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INTRODUCTORY

THE AIM IN THE PRACTICAL APPLICATION OF AIR-PHOTOGRAMMETRY IS TO CONVERT THE

INFORMATION REGISTERED BY PHOTOGRAPHY INTO A CONVENTIONAL MAP, AND PARTICULARLY

TO PRESERVE THE METRICAL ACCURACY OF THiS MAP. IN ALL CASES THIS IS DONE BY THE

APPLICATION OF THE RULES OF PERSPECTIVE PROJECTION, USUALLY WITH MORE OR LESS AID

FROM SPECIALLY DESIGNED INSTRUMENTAL EQU.IPMENT.

IN CANADA WE HAVE BEEN PRINCIPALLY CONCERNED WITH SMALL-SCALE MAPS, OFTEN
WITH VERY LIMITED GROUND CONTROL AVAILABLE, AND HAVE~ THEREFORE, NOT MADE SO MUCH

USE 0 F E XPEN S I V E P HOT 0 GRAM MET RIC ALP LOT T E R S A SIN C 0 U N T I E.S WHER E D IFF ERE N T CON D I 

T ION S PRE V A I L. aN HI E 0 THE R HAN D, EX C ELL E NT PRO GRES S HAS BEE N MAD E I NTH E DE VEL 0 P

MENT OF WHAT MIGHT BE CALLED HAND-GRAPHICAL METHODS pF PLOTTING, AND SOME OF OUR

MEMBERS HAVE DONE VALUABLE SERVICE IN PERFEOTING THESE.

THE QUESTION ARISES, HOWEVER, AND I THINK IS WORTHY OF INVESTIGATION, WHETHER

THESE METHODS OOULD NOT BE IMPROVED IN THE DIREOTION OF INOREASED .AOOURACY, SPEED

AND EOONOMY IFASSISTEDBYPLOTTING MAOHINES DESIGNED FOR EXTENDING MINOR OONTROL,

AND, IN OERTAIN OASES, FOR GIVING MORE INFORMATION OONOERNING RELIEF.

SOME PROGRESS HAS ALREADY BEEN MADE IN THIS DIREOTION THROUGH THE ASSOOIATE

COI)<1MI.TTEE ON SURVEY RESEAROH, OF THE NATIONAL RESEAROH COUNOIL, AND, THANKS TO

IMPERIAL OIL LIMITED, WE HOPE SOON TO HAVE IN OTTAWA A PLOTTING MAOHINE OF THE

LATEST TYPE, WHIOH WILL BE A VALUABLE AS WELL AS INTERESTING AND INSTRUOTIVE AD

DITION TO OUR PHOTOGRAMMETRIOAL ~QUIPMENT.

I WILL SAY HERE THAT, EXCELLENT THOUGH THE WORK MAY BE THAT HAS BEEN AO..
OOMPLISHED BY THE CONTINENTAL EUROPEAN PLOTTiNG MAOHINES, THEY ARE NOT ALL DE

SIGNED ON SOUND PRINCIPLES AND, PERHAPS, ARE SOMETIMES UNNECESSARILY COMPLEX.
THEREFORE WE CANNOT. REGARD FINALITY AS HAVING BEEN APPROACHED IN PLOTTING EQUIP

MENT, AND THERE IS STILL.PLENTY OF OPPORTUNITY FOR THE EXEROISE OF INVENTIVE

ABILITY, PARTIOULARLY ON THE PART OF THOSE WITH FIRST-HAND KNOWLEDGE QF THE REAL

NATURE OF THE PROBLEMS INVOLVED.

THIS AFTERNOON YOU WILL HAVE THE OPPORTUNITY OF EXAMINING THE PHOTOGRAM-

METRIOAL EQUIPMENT OF THE GEOGRAPHICAL SECTION, GENERAL STAFF, DEPARTMENT OF

NATIONAL DEFENOE, AND, AS A SORT OF INTRODUOTION, I PROPOSE' TO EXAMINE BRIEFLY

THE UNDERLYING OONSIDERATIONS OF STEREO-PLOTTING FROM VERTIOAL PHOTOGRAPHS FROM

THE POINT OF VIEW OF ONE TRYING TO APPLY THESE TO INSTRUMENTAL DEVIOES. I SHALL

OONFINE MYSELF TO ELEMENTARY PRINOIPLES, BUT MY PURPOSE WILL BE SERVE'D IF I AM

ABLE TO OONVEY TO YOU SOME AOCOUNT OF THE LINES ALONG WHIOH PRESENT-DAY ~TEREO-

PLOTTERS ARE DESIGNED.

GEOMETRIOAL RELATIONS IN VERTIOAL STEREO-PHOTOGRAPHY

IN VERTICAL AIR P):;'OTOGRAPHY, AS YOU PROBABLY KNOW, IT IS CUSTOMARY TO EX-
POSE AT INTERVALS THAT WILL GIVE ABOUT SIXTY PER-OENT OVERLAP BETWEEN SUOOESSIVE
PHOTOGRAPHS--THE PILOT MEANWHILE ENDEAVOURING TO MAINTAIN A UNIFORM HEIGHT, SPEED,.

DIREOTION OF FLIGHT AND LEVEL TRIM OF HIS AIRORAFT.

IN FIG. 1 TWO OONSECUTIVE NEGATIVES, OR A STEREOSCOPIO PAIR, ARE REPRESENTED
AS BEING RESTORED TO THEIR POSITIONS AT THE TIMES OF EXP.OSURE. THE PHOTOGRAPHS

MAY BE OONSIDERED AS PERSPECTIVES THROUGH THE LENSES. JOINING THESE TWO PERSPEO-

TIVE OENTRES IS THE AIR-BASE. TRACING NOW SOME RAYS FROM IMAGE POINTS TO THE

OORRESPONDING GROUND DETAIL, WE HAVE FIRST THE VERTIOAL LINES OONNECTING THE

PLUMB-POINT BELOW EACH PHOTOGRAPH WITH THE CORRESPONDING IMAGE POINT--W810H WILL

BE. THE POINT MARKED 'iITH A OROSS IN UNTILTED PHOTOGRAPHS TAKEN 'BY THE R'.C.A.F.

SELEOTING SOME OTHER GROUND DETAIL IN THE OOMMON, OR OVERLAPPED, PORTIONS OF THE

TWO PHOTOGRAPHS, SUOH AS THE VERTIOAL POST I HAVE TRIED TO REPRESENT IN THE FIG

URE, WE NOTIOE THAT THE RAY FROM ITS BASE IN A SINGLE PHOTOGRAPK DETERMINES WITH

THE PLUMB-POINT RAY A PLANE--I HAVE MARKED THEM "RA(}IAL ptANES." IT IS READILY

SEEN THAT THE INTERSEOTION OF THESE PLANES IS A VERTIOAL LINE PASSING THROUGH THE

POI NT PHOTOGRAPHED OW THE GROUND--THAT I S, THE PLANE HAS THE SAME LOCATION
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NEGATIVE WITH OUTWARD OVERLAP AND THE

THE RADIAL PLANES WIL( BE LI~ES RADI

SIMILARLY, THE EPIPOL,AR PLANES WILL

WILL BE PARALLEL TO THE PROJECTION

WHATEVER THE ELEVATION OF THE POINT. FURTHER, IT FOLLOWS THAT THE TRACE OF A
RADIAL PLANE ON ITS PHOTOGRAPH WILL CONTAIN THE IMAGES OF ALL POINTS IN THE PLANE

AND, THEREFORE, OF THE INTERSECTION OF THE TWO PLANES. FOR EXAMPLE, OUR VERTICAL

POST WILL BE REGISTERED IN A LINE RADIATING FROM THE IMAGE OF THE PLUMB-POINT.

THiS SUGGESTS ONE SCHEME·WHICH MIGHT FORM THE BASiS FOR A PLOTTING DEVICE.

IMAGINE A PAIR OF STEREO VERTICAL PHOTOGRAPHS TO BE RESTORED TO THEIR AIR POSI

TIONS AT THE TIMES OF EXPOSURE, AND TAKE TWO VERTICAL PLANES, FREE TO ROTATE

ABOUT THE PLUMB LINES THROUGH THE PERSPECTIVE CENTRES. IF EACH PLANE BE ROTATED

UNTIL ITS TRACE ON THE PHOTOG.RAPH PASSES THROUGH THE IMAGE OF THE POINT WE WISH

TO PLOT, THE INTERSECTION OF THE TWO PLANES WILL BE THE ORTHOGONAL PROJECTION

LINE OF 'THE POINT IN QUESTION. HENCE, WE COULD PLOT IN THIS WAY, POINT BY POINT,

THE PLAN POSITIONS OF THE DETAtL RECORDED ON THE OVERLAPPED PORTION OF THE TWO

PHOTOGRAPHS. As THE POSITION OF A RADIAL PLANE IS INDEPENDENT OF THE ALTITUDE OF

THE POINT PHOTOGRAPHED, THIS METHOD, WITHOUT EXTENSION, WOULD NOT YIELD INFORMA

TION REGARDING THE ECEVATION OF THE PLOTTED DETAIL.

LOOKING AT THE SUBJECT IN ANOTHER WAY, WE CAN CONSiDER THE TWO RAYS TO THE

GROUND OBJECT, E.G. THE BASE OF OUR POST IN FIG •.1, AS DETERMINING A PLANE WITH

THE AIR-BASE--THE EPIPOLAR PLANE. THIS PLANE IS ALSO OF GREAT IMPORTANCE IN PHO-

TOGRAMMETRY. IT CAN BE PICTURED AS ROTATING ABOUT THE'AIR-BASE AS WE PASS FROM

POINT TO POINT ON THE GROUND. HERE, THEN, IS A CLUE TO ANOTHER SCHEME FOR THE

CONSTRUCTION OF A PLOTTING MACHINE. MAKE TWO POINTERS PASSING THROUGH THE PER-

SPECTIVE CENTRES, TO REMAIN ALWAYS IN A PLANE FREE TO ROTATE ABOUT THE AIR-BASE;

LET THE UPPER ENDS OF THE POINTERS PASS THROUGH THE IMAGES OF A POINT ON THE NEGA

TIVES,AND THE INTERSECTION OF THE POINTERS WILL DETERMINE THE POSITION AND ELEVA-

TION OF THAT POINT ON THE GROUND. IT WILL BE APPARENT FROM FIG. 1 THAT THE EPI-

POLAR PLANE CONTAINING THE IMAGES OF THE TOP OF OUR POST WILL BE DIFFERENT FROM

THAT CONTAINING THE IMAGES OF THE BASE, AND FURTHERMORE, THAT THE ANGLE BETWEEN

OUR HYPOTHETICAL SIGHTING RODS HAS INCREASED IN THE FORMER PLANE. THEREFORE THIS

METHOD, AS DISTINGUISHED FROM THE RADIAL PLANE PRINCIPLE, YIELDS BOTH PLAN POSI

TIONS AND ELEVATIONS OF THE POINTS MAPPED.

TURNING TO THE ACTUAL PHOTOGRAPH~ THE

POSITIVE ~ITH INWARD OVERLA~ THE TRACES OF

ATING FROM THE IMAGES OF'THE PLUMB-POINT.

SHOW THEIR TRACES AS STRAIGHT LINES, WHICH
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OF THE ,AIR BASE IN AN.UNTILTED OR LATERALLY TILTED PHOTOGRAPH, BUT INCLINED TO

IT WHEN THERE IS FORE AND AFT TILT.

TI;lERE IS ANOTHER 'FEATURE, OF A HELPFUL NATURE, TO BE CONSIDERED. IMAGINE'

THE R)GHT PHOTOGRAPH TO BE MOVED TO THE POSITION I HAVE SHOWN DOTTED--BY EXTEND-

,ING THE AIR-BASE. TRACING BACK THE RAYS FROM OUR IMAGE POINTS AS BEFORE, IT IS
EASILY DEMONSTRATED THAT THE SHAPES OF OUR PLANIMETRI.C F1GUR,ES Afl,:E THE SAME AS IN

THE PRE V IOU S CASE, BUT THAT THE SCALE OF THE PLOT H A 's INC REA SED' I N PRO P 0 R T I ON TO

THE INCREA'SED LENGTH CHOSEN FOR THE AIR-BASE. THAT IS TO SAY, IT (S NOT NECES

SARY TO MAINTAIN THE RATIO OF FOCAL LENGTH TO AIR-BASE THE SAME AS IN THE FIELD,

BUT A VALUE OF THIS RATIO MAY BE CHOSE~ TO YIELD A PLOT TO ANY DESIRED SCALE.

OPTICAL PLOTTERS

THI'S L~ADS TO ONE OF THE SIMPLEST DEVICES' fOR PLOTTING. IF' A LI,GHT BE

PLACED BEHIND THE NEGATIVES, PREVIOUSLY ORIENTED AND ADJUSTED CORRECTLY RELATIVE

TO THE AIR-BASE, AND A PIN-HOLE OR LENS BE FITTED AT THE PERSPECTIVE CENTRE, THE

RESPECTIVE PROJECTED RAYS FROM AN IMAGE WILL INTERSECT AT THE SCALE POSITION Of
THE OBJECT. ONE OR TWO SYSTEMS HAVE BEEN INVENTED IN EUROPE FOR PLOTTING BY PRO

JECTION ALONG THESE LINES AND IN CANADA A METHOD (WHERE, HOWEVER, LOW OBLIQUE

PHOTOGRAPHS WERE EMPLOYED~ WAS DEVELOPED BY MAJOR NELLES AND MR. FORTIN Of DTTAWAo

PROBABLY THE BEST KNOWN EXAMPLE IS THE ZEISS AERO-PROJECTOR WHICH YOU WILL SEE

THIS AFTERNOON. IN T,HIS INSTRUMENT, SMALL REDUCTIONS OF,THE PHOTOGRAPHS ARE UTIL

'IZED, TO KEEP THE MACHINETOMANAGEABLE DIMENSiONS AND TO GIVE THE REQUIRED DEPTH

Of FOCUS AT THE PROJECTION TABLE. THE POINTS OF INTERSECTION OF RAYS ARE FOUND

BY PROJECTING ALTERNATE PHOTOGRAPHS WITH RED AND BLUE LIGHT. THE OBSERVER, WEAR

ING GLASSES IN WHICH ONE EYE FILTERS OUT THE RED AND THE OTHER THE BLU~ SEES THE

RllnlT AND LEFT PROJECTIONS RESPECTIVELY WITH HIS RIGHT AND' LEfT EYES~~ AND SO BE

HOLDS A STEREOGRAM, OR SPACE MODEL, OF THE LANDSCAPE.

THE ZEISS PARALLELOGRAM

TURNING AGAIN TO THE REQUIREMENTS OF MECHANICAL PLOTTERS, THERE IS A SIMPLE

LINKAGE, EXTENSI VElY USED IN THEM, WHICH CALLS FOR SOME CONSIDERATION.
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FIG. 2

IN THE HYPOTHETICAL PLOTTING DEVICE I MENTIONED WH~RE TWO,POINTERS MOVE IN,

AND WITH THE EPIPOLAR PLANE; WHEN MATERIALIZING THR POINTERS WE ARE CONFRONTED

WITH THE PROBLEM THAT THEY INTERSECT AT THE PLOTTED ~OINT. FURTHERMORE, UNLESS

THE PLOTTING SCALE IS CONSIDERABLY LARGER THAN THAT OF tHE AIR PHOTOGRAPH,DlfFI
CULTIES MAY ARISE DUE TO INTERFERENCE OF THE GONIOMETERS OR HOLDERS IN WHICH THE

PHOTOGRAPHS ARE SET UP. IN ADDITION, AS THE SCALE OF THE PLOT DEPENDS ON THF

*THE CANADIAN SURVEYOR, VOL. V, No.6, PAGE 7.
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LENGTH OF THE ·AIR-BASE, THIS LENGTH WOULD HAVE TO BE ADJUSTED FROM TIME TO TIM~

BY MOVING THE PHOTOGRAPH HOLDERS TOGETHER OR APART TO ACCOMMODATE Y.ARIATIONS IN

FLYING HEIGHTS AS A STRIP OF PICTURES WAS PLOTTED. OTHER DIFFICULTIES OF A ME-

CHANICAL AND OPTICAL NATURE WOULD ARISE IN AN ACTUAL PLOTTING MACHINE, AND IN

MOST EXAMPCES A MECHANISM IS EMPLOYED WHICH PERMITS SCALE VARIATiONS TO BEMADE

WHILE THE PERSPEC11VE CENTRES REMAI.N AT A CONSTANT DIsTANCE APART.

IN F·IG. 2, A AND B ARE THE TWO PHOTOGRAPHS REST_ORED, AS IN FIG. 1, TO THEIR

POSITION IN SPACE, RELATIVE TO THE PERSPECTIVE CENTRES. THE LE~GTH CD, PARALLEL

TO THE· AIR-BASE, DETERMINES THE SCALE OF .PLO)TING, AND CE AND DE ARE TWO SPACE

RODS IN THE EPIPOLAR PLANE, CDE, WHlcH PLOT THE SPACE POSITION OF THE POINT ~'ON

THE TWO CORRESPONDING PHOTOGRAP~IC IMAGES OF WHICH THE SPACE R6D~ ARE DIRECTED.

IF, NOW, B BE MOVED TO A NEW POYITION B I BY EXTENDING CD TO D I , AN~DE BE LIKE

WI S E M0 V E 0 PAR ALL E L T.O ITS ELF T 0 D J£" AND THE END S 0 F. T'H ESP A q E ROO S B E J 0 I NED B Y

A BRIDGE EF, AN INSPECTION OF FIG. Z WILL SHOW THAT ANY POINT OF THE BRIDGE WILL

PLOT THE SAME RELATIVE POSITIONS FOR STEREO l¥AGES AS THE ORIGINAL POINT ~ WHICH

WAS THE INTERSECTION OF THE SPACE RODS IN OUR ORIGINAL HYPOTHETICAL PLOTTER. IN

ASMUCH AS E, FROM WHAT HAS BEEN PREVIOUSLY SAID, PLOTS BOTH PLAN AND ELEV.ATION OF

DETAIL, THE WHOLE BRIDGE MUST. BE MOVED VERTICALLY WHEN, TO DIRECT THE RiODS COR

RECTLY ON TO CORRESPONDING IMAGES OF A POiNT, IT IS NECESSARY TO SPREAD THE RODS

IN THE EPIPOLAR PLANE, I.E., WHEN THERE IS RELIEF, OR, AS IT MAY BE PUT, A CHANGE

OF PARALLAX IN THE IMAGES. IN OTHER WORDS, THE BRIDGE MOVES SO THAT ALL POINTS

IN IT REMAIN IN HORIZONTAL PLANES SO LONG AS LEVEL DETAILS ARE BEING PLOTTED BUT

IT MUST BE MOVED. VERTICA 'LY TO A NEW POSITION WHEN THERE IS A CHANGE· OF ELEVATION

IN THE PLOTTED DETAIL-THE BRIDGE LENGTH REMAINING· CONSTANT. USUALLY A PENCIL IS

ATTACHED TO THE BRIDGE, AS I HAVE INDI·CA--TED DIAGRAMMATIC·ALLY BY THE ARROW, WHICH

P LOT S· THE R E L A T I V E P LAN P 0 SIT ION S 0 F THE POI N T SON )Y H I C H· THE S I GHTIN G ROO S ARE 0 I - .

REOTED. ELEVATION DIFFERENCES ARE FOUND· FROM THE AMOUNT IT IS NECESSARYTO RAISE

OR LOWER THE BRIDGE TO RESTORE CORRESPONDENCE BETW~EN THE STEREO IMAGES.

THIS DEVICE IS KNOWN AS THE "ZEISS PARALLELOGRAM" HAVING FIRST BEEN USED

BY WORKERS OF THE ZEiSS FIRM WHEN .DEVELOPING PLOTTING.MACHINES FOR TERRESTRIAL

S T ERE 0 PH 0 TOG RAP H S • I T HAS 0 N E 0 R TWO PRO PER TIE S 1'1 H I C H ARE 0 FIN T ERE S T, AND 1'1 ~
WILL GIVE IT A LITTLE CONSIDERATION. .

IF WE COMPLETE A PARALLELOGRAM BY DRAWING CG PARALLEL TO DE OR DIF, GE IS

EQUAL TO CD WHICH WAS THE ORIGINAL LENGTH OF AIR-BASE WHICH DETERMINED THE SCAL~

OF PLOTTING FOR THE CONDITIONS SHOWN IN FIG. 2. THIS LENGTH GE IS !QUAL TO CD,

MINUS EF, AND IS USUALLY SPOKEN OF AS THE INSET OF THE BRIDGE FOR REAioNS WHICH

I'll LL BE APPARENT FROM THE 0 I AGRAM. SHOULD WE CHOOSE A NEW LENGTH EI FI FOR THE·

BRIDGE, THE SCALE OF OUR PLOT WILL NOW BE SUCH THAT GIEI,THE NEW INSET, REPRe:-

SENTS THE LENGTH OF THE AIR-BASE TO SCALE. HENCE, BY ADJUSTING OUR INSET WE C~N
ADJUST THE SCALE TO ANYTHING WE PLEASE. .

You WILL RECALL THAT I EXPLAINED HOW THE ELEVATION OF THE BRIDGE REMAINED

UNCHAN·GED SO LONG. AS THE PLOTTED DETAIL WAS LEVEL. THIS SUGGESTS THE MEANS elY

WHICH CONTOURS COULD BE PLOTTED MECHANICALLY. HAVING SET THE SIGHTING RODS sb.

T HAT E A C H .1 SOl R E C TEO 0 NTH E COR RES P 0 N 0 I NG I MAG E 0 F A POI NT, FIN 0 A N E I GH B 0 R I N G .

POI NT WH EIi E THE ROO S 'A RES TIL LSI GHTEO COR R E C T L Y WIT H0 UTA L T E R I N G THE E LEV AT ION

OF THE BRIDGE. A SERIEs OF SUCH CONNECTED POINTS DETERMINES A CONTOUR. 'i
IN ACTUAL PRACTICE STEREOSCOPIC SIGHTING IS EMPLOYED. By A SUITABLE OPTI-

CAL TRAIN (WITH LINE OF SIGHT ENDING AT THE INTERSEOTION OF SIGHTING ROO AND P~lO-·
TOGRAPH), THE OBSERVER VIEWS SIMULTANEOUS·LY THE RIGHT P·HOTOGRAPH WITHHIS RIGHT

EYE AND THE LEFT PHOTOGRAPH WITH HIS LEFT EYE. AT THE SAME TIME, HE SEES WITH

EACH EYE ONE-HALF OF A "FLOATING MARK", SITUATED AT THE FOCUS OF ONE OF TPlE

LENSES. WITH A PROPERLY ADJUSTED OPTICAL SYSTEM, THE APPARENT COMPLETE FLOATING

MARK APPEARS TO LIE ON THE GROUND WHEN THE SIGHTING RODS ARE CORRECTLY DIRECTED

ON·TH~ RESPECTIVE CORRESPONDIN~ IMAGES OF A DETAIL. IF THE RODS ARE DIRECTED ~N
THE CORRECT EPIPOLAR PLANE, BUT ARE POINTED SO THAT THE IMAGES FALL BETWEEN THEM,

THE FLOAT I NG MARK WILL APPEAR AS IF SITUATED ABOVE THE GROUND, AND WILL APPEAR

AS BENEATH THE GROUND IF THE RODS ARE NOT SPREAD FAR ENOUGH.

To PLOT A CONTOUR, THEN, THE OBSERVER MOVES. HiS BRIDGE ABOUT HO-RIZONTALLY

IN SUCH A WAY THAT THE FLOATING MARK SEEMS TO TRAVEL ALONG THE SURFACE OF THE

GROUND WHILE THE PENCIL RECORDS THE FIGURE TRACED. IF THE BRIDGE BE THEN RAISED

TO A NEW ELE\{ATION (WITHOUT ALTERING ITS LENGTH) A SECOND CONTOUR ·CAN BE PLOTTED,

AND IN THIS WAY THE COMPLETE OVERLAPPED PORTION CAN BE COVERED.



ApPLICATIONS TO ACTUAL EXAMPLES

FOURCADE PLOTTER.
IN FIG. 3 I HAVE SKETOHED THE SOHEMATI,O DESIGN OF TWO MODERN MACHINES WHERE

THE ARRANGEMENT I HAVE BEEN OUTLINING IS EMPLOYED., THE FIRS'T OF THESE IS THE

MOST RECENT PROPOSAL FOR THE FOUROADE'MACHINE, D.ESIGNED IN PART BY DR. FOURCADE

OF SOUTH AFR I OA AND I N PART BY OFF I C I ALS OF THE BR I Tl SH WAR OFF I OE, AFTER SOME

CONSULTATION WITH OUR OWN SURVEY RESEAROH COMMITTEE AND WITH THE COOPERATION OF
THE FIRM OF BARR AND STROUD OF GLASGOW, SOOTLAND, WHO ARE BUILDING THE INSTRU-

MENT. THIS IS THE PLOTTER DONATED BY IMPERIAL OIL LIMITED •
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FIG. 3

THE PHOTOGRAPHS ARE SET UP IN TWO SKELETON OAMERAS, OR GONIOMETERS. THESE

CAN BE TILTED TOGETHER OR INDEPENDENTLY ABOUT THE POLAR AXIS, CORRESPONDING TO

THE AIR-BASE, AND ABOUT AXES PERPENDIOULAR TO THIS--THE BECLINATION AXES. EACH

PHOTOGRA~H CAN ALSO BE ROTATE~ IN ITS OWN PLAN~ AND THESE THREE MOVEMENTS PERMIT

COMPLETE CORRESPONDENOE TO BE RESTORED BY AN APPROPRIATE SYSTEMATIC SETTING PRO

GRAM.

SIGHTING RODS ARE USED IN EPIPOLAR .PLANES SWINGING ABOUT THE POLAR AXIS AND

FORMING, A ZE'ISS PARALLELOGRAM, WITH A PLOTTING PENCIL ACTUATED BY THE BRIDGE.

LENSES OF THE SAME ~OOAL LENGTH AS THE OAMERA LEN~ES AR~ FITTED AT THE INTERSEC

TION OF THE POLAR AND DEOLINATION AXES, AND THE DIRECTION OF THE SIGHTING RODS IS

CON TIN U ED 0 P T I' CAL L Y (T H R 0 UGH THE LEN S E S) BY TEL ESC 0 PES AT THE I R UP PER END S , AS

INDICATED IN FIG. 3A. THE SEMI-FLOATING MARKS ARE PLACED AT THE FOCI OF THE OB

JEOTIVES OF THESE TELESOOPE~ AND THE LINES OF SIGHT ARE OONTINUED AND BROUGHT TO

TWO FIXED EYEPIECES BY MEANS OF A SUITABLE OPTICAL TRAIN. THE OBSERVER GUIDES
THE BRID G E A LON G THE 0 IRE 0 T ION 0 F THE POL AR A X t S BY M E' AN S 0 F A CON T R 0 LAC T U ATE 0

BY ONE HAND, AND IN THE PERPENDICULAR HORIZONTAL DIREOTION BY MEANS OF THE OTHER

HAN~ WHILE A FOOT DISO OHANGES THE ELEVATION O~ THE BRIDnE. By SUITABLY OPERAT

I NG THESE THREE OONTROLS, THE FLOAT I NG MARKS CAN BE APPARENTLY MOVED ABOUT THE

LANDSCAPE IN THREE DIMENSIONS AND PLAN POSITIONS OR CONTOURS PLOTTED AT WILL.

WILD AUTOGRAPH

--- FIG. 3B IS A DIAGRAMMATIO REPRESENTATION OF THE MOST REOENT MODEL OF THE WILD

AUTOGRAPH, OF SWISS ORIGIN. IN MOST FEATURES THE GEN~RAL PRINCIPLE IS LIKE THAT

OF THE FOURCADE INSTRUMENT, WITH SOMEWHAT' THE SAME SETTING MOV.EMENTS. IN THE

AUTOGRAPH, HOWEVER, THE SIGHTING RODS ARE OONTINUED U~, THROUGH THE INTERSEOTION

OF THE POLAR AND DECLINATION AXES, AND' AT THEIR UPPER ENDS ACTUATE REFLEOTING

PRISMS WHICH ARE GUIDED. BY THE RODS BUT REMAIN IN THE PLANE OF THE PHOTOGRAPH.

THE PHOTOGRAPH ITSELF IS PLAOED A-SHORT DISTANCE ABOVE THIS 'PLANE, BUT PARALLEL
TO IT. THE LINE OF SIGHT- IS NORMAL TO THE PHOTOGRAPH FROM THE LATTER TO THE

PRISM, AND- IS THENCE OONTINUED TO TWO FIXED EYEPIECES, WHERE THE OBSERVER SEES

THE SEMI-FLOATING MARKS. APPARENTLY LYING ON THE IMAGES AT WHICH THE SIGHTING RODS
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ARE DIRECTED. THE USUAL ZEISS PARALLELOGRAM SYSTEM IS EMPLOYED FOR PLOTTING.

ADVANTAGES AND DISADVANTAGES OF THE PORRO PRINCIPLE
IHE METHOD OF OBSERVING INDTC'ATEb IN FIG. 3A IS KNOWN AS THE PORRO PRINCIPLE

AND HAS BEEN OF GENERAL APPLICATION IN UNIVERSAL PLOTTING MACHINES FOR AIR PHOTO
GRAPHS. IT HAS THE ADVANTAGE THAT IF A LENS OF THE SAME TYPE AND CHARACTERISTICS
AS THAT EMPLOYED IN THE ACTUAL PHOTOGRAPHY BE USED FOR PROJECTION, ANY DISTORTION
EFFECT (WHICH RESULTS IN AN APPARENT BENDING OF THE LINE OF SIGHT AT THE LENS) IS
COMPENSATED. THE SIGHTING RODS IN FIG. 3A, FOR EXAMPLE, WOULD IN THiS CASE COR
RECTLY REPRESENT THE DIRECTIONS OF THE LIGHT RAYS FROM GROUNDTOLENS FORMING THE
IMAGE WHEN THE PHOTOGRAPH WAS EXPOSED, NO MATTER WHAT THE LENS DISTORTION. THIS
CONSIDER~TION BECOMES OF FIRST IMPORTANCE WHEN THERE IS APPRECIABLE LENS DISTOR
TION PRESENT.

ON THE OTHER HAND, AS ONE OR THE OTHER OF THE OBSERVED IMAGES APPROACHES THE
MARGIN OF THE PHOTOGRAPH, THE SIGHTING TELESCOPE IN QUESTION IS DIRECTED OBLIQUE
LY THROUGH THE LENS AND THE VISUAL DEFINITION FALLS OFG RESULTING IN SOME DIFFI
CULTY IN CORRECTLY PLACING THE FLOATING MARK. THIS OBJECTION CARRIES VERY MUCH
MORE WEIGHT WITH THE WIDE-ANGLE LENSES NOW BEI.NG PRODUCED FOR AIR CAMERAs.

I N THE WI LD AUTOGRAPH, THE PHOTOGRAPHS ARE V I EWED NORMALLY AT ALL PARTS OF
THE OVERLAP, AND, WITH GOOD PHOTOGRAPHIC DEFINITION, IT SHOULD BE POSSIBLE EVERY
WHERE,TO OBTAIN SATISFACTORY STEREOSCOPIC OBSERVATIONS. AGAINST THiS MUST BE SET
THE FACT THAT NO ATTEMPT IS MADE TO COMPENSATE FOR LENS DISTORTION; BUT IN FAIR
NESS TO DR. WILD IT SHOULD BE OBSERVED THAT MODERN AIR CAMERA LENSES ARE CLAIMED
BY THEIR MAKERS TO BE FREE FROM 'APPRECIABLE DISTORTION AND, FURTHERMORE, EVEN
LENSES OF THE SAME NOMINAL CONSTANTS DO NOT HAVE EQUIVALENT DISTORTION.* THE NEW
WILD SYSTEM CERTAINLY APPEARS PROMISING.

SIMPLER PLOTTING DEVICES
IN THE TWO UNIVERSAL PLOTTING MACHINES OUTLINED IN FIG. 3, SOMEWHAT ELABOR

ATE OPTICAL AND MECHANICAL DEVICES ARE REQUIRED, AND THE MACHINES ARE CORRESPOND
INGLY EXPENSIVE. FURTHERMORE, THE SETTING OF THE PHOTOGRAPHS TO CORRESPONDENCE
IS A SOMEWHAT PROTRACTED OPERATION, AND THE TIME SPENT REDUCES THAT AVAILABLE FOR
ACTUAL PLOTTING, WHICH IS A SERIOUS MATTER IN THE CASE OF A COSTLY MACHINE.

IF WE COULD DEAL ONLY WITH UNTILTED PHOTOGRAPHS, OR IF TILTS WERE SMALL
ENOUGH TO BE DISREGARDED AT THE SCALE OF PLOTTING, CHEAPER MACHINES, REQUIRING
SHORTER SETTING TIMES, AND H~NCE OF INCREASED EFFICIENCY OF PRODUCTION, COULD BE
EMPLOYED. FURTHERMORE, SUCH MACHINES COULD BE USED FOR PLOTTING BY THE SAME
SYSTEMS AS THE HAND-GRAPH I CAL METHODS MENT I ONED AT THE COMMENCEMENT OF TH (·S LEC
TURE.

TILT IS THE BUGBEAR IN PLOTTING. IT CAN BE REDUCED WHEN AUTOMATIC CONTROL
IS USED IN PHOTOGRAPHIC AIRCRAFT, WITH A CONSEQUENT REDUCTION IN SETTING TIME IN
THE CASE DF UNIVERSAL PLOTTING MACHINES, OR INCREASED ACCURACY WHEN APPROxiMATE
METHODS ARE EMPLOYED FOR PLOTTING MINOR CONTROL, EITHER BY HAND OR MACHINE.

IT HAS ALSO BEEN SUGGESTED THAT A UNIVERSAL PLOTTER, E.G., THE FOURCASE IN
STRUMENT, COULD BE E'MPLOYED FOR THE DETERMINATION OF ABSOLUTE TILTS (BASED ON
GROUND CONTROL POINTS IN THE FIRST OF A STEREOSCOPIC SERIES), THE RESULTS BEING
USED TO PREPARE RECTIFIED PHOTOGRAPHS.

THE PLOTTERS OF COLONEL BURNS
COLONEL tlURNS, FORMERLY IN CHARGE OF THE OFFICE OF THE GE·OGRAPHICAL SECTION,

HAS DESIGNED TWO PLOTTING INSTRUMENTS FOR DEALING WITH PHOTOGRAPHS COMING WITHIN
THESE CATEGORIES. THE FIRST OF THESE, THE RADIAL-STEREOPLOTTER, IS BASED ON THE
RADIAL LINE INTERSECTION METHOD, AND IS ACTUALLY IN OPERATION IN THE GEOGRAPHICAL
SECTION. A PAPER FULLY DESCRIBING THiS PLOTTER WILL SHORTLY BE PUBLISHED IN THE
CANADIAN JOURNAL OF RESEARCH AND WILL PROBABLY 8E REPRODUCED, IN WHOLE OR IN PART
IN A FUTURE ISSUE OF THE "CANADIAN SURVEYOR."

THE RADIAL-DIRECTION METHOD IS NOT SUITABLE FOR PLOTTING POINTS OTHER THAN
THE PRINCIPAL POINTS, WHICH LIE CLOSE TO THE PROJECTION OF THE AIR-BASE. IN
COLONEL BURNS' SECOND PLOTTER, HE PROPOSES A MECHANISM WHICH WILL PLOT AT ANY
PORTION OF THE OVERLAP. THE PHOTOGRAPHS ARE TO BE PLACED ON HORIZONTAL TABLES,

*FIELD--"A DETERMINATION OF THE DISTORTIONS IN A NUMBER OF AIR-CAMERA LENSES.",
THE CANADIAN JOURNAL OF RESEARCH, VOL. 10, PP. 239-243 (1934).
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ASiN 0 R DIN AR Y TOP 0 GRAP WI CAL S T ERE 0 S COP E S , AND PRO J E C T ION S 0 F THE ZE ISS PAR ALL E L 
OGRAM ON VERT I CAL PLANES (1) PARALLEL TO THE A I R-BASE AND (2) PERPENDI CULAR TO

THE A I R - ,B A SEA R E UTI LIZ EDT 0 G I VET H E COR R E C T R E L A T I V E M0 V EM E NT 0 F P LOT AND PEN 0 I L

AT THE DESlRED SOALE. A MODEL HAS DEMONSTRATED THE PRAOTIOABILITY OF THIS PLOT

TER, AND WE HOPE SHORTLY TO PRODUOE A DESIGN AND THEN TO OONSTRUOT A FULL-SO'ALE

MAOHINE IN ORDER THAT ITS OAPABILITIES MAY BE GIVEN ,A tRIAL UNDER AOTUAL WORKING

OON,o I·T IONS.

CONCLUSION

I 'DON 0 T SU G G EST THE REA RELI K ELY T 0 B E MAN YIN S TAN 0 E S I' N CAN A 0 A WHER E I T

'V/OUL'D BE EOONOMIOALLY SOUND TO PLOT ALL THE D'ETAIL BY MEANS OF MAOHINES. BUT

FROM EVEN THE LIMITED E~PERIENOE ALREADY G'AINED WITH THE RADIAL-STEREOPLOTTER IT

APPEARS THAT THE EXTENSiON OF MINOR OONTROL THROUGH STRIPS OF PHOTOGRAPHS OAN BE

OARRIED OUT MUOH MORE AOOURATELY AND SPEEDILY THAN IS 'POSSIBLE BY HAND METHODS.

IF RECTIFIED PHOTOGRAPHS WERE AVAILABLE IT IS AT LEAST FEASIBLE THAT EVEN GREATER

PREOISION WOULD BE REAOHED BY THE USE OF THiS MAOHINE.

THE SEOOND OF COLONEL BURNS' PLOTTERS WILL, WE HOPE, BE OHEAPER TO OONSTRUOT

THAN THE RADIAL-STEREOPLOTTER--WHIOH ONLY OOSTS A FRAClTlON OF THE PRIOE OF A

EUROPEAN UNIVERSAL PLOTTING MAOHINE--AND BE EVEN MORE EASILY OPERATED.

ONE USE FOR WHIOH THIS SEOOND PLOTTER SHOULD BE ADMIRABLY ADAPTED WOULD BE

OONTOUR I NG. I 00 NOT KNOW OF ANY METHOD MORE AOOURATE THAN THE FLOAT I NG MARK

SYSTEM FOR OONTOURING FROM AIR PHOTOGRAPHS, AND FOR A NUMBER OF PURPOSES OON-

TOURED MAPS ARE VERY DESIRABLE.

PRESIDENT: MR. FIELD, WE ARE VERY MUOH INDEBTED TO YOU FOR THE MOST INTER-

EST I NG AND I NSTRUOT I VE LEOTURE ON THE PR I NO I PL ES OF STER EOSOOP I 0 PLOTTERS, I MU ST

SAY THA,T YOUR METHOD OF PRESENTAT I ON WAS' A NOVEL ONE AND YET EXTREMELY SIMPLE,

AND I BELIEVE THAT WHEN THIS PAPER IS PUBLISHED IT WILL REFLEOT,GREAT' OREDIT ON

YOU AND ON OUR INSTITUTE. MR. W. DEMARY IS TO LEAD THE DISOUSSION.

MR. DEMARY: MR. FIELD HAS GIVEN A VERY OOMPLETE DESORIPTION OF THE PRINOI-

PLES OF STEREO-PLOTTERS, AND ALSO OF THE VARIOUS INSTRUMENTS NOW IN USE.

As I HAVE OARRIED OUT OONSIDERABLE WORK WITH THE RADIAL,..STEREOPLOTTER IN-

VENTED BY COLONEL BURNS' AND OONSTRUOTED BY MR. FI ELD, I AM SURE YOU WILL BE IN-

TERESTED I N HEARl NG SOMETHI NG ABOUT THE AOTUAL OPERATION OF THE MAOHI NE NOW IN

USE IN THE GEOGRAPHIOAL SEOTION, DEPARTMENT OF NATIONAL PEFENOE, AND THE RESULTS

OBTAINED.

THERE ARE SEVERAL OUTSTANDING IMPROVEMENTS OVER THE PREVIOUS METHOD OF RUN

NING RADIAL STRIPS, AND MAY I MENTION AT LEAST THREE OF THEM.

1. WE ARE A~LE TO PLAOE, ON THE PHOTOGRAPHS, THE PRINOIPAL POINT BASE LINES,

OR POSSIBLY BETTER KNOWN AS THE AIR-BASE LINES, WITH PRAOTIOALLY ABSOLUTE AOOU

RAOY, DUE TO THE MAGNIFIOATION OF THE PHOTO IMAGE, AND THE APPARENT MAGNITUDE OF

THE FLOATING MARK.

I, MIGHT REMARK HERE, THAT THIS FORM OF FLOAT,ING MARK, 1$ A GREAT IMPROVEMENT

OVER THE GRID ,SYSTEM USED ON THE PREOISION STEREOSOOPES, IN THAT WANT OF OORRES-

PONDENOE IS MORE READILY DISOERNED.

THE FLOATING MARK IN THIS INSTRUMENT IS IN THE FORM OF A OROSS, ONE HALF

BEING VIEWED BY EAOH EYE, SO THAT WHEN THERE IS NO WANT OF OORRESPONDENOE, THAT

IS TO SAY, WHEN THE PHOTOGRAPHS ARE OORREOTLY ORIENTED, AND NO TILT EXISTS, THIS

FLOATING MARK FORMS A SOLID OROSS. PHOTOGRAP,HS·MAY BE PLAOED IN THE INSTRUMENT

TO AN AOCURAOY O'F 3/100 MM. AND THE AIR-BASE LINES SORATOHED ON BY A NEEDLE POINT

TO ABOUT 1/10 MM.

A OHEOK MAY BE PUT ON ORIE:NTATION BY MOVING THE FLOATING MARK IN THE "X"
DIREOTION, THAT IS ALONG THE AIR-BASE LINE, ANY ERROR BEING APPREOIATED BY, A

SEPARATION OF THE OROSS IN THE "Y" DIREOTION.

THE STEREO-PLOTTER, IS THEN, OF EXOEPTIONAL VALUE IN RULING IN THE AIR-BASE

LINES, AND AS YOU ALL KNOW, THE LEAST ERROR IN THE ORIENTATION OF ANY OVERLAP,
WILL GIVE ~ FALSE AZIMUTH, THEREBY OAUSING A SWING OR BEND IN THE STRIP.

2. MINOR OONTROL PqlNTS WHICH FORMERLY HAD TO BE LABORIOUSLY PIOKED OUT AND

MARKED UP ON THREE SUCOESSIVE PHOTOGRAPHS OAN NOW BE OHOSEN STEREOSOOPIOALLY AS

THE STRIP IS BEING RUN, AND HAVE ONLY TO BE MARKED ON ONE PHOTOGRAPH, THUS ELIM

I NAT I N G ERR 0 RSIN FA U L T,Y IDE N T I FlO AT ION.

3 • I NTH ERA D I ALL I N E ME THO D , A S T RIP I S RUN 0 NTH E SO ALE 0 F THE FIR S T PH 0

TOGRAPH OF THE STRIP. WITH THE RADIAL STEREO-PLOTTER, AS MR. FIELD HAS POINTED

OUT, A STRIP CAN BE COMMENOED AT THE SCALE OF THE MEAN SOALE PROJEOTION, AND AL-
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TERED AS EACH PAIR OF PHOTOGRAPHS IS PLACED IN THE INSTRUMENT.

THE OBJECT IN VIEW IS TO BE ABLE TO RUN THE RADIAL STRIPS. SO THAT ALL DETAIL
MAY'BE IMMEDIATELY TRACED OFF WITHOUT ANY ADJUSTMENT, OR AT LEAST WITH THE ADJUS~

MENT REDUCED TO A MINIMUM. THE STRIPS COULD THEN BE PASTED DOWN ON THE PLOTTED
MEAN SCALE PROJECTION. Up TO THE PRESENT T I ME WE HAVE NOT BEEN ENT I RELY SUCCESS
FUL IN ACHI EVING THIS RESULT.

YESTERDAY IT WAS POSSIBLE FOR YOU TO SEE THE INSTRUMENT IN OPERATION AND THE
RESULTS WHICH HAVE BEEN OBTAINED WITH IT UP TO THE PRESENT TIME.

PRESIDENT: WOULD ANYONE ELSE CARE TO ASK ANY QUESTIONS ABOUT THIS INSTRUMENT
OR ADD ANYTHING TO THE DISCUSSION?

MR. RANNIE: IT SEEMS TO ME THAT IT IS A GREAT SATISFACTION TO EVERY MEMBER
OF THIS INSTITUTE TO KNOW THAT WE, IN THIS COUNTRY, HAVE TAKEN SOME LEAD IN WHAT
MIGHT BE CALLED THE MOST PRECISE METHODS OF PLOTTING. WE SAW THIS MACHINE AT THE
GEOGRAPHICAL SECTION BUILDING YESTERDAY AND' IT MADE US REALIZE THE VALUE OF CO
OPERATION WHICH MADE SUCH RESULTS POSSI BLE. I THINK WE SHOULD CONGRATULATE
COLONEL BURNS AND MR. FIELD AND THE VARIOUS OTHER OFFICERS WHO HAVE CONTRIBUTED
TO THE SUCCESSFUL OPERATION OF THiS MACHINE.

PRESIDENT: I MIGHT SAY A WORD OR TWO IF ONLY TO THANK MR. RANNIE FOR HIS
KIND REMARKS ABOUT MYSELF.

SINCE THIS MACHINE WAS ACTUALLY CONSTRUCTED, HAVE READ A COUPLE OF VERY
LONG AND LEARNED REVIEWS OF THE METHODS WHICH ARE GENERALLY KNOWN AS RADIAL LINE
METHODS OR SOMET I MES CALLED PR I NC I PLE PO I NT TR I ANGULAT ION OR PLUMB-PO I NT 'METHODS-
ONE BY A GERMAN EMPLOYED IN LATAVIA AND ANOTHER BY AN ITALIAN: THEY ACKNOWLEDGE
WHAT WE KNOW TO BE A FACT,' THAT ,IS, THE'RADIAL LINE SYSTEM OF PLOTTING HAS VERY
GREAT ADVANTAGES IN THE CONSTRUCTION OF THE SMALLER SCALE MAPS.

WE KNOW ALSO THAT THE MORE ELABORATE TYPE'S 'OF STEREOSCOPIC I NSTRUMENTS HAVE
THE DISADVANTAGE, IN THAT IT TAKES CONSIDERABLE TIME TO ARRANGETHEPHOTOGRAPHS
IN THE MACHINE AS WELL AS TO DO THE ACTUAL WORK OF PLANIMETRY AND CONTOUR. THESE
INSTRUMENTS ARE SO COSTLY AND THEIR RATE OF OUTPUT SO SMALL THAT THEY CANNOT BE
ECONOMICALLY USED ON WHAT WE KNOW AS THE MEDIUM SCALES, SUCH AS THE ONE INCH TO
THE MILE MAPS. SO TH~RE IS STILL A CONSIDERABLE FIELD OF USEFULNESS FOR THE RA
DIAL LINE METHOD.

AT THE PRESENT TIME THERE ARE FEW OPERATIONS PERFORMED BY THE HUMAN HAND
WHICH CANNOT BE SPEEDED UP WITH INCREASE IN ACCURACY WHEN CARRIED OUT MECHANI
CALLY. IT OCCURRED TO ME THAT A RELATIVELY SIMPLE MACHINE COULD BE MADE TO PER
FORM THE OPERATIONS WHICH HAVE BEEN PROVED SO VALUABLE IN THE RADIAL LINE METHOo-,
AND AT THE SAME TIME CORRECT, OR MINIMIZE, THE ERRORS ARISING FROM THE DEFICIEN
CIES OF HUMAN VISION, AND OF THE HUMAN HAND IN DRAWING. I THINK THIS MACHINE IS
DOING THIS AND THE RESULTS THAT MR. DEMARY HAS EXPLAINED TO YOU SHOW THAT IT I~

THOSE OF YOU WHO HAVE SEEN THE RADIAL-STEREOPLOTTER WILL APPRECIATE THE RE
MARKABLE WORKMANSHIP WHICH HAS BEEN PUT INTO IT. IT IS A MACHINE IN WHICH ANGU
LAR MOVEMENT IS TRANSLATED INTO LINEAR CO-ORDINATE MOTION, AT THE DRAWING, AND
SOMETIMES THE MECHANICAL ADVANTAGE OF THE LEVERS TO EFFECT THIS IS VERY SMALL.
HOWEVE,R, SO FAR AS WE CAN TELL, IT WORKS PERFECTLY. THERE IS NO ERROR OF ANY
KIND IN ITS MECHANICAL OPERATION AND WHEN YOU THINK IT IS THE FIRST ONE TO BE
CONSTRUCTED I TH I NK I TIS A GREAT FEATURE I N THE CAUSE OF RESEARCH AND I WOULD
LIKE HERE TO MENTION THE NAME OF MR. MAY, OF THE NATIONAL RESEARCH COUNCIL IN
STRUMENT SHOP, WHO CONSTRUCTED IT. WHETHER IT WILL BE, GOOD ENOUGH THAT ANYONE
E LSEW 1 L L WAN T TO HAVEON ELI KE I T WE CAN NOT TEL L, BUT AFT ER T HIS YEA R 'S 0 PER ATION
WE SHOULD HAVE A PRETTY GOOD IDEA, AND I WOULD SUGGEST TO OFFICIALS OF OTHER
SURVEY BRANCHES, WHO ARE CONCERNED WITH PLOTTING, TO ARRANGE WITH MR. LYON TO SEE
IT IN OPERATION, HEAR THE RESULTS OBTAINED AND EXAMINE IT CAREFULLY. THEN, IF IT
IS THOUGHT THAT IT IS REALLY FULFILLING A USEFUL PURPOSE, I HOPE IT WILL BE POS
SIBLE TO ADOPT, PERHAPS NOT IT, BUT THE NEW MODEL OF THIS MACHINE WHICH YOU HAVE
HEARD DESCRIBED BY MR. FIELD, AND WHICH WILL, I THINK BE AN IMPROVEMENT BUT STILL
FULFILL MUCH THE SAME PURPOSE.

I WOULD LIKE TO AGAIN THANK MR. FIELD FOR HIS VERY EXCELLENT PAPER AND CON
GRATULATE HIM IN THE NAME OF THE INSTITUTE ON THE VERY FINE DESIGN WHICH HE CAR
RIED OUT BY MAKING MY VAGUE IDEA INTO AN ACTUAL WORKING MACHINE.


