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. The following papers by Sir Williau Suow Harris, F.R.S., inserted in a
“Oireular Memorandin, recently ixsued by the War Office, contain information
“of-auch oital iinportucce to the Artillery, in reference to the safety of Powder
Magazines from the effects of Lightuing, that the Committee have directed them
lo be reprinled in the * Occasional Papers.” 4. N,

»

vlié‘ﬁlning Conduclors, Principles and Iustructions relative to their applica-
. bion to Powder Mayazives and other Buildings, by 8ir 1. Sww Harris.,
FRS. - 7o : : T o

1. Thunder and Lightning, result from the operation of a peculiar natural
~agency through an interval of the atmosplere contained betwecn the surface
-ofa certain area of clouds, and a corresponding area of the carth’s surface
directly opposed to the clouds. It is always to be remembered that the
Earth's surfuce and the clouds are the terminating planes of the action, and
that buildings are only assailed by Lightning because they are points as it
.were in, or-form part of, the Earth’s surface, in whicl the whole action below
fibally vanishes. - Hence buildings under any circunistances, will be always
‘open to strokes of Lightning, and no hwman power can prevent it, whether
baving Conductors or not, or whether having metals about them or not, as

xperience shows. e e
2. Whenever the peculiar agency, (whatever it may be), active in this ope-
tion of nature, and characterized by the general term Electricity or Electric
Fluid, is confined to substances which are found to resist its progress, such
for example as air, glass, resinous bodies, dry; wood, stones, &c., then an
explosive form of action is the result, attended by such an evolution of light
. and heat, and by such an enormous expansive force, that the most compact
and massive bodics are rent in pieces, and inflamnmable matter ignited: nothing
appeats to stand against it, granite rocks are split open, oak and other trees
of enormous size rent in shivers, and masonry of every kind frequently lnid in
ruins ; the lower masts of Ships of the Line, 8 feet in diameter and 110 feet
long, bound with hoops of iron 4 an inch thick and 5 inches wide, the whole
weighing about 18 tons, have been in many instances' torn asunder, and the
a0ops of iron burst open and scattered on the decks ; it is in fuct this terrible
expansive power which we bave to dread in cases of buildings struck b
Eightning; rather than the actual heat attendant on the discharge itself.

-8, When, however, the electrical ageney is coufined to bodies, such as the
metals, which are found to oppose but small resistance to its progress,
sz Hhen this violent expansive or disruptive nction is either greatly reduced or
- avoided altogether, the explosive form of gction we term Lightning, vanishes,
:and becomes us it were transtformed into o sort of continuous current action

of a comparatively quiescent kind, whicls, if the metallic substance it traverses
“be of certnin rown dimensions, will not be productive of any dawage to the

s

AN

may becowme heated and fused 3 in this cuase, the electrienl agency, as before,
+ 18 90 resisted in its course as to acwit of its taking oun greater or less degree
~of explosive and henting effeet, as in the former casc, It is to be here
_ebserved, that all kinds of matter oppose sowe resistance to the progress of

what is termed the Electrical Discharge, but the resistance through capacious

Lodd
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-~ metals Af, however, it be of siall capacity, as in the case of u smaull wire it ,
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v A f 5 mm ) Tesistance however, throuch 3
e wc Iine of Conduction, small as it be, increases with the length ang E
e nishes with the area of the section of the Conductor, or as the qu;ntity

- - _in all its parts, an fron magazine for example, then no dam(img oald e

- 2, o€ lar ) ge could possibly -~ == E
:?sefc‘hfrom any stroke of Lightning which has come within the exggriencg g

d; eg.,aman in armour is safe from damage by Lichtnines in - —
it A o ] € IT oh s s
= fact, from ﬂ_xelmst:mt the electrical discharge i breaking mgx disru;]tli?r: anlg

2 ex%ﬂlo&;e. violence through the resisting air, seizes upon the mass iy gy ]
illeo ope:ah}ct;n are netuh;-fﬂized thghe fve action senisies, and the foroes
= of the sarth Tpon fzrmnm:hng plzma of action, viz., the

2niz -5 All this plainly teaches ns, that in order to guard a building effectually -
our to bring the general

" against damage by Lightning, we must

.- stracture as nearly as ma in S5 isti it *
R s b e Ut pasie o s g S
- .6 To this end. Oneofnmmwnduaingchmds'oprerd ing
S D= upon the magnitude and extent of the building should bepsystexzp:ftlilgalﬂno
L - - applied tothe walls; these conducting channels should consist eit 4

: > asin the method of fixine -
- such Conductors to the masts of Her Majesty’s Shipg, the plates being not -

- ; ; *tl of an inch in thickness
= Conductors may with advantage be constructed of stout copper piéﬁ;rlgg -
&:anin diameter : in either case
walls of the buﬂding, either by

should terminate in solid metal rodi "

am, at : :
above the point to which they are fixed :n;lgg*;l:te and convenient height

. : : they should terminate i .- <
G F pootbl, Dy sl 2200 8 fot wnlr the e of e
L mCiist’grorqu. Sl : Pt ed'nh 2 sprng of water or other -
-t would be proper in certain dry situations. 101 : S
under the grourd, eld iron or od?; Mm{ﬂfﬁwoiu: everdl Hirechions
e‘f‘;ntA(g retailic contact in the surface of the earth, Rty
-7+ AL the metals in the roof o pazts Wine o
~kind, should so fa Sble, b ober parts of s building of whatever

bk e

i )

. ;he Conducters should be securely fixed to the
- braces, or copper nails, or clamps;
- - above, projecting freely into the at they
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f,:'_‘ 89, then the discharge will fall
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conducting lnes will be confined to the Conductors as constituting a line
of discharge of less resistance than any other line of discharge through the
building, which can be assigned. The apprehension of ““ Lateral Discharge”
therefore, from the Conductor, is quite absurd, and is not countenanced by -
any fact whatever; if any doubt could possibly exist, it would be now most
completely set af rest by the experience of the permanent Conductors, applicd
to the masts of er Majesty’s Ships. In very many instances furious dis-
charges of Lightning have fallen on the masts with a crash as if the Ship’s
broadside had been fired, and the solid point aloft has been found melted ; in
all these eases electrical discharge robbed by the Conductar of its explosive
violence, has traversed the line of action to the Sea, through the Ship, and
through the eopper bolts driven through the Ship’s solid timbers, without the
least damage to the surrounding masses, whether metallic, as in the ‘case of
the massive iron hoops on the lower masts, or not. Persons have been either
close by or actmzlly leaning against the Conductors at the time, without &
iencing any il co ce.. s ety B - ” _
9. Rmarcmb a?%—ltm also been incontestably shown, that metallic
bodies have not any specific attractive force or affinity for the matter of
Lightning, metals are as little attractive of -lightning 2s wood or stone ;
all matter is equally indifferent to Electricity so far as regards a-specific
attraction, hence the idea that ‘metals attract or invite Lightning is a
popalar but very unlearned error contradicted by the most satisfactory
evidence, and the whole course of experience ; in short we find, that Lightning
falls indiscrimimately upon trees, rocks, and buildings, whether the buildings
have metals about them or not. e " e B
- In May, 1841, Lightning struck one of the high cylindrical chimneys at
the Royal William Victualling Yard, Plymouth, and rent it for 60 feet down,
this chimmey is built of granite, is 120 feet high, and has nof a perticle of
metal iz ils construction ; but what renders the circumstance more especially :
applicable to the present case, is the fact, that within 100 yands of this - -
chimrey stood a Clock Tower of equal altitude, having a weather-cock and
various metallic projections, a dome covered with metal, and a large Con-
ductor along i, to the ground; yet was this clock tower wmassailed by the
great thunder clond which spread its Lightnings over an area of certainly not _
less than 2 miles; and farther, the point of the chimney af which the damage =
ceased was just where it passed through a massive metallic roof comnected by <o
large Conductors with the gromd. — - - W il e
If no other case were on record similar $o this, this case alone, according to 15
the best inductivs philosophical reasoning, would be sufficient to overturn the | s
whole assumption of the attraction of Conductors for the matter of Lightning, - -
and the vulzar error that such Conductors invite to the buildings the very . _ .
destruction which they are set up to avoid ; in this, as in numerous otherre- 7~ *
corded cases, the Lightning fell on a structure, which according to the-popular < - --
error, held no “ invitation™ by metallic points or attraction; in preferencs to- <
3 structure which did hold cat such invitation ; a fact wholly at variance with .~ -~
the whole assumption. .. - 25T TRD TR BTG e sen gl T
I0. Remark 3.—A building, 2s is hence clear, may be struck and damaged -7 -
by Lightning without havine a particle of metal in its construction ; if there
bemeuhhxighﬁwwu,ﬁthey happen to. be in such situations as will - :
enzble them to facilitate the progress of the electrical discharge, s0 faras they . - -
on them in preference to other bodies offering -

Il




|

- OCCASIONAL PATERS I -

~_ more }esistaﬁé, iut not otherwise ;'. if - metallic | sibsta
* - present, or if present, they happen to occupy places in which they cannot be:

nees

be not.

2 of any nse in helping on the discharga in the course it wants to go, then - rthe:: [
electricity seizes upon other bodies, which He in ihat course, or which can - oy
= help it, however small their power of doing so, and in this -attempt such: =

<": bodies are commonly but not always shattered in pieces. The great law of -
= the discharge, is,—progress between the termninating planes of action -
- ¥iz : the clouds and earth, and in such Yine or lines
< the Teast mechanical impediment ‘or resistance 4o this
= faliing over the side of a hill in a rain storm, picks ou
*- by the force of gravity, all the Lttle furrows or chans
1o its course, and avoids those which do not. If i»

= you provide through the instrumentality of eficicnt

- -uninterrupted cowrse for the electrical discharge, then it will follow that

~ cowrse without damage to the general Structure ; if you do Dot, then -this

Irresistible agency -will find a course for itself t

or lines of least resistance to it, and will shake

In pieces in doing so; moreover it is to be

that the damage ensues, not where the m

“* be -continued, . the more metal i a

~ especially when connected by an unin

_communication with the earth. ~ -

Such i, I fact, the great condition

- Lightning Conductors, which is virta

Tine or lines of small resistance in giv

any other lines in the building, which can b

_ and in which by a law of pature the

‘10 any others. ~ - P L ko GRS B
2+ -—-The popular objections to Lightning Conductors on the ground, that they

hat"we do not know the quantity of -

- electricity in the clouds, and that hence they may cause destruction, are now

0 out of 2 want of knowledge of the

invite: Lightning to the building; t

-guite ‘untenable, and have ouly arise

= natnre of €lectrical action.
- the use of gutters and rainp

. or imviting a figw of water
-amount of rain in the clouds, it is
. Inundated, yet such is virtually the

apon the building

What should we think of a person objecting to
ipes for 2 house; on the ground of their attracting -

; ‘and since we do not know the
possible that the building may be thereby
argument against Lightning Conductors. ¥

a3 upon the whole, offer
operation, just as water.
{ or selects as it were
¢ls which lie convenient
= the case of Lightning -
Conductors, 2 free and

hrough the edifice iz some line -
all fmperfect conducting matter :
especially remarked in this case, -
etals are, but where they cease to
building therefore, “the better, ‘more -
terrupted circuit with amy medium of

n to ‘be satisfied in the application of
ally nothing more than the perfecting a .
en directions, less than the resistance in -

e assigned in any other direction,
electrical agency will move in preference

- . ‘It—'hasbe.:nmeommende&to

- cpposegi’o the principles upon which the Conductors are &
= -pxpelofeetdkiaat&omahouseifwewishtomm&m the roof A lamentable
= Con distent from e building recently’
ammca,thcresadzz’meufJ.Saniar,an. A Ligh
been set up within 10 feet of the south-east

S the

- Lightning Rod, 10 feet distant,

- guopowder, it would errtainky hav
.7 To detech or nsylat Letheg
> the Conductor is the chanyel

a otherwise insulate

result of the practice of lhan§
2 ..Wu(}ompwnl»cdgz.,in

-~ of emall dimensions of iron, had
. buﬂdﬁ,upmxsed&equnﬁ in cases of Gunpowder Ma,
would attract the Lightni i

3

chzrge will move in zrefirence

mductars is to run zwzy from
of communication with the ground, in which the .
10 any olher course, ondﬂwhg}tinsuh.tclheCoadncwqisto;

place Lightning Conductors some feet dictant from the
them frum the walls by glees oz resin; ell this is clearly
pplied; weshould not place a rain-

Lightning

¢ blown np..

our own pr'mciﬂe, which
electrical

s, thay
dis-

unobjectionable, and a source of security. . - -

P : ; o vrincinles. th cazine constru :
t follows from the foregoing principles, that a magazine w‘ff’ > R

tlxiﬂjl of c{mn or other metal, would be mfinitely more safe in I“"\’hfgm;‘g i
ctorms than if built with masonry in the usnal way s melallio xoofs for -y
S eguzines, with capacious metallic Conductors to the earth, would be.

Metallic gutters and ridges having continucus metallic connection with the - - '
5 ? o unobjectionable, . B LR A e W P et i, 2 7 Wl b
eargl:;gdal;ethod if Conduciors for magazines built of masonrg, ‘]:0311@ 1‘)’6 i
uch z:’;salready described, regerd being :had fo the position of the “‘1.]‘1!:11?"'?7 -
< extent, and Taost prominent points, glso to the nature, state, and condition
Lf the soil, whether it be moist or dry, alluvial ml(:}reous,_o.r of hart(llw TOCK t;alzz -
must also consider the extent, disposition, and peculiar position }(:; thgn;::of o "
bodies entering into the general structure of the building, whet b
poi or angular in various g i e i, =i g ks
ﬁati‘}?;gilzif%pmjecfing extremities of the Conductors, one or more as the .
case may be, will be. commonly sufficient; bat,-m buildings hathﬂ:g tall -
chimneys or other elevated prominent points, at a distance ﬁ‘tglj; he Mamb n
Conductor, it will be requisite to gunard such- chimmeys m"octl parisbya .
pointed Tod, led along them to the metals of the roof, or directly wnnectcd : ‘
with the Main Conductors, by metallic connections. .~ - .=~ ; S m : A
12. Pointed terminations of the Conductors in the air arc so far Imggh o
that they tend to break the force of a discharge of Lightning when ﬁz : S h
toem. In fact, before the Ereét shock ict(‘:lfauticm}é? Pplace, nﬁ%ﬁh othoel;:i :e R
nse explosion, a very large amoun scharge, ‘ . o
:-gédbe c%ncentrated, r’Zns ocﬁ, 'li it were, *l_;hmugh the pomjed C?nﬂuctm, .
ut they have no other influence. *. . Ge TR e R PR V =
° Withyrespect to these pointed terminations, no great care n?e&b;b‘; K}en o
about them, except that they should consist of solid copper rod of & e ees o7
quarters of an inch in diameter and about a foot in length, and be u%o t'ig
trazing to the conducting tube, elevate;ll_ at snch »ccnyar::: he1ght above
walls of the building as the nature of the case may snggest. - 7. =~
alAlss a support tontT”he Conducto;ﬁﬁhttxﬁ Taised above the wall, we may employ
a small staff or spar of wood fixed to the masonry. - - e FEEE
1t has been ozgasionally the practice to gild the points of ngh::nm.g Con= © :
ductors, or make them of platinum, or otherwise bestow an ex raordinary- TEA
amount of care on perfecting the point, a1l of which is not only nnnecgss:;xy FRAL
but in some instances detrimental to -the ‘action of the Confiuctor; i, AR
example, the Conductor be constructed of copper (a metal of high conila\gcxtlmg o
power) then it would be wanifestly prejudicial to terminate 1t 1n ‘a p u;nf
Point, platinum being a metal not having one-half the qgr_xdx;ctmg power :

s T st

Provide far & contingency at once subversive of our principle.” Is it possible to eonceive that e I
an agency which can rend large rocks and trees; bresk &mperhaps, amile of dense nir,
Ludfa)-themastofnship weighing 18 tons in ruins, is to be arrested in mwm-se»bya}';zs
of glass or pitch, an inch thick or less, supposing its Tourse were from-any csuse determ

A5 z : Y b}s'th-am_'oﬁcéera:mu]' ar area - T
pointed Conductor has boen supposed to protect by ¢ A L o
* ©qual to tiwice the radius of its elevation, which is a pure pice of hypothesis contradicted % R
SrPerience ; eg., Ships have been struck 2nd damaged by Lightning an the forernsst, a pombed .- -
Conductor being upon the mainmast, v - oL Lol

E3
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i Mugﬁ.has been said relative to the oxidation cf the ;m'faceA of the;netal,
but this is of very little moment to the line of conduction, and, in the case of
copper, it js trifling. * Under any ci

! ; Tminating solid
S brgiﬁ I;e &ng&ﬁgﬁd; alux;:lols)te any fermination of the condnctor, even if a
g in , WO virtual} i opposed usand
-~ _*13. Copper linings to the doors and
objectionable, if Tequisite, as a precantion against fire ; but they are useless as
a means. of keeping out Lightning ; on the other hand, # is not easy
Celve a case in which the explosion of the gunpowder is to be apprehended
from the action of Lightning on the doors or windows ; supposing, however,
such metallic linings desirable as a precaution against common cases of fire,
then the masses of metal should, according to the principles already laid down
have metallic communication with the general system of conduction in
the building and the Main Conductor. . S R

hinig Conductors or Hagesivs wsd ofher Butlisn, -~
o L Wleher = bllow or sclid Condctr b the more docihle,the s
Ofme.mbdngthe same? .. . - be.thglfl.m? WEAMqummy

Th18 questionhas bm . T:'- N = fs dEes, ) =3 T
of 2n electrical discharoe usually considered in relation to the heating effects

a Lightning Conductor, we ma consider the Condyct
charged with electric; S ine g en '([Oimr .
tion ofthe Conducter,.” 5 © P10 & given diretion,

i A=
¥

mndow;huttem of magazm i a are not
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7 Now it is proved, that, in 8 case of this kind, the greater. the extenlof = . -
curface over which the Electricity ean expand, the less the intensity or . -
. activity In any one point ; in fact, the intensity appmac.hcs the seco_nc_l power
“or square of the surface inversely, so that a given quantity of Electnmf:y: dis- " -
7 ‘hosed -on twice the extent of surface, has only one-fourth the activity or i
3 .?nt'ensity, whilst fwice the quantity an the same surface has four times the - g
- adiivity considered in any one pomt. . Take, for example, two Conductors, - < :
Aand 2 A, whose surfaces are 1 and 2, or-double the surface of A 5 let the =
masses be the same if you wish. - ----- o
2 Then if a given quantity of Electricity be disposed on, or pervade the -
smaller swrface A, an electroscope E will evince 2 high intensity, and will ~:.-
stand out violently as it were; whereas the same quantity disposed, on 2 A -
= will'repose with so much more quietude,” on the double surface, that the— :
- electroscope E will evince bui little comparative action. See Pkil. Trans. for . . -
1834. page 220, for the laws of this action.-"-.~- - -+ = =, 3
. It is hence important to give the charge free room of expansion, by in-
creasing the surface of the Conductor, so as to reduce the mechanical actxvxt_y
of the shock considered as an evanescent charge, to the least possible. This BEr.
question is still open to much valuable investigation 5 & large number of facts - ;
might be quoted bearing on #. A e .
Rectangular flat bars may be employed, if found convenient for attaching to
the walls of a bullding. - -~~~ 7 - . : S e H
.2, In the case of a Bain Pipe, communicating with the Main Conductor, it :
would be certainly proper to connect it (the pipe) by a metallic communication . ..
with the ground, on the principles %bove explamed ; it admits ofa certaim - -
quantity of the charge expanding into a general surface of conduction to the .
earth, as explained in preceding papers. - = - En R
.- Reinark.—All those substances, termed imperfect Conductors, such as the ===+

- the limit of conducting power ; ome great end of the Conductor is to relieve . .. :
~the wood or masonry of the quantity it cannot discharge without explosion; -
by thus completing the conducting power of the general mass we use up, asit
© Were, in connection with the Conductors, all the usefal conduction of the wood
=of aship’s mast or the masonry of a building, and so convert into a source of
- safety what would otherwise be inefficient to the security of the building, all
.this is consistent with principles, before explained, relative to resistance. <=~~~
., . 8. Whether Conductors of iron may not be employed for buildings, copper
_-_being expensive and liable to be stolen, &e.?. - .
=~ The common Conductors of small iron rod or wire are very cbjectionable, -
= they commonly rust out at the joints and have fallen to pleces, and have been -

- - Cfien Imocked in pieces by Lightning. If iron be employed, which it certainly
-~ mmay be, and with advantage, it should be coated with zinc, a modern practice, ~ -
"7 0T what'is called ¢ galoanized.” Zinc is even a etfer Conductor than iron,
-20d, being spread over the surface, would not be open to the objection of
... ‘making a Conductor of two metals of unequal conducting power; in the case

~. "ol the charge being constrained to pass out of the one into the other, in con-
_‘t‘;ﬂ’lahon; zine has one-third the conducting power of copper; iron has only “=-
~2oaut one-fifth the conducting powerofeopper, ... "~ " :

-
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PR Wherethe éondl;étom;m ca aci A i - = - e i
- and.are not heated sensibly, th pacious, as respects the intensity of the shock;
*~ ~mere conduction approaches a ratio of ity; 1 heks of Lirhtning
A I  Tatio of equality ; in Jeavy shocks of Lichinine

- B ':};& gﬁ:ﬁnﬁ;ﬁc&?ﬁ% fStﬂl there is no dozybt but thatli 1.11;10123
| g £t be formed of galvanized iron-* ; '
e e b vl e L f e i
L T -y screwed together, in joints of ezfra thickness i n

-~ - §as pipes; ine - . 8, as In certain
[ — %‘?fp pes; copper tubing of a g}ﬂm thm]mms,‘hoirevegzs always to be.
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The flat Conductors are fixed to the brickwork of the gables, by wrought
copper holdfasts. - < LR peeming :

‘The flat Conductors which pass over the vaBey kueelers .are three inches. ...
wide, and one-cighth of an inch thick, connmected with and rivetted to the =
copper rain water-down pipes on the face of the building; thus forming a -
direct metallic communication with the ground ; on the ounter slopes of the
roofs, by the copper eaves, guticrs, and’ descending pipes in the centre of the
A AT : s s PR e , ;

Pointed solid copper rods haif an inch dismeter are fixed on the point of
each gable, in connection with the Conductor, on the ridge, and projecting
five feet above the highest part of the bullding. .-~~~ -~ " - - :

The Condnctors or rods on the opposite gable of each roof are connected
by a copper band, four inches wide and one-vighth of an inch thick, secarely

8. e e
',"’.z,."g; I%‘Is‘

)

fised on the ridge roll, by wronght copper nails, about two feet apart. =~ =
The copper sheathings on the doors of Magazines are connected with the™ -
lower end of the rain water pipes by flat copper bands, two inches wide, and
one-eighth of an inch thick, fixed to the stone plinth by copper nails driven:-
into wood plugs about half an inch diameter and two feet apart.> =0
A copper band two inches wide, one-eighth-of an inch thick, and about & .
eighteen inches long,is lapped round the Jower end of the rain water pipesat: -
the surface of the ground, and fixed to the sione plinth; this band is rivetted -
" to the upper end of the underground Conductor. - - % - g g AT
The underground Conductors, three inches wide and one-eighth of an inch %
thick, fixed to the band at the foot of each copper rain water pipe, run four . .- .
feet from the building, to the end of which are rivetted two copper bands, each
eight feet long, two inches wide, and one-eighth of an inch thick, these Con-
ductors are about two and a half feet from the surface of the ground at the
lowest end, and covered with coal ashesand earth. © -ob - . L -
‘Where ‘the fubular Conduoctors could not -be had -of sufficent Jlength . @ .
in one piece, they are connected - by 2n tnion joint, and strengthened ~ 7777
by a small pipe or ferrdle, ebout four inches lorng, inzide the tube, and. -
Tivetted to each end in the same manmer as the fubes are connected to the
In the old magazines, where the rain water pipes are Jead, the tubdlar con-- = - ©
ductors are continued from the roof to the ground. Zsrm s »at it LA -

ST

iron chains

Ifglbziny Condéctorx,‘fec&;dly _ﬁ.m{
i Magasines, at Weedon,

Letter from M. Heather of the Rogal Militery decdeng,

" - The sabular Confstors on fhe Todfs soitob ooy o
: uctor consist of y ing
;l:él uﬁ;itg’ end one-elgh}’i of an inch thick; and mOhlzdcool:'P;rﬂ ttﬂf lglga,tline :
: copings, on the inside of tach sab] . s
- : : gable, from th,
f L o e
: e o the : 3
=§ fhcﬂat Conductors, which pass.over the valley ‘l‘cnegeg.u m_m f:sa‘ﬁij'ed to

on The Hethod of - :

 Woolwich, 25th July, 1858.-

My pEax Siz, o A

B bl b LM (s 4 i Lhad e Yl e e
¥ ' ! )

. The sethod of ﬁrmg mox‘ta;s mth p{rket a5l phxmb line, :has:foﬁéx; -
s appeared to me to possess rudeness without simplicity, and to be deficient, .
= both as regards accuracy and grickness of fieg. - L -

z

B T R ey






