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It will be noticed that ghe change of reading of the. standard ther-
mometer was_not constant, s in some of the experiments a rise of
0°'1 was absrved, while in one a fall of 0°°7 was recorded. This
lutter result is probably due to the fact that the hydraulic press was
not in very good order,’so that a large guantity of water at a lower
temperature than the surroundiog air had to be drawn through the
apparatus before the pressure began to act on the gauge.

The foreghing experiments are sufficient to show that the new

- instruments perform satisfactorily, and also that the original ther-
mometers described by Admiral FitzRoy were good and trustworthy
_ instruments io so far as regards their capability of resisting pressure.

.

. No.IL.
On thé PrINCIPLE of the ‘PANTAGRAPH designed by F. GALTON.

In the pantagraph I have designed to reduce the tracings of
the various self-recording meteorological instruments, the reduc-
tion is effected by two separate but similar actions, in length and
in breadth. ‘One band of the operator controls the movements
from side to” side of the original tracing and of the plate that
receives the reduced figure; the other band controls the move-

- wents up and down of the style that passes over the original
figure, and of the point that scratches the reduced copy. In both
cases the reduction is effected by means of an arm connected
through links with' carringes compelled to run along parallel
lines. - . - - " : I

The following analysis shows the conditions of length and
position that have to be observed in making and adjusting the

_instrument, and I shall now restrict my explanation to this,
because although the existing instrument works very satisfac-
torily, yet the new one (which is not "yet sufficiently ini to
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‘make a dmwmgfrom) will be its superior in range of adjustment
~andiin many other points of detail. It ia-therefore- advisable to
delay the description until-the new instrument shall hiive been -
_some time at work, and its a
order. *:

ppurtenances brought into perfect
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;" C A B is an arm which can

as CA{B,or CA,B.. -
. guided, so that it ma

be mored round C to any desired position
ais a point on a mmnge that

d be pushed

but nowhere else. ¢+ It

moves along a tramway, or is otherwise
to any desired position in the line X X,
is connected with C A B by a link Ag,
fore assumes the positions ay a,, correspon

am CA, B, CAB,. -

and there-
ding to the pogitions of the
Similar arrangéments are madé in respec
are made parallel t6 oue another. ;
. Required tc find the conditions, if any, that will cause the movements
of a and b to bear s uniform proportion toone another.” . -
Take C A, B, pet pendicular to the tramways, and let C A, B, be any .
other position of the arth., Let fall the perpendiculars A, R snd B, S.
. Call the vertical angle ¢;
. A,0,P,¢; and thelink Ag, L

a’ll/tbe angle 'A, a0, Py 3 the angle ,
' Ixttheeonespondingéqlmintixemnge
dnppand b o L

t to B, and the two tramways

ment connected with B, be
Now ¥ is knqir_nintams-o/th'er-est,becausev . -
) (1y-lsin'y =.C A'versin ¢ + L sin'p, and so for ¢y,
25978, ° | - -

c.
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thercfore our problem is to find the rehtnons (if they exu() between
faodp ; Land /; CA and CB; that almllensure the space of a;a, to *

- bear a congant relation to b b = =y, -’ for all “l““ ofe. -
: 7 .aeyay=Pay—~ Pa, Ra&, + R P Pa.
86, = Qb —~ Qb = -88, + SQ le

) a,a,_lcoa-l«-f-CAsmG—lcoa;

,;' 8,8, I.eon}.-i-CBsmO—loos;, c .

butfmm(l)lcoo¢-l/l—sxn'¢ JP—-(lsm;-{-CA\ers.O)'
and eimilarly for /, cos ¢ -,

therefore‘/l'-(l'm?+CAwmno)’+ CAsmO—lcos; l‘
AR —(l,sm;,+ CBversm 0) + CBsin ¢ —I.cos;. ¢

F:r:t, we ‘sce that’ these valucs can ‘be real only so long as
,dsin ¢ + C A versin 8 (or A, R)is less than I; or the distance between

" A and the tramway is less than ‘the length. of the link, a fact which is
evident enough on inspection of the figure.

. Srcondly, thegequation holds for the combined values

. 1 C 1
;,,:_ ’Cg = -,aml for noolhcronm.

“ e may nmphf‘y the conditions yet further, by makmg =p=0;
that is 1o -say, 'by so arranging the instrument that'the lmk shall be
pamllel to. the tnmwny when CAB is perpendxculu' to it ; in this -

1
caso lhe sd;uatment of C_B must be made by varying the position -

of C, whnlo those of A sod of B remain intact. This is the arrangement
ndop!cd in the panugraplu already niade. .

1 A l
Ifnbedesu'ed that - shonldbenegauvc, ’1_ — and g B=—c
i (., that the movements of tbe Arms ahould be in eontru; du'ecnons, or

that the reductiod nhouldbenaveued, thenl =—c—l' and CA = —SB

couaequondy both 1, uidCB lumng opposite signs to { and C A, the
arms vnll lie thag ;— -~ "

S ‘!c and not thus

. . - N . ke
- T .

b

. ’ o ‘-'_'
le ad;utmm :—To ﬁnd the position of C so that ca

L
CBsblll b
D WhenAheobetweenCmdB )
‘CA cA 1 '
CB = CAixB=! Sor CA(e—1)= -AB, CA= cA_lf
Y (2) WhenCllea betweenAmd B(renne action) - B
CA CA 1 rCA_AB :
CBTAB-AC=?¢’ Tetl-
Henee AB ought to be divided into some convenient number. of
gndunuons, md ‘one that is dmuble in’'many vnys, such as 60 ; and

s

v
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the graduanons should be numbered from A towards B. ‘l'hc same
scale of divisions should be continued on the other*side of A, and those
grnduntxona should be septntely numbered,, beginning also from A.
_ It is then easy to find the position of . For enmple, if it be required
-toreducetogc._.} _

60
(1) Direct reduction : Set C among the upper graduatlons at T

CA 20 ,
“orat20; tbenCA—"ZO CB CA+AB SOandcll I x20

(2) Re\erse reductxon : Sét C among tbe lower graduations at
o 60. C 1\ 13

4_‘_lormls thenCA =15, CB GOandCB—.*—T-

*

‘ Aa
Second a({]ustmcnt :—To find the posmon of a 50 that 3 shall =

it bemg, at the same time, required that C B and B 6 shall remain intact.

Since, in tthtwo triangles C A a, C B b, the sides C A, A a are pro-

" portional to C B, B, and sinceCA q,C B b are. right anal( s, as also
the vertical angles at C are identical in case (1) and equal in, case (2),1it
follows that the triangles are similar, and that Ca b is a straight line.

. Consequently, after making the adjustment descnbcd in the last para-

graph, of c ﬁ l —, we have simply to shift a into the line C 3, and the

adjustment is eomplete i
These adjustments of C and of a are mechamcall) effected on the
same principle that is employed in sluﬂmg the centre of the well-known
. .instryment, the proporuonal compasses.
: . Fraxcis GALtox.




