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Compiled from documents received in  response to an inqu iry formulated by the International 
Hydrographic Bureau ; the documents in question are enumerated in the Bibliography given at the end

of the Article,

T o p o g ra p h ic  re l ie f  m ode ls , th re e -d im e n s io n a l m in ia tu re s  o f  the  E a rth ’s surface, have 
a lways been p a rtic u la r ly  a ttrac tive  in  connec tion  w ith  the  s tu d y  o f  num erous p rob lem s. 
T h e y  have show n them se lves d is t in c t ly  su p e rio r, in  p rac tice , to  the  tw o -d im e n s io n a l m ap, 
w hen used, fo r  instance» in  d e te rm in in g  shaded o r s u n lit  areas in  m oun ta inous  d is tric ts  
under the various l ig h t in g  co n d itio n s  encountered  th ro u g h o u t the  d iffe re n t seasons. Scale 
m odels p e rm it an ob je c tive  and  a n a ly tica l s tu d y  o f  the  various cases and also the pho to 
g ra p h ic  re p ro d u c tio n  o f  the  aspect o f  the te rra in  w ith  a s u ffic ie n t degree o f  accuracy, by  
means o f  a r t if ic ia l in s o la tio n  or l ig h t in g  o f  the  p la s tic  fo rm  b y , fo r  instance, the  H e lio d o n t 
or P o lyhe liom eters  such as th e  Setti Skiascope or the  B a lo p tico n .

Surface scales g e n e ra lly  va ry  fro m  i :  i  ooo ooo to  i :  50 000, d ifferences in  scale be ing  
as a ru le  exaggerated in  re la tio n  to  the  h o riz o n ta l d istance, occas iona lly  as m uch  as 10 tim es 
fo r  the 1 :1 0 0 0 0 0 0  scale, w ith  ce rta in  shaded areas to  re in fo rce  the  effect o f re lie f. 
F o r certa in  d e ta il m ode ls , m a p p in g  scales o f  1: 10 000, 1: 5 000 and 1: 250 are used, even 
la rge r scales b e in g  adopted , fo r  instance in  the  s tudy  o f  h y d ra u lic , p o rt o r c ity  in s ta lla tio n s .

T he  usua l sources o f  m a te ria l fo r  these m ode ls consis t o f  m aps, charts, ve rtica l o r o b liq u e  
a ir-photographs> stereoscopic v iew s, kodachrom es, m osa ics, e tc ., g iv in g  deta ils  o f  the 
co n fig u ra tio n  o f  the  te rra in .

For the  co n s tru c tio n  o f  the  f in a l d ra w in g , preference is  g iv e n  to  m aps on w h ic h  the 
contours are m a rke d , the  la tte r fo rm in g  th e  basis o f  the  re l ie f  p ic tu re  b y  b e in g  cu t 
ou t and en la rged . T he  d ifie re n t parts are th e n  ad justed  b y  p h o to g ra p hy  to  the desired scale 
and reassem bled b y  means o f  ce llu lose  tape.

W ith  regard  to  pap ie r m âché and p las te r o f  Paris m ode ls , th is  specia l assemblage is 
made on  one o r several i/6 th - in c h  th icknesses o f  news board  re in fo rced  b y  a 1 /4 -inch  sheet 
o f  p lyw o o d  h e ld  b y  a fram e o f  i- in c h  X 2 -inch  lu m b e r. I f  a ce rta in  p o rt io n  o f  the m ode l 
represents w ate r, p e b b ly -g ra in e d  beavetboard o r veneer m ay be advantageously used as 
i t  lends a re a lis tic  appearance to  the  w ater areas w hen  p a in ted . E ach  co n to u t is  then  ca re fu lly  
cu t ou t b y  means o f  a c u t-a w l m ach ine  d r iv in g  a c h ise l-p o in te d  cu tte r, ready to  receive a 
s tr ip  o f  corruga ted  paper board cu t in  w id th s  co rrespond ing  to  m u ltip le s  o f  the  h e ig h t o f 
the  scale con tou r in te rv a l, less the th ickness  o f  the  new s board , and  secured edgeways to 
the base m od e l, u s in g  ru b b e r cem ent.

Each successive co n tou r pane l is  ra ised to  its  p rope r e leva tion  in  a s im ila r  m anner u n t i l  
the w ho le  core o f  the  m o d e l is  b u i l t  up . T h is  m e thod  represents a sav ing  in  w e ig h t, w ith  
no loss o f  s o lid ity ,  over the  o ld e r m ethods in  w h ic h  the  con tou r panels were h e ld  b y  the  
“ wooden peg and pin** system .

Squares o f  cheesecloth cu t to  conven ien t size a cco rd ing  to  the  character o f  the  m ode l, 
d ipped  in  w heat- o r p a p e r-h an g e r^  paste, are used to  cover the  core thus  established. T h is  
c lo th  cove ring  serves to  take  the m ix tu re  o f  p ap ie r m âché (4/5Ü1S) and  p laste r ( i /5 th )  w h ic h  
w i l l  constitu te  the  m o d e l and several coats o f  w h ic h  are a p p lie d  th in ly ,  the  surface b e in g  
sm oothed b y  means o f  the  fingers  o r a s m a ll b tu s h . Retouches are carved ou t u s in g  a m oto  
ro u tin g  to o l 一  and th is  is  w here the  s k i l l  o f  the  opera tor becomes necessary to  in te rp re t 
fa ith fu lly  the  geograph ica l fo rm s o f  the  o r ig in a l.

A fte r th o ro u g h  d ry in g , several coats o f  she llac  are a p p lie d  i f  rep roduc tions  fro m  the 
m o u ld  are desired. T h e  next p rocedure is  to  pounce in  de ta ils  such as roads » ra ilw a ys , 
nav igab le  w aterw ays, forests, houses, e tc ., and  th e ir  co lo ra tio n  w ith  app ropria te  sm ooth  
o r g round  sprayed c o rk  pa in ts .

P lyw ood  cuts are a p p lie d  to  the  fo u r la te ra l sides • I f  m ore  than  one copy o f the  
m ode l is  req u ire d , the  m o u ld  is  f i t t in g ly  prepared and p laste r casts taken* T he
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Preparation o f Rubber Costs.
R ubber casts o f m odels possess the advantage o f b e ing  lig h te r  in  w e ig h t and 

capable o f  b e in g  ro lle d  up fo r  convenience in  transport ; they  are ob ta ined  by  sp ray ing  a 
la tex  s o lu tio n  over a p laster m o u ld  m a in ta ined  at a g ive n  tem perature  over a certa in  le n g th  
o f  t im e . Instead o f  Stearine to  p revent s t ic k in g , l iq u id  soap is used. T he  m o u ld  ob ta ined  
m ay be said to  have the fo rm  o f an open box, w ith  the  to p  o f the  w a lls  s lig h t ly  
h ig h e r than  the  least e leva tion  appearing on the  m od e l, w ith  the resu lt tha t p laced 
u p r ig h t on  a fla t surface, the  elevated p o in ts  near the  outer edges o f the  m o u ld  w i l l  
be se lf-su p p o rting . T he  m ix tu re  consists o f l iq u id  la tex  and w h it in g  paste and shades 
o f  c o lo u rin g  adapted to  the aspect o f the  so il are used. Before m o u ld in g , the  core m ust 
be everyw here ca re fu lly  dusted w ith  m ica  or ta lc  pow der and s ix  o r seven heavy 
coats o f  la tex  are sprayed over the en tire  m o u ld  by  means o f  a specia l p ro jec to r (gu n ). 
T he  w h o le  is re in fo rced  b y  several fo lds  o f b u rla p . One com p le te ly  cured cast can be 
tu rn e d  ou t in  app ro x im a te ly  e ig h t hours ; the cured casts are then  pa in ted  and m arked  w ith  
the  conven tiona l sym bo ls in  the usua l w ay. D ue to  a shortage o f la tex , satisfactory results 
are b e in g  ob ta ined  w ith  the syn the tic  rub b e r, neoprene.

T o  prepare rub b e r m ode ls, a m a tr ix  is  constructed in  p lasticene c lay cons is ting  o f one- 
th ird  pa ra ffin , tw o -th ird s  bees-wax, d ry  w ater c lay , pe tro leum  je l ly  ; th is  m ix tu re  enables 
several m ou lds  to  be ob ta ined.

R ubbe r castings can be obta ined fro m  neoprene (syn the tic ), vu lte x  (o r p revu lcan ized  
na tu ra l la te x ), o r lo to l la tex m ou lds . R ubber m ust be sprayed under pressure against the  
w a lls  o f  the  m o u ld  to  the extent o f s ix  or seven coats g iv in g  a to ta l w id th  o f 3 /i6 th s  
o f  an in c h  ; h o llo w s  are b u ilt  up  w ith  sponge rub b e r, sawdust, hem p fib re  or b u rla p , and 
the  w ho le  is  covered by  a sheet o f bu rla p  p re v io u s ly  cut to  the requ ired  size. T h is  sheet 
serves as a fo u nd a tio n  and is in  its  tu rn  sprayed w ith  rub b e r.

F in a lly  the  w h o le  is  subjected to  h igh -tem pera tu re  ( i6 o ° F .)  - (700 C .) su lp h u r vu lc a n i
za tion  fo r  fro m  fo u r to  s ix  hours in  order to  avo id  any la te r s h r in k in g  before the casts are 
p u lle d .

There  then  rem ains o n ly  the  p a in tin g . O rd in a ry  o i l  base p a in t th in ly  sprayed, or 
b rushed, is p re fe rab ly  used. A  m echanica l d o tt in g  pen or s te n c il m asks m ay be used ac
co rd in g  to  the  g u id e  m ode l and in  c o n fo rm ity  w ith  the conventiona l standards adopted - 
F in a lly ,  a coat o f fixa tive  and p ro tective  va fn ish  composed o f w h ite  shellac w ith  a sm a ll 
p ro p o rtio n  o f castor o i l  added, is  sprayed over the en tire  surface o f the [m ode l jw hen  the 
p a in t is  th o ro u g h ly  d ry .

T he  U , S. A . Coast and Geodetic Survey has developed a new  procedure fo r  p ro d u c in g  
re l ie f  m ode ls in  v in y lite  w h ic h  re ta in  a l l  the  deta ils fig u re d  on the basic m ap in c lu d in g  
contours and the  diflferent shades o f  co louring» and w h ic h  are especia lly  convenient fo r 
use in  a irc ra ft.

In  1928, M r. John J. B raund  conceived the  idea o f p r in t in g  con tour maps on sheets o f 
soft a lu m in iu m  and em bossing the  re lie f  to  f i t  the con fig u ra tio n  o f the  te rra in  as in d ica te d  
b y  the contours. T h is  m ethod  produced a lig h tw e ig h t re l ie f  m ode l fro m  w h ic h  a great 
n u m b e r o f  rep roductions m ay be ob ta ined  f ig u r in g  a ll  de ta ils  re la tin g  to watercourses,, 
a g ricu ltu re , forests, etc. F u rth e r developm ents o f th is  idea le d  to  the  p ro d u c tio n  o f very 
lig h tw e ig h t m odels ; in  p a rticu la r, one o f them  was co m p iled  by co m b in in g  the U .S .A . 
Coast and G eodetic Survey aeronautica l charts w ith  a series o f C on tinen ta l Slope charts on 
the scale o f 1: 120000 designed b y  the geo log is t D f.  A . C. Veatch and based on an in tensive 
survey o f the p e c u lia rly  characteristic reg io n  o f canyons and valleys w h ic h  in d e n t the con
tin e n ta l sh e lf o f the U n ite d  States fro m  Georges B a n k  to  Cape H e n ry , w h ile  the con tinen ta l 
p o rt io n  o f the m od e l extends to  Rochester (N e w  Y o rk )  and the Southern shore o f Lake  
O n ta rio .

M ore  rece n tly , a re l ie f  m ode l o f the  San Francisco Bay area was constructed w ith  
ve rtica l scale exaggerated ten  tim es . A  specia l feature o f th is  m ode l is the a d d itio n  o f 
the  w ho le  tr ia n g u la tio n  net o f the  area based on geodetic con tro ls . T he  tr ia n g u la tio n



net o f  the area is  represented on the  m ode l b y  red  yarn  secured to  the  tops o f m oun ta ins  
o r to  th e  h ig h  p o in ts  o f  the  established tr ia n g u la tio n  s ta tion . T he  precise le ve l lin e s  
are in d ica te d  b y  means o f  ce llu lose  tape in  con tras ting  co lou rs . T h is  m od e l illu s tra te s  
the  use tha t m ay be m ade o f  re l ie f  m ode ls as teach ing  a ids , rep resen ting , as i t  does, 
the  actual p rin c ip le s  a ttached to  su rve y in g  and m a p p in g .

N ew  Process fo r  Constructing Plastic Relief Models.
T h e  new  process deve loped and im p ro v e d  b y  the  U . S. A . Coast and  G eodetic Survey 

and the  C iv i l  A e ronau tics  A d m in is tra tio n  (C .A .A .)  depends e n tire ly  on  the use o f the  Braund 

re lie fo g ta p h  w h ic h  serves to  b u ild  u p  the  o r ig in a l or m aster m od e l, fro m  w h ic h  as m any 
rep roductions as desired m ay be ob ta ined . T he  m aster m od e l is  ob ta ined  b y  em bossing 
on  a s tock  sheet o f  sem i-so ft a lu m in iu m  about o .o io -in c h  th ic k ,  coated on bo th  sides 
w ith  a specia l m e ta llic  coa tin g  w h ic h  leaves a g ra ined  surface su itab le  fo r l ith o g ra p h ic  
p r in tin g *  T he  sheet is  embossed fro m  the  b a ck  ; the  m ap there fore  is reproduced  by  
p h o tog raphy  on  bo th  surfaces o f  the  a lu m in iu m  sheet a fte r i t  has been sensitized . T he  
tw o  p rin ts  m ust be m ade in  perfect re g is try  b o th  on  the  upper and lo w e r faces o f the 
a lu m in iu m  sheet.

T h e  R e lie fo g tap h  (F ig u re  i )  inc ludes  a ra p id -p u ls a tio n  em boss ing  to o l d rive n  b y  an 
e le c tric  m o to r, an em boss ing  tab le  covered b y  a sheet o f  rub b e r and a series o f  fram es 
o f  various sizes f itte d  w ith  tens ion  g r ip  c lam ps to  h o ld  the sheet o f a lu m in iu m  f irm ly  
in  p lace ; the re lie fo g ra p h  is  a lso p ro v id e d  w ith  a conven ien t arrangem ent o f the  necessary 
con tro ls  and gauges fo r  accurate w o rk . T h e  w ho le  is  carried  b y  a r ig id  iro n  ta b le . .

T h e  a lu m in iu m  sheet co n ta in in g  the  re p ro d u c tio n  o f  the  m ap or chart fo rm in g  the 
basis o f  the m od e l is  p laced  and lo c k e d  in  the  m ach ine  b y  means o f tens ion  g r ip  c lam ps 
h o ld in g  the sheet f i r m ly  p a ra lle l to  the  estab lished p lane  and un d er d ru m  head tens ion  ; 
any d is to tt io n  d u r in g  the  w o rk  o f  em boss ing  is  thus  im p oss ib le . T h e  em boss ing  fram es 
are m oun ted  on m ach ined  gu ides p e rm itt in g  th e m  to  s lid e  fre e ly  so th a t the  p la te  m ay 
be le d  to  a conven ien t lo c a tio n  over the  ta b le . A  l in e  gauge serves to  keep the h e ig h t 
o f  the  fram e in  p roper re la tio n  to  the  l im it in g  p lane  o f  the  em bossing  to o l. Each  con tou r 
is  then  embossed separate ly to  its  p rede te rm ined  h e ig h t b y  the p u lsa tin g  ham m er (em bossing  
to o i) .  T he  to o l can be m oved  in  a h o tiż o n ta i p iane  ; at its  e x tre m ity  a specia i ch u ck  
is  designed to  receive a va rie ty  o f  ru b b e f em boss ing  t ip s  ; a handw hee l p rov ides fo r 
the  ra is in g  and lo w e r in g  o f  the  ftam e  c o n tro llin g  the  l im i t in g  w o rk in g  p lane , i .  e. the  
dep th  o f  punch  ; a u n ive rsa l a lt im e te r ind ica tes on  the  d ia l the  p o s itio n  o f the  w o rk in g  
p lane  ; the h e ig h t o f  the  tab le  is  ad justed  so tha t the  m eta l sheet comes in  contact w ith  
the  rub b e r surface o f  th e  tab le  d u r in g  the  w o rk  o f  em bossing . T h is  contact occurs w hen 
the  to o l reaches the  p fe -d e te rm in e d  l im i t  o f  the  w o rk in g  p lane  co rrespond ing  to  the  
con tou r fo r w h ic h  the  em boss ing  is  done* M oreover, the  opera tor can lo w e r or raise 
a t w i l l  the end o f  the  to o l in  re la tio n  to  the  w o rk in g  p lane  b y  tu rn in g  the  handle  
used to  gu id e  the  to o l. A  rheosta t fo o t c o n tro l governs the  p u lsa tio n  rate o f the  ham m er.

E ach  area enclosed b y  tw o  consecutive  con tou r lin e s  is  w o rk e d  in  succession, b e g in n in g  
w ith  th e  low es t co n tou r. A fte r  a l l  the  areas have been successive ly trea ted , the  soft m eta l 
m o d e l is  sealed w ith  a l ig h tw e ig h t p la s tic  m a te ria l w h ic h  hardens q u ic k ly  ; the  m a te ria l 
u s u a lly  em p loyed  is  pa ra ffin  o r hydrostone  w h ic h  ho ld s  the m eta l r ig id ly  in  p o s itio n  ; thus , 
w h a t is  te rm ed  the  o r ig in a l o r m aster m o d e l is  ob ta ined  ; i t  is  n o w  tu rn e d  r ig h t  side 
u p  and  m oun ted  in  a r ig id  s u p p o rtin g  fram e . T h e  cast k n o w n  as the  “ fem a le ”  cast 
is  n o w  produced  b y  co ve rin g  the  o r ig in a l m od e l w ith  the  re q u ire d  a m o u n t o f  hydrostone  ; 
rods p laced  at ce rta in  selected p o in ts  o f  m a x im u m  a lt itu d e  are fit te d  in  the  o r ig in a l so 
as to  leave holes in  the  fem ale  cast a llo w in g  the use o f the vacuum  process. W hen 
th e  fem ale  cast has hardened, i t  is  rem oved and p laced  in  the  d u p lic a tin g  m ach ine  show n 
o n  Figure 2 w h ic h  is  com prised  o f  a vacuum  b o x  o f  su itab le  size to  lo d g e  the  com p le ted  cast.

D uplica tion  o f Models.
T h e  use o f  the  fem a le  cast in  c o n ju n c tio n  w ith  th e  d u p lic a tin g  m ach ine  enables 

rep roduc tions  on  sheets o f  opaque w h ite  v in y lite  to  be ve ry  q u ic k ly  ob ta ined . F irs t, a ll 
m a p p in g  deta ils  are p r in te d  on  the  sheets, k e p t fla t, in  co n ven tiona l co lours and acco rd ing  
to  standard ru les .

T he  f irm  o f W illia m s  &  H e in z , L ith o g ra p h e rs , W ash ing ton , has m ade a s tudy  o f  special 
in k s  and processes fo r  p r in t in g  to p o g ra p h ica l data in  co lours on  Hat p la s tic  sheets. A t 
present, acqu ired  experience and im p ro ve m en ts  enable  rep ro d u c tion s  no t o n ly  o f  the  lin e a r 
pa rt in  several co lours , b u t a lso ha lf-tones9 to  be m ade w ith  great de licacy .



IJ. S. Coast and Geodetic Survey Duplicating Machine.



Salvadori drilling-machine 

(fresatrice)



T h is  re p ro d u c tio n  is accom p lished  b y  th e  use o f  a p ro o f p r in t in g  press. T h e  p la s tic  
sheet so p r in te d  is  p laced over the  fem a le  cast, the  p rin te d  side in  con tact w ith ,  and 
s tr ic t ly  in  re la tio n  to , the m ou ld *

T h e  w ho le  is  th e n  p laced in  the  d u p lic a t in g  m ach ine  ; the  l id  is  lo w e red  and lo c k e d  
t ig h t  to  the  bod y . T h is  l id  has been constructed  w ith  hea ting  e lem ents th a t can be a p p lie d  
as re q u ire d . T h e  a ir  is  w ith d ra w n  fro m  the  vacuum  cham ber th ro u g h  the  use o f a vacuum  
p u m p  and  the sheet o f  v in y lite  is  thus  p u lle d  t ig h t ly  aga inst the  m o u ld . T h e  v in y lite  
is  th e n  heated and as the heat increases the  v in y lite  becomes soft and is  d ra w n  d o w n  
in to  the  fem a le  m o u ld  w ith  considerab le  fo rce . T h e  p la s tic  m atte r is d ra w n  to  the low est 
depths in  the  m o u ld  at m a x im u m  vacuum  p u l l  and w hen  the  p roper degree o f heat 
is  reached.

T h e  em bossed v in y lite  is  then  a llo w e d  to  coo l in  the m o u ld , the vacuum  p u l l  be in g  
m a in ta in e d  and a ir  a llo w e d  to  c ircu la te  in  the fram e. W hen the m o u ld  is  co m p le te ly  
set, the  l id  is  ra ised and the  v in y lite  sh e ll m od e l o f the o r ig in a l is  w ith d ra w n .

T h e  p la s tic  m od e l is  n o w  ready to  be m oun ted  and fo r  th is  purpose  sheets o f 
ca rdboard  o r m ason ite  board  are used, opaque tape b e in g  a p p lie d  a lo n g  the  edges ; 
l ig h t  w ooden fram es m ay also be used.

T h e  com p le te  cyc le  o f  operations occupies o n ly  a fe w  m inu tes  ; hundreds o f re l ie f  maps 
can be p roduced  b y  th is  m ethod  in  the  t im e  i t  fo rm e rly  to o k  to  com p le te  o n ly  a few  
p laste r m ode ls . A n o th e r cons ide ra tion  is econom y in  w e ig h t and in  p rice . A  17- X 22-inch  
p laste r m o d e l w e ighs  a p p ro x im a te ly  50 pounds , w h ile  a p la s tic  sheet re p ro d u c tio n  o f the 
same size w e ighs  4 ounces o n ly . A  p o rtfo lio  o f  12 p la s tic  m aps sells fo r  o n ly  $ 30 (T h ir ty  
d o lla rs ), fa r less th a n  the cost o f  a s in g le  p las te r m ode l.

A t  present p la s tic  maps are b e in g  ex tens ive ly  used as teach ing  a ids in  g e o lo gy  and 
geography  classes ; they  are w id e ly  a p p lie d  in  the  num erous fie lds  m en tio n e d  th ro u g h o u t 
th is  a rtic le  ; and in  the s tudy  o f g e o logy , o f eros ion  co n tro l, fo r a g ric u ltu ra l purposes, 
and fo r  rec lam a tio n  w o rk  in  connection  w ith  ir r ig a t io n .

T h e  A ero  Service o f P h ila d e lp h ia , Pa., in  a d d it io n  to  a ir -p h o to g ra p h y  in s tru m e n ts  
such as p ro jec to rs , stereoscopes, m anufactures re lie fog raphs  and a ll  e q u ip m e n t connected 
w ith  th is  spec ia lized  fie ld .

A  d e sc rip tio n  o f  the  R icharm e pa n to g ta p h -cu tte r fo r Charts in  R e lie f appeared in  
In te rn a tio n a l H y d ro g ra p h ic  R ev ie w  V o lu m e  X X V I,  N o . 2, N o ve m b e r, 1949.

Some ten  years ago the M il i ta ry  G eograph ica l In s titu te  o f  F lorence  perfected a system  
fo r  the  m anu factu re  o f p lastics u s in g  the  S a lvadori d r ill in g -m a c h in e  {fresatrice) w h ic h , 
w ith  a basic m ap , enables a b lo c k  o f  c la y  to  be cu t ou t b y  m echan ica l means and 
w ith  abso lu te  accuracy w ith  regard  to  re l ie f  o f the  te rra in , d ire c tly  in  a p a ra lle lip ip e d  
fo l lo w in g  the s u ita b ly  prepared p la s tic  m o d e l, i .  e. e lim in a tin g  the  va rious tie rs . 
A fte n  the  m ap has been p r in te d  on  e lastic  transfe r paper w h ic h  lends its e lf  to  m o d e llin g , 
i t  is  s tu c k  on to  the  m ode l.

N o rm a lly ,  the  M il i ta ry  G eograph ica l In s titu te  o f F lorence  produces p la s tic  m odels 
to  scales o f  1: 25000, 1: 50000 and 1: 100 ooo. T h e  cost o f  a 16”  X 16”  m od e l is 
dependen t u p o n  the  p ro p o rtio n  betw een fla t and u n d u la tin g  o r m oun ta inous  parts and 
m ay va ry  as m u c h  as fro m  5,000 to  20,000 lira s . T h e  In s titu te  f i l ls  orders fo r  specia l 
p la s tics , and  also m akes transport cases toge the r w ith  rep roduc tions  fro m  p las tics  h a v in g  
spec ia l cha tacte ris tics . Prices are in d ica te d  in  Universo (R ev is ta  d e ir is t i tu to  G eográfico 
M il i ta te ,  N o . 4, F lo rence , J u ly -A u g u s t, 1950).

Since 1940 the  F rench  N a tio n a l G eograph ic In s titu te  has p roduced m aps th a t v iv id ly  
p o rtra y  the  shape o f the te rra in . T he  o ldest docum ents in  France o f  th is  type  date 
ba ck  to  re l ie f  m aps o f  fo r t if ie d  tow ns on  the scale o f  1 :600  m ade in  answ er to  a 
request o f  L o u is  X IV ,  and a great m any can s t i l l  be seen in  the  Beaux A rts  c o lle c tio n  
in  the  H o te l des In va lid e s  m useum .

M o d e rn  mass p ro d u c tio n  m ethods at the  N a tio n a l G eograph ic In s titu te  consis t in  
em boss ing  m aps p r in te d  on specia l paper by  pressing  th e m  betw een a m a tr ix  and 
coun te r m a tr ix  m ade o f some ha rd  m a te ria l. T h e  m a tr ix  and its  coun te rpa rt are firs t 
ob ta ined  b y  co n s tru c tin g  a p laste r m od e l re p ro d u c in g  the  te rra in  on  the scale o f  the  m ap . 
In  o rde r th a t constant d im ens ions m ay be re ta ined , a copy o f  the  m ap to  be rep roduced  in  
re l ie f  is  m ade on  * inva r* paper, the  h yd ro g ra p h ic  areas are p lo tte d  in  b lu e , and 
co n tou r leve ls  in  sepia. T he  m a in  contours are then  gone over w ith  in k s  o f  d iffe ren t 
co lo u rs , m a k in g  i t  easier fo r  the  operator to  fo llo w  a lo n g  the  curves, and o b v ia tin g  the 
danger o f  errors.



T h e  m echan ica l ca rv in g  o f  a th ic k  p la s te f b lo c k  o f  the  same size as the  m ap  is  
done w ith  a p an tog raph-cu tte r o f the typ e  described in  The International Hydrographic 

Review^ V o lu m e  X X V I ,  N o . 2, N o ve m b e r, 1949, page 156. T he  pan tog raph, w h ic h  has 
a rm s o f even le n g th , is  supported  b y  a ba r ; on  one side o f  the  la tte r is  a sta tionary 
p la te  on  w h ic h  the  m ap is  p laced , and  on  the  o ther a m ovab le  p la te  ca rry in g  the 
p laste r b lo c k . T he  pan tog raph  a rm  above the  m ap is w o rk e d  b y  the operator, w ho fo llo w s  
the  con tou r leve ls  w ith  a tracer ; the  b i t  w ith  w h ic h  the o ther a rm  is  equ ipped  
a u to m a tic a lly  goes in to  ac tio n  and  d ig s  ou t a groove in  the p las te r b lo c k .

B e g in n in g  w ith  the h ighes t a lt itu d e , the p las te r is  c leared aw ay fro m  outside the groove ; 
the  p la te  ca rry in g  the p laster b lo c k  is  th e n  ra ised to  a h e ig h t co rrespond ing  to  the distance 
o f  the  con tours at the  scale re q u ire d . T he  ca rv ing  is  com p le ted  by  b re a k in g  d o w n  the 
tie rs  ob ta ined  in  th is  w ay w ith  a p las te r scraper in  o rde r to  create a con tinuous re lie f 
surface. G round  pho tographs o r sets o f  stereoscopic v iew s o f  m ou n ta in  ranges are used 
as gu ides fo r  th is  purpose-

T he  m a tr ix  is ob ta ined  b y  ru n n in g  cem ent in to  the  p laste r cast.
T h e  em boss ing  is  th e n  done on  paper h a v in g  lo n g  and f le x ib le  fib res and ab le  to  

w ith s ta n d  considerab le  d is to rtio n  w ith o u t c ra c k in g . E m b o ss in g  at the  N a tio n a l G eographic 
In s titu te  is  done in  the  co ld  state, and  the degree o f  h y d ra u lic  pressure ob ta ined  am ounts 
to  betw een 25 and  35 k g . per square cen tim e tre .

E m bossed m aps on  the  scale o f  1: 50000 are ready fo r  d e liv e ry  as soon as they 
com e o ff  the press. T h e ir  cost is  lo w  : abou t 3 000 francs fo r  those in  h ig h  re lie f. 
W ooden fram es m ay be used to  ensure be tte r r ig id i ty .  M o u n tin g  o f re l ie f maps is 
g rea tly  s im p lif ie d  i f  balsa w ood  is  used in  b u ild in g  u p  the  p ro file s .
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