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Lines and Angles

A Historical Background
to the Lore of Land measuring

by HELMUTFIALA

From the beginnings of recorded history,
the major emphasis of the historian’s
work has been directed towards military
gperations and é)olmcal Intrigues, for
these events, above all others have a
direct bearing on the ﬁff,aws of all men. .
Ever since the evolution of armmg_ in
the Neoljthic Age — an evolution whjch
formed the esséntial basis of civilization
as we know 1t — politicians have been
plotting; generals "have been clashing;
Driests” have been praying; common
Beople hav?. been arr¥|nP on tqg
usiness of living; ana (arter the wor
had learned to \Write) scribes. have been

Pro_ducmg countless Volumes in praisg of

heir masters, glorifying their various
achievements — with~ little if any
mention of the men of science whose
cont_rllfutlons made those achievements
ﬁosmb_e. Even among the specialized
Istories of the many” fields of human
endeavour there I But scant attention
paid to the important field oftechnology.
_Thus, the techmcallﬁ-mmd_ed student
finds himsslf in a ?ec liar situation, In
which he must perforce study War ang
Politics, however horing he” may fing
them; must endure learned and well-
meaning discourses .on Drama, Poetm(,
The Arts — but is_left In comﬁJIee
ignorance of the histgrical background o
his, own chosen field, sciénce and
technol_o%%/ and, in c_onsegu_ence,_has no
appreciation of our rich heritage in these
domains. _ _

The hjdrauhc en?meers and the
temple, builders of early Mesopotamia,
the " diljgent ofﬁﬂals at the "Chinese

early Egypt — to name only a few amon%
the mg/rlad servants of tprogress — m%s
0f thése have heen prﬁ;otten in the
almost universal adulation of the ‘great
men’ of history.

Behind the scenes of glory, the
builders worked quietly and without
fanfare, and the land “measurers and
?eometers suRphed all that was required
or the work that had to be done,

Imﬁ)erlal Court, the priest-surveyors of

Armed with as little as.a merkhetxand
a plumb-line, a cord wjth knots F’t In-
tervals of 4 or 5 cubits for linear
Mmeasurements, a carpenter’s square, and
their professional skill with the water-
level, the draggers of the rope x — as
surve}/ors weré called in Ancient Eé;sypt
— helped to erect the mighty p;rram| :

It Seems that the principle of the
double remen —i.e., the diagonal ofthe
square, and with the 3:4:5 proportions of
the right-angled triangle — was the sum
total “of their theorfetical kn?wledge.
However, they put this knowledge "to
excellent use.”We even find a cadastral
system of registration of gropemes In
evidence as early as 3000 B.C.

For_tax purposes the domain of the
Egyptian god-king, the Pharaoh, was
divided into nomes. The ermpaf duty
of the governor of each nome was the
maintenance of the dykes and canals. A
nome administration Included tax in-
spectors and cadastral surveyors to check
the position of the boundary stones. But
the “vital water administration kept
grome, and In the end became centred
in the ab%rmth, a huge building erected
ca. 1850 B.C. on the west bank of the
Nile, south ofMemphis.

_The Greek writer Herodotus, who
visited Egert around 460 B.C,, describes
the labyrinth in the following words:
“and. h%vmg S0 resolv%d, they” made a
labyrinth, a”little way beyond the Lake
Nogris and near a place cdlled the city of
Crocodiles. | have seen It myself, and
indeed no words can tell its wonder%—
though the pl;rramlds Were greater than
words can tefl, and each one excels the
monuments built by Greeks, this maze
surpasses even the ‘pyramids. It has 12
courts, with doors’ Qver against each
other — there are also dodble sets of
chgn%bers, 3000 e%together, 1500 ahove
and the same numberunderground.”

Thus the ‘roving reporter of antiquity’
describes the first registry office in
recorded history. L

Of course, water administration and
elaborate irrigation systems were also the
life blood of Egypt’s Sister civilizations in
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the Fertile Crescent. Here, in the Cradle
of the West, the hydraulic skills of
ancient Sumer and ‘Akkad were only
surpassed g the Hanging Gardens of
Babylon, and Sennacheribs Aqueduct at
Jerwan — both of which serve equally
well as prime examples of the advances
made In this. field SUCCESSIVE
civilizations. Built around 700 B.C., this
b5-foot-wide canal ran a distance of 50
miles to bring water to the Assyrian
caFnaI; during its course It crossed a
valley In a stone aguedu%t 90%_feet long,
10 feet wide, and 23 feet high, ata
perfect gradient of 1:800. So Vital was
Irrigation to this area that an ancient
Bab_){loman curse was: “May your canal
be filled with sand.”

Obwousl}/ the teaming farmland of
the valley ofthe Twin Rivers, with its web
of bI%Je canals, ans IfS numerous
colourful ziggurats, depended for its very
existence upon the skills of competent
surveyors. . , _

Mﬁanwhlle, \%e wn_n%asstanhmtelle%t?ﬁl
awakening on the distant shores of the
Aegea,n_, v%mch wou?d lighten the skigs of
sciéntific _Progress for"the next 2000
years. In its wake came such r?mlnent
developments as the mekos andplatos —
Ior(llg|hude and Ia%n}l]Jde—of,Hwarchus,S
im' the theory ot the earth’s curvature as
ald down by Eratosthenesbbefore him,
which in_turn led to_the ap rommatel;r
correct flgure of 25,000 geographicd
miles for the eart%%’scncumfere ce. This
prepared the way for notable advances In
cartogaphy. Sadly enough, after the
%reat erforts of Ptolemy and Marinus of

re, in which the Quantifative car-

graphyo antiquity reached Its climax,
the whole system “of coordinates was
abandoned, dnd European map-making
sutfered an unbelieveable degeneration
at the hands of the early Christian and
Muslim cos_mograghe_rs.z_Rellglous
cosmograP_hy incluide glctonal al V@Ia_)rs
of places 1ike Paradjse and Eden, While
rivers and mountain ran%es strayed_ In
wild disorder across a disC representing
the world. A ,Yp|cal examPIe of this
practice can still 'be found In the first

rinted ~ European mag from Lucas

randis’ woodcut of 1475; here a jumble
of mountains,. adorned with churches,
only succeeds in adding to the confusion
n ‘which Babylon appears twice, and
Dacla adjoins Norway.

_However, cart_o%rapt[w was nof the onlg
discipline re(t]umg ensuration, an
the 'search for néw mechanical and

Continued on page 7
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theoretical tools for. the  profession
continued, Heron’s D|0P_tra,1 3 for in-
stance, and his measuring " rods with
moveable discs, 3 were am,on? these ef-
forts. Unfotunately, the Diopira was too
far ahead ofthe times, and served onlé/_to
foreshadow the development of precise
levelling instruments In a more distant
future. ngonometry, on the other hand,
fared much better, as we shall see later

on,

S0 it was that the scientific stagnation
which gripped the Old World a?ter the
decline of the Golden Age of Greece was
also felt in the more practical disciplines
of surveymP. Roman  road-bujlders
advanced on FY to an improved version of
the Graeco-Roman groma | — an in-
strument for Iaymg out nﬂht angles, a
simplitied predecesSor of which has been
discovered In excavations at the early
Fayum site in Egypt. x For linegr
méasurements the Romans used a 10-
foot rod with bronze terminals on either
end*! but it was only I levelling in-
struments that anY eal advance” was
made, but it was only with devices known
under the names of Libra. Libella, and
Chorobates 3 (though only the Ilast
mentjoned ofthe three eﬁpphed_th water-
level in addition to the plumb-line).

At this point in time, when technical
advances ‘among Western centres of
civilization had %round to a halt — not to
be resumed for earlg/ 1800 years durin
which the patient kegpers ofthe flame |
the Islamic world and in India kept the
light of science burning bright — we turn
odr attention to the Far East. _

There, secluded behind towering
mountain ranges and vast deserts, lay the
land of |he eres, known to the Qld
World only from cryptic reports tncklmg
B bl emeinng 2 Mokt 1

| , hu ini
to be a|sctiose§ unt|lgt%e yéay of
European expansion.

China, or Cathay as it was known to

the peog,le of antiquity, developed its
own version of the groma, described as
follows in a section 0f Chou L 12— which
dates from about 200 B.C.: “at the four
corners of the Instrument four strm%ﬂ
lines hang over the water-level and the
surveyors observe with this the high and
low =". Another description from 759
A.D.2names as the common tools of the
Professmn_a water-level on a stand, with
hree floating sights and two plumb-lines
aftached: a graduated gole; and a
sighting  board, The cross-staff was
kriown already In the 11th Century, and
the cross-wire grid _dates back as far. a
200, B.C. Arourid 1085 A.D., we also find
a sighting-tube  with a graduated scale
for more precise slope measurements.
. Since water control ﬁnd W|desﬁr_ead
irrigation were the [ife-sustaining
elements qf this ancjent civilization, 1t s
not surprising to find the Chinese In
possession 0f ‘such sophisticated tools at
an earI(Y point In histg ¥ These practical-
minded people had litfle use for abstract
Ideas In" any domain* and directed all
their energies to the task at hand.

This is one reason why trigonometry
never advanced significantly n (%h nd.
Recognition of the” importance of this
subg_ect came in early Greece, where it
recéived 1ts first Inpetus around 260
B.C., when Aristarchus of Samos used
ratios similar to the tangent of an angle,
and _H|Eparchus carried oyt graphic
slaloutéog ot spherical triangles around

However, the chief advances in
spherical tngonometr “were made bg

enelaus  of Alexandria around 10
A.D. In his Spherios2. During the dark
centuries that followed, 1t" was the
Indians who brought trigonmetry to Its
modem form. Sines and versed sines
appeared for the first time in the Paulisa
Siddhantai around 400 A.D. Later on,
the Arabs o?]k over from elndlﬁn%arhd
Introduced the concepts from which the
tangent and cotangent were derived.
Also, the first “work on glane
trigonometry was the Book of sharp
Sector Figures b{ Nasir al-Din al-Tusi,
who lived from_ 1201 to 1274 m_MongoI
Persia; It remained the only major work
of its kind until Regiomontanus’ De
Triangulis of 1533, _

The development of survey in-
struments in Euro%e, however, did not
keep In step with these achievements by
the East. We find that durln? the Middle
Ages, ca. 1321, the most important
Instrument was the_Baculum, >’ alsp
known as the Cross-Staff\or Jacob 's Staffs
- This w_a% a graduated rod ahout 4 feet
Io,n%, with 3~ cross-piece which would
slid alon[q the rod while remammg at
rlght an% es to it. It lasted till about
1594, ‘when it was replaced by John
Davis' Backstaff . The I?tt%r was . in
common use until the arrival of reflecting
Instruments in _the ~ 18th  Century.
Another 16th  Centuiy developmerit,
which would in time ‘lead to the In-
troduction of the transit as we know It

today, had its humble beginnings in the
fhrst an le-re?d|n1g _Instrument, calleg
the Recipiangle. This was a simple pair
of compasses made of two flat arms with
vertical sight slots at both ends. Later in

that century, the Trigonometer4 or
Double Recipiangle cane into common

use,
With the Renaissance and the commg
of the modern Golden Age of science, th
pace quickened. Europgan instrument-
makers angd scientists eveloFed hitherto
unheard-of means to explore the physical
universe, and thus extended the range of
our u_nde,r:stanqu of Its phenomena.

Scientific deveélopment in_the 20th
Century is riding 4 mountainous wave
which ‘had its humble beginnings in a
mere ripple of curjosity long ago™— and
the crest'is not yet in sight.
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Pearce Protests Ryerson Directions

Frederick J. S. Pearce of Stratford, a
Past-President of AQLS and_Chairman
of 1ts University Liaison Committee,
expressed his” views of Ryerson
Polytechnical ~Institute's approach to
survey education.in a letter onApril 19 to
J. J. "Abel, Chairman of the Instityte's
Department of Civil _Technology. It is
reprinted here at Mr. Pearce’s request.

Mr. J. J. Abel, Chairman
Department of Civil Technolopy
R(Yerson Polytechnical Institufe
50 Gould Street

Toronto, Ontario

DearJim:

Walter Raiend has recently forwarded
a copy of your News Balletin, an-
nouncing that Ryerson has been granted
authority to grant degrees. In reading jt
over a ndmber of thoughts came to mind,
ang | felt | should forward them to you.

In 1965 a committee of our
Association commenced working on a

curriculum for a two year technician and
a three year technology course. | met you
a year Or so later at'a meetmg with” of-
ficials of the Department of Edycation
when we were seeklnP support for the
technology program at Ryerson. At that
time you qave us full support, and even
suggested 1o your directar.that he foflow
our program, not one which he had re-
vamped. We appreciated the confidence
you placed in our judgment, _

Since that time we have been working
towards a re-structured university pro-
gram which should fill survey needs at
another level. Each time we submitted a
“white paper” on our thoughts, It was
discovered some weeks laterto be a part
of a new proposed program at Ryerson,
This, of course, annoyed those members
of our Association who were aware ot this
“end running”. It In any way you, of
your director, feel you have been isolated
it is probably because of this type of
manoeuvring.

Continued on page 12



