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A TOPOGRAPHICAL SURVEY
of the
M. A. Co. CAXMPUS.

LA R X R R X X

This survey was made for the purvose of securing duata
for the completion of a man of the M. A. C. Carwus and farm.
On this map to a sccle of fifty féet to one inch was to be
located accurately by'means of a system of triangulection zll
the numerous buildings, walks, and drives on College grounds,
as well as various torosraphical feetures and contours,. Much
work had already been done. A syrstem of six triangles,
indicated (see map) by stations A, B, D, E, I, J, snd K, con-
nected to a base line along tre front of Faculty Row, had been
established and plotted on the map, the surveys having been
rade by students in their regular clacs work in Civil Fngineei-
ing. The length of this Lese, 936.27 feet, vwas established
by taking the ean of many neasurements, taken every year
since 1892 and the angles of the system were also well
establisnhed by many repetitions. In the srring term of 1902
the old rough stone monuments, some of which had beco:re covered
wit: sod, ere replaced by cement blocks 6" x 6" x 30". This
work was done by the classes of '02 and Civils of '03. All
~the stations were easily located from the old field-notes of
tne Civil Engireering Department. TLarge tripods (Fig. I) were
set up over these triangulation stetions and the point of a

plumb-bob suspended ov:r the exect roint as cdesignated by a

-1- 94273






cross mark on the stone. Four stakes vere then driven and .
strings stretcrea intersecti~ g at the »nlumb-lire. The plurnb-
line was then taken up, the old stone removed, and the nsw
monument set in its place flush with the surface. The plusnb-
line was then let down again, and a punch merk made in the iron
bolt in the center of the momument under the point of the bob.
Thus the exact point was preserved curins the di:;ing anag
transferred to tce rew stone. Tz intersectirc strings wvere
simply a check on the accuracy of the plurb, in case the tri-
bod legs were moved s£lightly. After these new monuments were
set the angles were agein read and the mean of twelve repeti-
tions recorded.

Our first =ork was an examnination of tre ap and cld field
notes i order to find out what work had already been cdone and
to deter:iine unon a plan of procedure. In the transit hook
bolonsing to C. E. Dept., morked "Base and References", we
found reference to an old Base line as follows. "Runs nearly
North and South along the Wegt side of the far:. lane. The
North end marked: lst by the center of the bottos of a wi:e
bottle set three feet under the surface of the ground; 2nd by a
prick-runch mark in the end of a seven-eight inch cast iron roa
fourteen inches long set just ahove the bottle; 3rd by a cross,
cut in a stone set flush with t'.e surface, over the iron rod.
Located east of Torth-east of the sixth tree from the river, at
a distance of eight and one-half feet frorm said tree, and six-
teen and one half feet from the wire fence on the same side

of the road. We reedily found thece old marks as recorded,
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except that the stone wa. covered with sod, and replaced tnenm by
a monument, usin; the nethod described ahove. T-e The South
end of the base was also referenced in the notes but in such an
indefinite manner that it cculd not bhe found. The ground

for about nine hundred feet south from the above located
station was of an even slope and easily accessitle by a line

of sight from any airection, so /e concluded to lay off there a
base line in th. true meridian by an obsgervation on Polaris.
This was found to be impracticable becauvwe the south end cane
in the midale of the road, the farm lane not teing truly North
and South. We tiierefore laid out the line parallel tc tae
road. Our work was now, (1) to connect this base hy a s stem
of trianculation with the old base above zentioned, (2) to
measure tne base accurately, (3) to observe tre angles of all
the triengles, and from the data thus obtained, (4) to co pute
thes length of all the sides and plot the new system on the wap.
Then the deteils of topography were to be filled in vy a

system of stadia traverses. B:r reference to t e accompanying

w

map it will he seen that the area to bhe covered ircludes the
South=-East portion of tihe Carwus, that port of the farm 1lying
North of the Red Cedar River between the Farm Lane and the

P. M. Spur, and emvracing fieldiﬂo. 6 South of said river and a
portion of field Yo. 8. A careful reconnaissance was made of
this area to obtain a familiarity with the gensrel topogra~ni-
cal features in order to vroperly locate triangulation
stations. This work took considerable tine for we realized

hat a single station i:properly located :migihit occasion several
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days labor to clear a line of signt. Wz also sishea to
obtain angles not less than tuirty cegrees or :.ore than one
hundred and twenty degrees so that the triangles would be well
proportioned; for triangles must be so formed that a small
error in measurement will cause the least possible error in a
calculated value. This as proved by hisher Caleculus is when
the triangles are as nearly equilateral as possible. The
stations also nad to be located where they would not te dis=-
turbed, and at the same tirne be accessible with an instrwient.
Owing to the many buildings and trees we had great difficulty
in finding suitable locations, and clear lines of sight,
especlally where the system crosscd the river as the banks were
thickly wooded. The instruments used in the field were, an
aneroid barometer, a prismatic pocket-conpass, a field glass,
and flags. Ve thus located stations, L, M, N, O, P, and Q,
forming six triancles ( see map ), and set monuments at all
the triengulation stationse. All these stations were located
in positions where they would not e disturbed if left flush
with the surface except station M in field o. 6 which was set
one and one half feet below the surface to avoid the plow.
After these menuments were firmly planted, they were referenced
in the notes by tieing them to buildings, trees, or any
permanent objects near at hand, so that they would not be }ost
if covered up. As this triangulation system forms the frane-
work of our map, each of its stations :ust be accurately
located, so thuat a traverse could stert from any one of themn

and the notes taken for making a plot of that particular
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vicinity, and many difierert surveys made in cifierent pearts of
the s stem could te connected with trhis saue skeleton frumework

and so form one united wiiole.

The angles of the triangles were reasured by the metiod of
repetition, taking three readings with the telescope direct and
three with the telescope reversed, as follows: Te set the
instrument over some station, as O to measure the ansle POO
(see map), with verniers at zero and sighted on station P.
Clamped the lower :motion, loosened tihe upper motion and set
telescope on station Q and clawped, read both verniers to
eliminate errors of eccentricity, loosened lower motion, and
set on station P, clamped and turned uppsr motion to Q and read
angle as before. We repeated the ahove operations until we
had three additions on the liib and then reversed tnhe telescoue
to eliminate error of adjustment in line of collimation and
horizontal axis. Taree readilgs were now faken, a2Gding to
those already on the limb. The sum of the readings divided by
the nuuber of repetitions gave the wmean value or an;le. Wnen
three angles of a triangle have thwus been determined their sum

would equal 180° if there were no error. Absolutely correct
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results are however imnossihle and a limit of error of fifteen
seconds was zallowed. If the observations were all considered
equally correct each angle would be corrected by one third of
the error, if not they are halanced according to the theory of
prohable errors, as ircicated by the following specirmen of

notes.



Sta.:
I

Index Ver A.

63°
126°
1900
253°
3170
3800

00! . 25!

30!
00!
30!
oo!
30!

(Sample of Totes)

21
18
15
11

7

Ver B.
26!
22
19
15
11

7

Angle TIK.

Mean

63°
126°
190°
253°
317°
380°

25-1/2"
51-1/2!
18-1/2!
45!
11!
37

Diff
65° 25-1/21
63° 26"
63° 27!
63° 26-1/2!
63° 26!
63° 26!

N N e s e

Angle

Direct
63° 26! 10"

FLeverse



Computation of Protaltle Ervor in Arn:les of the

Triangulation.

( B =c¢

( ' /= __a

( n — 1
Forrmlae |

( o

( E =E =¢C/sd*

( i7ﬁ n{n=<1)
n = numher of observations.

= diflerence bhetween one observation and aritl: etic viean.

= pronanle error of single observation.

H H o

= prohanhle error of mean.

If the ouservations are wei, hed

M = any observation

W = its weisht

Weirnt mean = =(WM)
=

=
]
Q

(wd*)

E = ¢ = (wd*
l/ (=w)(n--1)

We consldered all our ohservations of equal wei.nht.
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ixarples of how those formulae arc a-nliedo.

Angle LIK

Index Aritiietic
to mean of all
Observation  An:le Observations d d d
1 63° 25-1/2! +40" 41 ,600"
2 63 26! +10" 100"
3 63 27! 63° 26' 10" -50" 2,500
4 63 26=-1/2! -20" 400
5 63 26 +10 100
6 63 26 +10 100
0 4,800 = zd*
E, = C a*
n--
E =

, .6745'4?800 = + 20."83
E = Cl'/ ‘= 4* = 20.83 = + 8."53
™ n({n=--1)

V6

fethod of arrlying the probable error is shown by follow=

ins example,



Consider triangle LIXK.

Mean of six Probable
Angle readings error Balanced.

KIL 63° 26' 10" +8.53" 63° 26' 16.86"
IKL 50° 56' 55" +3.375 50 56 57.72
IIK 65 36 40 +6.74 65 36 45.42

Total 179° 59® 45" +18.645" 180° 00' 00.00"

180° 00' OO"
179° 59' 45"

c-—- e e
n

15" = error of triangle.

Divide the error of the triengle by the suu of prouable

errors thus,--
15" = +.805
+18.645

Now multiply the probable error of eacnh angle by the
result just obtained and add or subtract the produet to the
anrle according to whether the error of the triangle is
ncgative or positive.

‘ Thus for Angle KIL
805 X 8.53 = 6.86
863° 26' 10" + 6.86 = 63° 26' 16.86"

In the same mannsr avpply corrections to angles IKL and ILK.

The sum of the balanced angles must equal 180°
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The base was neasured with a 500' tape, which we tested
with a XK. & E. 100' tape standardized at Washington. The
testing was done as follows,-- On as level a piece of cement
walk as we could find we laid out 100 ft. with the standard
tape at proper tension and supported throughout. Supports
congisting of a nail driven into the side of a stake were
placed at the ends of this 100 foot length in order to support
each‘end of each hundred feet of the 500 ft. tape on the same
level, and leave it unsupported between the ends. Thus each
100 ft. was tested separately by hooking a spring balance to one
end and applying tension until the hundred foot length agreed
with that on the walk as shown by a plumb bob held beside the
tape. These tensions for each hundred foot length were,
commencing at the O end of the tape, 17, 16-1/2, 17, 16-3/@,
and 18-3/@ pounds. The average tension, 17.2 pounds, was that
required for the whole tape suspended at 100 ft. intervals.

No correction for temperature was necessary in this test as
the standardized tape and tape tested were of the same
tenperature.

To prepare the base for measurement, stakes were set at
intervals of 100 ft. along the line and by aid of a level
slats were tacked to them so as to support the tape on.the same
level throughout its entire length. At each end of the tape
we set up a board, firmly supported by wires, (seé sketch)
with a threaded hook at the top by means of which the required
tension could be obtained and maintained while points were

being transferred to the ground with a plumb bob. The ends of

-]]=






the base were wmearked by plumb lines hung as follows: At the
north end of the base, as the ground was about five feet below
the line, the plumb line was hung from one of the large tripods
(used to mark the triangulation stations) and carefully
centered over the punch mark in the monument.

At the south end the 1line passed about twelve inches above
the ground so the plurb line was hung from a transit.

Five hundred fecet was first measured along the base nortne-
ward from the south end. Four applications were :nade by
transferring the five hundred foot point with a plumb bob to a
hoard nailed to two stakes driven into the ground. The mean
of these four apnlications was.taken as the measurewent. The
greatest difference between any tvo of these was not over
one-gixteentir of an inch. The remaining part of the line was
measured from the north end of the line to tne point found by
transferring the vnoint from the board up to the tape and thae
tane read. Four readings of this were also taken‘and the nean
used.

Te measurements were as follows.

»easurement Terpperature (F) Corrected *‘easurement.

867.880 50° 867.812
867.685 75° 867.791
867.736 75° 867.809

Mean = 867.804

Greatest variation from mean = .013 ft. = 1
66,75

«]2=



We cowmputed the sides of tlie triansles tarou h the system
frou the establisned base along “"aculty Row to our base in
the ¥arm ILane. Two of us work=d independently with seven
place logaritiins and checked. The couputed length was
867.464 feet, a difference of 36. ft. The nearness of agrec-
ment letween the rieasured and calculated lengtns determines
tie degree of accuracy of all previous mcasuremnents and
calculzations. Calculating boeck frou the new to the old base
also served as a further check on ths work.

To determine the true azimuth of our buse line (OP) we

mrth ]

took an observation on Polaris frow the sewth end, station Py
using the Buff and Berger transit. The reflector dvelonging
to the instruuent was so heavy thut it over-balanced t:ae
telescope, so we made a similar one out of white paper. It
consisted of a c;linder wmede of drawing paper inside of wiidich
was plaged a card of »ristol board sst at an an;le of forty-
five degrees to the axis of the clinder. Throussii the center
of the card an elliptical hole, threc-eights inch minor axis,
and concentric with the outer edrse of the card, was cut, to
per.it sighting thwoupn tie tselescope. A hole in the side of
the cylinder permitted light to he tlrovm upon the card and
reflected into tiic telescone to illuminate the cross wires.
Lisht was furnish:ed by three hicycle lenterns.

The target at the-égg&h end was a box about o" x 12" x 4",
open on one side. On the opposite side a slit one-eijhth
inch wide and avout ei;nt inches long was cﬁt extending frou

one end txroush the center of the side. The slot in the box
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. N norlh . :
was placed facing the sewudx exactly over tihe center of the

monumnents and carsfully plu:rbed. Within the box and hehina thie
slot one of the lanterns was placed.

Observations were made every five wminutes by stendard
time. With instrument carefully leveled, and verniers at
zero, the telescope wvas pointed at Polaris. Witnh the lower
motion clauped the cross nairs were kept carefully on the
star by the lower tangent screen until the time keeper
announced ti.e tire to observe. This he did by counting vacke-
wards the last fifteen seconds of the five minutes, thus:

"15, 14, 13,------=3, 2, 1, and gol" The upper wotion was
tnen loosened and the cross hualrs set on tihic target at tue

south i

mortx end of the base, and then clauped again, and angle read
ancd recorded. Tne telescope was then turned on the loer
motion and sighted at the star, and angle turned and rezd as
before. To eliminate instrumental errors six readings were
taken with the telescope direct and six reversed. The true
azimuth corresponding to eacnh observation was conputed from
tables given in thae U. S. "fanual of Instruction to Surveyors,"
and the connection applied with irover sign as shown in form of
notes belowy. The mean of the coniiected angles is the true
azimuth of the hase. Ynowing the azimuth of the bLuse the

azimuth of all the other lines of thne triangulation can bLe

aetermnined by, couimputatione.
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SJune 15 190 SIN . Warm V/:S;} Brown

Jr ) Me Clure
NeZes Carvel

Time Index Ver. A. Ver. B ' !ean Diff. Azinmuth Cor. Diff

PM. ' . )
9: ° 0! . ‘ ’ ‘ - ‘. ¢ 'u "

. 3‘:;.; o 30 7 7 o 37 o =7 = 4 / Va4
oA TR " A i /v
¢ > /%
55 17 30 14 14~ ( 44 o T3 73 /

3;; 2 oo Px /5 z 15 o =/ 4/ / /I Z
97/57 2 50 /4 yra =z 1F o =z 9 +/ / /0

. 90

4 / //
;;0 2% oo Y W, = V24 o =27 i
L] o ‘ l
’ 14
;’;/ o° 307 5 o 5 5L o =*i 4 6 / /0=
54 ) / /’z
jg,%; 3 30 z 9 29 > =9 o x34 £ 5
X - 5 o /9 s/ / /0

.93: 4° oo’ e ’ 5 + / .
2.5 _ < =3 4 17% 53 / 2

. 035 4 3o 3

/ /0
046 4° 50" =2/ z/ 4y 7 o 152 FF

o / //
/5.'07 " P P s~ 5 o yZ 2 S7

L] "*5 ‘5__ oo

‘ean...... /0. .50 o

Probable error of a sinsle observationeeescecesesses

Pro-bb‘-hle error Oft}ie M2AIN = e s e ssssscscscsocooscsocsssse
Bemv'ny N7° 70 50" W
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Traverse.,

A traverse of four sides was run norta of the
river for the purpose of locating buiidings, railroads,
fencelines, etc., betvecn the river end thut psrt of the Ca:pus
that had been previcusly tied in. A hundred foot steel tape,

and Light Mountain transit were used.

Sample of Yotes.

Check

Sta. Line Dis Bearing Azimutn Angle
1 1-2 596.00 S 82° E 27° 31!
2 2«3 707.18 S 6° 25' W 117° 11!
3 3=4 1187.15 N 60° W 231° 1!
4 4-5 552.07 N 68° 50' E 360° 5!

3042.40
Error of Closure = 1

Set transit on station 1, sighted on station 4 wita upper
motion clamped on zero, (i.e.,- took the first line as the true
meridian). Clamped lower wmotion, inverted telescope, un=-
clamped upper motion, sighted on station 2, read horizontal
an:sles and compass bearing. Lined in chainnen to weasure line
1;2, and wake offsets from line to tie in buildings, etc.

Repeated same operation on all stations.
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The Tocation of Contour by the Stadia ‘etiiod.

e e

This work may he considered under tuaree heads, viz.,=
Observation or field work, Reduction of Zotes taken in the
field, and Plotting said results on the map. ‘he field party
consisted of an observer, a racorder, and a rodman. The
instruments used were a light mountain transit and a rod
graduated to feet and tenths. The wire interval of the tran-
sit was tested, and the space subtended on the rod found to he
one one-hundredth of the horizontal distance from the telescope,
the horizontal distance being weasured from a point f + ¢ =
765 ft. from the vertical axis of the instrument, where f is
the focal length, and ¢ the distance from tae center of the
instruzent to the objective. The angle subtended by the
crogs-wires was about thirty-four winutes. The field work was
to obtain tae three co-ordinates, as referred to some known
point of refercnce, of a sufficient number of points in the
territory gone over to enable contour lines to be plotted. The
points of reference used wer. triangulation stations, whose
elevations were deteruined by running two lines of levels from
the bench mark on Collesge Hall. The bhig Gurley Level wes
used for this work, after the bubble had been adjusted cere=-
fully to the line of sight by the peg adjustment method. These
levels checked within .007 and .01l inches in about half a wmile
rune.

The stadia work was as follows,-= Tne observer set up the

transit over a triangulation station, with the vernier of the
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horizontal 1limb at zero, and the vertical circle at zero hen
the 1line of sight was horizontal. With the plates clamped
in this position the telescope was set to read on the next
triangulation station. he lower movement was then clamped
and an angle turned off on the horizontal 1limb to any desired
point. In order to get the proper data to show the con-
fisuration of the surface, points were taken close torether
where there was a sudden change in slope and only a few where
the slope was comparatively uniform. The helgznt of the
instruuent above the triangulation station was taken on the
stadia rod, and in teking the elevation of points from that
station the middle rorizontal wire of the instrument is brought
to this sawne division of the rod as it is held on trhat point,
and the vertical angle read. The upper, middle and loer
intercents are also recorded in order to zet the distance.

The form of notes 1s as follows:=

Ht. of Inst. =

Object Hor. INTERCEPT S Ver. Ver. Cor. Dist. Elew

Upper Yiddle Lower

A sketcn was :ade on the opnosite page to aid in plotting
the work. The noints tsken -were numbered corresponding to
numbers in the column of objects, and approximate contours

drawn in.
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