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THE CONSTRUCTION OF MAP PROJECTIONS BY MQDERN METHODS

By REYNOLD E. ASK
JUNIOR CARTOGRAPHIC ENQINEER

U. S. COAST AND GEODrTIC SURVEY

THE PURPOSE OF THIS ARTICLE IS TO EXPLAIN THE CONSTRUCTION AND OPERATION
OF THE PROJECTION RULING MACHINE WHICH HAS BEEN DEVELOPED BY THE COAST AND
GEODETIC SURVEY. A BRIEF REVIEW OF OTHER METHODS OF CONSTRUCTING PROJECTIONS
WILL FIRST BE GIVENj THIS WILL BE FOLLOWED BY A GENERAL DESCRIPTION OF THE
RULING MACHINE, OPERATION PROCEDURE AND DISCUSSION OF RESULTS.

PART

REVIEW OF CONSTRUCTION METHODS

THE ACCURACY OF A FINISHED MAP DEPENDS TO A GREAT EXTENT ON THE PROJEC­
TION UPON WHICH IT IS CONSTRUCTED. IN THE ABSENCE OF SPECIAL lNSTRUMENTS THE
USUAL METHOD OF CONSTRUCTION HAS BEEN WITH THE AID OF A STEEL SCALE, BEAM
COMPASS AND STRAIGHTEDGE. WITH SUCH TOOLS IT IS A TEDIOUS TASK TO LAY OUT
A PROJECTION OF HIGH ACCURACY. DUE TO THIS DIFFICULTY CARTOGRAPHERS HAVE IM­
PROVISED VARIOUS TEMPLATES TO AID IN THIS WORK. INFORMATION REGARDING TWO OF
THESE TEMPLETS CAN BE FOUND IN THE FOLLOWING REFERENCES:

THE BUMSTEAD PROJECTION PLATE (TOPOGRAPHIC INSTRUCTIONS OF THE
U. S. GEOLOGICAL SURVEY, 1928, PAGES 175-178),

A PROJECTION PLATE FOR USE WITH ACETATE SHEETS (PHOTOGRAMMETRIC
ENGINEERING, VOL. 2, No. '3, PAGE 10).

EACH OF THE PLATES MENTIONED ABOVE IS CONSTRUCTED FOR ONE TYPE OF PRO­
J EO T ION ( S UC HAS POL YCON I C ); 0 THE R T YPES W0 ULOR E QUI REA 0 0 I T ION ALP LA T E S •
THEY ALSO HAVE CERTAIN LIMITATIONS AS REGARDS SCALE, PROJECTION INTERVAL AND
SHEET SIZE. THE PURPOSE OF EACH OF THESE PLATES IS TO LOCATE THE PROJECTION
INTERSECTIONS ON THE DRAFTING SHEET. THESE INTERSECTIONS ARE THEN CONNECTED
WITH A STRAIGHTEDGE AND THE LINES RULED IN WITH A PEN. A CURVE IS USUALLY
DRAWN AS A SERIES OF CHORDS RATHER THAN A SMOOTH CURVE. PART OF THE ACCURA­
OY OF THE PROJECTION PLATE IS LOST IN THIS II HAND II DRAWING PROCESS. IN SPITE
OF THESE FEW LIMITATIONS PROJECTION PLATES WILL ALWAYS BE USEFUL, ESP~CIALLY

WHEN THE MAPPING PROJECT OONSISTS OF A REGULAR SYSTEM OF EQUAL SIZE SHEETS.
ALSO THEIR CHEAPNESS AND PORTABILITY MAKE THEM AVAILABLE FOR FIELD USE.

IN THE U. S. COAST AND GEODETIC SURVEY A GREAT MANY TYPES AND SIZES OF
PROJECTIONS ARE REQUIRED. THE PRECISE RULING MACHINE ABOUT TO BE DESCRIBED
IS OAPABLE OF AOCURATELY RULING THESE VARIOUS TYPES ON ALL KINDS OF DRAFTING
MAT E R I AL, S UCHAS .C ELL U L 0 I 0, ALUMIN UM M0 U NTED FIE LOS HE E T S , COP PER P L ATE S
AND PAPER.

PART 11

•
THE PROJECTION RULING MACHINE

OF THE COAST AND GEODETIC SURVEY

A. GENERAL DESCRIPTION.

THE PHOTOGRAPH ( FIG. A ) INCLUDED IN THIS ARTICLE SHOWS A GENERAL VIEW
OF THE MACHINE. FIG. B IS A SCHEMATIC DRAWING SHOWING, IN PLAN VIEW, THE RE­
LATION BETWEEN THE FLEXIBLE RULING SPLINES, BASE SCALE SETTINGS AND THE PRO­
JEOTION ITSELF. THE CURVATURE AND CONVERGENCE OF THE PROJECTION LINES HAVE
BEEN GREATLY EXAGGERATED FOR CLEARNESS. IT IS BELIEVED THAT THE DESCRIPTION
WILL BE MADE CLEARER IF EACH OF THE SEVERAL MAIN PARTS ARE DISCUSSED INDIVID­
UALLY.



RULING POINT

SCALE

RACKS

CAST IRON BASE

•

u. S. COAST AND GEODETIC SURVEY

PROJECTION RULING MACHINE
FIG. A.

MAIN CARRIAGE (SHORT)

IRULING CARRIAGE

MAIN CARRIAGE (LONG)

PINION SHAFT

DIAL GAGE

ADJUSTABLE JAW

,~ , ,FLEXIBLE RULING SPLINE

-~ MICROSCOPE

~ - SPLIT PINION

" ~-,--'- CARRIAGE CLAMP

co



9

9

/ MAIN CARRIAGE (SHORTI

/ err ~MASTER :;:T :DG~=fP\

r
RULING POINT-

RACK

_ ----------------------­
- --------- IIIII[

~ -- --+---.-or-n--tl---.J

'"u..
a:

38· 30'

, r-----t-----+------+--+--+--+----+----1'

, 1I1_---jf-_+P_O_LY_C+ON_IC~P_R_OJl--E_CT_IO_N---jI_:2_0,OOO_+_-+--1\1 ,

I I

~

, r-----1----j---+--+----+---+------+----j~,

• ~I I~
~--_._~ ~ l~

~ "I ~ I', ·
I I" I ~
'I T

1
!I ~ -

1,-------c2>no"if;8:9"'4----O;8A"'"SE"'S""C"'AL"'E--'5""OO,.l;:OO=----------'7=91.J,;:0"""6------,1 - ~ .---~- -£-s:~~~~~~~ -
~mITfimffijilli[jjjIrnfIDffilffiIilliurrIiTI[rrITfimilliRA~C[Kiffimiiiimmilli[ffiillimUIIIIIJDm nnrr::u ---------

---- - -

~ -~-.-.. __t=-=-=t==4-_--+--~---+-_--+-_-Ir---j38· 26'
.,

"'...J..
U
V>

"'V>...,

'"u..
a:

-

U. S. COAST AND GEODETIC SURVEY
PROJECTION RULING MACHINE

FIG. B



10.

1. MAIN BASE

THE MAIN BASE CONSISTS OF A HEAVY ANNEALED IRON CASTING, MOUNTED ON

FOUR CORNER POSTS. THE FOUR TOP EDGES OF THIS CASTING ARE ACCURATELY

MACHINED TO RECEIVE THE TWO PAIR OF PRECISION RACKS, WHICH GUIDE THE MO­

TION OF THE TWO MAIN CARRIAGES. THE TOP OF THE CASTING IS COVERED WITH

A THREE-QUARTER INCH THICK GLASS PLATE WHICH FORMS THE RULING SURFACE.

SIX LAMPS WITH DIFFUSERS ARE PLACED BENEATH THIS GLASS TO FORM A "LIGHT

TABLE~ PARALLEL TO THE RACKS ON TWO EDGES (THE FORWARD AND THE LEfT IN

PHOTOGRAPH) ARE MOUNTED STAINLESS STEEL SCALES SUBDIVIDED INTO MILLI­

METERS WHICH ARE USED IN SETTING THE MAIN CARRIAGES.

2. MAIN CARRIAGES.

THE TWO MAIN CARRIAGES ARE OF IDENTICAL CONSTRUCTION EXCEPT ONE IS

SHORTER THAN THE OTHER. THESE CARRIAGES MOVE AT RIGHT ANGLES TO EACH

OTHER AND ARE GUIDED BY THE RACKS PREVIOUSLY MENTIONED. THE BRONZE PIN­

IONS WHICH ENGAGE THE RACKS ARE OF THE "SPLIT" TYPE, THEREBY INSURING

THAT THERE WILL BENOLOST MOTION AND THAT THE MOVEMENT OF THE CARRIAGES

WILL ALWAYS BE PARALLEL TO ITSELF. A FLEXIBLE RULING SPLINE (SPRING

STEEL) IS MOUNTED IN A SERIES OF EQUALLY SPACED ADJUSTABLE JAWS IN SUCH

A MANNER THAT IT CANBECURVED OR INCLINED BY OFFSETTING EACH JAW A CER­

TAIN AMOUNT. THE HAND SCREW ATTACHED TO EACH JAW IS USED IN SETTING THE

OFFSET AND THE AMOUNT IS INDICATED ON ONE OF A SERIES OF DIAL GAGES.

THESE GAGES IN TURN ARE ATTACHED TO A MASTER STRAIGHTEDGE IN SUCH A MAN-

NER THAT WHEN ALL DIALS READ ZERO THE FLEXIBLE SPLINE IS STRAIGHT AND

IS PARALLEL TO THE MASTER STRAIGHTEDGE. NEAR THE END OF- EACH CARRIAGE

IS MOUNTED A MICROSCOPE WHICH CONTAINS AN OPTICAL VERNIER READING DI­

RECTLY TO 0.1 MM WITH ESTIMATION TO 0.01 MM. IN SETTING THE MAIN CAR­

RIAGE IT IS FIRST ROLLED TO ITS APPROXIMATE POSITION, AS SHOWN ON BASE

SCALE, AND THENTHEFINAL SETTING IS MADE WITH THE SLOW MOTION SCREW AND

MICROSCOPE.

3. RULING CARRIAGE.

MOUNTED ON EACH MAIN CARRIAGE AND TRAVELING PARALLEL TO ITS LENGTH

IS A RULING CARRIAGE CONSTRUCTED IN SUCH A MANNER THAT IT TRANSMITS THE

CURVE SET ON THE FLEXIBLE SPLINE TO THE RULING POINT. THIS RULING POINT

MAY BE EITHER A PEN, A DIAMOND POINT, OR A STEEL POINT DEPENDING UPON

WHAT MATERIAL THE PROJECTION IS DRAWN.

THE MACHINE IS OF RUGGED CONSTRUCTION AND ALL WORKING PARTS ARE MADE TO

A H I G H D E G R E E 0 F PRE CIS ION. B-A L L B EAR I N GSA R E USE DIN ALL M 0 V I N G PAR T S. I T EMS

SUCH AS RACKS, PINIONS, TRACKS, STRAIGHTEDGES, ETC. ARE MACHINED TO 0.001
INCH. THE STAINLESS STEEL SCALES USED FOR SETTING THE M~IN CARRIAGES ARE Of

VERY HIGH ACCURACY AS SHOWN BY TESTS MADE AT THE NATIONAL BUREAU OF STAND­

ARDS. IT WAS CONSTRUCTED UNDER CONTRACT TO A DESIGN AND SPECIFICATIONS MADE

BY THE COAST AND GEODETIC SURVEY.

B. OPERATION PROCEDURE.

SINCE THE POLYCONIC PROJECTION IS ONE OF THE MORE FAMILIAR TYPES IT WILL

BE USED AS AN EXAMPLE IN THE PRESENT DISCUSSION. A BRIEF REVIEW OF THE SA­

LIENT FEATURES OF THIS PROJECTION WILL BE GIVEN TO AID THOSE FEW WHO MAY NOT

BE FAMILIAR WITH IT. THEORETICALLY THE PROJECTION CONSISTS OF A SERIES OF

NON-CONCENTRIC CURVES, REPRESENTING PARALLELS OF LATITUDE WHOSE RADII DECREASE

AS THE LATITUDE INCREASES; APPROXIMATELY AT RIGHT ANGLES TO THESE PARALLELS

IS A SERIES OF MERIDIONAL LINES CONVERGING TOWARDS THE POLE. THESE MERID­

IONAL LINES ARE NOT STRAIGHT BUT HAVE A SLIGHT CURVATURE. FOR PRACTICAL PUR­

POSES, HOWEVER, ON LARGE SCALE MAPS (1 :40,000 OR LARGER), THE PARALLELS CAN

BE MADE AS A SERIES OF PARALLEL CURVES AND THE MERIDIANS AS A SERIES OF STRAIGHT

LINES CONVERGING TOWARDS THE POLE.
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THE POLYCONIC TABLES "A" AND "B" REFERRED TO BELOW ARE THOSE WHICH HAVE

BEEN SPECIALLY COMPUTED FOR THE RULING MACHINE. THESE TABLES GIVE THE OFF­

SETS TO BE SET ON THE DIAL GAGES FOR VARIOUS VALUES OF CURVATURE AND CONVER­

GENCE. THE DETAILED STEPS IN THE CONSTRUCTION OF A POLYCONIC PROJECTION WILL

NOW BE GIVEN:

EXAMPLE: CONSTRUCT A POLYCONIC PROJECTION ON A SCALE OF 1:20,000, LINES TO

BE RULEDEVERYMINUTE, AND WITH THE FOLLOWING LIMITS: LAT. 38° 22' TO 38° 30',

LONG. 76° 31' TO 76° 39'.

1. FROM POLYCONIC TABLES (SPECIAL PUBLICATION No.5, u.S. COAST AND G~ODET­

IC SURVEY) OBTAIN THE VALUE OF ONE MINUTE OF LATITUDE (92.502 MM), ALSO ONE

MINUTE 0 FLO N G I T U 0 E I NTH E L A TIT U 0 E 0 F THE C E N T E R PAR ALL E L WH I CHI S 38° 26'

(72. 7 65 MM).

2. USING 500 AND 800 MM AS BASE SCALE READINGS FOR CENTRAL MERIDIAN AND PAR­

ALLEL RESPECTIVELY (SEE FIG. B), CONSTRUCT A TABLE GIVING SCALE READINGS FOR

ALL LINES.

SHORT BASE SCALE LONG BASE SCALE

LONGITUDE

WEST TO EAST

76° 39'

38'

37'

36'

35'

34'

33'

32'
31 1

SCALE SETTING

MM

208.94

281 .71

354.4

4
7

427.2
500.00

572.77
(;45.53

718.30

791 .06

LA T I TU 0 E

SOUTH TO NORTH

380 22'

23'

24'

25'

2b'
27'
28'

29'

30'

SCALE SETTING

MM

429.99
522.49
b15. 00
707.50
800.00

892.5 0

985. 00

1077 .51

1170 • 0 1

3. FROM POLYCONIC TABLES "A" AND "B" OBTAIN THE FOLLOWING OFFSETS FOR CUR-

VATURE OF THE PARALLELS AND CONVERGENCE OF THE MERIDIANS RESPECTIVELY.

CURVATURE OFFSETS (MM)

DIAL 1

0.05

DIAL 2

0.20

DIAL 3

0.46

CONVERGENCE OFFSETS (MM)

DISTANCE FROM

CENTRAL MERIDIAN DIAL 4

0.04

0.07

0.11

0.15

DIAL 5

0.07

0.15

0.22

0.29

DIAL 6

0.11

0.22

0·33
0.44

DIAL 7

0.15

O.~,.
o.
0·5

A SHORT EXPLANATION MIGHT BE DESIRABLE REGARDING THE SETTING OF THE ABOVE

OFFSETS ON THE VARIOUS DIALS. ON EACH CARRIAGE THE CENTER OF "ZERO" DIAL

( LAB ELL ED"0 " I NFl G. B) A L WAY S HAS ITS I NO I C AT I N G HAN 0 SET 0 N Z E R O. FOR THE

PARALLELS OF LATITUDE THE SHORT FLEXIBLE SPLINE IS CURVED BY SETTING PLUS OFF­

SETS ON DIALS Nos. 1, 2 AND 3 ON BOTH SIDES OF THE "0" DIAL. FOR THE CONVER­

GENCE OF THE MERIDIANS THE LONG FLEXIBLE SPLINE IS INCLINED TO ITS NORMAL

POSITION BY SETTING OFFSETS ON DIALS 4,5,6 AND 7. PLUS ON ONE SIDE OF THE
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"0" DIAL AND MINUS ON THE OTHER SIDE. (IN FIG. B THE LONG FLEXIBLE SPLINE IS

SET FOR THE PROPER CONVERGENCE FOR THE WESTERN MERIDIAN, 7~ 39'.)

4. PROPERLY CENTER THE DRAFTI NG SHEET ON THE GLASS RULI NG SURFACE AND TAPE

EDGES SECURELY.

SET RULING SPLINE ON THE SHORT MAIN CARRIAGE TO THE PROPER CURVATURE.5·
6. ROLL THE SHORT MAIN CARRIAGE OVER THE RULING

OF 429.99 MM AND DRAW THE SOUTHERNMOST PARALLEL.

OTHER SCALE READINGS (522.49, 615.00, ETC.) UNTIL

SURFACE TO A SCALE READING

MOVE THE CARR lAG E TO THE

ALL PARALLELS ARE DRAWN.

7. ROLL THE LONG MAIN CARRIAGE (WHICH IS AT RIGHT ANGLES TO SHORT CARRIAGE)

OVER THE RULING SURFACE TO A SCALE READING OF 500.00 MM AND DRAW THE CENTRAL

MERIDIAN, LONGITUDE 76° 35'. THEN SETTHECONVERGENCE OFFSETS (FOR 1 MINUTE)

ON THE FLEXIBLE SPLINE, MOVE THE CARRIAGE TO A SCALE READING OF 427.24 MM

AND DRAW THE MERIDIAN CORRESPONDINB TO LONGITUDE 76° 36'. REPEAT THIS PRO­

CEDURE FOR EACH MERIDIAN.

PRO J E C T ION SOT HER T HAN POL Y CON I CAR E CON S T RU C TED I N· A S I MIL ARM ANN E R

EXCEPT DIFFERENT OFFSET TABLES ARE USED. IN THE CASE OF A MERCATOR PROJEC-

TION WHICH CONSiSTS OF A SERIES OF STRAIGHT LINES AT RIGHT ANGLES TO EACH

OTHER, THE FLEXIBLE SPLINE IS MADE STRAIGHTBYSETTING ALL DIAL GAGES TO READ

ZERO.

C. DISCUSSION OF RESULTS.

THE RULING MACHINE WAS FIRST PUT IN OPERATION ABOUT THREE YEARS AGO.

SINCE THAT TIME SEVERAL HUNDRED PROJECTIONS OF VARIOUS TYPES AND SIZES HAVE

BEEN CONSTRUCTED ON LOW SHRINKAGE CELLULOID, COPPER, ALUMINUM MOUNTED SHEETS

AND PAPER. THIS EXPERIENCE INDICATES THAT PROJECTIONS CAN BE CONST.RUCTED

MORE ACCURATELY AND IN LESS THAN HALF THE TIME REQUIRED BY THE USUAL HAND

METHODS. COMPUTATIONS SIMILAR TO THOSE TABULATED IN THIS PAPER ARE REQUIRED

FOR EACH PROJECTION. WITH THE AID OF SPECIAL TABLES AND AN ADDING MACHINE

THESE VALUES CAN BE COMPILED IN LESS THAN HALF AN HOUR.

IN REGARD TO ACCURACY, IT IS BELIEVED THAT THE MACHINE WILL RULE A LINE

WITHIN 0.05 MM OF ITS TRUE POSITION. THE MAXIMUM SHEET SIZE WHICH CAN BE

M 0 UN TED 0 NTH E R U LIN G SUR F ACE I S 40 rr X .50 rr • I N REG A R D TO S CAL ELI MIT S , THE

RULING SPLINES ARE SUFFICIENTLY FLEXIBLE TO TAKE CARE OF THE CURVATURES IN

SCALES AS SMALL AS 1 :500,000.

THE MACHINE ALSO HAS BEEN FOUND VERY USEFUL FOR SUPERIMPOSING STATE

PLANE COORDINATE GRIDS ON COMPLETED PROJECTION SHEETS, THE USUAL PROCEDURE

BEING TO PLOT THE GEOGRAPHIC POSITIONS OF FOUR GRID INTERSECTIONS (FORMING A

RECTANGLE AS LARGE AS POSSIBLE). THESE INTERSECTIONS ARE USED FOR ORIENTING

THE SHEET 'ON THE GLASS RULING.SURFACE. THE SHEET IS THEN TAPED TO THE GLASS

AND THE GRID LINES RULED IN THE USUAL MANNER.

RECENTLY SOME ATTENTION HAS BEEN GIVEN TO PLOTTING CONTROL POINTS WITH

THE MACHINE. THESE POINTS ARE PLOTTED IMME'DIATELY AFTER THE PROJECTION IS

RULED AND WHILE THE SHEET IS STILL TAPED TO THE RULING SURFACE. THE LOCATION

OF THE CONTROL POINT IS SHOWN AS A SMALL INKED INTERSECTION.

TYPOGRAPHICAL ERROR

I TIS VERY MUCH REGRETTED THAT THROUGH A TYPOGRAPH I CAL ERROR, THE NAME

RALPH MOORE PERRY APPEARED INSTEAD OF THE CORRECT RALPH MOORE BERRY, THE AU~

THOR OF THE DISCUSSION AND ILLUSTRATION OF MR. WILSON'S PAPER ON PLANE COOR­

DINATE SYSTEMS ON PAGE 12 AND THE TITLE PAGE OF PHOTOGRAMMETRIC ENGINEERING,

VOLUME I I I, NUMBER 3.


