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PREFACE.

B roadway,
Stratford,

January 26th, 1892,

A Meeting of the Institute of Marine Engineers
was held on Tuesday evenlngE, January 12th, in Gresham
'College, Basinghall Street, E.C., by the courtesy and
kind “permission of the Honorary Secretary and ~ Com-
mittee, -when a Paper on * Stabl|lt%/, and the Motions of
a Yessel among Waves,” Part IT, by Mr. John A. Rowe,
was read.

The Meeting was presided over by Mr. J. H.
Thomson.  Professor Greenhill and Mr. Macfarlane Gray
took part in the brief discussion which ensued.

A Meeting was held in the Town Hall, Stratford,
Premded over ?, Mr. \V. H. White_(Chief Constructor
0 the Admiralty) when the discussion on Mr. Rowe’s
Paper was resumed this evening.

The Author of the Paper briefly referred to the
remarks made at the previous meeting, thus initiating
the Discussion which was taken part in by many of the
Members who were present. The Chairman made some
very interesting comments on the subject, and on the
remarks made In the course of the evening.

Mr. White had to leave before the close of the
meeting, and a hearty vote of thanks was awarded to
him and courteous(ly_ responded to. Mr. Macfarlane
Gray was then voted into the chair and presided till the

-Close.
JAS. ADAMSON,

Honorary Secretary.






STABILITY,

AND THE

MOTIONS OF A VESSEL AMONG WAVES.

FART II.
th forme !fart of this pa er it w?s said that

Hw%mﬂ%é%{m e@” i Qﬁm%a%m
to ocate e}gther

%r p |n
ositions . of B a be dfermme
Eom ut?tlon nd ex eere1 t e o owin {y
e il
%ngd“ andc' If understo rg enal)les one to E%épnk ?Ieamy

when engta%ep In tTﬁeS(ﬂlunon of a pro

Bar tive % stance between B and M can
ound by computation thus :—
= MomentPfIner%la ofWateerearea |
Volume of Displacement
The . manent 0 nertla IS taken Fb ut |a lin
re an

%ﬁ% 1 ATl i, e o e, Pne. ¢

that t ewaterl]rPe a[]eadp ﬁ 1pan of fl fOY&'[IOP] IS tﬂg

superficial area of t ko I‘ﬂ easur d at the
also

Waler Iine. as this areavaries erent draughts
fawater the moment of Inertia Wfﬂ vary. J

% volyme. oI dis l%Iaeement is, of course,

ﬂ]”ugé elr}lhnﬁesrsﬁ in t Hjlledb 'the mean bréa tp

I
raught, an thus tf1 Tencg%ﬁp% I| asﬁmﬁ”nelsa\)l/v
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a|d to be the me sure f a vessel’s stability derived'
rom apeo 3 % In a given ship, vary
con5| era Iy at |ferent raugnts.

From what h s aI ead heen said ce ntnl? the
1g. 1’5

ansfer o ncy a
|stanceoI eves eIsbe myah ‘ | [an ti
now to determine the |stanceB | rea
undetrsttoo th of balk
Let ngth of ha
%regadh

eptt] of i |mmer3|orf]
X = circular measure of the angle of inclination.

the balk inclined th ly small
g, et el o

Then (BMx5)xIxbxd=8 p x Ix » ;

BMxb d=7>
and B M =",
In thi h= 35.f
R g

B M= JxTft! = 15723 feet-

il L BRREDE ® fe e
1#23 18%8 feet above the gtt%r% ormﬁ i

B e
and(g It 1S a'?so possﬂale to pal 9 é Eorlnputahon
To find B 11 in vessels Igsts simpl |nf rm than a
balé1 mPe a5| ht el[ﬁ ormu Ftust he

for t riowm a emo ento Inertia
? atrmeaei %Shl i3 1ess antato
tregtamin e Oa Vtvhae safm% enHt tﬁ) breaﬁth on accoanto

I

? R w and stern: an tp
ship’s displacement Is less t an%ato the reckan% or
th esame reason. It has been shown that in the Case of



a rectangle

BAL Y — By - - B
And experience has proved that in a very fine vessel

BMzgﬁ-'ﬁSL:g\;:

Petween these fwo extrerines of fullnﬁs and f| eness of
rm, the eo- effl(i entsvy vary from nhean
a?l which, 18, will apply to tie great majorl y of ships

avessel? tabilit ?rm varies approxi
s?uareo t ebeaﬁw [T It were os le toa ve eet
beam to a tender ship possessedo 30 feet beam, we

should increase her stability by A = 1J times,

[t s sometimes stafed hat .2 vessel’s stapilit X
varies as the heam cubedf ﬁ IS incorrect, |1 tH
depth remains constant, for, although in"the ‘formu

BM= the breadth cubed appears, it must not be

forgotten that the breadth is nvolved in Y of the
derominator.

From the, ahov? Formulae it maéhe ﬂ]ath red tmat

Find B M in a vessel 330 feet long, 41 feet broad,
Pfgcleﬁn 58% tons d?spfacement wetlg%g Use the co-
BM= = %3&95)(46“ o Ol feet

ShIpX C(‘](blcthfeeevcilume of displacement = Weight of

The formulaB M =y is worth remembering. It
enables qne to udﬂ]e ipstantly what effect. avessFIs
&ange of drau#ht |I ave u?on I stapl |tY
Z}e momen? merta increae, fer s(s It

Y Oecrease

i ol LI pole ko

s Wil good.



8

f ill h di k I
ol e nEt [l e

C
hﬂﬁég?st(j V\ylerﬁlﬂe ang fUiise e fOI'W&{

3 anove. The ormnawe
e been |scuas|ng explains the meantng this
Full [ines at an e water line willincrease a

esses oment of tertla of the water line area. Fine
|nes under water wm d|m|ntsn the voﬁume o? dasprace-

ment.
CURVES OF _ STABILITY.
h IS'I('jATIC S-(li-ABngZYF 0 ¢
t has already heen said that rawn
Lrom G at t? pe | g?jes {0 t EQIrECéIQn loe force u

H%E ét”ﬂ tmth esseﬁ |ﬁnttnsm| er

gcttn mo ent In_foot tonsw H eangi of
lination corr C?ndtn\g to the Ti tlng arm.
moment IS c essef sta IC sablltt n

exam [tatlon o v¥ |s con
ttpua Y creasmg |th the an%eo [0 Htl th
edecrk entes ewater oon after t

%O ImH]IS a time, sa};dat an aﬂat\lt %fe%l

rom the verfical, |t isappear the vessel capsjze
so d|m|n|shes as tth/eSfet a Eroachﬁs thehv rttca?
ears perg Ia tf |& e(n the ‘masts

eve 0

are atr tan est M esnotvg
In this anner ngu is co stant |n lven s g;

when dthev %sel ro s t eratte
excee the ve |c££ ntqnls e%/ t0 a
certain e%tenﬁ g end| on t orm 0 t

the  vessel 1o ﬁ t e arhge menétone

Dr%s'“%ange m(é(s)?st gte%otreer It1ttetwn the p%elsnn Ci\/lsand

it occurs because the formula 3M =y for the upright
position no longer holds good.
the changes ip.the length of the ri
am G gvaﬁe showngotn Elg g }nﬁnhch Es | teng (5 t
represent the curve of stability of a somewhat tender
*Part 1.



sln OITnneatéagﬁ |1I el leIdE&i into %eéqreeqsﬁﬁﬂd glrrtl)ﬂmS
%nare awn atr?ht an Eas TII rou? P\ ints /

els rawn] H th ne at.zero and 60°,
At ahoyt 30° the ng nPI arm has attaine lt g]am
mum e |C|ence$ 60 Isnil, and t evesse en%%
ca |se e .moment

swel% J e}ln t|n arms a ove the Base are
E ositive, and tend o re torB Fev sse| to the perpendi-
u . Ther tln rnn owte ase |s r}]e atlve
exertsaca |2| ffct The ﬁomt Whe
curve Crosse dﬁ Ing, |s ed te om oé
¥an|sh|ng sta |I|t and the range o Stablhgl asure
rom thi g lntt 'zero,  In.t |s case It IS 6 erees

a ecia gason the Wnter scnosen eof
sma e and area tean? 15° G ?
°13o a ot at 30° let it he 24 ofafoot. T ese sma]l
r|1g {ng %ms correspo n mgno eta-centric F

| t, have, It Is said, ound In steamers
with omo?eneous cargoes and as Wltha%ven r t-

i e, S P M
> han a smal er Vesse the same th o

ein
nr%arm But the 11 htlng ar S0 vessg]s arry-
0geneous carﬂoes fh out, great care.’Is

CISEdI stow ru ence own the antit
>f§ rejght carnegg%ecompe so small’. as to Be mgﬁmlen?’
'and tﬂerefore angerous at aea l? stormy. we ther’
For'.if a vessel’s car oso 5|t an sesEouId

acquire a permanen sto of stabilit
onq | ahﬁ’s ca e—the star oarg j %eun er thg
most avouraRe condmons redu % #

maxjmum %g ting arm to abo a foot n%

con |t|o not he unsae In smooth water

she w u % survive a ong s‘ %fs seeln%
that the star oar rol wou a bg caus
*ewate“ rfp F over the uwarks and lead to a
urther shifting of cargo.

[tisi o Btant to Lemember that a vessel doeF R
eease to_roll because her cgrgo has ihl de
centre of gravity Is not raised,”she will roll as much as
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she did before and at the same angri)l
bhte centre q %ravrtﬁ/ e sr alrse
ero rng eriod sl 'ﬁ ncreasedb the alte
atro Ins| rLr cant rcldnsrderatron ut
ar f< nt e star oar side sersmoreo&en f0
t ttac of the atoteetento Bg
rnsh rro to ort, an to starboard’ not fror[r
[] \Rlosrtro Whe[]e the masts were vertrCﬁ
ut romt ne osdhon W ere the m StS are on t
Ftarboard side Incli

T 10 t e water
Hence, 0 Star oar the, 1l

wrlbe decrease an the rhe reduced eﬁ? Hn& !

Prgduced Un ertur?a%efa thfe stoaﬁf:ip ?srte seucéhwas p
S pot measure hhes erior. resistance, b

e
Inferior: andt ol [h float oratrme shem t
sooHer or later suctumb in storm eJ esgecra
with. engipes disabled. I grai coa en Wi
cagsrze IT Jaden wrth?e ora Im 0 that affords

reat stability, she «ill proba lpun tro&; he

aves te rrn her o 3 rg

oeron tezle[r? termined By the masts, u(s
dl e vertica rethroug the centr ofgravrty an
oyancy.

From what hafs Reen sa}d it wrrl no doubL

e ?dhetrhoata?denot C ey ams of By niooglcer
ﬁow how o uhrs}/ ettertgn we eanI teyl n¥

i1t not done ?  The most Important re to thrs,
que)étron brings us to the consrdera lon 0? Ply

DYNAMIC STABILITY AND OSCILLATIONS
AMONG WAYES.

Mo t?f y%u are aware th]at In computrn Has SoIIrn

WO n Ip—that Is, the trme
ho 0 hﬂ the vertical and agar —s els
somehow , or other

&egar €0 as a pen U Iﬂ his Is a
correct VI%W to take™ of the matt Ml ESUbLeeCrhelr?

il e peTISer By What has 3ppesed o b T



11

contradiction t“getween theory and pacttce CI:or In-
stance, f ou are aware that te period T of a
bob-pendulum irf seconds s

T=3-1416x \I Le7. thf: Ffet =3-1416x >/%="551* \IR
R is the Iength of the pendulum in feet.

In this foLmuIa itis clear |he %rlod of a pendulum
varies as the square root of its len é)

~ For the smooth water period of a ship the formula
IS somewhat 3ﬂgferent and Ps as fo [tj ﬂows P
554 x

T=3.1416 aWnsg.mm1l
w Gravity x 3leta-(Jentric Height

lyehenradtus of gyration and the meta-centric helght to-

An examma“ton of th|s formétlla r?veals the Jact

t}atavesse sra Ing period varies directly as the radius
lgaratton ah ,1 ersey as the ‘squar (?ot 0

rne centttc dt |I e Increased In Ien%\lt\
e vessel's WI,_] he sportene and she
S s s R
us gtt?t ﬂ %T IS t e dlstance etyeen the

st%eIs olnto |I||at| n.and her centre of gravity.
there”Is an ot|o | Me strip It |s
of necessity a out at a eng

But the formula T = 554 \]r shows clearly

e e ot vl
entlre If ereﬁ1 |0qf ?s been constructed byt
writer simplifying some points” not

general|y underst 0

The vessel is shown uprjght on the wave-slope
[n this Posmo the %r%e pofgbuoyancy Whlﬁ act at
rg mtan ?s 0] tBe reave ﬁurace 8 It acts at [l tan Ies
t&t es&

ice, 0 smooth_ water, i tes rlg tmg
his length in feet, muttp le ah hip
wetght I tons,"is what we have ca Ve vess
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nah“ mament, 1 OL"V‘."U? hat tﬂlsthené?“b%ﬂa
9;33 i e nwvan.affa i
n% tgr\%]f1 # 0 the wave sﬁo e, we could in Pantf give
a sur ace to the se% ewoudﬁo through thg
ual extlngu 'n the ranI g o?‘ (gscelllvt?mC Pa
g élstance oﬁered to tﬁe |mmerse3 portlgn of
ain, if G0 and M T edrawn at r| ht anﬂ]les
; %noaa“ gl S8 e
P a]cfedgasnnre] \L/JV yant orceoxvenltc equa ngvglgln
% G M ll% aann OS\?vgro roa ﬁ %e vesse?s centre
w ma gh d It, and rect our at&entlon ex-
g sivel nf] onent whose direction. is
0

own rro whose amount IS M 0 x Sine
the a g |nc nation.

ket th an le of the wave slope be 9°, hhe yessel’s
welg ons, her mgta ce trlﬁ hei eet.
F# t eturnlng moment about G, the ve selscentre
gravity.
The co m1p00888t MT = I%AGO- X Sino of 9°,
This %orce of 1.560 acts at eeHdof t]h ?ev ré M oft.:

tng l this case, the Turning
Moment = 1 tnsx6 eet = 9,360 foottons

But hti tis th ht of th

Pdtl Hed‘ e”ﬂe 'rjﬂh’ﬂ%”eé‘m%s \?ngtlgls tﬁe preoa cpt
thése quantities

G Z therighting arm= ngSmeofﬁf‘;-Gx 156= 936,

Righting moment = 10000 x -8%6= 9360 Foot Tons.

oth calculations declare the righting moment to
he 9, GOWoot tons. gnting
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In other Words the weight of the shlg into tho
hting, ar ecompoPentMTlﬂ he Inet
eetncheV9t B Y)V ﬁ asteceneo
'goyratlon eshaII e le to .rea |sedt ehnatureo the

ree tendin enro uce motion, and the character of
the resistanc off red to It.

Let us for & moment suppose that G is a fixed
i B, S
Its rapdlus of gyrattog%elng Yp y

Bg/ an examin tlo of F| 15t WI|| eseen th t

P ater G M s wn |ve honzo orce

reater isthe turnin ment An e aerthe

raditis 0 ﬂyratlon ¢} a ler wil e3|st

a[rhce and t mcker WI| em tion.0 osm ?
eforces nec ssar fop uce and maintain oscilla

tions In a heavy an |na| tsw% P%boat ref C'[IV%

a

WI” help fo0 a untierstan ?
moment of the acce eratln? I out he centre 0

S
suspension varies as the welght o? the boat.

emTuO Iggtgén ﬂrefietveStabIIItYf and r%L(J]n:([‘(?tnteonon

gu umﬁt Y t0 t] oderates%a utzi
Pt L
zglitmelnls the Ieverageq%ar ti? Xng rin%rease the Fengt

Wlth regard to G Yt, which is obtained b%leldln

the esse smmHent of |nertha about G e su

the w t% extra t|n fquare root it 1S evident

that | eo&\e aa[evesse N

asm % vesse %n mcre sed by placin movable
elgnts towardfs the bulwarks, but no such hange as
this”will be su f|C|ent to make the radius 0 tion

e obtalne% %3/

reat enough Ve nse to a Slow ratE 0 os%t,
fs cn\ y bmrI grs ?owﬁglge 3
teer a an

n eas% onon qn sm?*l crafts ma
sta(htl gHenc the
ect ship. T ey have {0 between Scy

per
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Charybdis, Worse still, they strive to Ieas shi

owHe¥s who kno utI| ttle t/ the drffrcult £s o? nav%l
rchitecture ; and to rfleaset emselves, with the result
that they sometimes please neither,

. This much is certain, Most shrpburlders all
important ones are coEnpetent t0 build vessels that
fte ﬁseawor the fiercest storms taat blow

y NOW more bo t tﬁe sugtre t we are rseusirn
ﬁ?w en V%Srsel é
sign a craft that wauld yie
the hestresl tsrnseede tﬁ
h Ic know Htl man
OWners hy experl ncet
sta eno e s ( er the most
unav % Xondntro of oagr i urth rwer]?r
erent
conditions of stowage, tto t%e ven 1
ortgegxrd ce of { gtr’wast

eedt Canwgsgoh #oremed arrr]r what trade she
O Foom and staility. But
I .
nPrO uceaearsmﬁ?hat 1S steaé{ f #e at theos
i e
rhgtre erefore ? 8 Hat
t reu ? therrvessels fna r%ven trade, \t
%: etter or t em to say (J vessels
N
Vesse grns her career, her chagracter as eates
t%Sst%%tf y a dmotrfns amon ves under L
gur? erto the owner
may have to take comman i |ps oints he as
we nown as a horse’s,_and on N ﬂrrga%t ca grve the

information required. ' That ma

[t qas often berin asked : Is ,t notrp 1s|ble to build
rpg reat stabilit onero PPOC wrtrescnPe
hecke Ya ntse ern or foreign to the hul

annotro in ereguate

nde im ortaPt answert thrs uest on ma Ee seen
onbor ev ral 0 war ere eta S ave
across about ater rne

ese tan are r water vets)ses
are roIIrng eavry a t erref ect isma emanr estby a
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[)educt on he angle of roll. . Such free water has
caclo

e oun In, extinguishin Iesof
ro? noﬁrerwors it : 8F ? ét% cEg

vesse rolls 30 degrees fromt e .U rr tan a0 ar
t.15 seryicea et vessels passin rough about ha
thrs angle or less.

tho II ee kg #gr t?trt]é Imleorteg?srtarh%%dto ?nﬂ Séde Lkeeli]

es are said to acquire reatv
ns This arrge ro t e fact that a vess
an arc of 60° In nearly th esame trmet at
ou h.an arc of 10° or’less, Her anqu ar
rt SiX tr es as qreat in the former s
ase an e assume that t srstance
an s as t velocity, 1t wi fo ow that
kee er3 times the res tanc
5% AP rough an arc of 60c as when rolling t roug
ec
bt . o O L

rollin lr a n ﬁ
In short en%ths are sald to_have been experimentally
proved greatly superior to erther

At thr? pgrnt it. ma weII \}o c?(nsrder t] e-
uestron 0 namrc a t ou now Wﬁ
otentra enera/ %/ lift a g und wel t
romte ﬁ to this Ie ou cr% otenh
energy {ﬁ]esttouc a ewerr%ntfa 10t
rou nd in r% Is anle to Pvercg ergsrstance
otentra energfy ﬁ he result o Istur nce of
equrr rum arp strrrag he struck as ”a |nr9
ener%y r% rred t0 15 visible In rebo d’a 0

vr ration esame with com ressrnﬁ Lextep
springs, raising water from the oc ahtot ascoud?
um |n ate into reservoirs, hottlin ?uns I
ar Instan es of stora enerr{yt atmag

be utr se IT we know eactro 0

storeswav ene Lns rpstoa extent e ndi 9
their wel tan ani anner of ?Ieer ain-
Ing the amount o Work ut |nto as Ip 15 as follows:—
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Prg 15. The fErceMT- 1,560 tons becon]esnrlwhen
he vessel’s dec 8araILeI to the wave slope or 10 a
smooth Sea, heref re the mean force actrng fo turn
the ship_at M about the centre Qis~~= ~ =780
tonsr This meFrn force througeh the space

angen t e ag incl na

lon = f ‘158=19 feet tons x "9
#eet- 938%4 Foot Tons Dynamr%:?l Sta rﬁty
n large vessels it is urte accurate to regard
the a W%Ie gfe the wave p h ?e a%t e ectgve sfope o It
Ver, an erroront esrdeo safet to as umethé
evarratro s n Inclination and hrn g“yu e qf the f

ressure a parent wel e ship ma
Hetermrneg from the: upper surface of t the waver )

White gives the following simple
and usefuv¥ormul J g Simp
Dynamic Stability—The Ship’s weight x G M x Circular Measure

o d hrs IS tme potential ener h ork— rPaotfrnto

e Wayes chanor g rec(sro ﬁwor

h
huo a t rou
s¥ Be ta en outg the ghrp efore she will cease

o Ing.

The glgst rrrennp%rtar}]t a%ents to Jetard roIIrEg

are o reae 1o Viz
shoure " The unge rJ ht an nI%ft into t
oce?n an ﬂenerat waY vY]hr rush away at rrg
Hnestotevsses asrr esr
V\? the hand at creatés (i tur ance 5)
aves, orms mec ical

o:r undulations, ah
senergy.  Ene rag Y. created. %m and must exIst In
them so long aS'they retain the wave-form.

Storm- Wavesprodér ce violent roIIrnsg in the Iaroest of
|oati structures and these st ucture are occasfonal
rougnt to rest b asn\ N an com heex end turef
errsored

e]ner the orea ee errar
vesse re] t avreré e sh rhrf the qui \

motion, the more fremendous IS the ow she caH rnf f]ct
upon an approaching wave. But, unhappily, when t
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moment m of an qcean wave hsnot}on% resisted bvﬂ

[l but is Increased hy t namic e
the sH[ﬁ acr ax ocursythe 5@ errt]y P %
ow is manifeste jae vasse easr 8

wave byrst-

er ener emn
%gg sweeprn them rom

eh% to end. TYtrs contﬁtron o%thrn S, a agoutﬁo hasp i

bxe avrvolrt/r%r str'r%hv‘v? t(ﬁ/t?] \é?yetlzﬁotneof tHg fr § g osgrl atron
e Wave’s a ance rguresrt ﬂ rje
By any means to scale. ~ Theyroughly i ustrater £as

t this descrrgrt]rgn of the &av]ses wgrch lead . to

decs em SWept, oat 0USes erng arried
away 1S ret?urre IS ertarn com fn renark cqn-
cerming a shi tat 0€S no 8] butnLtt

Yes, a steg Brr ﬁ Ettlée
rock the 1 % regent tO'Ht eakers mrn a>‘g

that waves urst over ex cuse S ers stea
IS IS L -time error. oth rthi Ja s erngequ
the stea ys Ip has t esafest weather deck

We h I lculated, th tability o
the vees%glv erat[fe fo lculated lhe d%%“ LIty of
centric Cq 6 feet and a tron to { ﬁ
wa esurae

uic
heavy, rolier Wrrter as ha (ience
rf]sucatt a craft. - Assume this vessel’s adrus 8? ra-
tron @y, to E)e 22 ?eet Find her roIIrrng perrodgy

T= 554 \Ir2 $> = 554 \/ 2*22 5 seconds.

Thatist say she rrrvei at the end ofar I?H once rn
se onds, and makes rnute ach ti

meﬁrees T a VE?_’SglCWI?1

% er momentn; IS resi te It sea, an se
IS broug htto reat before the retu [o gr $, racking-
strarns ro uced uro]on the e riyeti o
IS severe F p S ave ven ost a
sea throg g nce o er roI mrg[r I”(n g out
the wea igots 0 oausr n(‘] eaks” that
f_ooner or later overcame t e s

pn POWET,
s e ey g 1R i
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of comparjson let us turn to an Atlantic
IrnerIpY %OOtonst (ht andameé e rrc‘t t

1foot. ~Compare er rogm%perro |t&the ormer
%2?8?@ Let the radius of gyration he the same as

Here T = 554 . M- = 12'19 seconds.

This change ﬂf meta-centric Per m hag converted
E ﬁr into a comfortable ship—into a
a giyen arc In more than twrce

eavy. quic
hlptn?n mq% muft e ot\éer d more Importa
stﬁl 1S tﬁ act tn t]mstea ftwepve roﬁs bemg mage
per minute—witn the mevitable racking-strains™ at the

send of each roll, we now have only ~ =4%9; sa
roIIs er mm te, onseqtr(ently if the Ir tﬁt

rre rnverse the rac st am urc
ro er came to grre in ten years, rfe of ther
would 24 years, Thrs computation is

of course ma Jalrccable Eec Use v sselswhrch are straingd
sea ar ar our, but the cost of rep arra
ent ro ng shrg IS sometimes en rgt \r

umrs es another “reason _for owners and builders to
ﬁ Ie meta-centric height as small as is consistent
with safety

. The rnrtral d namre stability (to coin apbras 28
this slow moving vessel .Is, when movrng roa e
armon Atlangrc aves wrt a Slope of 9° =123

ons, . This orce of course, I p rts. a rol J motron
[t will prarta ng motron nothin 8 ehto IFI
the wor t has pee sa(r ree
ater ncrsstanst E ean side esa

aus | nd arrest ro srt

ossrhfe% Xnamr evrc t]o prevent‘t %ehg'rol ing

t%b‘hy% 05 |mmed|atee austion of her dynami

0. 1Gis rntgnded fo answer |thrs question. ~ The
srrlg pr sent% r&rsetrr\tlﬁ /i Fio %are Ofrtt)W
on each side of the s rhrp in sh rtqeng%hs at about tﬁ
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1
water-line, ther f tfort]bemg {0 eﬁbaust the wewe

pO ItIO ﬂ Be em tYO

energ
3 r[)iyn th o the tiow keels Sach Tshbe IS arranged
un te vessel’s ro In er|o ey must b]
themsel ve]s In about the v%:sse S quart r pert d t |s
case n ! r?el Set 0en asmount% i tﬁr teF(oarn ed b the
su?eﬁ ? otb In the water an outo It, y
Ver few vessels are made to roII heavil %y one

aassmgc1 zi ||s tjte enerngal of many w%1

aces angles Qr rol mor on gach side o
evertlca hese hollomgkees i/v lf su)m:)ose
Prevené tfethseaccumu atlﬁ ol aagt){ og staO g %
h9p [t S% 0 tﬁese as compared t0 sofd Si e?<ees
t at |n enteHngntne wat tr) BF gao not Ero uce violent
Shglcr Snootn tssessm buo ant ?y steurbel% Oga ’ tt I%I
because of thelr en?erlu gra uail y mstegd o? acb%ptlr;/

T
on st tantlc stor waves are sal v
aerlo hout 12 seconds ; ther fore av se havm
NErlo a out 6 seconds will make two. ros urin e
hme shetfsses rom crestt cr st.  TwiceIn that pgriod

atera nt fore € Wave s
e e

e stea ccasiona w no doubt
avy but evycont nuous In cannot er We
lace, At the’same time t rt er 1S 0f 0 |

or. the est resuft to e obtained at s

er|o of t houl e|t er the r|o oft
ave noy e ha e|o o wave. 17.we avol
ese er|o S we avoid the s nc rom m which acts on

10 produce, and au me olling, just as an
a55|s |n Vté)l(f)%l given. tola g I er%ldned %foments F]ts
rglgtlve motlo 0 tbq an er Wwaye
period is 12 secons tes ps perlo IS 12 seco S.
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STABILITY.
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THE CHAIRMAN
Mr. T. P. AUKLAND,

(Honorary Member).

QOur very good friend Mr. Rowe hasbou ht before
us to- n| t"a most Interesting J%ag E ISC sslton
uNt extremely important™s dp the Sta |t3/
(I) esse crt)yf] arsgo hoth outwards and homeward

ention because there is. such aw e

ifference }/eray ﬁen the multitudinou ﬂes
crl tions of ¢ ﬁ;o out an ome, that captains o |3

steamers ve fo ex rc se the utmost care a
su ervision In ea ing with t eva ious weights of

ITferent cargoes they are equwe toc "B
tattes or stedmer % 'me ay be a
to s cc ssu surmount all the difficulties of sea-p
whic ma encPuntero t etrdourneyﬁ to an
ﬁvesse f? stowed should be iuthe con |t|on

haV| icl tsur sbuToa/ancg/ ﬁ enable er to

ia an easdya se% ights must he as
? |str| uted as p [s le, 50 that'no part o tttt)e
? ﬁ be unquly strained, she must not
(tioo st n] st not ﬁ 00 tender, or, in eif F ase,
|sastrous results may follow. 1t is quite possible for a



essel to beburlt in uchawacy thatwrth gne description
cargo sema perfectly safe-, and when aisea

wrth sqrb ﬁ% ﬁ% com naer Hr

reason%e wit ut wit anot er descrrp on o
car% this very same vessel my he most ns e
8 you an Instance, oneo man wrt ave
een ersona r?l acquar ted. (Iro %0
¥v r nowe a sa as poss

tom
HF\;/OEO?HE steEr Iernn sarmerwrté TT%]OStSﬂ]he 638§

aifht ut p utaqujtcar 0o Into thrs ame
she not stan U Bi canVﬁs neither s
(ﬂg 8 The reason o$¥thrs IS,

e e
cause her to be 0 V tg Hﬁ
o with 1,700 tons fcocanut Il an
ot?rder rg?rt
passae hecause directly he set sai
It 15 thus very Important that a captain should be we
Wi the o
S| N trsun ortunate unt en m
B to even indifferenc eqUEnces

aloft, thr nder

?ar 0. f emb er his ssme sﬁé coming omet g
ﬁ e A 5°%eat?s't”ﬁr§é icouce e pal aﬁ
eeled over so r that the sal became H Eonl
r{rseles hu i Qosrtrve)( dangerous, yet outwar our]

ull ol coal She wen welf enou? and steerea1 we

acq uarnter\iN nh re C areﬁcter ?rrs shr 50 t a }
f%%uﬂ ﬁevere vvCe B/a“%s W Cﬁa(\]r0 h %P Ay hr s
rn w acﬁPg t%ﬁerwrse have been ause greer In

to error #Pe jud mentwsen oa
f‘ue aste.to earn some ﬁoodp rergirrf af 1 emomep
erm iners are mos

L oL
cu tres becauset e are enera rﬁ/rﬁ 1]t S ecraly or th
re em nts tra%rl% c aéaree

urt er t ey gener Onr% ners who ake
everﬁ) care %hat the serve much as

Ean De featlly an eas.ri M ”Vnaét%"é%rorc?s they

an
are seldom more than we %ased ut the tramB
are recre Jﬁ to be veritale beast urden 0]

employed here, there, and everywnere, carrying any-

le, an
erea r
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thrn and everythrng whenever a freight is to he had.
to, these ar tramps t we ve to Iook r
esson in stabr Ity or | st an
r their gurdance i n hou eapp |e
e | at. (0% h'ﬁo e e o Lot
construct steg h h Qrvrr dend as
eanser or t the ex-

tramps mSE g }
ens (HP risk to life an the sajl t errvessels

anner. as a[fmh)setr% court disaster; the
vr en on provide aga nst fine or mo erate weat
tting norrn altogether the Tfact. that
We er, especr yrn certar arts, at er ain seas ns
most sure to encountered, then unable
er aps, to ns the seas, they ert er e terrr
attered, and ec s swepf, ever le bein
arrre away, or, worse still, sea rea overt em, an
meenu edaoeter Qrth ha
a |ze the ‘Steam murr the t
wrt da cargo o grain, when seventeen an $

wer drowne

\hl an rnstance of dangnerolusl bu(JIt steamers, some
few Vears ag o n proportion
to thelr reat cae {ee deck’stea ers A Leat
manprngerebur t'from the fact that |tw Xp ec({ e(v
chm 8 lar e carrres on accounto elr dept
|d not offer too Btuc resrstancfern their
steamrn ualities by too great breadth, byt of this t

someeréh(tyornrne In & com aratrvel’ysorttrme F
appeared—the majotity capsizing.

I feeI personallfv (and | am sure | echo the sentiments
resent when saK that we are all) extremely
oblrge 0 Mr. Rowe, for his kindness in bringing this
Paper before us, considering the extreme importance of
he subject, and the desirability, | may almost say the
Imperative necessity, that exists of ohtarnrng and practis-
ing rules ng regvl tions for the safety” of ships, in
respect to their build and stowage.
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CAPTAIN 1IO.LT
(President Ship-Masters’ Socrety)

| have had great pIeas(Jrremrn Irstenrn he pa er

just reaﬂh Mr. Rowe an at ev

man who ett% nowtheea
metatl' Htrrc ttha ul have, we er
grarn aen or 0 erwrse ava architects can eﬁ gr}

H P h t]area gd for, hut trs not therrfau
loade Iace trade .to carr
car}q euy nev Lwere mten e any s owners
fs died e question whet er thel ?] S were
rtte ﬂ articular cargoes or not, and thefefore |
la et nipowner and the shipmaster, not the naval

arcni

In the December nym Vr of the hrp |n Worliethe
al
o

uestron was started caI th ether it
asseto runu sttanswhethes &1
eavy rst ave direc E Be
e it waa hhen unsae to (o | Id -
[ernembere at a sh lorna %av sea is not elas IE
0yrhge at est but is llable to hrown vro ent ove
nher s every Wave, aser

rt)c
%/t the Sh S meta centr Cp% H% as only

st te
Yrvﬁs 00[ Ima II’I fhat W S only othesis, as
agen % Wit JX inc S of met

cen?rralﬂ r% wol ‘stapd any rojlin WU
il Mebp o Ll

WO to ee meacenrrc 0geta
two t fr ? t t t ?rt to7get
stea npat orm aro s rp must Uire more
than oot more the re uiré two feet.
war eed recom ene rg srsto ave o-
eet eet SIX Inches. I” shi s t 0]

ek ssee or or(r)r fs ﬁ metaecearrrt.errc% hts O te?nt
8e|r§ﬁ to nla the En ?neers " Soclety faking Ervﬁ]

trgagt rerbe%ﬁusevrrrere sth absterisoand g n(Lneers to X
|sgone thing trrat gcou? he oner}oraF |ps—worE|eng
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-out their stahility .with the eaentre of buotyﬁ]n%and

-cenére ofr ravit {omm %aw workin 8 rveg
R/ rawing a.circle hetween the centre o Yanc¥

the ehntre of gravity, ound b experime here
IS nothing r] Ir r to actua gcntme
|t |ts so- plainly anﬂ prc ically put before t

Mr. J. MACFARLANE GRAY
(Yice-President).

Having been absent when the first paper on Stabilit
was read,’ | am not able to say anything anout It no

| "have already spoken to rtw even S U o
the same subject ut | am rta ou ha njoye

; Rov?ee or Rlanadgnnénv\? r?otm rme te?t]emmeents
But WJIemere? raw attenti nho %o e o{ Pres

the ex
onsmtge rs er, which, | think, rellﬁa/
aemlsun er too ;Pt 0se not already we I Verse

The expression “Mo nt of Inertig” in the first
formula |spempllgyed%/I n] wnters on ﬁns subect ust
as. It IS emplo e I, Rawe. n 0 ‘?ec Ing o n
il see that 1 am n t cntmsh% ﬁ
ormula a dmang/ others whic nglneersnvave f0 wor
Ith, In which the idea of n]ertlah $ 10 Iacewnﬁltever
this expresalon “moment of Inertia” Is coHtlnua em-
BO ed, an an my own exBenenc and t eexR |enc8
ertlaan sguoe]nts Iérrmwn % me te |Isn uesre of t eevni)r
H R ecausy Pse%%ro essor %ngeen |I] in tWern
Baut ority on suc atters au%geftt a‘
ewor i-momen sh uld n\m]lox ace 0
the expression m ment 0 |nert|a |nert|a IS not
Wanywaylgnple In the quantit under cor]3| deration.
erm ™ bi-moment ™ carries |aown explanation, 1t
is.the moment of the moment, and that is emeanlnq

?f the_expression “moment of Inertia” in the presen
ormula.

| would recommend the student to omit the word
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asu[ed [ He statement “ that the w a\terlrne rae]a
t( ane o otatron is the su er icla areah

lec a g p measue atdt e water line.' e word
measure ﬁagtto e understood as Im I?/ that
tearearst? eatwrthasaw eacerana oun(t
0 sugfr ICi conteﬂ woudrme er toomhtt e wor
area togfet er on thig account, and to write * hi-moment
of water-line section.”

I re |nd ou that]l told ou that the ex ressrri
grven when ewater ine section Is aréctangle

can he read as finches per foot of beam; here dis to

e taken ag the mean derﬁth and the}rmmersed hidl ma
gvaer%rcra lg shape form, if only the water-line sectio

There IS s%methrn% $inrss |n the second ﬁfrragraﬁ)s

U 0 pe the measu as
iy e il b ¢

th
? %a%%e tobe ree arHed { be in

any sense the measure o? avesse?ssta r?rty The con-
text, however, shows the tense Intended.

Thf autBor says that it |% mcorrect 0 sarf ‘that a
vessel’s sta 'IHX arres as the eam ? esame
meta-centric. hei ?un 10 (Ive equa

fferent dimensions.

satisfaction In vgsses 0 Y

e mom tof sta“ca g esselso dmrlaé
rneness 0 o m wi eh St eam

this ma\y emeﬁnrngo estatemento ecte 0.

osereteremar ter IS an nuum
ike motron rn e]shr p it |s 0 neces ahout G
6 % ﬁ g The Instantaneous xrs
out'w vessel mov s Wwhen am n st waves
Hot ag Tar P een .ever. (emonstrated or
Btermrne In str water 1t is. neit er a out %rwr
out M g?]tantaneo S axrsFPasses t rou

g
study of dynamrc stabrlrtyt e axis about Whrch t
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O e e e

B s e S i

gg%lon In d nmlcsaBgP rhere are, the centre oT

cillation assumteqd Is an e]arm IS the radltus 0

Wratlon In static sta W|th|n metac ntric limjts,

IS convenient to re aJ am%e p int o suspensmn
(‘h ulum t must,

aving. for the |u -Ell-l'l%se C%nStI_%_LHG ﬁa %%%Fljn

coup le St E}OTCEO |nert acting at t € mean arm
t €. ra s 0 g ration, é

|s no
oubt equ a]I t0 he ac uaI couj
%t%r couples m| e put rward each eu
Just a ? n te has hundre of
equivalents |n coms o erent enommatlons ut
&ent e question IS What passed between one person
another, 1t may be Importanf to_ sett \?1 [t
wastnsovgretg soratgn poung note. ﬂ let
rom- an F Int wh%
ar

M De producéd u
Y et o A

ever
o B
aen nhe aut hors onstratlon WI| equall Y%Wh
attmls eachua oEcea ,and that ear
mG, GC?USEI the arit etlca ‘part of the F e
Heated or tnrG m, it will verify the righting force as

efore_ The pointm may be taken at an e Ight what-
evet The orce [ M has, therefore, no t¥ xistence
It fo Y Imaginary, and introduced for supposed
5|mpI| Ication.

At this st th | conclud K
1 ke Ty Bl TR I
stitution ringing before us hIS setting 0

ship as a pé
ever e orne In mind that neither o ese IS actua
¥ AR T
corréct,
In fI? 15 the forces actl on and thehhuII are th
orceti uoyH t the egual an
aralle 8rceo tehef ectlve we| hto the aCtI?
ownwaF
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&rmmples of st R;blhty Those of ytﬂt Stﬁsh%\aedsl%ffment

tience t0. read my‘remar sas(}w
itt was In e 's min at was In

reclafe the. a0 antage of rtooklng at the state-
ments rom different standpaints.

PROFESSOR GREENIIILL,

|tt|nﬁ that mathematlmans desera/e some strl
tures or their terminolo %r eal o

regul $ revision, at the same tim® there seems a oto
E ice o overcome. | do_not agree With Mr. 6 ray’s
riticism  of Iﬁt ram 15. To my mind It representi
tnan nséertte of things most accurately and 1u a nove

Mr. GRAY.
|taYs ik if GM is %lever in the d|a tLecause

| ever, the e ma tu Qree IS
etermlned but’ 3 not re g R{J
erstan at |t IS ean

ve
ut ort % or|z ntaI com onent is an actua
rceT andt |s IS what say IS n tthe case.

as a
eve Z s the

PROFESSOR GREENIIILL.

Mr. R owe s statement |s wte rltqhhtf MO was laid ofJ
HSC le, M wasno resent'w enMr R owe Sal
h Owas a| Off to an arbitra B Mr R owe
as heen discussing " ftea Iness and stability.”  The two
8Pest|on? are eslse tially 1t|nct e smaller amount
initial stabilit evesse sta[ts with t

motion of t E % eased. o

olt’s re ﬁ” S abqut t e responsi |I|t|es o th q(g
Htl%er e way In which g vessel I stowe]

E glf erence etween ma t 00d er, an
Tt%'tr}ﬂ solutel erous; of torse, the teor 0

I% as |tsot%p61|ctons on lan as we as ?é Sea.
oltgga wt@nge?ﬁas?gl%eg as |gde?sn ptgsemole ttehé:oerqgrtg

—

e gasler the
r Ca Etaln

=T

Ictures ﬂ%e coaches. one COU e
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would have said it spoiled the stability; on the contrary,
it made the going of the carriage ever so much better.
.Locomotive engineers are beginning to find the same
thing. In the photograph of the American engine
which was supposed to have made the fastest running,
the height to which the centre of gravity was raised
was particularly noticeable. Mr. Howe had drawn a
diagram of the cross section of an old-fashioned ship,
the sort of cross section to be seen on_an old-fashioned
man-of-war. | wish to ask Mr. ROWe what were
supposed to be the practical advantages of that. Was
it a question concerning the guns, or the stability of
the man-of-war, or the seaworthiness ?

Mr. ROWE.

The “Lord Warden” had that form. She was a
heavy roller. She had great MC height, and the
reduced breadth at the wafer line was probably meant
to make her roll through large angles as quietly as
possible.  Mr. Gray has quoted me as saying:—“ If
there is any pendulum-like motion in the ship, it is of
necessity about G or M at a length GM.” Will you

kindly turn to the passage, and read for yourselves
what | said ?

PROFESSOR GREENHILL.

I have also seen it mentioned that a ship was more
liable to capsize if a little unsteady on the top of the
wave. Could any explanation be given of that ?

Mit. ROWE.

It is exceedingly gratifying to me to have the
support of so distinguished a mathematician as Professor
Greenhiix in regard to diagram 15. W ith reference {0
Captain H olt’s remark about men-of-war having
two or three feet MCH for steady gun platforms,
no doubt Captain Holt knows as well as 1 do that
with a given radius of gyration, the greater the
vessel’s stability the worse she behaves as a gun platform
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atsea. In answerto ProfessorGreknhii.l’s question con-
cerning the greater liability of avessel to capsize when on
the crest of a wave, the following explanation may suffice.
The centrifugal force of the waves virtually increases a
vessel’s weight when she is in the wave hollow and
decreases it when she is on the wave crest. Mr. W. H.
W hite, an authority universally respected, has stated
that the normal weight of a vessel may on the wave crest
be reduced by about 1. It therefore follows that her
righting moment for any given angle when she is on the
crest of a wave, will be only i the righting moment she
possesses when in smooth wafer.  This shows the need
of giving a ship considerably more stability than she
would appear to require when in apple-pie order in a
wet dock. Circumstances are continually happening at
sea to baffle the calculations and intentions of naval
architects. Water sometimes cannot be pumped out of
ballast tanks, water sometimes will accumulate in bilges.
In both cases free water is reducing the vessel’s original
stability and preparing her to become an easy prey to
the squall of wind that may strike her when on the
crest of the wave. And now gentlemen | beg to
express my hearty thanks to you all for the friendly
way in which this paper has been received.
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STABILITY

AND

THE MOTIONS OP A VESSEL AMONG WAVES,
By Mr.J. A, ROWE (Member).

DISCUSSION
HELD IN THE

TOWN HALL, STRATFORD,
JANUARY 26th, 1892.

THE CHAIRMAN,

Mr. W. H. WHITE
(Director of Naval Construction).

I have come to this meeting for two reasons, one
being that | have the pleasure of knowing Mr. Rowe,
and the other isthat when Mr. Macfarlane Gray called
on me in reference to one or two points that had arisen
at the previous meeting | thought 1 would come
down and see the society at work. | nowask Mr. Row e
to initiate the discussion.

Mr. ROWE.

Mr. Chairman and Gentlemen, | have little to say
that wotdd be of service to those about to take part in
the discussion. The paper has been in the hands of
members for some time, and | have nothing to add to
its contents. | am sure we all feel it an honour to
have so great an authority on naval architecture
amongst us as the Director of Naval Construction.

CAPTAIN PROUD

(Secretary Ship Masters’ Society).

I am entirely at sea regarding the scientific side of
this question. | am here to learn and can only testify
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to the ¢reat teaching and practical value of Mr. Howe’s
paper. The little I know has been acquired by rule of
thumb. To show the want of knowledge which is
almost universal, | may mention a fact of recent date. A
vessel of five or six thousand tons burthen was loaded in
the port of London and left port with 700 tons of water
ballast, which gave her an extra immersion of 17 inches to
propel through the water ; and those controlling did not
know if the ballast was necessary or not. | early
learnt when fixing proportions for vessels that a certain
proportion of beam to depth in steamers, fitted in all
respects in the ordinary way without double bottom,
might be loaded full with homogeneous cargo, and be
safe at sea without ballast of any kind, and that the
same vessels, when empty, were sufficiently stable,
through initial stability, to be safely moved when in
port, a very desirable and economical condition.

Perhaps | can put the matter a little more clearly.
An ordinary cask full of tallow if putinto the water
will float awash, and will have no tendency to roll to the
sea running past; but, if the bilge is ever so lightly
touched it will turn round, it has no stability. If the
same weight of iron be put inside the cask it will
become stiff, will not turn round, but will roll more or
less to the swell passing.

Mr. Rowe has been showing. us the point of safety
and ease hetween these conditions and how it can be
ascertained.

Vessels in water ballast roll violently, and all purely
passenger ships roll freely, some heavily, as generally
speaking, their dead weight cargo is necessarily low
down.

Mr. JOHN 1L RUTHYEN
(Member of Council).

We are greatly indebted to Mr. Rowe for laying
before us this most important subject. | hope this
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discussion will not end without some good resulting.
An attempt should be made to make practical use of the
knowledge we have on the subject. The subject should
be well known, yet of the number of ships leaving
port this day not one in a hundred has had her qualities
tested, nor is her amount of safety known. It is to the
advantage of everyone, both ashore and afloat, that our
ships should be not only safe, but that their amount of
safety should be known. | propose that a committee
should be formed from the various institutions interested,
and that they should collect information as to the
present conditions in which ships leave port, and of
their subsequent behaviour at sea; and afterwards to
take steps to urge that the navigating officers should be
assisted in the knowledge of stability, at least so far as
to be able to measure the amount of stability of their
ships in calm weather. | have no doubt owners will
gladly furnish the necessary gear for the purpose, and
underwriters will look favourably upon a ship where
this extra caution as to safety has been attended to.
If this Institute is instrumental in moving the Board
of Trade to secure this extra safety, a great work
will be done, which will deserve the thanks of the
country.

Mr.J. MACFARLANE GRAY.

I do not at all agree with Mr. Ruthven that this
Institute should take up the collecting of reports on the
actual loading of vessels. We are engineers, and while
we ought to have a knowledge of the principles of
stability and many other subjects allied t) our own
calling, I think that our duty regarding such matters
should end with our understanding them. We could
not do what Mr. R ttthven proposes we should do, and
if we were to attempt to do it we would only create ill
will against the Institute. Shipmasters are equally
interested in having safe boilers, but how would our
members regard the appointment of a committee of the
Shipmasters’ Society to collect reports on the con-
dition of steam boilers and the methods of treating
them at sea.
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Mb. N. K. McLEAN.
(Member).

After carefully reading Mr Rowe’s first paper, and
listening to the reading of the second, | can say that
the subject treated by Mr. Rowe is a most interesting
one to all who go to sea, for their comfort and safety.
Mr. Rowe has treated the subject so well, that he leaves
little room for remarks, but there is one suggestion in
the paper that should have the careful consideration of
all shipowners, viz., to have a diagram supplied to them
by the builder, with each ship, as a guide to loading the
ever-changing cargoes of the majority of our mercantile
steamers, with strict orders to the captains that great
attention be given to this. | believe that with care in
loading and distribution of weight, all ships could be
made safe and stable. As an example coming under
my own notice : | joined a steamer which had a fearful
character as a tremendous roller. Given a start she
woidd keep on rolling, even in smooth water. Well,
the captain was determined to try if it was not possible
to make this ship behave better, and he succeeded
beyond his expectations. By his own attention to the
stowage, this vessel became easy and comfortable in her
motions. But with a change of captain, the stowage
was left to the original officer, with the result that the
vessel fully merited the character previously given, for
she became one of the most uncomfortable ships | ever
sailed in. Naval architects can design and build a ship
that would be stable under every condition of sailing,,
light or loaded ; but I am afraid it would be unprofit-
able. Few steamers are afloat that do not change
then- cargoes each voyage, and some cargoes are very
dangerous  Which of us has not seen steamers in the
Red Sea and Suez Canal homeward bound, with rice
cargoes, listed over to such a degree that one wondered
how it was possible they passed safely across the Indian
Ocean! | have heard of the crew trying to get them,
if possible, upright, by filling the boats on the high side
with water, with the result that she flopped over to the
other side, from port to starboard, or vice versa. Of
course, the reason is well known. The ship leaver
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Rangoon, or other rice ports, with the lower hunkers
full of coals, all other spaces filled with cargo, even to
the cabins. Well, the ship is a little tender when
leaving, but quite safe, but after steaming a few days
there is a decided list, and the engineer is requested to
keep the ship upright, and not bum more coals from
the one side than the other. Of course, the list in-
creases daily, till the ship is in a most dangerous
mcondition by the time she reaches the Red Sea. Now,
why cannot the bunkers be constructed to carry their
coals to the upper deck, or even have a larger quantity
above, so that the vessel would become more stable each
day, or, at all events, not get beyond the tender stage.
Mr. R owe has mentioned different means of preventing
rolling, by bilge-chocks or side keels. 1| have had no
experience with any. They may largely prevent heavy
rolling, but it is not a cure, and | eaunot understand
how they ever can be. The cure must come by proper
distribution of weight when stowing the cargo. When
speaking of carrying the bunkers to the upper deck, |
do not refer to large passenger steamers.

In answer to Mr. Shorey, I may say | have experi-
mented a little by using up the coals in the lower
bunkers first, then filling up, say, at Port Said, and
commenced with the ’tween-deck bunkers, and | have
invariably found that, with general cargo outward, the
ship’s motion was much easier when the ’tween-deck
bunkers were full. In the case mentioned of the ship
loaded with rice, the captain could not help himself, as
the ship had no ballast tanks, and he had to carry the
quantity. The construction of bunkers was in fault.

Mr. R. LESLIE
(Honorary Treasurer).

I consider that the captains in charge of large
steamers ought to have instruments with which they
could immediately before going to sea test the stability
of the steamers under their command. This they could
easily have in the form of tanks on either side of the
vessel which could be used just the same as the weights
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are used at present. On the engine room bulkhead
could be fitted a movable pendulum. This would
enable the chief engineer with the captain to test the
stability of the ship at any time before sailing. The
captain could then arrange the trim of his ship so as
to know that if he burnt 500 to 700 tons of coals out
of his lower bunkers he would still have a good deal of
stability to spare. | have known a steamer to pass
through heavy weather just after leaving port, and |
may say that she was, comparatively speaking, very
steady, but after ten or twelve days’ steaming just a
light swell would make the ship roll from side to side.
I maintain that all steamers ought to have their cross
bunkers carried up as high as possible and not confined
to the bottom of the ship. The chief engineer has all
the necessary instruments for testing his engines in
every way, and | certainly am of opinion that so
responsible a person as the captain of a steamer ought
also to have the necessary instruments always at hand for
testing the stability of the ship under his charge. He is,
at present, to a great extent in the dark, as his only
item of information is a plan of the curves of displace-
ment and stability. These, of course, are nicely framed
and hung in the chart room, and there | fear the matter
ends, i should be very pleased to see this matter of
stability thoroughly gone into by our members, and |
am sure that those of us who may be well up in the
subject would be very glad to impart any points of
interest to all who may be willing to learn.

Mu. J. Il. THOMSON

(Member of Council).

1 would not allow any vessel to leave port without
the stability being properly known, just as a boiler cannot
be put on board without the fact of its safety being known
A great deal seems to depend upon the way in which a
vessel is loaded The waves across the Bay of Biscay
in a storm do not agree with Mr. Howe’s diagram, for
they may come to counter, beam, or bow. A diagram
showing a wave following and striking a vessel on the
quarter and rolling up the side, putting her over, then
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as she rights, for the next wave to come tumbling on
board, would be useful, for should a ship’s factor of
safety be known to withstand that, there would be no
fear of going) to sea in her.

THE CHAIRMAN.
(Mr. W. H. WHITE)

If no one else has anything to say | should like to
make a few remarks. | have read Mr. Rowe’s two
papers. The subject is one with which | am necessarily
familiar. | take it that Mr. Rowe’s intention in writ-
ing these papers was a very modest and praiseworthy
one. He did not profess to give us any additions to
established principles or to add to available information,
but sought to bring the information in what he con-
ceived to be a practical and simple form before the
members of this Institution, some of whom, from what
has been said to-night, would not have been prepared
to consider the matter from the mathematical side. 1
have endeavoured myself to do a good deal in the same
direction. Nearly 20 years ago, when professor at the
Naval College, I found m3self continually met by
officers in the navy with enquiries such as f have heard
here to-night. It is the business of seamen to navigate-
ships, but they may be quite ignorant of the principles
of stability and of the behaviour of ships. The result
of this intercourse with naval officers was that I,
although a landsman, set to work. Being familiar with
the mathematical theory of the subject | had to try and
put into such a form as could be understood by gentle-
men with limited mathematical information, the result,
of investigation which had occupied the ability and
tasked the ingenuity of some of the best men of this
century. It is not an easy matter for any one to dealL
with questions of the stability and behaviour of ships in
an exact and complete fashion. | am a landsman as
I have said, but it has been my_fortune to be at sea,
and | quite endorse what Mr. T homson said as to the
actual waves of the sea not being as shown on the
diagram. Gales blow from all quarters, and it is often
difficult to tell the direction whence waves are coming-
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when the sea is “ confused.” But what is the use of
taking the worst phases of a difficult problem in begin-
ning, instead of the simplest case shown on the diagram.
If the latter looks beautifully simple on paper it does not
yet admit of exact scientific solution. All that can be
done is to approximate to the behaviour of actual ships
among actual waves from what we know would be the case
when each wave is of the same character as the one going
before it. It is possibleto put down drawings of a series
of waves superposed upon each other and thus to get
infinite varieties of combination. But the principles
embodied in the simplest investigation are the principles
which must govern the behaviour of all ships in the
most confused sea ever seen. Now take this simple
diagram, just conceive what has to be dealt with by the
investigator; he has a ship heaving up and down or else
she would be overwhelmed. At the same time she is
rolling and very often pitching, she is suspended in water
which, being in the form of waves, has every particle at
varying depths, and varying positions moving in different
directions and with different velocities. That is the
problem the mathematician has to endeavour to solve.
It can only be done approximately and with very great
effort. What has been done in the last centmy, in fact
in the last 30 years, is to lay down some important
general conditions which experience has verified. For
mexample, one gentleman spoke about a ship, where the
moodl had been burnt out, being set rolling by a moderate
swell. That is a problem which half a century ago
would have been difficult to explain. It is now well
known that if the lower coal is burnt out the ship may
have less stability. If floating in smooth water it would
take less force to incline her than with the lower coal in.
On the other hand it is absolutely proved by experience
that as many ships become less stiff, they improve in
behaviour. The explanation of that is to be found in
the fact, that the speed at which waves pass a ship
(which speed is determined by their length) must
influence largely the ratio of that speed to the speed
of the oscillation of the ship. Some years ago the
Channel fleet was outside Lisbon, and in that fleet
there were some “stiff” ships which had rolled
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45° on each side of the vertical when crossing the Bay
of Biscay, when other ships with much less stiffness did
not roll more than 3° or 4Qon each side of the vertical.
Outside Lisbon the squadron got into a long low swell
in which boats could move about with perfect comfort.
Then the ships that had been wallowing in the
Bay of Biscay rolled little, while the ships with less
stability rolled heavily. Now these are facts entirely
to be understood when you know one simple law, viz.,
that if a ship in swinging, gets an impulse every time
she reaches the end of the roll, her motion will gradually
become greater.

In relation to the motions of ships at sea, we have not
learned any golden rule; nor does the problem admit
of any general solution. But we have learned this,
that certain meta-centric heights in association with
certain freeboards and positions of the centre of gravity,
in ships are essential to safety. It cannot be said that
any particular nieta-centric height gives absolute safety
or good behaviour; it is only one element in the-
problem. One must also know how the weights are-
stowed. A gentleman said, in the discussion, that iu the
same ship the same amount of cargo (and, | presume,,
about the same dead w'eight), differently stowed, made
all the difference in the behaviour. Well, the ship-
builder has nothing to do with the stowage, so that to
look to the shipbuilder to give this guarantee of safety
is asking more than experience justifies. For example,
take a cargo-carrying ship. The builder produces a
ship which, with the machinery, and everything in her
complete, weighs about one-third of the total weight
she goes to sea with ; the cargo weighing twice as much
as the fixed weights with which the shipbuilder has to
deal. Over that cargo, and its stowage, the shipbuilder
has no power. Now, how can you go to the shipbuilder
and ask him to deal with the safety of the vessel under
these circumstances. The utmost he can do is to say,
that if you fill the ship up with a homogeneous cargo to
the maximum load lines, she will have such and such
conditions of stability Builders are now giving to
owners that sort of information as to cargoes and their
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stowage. In many cases the (lata thus given is doubt-
less treated in the way we have heard mentioned - it is
framed, glazed, hung up, and not understood. The
difficulty is to give information in a form readily to be
understood. But as a matter of fact, there have been,
within the last ten years, to my knowledge, at least two
or three practical plans brought forward, by which the
mactual stability of ships when laden could be easily ascer-
tained. One of these wasbrought out by Mr. Taylor, on
the Tyne, about 1882, exactly of the character mentioned
here to-night. There were two tanks amidships, of
known capacity, which were to be fdled with water, and
an apparatus, which noted the heel of the ship. If the
ship had gone to sea at one constant water line, the
thing would have been very simple. You could have
had a gauge to measure off the meta-centric heights.
The difficulty in practice is the varying draughts. Mr.
Taylor introduced a very simple sort of scale, by which
he approximated to the extieme conditions. There is
not, believe me, any want of apparatus or want of
interest on the part of shipbuilders. What is wanted
is that the apparatus, or information, once supplied will
actually be made use of in practice by those who have
mcharge of ships.

The President of this Institution is Mr. P eter Denny,
whose firm supply every ship which they build with a
book of “ Ship’s Qualities.” In that book they give
the means of estimating the stability, as well as all
particulars relating to trim and stowage of cargo. Mr.
Archibald Denny, who has had much to do with that
matter, and was a pupil of mine in former years, has
said, publicly, that the first books they prepared were
mquite a disappointment. The very wealth of information
seemed to frighten officers, and little use was made of
these books. But that was only a matter of time. Mr.
Macfarlane Guay will pardon me in differing from him
as to the necessity of treating this matter experimentally.
It will induce owners, before many years are past, to
insist on commanding officers understanding the use of
.such apparatus and the conditions of stability. Another
mthing of almost equal importance to determining the



25

meta-centric height, is making a ship swing, and
knowing what time she takes to swing. A ship may
have the same meta-centric height on two voyages and
very different behaviour. Mr. Rowe has well pointed
out that the behaviour depends upon the disposition of'
the weights round the centre of gravity of the ship. In
this book of “ Qualities,” which Messrs. Denny are
accustomed to supply, they deal also with the case
which was mentioned just now of where coal con-
sumption causes the changes in stability; and with
Avhat is equally important in practice, viz., the addition
of water-ballast, which ought to be made in order to
counteract the consumption of coal. | take it, it is not
the shipbuilders’ province to make a ship that not even
the greatest fool who could be placed in command could
make dangerous. If the shipbuilder followed this course,,
the ship would be unworkable, and possibly ridiculous.
What he has to do is to make a ship properly safe when
efficiently handled, giving instructions as to her working,,
in a form which will be useful to intelligent and ex-
perienced seamen. If it were to be laid down absolutely
that no coal consumption should prejudice a ship’s
stability, then certain types now found profitable would
not be able to engage in certain trades ; but if command-
ing officers are given the information that after burning
out coal to a certain extent the admission of a certain
amount of water ballast is necessary, there is no excuse
if they neglect to use water ballast in counteracting the
effects of consumption of coal.

In the navy we always give, and have, for many years
past, given to our ships ¢*Statements of Stability,” and,
with warships which have known weights to carry, it is
sufficient to give particulars for the fully laden condition
and the extreme light condition. All other conditions,
practically lie between these two. In some classes great
weights of coal are carried high up for defensive pur-
poses, and when necessary in such cases we say burn so
much out below before touching the upper bunkers, but
when you have burned so much of the lower, transfer
from above. It is not necessary for the gentlemen who-
are in command to consider why this is so, they have to-
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follow certain clear and definite instructions. The
suggestion which Mr. R iithven made as to the tabula-
tion of information has been made again and again ; it
is a thing which can only be carried out by the action
of shipowners and commanding officers. The Committee
of the Institute of Naval Architects made identical
recommendations to the shipowners in 1867; nothing
came of the suggestion. Until officers and shipowners
set themselves to give us the information we sh'dl not
know very much about it. | remember one case | in-
vestigated some years ago, which is of very great interest.
A ship capsized on the bar at San Francisco, grain laden,
in weather not at all such as one would expect to cause
the loss of a large well-found ship. It was alleged she
was over laden, or badly laden. 1 was asked to investi-
gate the matter, and given access to the ship’s logs, |
found not only that she had made previous voyages at
deeper draft m safety, but with homogeneous cargoes.
It was, at first, a little difficult to see how the case
worked out as it did. But when | came to construct
the curves of stability I found that in the grain laden
condition the density of the cargo was such that with a
given dead weight the ’tween decks were nearly filled.
An equal or greater weight of other homogeneous
cargoes, such as sugar, could be stowed in the lower
hold, very little having to be carried in the ’tween decks.
Consequently in the latter case, although the ship might
have less freeboard, she was safer.  If the facts of any
ship are stated to a naval architect, he can always give
the information as to stability, but the possible combi-
nations which can be made of the fixed weights of the
ship and machinery, and the varying weight of cargo
put in, make it impossible for the shipbuilder to do
more than give to those using ships the means of ascer-
taining for themselves what the stability of the ships
may be on any particular voyage. If Mr. Rowe’s
paper, as | hope it will, has the effect of stimulating
interest amongst those who can deal with these matters,
inducing them to set to work to get data, then | am
sure the paper will have served a good and useful
purpose.
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Gentlemen, | came here this evening and have taken
part in these proceedings with great interest, and | hope
the Institute will flourish and increase even more than
it has done.

Mr. ROWE.

Mr. Chairman and Gentlemen, Captain e roua-s
remarks are those of a practical sailor, possessed of in-
tuitive knowledge of his profession. | should feel \ery
comfortable indeed in a vessel commanded by him. |
am sure that no shipowner is pecuniarily benefited by
possessing tender ships, some of which when without
ballast tanks (as in the Erato’s case) cost a little fortune
in ballasting to keep them upright in harbour.

Mr. McLean’s remarks are very instructive, andr
coming from one who has had experience of tender
steamships, should have weight amongst shipowners.
Again referring to the pecuniary aspect of this question,
let me repeat that “ tender ” ships in port or at sea are
calculated to rob shareholders of dividends. If they do
not capsize they diminish profits. A moment’s reflection
will convince the most sceptical that the machinery of a
ship is in a state of minimum efficiency when she is heeled
to an angle of from 10 to 15 degrees. Under such cir-
cumstances, the water level in the boilers has to be
guessed at, the fires are imperfectly fed, the boilers may
prime, the pistons exert an unwonted pressm'e upon the
lee walls of the cylinders, the bilge pumps act with
difficulty, and such water as may accumulate in the
bilges bind the vessel to the angle of inclination she has
assumed. It is better for all concerned to build ships
possessed of ample stability, and then load them so as to
move easily among waves. Bilge keels and side
keels do not add to a vessel’s stability, but they
quickly extinguish rolling. The hollow side keels, or
“troughs,” | have referred to, and have experimented
with, are wondeifidly efficient agents to reduce rolling;
and | hope cne day to learn that torpedo-boats and
other uncomfortable small crafts have been rendered
habitable in rough weather by the use of hollow side
keels of suitable dimensions.
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1 agree with Mr. Ruthven’s opinion that under-
writers would look favourably upon vessels whose stability
had been tested and proved satisfactory, and whose
commanders knew whether their ships were stiff or
tender, and were able to take the right steps to. rectify
an error in the one direction or the other. A shipmaster
at sea is an autocrat. In calms, in storms, in clear
weather, or in fogs, he can steam what course he pleases,
and adopt any speed he may think fit. No one on board
need be taken into his councils, either as regards the
condition of the hull and equipments, or the efficiency
of the propelling power. A careful captain would no
doubt consult those around him in amoment of supreme
difficulty ; but a very great deal depends upon the moral
and social aspect of the case ; for if in piping times of
peace the relations between the captain and officers, and
between officers and engineers (why not call these
*“ engineer-officers ” ?) have been strained, but little con-
sultation is likely to take place in moments of peril, and
vessels are said to have been lost because the eye would
not inform the arm, and the arm would not reveal to
the eye its inability to cope with surrounding difficulties.
Through such internecine quarrels Ancient Greece—the
Greece that conquered at Marathon and Platsea, the
Greece that produced the greatest men the world has
any record of—fell into the degradation of slavery.
Shewas conquered by Roman discipline, notby superiority
of rp.ce; and discipline in this connection is merely
another name for unanimity of sentiment. Is it too
much to ask that everything reasonable should be done
by shipowners to make every soul in the ship work
together for the common weal? Nelson won his
mcountry’s battles because he first won his sailor’s hearts,
and every shipowner and shipmaster should be as dear
to the crew as Nelson was to his seamen. Further,
seeing that many lives, and much valuable property,
depend upon a shipmaster’s knowledge of stability, he
ought without external pressure to make himself master
of the subject. The following diagram explains the
construction of the equivalent pendulum iised in the
rolling jieriod formula in a way that will, | think,
commend itself to your judgment, as it has to mine.
Mr. Gray has been good enough to hand it to me.
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In thiefdiagram M G = metacentric height.
M K = radius of gyration.

PK P L = length of equivalent
pendulum.
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Within metacentric limits, the exchange of energy
going on in rolling, is that represented by the rise-and-
fall of the whole ship swinging as a pendulum bob at
G about M as a fixed centre, giving motion to the ship
as if its radius of motion were the radius of gyration.
The equivalent pendulum is, therefore, one whose rise-
and-fall is that due to radius M G, and whose sweep of
swing is that due to M K. Setoff LS = G Z, and
find I’ the centre of the circular arc passing through L
and K, then will P L be the length of the equivalent
pendulum. When the angle is small L P + P S =
2 PL nearly, and M G + MZ = 2 M G nearly. We

HzZ2 KS2
can then write 2M G-~ 2PL
, , PL KS2 MIC2
therefore TO =H Z2~-M G 2
2T MK2 R2 x
‘rPI",=MG=crM0” I”g911"

In conclusion, | again beg to tender my thanks to
Mr. W hite for having taken the chair on this occasion;
I hope it is not the last time he will visit the Institution.
I am sure he will always receive a hearty and respectful
welcome.

THE HONOPAPY SECRETARY

The papers on the subject of * Stability ” contributed
by Mr. Rowe are well worthy of the votes of thanks
which were accorded to him at the previous meetings,
and | am sure that those present will endorse what has
been said in respect to this, and again unite in express-
ing our appreciation of the work undertaken by Mr.
Rowe to place this subject before us in the pleasing
manner he has done.

#Page 11 in the -tcond part of Mr. Rowe’s paper.
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Mr. CHAS. McEACHRAN
(Member).

In seconding the vote of thanks proposed to Mr.
J. A. Rowe for the papers which he has read before US,
| wish to say that | have followed him throughout with
great interest, and | hope that the time is not far
distant when the Board of Trade will take the matter
up, and have the stability of all ships of " hich there
may be any doubt tested before they are allowed to
proceed to sea, as | consider the present system of free-
board gives very little, if any, guarantee for the safety
of the ship at sea.

I will try and explain to y u 1113 reasons for saying
that there is 110 guarantee for the safety of the ship
with the present system of freeboard. Let us suppose
that there are two sister ships going out of dock on a
winter’s voyage across the Atlantic, the ships and their
machinery in the same state of efficiency. The one is
loaded to the maximum draft allowed by the present
Board of Trade rules, but this might be carefully dis-
tributed in the holds, which insures the stability of the
ship. The other ship is loaded with general cargo, and
the centre of the load disc is, say, 9 inches from the
water, and to all outward appearances more seaworthy
than the former. But let us look for amoment into the
manner in which this ship has been loaded. The light
cargo which is first alongside is put, into the lower holds,
and last comes a heavy consignment of machinery which
has to be stowed in the ’tween decks, with the result
that the ship is rendered top-heavy. Now | should like
to ask which of these two ships anyone would prefer to
gotoseain? For my gaft I would most decidedly
prefer the deep ship. UL, on the other hand, if the
stability of the light ship had been tested by the simple
method which Mr. R owe has shown to us to-night, it
would be at once found out that the ship was not safe
for a winter voyage across the Atlantic until some of
the heavy weight (11 the top had been removed, and the
stability of the ship made good, a precaution which can
never be taken with the present system of freeboard
which the Board of Trade so strictly adhere to.
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Our chairman invites any of the Members present to
give expression to any means they could suggest which
would lead to the prevention of ships capsizing at sea.
I think I have already suggested a means that would
prevent this in most cases, viz, the testing of the
stability of the ship before proceeding to sea. But
while there are so many insurance companies in this
country willing to take any risk almost on any condi-
tions, | am afraid it will be a difficult matter to alter
the present system, therefore we must be prepared to
hear of an occasional ship goiDg to sea and never heard
of again.

Another cause which in my opinion leads to the cap-
sizing of steamers at seais (if 1 am correct in my belief)
that some owners of cargo steamers insure the machinery
and fittings of their ships against accidents, which may
or might lead to some neglect in the attention that
should be given to the repairs required to the machinery,
knowing that if the engines break down at sea the
insurance company will have to make good the defects,
and forgetting that the stopping of the engines in a
heavy sea may cause the loss of the ship, through falling
into the trough of the sea and rolling over, going down
with all hands. But until the Board of Trade takes
this matter up, and insurance companies cease to take
such blindfold risks, I fear we cannot expect to see
any alteration in the present system. It gives me great
Eleasure to second the vote of thanks proposed to Mr.

owe for the paper which he has read to us, and trust
that it is only the first of many such papers 0Ll the
same subject.

T1IE HONORARY SECRETARY.

Before closing the discussion, 1 would remark that it
must be gratifying to the author of these papers to note
the amount of interest which has been taken in them
both at home and abroad, showing that the objects held
in view while writing them have been appreciated, and,
to some extent, fulfilled.

By special request, and by permission of the Council,
the Editor of the “Hauza” (Hamburgh) had the papers
translated aud published in that journal.
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Yeai Pound, vol. 1

do. vol. 2

do. vol. 3

do. vol. 4

do. vol. 5

do. vol. 6

do. vol. 7

do. vol. 8

do. vol. 9

do. vol. 10

do. vol. 11

do. vol. 12

do. vol. 13

do. vol. 14

do. vol. 15

do. vol. 16

do. vol. 17

do. vol. 18
Good Words, 1860
do. 1861
do. 1862
do. 1864
do. 1865
do 1866

Electricity (John T.Sprague)

P resented by

A. Campbell
do.
do.
do.
do.
do.
do.

do.
do.
do.

P. Leslie
J. M. Gray
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.

I1- Chisholm



No.

62
63
64
65

66
67

68

69
69a

70
71
72
74

D escription.

Elementary Engineering
(J. Sherran Brewer)

Machine Drawing and De-
sign (Ripper)

Hydraulic Motors
Bodmer)

Engineering Socially Con-
sidered (Haldane)

Steam Boilers (R. D. Munro)

The Steam Engine (W. H.
Northcott)

Geometric Turning Simplified
(W. H. Northcott)

On Lathes and Turning do.

Examples on Lathes and
Turning (W. H. Northcott)
Into all the World (John
Scarth)

The Life of William Denny
(A. B. Bruce)

Webster’s Dictionary

S. S. House Flags

A Text Book on Steam and
Steam Engines (Professor
Jamieson)

The Engineer’s Sketch Book
(T. W. Barber)

Mine Engineering Plates
(G. C. Greenwell)

Ditto do.

Haddon Hall

Only a Butterfly
Deux Parisiennes

Adventures or a Phaeton
(Wm. Black)

Leyton Hall (Mark Lemon)
Barren Honour

Under which King (William
Johnston, M. P.)

G. R.

do. ..

Presented by

A. W. Robertson
do.
J. Lockie

H. Hammett
M. C. MoKellar

The Author

do.
do.

do.
do.
P. M. Black
Purchased
do.
M. C. McKellar
do.
A. McMurchy
do.
Angove

do.
do.

Capt.

do.
do.
do.

do.



D escription.

Against Wind and Tide
(Holme Lee)

Roba Di Roma (W. W.
Story)

Devereux (Lord Lytton)
Fortunes of Nigel (Sir W.
Scott)

Tales of Three Cities (Henry
James)

Dumbleton Common (Hon.
E.Eden) .,
Hostages to Fortune (Brad-
don)

Frank Sinclair’s Wife, vol. 2
(Mrs. Riddell)
Mandolinette

Prosper Randoce (Victor
Cherbuliez)

Mary Gresley (Anthony
Trollope)

Willing to Die (J. S. Le
Fanu)

In Pastures Green (Gibbon)

The Cure of Souls (Cobban)

At Her Mercy (Jas. Payne)

The Woman in Red (Hay-
ward)

The Tropical Agriculturalist,
1881-2 e,
LaMorte (Octave Feuillet). .
Ready-Money Mortiboy (W.
Besant and J. Rice)
Henrietta Temple (Earl of
Beaconsfield)

Crownow’s Recollections
Dick’s Wandering (Julian
Sturgis)

London : Its celebrated char-
acters, &

Presented by

Capt.

Angove

do.
do.

do.
do.
do.
do.

D. Gillespie

Capt.

Angove-
do.
do.

do.
do.

D. Gillespie

Capt.

do.
do.

do.
Angove-

do.

do.
do.

do.
do.



No.

107
108
109

110
111

112

113
114

115
116

117
118
119

120
121

122
123
124

125

126
127

128
129
130
131
132
133
134
135

D escription.

La San-Felice

Two Duchesses (F. P. Clark)
The Girls of Feversham

(Florence Marryat)
Joan (Rhoda Broughton) . .

Laurence Sterne,

(P. Fitzgerald)

vol

2

White Chief (Capt. Mayne

Reid)

Bella Donna (Gilbert Dyce)
Les Drames de

(Alexis Bouvie

r)

la Foret

The Disowned (Lord Lytton)
Blount Tempest (Rev. J. C.

M. Bellew)
Austin Elliot

Condoned (Ann C. Steele)..
The Six Chief Lives—Poets

(M. Arnold)

L *Uscoque (Geo. Sand)
The Gun, Ram, and Torpedo

(G. H. Noal
Ravenshoe

. Kingsley) ..
How hewonHer (Mrs.Eiloart)

The Contemporary Review
(January-June, 1882)
The Fortnightly Review
(1882) i
Island Life (A. R. Wallace)

Spon’sDictionary of Engineer-
Div.
Div.
Div.
Div.
Div.
Div.
Div.

ing
do.
do.
do.
do.
do.
do.
do

Burgh’s PocketBook on Cor

pound Engines

do.
do.
do.
do.
do.
do.

do

Div

1

co~NOoOYUITRWN

P resented by

Capt. Angrove
do.

do.
do.

do.

do.
do.

do.
do.

do.
do.
do.

do.
do.

do.
do.
do.

do.

do.
do.

Purchased
do.
do.
do.
do.
do.
do.
do.

J. H. Thomson



No.

136

137
137a
137h
138

139
140
141
142
143
144
145
146
147
148

149
150
151
152
153
154
155

156
157

158
159
160
161
162

D escription.

The Steam Engine, vol. 1

(D. K. Clark)
do. vol. 2
do. vol. 3
do. vol. 4

The Marine Engineer—
vol. 1, 1879-80
do. vol. 2,1880-81

do. vol 3, 1881-82
do. vol. 4, 1882-83
do. vol. 5, 1883-84
do. vol. 6, 1884-85
do. vol. 7, 1885-86
do. vol. 8, 1886-87
do. vol. 9, 1887-88
do vol. 10, 1888-89

Marine 'Engineering News,
1876 s

do 1877

do. 1878
The ForemanEngineer, 1877

do. 1879

do. 1880
Handbook for Steam Users
(M. P. Sale)

Marine Engines and Boilers
(Geo. C. V. Holmes)

Theory of Heat (Maxwell). .
Conversion of Heat into
Work (Anderson)

Heat a mode of Motion
(Tyndall)

A Practical Treatise on Heat
(Box)

The Engineer’s & Machinist’s
Drawing Book

Imperial  Cycloptedia  of
Machinery

Iron Ship Building (J.
Grantham)..

P resented by

A. W. Robertson
do.
do.
do.

J. W. Richardson
do.
do.
do.
do.
do.
do.
do.
do.
do.

do.
do.
do.
do.
do.
do.
The Author

A. Lawrie
J. H. Thompson

A. Lawrie
do.
do.

I1. Prior
do.

Jas. Adamson



No.

163
164
165
166
167

168
169

170
171
172

173
174

176
177

178
179
180
181*
182
183
184

185
186

187

188
189

D escription.

The Shipping World, 1890

Shipbuilding—Plates

The Graphic, vol. 2, 1889 ..
[llustrated London News,
vol. 2, 188Q

Year Book of
Societies—1890

Ditto 1891

Hydro-Statics & Pneumatics
(Magnus) ..

Elementary Mechanics
(Magnus)

Na/al Architecture (Thearle)
Text

Naval Architecture (Thearle)
Plates

Scientific

Engineering, 1877 ..
do. 1877
do. 1878
do. 1878

The Marine Transport of
Petroleum (Little)

Shakespeare, vol. 1, Comedies

do. wvol. 2, Tragedies

do.  vol. 3, Histories

From Keel to Truck
Mechanical Graphics (G.
Halliday)

Strength of Materials and
Structures (J. Anderson) . .
Steam and its Uses (D.
Lardner)
Electricity (Ferguson)
Millwright and Engineer’s
Companion (Sempleton) . .
Service Chemistry (V. B.
Lewes)
Bell’s System of Geography
do.

P resented by

Purchased
Jas. Adamson
Purchased

do.

do.
do.

J. Taylor
do.
do.
do.

Jas. Stewart
do.
do.
do.

The Author

Robert Adam
do.

do.
Purchased

James Phillips
Henry Prior

do.
do.

do.

C. A. Crook
J. W. Richardsoi
do.

* Bristol Channel Centre.



No.

190
191
192
193
194

195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211

212
213

214
215
216
217

218
219

Description. P resented by

Bell’s System of Geography J. W. Richardson

do. do.
do. do.
do. do
Engineering, July to Dec.,
1884 R. W. Kingswood
Scientific American. . E. H. Minns
do. do.
do. do.
do. do.
do. do.
do. do.
do. do.
do. do.
do. do.
do. do.
Chairman’s Handbook (Pal-
grave) C. Noble
Electricity and Magnetlsm
(Dunman) . do.
The Effects of quU|ds on
Iron (Phillips) The Author
The Relative Corrosion of
Iron and Steel (Phillips). . do.

The Steamship, vol. 1,1889-90 The Editor
Once a Week, vol. 4, 1867. . J. M. Gray
Harold, the Last of the

Saxon lvings Captain Angove
Lizzie Lorton of Greyrigg . . do.
Electrical Dictionary (Hous-

ton) P. Macphail
Great Industries of Great

Britain vol. 1 .. J. W. Smith

do. wvol.2 .. do.
do. wvol. 3 .. do.

Institution of Mechanical

Engineers Transactions, 1887 C. A. Crook
do. 1888 .. do.
do. 1889 .. do.



No.

220
221
222
223

224
225
226

227
228
229
230
231
232
233
234
235
236

237
238
239
240
241
242

243
244

245%
240*

247

D escription.

Handbook of Engine and
Boiler Trials (Thurston) ..

Handbook on Direct Acting
Pumping Engines. .
Lectures on Electricity
(Forbes)

The Steam Engine Indicator
&c. (Beamont)

From Keel to Truck

Marine Encyclopedia

Weale’s Quarterly Papers on

Engineering, part 1
do. part 2.
do. part 3.
do. part 4.
do. part 5.
do. part 6.
do. part 7.
do. part 8.
do. part 9.
do. part 12. ..

Sound, Light, and Hea

(Wright)

Kitty Trevylyan
The Steam Engine (Cotterill)
English Magazine
Scribner’s  do.
do. do.
Electrical Engineering
(Slingo and Brooker)
Engineering vol. 14, 1862
do. vol. 15, 1863
Transactions of I. Mar. E.,
vol. 1.
Ilustrated Marine Encyclo-
paedia
Solutions to Engineers’ First-
class Questions (E. J. M.
Davies)

P resented by

W. Hopsack
T. Drewry
do.

do.
A. Black
C. E. Hudson

Il. W. Holman
do.
do.
do.
do.
do.
do.
do.
do.
do.

John Whyte
do.
Purchased
do.
do.
J. W. Bryden
do.
The Council

Purchased

do.

* Bristol Channel Centre.



No,

248

249
250
251
252
253
254
255
256
257
258

259
260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

279
280
281

D escription.

Treatise on Future Naval
Battles (Admiral Elliott). .

The Scottish Nation vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
. vol.
Dynamo-Electric Machi

do.
do.
do.
do.
do.
do.
do.

do

(S. P. Thompson). .
Charter and List of Members
Inst, of Civil Engineers ..
Minutes of Proceedings of
Inst, of Civil Engineers

do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.

vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.
vol.

ne

©CONDUTSWN R

.ry

P resented by

M. AY. Rut!iven
P. Boyd

do.

do.

do.

do.

do.

do.

do.

do.

M. C. Storrar
D. Phillips

do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.



No, D escription. Presented by

282  Minutes of Proceedings of
Inst, of Civil Engineers

vol. bo D. Phillips
2S3 do. vol. 86 do.
284 do. vol. 87 .. do.
285 do. vol. 88 do.
286 do. vol. 89 do.
287 do. vol. 90 do.
288 do. vol. 9L do.
289 do. vol. 92 do.
290 do. vol. 93 do.
291 do. vol. 94 .. do.
292 do. vol. 95 do.
293 do. vol. 96 do.
294 do. vol. 97 do.
295 do. vol. 98 do.
296 do. vol. 99 do.
297 do.  vol. 100 do-
298 do.  vol. 101 do.
299 do.  vol. 102 do.
300 Kniglit Errant{Edna Lyall) F. Colsell
®0L  In the Golden Ud)S (do.) .. do.
302 We Two (do.) .. do.
303 Hardy Norseman (do.) .. do.
304 Won by Waiting  (do.) .. do.
305 Donovan (do.) .. do.
306 Steam Boiler Construction
(Hutton) C. McEachran
307 The Steam Engine (D. K.
Clark) vol. 1 Geo. Wells
308 do. vol. 2 do.
309 do. vol. 3 do.
310 do. vol. 4 do.

311 Transactions, I. Mar.E.,vol.2 Property of Inst.
312 Outside the Class Boom (W.

I1. Bailey).. do.
313 Elements of Mechanism

(Goodeve) G. W. Buckwell



No.

314
315

31fi
317

318
319

320
321
322
323
324

325
326
327
328
329
330
331

332
333
334
335

336
337
338

339
340

Description.

Steam Boiler Construction
(W. S. Hutton)

One and All (Duty of Richard
Tangye)

History of Steam Navigation
Marine Engineer’s Drawing
Book (Lockie)

Practical Engineer’s
Handbook ..

Trans. Hull and District
Institution of Engineers and
Naval Architects, vol. 1 ..

do. vol. 3 ..
do. vol. 4 ..
do. vol. 5 ..
do vol. 6

Trans. N.E. Coast Institute
Engineers and Shipbuilders

vol. 1 .
do. vol. 2 .
do. vol. 3 .
do. vol. 4 .
do. vol. 5 .
do. vol. 6 .
do vol. 7 .

Engineerin.g Magazine

The Century Magazine
The English Magazine, 1885
do. do. 1887
Trans. Institute Mechanical
Engineers, 18S9

do. 1890
do. 1891
Naval Architecture (Scott
Russell)
do. do.

do. do.

P resented by

C. J. J. Jones

Jno. Nicoll
Geo. Buckwell

Jno. Lockie
Editor

The Council of the
Institution
do.
do.
do.
do.

do.
do.
do.
do.
do.
do.
do.
Horace See, New
York
J. Y. Lowe
do.
do.
The Council of the-
. Mech. E.
do.
do.
E. B. Caird

do.
do.



L O AN O OLLEOTIO IT.
No. D escription. Lent by
1 Boilers (Deterioration of) .. Jas. Adamson
2 do. do. Report do.
3 Marine Engines, Modern
American J. H. Thomson
4 Marine Architecture (Char-
nock) .. .. vol. 1 J. Adamson
5 do. do. ol 2 do.
6 do. do. vol. 3 do-
7 Shipbuilding (A.E.B.Craize) do-
8 Naval Architecture (D. Steel) do-
9 Screw Propeller (J. Bourne,
C.E. J. H. Thomson
10 Mercantile Navy List Jas. Adamson
11 Society of Engineers, Trans-
actions .. .. 1876 do.
12 do. do. 1879 do.
13 do. do. 1880 do.
14 do. do. 1881 do-
15 do. do. 1882 do-
16 do. do. 1883 do.
17 Mechanics’ Magazine (Glas-
gow) .. .. vol. 2 do.
18 do. do. vol. 3 do.
19 do. do. vol 4 do.
20 do. do. vol. 5 do.
21 Pattern Making (Foreman

Malcolm Campbell Memorial,

LIBRARY CATALOGUE.

Pattern Maker) Campbell Trustees



D escription.

Civil Engineers (proceedings)
vol. 87
Dictionary of Arts, &c. (Dr.

Ure’s), vol. 1
do. do. vol. 2
do. do. vol. 3
do. do. vol. 4

Microscopic Objects (Davies)
Steam Engine (J. Bourne,
C.E

Engiheering.,.vol. 1
do. vol. 2 1869
do. vol. 1
do. vol. 2 1870
do. vol. 1
do. vol. 2 1871
do. vol. 11
do. vol. 2 | 1872
do. vol. 1|
do. vol. 2 1 1873
Dictionary of Engineering
(Spons’) .. .. vol. 1
do. do. vol. 2
do. do. vol. 3

Carpenter’sGuide(Nicbolson)
Engineer, Surveyor, and
Architect
Steam Boilers (Beattie)
Strength of Materials(T.Box)
Physics (Canot’s)
Applied Mechanics(Bankine)
Steam Engine do.
Buies and Tables do.
Lives of the Engineers,

vol. 1 (Smiles)

do. vol. 2 do.
do. vol. 3  do.
do. vol. 4 do.
do vol. 5 do.

Bractical Engineer (Hutton)

Lent ry

Jas. Adamson

J. H. Thomson
do.
do.
do.

Jas. Adamson

do.
do.

do.
do.
do.
do.

A. Beldam
do.
do.

Jas. Adamson

do.
do.
Campbell Trustees-
do.
do.
do.
do.

do.
do.
do.
do.
do.
do.



89
90
91

D escription.

Works Manager (Hutton) ..
MarineSteamEngine(Sennett)
Marine Engineering (Seaton)
Yalve Gears (Zeuner)
Hydraulic, Steam and Hand
Power .
Modern Steam Practice ("Win-
ton) vol. 1 X oo
do. do. vol. 2
Shipbuilding (Eankine)
Engineers’ Drawing (Le

BIanC) . oo oo
Nautical Magazine, 1836
do. 1837
do. 1838
do. 1839
do. 1840
do. 1841
do. 1842
do. 1843
do. 1844
do. 1845
do. 1846
do. 1847
do. 1848
do. 1849
do. 1860
do. 1851
do. 1852
do. 1853
do. 1854
do. 1855
do. 1856
do. 1857
do. 1858
do 1859

Boilers,Construction of (Traill)
Indicator (Richards)

Treatise on the Indicator
(Graham) . «. 'm

Lent by

Campbell Trustees
do.
do.
do.

do.

do.
do.
do.

do.
Jas. Adamson.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
do.
Campbell Trustees
do.

do.



101
102
103
104
105
106
107
108

109
110
111
112

113
114
115
116
117
118
119

120
121

D escription.

Marine Propellers (Barnaby)

Metals (Bloxam and Hunting-

don)

Chemistry of Metals (Thorpe)
Chemistry Non-Metals (do.)

LecturesonElectricity(Forbes)

Practical Electric Lighting

(Holmes)

Dynamo Electric Machinery

(Thompson)

Casting and Founding
ExtraFirst ClassExamination

(Reed)

James Nasmyth (Smiles) ..

Duty (Smiles)
Thrift (Smiles)

Scotch Naturalist (Smiles) . .
Life and Labour

Industrial Biography (Smiles)

Self Help (Smiles)
Invention and Industry

(Smiles)

Character (Smiles)
Round the World (Smiles)

George Moore (Smiles)
Robert Dick,

(Smiles)

Geologist

Human Physiology ‘Landvis

and Stirling)

Outlines of Geology (James

Geikie)

Geography (Physical) old issue
The Steamship, vol. 1

do.

vol. 2

On the Human Understand-

ing (Locke)

Deterioration of Boilers, &c.,

vol. 1
do.
do.

do.”
do.

vol. 2
vol. 3

Lent by

Campbell Trustees

do.
do.
do.
do.

do.

do.
do.

do.
do.
do.
do.
do.
do.
do.
do.

do.
do.
do.
do.

do.
do.
do.

do.
do.
do.
do.

do.
James Girvin

do.
do.



NO. D escription. L ent by

122 Merchant Shipping, History

of (Lindsay) ..vol. 1 Campbell Trustees,

123 do. do. ol 2 do.
124 do. do. wvol. 3 do.
125 do. do. ol 4 do.
126  Engineering,vol. 17 | ,0-, do
127 do. vol. 18) 18/4 :
128 do. vol. 19 I 10~ do
129 do. vol. 20 | 18'5 )
130 do. vol. 21 ) do
131 do. vol.22J 18,6 ‘
132 do. vol.23 j ,a— do
133 do. vol. 24 | 18" '
134 do. vol. 251 ,a~-a do
135 do. vol. 26 j '
136 do. vol. 27 do
137 do. vol. 28 j '
138 P

139 @. ™ |? do.
140

141 & £ 1881 do.
142 do. wvol.33) ,aao do
143 do. vol. 34 1882 :
144 do. wvol.35S

145 do. wvol. 36) 1883 do.
5‘? KT
148 do.  tol.39 do
149 do vol. 40 ( '

150 Inst, of Engineers and Ship-
builders in Scotland Trans-

actions Jas. Adamson
151 Steam and the Steam Engine
(Evers) do.

152 Thomson’sEngineeringGuide

to Local Marine Board

Examinations do.
153 The Clyde fiom its Source

to the Sea (W. J. Millar). . Campbell Trustees-
154 The Steam Engine (Holmes) do.



No. D escription. Lent by

155 Joan, the Maid (a story of

the 15th Century) Mrs. Campbell
156 Science in Sport made Phil-

osophy in Earnest.. do.
157 In New Granada (W. H. G.

Kingston) do.
158  Annals of a Quiet Neighbour-

hood do.
159  Discoveries and Inventions of

the 19th Century do.
160 The Giant of the North

(R. M. Ballantyne) do.
161 Count Renneberg’s Treason

(H. E. Burch) do.
162 London Society, vol. 2 do.
163 do. vol. 4 do.
164 do. vol. 5 do.
165 do. vol. 7 do.
166  The Sixpenny Magazine,vol.5 do.
167 Little Folks, vol. 11-12 do.
168 Cassell’s Famlly Magazme

1884 . . , do.
169 Tit-Bits, vol. 14 do.
170 Cassell’s Saturday Journal,

1883-4 e do.
171 do. do. 1884-5 do.
172 Family Herald, vol. 42-43. . do.
173 do. vol. 46-47. . do.
174 "Whitaker’s Almanack, 1887 do.

175 Engineer’s Magazine, vol. 2 Jas. Adamson
176 Rules and Regulations

Lloyds’ Register do.

177 The Steamship, 1889-90, The Council Inst
vol. 1 Mar. Engineers

178* The Bailie, 1889 do.

179* Illustrated London News,
vol. 95, 1889 do.

180* do. do. vol. 96 do.

181* The Graphic, vol. 40, 1889.. do.

182* do. vol. 41 do. ..

-k

Presen eéjutr? dthgn IcoI ampr | Memo o'?ltP\X thrlanr?/tltute



No.

183*

184*
185*
180*
187*
188*
189*
190*
191*
192*
193*
194*
195*
190*
197*
198*
199*

200*
201*

202*
203*
204*
205*
200

207
208

D escription.

Le

nt by

Iron and Coal Trades Review, The Council Inst.

vol. 39 .. Mar. Engineers
do. vol. 40 .. do.
Industries vol. 7 do.
do. vol. 8 do*
do. vol. 9 .. do.
Mechanical World,vol. 5 .. do.
Fairplay vol. 1 do.
do. vol. 2 do.
Shipping World vol. 7 .. do.
Engineer vol. 08 .. do.
do. vol. 09 .. do.
do. vol. 70 .. do.
Forth Bridge do.
Ben and Bencil do.
Bractical Engineer,vol. 3 .. do.
Industries vol. 10 .. do.
Iron and Coal Trades Review,
vol. 42 .. do.
The Graphic, 1891 . . do.
The Illustrated London do.
News vol. 98 ..
Engineer vol. 70 do.
do. vol. 70 do.
Engineering vol. . do.
do. vol. 58 do.
The Elements and Bractice of
Rigging and Seamanship. . J. Adamson
Scribner’s Magazine, 1889 .. J. Y. Lowe
1890 .. do.

#Pre t nao ghned%l cérgyﬁ]m Ftljls

ees O%r{%l qYI

the Institute
prary.



