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S L .  OIL St,ereosco/iy ,ii:I:tIi, ct L o ~ g  Bus(? LIIIE. U,/ T. C'. 
PORTER, llI.A., B.&., F.R.P.S., 1;. P l t p  Soc. ?I' 

THE original communication of the suggestion:, iintl estrn- 
sions of stereoscopic work given in the prwent  p p r r  wvas niacle 
to  the R o y d  Photographic Society on J:inuary PBtIi of thc 
present year ; but the lecturer had 110 opportunity of showing 
his then nudiencc tlie results h c  had obtuiiied, save through :L 
iiuinbcr of small stereoscopes lrincliy lent to the Society for  the 
occasion. H e  tllerefoi~e aslied a few rnembers of soinc of tlie 
learned societies to come and see the illustrations for them- 
selves i n  the author's own laboratory at Eton. A few came, 
: l i d  ainotigst tJlieiri the Hon. Sec. of' the  Physicnl Society of 
Loiidoii~ who urged the exhibitor to  show the w i l e  tliings to 
the Pliysical Society ill London, : i d  promised tlint he ~ o n l d  
l)c rcs1)oiisiiblt: for the ratlier consi,leralle prel~:ir:itions 
ilivolved ; inoreover, the Council were kind enough to place 
I"&ally tlie whole of this evciiiing a t  t,lie lwtiirer'.s dis- 
p o d .  Hiincc thc presetit p t l ) w ,  wliicli i J  very larg(1Iy tlie 
sninc as that  re:d to the I'iiotograpliic Socicty ; ant1 the 
illustrations, wliicli c o i i t n h  iiiaiiy sliown a t  that tiiiic:, ant1 
:11so i n  tlie Iccture rooin :it E ton .  The :intilor vcoultl :it, 
ttie very outset es I ress  his warin t1ianl;s to AI. Sclb of 
Briii.sels, for  the iiingnificent inouutain pl~otogrnplis, takeii 
with :L long base-lino as long ago as l!IO3, a sufficient prod! 
tli:tt the present lecturer is not the  first to  wlioln the itlw 
of this application of te1t:-stereoscopy occIIrrcd, though :ipp:~- 
reiitly 11. Selb did not think of publisliing :illy account of 
his photographs. So fnr :IS the other applications a r e  con- 
cerned :-for military and iiieteorologicnl purposes, the 
suggestions seem to be really new, though they are of so 
obvious n character, that i t  is tlie niore surprising if  110 0 1 1 ~  

]l:ij tried them before I.. Onc niorc worcl of preface : 6lw 

L O i I l h l ,  gc.* 

* Rend May 10, 1907. 
j. Since rending this paper, the nn t lo r  has learnt that Mr. John 

Tennant t O l J k  several very soccessrol photographs of dietmi; buildings 
and of clouds, using a loi~g base-line, some years ago. I'riiita fi.om the 
llcgatiyes were publi'shod iii tiic Pliotogr~tiii ' nt the time. 



608 1 ) I i .  'I. C I ' u I ~ ' I ' E ~  OS 

:iutlior has deeiiied i t  well to give a brief aketch of the 
principles of st,ereoscopy, and, so far as he knows, the  at tempt  
to  measnre the limit of stereoscopic vision for the  unassisted 
eye is  new, ns \vel1 BS some o t h r  ininor points, which seem 
sca.rcely worth sepirnte niention. 

The  p o v e r  v e  possess of judging  of tlic differcnce in dis- 
tance, of two objects in 0171' field of view, depends first, up011 
various propertics of those ol iec ts  which ~ a r y  with the said 
distance ; mriat ions to appreciate wliich we require strictly 
biit one eye, though i t  inay well 1)e that  we  appreciate tlietii 
hettcr with two. One of these properties is  the  appci?mt size. 
This is one of tlio inost useful proper[ies, if not altogether 
the most iin1)oitaiit~. The C ~ ~ I L T I E C S S  012 lici:ii(ess of iol  oh$ i i i  

an atmosplicre which is no t  perfectly transpni.ent is  anotlier 
property of rilmost universal application-at any rate in our 
land. A third property, which depends upon the  bodies 
themselws nnd also 011 the source of l ight  by which they are 
illuminated, is the  awciiigement qf light wid shade they present, 
:ind the s1icido~c.s they cast. A fourth, and perhaps i t  should 
be termell a n  accidental property of objects, is  their m f i o i i .  

As the :~pp:irent motion of a body diminishes a s  the distance 
increases, its apparent motion gives some clue to  its distance, 
and this is very noticeably the case if i t  i s  we who are  moving, 
and not the objects which form the landscape. This is well- 
seen in  the cineiiiatograph pictures taken from a train, the 
more rapid the niotiori the greater is the  distance from which 
t8he effect may be observed ; and this suggests a very curious 
method of exhibiting the t rue distance between very distaut 
objects, i. e. tha t  of' exposing a cinematograph filin rather 
slowly, or more correctly with rather long intervals between 
the different. exposures, whilst the whole instrument is 
inoving as fiist as is practicable, and then, in s h o u h g  the 
result on the screen, practically increasing the speed of the 
locomotive, by running the pictures through the  lantern as 
fnst as possible. 

It may he that the well-linown rapid side to side motion 
which hirds, and some other animals, make when inspecting 
the ground, or their food, before pecking, enables them to 
form a precise idea of the distance of the object a t  which 
ihey a re  ahout to aim. The fact that  their eyes lie on different 
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sides of their heads necessarily deprives them of certain 
powers of estimating distance which nre possessed by animals 
like ourselves which Lave their eyes on the same side of 
the  head. 

The next  nieans of telling the different distances of objects 
depends, not on properties of the  objects tlieniselve,s, but on one 
of the  eye itself, n a m e l j  tlie effort, made quite instinctively, 
b y  which w e  bring t h e  images of these objects to :I sharp 
focus on Ihe retina, i. E .  by the  ef-l'ort iiiacle i n  so-called 
ucconzmodatioit. The power of acco~nniodntion is, however, 
coinparatively limited in  its scope, far more so tlian seei i i~ 
to be coinnioii1,y thouglit, my experiments on inaiiy peoplo 
put t ing the liinit for ordiiiary sight :it about >six fect froiii 
tile e j e .  On these five methods, AIL, o s  THE 3i!isTLiL 

previous experience, depend the wliole of tlie powers of 
;iplmcint,ing form nnd distance, PO far as each exe is con- 
sidt:red s q m ~ a t e l y .  Tliey prob:iLly con,qtitute the i i m t  
important part of t h e  f;iiiii of the pon-er:: \ye liave of tlii,* 
kind ; and to illustrate how far they are capible  of giving 11.5 

correct ideas of thc form and distance of ol)jects, we may 
present t o  Loth eyes precisely the saiiie Yiew, ;id i n  the 
ciise of ;t photograph projectcd on a P C ~ ~ E I ~  (l)hotogral~li pro- 
jected). Our  sensiition of the foriiis ;incl cii.4ances of tlira 
differeat objects :ire ,so ne:irly those we receivc w11e11 tlle 
t w o  eyes regard tlie cccirccd ljiezc fro111 vliicli the pliotogr;11~li 
was taken, that  we are driven to the conclusiun tlint any 
means, apar t  f rom iiiotioii, of judging of foriii ancl diatnr~ce 
which are  n.anting iu  the viewing of thr: l'icture 011 the  
screen, must either be qnite insignificant i n  its :iction, or 011ly 

act  through a range less than  t h t  of the o h e w e r  from t h e  
screen ; and yet, in thus viewing ii pliotogrt11~11, we :Irtt 

cotnpletely depri\-ecl of' the sciisc of " relief " conferred upon 
us,  under ordi ixiy circuiiistiuices by tlic posse~sion of fzco 
eyes, which can both be turned so :I,? to converge their lines 
of sight on each object in  turn, thus giving rise to the sensa- 
tion properly known as stereoscopic relicf. 

The impression3 received by the two e?-es when reg l rd ing  
;tny near object aye not the  same, because each eye sees froni 
its ow11 posit,ion, which diflers froin that  of tho other eS", 

L)EL)UCII'IOSS FOLLO\\'lSG FR03I T H M I  :llld fOlllltled UI)Oli 
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by, let u s  wy, a. tlistaiice of i inches, i is equal to about 2.5 
i n  most cnses. Let E, E2 (fig. 1) be the eyes, distances i 
inches apart, and lct the lines El I,, E, I, be their respective 
lines of sight when loolring at a very distant object, so that 
El I,, E, I, are practically parallel. Let PI be anear object : 
then when the observer wishes to examine PI, he niixst turn 
each eye inwards through a certain angle, which we will 
call 8. This lie does by making a definite effort, and it is 
this effort wliicli gives the seiisation of stereoscopic relief. 

Fig. 1. 

Y 
2 

\ 
It is true that in  order to see P, distinctly, at least one eye 
niust focus PI by " acco~nmodation " (in people of normnl 
sight, both eyes focus PI), b u t  this accomnotlation-effort, 
which has already been di,scIi,w.xl, is t i l  together differeent from 
the effort of convergence, and t.he stereoscopic relief will I I O  
perceived by the convergeiicc effort alone, even if the eyes 
be unahle to focus clearly. This I have proved quite con- 
clusively in  inore th:in ono way, wlicli I shall describe later. 
To return to fig. 1. Suppose P, be anotlier point, rather 
further from the eyos, i t  is clear that the angle of convergence 
will he smaller, the corresponding effort of convergence less, 
and tliat too just  in proportion to the distance of P, froiri 

: thus as the difference in tho rnagnitndes of 8 implicitly 
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measures the ditl'erence of the d i , h i i c e s  of PS from t110 
eyes base-line in the figure, so tlie corresponding efforts of 
coiivcrgeiice nieasure the stereoscopic seiisation of tlic 
difference of distance of P, and P, from the observer. P, 
P, inay bo any points on a given siirfiice, ant1 the notion of 
the forin ancl distance of tho points which inalro up tlit: 
surface, i. e .  of the  surface it.self, is got  hy the variation 
of 8, as the eyes converge on the tlifferciit points hi  
succession, 

Suppose tlixt two ~~l io togra~~l i : :  of :t T k w  1 ) ~ '  t:iltcn froin 
points the sainc diit:incn n l m t  as the eyes, nncl the positive 
prints from these be inoritliecl siclc Iiy side :ind then inspcctetl, 
each view hy its :iI)prol)ri:ite eye tlirougli :L suitable inst.rn- 
Ineiit, vc i m y  arraiige (1) tliiit  e:icli view slinll lie in focus : 
(2) that ench shall IJC viewed :it such a tliutance froin each 
oye, tlint encli o\)ject in  e:icli p1iotogr:iph shall siibteiicl the 
same nngles a t  the oyes, as those which i t  suhtended in  t l i u  

nctunl view froin wliich tlic photograpli is t:ilren, and there- 
fore that i t  ,hall look tlie s:me size as i t  clid in nature. 

Tliis ass t inic~ the use of' certain liiiitls of lenses, both i n  
t:iliing t,lie p l i o t o g r ~ i ~ ) l i ~ ,  ancl d s o  in  viewing them, and i n  
practico these oontlitioli~ are oiily npproxiinately realized. 
1 hat this is so mi3 1)c lirove(1 l)y taking a photograph of :i 

scene with :I fairly long focus lens, and innking :I posi t iw 
on glass from it by colitnot. Now pl :m oiie eye near tlie 
spot wliere the lens was when tlic i i c g d r c  w:is t:tken, and 
the  positive, :is far in front of t,lie eye as the negative wiis 

behind t h e  lens when tlie photograph was taken, and view 
the landscape tlirougli it, moving the eye, if necessary, so :is 
to  make the picture of an object just cover the corresponding 
real object in the Y i e w  ; it will be found t h t  oii keeping t h e  
eye in  this position, ancl r e p r d i n g  the rest of the  >.iew, that  
the ot,her o4ject.s i n  tlie transparency do not as a rule '' fit ' I  

the  correspon~ling objects i n  the view. 
(3) We iiiay arrsnge so that  the lines of sight of t h e  two 

eyes when regarding corresponding points of ;L very distant 
object in the two views are parallel. Then, if these thrcc 
conditions are  fnlfilled, the  efforts of convergence which the 
two eyes must make to regard the corresponding points of 
tho two views, .will be the same as they were in looking at 

r i  

This by the wny. 
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the corre=ponding poiiitb in tho original \Tiem, and the stereo- 
scopic effect will be the s“ Now in this case there is 
no accommodation necessary to focns different parts of the 
picture, neve1 theless the stereoscopic effect is obtained. This 
fact therefore constitutes proof positive that variation in tho 
convergence of the eyes is aione sufficient to produce sterco- 
scopic effect, apart from $‘ :iccoiiimodation.” 

To return to  the theory: it can be seen a t  once froin 
fig. 2 that the total angle ( d  8) of convergcncu of the eye$ 

Fig. 2. 

for a point I’ at, ally gircn dist:ince P(1 is exactly equal to 
the angle ,subtended at  the eyes EL E, by R liiic equal to the 
distnnco between thein, I?, IC2, placed a t  that point, as in tlic 
figq, parallel to the line joining the oycs. Now in practice, 
when I? is a ccrtain distnnco from C:, the angle B, tlie cun- 
vergence for  onc eye, I)ecoliies too small to be alipreciatetl, 
and thereforc :ilso the rfort  necessary for the coi~vcrgenc(~ 
through this H I I I : ~ ~ ~  anglc is also iny)prccinble, and tlic stcreo- 
scopic sensation will fail : in  other  word^, stereoscopic 
sensstioii will be limited to oljects nearer the observer tlian 
this distiince, ~~liicli is thus the stereoscopic limit, and i t  is 
ohiously of interost to find wliat this distmce is for 
orttinary eyes. The average clistnucc hctween the eyes ma.y 
hc t:tken as 3 .5  i n c h < ,  t h i  is El E2=2.5 inches, thercforc! 
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&C!= 1-25 iiiulies, and the question rii:iy 1)e stlitetl thus :- 
At what  distance does t h e  eye fail to appreciate the @o;?l.t made 
i n  turning it. from F1 to P ? 

To find the  a\-crage d u e ,  I drelv two black lines on 
white paper, five-sixteenths of a n  inch apnrt, and placing 
them i n  briglit h j l i g h t ,  inenwretl the distnuce for each of 
eleven persons a t  w~iicl i  the  effort to  loolc first a t  one a n d  
then at the  other Becaiiie inapprecinhle ; the  iiieaii result war 
128 inches, the actual w l u e s  being tho.se on the nccompanying 
table :- 

f t .  in .  f t .  i n .  f t .  in .  f t ,  in. 
5 7 *..  !) 4 . . .  11 s , , #  14 0 
e 1 ... 3 (; ... 1 2  0 , . .  15 i; 
x 10 , , ,  10 0 ,.. 1 2  0 ,.. - 
This shows, by a simple proportion, that  tlie eRwt  to look 

from Fl to P becomes inappreciable , ~ i w  the n r r , ~ q / z  p e i w r r  
at about 13 feet distance ; this riiay therefore lie taken as the 
average distance a t  which stereoscopic r ~ l i e f  c e a q  though 
some lose it aboiit 20 feet, and others retnin the sensation t ip  

to  64 feet.* 
It should be pirticulnrly noticed tlint tlie validity of this 

proof rests on tlie :iseuniption, tacitly made, that when 0 i.5 

very small, i. e .  near the stereoscopic liniit, the effect to turn 
one eye  through ;1 w r y  sni:ill angle, 8, is the same, whether 
the other eve turns  with it in  the sniiie clirection, or in  the 
contrary. This \vould probnhly not be true for n large value 
of 8, but this doer not affect the argument. Hut,  wlietlier the 
proof holds exict ly  or not. there is n o  doubt that the  limit 
indicated iJ not far froni ita t rue m l n e  : this appears, both by 
observatioii of' orclinnry &ws. when, lioi\-ev.t~, it is ex- 
ceedingly difficult to  discriminate b e t w e n  the trne stcreo- 
scopy nud tlic sensations of relief' and distnncr prodnced by 
the other c a u s ~ s  already rnunierated, SO t ha t  we shoultl 
n:iturally infer tliat the limiting distance for t,riie stereosccipi(8 
effect. ws grentri ,  t h i n  i t  really is : and ;I second, m t i  f i r  

* With the / *  balloon I '  range-finger, and good eyes, i t  is certain that 
the stereoscopic limit is many times gretiter thnn tiitit assigned in  this 
pltper; but the writer believes thltt his estiuate is no t  greatlj in error 
for ordinary sight under ordinttry conditions. 
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Cct.tcr proof tliat the limit e;t:iblished here is fairly correct, is 
nflorded by measurements of the  diat:uicea to ~vliicli stereo- 
scopic relief is pr,rceptible in piiirs of photographs taken as 
desc,ribed later in tlie present paper, :1ud to coinpnre the 
results thus obtained wit11 tlie dist,:iiices of the liiiiit ciilculated 
by tlie niethod we are discussing. So far as my work i n  
this  direction lins gone tlic ra lues  agree as well :M I conld 
expect. 

Lt is wort.11 iiotiiig that both by theory :incl experiment, tlie 
range for stereoscopic relief is  not the s:tme :IS the  range for 
i‘ accoir imod~tio~i ,”  i. e., for focussing. I n  iny O W I ~  case, 
everytliing is eqnally, and well i n  focus, :it distances greater  
tliaii 5 feet 8 inclics, whereas I can perceive stereoscopic 
eff‘ect to a clist:ince of 24 feet : nor is i t  neces.s:iry for thc 
sensation of stereoscopic relief tlmt tlic ol’jccts slioiilcl be 
sharply focussed. Evcii if the imiges  of : in  object formecl 
by the two eyes seein more or lees Lliirrcd, so long a s  the 
effort of coiirergence i j  senhible n h c n  tlie eyes :ire turned 
troin :i iiiore clisI.aiit ohject to  the nearer, tile stereoscopic 
behsntion will be received. This esl)l:tins why evc!ii rery 
i;l~ort-,siglited people possess :i toleraLly long rniige for stereo- 
scopic vision, :incl xlso wl1y, in  c : w s  where one eye is long- 
siglited, and tlie otlier short, tlie range of’ stereoscopic vision 
is still very coiiidernble ; but  tlie stereoscopic range is 
iiiidoubtecliy sliortcned 1)y short-siglitcd vision, citlier of onr, 
or of Loth e j e s ,  for it is ohviolis that tlie blurred iiiiages of 
ail object formed by e:icli eye arc  \*ider t1i:in tliosc: sliarply 
focussed, :incl lielice the clistiuice a t  w1i;ch tile iiiinges sub- 
tend the limiting :ungle for stereoscopic effect is less wit11 
bliirred t l i m  with sharp imagcs, and tliercfore the stereoscopic 
range is reduced. 

A corollary of this is also worth noting, ii:iiiieIy, t l ~ t  wlieil 
the focussing has been done for a l l  distancrs, as  hy :L l e n ~  
in :t pair of stereoscopic photograplis, ,sucli :IS hare  beeii 
rilready described, and i n  which objects appeu  of the li;\(ural 
size, tho stereoscopic effect readies its maxiniuiii tlieoretical 
value, so that  n person whose stereoscopic liinit is, say, 01i1y 
80 feet, whcn lookiiig a t  a Yiew in nature, may be able to 
pe.rceive i t  for 43 feet, the average, or even 64 feet, or niorc, 
in  the same view, when 1ooked.at through tlie s tereoscop.  

UN. T. c. r c l I ~ T l 7 1 ~  ox 



So far I have stated the fniidamental bases of tlie stereo- 
scopic seiisation a5 simply and shortly as I c o ~ l d ,  aiid it is 
iiecessary thus to clear the ground before considering the 
extension of the range of stereoscopic vision, by increasing 
the distance between the two siinultnneous points of view. 
That it m i s t  be so increased is evident from fig. 3, where El 
and E2 s ta id  for a pair of eyes 1 inch apart, and E, aiid E, 
form a pair 3 inches apart. The angle O1 is the niigle which 
ineasiires the conrrerging effort, and the ster 

4 ~ 

Fig. 5. 

c E2 I 

Pig. 4. 

D 

LM4 E2 

for the firat pair, when viewing the object P, xiid tlie angle 
O2 the similar effort for the second pair, and it is plain that 8, 
is  greater tliaii 8,, and that if P were at such a dibtance that 
8, were too small to produce any stereoicopic seiisatioii, O2 
would still be large enough to prodnce it, so that the greater 
the base-line, as E, Ez iiiay be called, the greater the range. 

The exact coiiiiexioii between the ranges dl d2 with base- 
lines il i2 in  length being given very simply thus :- 

Let 6' be the critical value of the angle F1 El P (fig. 3), 
so that for any smaller value of 8 tlie stereoscopic seiisation 
fails, then 

tan 8= = 6; , . , , , ( i ,  
CP 17;> 
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:ind since B will be the sitme for the other b:ise-line wlien 
stereoscopic sensation mnishes, 

biz 
n', 

tail 0 also = -, . . , . , . (ii) 
. .  :. frorii (i) and (ii) t l ,  : (1, : : z1 : z j ,  

or in ordinary language : - 
The range of stereoscopic effect varies directly :is the 

length of the base-line. If blien the distance betwaen the 
eyes coiild be increased, say ten tiines,Ci. e .  t o  25 inches, 
tlie stereoscopic effect wonld be perceptible to n distance of 
430 feet for an average person, Mow such n n  increase of 
distance can be made to all intents and purposes by ineaiis 
of reflectors 31, M, M3 If, placed as  in fig. 4, the cyes a t  
El E, seeing tlie ob,ject P 8s reflected in t'he mirrors 
$1, M4, i. e., as viewed froin the  ends of a \me-line ex- 
tending from M3 to M, iristeacl of only from El E,. By 
suitably iiiclining the mirrors MI Biz, the two iinnges fornietl 
1)s Ma and M, can be brought into apparent coincidence, 
ant1 the stereoscopic effect witnessed. This experiment 
was, I believe, fil-st niacle by Von Helmholtz, ant1 he thus 
extended tlie base-line to many inches, and called the iiistru- 
iiieiit the telcstei-eoscope. The larger base-line is :ilso one 
cause of the increase of range of stereoscopic effect in many 
niodcrii field-glassns, bnt it  is not the only  cause, for the 
inaguification of a tlistant object is equivalent to  viewiiig 
those parts of it v-\-hich are visible, at  a shorter distance, aiicl 
this means an increase in  the angle 8, but, as will be slow11 
presently, m:~gnificntion does not act in the same way as 
:tctually bringing tlie object itself ntxirer, :L fact which sl~oultl 
J,e carefully remeiiibei*ed. The stereoscopic effect is also 
greatly increased in soine modern forms of telemeter, arid 
froin the snine causes. Brit in a11 f;ucli iiistruinents, the 
esteiisioii of tbe stereoscopic effect soon Teaches a limit. 
This is due to difticulties of conutruction felt both in making 
plane mirror,<, : \ id  lenses, and also troubles arising froin t,he 
want of rigidity in bars, and the loss of  light i n  reflexioii and 
IJY absorption, not only in t r~vers ing  the lenses, but also any 
considerable t l i i c l ~ n c ~ s  of' ordinary air. I cannot fid ally 
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published accotint of a11 extension of base-line beyond th;lt 

of Helmholtz. 
Bu t  it is a t  once evident that 110 such limitations affect 

the two photographs, which inay be iiiade of a distant object,, 
and afterwards viewed. in the stereoscope. However great 
the base-line, so long as it3 two ends are about the saiiie 
distance from the objects to be photographed, the absorption 
of light caused by the air and the camera inay be, ant1 
generally will be, the same. Hence, so long as the objects 
themselves a re  clear enough and large enough to yield a 
picture, we have the means of recognizing their forms a n d  
relative distances, however far off they inay be. I pass a t  
once to the few practical examples, the only stereoscopic 
photograplis of thc kind, which I have had time and oppor- 
tunity for taking, since the thought of the possibility of an 
enormous practical extension of the field of stereoscopy first 
occurred to me. 

Suppose, then, we l w e  in  the distance the confused 
collection of buildings constituting a fortified city ; the 
nearest points we will say are two miles away, the furthest 
four. We wish to see at a glance the relative distances between 
the different objects as plainly as we should see them if an 
exact small model of the city were made, and viewed by the 
unassisted eyes, 2.5 inches apzrt', from a distance, let us sap, 
of three yards. We wish also to see the same parts of the 
niodel as we could see of the real city, and moreover the 
niodel is to  be on such n scale that the parts of the model 
at a mean distance of three yards sliall look the same size as 
the same parts of the r e d  city a t  the mean distance of three 
miles. 

To fulfil these conditions, (1) we ninst m e  a camera lens 
and stereoscopic lenses, such that when the photographs are 
viewed through the stereoscope each object depicted subtends 
the same angle nt the eye as the corresponding payt of the 
original : this can be done without any great dificnlty, and 
since this is not the main question so far as we are concerned, 
I shall not enter into further details. (2) To get the required 
stereoscopic effect : if p and P are corresponding points i n  
the real city and in t'he supposed model respectively. Fig. 5 
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will sbow that the base-line fur  the two photograplis must be 
as many limes 2.5 inches as there :ire three yards in three 
miles, i. e. 122 yards nearly ; and if we act accordingly, we 
,\hall get the required result, as I think the photograph of 
Windsor Castle, viewed from a mile's distance, and taken 
from the ends of 8 base-line of forty yards, sufficiently show,<. 
This photograph reveals plainly the general arrangement of 
tlie Castle lonildings round tbe escarpment of tlie chalk hill 
on which it is built, One c;m see quite plainly the 

E 2.5" 
I 

€!, REQUIRED C2 
BASE LINE. 

relatively central position of the Round Tower, and i d a o  how 
far behind it tlie Courtyard side of the Eastern Buildingi 
lies, points which no ordinary photograph or actual vien 
(unless taken from a balloon) could possibly show. The 
stereoscopic analysis, as we may call it, in this particular caw 
is the more surprising because both the points of view, i. e .  
the whole base-line, lies u e l l  below the l e d  of all the Castk 
buildings. Views of this lriiid inay often prove exceedingly 
valuable in time of war. There are no '' r ighk"  for a 
government to purchase : anyone armed ivith an ordinary 
snapshot camera and a stereoscope, such as may be purchased 
for a few pence, has i t  in his power to unravel the tangled 
arrangements of fort, and country from a long distance off, 
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for in clear air the two photograplis inay bc talieii at five or 
six niiles distance, requiring for a horseinan only a few 
seconds, dismount ; and after development, a good rin&ig, 
fixation, and another good rinsing, two prints inay Le t&n 
without drying the negative, on such a paper as Velox, fixed, 
and placed in position on a card in the stereoscope, without 
waiting for them to dry, and the riddle of the strategical 
position read, as it  could be read in no other way. 

However hazy the objects may appear, as long as they can 
bo photographed a t  all. they can be seen by this method with 
any amount of ‘ l  relief” desired. It seems to nie that for 
scouts of all kinds the extra kit involved, i. e .  a single ordinary 
3a x 3) inch camera, with films for lightness, or two plates, 
if more cannot be carried, would be well worth the extra 
trouble. I t  is clcar that the presentation of objects by such 
photographs i a  quite different from those obtnined in any 
other way, for to revert t o  the ‘‘ model city ” already nien- 
tioned seen from three yards, which cspresses well the effect 
witnessed on looking through the Stereoscope at the photo- 
graphs of the r e d  city three miles off :-it is clenr that if n n  
attempt mere made to view tlie real city froin t h e e  yards 
cli.;tance, only a very small part of it could be seen a t  all ; 
possibly, a t  the only points accessil)le in tiine of war, R few 
stones, or a part of a wall, and closed gates. I should liko 
to add that, whilst writing this paper (011 the high seas), I 
showed some of these photographs to  Mr. Lloyd Griscom, tlio 
Ambassador of the United States a t  liome. H e  informed me 
tliat during the lute Russo-Japanese war, a nian whose nanie 
I mnch regret to say I have forgotten, hat1 made for Adniirnl 
Togo some naval photographs, which the ainbassnilor thonght 
must 1i:~ve Iwen taken on much thc wine principles as these 
of nine,  h i t  he :icItlcd that no  account of thcse had been 
published, tliougli- he thoaglit t h y  h:id proved of real value 
to the Japnne3e. >fr. Griscoin’a renxirk :is to t11e photographs 
I showed him wcis ili,it lie lint1 never seen anything like 
tlicm before. 

An importtint p i n t  to bp noticed j, the very great innp i -  
tiide of tlie  arc:^ which iiiay tlins be sccn at a glnucc in  strong 
‘ l  relief.” For, suppose thnt the stereoscopic view embraces 
an angle of 25 dcgrces nidth of‘ sccnery, nnil wppose that 

VOL. xs. 2 Y  
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the objects to be examined arc very large, and lie at a mean 
distance of fifty miles, we then 1i:ive a. stereoscopic presenta- 
tion of a tract of country of more t l m  twenty-one iiiiles 
froin end to elid, stretcliing away to it clislance only liniited 
I)y the curve of the earth, the altitiide of the objects, and 
the clearness of the a i r ;  and t h ~ j  we are directly led to the 
second great field of‘ stereoscopic worl<, which this investiga- 
tion seems to nie to open, I mean that of exploration, and in 
particular the exploration of mountain ranges. Suppose 
then that the explorer is anxious to study the “ l i e ”  and 
relative heights of peaks standing up in the distance behind 
the part of the range facing him. Let  us take an extreme 
case, and assuine that the higliest pealis visible in the distance 
may be as niucb as 100 miles ofT, he wishes :to see them as 
he would sc’e a inodel of the ranges i n  which the model 
of the furthest mountain was at  a distance of 30 feet, 
t.he model being inspected with the unassisted eyes, say 2.5 
inches apart, and the 30 feet lying well within the limit of 
their stereoscopic vision. We have at once t,he simple 
proportion :- 

As 30 feet is to 2.5 inches, so must 100 miles be to  the 
hase-line required ; and on working this elementary sum out, 
we fiiicl for the necessary base-line a length of of a mile, a 
perfectly manageable distance in many cases, for note well, 
the observer does not require a level plane Q of a mile long 
and parallel to  the range. He only needs two spots, some- 
where about the same level above the sea, the higher the 
bethr, a t  Q of a mile minimum distance. If his base-line is 
perforce longer, the result will only be to view the I‘ model ” 
inountaiiis nearer ; and if shori,er, further OK It will be 
noticed tliat the experiment will only fail for any particular 
mountaiii, if it  sliould happen to be bidden from one of the 
points of view : or, if the base-line is not long enough, and 
the ‘‘model ” mountains arc, some of them at any rate, 
Tiewed at a distance beyond the range of stereoscopic effect. 
It s e e m  therefore worth while to show how we may, by 
means of wliat has already been stated, find the sinallest base- 
line which will giye stereoscopic effect to any limit, sxy the 
100 miles required in the present example. 1 purposely give 
i t  in n form which all can e a d y  understnnd, 
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For the nwrage person with eyes 2.5 inches apart, the 
stereoscopic sensation fails after 43 feet, thus the “ model ” 
mountains must not be viewed at a distauce from the furthest 
of thein greater than 43 feet, i . e .  we have the simple pro- 
portion :-As 43 feet is to 2.5 inches, so is 100 miles to the 
distance required, and this gives the answer as half a mile 
very nearly. 

This length of‘ base-linc, then, would be sufficient to b i h g  
all the mountains visible into stereoscopic relief, but it would, 
no doubt, in all cases be advisable to take n base-line con- 
siderably larger than the minimum. 

There is one point in particular which should be carefully 
remembered in connexion 1vit.h viewing these stereoscopic 
photographs, Hitherto I have supposed in every case that 
the objects ‘‘ looked as big in the stereoscope as they did in 
nature.” I put the words in inverted coininas because this 
is the simplest way of saying that when viewed in the stereo- 
scope, the objects in the photogiaphs subtend the same angles 
at the observer’s eye as their originals did at the observer’s eye 
in the natural scene j and the ordinary expression li look :is 
big as”  is a convenient abbreviation, when its exact nieaning 
is understood. Generally, however, the objects as seen in the 
stereoscope do not look the same size as they do in nature : 
they are magnified, i. e., subtend greater angles, and at first 
sight it would perhaps seem as if magnification must increase 
the stereoscopic effect in exactly the same way as taking a 
correspondingly longer base-line. This is, however, not  the 
case, for a moment’s reflection will show tha t ,  hoK ever much 
we may magnify iwo views A and B: taken 2.5 inches apart, 
say, we can never make thein the same as two yiews-C and 
D, say, taken, let us suppose 2.5 yards apart, for the views 
themselves are different in the two cases : even i f  A and C 
are taken from the same spot, and are therefore the same, 
B and D cannot be the same j arid the stereoscopic result of 
magnifying A and B thirty-siu times (the number of inches 
in a yardj will not be the same as that of C and D. The 
stereoscopic effect of what objects there are on the photo- 
graphs A and B is undoubtedly multiplied thirty-six times, 
when A and B are so magnified, and so fw as these photo- 
graphed objects go, it is equivalent to viewing them at one- 

2 x 2  
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tliirty-sist11 the distance, i. e., the stereoscopic cffect for thc 
photographed ob,jects is thirty-six times as grcat ; but there 
are actnnlly objects on  the photographs CI and D, taken 
together, which :ire not to be fouiid on the other pair, whilst 
sollie of the ob,jects vliich appear in A and I3 will not be 
found on C and D. The greater basc-linc used for C and D 
niakes us see, as it were, further iirountl’* the objects than we 
did in A and R, ancl supplies lis with fresh inforination for 
the stereoscoliic estimation of tlie form and distance of each 
object’. One curious cffect of the magnification of any pair 
of stereoscopic photographs must be t o  increase unduly the 
:Ippareiit depth of the objects theniselves, and also the apparent 
distance between thein :-in short to produce what may be 
cdled ‘ I  stereoscopic distortion.” 

The lttst, aut1 perhaps the inost interesting apldicntion of 
this estensioii of the base-line from the ends of’ which the 
two necessary photographs are taken, is to  the sky, i. e., to 
tlie unalysis OJ‘ tile d i s t a n c e s  at PCJ&IL t h e  diferent layers qf 
clozrd lie. 

If we take the greatest vertical height at which any cloud 
is seen t o  be ns grea t  as 20 iniles-and this is undoubtedly 
of rare occurrence-the siiiallcst ii:ise-liae necessary will be 
for the average person about one-tenth of a niile; but in 
practice, it, will bc better to  use about twice this distance, or 
wy 350 p d s .  This is for clouds overhead ; but in most 
C’ ‘im, ., 

7 or 8 inilcs above sea-level, if indccd that-a base-liac of 
150 yards, or even less, will he f‘onnd to work well. If‘, 
howewr, the clouds to  he analysed lie near the horizon, thc 
base-lint! will pro11:ibly h a ~ c  to 1)s greater. Let us take 
the e s t n m e  cabc of clouds wliich are ‘10 niilcs : i l ) o i ~  sea- 
level, niitl vien-et1 wlicn t h y  :ipl)e:u to be rcstiiig on the 
olhsrrver’~s horizon, tvliich wc will further Su]qJox is the sea, 
while the height of t’lw ohswvcr ahovc soa-l.c:vel. is one-fifth 
of a niilr. f3uch R cloud a ,ould be, i f  yisible, 310 iniles 
from the observer, a s  the orow flies, and tlie base-lino must 
he a t  least a mile and a lialf, no doubt two miles would be 
better, but. then such a case is not likely to occur, a i d  I 
only qnote it to give some idea of the snperior limit, to the 
hauc-line necessary for our purpose, ‘ Under ordinary 

since the average Iieight of clouds is not more than 
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circruiistances wit.11 clouds anywhere u p  to 8 niiles in vertical 
height, and tlie height of tlie observer tibove sea-level less 
than 400 feet, a base-line of rather over a quarter of a mile 
will he sufficient to exhibit even the furthest clouds (which 
inay be taken as about 50 miles off) in relief. The stereo- 
scopic cloud photographs shown were taken as snap-sho ts 
froin ships going 15 knots, with an interval of about a ininute 
between the exposures of the two negatiws wliicli together 
constitute one of the pairs of' photographs ; and this iiiiplies 
a base-line of approximately 450 jards. Some of them 
exhibit the cnrve of the sky, i. e .  the curve of the earth, 
very beautifullp. Subsequent esperience lias sliowii tlie 
writer th:tt in many cases the Law-line was unnecessarily 
long, with tho result thnt the resulting photographs are inoro 
difticnlt to combine subjectively in the stereascoiJe than need 
have been the case. 

There are two considerations which affect this third great 
field for experiment :- 

(1) The clouds are moving objects ; hence if' they are 
moviiig fast in a line at  right angles t o  the direction in 
which tlic caniera is pointed, the caniera itself need not Lo 
moved, save perhaps to give i t  a slight rottition about its 
axis. The two views can Le talreii froin the same spot a t  an  
interval of time long or short at the operatcir's will, and 
depending also on ihe rate of the clouds' inotions, and also 
on the rate at which the clouds inny be changing their 
for 111 s ;- f o i* 

(2) The clonds are continually clianging, and hence theo- 
retically two SIHULTANEOUS p1iotogr:tplis should Le ta1;cii nt 
the proper clistaiice apart. Such an arrangement is ab.+olutely 
11ccessary in all cases where tlie height, distance, and velocity 
of tlle clouds are to be measured froin the photogrnphs ; 
but for a picture giving a general view of the cloud layers, 
this is scarcely necessary, as  the photographs exhibited 
sufficiently prove. 

Lastly, not with clouds only, but with any distant i n o ~ i n g  
object, a stereoscopic presentation of that  object may be 
obtailled by taking t\vo successive photographs of it, with a 
suitable time-iiiterr:il hetaeen tllc two. "lie principle 
involved is plaiu. A change in the positioll of' an object, 
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whilst the observer, or rather his camera, remains n t  rest, is 
precisely eqnivalent to a change in the position of the camera 
in  the opposite direction, whilst the  object remains a t  rwt. 
The results of the former case are, however, often very 
curious, for although the moving object is presented in relief 
by the photographs, yet naturally its surroundings are not 
so ; in fact these last may be different in the two views, in 
which case the stereoscopically presented object stands forth 
on a ground which changes slowly from that on one pictnre 
to that on tlie other, through retinal rivalry, caused by the 
gross dissimilarity of the two views, This retinal rivalry 
lies indeed at the root of a l l  stereoscopic vibion, for it is this 
retinal rivalry, caused by the dissimilarity of the two stereo- 
scopic viens, which prompts the eyes to change their angle 
of convergence, so as to bring corresponding points of images 
of the two pictures to ‘* corresponding points ” of the two 
re tinns. 

Here this paper must close : in the first part of it I have 
restated as simply as I could the fundamental truths on which 
stereoscopy rests. This led a t  once to the deduction of a 
working estimate of the average distance a t  which true 
stereoscopic sensation fails. I n  the last part I have pointed 
out three great fields of survey work :-Military, Geogra- 
phical, and Meteorological, in which the great extension of 
the base-line advocated in this paper may, 1 hope and believe, 
prove a valuable, if not an indispensalle implement in further 
research. 

Upton Park, Rucks, 
May lo th ,  1907. 

PISCLWIOX. 
Mr. J. TEKNANT expressed his interest in the paper, and 

said he had shown pictures of clouds, taken by the same 
method as that employed by the author, in a paper pub- 
lished in 1897. H e  was not certain that the feeling of con- 
vergence was the only thing which determined stereoscopic 
vision. The estimate of 43 feet as the limit of stereoscopic 
vision seemed to him too small, as he had ohserved stereoscopic 
effects at distances up to 125 yards. I n  1896 he devised a 
stereoscopic camera and used it to menswe the heights and 
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depths of clond~. I n  some of his cloud experinleiits he l i d  
used a base-line 2 of a mile long. The method vas  applic- 
able to many subjects and was a most vnluable one. 

Mr. C.W. S. CRAWLEY did not quite understand the author’s 
stereoscopic limit which he put  a t  43 feet. The only definite 
limit to the angle 0 was the sinallest difference of angle of 
convergence, say e,, by which we could judge difference 
of distance. In ordinary use, many things prevented our 
employment of stereoscopic power to the full, bu t  he thought 
43 feet was much below the limit in any case. Von Helni- 
holtz, from a rough test, gave us Bo as about 1 minute, which 
would mean that we could say by pure stereoscopic power 
that an objcct at 200 metres was nearer than one at infinity. 

As a matter of fact, von Helmholtz’s figure was much toe 
large; for English eyes at any rate, The speaker had 
repeated the rough experiments in a way which, while it 
allowed the stereoscopic power fuller scope, did not allow 
any help from other sources. He  had tested all sorts and 
ages of people and found the usual valne of Bo about 10 sec$.; 
giving a limiting distance of 1200 metres. Several were, 
however, much better than this and had Bo about 2 secs. 
of arc, or a limiting distance of GO00 metres. Personally, 
the speakers varied from 3 seconds when in good health to 
8 or 10 secs. when not;  and he found a stereoscopic test 
inost useful in hepatometry. I n  answer to a question, the 
speaker said these values were fully borne out  by others on 
the Forbes range-finder, where judgment of distance by any 
other means was absolutely impossible. 

H e  quite agreed with the author that wide-base sterec- 
scopic photography might he much inore widely used in 
surveying and in cloud-work, and hoped that the paper would 
greatly promote such use. H e  thought the author would be 
interested in some of the work of Dr. Pulfrich of Jena, who 
had gone a long way in the former branch. 


