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ABSTRACT 

After decaaes o f  using a single map pro jec t ion ,  thc Polyconic, f o r  i t s  mp- 
i . ing  program, the U.S. Geological Survey now uses several long-establjshcd 
,-ojections f o r  i t s  published maps, bo th  large and ma l?  scale. Tor naps 
c c  1:1,000,OCO-scale a n d  larger, the most coimon projections are confowa:, 
such as the Transverse Mercator and  Lambert Confornal Conic. projections 
f o r  these scales should t reat  the Ear th  as an ellipsoid. 
' JSGS has conceived and designed some new projections, inc:udjng the Tpace 
Ob1 ique Vercator, the f i r s t  nap projection designed t o  permit low-distortion 
{ l a p p i n g  o f  the Earth from sa t e l l i t e  inagery, continucasly Col lowing  the 
graundtrack. The bSGS has programed nearly a1 1 y r t i  nent project ion  equations 
f o r  inverse and foniard calculations. 
transfom coordinates froill one projection t o  another. The C I S 5  i s  also 
publishing i t s  f i r s t  comprehensive slap projxt ion rcanual, describinq i n  
detail and matheciatical ly  a l l  projections used by the agerlcy. 

I n  a d d i t i o n ,  the 

These are used t o  p l o t  naps o r  to 

The U.S. Geoloyical Scrvey wds created i n  187c), and detailed large-scale 
n a p p i n g  3 f  the country soon becane one of i t s  primary objectives. 
relied heavily over the years 9n the foriner U.S. r o a s t  a n d  Geodetic Survey 
(!JSC&GS, now the Yat iona l  Oceln Survey) & o r  guidance on nap projectiqns. 
A t i ?  the 1;te 1950's, only the Polyconic projection was used for the prirnary 
iJSGS napping product,  i .e., large-scale quadrangle naps. 

Tt has 

The Polyconic projection was apparently 'nvented and certainly pronoted 5y 
f-erd-inand Rudolph Hassler, t h e  f i r s t  head of w h a t  was to hecoine k n o w n  as t h e  
Coast and Geodetic Survey. 
was changed t o  t h e  Lanbert Co:iformal Conic and t.he Transve-w Mercator projec- 
t iocs,  which had  been adopted by t h e  Coast and  Geodetic Survey i n  the IQ3!7's 
for  the State Plane Coordinate System. 
bdsed upon the Universal Transverse Yereator and the p o l a r  Stereographic 
led t o  !JSGS use of these projections. Trl a d d i t i o n  t o  these, the regii?ar 
Mercator, the Ob? ique Mercator, the Alhex Equal-Area h n i c ,  and  the . 4 z i m i t h ? l  
Equidistant have been used for other larger-scale n a p p i n q  by the IlSrS and 
other agencies. 

I n  t h e  1959's, the USG5 quadrangle projection 

The developent of standardized zones 

Al though  authors and organizations variously de <'ine large- 

fYote:  This paper i s  adaiited w i t h  sever31 i vod i ' i ca t ions  frmi one by t he  aiithor 
published it1 the ?roceedings o f  the 1381 ACSM F a l l  Technical Yeeting. 
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and intermediate-scale mapping, f o r  the  purposes o f  t h i s  paper, the  term 
" la rge r  scale" w i l l  apply t o  scales l a r g e r  than 1 t o  2 m i l l i on .  

When the  space age added i t s  impact t o  mapping, c lass i ca l  pro ject ions (Yercator, 
Lambert Conformal Conic, and Stereographic) were chosen fx the mapping of 
t he  Earth 's Moon, th ree  other planets, ana a nwber  of other natura l  s a t e l l i t e s .  
Some project ions,  especia l ly  t he  Space Oblique Mercator, o r ig ina ted  w i t h i n  IlSGS 
t o  ass i s t  [napping from s a t e l l i t e  imagery. 

TYPES OF PROJECTION 

Before descr ib ing the  pro ject ions themselves, I ' d  1 i k e  t o  review S r i e f l y  t he  
d i f f e r e n t  types. Equal-area o r  equivalent p ro jec t ions  o f  the  globe are used 
espec ia l l y  by geographers seeking t o  conpare land use, densi t ies,  and t.he 
l i k e .  
a co in  l a i d  on one par t  of the map covers exac t ly  t he  same area of the actual 
Ear th  as the same co in  on any o ther  par t  of the map. Shzpes, angles, and 
scale m s t  be d i s to r ted  on most par ts  of such a map, but  there are usual ly  
c e r t a i n  l i n e s  on an equal-area map as wel l  as on other  types o f  pro ject ions,  
along which there i s  no d i s t o r t i o n  Qf any kind. These so-cal led 'lst.dndard 
l i n e s "  nay be a merjdian, one or two para l le ls ,  l i n e s  which $re  nei ther ,  

point. 

On an equal-area pro ject ion,  such as the Albers Equal-Area Con'c, 

or not a l i n e  but a 

More c o n o n l y  used 
pro ject ions such as 
The term nears tha t  
srea," :he conforma 
the  nap. A.nqles a t  

n larger-scale napping are conformal (o r thmorph ic )  
the  Transverse Mercator and t h e  Lambert Confornal Conic. 
they are cor rec t  i n  shape, but, un l i ke  the term "equal 
p r i n c i p l e  appl ies on ly  t o  each i n f i n i t e s i m a l  elenent oc 

each point  are correct ,  and consequently the l oca l  scale 
i n  every d i r e c t i o n  around any one point  i s  constant, so the nap user can 
measure distance and d i r e c t i o n  between near po ints  w i th  a nininum oc d i f c i -  
cu l ty .  Conformal maps mcy a lso  be prepared by f i t t i n g  together small pieces 
o f  o ther  conformal nacs which have been enlarged o r  reduced; non-confornal 
pro ject ions rcqo i re  reshaping as well. 
than a small element, d i s t o r t i o a  i n  shape as wel l  as area becomes apprecfable. 
This i s  especi&l!y serious with the most famous conformal p ro jec t i on  -- 
the  Mercator -- because c f  i t s  widespread use i n  classrooms, e s p e c i a l l j  
i n  the  past. 
p a r a l l e l s  a t  r i g h t  angles on a conformal pro<jection, j u s t  as the, 40 on 
the  Earth. 
nate scale and area d i s t o r t i o n  along these l i n e s  and t o  t,iinimize d i s t o r t i o n  
elsewhere. 

When the  reg ion consists of more 

Recause tha-e  i s  no angular d i s t o r t i o n ,  a l l  merid';;s intersect.  

"Standard l i n e s "  may a lso be appl ied t o  a conformal ri,p t o  e l  irni- 

Sone nap p r o j e c t i m s ,  such as the Azimuthal Equidistant,  a y e  nei ther  cqual- 
area nor confon,ial, but l i n e a r  scale i s  cor rec t  along a l l  l i n e s  r a d i a t i n g  
from the center, along mer'ldians, o r  fo l lowing other  special patterns. 
addi t iot l ,  there a r e  compromise pro ject ions,  a l m o s t  e q t i r e l y  r e s t r i c t e d  t o  
srnall-scale mapping, which are used because they balance d i s t o r t i o n  i n  scale, 
area, and snape. 

I n  
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Pro jec t i ons  a re  o f t e n  c l a s s i f i e d  by the  t ype  o f  sur face onto which t h e  E a r t h  
may be mapped. 
i s  unro l l ed ,  we have t h e  concept g f  c y l i n d r i c a l  o r  conic  p ro jec t i ons ,  
such as t h e  Mercator o r  Lambert Confomal Conic, respec t i ve l y .  If t h e  a x i s  
o f  t he  cone o r  c y l i n d e r  co inc ides w i t h  t h e  p o l a r  a x i s  of t h e  globe, t h e  
p r o j e c t i o n  has equa l l y  spaced s t r a i g h t  meridians, para l  l e 1  on t he  cy1 i n d r i c a l  
p r o j e c t i o n s  and converging on t h e  conics. 
diaris a t  r i g h t  dngles, being s t r a i g h t  on t h e  c y l i n d r i c a l s  and concentr ic  
c i r c u l a r  arcs on t h e  conics. 
A plane l a i d  tangent t o  t h e  globe a t  t h e  pole leads t o  p o l a r  az im l tha l  p ro jec -  
t i o n s ,  such as t h e  p o l a r  Stereographic, w i t h  t h e  p a r a l l e l s  mapped as  a rcs  
o f  concen t r i c  c i r c l e s  and meridians as equa l l y  spaced r a d ' i  o f  t h e  circlt-1s. 
Scale reinains constant alony each p a r a l l e l  o f  l a t i t u d e  on a r e g u l a r  c y l i n d r i c a l ,  
conic ,  o r  p o l a r  azimuthal p ro jec t i on ,  hut  i t  changes one l a t i t u d e  t o  
another. D i r e c t i o n s  o f  a l l  p o i n t s  a r e  c o r r e c t  as seen f r o g  t h e  cen te r  o c  
an azimuthal p ro jec t i on .  

I f  a c y l i n d e r  o r  cone t h a t  has been placed around a globe 

The para l  l e 1  s i n t e r s e c t  t h e  r w r i -  

The spacing o f  t h e  p a r a l l e l s  i s  seldorii p r o j e c t i v e .  

I f  the  c y l i n d e r  o r  cone i s  secant i ns tead  o f  tangent t o  t h e  glohe, t h e  p ro jec -  
t i o n  conceptual ly  has t w  l i n e s  i ns tead  of one which a re  t r u e  t o  scale. 
Wrapping t h e  c y l i n d e r  about a mer id ian  le,ids t o  t r3nsverse p ro jec t i ons .  
p lac iny  a plane tangent t o  t h e  Equator i x t e a d  of a pole, equa to r ia l  aspects 
o f  azimuthal p r o j e c t i o n s  r e s u l t .  T i l t i n g  t h e  c y l i n d e r ,  cone, o r  plane t,o 
r e l d t e  t o  another j i o in t  on t h e  Ear th leads t o  an ob l i que  p r o j e c t i o n ,  and t h e  
c ier id ians dnJ para l !e l s  a re  113 longer  t h e  s t r a i g h t  l i n e s  o r  c i r c u l a r  arcs 
they were i n  t h e  norr:ial aspect. The l i n e s  of constant  sca le a re  correspond- 
i n y l y  ro tated.  

R y  

THE EAKTti h, I N  E L L I P W I D  

For i:iaps a t  scales s i ; ia l ler  than 1:5,000,000, arld which cover reg ions l a r q e r  
tha!i t h e  I l n i  t e d  States , t h e  d i s t o r t i o n s  frwi i:iapping the  spher i ca l  Ear th '  
on f l a t  p3per- are much g rea te r  than the s l i g h t  a d d i t i o n a l  c o r r e c t i o n s  needed 
t o  coiqierisiite f o r  t h e  e l  1 i p s o i d a l  shape of t he  Farth.  These c o r r e c t i o n s  
m y  then u s u a l l y  be ignored. The e l l i p s o i d  should be, and normdl ly  is, 
used f o r  la;-ge-scale mapping o f  sm11  a r m s ,  o r  f o r  lor iq na r ro i f  s t r i p s .  
For such areas, t he  f l a t t e n i n g  of t h e  round Ear th (isual l y  produces l e s s  
d i s t o r t i o n  than t h e  use o f  t h e  sphere i ns tead  o f  t h e  e l l i p s o i d .  

A s h i f t  froin one e l l i p s o i d  t o  another has a n e g l i g i b l e  e f f e c t ,  ever1 on l a r g e -  
sca le  naps, upon the  p ro jec ted  shdpes and p o s i t i o n s  of meridians and p a r a l ? c l s .  
A y rea te r  e f f e c t  i s  t h e  t r a n s l a t ' o n  of l a t i t u d e  and l o n g i t u d e  f o r  a l l  point,s 
011 a l iap,  due t o  a change i n  datiii:i, t h a t  chan!,zs t h e  p o s i t i o n  o f  +.he e l l i p s o i d  
re1,qtive t o  t h e  Lar th .  For t h i s  reason, the  n a t a t i o n  i n  tbe  corsrier o+' !IS@, 
quadrangles s t a t i n g  "North n r e r i c a n  Pat.uin 1927'' o r  "1933" i s  a s  important. 
d s  t h e  i.iardiiltltCrs o f  t he  vidp p r o j e c t i o n  i n  d e f i r i i  ng the  bas is  of these naps. 

PR! NC I P A L  PROJCCTIt!NS 

Polyconic  P r o j e c t  i cn 

About 18?0, Hdssler begdn t o  proi:iot.e t h e  edsi  l y  const.ructed Polyconic 
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p r o j e c t i o n  as t h e  bas i s  of large-scale mapping. 
t i o n  f o r  t h e  e a r l i e s t  quadrangles, on l y  changing i n  t h e  1959’s t o  o t h e r  
p ro jec t i ons ,  a l though r e l a b e l i n g  t h e  map legend lagged considerably  behind 
t h e  change. The Polyconic  i s  n e i t h e r  equal-area nor conformal. For  7-1/2- 
and 15-min. quadranyles, however, t h e  d i s t o r t i o n  i s  n e g l i g i b l e .  Along t h e  
c e n t r a l  meridian, i t  i s  f r e e  o f  d i s t o r t i o n .  Each p a r a l l e l  i s  a l s o  t r u e  t o  
sca le,  bu t  t h e  o the r  meridians a re  t o o  long, and c o n s t a n t l y  change scale. 
The p r o j e c t i o n  i s  not recoirunended f o r  maps of cons iderable east-west ex ten t  
cod, i n  fact, should n o t  be s e r i o u s l y  used f o r  any new maps i n  view o f  o t h e r  
p r o j e c t i o n s  avai lab le.  

The USGS used t h i s  pro jec-  

The p a r a l l e l s  o f  l a t i t u d e  a r e  c i r c u l a r  arcs spaced a t  t h e i r  t r u e  d is tances 
along t h e  c e n t r a l  meridian, bu t  w i t h  r a d i i  equal t o  t h e  l e n g t h  o f  t h e  element 
o f  a cone tangent a t  t h e  p a r t i c u l a r  p a r a l l e l .  The p r o j e c t i o n  receives i t s  
name from t h e  f a c t  t h a t  each cone i s  d i f f e r e n t .  Meridians are marked on each 
p a r a l l e l  a t  t h e  t r u e  distances, bu t  t h e  meridians a re  complex curves connect ing 
these points .  L ines o f  constant sca le r u n  roughly  p a r a l l e l  t o  t h e  c e n t r a l  
meridian, b u t  t hey  a re  curved. 

Merca t o r  P r o j e c t  i on 

The Mercator p r o j e c t i c n  i s  t h e  most w e l l  known o f  a l l .  
Mercator f o r  nav iga t i ona l  purposes i n  1569, because rhumb l i n e s ,  o r  l i n e s  of 
constant compass bearings, a re  p l o t t e d  as s t r a i g h t  l i n e s .  This  i s  s t i l l  t h e  
most j u s t i f i a b l e  use o f  t h e  p r o j e c t i o n  f o r  a nap o f  reg ions away from t h e  
Equator. 
sca le are s t r a i g h t  and r u n  p a r a l l e l  t o  t h e  Equator. On t h e  Mercator, t h e  
sca le  increases away froin t h e  Equator. 

It was presented by 

It i s  a normal c y l i n d r i c a l  p r o j e c t i o n ,  on which t h e  l i n e s  o f  constant 

The USGS has used t h e  * r c a t o r  p r o j e c t i o n  fo r  maps of p a r t  o f  t t i e  P a c i f i c  
Ocean, o f  Indonesia, and f o r  p o r t i o n s  of each of t h e  ou te r  bodies mapped t o  
date, frorn our Moon t o  t h e  s a t e l l i t e s  o f  ’jaturn. I n  some cases, t h e  chosen 
sca le  app l i es  t o  standard p a r a l l e l s  placed symmetr ica l ly  n o r t h  and south of  
t h e  Equator. The scale along t h e  
rq:l3tor could s t i l l  be c d l l e d  c o r r e c t  i f  t h e  s t a t e d  sca le  o f  t h e  nap vrere 
51 i ght l y  decreased. 

The shape of t h e  rnap does not  change. 

-- TransuErse Mercator P r o j e c t i o n  

R o t r c i n g  t h e  c y l i n d e r  o f  t h e  Mercator so t h a t  i t  l i e s  tangent. ( o r  secant) 
a l o r j  a rneridian o f  t h e  globe leads t o  t h e  very important conformal pro jec-  
t i o i ,  c a l l e d  the  Transverse Nercdtor. The c e n t r a l  meridian, t h e  Equator, and 
edc.\ r ,wr id ian 90” froin t h e  c e n t r a l  mer id ian a re  s t r a i g h t  l i n e s .  
i n e r i c i a m  and p a r a l l e l s  a re  complex curves. Fo r  t h e  sphere and normal ly  f o r  
t h e  e l l i p s o i d ,  t h e  c e f i t r a l  mer id ian has a constant scale, but  t h i s  i s  
u s u L ~ l l y  reduced froin t h e  nominal map scale t o  balance e r r c r s  i n  measurement 
over t t ie  r e s t  o f  t he  map. The Tines of constant sca le a re  s t r a i g h t  l i n e s  
p a r a l l e l  t o  the c e n t r a l  mer id ian f o r  t t ie  sI)here, and n e a r l y  s t r a i g h t  f o r  t h e  
e l l i p s o i d .  ‘hen t h e  sca le  f a c t o r  along t h e  c e n t r a l  mer id ian i s  reduced, t h e  
l i n e s  o f  t r u e  scale a re  symmetrical w i t h  respect t o  t h e  c e n t r a l  meridian. 

A l l  o t k r  

228 



ORIGINAL P X E  fS 
OF POOR QUALITY 

229 



Lambert prcsented t h e  spher i ca l  p r o j e c t i o n  i n  1772, but Gauss and l a t e r  Kr'Jger 
developed t h c  mathematics f o r  t h e  e l l i p s o i d a l  form. The ; I ro jec t i on  was almost 
ignored u n t i l  t h e  20th ceptury,  when i t  was adopted f o r  much c f  t h e  topcaraphic 
mapping i t 1  Eurol,, under t h e  name Gauss-Krcger, and i n  t h e  I !n i ted States f o r  t h e  
S t a t e  Plane Coordinate System of States predominantly n o r t h  and south i n  
ex ten t  and f o r  t h e  Universa l  Transverse Mercator o r  UTM p r o j e c t i o n  and g r i d  
system. The UTM has two spec ia l  r e s t r i c t i o n s :  (1) The c e n t r a i  sca le  f ~ c t o r  
i s  0.9996, and ( 2 )  t h e  Ear th  i s  d i v i d e d  i n t o  s i x t y  zones, each 6- o f  
l o n g i t u d e  wide, w i t h  t h e  c e n t r a l  meridians placed a t  every s i x t h  rner id ian 
beginning w i t h  t h e  177th West. (There a re  minor except ims.)  

'rlhen USGS stopped us ing  t h e  Polyconic p r o j e c t i o n  f o r  l a rge -sca le  quadrangle 
maps, t h e  Transverse lcfercator was adopted f o r  maps of areas where i t  was 
used f o r  t h e  S t a t e  Plane Coordinate System. (Recent m e t r i c  quadrangles a re  
based upon t b e  UTM). 
county boundaries and i s  designed t o  r e s t r i c t  sca le v a r i a t i o n  over t h e  map 
t u  one p a r t  i n  t e n  thousand. The USGS uses t h e  predominant zone f o r  t h e  
p r o j e c t i o n  o f  quadrangles which cross county boundaries. The c e n t r a l  sca le 
reduct ions,  which change between zones, vary f rom 1:160,000 t o  1:10,1700. 
Centra! meridians have been i n d i v i d u a l l y  se lected f o r  each zone. 

Equations i n  se r ies  form a re  used f o r  t h e  Transverse Mercator c a l c u l a t i o n s  
f o r  t h e  21 l i p s o i d .  
cannot be s a f e l y  ex t rapo la ted  f o r  use over a whole con t inen t .  Simpler c losed 
formulas can then be used i f  t h e  Ear th i s  assumed t o  be a sphere. To extend 
t t i e  e l l i p s o i d a l  form a g r e a t e r  d is tance from t h e  c e n t r a l  meridian, much 
more compl icated formulas a re  avai lab le.  

I n  t h e  S ta te  Plane Coordinate System, each zone f o l l o w s  

These a r e  1 im i ted  t o  a 6' t o  8" band o f  l o n g i t u d e  and 

Mien USGS converted from t h e  Polyconic  p r o j e c t i o n ,  w i t h  a c e n t r a l  mer id ian 
on each quadrangle, t o  t h e  S t a t e  Plane Coordinate System, t h i s  inc luded 
employing t h e  c e n t r a l  mer id ian and o t h e r  paratwters  used f o r  t h e  new zone. 
The discrepancies i n  inedsureinerits on t h e  Polyconic and t h e  Transverse Uercator 
f o r m  o f  t he  sane 7-1/2- o r  15 min. quadrangle depend e s p e c i a l l y  upon t h e  
d is tance o f  t h e  quadrangle f rom t h e  c e n t r a l  mer id ian o f  t h e  zone. 
quadranyles can be i;losaicked f o r  t h e  e n t i r e  zone. 

The new 

The 1:250,000-scale 1 x 2 quadrangle se r ies  cove r ing  4 9  o f  t h e  States was 
o r i g j n a l l y  t o  be cas t  on t t ie  UTM. When t h e  Army Kap Serv ice prepared ;hew, 
t h e  UTM c e n t r a l  sca le f d c t o r  o f  0.9996 was used, bu t  t h e  c e n t r a l  r w r i d i a n  of 
t h e  quadranqle i t s e l f  was used i n  p lace o f  t h a t  o f  t be  UTkc zone. These 
c e n t r a l  meridians agree w i t h  those. o f  
t h e  qiradraiigl es. East-west mosaick i n g  
w i t h  t h e  e x i s t i n g  inaps, which are now 
As these areas a re  reinopped, they  a r e  
rner i d i ans . 
Ob1 ique Mercator P r o j e c t i o n  

t h e  UTM zmes f o r  o n l y  o n e - t h i r d  o f  
w i t h i n  a UTM zone thus cannot be achieved 
being updated and d i s t r i b u t e d  by IJSCS. 
being recas t  w i t h  the  UTP c e n t r a l  

A cy1 in&r nay be placed around t h e  sphere so t h a t  i t  i s  tacqent along a great 
c i r c l e  which is n e i t h e r  a mer id ian no r  t h e  Equator. I n  t h i s  case, t h e  Oblique 
: lercator  may be c o l x o p t u a l l y  p ro jec ted  f o r  corl?ornal mapping o f  a r e g i o n  c h i e f l y  
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extending along t h i s  j r e a t  c i r c l e .  
culnplex curves. 
g rea t  c i r c l e  path, which may have a reduccd scale. 
by USGS i s  conf ined t o  t h e  State Plape Coordinate System o f  t h e  southoast 
ehtension o f  Alaska and t o  t h e  mapping o f  Landzat ddta f rom 1978 t o  t h e  pres;.nt, 
2 r i o r  t o  impiement,ition c f  t h e  Space Obl ique Mercator p r o j e c t i o n  on l andsa t  P. 
There a re  several  ways o f  adapt ing t h e  Oblique Mercator t o  t h e  e l l i p s o i d ,  
a l though nope i s  i d e a l  because e i t h e r  the  c e n t r a l  l i n e  does not remain d t  a 
p r e c i s e l y  constant sca le o r  conformal i t y  i s  no+ precise, H o t i  ne's adaptat.ion, 
which i s  e x a c t l y  conformal, i s  used i n  these USGS appl icat ions.  

Near ly a l l  mer idians r n d  p a r a l l e l s  a r e  
Here t h e  l i n e s  o f  constant sca le r u n  para1;el t o  t h e  ob l i que  

I t s  topographic use 

Space Ob1 ique  Mercator P r o j e c t i o n  

Among t h e  more c m p l i c a t e d  p r o j e c t i o n s  i s  t h e  Space 3b l  ioue Mercator, 
conceived by A.P. Colvocoresses o f  IISCS i n  1972 x c  ma-hematical ly tmple- 
mented i n  1978. It is ntended s p e c i f i c a l l y  f o r  .he continuous napping of 
imaging from s a t e l l i t e s  such 3 s  Landsat f o r  which a rudimentary f o r m  was 
used 1975-1978. The more accurate form i s  t o  be used f o r  Landsat D. The 
groundtrack f o r  t h e  s a t e l l i t e  i s  h e l d  ' e  l e  t c  scale, and mapping i s  mdde 
b a s i c a l l y  conformal. 
t h e  g rou id t rack  i s  curved, and appears almost s inuso ida l  on t h e  map. 
have been publ ished i r  sum;-ited form, and very r e c e n t l y  w i t h  d e t a i l 5 t i  
d e r i v a t i o n s  as USGS B u l l e t i n  lSX8. 
Earth,  and w i t h  c f r c u l a r  ur e l l i p t i c a l  s a t e l l i t e  o r b i t s .  

Because o f  t h e  r e l s t i v e  mot ion o f  Ear th  and sate;! i te, 
Fc-mu!as 

It !s designed f o r  use w i t h  t h e  e l l i p s o i d a l  

Cass in i  P r o j e c t i o n  

A non-conformal t ransverse cy1 i n d r i c a l  p r o j e c t i o n  c a l l e d  t h e  Cassini  waj  
used f o r  B r i t i s h  topographic mapping u n t i l  abclut ,320, whev i t  began t o  be 
rep laced w i t h  t h e  Transverse Mercatcr. 3n t h e  Cassini ,  sca le i s  t r u e  along 
t h e  c e n t r a l  mer id ian and along l i n e s  U t t  me map per2endicu lar  t o  t h e  c e n t r a l  
meridian. I n  a d i r e c t i o n  p a r a l l e l  t o  t h i s  meridian, sca le i s  cunstant,  bu t  
it i s  i n c r e a s i n g l y  t o o  l a r g e  as t h e  d is tance from t h e  rnerid an increases. 
Thus shatv, anoles, and area 2r.e d i s t o r t e d .  It may a l so  be cas t  ob l iquely .  
The p r o j e c t i o n  was used f o r  Landsat f rom 1972 t o  1975, bu t  s h a r d l y  used 
a t  present. 

- Lambert Conformal Conic P r o j e c t i o n  

Near ly  a l l  t h e  States predominantly east and west ir, ex ten t  use t h e  Lambert 
Zoi l fomal Conic as t h e  p r o j e c t i o n  f o r  t h e  S ta te  Plane Coordinate System. 
It was the re fo re  adopted ~y USGS f o r  post-1950 quadrangle mappiqg o f  these 
areas. This p r o j e c t i o n ,  presented by Lambert i n  1772, maps p a r a l l e l s  as 
concen t r i c  c i r c u l a r  arcs and t h e  meridians as equa l l y  spaced r a d i i  of those 
c i r c l e s .  One pole i s  a' thc? cen te r  o f  t h e  c i r c l e s ,  w h i l e  t h e  n the r  po le i s  
a t  i n f i n i t y .  The p a r a l l e l s  are more z l o s e l y  s?aced c. :ween t h e  normal ly  
t w o  standard p a r a l l e l s ,  rJhich have PO d i s t o r t i o n .  

For  t h e  USGS m p  o f  t h e  ccnterininous Un i ted  States,  t h e  standard p j r a , l e l s  
a r e  3 3 O  and 45 N., and US65 b,as made basL m2ps o f  each of t h e  48 States uz inq  
these standard p a r a l l e l s  a t  a sca le  o f  1:500,Ontl. The base ~ i a p s  t h e r e f o r e  
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rnatch along the boundaries. 
has i t ;  own s tandard  parallels. 
quadrangles which have been produced on t h i s  projection; t h u s ,  quadrangles 
edge-match within the zone. 

Each zone of the State Plane Coordinate  System 
These are the parameters used for  11SGS 

The Lambert i s  aiso used for the nap sheets of the International Map oc 
the 'rlorld series a t  3 scale of 1:1,000,000. 
\$as changed fron a Modified Polyconic in 1362. 

The projection for these sheets 

Albers Equal-Area Conic Projection 

The Albers Equal-Area Conic i s  probably seen more t h a n  the Lambert Conformal 
Conic as the projection for naps of the United States and i t s  larger regions. 
I n  1805, Albers showed t h a t  by proper spacing of the parallels on a conic 
projection, there j s  no area distortion, and along one o r  two s t anda rd  parallels 
there i s  no scale o r  angular distortion. 
until Oscar S. Adam of USC&GS began encouraging i t s  use for equal-area naps 
o f  the United States in the early p a r t  of the 20th century. 

The projection was nearly dormant 

Adams's tables o f  coordinates for the 48 States are based upon s t a n d a r d  
parallels o f  29-1/2' and 45-1/Z0 N. I t  should  be noted t h a t  the United 
States on the Albers projection cannot be distinguished from a Lambert 
Conformal Conic versior! i f  the projection i s  not identified, except by 
careful measurements. 
counterpart, has ccncentric arcs of  circles for parallels, and equally spaced 
radii as meridians. 
farthest a p a r t  i n  the latitudes between the s t anda rd  parallels and closer 
together t o  the north and south. The pole i s  not a t  the center of the circles,  
b u t  is normally an  arc i t se l f .  

Like the Lambert, the Albers, which is the equal-area 

The parallels are not equally spaced, but they are 

Scale along any given parallel i s  constant, as on the Lambert, with scale 
too smoll between the standard ;larallels, and too  large beyond then. The 
scale along the meridians i s  j u s t  the opposite, t o  maintain equal area. 
While A d a m  reconinended t h a t  s t a n d a r d  para1 le ls  be placed one-sixth of the 
displayed length of the central meridian from the northern and snrrthern 
l i ~ i i t s  o f  the map, t h i s  i s  empirical. 
i n  other ways. 

The s tandard  parallels may he selected 

Since meridians intersect parallels on the Albers a t  r i g h t  angles, i t  nay a t  
f i r s t  be t h o u g h t  t h a t  there i s  no angular distortion. I t  exists,  however, 
for any angle other t h a n  t h a t  between the meridian and parallel ,  except a t  
the standard paral le ls .  

Stereoqraphi: Project i on  

For larger-scale maps o f  p o l a r  regions, the Stereographic projection i s  
coranorlly used. 
or secant plane. 
globe. 
For the ellipsoid, i t  nay be one o r  the other, but  n o t  quite h o t h ;  i n  
practice, i t  i s  used confonnally i l l  every case. A l l  great and small 

This i s  a perspective projection o f  the sptiert! o n t o  a tangent 
The p o i n t  o f  perspective l ies  on t h e  o p p o s j t ~  side of the 

For the sphere, the Stereographic i s  b o t h  perspective and conformal. 
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cir.cies ofi the rpha-e are s h m  as c i r c ? e s  c)r s t r a i g h t  l i n e s  on the map. 
This includes a l l  meridians and para l le ls .  

The Stereographic i s  a lso azimuthal, and l i n e s  o f  constant scale are c i r c l e s  
centered on the p ro jec t i on  center. 
than the pole i s  therefore of ten made t r u e  t o  scale t o  balance scale var ia-  
t i on .  The USGS has used the  p ro jec t i on  f o r  maps of the  e n t i r e  Antarc t i c  
cont inent as wel l  as f o r  1:250,000-scale quadrangles o f  portions. 
used f o r  po lar  por t ions o f  the In te rna t iona l  Map o f  the World, and f o r  por t ions 
o f  e x t r a t e r r e s t r i a l  bodies centered a t  the  poles o r  a t  basins elsewhere 
on the bodies. 

I n  the  po la r  aspect, a p a r a l l e l  o ther  

It i s  a lso 

Az imut ha1 Equ i d i s t  ant Pro j  ec t  i on 

Fami l i a r  t o  nany air-age a t l as  users i s  an azi f iuthal  p ro jec t i on  which shows 
both distances and d i rec t ions  c o r r e c t l y  from the chosen center of the map, 
whether the  North Pole o r  a major c i t y .  Scale i n  o ther  d i rec t i ons  varies, 
and i s  too great except a t  the center; there fore  shape and area are d is tor ted.  
I n  add i t ion  t o  several spher ical  appl icat ions,  the  Az imtha l  Equid is tant  
p ro jec t i on  has been used i n  the  e l l i p s o i d a l  form f o r  t h e  Plane Coordinate 
System o f  Micronesia, f o r  which each major i s l a n d  provides a center f o r  
one o f  the zones. 

Eecause o f  the increasing d i g i t i z a t i o n  of data from and onto many d i f f e ren t  
maps, most o f  these as wel l  as several other map pro ject ions have been 
programmed by USGS i n  both forward and inverse form, t o  t r a n s f o m  geodetic 
coordinates i p t o  rectangular coordinates, and v ice versa. 
i:: d e t a i l  a i l  i i ro ject ior ls which have been used by IISGS, i nc lud ing  numerical 
examples o f  formulas, i s  soori t o  be published. 
o f  both the past usage and c a p a b i l i t i e s  o f  nap pro ject ions w i l l  serve the  
pub l ic  a t  la rge  as wel l  as our own napping development. 

A b u l l e t i n  descr ib ing 

We hope tha t  such analyses 
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