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tion exerted between two pieces of floating ice. It is to be borne
in mind that, when in water, much more delicate ice-bridges suf-
fice to connect two pieces of ice than when they are surrounded
~ by air, where it is difficult to vender the equilibrium so perfect as
in water. . :

That radiant heat passing through ice melts the substance at
points deep in the interior may be explained by assuming that
_ at such places the ice-crystals have so crowded upon each other
as to cause a pressure. If the water produced at such places be
refrozen, the local pressure will be restored, and a new stream of
heat will effect liquefaction at the same places, even when no free
surface exists there. - |

According to Professor Tyndall’s theory, the latent heat ren-
dered free when two pieces of ice freeze together is conducted
away through the adjacent ice. And as the difference between
the freezing-points of the interior and superficial ice is certainly
very small, the heat rendered sensible must diffuse itself through

- a comparatively large mass of iceif internal liguefaction is to be

‘avoided. Tn view of the low conductive power of ice, and the
extremely small differences of temperature, this seems to me im-
probable in cases where by a strong pressure, even by the stroke
-of 2 hammer, pieces of ice are welded together. I confess, how-
.. ever, that the time necessary for conducting away the heat can-
. not be subjected to exact calculation, and that therefore the
guestion under discussion cannot yet be regarded as decided,
For my own part I gave the theory of Mr. James Thomson the
preference, because it bases itself cxclusively upon well-known
facts. - |
H. Hermaortz.

| IV On Hanging, considered from a Mechanical and Pkysz'ola,
. gical point of view. By the Rev. SamurL Havenron, M. D.,

" 'FR.S., Fellow of Trinity College, Dublin*.

" -HANGING, as a prode of public execution of criminals,l must

be regarded as to a great extent an Anglo-Saxon mede

. of execution ; and although occasionally practised by the nations

of antiquity, it seems amoeng them to have been used chiefly by
suicides, or in cases in which e¢special ignominy was intended
to be attached to the crimimal.

Among the Hebrews, the national punishment was unques-
~ tionably that of stoning to death by stones thrown with the

hand ; and it is clear, from many passages in the Qld Testa.

* Comm_lunicated by the Author.
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| ment ‘that ‘the hanging so often spoken of was the exposure of
the body of the criminal, after death, to the birds of the air and
to the beasts of the field, cither by suspensmn from a tree, or by
crucifixion on a gallows.
~ In Dent. xxi. 22, 28, it is provided that the criminal already
~ executed shall be hfted up on a tree, and that his body shall be
taken down before nightfall; it 1s also proved, by the story of
the Hebrew thief in Herodotus that the Jews, even before they
left Bgypt, bad a special horror of the exposure of the dead at
night to the birds of prey; for he relates that the King of
Egypt exposed on a cross the headless body of the thief caught
in the trap laid in the treasure-house, in the hope that his ela-
tions might be induced to attempt the removal of the body before
nightfall.
"~ From Gen, xl. 19, we may infer that the Egyptian practice
was to execute the criminal by decapitation, and afterwards ex-
pose the body nailed on a cross to the birds of prey.

Among the Persians, also, exposure on a cross was a custo-
mary punishment, as appears from Msther vin. 9; but [ do net
know whether this crucifixion was post mortém or not; among
the Hebrews, the “suspension’™ or “erucifixion™ was always
that of the dead body, and they were not guilty of the terrible
atrocity of suspending or nailing up by the hands a living man:
‘this refinement of cruelty was reserved for the Romans.

1 have not succeeded n finding a case of execution by hanging
in the Old Testament, although there are cases of suicidal stran-
gulation {(as that of Ahithophe] 2 Sam. xvii. 28), which may
have been effected simply by tymg a cord round the neck; and
have been unaccompanied by any * suspension,” In"the Anglo-"
Saxon use of the term.

The most ancient account of a formal execution by hangmg |
that I'can find is the hanging of the twelve faithless handmaids
of Penclope at the snggestion of Telemachus, in the twenty-
second book of the Odyssey, The passage 18 50 remarkable for
many reasons, that no apology 1s needed for offering some sUg--
gestions respecting it. [ give the translation of Cowper, for the
beueﬁt of ]hnghsh readers. ,

e leadmg forth
The women next ‘they shut them close hetween -
The lofty wall and scullery, narrow, straight,
And dreadiul, whence no prisoner might escape,
Then, prudent thus Telemachus advised ;-

‘The death of honour wounld 1 never grant
To briminals like these, who poured contempt
On mine snd op my mother s head, and lay
By mght enfolded m the sultors arms
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He said, and noosing a strong galley rope
To a huge column, led the cord around
The spacions dome, suspended so aloft, :
That none with quivering feet might reach the floor.
As when a flight of doves entering the copse,
Or broad-winged'thrushes, strike against the net
' Within ; ill rest, entangled, there they find ;
So they, suspended by the neck, expired
All in oue line together, Death abhorred!
. With restless fect awhile they beat the air,
Then ceased.” ‘
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. There are two ways in which we may conceive the execution
to have been effected.

1. Telemachus, with the did of Eumzus and Philcetius, having

“ " fastened one end of the rope to one of the main pillars of the
- hall, made slipknots (8péyos) upon it, which were placed round

the necks of the twelve womnen, and having passed the other, or

- free end of the rope, round the top of the vaulted kitchen, they
“then all pulled together, in sailor fashion, on the rope, and
: heisted the women nto the air, so as to form a funicular poly-
- gom, in which some of them necessarily hung nearer to the
‘ground than others—p7res wooiv oddas ixaito.

2. The ship-rope, with one end fastened to the pillar, was

o “carried, round the vaulted dome of the kitchen (repfBaihe
-~ @6ro10) and made fast upon itself; from this rope were then

suspended smaller ropes with slipknots or nooses (Bpoyor), which

“‘'were passed round the necks of the women, who must have heen
- lifted up one by one for the purpose, so as to swing clear of the
‘.ground. The simile of fieldfares* and wood-pigeons caught in

1% Tt iy a very remarkable confirmation of the minute accuracy with which

Homier deseribes every phenomenon of nature, that fieldfares { Turdus pila-
7is) are now commenly caught by falconers ss food for their hawks by a

' contrivance almost idenfical with that here deseribed. A sfick or rope is

placed in front of either a hawthorne, or mountain ash, covered with ber-

" 'ties, and from it are suspended running nooses at equal intervals. The
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‘nooses hanging from a rope stretched from tree to tree, and
placed in the passage to their roost, seems rather to favour the
second interpretation, which is also aided by the words s ady
éEeins wepards éyov, as if the women hung, like Bluebeard’s
‘wives, *‘ tit. tat toe, all in a row !” , _

It can be shown, from mechanical considerations, that the
first interpretation of this remarkable passage is not admissible ;
for, on the most favourable arrangement of the rope allowable, 1t
weuld not have been possible for Telemachus, Eumwzus, and
Philwtius, even if aided by the ““man that bent the bow,” and
by the willing Euryclea, to bave exerted the force necessary to
lif all the women into the air together. The mechanical pro-
blem is also worth investigating for its own sake.

I shall assume, in order te simplify the conditions, that the
women are hung at equal distances along the rope, and that the
part of the rope joining the two lowest women is horizontal.
These suppositions are very natural, and have the advantage of
rendering the solution more elegant, without interfering seriously
with its geperality. ;

Let o, @,, ... 2g denote the angles made by the several por-
tions of the rope (reckoned from the top) with the horizon.
~ Let T\, T,,...Tg denote the strain on each portion of the
rape. , '

Let T,=X be the strain on the lowest or horizontal portion
of the rope. - -

Let W denote the weight of one of the women..

As the second half of the rope 1s supposed to be symmetrical
for the present, there are thirteen unknown guantitics to be
found, viz. the six angles and scven tensions. From the well-
known principles of equilibrium of ‘the fumicular polygon, we
obtain the following twelve equations, which are all mechanical:—

T cosa;=Theosa,, . . . . « . (1)
Tyeosay=Tgeose5, . . - . . . (2)
Tycosag="T,cosey, . . . . . 2 - {3)
T,cosa,=Tscosa5 - . . « . . {4
Toéosag=Tscosa, . . . . o . (5)
Tgeosa,=T,=X. . ., . « + . . ‘.(6)

fieldfares (kixAac Tavveinrepor), in trying to fly at the berrics, are stopped
by their broad wings in passing through the nooses, and are so caught by
the neck, or cecasionally by the foot, but most freqiently by the neck ; and
the stratagem is so successful with this hird, that they are often found
hanging in a row from the stick, each suspended'by the noose that passes
round his neck. - o : :
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Tsina,= Tesine, +W, . . . (7)
Tysina,= Tgsine, +W, . . . (8
Tysinay= Tysine, +W, . . . (9)
T,sine,= Tgsine, +W, . . . (10
Tysinag= Tgeinag +W, .. L (1

T sin wg= {T si ¢ 1 ... (12)

The twelve unkunown gquantities in these equations, which
- denote the inclinations and tensions of the first six portions of
the rope, may be all expressed as follows, after a few reductions,
in terms of X, the horlzontal strain on the funicular polygon :—

1, =V/BWIE T, tan ay= O
T2=\/2,5 W24+ X%, tanwm,= %W——:
’I‘3=:\/16W9+X2, tan o= é;év:' j .
| L, (18
— S (13)
T4=\/9WE+X. A tan a,= X’
' AW
Ty=v/AWiH X3, tanag= "3
T =V/W9+Kﬂ tam o= 5 J

If yy g Oy, Gy U5 Cg denote the lengths of the six portions of
the rope, we obtain, from geomet’rwal conmdaratlons, the follow-

' -mg equation :—

- @, COS 2, - 2, COS 2ty | a5 COS.og -+ &, COS ey + @5 COS exg (14)
-} ag cOs wg= const., )

s 111 Fﬁvhlch equation the constant depends on the span of the poiy—-
gon from the pillar of the hall to the top of the vaulted kitchen,.

Tf we were to substitate in equation (14} the values of the

“-cosines of the angles found from (13}, it would become an equa-
7 tion ultimately of a high degree, the real root of which would
" give the solution of the problem sought ; but it is not necessary
_‘to trouble ourselves with this equation, as we know that the value

* of X must be real and positive, and by (13) we have -

T,= vV (6W)2 X2,
In this equatlon T, denotes the pull on the rope that Telema-
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" chus and his assistants must have used in order to hold up the

free end of the funicular polygon ; and since X is real, the value
of T, will always be greater than tbe weight of six of the hand-
maids, and will be considerably greater, unless the heights of the
- points of suspension be very great compared with the span of the
polygon. We are therefore forced to the conclusion that the
hanging of Penelope’s handmaids in a fanicular polygon was
mechanically impossible, unless pulley-blocks or some other con-
trivances were employed, which are not mentioned in the text.. -
We must, therefore suppose that in this, the earliest execution
~ by hanging on record, the rope was passed around the vaulted
dome, and that separate nooses suspended from this rope were
attached to the necks of the women. 7 7

In modern times hanging was a favourite mode of execution
among the Anglo-Saxons; and I am indebted to Dr. Ingram,
- Professor of English Literature in the University of Dublin, and
to J. E. Walshe, Q.C., for the following brief notice of its history
in connexion with England, which will serve as a suitable mntro-
duction to my proposal for its improvement and perfection,
founded on mechanical and physiological principles,

- Hanging was only one of the capital punishments in use
among our ancestors—women being often burned for offences
for which men were hanged, and both were burned for holding
heretical opinions. Marrying a Jew or committing sodomy was
at one time punishable by burying both parties alive; and be-
heading with an axe was, and theoretically still is, allowable in
some cases. 'The punishment for high treason, and at one -
time extended to certain cases of murder, was the elaberate and
brutal process of hanging, drawing, and guartering.

In “Beowulf,” which Kemble believed to be a modernized
form of a poem which the invaders of Britain had brought with
them from their continental homes, the gallows (gafya) fizures
as an old-established institution of the Teutonic races of North-
ern Europe. S '

Jt is mentioned by Blackstone as a somewhat singular fact,
that the only warrant the sheriff bas for a capital execution 1s
the signatare of the judge to the calendar, or. list of all the pri=
soners’ names, with their respective judgments in the margin.

“ As {or a capital felony, it is written opposite to the prisoner’s
name ‘ hanged by the neck;” formerly in the days of Latin and
abbreviation ¢ sus. per col.” for € suspendatur pet collum.”

Originally there was a formal precept to the sheriff under the:
hand and seal of the judge; but the form of it is nat given in the
law books, nor is it cectain how long the formula now employed
in sentencing a criminal (¥ hanged by the neck till you are
‘dead ™) has been employed. ' I
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~ ., It is clear,” says Blackstone, * that if upon judgment to be
- 'hano'ed by the neck till he is dead the criminal be not thoroughly
_ kﬂled but revives, the sheriff must hang him again.” But,
_ straugely enough, we find in the Vision of Piers Plowman,” a

passage which seems to show that the opposite of this either was,
~_or was believed fo be, the established rule in his time :—

+ It is noght used on Earthe
To hangen a felon
Ofter than cnes,
Though he were a tretour.”

: ‘From some cause or other, not easy to explain, it has been the
W .« - -custom to use a longer drop in Ireland than in England or Scot-
o " land;. “and there can be no doubt that it is 2 more hamane mode
of executlon than the English, and also more instructive as a
solemn warning to the spectators, whose feelings are not likely to
" ‘beenlisted on the side of the crimimal by w1tnessmg his convulsive
~ struggles, which are an unnecessary accompaniment of death by
' hangmg if properly conducted. On a recent occasion in the
north of ¥ngland, the criminal had undergone tracheotomy some
- years previons to his execution ; and such was the ignorance of
- -those who conducted the hangmg, that he was dropped through
“a short height quife insufficient to injure the spinal cord, and
- breathed with ease through the aperture in the trachea, suffermg
“horrible tortures, until relieved by the humanity of the surgeon
.-, of the jail, who closed with his finger the aperture through which
. 'he breathed, and so eompleted the clumsy work of the hangman,
_In using the long drop, also, mistakes may occur, either through
~ the weakness of the rope, or through miscaleulation of the ]ength
- of the dmp Both these errors were exemplified at Castlebar in
.+ Ireland in 1786, at the execution of the notorious George Robert
- Pitzgerald, who, when he jumped off the ladder, broke ‘the rope ;
- and when he was hanged the second time the rope was too long
. and his toes touched the ground, nntil at length a humane by-
3 ;'Btander raised him up while the hangman shortened the cord.
- "Death is produced by hanging in one or other of the three
B followmg ways :—
1. By apoplexy, caused by pressure on the jugular veins;
- 2.. By asphyxia, caused by stoppage of the wmdplpe
8. By shock of the medulla oblongata, canséd by fracture of
: the vertebral column.
- .. In the first two cases death is preceded by convulsions, lasting
) fmm five to forty-ﬁve minutes, which are caused by the cessation
- of the suppi}r of arterial blood to the muscles. In the third case
- death is instantaneous and painiess, and 1s unaccompamed by
Ry, convulswe movement whatever.
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- According to the original form of death-punishment for treason
in England, the hanging was used as an ansesthetic, preparatory
to the disembowelling (or drawing} that always preceded the
quartering of the criminal ; and the presend slow process of hang-
ing practised by Caleraft and others in England and Scotland,
 which consists m dropping the patient through three or four feet
and allowing him to hang until dead, is the faithful representa-
tion of the original process of hanging, which was intended to
fulfil a purpose quite distinet from that of speedy execution of
the criminal. _

It seems to me unworthy of the present state of science to con-
tinue a mode of execution which, as at presentused, is exttemely
clumsy and also painful to the ertminal. TInstead of the *short
drop ”’ generally used, we ought to employ the “long drop,”
which causes instantaneous death., It has been ascertained by
me that the shock of a ton dropped through one foot is just sui-
ficient to fracture the anterior articulating surfaces of the second
vertebra at their contact with the atlas; and that this fracture
allows the shoeck to fall upon the medulla oblongata so as to pro-
duce instantaneous death. As the result of some consideration
bestowed upon this subject, I would recommend the adoption of
the following rale +— :

Rule I. < Divide the weight of the patient in pounds into
2240, and the quotient will give the length of the long drop in
feet.” '

For example, a eriminal weighing 160 lbs. should be allowed
14 feet drop. If Jocal circumstances will not allow of the long
drop being employed, the requisite shock should be produced by
strapping a shot to the feet, so as to secure the shock of 2240
foot-pounds to the medulla. ‘

Efforts have been made in the United States to give to hang-
ing all the rapidity of death by the guillotine withont the painful
spectacle of bloodshed. This method, which is borrowed from
the mode of execution practised on board ship, consists in sud-
denly lifting the criminal into the air by means of a great weight
attached to the other end of the rope -fastened round his neck;
the rope passes over a pulley placed vertically over the patient,
and at a given signal the weight falls through a regulated height,
lifting him suddenly into the air.- Sufficient attention, however,
has not been paid, even in that enhghtened country, to the con-
‘Qitions npecessary to be fulfilled in this mode of suspension ; for
in many of their exécutions, the only care that seems to have
been takén was to make the falling weight heavier than the eri-
minal, so as to ensure his permanent suspension by the neck
until death terminated his sufferings. ' ' ‘

The American method-of hanging, if properly applied, seems
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~to me to be capable of producing death by shock with even less
suffering than the “long drop ;”* for although by the latter me-
: thod death is instantaneous when' the shock actually occurs, yet
the mental sufferings of the criminal during the second oceupied
‘by his fall may be-very considerable. This painful interval is

" :gltogether avoided in the American method, provided the inttial

shock be sufficient to destroy the medulla: ohlongata This im-
. portant condition may be effected by the following calenlations,
-which lead to an easy Rule.

. The falling weight, acting through the intervention of the
- rope, produces its eﬁ'ect in a manner similar o that of the shock
or collision of imperfectly elastic bodies.

- Let m and m" denote the masses of the two bodies, and let »
 and ¢ denote their velocities previons to collision or shock, while
‘e denotes the coefficient of elasticity of the rope.

" Let u, u' denote the velocities of the masses m, m' after the
shock then it is well koown* that

mv + mlf — e {v — ')
m+m'

,  mu 4w —em(v —2)

T m+m! )

—_—

(15)

: :-'The wis vive lost during the shock is expended upon the neck of
‘ ‘I.'.he crmuna] and 1s represented by

me® + mh 2 — mlu2,
After some reductions this is found to be
vis viva lost = —M(l—e ){'.')—--v'.j2 . . (16)

ThlS result may be applied practically to the solution of the

’ :Amerlcan problem of hanging, so as to cause instantaneous

-death in the following manner.
| Let P denote the weight employed, and Q the weight of the
'.".Vcnmma] let ¢ denote the coefficient of elasticity of 1he rope used,
-and v the velocity acquired by the weight Q in falling thmugh
", the height &.
-If we consider the problem of the weight (} moving with the .
velocity v, and causing the weight P to move through the inter-
“vention of the rope whose elasticity is e, the shock produced on
' P at the moment when the “chuck ™ takes place is similar to -
. that which occurs in the collision of bodies striking each other,
+ ‘and is measared by the »is viva lost durmﬂ' their collision. 'l‘he

- * Vide * Manual of Mechanlcs, p- 156.
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 vis vivg lost during the shock is (16) ..

1 PQ o oo, '
.E'm(l U L
but since the work lost is half the vis viva lost, if we substitute

for v? its value, 2¢%, we find

_PQ e
WOI‘k lost --—- m‘ (1—-‘6’9)}3. ,. v (17)

Far the ropes usually employed, e may he regarded as a very
small fraction, and ¢ may be totally disregarded. The work lost
is expended in causing shock to the neck, and should therefore
be equal to at least 2240 foot-pounds. B '

In a case of hanging that came under my own observation,
the criminal weighed 160 Ibs., and was allowed to fall through
14 feet 6 inches, which, allowing for some elastieity in the rope,
would correspond with 2240 foot-pounds of shock; In this
case the superior articulating surfaces of the second vertebra
were fractured near their pesterior border (the fracture of the
bone extending to the foramina for the vertebral arteries), but
the odontoid process and its transverse ligament were so strong
that neither of them was injured. Death in this case was as
instantaneous as it would have been had the transverse ligament
given way instead of the bone; for the shock reached the me-
dulla, and its consequence was immediate and painless death.
In hanging, the rope supperts the atlas and presses it against
the occipital articulations, while the second vertebra tends to
fall with the body; and it follows from this, that either the
odontoid process and its trausverse lizament must give way, or
‘the second vertebra be broken across at its superior articnlating
surfaces ; in either case death will be immediate. The height
of the criminal just mentioned a few days before execution was
5 feet 94 inches, and after death he was found to measure 5 teet
11 inches; having been elongated by 13 inch by the “long
drop* of 141 feet. ' ' IR

From the foregoing it therefore appears that a shock to the
neek of 2240 foot-pounds is just sufficient to cause immediate
death ; substituting, therefore, 2240 foot-pounds for the work
lost in the preceding equation, we find : '

940 = T
\ 2240= L
or, solving for P, ‘
' o R2240Q _ T o
P= Qh—2240 ' (18)

Trom this equation it follows that, unless Q% be greater than
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. 2240 the value of P (the weight required) will’ be negative;
but Q4 denotes the work produced by the crlmmal Q falling

through the height A.

® Let A therefore denote the “long drop” found by Rule I. and
the fol]owmg consequences may be inferred from (18).

“1st. In the American mode of hanging, if the weight be let
fall through the height A, sufficient to cause death mstanta-

eously by the « long drop, it would require an infinite weight

~ to cause immediate death ; for in this case

Qh 2240=0,

and theref'ore P is infinite.
~ 2nd. In the American mode of hanging, if the weight be let

fall through twice the height of the “long drop,” a weight equal
~ tothat of the cviminal will be sufficient to cause immediate death;
for in this case

QA—2240=2240,
and l:herefore, by equation (18),

P=Q.

For all heights intermediate between % and 2%, the weight P
must. be found from equation (18), and it will always Lie between
Q and infimty. ‘ :
- In practice, twice the height of the “long drop ” would always
"~ e found convenient; and therefore the following Rule for pro-
ducipg instantancous death by the American method is confi-
,‘ dently recommended.

‘Rule 1I. ** Having found from Rule L “the helght of the
Irlsh long drop, use twice this height, and a weight equal to
. that of the eriminal, in the Ameriecan method.

 Note—1 have searched in vain for well-authenticated instances
of fracture of the cervieal vertebrm produced by the usnal me-
'_ . thod of banging. Among the longest drops that T can find

~ recorded, are two observed by Dr. Charles Croker King, when
Professor of Anatomy in the Queen’s College, Galway.

:..Case L* A young man, named Hurley, was executed in Gal..
way, at 6.25 p.M. on the 27th of August, 1853, for the murder
“of a young woman in Dunsandle Wood. The rope used was
10 lines in diameter ; the knot was large, formed of three turns
of the rope, and, on the néose being tightened by the execu-
tioner, corresponded to the occipital protuberance. His weight
- was 104 stone, and he was allowed a drop of 74 feet. These
data gwe us as follows :— ‘ '

work done =147 x 1—25—5 =1102 foot- pounds.

, * Dublin Quarterly Journal of Medwal Sclence, vol. xvul. (1854) p. 86
e 3eq

Phil. Mag. S. 4. Vol. 32. No. 213. July 1866. D
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In thls case, as Dr. ng remarks, “ there was no dislocation -
or fracture of the vertebral colemn, or injury of the ligaments
or of the spinal cord.”

Case 11.* On the 11th of May, 1858, Patrick Liydon was hangea
in Galway for the murder of hus wife.  Lydon was a small man,
only 5 feet 5 inches in height; the diameter of the rope’ was 10
lines; his weight was 9% stone, and the drop 11 feet, Hence
we find .

work done = 133 x 1= 1463 foot pounds.

In this case, * that portion of the anterior common. Jigament
of the spine which passes from the body of the second to that of
the third cervical vertebra was ruptured, so that the left halves
of the bodies of the above-mentioned vertebr were separated
from each other by an interval of oneaelghth of an inch; but
there was no displacement.”

These criminals were executed with the same rope, and death
in the second case was not preceded by violent museular convul-
sions, as in the first case—a fact which is readlly accounted for
by the excess of shock in the proportion of 1463 to 1102,

V. On-the Problem of Sea-levels.
By D. D. Hearw, M.A., F.G.8+

IN a papel published in March last, I investigated the nues-

tion recently mooted among geolomst.a as to the effect of an
ice-cap, or other accumulation of supelﬁclal matter, in locally
altering the mean sea-level,

I was more familiar with the fmmulas requlred than with La-
place’s mode of using them; and 1 partly misunderstood and
misapplied hiis method. My labour was not, however, wasted;
for 1 had rightly deduced the external form, or contour-line,
which a sea covering a denser solid spherical nucleus would
assume under the influence of an external capping supposed to
be anyhow kept at a definite distance apart from it. My error
lay in arguing that, when the agency keeping them apart is-a
solid conunexion between the cap and the nucleus, this nucleus
will, to the first order of small quantltles lie centrically within
the envelope
- This error I corrected in April, and explained that the eentn,
of the solid sphere will be, as-1t were, depressed by the superin-
cum bent welght of the cap, and heaway from the centre of figure
i the Oppﬂalte direction by a distance of the same order of mag-
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