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Letters to the Editor.

lThe Editor does not holtJ himself responsible /or
opinions erpressed by h/s corresy'ontlen/s. Ateither
can he underlake to relur?l. nor lo corretbond zaith
the',ur/ters oJ rejected n,tnttscrty'ls inTenderl for
this or any other lar/ aJ Nerunn. No nolice is
ta,4 en o f ano ny )2? ou s c0 1n.rnu ni cal zo n s.f

The Loculus of Archirnedes,

Ix ihe course of study, of a totally different sub-
iect, I  recently came acr-oss referenceio a pastime of
the ancient Greeks and Roma"ns, ri-hich ivas o{ the
same nature as the Chinese puzzle, or Tangram,
though more elaborate. Curiosity being excited, the
scattered re{erences rvere hunted up, and it vv'as {ound
poss!ble to reconstruct this puzzle i i ' i th practical cer-
iainty, though I hate not been able to discover that
this has previously been done. From the manner in
v'hich this has been received, bv those ..r'ho have seen
it, the subject appears to be- of sufficlent generai
interest for the result to be placetl  on record.

To th is  puzz le  the  Romar ,s  app i ied  the  name o{
locttlus Avchimedius, the first u-ord meaning a small
receptaclc divided into conpartments, thi second
refeiring to the name of the ieputed in-:entor. The
Greek name is uncertain; the lexicons give it as
ostom.acltia, but the onlv authority quoted is the
Latin r'r'riter, Ausonius, and this is ihe form usua.lly
adopted b-v the editors of the printed texts, though the
word is sometirnes given as stomachia. The question
of the choice betlveen these tr,vo forms lvas discussed
a t  l e n s t h  l ^ r v  P r o f  I  t  H c i h e r s  i n  r n n v  t / n - e r n r e s

J I J l . r r ! 4 ' J l t b , r r r l

Zei.tsch. f  .  class. Plt i lol . ,  tz, p. zqo), lvho concluded
tliat the first named, usrLal, form is a mistaiien
emendation of the editors, and that the other is the
correct one; i t  is also the form found in a pal impsest,
d e c i n h e r p , l  h v  h i m  i -  t ^ ^ A  ^ - l  + L ^  ^ ; 1 ' -  Ilgoo, anc. tne onty Known
occurrence of the u'ord in a Greek manuscript.  I f
ostomachia is correct the interpreta.tion rr.ould be a
bat t l c  o r  s t l r rgg le  o {  bones ,  i vh i le  s to rnach ia ,  o r
stomachion, I'ould mean the thins that drives one
u  i l , 1 .

The descriptions of the Latin r.vriters, being in each
case a parenthesis, in illustra.tion of a verv different
su l , jec t ,  a re  nacura l l f  i r rcomple te ,  bu t  the l j sho l . tha t
the  puzz le  cons is ted  oJ  fou i teen p ieces  o f  ebon,v  o r
trory, mostly in the {orm of tr iangles of rarrous
liir-rds ancl descriptions, nith sci',re piices of a larger
nttrnber of sides, s-hich rvere coirbined to foim
p.rcturrs of fe' i . ;-some clephants and barkinq dogs, of
s^hips, .castles, and mariy other objects, Eut, "ad.ds
Auso'rius, tholr.gh the conrpcsitions ti{ the skilied are
uon,ierlul,  thc efforts of i i re novice are r id. iculous.
I u this al l  t l rat cirn be added is that the u-irole set \ \ 'as
tcrtta' i t trd__ir i  a f ,  rnt,r,  qttadrala,, an expression l  hici i ,
i t i i : , . i i s  - L . r r q l i . l r  e q u i v a l e n t ,  s q , , a . " ,  i r r  g c o r r r e [ r 1 :
t,ir.irlies equ:iitl of the four sla"r', lrui, ir-r liieiar,v or
rorlo, l lual language, r 'Leed mearr no more i l rarr a
rcc ta l t  I  le .

.  l l L e s r  J c s c r i p l i o r i s ,  t l r o r r g h  j h e v  o i r , . r  ' o n d  r e n e r a lt ,J,_: '  or r I ,  ' ' ' . r )r"-a. l  ; ;  h i ; i ; ; ' . : ; ; ; , ; , iL i io i ,  or i r  ;
91 thls the first iu{orma.tion Secame generallv available
t : r  t i r "  pub i i ca t i on ,  b r -H .  Su te r ,  o f  i i e  t es t ' a . nc l  t r ans -
tat ton of  tu o r11a5i . ' -anuscr ipts,  preser i -ed in Ber1in
\ , : t . t ' t t .  z .  Ges, . I , ic- l t le  d I lathtnat ih,^ g,  tggg,  pp.  4q3-
1? ' )  .  I  ne - \ rablc text  is  i tsel f  a t ranslat ion l rom thc
r ' reelr  a lc l  is  ent i t iec l  the bool i  of  Archimedes on the

: ' "  ) . ] : ' : t ,  c I  t l i e  S to r r r ach ion  i n t o  f ou r t een  pa r t s  :  i r .  con -
:i,ll.^" 

clescription of the construction, {b1los,ed by aLrer i lL l i l i t rat ion of  the re lat ion of  the area of  each

::l:r:r:c 
p3.Ir to tire ri'iroie. The tralslation is illr"rs--  -  i - - . - . : i . ,  rc l ; i :duced i :  F ig.  r ,  r . , ,L ict l  e.F! .ear:

to be a reconstruct ion bt ' the t ranslator ,  as no rnent ion
i s  m a d e  n f  a r r ' 6 o r r r e  e n n o n r i n s  i r r  t h e  m a n r r q n r i n f

and trr'o similar manuscriots. in the India Of6ce and
Bodleian l ihraries, are bblh rvanting in the f igure,
{o r  r r -h ic l ,  2  sn2.F  is  l c f t .  The cons t ruc t ion  mal  he
h r j e f r r -  d a c n r i h a d  r t a a  C ^ , , - ^  \  D / - l \  J - - . , . -- . . - '  ngu re  Abuu ,  o ra \ \ ' n  as  a
^  - - . ^  - -  r - - - !  r  ^ ^ - : L  -  r  : -  + L ^  . 1  * ^ L ; ^  ^ -  ^  - - , a l l e l o -J q u d l c  u u  L  u r 5 L . l l u c u  l l l  L t l €  6 l d u l L  d >  4  P d r

; -  J ; . . :  I  ' i  : - r  ^  r - . . -  ^ ^ - - ^ r  - ^ - - ^  L , .  . h e  ] i r f  e5 ! d u l ,  r r  u r \  l u c u  r r r L U  L \ \ u  q 9 u d i  P d l  L s  u y  r 1
EZ, parallel to AB ; the diagonals AG, TlZ, ZG are
J-^ - . . -  .  ^Y  i ^  L : -^^ r -1  in  N{ ,  and Bt r I  jo ined;  BEu r  d  \ \  f I  r  d L  t n  u l 5 g u  L g (

is bisected in I{, from u'hich HT is drau'n parallel
to AB, and HK as part of the l ine joining HA; ZG
is bisected in C, and DG in N, and EC, CN are drawn ;
i.nally CO is drau.n in continuation of BC ; the v-hole
figure being thus divided into fourteen parts.

This interpretation appears to have been accepted
by scholars as a representation of the loculus, but an
examinati.on throu's doubt on this conclusion. First
there is the practical diffrculty that it gives a number
of very acute angles, u'hich v'ould not only need
skilled and careful workmanship to produce, but the
razor edges result ing, in one only just over tro, would
be too brittle to stand usage, and would rapidly
become damaged. Secondly, a comparison of the
translation rvith the Arabic text shows that rvhile,

l ' t c .  r .

in the former, the outer f igure AC is described as a
square, and the trvo halves AE, ED as rectangles, the
latter consistentlv uses the same rvord, rvhich means
no rnore than a para"llelogram ; and in this the Arabic
: .  r ^ - : ^ ^ 1 1 - .  r - -  . i t  f r p e + s  t h e  s r r - h i e c t  2 5  3 , n1 5  T U S I L 4 I I )  L U r  i  s L  L ,  l u i  r  r  L r  L  o  ( r

exercise in pure geometry, and the construction,
together u''ith the subsequent discussion, is equallv
applicable to any parallelogram, irrespective of the
rnagnitude of the sides or a.ngles.

These doubts have been largely cleared up by the
discoverv, in 19o6, bv Prof. J. L. Heiberg, of Copen-
hagen,  tha t  a  pa l in rpses t .  p reser r  ed  in  Constar :L jnop le ,
lr,as overrvritten on a copy of tire rvorks of Archimedes,
u']r ich has not onl1- r. ' ielded verf important addit ions

-  h o f l r .  n r  h i c  \ \ . r i r i n ' ' c  h t r t  a l S OL U  L l l U  l ' r C \  I U U 5 I _ \  h I l U r \  i r  u v u J

conta ins ,  a t  t i r c  rnd .  par t  o f  a  book  o I  the  Stomach ior r ,
the existencc of rvhich hari ]-eer unknorvn. This fras-
t n e t r t t a s  f i r s t p t r L l i s h e d  i u .  r 9 t 3 ,  i n  t h e  s c c c r : d  e d i t i o n
of the l-orhs of Archin'redes, edited b_v- Prof . Heiberg
for the Teubner Classical Librarr- (vol.  z, p. 416 tr.) .
The opening paragraph of this lragrnent sar-s that as
the thing cal lerl  the Stomaclr ion presents erarnp)es
of the method o{ transposition of figures, he thinks it
well to treat of these and to shorv horv it is divided
and horv the parts resenrble each other, so that. in
{ n rn r i np  t  hem i n to  n i c f  r r r es  one  n^ \ '  see  hos -  t he
ang les  n ta l -  be  comb ined  t o  f o rm  t so  r i oh t  ang les ,
and rvhether trvo sides, v-hich appear to lie in a
s t r a i gh t  l i ne ,  do  so .  o rdepa r t  s l i gh t l t -  f r om  j t  ;  t hough  a
pic 'Lure is  r rot  necessar i i r -  to be re jected on accout l t  o{  a
si l . r l i  ga.p resul t l lg  Jron th is.  J t  is  er- i r ler l t  f iorn th is
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summar]-  that  the complete bool< rvould har.e made
a  r - c r v  i n t e r cs f i no  t r e : r i qe  nn  i he  oa rnc  h r : t  on l f -  t . uo
shor i  p-r>r : . ; rS r i : r r  l , i  T l ic  f i rs t ,  fo l i , : , i i  i r ,g i i l - i l l lcc l j -
ate lv on the introduct ion,  dernonstrates t l - rat  the angle
AIIB (Fig.  z)  must  be an obtuse one,  and the second,
f o l l ou ' i ng  on  a  san  i c  na r f  o [  r  he  r l esc r i o f  i on  o f  av "  e  

b ! ! r ,

construction, similar, so far as i t  goes, to that

tr iangles, based on this l ine, and the angle bet\reen
then-r-carr readily be matched, as can the cornbilecl
tr ialgle \RT.. The other eriception is the i : iar lgle
OCN, and this is a verv dit{erent case ; if rlrai.n
according to the Arabic construction, s'ith CO as a
continuation of BC, it *-ould have the angles of the
diagonal of a rectangle of sides three by one, and the
common side CO, the tivo sides \O, OD, and the four
angles at O and C rvould none of thern be matched x'ith
any other sides or angles. If , hos'ever, DN is
bisected in O, rr'e ha.ve a construction more in tenor
t'ith the rept, and get a triangle rvith angles of the
diasonal of a trvo by one rectangle, though the lengt) i
of ihe side CO, beiirg one quartlr o{ -\G, ri'ould siill
be inpossiblc to match rvith any other side. Icr
these ieasons it seems probable that, ,''r'hatever may
ha-..e been the original 

-construction, 
designed as an

exercise in geometr-v, the modification tvould soon
have been introducecl rvhen it s.as adopted as a
pasEime,  io r ,  so  {a r  as  n la ) -be  j r rdqed f ro r r r  a  s l igh t
experience, i t  is a marked improvement.

Horvever this r-r'rav be, it seems clear that, rvith this
possible, though not probable, exception, s'e har e, rn
Fig. z, the actual prttei-n oI the pieces forming t lc
loculus mentioned in Latin literature. As exarnples
of r.hat can be done rvith it I may give a feu' ridiculbus
eflorts of a novice (Fig. S) ;  the elephant ( i) ,  the
ship (ii) and the t*.vo figure studies, rvhich I ov'e to Sir
R ie  hard  Paqet  o f  fhe  P ie , -1  P iner  / i i i )  and  fhe  Punc i i t^  r . ^  \ " ' /
(iv) s"ill gir-e some indication of the rvide range oi
subjects rvhich can be depicted, in a some.'r.-hat cubist

described in the Arabic nanuscript, u'ith the n-istrr-rct-
ive adclition that, after the first division of the ri.hole
figure into trvo equal halves, each ha.lf is a square.

From these passa.ges two conclusions ma.y be drarvn :
+ L ^ +  + L ^  - - ^ ^ r ; - ^  - , . ^ ^  - - ^ l l - .  ^ -  i - - - - - r : ^ -  -  r  A f C h i _L U d L  L l r €  P d 5 L t l r l C  \ \  d 5  r q d r r y  d r r  f  r r \  q r r u l v r r  u r

medes, and not merely fathered on him, and that the
initial figure of the loculus w-as not a square, but a
rectangle composed oJ tu.o squares, set side by side.
This riakes it^possible to recbnstruct the pattern of
the divisions, as shos-n in Fig. z, where the firm lines
shor'r' the construction. so iar as the tert of the

palimpsest goes, and the dotted iines the completion,
taken from the Arabic text. I have, however, made
one departure from the Arabic, in drawing the triangle
OCN, whi.ch appears necessary if the thing is to be
used in the manner described, and not as a mere
exercise in geometry.

If Fig. z is examined it will be seen that the angles
are either right angles, or the angles macle b;* the
diagonal of a square, or those made by the diagonal
of a rectangle trvice as long as it is broad, or the sum
or difierence oI some tr'r'o ol these. so that there are
many possible combinations by rvhich either trvo or
four right angles can be built up. Also, for length of
side, rve have the rvhole, half  or quarter of AB, the
ha1f, third or sixth ol BZ, and the third or sixth oI
AG. so that there are a number o{ sides rvhich can be
matched rvith each other, either singly cr in combina-
tion. To this there are trvo exceptions: the line
BM cannot be rnatched rvith any other side or com-
bination of sides, nor can the angles at B and 1I be
matched s'ith any others to complete either trvo or
forrr r isht angles tnrt the other sides of the trvo

stVle i t  is ' .rue. l 'he last-rtamed f igure, i t  may be
noticed, contains one oi those small gaps, rvhich, the
palimpsest expressly deciares, need not involve the
ieiection of the f,gure. In each case the rvhole
foirrteen pieces are imployed, this being, presumabl-Y,
of the essence of the game ; it r\aPpens at times that
a satisfactory figure may be built up, with one or
two pieces to spare, and then the fitting in of these
supeifluous piec-es becomes the thing thal drives one
wild. R. D. Or-oueu.

Use of an Artificial Horizon in Photo$raph ic
Measurements of Buildings or other Structures'

Tr is sometimes reouired to know rvhether certain
lines intended to be vertical or horizontal in buildings
or other structures are real lv so, and i f  not, hy hoiv
much thev deviate from these directions. A11 such
measures can, ol course, be made by a theodolite or
level, but rvhen many details have to be examined
this is a long process.
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