- 
The long and short branches consist

of simple, straight tubes. These are narrowed down at the lower
ends where ,t\*y are fitted into 

-thg_ 
upturned branches of the bend,orU. The tubes, in fqct, form hoilofr stoppers carefully fitted urd

g{o}nd ln. The top. of the U above t-hp ground joints u,ru provided
with bells, or clpf,"of ample slze) wh_ig[- have ; hp formi,tion on
one side. This 3-piece construction enables the baronieter to be filted
in a most satisfactory rnanner, but more especially the siphon after
be.il8 gnse fitled can be assembled or disrirantled and tiansported
without loss of the vacuum. The mercury in thq open lug bt th;
siphon in the collrse of time becomes more br less foultd wit-h oxida-
tion, t4* accumulatior, gf d,r?r, etc. The construction a.=.rib.d p;-
mits of removi+g the short branch of the siphon at any time *itn
y,ety littl e trouble. The tube and excess of mercury 6u, then be
thoroughly cleaned and replaced.

74. Fi,lli,ng gnd, i,nstalling t\g si,phon-The ordinary siphon tube
made in one piece of any considerable size is very difficult to nff u"a
secure a good vacuum, and it can not then be easily cleaned or trar,.-
P9It.q. . The 3--piece constructio! already described overcomes tSese
difficulties^Pr+ -requ.ires onJy that the" long, straight branch be
carefully, fiIled. 

- fhis may be- done by almoil any 5t the *utfroa.
already described in parafraphs 33 to"38, but the "ui"-pump method
is undoubtedlSr the best. '

When thg sinhon is to be installed it will be well to prepare the
grourld joints by the application of a little lubricant, such'a. '"ur.lfi
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-Freunp 25.-Compensated siphon baro-graph, Marvin system. Glass coyer
case removed

F'reunp 26.-Siphon tube
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tallorvi orr if, available, special stoprcock lubricant, very sparingly
rubbed over the external surfaces of the tubes. A little pure irr.r"rrry
is next filtered into tl-rg bend, oT L{-,shaq,g{ secbiorl. Smaii air bubbles,
if an;. appea.1, should be excluded by tltting_!h. tube and causing thd
mercury to florv about in a manner that will accomplish this rdsult.
When the mercury covers the ground surfaces the ihort branch of
!h. siphon should be carefully inserted' and the whole secured to the
instrument in the manne{_ provided. More pure mercury is now
adcled to th_e_ open clp until it is filled nearly [o the brim. " As some
rnercury is likely to b-e spilled_in the course of subsequent operations,
it is q good plan to haie a clean porcelain_ or glasJ photographer's
tray close underneath the plate supporting the bend. This witt serve
to catch any nlercury that may escape.

75. The iorrg brarich of the" sipho'n, cornpletely filled with clean
mercu ry t is now lifted, and, while the open nira is"temporarily closed
firmly with the finger tip, the tube is carefullv inclined in a 

"*anner
that will permit the fin-ger and point to be dipped below the free
surface of mercury in the cup. StiU supporting the weight of the
heavy tube so that the subrderged end 

-does not bear wJttr undue
pressure ypon the parts of the cup, !lr_g whole is carefully and slowly
brought into a, vertical position. When the elevation" of the tub"e
has reached the point at which the mercury begins to leave the top
of the tube, an assistant should be ready to catcL in a suitable .re..dl
( a dty, clean, drinking glass will answer very well) the excess of
mejgury that overflows from the open cup.

The heavy tube must be fully supported .until quite vertical, and
the end only_ then inserted into 

-the 
ground joint ana rotated a littte

as it is faced to the front.
76. Certain prectutions must be observed throughout the opera-

tions we have just descrihud. ( 1) The tip end of tile tube *usf, not,
under any.circumstances, be lifted out of [he mercury after the finger
is removed. (2) After the flow of mercurv has staited the elevatlon
of the tube must be made gradually; otherwise the column of mer-
c-ury ryill tend to oscillate or surge- up and down and may uncover
tl.u point of the tube in the gup. (B) Ary lowering of the tiibe causes
the mercury. to. recede into thCvacuuffir-ahd will efipty the cup unless
tlr. stpply is_ kept_ up by pouring back some of tlie excess that has
already overflowed.

77. Having finally seated the long branch, some of the excess of
mercury must be restored to the siphol and the level brought up to
!].. proper point in thg o_pry l.g. 4t the comp_letion of thise opera-
tions one of the cups of the bend is full to ovefflowing u,ith mercury,
and the other is nearly or quitg emp_ty.- .Some of the"rnercury in tfie
full .cup. can easly be iemoved by *plashing it out into a, cup" held to
receiv. Jtr.uPlng a piece of card. o1-_iv_ory la,per folder for^the pur-

78. To' clean, tlte m!'rcuri/. When the glass unil *.i.rrrt, in the
oPen 1.g become soiled through prolongef, use, all that is ,iuc..=ary
after removirg thg float is to loosbn carJfully the short branch of the
siphon and permit the excess of mercury io overflg1 into a clean

'-t.4" alignment of the ground joints 9{ t\e piplon ean never be made quite perfeet,and the 2 branches are marked with a side that when iaceA 1o 
-tne 

tib"1: gffi;: the btstr;esults. In seating the tubes they snoirtO be faced i" Tnis positlonl-
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glas,s. When thus emplied the gpen branch may be removed, thor-
9,ughl,I cle,aned, and,replaced. Most of the dirt fftt come unuy *itn
tlru glass trQ.,, but the mercury may easily be filtered and ,.ptr*a
clean and bright. 1

79. To cti,sinantle th,e soplt,on-ff it is clesired to take dorvn the
siphon, it is first necessary to remove the short b*aricfr; ;u;n]"ifi col-
lectingjltu excess of mgrcury, uqd t-hen, after. separating the doo"djoint .of the long arm, tln lalter is slowiy incline^d, rvhili * u&istant
steadily pours IllgrcurJr, into Jh..open cups t_o replice rvhat flo,". ila;the vacuum. When the tube .is eltirely fiIled^, the finger ma, be
slipped over the opgn end while submer[ed in ift. mercury orrd the
whole tube removed.

80. T emperature comprsn s-ati,o? .of y,?horx.-.1tr has already been
mentioned that by giving the siphon. ba,rometer proper ain*nsions
the influence of ttim[eratilre .u, ^b. eliminated forl utt- p-rAT;;t pil-
Pflses.. T4* coppensation operates so that changes of temperature
l_tr::!Tg !t - ylole instrument uniformly produc.-rro sensibl. .hr"g;in the level of the mercuTy i+ the short or.bpgn branch of the .iph;?.
The actual differenee of leve1 of mercqry in'th; i*" n*arche; ;iii-;i
course, !.. affecte{ by temperature in th6 usual \yay, b;ffil"tnl abso-lute position of the surface in the opeq lug. Sinc"e'all meu=*ru*;;t.
are made ollX o1 lhis surface in Tui{ forfrrs oj mercurial bu*ogdp[it i.,.Yg*y desirable to realize in the hesign of rr.h i".T;"*;;f. thiscondition of automatic 

- 
comp_gnsation foi t.*p;;;ture.

,.Thu physical principle utilized for this p"ipo.. is found in thedrtterent rates oj expansion of mercury ancl'g1ais or otiut.rer mate-rial is used for the tube or env.l;d i;;ih. mercury. ff the coefficientoj gTPa+sion of the envelope were zero) the 
--ilur.,rry 

would rise
;]igh.tty in thu,open 1.g with -rise 

of temperaturu, ura ii".u ;;;;. As
the theory of this temperature comperr.ftion is rrbt .Jated in the ordi-nary textbooks. gt physics ald m6teorology, and, i" fr.t, ao.. not
SpPqar to be widely knowla, i! seems rvort-h while'to present it herebriefly. Th. glreofy was developed by Prof. G. W. Is.rgh;-i" i;6;,and later by Goulier:n

Let ?7?, : Cubical expansion of mercury per unit temperature.
!.f q- : Cubical exiansion of sJu.* per'unit temperutrrru.
Let V, :Volume of nlercury in-in.tril*ent at teniperatu re ts,Let d :Diameter of tube i,t top of column in vacuum.
!.t 4o:Il.iglrt of column, at femperature ts.
Let E-^ :geight of column, at temlerature i.

d'rd'-Diameter of the two branches of the siphon at the level
of the top of the column in the o$.n branch.

We assume that the pressure remains constant.^ Therefore the
barometric column for a change- of -temperature must charrge i1;
IengthbyanamountrepreSenteEbytheeipression

m (t-to)Hoi
otherwise its hydrostatic pressure will be alterecl I that is,

H-Ho:m,(t-to)Ho.
3 Hough, Prof. G. W'. Annals of thep. 88.
a Goulier, C. M. Comptes-rendus, vol.

Dudley Observator;r, Albany, N. y., yol. I, 1866,

84, 7877, p. 1315.
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I{eg{ecting small.quantities of a second order of magnitude, the vol-
umetric increase in the barometric column will be th6 e"preision

[nd'm,(t-to)Ho,

which is the change necess ary to preser-ve hydrostatic equilibrium.
.Noy, th1 apparent .bplge in the volume" of mercury in the tube

rvil-t .depend ypon- the differential expansion of mercuiy and glass,
and is given by the expression

V o(rn,- g) (t - to) .

When this-increase is just equal to that necessary to preserve hydro-
static equitibrium, all"thq .iparrsion will seem io take pfu.L 1i, the
vacullm chamber and no changg r,vill occur in the level of the mercury
in the open lug. To realize tlis condition we have

Vr(m-g) (t-fo) : lrd,zm (t-ti Ho,

The expression

rr Td,zHs rn
a, _ __7u 4 nx-g

TilzHs
T

is the volume of the barometric column, supposing the diameter to be
the sarne througho_ut as at the top.

The cubical 6efficient of ."parision of mercury m is a very definite
quantity and for barometric work may be taken to be b.0001010
per. degree {ahlqnheit. The expansion of gtass is much smaller ancl
vanes considgTuhly, rangirg, aciording to Regnault,'s measurements,
from 0.0000L45 for common white tuliing to 6.OOOO118 for the harcl
French and crystal tubes. That is to say; the whole volume of mer-
cury in a siphon to be compensated musf be about

Vo:l'168l&

if maclo of common tube,

or Vo:L'132#

if macle of French crystal.
No great exactness is necess ary in the rrolume of Vo. It will suffice

to assume Ho = the mean barometric pressure at the place of observa-
tion, *Jrd the total volume of mercury_ should be about LT per cent
more than requisite to fill a column of hei ght H o and diameier d.

If the bend of the.siphon is of lvide boie, the open l.g and bend
must be very short (for ex_ample: 30x 0.17:5.1 inches)'i otherwise
V o r,vill be too_ large. For this reason, as well as for convenience of
construction, the bend is best made of smaller diameter than the main
tube, as shown in the illustration.

311681o_41.-6
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81. The ifr*ory given above takes aceount onlv of the influence of
teurperature on ihe mercury and*glass tube. The effects that result
from. -changes in the _mechanisms described later for transmitting and
i+lcribirlg the rec-ord, and for holding the glass baroureter tube itself,
all lequire consideration,, but fortunately these are in the main so
small, especially rvhen considered in relation to the highty magnified
scale on which the record is inscribed, that they ma, be negiected.
fn aq51 case they can be incorporated with the mercur effect so that
by addirg or removing small amounts a certain total 

-volume, 
V o, of

mercury at temperature to may be employed, and thus all uniform
effects of temperature on the whole apparatus will be automatically
compensated.

If the siphon b_ not _comp€nsated, then the volume of mercury at
temperature to:Yu which in general will be greater than Vot-but
rnay be less, and a small correction will be required, the amount of
which will be simply the apparent expansion bf the excess of mer-
cgy occupyittg tha bend and short l.S of the siphon. This expan-
sion__may be imagined simply to lift the whole column of mercury a
small amount, Lh.

The volumetric expansion will be

(V,-V,) (*- s) (t-to),

and the rise of mercury, Lh, is given by the expression

(d',*eil Ah: (V'-Vo) (m g) (f -fo).

I! g.teral, d, and d, will be made sensibly equal, and, in fact, :d,
Ilence :

A,h:Z(Vt-Vo) (^- s) (t - tit
nd'

7f

4

orr for ordinary glass:

lut y:the amount by_ which the mercury in the open 1.g of the
siphon stands higher than required for compensation. Then, since
an gQual excess of mercury occupies the opposite branch of tfre U,
we have:

Vr-Vo:r*r,

Lh: y (*- ft) (t - to) ,

Llt,:.00008 65 y (t - t o) .

That is, the temperature correction required is simply the apparent
expansion of the short column y of u-*.e=. of *.i.,iry. Nbiv, the
temperature variations affecting a larograph throughout the period
of a qingle record- sheet, or rather during intervals when the record
may be checked by eye observations of a standard barometer, will
I?{eIy e1ce,-g_d 10o or,20o F. If y-L inch, for example, then Lh for
20o:0.00L73) a quantity which, ir general, may be neglected,
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.--82. Magni,fying and, recording mecltan'isms.--fn the barograph
illustrated, the bar_ometric changes *are magnified five times aiA ie-
corded on a vertical drum adapted to embraie a change of 2 inches of
pressure and revolvirg once in three days,, moving ut the rate of
nearly a quarter of an inc! per hour. A' Iong eiperience with a,

variety of scales indicates thtt records on time-and- pressure scales
of about the abovei proportions give, on the who1e, tire most satis-
factory_ and 

_ graphiA plcture of= ordinary barometric oscillations.
Even the sudden changes that sometimes bccur with thunderstorms
a_re Yery well brought out ; but for the most detailed effects of this
character a more rapid time scale is necessary. The magnification
is sufficiently great to show clearly the smali fluctuationl of from
a few thousandths to sorne hundredths of an inch that s,ometimes
occur for hours at a time.

fn the siphon form of barometer the change of level of the mer-
gury in- either l.g is o+ly tralf of t_he whole ihange, assumirg both
legs to have the same diameter, and, since we measure effects-in the
open l.g olly and desire a fivefold magnificatiorr it follows that an
actual tenfold magnification of the movements of the float is nec-
essarJr. This is accomplished by a large and a small wheel operating
gq the princip_tg of lhe wheel and aile, as may be clearly seen in
Figures^?5 and 27. This construction piovidu. o perfectly"balanced.
system which is itself neutral in all positions and, at the bame time,
admits of a wide range of movement, results impossible to secure
with lever systems commonly employed in cases of tfris kind.

fn order to secure the strength of construction and at the same
time recluce friction to a minirium, the _multiplying wheel and a*i*
are mounted on carefully 

. 
deFigned ald constructed ball bearings,

each cell containing only six balls, each one-sixteenth inch in diailr-
eter. The ends of the axis entering the ball cups are 70" cones.

A conical steel float, with the b"ase somewhal holowed out so as
to conform fairly weII with the shape o_f lhe surface of mercury rests
Ughtly gp-on t4. tgp of the column-and is suspended from the small
drum of the wheel-and_-a*Jq ?lst* by means-of a narrow platinum
ribbon about 0.001 inch thick. . The pen caruier is quspexded by u
vqry fine co,pper wire running in a groove in the rim bf the la?ee
wfegl, the diameter of which-is apploximately 5 inches, while th"at
of the drum is one-tenth as great.^ 

^ The e*acf ratio of these wheels
is made so as to realize a fivefold ry-agnification of pressure changes I
due account belng taken of any slight differences^in the diameters
of the open and closed chambers of-the barometric column.

To realtze a condition of minimum friction great attention is neces-
sary -in the design ?nd arrangement of the p.n carrier. First, the
weight must be the least practicable, since the mass of the float must
be somewhat in excess of ten times that of the pen carrier, and any
i.lnnecessary weigh! i, these parts introduces avoidable pressure and
friction on the axle. Secon-[, while the pen carrier is^ guided and
constrained to move without sensible looseness in a,definite vertical
line by sliding along a fine, stretched wire, nevertheless the whole
arrangement is so poised and balanced that if not disturbed by exte-
rior influences th_e carrier will rise and fall in exactly the same ver-
tical line, as nearly as may be, even when the wire is removed. This
adiustment seryes to eliminate any sliding friction experienced by
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th" pe+ carrier not abolutely essential to constraining the pen to
the desired vertical line. Finally the contact pressure of ttre b.n on
the record sheet is no greater than essential, and results from a small
residual gravitationallendelgy of the carrier to rotate the pen point
against the record sheet with a very gentle pressure. The siphon
tubes are qbqut !1/+ inches in diameter and the float is only slightly
smaller. Thil gives a mgvirg force capable of overcoming the una-
voidable friction in a highly satisfactory manner, and the absence of
any complicated mechanisms renders false and interrupted records
almost an impossibility.

83. Time' checks o%-record, sheet.-Ls thus far described the baro-
graph is complete, and with the aid of the driving clock and drum,
rvhich require no further description, gives highly accurate and con-
tinuous records. The detailed analysis of barometric records gener-
allv requires hourly readings. \Yheir record sheets are employed'with
ruled scale fg" press_ure and time there is ahvays a difficultrr in settirg
the record so that the ruled hour lines on the sheet indicite the true
time. A similar difficulty arises in setting the pen to the correct
point on the pressure scale. This, hourever, is of slight consequence
if sheets are ploperly printed and cut with uniform margins and
carefully placed on the cylinder.

To se6rrie easily un uqr"ully satisfactory result with the time record,
the driving clock is provided with a dial and hands in the usual fash-
ion. These moving continuousty day after duy enable the clock to be
regulated to keep correct time, a result very hard to secure when the
rating is done on record sheets that are frequently changed. More
especially, however, the barograph is equipped with a special time-
rnarking device which automatically operates once each hour at the
instant the minute hand of the clock reaches XII, or the zero point
of the hour. I{early all the time lines are omitted from the printed
r:ulings of the record sheet, and the marker operates so as to lift the
float a, few hundreds of an inch and immediately release it. This
causes the recordirg pen to oscillate a few times up and dorvn and
to inscribe a short transverse line across the pressure record. These
transverse strokes are, in fact, the hour lines for the entire record
a,nd are inscribed with all the accuracy required.

8+. There is a further advantage 
-from the action of the time

marker. The float is raised from the mercury momentarily and
subsequently oscillates slightly. This causes a general renewal of
for the forces of buoyancy and capillarity which determine the exact
positions of the floai, anci any failure of"the pen at the end of oscil-
lations to return exactly to its original position is an index of the
magnitude of errors that arise partly from friction and partly from
variation in the capillary and buoyant forces.

Discontinuities of several thousandths of an inch, due to these
eauses ) are sometimes found in the records, renderirg apparent the
existence of small errors which would otherwise be only conjectured.

85. The time marker is shown in Figure 27, and consists of an
electromagnet, the circuit of which is momentarily closed by a spring
contact operated by the minute hand" of the clock as it passes the
XII point of the dial.

Th; armature of the magnet is L-shaped, as seen in the picture.
A long, light, horizontal rod is pivoted At the depressed end of the
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L-formecl armaturg,, ancl is also pu*ly lifted bV _thu pull of a spring
carried wholly on tt. armaturel The outer eirA of tne lons ,i* i;
tipped with a bit of soft rubber, and is further loaded with-a small
counterweight, which rests lightly on a small post or stop provided
for that purpose. u L

86. The action of the marker is as follows: When the armature is
suddenly pulled down upon 

. 
the Jn?gnet the rubber-tipped rod is

thrust forwat{ pgainst the rim of th; large wheel. T}ie' inertia oi
the counterweighb suffices to oyercome for"an instant, but only for
an instant, the puJI of 

- lhu spring previously mentioned. In" this
instan!, -however, the rubber-tipped end of th"e rod has engaged the
t'im of the wheel and the stower-acting__pull of the spring?frE" hfts
the rod and thus turns the wheel u .*ilf di.trnce (ori. to"two tenths

E rcUan 27.-Time marker

of an inch). . Ag soo,n as the armature is released by the breaking of
the contact in the clock, the wheel and float are r6leased and oE it-
late freely for a moment, producing the results utr.uay i;Iiyexplained. ----) r-----------t)

87. The recordilg drum makes a" complete rotation in 74 hours,
l. 9., 3 days and 2 hours. Sheets ordinariiy are changed at any time
hetween 11 a. m. and L2 noon, preferabiy shortly "after LL' a. m.
The new record is therefore fuily started before nbon, and a check
reading{f the standard barometbr is made as nearly ir,s possible at
noon. This furnishes a check observation for determinin$ the start-
irg error of the barograph. _ Further checks may be oblained sub-
sequently from the refular observations at 8 a. m. and 8 p. m.

88. Anerodd, barogra,phs.-Extremely simple and portable baro-
glaPhs _a{e constructed upon the aneroid priilciple, of,^which that of
Richard, beirg widely used; is fully described. ^ 

( See fig. zB.)
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It consists of a cylinder A,. on which the recordirg paper is
yoypd, revolving once a week 'by 

means of a ciock,rork- .["tuined
inside. A serieJof corrugated riletallic qhells B, eight in nurnber,
joined ole above the othei and exhausted of ur*, folms an aneroid
system eight times as sensitive as a single chamber. The movem.^t
of the shells is still further greatly ma,[nified and is transmitted to
the recordi"s pen C by u sgi_ies of conn"ecting le_vers. ifhe pen may
be released from contact with the pap'er by "prshing the leier D 6
the right.

The corrugated shells are the same as used in ordinary aneroi ds, as
described in_p.ar?grap[.46, lh9 steel spri!gs for distending the shells
being placed inside. The shells are made" into a vertical'bolumn by

screwil]g the one on the other. The lower base of the column being
fi5ed, the upper gnd rises and falls with every variation in the atmosl
Pfreric qressure, by _a q_uantity which is the sum of the displacements
of the elementary- shefls.

The compens.alioq t9" temperature is accomplishecl by leaving a
sufficient quantity of air i1 one of the she1ls, _aicertained by expdri-
ment when the instrument is made, so that with a rise of teniperdture
the tendency of the barometer to register too Iow on accounl of the
weakening of the springs, and the eipansion of the levers and other
llarts, is counteracted by the increased- pressure of the air in the shell.
flowever, the instrument should be kept at a uniform temperature
as far as possible.

Frcunn 28.-Richard's aneroid barograph
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V. Gnxnnar, IxsrnrrcrroNs

(a) FoR .ARE AND iru, ou BARoMEnERs

89. Eap'os\tre of baronzetevs.-fJne two irnportant cons,iderations in
selecting a proper location for a barometer are ( 1) that the cistern
and top of the mercurial column may be in a good light, and (2) that
the temperature may be as constant as possible. The best conditions
for light are obtained when the baromeler can be placed between the
obserier and a window, preferably a north one, dovered either with
tissue paper or fitted with ground glass. Yery nearly as good results
are obtained by a, light from one side reflected from clean white
paper or white glass immediately back of the barometer. The top
of the column should be about the height of the observer's eye. The
barometer should not be exposed either to the direct rays of the sun
or to the air currents that are always found in the vicinity of cracks
and crevices in windows.

fn establishing stations officials will use special care in selecting
the exposure of the barometers and satisfy the conditions stated above
as nearly as possible. In general, it will be necessary to avoid. expo-
sures nea,r r,rrindowsr as proper temperature conditions can not be
found in such locations.

As houses, no matter how tightly built, always permit the free flow
of air in and out through crevices, ventilators, chimneysr etc., it
results that the air pressure within is exactly the same as without,
except possibly for very slight differences of very short duration. If
such were not the case it would be necessary to expose barometers
out of doors to obtain the real air pressure.

89a. Pumprng of barometers.-I{otwithstanding what has just
been said about the pressure indoors and out being the same during
very windy, gusty, weather barometers within doors are often sub-
jected to very rapid and irregular oscillations of pressure, caused by
gusts of wind blowing into doorwaysr windows: or chimneys: and
momentarily increasing the pressure, or by blowing across chimney
tops and otherwise, so as to produce a sort of suction that momen-
tarily diminishes the general pressure. fn consequence of these
effects the mercurial column of a barometer may be observed on
such occasions to rise and fall imegularly within irarror,v limits, the
motion in many cases being little more than changes in the curvature
of the meniscus. This action is called the tt pumping " of barometers,
and, of course, interferes with accurate pres,sure observations.

The term tt p,r*ping " is also applied to much more violent oscil-
lations of the mercurial column, such, for instance, as will occur
when an ordinary barometer is exposed on a vessel at sea, or when
caruied in an upright position in the hand. fn barometers for use on
shipboard this action is prevented by making the lower portion of
the glass tube of very {r" bore, ?9 that the movement of the mer-
cury is necessarily too slow to follow sudden and iruegular oscilla-
tions of pressure.

90. V erti,cali,ty 9f barometeTs.-p6p accurate results it is necessary
that barometers should be exactly vertical when the adjustments for
reading are made. For this purpose the better forms of barometers
are arranged to be suspended from rings at the top, so that the in-
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Fteunn 29.-Improved barometer box



strument itself aets a! a.plgmF line and takes a vertieal position with
sufficient accuracy. It is desirable; however, for conveirience in set-
ti.n$, the barome[er, as we]I as to 'insure the pe_rmanent verticuiity
of the instrument, to steady it in supports which are first adjusted,
once for all, so tftl! the bllopeter is accurately vertical, as "cleterl
mined _by a plumb line applied alternately at the fronr ancl one side.

91. Improaed baronueter" $ss'.-The stanclard pattern of barorneter
box now in use by the lVeather Bureau is shown in f igur e 2g.

This box musf be securely attached to the wall in a"Iocation afford-
i"g good light .and.3o! subject to sudden changes of temperature.
In qany. cases it will first be necessary to f trste[ to the ,"utt har6 -
wood strips, to which the top and bottom of the barometer box can
be secured ty screys passing through metal plates provided for this
purpose.^ -Place the screw for hol-ding the top of the box in the
center of the top strip and suspend the-box
thereon. lYhen the box is set about vertical
(u. determi_ned by a, plumb line) secure it
fi1mly -at .the bottom- by a screw passing
through the metal plate into the i,rrooden
strip.

The hooks in the top of the barometer
box will, upon examination, be found to be
?djustable in their positions. Place them
in their central posifions and hang thereon
the (6 station " and " extta,') barometers.
Next, find the positions at the bottom for
atta-chirg the ring-shaped guides, one of
which is-shown in"Figur. B0: These rings
should be slipped ovei the lorver end of t6e
bqrgmeter, q,"+ p.laced about the mid height
of the cylindrical part of the cistern. Milrk
the screw holes and fasten the rings to the
back of the box. The barometer when at

X'rcunro 30.-Barometer cistern
and ring support

very gently clamped and
from its vertical position

Barometers that swing. slightly free ryi_thiq the ring support
ghogld, i, settiqg, b9 stea[ied i,gainst one side of the ring] u. .nbwninTigye 30. The followirg ciution must, however, be lo'bserved.

92. Cauti,on, aguins.t s'r'rsv. 
. l" u+justing.the barometer for reading

it is very important that it be steadied agtinst the ring in the prope,r
mannelr, otherwise an appreciable erro"r is introduc"ed, becairse'of
irnperfect verticality.

. If I, Figurg 3.0, ii. the position of the ivory poiqt, then steady the
cistern against the ring p[_A or a,t B, but rrev6r^at C or Dr or at other
poirrts . -A and B should, 6!,yta'!s be i,it, a li,ne emactly a,t ditat an gles to
u lane through t?, i"a.o_yy poi,nl and the center of |foe c,i,sVern. '

A little thought will sliow the necessity for this. ff, for illustra-
tion, we imagine the ivory point at one side and just in contact with

I
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rest should \qrg f_reely within this ring,
lrrd may bS_*ajusted to. do so by the hook ai
the top. When the rings are fitted with
centeri$ screws these should be carefully
screwed up until the barometer cistern is
held steadily, but not in the least deflected
when free.

Barometer ,/
,//

/ln

,4', .lq
,/ \z'/\.)
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the mercurial -surface and the barometer vertical, it is very clear thatif we swing tbu barometer out of *vertical a littie .ittr* i, ;;; .iA;
or the other, !lr" ivo{Y point will either dip into the mercury a little
or rise above the surface, whereas, if the bdrometer be deflecded b;;[-

r,vard or forwar.d, ,there will be little or rro per-
ceptible chango in the level of the mercury at ^the
rvory point.

93. old-stylg b ayotneter b o,nes.-The sirnplest formof box used by this bureau is shown i" an im-
proved folm -in _Figure 31. The top end of the box
is made of thick material, .which i. recessed to re-
ceive the top portion of the barometer when sus-
pended qpo" tLe long hook $ screwed into the [op.
Iror readlng, tlu b_aiometer is drau,n out upon tlie
hgok, a-s shown in the figure, and returned to tn* box
after the observation. -The lid of the box is fitted
to close under the hook so that the whole barometer
i: tholoughly encasecl. and u.ell protectecl. trxcept
that the barometer must be shift^ed out of and into
the box every time _readings are made, and the fur-
ther disadvantaqe,that the-cistern necessarily srvings
free, this style oJ box answers the purpose rn a very
satisfactory manner.

94. The barometer should be care{u_lly lifted along
the hook and not made to slide roughly or permitteE
to knock against the guides in the bof.

95. When boxes such as described in the preced-
]rg paragraphs are not furnishe.cl the baromettr may
be suspencled from almost any suitable hook secureli
fastened to the u,all in such iocation as u,iII satisl#.
as {ar p! pgssible, the conditionq of paragraph gg. " '

96. Marine ba,rometer Ssry.-This [ru. ujr.idy been
described il prgvious paragraphs 26 to zl. W6 need
gnly- add that in attachi"g ttiis box to the wall the
height must be regulated so that the scale eomes at
!h. Ievel 9t tlr. sy. .w,hen the hinged brackel i.
lowered rvith the bi,rometer in the 

"uiding 
position

The_ barometer will be several inches to?r'rrigh to
read conyeniently when folded into the box.

97. Hou' to sei and obseri,r-tr* baromriii.-Hav-
Frcunu *r.-6ru 1"g in mind the various sources of error uff".ting- p.ll" t "rb-it.i' barometers, and other pecul,iarities of the instru-Irrox' ment, we may next consider how best to secure accu-

rate readings. Thg presence of the observer's body near the barometer
tends to increase its temperature. The scale uha outer parts are
affected first, thel the theimometer, qqd much *or. st"*t/tfre mer-
curial column. Gener?I1y, howev.r, tni;;tr;;t i- .lisfr*, *. ".,rrt, a few
minutes a1e required in'making ,,'*.uairg. It i;-il#iJ'*duA the
attached thermometer first. NExt, i{ the"burometer is free$ sus-
pended, jostle the ci,stern a little, so that the *.rc"*iut ;";i;;;. mav
be detached if. they tend to cling to the glass walls. f; /;;t,i;h'.
cistern of the barometer.,- lhS _levEl of the ilrnr.ury .noutcl be lowered
a little by. turning the mitled head O, {igure B, ,riA ,ri;;.i ;gri; untilit is just in contact with the ivory poinT, To *rt * ti;is ,E;".tment



T
49

of the mercury to the ivory point accurately requires care and sharp-i'itii{;rment 
?f cdsteyn, fr*s,t-method.-one way is to sight berween

tlru point 3,rd the mercury and watch for !h-" stightest thr-ead of light
that can be detected. The screw should be turned _very carefrilly
until this thread of light just disappears. This method isbelieved to
be best and is uniforrily bracticed 

^at tfre central office. It is-eq"utiy
applicable to new barometers with bright mercurial surfaces una t"o
older ones the mercury gf ylhigh is mole or less oxidized. The light
should be strong from behind the barometer and- the front of Tfr*
cistern should be in shadow.

Ee'c'ond method.-T{., udjustment of the mercury to the ivory point
mPy- also be determing{ by_*atching the formatiori r"a Ai.uppdurance
of the small, climp1eJi.ke-depressioi made in the mercu"y^.tihun the
iygty ppint_ i. p_*.*.d into tfre mer_cury a little and again hitfrarawn.
When the d,imprle just disappears the s"urface may be Supposed in con-
tact with t!.;.ivory point. - Thq mercury often clingJ io the ivory
point, especiully r,vhe3 the ivory is newly tut. This *Ethod, however,
is not so reliable and accuratei and,. in fueneral, can be followed onli
with clean mercltry. Moreover, it is niit good practice to lower the
T€rcuLy any^slight amount after it is oncJ raisdd to the ivory point.
The effect of Jhis genera_Ily is_ to change simply the convexiti 6t tfrn
meniscus at the top of thd column, ant this^gire. rise to a fi.* and
unkno\Yn correction -fo* capillarity. The mbst uniform results u."
obtained b;,r gradually raising the mercury until precise contact is
secured. If it is imagined Jh" mercury has been ^raised too much,
lower it until entirely-free from the point and. adjust again.

Thi,r'd m^etll',od.-Ahother method that is often girur, "i. to watch
closely. unlil the reflected image of the ivory point coincides with thepoint itself. 'I'his alsgr requiles clean, bright mercury and is there-
fore not a ggne.ral method.- Great pre6isioil in the adiustment of the
contact of the ivory point yitt, the mercury may be attained with alittle care .and practice, an+ -observers may scaicely be gsnsicious of
prggisull lhu manner of making the adjusiment.

,?8. Adytsl?r?t of tlt"e uern[er.-The level of the mercu_ry being
adiusted to tlu ivory point, the vernier must next be broughi to thE
tgp gf the column. Greater uniformity and accuracy are Insured if
1,h. fingers be now tapped smartly against the sicle of the metal
barometer tube. This aids the merburf in detachirg itsetf from the
glass. ot g forminq into_a normal menis6us. The profrer setting of the
vernier is made when the light is just cut off froin alross the Sxtreme
summit of the meniscus. The Figures on page 11 indicate how the
vernier should be set to the merctlrial meniscils. The lower edge of
the vernier must be brought iust to the level of the emtrem, tu*rfrit of
the menis;cus. The eye m"ust be held so thaiboti frint a:nd,'ba,clc edgei
of !0e aernaer are i,n the ld,ne of aisd,on,.

99. ft is needless to say tlat throughout the setting of the barome-
ter, as described above, the column must be maiitained rrertical.
either by means of the fixed supports or by the skillful handfing of
the freely suspe_nded barometeri so that at ifte critical moments *:hur,.
contacts are judged. to be made the instrument is truly vertical.

100. After the cistern and vernier are adjusted ffi the manner
describecl above it remains only to read the" scale and vernier in
accordance with the instructions in paragraphs 13, L4, and Lb.
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101. This reading q+y ngx.t be eorreele4 -fottemperature by apply-
i"g the proper correction taken from Tabte f, ror'r.ipo"ai;'g tb'the
tempgrature shown ty tlr. attached thermometer, urh furtf,er cor-
rected, iJ necesswY, bi.the addition or subtractioir, u. tfru .u* ;;y
be, of ull other correitions known for the instrument, such- as cor-
rection fon capillarity, instrumental error, imperfect ia.uu*, grav-ity, etc.
_ L02. Reduc,t,ion to staod,ard qr.aw,ity.:The followirg will elucidate

the nature.of the gravity corre6tion # upplied to barometric observa-tions-an import tnt matter that is ofteil'but inditrer*"tty considered
in the ondinary textbooks of meteorology :

^B-y 
the well-known principle of hyd?ostatics on which the actionof the mercurial barometer is based ifre pressure _of iiiu ui;;.ph;;;,j uqrPl tg the pressure of the column of ,riu"c,rry that it ,riti .,rfport.But this latter^pressure is only another name ir* the- *.igfrt' ;f th;

*.e,{.YTY,,and for columns of "equal section tbe- l"Llgfrt i!ri.. bothwith the height of the column and with the force of-sraoito
The force gf -gr?vity rraries with latitude and altitfide t [fr*"efore

thq height of th1 barometer, even when corrected for-iri*o.rature
and instrumental error, does_ not give us a true measuru oi-ifi[ atmos-pheric pressure unless we first dliminate the small variatlor. thatare due tg gtPlity;, th?,t i., observations taken over a widely-;;:
tended region to be strictly comparable must be reduced to , .irrrdard
force of gravity.

The sttndard gravlty adopted by physi*cists is that at the level ofthe sea in latitude 45o.-
Tab1es of corrections for gravity are given in Section VfII.b
103. Beduct'iom, to sea leaeT.-It ivas m6ntioned in parugrupl b thatthe atmospheric. pressyre was in the main nothln$ *o-*. tfru, theweight of -a vertiCal column of air exten,Cirg to tfr.: Hrnits of the at-mosphgre: It naturally. follows that a. .r*u 

fro above th; g.;;"al sur-face of th..' earth, whether in balloons oI _5y ascending-*o""tains.
the atm^osPheric pressure becomes less and less as we lea-vr *oru and
more of the air beneath Lrs. When it is desired to .fruri ;;; .o*-pare simultaneous observations of at_mospheric pressur. oiur-."i.rrdecl
areas, ,arq at various elevations aboye^ sea ldrei, no inference can
easily be drawn from the actual pressures thu*..ires, but ;;L must
be reduced to some standard levei. The sea _tg;;i piuh* is most gerr--erally adopted, but the selection o_t + plane 2p00 fo- fpOO, 19; u6o"*the sea offers more rational conditio'ns in certain respects and is
sometimes advocated. For compa*"ti* pilp;sesr theiefore, baro-metric observations from differerit stations^ re{uir;.i J:;.d;;tioiJJ"
EIEY[If,IOII. "

We can form a clear idea of what is walted by confinirg our atten-tion to the case of a barometer in a balloon Ll urr. elefat.A ili"tabove the sea. The reduction for elevation^is simply ;;;;.rr., ex-
presse{ i" inches-of the mercurial golupn, of ih.-*.Ight of tfru columnof air between the balloon-that i., the 'b*ro*eter -cistern-and 

sea

5 Aeeordine to the formula for the foree, gf grar,,it5z. adoqted by the International Bureauof Weights and Measures ive rrave for-trre Taiiatio"s in gravity due to the latitude.G-ga5(1-0.00259 eos 2 0). 'r[e var-iatioo"irr'1^kiJ]J*." of gravity for different altitudesis small and is siven bv tne oflmura-ci:7;tL:globbbooorv'r ny, k being the erevatio,in feet. Neglectlng this latter tacioi iti. ippricaii,iri ,ii;,n;"ir;'#l'rJ _correction is equiva-lent to muttiprving the height of tne baiomeTar-b/lhe factoi i-_o.tioid0r;;;'Hi'. "
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Ievel. This weight evidently depends not only gP_on th. 
- 
el-evation

above sea, but al"so upon the"meah tgmperature- of the air below the
balloon and the amount of moisture it contains.

The temperature and moisture conditions are easily conceived of
in the ca.d of a barometer in a, balloon with a, great ocean of air
directly beneath, but when we consider the reduction for elevation of
ba,rom6tric observations taken oyer extended plateaus and at great
distances from sea level, such, for example, as the_ reduction of obser-
vations at Denver, Colo.: ro clear meaning attaches to_the tempera-
ture and density of the air column I in fact, the ut column can not
have any real .li.tun.*, and t-his constitutes a considerable difficulty
in computing satisfactory values for the reductions for elevations.
ApproiimatJ values on1y, _therefore, are possible. Considerations
srch as these lead us to se-e the advantage ofmaking all reductions to
a plane, s&yr 5,000 _fget abo,ye sqa levelf in which case an air column
ac^tually exiits,,and has a,definite mean temperajule, humidity, 

"t9.Vari"ous more or less arbitrary computations of the temperature to
be used in finding the reduction for ^elevatiop haye been tried frgm
time to time. Af present the temperature selected for the reduction
of the observation bf tfte Weather-Bureau is the mean of the current
air temperature and that of the preceding 8 a. m. or 8 p. m. obser-
vation.

L04. Deterryninat'io% of heig'ltt by barometric readinqs.-Th-e calcu-
lation of elevation above sea by- barometric readings involves all
the principals and encounters ull.the difficulties of the-tt reduction to
sea ievel'i described above. This method, therefore, of measuring
heights is to be used only when others are not possible, and numerous
obs6rvations should be made to eliminate the very large accidental
eruors to which the method is subject.

As the aneroid barometer is used by tourists and others so large.ly
in connection with determination of elevation, some further dis-
cussion of the subject is here given.

105. Determinaiion of hei,glits by the anero'id.-L reading of a b:l-
rometer at a single station, without reference to the air tem_perature
and corresponding pressure at some adjacgqt poiptp whose elevations
are knownl gives onty the crudest possible idea of the e.lgvation of the
station, urrd'th* neafly constructed little po_cket aneroids in morocco
eases on sale in shops, having their d-ials graduated to feet of
elevation above sea leiel, are to be regarded as extremely inaccurate,
especially if the scale of'altitudes is' [raduated upon the same metai
plite u. ihu scale of inches. In mafry aneroids 

-the 
scale of feet is

adjustable, ancl on this account rnay serve to some advantage for

Norn.-The diminution of gravity as we go from latitude 45" to the Equator eauses
the rn'ereury in the barometer 1o weigh less, ancl henee for a giv-e_n pressure in the atmo.s-.
phere the inercury in the barometer"stanrls higher than it would if the force-of gravity
ireserved the uniform standard value. 1'herefore, the farther a barometer is rernoved.
lrom latitude 45' the greater its correetion beeomes, so that at the Equator a pressure
that appears to be 30 incnes (at sea level) is really about 29.92 inches.

It shbuld be noticed that when the barometer is thus eorrected fol i!5 peculiar error
due to the influence on it of variations of gravity the pressure that it then gives is the
a ctual pressure of the air at eaeh latitude expressed in terms of an absolute and not
a variable standarcl.

It is important to remember that the barometrie pressure is due no!-only to the weight
of the air but also to the prevailing winds, the rapid heating or eooling and consequent
expansion or contraction of low layus,of air, -a-nd to other causes.

in the mercurial barometer we balanee this elastic pressure by weight of quiescent
mercury; a change of the force of gravity will change the weight of the column of
mercury without necessarily changing the atmospheric pressure.
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sho.wing lmall ditrerenees of elevation, but at the best all direct indi-
cations of elevation from readings op the dial of the aneroid are only
roughly approximate.

106. Ad1'ustable scale of ele'aations, how ,yssf,,.-If the scale of feet
is adjustable on an aneroid for moderate changesof elevation, it may
be conveniently used as follows: If a tourist Is about to set out on "a

9.hort, expedition to an elevated point, starting at a station of which
the elevation is known, let him set the movaEle scale of the aneroid
so that the proper graduation, rnarking the knor,vn elevation. stands
opp_osite the index hand. On reaching Ihe eLevated point the position
of the hand on the scale of, feet will [ow indicate *pproximately the
new elevatjon_provided, of course, the scale has not bb.n shifted", ancl
provided. further that the real air plressure was uniform throughout
the vicinity a3+ +ld n.ot change at att auring the time occupied fil the
expeclition. If this time was several hours"or the distanci consider-
able, the result.rySI be very greatly in error. Suppose we know our
elevation to be 500 feet and we set the scale to this pbint. To-morro\v
the aneroid may indic.ate _on1y 200 or even 800 fbet, the new value
being a direct result simply oi the changes in air pressure.

A variation of one-tent[ of an inch "in the baiometric pressure
affects an observation of altitude by flg* qear.ly 100 to nei,rly ifO
L*ut, according,(1) to the elevation ltself--"d (ii the te.*perutrr. at
the time. On-this account and because of the iaige acciddntal errors
to which aneroids are suQi..t,.as described abovefth*y are unreliable
in the determination of elevations.

707. To determine heig\t. as well as can be done by pressure meas-
uJe+lents, it is necess?"y-that simultaneous observatioris, not only of
the barometer but of the temperature and humidity of the air, be niade
at one or more adjacent stations of which the elevations are known.
These observations,^by meanp of suitable tables, will give the differ-
ence in elevation of the stations, a_nd the mean resulI from a large
numbel of such simultaneous readinpF_ will give a, fairly accurafe
value fo_r !h. desired elevation, especii'ttv if tFe differen..". of eleva-
tion and the distances between the statidns are not, vdry great.

108. T'he care and f),rese'r1)ation, of baromsfsys.-f Uufrrr.t.r is a
rrerY delicate instrument, .and in-general must be handted with great
c|,re; ttrerefore observers in handling a barometer should first inTorm
themselves as to the best methods to follow and the various precau-
tions to_ observe, as embodied in the instructions given below.'

l-09. When a new barometer is received, in unpacking it should be
lifted cistern LJppermost, from the box aira all ^wruppirgu 

removed
after Pl,aciqg the barometer in a horizontal positiorrl' W'lrnr, movecl
abou!, the cistern end should be carried uppeirnost.

110. To turn the barometer tube end ,p,^b1i1g it first gradually to
a horizontql position, watchi^g for a small nllUnte at"the cistLrn.
'fhis should neYer be very larg9,'nor slrou.ld it be absent, i, which case
there may. be serious pressSre from within, tending to force the mer-
gury out through joints of the ciPtern: et9. ff necessary, the adjust-irg screw should be turned so that the bubble is not farge, than a
space, within which a 10-cent coin cOffi be placed. The"tube may
thgn be gradually elevated to an upright po^sition. The mercurial
column should not be lowered untiJ tle iirstrument is safely sus-
pended from a hook. '
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111. Never remove a good barometer from i-t. supports while the
rnercurial column is at or near its*normal height. Always screw up
the cistern until the top of the column is just visible at the top of the
op,ening Un, the' brass cuse. Do not subject the barometer to quick
rnovements or sudden changes in its position I alwavs move it about
slon Iy and regularly and -change ifs position gradually. Do not
handle or carry the barometer in an upright position. Handle it
horizontallyr or upside down as far as possible, preferably the latter.
Ihe proper procedure to invert a barometer is as follo\vs :

Examine the cistern to see if there is any special air vent as at d,
Figure 9, in the Tuch cistern. Screw up the merclrry until it reaches
the top of the cistern. Tlr,en clos,e ti,glttly tlr,e o,ir'?e?,t, _utd continue
screwing up the cistern until the top of the mercurial colurnn reaches
the summi[ of the opening in the metal tube. Always avoid screw-
irg up the cistern until the tube is entirely filled with mercury. It is
impossible to tell exactly when the tube is fu1l, ancl a turn too much
of the screw is almost sure to force the mercury through the joints
of the cistern or erren the pores of the leather b*g and lead to very
serious injur;, of the barometer. Do not strain the screw if it goes
hard. Mercury may have leaked from the cistern, and what remains
be insufficient to fiIl the tube. A barometer can be safely inverted
even if there is quite a, deficient supply of mercury in the cistern.

When the mercury is near the top of the tube, remove the barome-
ter from its supports and incline slowly, Iistening, meanwhile, for
any slight sound or (( click " that may be emitted from the top of
the barometer. JMhen the tube is nearly honzontal, watch for the
appearance of an air bubble at the cistern encL showing there is
still a small free space within. From the horrzontal position the
instrument may be turned cistern end up without any special pre-
cautions and may then be handled and caruiecl with ease and safety.
It is even advisable now to loosen t/ue eistern stre,to a tlur+rb or sot
that there may be plenty of free space in the cistern.

llz. Speci,al i,nstru;ct'ions f o, llalldli,ng m,arine baromsfisl s'.-It will
be readily unclerstood from the description of the marine barometer
and its cistern that special care must be employed in inverting such
a barometer. fn this case the cistern is not and can not be filled
with mercury. Moreover, the constriction of the tube prevents the
r,acuum from filling quickly, so that to inrrert a, barometer of this
kind the tube must be inclined 30o or 40" from the vertical and
held in such a position, and f arther inclined, if necess wy, until the
vacuum chamber is completely filled with mercury, whereupon the
instrurnent may be fully inverted and handled without danger,
cistern uppermost.

Since the cistern is only partly full ordinarily, the marine baro-
meter is more liable to injury in shipment than other barometers
and, in fact, is best transported by hand.

113. T/r,e c( nt,eta,lli,c cl'ic/c.))-The so-called (6 metallic click " is best
produced while the barometer is inslined at about 35", or possibly
ititt more nearly horizontal at high-Gel stations. The'ciste^rn musl
not be screwed 

".rp 
too mueh. The (t click " occurs just as the mer-

cury moving up the tube reacheq thq top ?nd completeJy_fills it. If
the- barometer -is quickly inclined, the violent shock of the mercury
against the top of the tube is pometimes.sufficient to crack the tube.
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I{ence, sudden movements of this sort are always attended with
danger to the barometer.

Many think they can judge of the excellence of the vacuum in a
barometer by the character of the (( metallic click." It is exceedingly
deceptive, however,,and even experts are able to draw only appro"xi"-

ryate_l1, correct conclusions from its character. The greatest iaution
should be exercised. in producing the click, &s: if the vacuum is first
elass, it tends t_o injure the barometer. A good plan is to incline the
barometer, as described above, until the mercurv almost reaches the
top of the- tube; then, holding it in this positioir, *ove it somewhat
quickly, but very slightly and regularly, back and forth three or four
times exactly in_the direction of its length, and, if necessary, changirg
t4. angfe of inclinatrion and increasing, very cautiously, the intensitt
of the shaking motion until two or thiee gentle clickimay be heard.
Too _gret! care can not be exercised in this respect, and only the most
gentle clicks should be produced. Even then, with veiy perfect
vacua. the internal stress is very great, and barometer tubes that
have been subjected. to boiling in the process of filling and are not
thor'oughly annealed are sometimes in such a state of internal stress
as to be very easily cracked and injured.

1L4. HandlioE barometers at eleaated stat'ions.-f1 the case of sta-
tions from 3,000 to 10,000 feet or more above sea level the top of the
mercurial column, in extreme cases, is a long distance from-the top
of the tube. ft is not advisable, therefore, when it is desired to inverl
such a barometer, to _screw up ttre cistern immediately until the col-
umn reaches nearly the top of the tube. A better plan is to raise the
column only 2 or 3 inches, the_n, while gradually inclinirg the instru-
ment, continue to screw up the cistern until the column- is about to
disappear from view at the top. The object of this is to avoid sub-
jgctlng the cistern to the considerable hydrostatic pressure that occurs
if the column is raised several inches above that which the air pres-
sure itself is capable of supporting.

At an elevated station the barometer must be in a much more nearly
horizontal position to produce the 66 metallic click " than at, sea levei.

115. The best possible care a barometer can receiye is to be pro-
tected from accumulations of dupt, etc., ar4 left quite alone. Wh.r,
readingf .must be taken, and the barometer rs suspended from a hoop
upot *biqh it is drawn out to a position convenlent for reading, thb
rough .sliding of the barometer along the _hool., loget_her _ 

witli' the
springirg moveme+t up_and down, and finally the knocks the cistern
is ap! to receive when the instrument is returned to the box, are all
very injurious to the condition of the barometer and are to be avoided
by gentle and careful handling.

116. The results of comparative barometer readings conclusirrely
show that in spite of every care a difference of several thousands oi
an inch in the indications of two or more instruments can not ordi-
narily be avoided. Ary change of instruments at a station therefore
is apt to make a. more or less objectionable break in the strict con-
tinuit5r of the lressure reports fron that station and obviously such
changes.should be made only when absolutely necessary.

1L7. After continued use the mercury in the cistern 6f a barometer
i oses its brilliant surface and becomes coated with a slight fiIm of
oxide. This does not impair the barometer to any serious extent,
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and_ very- accurate readings can yet be made. It is a bad prar:tice
to clean the lqercury _rn barometers a$ soon as it becomes slightly dull
and tarnished. Leaks are. apt to be started in the joinls of the
cistern, and slight changes in the position of the ivofy point give
t'ise to new and unknown corrections for instrumental: eiror. The
mercury itself is apt to become contaminated with impurities and
afterwards will remain bright only a very short time.

118. C omparati,ae barometer readongs. 
- 
Each regular trVeather Bu-

reau station is supplied with two good baromeTers to lessen the
chances of a break in the record and to guard against erroneous
r:eports from the use of imperfect instrumeilts. Mo-nthly, therefore,
and on other special occasions, as further specified in paragraph I22)
five_ comparative readings of aII barometers on sta[ion ihoutd be
made at uniform intervals of hours, half hours, or quarter hours, as
may be most convenient to the observer.

119. As the object of the comparative readings is to ascertain
accurately the amount of discordance between the barometers and
enable the main office to replace defective instruments, it is impor-
tant that the observer use more than ordinary care to read the barome-
ters exactly as they are. Ife should not feel biased or disposed, in
th. slighteit degqee, to make the readings come out one *uy rnore
than another. His whole endeavor should be to make the settings
and readings_ as accurately as possible, without any regard as [o
horv the readings may differ in the end. When [he pressure is
found to vary rapidly, make the readings of the tu,o or more instru-
ments as quickly as possible, and throughout the series endeavor to
keep the tbmperatur6 stationary.

120. Before each reading the cistern of the barometer should be
unscrewed so as to lower the mercury one-sixteenth to one-eighth of
an inch below the ivory point and the setting then carefully maCe.

72L. An interval of two or three hours should intervene after
barometers are unpacked, cleaned, or moved. to a new office and hung
in position before comparative readings are commeneed.

722. Comparative readings should always be made with new
barometers whenever received at a station, and also both before
and after instruments are removed from one location to another or
cleaned.

L23" Suggest'ions and 'instruct'iong fo, cleani,ng barometers.-Tn a
few c&ses observers are authorized to clean cisterns of barometers
that are very dirty and ean not easily be replaced. ( See par. 187. )
The followirg instructions wiII then guide in the proper performance
of the work:

724. Take a series of five comparative readings before the work is
begun.

725. Provide one or more very clean, dry'porcelain or glass cups
or saucers. Avoid the use of damp, unclean, or metal vessels.
Cleanse the vessels by thorough wa#ing in soap and water and
wipe dry with a, clean towel, finally polishirg the vessel with tissue
or similar soft paper. Provide, also, some pi-eces of clean cloth and
sheets of tissuq paper for cleansirs the glasJparts of the cistern, also
a, few small sheets of clean white paper about 4 bv 6 i'nches for
use in fiIt_erlng Jhe mercury. Calend^ered letter piper is not so
good as the ordinary so-ca,lled book paper. A most conyenient
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position fo" cleaning a barometer is to be seated in front of a cleskwith a dran'er at fhe lqe a+d _side partly opened. Thi- .f";.1-t
convenient corners in which the barordeter can^n* restecl il 

"p;ightpositiory during the process.
126. The barometer will be removed from its box or support and

inverted, as described_in paragraph 111.
IJnsmew with o.ru*h;;"d ;h?,p"4i;_of the cistern marked ,, 

"S,,,FiglJ*3, grasping,with the ottier hand o?ty th;-narroer fl,ange E.o
727. I{ext-separate the two wooden portiois of the cistelr"*urkedi uqd i 9y .Joosenig..tfe four screws unitirg th; ;piii-ri"g oru*p

marked t( l, n and cc lf, rst in Figure 3. It is imp-ortant tt *t o*Eh screw
be loosened a little in turn,^otEerr,vise an unevdn strain *ry U* ifrrown
llppn some portion o{ the {ragile wooden flange and chip b"t o [i..."A-fter looseni"g each of the "scre\vs 

one .*.uy- b9 t-ar<*r,'oof u"tii;it;
and the whole-system .of split rings-stiIl iriterlo*-a Uy lfr* screryswill generally unfold froni around tfre cistern. Sometimes another
screw must be'taken out.

ff the rings are separated,,lh.y *g."td afterwards be unitecl again
precis.Jy 1t,th*,oriqinal relation. When Teqrovirg the woodln fi;;;i, to which the leat-her bag is attaclr*{, lift it .urTioq*It di;;;tly ;pfrom the p3tt i gg as nJt to ryilt the mercury, whidh is thereby
exposed and should just about fiI i. IIoId a clein, dry r...Li;1".'.
under the flange of i ,ld pour out steadily from tt u 6i.t*ro all or
nearly all the mercury it contains. The mercury will not i;;r;-th;
opell u}d of the barometer tube so lgrg as the "lutt*, is 

"ot raised
much above a hori zontal position, and ferre"ally ,ot then unless the
.oPening is large and the tube shaken oi jerked a little. C*. must
be taken to. prevent the mercury from passing out of tt u t;b;. The
barometer is then returned to its invert6d po.i-tion and the ".*ui;;;parts of the cistern removed by lpospning-the ..r.rn. P and p; h.rE
again each screw must be loosened a littlJin turn tt avoid ;hppffi.;;
gra;king the glass cylinder. If a srnall globul;;i mercury remarns
rn the glass cistern, allow_the latter to "..t in its position,hhil. the
[q,xwogd. p.rn. u ?, thg metal flange. R, an.d the ..**ri* P; *A ".*or.d.Then holdinq !}*,glass cylindel i+ po:ition with the ffig;;, emptywhat remains of t[e mercury in the cislern. fn na"aii"! tn. tittttr
leather washers taken from tfre,parts of t-he. cistern, avoifwrirrkii;g
:,:,:r:3:r+g tl,em or otherwise cliangirg their form, as q"y i"j""y o?this kind u'ill probably result in TeaEs that can hot b-." prdr."ted
except by new washers.

I28. The barometer tube and attached wooden_piece G, tr'igure B,maf be next withdrawn from the metal sheath andlall ifr. b;rr-= tirorj
oYqftly. cleaned. Before removing, !h* tubg notice .*".tiy tfi; position
of the ivory pojnt in.reference tithe outside sheath .o (t utiiiltb;
returned to thrs position, otherwise a change may be introduced in
the correction for instrumental error. fn aIT proUlUifit, ;;;f quan-

6If mereury has leaked out of the e-istern this will generalJtr be indieated by thepresence of minute gionuies of"l";,i.d# Ao,[i,iJiii.g.tiiin'" threads of-the screw o. rn sucha case the eap at the extreme bottom" of ftre 
-ii-sterninoura 

n6 ri"screlved, instead of theportion markdd ''F,"-ttuieuv -pie;;;ti"!^p[e:gsa;ff;f 
pr," mercury which has teaked out.As this mercurv, bv reason bt-its contict-wiitr-ifid iletar fiit;;i t'rrii'.i.t""?i,'lJ i*por",it must be emptied separatelv, 

- 
a"a 

--inaby"-";*;i*;m,stances 
afterwards used in thebarometer or Ti^".,LyitI _ggoo merc-uiy,-;g ihe'wrrJft *iii"nJ"tioti6o i*po*".

It#s,""[{E 
lHumnHE Hsf.'"Htf,ii$,*l"*nfi1.i'{Ti'sf;l.r*i.1r#.,.-r,l-'ffEi.f};
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tities of mercury will be spillecl into or remain in various little cracks
and crevices while the cistern is being emptiecl. These, by all means,
should be thoroughly djslodsed, especiatty from abiru[ the metai
qar,ts. With.th. glass tube removecl, tlj,e sheath should be tapped and
shaken smartly t" remove all small globules of mercurJr. It irlay then
be wiped and cleaned thoroughly wlttr cloths or chdmois skiil. In
case the scale is somewhat dull and tarnished it may be brishtened
by suitable _polishing, but this is a delicate operation and sh"ould be
avoided rather than otherwise. Thq d?nggr lies in shifting the posi-
tion of thq scale, and rf polishirg is abs6lutely necessaryiit sh6rild,
therefore, be done u'ith very great care.

The upper portion of the"gi-ass tube should also be cleansed on the
outside with the aid of a dullp cloth if necessary.

729. Adr in barometer tubes.-How air can gain entrance to the
vacuum of a barometer otherwise-in go_od cond'ition, which is sup-
posed to have b,eel hlngrng gyletly 3,n,1 undisturbed upon its sLlp-
ports, is a matter that is- iery difficuit both to imagine und to explaiir.
No case of this sort has ever occurred amonf the hundr.ils of
barometers handled at this office, so that when such a defect is dis-
covered in an instrument in use at a station the observer in investi-
gating the cause and reporting the matter shoulcl make sure that
the lrarometer has not been tt*pnre+ .with or roughly handled by
unauthorize4 p..I*ons, 

-&Sr 
if uninju_red_in other respZcts, misusage is

the most probable explanation of the defect. ^

130. rf'an upp*.;#bi; d;ifi;f a,ir i. in the tube at the time of
cleanitg,, 1t can be seen mbre or iess _confpicuousty in the shape of a
small bubble or bubbles adherirg closel51 to the" walls of the tube.
If these bubbles appear no larger lhqri good-s tzed pinheads, and
especially if they aie lgot more tLan halfr,v-ay up the t^ube, then it is
certain that the 

-condition of the rracuum is morb Hkely to'be greatly
impaired than improved by attempts to remove them.

131. Sometimes the barometers that observers may be_ calleo upon
by privg,te qartigs or friends to insp_ect or repair, seerir. to have numer-
ous rather flat-shaped air bubbles-firmly lodeed against the sides of
the tube. .Generu[y these are not air bubbles at -a11, but are parti-
cles of moisture, the presence of which is due to carelessness in the
original preparation 4"4 filIing of the tube. The edges of an air
bubble arg !h?tp - and the mercury generally remainE bright and
makes well-defined contact at, a steep angle with the glass. "ft some
moisture is prese_nt, either alone or^wit[ tfre air, the"edges are less
clearly defined, t-hq mercury is oxidized, and the'angle oT contact is
1es5 s,!eep, the bubble itself being very flat.
_ It is impossible, without entiie clelansirg, drying, and refilling, to
do anything with a barometer that contains moistrlie.

132. If a bubble or so of air is present in a tube, the plan that
should first be tried to remove it is as follor,vs:

Fi,rst metlr,od.-Tncline the tube 45" or thereabouts, with the open
erd upz .atd tap it gently in the vicinity of the bubble, rerrolving ilr*
tube a little at the sams time so as to encourage the bubble to dreep
along !h* inclined surface of the glass. If Tne inclination is tob
g.reat the butrble will be greatly compressed b_y the rveight of mercury
above it ; if too small the bubbie wilf not tend to move.

ff the treatment is successful and the bubble is removed, the result
will probably be beneficial; but at best the operation is genirrally yery
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tedious, and often the bubble seems to grow smaller and. finally dis-
appe?rs,-.bgitg separated into almost imperceptible portions irfri.f,
remain distributed along the walls of the iube.^

Eecond metho'd.-The, follor,ving plan_is more frequently applied,
gsqeclally whgn the quantity of aii already in the tube is coisiclei,able,
is lgdged at the tpp, and must be partialiy removed at least :

Empty an inch or two of mercury from the tube. Close the
oPen end tightly with the gloved {nger 1nd cause a large bubble of
aj1 to glide slowl;r and regirlarly aloilg the tube until it-unites with
a-11 the portions of air it i; desired to-remove. The large bubble is
then as slowly and graqgaily worked to the open end -of the tube
Ugai.n,,qsJng every possiple precaution to preveirt small portions of
the bubble from .seflarating]nd remaini"g behind. Such a bubble
of- air- may sometimis be sriccessfulty pa..fd once into ancl out of the
tube, hrt even at the best the vacuud in a barometer that has been
treatecl in this manner is very apt to be greatlv impairecl ancl .*r, not
be restored. 'The 

reason of"this is thaf the !las.'walls of the tube
have. very strong hygroscopic properties, and"rn hile the air bubble is
passing qlong the tube considefablb portions of both nroisture and air
are invisibly retained upon the wafls of the tube. }Vhile, therefore,
a bubble of at may be tuccessfully passed once into ancl'out of th;
tube, 

, 
a repetition lvill be attended wltfr leqs good effect, as in the

meantime the moisture and. gpseq of the bubble*will have ir,ctecl upon
tlru me_rcuty jo produce oxidized fiIms that will probably adhere^ to
the walls of the tube, so that when bubbles are uguin pu..u"d there will
presently be- ? parked tendencv to cling to the"tube^ ancl leave small
detached bubbles impriso-ned a-gainst tfie walls. fit .", ;i;.ro;;d=,
the baromeler is set ,p, the y.a[s in the Llpper portion and near the
vacuum,:.being Po.lorrger subjected to the iull ^air pressure as they
were while the bubble-was passing along the tube, iow readily giv"e
off both air and moisture, aid in inarry dr... numerous littie bubbles
,fo,t* against the walls even belor,v the iop of the column and probably
later work their way into the vacuum.

133. Ttre removal of air from a baromeler tube, therefore, can not
be _perfectly effected in any such way, and shoulcl not be undertaken
unless the defect is a, vefy serious orie. If the comparative readings
taken before cleaning ? barorneter do not show seriohs error*, un;, uTt
the tube may be thought to contain had best be allowed to remaiir.

L3+. One of the most difficult and delicate parts of the process of
cleaning is that about the wooden pigce G andivory point. 'Th. deep
and narrow annular space between the glass tube ahd the boxwood ii
generally covered w'ith oxide of qelcury, r,vhich should be thoroughly
removed by 1'epea!e-d wiping with cl"ean cloths applied ,por,."th"e
ends of slender sticks or by similar means. Tufts of 

"u# cottonwill adhere firmly 1o, ?rd ure readily wrapped about 
"o"gr, 

sticks
and Tay serve with advantage in *ipi"g^out the ,ra*rori spaces.
Sometimes, however, the spacelis so s*all tiat it can not be propnriy
cleaned. Care tnust be observed not only here but in su^b.e{u.nt
lPerations to blow away or otherwise remove every r*tign ;f'-lt4
dy!t, shreds of cotton,,.etc.,. qs, if allowecl to remairi about"the parts
of the cistern, thgy will quickiy find their wa-y to the surfac. of th;
mercu{Yr uPon u'hich they wili float about to ihe detriment of acctt-
rate adjustments,
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It is obvious that the delicate ivory point should be handled with
great care.

135. The glass- cylinder of the .iJ**, should be washed in soap
and water and thoroughly rinsed in copious applications of fresh
water. After this i"t shoulcl not be toucded ui,t6, unprotected, ha,r'rcls.
ss:pec_'ially ypory t/r9 i,nsi,de. _Wipg 1t thoroughly dry ivittr a clean, dry
towel or hancle_rchief, and. polish with clean tissue paper. 

.Th-e

r_emairilg w_ooden po_rtions of the cistern should also -be wiped
thoroughly clean and dty without touching the inside with the 6are
filgers. Sha\e out of the bug as far as possible every littte particle
of mercury that tends to remain in hldden corners and &evices.
These little particles are very apt to be dirty ancl impure, and should,
therefore, be removed.

136. The several parts of the barometer should be replaced in the
followirg order:

- 
First, -return the- glass 

. 
tube to its sheath , _be'ing careful to place

t_hn 'iaory poont i,n the pos'i,ti,on 'in relatd,on to the scale, or fr,ont 6f the
barometer, f orynerly. occupiqd; also to avoid handlirg with the bare
fi3gers the enq portlon of the barometer tube where ft dips into the
ci,q[sr'r, as a slght fiIm of oil may be communicated to tfie mereury
of the cistern by this rneans.

The glass gyiirdur, with it. leather washers, one at each end, is
next 

_ 
placed in po{tion,_ followed by the wooden piece i, and the

metal flange ring R. The three Iong screws P are next to be in-
selt_ed ancl par'tially screwed up. Wtrlte these various pieces are
still loosely held by the screwsr-it is well to jostle the parts about
a little and twist the ring and boxwood pieces upon eacfi other and
the g1?sF cylinder. fn other words, try to bring-the surfaces in the
selleral joints nicely and uniformly into contact with each other, and
adjust lhu ring R so that the screws afe not even imperceptibly
t?keT, but, when prop_gtly dr_awn up, produce a direct,- unifbrmly
distributed pressure. Wtren the parls are thus adjusted the screws
P are to be tightened little by little, each one a tittle in turn after the
others, until a1l are drawn 

- 
down 'together equally tight. The ob-

server must judge of this partly by the amouht h-e has turned each
screw and partly by the resistance it offers to further turning. It
is not necess ary itrat the screws be very tight. A judicious reguFa for
these ideas constitutes in part the skill of- the exp"ert and is t[e secret
of perfect joints. 

_ 
To dlsregard them products leaky joints and

unequal p_ressures that are apt to break the fragile boxwood flanges
or crack the glass.

Before describlrs the fiIling of the cistern, some tests and. experi-
ments showing the purity and properties of mercury will be men-
tioned.

137. Purd,ty of mercury) bo* tested.-pq1's mercury is beautifully
brilliant and mobile, and does not exhibit the slight-est adhesion tb
clean, d"y glass or porcelain surfaces, whereas the" amalgamation of
the mercury wi-th _the slightest perceptible traces of foreign sub-
stg,qcgs, such as lead, tin, z:rnc) etc., changes completely the cliaracter
of- this. peculiar substance. Each observer should try for hirnself the
followirg instructive and simple experiment : "

Ptqpare a small shallow: fla!-bqttomed porcelain cup or white piece
of chinaware, or glass vessel if the otheri are not to-be had" Wash
and dty thoroughly without touching the inside with the bare flngers-.
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The vessel *uI b. iust a little warm-with advantage. Fi1ter into the
vessel, through a paper funnel, such as describ.d- b.Io*, *"t-fr.* lessthan a teasP*tiql of puTe merbu*y. It th* *ur.";t ir;J t;;; prop-
uTly filtgred and is of ^extreme prrity, the brillia"i "gfoU"fl-*ifi -"ii
about thq cup- with the greateit aciiirty, as th;-iatter is moved a
}il.]:,"i1$ will draw out-moment"TlJy ihto stenaer .yr1"ari.ut po"-tions which,. if broken asunder, will" quickly separat"e inio smallerportions which draw themselve,s up into beautifii littl;-roh.ru. orlargir rounded buttons, none of wdich clings i; th. .iigrri"'.t d;gr;;to the clear surface of the vessel. IJnder "fuoo"ubl" .&iaitiorr. andd,Yling the rapid movements of the mercury u,..u*;.i/ ;ainr. butstill a very cliaracteristic cracklirg sqqd d,un b. h;h,TJ.' to the
$gy.LoP,ment of small sparks of el"ectricity. Sr.f, i. th| .fruructer-
istic behavior of clean, pure.mercury in a clean po*celain Aisfrl--If,
},TI.::^t, the mercu1,51 ,cbnlains the host mirulu-tr*.u of lead, d";
?:ln"1*f:, this fact will be shown by u more or less marked tende;Ly;i
l1: -Ilt]ut 

slender portions of the"mercurf tq ${u* out into ;ilipit
P_91!.d, tap.tiqq 

,'( tails," the. tip ends oi which cling t" th; vesseland remain. If the observer is not,rl possession of tfie .rrruti quan-tity of 
"{.TTely pure mercury needed'in thu above experi*.rrl, tftmost strikinq p?"[- of it witl 6e lost. After *rt.fri"g fil bJurtiful

manner in which the pure- mercury rolls- about tli; dfifr,^ 
"aA- 

to it, a,smaIl flake of lead or solder. t'he flake should il ; i[ro smallshaving cut off with a pp"$ife, ,?rrd should .orrtuiri iot ;drff';;
much material as in the head of'tho smaleJ pit. f1r". ihi dp;;the mercury and allow it to remain u *o*ent,' It will pr"il"tl)i- b;wholly dissolved. Now repeat the rolting ufo,rflf iii.';;;ili i;the cup and observe the woi,cerful change. 

r^rvr v

The forrner brillian! globute has no* 7 dull surface_,_ with its edgesclingin g u^t TranJ Points to the surface of the disli. Tfr. .iu*r, ,rfrTtnsurface of the dish wilI now be soiled and discoior.a ;h;;lh* mer-
cYr-y is made to flow over it a few times. ffr*-p;;;"nce of one partof lead in one hundred thousand parts of *.ruiry i-^;;"diljr'shbwn
by this tgst. 

v r r \-/@t rrJ

. Only one who has performe^d 
thiq, experiment is prepared to appre-ciate fully thu impoitance of absolutd .i.-.ii"u..'i" barometer cis-terns and the necessity for the avoidance of tri. ;Iighili inetalliccontamination of the mercury.

138. Of course, the mglcqry used in the above experiment can notbe agail 
"yg.cl 

until purifiecl. " This can be done- diil-;;Ii^bi'*u.h-irg with dilute nitiic acid, about one 
""i"*u=ot L;id^iil ntteenvolumes of water. The mercury_and acld ilitu-ptuced in-a bottleand violent]y shaken: or the_ ryiA *u{_fu polir.a .;";; th.-riurpo"y

and allowed to remain several hours. "Wft.i the acid tr-as tfroro"ghly
cleansed the mercury, thg_ latter2 upon in* 

"o"tu"i. of their bottlebeing violentlSr shak6n, will-breai! gp j"ig="*"y n"" girb;i;;li*h,for a moment, do nol coalesce. ffri. fo"*"ltio" 
- 
o? the 

-*.r.rrry
into minute globules in th;- p"...r.* ,t Aii"i. ,"ia wiil take placeonlllrilt, q,ritg pure mercury. ------ -

139. Retur$"g now to the process _of - restorirg the barometer,
the next step is to filter the *ur6ury urrd nfi 

"p 
til?i.t*r". noli ;rja small sheet of clea, puper into a"sharp cone; fookffi tfiro"if, it tathe light to see that tiru'gp.e$ng ]s very .*au. rr"Ta"*g ;ft coneover a clean vessel, partly fiit it ulith **r6rr.y, By fii*ti;E nn,; fol,Cs
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of the cone in a manner that the observer must learn by trial, the
opening at the point may be regulated to any size desired, even
while the cone contains mercury. Keep the cone well fiIIed with
mercury until all has been add6d, and 

^do not allow the very last
portion" to pass through the filtei. If the observer has only th"
supply of pure mercurt traken from the barometel, economy muq! be
exeicised, but there is- no difficulty whatever in being able to filter
and utilize the entire quantity of mercurv orisinally in the barome-
ter, and this is sufficienf. The purity of some 5t the flltered- mercury
may be tested as described aboie. Another indication_ of the purity
of the rnerclrry is the character of the mark left on the paper cone
after filtering. To be able to judge by this, observers must flIter
both pure anil" impure mercury and compare the marks.

LA(i" The mer'cu^ry for the cistern, having been_filtered at least once,
may next be filtered into the cistern, dire_cting the little stream so as
to strike agains.t the glass cistern to avoid inclosing small air bubbles
near or upbn the bar ometer tube._ The open end of the tube should,
in the meantime, be completely filled, and the mercury heaped into
a little button on the tip end. This button will unite with the mer-
cury of the cistern as it rises ar'ound- the tube, and the chances of
inclosirg air in the tip end of the tube are thus greatly lessened.

fn general, the cistern should be fiIled to the brim of the piece i.
Before fitting the piece i lhe leather bag should be'pushed out from
the inside un'-d .refy effoit usecL to cletacli and removd all dust, shreds,
little particles of leathef, etc.

L4L: f" .*.;r;; th; "iu*p rings the screws should. be tightened a,

little at a time, and the precautions cited in paragraph 136 observed
to insure a closely fitting and urriformly tight joint.

When the screws are all tightenecl. the leather bag should be thrust
rrp into the woden piece f and held there firmly by the finger while
the barometer is gradualiy turned right s_ide up: watchirg to see if
any leaks show [hemselves at any bf the joints. The mercurial
column should not be lowered under any circumstances at this time.
ff a leak occurs, it is probably due to uneven tightening of ttre jolntp,
and in most cases it ls bettei to loosen the whole joint and shift it
a little before tightening again rather than to strain the screws that
are already tigh[, i" the]hofie of making closer contact.

L42. From one to three oi more hours after the cleaning operations
are completed and the barometer is returned to its suppo{t a series of
five comparative readings with its companion or standard instrument
should be made.

L43. Additi,onal sugge.st'ions f o, c'lean'ing ba,rometers u'ith th,e Tu,c/r,
c,istern -The parts of the barometers with Tuch cisterns can be
remoyed only by the aid of a special wrench, ybich will be furnished
when any obseiver is authorizid to clean such barometers.

The special points to be observed are as follows :

u;i"r-fiiit I.-ru*i;t ,;p ora-i"i.rt1"g 1r,. uurometer, close tiqhtly
the air verrt d,,, Figure-9. Consult also paragraph L7.

When about to -open the cistern, Ioosen the screw W, Figgre 9, gne
or two turns. Then unscrew the piece % being very careful at this
time not to unscrew the part K. - When completely unscrewed, !h.
niece gt rvith attached pislon o) rya,y be wholly with_drawn, exposing
[he mercury. All or nearly all of this may be poured out in the man-
ner descrineA in paragrapfi L27 without danger of starting the mer-,
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cury from the end of the barometer tube. The small portion of mer-
gury !,hut is apt to remain should be pg,rred out afterwlards, removirg
first the tube or barrel -K,-the! the clarnp ring h,, hotding the gtasi
cistern in position by the hand until the last loriion of he"culy is
emptied.

To remove the barometer tube from the sheath, the cap of the
air vent must be first removed. /

It is always best +ot to disturb any more than necessary the various
leather washers and frttings.

741. In replacirg th.- parts be s,Lcre tlte cap of tlue ai,r aent is
screLt)ed up,before introducing the mercury.

After inse.rtitg thgglas's^ _.iit.*r,, and wishers screw down upon, it
tlu clamp Tirg h. Then filter in as much mercury as practicable,
observirg the -precautions mentioned in paragraph i40. i[ext screw
*g*1, snugly the .tube or barrel K, and tdd fhe remaining mercury.
FilaIlI: replace the piston and cap q.

If 
_ thg pistoh does not fit the barrel snugly enough, the washers

should b{ightened by- turning up tt C sciew i, using the sp,ecial
wrench. Th* palts of the piston should not be taken apart n6r the
rvashers disturbed, except possibly to tighten the screw mentioned
aboYe.

During the operation
down upon the mercury,
thereby. At last, tighten

Before the instrument
up close to the mercury,
air bubble, visible in the
horizontal.

of replacirg the piston it should not close
which would be subjected to severe pressure
the screw Z.

is placed erect the piston should be screwed
still leaving a small space, as shown by the
cistern when the barbmeter is held n"early

L45. Su'ggest'io.ns about moa'ing qd packi,ng barometers. Pre-
paratory to moving invert the barometer as described. in paragraph
l-11.

The most_ ap-proved method. qt packing barometers for transporta-
tion are to be learned by carefully observing the manner foltowed in
packing instruments sent out by this office. The instrument should
be shipped in a, horizontal position. The air-bubble space in the
cistern should be small, but still sufficient to admit of expansion
with temperature changes.

When carried about by hand, the cistern should be uppermost.
The barometer should be first wrapped in soft paper, then with a

thick layer of cotton sheeting and an-outer wrapping of heavy paper.
Thus prepared, it is then placed in the middle of a strong wooden box
and comptetely and closely surrounded rvith good excelSior or cotton
or similar elastic packing material. The lid of the box must be
screu)ed down, not nailed, and a strong handle attached to the middle,
so that the box may be carried by one hand in a horizontal position.

LA6. Leat'her cat;rtlong c&ses.-Trt using the Ieather carrying case,
supplied when barometers are to be transported by hand,_ secure the
barometer in the hinged wooden sheath, being careful to observe that
the latter closes tigTrtly without strainirg either the milled head
for regulating the vernier or the attached thermometer. The wood
shouldbe neatly cut away, if necess_ary, but only sufficiently to receive
these projecting parts, Insert the barometer, cister"n,tnpp'ermost, into
the leather case,
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L47. On steamboats or railroads the barometer, if hunE up in any
marlner, should be secured against striking or pounding"th6 side o"f
the room or car. In wheeled vehicles the"bardrneter sfrould be car-
ried by hand, suppo;rte{ by p stra_p ov_qr the shoulder, or held upright
between the legs., ft should not be allowed to rest on the flooi, as a,

severe jolt may break the tube. On stage routes, when impracti-
cable to carry it by hand, hang the baromet,er on a, hook insi-de the
stage pnd securely fasten the lgy.r end, so that it will not swing
when be-ing thu,s transported. If carried on horseback, it should be
lt{apped over the shoulders of the rider, where it is not likely to be
injured.

148. O hange gf locati,orb.-It sometimes becomes necessary to
change the location of instruments from one offi.ce room to anothbr or
to a different point in the same room and m_aking little or no change
of elevation. In such cases the barometer box can be moved bodily
with the instruments in place. The first step is to prepare the wail
at the new location by gqtling up the necessary wood sirips and the
screw at the top on which the hook of the barometer bbx can be
hung. If no change is to be made in the elevation this screw must
be at exactly the same height as the corresponding screw at the old
location. After the usual comparative readings have been made
and all is prepareq the barometer cisterns will be screwed up until
full of-mercyry and lhu box moved bodily in an upright positibn and
secured at the new location. Compara[ive readings shbuld not be
made after the removal until an interval of two of three hours has
elapsed, unless the temperature is practically the same in the two
locations.

L49. Shi,pmertt of sera'iceable baronteters.-Every possible care is
taken at the central office to secure the highest at[aiirable precision
in the pressure observations at stations and to ascertain the ainount of
abnormal errors that sornetimes develop in the use of instruments.
To this end defective instruments are ?alled into the central offi.ce
for recomparison, and obviously it is of the highest importance that
evely precaution' be taken in packing such instrumeits to insure
their safe arrival at clestination.

150. In reporting on defective or unserviceable barometers, observ-
ers should state clearly !h* condition of the instrument, and whether
or not the mercury can be screwed up to such an extenf as to permit
of forwarding thg instrument tt meicury fiIled." Such baro?neters
are called in by the official in charge, _division of supplies, central
office,, by effipress, and observers should k-eep -on hanci 

^constantly 
a,

?Tr1I supply of the special " Noti._.:'1 (( 
Glarss,'_' and " Yery fragiie ,,

labels, two or three of which should be tacked or pasted bn oritside
cover of box in a conspicuous manner.

151. ,S/ti,pment of empty instruments.-When barometers are so
seriously defective that -check 

comparisons can not be made or are
valuel€siS: observers will be author tzed to forward the barometer to
Washington, first carefully ergptying all the mercury, which will be
preserved in a clean bottle and packed in the box with'the barometer.

( B ) CABE AND USE OF BAROGRAPIIS

L52. 
^{*posure 

of byogTaphs.-The-general principles of the expo-
sure of barometers given in- paragrapfr- Sg apply to barographs aiso,
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except that the matter of light is not so essential. Every precauti.on,
how6ver, must b,e observed to prwent the instrument from being
exposetl 

'to great changes of temperature and to direct influence of
sunshine, etc.

The instructions followirg apply particularly to the Bichard
barograph.

155. AAlustmrent to stattdarcl pres_swe.Jf{hen the instrument is
first set up at a place, the pen shbuld be made to mark, as nearly as
possible, fihe corrected pressure (s-ee par__172) given by ? standard
inercurial barometer at the same place. This adjustment is made by
raising or lowering the whole series of aneroid shells by means of a

screw-reached through a hole in the base of the instrulngn! jolt under
the aneroid shells. This screw is turned by one end. of the kuy sup-
plied for winding the clockwork. The adjustment of the barograPb
to agree with a standard barometer will rarely prove permanent and
will"require a little alteration from time to time, !4e{e bejlS a slight
tendendy for an aneroid barometer to read too higt 

- 
wit\ agg. It

is generally necessary to set _the barograph to standard at the time a
net, sheet is put or: but if the error is small it is better to allow for
it than to readjust.

L5+. Speci,al- acljustment fo, hi,gh _eleaati,ons.-The adiustment
afforded bv the sciew underneath the base of the instrument is not
sufficient tb bring the pen to the propgr pressure at stations four
thousand feet or more above sea level. In this case, and also to pre-
vent injury to the barograph while in transit over lofty -motlntain
passes, it ii sometimes nec.ess qry at this office to disconnect the system
irt levers from the aneroid shells and to provide one or more extra
holes in the stem projecting at the top. Barographs found discon-
nected in this manner upon arrival at stations need sirnply_ that the
links be united again, p-lacing the small pin_ in whichever hole will
bring the pen nearest the mieldle of the reCord sheet. lVhen shipping
barograplis, if the instrument has to p?ss over a greater elevation
than3,000 feet, the system of levers should be disconnected, as above.

155. 
'When 

the pressure at any particular station is such as not to
be included in the rulings on the record sheets furnished with the
instrument, observers will change_ thg numbering 9f th.e lines by
some conyenient whole number and adjust the pen of the instrument
accord"ingly.

156. T-he sheets should be changed at about noon on the 1st, 8th,
15th, 22d, and 29t1n of each month.

lYhen ; barograph is first put in_operation the trace on the sheet
should start at [he proper date arrd hour, even if near the end of the
sheet. The Roman nurneral, XII, at the top of the sheet indicates
noon and the letter M midnight.

If not already done, the lower edge of the sheet should be trimmed
accurately parallel to tle longitudinal lines and should rest closeJy
against fhe flange at the bottom of the _cylinder _aqd the pen be
adjusted to the proper pressure, in accordance with instructions in
Darasraph 153.r 

Lli. borograph clocks.-p,yery effort should be made to regulate
the barograph clock to keep correct time,_windirg once a week, or
oftener if found to give better results. The instrument should he
inspected each duy by the observer in charge and.prop_erly adjusted
by him when necessary. Whenever a, clock is adjusted, a marginal
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note stating thu fact should be connected with the proper hour. If
the clockworl( goes too fast ot' slow, it can be regulbted in the same
manner as the movement of a watch, -through an opening in the
cylinder marked tt A 1' (to " -accelerate ") and-(( R " (to tt r6tard,,),
gor{e^sponding to the letters F and S near t}re ends oi the regulat6l
itself.

158. Ti,me error of baro'graplt.-The clock movements of these
barographs often keep br! imperfect time, and it is important that
the record be checked in this relpecJz so that proper cor^rection may
be made in compiling t_h.u records of hourly readings. This result is
sjcllred. by {ently touching the lever of the recording pen: so as to
deflect it and cause a slight lateral mark to be made ojr the record
sheet across the barometr-ic trace. A marh of this character witl be
made each 4ry at n_oon, seyenty-fifth meridian time; the record sheet
will thus always show how much the barograph 

'clock 
may be iu

error.
_ In producing these marks great care must be exercised not to strain

the lever mechanism in any ryay; the 'weight of any ordinary lead
p_encil is amply sufficient to make tfre mark,"tahi,clt, shiuld, not bb mot,e
t/t,a,n, one-ezg llt /t, inc/u in, tlengt h.

159. psn's.-Pens should be kept c1ean. OnIy the standard register
ink should be usecl. Care must be observed in cleaning a pen not to
bend or deform_the points and render it unserviceable. - ( S^erc circular
A, instrument division. )

160. C orrect'ion,s.-Qsrirg to imperfections in barographs, more or
less frequent comparisons should 6e made with standard instruments,
and corrections applied accordirg to the scheme fully described. iri
circular A, instrument division.

Yf. CoxcnRlrrr{c rrrn Er,nvaTroN or Srarroxs
l-61. In the system of the Weather Bureau the elevation of a

station is the height above mean sea level of the zero point-that is,
!h. t( ivory point "-of the barometer scale, and all measurements urd
levelings for elevations must be made in reference thereto.

162. Eleaati,an deterntined by spi,ri,t leuel.-Whenever a, station is
established or an office moved and the elevation of the barometers
changed, observers will secure the services of a competent surveyor
or city engineer, who will run a line of levels to determine accurattly
the elevation of the station above or below the tt plano of reference.i'
I,n *u-ry 

- 
instances this survey can be secure^d without expense

lhroygh the courtesy of the Government or of the city engiiee.!:s.
In thd remainirg .oI.. the cost will be included with otflrer ifems of
expense incident to the establishment or removal of the offi.ce,
authority for the expenditure being procured in the usual manner.

All heights will be given in feet and hundredths or thousandths of
a foot.

163. Fi,necl po'int.-The engineer will establish a, so-called tt fixed
point " or bench mark in a fermanent manner on the outer stone.
work of the building, from which direct measurements of the height
of the barometers can readily bg. made, or a linb of levels convenieritly
run to the tt plane of reference " at any time.

L64. Plane_ of ref ererl,ce.-The tt plane of reference " should, i,
general, be the top of rail at depot. fn case, however, a bench mark
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of ab permanent character and of lr,igfr_precision, such as erectecl bythe United States Coast Survep th; r'rt -- S;FJy, the_ Missrssrppl

*irt.?:ffi,ij, ild; :t",#1,-.'#.Ti, 
.;m#: 

l*ti:f,mnm ;:H
T11I1,u, in all rireasurements within the same tbrn, ancl *ifi not bech1|ge{ gxcept_ for good reason.

165' All levelings must be rln by u cornpetent person and the linervill be run over af closecl circuit wirich, ilTh;.n.t'of . ;;; .t*tio.r.will be fro* tbq plane of reference through td; fi-.d p;l;; ; tii;barometer, .ur,l back through the " fixecl p"oint ,; to-lfrl pi;;;tf 
".fer-ence. fn the case of the -removal of un office tL* lifie witi 

-U* 
runfrom the barometer in the old office to tfie barom"a;; in the 

"u* ;ffi;;;passing througl the- (' {xed points " at both- t[r;-old and- tfr* new
9ffi9u, thence through t4* _" ffxed point " at the new office 

- 
to the" plane of refereTu-," and thence toihe point of starting.

, A, copI.of the field .lgtg?, certified to b.y th; il;;.yqr running thel.evels, 'will be filed with the report of elevatio" *hich ,*irf-tu ren-dered on Form No. 10b8-Metl.
The observer will fully. inform the surveyor concerning the fore-goilg p_rovisions for running the levels.
l-66. When, for any, t.11q[, it. r:_ iTpossible to run the levels pro-

,,EtJ+'f; .di;r?-,fr"if 3rlllf :;Jt"***:ti^,t;ffi:]f, j*:
a special set f :::farative barometer r*udirgil-ttrut is to .uy, thecornparative baromeler readings always .uqolr-*a_ 

"" "iru"gi"g thelocation of instruments will in iase lev"ets cai not be run be made inthree sets, as follows :
First. Set before removal. Second. Set during removal I that is,station barometer in new office, extra barometer Tn old offiee. Thisset of readings will I" recorded as usual on For* N;. roz7-Ultl.,;;;will be accompanied b.y tr"_o readilgq of ths;pilJ tn.r*;il;ter, tobe noted on the margin, t4n first t"aken immediately b;i;;^ria thesecond immediately {'ttei the set of b;;;*;l;;;f,i.rg.. Third. Serafter removal; .that is, both barometers in new locatio-n.
When there is an assistant on station the n"u ;;;AG. of the sec-ond set must be synchronou?:-blt in case theru i.-"o 

"=Ji.turrt- 
ut sta-tion, uig4-t reg,dings.,in all wiit tre made ult.rrrately in the two ;in;,in the followi+g o-rder: No. 1 in new office;.$?.Tu"d 3 i" ;Id office INos- 4 and 5 in the new offi.ce; Nos. G unh ? i"1h; old offi.u, afterwhich the extra barometer wili be .u"ri.d to [rr" ;;; 

"m.. u"a theeighth reading, made on the station barometer. Fi"ull)r, ;h- thirdset of comparative readings wilr be made.
The interval betw::l 

ieEqi"gs should bu u. nearly uniform as pos-sible, and is left to the conyenience of the ;d;;;;; .16;AlU uponthe distance between stations. etc.
L67' When chanses in the iocation of the barometers that do notalter the elevation"are author izgd, ,- fi"u' oi iu"uf* need ,roC Uu run,and orrly the usual comparative barometer 

".uai"S.'futore and afterremoval will be made.
168. tred.yctzon ,t^obseraati,ons to a K station eleaat,ion,,-en Jan-

[?ry 1, 1990, a spegific elevation above sea level lrur -alpied Io, eachWeather Bureari station, and f.gl purposes of r..ora ,"& p;blicationall barometric observations will b* *orr.tated t; thi; ?'"JJpi.a or
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station elevation." In case, therefore, an office is moved. to new
quarters and the elevation df the barometer is thereby-changed.,, a
proper correction will be _applied to the barometric readings in the
irew location that will reduie the observed readings to the pressure
appropriate to the tt station elevation," notwithstanding ch3lges and
r6riror^als. The pressure thus ascertained will be designated tt station
pressure."+ 

169. The (( station elevation " for a station in operation January
L) 1900, is its elevation above sea level on that d"ate. For stations
ciosed. before 1900, or subsequently established, -the elevation will bu,
in general, the elevation a6ove iea level of the zero. point of the
bar6meter at the date of ciosirg or opening the respective stations.

L70. Reduction of curuent oh6ervafions to a tt station elevation " in
accordance with the foregoirg plan will, therefore, be required only
when changes are made In the blevations of the barometers. In all
such cases fne Instrument l)ivision of the central offi.ce will furnish
a new copy of the barometer correctio! card (Form No. 1059-
Metl. ) , in'#hich 

^ " 
removal correctiglr" based on' the. ghalge made

in the elevation of the barometers, will be combined with the correc-
tions for loca1 gravity, scale errors, et9. The tt sum of corrections "
thus determine&, together with the tt correction fot temperaturerD
will be applied to aII recorded readings of barometric pressur€, and
the resul[ will be regarded as the pressure of the air appropriate to
the station in question.

L7L. The followirg example will elucidate the complete correction
of observed" barometer readings:

Observed barometer reading (attached thermometer,76.5')------ 30.287

Sum of corrections, Ii'orm I'[o. 1059-1\IetI +0. 032

Total eorrection---- -0. 099

Station pressure------ 30. 188

The tt total correction," as shor,vn above, will be entered on Form
No. 1001-Met1., and uppUea to the tt observed. " re_ading_, deriving
thereby the pressure of fihe air appropriate to the adopted gtevation
of the"statioir; this result will bd i'ecdrded on Form I{b. 1001-MetI.,
in the columns for (t station pressure."

172. The barograph will 6e adjusted _and. corrected to corresponcl
with the t( station lxessure " ascertained as shown in the above ex-
ample. See also paragraph 153.' 173. A11 pressure observations made at a, station and reduced
accordirg to the foregoirg plan are therefore strictly cgmparable
with eac-h other, all being reduced to the adopted elevation. Fur-
thermore, a change of elevation or removal of office does not necessi-
tate a new table bf reductions to sea level ; that is, all observations
will be reduced to sea level, when required, by one and the same
table of recluction, namely, that based- on the adopted elevation of
the station.

LT +. N onuenclatu,ys.-lhe following nomenclature, embracing baro-
metric terms, will be used, as far aJ practicable, in the correspond-
ence, recorcLs, and publications of the Weather Bureau:

Actual eleaatd,on.-The height of the zero points of the baronreters
of a station above sea leyel,
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stati,on eleamf,riyn.-The elevation above sea level
tion as the basis to which all pressure observations
correlated"

Obseraecl read'ing.-Tlre direct result of the reacling of an instru-ment, uncorrected for any errors.
Actual pressure,-Y.arrirrg the actual pressure of the air at abarometer, as obtained from Tfre observua *[udi[ "uft", 

,ppl"t"g ifr"necess aty corrections for temperature, gra\rity] ;;d #.i;lrmentalerrors.
Etatoo?t ?ress'tt?"e.-L pressure correspondirg to an ,, adopted or sta-tion elevatlon " which nqay.differ slighdiy i;"i iil.*u.tual elevation ofthe barometer. IYhen the tt aetual 'ian d, ".tation ,, elevations are thesame at any particulat' station, the removal coru..lior, ,riff ii- ruro anclthe actual pressure and the station p"ussrrru uru then numericallv equal.Reduced p,ressure.-The actual tr station pil;;;;^;;;;;d to sealevel, or to some other specified plane.- 

-
O orrectoon f ,T. scal,e- eruors, 'capi,llarity, s[s.-f rnean clifferencebetween the readings of a given ihstrurr."t ancl those of the stand-ard barometer dulfcorrect6cl. This q"unfiar;;bru... all outstancl-i,g errors in the subdivision of 

-the 
.1"r*,-o# ii.-iqtur length; errorsin the adjustment of the sighting edg; i; irrn ,"io tiru of tfie iernier Ierrors of capil] arity, irnpe-rfect"r,o..:,.,rr, etc.

0 oruectd,on tor-' iern"peVature.-The .d""*.tion depending on thetemperature of the mercury ancl the metallic scale. 
-

Correctoon.f ,T loca,l griaity:
(o) Latdtude f,s'v'7n".-The correction based on the variation ofthe force of gravity with latitude.(b) Alti,tude teru?l." The" correction bu.ud on the variation of

R enzo u orsffitxlyt*fiiL*;*i'iL*i*". by rhe removarof an office, and based on the clifferen.. ietween the actual elevationof the barometers in the ne\v location ancl the uaopted elevation forthe station in question. Strictl, rpu;ddl'tiri"{, 
"u*oval correc-tion " varies froin day to *uy, or iro;r-;i"t?; io r"*mer, with largechanges -of temperatirre, bul' this "rrirffi i" ilo.t cases, can beneglected. When, horvever, the .lru"g; in '.i.rutr-; i.'f?g., anclespecially u,hen gi'eat clifferlrrr..= ;f ;;ilperature. z,;*',4.,r*ir9r, are considulr.+,t-he change in the r;**{#*iXllficorrection " *u{ exceed O.Of inch d" more, ,rrd 

- it then b;;;;;;desirable to gmpi oy. a " variable " cor"u.fio", &s *oru i"rly L$rrinedin paragraph rcz "@). - v^v^rt a{r'Lr 'r,r '

Eum of. coruect'io?Ls.-L term embracing all the corrections thatare practically constant for a given irr.tr#*ent in a given location,namely, the correction for scalL e,rors,..u[-ilu;ilj;l anq gravity, andthe removal correction. This .yq-i. girl" on the certificate of cor-rectio.ns (Form No. 1059-Metl.) furni*.d for;;;h instrument.?otal ctorrec6'[en.-The .n""u.ti;" i;;mperature, plus the ,, sumof corrections ', as defined above.
Reductoon to sea /s'us/.-The quantity_ which must be added to the(t aetual" or t( station " pressurd-i"^;;t.; to obtain the ,,reduced ,,

pressure.
Beducti,2n^f o, ele'tsati,on.-L quantity which must be added to orsubstracted from the pressu". ,iu gi;;i, .i;;;ai;l; order to deducetherefrom the pressure appropriate"to some oirr*r specifie,c elerration.

adopted for a sta-
at the station are
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Vff. SuruuAny or Sprccral Ixsrnucrror{s FoR OespnrIERS or rrrn
WnerrrnRSunnau

L75. Station a,nd emtra barometers.-Tt is the intention to keep each
station supplied as far as possible with two good" barometers. The
names stat'ion and emtra apply, respectively, to the one used in the
regular observations and the one held in reserve. Observers will
promptly report, by letter, any defect observed in either instrument,
giving full details as to its nature and probable cause.\r 

L76: Emposure of barometeTs.-Qbserlers will expose their barom-
eters and 

-barographs in accordance with the provisions of para-
graphs 89 and L52.

177. Ctosterns of emtra barometers.-\Yhen not in use the cistern of
the extra barometer may be screwed up so as to raise the leve1 of the
mercury about halfway up the ivory p6int. I'he cdstern should not be

f,tled, rrb, the mercury toiced. to thb top of the tube, except when the
barometer is to be moved..

L78. Ekuatoon of barometers aboae sea leael.-At the earliest prac-
ticable opportunity after establishing a new station or movmg into a
new office the observer will ascerta-in and. report, upon Form }do.
1058-Metl. the elevation of the barometer above sea level. This
measurement should refer to the elevation of the lower end of the
ivory.point of the barometer. Spgglfic instructions in .reg?rd thereto
are given in paragraphs 161 to 166, and on the back of the form
mentioned.

179. When observations are commenced at a new station and the
appropriate table of reductions to sea level has not, as yet,_been
reCeived from the central offi"ce, only the corrections given on Form
I{o. 1059-Met1. and for temperature u'ill be applied to barometer
readings, and the results will be recorded- on aII forms required and
telegraphed in the usual manner until tables of reduction are
received.

180. Begular barometrtc obseraat'ions.-Settings and readingq of
the tt statibn " barometer, as required by the insfructions provldirg
for the regular observations of the station, will be made in accord-
ance with the provisions of paragraphs g7 to 100, and these readings
will be corrected for errorsr &s illustrated in the example given in
paragraph l7l.

l-8I. Reducti"on of barometric readi,ngs to sea leael.An reducing
barometer readings to sea lerrel the special tables supplied each
station accordirg to its elevation will be used.

The temperature argument will be obtained by takirg the mean of
the current and the previous 8 a. m. or 8 p. m. observation. For
example: Dodge City, Kans., March L, 1905, lem_perature, 8 a. m.,
33.7o t 8 p. m. )-45.+o; the mean of these, 39.6o,_ i. t_hn temperature to
be used in reducing the 8 p. m. reading to sea level.

182. Proai,sional- rem,oaal correcfisn^-\N{hen the elevation of the
barometer has been changed by removal or otherwise, and the
observer has ascertained with reasonable accuracy the new, that is,
the (6 actual elevation " (see par. L74), h" will immediately report
the same to the central office, even if Form I{o. 1058-Met1. can not
be submitted at the same time. Furthermore, pending the receipt
of new copies of Form No. 1059-Metl., hu will reduce hi= daily baro-
metric observations at the new location by the use, of at, ?roai,si,onal
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renxoaal correcti,on deduced in the manner illustratecl in paragraph198. fn his letter the observer will give the value ;"d ;igd6;i;;i[;
of the correetion he proposes to use.

L82a. Vari,abl,e remoaal c,oryect,ion._When extreme changes of
temperature, .I9h as occur at different seasons of ifr* yd;: ;aken in
cgnjgnction with considerable changes of elevation dtle tci ,L*ooutof ofiice, cause variations in the tt removal correction ,, amountinE to.or exceedirg 0.010 inch, it.then becomes necessary to .;pfy-;
56 Yariable removal correction," which is taken out for e"ach observation
a,nd which $gpends Ppgn the temperature of the outsiclu 

- 
ulr. In

such cases this tt variable " correction for different temperuioru* is
given 1" ? special table on the back of Form 1059-M;ai:;;d-is usedfor reducing thq observations in the followirg -urrrrnnThe barometric observations will be reducEd practically the same
as heretofore (.*g par. I|L), except that the prop.r ,' su-rii of 

-.orrec-

tions " to be used -at each observition will ble tiken fro* tfru table
mentioned above corresponding to the air temperature observed at
the same time. It is lmportanT to note that this temperature is the
dry-bul,b reading in the lnstrument shelter, not that ,it tfru uitu"hed
thermometer of= the barometer. The tt Sum of corrections ,, thus
taken from this supplemental table will be added algebraicalli-io
11r: temperature coirlction in the usual manner, and-thu 

"..rttingtotal correction applied to the barometer reading, and also entered
in the custgm ary spaces on Form 1001, in the coftimn headed ., Total
correction," on pagq= 2 and 3. FinaIlI, in entering the data on F orm
1 001-Metl., a sup"ptepgnta{y_ golrrr,r' ."itt be rulEd- -air..rrt 

-to 
the

date column on the left. This column will be headed: ,, Remorral
correction," and therein will be entered. from observation to observa-
tion, the particular value of the tt Removal correction " from the table
given on back of Form 1059-Met1., corresponding to the tt Sum of
corrections " employed in reducing the obs^ervatioils.

lVhenever neu) coruection cards-(Form 1059-MetI.) are furnished
to a station from the central office,'the cards previously in use will
be destroyed.

L83. Compqqtire .barometer readinqs.-The pro.risions of para-
graphs 118 to LZl will be observed in riak_ing qgirpurative readings;
the results will be tabulated an$ reported oT Forin No. t}Zr-MsTt.i
and the detailed instructions printed on the back thereof fully com-
p.lig$ *i!h. Form I{o. 1027-Metl. will either be duplicated fo" the
station file, or a letterpress copy retained for the stati6n reeord.

Five compa"a!:v9 ieadings "ut intervals of hours, half hours, or
quarter hours will be made-in accordance with the foregoirg prorri-
sions and on the occasions specified as follows:

(") When new barometeis are received for the establishment of a
stationr orr in general, whenever any serviceable Whether Bureau
barometer is received at station, by transfer or otherwise.

(b) Re_gular monthly readirrgr will be made on the 15th of each
month. When the 15th falls oii a Sunday or holiday, the readings
will be deferred until the next regular workine dav.

(r) Before and after removal 5f omce or ch-anse in the location of
the barometers, also when a, line of levels is not"run" a set with the
station barometer in new office and extra in old office. '(See par. 166.)

(d) Before and after cleaning a barometer,



.$:
*:

f
ii:

l

tl

7L

184. Except in the case of the r egular monthly readi+Bs, oFservers
rviltr foru,ard special comparative barometer readings with a letter of
transmittal, giving any pertinent remarks relative to the condition
of the instruirentS, the dccasion for making the readings an4 other
particulars that may enable the central office to understand more
Iully the matter under consideration.

165. B arom,eter,s not to be changs'fl.-fiarometers rvill not be
changed in location nor one instrument substituted for another
r,vithdut authority from the central office, unless the circumstances are
such that immediate action is necessary. Neither the (6 station " nor
the t6 extrA " instrument will be loaned without authority.

186. Changes in the location of barometers, gspecially -when the
elevation is 6hanged, as in the removal of an ffice, should be made
at the end of the month, if practicable, and the station barometer
will be moved in the interval 6et'w,een the last observation of one duy
and the first observation of the followirg d*y. The foregoirg will
also applyr &S far as practicable, when a new barometer is substrtuted
for the station instrument.

L87 . Autho*dty to clean, baromssfs'v's.-futhority- .to clean barome-
ters will be grarited only in special cAses, a-nd applications therefore
should be ,riaae with due coisideration 

'of 
the- provisions of para-

graph 116. I)nless otherwise provided for, only one barometer will
6e 6leaned within any given month, and. then just after the regular
monthly comparative- readings have been rnade. The set of readings
requir ed,, af tir cte'an,irr,g, mafbe macle the same or the followirg duy,
pref.rabiy'the latter. " 

The specific instructions for cleaning barome-
i,ers, paragraphs L24 to L4\ rmill be carefully o-bserved.

188'. Riqu,iiition f.of nlercuTy'.-_M-etcury ,rr-+ be furnished to sta-
tions only on fppc3al .requisition, which will be made when the
mercury rs needdd for immediate use in connection with the author-
rzed cleaning and repairing_of barometers.

189. Itnpure qnerc%ry.-Mercury of an impure character that has
been removed from birometers, br otherwiie acquired on station,
should be carefully preservbd, and in quq,ntities of from a half pognd
to a pound or more will be forwarded by mail to the central o$c.e,
ir, .tiorg bottles or other suitable *e-..p[-acles, securely wrappgd ]t
proper packing material t_o prevent breakage._ T\. jtgpper of the
botfle sdould fit tightly and ba strongly tied and sealecl i{ ptucticable.
'Ihe mercury is .uiily"reduc.d J9 gr6al p-urity at this officb_p.y distil-
lation, etc. "The package should 6e maiked tt Instrument Division."

190. llf ercury not fro 6e rem,oaecl.4hen an unserviceable barome-
ter is returnedio this office the mercury will not be removed except as
provided for in paragraph 151, an4 if not r'eturned to Washilglgl
witf, the instrument, will be disposed of as specified in palagraph 189.

191. Barographs.-The winiling and _ regulating of barograpF
clocks, the changirg of sheels, and the adjustment.oj pens to stand-
ard pressures, rn;i4 be attended to in accordanee with the, provisions
of s&tion (B), " C*fe and Ilse-of.Barograph=r']-paragraphs 153-160.

Lgz. Ti,me eruor ch,ecked.-The barogfaph will-be checked. for time
error at L2 noonz each day, in the manner explained in paragraph
158.

193. Houfly read,ings.Aetailed instructions fol co_mpiJiqg and
transcribing iecords fiom barographs are given in circular A, instru-
ment division.
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L94. Comp'arison of priaate barornsf,sTts.-Observers will exterrcl
every courtesy to shipmasleqs and others who may apply at the office
for information or submit barometers for comparison, adjustment,
etc. The mercurial barometers at a station can not as a rule be re-
moved from the office_ for comparison and acljustment of barometers
on board vessels, elq., but in some cases aneroid barometers serve very
conveniently f9" this purpgse arrd ma;r be supplied when fequired.

A memorandum or tag, showirg date of comparison, the correction
to be applied, a_nd other perti_nent facts should accompany an instru-
ment that has been compared.

VIIf. ExpraNATToN on' Taer,Es
TABLES I AND TI.-CORREC'TION FOB T'EMPEB,ATIIBE

l-95. Tables I and II give, in _English ancl metric measures, respec-
tively, the coruections that should Lre applied to the observed readings
of a met'curial barometer having A bt'ass scale, in order to elimina-te
from the barometer reading the effect of temperature in expanding
the mercury and the seale. The followirg example will elucidate
the use of either table :

The attaehed thermometer of a barometer reatls-- 72'. lt"
The barometer reads-- 2g.4Ld

fn Tablq f, the pressure nearest 29.115 is 29.5. Iforuzontally oppo-
site 72.5" in the vertical column under this pressure we find 0.IL7,
which is the correction required, and we note that it must be sub-
tracted.
The reading eorreeted for ternperature is, therefore-- 

?.{rr7
29.298

196. lnterpolati,on enp\arined.-Suppose the pressure had been
29.28L, which is about midway between 29 and 29.5. The correction
in this case should be about midway between 0.115 ancl O.Ll7, or 0.116.
The same rules must be followed if the temperature is intermediate
between the values of the tab1e.

gABLES III AND IV.-INFLIIENCE OF GRAVITY ON BARO},IETIC OBSERVATIONS

197 " Table- III gives the correction required to reduce readings of
the mercurial barometer to standard graiity at latiturie 45o.

There i., i+ addition to the above, another gravity correction
required to' eliminate the eff'ect of change of g*avlty wiih elevation.
This is small and is given in Table fV.

The aneroid barometer does not require any gravity correction.
Example: For latitude 38o qnd pressure 29 inches, the gravitv

correction is mi,nus 0.018 of an inch. For an altitude of 2r{OO feet
and a pressure of' 27,3 inches the gravity correction is - 0.004 of

'il:Ty.-pBESSUBE 
rN rNClrES .###ffoNDrNe ro .ETANGES oF 100 FEEr rN

l-98. Table Y is employed for computing tt removal corrections,"
palagraph 792, ?nq its use is illustrated bv the. follorvirg example :

Suppose the'16 adopted or station elevation " of a girTen statlon is
\,482.7 feet, _and-that after removal the t'actual elevation" is \5L6.4
feet I hence the, change in elevation will be 33.7 feet.
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Suppose, also, that the mean annual temperature at the station
is 56o. *

'Iable V gives 0.103 for 1,500 feet and temperylu1e 56o. To reduce,
tlrerefore, f"rom the (( actuai elevation " of l;5L6.4. feet to the tt station
elevation "' of L,182.7 feet, the followirg correction is necessarY: YLZ)

*#x0.108:0.08b, rvhich is the ttremoval correction" requirecl on

Form No. 1059-Metl. The correction in this case must be used with
the plus sign.

TABLtrS VI AND VII.-DETEIiIIINL-TION OF IIEIGIITS BY BABOMETER

1gg. The use of these tables requires that at least two observations
of the temperature and the predsure of the air be made, simulta-
;;";;iy if bossible , at two s'tations. The elevation of one of the
stations must be known.

From Table YI we fi.nd" the first approximate difference of eleva-
tion of the two stations. Table YII gives the allowance that must
be made on account of the temperature of the air.

To be strictly accurate, a[dwance should ai.so be made for three
other effects , (o) tr'or the amount of moisture in tt^t. ui, ; (9) 

, 
for;

the effect of siuiitv on the weight of the airl (r) for the effect of
gravity on thE wgight of the mer"cury (rrgt Jfeuired,when the aneroid
i-. ,..d or when th6 read.ings of & rnercunal barometer are separately
corrected for gravity ) . BTy neglectirg these effects .in computing a,

hieh elevation] say ib,OOO 
"feetf other conditions being. average:. ?n

*"Fo" of fulty iOO ieet iruy be made. Greater inaccltracies than this,
howev.", urdhkely to result if the computations are based" YPol3"Jy
a few barometric and. temperature re^adings, and egpecially if the
readings are not strictly simultaneous. lVloreoye1, the air tempera-
ture re[uired is the mgri,n lu*pgrature of the whole column between
the two stations, but this is oirly approximately given by the mean
of the observed temPeratures.

The two tables fotlowirrg are, therefore, sufficiently accurate for
use of togrists who desire 6 knowiedge of the _approiimate altitude
corresponding to the more or less timited and incomplete observa-
tions ttey ,rrty rnake. ExamPIe:
Barometer reading at base station ----inehes-- 27 - 58

Barometer reading at upper station ---do---- 2L' 47

Air temperature at nase station degrees-- 68

Air temperature at upper station---*- ----do---- 42

Estimated. mean temperature of air coluurn is-
6g++2 110 _1Yo_trl___r_ : _2 :JJ-: t .

Table III, at, 21.47, gives--
at 27.58, gives--

IIence differenee of elevation is--
suppose the elevation of the base station is--

Then the elevation of the upper station is-----

Ebet
g, 002
2,195

Ir'irst approximate differenee at elevation----- 6, 807

Table IV, for T-55o and 6,800 feet gives:
E eet

Allowance for temperature of air-*-- +69
6, 876
1, 851

8,727
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'Iesru l"-Correetion of mercurial barometer for tem,yte,ru,ture, Engtistt, mgosu,res
I
l*

Observed reading of the barometer. in inehes
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.045

. 043

. 041

. 039

.037

.035

. 033

.031

.029

.027

.025

.023

.021

.019

.017

.015

.013

. 011

.009

. 007

.005

.003

.001

.100

.098

.096

.094

.092

.089

.087

.085

.083

.081

.079

.077

.075

.073

.070

.068

.066

.064

.062

.060

.058

.056

.054

.052

.049

.047

. 045

.043

.041

.039

.037

.035

.033

.031

.029

.026

.024

.022

.020

.018

.016

.014

.otz

.010

.008

. 005

.003

. 001

. 109

. 106

. 104

.102

.100

.097

.095

.093

.090

.088

.086

.083

.081

.079

.077

.074

.072

.070

.067

.065

.063

.061

.058

.056

.054

.052

.049

.047

.045

.042

.040

. 038

. 036

.033

.031

.029

.026

.024

.022

.020

. 017

.015

.013

.011

.008

.006

.004

. 001

. 113

. 111

. 108

. 106

.103

. 101

.099

.096

.094

.092

.089

. 087

.084

. 082

.080

.077

.075

.073

. 070

.0{i8

.065

.063

.061

.058

.056

. 054

.051

.019

.0,t6

.044

.042

.039

. 037

. 035

.0311

.030

.027

. Q25

. 023

.020

018
016
013
011
009

.006

.004

.001

. L17

. 115

.Ltz

. 110

.107

.105

. 103

. 100

.098

.095

.093

. 090

.088

.085

.083

.080

. 078

.075

.073

.070

.068

.065

.063

.061

. od8

.056

.053

. 051

.048

.046

.043

.041

. 038

.036

.033

.031

.029

.026

.024

.021

.019

.016

.014

.011

.009

.006

.004

. 002

. 099

.097

.094

.492

.089

.086

.084

.081

. 078

.076

.073

.070

.068

.065
,a62

.060

.057

.054

.052

.049

. a47

.044

.041

. 039

. 036

. 103

. 100

.097

.095

.092

.089

.086

. 084

. 081

.078

.076

. 073

.070

.067

.065

.06)2

.059

. 056

.054

.051

.048

.045

. 043

.040

.037

. 034

.032

.029

. 026

.024

.021

.018

.015

.0r3

.010

.007

.004

.002

-g I .058
-8 I .057

-7 I .055
-6 I .054
-5 I .052

.033

. 031

.028

.025
023

.020

.017

.015

.012

.010

.007

.004
,002

001
003

005
007
010
012
014

016
018
020
023
025

001
003

005
007
009
011
013

015
017
020
022
024

001
003

005
007
009
011
013

015
017
019
02r
023

00i
002

004
006
008
010
012

013
015
oL7
019
021

29
30

31
32
33
34
35

36
6t
38
39
40

0.001
.002

.004

.005

.007

.008

.010

.011

.013

.014

.016

.018

0.001
.002

.004

.006

.007

.009

.010

001
.002

0.001
.003

.005

.006

.008

.010

.0L2

.014

.016

.018

.020

.022

0.001
.003

. 005

.008

.010

.012

.014

.017

.019

.02L

.024

.026

001
003

.006

.008

.010

.013

.015

.017

.020

.022

.024

.027

001
003

001
003

.006

.009

.011

.014

.016

.019

.02L

.024

.026

.029

0.001
.004

.006

.009

.012

.014

.0t7

.019

.022

.025

.027

.030

001
004

.006

.009

.0r2

. 015

.017

.020

.023

.026

.028

.031

0.001
.004

.007

.009

.0L2

.015

.018

.021

.424

.026

.029

. o32

.004

.006

.008

.009

.011

.006

.008

.011

.013

. 016

.018

.021

.023

.025

.028

.012 | .013

.014 l . Ot+

.015 I .016

.017 I .018

.019 I .020
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ir

&
F
*

r
;:

*-
rrD

35.5
36
36.5
37

37" 5
38
38. 5
39
39. 5

40
40.5
4l
4r.5
42

42.5
43
43.5
44
44.5

45
45.5
46
46.5
47

47.5
48
48.5
49
49.5

50
50.5
51
DI. b
52

52.5
53
53.5
54
54.5

co
5C. ,)
56
56. 5
ol

60
60.5
61
61.5
62

65
65.5
66
66.5
67

57.5
58
58. 5
59
59.5

62.5
63
63.5
64
64.5

Observed reading of the barometer, in inches

SUBTRACT

0.014
.015
.016
.017
.018

.019

.020

.02L

.023

.024

.025

.026

.027

.028

.029

.030

.031

.032

.033

. 035

.036

.037

.038

. 039

. 040

.041

.042

.043

.044

.045

.046

.048

.049

.050

.051

.052

.053

.054

.055

.056

.057

.058

.060

.061

.062

.06.3

.064

.065

.066

.067

.068

.069

.070

.071

. 073

.074

.075

.076

.077

.078

.079

.080

.081

.082

.0&3

0.010
. 011
.011
.0r2
.013

.014

.014

. 015

. 016

.017

.018

.018
" 019
.020
.02L

.02L

.022

.023

.024

.024

.025

.026

.027

.028

.028

.029

. 030

.031

.031

.032

.033

.034

.034

.035

.036

.037

.038

.038

.039

.040

.041

.041

.042

.043

.044

.044

.045

.046

.047

.048

.048

. 049

.050

. 051

.051

.052

.053

.054

. 054

.055

.056

.057

.057

.058

.059

o. oto lo. rro
.011 | .011
-0r2 I .0L2
.012 I .013
.013 

I 
.014

.ot+ l.ot+

.015 I .015

.018

.019

.020

.020

.021

.022

.023

.024

.024

.025

.026

.027

.028

.028

.029

. 030

. 031

. 032

.032

.033

.034

.035

.035

.036

.037

. 038

.039

.039

.040

.041

.042

.043

.043

.044

.045

.046

.047

.048

. 048

.049

. 050

.050

. 051

.052

. 05,3

. 054

.054

. 055

.056

.057

.058

.058

.059

.060

.061

.016 I .016

.016 I .017

.017 I .018

.019
" 019
. 020
.02L
" 022

.023

.023

.024

.025

.026

.027

. 028

.028

.029

. 030

.031

.032

.032

. 033

.034

. 035

.036

. 036

. 037

. 038

. 039

.040

. 041

.041

.042

. 043

.044

.045

. 045

.046

.047

. 048

.049

. 050

.050

. 051

.052

. 053

.054

.054

. 055

. 056

.057

. 058

. 058

. 059

.060

.061

.062

.062

I

011 i

.0r2

. 012

.013

. 014

. 015

.016

. 016

.017

.018

.019

.020

.021

. a22

.022

.023

.024

.025

.026

.027

.027

.028

.029

. 030

.031

.032

.032

. 033

. 034

. 035

.036

. 037

.038

. 038

.039

.040

.041

.042

. 043

. 043

.044

.045

.046

.047

.048

.048

.049

.050

. 051

.052

. 053

.053

.054

. 055

. 056

. 057

.058

. 0,58

. 059

.060

.061

.062

. 063

. 063

.064

0.011
.012
. 013
.014
.074

.015

.016

.017

.018

. 019

.020

.020

. 021

.022

.023

.024

.025

.026

.0%

.027

.028

.029

.030

. 031

.032

. 033

. 033

. 034

. 035

. 036

. 037

.038

.039

.039

.040

.041

.042

. 043

.044

.045

.045

.046

.047

.048

.049

.050

. 051

. 051

.052

. 053

.054

. 055

. 056

.057

.057

. 058

.059

.060

. 061

.062

. 063

.063

.064

.065

.066

011 I

. at2

.013

.014

. 015

. 016

.0t7

.017

.018

. 019

.020

.02r

.022

.023

.024

.025

.025

.026

.027

.028

.029

.030

.031

. 032

. a32

. 033

. 034

.035

.036

. 037

.038

.039

.040

.040

.041

.042

.043

.044

.045

.046

.047

.047

.048

. 049

.050

.051

.052

. 053

.054

.055

.055

.056

.057

.058

.059

.060

.061

.062

.062

.063

0.012
.0r2
.013
.014
. 015

.016

.0r7

.018

.019

.020

.a2l

.022

.022

. 023

.024

.025

.026

.027

. 028

.429

. 030

. 031

. 031

.432

.033

. 034

. 035

. 036

.037

.038

.039

.040

.041

.041

.a42

.043

.a44

.045

.046

.047

.048

.049

.050

.050

. 051

.052

. 053

.054

.055

.056

.057

. 058

. 059

.060

.060

. 061

.062

. 063

. 064

.065

.064 i .066

.065 I .067

.ut4 l.u6r,

.065 | .067

.066 I .068

.067 | . o6e

.068 I .069
l

0.012
.013
.014
.015
.016

.017

.017

. 018

.019

. 020

.02r

.022

.023

.024

.025

.026

.027

.028

.029

.030

.030

.031

. 032

.033

.034

.035

.036

.037

. 038

. 039

.040

.041

.042

.042

.043

.044

.045

.046

.047

.048

.049

.050

. 051

.052

. 053

.054

. 055

. 055

. 056

.057

.058

. 059

.060

. 061

. 062

. 063

.064

. 065

.066

.067

.067

.068

.069

.070

.071

012
.013
.014
.015
.016

.017

.018

.019

.020

.02L

.022

. 023

.024

.025

.025

.026

.027

.028

.029

.030

. 031

.032

. 033

.034

. 035

.036

.037

.038

.039

.040

.041

.042

.043

.044

.044

.045

.046

.047

.048

.049

.050

.051

.052

.053

.054

. 055

. 056

.057

.058

. 059

.060

. 061

.062

.062

. 063

.064

. 065

.066

. 067

.068

.069

.070

.071

.072

.073

0. 012
.013
.014
. 015
.016

.017

. 018

. 019

.420

.021

.022

.023

.024

.025

. a26

.027

.028

.029

.030

.031

.032

. 033

. 034

. 035

. 036

. 037

.038

. 039

.040

.041

.042

.043

.444

.045

.046

.047

.047

.048

.049

.050

.051

.052

. 053

.054

.055

.056

.057

.058

. 059

.060

. 061

.062

.063

.064

. 065

.066

.067

.068

.069

.070

.071

.072

. a73

.074

.075

0.013
.014
.015
. 016
.0L7

.018

.019

.020

.021

.022

.023

.024

.025

.026

.027

.028

.029

. 030

.031

.032

. 033

. 034

. 035

. 036

. 037

.038

.039

.040

.041

.042

.043

.044

.045

.046

.047

.048

.049

.050

.051

.052

.053

.054

.055

. 056

.057

.058

.059

.060

.061

.061

.062

.063

.064

.065

.066

.067

.068

.069

.070

.07r

.072

.073

.074

.075

.076

0. 013
.014
.015
.016
.017

.018

.019

.020

. a2l

.022

.on

.024

.025

.026

.027

.028

.029

.030

.031

.032

.033

.034

.035

.036

.037

.038

.040

.041

.042

.043

.044

.045

.046

.047

.048

.049

.050

.051

.052

.053

.054

.055

.056

.057

.058

.059

.060

.061

.062

.063

.064

. 065

. 066

.067

.068

.069

.070

.071

.072

.073

.074

.075

.076

.077

.078

. 013

.014

.015

.016

.017

.019

.020

.02t

.022

.023

.024

.425

.026

.027

.028

.029

.030

. 031

.032

.033

.034

.035

.036

.037

.038

. 039

.040

.041

.042

.044

.045

.046

.047

.048

.049

.050

.051

.452

.053

.054

. 055

.056

.057

.058

.059

.060

.061

.ffiz

.063

.064

.065

.066

.067

.068

.069

.07t

.072

. 073

.074

.075

.076

.077

.078

.079

.080

0.014
. 015
.016
.017
.018

.019

.020

.02t

.022

.023

.024

.025

.026

.027

.029

.030

.031

.032

.033

.034

. 035
.036
. 037
.038
.039

.040

.041

.042

.043

.044

.046

.047

.048

.049

.050

.051

.052

.053

.054

.056

.056

.057

.058

.059

.060

.061

.063

.064

. 065

.066

.067

.068

.069

.070

. 071

.072

. 073

.074

.075

.076

.077

.078

.079

.081

.082



40 I .ozs
+0. s I .0264t I .ozz
+r. s I .02842 I .ozg

35
35.5
36
36.5
37

61. c
38
38. 5
39
39. 5

0.014
.015
.016
.017
.018

.019

.020

.021

.023

.024

.030

. 031

. 032

.033

. 035

.036

.037

. 038

.039

.040

.046

.048

.049

.050

.051

.052

.053

.054

.055

.056

.057

.058

. 060

.061

.062

.063

.064

.065

.066

.067

.068

.069

.070

.07r

.073

.074

.075

.076

.077

.078

.079

.080

.081

.082

.083

0.014
.015
.016
.017
. 019

.020

.021

.022

.023

.024

.025

.026

.027,

.029

.030

. 031

.032

.033

.034

. 035

.036

.037

.039

.040

.o4l

.042

.043

.044

.045

.046

.047

.049

.050

.051

.052

.053

.054

.055

.056

.a57

.059

.060

.061

.062

.063

.064

.065

.066

.067

.068

.070

.077

.072

.073

.074

.075

.076

.077

.078

.080

.081

.082

.083

.084

.085

47.5 I .04148 I .o+z
+9. r I .043
49 I .044
49.5 I . o45

42.5
43
43. 5
44
44.5

45
45. 5
46
46.5
47

50
50.5
51
5r. 5
52

57.5
58
58. 5
59
59.5

60
60.5
61
61.5
62

62.5
63
63.5
64
64.5

52.5
53
53. 5
54
54.5

Da)

55. 5
56
56.5
DI

65
65.5
66
66.5
67

lo. ot+
| .oro
I .017
i.ors
l.ots

.020

. 021

.022

.424

.025

.026

. a27

.028

.029

. 030

. 031

. 033

. 034

. 035

. 036

.037

.038

.039

. 041

.042

.043

.044

.045

.046

.047

.048

.050

.051

.052

.053

.054

.055

.056

.057

.059

.060

.061

.062

.063

.064

.065

.066

. 068

.069

.070

.071

.072

.073

.074

.076

.077

.078

.079

.080

.081

.082

.083

.085

.086
- 087

,. oru I

.oro 
I

.017 
|

.018 |

.01e 
I

I

.021 
|

.022 I

.ozz I

.024

.025

.026

.027

.029

. 030

. 031

.032

. 033

. 034

. 036

.037

.038

. 039

.040

. 041

.042

.044

.445

.046

.047

.048

.049

. 051

.052

.053

.054

.055

. 056

. a57

. 0,59

.060

.061

.062

.063

. 064

.066

.067

.068

.069

.070

.071

.072

.074

.075

.076

. a77

.078

.079

.080

.082

.083

.084

.085

.086

.087

.089

0. 015
.016
.017
.019
.020

.021

.022

.023

.424

.026

.027

.028

.029

.030

.032

. 033

. 034

. 035

. 036

. 037

.039

.040

. 041

.042

.043

.045

.046

.047

.048

. 049

. 050

.052

. 053

.054

. 055

.056

. 057

. 059

.060

. 061

.062

. 063

.064

.066

.067

.068

.069

.070

.072

.073

.074

.075

.076

.077

.079

.080

.081

.082

.083

.084

.086

.087

.088

.089

.090

.015

. aL7

.018

.019

. 020

.02r

.023

.024

.425

.026

.027

.029

. 030

. 031

.032

033
035
036
037
038

039
041
442
043
044

045
047
048
049
050

051
053
054
055
056

057
059
060
061
062

063
065
066
067
068

069
070
072
073
074

075
076
078
079
080

081
082
084
085
086

087
088
090
091
092

76
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0. 016
.0t7
.018
.019
.02r

.022

.023

.024

.025

.027

.028

.029

.030

.432

.033

.034

.035

. 036

.038

.039

.040

. 041

.043

. a44

.445

.046

.047

.049

.053

.051

.052

.054

.055

. 056

.057

.058

.060

.061
"062
.063

.064

.066

. 067

.068

.069

.071

.472

.073

.074

.075

.077

.078

.079

.080

.082

.083

.084

.085

.086

.088

.089

.090

.091

.093

.094

Observed reading of the barometer, in inches

SUBTRACT

0.016
.017
.018
.020
.021

.022

.023

.025

.426

.027

.028

.030

.031

.032

.033

. 035

. 036

.037

. 038

.040

. 041

.442

.043

. 045

. 046

.047

. 048

.050

. 051

.052

.053

.055

. 056

.057

.058

.059

.061

.062

. 063

.064

.066

.067

.068

.069

.07L

.072

.073

.074

.076

.077

. 078

.079

.081

.082

.083

.084

.086

.087

.088

.089

.091

.092

.093

.094

.095

0.016
.017
.019
.020
.021

.023

.024

.025

.026

.028

.029

.030

. 031

.033

.034

.035

.036

.038

.039

.040

.042

. 043

. a44

. 045

.047

.048

. a49

.050

.052

.053

. 054

.055

. a57

. 058

. 059

.061

.062

.063

. 064

.066

.067

.068

.069

. 071

.072

.073

.074

. 076

.077

.078

.080

. 081

.082

.083

.085

.086

.087

. 088

.090

.091

.092

.093

.095

.096

.097

.016

.018

.019

.020

.022

. 023

.024

.026

.027

. 028

.029

. 031

.032

. 033

.035

.036

.037

. 038

.040

.041

.042

.044

. 045

. 046

.447

.049

. 050

. 051

.053

.054

.055

. 056

. 058

. 059

.060

.062

.063

. a64

.066

.067

.068

. 069

.07r

. a72

.073

.075

.076

. a77

.078

.080

.081

.082

.084

.085

.086

.087

.089

.090

.091

.093

.094

.095

.096

.098

.099

i

io. orz
.018
.019
.021
.022

.023

.025

.026

.427

.029

.030

.031

.033

. 034

.035

.036

.038

.039

. 040

.042

.043

.044

. 046

.047

.048

.050

.051

.052

.054

.055

.056

.057

.059

.060

.061

.063

.064

.065

.067

.068

.069

.07L

. a72

.073

.075

.a76

. a77

. 078

.080

.081

.082

.084

.085

.086

.088

.089

.090

.092

.093

.094

.095

.097

.098

.099

.101

0.017
.018
.020
.021
.422

.024

.425

.426

.028

.429

.030

.032

.033

.034

.036

.037

.038

.040

.041

.042

,044
.045
.046
.048
.049

.050

.052

.053

.054

.056

.057

.058

.060

.061

.062

"0M
.065
.066
.068
.069

.070

.072

.073

.074

.076

.077

.078

.080

.081

.082

.084

.085

.086

.088

.089

.090

.092

.093

.094

.096

.a97

.098

.100

. 101

.102

0.017
.019
. 020
.02r
.023

.024

.026

.027

. 028

.030

.031

.032

.034

. 035

. 036

. 038

.039

.040

.042

.043

.045

.046

.047

.049

.050

.051

.053

.o54

.055

.057

.058

.059

. 061

.062

.064

.065

.066

.068

.069

.070

.072

.073

.074

.076

.a77

.078

.080

.081

.083

.084

.085

.087

.088

.089

.091

.092

.093

.095

.096

.097

.099

.100

. 101

.103

.104

lo.0,,
.019
.020
.022
.023

.025

.026

.027

.029

.030

.031

. 03:l

. 034

.036

.037

.038

.040

.041

.042

.044

.045

.047

.048

.049

.051

.052

.454

.055

.056

.058

.059

.060

.062
" 063
.065

.066

.067

.069

.070

.07t

. 073

.074

.076

.077

.078

.080

.081

.083

.084

.085

.087

.088

.089

.09{

.agz

.094

.095

.006

.098

.099

.100

.102

. 103

. 105

.106

0.018
.019
.u2l
.022
.024

.025

.026

. 028

.029

.031

.032

.033

. 035

.036

.038

. 039

.040

.042

.043

.045

.046

.047

.049

.050

.052

.053

.054

.056

.057

.059

.060

.061

.063

.064

.066

.067

.068
" 070
.071
" 073

.074

.075

.077

.078

.080

.081

.082

.084

.085

.087

.088

.089

.091

.@2

.094

.095

.096

.098

.099

. 101

.t02

.103

.105

. 106

.108
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67
67.5
68
68. 5
69

69.5
70
70. 5
7r
7r.5

72
72.5
JO

73.5
74

74.5
ID
/o. o
76
/o. D

ll
ll.c
78
78.5
79

79. 5
80
80.5
81
81. 5

82
82. 5
83
83.5
84

89.5
90
90.5
91
rir. s

97
97.5
98
98.5
99

99.5
100

0.059
.060
.061
. 061
.062

. 063

.064

.064

.065

.066

.067

.067

.068

.069

.070

. 070

.071

.072

. 073

.074

.074

.075

. 076

.077

.077

. 078

. 079

.080

. 080

. 081

. 082

. 083

. 083

.084

.085

. 086

.087

. 087

.088

.089

.090

.090

.091

. 092

.093

.097

.098

. 099

.100

. 100

. 10I

.t02

. 103

. 103

.101

. 105

. 106

. 106

. r07

. 108

. 109

. 109

0.061
.062
.M2
.063
.064

.065

.065

.066

.067

. 068

. 069

.069

.070

.071

.072

.073

. 073

.074

.075

.076

.077

.077

.078

. 079

.080

.080

.081

. 082

. 083

.084

.084

. 085

.086

.087

.088

.088

.089

.090

.091

. 091

.092

.093

.094

. 095

. 095

. 100

. 101
..L02
. L02
. 103

. r04

. 105

. 106

.106

.107

. 108

. 109

.109

. 110

.111

.112

. 1I3

84.5
85
85.5
86
86. 5

87
87. 5
88
88.5
89

92
92.5
93
93.5
94

94. 5
95
95.5
96
96.5

.096

.097

. 098

. 099

.099

.093

. 094

.095

.096

.096

062
063
064
065
066

067
067
068
069
070

a7L
07L
072
073
074

075
075
076
077
078

079
080
080
081
082

083
084
084
085
086

087
088
088
089
090

091
092
092
093
094

095
096
096
097
098

099
100
101
101
L02

. 103

.104

. 105

. 105

. 106

. L07

.108

.109
" 109
.110

. 111

.112

. 113

. 113

. LL4

. 115

. 116

0.064
.065
.066
.067
.068

.068

.069

.070

.071

.072

. 073

. 073

.074

.075

.076

.077

.078

. 078

.079

.080

.081

.082

.083

.083

.084

. 085

.086

.087

.088

.088

. 089

.090

.091

.092

.093

.093

. 094

.095

. 096

.097

. 098

.098

.099

. 100

. 101

.L02

.102

.103

. 104

.105

. 106

. 107

. L07

. 108

. 109

. 110

. 111

. tlz

. ttz

. 113

.714

. 115

. 116

.117

. tt7

. 118

. 119

066
067
068
069
069

070
071
072
073
074

075
075
076
077
078

079
080
081
081
032

083
084
085
086
086

087
088
089
090
091

492
092
093
094
095

096
097
098
098
099

100
101
102
103
104

104
105
106
107
108

. 109

. 110

. 110

. 111

. tt2

. 113

. r14

. 115

. 115

. 116

.117

. 118

. 119

.120

. tzl

. t2l

. r22

0. 068
. 069
.059
.070
.071

.072

.073

.074

.475

.076

.076

.077

.078

. 079

.080

.081

.082

.083

.084

.084

.085

.086

.087

.088

.089

.090

.091

. 091

. 092

.093

.094

.095

.096

. 097

.098

. 103

. L04

. 105

. 105

. 106

. 107

. 108

. 109

. 110

. 111

. ttz

. Lr2

. 113

. 114

. 115

. 116

.1L7

. 118

. 119

. 119

069
.070
. 071
.072
. 073

.0e8 I . r01

.099 I . 102

.100 I .103

.101 I . 104

. 102 I .105

.074

.075

.076

.077

. 078

. 078

. 079

.080

. 081

.082

.083

. 084

.085

. 086

.087

.087

.088

.089

.090

.091

.092

.093

. 094

. 095

. 096

. 096

. 097

.098

.099

. 100

. 105

. 106

. 107

. 108

.109

.110

. 111

. tL2

. 113

. 113

. LL4

. 115

. 116

.tr7

. 118

. 119

. t20

. t2L

. r22

.722

.120 1.123

.121 I .L24

.122 I .t25

.123 1.126

.7"t I .727

.125 I .128

.L26 t.129

Observed reading of the barometer, in inches

t,

SUBTRACT

0. 071
.072
. 073
.074
. 075

.076

.077

.078

. 079

. 079

.080

.081

.082

.083

.084

.085

.086

.087

.088

.089

.090

. 091

. 091

.092

.093

.094

.095

.096

.097

.098

.099

. 100

. 101

. L02

. 103

.103

.104

. 105

. 106

. 107

. 108

. 109

. 110

.111

.1L2

. 113

. 114

. 114

. 115

. 116

.1L7

. 118

. 1r9

. 120

. L2t

1q.)

.t23

. t24

. L2.5

.L26

,126
. L27
.129
,L29
. 130

. 131

.132

.078

.079

.080

.080

. 081

.082

.083

.084

.085

.086

073
074
075
076
077

.092

.093

.094

. 095

.096

.097

.097

.098

.099

. 100

. 101

.102

. 103

. 104

. 105

.106

. 107

. 108

. 109

. 110

. 111

. Ltz

. 113

.114

. 114

. 115

.116

.1r7

. r18

. 119

. 120

. t2t

.L22

.123

.t24

.125

. t26

. L27

.128

. L29

. 130

. 130

. 131

.132

. 133

.087

.088

.089

. 090

. 091

075
.076
.077
. 078
. 079

.079

.080

.081

.082

.083

.084

.085

.086

.087

.088

.089

.090

.091

.492

. 093

.094

.095

.096

.097

.098

.099

. 100

. 101

. L02

. 103

. 104

. 105

. 106

. L07

. 108

. 108

. 109

.110

. 111

.LLz

. 113

.1L4

. 115

. 116

. LL7

. 118

.119

.120

.721

. L22

. L23

.124

. L25

. L26

. L27

. L28

.129

. 130

. 131

.132

. 133

. 134

. 135

.135

.136

076
077
078
079
080

081
082
083
084
085

086
087
088
089
090

.091

.092

. 093

.094

. 095

.096

.097

.098

.099

. 100

.101

.702

. 103

. 104

.105

. 106

.107

. 108

. 109

. 110

. 111

. Lt2

. 113

. 114

. 115

. 116

.tr7

. 118

. 119

.L20

.t21

.122

.123

. L24

.L25

.L26

. t27

. L28

. L29

. 130

. 131

. 132

. 133

. 134

. 135

.136

.137

. 138

. 139

. 140

. 141

.L42

078
079
080
081
082

083
084
085
086
087

088
089
090
091
092

.093

.094

.095

.096

.097

.098

. 099

.100

. 101

. r02

. 103

. 104

. 105

. 106

. L07

108
109
111
tt2
113

tt4
115
116
Lt7
118

119
L20
tzl
L22
123

r24
125
126
t27
128

.L29

. 130

. 131

.132

. 133

. 134

. 135

. 136

.137

. 138

. 139

. 140

. t4L

. t42

. 143

.144

. 145

0.080
.081
. 082
. 083
.084

.085

.086

.087

.088

. 089

.090

. 091

.092

. 093

.094

. 095

. 096

.w7

. 098

.100

. 101

. L02

. 103

.104

. 105

. 106

.107

. 108

. r09

. 110

. 111

.1t2

. r13

. tt4

. 115

. 116

. rL7

. 118

. 119

. t20

.t2l

.122

. L23

.124

.125

.726

.127

.128

.tzg

. 131

. 132

. 133

. 134

. 135

. 136

. t37

. 138

. 139

. 140

. 141

. L42

. L43

.144

.145

.146

.147

. 148

082
.083
.084
. 085
. 086

.087

.088

.089

.090

. 091

.092

. 093

.094

. 095

.096

. 097

.099

. 100

. r01

. r02

. 103

. 104

. 105

. 106

. 107

. 108

. 109

. 110

. 111

.1L2

. 113

. tL4

. 115

. LL7

. 118

. 119

. L20

. Lzl

. t22

. 123

.724

. t25

.L26

.127

.128

.t29

. 130

. 131

.132

. 133

. 134

. 135

. L37

. r38

.139

. 140

. 141

. L42

. 143

. L44

. I45

. 146

.147

. 148

. 149

. r50

. 151

0.083
.084
.085
.087
.088

.089

.090

. 091

.092

. 093

. 094

.095

.096

. 097

.098

.100

. 101

.102

. 103

. 104

. 105

. 106

.107

.108

. 109

. 110

.111

. Ltz

.114

. 115

.'116

. tt7

. 118

. 119

. 120

. L2L

.122

.t23

. L24

. t25

.126

.L28

.l2g

. 130

. 131

.132

.133

. 134

. 135

.136

.L37

. 138

. 139

.140

.L42

. 143

.144

. 145

. 146

.147

. 148

.149

. 150

. 151

. L52

. 153

. 154



67
67.5
68
68.5
69

69.5
70
70.5
7L
71.5

72
72.5
to
16. D
74

74.5
lo
75.5
76
76.5

79. 5
80
80.5
81
81. 5

ll
I t. o
78
78. 5
79

82
82.5
83
83.5
84

84.5
85
85.5
86
86.5

87
87.5
88
88.5
89

92
92.5
93
93.5
94

94.5
95
95.5
96
96.5

97
97.5
98
98.5
99

89.5
90
90. 5
91
91.5

99.5
100

78
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Observed reaAin! of the barometer, in inches

0.108
.109
. 110
.1L2
. 113

. 115

.116

. rt7

. r19

.r20

.122

. r23

.124

.726

.127

.129

. 130

. 131

. 133

.L34

. 136

.137

. 138

. 140

. L4t

.L43

.144

. L45

. L47

.148

.149

. 151

.152

.t54

.155

. 156

. 158

.159

. 161

. L62

.163

. 165

. 166

. 168

.169

.L70

.L72

. L73

. r/o

. L76

.177

.179

.180

. 181

.183

. 184

.186

.187

.188

.190

. 191

.193

.194

. 195

.197

.198

.200

0.083
.084
.085
.087
.088

.089

.090

.091

.092

.093

.094

.09,5

.096

.097

.098

.100

. 101

.102

.103

. 104

.105

. 106

. L07

.108

.109

. 110

. 111

.112

. 114

. r15

. 116

.1L7

. 118

. 119

.120

.LzL

.t22

.123

. t24

. L25

.126

. 128

.129

. 130

. 131

.132

. 133

.134

. 135

.136

. 137

. 138

. 139

. 140

.l+z

. 143

.144

.145

. L46

. L47

.148

. 149

.150

. 151

.152

.153

.154

0.085
.086
.087
.088
.089

.091

.492

.093

.094

.095

.096

.0e7

.098

.099

. 101

.t02

. 103

.104

.105

.106

.107

. 108

. 109

.110

.Llz

. 113

. tL4

. 115

. 116

. tL7

. 118

. 119

.720

.121

.L23

.724

. L25

.t26

.127

.L28

.129

. 130

. 131

.t32

.134

.135

. 136

. r37

. 138

.139

. 140

. L4l

.t42

.t43

.L45

.146

.L47

.148

. 149

.150

. 151

.152

. 153

.154

.155

.157

. 158

087
.088
.089
.090
.091

.092

.094

.095

.096

.097

.098

.099

.100

.101

. 103

.104

. 105

. 106

. 107

.108

.109

.110

. L12

. 113

. LL4

. 115

. 116

. tL7

.118

. 119

.12L

.122

.L23

.t24

. t25

.t26

. L27

.128

. 130

.131

.132

. 133

. 134

. 135

. 136

.r37

. 138

.140

. 141

.L42

.143

.144

. t45

. 146

.L47

.149

.150

. 151

.L52

.153

.154

. 155

.156

.159

.159

.160

.161

089
090
091
092
093

094
095
097
098
099

100
101
702
103
105

. 106

. 107

.108

. 109

. 111

.trz

. 113

.1L4

. 115

. 116

.Lr7

. 118

.L20

.Lzt

.122

.t23

.L24

.r25

. t26

.128

.129

. 130

. 131

.132

.133

. 134

. 136

.137

.138

.139

.140

. 141

.L42

.144

.L45

.746

.t47

.148

.L49

.150

.L52

. 153

.t54

. 155

. 156

.r57 i

.158 i

.roo I

.161 I

.toz I

.lffi I

.ro+ 
|

*|*uIul,,ul ,u_l,uulw

090
092
093
094
095

096
097
098
100
101

102
103
104
105
t07

.108

.109

.110

. 111

. 113

. tt4

. 115

. 116

. tt7

. 118

.L20

. L2l

. L22

.123

.724

.125

.127

. 128

. L29

.130

. 131

.132

. 134

. 135

. 136

.137

. 138

. 139

. t4L

.142

. 143

. L44

.145

. 146

.148

.149

. 150

. 151

. L52

.153

. 155

. 156

. L57

. 158

. 159

.160

.162

. 163

. 164

. 165

.166

. L67

0.092
.093
.0%
.096
.097

.098

.099

.100

.102

.103

.104

. 105

. 106

. 108

. 109

. 110

. 111

.1r2

. 113

. 115

. 116

. L77

.118

. 119

. L2L

.722

.123

.124

.125

. t27

.L28

.Lzg

. 130

. 131

.133

.L34

. 135

. 136

.137

. 138

.140

.74t

.L42

. 143

. L44

.146

. L47

. 148

. 149

.150

.152

. 153

. L54

. 155

.156

.158

. 159

. 160

. 161

.L62

.163

. 165

. 166

.167

. 168

. 109

. L7L

094
.095
.096
.0e7
.099

.100

. 101

.102

.103

. 105

.106

.1,07

. 108

. 110

. L11

.172

. 113

.1t4

. 116

.117

. 118

. 119

.120

.122

.723

.t24

.125

.127

.L28

. L29

.130

. 131

. 133

.L34

.135

. 136

.737

. 139

.140

. L4L

. t42

. t44

. L45

. 146

. L47

.148

.150

. 151

.152

. 153

.154

. 156

. L57

. 158

.159

.160

.162

. 163

. 164

. 165

.1.67

. 168

. 169

. 170

. L7l

. L73

.174

SUBTRACT

095
.097
.098
.099
.100

.102

.103

. 104

. 105

.107

.108

. 109

. 110

.112

. 113

. 114

. 115

.r17

. 118

.119

.120

.L2t

.123

.124

. L25

.126

.128

. t29

. 130

. 131

.133

. 134

. 135

. 136

. 138

.139

. 140

.141

.142

.t44

.145

. L46

.L47

. 149

. 150

. 151

.152

.L54

.155

. 156

.757

.159

.160

. 161

.L62

.163

. 165

. 166

.167

.168

.170

. t7L

.172

. L73

. t75

.176

. L77

097
098
100
101
102

104
105
106
r07
109

110
111
712
114
115

116
L17
119
120
LzL

122
L24
L25
126
127

L29
130
131
132
134

135
136
138
139
140

74t
L43
744
145
L46

148
149
15p
151
153

160
161
163
164
165

166
168
169
L70
L7L

L73
174
L75
L76
178

754
155
156
158
159

79
80

0.099
. 100
.102
. 103
.104

. 105

. 107

.108

.109

. 110

.112

. 113

. tl4

. 116

. t17

. 118

. 119

.121

.L22

.t23

.125

.126

.127

.128

. 130

. 131

.132

. t34

. 135

. 136

.137

. 139

.140

. 141

. 143

.144

. 145

.146

. 148

.149

.150

. 151

. 153

.154

. 155

. lD/

. 158

.159

. 160

.162

.163

.164

. 166

.767

. 169

. 169

. t7L

. L72

.t73

.L74

. 176

.177

.179

.180

. 181

.182

. 193

I 
,'' 

L "-l"nu I

101
r02
103
105
106

L07
109
110
111
1t2

114
115
116
118
119

. t02

. 104

. 105

. 106

.108

.109

. 110

.1r2

. 113

. 114

. 116

.1r7

. 118

.120

.12L

. L20

.122

.123

.124

. L25

. L27

. 128

.Lzg

. 131

. t32

. 133

. 135

. 136

. 137

.I3e

. 140

. t4L

.L42

. L44

.L45

.146

.148

.749

. 150

.L52

. 153

.154

. 155

.157

. 158

. 159

. 161

.L62

. 163

. 165

. 166

. t67

.168

.170

. L7L

.172

. t74

.175

. L76

. 178

.179

. 180

. 181

.183

. 184

.185

. 187

.t22

. t24

. L25

. L26

. L28

.t29

. 130

.132

. 133

. 134

. 136

. t37

.138

. 140

. L4L

. L42

.L44

. t45

.146

.148

.149

. 150

.152

. 153

. L54

. 155

.157

. 158

. 159

. 161

.162

. 163

. 165

. 166

. L67

.169

. t70

. t7t

.173

. L74

. L75

. L77

.178

. t79

. 181

.182

.183

. 185

. 186

.187

.189

. 190

104
106
L07
108
110

111
Lt2
tl4
115
116

118
119
720
t22
L23

t24
l2{)
L27
L28
130

131
133
134
135
L37

138
139
141
142
743

145
146
L47
r49
150

151
153
754
155
L57

158
159
161
162
164

165
166
168
169
t70
172
173
t74
176
t77

178
180
181
182
184

.185

. 186

.188

. 189

. 190

.192

. 193

Bo lro.ul,

0. 106
.107
.109
. 110
. 111

. 113

. 114

. 116

.777

. 118

.120

.721

.122

. L24

. L25

.t26

.L28

.129

. 131

.132

. 133

. 135

. 136

. 137

.139

.140

.t42

.143

.144

. L46

. L47

. 148

. 150

. 151

. 153

.154

. 155

.157

. 158

. 159

. 161

.162

. 163

. 165

.166

.168

.169

. r70

. L72

. L73

.174

. t76

. L77

. L79

. 180

. 181

. 183

. 184

. 185

. 187

.188

. 189

. 191

. t92

.194

. 195

.196
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l'esr,u ll.-Correeti,on, of mereuri,a{., barom.eters for tem,,pera,tltre, m,etria m.easures

c.
5.5
6.
6.5
7.

Tem-
pera-
ture,

C.

0.0
1.0
2.0
3.0
4.0

7.5
8.
8.5
9.
9.5

10.0
.>

.4

.6

.8

11.0
.)

.4

.6

.8

72.0
q

.4

.6

.8

13.0
.2
.4
.6
.8

14.0
.2
.4
.6
.8

15.0
.2
.4
.6
.8

16.0
.>

.4

.6

.8

17.0
.2
.4
.6
.8

18.0
.2
.4
.6
.8

19.0
.2
.4
.6
.8

0.00
.10
.2L
.31
.42

.52

.57

.63

.68

.73

.78

.84

.89

.94

.9,9

1.04
.06
.09
.11
.13

1.15
.t7
.19
.2L
.23

1.25
.27
.29
.31
.34

1.36
.38
.40
.42
.44

1.46
.48
.50
.52
.54

1. 56
.59
.61
.63
.65

1.67
.69
.7r
.73
.75

L.77
.79
.81
.83
.86

1.88
.90
.92
.94
.96

1.98
2.00
.02
.M
.06

0.00
.11
.2L
.32
.42

.53

.58

.64

.69

.74

.80

.85

.90

.95
1. 01

1.06
.08
.10
.12
.L4

t.t7
.19
.2L
.23
.25

L.27
.29
.31
.34
.36

1.38
.40
.42
.44
.46

1.48
.50
.53
.55
.ol

1.59
.61
.63
.65
.67

1.69
.72
.74
./o
.78

1.80
.82
.84
.86
.88

1.91
.93
.95
.97
.99

2.0L
.03
.05
.07
.10

0.00
.11

qq

.32

.43

.54

.59

.oD

.70

.75

.81

.86

.92

.,97
L.02

1.08
.10
.12
.14
.16

1. 18
.2L
.23
.25
.27

L.29
.31
.33
.36
.38

1.40
.42
.44
.46
.48

1.51
.53
.DO
.Dl
.59

1.61
.63
.66
.68
.70

L.72
.74
.76
.78
.81

1.83
.85
.87
.89
.91

1.93
.96
.98

2.00
.02

2.04
.06
.08
.11
.13

0.00
.11

qr)

.33

.44

.bb

.60

.66

.7t

.ll

.82

.87

.93

.98
1.04

1.09
.11
.14
.16
.18

L.20
.22
.25
.27
.29

1.31
.33
.35
.38
.40

t.42
.44
.46
.49
.51

1.53
.bb
.o/
.59
.62

1.64
.66
.68
.70
.72

1.75
.ll
.79
.81
.83

1.86
.88
.90
.92
.94

1.96
.99

2.0L
.03
.05

2.A7
.09
.t2
.14
.16

0.00
.11
.22
.33
.44

.56

.61

.67

.72

.78

.83

.89

.94
1.00
1.05

1. t1
.13
.15
.18
.20

L.22
.24
.26.
.29
.31

1.33
.35
.37
.40
.42

r.44
.46
.49
.51
.53

1.55
.57
.60
.62
.64

1.66
.68
.7t
.16
.lD

L.77
.79
.82
.84
.86

1.88
.91
.93
.95
.97

1.99
2.02
.04
.06
.08

2. t0
.13
.15
.L7
.19

0.00
.11
.28
.34
.45

.56

.62

.68

.73

.79

.84

.90

.96
1.01
1.07

1. 13
.15
.L7
.19
.22

L.24
.26
.28
.31
.33

1.35
.37
.39
.42
.41

1.46
.48
.51
.53
.bb

L.57
.60
.62
.64
.66

1.69
.7r
.73
.lo
.78

1.80
.82
.84
.87
.89

1.91
.93
.96
.98

2.00

2.02
.05
.07
.09
.11

2.13
.16
.18
.20
.22

Observed reading of the barometer, in millimeters

0.00
.11
.23
.34
.46

.57

.63

.69

.74

.80

.86

.91

.97
1.03
1.08

L.L4
.16
.19
.2t
.23

t.26
.28
.30
.32
.35

L.37
.39
.42
.44
.46

1.48
.51
.53
.bD
.57

1.60
.62
.64
.o/
.69

1.7L
.73
.76
.78
.80

1.82
.85
.87
.89
.92

1.94
.96
.98

2.0t
.03

2.05
.07
.10
.t2
.L4

2.17
.19
.2t
.23
.%

0.00
.12
.23
.35
.46

.58

.64

.70

.lD

.81

.87

.93

.98
1.04
1.10

1. 16
.18
.20
.23
.25

t.27
.30
.32
.34
.37

1.39
.4L
.44
.46
.48

1.50
.53
.DD
.57
.60

L.62
.64
.67
.69
.7L

r.74
./o
.78
.80
.83

1.85
.87
.90
.92
.94

1.97
.99

2.0L
.04
.06

2.08
.10
.13
.15
.L7

2.20
.22
."1
.27
.w

0.00
.L2
.24
.35
.47

.59

.oo

.7L

./o

.82

.88

.94
r.00
1.06
L.L2

L.L7
.20
.22
.24
.27

1.29
.31
.34
.36
.39

1.41
.43
.46
.48
.50

1.53
.oo
.Dl
.60
.62

1.64
.67
.69
.7L
.74

t.76
.78
.81
.83
.85

1.88
.90
.92
.95
.97

r.99
2.02
.04
.06
.09

2. LL
.13
.16
.18
.2A

2.23
.25
.27
.30
.32

0.00
.L2
.24
.36
.48

.60

.66

.7L

.ll

.83

.89

.95
1.01
1.07
1. 13

1.19
.2L
.24
.26
.29

L. 31
.33
.36
.38
.40

1.43
.45
.48
.50
.52

1.55
.57
.59
.62
.64

L.67
.69
.71
.74
./o

1.78
.81
.83
.86
.88

1.90
.93
.95
.97

2.W

2.02
.05
.07
.09
.L2

2.L4
.16
.19

o1.2L
.23

2.26
.28
.31
.33
.tO

0.00
.L2
.24
.36
.48

.60

.66

.72

.79

.85

.91

.97
1. 03
1.09
1. 15

L.2L
.23
.26
.28
.30

1. 33
.35
.38
.40
.42

1.45
.47
.50
.52
.54

L.57
.59
.62
.64
.66

1.69
.7L
.74
.76
.78

1.81
.83
.86
.88
.90

1.93
.95
.98

2.00
.03

2.05
.07
.10
.12
.15

2.17
.19
.22
.?4
.27

2.N
.31
.31
.36
.39

7d0

0.00
.12
.25
.37
.49

.61

.67

.73

.80

.86

.92

.98
1.04
t. 10
1. 16

1.22
.25
.27
.30
.32

1.35
.37
.39
.42
.44

L.47
.49
.52
.54
.56

1. 59
.61
.64
.66
.69

t.7t
.74
.76
.78
.81

1.83
.86
.88
.91
.93

2.08
.10
.13
.15
.L7

2.20
.22
.25
.27
.30

2.32
.34
.37
.39
.42

1.96
.98

2.00
.03
.05

760

0.00
.L2
.25
.37
.50

.62

.68

.74

.81

.87

.93

.99
1.05
L.t2
1. 18

L.24
.26
.29
.31
.34

1.36
.39
.4L
.44
.46

r..49
.51
.54
.56
.59

1.61
.64
.66
.68
.7L

L.73
.76
.78
.81
.83

1.86
.88
.91
.93
.96

1.98
2.01
.03
.06
.08

2.t0
.13
.15
.18
.20

2.23
.25
.28
.30
.33

2.35
.38
.40
.43
.45

0.00
.13
.25
.38
.50

.63

.69

.lo

.82

.88

.94
1.01
1.07
1. 13
1. 19

1.26
.28
.31
.33
.36

1.38
.4r
.43
.46
.48

1. 51
. OrJ

.56

.58

.61

1.63
.66
.68
.7L
.78

1.76
.78
.81
.83
.86

1.88
.91
.93
.96
.98

2.0L
.03
.06
.08
.11

2. L3
.16
.18
.2L
.23

2.26
.28
.31
.33
.36

2.38
.4L
.43
.46
.48

0.00
.13
.25
.38
.51

.64

.70

.76

.83

.89

.95
l. 02
1.08
1. 15
L.2L

L.27
.30
.32
.dD
.37

1.40
.42
.45
.48
.50

1. 53
.bb
.58
.60
.63

1.65
.68
.70
.16
.10

1.78
.81
.83
.86
.88

1.9r
.98
.96
.98

2.0L

2.03
.06
.08
.11
.13

2.t6
.19
.2L
.24
.26

2.29
.31
.34
.36
.39

2.4L
.44
.46
.49
.5L



Tem-
pera-
ture,

C.

19.8

20.0
a,

.4

.6

.8

2L.0
.>

.4

.6

.8

22.0
e)

.4

.6

.8

23.0
.>

.4

.6

.8

%.0
c>

.4

.6

.8

25.0
I

.4

.6

.8

%.0
q

.4

.6

.8

27.0
.)

.4

.6

.8

28.0
o

.4

.6

.8

29.0
oCA

30.0
q

.4

.6

.8

31.0
31. 5
32.0
32.5
33.0

33. 5
34.0
34.5
35.0
35.5

2.06

2.08
.10
.13
.15
.L7

2.t9
.2t
.23
.25
,7

2.29
.31
.33
.35
.37

2.40
.42
.44
.46
.48

2.50
.52
.54
.56
.58

2.60
.62
.64
.66
.69

2.7L
. /o
.lo
.ll
.79

2.81
.83
.85
.87
.89

2.9L
.93
.95
.98

3.00

3.02
.04
.06
.08
.10

3.12
.14
.16
.18
.20

3.22
.28
.33
.38
.43

3.48
.53
.59
.64
.69

.4

.6

.8

80

Tesln IT--Correct'ion of mercurial barometers for temperature, metric
rneasures-Continued

2. L0

2. L2
.14
.16
.18
.20

2.22
.24
.26
.29
.31

2.33
.JO
.61
.39
.4L

2.43
.45
.47
.50
.52

2.54
.56
.58
.60
.62

2.64
.66
.69
.71
.73

2.75
.ll
.79
.81
.83

2.85
.87
.90
.92
.94

2.96
.98

3.00
.02
.&t

3.06
.08
.11
.13
.15

3.17
.19
.2L
.23
.25

3.27
.33
.38
.43
.48

3.54
.59
.64
.69
.lo

660

2.L3

2.15
.t7
.19
.21
.z3

2.26
.28
.30
.32
.34

2.36
.38
.41
.43
.45

2.47
.49
.51
.53
.56

2.58
.60
.62
.64
.66

2.68
.71
.15
.75
.ll

2.79
.81
.83
.85
.88

2.90
.92
.94
.96
.98

3.00
.03
.05
.07
.09

3. 11
.13
.15
.18
.20

3.22
.24
.26
.28
.30

3.32
.38
.43
.48
.54

3.59
.64
.70
.lo
.80

2.L6

2. 18
.20
.23
.25
.27

2.29
.31
.33
.36
.38

2.40
.42
.44
.46
.49

2.51
.53
.55
.57
.59

2.62
.64
.66
.68
.70

2.72
.lo
.ll
.79
.81

2.83
.85
.88
.90
.92

2.94
.96
.98

3.01
.03

3.05
.07
.09
.11
.74

3.16
.18
.20

qq

.24

o. zl
.29
.31
.33
.35

3.37
.43
.48
.54
.59

3.65
.70
.lo
.81
.86

2.L9

2.21
.24
.26
.28
.30

2.32
.35
.61
.39
.4L

2.43
.46
.48
.50
.52

2.54
.57
.59
.61
.63

2.66
.68
.70
.72
.74

2.77
.79
.81
.83
.85

2.88
.90
.92
.94
.96

2.99
3. 01
.03
.05
.07

3. 10
.12
.L4
.16
.18

3.2t
.23
.25
.27
.29

3.32
.34
.36
.38
.40

3.43
.48
.54
.59
.64

3.70
.75
.81
.86
.92

qqq

2.25
.27
.29
.31
.34

2.36
.38
.40
.43
.45

2.47
.49
.52
.54
.56

2.58
.60
.63
.65
.67

2.69
nc)

.74

.76

.78

2.81
.83
.85
.87
.90

2.92
.94
.96
.99

3.01

3.03
.05
.07
.10
.L2

3.14
.16
.19
.2L
.23

3.25
.27
.30
.32
.34

3.36
.39
.4L
.43
.45

3.48
.53
.59
.64
.70

3.75
.81
.87
"92
.98

Observed reading of the barometer, in millimeters

2.26

2.28
.30
.32
.JD
.61

2.39
.42
.44
.46
.48

2.51
.53
.55
.57
.60

2.62
.64
.67
.69
.7L

2.73
./o
.78
.80
.82

2.85
.87
.89
.91
.94

2.96
.98

3.01
.03
.05

3.07
.10
.L2
.14
.16

3. 19
.21
.23
.25
.28

3.30
.32
.34
.61
.39

3.41
.44
.46
.48
.50

3.53
.58
.64
.70
.lo

3.81
.87

oo

.98
4.03

710

2.29

2.3L
.33
.36
.38
.40

2.43
.45
.47
.50
.52

2.54
.57
.59
.61
.63

2.66
.68
.70
.73
.lo

2.77
.80
.82
.84
.86

2.89
.91
.93
.96
.98

3.00
.03
.05
.07
.09

3. t2
.t4
.16
.19
.2L

3.23
.25
.28
.30
.32

3.35
.6t
.39
.42
,44

3.46
.48
.51
.53

AA. U1)

3.58
.63
.69
.tD
.81

3.86
.92
.98

4.03
.09

720

2.32

2.34
.61
.39
.41
.44

2.46
.48
.51
.53
.Db

2.58
.60
.62
.65
.67

2.69
.72
.74
.76
.79

2.81
.83
.86
.88
.90

2.93
.95
.97

3.00
.02

3.04
.07
.09
.11
.L4

3. 16
.18
.2L
.23
.25

3.28
.30
.32
.60

,t-,.o,

3.39
.42
.44
.46
.49

3. 51
.53
.56
.58
.60

3.63
.68
.74
.80
.86

3.92
.98

4.03
.09
.15

2.35

2.38
.40
.42
.45
.47

2.50
.52
.54
.ol
.59

2.6L
.64
.66
.68
.7L

2.73
./o
.78
.80
.83

2.85
.87
.90
o,

.94

2.97
.99

3.02
.04
.06

3.09
.11
.13
.16
.18

3.20
.23
.25
.28
.30

3.32
.35
.o,
.39
.42

3.44
.46
.49
.51
.54

3. 56
.58
.61
.63
.65

3.68
.74
.7s
.85
.91

3.97
4.03
.09
.15
.2L

2.39

2.4L
.43
.46
.48
.51

2.53
.55
.58
.60
.63

2.65
.67
.70
.72
.lD

z. ll
.79
.E2
.84
.87

2.89
.91
.94
.96
.99

3.01
.03
.06
.08
.11

3. 13
.15
.18
.20

().>

3.25
.27
.30
.32
.34

3.37
.39
.42
.44
.46

3.49
.51
.54
.56
.58

3. 61
.63
.66
.68
.70

3.73
.79
.85
.91
.97

4.03
.09
.15
.2L
.26

750

2.42

2.44
.47
.49
.52
.54

2.56
.59
.61
.64
.66

2.69
.7t
.73
.lo
.78

2.8L
.83
.86
.88
.90

2.93
.95
.98

3.00
.03

3.05
.07
.10
.12
.15

3.17
.20,,
.24
.zl

3.29
.32
.34
.61
.39

3.41
.44
.46
.49
.51

3.M
.56
.58
.61
.63

3.66
.68
.7t
.lo
.lD

3.78
.84
.90
.96

4.02

4.08
.14
.20
.26
.32

2.45

2.47
.50
.52
.55
.57

2.60
.62
.65
.67
.70

2.72
.to
.ll
.80
.82

2.84
.87
.89
.92
.94

3.09
.12
.14
.16
.19

3.21
.24
.26
.29
.31

3.34
.36
.39
.4L
.43

3.46
.48
.51
.53
.56

3. 58
.61
.63
.66

i .68

3.71
.73
.lD
.78
.80

3.83
.89
.95

4.01
.07

4.13
.20
.26
.32
.38

2.97
.99

3.A2
.04
.07

2.48

2.5L
.DJ
.56
.58
.61

2.63
.66
.68
.7L
.73

2.76
.78
.81
.83
.86

2.88
.91
.93
.96
.98

3.01
.03
.06
.08
.11

3. 13
.16
.18
.2L
.23

3.26
.28
.31
.33
.36

3. 38
.4L
.43
.46
.48

3. 51
.53
.56
.58
.60

3. 63
.65
.68
.70
.73

3.75
.78
.80
.83
.85

3.88
.94

4.00
.07
.13

4.t9
.25
.31
.38
.44

2.5L

2.54
.57
.59
.62
.64

2.67
.69
.72
.74
.ll

2.79
.82
.84
.87
.89

3.05
.07
.10
.L2
.15

3.17
.20

qc)

.25

.27

3.30
.32
.35
.ol
.40

3.42
.45
.47
.50
.53

3. 55
.58
.60
.63
.65

3.68
.70
.73
.lo
.78

3.80
.83
.85
.88
.90

3.93
.99

4.05
.t2
.18

4.7*
.31
.37
.43
.50

2.92
.94
.97

3.00
.02
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T;rsru lll.-/nfluencc of graa'i'tg on, barometric obseraqtio,ns, Hngtistt, uruits

[Abridged from International T.ables]

REDUCTIO]V TO LATITUDE 45O

For ratitudes--- 
{e3glf f;i3}tr,. varues are ro be--------{l,1$r.,x.r.u

Reading of the barometer, in inches
Latitude

o

90

85
84
83
82
81

80
79
78
n-tl
76

Iit
74
,1.',o
72
7L

70
69
68
67
66

65
64
63
62
6L

60
59
58
57
56

oc
54
53
52
51

0.047

.046

.046

.045

.045

.044

.044

.043

.043

.042

.041

.040

.040

.039

.038

.037

.036

.035

.034

.032

.031

.030

.029

.427

.026

.025

.023

.022

.020

.019

.0t7

. or'o

.014

.013

.011

.010

.008

.006

.005

.003

.002

.000

0.049

.048

.048

.048

.047

.047

.046

.046

.045

.044

.043

.043

.042

.041

.040

.039

.038

.037

.035

.034

.033

0.057

.056

.056

.055

.055

.054

.054

.053

.052

.051

.050

.049

.048

.047

.046

.045

.044

.042

.041

.040

.038

.037

.035

.033

.032

.030

.028

.027

.425

.023

.02t

.019

. 018

.016

.014

.012

.010

.008

.006

.004

.002

.000

0.060

.059

.058

.058

.057

.057

.056

.055

.054

.054

.053

"052
.051
.049
.048
.047

.046

.044

.043

.041

.040

.038

.037

.035

. c33

.032

.030

.028

.026

.024

.022

.020

.018

.016

.014

.0L2

.010

.008

.006

.004

.002

.000

0.062

.061

.061

.060

.060

.059

.058

.058

.057

.056

.055

.054

.053

.052

.050

.049

.048

.046

.045

.043

.042

.040

.038

.037

.035

.033

.031

.029

.027

.025

.023

.021

.019

.017

. 015

.013

.011

.009

.006

.004

.002

.000

0.065

.064

.063

.063

.062

.062

.061

.060

.059

.058

.057

.056

.055

.054

.052

.051

.050

.048

.047

.045

.043

.o42

.040

.038

.036

.034

.032

.030

.028

.026

.024

.022

.020

.018

. 016

.013

.011

.009

.007

.005

.002

.000

0.067

.066

.066

.065

.065

.064

.063

.062

.062

.061

.059

.058

.057

.056

.054

.053

.052

.050

.048

.047

.045

.043

.041

.040

.038

.036

.034

.032

.030

.027

.025

.023

.02L

.019

.016

.014

.012

.009

.007

.005

.002

.000

0.070

.059

.068

.068

.067

.067

.066

.065

.064

.063

.062

.061

.059

.058

.057

.055

.064

.052

.050

.049

.047

.045

.043

.041

.039

.037

.035

.033

.031

.028

.026

.024

.022

.019

.0r7

.015

.0L2

.010

.007

.005

.002

.000

0.073

.07L

.071

.070

.070

.069

.068

.067

.066

.065

.064

.063

.061

.060

.059

.067

.066

.054

.062

.050

.049

.M7

.045

.043

.041

.038

.036

.034

.032

.029

.027

.025

.422

.020

.018

.015

.013

.010

. CI18

.005

.003

.000

0.075

.074

.073

.073

.072

.07L

.071

.w0

.069

.068

.066

.066

.064

.062

.061

.059

.058

.066

.0&1

. u52

.050

.048

.046.w

.042

.040

.088

.035

.083

.031

.028

.026

.023

.02r

.018

. 016

0.078

.077

.076

.w5

.075

.074

.073

.072

.071

.070

.069

.M7

.ffi6

.064

.063

.061

.060

.ffi8

.056

.064

.M2

.050

.048

.046

.043

.04r

.039

.086

.034

.032

.029

.027

.024

.021

.019

.016

.042

.040

.039

.038

.036

.035

.033

.032

.030

.029

.027

.426

.424

.022

.020

.019

.017

. 015

.013

. 011

.009

.008

.006

.004

.002

.000

2l 29

o

0

5
6
n
I

8
I

1r0

11
t2
13
74

15
16
t7
18
19

20
2t,,
23
24

25
26
27
28
29

30
31
2.)

&3
34

35
36,-o,
38
39

40
4L
42
43
44

45

.040

.038

.037

.036

.035

50
49
48
47
46

45

.025

.023

.022

.020

.018

.017

.015

.014

.0L2

.010

.009

.007

.005

.003

.002

.000

.026

.024

.023

. a2l

.019

.018

.016

.014

.013

. 011

.009

.007

.005

.004

.002

.000

.051 I .054

.051 I .053

.050 I .053

.050 I .052

.049 I .051

.048 I .050

.047 I .050

.047 I .049

.045 I .047

.044 I .046

.043 I .045

.042 I .044

.032 I .033

.030 I .032

.029 I .030

.028 | .029

.013 I .013

.010 I .011

.oos I .oo8
:offi I :oo;
.0m I .003

.*, I .ooo
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Tesr,E IY.,-Influence of graaity on barom,etri,e o'bserpa,tians, Engli,stt, wni,ts

[From fntirnational Tables]

REDUCTION FOR ALTITUDE

To be subtracted

Reading of the barometer, in inches
f{eight
in feet

19 2L

0
500

1,000
1,500
2,000

2,500
3,000
3,500
4,000
4,500

5,000
5,5O0
6,000
6,500
7,000

000
.001
.002
.002
.003

0.000
.001
.002
.003
.003

.004

.005

.006

:::1

t,,t_-
I

0.000
l.oor

.002
l.oos

.003

30

,",
.001
.002
.003
.004

004
.004
.005
.006
.007

.007

.008

.009

.010

.010

.003

.004

.005

.005

.006

.007

.008

.009

.009

------t------

-0.00i-

.008

.009

.009

.010

.011

.011

.or2

.012

.013

.007

.008

.008

.009

.010

.010

.011

.012
o:,

-------l--:-:--

-0. 
oio-

.010

.011

.011

0.009
.010
.010
.011
.011

.012

0.008
.009

.009

.010

.011

.011

.ot2

.013

.007

.008

.009

.009

.010

.011

.0r1
7,500
8,0(n
8,500
9,000
9,5o0

10,000 .011

Tnnr,u Y.-Press'tcre, in i,nches, corresponiling to ehange.s of 700 feet in eleaation

[Brcur,ow]

31

0.000
.001

::::

Temperature, Fahrenheit
lleight,
in feet

0
500

1,000
1,500
2rm
2,5O0
3,000
3, m0
4,000
4,m
5,000
5,5O0
,6,000
6,500
Z ooo

-20 -10 60

0.108
. 106
. 104
.102
.100

.098

.096

.094

.092

.090

.088

.086

.084

.083

.082

0.128
. t25
.122
.120
. 118

. 115

. 113

. 111

.108

.106

.104

.r02

. r00

.098

.w7

0.r25
.122
. L20
. Lt7
. 115

.lL2

. 110

.108

. 106

. 104

.r02

.100

.098

.096

.095

0.122
.t20
. 118
. 115
. 113

. 110

. r08

.106

.104

.102

.100

.098

.096

.094

.093

0.119
. tL7
. 115
.LLz
.110

.108

.106

.104

.r02

.100

.098

.096

.094

.092

.091

0.117
. 115
. 113
.110
.108

.106

.104

.102

.100

.098

.096

.094

.092

.090

.089

0.114
.ltz
. 110
. 108
.106

. 104

.r02

.100

.098

.096

.094

.o92

.090

.088

.087

0.Lrz
.110
. 108
.106
.104

.102

.100

.098

.096

.094

.092

.090

.088

.086

.085

0.106
.104
.102
. 100
.098

.096

.094

.092

.090

.088

.086

.084

.082

.081

.080

0.104
. LOz
.100
.098
.096

.094

.092

.090

.088

.086

.084

.082

.081

.080

.079

0.102
.100
.098
.096
.094

.w2

.090

.088

.086

.084

.082

.081

.080

.079

.078

50

0. 110
.108
.106
.104
.102

.100

.098

.096

.094

.092

.090

.088

.086

.085

.084



Barometric
pressure, B

inches

17.00
.10
.20
.30
.40

r.7. 50
.60
.70
.80
.90

18.00
.10
.20
.30
.40

18.50
.60
.70
.80
.90

19.00
.10
.20
.30
.40

19.50
.60
.70
.80
.90

20.00
.10
.20
.30
.40

20.50
.60
.70
.80
.90

21.00
.10
.20
.30
.40

21. 50
.60
.70
.80
.90

22.00
.10
.20
.30
.40

22.50
.60
.70
.80
.90

23.00
.10.n
.30
,40

83

TesLE Vl.-Determ'inatdon of heigttts bU the barometer, Engtisl, meosu,res
[Abridged from the Smithsonian Tables]

Values of 60368 [1+0.00101e5X36] ]og. p#

0.09

13,658
13,508
13,359
13,2ll
13,063

12,gl7
L2,771
12,626
12,492
12 338

Ieet
15,203
15,045
14,997
L4,730
L4,575

14,420
14,266
14, ll2
13,960
13,809

12,L95
12,0,53
Ll,9l2
LL,772
LL,632

11,493
11,354
ll,2L7
11,080
10,943

10,809
10,673
10, 539
10,405
t0,272

10,139
10,009
9,877
9,746
9,617

7,620
7,500
7,390
7,26L
7,L43

9,487
9,359
9,2ts1
9, 103
8,977

8,850
8,725
8,600
8,475
8,352

8,229
8, 105
7,993
7,ffiz
7,740

7,025
6,907
6,790
6,674
6,558

0.01

Eeet
15,347
15, 187
15,029
14,87L
L4,715

14,559
14,404
14,250
L4,097
13,945

13,793
13, 643
13,493
13,344
13, 196

13,049
12,w2
72,756
12,6lL
12,467

12,324
12 181
12,039
11,898
11,758

11, 618
17,479
11,340
LL,203
11,066

10,930
70,794
10,659
10,525
10,391

7, 131
7,013
6,896
6,779
6,662

Feet
15, 331
L5,L72
15,013
14,956
14, 699

14,544
14,399
14,235
14,092
13,930

,L3,779
13,629
13,479
13,329
13, 191

13,034
12, ggg

L2,742
12,597
72,453

1Z 310
L2,167
12,025
11,994
LL,744

11,6&1
11,465
LL,327
11, 189
11,052

10, 916
10, 791
10,646
L0,5L2
10,379

L0,?15
10, 113
g, gg2

9,851
9,720

9,591
9,462
9,333
9,205
9,079

7,716
7,596
7,476
7,356
7,2f,,9

7,719
7,001
6,994
6,767
E 651

8,951
8,825
9,700
8,575
& 451

8,327
8,204
8,081
7,959
7,937

10,259
10,L26
9,995
9,864
9,733

9,604
9,474
9,346
9,219
9,091

8,964
8,838
8,7L2
8,587
8,463

8,339
8,216
8,093
7,97L
7,949

7,729
7,609
7,48
7,369
7,21:g

0.03

Feet
15, 315
15, 156
L4,gg7
14,940
L4,6U

14,528
14,373
14,2L9
14,067
13,914

13, 763
13,613
13,463
13, 314
13, 166

13,019
t2,973
L2,727
12, 593
L2,439

12,295
12,L53
1Z 011
11,970
11, 730

11, 590
71,45L
11,313
71,L75
11,039

10,903
70,767
10, 632
10,499
10,365

9,578
9,449
9,320
9,193
9,065

8,314
8,191
8,069
7,947
7,925

L4,512
14,359
14,204
14,051
13, ggg

13,749
13,599
L3,449
13,300
13,L52

13,005
12,959
12,713
12, 569
12,424

12,291
12 138
11,997
11,956
11, 716

71,576
lL,437
11, 299
11, 162
11,025

10,899
L0,754
10,619
10,485
10,352

10,219
10,097
9,955
9,825
9,694

8,302
g, 179
8,056
7,935
7,913

7,692
7,572
7,452
7,333
7,214

Feet
15,299
15,140
L4,992
14,824
14,669

10,232
10, 100
9,968
9,838
9,707

9,565
9,436
9,307
9,180
9,053

8,926
8,800
8,675
8,550
8,426

9,939
8,813
8,687
8,562
8,438

7,096
6,979
6,961
6,744
6,629

7,7A4
7,5U
7,4M
7,345
7,226

7,707
6, gg0

6,972
6,755
6,639

0.04

L4,497
14,342
14, lgg
14,036
13,894

13, 733
13, 583
13,433
13, 285
13, 137

Feet
15,293
L5,724
14,966
14,909
14,652

12,990
L2,844
12, 699
12,554
L2,410

12,267
12,1?+
11,983
11,842
LL,702

17,562
LL,423
11,285
11, 149
11, 011

10,975
10,740
10,605
10,472
10,339

10, 206
10,074
9,942
9,912
9,691

8,290
8,167
8,044
7,922
7,901

7,690
7,560
7,440
7,32L
7r?.02

9,552
9,423
9,295
9,167
9,040

8,913
g,7gg
8,662
8,539
8,413

7,094
6,966
6,949
6,732
0,616

0.05

Feet
L5,267
15,109
14,950
14,793
L4,637

14,4gL
14,327
14,173
74,02L
13,969

13,719
13, 568
13,418
13,270
L3,L22

12,975
12,829
L2,694
12, 539
L2,395

L2,252
L2, lLo
11,969
11,828
11, 6gg

11, 549
11,410
11,272
11, 134
10, 998

10,962
10,727
10, 592
10,458
L0,325

10,192
10,060
9,929
g,7gg
9,669

9,539
9,410
9,292
9,154
9,027

8,901
9,775
8,650
8,525
8,401

8,277
8 154
8,032
7,910
7,799

7,669
7,549
7,429
7,309
7,190

7,072
6,954
6,937
6,721
6,604

Feet
L5,25L
L5,092
L4,934
L4,777
14,62L

L4,466
14,312
14, 1,59

14,006
13,954

13, 703
13, 553
13,404
13,255
13,107

L2,961
12,915
12,669
12,525
12,391

12,239
la 096
LL,954
11, 814
LL,674

11, 534
11,396
ll,25g
IL,IzL
10,994

10,949
10, 713
10, 579
70,445
10,312

10,179
10,047
9,916
g, 796
9,655

7,656
7,536
7,4L6
7,297
7, l7g

9,526
9,397
9,269
9,L42
9,015

8, ggg

9,762
8,637
8 513
8,399

8,265
8,L42
8,020
7, ggg

l, I I I

7,060
6,943
6,825
6,709
6,593

0.07

Feet
75,235
L5,476
14,919
L4,762
14,606

14,45L
L4,296
L4,L43
13,990
13,939

13, 688
13, 539
13,399
13,240
13,093

72,946
la 800
L2,655
12, 510
12,367

12,224
L2,092
11,940
11,900
11, 660

\1,520
11,392
LL,244
11, 107
10,970

10,935
10,700
10, 565
10,431
1g 298

10, 166
10,034
9,903
9,772
9,642

9,513
9,394
9,256
9,L29
9,002

8,976
8,750
8,625
8 500
9,376

8,253
8,130
8,009
7,996
lr loo

7,644
7,52+
7,404
7,295
7,L66

7,049
6,931
6,914
6,697
6,581

0.08

1"3, 673
13, 523
13,374
\3,226
13,079

12,931
12,795
L2,640
12,496
\2,352

Feet
15, 2lg
15,061
14,903
14,746
14,590

L4,435
14,zgt
L4,l2g
13, 975
L3,924

12,2L0
la 068
7L,92,6
11, 796
11, 646

11, 507
11, 369
11,230
11,093
10, 957

10,921
10,696
L0,552
10,419
10, 295

10, 153
10,021
9,990
9,759
9,629

9,500
9,372
9,244
9,116
g, ggg

8,963
9,737
8,6L2
8,499
& 364

8,?!!0
8, 119
7,995
7,974
l, 106

7,632
7,512
7,392
7,273
7,L55

7,037
6, g1g

6,902
6,696
6,570



Barometric
pressure, B

inches

23.50
.60
.70
.80
.90

24.04
.10
.20
.30
.40

24.50
.60
.70
.80
.90

25.00
.10
.20
.30
.40

25.50
.60
.70
.80
.90

26.00
.10
.20
.30
.40

26.50
.60
.70
.80
.90

27. A0
.10
.20
.30
.4A

27.50
.60
.7A
.80
.90

28. 00
.10
.20
.30
.40

Feet
6,546
6,431
6, 316
6,202
6, 088

5,974
5,861
5,749
5,637
5,525

5,414
5, 303
5, 193
5,083
4,974

4,965
4,756
4,648
4,540
4,433

4,326
4,22A
4,114
4,009
3,903

3,799
3, 694
3,590
3,487
3,384

3, 281
3, L79
3,A77
2,975
2,874

2,773
2,672
2,572
2,473
2,373

2,274
2,L76
2,077
l, ggg

L,872

1, 794
1,699
1, 591
1,495
1,399

1, 303
1, 208
1, 113
1, 019

925

831
lol
644
551
458

366
274
L82

+e1
0

-91
- i81

-277
- 361

-451

28" 50
.60
.70
.80
.90

29. 00
.10
.20
"30
.40

29.lt0
.60
.70
.80
"90

I

30.00 |

.10 I

.20 I

.30 I

.40 I

0.01 0.02

Feet
6,523
6,408
6,293
6, 179
6,065

Feet
6, 535
6,420
6, 305
6, 190
6, 076

5,403
5,292
5, 182
5,072
4,963

5,963
5,850
01 l5l
5,625
5,514

5,952
5,839
5,726
5,614
5, 503

5, 392
5,281
5,L71
5,061
4,952

4,843
4,735
4,627
4, 519
4,412

4, 305
4, 199
4,093
3,988
3,882

3,778
3,674
3, 570
3,466
3, 363

3,260
3, 158
3,056
2,955
2,854

2,753
2,652
2,552
2,453
2,353

2,254
2,156
2,058
1,960
1,862

1,765
1,668
7,572
1,476
1,380

1,284
1, 199
1,094
1,000

906

812
718
625
532
440

348
256
L64

+73
_18

- 109

- 199

- 289

-379
-469

3,270
3, 168
3,066
2,965
2,864

2,763
2,662
2,562
2,463
2,363

4,854
4,745
4,637
4, 530
4,423

4,316
4,209
4,104
3,998
3,893

3, 788
3,684
3, 580
3,477
3,373

2,264
2,166
2,067
1,970
L,972

l. l,t D

l',678
I,581
1,485
1,389

1,294
1, 199
1, 104
1, 009

915

821
728
635
542
449

357
265
173

+82
-9

- 100

- 190

- 280

- 370

- 460
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Tasrn VI.-Deterrn'ination of heights by the baronteter, English nxea,sures-Contd.

0.03

Feet
6,512
6, 397
6,282
6,167
6,054

5,940
5,827
5,715
5,603
5,492

5,381
5,270
5, 160
5,050
4,941

4,832
4,724
4, 616
4, 508
4,401

4,295
4, 188
4,092
3,977
3,872

5,369
5,21$
5,149
5,039
4,930

4,821
4.713
4,605
4,498
4,391

4,284
4,t78
4,072
3,966
3,861

3,767
3,663
3, 559
3,456
3,353

6, lDl
3,653
3,549
3,446
3,313

3,240
3,138
3,036
2,934
2,833

2,733
2,632
2,532
2,433
2,334

2,235
2,t36
2,038
1,940
1,843

3,250
3, 148
3,046
2,945
2,843

2,743
2,642
2,542
2,443
2,343

2,245
2,146
2,048
1,950
1,852

1,755
1, 659
1,562
1,466
1,370

1,275
1, 180
1,085

990
896

803
709
616
523
431

338
247
155

+64
-27

- 118

- 208

- 298

- 388

-478

1,746
1, 649
1,552
1,456
L, 361

7,265
1, 170
1,075

981
887

794
700
607
514
42L

329
237
146

+55
-36

-127
-217
-307
-397
-486

5, 358
5,248
5, 138
5,028
4,919

4,810
4,702
4,594
4,487
4, 390

4,273
4,167
4,061
3,956
3,851

3,746
3,642
3, 539
3,435
3,332

3,230
3, 128
3,026
2,924
2,823

2,723
2,622
2,522
2,423
2,324

2,225
2,126
2,028
1,930
1,933

L,736
1,639
7,543
7,447
1, 351

1,256
1, 161
1,066

972
878

784
690
597
505
412

320
228
t37

+45
-+c

- 136

-226
- 316

- 406

- 495

5,347
5,237
5,127
5,017
4,908

4,900
4,691
4,584
4,476
4,369

4,263
4,156
4,051
3,945
3,841

3,736
3,632
3,528
3,425
3,322

3,279
3, ll7
3,016
2,914
2,813

2,713
2,612
2,512
2,413
2,3L4

2,215
2,716
2,018
1, 921
1,823

'1.,726

1,630
1, 533
1,437
t,342

L,246
1, 151
L,057

962
868

I tD
681
588
495
403

311
2L9
t28

+36
-55

-145
-235
-325
-4t5
- 504

0.07

Eeet
6,466
6,351
6, 236
6,122
6,009

5,895
5,782
5,670
5, 558
5,447

5, 336
5,228
5,116
5,006
4,997

4,799
4,681
4,573
4,465
4,358

4,252
4,146
4,040
3,935
3,830

3,726
3,622
3,518
:1,4r5
3,312

3. 209
3, 107
3,005
2,904
2,803

2,703
2,602
2,502
2,403
2,304

2,205
2,107
2,009
1,911
1,814

1,717
1,620
L,524
1,429
1,332

1,237
1,142
1,047

953
859

/ oi)
672
579
486
394

302
2't0
118

+27
-64

-154
-244
-334
-424
- 513

o.o8 | o.og
I,_

Feet I nr*
6,454 | o, ++:l
6,339 | 6,328
6,225 | 6,213
6,110 I 6,099
5,997 i 5,986

4,779
4,070
4,562
4,455
4,348

4,241
4,135
4,030
3,924
3,820

3,715
3,611
3, 508
3,404
3, 301

3,199
3,097
2,995
2,894
2,793

2,692
2,592
2,493
2,393
2,294

2,795
2,097
1, ggg

1,901
1,804

7,707
1, 610
1,574
1, 418
L,322

L,227
L,132
1,038

943
849

756
663
570
477
384

292
20L
109I +Y5| -73| -,u,i -zssI -s+e| -+sa| -szz

5,872
,5, 760
5,648
5, 536
5,425

5, 314
5,204
5.094
4,995
4,876

4.767
4, 659
4,551
4,444
4,337

4.231
4,125
4, 019
3, 914
3,809

3, 705
3. 601
3,497
,\,394
3,291

3, 189
3,087
2,985
2,884
2,783

2,682
2,582
2,183
2,383
2,284

2,785
2,087
1,999
1, 891
L,794

7,697
1,601
1, 504
1,408
1, 313

7,218
L,123
1,028

934
840

746
653
560
468
,J/C

283
t92
100
+e

-82
-t72
-262
-352
-442
- 531

5,884
5,77L
5,659
5,547
5,436

5,325
5,215
5, 105
4,995
4,886
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Tenl,u VI.-Determ'ination of hei,ghts by th,e barometer, English med,s,Llres-Contcl.

Barometric
pressure, B

inches

I

o.o2 | o.o,
I

I

I

Feet I lreet

- 558 I -567
-647 I -OsO
-735 I -Z++
-824 | -aas

0.01 0.04 0.05 0.06 0.07 0.08 0.09

30.50
.60
.70
.80

Feet

- 540

-629
- 718

-806

Feet

- 549

-638
-tzl
-815

Eeet

-576
-665
-lb6
-841

Eeet

-585
-673.
-762
-850

Eeet

- 593

-682
-771
-859

Feet

-602
-691
- 780

-868

Feet

- 611

- 700

- 788

-877

Eeet

-620
- 709

-797
-885

'I'anr,n YII.-Determi,n'ati,on of heights by th,e barometer, Englislt, nleusxcres

[Abridged from the Smithsonian Tables]

Term for temperature: 0.002039 (T-50') z

tr'or temperatures{fl:f# !fl3 $ }tne varues are to o.{3.1$r'$.*.u

Approximate elevations obtained from Table \rI
Mean tempera-

ture T.

or.
49
48
47
46
45

44
43
42
41
40

39
38
37
36
35

34
33
32
31
30

29
28
27
26
25

24
23,,
2l
20

19
18
L7
16
15

74
l3
12
11
10

I

7r
72
73
74
lc

76
77
78
79
80

81
82
83
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99

100

oF.
51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

8r
-ltl
6l
5l
4l
3l
2lrl
oi

_l

1.000 4,000 5,000 6,000 9,000 10,000

lreet

L22
143
163
184
204

326
347
367
387
408

428
449
469
489
510

530
551
57L
591
6L2

632
652
673
693
714

734
754
llc
7s5
816

836
856
877
897
918

938
958
979
999

1,020

Feet
2
4
6
8

10

Feet
8

16
24
33
4t

130
139
L47
155
163

t7L
t79
188
196
204

2r2
220
228
236
245

253
26r
269
zll
285

294
302
310
318
326

334
343
351
359
367

,5to
383
391
400
408

Feet
10
20
31
4L
51

Lrz
L22
133
143
153

163
173
184
194
204

214
224
234
245
255

2(,5
275
285
296
306

316
326
336
347
357

367
377
387
398
408

418
428
438
449
459

469
419
489
500
510

7'eet
t2
24
5l
49
61

Feet
18
ot
6l
55
FOt6
92

110
128
747
165
184

20
4L
61
82

102

224
245
265
285
30(i

t2
L4
16
18
20

22
24
27
29
31

33
,JC

5l
39
4l

43
45
47
49
51

53
55
bl
59
61

37
43
49
55
61

24
29
33
37
4t

45
49
53
57
61

65
69
73
lt
82

49
bl
65
l6
82

90
98

106
Lt4
122

61
7L
82
92

102

/o
86
98

110
L22

43
bt
7L

86
100
LL4
128
143

L57
771
186
200
2t4

49
65
82

98
LL4
130
t47
163

179
196
2t2
228
245

343
359
375
391
408

424
440
457
473
489

67
t5
80
86
92

135
r47
159
L7L
184

318
330
343
355
367

202
220
239
257
275

294
312
330
349
367

98
104
110
116
t22

128
135
141
147
153

159
165
17L
L77
184

196
208
220
232
245

257
289
281
294
306

379
391
404
416
428

440
453
465
477
489

502
514
526
538
551

563
5.5
587
599
612

228
243
257
271
285

300
314
328
343
357

37L
385
400
414
428

442
457
471
485
500

514

" 528
542
5D/
DrI

585
599
ti14
628
642
r.p-
oo/
671
685
699
7L4

2!'L
277
294
310
32{:)

86
90
94
98

t02

106
110
114
118
r22

385
404
422
440
459

477
495
514
532
551

569
587
606
624
642

661
679
697
716
734

752
771
789
807
826

844
862
881
899
918

63
65
ol
69
7t
l6
lo
77
80
82

84
86
88
90
92

94
96
98

100
1U2

126
130
135
139
L43

t47
151
155
159
163

L67
17L
175
t79
184

188
192
196
200
204

190
196
202
208
2L4

220
226
,2'
239
245

251
257
263
269
275

281
287
n4
300
306

506
522
538
555
571

587
604
620
636
b52

669
(i85
701
718
734

754
767
783
799
816
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II{DEX
Paragraph

Actual elevation defined--3-t-- LZ4
Aajili;;;t"ruaiogrupli*- ;; hGh-"r""ulir"- - --:- - - - ::- :::- :- - :- - ::- - 154

Attached thermometer- - :: ::i::1il::11':--- - - -: - - - - - - - -: - - - - - - - - - 
t53' t72

Atmospheric pressure--- 4A;ih;iiit i; blean barometer;------- 182
Air and moisture in barometer tubes-- - 180, 181

can not be perfectly removed from barometer tubes-- 133
how removed from barometer tubes-- 138
in barometer tubes Lzg
vent in cistern of barometer- 111

Tuch cisterns- - - 143, L44
Aneroid barographs, Richard's- 88

barometer- - 6,46-58
" creeping of 50
defects in- - - 49, 5E
effectsof temperature--- _ 48,,51
Goldschmidt's 50
howadjusted--- - 54
in determining heights-- 105, 100
reading, how made- 52
test of condition 58

Barographs;aj;-1"d 
i;;hG[a;;;ii"*------------------- ---------: 3i:u'' 131

to station pressure- lSZ, LZZ
aneroid, Richard's 88
clocks for, regulated and wound L57
compensated siphon, Marvin system 72-87

check observations 87
cleaning mercury 78
dismantling- 79
magnifying and recording mechanisms_ - 82
temperature compensation 80, 81
time checks- 83

marker 85, 86
eorrections for errors of - 160
exposure of 89, 152, L7O
Foreman's - 70
forms for, changed 156

refigured - - 155
trimmed- - 156

hourly reading of -- 193
how exposed L52

Barographs, Marvin's normal-- 7l
pens for, cleaned 159
time error, checked 158, 192
weighing- - - 69

Barometer, air vent of cistern 111
adjustment of cistern 97

vernier 98
aneroid 6

*::",*"_l :ly:lTr_ffi:1_:__ __ _ _ __ __ __ ____ ______:'li
old style-- 93
marine 96

care and preservation of - - - 108, 115
change or substitution of - - 110
changes in location of 148

(87)



88

Paragraph

Barometers' cistern'*?T"tflJ:qll?1"t1"-Ii-"i---:::--::::--------io, ,r, 1?3
comparison of, private- L94
corrections, for capillarity 4l

imperfect vacuum- 4l
instrumental or scale error 4l
temperature- 4l

eorrection cards, Form No. 1059-Metl- 42, t70
diagonal-- - 62
dial- 63
errors of-- 39, 40
exposure of 89, 152, L76
Fortin, Weather Bureau pattern-- 7
frequent cleaning of cisterns to be avoided Ll7
glass cisterns of, washed- 135

tubes of, to be cleaned- L28
glycerin - - 61
Green- 7
holosteric - 6
how carried 111

disposed on steamboats, etc- - L47
inverted--- 110, 111
set and observed - - 97
to open cistern of leaky - - t26
packed 145
unpacked- - 109

Hou'son's- - 65
instructions for cleaning 123-144, L87
marine 2€'-3L

box for- 96
handling of- Llz

magnifying 66, 67
measurement of height by - 105, 107
moving and packing of t45
normal 45
not to be changed without authority 185
parts of assembled- 136
pumping of 89a

Barometer' 
xa**rs"'?rsi;',"J+.i::::::1:-:-:-::-------:----:---:-:: i6l

standard gravity- n2
report on defective or unserviceable-- 150
scale of, cleaned 128
screwed up for transportation L45
screws of cistern tightened regularly-- 136, 141
shipment of empty 151

siphon servilill'l----------:::---- ------ 
- -- ---------:45' 

LUZ

spiral 62
standard- - 45ttstation" and ttextra" defined-- LZ\
Torrieelli's 2
tube, air removed from L32
tubes, filling of - - 32-37

air-pump method- 36
boiling method 34
funnel method 33

eleaning of large 35
vacua tn-- 38

Tuch, cisterns cleaned 143
verticality of - - 90, 92, 99
water 60
when to make change in loeation of- 186

Boxes for barometers- - - 91
old style- - 93

Capacity correction how found - 24
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Paragraph

Bli'J:tlr*:m':t?l"tH;;; F;;-N;: lbs;--Mai- : : : : - : - : - : - : : : : : : : 
- n,\16

Care i,nd preservation of barometers :- - - - 108
Carrying 6ases, leather--- 146
Charige fn localion of barometer- I"48

when made 186
or substitution of barometers 116, 185, 186

Cistern, adjustment of -- 97' flliering mercury into 140
fixed ana adjustable- 18
glass part washed 135
of bafometer- I

not to be strained- 111, 114
frequently cleaned ILZ

scre\vs of, tightened regularly- - 13q, l:41

Tuch, iistructions for cleaning 143' pattern described 17
Cleaning around ivory point L34" buro*eters,-instructions for- L23-1,44,\?7

pens for barograph---:---: 159
Clocks foi barographs, regulated and wound L57
Comparative birometer readings ----: 118-122,\q?- object of 119

recorded on Form No..1027-Metl- 166
Comparative barometer readingq when levels ean not be run 166

readings, interval-for, after, cleaning----:--r-- L2L,L42
order for making, on removal of office- - - 166

Correction of barometer readings, example- - - LIL
for capacity L8,24

density of mercury 44
error of barograph 160
imperfect vacuum- +\,\74

temperaturb* - -; i;;- - - -: - - - - - - - - - - - - - - - - - - - - - - - - ::'-n'' l[t
$l?Iiflflg#3Tf,lii ::::::- -- -- - - : - - - - - - - - - - - - - - - - - : - -'ln?ilBl

Determination of heights by aneroids--- 104, 105, 107
tables for_ 1gg

Diagonal barometers 62
Dialbarometer- ---:-------:---- 63
Elevation determined by competent person 1q?, 1q.?

of a station d"efined---- L6l, L74
barometer above sea Ievel, determined promptly-- 178

aetual L7 4
station LZ 4
to be given in feet and decimals-- L62

Empty barometers, shipment of 151
Engin"eer to be infrirme-d concerning levels- 165

baromefers as shown by comparative readings- - - 116
Exposure of barographs 89-1I?, \79baroinefiers 89-i52, 176
Extra barometers, cisterns, lowered before comparative readings- L77

screwed up L77
Fieldnotes,copyof,furnished- ---- - 165

" Fixed poiirt "- io be established 163
Foremai.'s barograph 70
Forms for barograft s changed-- 156- trimmed 156

refigured for barographs at elevated stations--- - 155
Form No. loot-wtetl - L7l

I027-MetI_ 183
10S8-Meu_ - 165
t059_Metl_ 42. t7O
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el;:i1,ltt#:k*"X::lT: ::::i: ::'l:il_ : _ _ : _ _ _ _ _ _ _ _ _ _ _ _ : _ _ _ _ _ _ _ _ uT
Gravity,influenceof,orrbarometricobservations,tab1es

reduction to standard-- tOZ, lg7
altitude term- ' 

L74
latitude term- L74

Green barometer- 7
Heights determined by aneroids 10b, 102

barometric readings--- L04,, 107
tables for, determination of, by barometer- 199

Holosteric barometer 6
Howson's barometer 65
Impure mercrlry not to be used 138
Index point of barometer- I
Ink for barograph pens 159
fnstruction for cleaning barometers L23-144
Interpolation explained- - 196
fnterval betrveen comparative readings on removal of barometers 148, 166
Inverting barometers at elevated station lL4
Ivory point, difficulty of cleaning around--- L31

of barometer 10
position not to be changed in cleaning barometer- 128, 136

Leaks in cistern of barometer- l4L
Leaky barometer, how to open cistern of -- L26
Leather carrying cases- - 146
Line of levels, how run - 165

need not be run 167
must be run L62

Location of barometers changed--- 148
Nlagnifying barometers, comments on 67
Marine barometer- 26-3L
Marvin's normal barograph 7L
Mercury, how filtered 139

how purified 138
impure, disposed of- 189
not to be removed--- 19O
purity of, indicated 139

tested L37
requisition for- 188

" Metallic click " in barometer tubes- - 111, 113
Moving and packing barometer- 109, 145
Nomenclature 174
Observations of pressure comparable 173

reduced to station elevation - 170
regular barometric 97, 100, 171, 180

Observed reading defined LZ 4
Packing barometers - 109, 145
Pens for barograph cleaned 159
Plane of reference to be adopted - - t64
Pressure, actual, deflned LZ 4

of one atmosphere - 4
reduced L74
station 17 4
tables of, corresponding to change in elevation of 100 feet- - - - - - 198

Private barometers, comparison of - - Lg4
Pumping of barometers<--- 89a
Purity of mercury, how indicated- - 139

tested L37
Reading of vernier L2, 13, L4, L5
Readings of barometer corrected 17
Recording barometers or barographs 68, 69
Reduction to sea level defined - - LZ 4

temperature and rnoisture terms- - - 103
Reduction for elevation defined - tZ 4
Removal correction - LZ 4, 182

to barometer, provisional- L82
variable--- - I82a
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Scale of barometer- _: _ _

" qglished bA
errors alg capillarity, .c_orlection for_ LZ4of elevations on aneroid, _hoy used 106
feet on aneroid, adjustable, how used 106

only approximate 10b
Q*u level,-reduction of barometer to 108, i3i
Serviceable barometers, how shipped
Shipment of emply Qarometers---- ------------- lf;?

serviceable barometers L4g

barometer- .--- B
magnifying- - - 66

Spiral barometers _ 62
fltaLdard gravity, reduction to-- L02, lgiStationelevation-- ______ iOS, lOg',|i+
Straining cistern of barometer- iii, lii
Sum of corrections deflned ' 

LZ 4
Surveyor to be informed concerning levels_ 168
Sympiesometer- - - 64
]g*p"rature, correction for _ 4L; $;124, ruE
Thermometer attached--- g
Time error of barographs checked 1Sg, lgt
Torricelli's barometer- z
' ' Total correction " deflned LZ t, lZ 4

entered on Form No. 1001-Meil_ LZL
Tube of barometer to be cleaned ng
]Jnpacking_barometers _ 111
Unserviceable barometers, how shipped 151
Yernier of barometer- lz

adjustment of_ _ gg
Yerticality of barometers g0, 92, 0g
W'ater barometer- ' 

60
Wgig-t ing !,aroglaphs 69
Winding cloeks fo-* ba_rographs- _ 146
Wrench required for cleaning Tuch cisterns _______ L4g

C


