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THE Oregon State Engineering Experiment Station was established
by act of the Board of Regents of Oregon State University on

May 4, 1927. It is the purpose of the Station to serve the state in

a manner broadly outlined by the following policy:

(I)To stimulate and elevate engineering education by develop-
ing the research spirit in faculty and students.

(2) To serve the industries, utilities, professional engineers, pub-
1k departments, end engineering teachers by making investigations
of interest to them.

(3) To publish and distribute by bulletins, circulars, and tech-
nical articles in periodicals the results of such studies, surveys, tests,
investigations, and research as will be of greatest benefit to the peo-
ple of Oregon, and particularly to the State's industries, utilities, and

professional engineers.

To make available the results of the investigations conducted by
the Station, three types of publications are issued. These are:

(1) BULLETINS covering original investigations.

(2) CIRCULARS giving compilations of useful data.

(3) REPRINTS givIng more general distribution to scientific
papers or reports previously published elsewhere, as for example,
in the proceedings of professional societies.

Single copies of publications are sent free on request to resi-
dents of Oregon, to libraries, and to other experiment stations ex-
changing publications. As long as available, additional copies, or
copies to others, are sent at prices covering cost of printing. The
price of this publication is 35 cents.

For copies of publications or for other Information address

OREGON STATE ENGINEERING EXPERIMENT STATION,

CORVAlLIS, OREGON
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PREFACE

The purpose of the Surveying and Mapping Conference was to pro-
vide both technical information and a forum for discussion of survey-
ing problems common to the engineer, surveyor, technician, and
student. Without a growing fund of general knowledge, no profession
can expect for long to survive. Conference papers contribute to the
knowledge bank, but discussion stimulates the mind to understand,
reason, and communicate new ideas--progress.

All seven papers were prepublished and sent to preregistered
persons. The discussions which appear after each paper are pre-
sented consecutively although they actually occurred during the
speaker's presentation.

No endeavor of this type could be so successful without the help
of a great many people and I would like to thank for their efforts the
authors, co-sponsors, exhibitors, faculty, secretaries, participants,
and the Oregon State University for making this conference possible.

Robert J. Schultz
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SURVEYING AND MAPPING CONFERENCE PROGRAM
Withycombe Hall - Oregon State University

Friday, March 27, 1964

8:00 REGISTRATION. Withycornbe Hall, Oregon State University

9:00 INTRODUCTIONS. Dean Milosh Popovich, Dean of Admini-
stration, Oregon State University. Professor Glenn W.
Holcornb, Head of Civil Engineering Department, Oregon
State University

Coffee break- -Exhibits open

10:00 THE PRACTICAL USE OF THE OREGON STATE PLANE
COORDINATE SYSTEM. Mr. B. K. Meade, Chief Tn-.
angulation Branch, Geodesy Division, U. S. Department of
Commerce, Coast and Geodetic Survey, Washington, D. C.

12:00 LUNCH

1:00 A DISCUSSION OF ELECTRONIC DISTANCE MEASUREMENT
WITH PARTICULAR EMPHASIS ON THE GEODIMETER.
Mr. Kendall B. Wood, K. B. Wood and Associates, Inc.,
Portland, Oregon

Break

3:00 MEASUREMENT THEORY AND THE ENGINEER. Associate
Professor J. E. Colcord, Civil Engineering Department,
University of Washington

7:00 DINNER. EDUCATION IN THE TECHNOLOGIES. Dean
George W. Gleeson, Dean of the Oregon State University
School of Engineering
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Saturday, March 28, 1964

8:00 PHOTOGRAMMETRY IN LAND SURVEYING. Mr. H. G.
Chickering, Jr. , H. G. Chickering, Jr. , Consulting
Photogramrnetrist, Inc. , Eugene, Oregon

Coffee break

10:00 OREGON SURVEY LAWS. Mr. James R. Kuhn, Staff
Attorney, Legal and Right of Way Division, Oregon State
Highway Department, Salem, Oregon

12:00 LUNCH

1:00 OPTICAL READING INSTRUMENTS. Messrs. S. L. Cato,
W. B. Dye, J. S. Matthias, R. 3. Schultz, J. Seaders,
Civil Engineering Department, Oregon State University

3:00 SURVEY APPLICATIONS IN HIGHWAY ENGINEERING.
Mr. William H. Tebeau, Field Reconnaissance Engineer,
Oregon State Highway Department, Salem, Oregon
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WELCOME TO CAMPUS

Dean Milosh Popovich

It is indeed a pleasure for me to welcome you to Oregon State
University on this particularly lovely day. It's gratifying to see such
a response at this particular short course. I believe it is the first
time it's been given here at Oregon State.

I, myself, developed a respect for the field of surveying at a
fairly early age. As an undergraduate, I took chemical engineering
and surveying was not in the curriculum. Three of the summers
that I went to college I spent working in logging construction and
every summer I used to watch with a great deal of envy the civil
engineering students who were working with transit, rod, and chain,
and during all three of those summers my job was on the business
end of a No. 2 shovel,

This particular type of the short course or conference is one of
a very wide variety given here on the campus. One of the aims of
the University, as many of you probably well know, is the extension
of knowledge beyond the regular curricular offerings. Not only to
graduates, whom we help keep up to date with modern developments,
but also to those working in the subprofessional fields as the tech-
nicians who work along with the engineers. Now we've not made a
tally within the last year of all the conferences and all the people who
come to these, but about three years ago we made one and deter-
mined that in the course of a year 18, 000 persons had come to the
campus to take advantage of one or another of these courses. This
is exclusive of concerts, athletic events, etc. The latest estimate
indicates that this figure of 18, 000 is now approaching some 30, 000.
It seems fantastic, but as we check the records we find that almost
any day of the week there are about six rooms similar to this one
occupied because they are involved with these conferences to which
off-campus people come. At the present time you may be interested
in events happening this particular week. Over in the School of
Forestry there has been going on an aerial photo interpretation
short course. This is somewhat allied to what you will be doing
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here and some of you may be interested in that. Now there is a
food science short course, an entomology short course, and the
Civil Engineering Department has completed the waterworks oper-
ators short school. This is a particularly good week to schedule a
course such as this because the campus is fairly quiet. As a matter
of fact, to us who are around here during the year it's amazingly
quiet. With 10, 000 students away for spring recess, and what seems
to us to be at least 1Z, 000 cars away from here, the place seems
almost like a graveyard. But it's quite a welcome change, Also
it's a good week to have such a conference because we don't run
into all the competition that we normally have for space. Our
building program has been curtailed the last few years, particularly
this one, and the competition for rooms around here is pretty fierce.
You have to get in your bid very early and stay with it tenaciously
in order to have a place to hold your conference. This room we've
tried to keep clear for conferences and then we relented and let
eight o'clock classes in because conferences usually don't start
until nine o'clock. Lately they've sneaked in some nine o'clocks and
this has been playing real "hob" with our conferences, but this is
the way it goes in education throughout the country as well as in
Oregon I am sure.

I'll turn this back over to your chairman because I know you
are anxious to get under way with your very busy two days here.
I know you will profit from the material that will be presented and
from the questions that you will have the opportunity to ask and get
answers to. Thank you very much.
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INTRODUCTORY REMARKS

Professor G. W. Holcomb

I ran into the problem of surveyors and their professional
registration while I was a member of the State Board of Engineering
Examiners, I think I'll just take a few minutes here to reveal this
subject for you, because as I looked over the papers to be presented
I saw nothing that I thought quite touched on this particular subject.
The American Society of Civil Engineers back in about 1953 got quite
interested in surveying because of the professional practice idea,
and set up a special committee to study surveying and the profession.
In 1959 the committee came up with four professional classifications
of surveying. I want to call these to your attention this morning so
that you may think about what has happened in the past as you go
through this conference.

One of the classifications was land or property surveying. I
think that's come to be known as cadastral surveying. This is the
type of surveying that you find written up in the old records clear
back in the B. C. days, and it had to do with the right to hold real
estate and with property boundaries. These surveys developed from
those times into present practice, but you had the encroachment,
of I think you could say, engineers and technicians into that area.

A second classification is called engineering surveys. This
was developed more in the last 100 or even 50 years and in it you
have planning and development, the engineering map or plat, route
surveys for highways and railroads, airports, and construction.

Another classification is the geodetic survey. This is the sur-
veying that requires principally mathematics, physics, and related
subjects. It is precise. It has to do with horizontal and vertical
control, the shape of the earth, astronautic, gravimetric, and mag-
netic surveys. All of these surveys are considered as science
oriented.
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Fourth and last is the cartographic surveys. This involves
what we call third and fourth order control surveys, topographic
surveys, mapping, and hydrographic and photogrammetric surveys.

This report was adopted by ASCE and by the civil engineering
profession. It's now five years since this report has been adopted
as a policy statement by ASCE. The ASCE qualifications committee
recognizes the experiences in surveying as professional. The ASCE
committee on professional practice has tried to draw the lines
between the subprofessional and the professional surveyor. You
probably all know that they have had trouble with that.

One of the biggest troubles I ran into when I was on the Board
of Engineering Examiners was making a decision on the surveying
that was professional and not professional. Were does land survey-
ing change over into the other? Now you can be registered as a
land surveyor, but how far does that carry you? I venture that
that bothers a good many of you here. Try to draw that line Now
this committee tried to do it, and I think engineering education has
not moved as fast as the committee has in this particular area.

I think there are a lot of opportunities available in the surveying
field on the professional level, and to mention two: the geodetic
area with accurate instruments and accurate control and networks;
and the town or urban planning area. We have run into people laying
out plats that apparently don't understand all of the things involved.
Right in this community we had not too long ago a plat come out that
would require the sewer to be on the ridge and the houses down
below. Now we as surveyors should understand contours and under-
stand water flows, and what we have to do with items that we use in
the cities like the sewer lines and water lines. This is part of the
overall planning and it shows that the surveyor needs a pretty broad
understanding and not just an understanding of the section line and the
town lines, etc. I think the professional surveyor needs some of

these other technicalabilities. It seems to me that the surveying
profession should recognize some of these needs and work towards
that end. It should get more scientific work into the school curricu-
lums or into the work that the surveyor does. Certainly your instru-
ments now are very refined and as precise as any microscope that
the technician or the engineer or the laboratory people use. Thank
you.



THE PRACTICAL USE OF THE OREGON STATE
PLANE COORDINATE SYSTEM

Buford K. Meade

The primary purpose of this paper is to explain the various
example computations connected with the use of the Oregon state
coordinate system. Before discussing the computations of a particu-
lar system, I think it would be of interest to give a brief history of
the development of the state systems.

In 1933, at the request of an engineer with the North Carolina
State Highway Department, Dr. 0. S. Adams of the United States
Coast and Geodetic Survey made a study to consider the possibility
of setting up a plane coordinate system for that state. After a
thorough study by Dr. Adams, the Lambert conformal conic pro-
jection was chosen. He found this type of projection best suited for
regions with greatest extent in an east-west direction.

After the system for North Carolina had been established, a
study was made to select a projection suitable for states with great.
est extent in a north-south direction. The transverse Mercator
projection was chosen for these states. Projection tables were then
computed for the 48 states. The Lambert system was used for 28
states and the transverse Mercator system for 18 states. Two states,
Florida and New York, make use of both systems. Plane coordinate
tables have also been prepared for Alaska and Hawaii, with Hawaii
based on the transverse Mercator system and Alaska on both sys-
tems. In order to avoid having several zones a third system, based
on the Oblique Mercator projection, was set up for southeast Alaska.

These projections adopted for the state coordinate systems are
conformal. That is, the scale at any particular point is the same
in any direction and small figures on the surface of a sphere retain
their original forms on the map. On the transverse Mercator pro-
jection, the basic line is a meridian of longitude and the scale
changes in an east-west direction. The Lambert projection is quite
similar mathematically to the transverse Mercator except the basic



line is a parallel of latitude instead of a meridian of longitude. On
this projection the scale changes in a north-south direction.

In setting up the state systems, it was necessary to decide on
the maximum scale ratio to be tolerated. A curve surface cannot be
projected on a plane without some distortion, but this distortion can
be controlled by limiting the width of the zone. In the case of the
transverse Mercator projection, the zone can be any length in a
north-south direction, and in the case of the Lambert, any length
in an east-west direction. By keeping the width of the zones under
158 miles and reducing the scale along the basic line, the scale ratio
can be kept within one part in 10, 000, an amount that can be neglected
in most survey operations. The scale ratio of one part in 10, 000 was
adopted as a maximum, and in most of the state coordinate zones
the scale factor does not exceed this figure.

State plane coordinates are available for all stations in the
horizontal control network of the United States. The establishment
of state plane coordinate systems not only simplifies the use of the
control data, but it gives a permanent general grid useful for many
purposes. County boundaries, township boundaries, property bound-
aries, intersections of roads and streets, and any prominent features
of a region can be accurately located with definite x- and y_coordin_
ates. Any monumented point which is referenced to the national con-
trol network could be relocated if the marker should be destroyed.
This is a very important characteristic and one that should be given
due consideration by all engineers and surveyors.

Oregon is one of 26 states which has adopted laws establishing
the state plane coordinate system as a basis for property surveys.
Since none of the laws contain mandatory clauses, the use of the
state systems has been limited to areas where control is readily
available. In areas where control points are available, the state
systems should be used to supplement the descriptions of land sur-
veys. The state plane coordinates would then provide means for an
accurate recovery of a boundary point should the monument become
completely destroyed. Once a strong control net has been estab-
lished in an area and the property corners tied to this control, there
is no precise or positive way of relocating lost corners than by the
coordinate method.
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Many federal and state agencies have made extensive use of
the state system. One of the most widespread applications of the
state system was that of the Tennessee Valley Authority. The TVA
employed several state coordinate systems as the basis for comput-
ing and plotting practically every survey and n-lap produced by that
organization.

In more recent years the state systems have been used exten-
sively in connection with the Interstate Highway Program. The
Coast and Geodetic Survey has cooperated to some extent with about
20 states in the establishment of geodetic markers along some 7, 000
miles of interstate routes. Most of this was in the form of traverse
surveys, combined with triangulation to connect to established con-
trol. All surveys have been reduced to the state coordinate systems

A state-wide system of coordinates has many advantages over
several local systems. Before the state coordinate system was
adopted in Massachusetts there were 9 or 10 local systems in use in
the state. This caused a great deal of confusion and difficulty in
transforming coordinates from one system to another. The state
system consists of two zones, one for the mainland arid one for the
islands.

Another advantage of the state systems is the simplicity with
which the scale in any part of the grid may be determined over a
wide area and applied to the survey values. One of the important
characteristics is the small number of separate grids required to
cover a state. For example, New Jersey, Tennessee, and several
other states are each covered by a single grid, and Texas has only
five grids. There are two zones in Oregon, each zone having a
maximum scale factor of one part in 9, 500.

Since Oregon is based on the Lambert projection, the follow-
ing discussion and explanation of example computations will be
limited to that system.

The Lambert conformal conic px'ojection with two standard
parallels can be looked upon as a cone, the axis of which coincides
with the axis of the earth and which intersects the earth. This cone
intersecting the sphere is shown in Figure 1. The meridians on
the earth are represented by the elements of the cone and they



Figure 1 - Lambert Conformal Conic Projection
Sphere and Intersecting Cone
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intersect in a point at the apex of the cone. When the conical
surface is split along an element, it can be unrolled in a plane and
the parallels become arcs of concentric circles. The developed
cone in a plane is shown in Figure 2.

Computation of Plane Coordina,tes From Geographic Positions

The complete formulas and constants for computing plane coor-
dinates from geographic positions are given with the state coordinate
tables. The basic formulas involving x and y are shown with Figure 3.

The sample computations which follow are based on the Oregon
south zone and the constants for the computations are, C = 2, 000, 000
and Rb = 22,888,667. 15.

Station: (1) COBURG*

Latitude 44° 12' 04". 579 R 21,964,899.06
Longitude 123° 02' 54". 061 9 = -1° 44' 36". 4098

sin 0 = -0. 03042 41978 x' = R sin 9 = -668,264.43
cos 9 0.99953 70769 y' R cos 0 = 21, 954, 731. 00

x= C + x' 1,331,735.57 y = Rb y' = 933,936.15

Station: (7) BARROW*

Latitude 44° 13' 32". 936 R = 21,955,951.11
Longitude 123° 16' 35".991 9 = -1° 53' 58". 7310

sin 9 = -0. 03314 90295 x' = R sin 3 = -727,818.47
cos U = 0.99945 04198 y' = R cos 0 = 21,943,884.55

x = C + x' = 1,272,181. 53 y = Rb y' = 944,782.60

These stations will be used later in other examples and they will be
designated (1) and (7).

Computation of Grid Azimuths

The azimuth of a line is usually defined as the angle between the
line and the geographic meridian, reckoned from south clockwise
through 360°. The advantage in using azimuths in place of bearings
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Figure Z - Larribert Conformal Conic Projection
Developed Cone in a Plane
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x' = R sin 0

y' = R cos 0

x = C + x'

Y = Rb yl

0 1 (A)"

C, Rb and 1 are constant for a zone.

= Central Meridian - Longitude of Station

Figure 3 - Basic Formulas Involving x and y
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is that the difference of the azimuths is the angle between the lines.
The observed angle between two lines can be applied directly to the
azimuth of one of the lines to obtain the azimuth of the other line.

In order to show the relationship between the grid azimuth and
geodetic azimuth, the grid azimuth between (1) and (7) computed
from the plane coordinates is:

grid azimuth = 100° 19? 19??. 3

The geodetic azimuth to the azimuth mark at each of the stations
used in the example computations is given below, along with the geo-
detic azimuth between the stations.

Geodetic Azimuth
From To from South

(1) (7) 98° 34t 48.2
(1) Az. Mk. 243 00 38.6

(7) (1) 278 25 15. 1

(7) Az. Mk. 232 23 06. 2

The grid azimuth computed from the geodetic azimuth at each
end of the line (1) to (7) is:

Geodetic Azimuth
-o

2nd. term
Grid Azimuth'

(1) to (7)
98° 34' 45" 2

+ +1 44 36.4
- - 055

100 19 19 .1

(7) to (1)
278° 25' 15". 1
+ 1 53 58 .7
+ 05.5
280 19 19 .3

*Grid Azimuth = Geodetic Azimuth - 0 + 2nd. term

In most survey operations the second term for the reduction of
geodetic to grid azimuth may be neglected. The basic formula for
this term is given in the state tables; however, a very close approxi-
mation may be computed from the formula:

2nd. term = 2. 36 (ax) (ay) 10
where, x = (xk - x1) and y = y0)

y0 is constant for a zone and for Oregon
south zone, the value is 547, 357. 72
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In a precise survey where it is necessary to evaluate the second
term in the azimuth computations, the following table will be helpful
in determining the magnitude of the term:

100, 000 200, 000 300, 000 400, 000 500, 000
0 0'0 O'O 0O 00 00

5, 000 0. 1 0. 2 0. 4 0. 5 0. 6
10, 000 0. 2. 0. 5 0,7 0.9 1.2
15,000 0.4 ci.7 1.1 1.4 1.8
2.0,000 0.5 0.9 1.4 1.9 2.4

Z5,000 0.6 1.2 1.8 2.4 2.9
30, 000 0. 7 1. 4 2. 1 2.. 8 3. 5
35, 000 0. 8 1. 6 2. 5 3. 3 4. 1
40, 000 0. 9 1.9 2.8 3.8 4. 7
45, 000 1. 1 2. 1 3. 2 4. 2 5. 3

50. 000 1.2 2.4 3. 5 4. 7 5.9

When computing the grid azimuth from the geodetic azimuth,
the algebraic sign of the correction is as follows:

Azimuth of Line
y Coordinate 00 to 180° 180° to 360°

Greater than y0 - +

Less than y0 + -

Ground Lengths Reduced to Sea Level

All geodetic computations are based on lengths at sea level. In
consequence, any lengths measured on the actual surface of the earth
must first be reduced to sea level before they are used in the computa-
tion. If the surface on which a traverse is measured is fairly regular
so that variations in elevation are not large, a mean elevation for the
traverse may be used for the reduction. However, if the course of
the traverse is very rugged with great variations in elevation, it
would be necessary to compute a reduction factor for each line.

The correction for sea level is, hs/R, where h is the mean ele-
vation of the line, s is the length, and R is the mean radius of the
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earth. For the United States, the adopted value of R is 20, 906, 000
feet. In an area with an average elevation of 1,045 feet, the sea level
lengths would be one part in 20, 000 less than the ground lengths; at
2, 090 feet elevation, the difference would be one part in 10, 000. In-
stead of computing a correction to obtain the sea level lengths, it is
more convenient to compute a factor and then multiply the factor by
the ground lengths. The factor for this reduction is (1 - h/Rh

Sea Level Lengths Reduced to Grid Lengths

The geodetic sea level lengths are reduced to the grid by the
application of a scale factor taken from the state coordinate tables..
On the Lambert projection the factors are obtained using the latitude
as argument. If the latitude extent of the survey is not great, a
mean scale factor may be used.

For most land surveys, the reduction to sea level and then to
the grid may be performed in a single operation. The two factors
may be combined and used as a constant to make a direct reduction
from ground lengths to grid lengths. These factors, as applied to
an assumed traverse, Figure 4, page 24, are as follows:

From To Measured Length Grid Length

1 2 13, 795. 50 13, 796. 11
2 3 7, 785. 57 7, 785. 92
3 4 4,950.66 4,950.88
4 5 13,317.80 13,318.39
5 6 19,385.38 19,386.24
6 7 9,133.08 9,133.49

The average elevation for this area is assumed to be 350 feet. The
factor for reduction to sea level is then, [i - (350/20, 906, 000 =

0. 9999 8326. The mean latitude of the terminal points of the traverse
is 440 12! 8. Using this latitude, the scale factor from the state
coordinate tables for the Oregon south zone is 1. 000 0612. The

product of the two factors, 1. 000 04446, is used as a constant for
reducing the measured lengths to grid lengths.

The grid length of the line (1) to (7), as computed from the coor-
dinates, is 60, 533. 70 feet. If we divide this grid length by the scale
factor, 1. 000 0612, we obtain the geodetic sea level length of 60, 630. 0
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feet. The ground length, based on the average elevation of 350 feet,
is 60, 530. 0 divided by 0. 9999 8326, or 60, S31. 01 feet.

Observed Angles Reduced to Grid Angles

The corrections necessary to obtain the grid angles are com-
puted from the second term of the grid azimuth formula given with
the state tables or to sufficient approximation from the formula given
on page 14. The corrections at each point and the corrections to the
angles are:

Correction to
From To Correction Station Angle

i k i k

1 2 - 1!'Z + 1'Z 1 - 1!'Z
2 3 -0.5 +0.5 2 -1.7
3 4 -0.3 +0.3 3 -0.8
4 5 -1.1 +1.1 4 -1.4
5 6 -1.7 +1.7 5 -2.8
6 7 -0.8 +0.8 6 -2.5

7 -0.8

Using the above corrections, the following grid angles are obtained
from the observed angles:

Station Observed Angle Grid Angle

I aa8° 43' 44'4 43. 2 *

2 199 51 28.9 27.2
3 191 22 17.2 16.4
4 97 28 60.7 59.3
5 226 21 26.4 23.6
6 135 30 57.8 55.3
7 350 12 57. 3 56. 5

* The marks used for azimuth control are near the control stations
and the second term is negligible on the directions to these marks. It
should be noted that when some distant object is used for azimuth
control, and the grid azimuth is computed from the coordinates of
the points, the grid azimuth should be corrected by the second term
if observed angles are to be used in the computations instead of grid
angles. This is better explained if we assume two points having the
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same geodetic azimuth from a control station. If one of the points
is near the control station, the second term in the azimuth formula
is zero, then the grid azimuth is equal to the geodetic azimuth minus

the 0 angle. When a distant point is used as azimuth control, and
the observed angle used in the computation, the resulting azimuth on
the first computed line should be the same as that determined from
the nearby point. In order to obtain this result, it follows from the
azimuth formula that:

Geodetic Azimuth - 0 = Grid Azimuth - 2nd. term

The grid angles have been included in this example to show the re-
lationship to the observed angles. In most surveys the observed
angles would give satisfactory results.

Computation of Traverse

Azimuth control for the assumed traverse is furnished from the

azimuth marks at the terminal points. Grid azimuths to the azimuth

marks at the control points are:

Geodetic Azimuth
-e

Grid Azimuth

(1) to AZ. MK.
243° 00' 38:'6
+ 1 44 36.4
244 45 15.0

(7) to AZ. MK.
232° 23' 06'2
+ 1 53 58.7
234 17 04.9

Using the starting azimuth, (1) to AZ. MK. , the grid angles are
added to obtain the preliminary grid azimuths of each leg of the

traverse. These preliminary values are:

From To Preliminary Grid Azimuth

1 2 113° 28' 58!'Z

2 3 133 20 25.4
3 4 144 42 41.8
4 5 62 11 41.1
5 6 108 33 04.7
6 7 64 04 00.0
7 AZ. MK. 234 16 56. 5

Since the fixed value, (7) to AZ. MK. , is 234° 17' 04!'9, the azimuth

closure is - 8'4. For satisfactory results in most surveys the
azimuth closure would be distributed on the angles and the azimuths



revised accordingly. The revised azimuths would then be used with
the corresponding grid distances to compute coordinates for each
point along the traverse. The x and y closures at the terminal point
would be distributed to obtain final coordinates at each point. Exam-
ples for computations of this type are explained in detail in Coast and
Geodetic Survey Publications 193, 194, and 235, and there is no need
to repeat them here.

Transformation of Coordinates from One Zone to Another

The example traverse, (1) to (7), was chosen near the boundary
of the north and south zones of Oregon. If stations (5) and (6) of the
example are used as control for the extension of a traverse to the
north zone, the examples on the following pages show the transforma-
tion to north zone coordinates.

If the grid azimuth (5) to (6) is used for control in the north
zone, this azimuth computed from the coordinates is, 108° 37' Zfl'9.
The adjusted grid azimuth in the south zone is, 108° 33' 17!'4. The
relationship of these azimuths is shown by computing the geodetic
azimuth (5) to (6):

Grid Azimuth
+9

-(2nd. term)
Geodetic Azimuth

South Zone

108° 33' 17!'4
- 1 49 48.4
+ 1.7
106 43 30.7

North Zone

108° 37' 2l!'9
- 1 53 49.5
- 1.5
106 43 30.9

Lengths on the two grids reduced to geodetic lengths are:

South Zone
North Zone

Summary

Grid Length

19, 388. 34
19, 387. 59

Scale Factor
1,0000 666
1, 0000 277

Geodetic Length

19, 387. 05
19, 387. 05

The practical application of the state coordinate system does not
require that all survey data be reduced by the small corrective terms
introduced in this paper. These terms have been used in the exam-
ples to show the mathematical relationship between grid and geodetic
data. Engineers and surveyors using the state system should remem-
ber that these corrective terms may be necessary in some precise
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U.S. DEPARTMENT OF COMMERCE
COAST AND GEODETIC SURVEY

FORM 742b
REV. APRIL 1953

GEODETIC POSITIONS FROM LABRT CGORDNATES
(CALCULATING MACENE COMPUTATION)

STATEZONE Oregon - South 0.68k 1k738

Station (5)
C 2,000,000.00 Rb 22,888,667.15
x l,298,776.113 911.2,606.90

z'=xC 701,223.57 Rby 21,911.6,060.25

tan9=z'--(Rby) .03195 21391 g 6588'..'3603

9 10 119' k8.60 &.=9l - 9630'O3O7
9 o.gggk8 99209 - 2 ko' O.O7

R=(Rby)--cos 9 21,957,260.19 Central Meridian 1200 30' oo.á'oo
13' 20.'609 A=C.M.x 123° 10' 3o..d3O7

Station (6)
C 2,000,000.00 Rb 22,888,667.15
x 1,280,395.90 y 914.8,776.51

s'=xC J
719, 60k.io Rby 21,939,890.6k

tan9=x'--(&y) .O279 88918 o - 6762'8327'

8 10 52' k2.'32 - 9885'052k
cos 9 O.999k6 25500 2 kk' k552j

R=(Rby)+cos 9 21,951,688.58 Central Meridian 120° 30' 00.000
)4.14.° 1k' 15.'626 x=C. M.x 123° 1k' k5. O"52i-



DEPATMNT OF COcERCE
U.S. COS'T GXtTC sv PLANE COODNAThS ON LAET oic-nc: °

For. 72d
(Cond.ned tor or 4cu1stcg.acbthe conput3tIoa)

X=Rsin9+C Stafo-Zona _Oregon North
c= 2,000,000.00 ,ç' 21,8,b52.48 GridAz=Geod. Az.-9

S/c/ion Latitude R sin 9 X
Long/too's 9 cos9 Y

44o132oUoo95 21,181,307.74 -.03310 4219 1,298,809.34(5) 23 10 30.0307 -1 53 49.4832 .99945 19052 214,154.10

14 15.0263 21,175,736.34 -.03398 0549Qj 1,280,436.85
(6) 23 14 45.0524 -1 56 50.3409 .99942 24943J 220,345.25

Example computations for transforming south zone coordinates
to north zone, Section of traverse from stations (5) to (8)
through (1.1), page Z4, is assumed to be Oregon north zone.



surveys. In any area where a survey is to be performed, the mag-
nitude of the corrective terms for sea level, scale, and reduction
of observed angles to grid angles can be evaluated. The accuracy
requirements of the survey will determine whether or not the
corrections are necessary.

The following section describes a method for adjusting a trav-
erse where corrections to the angles and lengths are determined
from the adjustment.

Traverse Adjustment Using Condition Equations

In order to obtain the best results from an adjustment of a

traverse net, a simultaneous least squares adjustment of all angle

and length observations should be made. A traverse with fixed
coordinates and azimuth control at two points will have three condi-
tion equations to satisfy: (1) azimuth closure, (2) x closure, and
(3) y closure. If Va and v5 represent corrections to be applied to
the angles and distances, the three condition equations are as follows:

(1) O=(A -A)+(vn f a
(2) 0 = + 206, 265 (X-X1) + [(yy)vJ + [(xkx.)v]

(3) 0 = + 207, 265 (y-yf) [(x -x )v 1 + E [Y-y5l
n c aJ

where,
A and A are the computed and fixed azimuths at the terminal

n f
pornt.

i and k represent initial and computed coordinates for consec-
utive stations.

x and y are computed coordinates of the terminal point.

and Yf are fixed coordinates of the terminal point.

x and are the computed coordinates.

If the azimuth and distance of a line are represented by and

s, the equations for x and y closures are derived by differentiating,
Ax = - s sin a, and Ay = - S COS a:

22



d (tx) = -s cos a da - sin a ds = + (ay) da + (ax) ds/s
d (ky) = 1-s sin a da - cos a ds = - (ax) da + (iy) ds/s

The differential corrections in seconds of arc are:

(da)'' = v sin l
a

Vthen, d(x) +
a

and, d(y) = - (x -x ) v
k i a

and ds/s = v sin 1l
S

sin 1'' + (x -x.) v sin lk is
sin 1" + (y -y.) v sin lki s

The change in the first azimuth of the traverse, va 1' will affect
not only the first computed point but each succeeding po'int. The
length change on the first line, v 1 ..z will affect the first computed
point but will have no effect on the computation of the next point.
Therefore, the change in the final coordinates due to changes at the
first point are, for x,

[+ 'n )v
1

+ (xkx.)v 1.-Zi] sin l,c a, 1 S,

and for y,

E (x -x )v + (yky,)v 121 sin 1"
L n c a, 1 5,

In the same way, the change in the final coordinates due to
changes at the second point can be determined, and so on at each
point in the traverse. The summation of these changes are as given
in equations (2) and (3). Each of the equations has been divided by
sin I and the x and y closures multiplied by its reciprocal.

An assumed traverse, with fixed azimuth and coordinate control
at stations (1) and (7), will be used to illustrate an example computa-
tion. A sketch of this traverse is shown below. The section from
5 to 8 through 11 is discussed on pages 20 and 26.
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11

Figure 4 - Assumed Traverse

MK.

Differences in coordinates, computed from the grid lengths and
grid azimuths given on pages 16 and 18, are:

From
1

2

3

4
5

6

(1)

2
3

4
5

6
7

sum =

x -x,
k i.

- 12,653.51
- 5,662.61
- 2,860.08
- 11,780.63
- 18,378.91
- 8,213.78
- 59,549.52

x
1,331,735.57
- 59, 549. 52

(7) 1,272,186. 05
(7) 1,272,181.53

+ 4. 52

y
933,936.15

+ 10,843.20
944, 779. 35
944, 782. 60

- 3. 25
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+ 5,497.40
+ 5, 343. 72
+ 4,041.18
- 6,212.60
+ 6,167.80
- 3, 994. 30
+ 10,843.20

fixed

computed
fixed
closure



Closures for the three equations are:

(1) (A_Af) = -8Y4 from page 18
(2) + 206, 265 (x -x ) = + 932, 318nf
(3) + 206, 265 'nf - 670, 361

The correlate equations for x and y are set up from the computed
differences in coordinates. Coefficients in the azimuth equation are
positive since the clockwise angles were used. When the angles are
subtracted, or used in a counter-clockwise direction, signs of the
coefficients are negative.

Formation of Correlate Equations for x and y

All terms in equations (2) and (3), including the closures, were
divided by 10, 000 in order to reduce the size of the numbers. Co-
efficients of v in each equation are the computed coordinate differ-
ences. Coefficients of va are obtained as follows:

(2) equation for x - At any point the coefficient is the sum of the y
coordinate differences from the terminal point.

(3) equation for y - At any point the coefficient is minus the sum of
the x coordinate differences from the terminal point.

Correlate Equations

s a (1) (2) (3) sum v ds

1-2 -1.27 +0.55 -0.72 +15.76 +1.05
2-3 -0. 57 +0. 53 -0. 04 + 7. 82 +0. 30
3-4 _0. 29 +0.40 +0. 11 + 4.32 +0. 10
4-5 -1.18 -0.62 -1.80 +11.65 +0.75
5-6 -1.84 +0.62 -1.22 +22.36 +2.10
6-7 -0.82 -0.40 -1.22 + 8. 18 +0, 36

vtt vI

a a

1 +1 +1. 08 +5.95 +8. 03 - 1. 91 -1.9
2 +1 +0. 53 +4. 69 +6. 22 + 0. 95 +0. 9
3 +1 0.00 +4.12 +5.12 + 5.41 4-5.4

4 +1 -0.40 3.84 +4.44 + 9. 18 +9. 2

5 +1 +0. 22 -2. 66 +3. 88 - 0. 93 -0. 9

6 +1 -0.40 +0.82 +1.42 + 1. 19 +1. 2

7 +1 +1. 00 - 5.49 -5. 5
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s and a are length and angle designations.

The normal equations are:

(1) (2) (3) N sum

(1) +7 +1.03 +22.08 8.4 + 21.71
(2) +9.2880 + 6.4351 +93.2318 +109. 9849
(3) +98. 5388 -67. 0361 + 60. 0178

It is not necessary to go into the solution of the normal equations.
After the equations are solved the v's are computed and tabulated in
the correlates. Since v lit equals dais, v divided into 206, 265
is the proportional part change in s. The length change is, ds =
s v sin 1".

S

Final Adjusted Results

Final grid azimuths and grid distances are obtained by applying
the corrections from the adjustment to the preliminary grid values.
These final values are:

From To Grid Azimuth Grid Length

1 2 113° 28' 56Y3 13, 797. 16
2 3 133 20 24.4 7,786.22
3 4 144 42 46. 2 4,950. 98
4 5 62 11 54.7 13,319.14
5 6 108 33 17.4 19,388.34
6 7 64 04 13.9 9,133.85

Final coordinates are then computed from these corrected azimuths
and lengths. Final coordinate differences are:

From To
x-x.

k i.

y-y.k i

1 2 -12,654.52 + 5,497.70
2 3 - 5,662. 86 + 5,343. 90
3 4 - 2,860. 06 + 4,041.32
4 5 -11,781.70 - 6,212.17
5 6 -18,380.53 + 6,169.61
6 7 - 8,214.37 - 3,993.91
* sum -59,554.04 -10,846.45

* These values check the fixed difference between (1) and (7).

26



In this example, corrections were applied to the angles instead
of the directions. If corrections to directions are required from the
adjustment, two designations are necessary at each angle station.
At station (2), Figure 4, the designations and coefficients would be:

Designation (1) (2) (3)

2-1 -1 -0. 53 -4. 69
2-3 +1 +0.53 +4.69

* Coefficients are the same as those given on page 25 for lines 1 -2,
2-3, 3-4, etc. Lines with the reverse designation have coeffi-
cients of opposite sign.

The example adjustment was set up with equal weights assigned
to the angle and length observations, In a survey where the relative
accuracy of the observations is, for example, a ratio of four to one,
angles against lengths, a weight of one is assigned to the angles and
0. 25 to the lengths. Since 1/w is used in condition equations, the
value p 1/w or 4 would be used in the correlate equations on the
length v's.

The method of adjustment by condition equations can be applied
to a traverse net with any number of loops. The example in Figure 4
would have six conditions to satisfy, three equations on each of the
sections 1-5-7 and 1-5-11. These equations are set up and solved
in the same manner as described in the example.

Methods of Adjusting Traverse

The usual procedure for closing a traverse is to distribute the
azimuth closure equally on the observed angles, then compute the x
and y coordinates. The closures in x and y are then distributed by
either the compass or transit rule. In most survey operations either
of these methods will give satisfactory results.

Main Advantages of Adjustment by Condition Equations:

(1) The final data are based on a simultaneous least squares
adjustment of the observations.

(2) Final grid azimuths and grid lengths are obtained directly
from corrections applied to the observed angles and meas-
ured lengths.
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DISCUSSION

Milhollin: How would you determine the x and y coordinate in the

area that lies between the top of the circle and the first standard
parallel? (Figure 2)

Meade: In the table of T's that are given along with the state tables,
the R's are given for each minute of latitude throughout the whole

zone from the lower parallel to the upper parallel. So it's just a
matter of taking an R for any latitude you might be working within

this zone and using the sine and cosine with this R value to get the

x' and the y'.

Colcord: It might be well to point out in using Special Publication

No. 246 - Sines, Cosines and Tangents, Ten Decimal Places with
Ten-Second Interval 0 to 6 Degrees, for plane coordinate computa-

tion on the Lambert Projection, the cosine function varies more
rapidly than the sine and therefore you need a small correction which

is given at the bottom of the table.



Meade: Yes, there is a second difference correction that is given
at the bottom of the table which is given to intervals of 10 seconds.
So if you have something in between these 10 second intervals, say
15 seconds, then you need the second difference correction and, all
through this table, 0 to 6 degrees, this second difference correc-
tion is three, I believe in the tenth place, always plus. So for each
interval from one second to ten, consider it tenths of the unit you
are taking, 10 seconds. It's given for one and nine, two and eight,
etc. The correction varies from 0 to 3.

Vaaler: In your Figure 1 is the central meridian in the Oregon system
similar to the meridian that we call the 120 degree 30 minute merid-
ian?

Meade: The central meridian for the Oregon system is 120 degrees
and 30 minutes, with x' being the distance from the central meridian,
This figure is symmetrical with the central meridian. If this is
flopped over to the other side, with the 6 angle west of the central
meridian, since the x' value is equal to R sin 8 then sin 9 can be plus
or minus depending on whether 9 is plus or minus. So if you take
the central meridian minus the longitude, if the central meridian is
greater than the longitude of the station, 8 is plus. Then x' is added
to 2 million. This is on the plus side of the central meridian. Since
it is east, the longitude would be less in this particular case. If we
flop it over, we still compute the same value assuming we have the
same value of 8. x' is the same as it is here with the opposite sign.
The x' would be subtracted from 2 million. But 2 million is added
in all cases in order to keep all the coordinates positive.

Gearhart: In Figure 4, you showed an azimuth mark. What is the
azimuth mark measured from and just what is it?

Meade: I showed that here because later in the paper the grid azimuth
to these marks will be used to control a traverse. I showed the geo-
detic azimuths so you can see where the grid azimuth came from. By
applying the 9 angle at Station 1 to the geodetic azimuth to the azimuth
mark, you obtain the grid azimuth to the azimuth mark. Then at
Station 7, applying the A angle which is 10 53' 53" to the geodetic
azimuth in order to obtain the grid azimuth there. The azimuth mark
generally is the point very close, within maybe a quarter of a mile,
so the second term is always zero. The line is too short. This
term does not exist over this line so the grid azimuth of the azimuth
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mark is nothing more than the geodetic azimuth plus or minus 0.
Actually, the formula for the grid azimuth is the geodetic azimuth
minus 6. So if 6 in this case is minus, then of course you would
add 0. If 0 is plus it would be subtracted. And as I said, the second
term, of course, is zero on the azimuth to the azimuth mark.

Colcord: I wondered if you are working in a state such as Wyoming
or Colorado, if there is another basis than sea level that's used --
where the elevations run maybe 7, 000 feet average?

Meade: No, everything is reduced to the common surface sea level.
I might point out that the state of Michigan asked us to revise their
state coordinate tables so we would compute coordinates on an
average elevation of 800 feet. Since there is not too much variation
in the whole state, the elevations average probably from 400 to 1, 200
feet. We set up a Lambert projection for the whole state based on
an elevation of 800 feet. Then they can neglect the sea level correc-
tion entirely. I don't know that there will be too much to gain from
this, because the scale correction would still enter into the picture
and would have to be applied. In any survey where we have say an
average of 1, 000 foot elevation, this is one part in 20, 000, or we
figure out the correction factor which is 1,000 divided by 20 million,
subtracted from one. This factor, then, multiplied by the distance
will give the sea level distance. Now this sea level factor can be
combined with a grid factor if you want to take a mean factor for any
area for sea level and another mean factor for the grid. These two
factors can be multiplied together. Then you reduce directly from
your horizontal ground distance to the grid, which takes care of
both sea level and the scale. I might mention, too, our Special
Publication No. 235 was a publication set up with examples of all the
corrections necessary. We have tables there for factors for sea level
and constants for all the state zones.

Pettijohn: I'd like to know, is it the intent to set the azimuth mark
on the line to a distant station?

Meade: No, the azimuth mark is set in some convenient location,
generally within a half a mile of the station, wherever it's convenient
to set the mark, not necessarily on line at any time.

Pettijohn: The grid azimuth of the azimuth mark, even though it
happened to fall on this line, would not be identical to the grid azimuth
to another station.
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Meade: That is correct. The geodetic azimuth, when the point is
on the line, is the same, but the grid azimuth is different by the
amount of the second term.

Colcord: Some of this material is covered for some of you who wish
to use a textbook approach in Kissam's "Surveying for Civil Engi-
neers. " He calls this a terminal grid azimuth which has the second
term involved in it, and if you use the difference of terminal grid
azimuth, you get the same as the observed angle. He also goes
through a traverse computation, except from north, that's the only
difference.

Jordan: When you've got a real long extended line, it really isn't
a straight line - - even if it is straight on the grid, it's a curved
line. Is this due to the difference in the horizontal distance correc-
tion?

Meade: Well, actually it isn't straight geodetically. The geodetic
line is a curved line.

Jordan: Yes, but I understood that on this Lambert grid, when you
lay it out, you go to all straight lines on it.

Meade: Yes, theoretically on the grid we're working with straight
lines.

Jordan: But if you extend real long lines, particularly on the fringes
of your grid, you get a curved line.

Meade: Not if we apply all the corrections.

Vaaler: I notice in the Oregon State Highway Department's bulletin
on the use of the system, they allow about 6, 500 feet as a correction
of one minute to the B angle as you go east-west.

Meade: Well, it would probably be at this rate.

Mason: I am under the impression from the material that came before
that when the difference in longitude between the stations is zero
that there would be no second term.

Meade: That is correct.
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Hart: What do they use in the surveying they're working down around
the South Pole?

Meade: For mapping the polar areas, I assume they would have to
use a stereographic projection. A few years ago we set up several
Lambert bands for the Air Force which were, I think, four degrees
wide, but it was earth coverage until we got up to 80 degrees. Well,
a Lambert projection is not suitable when you go much beyond 80
degrees because your value of L, which is the sine of the latitude,
becomes one. When you cut your cone, there has got to be some
break in it somewhere. When your L value is one, this projection
just isn't suitable. So if you take a tangent plane at the pole, then
project onto this plane, this is something similar to the stereographic
projection.

Porterfjeld: I notice that on the Coast Geodetic maps, etc. , you
have coordinates both in feet and in meters. Are the government
organizations tending toward this meter measurement?

Meade: Actually, the Coast Survey unit has always been the meter,
since I've been with them 34 years. We work in meters entirely.
Of course, our state systems are based on feet because engineers
and surveyors prefer to work with feet. There has been a recom-
mendation that the metric system be adopted in this country and it
will come about some time.

Unknown Voice: Why do we reckon an azimuth from south when
almost all other forms of activity reckon from north?

Meade: This question, so far as I know, has not been answered.
I've tried to look back through the literature to find out why south
was chosen as the initial for azimuths, but there must have been
some reason for doing it, because they do it that way. I think in
most countries in Europe they use north as the initial. But it really
doesn't make too much difference once we know what the reference
is. We have with us here some retired Coast Survey officers,
Captain Natella and Captain Latham, who have had more service
with the Coast and Geodetic Survey than I have had. Why did they
refer geodetic azimuths from south rather than north, Captain
Latham?
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Captain Latham: Well, that's because the azimuth that you take out
will fit the form they've made up to compute geographic positions.

Meade: Thank you, Captain Latham. I might add too, this is the
first time I've seen Captain Latham in about 25 years, and when he
used to be around the office he was giving answers similar to this.
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A DISCUSSION OF ELECTRONIC DISTANCE
MEASUREMENT WITH PARTICULAR

EMPHASIS ON THE GEODIMETER

Kendall B. Wood

To adequately make a technical presentation of electronic sur-
veying in a two-hour course obviously is impossible. The difficulty
is amplified by the fact that I have no idea of the background in
electronics and high order surveys which the students have and no
knowledge of what is expected of me.

I wish to emphasize that even though my technical discussion
on instruments is limited to the Geodimeter, this by no means im-
plies any prejudice on my part for any particular electronic distance
systems. Unfortunately, circuit diagrams and operating principles
of commercial systems are so clouded in secrecy that I have not
been able to get good material together on the new model of the
Tellurometer and the Electrotape. I hope by next year, if this short
course is continued, to have more complete data on other systems.

If the students are interested in the acquisition of electronic
survey equipment, their investigation of equipment should be guided
by the following:

1. Electronic surveying is a control survey technique. It is
not a Hgirnmicku for cheap surveys but, properly used, is a good
method of setting high order geodetic positions. Analyze your re-
quirements and determine whether you really have a high order con-
trol problem.

2. Control surveying is a highly specialized branch of engi-
neering. Select a qualified engineer first, then let him look into the
equipment problem.

3. Remember distance as a factor of accuracy is greatly
reduced in electronic work; therefore portability of the equipment is
not nearly so important as:
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a. Reliability

b, Maintenance

c. Accuracy

DETERMINATION AND REDUCTION OF DISTANCES

Distance is a relative quantity and not an absolute value. On

the other hand, angles are quantities which can be determined exactly
if we can measure with sufficient precision.

A circle contains 3600 regardless of its relation to the earth.
Distances, however, are values of comparison with some assumed
unit of length and, in geodetic work, must be related to an assumed
reference sphere on the surface of the earth.

The procedure of determining high order distances, therefore,
involves the following steps:

1. Determining a field measure of distance by comparison to
a calibrated unit of length, as:

a. A steel tape calibrated at a given condition of temper-
ature, support, and tension.

b. The speed of high frequency radiation, as measured
by a calibrated crystal controlled high frequency
signal.

Z. Correcting the measuring unit for the various conditions of
the site at the time of measurement, such as temperature, air pres-
sure, humidity, tension and conditions of support, etc.

3. Reduction of distances obtained in 1 and 2 above to a common
reference sphere relative to the earth. This involves two basic steps:

a. Reduction to horizontal.

b. Reduction to sea level measurement.
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4. The final step is to reduce the geodetic distance obtained in
3 above to a plane grid distance by application of the grid factor
(varies by latitude in Lambert and longitude in transverse Mercator).

Base line measurement for triangulation involves precisely the
same methods as high order distance measurement for traversing.
Successive measure of the courses are made in base line work and
readings made accurately to the thousandths rather than hundredth.
The entire spread of measurements is then used to compute 1'probable
error of the mean, ' a factor in determining order of work. (See
C and GS Manual of Geodetic Triangulation.

This is carried out because in a triangulation scheme, the base
line is magnified many times, and any inherent minute errors of the
base are consequently enlarged and extended through the system.
There is no chance, in triangulation, for compensating distance
errors to aid the control surveyor in obtaining a good final closure.

Four references are considered helpful in this subject:

1. Steel Tape Measurements, C and GS special publication
No. 307, by Ralph Moore Berry.

2. Electronic Surveying and Mapping, by Simo Laurila, Ohio
State University Press.

3. Higher Surveying, Breed and Hosmer, pages 33-43.

4. Surveying, Foote and Davis, chapter 7 and pages 382-389.

ELECTRONIC DISTANCE MEASUREMENT

Any device which represents a unit of length can be used for
measuring geodetic distances provided that it bears the test of re-
peatability. In short this means that the surveyor can conveniently
apply its use in the same manner over successive measurements
and that its factors of instability can be accurately calibrated so that
corrections can be made to field measurements.

Some types of wave motion have been found to have these char-
acteristics, when controlled by modern electronic circuits. Sound
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waves have been used in reconnaissance work by surveyors for many
years. According to Trautwine, control for hydrographic surveys
in the early days was assisted by constructing an offshore base line
measured by timing the interval between firing a gun and the return
of the echo from another boat. The use of sound waves as a unit of
precise measure, however, does not fulfill the requirements of
repeatability with sufficient accuracy. For example, the velocity
of sound changes approximately one foot per second per degree
Fahrenheit; thus from this factor alone, mean temperatures along
a traverse course would have to be known to approximately 0. 01
degree during a distance observation to get high accuracy results.

The higher frequencies of the spectrum of electromagnetic wave
motion have much better characteristics as a measuring media.
Various radio frequencies, and, in the Geodirneter, light waves are
currently used in different systems. Temperature, pressure, and
humidity do also affect the speed of high frequency radio and of light,
but only to a very limited extent, so that accurate corrections can
be made by practical systems of determining atmospheric conditions.
For example, under normal conditions the correction to be made to
Geodimeter distances varies between 10-20 x 10.6 times the dis-
tance which amounts to only a few centimeters in several miles.

Since the speed of wave motion is nearly constant and can be
determined precisely by atmospheric corrections, it is only neces-
sary to develop a timing device sufficiently precise to measure the
elapsed times of a transmitted signal. Obviously it cannot be meas-
ured by a watch, as the speed is roughly 186, 000 miles per second.

In most electronic distance devices the crystal provides the
timing system. If kept under conditions of reasonably uniform tem-
perature, a crystal will oscillate at a constant frequency which can
be calibrated down to plus or minus one part in a million or better.
Thus the pulse of these high frequency oscillators is used in a sense
to count extremely small intervals of time. Putting it another way,
since the speed of travel is known precisely and the pulse interval
is accurately calibrated, the distance traveled per pulse length or
wave length becomes a precise and repeatable measure of distance.
All of the short-distance (up to 50 miles) types of electronic survey
instruments contain first of all a carrier wave (high frequency radio
or light waves). This carrier wave is then modulated by a series of
several measuring frequencies. The systems all have slightly
different methods of read-out and computations to determine:



1. The total number of even wave lengths of the measuring
frequency between instrument and target.

2. The odd distance from the nearest pulse interval.

Historically, the use of radio as a distance measure or position
indicator had its beginnings many years ago in the use of direction
antennas as a navigational aid. The need for much more precise
position determination in the control of aircraft bombing operations
during World War II sparked the real beginning of electronic distance
measurement. Many systems were developed both in the United
States and abroad during this period, some of which were later re-
vised to fulfill map control and long distance geodetic measurement
needs. A list of some of these developments is as follows:

T1OBOE" Observed Bombing of Enemy - - of British design
Gee-H" British design

"Shoran" Short Range Navigation - - developed by RCA
"EPI Electronic Position Indicator - - built by U. S.

Coast and Geodetic Survey
"Loran Long Range Navigation - - U. S. development
"Decca" Developed by British in 1938
Raydist U. S. development
"Lorac" Long Range Accuracy
PPI Radar Plan Position Indicator

Since the war many of these systems have been applied to survey
problems as follows:

1. Control for small scale mapping of remote areas. The
system usually involves the simultaneous positioning of a photographic
aeroplane at the instant of exposure, thus determining the X and Y
position of the air base in the photogrammetric model.

2. Control for hydrographic surveys, by continuously position-
ing the survey ship.

3. In making long geodetic surveys such as control for offshore
islands and making intercontinental ties.

Some of these methods have developed into a highly accurate
survey system for long range work. In all of them, however, there
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are constant plus or minus errors which prevent their use for high
order distance measurement on short lines.

The first application of these principles to measurement of
high accuracy of short lines (low constant error) was conceived in
1941 by the Swedish geodesist, Dr. Erick Bergstrand. In 1947, Dr.
Bergstrand developed a workable device based on the use of light as
a carrier wave. In fact, the original purpose of the development was
to find a better value for the speed of light by observing with the equip-
ment over known precise distances. Later Dr. Bergstrand licensed
the AGA Co. of Lidingo, Sweden, to manufacture the equipment as a
precise distance instrument under the trade name of Geodimeter.
Since 1947 several models of the equipment have come to the Ameri-
can market. The models 1, 2, and 3 are quite cumbersome and do
not fit the normal requirements for commercial control surveys.
They are, however, of extremely high accuracy and are extensively
used around the world primarily for first order base line measure-
ment, where distances up to one part in a million are often required.
The model 4 (4A and 4B) is the current commercial surveyor's
model (see Figures 1 and 2). The model 4D is in the process of
development, incorporating a more powerful light source.

The second development of commercial survey type measuring
equipment was developed originally in 1954 by the Telecommunica-
tions Research Laboratory of the South African Council for Scientific
and Industrial Research. The development was conducted by Mr.
T. L. Wadley. The equipment first was introduced into this country
early in 1957 under the trade name of Tellurometer. The system
utilizes a carrier wave at 3, 000 Mc/sec. modulated by four measur-
ing frequencies. Newer models of the equipment are using a shorter
wave length, and I understand that an entirely new circuit develop-
ment is about to be unveiled which lightens the weight and increases
the accuracy for short line measurement. (See Figure 3. )

The newest make of commercial distance equipment is the
Electrotape (see Figure 4), manufactured by the Cubic Corporation
of San Diego, California. It embodies the basic principles of the
Tellurameter, using a microwave carrier and several modulated
wave lengths for measuring.

Both the Electrotape and the Tellurometer require an operated
remote station to return the signals to the main station. The
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Geodimeter, using light as a carrier, requires only a reflector at
the remote station to return the signal.

ACCURACY OF ELECTRONIC MEASUREMENT SYSTEMS

Referring to some of the discussion earlier in this chapter, the
errors of a distance measuring system arise from two basic sources;

1. Repeatability of the system.

2. The calibration of the equipment with respect to a known
distance.

The repeatability of the equipment is a function of the stability
of the electronic circuits, the accuracy of reading the signals, and,
of most importance, the effects of terrain and atmospheric influences
on the systems and the accuracy to which these influences can be
adjusted. In general, the longer wave lengths cause greater plus or
minus errors due partly to the fact that the wave beam is wider and
a dual signal is caused by ground reflections and partly because the
longer waves are more influenced by atmospheric conditions. For
this reason the tendency in the microwave systems has been to go
to shorter wave lengths than in the original design. There is no
doubt that the extremely narrow beam produced by the light signal
in the Geodimeter produced a better basic distance accuracy than
the original microwave systems; however, this advantage is mini-
mized by the latest developments in the Tellurometer and the Elec-
trotape.

The writer's experience in this matter has been with one of the
first models of the Tellurometer (1957 to 1960) and one of the latest
models of the Geodimeter (1961 to 1962), which is hardly a fair
comparison. The original Tellurometer was an excellent long-
distance instrumentand, I believe, would consistently produce dis -
tances within plus or minus 0. 20 to 0. 30 feet. This basic error,
however, made it somewhat inaccurate for distances less than 1, 000
feet (this problem has been overcome in their later designs). The
particular 4B Geodimeter which the writer now uses, seems to have
very excellent repeatability characteristics (plus or minus a few
thousandths of a foot on base line work). The ability to get the same
answers over repeated measurement is, of course, only part of
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the accuracy problem. The calibration is equally important, and in
this matter very little is known.

The matter of crystal calibration and stability is kept within
extremely narrow limits in all systems.

By far the most important sources of error, other than the
stability and repeatability of the equipment, are the atmospheric
influences and the basic assumed velocity of the carrier. The best
test is for the control surveyor to frequently observe over known
high order base lines under various atmospheric conditions in order
to check on instrument calibration in precisely the same manner in
which a chain calibration is carried out. There are also special
calibration procedures with the Tellurometer and Geodirneter (and
probably the Electrotape) which, though time consuming, can increase
the basic instrument accuracy for extremely precise work.

In conclusion of the accuracy discussion, it is the writer's belief
that any of the late model instruments discussed will give satisfactory
results for high order commercial control surveys provided that the
basic elements of control survey planning are met with respect to
course distances and that all of the elements of distance reductions
are properly evaluated and used.

THE REDUCTION OF ELECTRONIC DISTANCES

Vertical Angles

The discussion of vertical angles is included under the general
subject of distance determination due to the fact that in the electronic
traverse system the vertical angle is an important part of distance
determination.

Zenith Angles

In practically all theodolites a vertical angle is measured on a
3600 vertical circle. Some instruments index the zero mark as point-

ing to the center of the earth with the telescope direct. Others index
zero at the zenith (vertical line above the observer). In the examples
and discussion contained herein, the zero mark is the center of the
earth; thus 90° is the horizon, 180° the zenith, and 270° is the hori-
zon with the telescope inverted (see Figure 5). By this method, the
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inherent error of the vertical angle bubble adjustment is automat-
ically corrected by adding the inverted and direct readings together.
The sum of these two angles will equal 3600 plus or minus twice the
error of the bubble adjustment pointing errors, etc. This is fre-
quently referred to as the index error. A sample double zenith angle
might be as follows:

Direct 900 10' 12"
Inverted 269° 51' 11"

360° 01' 23"

Twice bubble error = plus 83"
Correction = minus 41"

Corrected vertical angle = (900 10' 1211) - 41" = 90° 09' 31"

It is possible, of course, to adjust the bubble error closer than
41 seconds; however, it is impossible to get a bubble perfect to the
scond.

Therefore, the writer prefers to leave the bubble adjustment
alone and make the correction by observing a "double zenith angle.
By knowing the instrument and frequently checking the bubble by the
above method, single direct angles can be corrected by adding or
subtracting the index correction. If vertical angle elevations are to
be carried, however, double zenith angles should be observed on the
foresight and backsight of all traverse courses. In practice it is quite
common to reduce the corrected zenith angle to plus and minus ver-
tical angles. The writer prefers to keep all calculations in zenith
angles throughout the entire series of reductions, thereby eliminat-
ing the possibility of making a plus or minus error.

HI Difference Correction

Since it is impractical to reset on exactly the same HI, if an
angle is to be reobserved, and it is not easy to set the electronic
equipment at the same point in space as the theodolite and target, a
reduction must be made from the observed vertical angle to convert
it to the vertical angle from hub to hub, or point to point, accounting
for the difference in instrument and target HI. This, of course, can
be calculated, but the following table greatly facilitates the operation,
which shows corrections in seconds per thousand feet of slope distance
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per foot of HI difference, lithe target HI is greater than the instru-
ment, the correction is subtracted. If the target HI is smaller, the
correction is added.

*Seconds Correction for One Foot
Vertical Angle Observed HI Difference for 1, 000 Feet of

in Degrees Distance

70 110 193.8
71 109 195,0
72 108 196.2
73 107 197.2
74 106 198.2
75 105 199.1
76 104 200.1
77 103 200.9
78 102 201.7
79 101 202.3
80 100 203.0
81 99 203.6
82 98 204. 2

83 97 204. 6

84 96 205. 0

85 95 205. 3

86 94 205. 7

87 93 205. 9

88 92 206. 1

89 91 206.2
90 90 206. 3

*This figure is divided by the observed slope distance in 1, 000
feet.

Corrected Vertical Angle
Crossroads to 12 - 2 900 09' 31"
Distance = 2, 220 feet
Target HI = 1. 60 feet higher than instrument
Instrument HI = 4. 40
Difference = plus 1. 60 feet
Correction = 206 seconds = 93" per foot

2, 220 feet
(93") 1 60 = 149" = -(00° 02' 29")
Vertical angle point to point 90° 07' 02"
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Reduction for Refraction and Curvature

1. Refraction. This phenomenon is caused by the same problem
as indicated in the vertical angle observations to a star. It varies
according to the height above sea level and the magnitude of the ver-
tical angle. For most control survey work it can be taken as minus
0. 68 per thousand feet of line.

2. Curvature. Since measurement on the earth is on a spher-
ical surface, vertical angles must be adjusted to account for this
problem. For all practical purposes, this correction can be taken
as plus 4. 93 seconds per thousand feet of distance.

The combined correction for curvature and refraction can be
accomplished in one step by adding 4. 25 seconds times the distance
in thousandths of feet to the zenith angle. By this means the
example shown would be corrected again as follows:

Vertical angle point to point 900 07' 02"
Plus 4. 25 seconds x 2,220 feet = plus 09"
Vertical angle corrected for

refraction and curvature 90° 07' 11"

Reciprocal Vertical Angles

It is the better practice to observe vertical angles on both the
foresight and backsight, thus getting a positive check on the course.
When this is done, the sum of the two angles (foresight and back-
sight) should equal 180° after the reductions for HI, refraction, and
curvature, plus or minus any errors. It is obvious, therefore, that
in this case the refraction and curvature reduction need not be made
because the variance between the sum of the two angles and 180°
equals twice the curvature and refraction plus any errors. By apply-
ing one-half the total error to the point to point vertical angle, a
true value is obtained.

The writer prefers, however, to make the curvature and refrac-
tion reduction in the case of reciprocal angles because after making
these reductions the variance from 180° represents the sum of all
of the errors of observing angles, of pointing, and of measuring
HI's. In this manner it is possible to evaluate the precision of the
observations and determine whether its accuracy is compatible with
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the accuracy of distance reductions and elevations required for the
proj e c t.

An example of the reciprocal angle computation is as follows:

1. The reduced vertical angle from crossroad to 12 - 2 is
900 07' 11".

2. The field angle from 12 - 2 to crossroad is 89° 51' 39"
corrected for index error.

3. The target on the reciprocal observation had an HI 0. 5 feet
lower than the instrument.

Therefore, the reductions on the reciprocal angle are as
follows:

Field angle
Plus HI correction
Plus curvature and refraction
Corrected field angle from point

to point 12 - 2 to crossroad
Corrected field angle point to point

observed to 12 - 2
Sum

Total error of reciprocal
observation -(00° 00' 15")

89° 51' 39"
plus 46"
plus 9"

890 52' 34"

900 07' 11"
179° 59' 45"

The original angle is corrected by one-half this total angle or
plus 7-1/a seconds.

Distance Reductions to Horizontal

In the discussion of chaining procedures, various methods of
reducing taped lengths to horizontal were considered. In electronic
distance work it is the usual practice to reduce to horizontal by
means of the vertical angle. If the difference in elevation is already
determined from other sources, it is preferable to reduce this differ-
ence to a vertical angle by means of the sine function and proceed
according to the following steps.

Referring to Figure 5, the corrected geometric figure for true
horizontal reduction is an oblique triangle rather than a right triangle.
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The true geodetic distance at the elevation of Station A can be deter-
mined from the oblique triangle ABC by the law of sines using the
vertical angle at A. If the cosine function is used, the resulting
distance A-B-x will be too long, by B-x amount.

If the line A'-y-B'-Z is constructed in the figure at the mean
elevation of the two stations (vertically half way), it is seen that
A'_y and B'-z each are equal to one-half the error B-x and that
A'-y-B' is equal to A-IB-x. Therefore, it can be said that the true
geodetic distance at the mean elevation of the stations can be obtained
by using the cosine functions of the vertical angle. The writer pre-
fers this latter method, but in reducing these distances to sea level
the mean elevation of the two stations should be used.

Vertical Angle Functions Using the Zenith Angles

As stated previously, the writer prefers to keep the angles in
the form of zenith angles throughout the calculations and avoid the
confusion of plus and minus values. In extracting the functions of
these angles from a 3600 table, the following rule will apply.

Right Triangle Solution Right Triangle Solution
Angle for Horizontal Distance for Difference in Elevation
90° or over Use Cosine Use Sine
Under 90° Use Sine Use Cosine

In most cases the proper function to use is obvious since the
horizontal distance is usually of much greater magnitude than the
difference in elevation.

Correction to Field Observed Slope Distance Due to HI Difference

It is rarely practical to set the electronic main and remote sta-
tions on exactly th same HI in space. If the course is near level,
the HI differences in the main and remote stations are insignificant
in distance determination but this value becomes larger as the slope
steepens. In order to avoid lengthy calculations on this matter and to
provide a quick way to evaluate the magnitude of this effect, the writer
has developed the following table:
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Vertical Angle*
Distance Corrections per

Foot of HI Difference

70 110 0.34
71 109 0.33
72 108 0.31
73 107 0.29
74 106 0.27
75 105 0.25
74 104 0.24
77 103 0.22
78 102 0.21
79 101 0.20
80 100 0.17
81 99 0.15
82 98 0.12
83 97 0.12
84 96 0.10
85 95 0.08
86 94 0.07
87 93 0.05
88 92 0.03
89 91 0.02
90 9Q 0.00

* The corrected vertical angle should be used.

In the above table, the following rules apply:

Sign of the Correction

Case 1. Vertical angle over 90°; target
higher than Geodimeter - - Minus

Case 2. Vertical angle over 90°; target
lower than Geodimeter - - Plus

Case 3. Vertical angle under 90°; target
higher than Geodimeter - - Plus

Case 4. Vertical angle under 90°; target
lower than Geodimeter - - Minus



Sea Level Reduction

From Figure 5 it is obvious that the distance obtained from the
slope reduction is a true geodetic distance only if the stations are
close to sea level. The reduction to sea level is made by the follow-
ing table:

Feet Above Sea Level Factor

0 1. 00000000
200 0. 99999041
400 0. 99998084
600 0. 99997127
800 0.99996170

1,000 0.99995213
1, 200 0. 99994256
1,400 0.99993299
1,600 0.99992342
1,800 0.99991385
2, 000 0. 99990427
2, 200 0. 99989470
2,400 0.99988513
2, 600 0. 99987556
2, 800 0. 99986599
3, 000 0. 99985642
3, 200 0. 99984685
3,400 0.99983728
3,600 0. 99982771
3,800 0. 99981814
4, 000 0. 99980856
4, 200 0. 99979899
4,400 0. 99978942
4,600 0. 99977985
4, 800 0. 99977028
5, 000 0. 99976071

The control surveyor should analyze the problem of sea level
adjustment and apply it to the mean elevation of the project if all
stations are within 200 feet of the same elevation, and separately
to individual courses which depart from the mean elevation of the
project.
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Grid Reduction

The values for the grid reduction are obtained in the plane co-
ordinate projection tables by latitude in the Lambert System and by
longitude in transverse Mercator. Whether the corrections are
applied to the average of the entire survey, segments of the survey,
or to each individual course is a matter for the control survey engi-
neer to evaluate. In some cases it may be possible to use one sea
level and grid factor for the entire project. In this case the two can
be multiplied together into one multiplication constant for the job.

In summarizing distance reductions the following method is
suggested:

Step Taped Distance Electronic Distance

Vertical angle Usually does not 1. Correct for index error.
reductions apply 2. Correct for HI difference.

3. Correct for refraction
and curvature.

4. Correct for comparison
with reciprocal angle.

(See vertical angle reduction form - - Figure 6)

HI correction Does not apply Use table for correction per
foot of HI difference.

Slope reduction

Sea level
reduction

By formula from
difference in ele-
vation for each
chain length

From table

By right triangle solution
for mean elevation distance

From table

Grid reduction Obtain from Obtain from projection
projection tables tables

(See electronic distance reduction form - - Figure 7)
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GEODIMETER DISTANCE COMPUTATIONS

In the Geodimeter, as in some of the other electronic distance
instruments, distance is determined by measuring the phased differ-
ence in the transmission of a pulsating wave. An oscilloscope could
be used for this purpose, but in this instrument the phase difference
produced by a certain frequency over a given course is measured by
means of a null meter and an electronic delay system.

The null meter will read 0 when the incoming signal is in phase
with the outgoing pulse, and by reading the calibrations on the delay
line at the null point an index of the amount of delay necessary to
bring the two signals in phase can be read. Since the exact wave
length is known, tables can be prepared translating the delay line
readings directly into meters or feet, from the station to the node of
the nearest wave. The instrument does not measure total distance,
but only this short length on three separate frequencies. Figures
8 and 9 may be helpful in following the steps in measuring.

Since it is possible only to measure the distance from the near-
est even wave length, it is necessary to compute the total number of
even wave lengths by comparison of the distance measurement on
three separate frequencies.

For simplicity and clarity in explaining the computational theory,
the three wave lengths in the Geodimeter are likened to the three
measuring rods as follows: One rod, which we call I, is 2. 5 meters.
Another, II, is 2. 493, 766 meters, or 1/400 less than I. If in meas-
uring between two points the residual distance from the last even rod
length and the station is measured, the approximate total distance is
found by multiplying the difference in the two odd measured distances
by 400, provided that the distance does not exceed 1,000 meters
(2.5 x 400 = 1,000). In 1,000 meters I will have gained a full rod
length and the marks will be even. For example, assume I is 3. 2
meters from the station and II is 4. 5 meters, the approximate dis -
tance in even rod lengths of I is (4. 5 minus 3. 2) 400 = 520 meters.
The longer the unit of measure, the greater the distance traveled
before the marks will be even. Therefore, if we measure every
other rod length by painting one side white for even, and the other
side black for odd, the unit will be 5. 0 meters for I and the system
will repeat itself every 2,000 meters or (5. 0 x 400) = 2,000.
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The measuring unit for I now is 5 meters, and we must get the
residual distance to the end station from the nearest even or full
cycle unit's white mark (see illustration). Since the measurement
is made to the nearest mark, white or black, we must designate
which mark it is as: S white and 0 black, and add one rod length
to the measured length if the designation is 0.

Again, in this example, the problem would not compute if the
residual distance to the nearest white or full cycle point were less
with rod II than rod I; hence, II minus I would be negative and it
would indicate that II would really have to be measured from the next
cycle or white mark back or add 2 rod lengths (5 meters).

The computation for approximate distance will now fit all con-
ditions and we can summarize it as follows:

Let A1 = The plus distance to the station from the nearest
rod length (odd or even) of rod I.

Let A = Same for IL

Let Li = The residual distance from the nearest white or full
cycle point of rod I.

Let L2 = The same for II, corrected to avoid a negative number
in L2 and minus Li.

Let D = Approximate distance.

* Let S = Measure from white or full cycle point.

* Let 0 = Measure from black or half cycle point.

We can express I as A13 meaning from white mark and A10
meaning from black mark (full and half cycle points).

* This is standard Geodimeter symbolization. When measuring
from a full cycle point, the null meter needle responds in the
same (S) direction as the delay line dial. When measuring from
a half cycle point, the needle responds in the opposite (0> direction.
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Step 1 Solve for Li and L 2

Case 1: Li = A18
L2 =

Case 2: Li = A10 plus 2.. 50 feet
LZ = B10 plus 2.49 feet (1/400 less than I)

Case 3: Where L2 minus Li is negative
L2 (corrected) = L2 plus 4. 99 (2 times B's length)

Step 2 Solve for approximate distance D

D = (L2 minus Li) 400 (approximate)

In the above calculation we have determined an exact distance for
each unit of measure from the last white or lull cycle mark to the end
station, but only an approximate total distance. A more exact total
distance could be calculated if we had a greater difference in the
length of rod, thereby reducing the multiplication factor. The problem
here would be that the distances A1 and A2 would repeat themselves in
a much shorter length. It is solved by introducing a third rod III and
comparing it with I for the distance in even rod lengths. Add the plus
difference to the even rod length distance to obtain the total distance.

We add a third rod III which is 2. 380952 meters or 1/21 less
than I. The plus distance for I is determined and L3 is computed in
the same manner as L2. Since III measures 1/21 less distance each
length, the total distance can be approximately found as in the corn-
parison with land II by the calculation D = (L3 minus Li) 21.

Unfortunately, the differences between the lengths of I and III are
so great that we can only determine total distance in even lengths for
III if it is less than 100 meters (21 x 2. 38 x Z = 100), and the numbers
will repeat themselves at 100-meter intervals. This problem is over-
come as follows:

1. Use the calculation of I and II to determine the distance in
even rod 1ength 'to the nearest 100 meters after subtracting the value
obtained from I and III.

2. Add value for I and III rounded off to the nearest 5 meters.
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The result of this calculation gives the total distance measured
by rod I in even white marks or cycles which we call D'. The exact
distance as determined by I is then computed by adding Li to distance
in even 5-meter lengths as computed above.

A check of this distance can now be made by adding L2 and L3,
respectively, to the distance in double rod lengths or full cycles for
II and III. For every 2. 5 meters measured by I, II measures
2.493766 meters and III measures 2,380952 meters or 1/400 and
l/Zl less respectively. The D2 distance for II (the total distance
in double rod lengths) is 1/400 less than for I and for III the D3 dis-
tance is 1/21 less than for I over the nearest 100 meters (III will
have measured the sax-ne distance as I at each 100 meters, but with
one extra length). The D value for II and III can then be computed
and the lengths L2 and L3 added.

The result of the above is three separate distances measured by
rods I, II, and III. In summary of above, the measuring sticks are
used together to get the total distance of each rod in even double
lengths or full cycles. The plus residual distance from the last
even or white mark of each rod is used to get three separate total
measures of length.

The ingenius aspect of this computational system is that there
is only one possible set of mathematical conditions of Li, L2, and
L3 for one given distance. Any error, even minor, in the calibra-
tion of the units of measure or reading or of computations will cause
great differences in the final three distances, so that in a sense the
entire system proves itself.

Example '

F =1 F =11 F3=Ill

1. Single rod or 2. 500 2.493766 2. 380952

half cycle distance meters

2. Measured dis- 2. 32 m. 1. 16 m. 1. 13 m.

tance from last single
rod mark (half cycle
point)

* See Figure 10 for example and Figures 11, 12, and 13 for correction
tables.
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F =1 F =11 F3111
3. White or black S S 0

(even or odd)
S = even full cycle
0 = odd = half cycle

4. Correct for dis- 00 00 plus 2. 38
tance to last even mark
(full cycle)

4a. Correct to 00 4. 98 00
avoid neg. number in
LZ minus Li

5. Li, L2, and L3 2. 32 6. 14 3. 51

6. Rough distance of even marks =
(LZ minus Li) 400 (6. 14 minus 2.32) 400 1,528 meters

7. Distance in excess of nearest 100 meters of even marks = F
(L3 minus Li) 21 = (3. 51 minus 2. 32) 21 = 24. 99 meters

8. Distance in (7) rounded to nearest 5 meters 25. 00. Note:
Since I measured 5. 00 at each even mark, this number is correct
when rounded off. If the calculation in (7) does not come close to an
even 5, it indicates either a measurement or calculation error.

9. Subtract the distance in (8) from the rough distance in (7) and
round off to nearest hundred meters. Note: If measurements and
calculations are correct, there will be no problem as to which way
to round it off. 1, 528 minus 25 = 1, 503 = 1, 500 feet (nearest 100).

10. Add result of (8) and (9). 1,500 plus 25 = 1,525 meters.
This number (1, 525) is the exact distance in double rod lengths (full
cycle) for I and is called 0'.

11. II, in even marks, has measured 399/400 as far, or
(0. 9975 x 1,525) = 1,521. 19 meters. Since III measures 20/21 as
much as I, at every 100 meters the even mark will coincide but III
will have one length more. In the above example I and III's even
or full cycle mark will be together at 1, 500 feet, but III will fall
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behind I by 20/21 of the plus distance over 1,500 meters or
20/21 x 25 0,9523809 x 25 = 23.81 meters o.r a total of 1,523,81,

12. Now the final three distances can be calculated:

Distance in even I II iii:

double rod lengths 1,525 1,521. 19 1,523.81
(full cycle) meters meters meters

Measured plus dis-
tance of Li, L2, plus 2.32 plus 6. 14 plus 3,51
and L3 (5 above) meters meters meters

Final distances 1, 527. 32 1, 527. 33 1, 527. 32
meters meters meters

The translation of this hypothetical problem of the measuring
rods to Geodimeter computations is quite simple. One rod length
is transposed to one measuring unit. The term measuring unit rather
than wave length is used because the unit corresponding to a single
rod length (half cycle) is 1/4 the calibrated wave length and the even
or white units are 1/2 wave length. The reason for this difference
is that in the Geodimeter the signal travels twice the course distance
-- out and back. By computing in 1/2 and 1/4 wave lengths, no allow-
ance for this need be made.

Calibration for NASM - 4B 127 Geodimeter

Speed of Light at Zero Wave Length at Zero Measuring Units
on Atmospheric Correc- Atmospheric Correction (half cycle)
tion Tables

299, 700 Km/Sec. F1 10. 000 meters F1 2. 500000
meters

F2 9. 975064 meters F2 2. 493766
meters

F3 9. 523808 meters F3 2. 380952
meters

In reading the phase difference for a frequency, each of the four
points in the wave curve can be read, and a mean of the readings taken.

This would correspond to the reading of odd and even lengths. The
phase 1 reading gives the key to whether it is figuratively the white



or black (odd or even) and is determined by the direction the null
meter indicator travels in response to movement of the delay line.
Thus a reading S or 0 (as in the comparative example, even or odd)
is obtained.

One unique feature of the Geodimeter is that each reading of the
reflex station is equated against a fixed short circuit distance in the
instrument, called the calibration readings. The calibration readings
usually occur in the lower portion of the delay line dial and are sub-
tracted from the remote or reflex" readings. This eccentric di.s -
tance is again accounted for in a fixed eccentric distance added to
the final distance computation. The effect of the calibration reading
positively eliminates any error due to a slippage in the delay line
dial or changes in the electrical constants during an observation. It
also supplies a quick check of the operation of the instrument at any
time.

The only further variation from the example given is to account
for slight variations in the speed of light due to temperature and air
pressure and the adding of a fixed constant of 0. 185 meters for the
Geodimeter and a minus (0. 030) meters for the reflex units.
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Figure 1 - Geodimeter Model 4B
Manufactured by: AGA Co. , Lidingo, Sweden

Utilizes light as carrier wave modulated by
three microwave measuring frequencies.
Range, 4-6 miles. Remote station is a
prism reflex unit.



Figure 2 - Bracket of three three-prism reflex units
for Geodimeter
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Figure 3 - Latest model Tellurometer
Manufactured by: Telecommunications
Research Laboratory of the South
African Council for Scientific and
Industrial Research.
Utilizes microwave carrier modulated
by several measuring frequencies.
Remote and main station units are
similar.
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Figure 4 - Latest model Electrotape

Manufactured by Cubic Corporation,
San Diego, California

Utilizes microwave carrier modulated
by several measuring frequencies.
Remote and main station units are
similar.



A'

telescope inverted
horizon = 2700

.-1

V -
N
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telescope_direct
horizon = 900

Vertical circle directions in a theodolite.
Direct reading plus inverted reading equals twice

index error.

Comparison oblique and right triangle
distance solution

- -
Sea Level Distance

IC
Iz

jx

Distance A' -B' is at mean elevation of A and C from
right triangle solution.

Distance A-B at elevation of A from solution of
oblique triangle ABC.

The right triangle solution will not produce a theoretically
perfect solution for difference in elevation. It will be very
close to the true solution for most computations.

Figure 5

62



Figure 6

Vertical Angle Reduction
Page No.
Of

From Station To Job No.

Angle A Angle B

Station Slope D Sec. /Ft. Station Slope D Sec. /Ft.

Double Zenith Angle HE Duff. Double Zenith Angle HI Dill.

HI Corr. (±)
i-n Corr. (±)

4.25 sec. x dist. + 4.25 sec. x dist. +

Hub to Hub Angle Hub to Hub Angle Closure =

Station Slope D Sec. /Ft. Station Slope D Sec. fFt.

Double Zenith t%ngle HI Duff. Double Zenith Angle HE Dill.

HI Corr. (±) HI Corr. (±)

4.25 sec. x dist. + 4.25 sec. x dist. +

Hub to Hub Angle Hub to Hub Angle Closure =
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Figure 7

Electronic Distance Reduction

From Station To

Station Meters
. Feet

Slope
Vertical
Angle

Dist.
Function

Elev.
Function

Hor.
Dirt.

Sea Level &

Grid Fact.
Grid
Dist. Elev.
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Crystals are more stable at lower frequencies than those
used in the Geodimeter for measuring. The impulses are
therefore amplified at 'harmonics of the natural crystal
frequencies.

/

Amplifiers and
Multipliers

Crystal Oscillators

Quartz crystals are said to possess piezo-electric qualities.
When subject to a strain, they emit electrical impulses.
Coupled in a vacuum tube circuit, they will oscillate
when the circuit is tuned into resonance with the natural Dfrequency of the crystal (based largely on its physical
dimensions). The pulses generated by a crystal oscillator
are extremely stable. This stability is the basis for the /
ability of electronic distance machines to measure /accurately.

/

The light source must be modulated or caused to alternate in response to the
measuring frequencies developed by the crystal oscillators and multipliers.
This is accomplished as follows: Light source L passes through a polarizing
Screen P1, Kerr cell K and polarizing screen P2 which is oriented to pass
light only as polarized by P1. The Kerr effect is that polarized light will

1
be modified in angle of polarization when passing between two charged

--j ....electrodes immersed in a solution of nitro benzene. Thus as the Kerr cell
electrodes are alternately charged and discharged, the angle of

J'- polarization is changed accordingly. Since screen P2 is aligned
I to pass light as polarized by P1, the light beam will cut

when the cell is charged and the light beamTransmitting
pulsates in synchrony with the electricaltelescope

-...'--- impulses.

meter Photo cell Pt converts the received
light impulses back to electrical signals

'"
ss

- q/
O

4'

Delay system. This is variable electric delay. The incoming
Rsignal is not "in time" with the transmitted pulse due to the

distance traveled. When the transmitted signal is compared
with the received pulse at the null meter N, the meter will 'Reflex unit is
'null" or zero only if the two signals are in step or in - designed to
'phase'. The delay system is capable of slowing return light to
down a pulse which is in step with the trans- .-'' its source
mitted signal until it is in phase with
the received pulse.

Note: The delay line dial is mariced in even
divisions of 0.000 to 3.000, roughly corresponding
to meters of delay. Conversion tables for translating
delay line readings to exact meters of delay on the

1 three measuring frequencies are prepared by observing
.._j .7 a series of positions on a meter bar. This is an adjust-'

ment procedure which the operator should frequently
I

" canyout.
J

Receiving
telescope

FiRure 8 The Elements of Geodimpfpr Cct,,efi,
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PsOire 3 Illustranon of Ceodimeter Computations

Nez, rear esen 3 meter point

- distance in even a nct&t units. 0' L Total dictanc fl! approidmated by (L
bid of it [non

L )40-) _j
L1

Measuring Wiat since F units ía II behind F units by one part in L = 2.32

I=F1 in ApproxD'=(.L4-2.32)4O0 l,328N1
1

Ceodimeter
Fulldycle.itund example

FiilCycic
©f open b.,r

a, 00k8)OOM
-----/A

zt lOG 51cr points F1 unitsfe't
---V////A

2. 32Nf

Half CycI
2 SOIXh3OM

/
/

tad F unts issli cO:flcide since
(3.000000)20= (4.76159)4)21

cycle point at Th,s point the I sit 1(X) hI '0,1St
end of hached bir back of the station

Distance "A" is the exact distance to the nearest 100 meter point hick of the a F = thev-xact distance

station. F = D' hence 0' F = I. A "is found by subnsicting F (as corn- in eves 3 meter units between the

pured 1mm Frequency 3) from the approximate value of 0' (as computed nearest lOG meter r'oint (A) and

from Frequency 2) and mundrng off to nearest 100 meters. In extinpie the nearest 5 meter point back of

approx. 0' = 5,528 metert and F = 25 the station. Since F3 falls behind

l,S28 2S 1,503 'f F1zmefullcycleinlOOM, then
A 1,500 M (nearest 100 M) (L3 L1)21 equals the distance

Exact Value of 0' therefore = A + F = 1,500 a- 25 = I, 525M j
beyond the last lO0l'.l poinr traveled

Total distance via F1 =0' * L1 1,525 a- 2.32 = 1,527.32 M by F1. In sample problem (3.351 - 2.32)21
24.99025 (nearest L_L

Measuring unit
= jul a- 498..__.

3M)

flF2 in '""
6. 14M

Geodimeter
----------------- ---____4//7//J

Full Cycle
I

4.987532M I

Hall Cycle = _____________ 0' cannot be used tot total distance on F2 because the measuring units are smaller --I

2. 493766M by one part in 400. It must be reduced by it proportional amount before adding

(399/400)F1 L2. Therefote: 02 (total distance by F2 route) equals (399/400)0' * L2 or in

example (0. 9975) (1,525) a- 6.14 1,527.33

Total distance via F3 route can be computed from point A
L3=l. 13

Since F1 and F3 coincided at the 100 meter points and F3 will fall behind F1 uiits plus 2.35

beyond each lOOM point by the ratio of 20/21, a third total distance can be computed 3. 51M

as follows:
Measuring unit

20
03 = A a- (F) a- L3 In example 0301,500+ (.95381)25 a- 3.51 = 1,527.32

[LIcE3 in
Geodimeter
Full Cycle =

.13

4. 761st)4M
Hall Cycle
2. 380952M I

(20/21) F5
I

____-z._--

This is the light modulation point Notes On the Geodimeter, the end station and beginning station

in the Geodirneter are on same point and the signals travel out and back. To avoid
a double distance result, the computation is made in half and
quarter wave units. Thus the true wave length of F1 is reaUy
30 meters rather than 5.0 M.

Note: The residual dist-
ance me is,,red so tb'
CaiC equals L bcissio
it is measureci from a
full cycle pO,nt

Note: The residual
(distance Sn this case

is also measured
from a full cycle
point but st is
than that measured
on F1. This indicates
that F2 has fallen
more than one full
cycle bthind F1,
therefore one full
cycle must be added
to get L2.

Note: The residual
distance in this case
is measured from
half cycle point,
therefore a half cycle
distance must be added
to get L3

End Station
This is the photo tube or light sensitive
receiver on the Geodi meter



Figure 10

Gcodimeter Computations

Time on1OZ5 Geodirneter at "Barge"NASM - 4B
Time off 10:45 Reflector at "Curb"

Temp. +100 C Ceo. ecc. hgt. 4.8' Date June 3, 1963
Press. -0.1 " Geo const. + 0. 185 Observer K. Wood
Corr from Nomogram Refi. eec. Recorder D. Jarmon

Refi. const. -0.030 hgt. 5.1' Visibility goodx fair__poor____
Atm, corr. + 0.024 Dip 3
Sum of corr. + 0. 179 Type of refl. prism reflex

F F F1 2 31-'flase L Sf0 K sf0 U sb K sf0 U 5/0 K sf0

1 0.445 s 2.660 s 0.435 s 1.750 s 0.910 s 1.612 o
2 0.440 o 2.670 o 0.440 o 1.740 o 0.510 o 1.612 s
3 0.430 s 2.680 s 0.425 s 1.760 s 0.495 s 1.600 o
4 0.430 o 2.660 a 0.425 o 1.750 o 0.495 o 1.600 s

Sum of 2 & 3 0.875 5.320 0.860 3.500 1.005 3.212
Sum of 1 & 4 0.870 5.350 0.865 3.500 1.005 3.212Totalsum 1.745 10.670 1.725 7.000 2.010 6.424Mean 0.436 s 2.668 s 0.431 s 1.750 s 0.502 s 1.606 a

Mean, Meters 0.504 s 2.824 s 0.497 s 1.660 S 0.386 S 1.516 0

(2.50) (2.49) (2.38)(ifneg.addU
and change s to o

2.320 s 1.163 S 1.130 aorotos
)

lfSooros (2.50) (2.49) (2.38)add U 2.320 1.163 3.510

A = L2 L1

B=L -L
3 1 Ii2.320Iifneg. add2U

Diff. between
A .400 -B21

A400 1,529
-B21 25

1,504
nearest hundreds
E = 1,500

D' = E + F D' = 1,525 meters

= D' + L1

= D' + L2 - K2

1)3 = 1)' + L3 K3

K2 = D' 0.0024936

K3=F'. 0.0476192

L2 = 6.143

2.320

A = 3.823
A 400 1,529 meters

D'=1,525 D'=1,525 D'=1,525
+L1=2.320 +L2=6.143 +L3=3.510

1,527.320 1,531.143 1,528.510

-K2 3.803 -K3 1.190

1,527.340 D3 =1,527.320

Distance in feet = (D) 3.280840
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IL3 3.5101

-L 2.320
1

B =1.190
+W21 = 24.99
nearest multiple
of5 F=25

Mean D1D2D3 = 1,527.326

+n.2000 =

Distance D = 1,527.326

Sum of corr. = + .179

Corr Slope = 1,527.505



Figure 11

Calibration Tables for NASM-4B - 127
(Surveyors Service Co.

Nominal frequencies Unit lengths at -6°C/760 mm Hg

F1 29. 970. 000 kc/s U1 2. 500. 000 meters
F2 30. 044. 920 kc/s U2 2. 493. 766 meters
F3 31. 468. 500 kc/s U3 2. 380. 952 meters

Constant: 4-0. 185 meter

DELAY LINE DATA
F1 - F2

Div. 0 diff. 100 diff. 200 dill.

0 - 1.070 1.925
- 7.0 12.0

10 0. 035 1. 140 2. 045
20 0. 165

13.0 1. 215
7.5 2. 180

13.5
14.0 7.5 13.5

30 0.305 1.290 2.315
15.0 7.5 14.0

40 0.455 1.365 2.455
13.5 7.5 14.5

50 0. 590 1. 440 2. 600
11.5 8.5 13.5

60 0. 705 1. 525 2. 735

70 0.810 10.5 1.610 8.5 2.865 13.0
9.0 10.0 12.5

80 0. 900 9.0 1. 710 10.0 2. 990 11.5
90 0. 990 1. 810 3. 105

8.0 11.5

F3

0 - 0.740 2.095
10.0 12.0

10 0.030 0.840 2.215
10.0 10.5 11.0

20 0. 130 0. 945 2. 325

30 0.225 9.5 1.065 12.0 2.420 9.5
8.5 13.5 9.0

40 0.310 1.200 2.510
7.5 14.0 7.5

50 0. 385 7.0 1. 340 16.5 2. 585 7.0
60 0.455 6.5 1.505 16.5 2.655 7.0
70 0.520 7.0 1.670 15.0

2.725 6.5
80 0. 590 1. 820 2. 790

90 0.660
7.0 1.960

14.0 2.860
7.0

8.0 13.5
March 14, 1961
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Figure 12

Atmospheric Correction Factors

K2 = 0.0024936 for every 5 meters up to 1,995 meters

0 1 2 3 4 5 6 7 9 10 II 12 13 14 15 16 17 18 19
00 0.000 0.249 0.499 0.749 0.997 1.247 1.496 1.746 1.995 2.244 ?..494 2.743 2.992 3.242 3.491 3.740 3.990 4.239 4.493 4.738 00 0.000 105 0.013 0.262 0.511 0.761 1.010 1.259 1.509 1.758 2.007 2.257 2.506 2.755 3.005 3.254 3.504 3.753 4.002 4.252 4.501 4.750 05 0.23810 0.025 0.274 0.524 0.773 1.022 1.272 1.521 1.770 2.020 2.269 2.519 2.769 3.017 3.267 3.516 3.765 4.015 4.264 4.513 4.763 10 0.47615 0.037 0.287 0.536 0.795 1.035 1.294 1.534 1.793 2.032 2.292 2.531 2.790 3.030 3.279 3.529 3.778 4.027 4.277 4.526 4.775 15 0.71420 0.050 0.299 0.549 0.799 1.047 1.297 1.546 1.795 2.045 2.294 2.543 2.793 3.042 3.292 3.541 3.790 4.040 4.289 4.538 4.789 20 0.952

25 0.062 0.312 0.561 0.910 1.060 1.309 1.559 1.308 2.057 2.307 2.556 2.805 3.055 3.304 3.553 3.303 4.052 4.301 4.551 4.800 25 1.19030 0.07 0.324 0.574 0.923 1.072 1.322 1.571 1.820 2.070 2.319 2.569 2.818 3.067 3.316 3.566 3.915 4.065 4.314 4.563 4.813 30 1.42935 0.097 0.337 0.536 0.935 1.085 1.334 1.593 1.933 2.082 2.332 2.591 2.930 3.090 3.329 3.379 3.923 4.077 4.326 4.576 4.825 35 1.66740 0.100 0.349 0.598 0.949 1.097 1.347 1.596 1.945 2.095 2.344 2.593 2.943 3.092 3.341 3.591 3.840 4.090 4.339 4.598 4.938 40 1.90545 0.1 12 0.362 0.611 0.960 1.110 1.360 1.609 1.859 2.107 2.357 2.606 2.955 3.105 3.354 3.603 3.353 4.102 4.351 4.601 4.350 45 2.143

50 0.125 0.374 0.623 0.373 1.122 1.371 1.621 1.370 2.120 2.369 2.613 2.369 3.117 3.366 3.616 3.965 4.114 4.364 4.613 4.963 50 2.38155 0.137 0.387 0.636 0.835 1.135 1.394 1.633 1.893 2.132 2.381 2.631 2.890 3.129 3.379 3.629 3.878 4.127 4.376 4.626 4.875 55 2.61960 0.150 0.399 0.648 0.893 1.147 1.396 1.646 1.895 2.145 2.394 2.643 2.993 3.142 3.391 3.641 3.890 4.139 4.399 4.638 4.987 60 2.85765 0.162 0.411 0.661 0.910 1.160 1.409 1.658 1.903 2.157 2.406 2.656 2.905 3.154 3.404 3.653 3.902 4.152 4.401 4.651 4.900 65 3.09570 0.175 0.424 0.673 0.923 1.172 1.421 1.671 1.920 2.169 2.419 2.669 2.918 3.167 3.416 3.666 3.915 4.164 4.414 4.663 4.912 70 3.333

75 0.187 0.436 0.686 0. 935 1.184 1.434 1.683 1.933 2.182 2.431 2.681 2.930 3.179 3.429 3.678 3.927 4.177 4.426 4.676 4.925 75 3.57130 0.199 0.449 0.693 0.949 1.197 1.446 1.696 1.945 2.194 2.444 2.693 2.942 3.1 9Z 3.441 3.691 3.940 4.199 4.439 4.688 4.937 80 3.91095 0.212 0.461 0.711 0.960 1.209 1.459 1.709 1.957 2.207 2.456 2.70E 2.955 3.204 3.454 3.703 3.952 4.202 4.451 4.700 4.950 35 4.048
90 0.224 0.474 0.723 0.973 1.222 1.471 1.721 1.970 2.219 2.469 2.718 2.967 3.217 3.466 3.715 3.965 4.214 4.464 4.713 4.962 90 4.286
95 0.237 0.496 0.736 0.935 1.234 1.434 1.733 1.932 2.232 2.431 2.730 2.930 3.229 3.479 3.723 3.977 4.227 4.476 4.725 4.975 95 4.524

K3 = F 0.0476192 for every 5 meters up to 95 meters



Figure 13

Temperature Correction Pressure
°C °F parts in 106 inches Hg mm Hg

+ 40 620
+ 100

+ 90
+35 630

+90 25

+30 + 80 640

+80 650

+25 + 70 66026

+20 + 70
+ 60 670

680
60

+ is + 50 27
690

+10 +50 + 40 700

28 710
+ +40 + 30

720

+ 0 + 730
- +30

29 740
+ 10

- 5 750+20
± 0

30 760
- 10

+10 10 770

_is - 20 780

± 0
31 790

- 30
-20 800

- 40 810
-10 32

-25 - 50 820

830
- 60

- 20 33 840-30
- 70

850
- 80 860-35 -30 34
- 90 870

- 100 880
-40 -40 885

Nomogram for the atmospheric correction (t
0

-6°C, p = 760 mm
0

Hg).

Ex: t = +18°C, p = 785 mm Hg, corr. = + 16 lo_6. distance.
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DISCUSSION

Meade: I might give you a few remarks on the work of the Coast and
Geodetic Survey with electronic distance measuring instruments.
We have been making elaborate tests in Florida with the Geodimeter,
Tellurometer, and Electrotape to evaluate the accuracy of the vari-
ous instruments. In measuring lines 8 to 12 miles long with a Model
2 Geodimeter and the Model 4D, we have checks never differing by
more than two centimeters. This is the accuracy between the two
instruments, plus or minus two centimeters. We know from pre-
vious tests we have made that we can always rely on these measure-
ments to be this accurate. Of course, as Mr. Wood pointed out,
your atmospheric conditions enter the picture, and, of course,
Florida is an ideal area where your variation in temperature along
the line is not too great. Theoretically, you should have an inte-
grated temperature over the line you are measuring. And if you are
in mountainous areas, this can be critical. If you are measuring
over a valley, the temperature over the line might vary several
degrees from the temperature you would record at each end of the
line. Now, one degree temperature will change your results by one
part in a million. And 1/10 of an inch pressure will change the results
by one part in a million. The humidity has very little if any effect
on the Geodimeter measurement, but it does have an appreciable
effect on the Electrotape and Tellurometer measurements.

I shall go over just briefly a few of the measurements we have
been doing in Florida. We are establishing traverse surveys. You
might calithem elongated diamond-shaped figures of the type where
the short distances are on the order of 25 to 50 meters. These short
distances are accurately taped. In other words, we're just making
an eccentric setup to check the measurements. The two distances
are measured on one night with a Model 2 and a Model 4 Geodimeter.
On the next night we would transfer the instruments to the other long
line. Agreement over the measurements must not differ by more than
2-1/2 centimeters (approximately 1 inch); otherwise we would make
another run. These lines range anywhere from 8 to 12 miles. In
addition to having the measurements checked with two different instru-
ments, we can also project one distance onto the other when all the
angles and the short distances have been measured. Generally the
projected values check each other within 1 to 1-1/2 centimeters.
Eventually this type of traverse will span the United States, we hope,
at spacing of two to three hundred miles east-west and the same
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spacing north-south. We're measuring astronomic positions and
azimuths at each of the single points. So there is no question about
the accuracy we're obtaining provided we can control, or know
what the atmospheric conditions are. This type of traverse has been
completed from Cape Kennedy south about 200 miles and also to the
north for about 200 miles, and we think we have points located along
this traverse accurate to one part in a million. Of course, when
they get into the mountainous areas of the West this would be a
different picture. Several lines in these areas have also been re-
measured with the Tellurometer and the Electrotape. We do not
get the dependability and repeatability with these instruments as
we do with the Geodimeter. Several of these lines were measured
two to three months apart with the Model 4 instrument and the maxi-
mum spread was about 5 millimeters between the measurements.
The actual spread in the measurements with the Model 4 is less
than it is with the Model 2 Geodimeter with the accuracy on the
same order.

Unknown Voice: How much power does the machine use?

Wood: This machine uses about 40 watts of power. The new 4D
machine uses about 350 watts of power.

Unknown Voice: Is the lighting in the ultraviolet? Is that why we
can't see it?

Wood: No, it's polarized light. It's a little bit on the white side. It's
got probably some ultraviolet rays. It's in the upper end of the
spectrum.

Unknown Voice: To what extent would rain and fog affect the meas-
urement?

Wood: If the fog gets too thick it cuts you out. You've got to get a
light signal and you've got to be pointed right on. As a matter of fact,
there is a possibility some day somebody will develop an electronic
angle instrument because you can actually tell seconds electronically
with this machine. You have an optical telescope with about a 40
power scope to point with.

Unknown Voice: Is that machine battery powered?
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Wood: Yes. This machine is designed to run on 110 A. C. 60 cycle
A. C. voltage so we're running it right off the line in the college.
In field use I generally use a battery with an inverter which kicks
up 110 A. C. into the power pack.

McCornack: In practical use, how close do you operate?

Wood: You mean what shortest distance? Well, of course economics
come into it. I have shot as small as 50 feet when I'm on a station
that's in say a main traverse and I want to cut a position off on
another station. It's very easy to set up a tripod and cut another
one in once you're set up. But normally, if you have good chaining
and your distances are say 50 or 100 feet, it would probably be un-
economical to use this type of equipment. If you're across a deep
canyon where you can't get good accuracy with a chain, this would
obviously be the answer.

Unknown Voice: How does the influence of rainy weather affect the
equipment?

Wood: The only thing that stops me in rain is when it gets so rainy
that I'm afraid I'll damage the electronic equipment. The electronic
parts, as you see, are up in the top section, and there is a water-
proof steel cover that goes over the top, so that in normal use you
don't get any actual water into the electronic system.

Cunningham: You said that the system is self-checking. Now would
that be a normal procedure that these calculations would be self-
checking or could a man leave these out and give you two different
answers on two different nights?

Wood: Well, I don't quite get the last part of your question on "two
different answers on two different nights.

Cunningham: I've hired a piece of equipment like this to do work. I
got the answer and I didn't like it, so he came back another night and
ran the same course with a different answer which came closer to
agreeing with the major base.

Wood: I can't really understand that because we've had pretty good
repeatability, and I have never had great variations from night to
night. I don't know what your measuring accuracies were. I can't
really answer you because I didn't see the set of readings. Usually
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you can interpret from the set of readings whether they're good or
not by several tests that you can make on them to determine whether
they are within reason or not.

Clifton: How long does it take to set up?

Wood: Under average circumstances, if you are on a "jeep" station,
I would guess safely 15 minutes to set up and have the machine
warmed and start reading.

Tanielian: What are the possibilities of the use of the laser beam for
measuring distances?

Wood: That is a very interesting subject to me and there was a paper
given last week at the A. C. S. M. meeting in Washington, D. C. , on

that subject. Unfortunately, I had to be over at another office building
in Washington at the time and I didn't get a chance to hear it but I'm
anxious to read it. It will probably be published in the American
Congress of Surveying and Mapping magazine when they publish the
papers from the annual meeting.
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MEASUREMENT THEORY AND THE ENGINEER

J. E. Colcord

In order to give the proper perspective to any discussion in
surveying education, we might do well to look at trends in this area.
One recent reference found in Surveying and Mapping (September 1963)
is a panel discussion entitled "The Development of Special Schools for
Teaching Surveying or the Enlargement of Surveying Programs in
Selected Universities. " The panel was moderated by John Eichler
of Georgia Institute of Technology and included: Ken Curtis of
Purdue University; Carl Meyer of Worcester Polytechnic Institute;
Bob Turpin of University of Texas; and Sumner Irish of Princeton
University. In the discussion Professor Curtis points out the tradi-
tion of surveying in civil engineering and the rapid technological
advances in all areas in civil engineering. These advances and the
Grinter Report's influence on emphasis in humanities have resulted
in a decrease in hours of surveying. In general, the reduction comes
at a time paralleling equally rapid advances in our field, thus causing
us compounded frustration. He feels a strong need for a separate
surveying curriculum within engineering.

Professor Meyer points out the joint partnership of civil engi-
neering and surveying as "surveying is the essential element that
permits tying design to the terrain. " He also points out the emphasis
on science-orientation due to ECPD accreditation. He further states
that if we are no longer teaching ENGINEERING, then logically there
should be no surveying, but the job of the civil engineer must con-
tinue as long as there are people. He, however, accepts Professor
Milton Schmidt's statement that "Civil engineering is the wrong place
for professional training in surveying, " provided the words "for a
career service" are added. In addition, he outlines a type of survey-
ing program within the civil engineering curricula that "should be
part of the program. " In essence it includes:

1. Instruments, geometry of lines and volumes.

2. Common field operations for above.
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3. Study computations for above.

4. Study some aspects of photogramrnetry.

5. Introduce new automated electronic developments.

6. "Cover all the foregoing with emphasis on attainment of
great skill"; at the same time "give the time formerly taken on
repetitive work to a study of errors.

7. Refer to surveying use in actual practice.

8. Enlarge references to surveying in other courses.

9. Make available a large block of time devoted exclusively
to a surveying project. I would point out that his time estimates
are not included nor is his depth of coverage.

Professor Turpin defines surveying as "the sciences and art of
making measurements to determine the shape, contour, position or
dimension of the earth's surface, " and notes current programs do not
permit enough training to produce a professional surveyor. He feels
that we must give surveying the status of a recognized program and
take action in this direction. The important thing according to
Professor Turpin is one of recognition, not administration. To
attain the desired effect, the University of Texas has instituted
options, including one in surveying, within its civil engineering pro-
g r a rn.

Finally, Professor Irish would concentrate on surveying as
itself, not as a supporting role. He, however, would envision differ-
ent emphasis within the field at various schools, depending on the
strength of their programs in supporting areas. He also reminds us
that civil engineering is "engineered construction" and of a different
philosophy from surveying education.

Gentlemen, these comments condense approximately to the
following:

1. Surveying, as such, has been reduced in hours.

2. Surveying instruction is needed for civil engineers - - but
how much?
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3. Surveying can be offered as:

a. A separate science such as currently given at Ohio
State University.

b. Part of civil engineering.

i. Required such as at Worcester Polytechnic Insti-
tute.

ii. Optional or elective such as at University of Texas,

c. A separate branch of engineering such as given at the
University of New Brunswick.

One more recent reference which seems sufficient to give us a
better discussion background is found in Professor Milton Schmidt's
paper in the S and M Division Journal of February 1963. He con-
cludes that a decline in surveying is inevitable, with virtual elimina-
tion by 1965. He hopes a surveying specialist (not a registered land
surveyor) will be produced in a four-year program including some
common elements with civil engineering, but with only enough for
professional identification. And he feels that if "measurements" is
taught in civil engineering it should not be in a vacuum, but related
to present engineering practice.

Now let us try to bring these sometimes divergent views together
and look at them in a realistic manner. First: Does a decrease in
hours mean a decrease in effectiveness of teaching surveying? I
will claim that it does not, up to a point, if we really mean University
level instruction, not just mechanical proficiency in doing some spe-
cific operation. I believe if we plant an idea and give it proper envi-
ronment, it will grow successfully to flower when called upon after
a bit of cultivation by self study. Second: Must we keep surveying
within an engineering framework? Yes, I believe that to assist in
professional licensing and recognition with other associated areas,this is essential. Third: How much surveying? We must, if sur-
veying is to be within civil engineering, remember we are training
a civil engineer who at commencement has a limited but adequate
background in all areas of civil engineering - - each one as important
as the next in an overall sense. Thus, until I see student demand,
educational funds, and professional job opportunities to warrant a
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degree in surveying, we must do the best job possible with our
alloted time in this overflowing curricula of civil engineering.

Within these answers, then, lies my goal in preparation of the
Geometronics Area. course in the revised civil engineering curric-
ulum at the University of Washington. I am mindful of the "wrongs"
cited by Carl Aslakson in "Education Requirements in Surveying
and Geodesy, " as shown in the Journal of S and M Div. , ASCE,
Vol. 89, No. SU1, p. 53; in fact, this is required reading for our
students. I also recognize other engineering failures have occurred
in all aspects of civil engineering -- some very spectacular ones
in the state of Washington.

Let us take the changes in the teaching of surveying, using my
own case as an example. My first real teaching in surveying was at
the University of Minnesota in the late 40's. At that time a civil
engineering student took the following quarter credits in surveying:

6 hours in the sophomore year; 7 hours in the junior year;
and had available 5 hours elective in his senior year, plus
a required summer camp for 6 hours credit.

However, many more ideas were covered in the 19+ hours --
actually, essentially the same basic material was given at the Uni-
versity of Washington in six hours in 1950; however, not in such
detail or with such mastery of the physical operations. By 1960 we
had added much sophistication and more real thinking in still only
six hours. I must admit, however, that our students are not as
competent to go directly into field work upon graduation - - UNLESS
they have had summer jobs in surveying. However, we must consider
the true purpose of a university education before we complain about

short term inadequacies. I thus must conclude that reduction of
hours is not, in itself, the critical problem. It is really the ability
to use the hours available effectively and to have teachers who have

a good solid theoretical and professional background.

Now let us look at the new curriculum (Figure 1) at the Univer-
sity of Washington. Look not at credit hours, but at the total philos-
ophy and potential for civil engineering.

First, you will have noted with horror - - no surveying But let
us go to the freshman year and note in addition to the usual courses
in drafting and problems we have a new tool -- GE 115, Introduction



Figure 1

University of Washington Civil Engineering Curricuim 1963 -64*

Freshman Sophomore

GE 100 Orientation (1) CE 292 Mechanics of Materials 1 (3)
GE 101 Graphics (3) Phys 122 General Physics (4)
GE 111 Problems (3) Math 126 Calculus with Analytical
Chem 140 General (3) Geometry (5)
Math 105 Algebra (5) CE 201 Civil Engineering Projects I (2)

HSS 265 Technology of Communica-
GE 102 Graphics (2)
GE 112 Statics (3)
Chem 150 General (3)
Chem 151 Lab (2)
Math 124 Analytical Geometry and Calculus (5)

GE 103 Applied Descriptive Geometry (3)
GE 115 Introduction to Digital Computers (2)

tions (3)

CE 293 Mechanics of Materials II (3)
Phys 123 General Physics (4)
Math 221 Differential Equations (3)
CE 202 Civil Engineering ProjectsU (3)
Geol 310 Geology for Engineers (41

CE 291 Dynamics (3)
Chem 160 General (3) Mati E.250 Materials Science (4)
Phys 121 General Physics (4) Math 391 Elementary Probability (3)
Math 125 Analytical Geometry and Calculus (5) CE 216 Geometronics (4)

HSS 270 Report Writing (2)

Junior Senior

CE 380 Basic Structures (2) CE 483 Structural Design I (3)
CE 363 Construction Materials I (3) CE 446 Hydraulic Engineering (3)
ME 323 Thermodynamics (4) CE 451 Sanitary Engineering II (5)
EE 303 Elements of Electrical Engineering (5) CE 466 Soil Mechanics (3)
HSS 331 Origin Western Cultural Institution (3) HSS 491 Literary Heritage of the

Western World I (3)
CE 381 Structural Analysis I (3)
CE 364 Construction Materials II (3) CE 484 Structural Design II (3)
CE 342 Fluid Mechanics I (4) CE 421 Transportation Engineering II (3)
CE 320 Transportation Engineering I (4) CE Elective (6)
HSS 332 Development Western Cultural HSS 492 Literary Heritage of the

Institutions (3) Western World 0 (3)

CE 382 Structural Analysis Ii (3) Bus Law 307 Business Law (3)
CE 350 Sanitary Engineering I (3) HR 365 Human Behavior in Organiza -
CE 345 Fluid Mechanics II (3) lions (3)
Econ 211 General Economics (3) CE Elective (6)
TISS 333 Contemporary Political and Socio- HSS 493 Literary Heritage of the

logical Problems (3 Western World UI (3

* Underlined courses indicate those applicable to the surveying program
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to Digital Computers. This course is designed to give the student
the ability to do simple Fortran programming and, more important,
the ability to really understand the problem and its limitations.
This understanding is necessary to logically write specifics into a
general solution. He will also be aware of the potential of electronic
computation when and if needed. This course is needed background
material for logical solution of many surveying computations.

Next, I would ask you to look at the sophomore year. In the
first two quarters, we have a new sequence of courses, Civil Engi-
neering Projects (CE 201, 202). These are "lead in" courses to
the civil engineering profession and attempt a realization of total
coverage in design considerations at the preliminary planning level.
The official catalog descriptions run: "Economic, soci.o-political
and planning considerations in the conception and design of public
works" and "Layout, site location, and preliminary design of a
comprehensive project including components from hydraulic, sani-
tary, structural, and transportation engineering. Needless to
say, maps form a major backbone of such courses and, in the
surveying field, we should be able to capitalize on this obvious need

and interest.

In the third quarter of the sophomore year is the surveying
course - - Geometronics. Note, however, by this time the student
has attained good background in mathematics through differential
equations. Probability is a concurrent prerequisite. We hope to
really use the background in our equation development, especially
in application of error theory.

The outline and references for this course are shown in Figure 2.



Figure 2

CE 216 Geometronics (4 Cr. ) Tentative Outline

Introduction to geodetic and photogrammetric concepts and
their application in Engineering Surveys. Errors. Measurement
of position with modern techniques including use of tachymetric,
optical and electronic instruments. Reduction to plane coordi-
nates and analysis of measurements. Preq: Math 391 (conc. ),
CE 202

Text: "Surveying for Civil Engineers" Kissam, McGraw-Hill

Period Subject

1. Introduction to geometronics and concepts of geodesy
Precision vs accuracy and order of work

2. Movie "Shape of the Earth" and discussion
3,L Problems of reconnaissance for control. Point selection

criteria. Lab problem on Map Reconnaissance including
sight lines for triangulation or trilateration

4. Theory of errors, types, criteria for detection of systematic
errors

5. Gaussian theory of error and application
6. Cumulation and combination of errors
7.L Laboratory problem on errors: Standard error, histogram,

check for systematic errors. Design of phase of survey by
error criteria

8. Surveying Instrumentation. Movie "Paving the Way to Pro-
gress" -- Wild

9. The theodolite - - its function, design and care
10. Direction and angle measurement techniques
11.L Movie "Last Word in Surveying Instruments" -- Wild

Field Adjustment Lab
12. Tachymetric instruments, principles and design
13. Stadia and stadia reduction
14. Subtense bar, accuracies, field techniques
15.L Field optical distance measurement, calculation of accuracies

and error distance relation
16. Surveys for topographic mapping data, plane table
17. Direct distance measurement, tapes
18. Tape corrections



l9.L Field Tape Standardization and Course Measurement Labora-
tory

20. Techniques and considerations in tape traverse
21. Traverse computations on the plane, programming
22. Coordinate translation, rotation, scale; transformation
23.L Laboratory problem on coordinate computation and error

analysis, plotting, use of program, design of technique
24. State plane coordinate systems, Washington coordinate

system
25, Geodetic sections, intersection, resection and their use in

coordinate location; 4 point field problem
26. The level surface and leveling methods
27.L Leveling Field Laboratory, Determination of C, running a

closed loop
28. Use of least squares in level net adjustment, conditions
29. Allowable closures, design of circuits
30. Level net problem
31.L Introduction to photogrammetry, stereoscopy, laboratory use

of stereoscope and photo marking
32. The vertical photograph and projective relations, scale
33. Elementary design of flight lines and control
34. Radial plotting ideas and concept of parallax
35.L Parallax and relief displacement in height determination,

laboratory on height calculation
36. Introduction to types of stereo plotting instruments and compar-

ators; accuracies and attainments
37. Control requirements for photogrammetry
38. Principles of electronic distance measurement
39. L Film on (Geodimeter/Electrotape/ Tellurometer)

Field demonstration on EDM equipment
40. Future developments and possible areas of further courses.

The geometronics elective and graduate program

References: As assigned in addition to the text assignments

Recent journals such as:
Photogrammetric Engineering
Surveying and Mapping
Surveying and Mapping Division ASCE
American Geophysical Union
Canadian Surveyor



Library RESERVE BOOK LIST

ACIC, Geodesy for Laymen
Bomford, Geodesy
Clark, D, , Plane and Geodetic Surveying, Vols. I, II
Hallert, Photogrammetry
Heiskanen, The Earth and its Gravity Field
Laurila, Electronic Surveying and Mapping
Rainsford, Survey Adjustment and Least Squares
Schwidefsky, An Outline of Photogrammetry
Zeller, Text Book of Photogrammetry

The specific details are too numerous to mention at this time,
but any discussion of the outline will be welcomed. You must realize
that this is a theoretically oriented course. It will lead from the
general to the specific - from geodetic and error considerations
to plane surveying techniques. Many derivations will be expected
to be the answer to "why it is done this way" and to still allow an
open mind if "practice" can be improved on. The problem emphasis
is on errors and design. You may note the absence of field work in
the usual sense. This is because:

1. We feel this is not really appropriate use of the students'
valuable University time;

2. We hope to develop a work program (almost as at North-
eastern University but informal) to give our students more training
in surveying, inspection, drafting, and other requirements to
supplement the University education;

3. We have a non-credit, nonrequired week of practical sur-
veying planned for the end of the freshman year for those students
without any field experience. We also will have a series of volun-
tary "Saturday labs" using senior students as "instructors' under
our guidance for those who wish practice; and finally,

4. Instruments and faculty are always available for student
self-practice - - this idea will be "encouraged.



Geometronics is the only required surveying course for a civil
engineer (i. e. , four credits in CE 216 or only 2 percent of the total),;
however, let us analyze the civil engineering courses and ASCE
Technical Division.

Figure 3

Comparison of University of Washington Curriculum
with ASCE Technical Division Enrollment

Sanitary
Structural
Hydraulic
Highways
Soils
Surveying
Other (Projects,

Materials, etc. )
Electives

CE Credits* % of Civil ASCE Technical
Required Courses Division Enrollment** %

8 12 7

14 22 23

6 9 9

7 11 10

3 5 12

4 6 3

11 17
12 18

65

*Courses required for all engineers are not counted, i. e. , CE 292
Mechanics of Materials, etc.

*ASCE Annual Report 1963



We must agree, I believe, that this is a reasonable distribution for
a B, S. in civil engineering. Note the 18 percent figure for techni-.
cal electives - - these may be taken in any or one area and thus
constitute an option or general broadening depending on the student's
current interest. In Geometronics, we offer the undergraduate
electives and graduate courses shown in Figure 4.

I feel that this total program adequately fills the first three of
the policy statements in the ASCE Board of Director's Resolution of
April 1961 on Surveying Education where the Board voted:

"... to adopt and to implement through ECPD and suitable
publicity the following policies with regard to provision for
instruction in surveying in the accreditation of Civil Engineer-
ing Curricula:

a) Civil Engineering faculties should be encouraged to
provide appropriate instruction in surveying by qualified
personnel.
b) Some of the engineering schools throughout the
country should provide an elective sequence of survey-
ing and mapping subjects that would comprise, in effect,
an undergraduate major in survey engineering (or geodetic
engineering or geometronic engineering).
c) That some engineering schools should offer graduate
degree programs in major specialties of the survey engi-
neering field, such as: land surveying, geodetic, carto-
graphic, and photogrammetric engineering.
d) That all employers of professional level surveying and
mapping personnel be encouraged to assist those schools
that are willing to establish the educational programs
listed in (b) and (c) above, by recommending promising
students for enrollment, by offering part-time employ-
ment to students, by providing funds for scholarships
and assistantships, and by employing graduates of such
programs. "

I sincerely feel that if one is really interested, he can obtain a
good background in surveying and photogrammetry at the University
of Washington - - much better than in the past. What is perhaps
more important is that he will now be in small classes of truly inter-
ested students and have an integrated program available.



Figure 4

Electives in the Geometronics Program

CE 415 Photogrammetry (3) Autumn MWF 3:30 - 5:30
Geometrical characteristics of photographs and photo-

grammetric equipment, flight planning and control consid-
erations for photogrammetric mapping, stereoscopy,
parallax measurement and computations, mosaicing, tilt
determination, consideration of accuracies and error
sources. Prerequisite: CE 216 or permission.

CE 417 Cadastral Surveys (2) Winter TTh 8:30 - 10:30
Boundaries, the system of public lands, riparian

rights, subdivision. Prerequisite: Senior standing in
CE or permission.

CE 419 Celestial Methods in Geodesy (2) Spring TTh 8:30 - 10:30
Concepts of time and the celestial sphere. Methods of

determination of time, latitude, longitude and azimuth for
geodetic purposes with emphasis on application to control
surveys. Sources of error and instrumental techniques.
Introduction to satellite observations and methods.
Prerequisite: Senior standing in CE or permission.

CE 499* Special Projects (2-5, maximum in one field 15) Arranged
Individual undergraduate research projects. Students

should register for I-I (hydraulic), M (mechanics), S (struc-
tural), W (sanitary), or T (transportation).
Prerequisite: Permis sion of Department Chairman.

CE 518 Geodesy (3) Spring MF 4:30, W 4:30 - 6:00
Introduction to problems of gravimetric and geometric

geodesy. Potential attraction, gravity observation and re-
duction. Properties of the ellipsoid and geoid and computa-
tion of geodetic position and distances.
Prerequisite: Permission.

*(a) Adjustment computations (3) for 2 quarters, (b) Stereo-photo-
grammetry (3), (c) Analytic photogrammetry (3).



CE 520 Seminar (1, maximum 6) Autumn
Students should register for H (hydraulics), M (mechan-

ics), S (structures), T (transportation), or W (sanitary).
Prerequisite: Permission.

CE 565 Airphoto Interpretation in Soil Engineering (3) Winter MF
8:30 + Conference

Use of aerial photographs for terrain evaluation in soil
mapping and material surveys, route location problems,
urban planning and engineering site locations.
Prerequisites: CE 415, Geology 310, or permission.

CE 599* Special Topics (2-5, maximum 15) Arranged
Special topics under the direction of staff members.

Students should register for H (hydraulics), M (mechanics),
S (structures), T (transportation), or W (sanitary).
Prerequisite: Instructor's permission.

CE 600 Research
Special investigation by graduate students under direc-

tion of staff members. Prerequisite: Permission.

CE 700 Thesis Prerequisite: Permission of major professor.

* (A) Adjustment computations (3) for 2 quarters, (b) Stereo-photo-
grammetry (3), (c) Analytic photogrammetry (3).

We feel we have one satisfactory solution to the problems of
education in surveying. We also feel the need for other programs.
It is obvious that there are many highly skilled technicians needed
in surveying. We do not believe that our program does or desires to
fulfill the needs in this important area. For a complete educational
coverage in the surveying field, we desperately need more programs
such as that given by Oregon Technical Institute or soon to be provided
by the British Columbia Institute of Technology. We also need solid
basic work in the junior colleges of the Northwest - - work that will
help both those students going into the profession through further
study at accredited universities and those interested in the techni-
cian's job. We need to be sure that all instruction in surveying either
at technical institutes, junior colleges, or in civil engineering depart-
ments be provided by "qualified personnel. " One way to help in this



may be through attendance at the NSF Summer Institutes in Geomet-
ronics as given at the University of Washington in 1963 and currently
at Purdue University.

I sincerely hope those of you who are concerned with surveying
at the universities in the Northwest will influence your good inter-
ested students to continue their education and obtain an advanced
degree in geometronics -- perhaps at the University of Washington,
where an M. S. program is now available, or at such schools as
Purdue University, University of Illinois, Cornell University, and
Ohio State University, where a Ph. D. program is available.

The real problems now lie mainly with us. Consequently, the
most important "solution" is offered by what we do. What really
happens depends on all of us - - on what we really want from the pro-
fession, on what we really give to the profession. The weakest link
is found in the last part of the ASCE Resolution - - "all employers
assist schools by recommending students, offering part_time employ-
ment, providing scholarship funds and employing graduates."

I believe, to solve our dilemma, we must really:

1. Look ahead and think professionally;

Z. Advertise our positive side to our clients and to future
students;

3. Become active in improving education and educational
facilities;

4. Use the educational facilities available now for research;

5. Most important, provide a total truly professional climate.

If these are done, it will help us prove we deserve a professional
curriculum of our own - - in the meantime let us make the most of
the positive assets we now possess.

DISCUSSION

Walters: I have tried for a number of years to employ college
students on field construction projects in summer time. If we could



get students that have had just a small amount of basic construction
surveying in the last quarter of their freshman year it would be of
immense value not only to the student but to the employer. I've
never been able to understand why that is shifted to so late in their
schooling.

Colcord: Well, I can answer this in two ways: (1) It's shifted as
late as possible from a faculty standpoint because if I do not put it
late, they have not had differential equations or probability. (Z) We
are supposedly starting this June for those students who are currently
freshmen and going to work for the first time, a one-week course in
basic operation of an instrument and we sincerely hope that this will
help you. Actually, the University is no place to teach things which
are better taught in the field.

Taylor: Do you know of any trade schools that give any of this prac-
tical work that is kind of diluted with too much theory in so many
places?

Colcord: I believe that there was one supposedly started in Seattle.
I do not know of its qualifications, perhaps LeRoy Middleton does.
There is no question about it in my mind that the state of Washington
is falling down in not providing such a thing. There should be five
technicians for every engineer. I think you are right in assuming
there should be some trade schools. The State Highway Department
in Washington has, for the last two summers now, had a course in
this sort of thing in highway surveying taught by university profes-
sors. I am quite sure that they are very satisfied with this. So the
state is doing something about it and the private firms are going to
have to do this, and I think you're right in saying that the state, or
some organization of the state, should be responsible for this thing.
I don't happen to think it's a function of the University. In Oregon
you have a very fine school, Oregon Technical Institute, and I
think you will also find that British Columbia has started a new
school along the lines of 0. T. I.

Hartman: Do you think that in the future there will be more of the
tendency of the licensing organizations to restrict the practice of
land surveying to people who have the background in surveying and
not just let any registered engineer do it?



Colcord: In the state of Washington, the land surveying examination
is now two days. Mr. Shane, who is sort of administering this
examination, is calling on the registered land surveyors through the
Land Surveyors Association of Washington to assist in making exam-
inations, and I can assure you that eventually the examinations will
come to such a point that you will have to be good at Lambert coor-
dinates, factors, etc. , and know them thoroughly, both theoretical
considerations and practice, before you become a registered land
surveyor. At least in the state of Washington, I think you have to be
a land surveyor and civil engineer for all practical purposes. As
I read the law, just a land surveyor can't do this job, and just a civil
engineer can't do this job - - he has to be both. And there is no reason
as far as I'm concerned why you shouldn't be educated in both.

Unknown Voice: You have to have separate licenses in both in Washing
ton?

Colcord: Yes. In Washington we have two separate licenses, but
honestly, if you read the law, I don't see how an individual can prac-
tice a complete surveying job just being a land surveyor - - legally,
or ethically, or morally, or what-have-you. So I think, quite frankly,
the profession - - if it is a profession -- will require eventually a
college degree whether you like it or not.

Quiner: I noted you have no reference to either the legal part of
surveying or engineering in your outline nor do you have any refer-
ence to ethics, and I wondered if such is included?

Colcord: In the elective sequence we certainly have the land surveying
cadastral surveys which would be legal, a large majority of it, but in
the required curriculum for our civil engineering graduates, there is
no real mention of the legal aspects of surveying. This is perhaps a
mistake, but you can't do everything. Ethics are important and we
sincerely hope that things like Projects 201 and 202 bring out a lot
of this.

Unknown Voice: This course of yours would seem to, by today's
standards, produce a sort of supersurveyor. In what kind of job posi-
tions would you expect them to be employed?

Colcord: Well, I hope he is a supersurveyor in a way. I hope that
this person who would graduate from here understands what he can do
and what he cannot do. The employment of the person is up to him.



All civil engineering graduates do not go into a specific field. They
go into city management, they go into structural engineering, they
go into hydraulic engineering, and we sincerely hope that they do
well in all these fields. And I honestly think the same is true in
surveying. I hope he's a better trained surveyor than I was, and I
hope he gets his practice just as soon as he can. But all I can say
is that the University does not do this, he is not really a super-
surveyor as such, he's just an adequate one, now, for the standards
today.

Pense: What is meant by a gravimetric survey?

Colcord: Somebody defined surveying as interest in the earth, its
size and shape, inside and outside, etc. Among other of the factors
that are normally put to a geodesist is the value of gravity. You
normally use 32. 2, which is not correct as it varies all around.
Individuals working with gravimetric work would presumably measure
values of gravity, thereby defining a potential field which can then
be translated into the deflection of the vertical.

Unknown Voice: Do you not think that the problem of ethics in pro-
fessional conduct will become the domain more of the professional
societies when a man goes out in a practice and meets with his fellow
man?

Colcord: I believe in God, mother, and ethics. I also believe in
professional societies as part of an individual's professional standing.

Thompson: When a student graduates, presuming he has taken all of
these electives that have to do with surveying, just what is he going
to be qualified to do?

Colcord: He is qualified at the four-year period for commencement.
My understanding of the word "commencement" means beginning. At
this particular time he is then qualified to begin his professional
practice and I think he has some fundamentals from which he can start
learning. He probably is not qualified to do anything for money; but
he is potentially qualified within a short time to learn, and you people
have got to accept this.

Clausen: I noticed in your proposed curriculum that there were not
too many hours in any term. Is this considered a light load?
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Colcord: It runs 17 hours a term and if you add Naval Science to
this, you get up to a considerable load. If I had my own little
foundation to start my own engineering school, I'd have a different
curriculum and I'd have five years.

Mealey: I'm not quite clear on just exactly what your graduate is
when he gets through. Is he a surveyor or is he an engineer, or is
he a combination?

Colcord: The graduate would have a Bachelor of Science Degree in
Civil Engineering. He would not be a surveyor. He would not be
an engineer. He would have to then take his professional in_training
time. He would have to do everything else that you would normally
expect, either in surveying or what-have-you, but he would be ready
in a short time to contribute to the firms.

Mealey: Then he is somewhat a hybrid planner? He is not a person
qualified to go out and know what is to be done or know how to do it.
He is the type of person who has the brains but can't do the job.

Colcord: He is like every other engineer that graduates from every
school in the country.

Wood: Will they be willing to work for apprentice wages while they

are learning?

Concord: I suspect they will not be willing to work for apprentice
wages while they are learning. If you try to do this, you defeat
the whole thing way down the line. Does any other engineer work for

apprentice wages?

Tanielian: What percent of your graduates enter into engineering,
and how does the percentage compare with other professions such
as forestry, medicine, etc. ?

Colcord: Quite frankly, I don't know.

Middleton: I haven't seen the product of what's going to happen
seven years from now, but I think that this program is on the right
track because land surveying should be professional. The only

way that we are going to make it professional is to raise the stand-
ards, and this is one of the steps in the right direction. But I think
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that land surveying and engineering are two separate professions.
And in the state of Washington, at any rate, you have two separate
licenses. When a person graduates, he has to work in a professional
grade two years before he is eligible to take the license for a land
surveyor and he has to work four years in a professional capacity
before he is eligible to take a license as a civil engineer.

Meade: I would like to add one thing about job opportunities in con-
nection with this curriculum set forth here by Professor Colcord.
We have openings in the Coast and Geodetic Survey, Army Map
Service, Hydrographic Office, and other agencies using scientists
as geodesists or engineers, and this curriculum will qualify for
one of these positions. We call the Civil Service Commission and
ask for the register of eligibles and they have nothing to furnish, so
there are vacancies, The pay probably may not be lucrative, but
still you can start as a GS 5, or a GS 7 with a grade B+ in your
major subject. And starting salary, I believe, for a GS 7 is some-
thing on the order of $7, 000.
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EDUCATION IN THE TECHNOLOGIES

George W. Gleeson

An Abstract

The spectrum of education in the technologies includes voca-
tional education, two-, three-, and four-year technical terminal
patterns, and professional curricula at both the undergraduate and
graduate level. The necessary background in the basic physical
and biological sciences might well be included. Currently, the most
complex patterns are in the professional curricula which offer more
than 52 branches of engineering, running through the alphabet from
aeronautical to welding engineering. Accredited engineering is
offered at 169 institutions in 866 curricula.

Teaching practices assume a future toward which all teaching
effort is directed. This future is some 15 to 20 years hence, at
which time today's graduate may be expected to make his maximum
contribution within the profession. Accordingly, today's graduates
do not necessarily have skills and orientation related to today's
problems. We cannot afford to develop future engineers in our own
image, for if we do, we will lose the flexibility which is so neces-
sary for adaptation to rapid and continuous change. The lack of
immediate usefulness as related to today's practices is frequently
a point of controversy.

Engineering education is now, as it has always been, in a
state of flux; however, curricula development has been consistent
for a long period of time. Since 1907, the founders' societies
in cooperation with educational organizations, industrial interests,
state and federal groups, the military, and regulatory bodies have
guided educational developments. The past is certainly prologue
to any consideration of the future of engineering education. A
number of historical documents, compiled largely through the
efforts of the Society for the Promotion of Engineering Education,
now the American Society for Engineering Education (ASEE),
have served as guideposts and have appeared regularly, starting
with the Mann Report of 1918 (1), followed by the Wickenden Report
of 1923-29 (2), the Jackson Report of 1939 (3), the Hammond
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Reports of 1940 and 1944 (4), the Graduate Study Manual of 1952 (5),
and the various aspects of the Grinter Report in 1952, 1955, 1958,
and 1959 (6). Probably no less significant than past efforts will be
the current national study which is just getting under way and entitled
"Goals of Engineering Education" (7). Most certainly, any individuals
or organizations wishing to participate and make their opinions or
thinking known, should feel welcome to engage in the current study.

The Grinter Report (6), out of which evolved the present day
curricula patterns, had as background certain broad aspects or trends
which were considered in depth in the formulation of recommenda-
tions. A few of the more important considerations are enumerated
as:

1. The rise of the "industrial scientist" during and subsequent
to World War II in response to a rapidly developing and highly sophis-

ticated technology.

2. The abandonment of certain areas of concentration in the field
of physical science with the transfer of thinking from macroscopic to
microscopic concepts. This abandonment gave rise to the engineer
ing sciences encompassing the fields of basic mechanics, electrical
fundamentals, thermodynamics, fluid mechanics, mate rials and
metallurgy, and mass and energy transport.

3. The emergence of technical terminal education as a support
program for professional engineering and the relegation of the "art
and techniquet course to the terminal instruction.

4. The elimination of so-called "service courses" and the sub-
stitution of the "engineering sciences" as core patterns common to
all curricula.

5. The consideration of bifurcated curricula or rnultipath instruc-
tion to accommodate various levels of professional accomplishment or
the termination or continuation of education.

6. The search for breadth and personal development by expan-
sion of subject matter requirements in the social science-humanistic
areas.

7. The emphasis upon engineering design and analysis as the
ultimate objective of all engineering curricula.



8. The emphasis upon graduate level instruction in engineer-
ing compatible with advancement in technology.

The foregoing and many other considerations resulted in today's
curricula which are more rigorous than those of 20 years ago, more
compatible with developing technologies, more sequential in nature
and thereby requiring more consistent accomplishment during all of
the educational period, more dependent upon secondary school back-
ground, less specialized in terms of departmental or divisional
subject matter, relatively free of art or techniques, and surely more
oriented toward basics than heretofore. The same considerations
have formed the basis upon which accreditation has been judged.
Accreditation requirements have established curricula patterns with
approximately one-fourth of the content in basic science subject
matter, including mathematics; one-fourth in engineering science;
a minimum of 12% in humanistic-social science subjects exclusive
of English composition, speech, or other skill development courses;
a minimum of 12% in courses related to engineering analysis, engi-
neering systems, and design; not more than 5% in technique develop-
ment courses; and the remainder in sequential departmental subject
matter in support of the ultimate objective of engineering design.

It is the belief that today's curricula patterns will provide a
graduate who is technically qualified and competent to serve the needs
and environment of the 1980's provided his employment gives him an
opportunity to continue the learning of which he should be basically
capable. The graduate will be more flexible than the engineer of the
l950's; should be more of a generalist than his father; better pre-
pared to appraise needs and feasibility, to evaluate alternatives and
to distinguish between known and unknown. He should be better pre-
pared to bridge the gap between science and production. He will not
be satisfied with "handbook engineering. " He will be alerted to deal
in systems rather than the isolated problem. He should be more cog-
nizant of his relationships to spheres of social activity other than
technical.

Contrasted with such advantages as the current curricula may
present is a long list of criticisms and shortcomings with which educa-
tors are fully aware and which provide basis for the periodic evalua-
tions which mark the long history of engineering education. Countless
intelligent persons have labored for almost a hundred years and have
developed operating rules of a high degree of refinement, always by
an evolutionary rather than by a revolutionary approach. If they fail
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to anticipate the future and if they fail to establish curricula which

result in the "basic good man" who will be responsive to the changes

which will undoubtedly take place during his professional lifetime,
it will not be for lack of consideration or effort. The future is always
obscure, and many of the plans of society are rather nebulous, but
it is certain that as the picture of the future becomes more apparent
or the requirements of the social order become stabilized, there will
be responsive organizations interested in education to debate and con-
sider the developments. In the efforts to provide more effective
educational opportunities, all persons and organizations are invited

to participate.
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PHOTOGRAMMETRY IN LAND SURVEYING

H. G. Chickering, Jr.

The modern aerial camera is a far different piece of machinery
from the cameras of the World War II vintage, but it is surprising
how many "war weary" cameras are still being used for commercial
aerial mapping photography.

To be competitive in the field of aerial photography of the present,
a progressive contractor will have from three to eight different types
of precision mapping cameras, with a few spares on stand-by in the
event of a breakdown. These cameras range in value from $6, 500 to
$25, 000, depending on the make and type; and the more accurate the
camera, the higher the original cost.

As the transit is the basic instrument to the surveyor, the aerial
camera is basic to the photogrammetrist, and the accuracy of the
photogrammetric product is directly dependent upon this instrument.
I refer to the camera as an instrument because in the modern camera
we are dealing with platen flatness of less than 10 millimicrons and
lens and distortion factors of much closer tolerances that are present
in the average transit. Only the theodolite approaches the mechanical
qualities of the mapping camera.

Distortion-free lenses in precision built cameras, registering
minute ground images on a truly stable Cronar base film, will pro-
vide engineering data in three dimensions that demand much more
accuracy from this aerial surveying instrument on a setup with a
12, 000 HI than was ever asked of a surveying transit sighting at a
target 500 feet distant. Just as the land surveyor selects the proper
instrument to do his job, the aerial surveyor must select the proper
aerial camera to do the job at hand. The cameras available today
range in focal length from 3 1/2 inches (at about $25, 000) through
4 1/2 inches, 6 inches, 8 1/4 inches, 12 inches up to 24 inches, with
platens ranging from 5 inches x 5 inches to 9 inches x 18 inches. Due
to the increase in demand for aerial surveys of all types, the average
contractor must have at least one 6-inch, 8 1/4_inch, and 12-inch
focal length camera in his equipment room.
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Just as Lovar and Invar signify the ultimate in surveying rods
and tapes, Plenigon (distortion free) signifies the acme of aerial
camera lens quality. With the distortion free lens as a starting point,
various other camera features are generally specified to insure that
only the best available adequate equipment is being used. As I
mentioned before, platen flatness is important, as is the type of
shutter, method of holding the film firmly against the platen, camera
mount, etc. The basic characteristics of the camera are common
knowledge, but it is the degree of basic operating efficiency and
repair that is important in producing an accurate end result.

Each project has a set of conditions and requirements that make
it different from any other. Factors that affect the selection of the
proper camera to be employed on a job are items such as final scale
of the resulting map, ground cover, differences in terrain elevation,
time of year, final accuracy, and others of lesser importance. The

same camera would not be used to map a Kansas prairie as would be
selected to map a section of rugged northwestern mountains.

Parallax, or the displacement of objects having a third dimen-
sion as seen by the camera eye, is the basic measurement factor
in aerial surveying as are latitude, departure, and elevation in
ground surveying. It would seem from this statement that the camera
that would provide the greatest amount of parallax would be ideal for

the job. With certain reservations this is true, but the map scale
ratio and ground cover in the project area will modify the camera
requirements to completely disrupt the short focal length to maximum
parallax theory. A low hill that is bare of vegetation would be a
natural for mapping with a short focal length camera, but if we find
that our hill is forested with tall trees, the added displacement of the
timber obscures the ground and our inability to visually fuse the tree
tops renders the photography useless in the average high accuracy
stereoplotters. The selection of the proper ratio of project to camera
is very important and is the initial responsibility of the photogram-
inetrist to his client.

In the eyes of the law, as interpreted by the Board of Engineer-
ing Examiners in most states, any map that portrays land areas,
whether planimetric or topographic, is a land survey.

Generally speaking, land surveys are performed to determine the
size and location of a parcel of land that is described by deed or some
other means, for the purpose of ownership or conveyance. Aerial

1 OZ



maps and surveys have been used for this very purpose for quite a
few years, but primarily in the event of a dispute concerning relative-
ly large pieces of property. The accuracy of the survey that may be
required depends upon the size of the parcel of land, the value of the
land, its vegetation, and improvements. The horizontal accuracy of
aeri.a.l maps will, vary from + Z5 feet of ground distance in small or
medium scale maps to lIZ foot in large scale maps of 1 inch
40 feet to 1 inch = 80 feet. Maps of medium scale of 1 inch = 1, 000
feet are used to determine such basic information as the acreage of
a parcel, the distances between features that are visible on the photo
and map, the location of exterior property lines, etc. , of tracts or
holdings of the 640-acre bracket to the million-plus-acre bracket.
As the ownerships reduce in size they usually increase in value due
to their proximity to developed areas in or near industrial or resi-
dential sites. The map accuracy required in such instances is far
greater, and the scale of the map increases in proportion to desired
horizontal accuracy to provide the desired results.

It is usually safe to assume that the horizontal accuracy of a
photogrammetric map is the original plotting scale divided by 100,
i. e. , 1 inch = 100 feet scale, + 1 foot accuracy. This applies only
in the instance of large scale maps, as the accuracy of a 1 inch =
1, 000 feet scale map is + 50 feet rather than 100 feet, so the accu-
racy curve must be set up by test and a chart of the result is a
parabolic accuracy curve rather than a straight ratio or represent-
ative fraction line.

The accuracy of an aerial map is influenced by many factors that
also affect the accuracy of a field survey. Ground cover, accuracy
of control instruments, methods and procedures, experience of the
operators, etc. , all have their effect. But do not lose sight of the
fact that where the camera eye cannot penetrate the vegetation to
view the ground surface, the stereo-compiler cannot map to the im-
plied accuracy. In such instances, the standard field mapping speci-
fications cannot apply and must be relaxed to be in accord with the
capabilities of the aerial map, or the map must be supplemented by
field survey.

Although aerial surveys have many advantages over field surveys,
the aerial survey has limitations also. The primary advantages of an
aerial survey are cost and the relatively short time required to com-
plete the work. The disadvantages are that a project must be of a
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size to economically warrant the cost involved, and that the require-
ments of the project do not demand boundary markers on the ground
or high accuracy in areas where the surface of the ground is obscured.
However, where the vegetation reduces the accuracy of the aerial
survey, the cost of a ground survey is almost prohibitive unless a
specific part of the design for use of development of the area requires
such a degree of accuracy that the cost becomes a secondary consid-
eration. In this event it is well to consider the method to be employed
in the supplemental field survey and every advantage should be taken
to make the most of the aerial work that has been accomplished. A
survey, of commensurate accuracy to the aerial survey, must be
made to fill in gaps in the aerial survey. By using aerial picture
points to begin and end survey lines, the lengthy and expensive effort
to extend ground surveys from base points to the deficient area can
be minimized or entirely eliminated. A Cronapaque print of the aerial
survey works well as a plane table sheet or field sheet for transit
topography and boundary surveys and will facilitate subsequent field
work to a great extent.

The land surveyor has a direct responsibility to his employer or
client whether the surveyor is licensed or not. He also has a respon-.
sibility to himself, and I firmly believe that surveyors and map makers
of all types are engaged in this phase of engineering because they enjoy
the creative nature of the work and the continual challenge that survey-
ing and mapping presents. No two field surveys are alike, just as no
two aerial photos are alike, which requires that the aerial and ground
surveyor must continually make an analysis of the situation when called
on to perform a survey of a parcel of land, regardless of the size of
the parcel.

The press of time and limited budgets may modify the thinking
of the surveyor, but not to the extent that the accuracy of his work and
the subsequent results would be jeopardized.

It is true that more than one method can usually be used to per-
form the survey by either ground or aerial approach, and probably one
system is less costly or more efficient than the other although the
results are equally as accurate. It is the responsibility of both the

aerial and terrestrial surveyor to make a wise analysis and to perform
in an efficient and professional manner at all times. It is often a won-
der to me as to why an old-timer that has a wealth of know-how will
continue to use an outdated antique instrument to make field measure-
ment when the instrument has only sentimental value to offer the
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instrument owner and nothing to offer the client. To me this is indi-
cating a lack of responsibility. It is the right of the survey purchaser
to expect that efficient equipment and up-to-date methods will be used
on the survey for which he has contracted.

As surveying by field methods dates back for hundreds of years,
the general public is much more familiar with the instruments and
procedures of ground surveys than with those of aerial surveys. Most
adults have been exposed to a transit or level at some time in their
past, but how many have ever heard the name Geodimeter, Tellur-
ometer, Electrotape, T-2, 650 or 1410 computer, and a multitude
of other modern_day survey instruments? All of these are used to
control aerial surveys and where these ground survey instruments
run out of weird names, the aerial survey instruments continue
through domestic Multiplex, Keish, and Balpiex stereoscopic plotters
and foreign names like Stereotope, Mistri Beta-6 and others. To
continue through the list of foreign_made plotting instruments would
add another 20 varieties to the list. All perform the same basic
function to varying degrees of accuracy, and it becomes the respon-
sibility of the photogrammetrist to recommend the most suitable
plotter for the job at hand, whether this equipment is available in
his office or not.

It may become necessary or advisable to accomplish portions of
a project by enlisting the aid of another firm in order to produce the
desired results for the client. The responsibility rests with the
photogrammetrist or photogrammetric consultant to make the proper
decision, but it is also equally as important to recommend an alter-
nate method if the client desires something more detailed, accurate,
or expensive than is necessary. In this event, the measure of re-
sponsibility increases and the recommended procedure must be en-
tirely satisfactory in the end. This applies equally to the materials
recommended to an attorney to be used as an exhibit in a law suit
and to the engineer or surveyor that consults with a photogrammetrist
in connection with a mapping project.

It is relatively easy for the photogrammetrist to overemphasize
the advantages of the aerial survey, as he is naturally enthusiastic
and his methods are relatively new to most people, but I must repeat
that it is of utmost importance to give a client a realistic opinion of
the results he may expect, giving due consideration to such factors as
time, season, cost, and probable ultimate use of the aerial survey.
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The engineer and surveyor usually consult the photogramnietrist
on projects where the basic field survey of the property is to be
performed by the engineer or surveyor to check out or write a correct
deed to the property and to set monuments at the corners of the prop-
erty for future reference and use. The application of photogram_
metry is usually limited to the preparation of a topographic map of
the property for lot design, street or road preliminary layout and
design, and for water and sewer line distribution.

When the photogrammetrist is consulted in the intial phases of
the project, a major portion or all of the map control survey can be
accomplished as a component part of the property survey.

Preflight marking for picture points to be used as map control,
vertical angles observed in conjunction with the traversing, and the
photo identification of selected survey stations are a few of the opera-
tions that are not usually considered in a property survey, but can be
easily accomplished with the survey when project planning is a part
of the initial phase rather than an afterthought. The combined aerial-
field survey will provide a means of each checking the accuracy of
the other and, as the purpose of any survey is to portray the actual
features and conditions of the property with a high degree of accu-
racy, the double checking feature of the combined effort gains in
value when analyzed from the economic and practical aspect.

It would be out of line to claim that ground distances measured
by the means of aerial photos and a plotting instrument would have
the accuracy of a chained distance, providing that both methods were
used with a maximum of care. But, and I emphasize this, you cannot
drop a chain length on an aerial photo and you cannot read 16 as 91.
So let us look at the combined effort as a means of providing a survey
of maximum accuracy with a minimum of effort and expense. It is
impossible to make an error of even a few feet in a property survey
and hide the error from an aerial photo. Granted, the error can be
adjusted but this is no more or less than a method to divert the atten-
tion of all concerned away from the errors. If survey stations at
regular intervals are photo-identified and the aerials set up in a
plotter with the capabilities of the Keish or better, the mapping in-
strument, under the guiding hands of an experienced operator, will
not only disclose the approximate location of the error but also make
a close estimate of how much error was made. This feature is
nothing more than a large size saving in time, money, and nervous
tension!
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If the field survey does not check out when set up in a stereo-
plotter as map control, there is a logical progression of events that
took place, and if analyzed by the person performing the field work,
it is usually a relatively simple matter to discover the error.

The human mind has a great capacity for storing many types of
data and it is logical to assume that the instrument man on a survey
can remember many details about a recent job with great clarity.

When the stereo-plotter has reduced the vicinity of error to a
5 or 10 course portion of the survey, a careful look at the field book
may show a side shot from the wrong station, a distance recorded
that doesn't look right, or a relatively small left deflection that he
is sure was to the right, etc. A quick field check in the locality
will usually show just what the problem is, and a rapid solution will
be forthcoming without a lengthy resurvey of a major portion which
would create problems with the client that are much more difficult
to solve.

A survey of large areas such as subdividing a township will
require much more planning than a large subdivision, as the size
of the project usually precludes any possibility of easy surveying
or intervisible project extremities for azimuth control.

Modern electronic measuring equipment and high accuracy
theodolities have opened a scheme of survey procedure that cuts
years of effort to weeks. Unbelievable surveys have been accom-
plished in a few short weeks, and I think you will find that the modern
surveyor and engineer will immediately inquire about current aerial
photos when faced with a project of any magnitude, especially lithe
survey job is located in rugged terrain.

The aerial photo is invaluable from the outset in planning survey
routes, Tellurometer of Geodimeter stations, access for transport,
and, in the final phases, for the compilation of an accurate plani-
metric map as the backbone of the project.

Accurate ties to adjacent surveys are keyed into the map by sur-
vey picture pointing, accurate terrain features are properly located
in true position by stereo-plotter, and the final map can be sub-
divided in detail by single or double proportioning as prescribed by
law.
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Map ties from reference objects to corners and quarter corners
can be made for traverse checking and when all of the preliminary
data is assembled on the map, the field survey is off to a solid
beginning.

The procedure for field surveys for subdividing is available in
any number of reference books published by the U. S. government
and private authors, so we need not go into further detail in that
regard.

The important thing is that if your survey corner location does
not arrive at, or very close to, the map location of property corners,
you had better check your work. The method of checking has been
discussed in a previous section of this paper.

Don't sell the photo short and don't forget to photo-identify
your survey stations with a high degree of accuracy and reliability.
This operation may make all the difference between surveying for
profit and surveying for nothing or between a good and bad job. Field
checking by aerial photo location is especially important in surveys
of large areas.

Large-scale aerial survey maps are becoming more important
every day in obtaining easements and rights_of_way for pipe lines,
sewers, roads and other utilities.

Map ties to existing property corners will provide the basis for
the attorney or right-of-way agent to write an over-and-across center
line description that is legal and binding when signed by both parties
to the agreement. The primary value of the aerial map for this type
of project is that the property owner can visually inspect the intent of
the agreement by examining a map or enlarged aerial photo that shows
the proposed right_of_way location with respect to familiar features
like his house, barn, and creek. A lengthy metes and bounds descrip-
tion is sometimes confusing to the best of us, and the property owner
really doesn't care too much what the description says as long as the

road or power line goes where he agreed that it should. If it doesn't
he will see you in court, so give him a copy of the map or photo to
finalize the bargain and you will have set up a relationship with the

owner that will fairly well ensure that in a short time you will be able
to begin the desired construction.



You will find that the length of time and amount of effort nec-
essary to obtain an easement or right_of_way agreement will be
greatly reduced when an aerial photo and map are part of your
standard equipment for negotiation with the public.

The legality of an aerial survey has been questioned many times.
I can only say that from my experience I find that the courts are
becoming more willing and even anxious to see aerial photos and
aerial surveys as court exhibits in property disputes.

I have been in Federal Court in New Mexico, California, and
Oregon and in local Civil Court many times as an expert witness in
property disputes where surveys were in question, and in every
instance the aerial photo and aerial survey was the deciding factor,
and the decision will usually be in favor of the party using the aerial
photo. It is important to know the unfavorable aspects of a dispute
as well as the favorable ones, and the careful examination of the
aerial photo or aerial survey will help prepare the attorney for most
contingencies that will arise in the trial.

The aerial photo may distort the truth but it cannot lie, if the
photogrammetrist, surveyor, or engineer that is using the photos
is wise enough to extract the facts and overlook the shortcomings
and will take full advantage of the wealth of information contained in
a pair of overlapping aerial photographs. Old Chinese proverb: A
stereoscope, and a batch of aerial photos are worth a lot of words,
either in court or out.

DISCUSSION

Chase: For the benefit of those who may be using ground control in
reference to their private surveys for future aerial work, what are
the best objects to tie in for both horizontal and vertical control?

Chickering: If the photography has already been accomplished and
you are using existing contact prints, you want to tie in small objects
that you are positive that you can identify on the aerial photograph.
Positive identification is the primary thing. You have one advantage
in using pre-existing photography over new photography in that you
know what you will be able to see because you are standing there
looking at it. You do not want to pick objects like the center of a
water tank or the center lines of two roads.
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Chase: What about using power poles or definite fence corners as
control points?

Chickering: Fence corners are fine because the operator can ab-
solutely find the fence corner. Power pole identification, depend-
ing on the scale of the survey, depends entirely upon what you refer
to as the power pole. You can be outside the pole or in the center of
the pole for your control point. Pick a pole that is running straight
up and down. Even the intersection of the tops of power poles is fine
because the plotting instrument can pick out the top of it as well as
the bottom.

Caswell: How about edges or corners of buildings or barns or things

like that?

Chickering: Fm always leary of points like this because one of the

hazards to navigation in photogrammetry is the overhang of buildings.

The aerial camera as it progresses down the flight line sees two sides

of the building much clearer than the others because of the displace-
ment of the third dimensional object. So, rather than use the corner
of a building, even if it is exposed, I would use some definite object

near the corner of the building, such as the intersection of the side-
walks for example, where you have the contrast of concrete against

grass or blacktop against concrete. But this is only in pre_existing
photography. Where you are pre-marking for new photography, this
black street may not be black when you get it on the photograph so you

have to set up your pre-mark pattern in such a way, on blacktop and

concrete, that you will have contrasting colors. This dictates the size
and proper shape of the mark that you use.

Vaaler: What about scaling? What flight elevation do you use in work

around here?

Chickering: The flight altitude is dictated by the scale of the final

map and the plotting equipment that you used to produce this final map.

The choice of aerial cameras these days is so varied that you can do

almost anything you want. We have produced aerial surveys at a scale

of 1 inch 50 feet with a one-foot contour interval where we are flying

at about 1, 500 feet above the ground. Now, in most instances for sub-

division type work we are flying at 3, 000 feet and producing 1 inch =

100 feet, two-foot contour interval variety of map.
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Mason: This is just a little word for people who aren't aware of
the displacements in a photograph. The camera covers an angle of
about 93 degrees and if the premarking target that you are going
to be placing is going to be near the edge of the field of coverage of
the photograph, the tree may have an effective lean of a goodly
number of feet. So you want to be aware that even though the target
is not directly under the limbs, it may not show if you place it too
close to the tree.

Sturmer: You spoke of white markers giving reflection and looking
larger than they actually are. Have you made any experiments or
studies with different colors of paint to see which would show the best
from the air?

Chickering: Yes, sir, we have. We have used red, black, and
yellow, and I think universally, probably yellow will give you the
best percentage of recovery.

Stevens: Assuming a flight with a 6-inch camera at about 15, 000
feet, what size pulp paper panels should be placed to assure visi-
bility in the print?

Chickering: Flying in an airplane, you lose your depth perception
at about 5, 000 to 7, 000 feet, depending upon the individual. You can
fly to 15, 000.. or 20, 000-foot heights and still see cars and people
and they don't appear much smaller to you than they did at 7, 000 or
8, 000 feet. The camera operates pretty much in the same manner.
At 12, 000 feet a 4-foot panel, 3 feet wide, shows very well. So if
you want to be sure that you are going to see this panel, I would say
that you should double the size of these 4-foot panels. However,
this is not the only criterion. I think that in most cases you would
see the 4-foot panel at that scale if you had the proper viewing equip-
ment, if the atmospheric conditions were correct, if the exposure
was correct, if the processing was correct. The criterion is insur-
ance. Get it big enough that you are sure you are going to see it,
because it precludes the necessity of a second flight or a second
trip.

Mason: I have found one thing that is extremely important, and that
is the ratio of the length to the width of a target. I'm speaking now of
an L-shaped or cross-shaped target. The arms should be very long
relative to their width due to the halation effect. In an L-shaped tar-
get on low level work we have frequently used arms which were only
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3 feet in length, but we found that the width of the arms should not
be over about 4 inches at the outside; otherwise, they will look to be
about 2 feet wide. And on higher level work that was flown at 12, 000

feet, we've used panel arms of as much as 20 feet, but still the
width of the arms we felt should not be over 6 to 8 inches. It makes
a beautiful target giving a pair of intersecting hairlines on the photo-
graph that we like very much,

Colcord: You can't say specifically what target design is going to be
best. I think there are a few things you might want to emphasize.
One is symmetry. I believe this is essential. A second thing is a
proper contrast; and it's my understanding that the Ohio State High
way Department and others (Sandy Veres at Purdue University)
recommend blue-yellow as the contrasting colors. You don't get the
over-radiation, and you still have the blue-yellow. If you want a
general size for the target itself, it's a function of the plotting mark
which depends on the equipment, but I believe 10-20 microns on the
photo scale is reasonably acceptable.

Orrs: I wish to emphasize that you do want the premark large
enough so that the floating dot of the plotter does not cover it up.
Another comment is that I'm not sure how many here are aware of
just what the picture point means -- what it is to the photogram_
metrist. You may have the very best triangulation, traverse, levels,
or control in the area, but it won't do you one bit of good without
good picture points because your map is built entirely upon these
points.

Thompsen: I know about the stereoscopic lenses you place over the
aerial photographs and I was wondering to what extent are they
usable?

Chickering: Well, they are usable to a great extent for delineating
drainage patterns, but if you are going to calculate runoff and differ-
ences of elevation or contours for a design of streets, sewers, etc.
they are highly inadequate. The simple stereoscope is a field instru-
ment, a photo interpretation instrument, but not a mapping instrument.

Hull: What are your sentiments on the 1 to 24, 000 scale mapping
that is now being done by governmental agencies and the effect that
this might have on your business?
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Chickering: Well, actually I'm happy for all mapping that is being
done by governmental agencies because a very small part of these
United States is adequately mapped. It's surprising that there
isn't more of this area mapped, but don't forget that the greater part
of the topographic mapping done by consulting organizations is in
relatively small high value potential development areas and these
1 to 4, 000 scale maps will not suffice for the type of thing that you
need for design work.

Unknown Voice: When you hit an air pocket and the plane drops a
couple hundred feet, does this sudden change in height have any effect
on plotting the map?

Chickering: Well, it's compensated automatically in the plotting
instruments because you set up your stereoscopic pair on your hori-
zontal and vertical control. This naturally comes out as a correction
factor in the attitude of your projection instrument. In planimetric
work it does not bother you as it is taken up in your control plot sys-
tem. So it's another one of these multitude of errors that we are
cognizant of which does not bother us because we have developed
systems to compensate for it automatically. It could be computed
analytically, of course.
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OREGON LAW RELATING TO SURVEYING

James R. Kuhn

This report has definite premeditated limitations. First, it will
avoid the many statutory laws pertaining to surveyors and their pro-
fession, a compilation of such laws being readily available.
Secondly, the author is not qualified to write about or discuss the
many technical laws pertaining to surveying techniques. Primarily,
then, this report will cover the only field in which the author has a
working knowledge: that being the vast body of law we call the
"common law" or court decisions which the land surveyor should be
acutely aware of in his efforts to mark out, designate, and describe
a portion of the earth's surface. " It is time that the land surveyor
should know this law in Oregon, at least in those cases where the law
has been settled; therefore, in almost every instance, this report
will cover only those matters that have been decided in Oregon. Con-
sequently, the third limitation being that this is not encyclopedic in
form, but rather the law in Oregon.

The purpose in presenting the law as decided over the years is
not to establish minimum standards in the mind of the land surveyor,
but rather to acquaint him with what those persons who constantly use
his surveys will expect in accuracy and clarity. A reading of the de-
cision from earliest time--which takes us back long before Oregon
was a state- -to modern times can give a history of the evolution in
survey techniques. The use of the steel tape in place of the metal
links is such an example. In one case, the surveyor, in an attempt to
gain acceptance of his survey, argued that his chain was . 67 of a foot
shorter than a standard chain. Another example is the employment
of constant, ascertainable monuments instead of the traditional blazed
or marked tree or rock.

DESCRIPTIONS

Section 93.310 Oregon Revised Statutes prescribes six rules for
construing descriptions for those situations where (1) construction
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is doubtful and (2) there are no other sufficient circumstances to de-
terrnine it. If the description is clear or there are other elements to
resolve the doubt or the intent is manifest, these six rules are not
applicable. These statutory rules basically codify the existing com-
mon law since the courts have always assumed the role of construing
descriptions and the laying down of rules and guidelines.

Sufficiency of a description is of primary importance. The
applicable rule is: "Can a surveyor, with a deed or other instrument
before hi.m, with or without the aid of intrinsic evidence, locate the
land and establish the boundaries. To put this rule in its early
Latin context it becomes Id certum est guod certum reddi potest.
(That is certain which may be rendered certain. )6 Therefore, a de-
scription which may appear insufficient on its face, nevertheless may
be legally sufficient if the same can be rendered so. For example, a
description in part as follows was held sufficient: "South Half of the
Southwest and the Southwest of the Southeast Quarter. . ." where the
word "quarter" had been omitted in several instances. 7 Also, where
the wrong section given was in conflict with the metes and bounds
description, the description was held sufficient. 8

In this connection the Court will apply the theory of "ellipsis"
and hold a description sufficient. "Ellipsis, grammatically speaking,
is a term which means the omission from a sentence of a word or
words that are essential to its grammatical completeness, though not

necessarily to the completeness of the sense." Elliptical expressions
in descriptions have been judicially recognized and Courts have

supplied the missing words obviously understood. 9 However, an
example of insufficiency is where "the NE 1/2 of the NE half" was
rejected since there is no description of a given section of land known

to our system of describing lands.

It must be remembered that in setting up rules for determining
the sufficiency of descriptions the same rule may not apply to all

surveys. Descriptions prepared for public bodies may require a
stricter test of sufficiency than for private individuals. For example,

a sheriff's deed or foreclosure may require a greater degree of accu-
racy since there cannot be a recourse to the intention of the parties as
a guide to construction as can be done with the description of the same
character in voluntary instruments between private parties. 10 The

description in a sheriff's deed containing the following "N 1/2 NE 1/4
£112 NW3/4" was not sufficient to satisfy Section 69.231 Oregon
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Code (now Section 308. Z40 Oregon Revised Statutes) which provides
"that an assessment shall not be held invalid on account of any error
or irregularity in the description if the description would be sufficient
in a deed of conveyance from the owner, or is such that, in a suit to
enforce a contract to convey, employing such description a court of
equity would hold it to be good and sufficient. The description
intended was "N 1/i of the NE 1/4" and the "E l/Z of the NW 1/4,"
and it seems that the Court should have approved of this description.
The substitution of 1/4 for 3/4 would have conformed the description
to the familiar method of describing land because ordinarily the de-
scription would not call for a one-fourth part of a half of a quarter.

The Court, in holding a description for condemnation of a levee
by a drainage district insufficient, said: "It is the duty of the drainage
district if it would require a right of way over real property so to de-
scribe the land it would take as to enable the land owner to know what
pa.rt and how much of his land was about to be taken from him. "
sustaining the sufficiency of state highway center line description, it
was held that the description was lengthy and complicated, neverthe-
less the center line was marked out in an unmistakable manner and
that the description employed would enable anyone familiar with the
land to locate the property. 13

ERRORS, OMISSIONS, AND CONFLiCTS

The law courts have always assumed the task of resolving
mistakes, errors, omissions, ambiguities, and conflicts in descrip-
tions caused by faulty surveys or description writing.

An ambiguity in a description can arise by the use of terms,
monuments, courses, and distances that either have no definite sense
or else a double one. A "latent ambiguity" occurs where the descrip-
tion is sufficiently certain and free from ambiguity on its face, but
the ambiguity was defined by Lord Bacon in the Seventeenth Century
as follows: "It is that which seemeth certain and without ambiguity for
anything that appeareth upon the deed or instrument, but there is some
collateral matter out of the deed that breedeth ambiguity. " And the
illustration given by him is this: "If I grant my manor of S. to J. F.
and his heirs, here appeareth no ambiguity at all. But if the truth be
that I have the manor both of South S. and North S., this ambiguity is
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matter of fact, and therefore it shall be holden by averment whether
of them it was that the party intended should pass. "14

Another example of a latent ambiguity is in a case decided in
193015 wherein the surveyor made the call to "middle of the main
channel of the Calapooia River." This, on its face, is not ambiguous
except that in actuality there was both a north and a south channel.
Court looked at all evidence and decided that based upon the main flow
of water the main channel was on the south. In a more recent case in
Clackarnas County6 the call was by course and distance to "center
of the H. Longcoy County Road No. Z56." There were two county
roads with that name, neither with that number; one was open, the
other vacated. The Court, in arriving at the conclusion that the
vacated road was the intended monument, used the distance and
courses as an aid. However, this final decision came laboriously on
a second appeal after a prior appeal had been decided differently.
The Court seemed to say that where there was a conflict as to the
monument intended, one corresponding with courses and distances
stated and other not, the one that corresponds will prevail.

Then there are those cases where the description is clear and
intelligible, the Court cannot be asked to vary or change the descrip-
tion by rewriting it. 17 If the surveyor has used plain and explicit
language- -he has fixed boundaries that no one can mistake- -the Courts
have nothing to say about it. 18 In a 1917 case involving the property
at the corner of Willamette and Ninth Streets in Eugene, the descrip-
tion included an alley "on the east side of said lot." Since the de-
scription was clear, the Court held it could not rewrite the description
so as to extend the alley to the place where it allegedly was to extend. 19

A patent ambiguity is one that is apparent upon the face of the
description. The first rule of construction set out in Section 93. 310
is applicable here. Basically it says that where there are definite
parts of a description, the fact that it contains indefinite, unknown,
or false particulars will not void the description. This covers the
broad field of situations in which the descriptions contain errors,
omissions, and duplications. Block Zl was held to be Block 2 because
of additional information tying to streets. 20 In another case, Town-
ship "13" was changed to "13 and 14," there being a geographical
error as to the location of the property. 21
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At the far end of the spectrum are those patent ambiguities which
render the description void because of uncertainty. The statute above
mentioned says the description will not be voided by indefinite,
unknown, or false particulars "if they constitute a sufficient
description to ascertain its application. Thus a tract described as
the West 17 acres lying between the county road and Maiheur River
"was void for uncertainty." Any attempt to bring in evidence would
not be to identify or locate the property from a mere faulty descrip-
tion, but rather to add to or subtract from the words, thus varying
its terms. ZZ

MONUMENTS

Monuments have always played an important part in survey law,
and are the subject of the second rule of construction set forth in
Section 93.3 10 Oregon Revised Statutes. This rule in almost identi-
cal language was set down by the Court in 1871 where it was stated:
"Where the visible or ascertained boundaries or monuments are
inconsistent with the measurements, either of lines, angles, or sur-
faces, the boundaries or monuments are paramount. This case
even went farther and held that if the visible monuments have dis-
appeared but their places can be ascertained, the place of the missing
monument will prevail. When government monuments have been
ascertained, even courses and distances as designated in the field
notes must yield, which was illustrated in the case where the govern-
ment monument, a blazed tree, was 3 chains and 66 links farther
than the distance in the notes. Z4

This rule that where monuments are inconsistent with courses
and distances, the former will prevail, however, is not an inflexible
rule. If it appears from the circumstances that the courses and
distances as given correctly describe the land intended, they will
prevail. For instance, where it is apparent from the face of the deed
that the intention was to convey a specific quantity of land, if the
courses and distances given would include that precise quantity, but
the description by fixed monuments would embrace more or less, it
is clear that the former would prevail. A case before the United
States Supreme Court held the rule: that natural or artificial monu-
ments rather than courses and distances control in the construction
of a conveyance of real estate, will not be enforced when the instru-
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ment would be thereby defeated and when the rejection of a call for a
monument would reconcile other parts of the description and leave
enough to identify the land. 26 Also where monuments are not
mentioned in the description but are placed by a later survey, the
monuments will not prevail over the prior courses and distances.

In a California case) it was held that the law will presume a
straight line was intended in a description of land in a deed, when the
call is simply from one monument to another; but when the call is
from a monument to a creek, without naming a given point, the creek
is not a monument in the sense of that rule. 8 An interesting case
in 1901 involving the boundary dispute between Union and Baker
counties exemplifies this latter rule. The legislature act in describ-
ing the northeast boundary of Baker County made a call ITeast on said
township line. . to the Wallowa County line." Facts showed that this
course could not intersect the Wallowa County line which ran on the
summit of Powder River Mountain north of this line. The Court
held that the course was true and the monument fake. 29

The application of the third rule of construction under Section
93. 310 Oregon Revised Statutes becomes somewhat difficult to apply
if not impossible to understand. An article in the Oregon Law Review
leaves much to be desired in what appears to be the only attempt by
anyone to explain it. 30 The statutory rule states: "Between different
measurements which are inconsistent with each other, that of angles
is paramount to that of surfaces, and that of lines paramount to both."
The most practical explanation would seem to be that where measure-
ments are inconsistent, lines or distances shall control first, angles
or courses second, and surfaces or areas last. This will have to do
until something better comes along. One Court phrased it this way:
"Generally the recital of quantity is subordinate to boundaries,
measurements, and courses." The case went on to warn, however,
that even where there was manifested an intention that quantity should
prevail over courses and measurements, the intention would be given
effect. 31
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REFERENCE TO OTHER DOCUMENTS

Because of the easy accessibility of county records, the
reference in a description to prior documents seems to be increasing.
The main function of such reference is to relate the survey then being
made to prior surveys and descriptions for the purpose not only of
identification but to prevent an overlap or hiatus.

Where the description refers to a deed, or a map, for a more
specific description of the land described, the deed or map to which
reference is made is considered as incorporated in the description
itself. Although the surveyor should be discouraged from doing so,
a reference to a tract or lot that has acquired a name to distinguish
it, and by which it is known, may be used in a description. ? This
was a case where reference was made to the 1TJackson Ranch on
Sauvies Island," and was considered identifiable. A recital in the
description that it is the same premises as described in a previous
deed is not conclusive that all the premises included in the former
deed were intended to be included, if there is something to indicate a
different intent. However, care should be taken to use appropriate
words where less than the entire previous description is intended.

In Section 93.310 Oregon Revised Statutes, the sixth rule provides
in effect that when the description refers to a map, it will control
over other inconsistent particulars if it appears that the parties acted
with reference to it; otherwise the map is subordinate to the definite
and ascertained particulars.

WORDS AND PHRASES

The careful selection and use of terms and phrases cannot be
overemphasized. An entire description may hinge on the terms and
phrases used and the interpretation placed thereon by the person
construing it. Avoidance of words and phrases which do not have a
clear meaning should always be a goal.

Words and phrases will ordinarily be constructed according to
their general or ordinary sense. However, if a different sense is
indicated from the context or circumstances surrounding the
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transaction, this meaning will prevail. The terms north, south,
east, west, northerly, southerly, easterly, or westerly, mean due
north, south, east, or west unless controlled by definite courses or
monuments. Following are examples of the Courts attempts to define
a few of the more ambiguous terms.

Sometimes the words "more or lessu are words of caution,
denoting some uncertainty in the mind of the one using them and a
desire not to misrepresent. They are usually employed in the same
sense as "about," "substantially," or "approximately." Some have
said that the term is intended to cover only slight or unimportant
inaccuracies. It also has been used to reduce a distance to a call
secondary, allowing it to be adjusted to a monument. Needless to
say, the use of the term in a description without something further
to control it is erroneous and places the user of the description in
the position of either disregarding the phrase completely, thus
relying upon the possible inaccuracy of the distance or going outside
the description for help in its construction. The use of the phrase
"more or less" in reference to acreage does not mean that all risk of
quantity is passed to the person who accepts the description. If the
variation is slight, there is no recourse; but if the variation is larger
than can be covered by the phrase "more or less," then there is a
basis of showing fraud or misrepresentation.

A reference in a description should be confined to "property
described" instead of "owned" or "held, " such as a tie to "the west
line of that 'property described" in a particular document, instead
of that property "owned" or "held."

The word "adjoining" in a description means next to, or in
contact with. Land is "adjacent" to other land when it lies near or
close to it, although it may not be in actual contact therewith. The
former excludes the idea of an intervening space, the latter is not
inconsistent with the idea of intervening land. Contiguous also means
in actual contact or touching. It has been held that two parcels
touching only at a corner are not contiguous.

If the term "half" is used in connection with government surveys
of public land, the dividing line is fixed as equidistant from the
boundary lines of the parcel to be so subdivided without regard to
two equal quantities. The use of the terms "end, " "part, " or "side,
or such as "north end," "north part," or "north side" is generally
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held void for uncertainty unless they are so used as to give the
clear meaning that "half" was intended, such as the "west part of
the northeast quarter."

"Bluff" is a high, steep bank, as by a river or the sea, or
beside a ravine or plain, a cliff with a broad face. "High water
mark" is the point below which the presence and action of the water
are so common and usual and so long continued in all ordinary years
as to mark upon the soil of the bed a character distinct from that of
the bank in respect to vegetation as well as respects the nature of
the soil itself. "Bank" may be rightly defined as that line or ridge
of earth which contains the river, holding the natural direction of
its course. An overflow or flood does not change its banks, for the
reason that the overflow is for a time only, while the natural flow
is more or less constant. "Beach or shore" is that which lies be-
tween the high and low water marks.

An interesting case involving terminology was contained in a
description that had as a part: "thence one point east of south 500
feet, thence one point west of north 1, 000 feet, etc." Testimony of
a mineral surveyor showed that a mariner's compass is divided
into 32 equal parts called "points" each of which is lI.° 15'. The
Court held that this was sufficiently definite and certain and renders
the identification of the property certain, even though this was not
ordinarily used in land surveys. 36

NATURAL MONUMENTS

It is familiar principle that a grant of land bordering on a road or
non-navigable stream or river carries title to the center of the river
or road, unless the grant indicates a limitation to the exterior lines.
This rule applies even though the distances given in the description do
not extend to the center of the road or river, and even though the de-
scription does not actually tie to the road or river so long as it does
actually abut. The above rule arises from these presumptions:
(1) that the road or stream acts as a monument and the line should
extend to the center of the monument; (2) the adjoining owner
originally furnished the land for roadway, and the fee remains in
them; and (3) that the grantor did not intend to retain a narrow strip
which could hardly be of value. This would prevent the existence of
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innumerable strips along the margins of streams and highways, the
title of which would remain in abeyance for generations, and then

upon the happening of some unexpected event, "a bootless, almost
objectless, litigation would spring up to vex and harass those, who

in good faith had supposed themselves secure from such embarrass-
ment. ,,38 Certainly this rule is coincidental with public policy.
The rule is the same whether applicable to roads or streets, or to

roads that are public or private. It must be kept in mind, however,

that the State Highway Commission and some counties now acquire
fee title for right-of-way and this discussion would not be applicable
to such roadways.

This rule is the fourth statutory rule under Section 93. 310
Oregon Revised Statutes which provides: "When a road or stream of

water not navigable is the boundary, the rights of the grantor to the
middle of the road, or the thread of the stream, are included in the

conveyance, except where the road or bed of the stream is held under
another title. "

The presumption above stated is overcome if the street or road

was carved out of a single tract, or as the statute states: "held under
another title. " Where the same owner owns the entire bed or road,
but no land on the opposite side, the entire bed of the river or road
would be included in a call to the river or road. If the owner owns
land on both sides, then a call to the river or road would include to

its center.

Where the description does not mention the street, river, or
other similar boundary but the description describes a parcel that,
in fact, is adjoining, the area to the bed of the river or the street
is included the same as if it was expressly mentioned. 9 However,
to be riparian or to abut a roadway, the land must be in actual contact
with the water or road; mere proximity without contact is insufficient. 40

The use of certain terms or references will indicate an intent not

to go to the center of the natural monument. For an example, a
survey "commencing on the right bank of the Willamette River" did
not go to the water. Use of the words such as "bank," "edge," and
"margin" are indicative of an intent to exclude land beyond the

designated call. Also, it is generally held that "by the side of, ""by
the margin of" does not include the natural monument. However, a
boundary line that runs "from, " "to, " "by" generally goes to the
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center, although they are marginal terms. A course to a ttstake" or
pipe" along the side of a natural monument is held by some not to

go to the center; however, in view of Section 93. 310 Oregon Revised
Statutes and Oregon cases, there is a strong presumption that if the
land described actually is adjacent to the natural monument, it goes
to the center.

Where a river or a stream is a boundary, accretion or erosion,
since they are imperceptible, causes the boundary to change with
the change in the thread of the stream; but where the change is sudden
and violent, the boundary remains the same, that is, the thread of
the stream as it was as originally surveyed. The presumption is,
following the rule of the natural monuments or fixed boundaries, that
if any change occurred at all, it would be accretion or erosion and
not a sudden and violent change. Government lots retain their
original boundaries following a sudden change, which is not the case
through erosion and accretion.

A particular problem can arise ifa survey ties to a river that
is in temporary channel following a sudden change. This leaves unde-
scribed the area between the river and its natural boundary, the old
channel. The temporary channel should be disregarded as a boundary
unless it is the intent of the owner to create new boundaries; in which
case, some courses and distances or monumentation should be made
to properly locate the new boundaries and to secure against the time
the river returns to the true channel.

In the surveying of fractional portions of public lands bordering
on navigable rivers, meander lines are run, not as boundaries of the
tract, but for the purpose of determing the sinuosities of the bank of
a stream. The meander line is merely representative of border line
of the stream, and shows that the water course and not the meander
line as actually rim on the land is the boundary. It is settled law
in this state that the stream or other body of water, and not the
meander line as actually run on the ground, is the boundary of the
ripari.an owner. u45

The above is also true of lakes that have been meandered. 46
In this connection, Section 274.430(1) Oregon Revised Statutes pro-
vides that: "Any and all lakes wholly or partly within the State of
Oregon which have been meandered by the United States surveys,
hereby are declared to be navigable. . . and the title to the bed and land
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thereunder, including the shore or space between ordinary high and
low water. . . hereby is declared to be in the State of Oregon.
Therefore, when a lake that is meandered is approached, title goes
to the ordinary high water unless there is a deed from the state for
a portion of the shore and bed. This is not true of rivers, where
meandered rivers may or may not be navigable.

Fractional parts of a tract that has a changing boundary such as
a stream or lake should never be used in a description. First of all,
it becomes almost impossible to determine a fractional part of such
a tract; and secondly, the division line must be determined by ascer-
taining the location of the natural boundary as of the date of the
description. This is often difficult, if not impossible.

In locating the actual center of a stream, Oregon has come about
saying in a roundabout way that it is the center of the deepest part.
In rejecting the theory that it could be "the middle line between the
water marks on each side of the stream when it was in its natural
state, it held that the center was a "line equidistant from all points
on opposite banks at right angles with the thread of the stream at the
lowest stage of water therein.

Because of artificial drainage of lakes and ponds for reclamation
purposes, the question of title to the bed has been recorded by the
legislature. Section 274. 260 Oregon Revised Statutes provides that
upon artificial drainage of lakes and ponds, the riparian owner's
rights to the reclaimed bed shall extend only as "is required to fill
up the fractional subdivision of a section which he owns and which are
rendered fractional by such lakes or ponds. . ." The section has no
effect upon the rights of riparian owners as to gradual and natural
recession of waters, and presumably the riparian owner's title could
accrete beyond the subdivision lines under such cases.

Tidelands are a common natural boundary or monument along
the ocean and tidal streams. "Tideland" is a descriptive phrase
applied to lands covered and uncovered by the ordinary tides, which
the state owns by virtues of its sovereignty, and corresponds with the
shore or beach, which at common law is that land lying between
ordinary high and low water mark.48 A plat that has been filed show-
ing lots terminating at the meander line or high water line will cause
difficulty in determining if the tidelands or shorelands are included
in the shore lots. Although uplands and tidelands can be held as
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separate estates, one person owning the uplands and another the
tidelands or shorelands; two Oregon cases indicate that tidelands and
shorelands will pass in a conveyance of the uplands where they are in
common ownership unless there is some express intent to the
contrary. An addition to the City of Bandon was platted with the
Coquille River forming the boundary on the north, the lot lines extend-
ing to the river. The Court, in holding that a description of the lots
carried the tidelands abutting thereon, said that the circumstances
"implies that it was the intention of the dedicators that the outermost
lots should be deemed the shore lots, with all the riparian rights in
the water and the land under the water in front of them, usually inci-
dent to a riparian estate. In the second case, the description was
by metes and bounds along the meander line. Since the tidelands
were under the same ownership, it was held that the description also
included the tidelands. In construing the fifth rule under Section
93. 310 Oregon Revised Statutes, the Court said that a broad meaning
should be given and that in all cases where the uplands described actu-
ally abut the tidelands, although not expressly mentioned as the
boundary, the tidelands act as a natural boundary, and would be
included. 50 Following the road centerline cases mentioned earlier
where if the abutting owner owned all the land under the road, it
being the natural boundary, the description of land abutting the road
would include the road, then this conclusion as to tidelands seems
logical.

BOUNDARY DISPUTES

By statute the surveyor has a role in the procedure for settle-
ment of boundary dispute between adjacent land owners. Section
105. 705-725 Oregon Revised Statutes establishes a procedure for
settlement of such disputes. Simply, it provides that when a dispute
exists between adjacent owners concerning common boundary line or
lines, either party may bring a suit in equity for the purpose of having
the dispute determined, the boundary line or lines ascertained and
marked by proper monuments. The only requirement is that the com-
plaining party shall describe the boundary or dividing line as he claims
it to be. Upon fixing of the boundary, the Court appoints three dis-
interested commissioners, one of whom shall be a practical surveyor,
who shall go upon the land and mark it by proper marks and monuments.
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The only object of such procedure is to ascertain lost boundaries
which, from accident or other cause, have become confused, uncer-
tain, or obscure; it is not to determine who has the better title. 51

Therefore, all general principles of location of a lost boundary should
be used by the surveyor in such disputes, and he should never con-
sider himself as a judge to determine who has the better right to the
land. There are other appropriate actions for this.

One question in the establishment of boundaries seems to appear
most often: Can an established fence constitute a legal boundary
allowing it to be used as a monument? The mere existence of a fence
does not establish a boundary. For an established fence to consti-
tute a boundary requires an intent of the adjoining parties over a long
period of time that it does mark the true boundary between them. In

many instances an owner may correct the location of the fence to the
true boundary if it has been established by mistake. Where the estab-
lished fence is not located on the deeded boundary line, the surveyor
should note the location of the fence, but not incorporate it in his
description. If the area inside the fence is to be a part of the descrip-
tion, or part of the area outside the fence excluded, it should be done
so by appropriate language. If at all possible, the location of the
established fence should be the subject of a recordable agreement
between the adjoining owners legally establishing that line as their
common boundary.

GENERAL RULES

In conclusion, here are some general rules that an attorney might
cite to a surveyor.

Length of description neither adds to nor detracts from the
accuracy of a description. Simplicity does, and often the simplest
description is a lengthy one. We would scoff at a description in story
book form, yet in most cases where the story book was told, no
difficulty was encountered in understanding the description. Accuracy
and knowledge of surveying is the only substitute for the story book.

For the attorney, surveys would fall into two classes: (1) to

establish on the ground a previously furnished description, and (2) to

create a new description from a larger area. The first requires
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religious adherence to the parts of the survey, using known legal
rules to reconcile errors, omissions, and ambiguities. The second
requires that it be a part of the whole, related to it by reference and
ties.

One hard and fast rule that any land surveyor must follow in a
land survey involving the use of descriptions found in deeds or other
writings is that he cannot act as an arbitrary judge of the sufficiency
of the existing descriptions, using those parts that he feels are suf-
ficient and correct and rejecting those parts that fail to agree with
his measurements. He must use what is there, since they express
the existing legal rights. For example, in measuring a course or
distance, if he does not agree with the deeded course or distance, he
cannot ignore the record. He must reconcile it if possible, and if not,
then advise the client or attorney, so that the record may be corrected.

The use of surveys by professional people is on the increase. No
attorney would think of handling a property dispute case without a
survey. This not only includes the normal demarcation of boundaries,
but also the necessary describing, mapping, and computing of area
of various classes of land within a tract, such as tillable, swamp,
forest, pasture, and dry land. As more intense and joint use of land
is made, the need of thorough and accurate surveying is apparent.
A look at an ordinary title report of today indicates the many rights
and easements now incidental to the ownership of a tract of land.

Almost all large mortgage companies- now require a survey as
a prerequisite to a mortgage loan. Since title insurance neither
insures that the description insured is the intended tract nor that the
improvements mortgaged are actually located on the intended tract,
the survey becomes an essential part of the loan. (Title companies
will insure this by a particular policy, but generally only when such
a survey is also provided them.)

To say that the law pertaining to surveying must keep abreast
of this trend is to grossly misunderstand the function of the law.
Rather one could ask: Have the professional standards kept abreast
of this trend? The law will intervene only when the profession fails
its function and then only to settle the particular dispute. If a
particular rule of construction, such as the much referred to Section
93. 310 Oregon Revised Statutes, is made the law of the state, it is
only because of a universal need of such a rule to settle disputes
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as was outlined at the beginning of this report, and is a poor
substitute for accuracy and clarity. Any profession has within its
means the capabilities of keeping abreast of the trend without the
intervention of courts of law; if it does not, it is not a profession.
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DISCUSSION

McVey: You say that if the deed description is clear, regardless of
the intent, the courts will not admit evidence to put a construction on
the terms of the deed. Now may I toss out a little hypothetical case.
Let's say that a man intended, both sides intended, that he buy 10
acres of ground out of a corner of a quarter section. However, the
surveyor made a mistake and only measured off five acres. Then, if
the metes and bounds description of the five acres was correct and
clear, there could be no recourse to the court regardless of the fact
that they intend to buy 10 acres. Is that right?

Kuhn: Well, not quite. You said there would be no recourse to the
courts. There would be recourse to the courts, but not to description.
The only recourse for the courts would be to bring some type of action,
and remember we are talking this morning about collateral attacks*
whereby this engineering data has gone on record in the form of a
description and is a record which has been used and relied upon. The
question is, can it be construed? If a person was conveyed a tract
other than what he intended to purchase, his only recourse to the
courts would be to go in against the party who did this and sue for
reformation.

McVey: He could not change his description?

Kuhn: He could not change the description if it was clear; in other
words, if it closed, if it was a good description, and if it stood on
its face.

Hutchinson: In Lane County you noted that some subdividers are
leaving a small lot "A" adjacent to a dedicate street which stops an
owner from utilizing the street improvements. I think you ought to
mention that those lot "A's" are also used in relationship to planning
the subdivisions. If the road design is for 60 feet, in order for the
client to put in the facilities and build on the subdivision, he may
dedicate to the public 40 feet. And the purpose here is not just the
selfish one but to see to it that the plan of these streets and continuity
*Kuhn defined collateral attacks as - "Where someone who was not
necessarily a party to the original transaction raises in question as
to actually what the engineering data consisted of."
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of the plan is taken care of. Otherwise, a person might get access
to the road and put a house right squarely in the proposed street.

Kuhn: It's a very good point. Also it is used for another means. If

you would add additional land and you wish. to subdivide it, you would

want, perhaps, eventually for the county to take over the street as a
county road which must have 60 feet. So if you platted the street
you would plat a 40 foot road, which would be adequate for the present
time, but in addition to that you would leave an unplotted area as lot
"A" which you would retain with an additional ZO feet. This means
that you have additional expansion and if you ever get into the posi-
tion where the county would be willing to take the street over as a
county road, you have ZO more feet to dedicate.

Hutchinson: I might add that the lot UAII is usually deeded to the
county to be held in trust.

Walters: Would you say a word or two about the vulnerability to
attack, for personal responsibility, to survey error by the surveyor?

Kuhn: Well, you are getting into the realm there of all malpractice
against professions; and, of course, the regular rules of negligence- -
and this is outside my field- -are not applicable any more than they
are against any engineer. Therefore, you always have to go in and
apply the custom of the trade in the particular locality. If you are
an engineer in Sherman County and you are the only surveyor in
Sherman County, it might be rather difficult to show what the custom
of the profession was in that particular locality. It's a question of
proof that you have not lived up to, or you have not followed, the
particular practice within the area or locality in which you live. I

always like to separate errors of omission from errors of judgment- -
that's another matter--because after all we all have to exercise
judgment and if we are afraid of errors of judgment we'll never get
anywhere. But none of us can ever commit errors of omission, and

those are errors where we simply do not use the information that is
available to us. I think that here in the Oregon Willamette Valley
that certainly if you fail to use all available survey information,
those are errors of omission, the custom of the trade of the valley
would probably hold you responsible personally.
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Tanielian: What is the law in Oregon in relationship to ownership of
water rights? Is it the riparian law or beneficial use of water?

Kuhn: Well, Oregon of course uses a little bit of each. We have prior
appropriation and if you are there first, which is prior appropriation,
and you have appropriated that water prior to anyone else and you
have gone through the procedure of filing that with the state engineer,
of course that prevails. However, we also have riparian rights, but
the riparian rights in this state are confined only to use for domestic
purposes including water for stock and so on, but not irrigation. So
under our present law you do not have a right as riparian owner to
use the stream against prior appropriators. Now that's off the cuff,
because that's out of my field again and that's in the state engineer's
field, but that is my experience as I have run across it.

Smith: You mentioned in your paper the conveying of the north one-
half of a tract of land and you stated correctly that rather than use
the equal area you locate equal-distant markers between the two
boundary lines. Would you state how you would handle this on a very
irregular shaped tract of land with a boundary on one side?

Kuhn: I just don't know. In that same connection, I mentioned in my
paper that you must not ever subdivide any tract with a natural bound-
ary as streams and lakes. Always describe it, beginning at a known
point which you can stake and which will not change.

Brownson: Are you acquainted with the textbook "Land Survey
Descriptions" by Wattles? I was wondering if something like that
could be used as a standard from which surveyors in an area could
at least agree so far as certain conventions were concerned.

Kuhn: Well, certainly. I think that any surveyor must build up his
own library. I think that it behooves you to immediately start a
library and to attempt to compile and keep within your experience all
of the matters which would come to you at that particular locality.. I
have for years kept papers and notes as "County Roads and Tide
Lands." We are always getting inquiries about width of county roads
at a particular time and location, and so I have sort of kept a record,
such as this paper "Legislative Widths of County Roads." This is
a paper that was made by Joe DeSousa who used to be with the High-.
way Department and he has listed all the laws pertaining to the width
of county roads, beginning in 1844 with territorial roads and on down
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to the present time. As you know, if you want to know the width of a
county road, you have to know the law that was in effect at the time of
establishment whether it be 40, 60, or 80 feet. I also have a list of
all the territorial roads established in Oregon. Someone has gone
through the legislative volumes and has pulled out every territorial
road. One of the finest papers I know of is prepared by William Frye,
who is the district attorney in Lane County, entitled "Determining
Widths of Existing Rights of Way for County Roads." It contains the
laws affecting the locations of roads, the widths of roads, and so on.

Boyden: Since the State Highway Department has been using center
line descriptions for their right-of-ways, do you recall whether there
have been any court cases regarding the question of erroneous tie to
a government corner? Which controls--the description or the actual
monument at center line? All of the descriptions begin at a govern-
ment corner normally and tie a certain distance to a certain station
for the beginning of the description.

Kuhn: No, I know of no cases. I would presume that if there is a
question that the center line might have to shift a very short distance,
the tie would prevail. If it was a long way off, if you had to actually
put a curv or a crook in the road, then I think we could go back to
the Long-Coy case and hold that the monument goes out the window

on the grounds that we certainly would not want a crook in the center
line. But you would have an ambiguity there, then, which the court
could resolve. But I would presume that if it is not very far off that
we would be stuck with the tie of the government corner.

McGinty: What I would like to know is, if the state bought land on a
theoretical center line which wasn't entirely rnonumented, would the
actual right-of-way monuments hold?

Kuhn: I think this may help to answer it. There are two center lines.
There is what we call a "deeded" center line and then an "as con-
structed" center line. Now the "as constructed" center line has
nothing to do with title to the property or the survey. The "deeded"
center line is a description of real property. That doesn't neces-
sarily mean that that is the highway, but the deed prevails. Now

after they set their stakes and construct a highway, if the Highway

Department does not place the monuments on the "deeded" center line,
then of course they are in error and someone should call it to their

attention.
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McGinty: Some of the local residents and engineers don't use the
right-of-way monuments. They use the center line monuments that
they have set in construction.

Kuhn: Well, if you use those center line monuments I5 constructed, t

you are not on our deeded right-of-way.

McGinty: A lot of the "deeded center lines can't be retraced, as the
state has set them out under first preliminary control when they first
purchased the property.

Kuhn: Our division engineers are willing at any time to help set a
"deeded" center line description for you.

Branton: I have run across in a good number of instances where the
center line is not monumented. It is the existing utility such as the
center line of a railroad as surveyed and constructed. There are no
monuments as such, but the thing is there. Now would that hold,
especially, where it does not agree with the right-of-way maps of
record and ties to the section corners?

Kuhn: No, not necessarily. No matter what the "as constructed"
line is, it's the "deeded" right-of-way that prevails, and as you
would be a surveyor for the abutting owner, you are stuck with that
"deeded" right-of-way no matter where the highway is or where the
"as constructed line" is.

Branton: Well, in the case I had in mind the deed reads as "surveyed
and constructed," and there is no description of the center line.

Kuhn: You have a problem, because that "as constructed" is a mean
one.
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PART I

AUTOMATIC (SELF-LEVELING) LEVELS

Introduction

For many years the surveyor in the United States has been using
wye and dumpy levels equipped with a four-screw leveling head and
a spirit level to obtain a horizontal line of sight. Previous to World
War II, European manufacturers modified these instruments and
made them more compact. (Figure 1).
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These European type instruments use three-screw leveling, a
ITbullts_eyeTl bubble for approximate leveling, and a coincident spirit

level for final leveUng. Following World War II, the coincident

spirit level was replaced with a compensator (Figure Z) that auto-
matically keeps the line of sight horizontal. This portion of the

paper compares the commonly used dumpy level with the automatic

level. It is hoped that the advantages of the automatic instrument

in its particular use will be realized by the reader.

Figure 2

Operation of Automatic Level

The dumpy level depends on a spirit level to make the line of

sight horizontal and a large amount of setup time is taken to
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accurately level the instrument. The automatic level is set up
similarly to a dumpy level with one exception. After setting the
tripod, the instrument is leveled by positioning the axis of the tele-
scope parallel to two leveling screws and bringing the circular
bubble to approximate center. The third screw may now be used to
center the ?blJ.11ts_eyeI'I bubble. The eyepiece of the telescope should
be focused on the cross hairs and then the telescope focused on the
rod and any parallax removed. Next and most important for an auto-
matic level, is the check of the compensator unit for freedom of
movement. Tap the instrument lightly. If the object focused moves
with respect to the field of vision, the pendulum system is operating
correctly. Always check the compensator unit before each reading,
just as you would check the spirit bubble of a dumpy level.

Pendulum Systems

There are several different types of compensator units using
different pendulum system arrangements, but all operate on the
same principle. Gravity and a set of three prisms are employed
to keep the line of sight horizontal at all times. One compensator
unit uses a system of one fixed prism above two free prisms
(Figure 3). Another uses one free prism below two fixed prisms
(Figure 4).

Figure 3
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Referring to Figure 4, the compensator unit works as follows:
The horizontal line of sight enters the instrument and passes through
the objective and focusing lenses and hits a fixed prism where it is
deflected to the free prism and then to the other fixed prism and out
through the eyepiece. If the instrument is slightly tilted during
operations, the movable prism adjusts position. The line of sight
hits the initial fixed prism, is reflected to the free prism which has
adjusted for tilt, and is then transmitted to the other fixed prism.
This prism then transmits the image along the axis of the instru..-
ment and through the glass reticle and eyepiece. The system in
Figure 3 uses four metallic tapes forming a cross-spring flexure
pivot providing a frictionless suspension.

Figure 4

Dampening of the system is accomplished by using friction-
free air damping for the system in Figure 4 and an air damping
piston for the system in Figure 3. These systems have releveling
accuracy of the compensator ranging from ± 0. 25 seconds to ± 1
seconds of arc.

Three-Screw Leveling

The purpose of the leveling screws is to make the line of sight
horizontal. Three-screw leveling is much faster and simpler than
four-screw leveling, thereby reducing setup time. Many people
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object to three-screw leveling because the height of instrument
changes when the instrument is releveled during a series of readings
(Figure 5).

4 leveling screws

3 leveling screws

Telescope height is held
constant at center of
rotation

Figure 5

Height is changed by

If the pitch of a leveling screw is 0. 043 inches, and an adjust-
ment is required between readings, the maximum change in instru-
ment height for one revolution of a leveling screw would be 0. 022
inches (Figure 6).
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Assuming the instrument is already leveled, it would be unlikely

that a readjustment would require more than a one-quarter revolu-

tion or a change in height of instrument of 0. 0054 inch. An automatic

level does not need releveling unless the bubble falls outside of the
"bull's-eye" and therefore no change in height of instrument will

occur due to releveling. If the bubble did fall outside of the "bull's-
eye," this set of foresight and backsight readings should be repeated.

Optical Micrometer

An aid in precise leveling is the optical micrometer, which is an

accessory for automatic levels (Figure 7) and a built-in feature of
some precise tilting levels. The micrometer consists of thick op-

tical glass with both surfaces ground flat and parallel to each other.

The glass is mounted about a horizontal axis that is perpendicular
to the optical line of sight of the level. When the glass is rotated,
the line of sight is moved in a vertical direction parallel to itself. A
drum is calibrated to give the vertical movement .of the line of sight
corresponding to rotation of the glass. The optical micrometer
enables the surveyor to read the rod to thousandths of a foot with
sighting distances of 30 to ZOO feet.

Micrometer reads 0

Line of sight

Figure 7
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Accuracy of Automatic Levels

It is reported that the error of closure over a double run course
with an automatic level is in the range of 0. 02 of a foot per mile.
This would place automatic levels in a position to be used for secondorder work. They are not, however, accepted by all persons for
first order work, due to the operation of the compensator unit.

As was stated before, the principle of the automatic level oper-
ates by the effect of gravity on the pendulum of the compensator.
Once the level has been brought into rough level with the "bull's-eye"
bubble, the line of sight is automatically set horizontal by the com-
pensator unit. It is known that the compensator unit cannot produce
an absolute horizontal line of sight and a slight error in compensation
must be accepted. This error is present when the vertical axis of
the instrument is not truly vertical even though the "bull's-eye"
bubble has been centered. The error is so small that it can be
neglected for second order work. (See Appendix A.)

Certain errors resulting from using a spirit level do not occur
with automatic instruments. The high speed of the automatic instru-
ment eliminates accidental errors due to variation in measuring
speed, enables the observer to have an even flow of operations, and
allows shorter sighting distances, hence reducing effect of refrac-
tion. Shading the instrument to prevent errors in the spirit bubble
due to temperature change is eliminated. The fast and simple
operation resulting from elimination of a spirit bubble is less tiring
to the observer and, therefore, reduces the chance for personal
errors.

Cost

An automatic level is worth purchasing if the higher cost can be
offset by increased efficiency caused by shorter setup times and less
operator fatigue. The purchase price of a dumpy level is about 60%
($300) lower than the price of an automatic level. Under conditions
of continuous use, the automatic level should pay for itself. The
actual economics can be determined by the prospective purchaser.
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Conclusion

The automatic level can be easily set up and used. The reliable
and rugged pendulum system has a small compensation error, but if
used correctly the instrument can give first order results. Optical
micrometers add to the accuracy of the instrument. The errors
resulting from variation in measuring speed, uneven flow of opera-
tions, tensions caused by temperature changes, three-screw leveling
error, inclination of spirit bubble, and fatigue factor are reduced
or eliminated. An automatic level can usually give second order
accuracy. The cost of an automatic level is about twice that of a
dumpy level, but it can pay for itself by reduced operating time.

PART II

OPTICAL READING THEODOLITES

Introduction

A theodolite is a precise instrument used for measuring hori-
zontal and vertical angles. The origin of this term is unknown, but
antedates the term transit.

A transit is a theodolite with a telescope which can be rotated
end for end about its horizontal axis without removing it from the
bearings. The telescope passes through the vertical or it makes a
transit through the zenith. Nearly all theodolites will transit.

Optical reading theodolites are not a recent development. The
basic concepts were initiated by Henry Wild, a survey engineer for
the Swiss federal government. Early in the 19Z0's he introduced the
original one-second T-Z model theodolite. The optical micrometer,
invented and developed by Dr. Wild, represented the first major
change in circle reading systems since the Seventeenth Century.
The original patents expired in 1938. Today, several instrument
companies produce theodolites with optical reading systems.

Recently there has been increased acceptance of optical read-
ing instruments in the United States because: rising labor costs
have demanded greater efficiencies with no loss of accuracy,
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increased land values justify more precise surveys, and present-
day construction is complex with new designs requiring accuracy
not economically feasible with conventional instruments. Some
people have obtained a partial solution by use of the optical reading
theodolite s.

Present use of these instruments has created a sufficient mar-
ket to cause most domestic manufacturers to sell and service them.
American manufacturers cannot economically build these instru-
ments and must resort to importing them; consequently, they are
sometimes called "European" transits.

For various reasons, many surveyors have not used optical
reading theodolites; it is to those people that the following discussion
is presented. Also, it is hoped that the discussion will be of gen-
eral interest to those familar with theodolites.

General Design

Optical reading theodolites differ in appearance and design
from the conventional transit. The most important features are:

1. The telescopes are short, inverting (some models are
available with erecting eyepieces), and are equipped with rifle
sights for rough pointings.

Z. The horizontal and vertical circles are made of glass.
Graduations and lines are etched on the glass surface. Although
these lines are short and thin, they are more sharply defined than
can be achieved by scribing on metal. Precise graduated circles
with small diameters can be obtained by use of glass.

3. A collimation level or a pendulum system is connected to
the vertical circle reading system. This provides a more accu-
rate plane of reference for the measurement of vertical angles than
a plate level system.

4. The vertical axis is a cylinder or a precision ball bearing,
or a combination of both, and is generally made of steel.
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5. Three-screw leveling head.

6. Some bases are designed to permit the interchange of instru-
ments and accessories without disturbing the centering over a point.

7. An optical plummet, built into the base, replaces the plumb
bob. Centering is accomplished with greater accuracy with a verti-
cal image of the point instead of a "side view." The error due to an
unBteady plumb bob is eliminated.

8. Various accessories increase the versatility of theodolites,
adapting them for tachymetry* and astronomical observations. The
compass is an accessory item rather than an integral part of the
instrument.

9. The reading system for the circles consists basically of a
microscope. The optics are contained inside the instrument. The
reading eyepiece is generally adjacent to the telescope eyepiece.
Some instruments have optica]rnicrometers for fractional reading of
circle intervals (micrometer scale visible through reading micro-
scope); others are "direct reading. U Most reading systems can be
internally illuminated for night or underground work.

10. Most vertical circles are oriented to read 0° at the zenith
and 90° when the telescope is direct and horizontal. The vertical
circle reading is Z70° when the telescope is inverted and horizontal.

Types of Optical Reading Theodolites

These instruments may be divided into two basic types: direc-
tional or triangulation theodolites and repeating or double center
theodolites. Through common usage, the term transit as used in
the United States has come to mean the repeating theodolite. And
the term theodolite as used has come to mean a very precise direc-
tional theodolite designed especially for triangulation.

*Use of an instrument to determine quickly the distance, direction,
or elevation of a point with respect to the instrument by a single
observation. Example: STADIA.

148



Directional (Triangulation) Theodolite

The directional theodoli.te is one in which the horizontal circle
cannot be clamped to or rotated with the alidade. It is used for tri-
angulation and high-order traverses. A circle-orienting drive may
be used to set the horizontal circle to any approximate position. The
reading is to the nearest one second, with estimation to 0. 1 second,
and each reading is the arithmetic mean of two opposed points on the
circle, automatically eliminating the eccentricity error' which is
equivalent to the average of the A and B verniers on a transit. The
Wild T-2, Universal Theodolite, (Figure 8) is described as a typical
example of the directional theodolite in Appendix B.

Repeating (Double Center) Theodolite s

The repeating (double center) theodolite operates in the same
fashion and performs the same function as the standard transit. The
repeating theodolite has four major differences from the directional
theodolite. They are:

1. The optical system permits viewing only one part of the ver-
tical and horizontal circle; therefore, individual readings are not
free from eccentricity errors.

Z. The horizontal circle may be clamped to the alidade, which
permits measurement of angles by the repetition method.

3. The optical micrometer, horizontal circle, and vertical
circle are viewed simultaneously.

4. The instrument is less precise than the directional theo-
dolite.

The axis of rotation of the alidade is determined by its bearing in
the level head, and the axis of rotation of the horizontal circle is
determined by another bearing in the level head. Thus, eccentricity
between the two axes will produce an eccentric movement between
the alidade and the circle. When the circle is clamped to the alidade
and rotated with the alidade, eccentricity changes the circle reading
when no change should occur. Therefore, it is customary procedure
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I Base plate

2 SprIng plate

3 Levelling screw

4 Lever of tribrach clamp

5 Adjusting screw of levelling screw

6 Circle setting knob (under protecting cap)

7 Reflector for collimation level

8 Vertical tangent screw

9 Prism for observation of collimation level

10 Telescope eyepiece

11 Vertical clamp

12 Illuminating mirror for vertical circle

13 Control for illumination of reticle

14 Centre point and bead

15 Vertical circle casing

16 Objective mount

17 Front sight

18 Optical micrometer knob

19 BearIng ring for striding level

20 Ring for focussing telescope

21 Microscope eyepiece

22 Iriverter knob

23 Plate level

24 Horizontal tangent screw

25 Electric light socket

26 Retaining stop

27 Illuminating mirror for horizontal circle

28 Removeable tribrach

Wild T-Z Universal Theodolite

Figure 8
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to measure the angle in the direct and in the reverse telescope
positions for measurements requiring accuracy greater than one
minute.

The two common types of optical micrometers used in repeating
theodolites are:

1. Fixed or direct reading micrometers. (Figure 9-1)

2. Movable micrometer. (Figure 9-2)

The fixed micrometer is normally used with a circle graduated
at one degree intervals, each degree being numbered. The microrri-
eter is graduated at one minute intervals from zero to sixty min-
utes and may be read directly to the nearest minute, with estimation
to nearest 6 seconds. The image in the microscope will show the
horizontal circle and the vertical circle each superimposed upon a
separate graduated micrometer. The length of each micrometer
will appear to be exactly equal to the interval between degree gradua-
tions. Thus, any degree mark which is superimposed on the microm-
eter becomes the index line and the complete reading is the sum of
the micrometer reading at the index and the index value.

Readings using the movable micrometer are obtained by first
rotating the micrometer drum until the circle graduation is centered
on a fixed index. The micrometer reading is added to the circle
reading for the final value. The micrometer is graduated so that
the total length is equal to one circle graduation interval. The maxi-
mum shift is one division of the circle; therefore, it is not possible
to center an incorrect graduation on the index. The precision of
the reading depends upon the centering of the circle graduation on
the index and for precise work this can be done two or three times,
using the average micrometer reading.

Summary

Development of the optical micrometer has produced a new type
of surveying instrument. The basic advantages are:
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Vertical circle 84° 456

Horizontal circle 172° 5O 4

Example reading

Figure 9-1

5° 13' 35"
(a)

84° 41' 15"
(b)

Example reading of movable micrometer (Wild T 1 -A)

Figure 9-2
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1. Extremely simple and accurate circle readings are obtained
by the optical micrometer.

2. Illumination system for night and mine surveying.

3. Increased versatility by use of the accessories.

4. Compact and light-weight.

5. The vertical circle indexing system.

6. Directional theodolites automatically give the average circle
reading.

All of these advantages tend toward one major conclusion: More
efficient use of time in the field and hence, a reduction of field sur-
vey cost with no loss of precision. But does the additional instru-
ment cost (Example costs are given in Appendix D) prohibit the appli-
cation of optical reading instruments to present-day surveying?
Many think not and are replacing conventionalinstruments with opti-
cal reading instruments.

PART III

EQUIPMENT APPLICATION

Introduction

After discussing in detail the automatic levels and optical theo-
dolites, the question might be asked, "Are these instruments really
needed in surveying practice?" With rising land values and more
precise control required on construction, it can be seen that the
standards of precision are being upgraded and it behooves the pro-
fessional man to use equipment which will provide results in com-
pliance with present standards.

In the case of automatic levels, it is established that they can
provide a saving in time when used continuously day after day. The
person doing small jobs may decide that the extra expense does not
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justify the investment, but an appreciation for the capability of these
instruments should influence the future decision on new instrument
purchases.

The directional theodolite has not been accepted because of high
cost and inability to repeat angles. High cost may be offset by the
advantage of high precision which can be applied in control surveys.
A circle-setting knob can be used to set the vernier within at least
five seconds of the zero degree reading, permitting an angle to be

laid out from zero degrees. Sighting with the telescope in first a
direct and then a reverse position checks the angle as in the repeat-
ing procedure.

Let us consider an application of a one second theodolite. One

man traversing, the ultimate in traverse work, can be accomplished
by a directional theodolite and subtense bar combination.

Subtense Bar Traversing

The angle between the targets on a subtense bar is measured.
This angle allows the solution of right triangle ABC in Figure 10

from which the horizontal distance AB can be calculated. Note that
the elevation of the bar has no effect on the determination of horizon-
tal distance, which is contrary to taping calculations. Remember
that the instrument, when leveled, is turned about a vertical axis
and the telescope is rotated between two sighting planes which will
be at the same angle to one another regardless of the elevation of
the bar provided that the bar is leveled and turned perpendicular
to the line of sight.

A student campus traverse was measured trigonometrically to
check the adaptability of this equipment and to develop two-man oper-
ating procedures (Figure 11). The subtense bar initially is set up at
station 11. The observer can then proceed with distance observations
from station 1Z. The notekeeper (party chief) places the target on
station 13, after which he joins the observer and checks the notes for
observation errors. A suggested note form is shown in (Appendix E,

p. 170).

154



Sight

Figure 10

Figure 11
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Once the notekeeper is satisfied with the observations, the
observer removes the instrument from the base plate and interchanges
it with the station 13 target. Meanwhile the party chief retrieves the
equipment from station 11 and places. the bar in the vacated base
plate at station 12. Picking up the target at station 13, he makes a
setup at station 8 and then joins the observer.

Field Results

A comparison of distances with the mean values of eight student
parties shows that all distances obtained from the trigonometric
traverse were shorter. In taping, students usually do not pull hard
enough and thus measure distances too long. The student work was
not corrected for temperature and was executed near 68° F.

One subtense bar angle was measured on consecutive days with
results which were three seconds apart. This represents a 0. 14 foot
variation in distance at 250 feet and was attributed to atmospheric
refraction. On the second day, one-half of the bar was in the shade
and the other half in the sunlight. Repeated measurements of this
distance when light conditions were uniform on the second day gave
acceptable values ± 1. 5 seconds from the first day's results.

The angles measured agreed closely with the mean angles
obtained from student data.

The computation for the relative error of closure gave a value
of 1/15, 000, as compared to student values ranging from 1/6, 000
to 1/20, 000.

Errors

In making measurements, it is necessary to determine the source
and magnitude of errors inherent in measuring.

In the subtense bar and directional theodolite the following errors
may be present: calibration error and temperature variation of the
subtense bar, due to nonadjustment of the directional theodolite, and
personal errors of sighting and reading.
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The subtense bar may have a length variation of 0. 15 mm. in
500 F (Appendix F). This is a systematic error with an error ratio
of 0. 15/2, 000 or 1/13,300. This ratio depends on the thermal
coefficient of the Invar in the bar and may be as low as 1/10, 000.
If the subtense bar is equipped with a compensator, this ratio has
an absolute maximum value of 1/3 6, 000.

At most temperatures the magnitude of this error is so small
that it is not practical to apply it to field work since the coefficient of
thermal expansion of the specific bar has to be known before correc-
tions can be computed. The subtense bar can be used without making
corrections for bar length.

Instrumental collimation error may be eliminated by reversing
the telescope, reading the opposite side of the horizontal circle, and
averaging the values of minutes and seconds thus obtained.

The personal errors can be estimated by running a test with the
directional theodolite. This test consists of:

1. Sighting on a distant object and reading the direction
repeatedly. Each reading and sighting being made independently with
normal instrument practices.

2. A series of vernier readings are taken without moving the
horizontal circle.

The number of readings taken in (1) and (2) should be greater
than 16, but not more than 25. A curve of error (be it PE or
versus n (number of measurements, Figure 12, p. 159) indicates a
horizontal asymptote after these limits.

Such a series of readings were taken by two observers and the
results are shown in Appendix E. It should be noted that the results
on two different days indicate consistency in readings by both obser-
vers, but some outside factors influenced the sighting results.

The first day was clear and windy, while on the second day the
wind was absent. Table 1, showing the standard errors for two
observers on the two days, suggests that the influence of the wind
caused a difference of 0. 25 seconds in the standard error of observer
B to sight and read.
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Table 1

Observer A Observer B

Day 1 2 1 2

SightandRead 1.53 1.58 1.10 0.85 0.25
(1.27) 0.26

Read 0.97 0.77 0.20 0.68 0.50 0.18

Sight 0.56 0.81 0.42 0.35 0.07
(0.50) 0.06

To observer A, the wind seemed to make no difference. But in
the series of observations made by observer A, there is one value of
48.9 (Appendix E, p. 170)which is so far out of line that it should
probably be rejected as a mistake. If this were done, the standard
error of observer A would reduce to 1. 27, or a reduction of 0. 26

seconds which matches that of observer B. A comparable reduction
in reading only is shown by a comparison of the reading errors, where
there is a reduction in the standard error of 0. 20 and 0. 18 for obser-
vers A and B, respectively. This data also indicates that the
observerts sighting ability is greater than his reading ability by a
factor of two. From this data we may conclude that there are
differences in observerst abilities to sight and read the directional
theodolite and that their ability is weather dependent to a small but
noticeable degree.

In making distance observations with the directional theodolite,
the magnitude of the allowable angular error that will give the requir-
ed precision must be determined.

Table 2 shows the allowable angular error which will maintain
a precision of 1/10,000.

Statistical theory says that in order to maintain a precision of
1/10, 000 an observer would have to determine the subtending angle to
one second at 140 feet and with more precision as the distance to be
measured increases.
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Table 2
Precision Distances Smallest Angular Error

1/ 10, 000 100 feet 1.5 seconds
140 feet 1. 0 seconds
200 feet 0.7 seconds
280 feet 0.5 seconds

This precision is normally obtained by repeated observations.
This is shown graphically in Figure 12 where the number of obser-
vations are plotted vs. the error. The curve was made from data
shown in Appendix E, p. 170.

S

3.0

2D

0

4 8 12 16 20

No. of Observations

Plot of curve showing the effect of the number
of observations on the standard error.

Figure 12
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After eight to twelve repetitions of a measurement the error does
not vary, but becomes asymptotic to the abscissa and little is gained
by taking additional observations. In measuring the trigonometric
traverse the following procedure was, used. The first reading was
taken on the left end of the bar with the telescope direct, then right
side direct, right side reversed, and left side reversed. This
procedure was then repeated with the horizontal circle located l80
from the initial setting. In addition, the observer made coincidence
three times for each observation and reported the mean angular value.

This brings the total of complete observations to four and the
total number of readings to twelve, which is enough to bring the error
in the asymptotic range.

In spite of statistical theory, the results of the trigonometric
traverse gave a relative error of closure of 1/15, 000 even though
all but one of the distances measured were greater than 140 feet and
the standard error of the observer's ability to sight and read varied
from 1.3 to 1.5 seconds.

Compensation of errors is no doubt the reason for this better
than predictable result. At present it is not possible to say at which
stage of the exercise this compensation occurs; it is anticipated that
this area of interest will shortly be investigated when funds and equip-
ment become available.

In this event it is expected that such studies and findings will be
presented and discussed at future conferences of this type to keep you
informed of the progress made so you will use these instruments with
greater confidence and understanding.

Summary

The directional theodolite can be commended for a variety of
applications. Objections to its use are overcome by its special
features and great precision.

The directional theodolite and subtense bar combination can be
used for traverse work with a reasonable degree of precision if proper
field procedures are employed.
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The instrument can be read to one second and estimated to onetenth of a second, but the average observer is only able to measurean angle with a standard personal error of one to one-and-a-half
seconds. Abilities to sight and read vary between observers, but
may be affected in like manner by outside influences such as
illumination and wind.

Compensation of errors appears to be the reason for higher
accuracy of the work performed than is possible under purely theo-retical considerations.
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APPENDIX A

FIRST ORDER ACCURACY WITH AUTOMATIC LEVELS

Tests were run in Europe on an automatic level, and first order
work was obtained by more accurate settings of the box bubble and
accounting for the slight error in the compensator unit.

The box bubble was carefully centered, using a viewing prism
to eliminate a parallel error. By carefully centering the box bubble
the inclination of the vertical axis, which affects the compensator,
is kept small. The box bubble has a low sensitivity and therefore
errors must be accepted even when carefully centering the bubble.
The error shall be systematic or accidental, depending on the method
of measurement. Two methods were used in the test. In the first
method the error was systematic as the telescope direction was
always the same when setting the box bubble. The second method
used the process of alternately setting the instrument facing first
back and then forward on the following setup. Two rods were used
and alternated with the setup so the instrument was always pointing
toward the same rod when setting up. The bubble was also read
from alternate sides on alternate setups to further eliminate system-
atic errors due to eyesight. The two methods were used to run a

line of levels over a closed circuit 6. 2 km in length. The error of
closure for method one was +7. 0 mm. First order work allows an
error of closure of + 4'.T6. 2 or approximately 10 rum. The errors
of closure for method two were -0. 3 rum and +0. 8 mm which is well
within first order accuracy. The above results show that when used
correctly an automatic level can give acceptable accuracy for first
order leveling.

APPENDIX B

WILD T-2, UNIVERSAL THEODOLITE

The Wild T-Z is about 12 inches high and 6 inches in diameter.
It weighs approximately 12 pounds. The telescope is 5 3/4 inches
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long with magnification 28x. The vertical axis has a plain cylin-
drical bearing at the base and a conical ball bearing at the top. The
horizontal axis bearings are cylindrical with the bottom of the circle
Cut out to provide four definite points of support.

The horizontal circle diameter is 3 1/2 inches and that of the
vertical circle is about 2 3/4 inches. Each circle has 20 minute grad-
uations and each degree is numbered. The glass circles are illumi-
nated by adjustable mirrors using sunlight or small battery powered
lights. The battery pack may be connected to the theodolite by a
socket in the base.

A htbullts_eyel! level is provided for approximate leveling and a
single plate level for precise leveling. The vertical tangent screw,
located on the left standard, is used to center a coincidence level
index which is rigidly connected to the vertical circle. Centering
this level eliminates any index errors, so that vertical angle meas-
urements are independent of any error in leveling the instrument.

The inverter knob, located at the base of the right standard,
permits independent viewing of each circle. To view the horizontal
circle, set the black line on the inverter horizontal or set the black
line vertical for viewing the vertical circle.

Light Path (Figure 13a)

The light for viewing the horizontal circle and the optical microm-
eter is reflected horizontally by a mirror on the theodolite base to
an illuminating prism just below the center of the horizontal circle.
This prism turns the light vertically into the reading prism. Light
rays are carried through the reading prism to two diametrical sec-
tions of the horizontal circle. Reflected rays are returned through
the reading prism and bent upward through a horizontal circle objec-
tive in the hollow vertical axis to a rhomboidal prism just below the
single plate level. This prism carries the light rays out and directs
them upward through the hollow right standard. When the black line
on the inverter is positioned horizontal, the light from the vertical
circle is interrupted and light from the horizontal circle is allowed
to continue to the plates of the optical micrometer. After passing
through the optical micrometer, the rays are turned toward the tele-
scope parallel to the horizontal axis to a right angle prism which turns
the light rays toward the microscope eyepiece. Finally, the light rays
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(a)
(b)

Light Path Through the Wild T-2 Optical Micrometer Diagram,

Wild T-2

Figure 13

pass through a lens system which forms the image of both sections of

the horizontal circle and the graduated micrometer dial (Figure l3b).
The image before coincidence will appear as shown in Figure l4a.

To read the vertical circle, turn the inverter knob so that the

black line is vertical. The light for reading the vertical circle is
directed horizontally by the adjustable mirror on the left standard
through a lens to the reading prism, similar to the horizontal circle
reading prism. This prism is permitted to rotate with the telescope
and is positively joined to the collimation level. Orientation is always
constant if the collimation level bubble is centered. The reflected
light rays from the vertical circle are returned to the center of the
reading prism and reflected out to a rhomboidal prism. The rays

are deflected downward and pass through the hollow horizontal axis

to a right angle prism which turns the light downward to the prism
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WILD T-2 CIRCLE READING EXAMPLE

LZ 7LZ

Lri1ijI I

approx. reading to one nhinute
rough reading 94'14'

(a)

CL

4'
93 94 95

exact reading with optical micrometer
final reading 94l3'43"7

(b)

Figure 14

255 256 2

after coincidence
final reading 255°47'51."8

(c)

controlled by the inverter. With the black line vertical, light from
the vertical circle is deflected outward and then upward to the opti-
cal micrometer. The remainder of the light path is the same as
horizontal light path from the micrometer to the microscope eyepiece.

The eyepiece field of view contains two separate parts. A rec-
tangle at the top of the view shows two parts of the circle which are
about 1800 apart and the lower frame shows the micrometer dial. A
vertical line, called the index line, at the center of the lower half of
the rectangle is the approximate index. If the true index reading could
be obtained at any time, the true reading could be determined by read-
ing the index position and adding the micrometer reading. Coincidence
will establish the true index reading.

Rotation of the optical micrometer knob (knob for coincidence
setting), located close to the top of the right standard, will cause the
positions of the circle that appear in the microscope to optically move
simultaneously by equal amounts in opposite directions. The final
movement of this knob for successive measurements should always be
in the same direction. Coincidence is established when the circle
graduations in the microscope view line up or coincide.
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The micrometer reading shows the amount that the graduations
next to the index have been optically moved toward the index from
the normal position or their normal readings are reduced by the value
of the micrometer reading. Since each circle moves simultaneously,
coincidence must occur with a maximum movement of 10 minutes or
a micrometer range of 10 minutes will always insure coincidence.
Therefore, the circle is read only to the nearest 10 minutes.

If there is any eccentricity in the circle, the circle graduations
will be slightly offset from the index. The average circle reading
could be obtained by advancing the two closest circle graduations
until each one is on the index, reading the micrometer each time,
then obtaining the average. This is not possible for the odd 10-minute
readings and is unnecessary because establishing coincidence automat-
ically gives this average circle reading; also, it is still possible to
read the circle to the nearest 10 minutes. If because of eccentricity
the spaces on each side of the circle are slightly different, then ob-
tain the best coincidence closest to the index.

To obtain the index reading, start at the first full degree mark
to the left of the index in the lower half of the rectangle and count the
minutes to the index, reading to the nearest 10 minutes. An alternate
procedure is to count the graduations from the first full degree mark
to the left of the index in the lower half of the rectangle to the dia-
metrically opposite degree in the upper half and multiply by 10. The
final reading is the index value plus the micrometer reading (see
Figure 14b and l4c).

Figure 15 shows nine typical final readings after coincidence has
been made.

APPENDIX C

OTHER READING SYSTEMS

The reading procedure for the Wild T-3 Precision Theodolite is
similar to that for the Wild T-Z, but with some important differences.
The horizontal circle graduations are at 4-minute intervals, which
permits the index to be set to the nearest 2 minutes. The micro-
meter drum is divided into 60 seconds, each with 10 intervals. Since
the optical micrometer reads only to 60 seconds and the circle is
always read to 2 minutes, the micrometer reading must be doubled.
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Circle Reading Examples
For the Wild T-2, Universal Theodolite, with

360° Graduation after Coincidence

9? 09/ GL

H III
59

LU °iL

IH
356 357

Sg 179

I I H
4

000010211 356° 4310911 4 35' 13"
(a) (b) (c)

I 9/i?

Li I

36

96/ c61

JIL1

350
54' 14" 57° 49' 49" 15° 44' 53"
(d) (e) (f)

II

2t

252 253 /3 /3'?

252° 20' 09" 136° 36' 44" 107° 50' 03"
(g) (h) (i)

Figure 15
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This is best done by establishing coincidence twice, reading the
drum each time, then adding the two together.

The 1euffel and Esser Universal Theodolite, KE-Z, permits
simultaneous viewing of the vertical and horizontal circles. The
light for reading is from a single source. The microscope image has
the following arrangement: vertical circle on top, horizontal circle
in the middle frame, and the micrometer is viewed on the bottom
frame. Each circle has 20 minute graduations and the micrometer
reads directly to one second, with estimation to the nearest 0. 1

second. The circles are read by the coincidence procedure. The
vertical circle is automatically indexed by a pendulum and prism
system which uses the direction of gravity as a reference to com-
pensate for slight inclination of the azimuth axis.

The circles on the Watts Microptic Theodolite No. 2, distributed
by the Dietzen Company, have 1 0 minute graduations. Each even
20-minute graduation contains a short distance as a double line. The
single position of the 20-minute lines are seen in a small frame at the
top of the image. The diametrically opposite double lines are also
visible in this small frame. The micrometer moves only the double
lines and coincidence is established by rotating the micrometer until
the single line is centered in the double lines or until symmetry
exists. The horizontal and vertical circles are viewed independently
and each circle is optically moved by an independent micrometer.
The complete value is obtained by reading the first full degree gradu-
ation and nearest 10-minute graduation to the right of the index plus
the micrometer reading (see Figure 16).

HORIZONTAL CIRCLE READING

Main 8cale ................ 182°30'

Micrometer................ 2 54"

Tota' ................... 182°32'54"

VERTICAL CIRCLE READ!NO
Main Beale ................. 36°40'

Micrometer ................. 23"

Total .................... 36°45'23"

Watts Theodolite No. 2 Circle Reading Example (From Kissam,
P. , "Surveying for Civil Engineers," McGraw-Hill Book Co.
Inc. , New York, New York, 1956)
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APPENDIX D

REPRESENTATIVE COSTS

Optical Reading Theodolites* Conventional Transits

A - $ 930.00 K - $1,015.00
B - 1,440.00 L - 980.00
C - 1,390. 00 M - 835. 00
D - 1,020.00 N - 850.00
E - 975. 00 0 - 870. 00
F - 1,500.00 P - 802.00
G - 1,925. 00 Q - 845. 00
H - 975. 00 R - 840. 00
I - 1,380.00 S - 875.00

Above prices are F. 0. B. in the United States, and do not include
any accessories for either foreign or domestic products. Includes
instruments which can be read directly to onesecond.

Theodolites which can be read directly to 0. 1 second cost
about $1, 000 more than the above pieces.

Cost of compass for optical reading instruments is in the
vicinity of $100.

Letters used above replace manufacturers trade names.

* Includes directional and repeating theodolites.
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APPENDIX E

SUMMARY OF DATA
SIGHTING AND READING ERRORS

TWO OBSERVERS
6 February 1964 and 11 February 1964

Reading and Sighting

Observer A B

Date 6 Feb. 1964 11 Feb. 1964 6 Feb. 1964 ii Feb. 1964

305° 08' 36. 0" 264° 19' 52. 1" 305° 08' 35. 7" 264° 19' 53. 9"
35. 3 55. 3 37. 0 52. 6
38. 0 53. 5 35. 9 55. 1
36. 1 52. 3 35. 9 55. 1

39. 5 54. 9 36. 1 52. 8
37. 2 52. 1 34. 9 .2. 8
36. 8 53. 1 34. 8 53. 1

39. 1 53. 9 36. 9 54. 1

39. 6 54. 3 35. 7 54. 1

37. 7 51. 9 34. 6 53. 3
40. 8 53. 0 34. 2 53. 3
40. 2 54. 4 35. 5 52. 8
39. 1 52. 6 36. 8 53. 1
38. 1 52. 9 36. 6 55. 0
36. 3 55. 1 38. 1 53. 5
39. 4 55. 3 37. 2 53. 6
36. 3 51.8 35.2 52. 3
37. 8 52. 8 33. 5 53. 9
37. 5 51. 2 34. 9 54. 2
39. 3 48. 9 35. 2 52. 4
38. 0 52. 2 36. 0 54. 0

Mean 305° 08' 38. 0" 264° 19' 53. 0" 305° 08" 35. 7" 264° 19' 53. 6"

1.53 1.58 1.10 0.85
(1.27)
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Observer

Reading and Sighting

Date 6 Feb. 1964* 11 Feb. 1964** 6 Feb. 1964

305° 08' 39 5"
39. 2
37. 3
38. 7
41. 0
39. 5
39. 5
37. 9
39. 7
39. 2
38. 3
40. 9
39. 8
38. 9
38. 5
39. 1
40. 5
40. 9
40. 2
39. 6
39. 1

Mean 305° 08' 39. 4"

0.97

272° 20' 47. 2"
46. 4
46. 0
46. 6
45. 9
46. 9
45. 3
46. 0
46. 6
47. 0
46. 2
47. 6
46. 2
44. 5
45. 8
46. 9
46. 3
47. 1
47. 7
47. 2
46. 9

305° 08' 39. 1"
37. 8
38. 2
39. 1.
39. 1
38. 2
37. 8
39. 1
38. 3
38. 4
38. 4
37. 7
37. 2
38. 8
39. 7
38. 8
38. 8
37. 1
38. 8
39. 2
38. 2

11 Feb. 1964

272° 20' 44. 0"
45. 0
44. 8
45. 6
44. 6
45. 9
45. 1
45. 1
45. 6
44. 3
45. 0
44. 7
44. 9
45. 2
45. 0
44. 7
45. 0
46. 0
45. 2
44. 4
44. 8

272° 20' 46. 5" 305° 08' 38. 5" 272° 20' 45. 0"

0. 77 0 50

The observations were made by moving the hairline onto the tar-
get from the right and by making positive coincidence each time. No
change in light intensity or corrections for contrast and parallax were
made during a set of observations.

* 6 Feb. 11-12 AM cloudless sky - wind, West-East

** 11 Feb. 11-12 AM cloudless sky - wind, East_West)
Direction of

course
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SUMMARY OF MEAN VALUES OF ANGLES
AND DISTANCES OF TRAVERSE NO. 3

OBTAINED BY EIGHT STUDENT SURVEY PARTIES

Station Distances
ft.

+ ES Interior Angles +ES

8 73° 48' 52 + 30"
207. 88 + 0. 024

9 155° 56' 24+28"
215.44 + 0.032

10 104° 29' 00 + 36"
253. 51 + 0. 036

11 90° 52' 24+11"
123.49 + 0.024

12 164° 25' 49 + 37"
186.44 + 0. 030

13 130° 27' 35 + 21"
252. 51 + 0. 032

8

Total 1, 239. 27
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SUMMARY OF DISTANCES AND ANGLES
TRIGONOMETRIC-TRAVERSE NO. 3

T-Z - SUB TENSE BAR METHOD

Station Distance Angle Bearing
Ft.

8 1° 48' 32. 5"* 730 48t 18. 2" S 800 25' 29. l"E
a07.83 - .2

18. 0

9 1° 44' 42. 2" 155° 56' 19. 5" N 75° 30' 50. V'E
215.44 - .2

19.3

10 10 28' 59. 2" 104° 29' 10. 0" Due North
253.48 - .2

9. 8

11 3° 02' 39. 0" 90° 52' 40. 8" N 89° 07' 19. 4"W
123.47 - .2

40. 6
12 2° 00' 59. 2" 1640 25' 47. 5" S 750 18' 07. 9"W

186.43 - .2
47. 3

13 1° 29' 21. 2" 130° 27' 45. 2" S 25° 46' 12. 9"W
252.44 - .2

45. 0

Totals 1,239. 09 720° 00' 01. 2"

1 2"Correction per angle = -0. 2"

* Subtense bar angle.
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COMPUTATION OF RELA.TIVE ERROR OF
CLOSURE OF TRAVERSE NO. 3

1011 1112 1243 138 8-9 8-10 Summation

Bearings Due North 8 07' 19" 79' 18' 27.9" 25° 46' 12.9" 80° 25' 29.1" 75° 30' 50.2"

Latitude +253.48 +1.89 -47.28 -227.33 -34.57 + 53.89 + 0.08

Cos. Brag. 1 00153263 0.253626 0.900545 0.166343 .250144

Distances 253.48 123.47 186.43 252.44 207.83 215.44 1239.09

Sin. Brag. 0 0.999882 0.967302 .434764 0.986068 0.968209

Departure --- -123.46 - 180.33 -109.75 + 204.93 - 208,59 - 0.02

= (0.08)2 (0.02)2

= 0.0068

=0.0825

Relative Ei.Tor of Closure = 0.0825 I 1,239.09 = 1 / 15,000. (approx.)



Station

11

13

11

13

NOTE FORM FOR ANGLE OBSERVATION
USING T-Z THEODOLITE

INSTRUMENT AT STATION 12

Angle Difference

(Initial position of horizontal scale approximately
on zero)

D 00 45' 57"

R 1800 45' 47"
165° 11' 40 0"

D 165° 11' 50" 0° 45' 52 0"

R 3450 11' 30" 164° 25' 48. 0"

(horizontal scale reversed)

D 180° 27' 51"

R 0° 27' 23"

D 344° 53' 32"

R 164° 53' 16"

ID = Telescope in direct position

R = Telescope in reverse position
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General Error Calculations

The probable error is the commonly used term to express the
limits within which a repeated measurement will fall 50% of the time.
When referring this to the basic from which the expression is de-
rived, we say that the probable error falls within the central 50%
of the area under the normal probability curve (Figure 17).

'-I 1)

cOG)

0

50% Are

I/°1EI_
-A i Mean

Value of Error

Figure 17

We will not take time to develop statistical theory, but show only
the manner in which the calculations are performed to find the prob-
able error or the standard error or standard deviation as it is called
in statistics.

The procedure is to tabulate all the observed values and calculate
the mean. The observed values are then subtracted from the mean
rende ring plus or minus quantities the sum of which should be equal
to zero. These quantities, called residuals, are then squared,
summed up, and divided by the number of observations less one. The

square root of this quotient is called the standard error.

The standard error has limits which are slightly larger than the
probable error. In practical terms the probable error gives the
limits within which 7 out of 10 observations would fall, or with re-
spect to a single observation tells us that the single observation has
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a probability of falling within the limits set by the staidard error
68, 27% of the time.

In the material presented we have used the standard error, as
it is more frequently employed in the various branches of engineer-
ing and science, and represents greater accuracy for a givcn magni-
tude of error.

An example computation using one set of field data follows:

EXAMPLE COMPUTATION OF THE STANDARD ERROR
T-Z DATA, 6 February 1964

SIGHTING AND READING
OBSERVER A

READING RESIDUAL (RESIDUAL)2
1 305° 08' 36. 0" 2. 0" 4. 00
2 35.3 2.7 7.29
3 38,0
4 36.1 1.9 3.61
5 39.5 1.5 2.25
6 37.2 0.8 0.64
7 36.8 1.2 1.44
8 39.1 1.1 1.21
9 39.6 1.6 2.56

10 377 0.3 0.09
11 40.8 2.8 7.84
12 40.2 2.2 4.84
13 39.1 1.1 1.21
14 38.1 0.1 0.01
15 36.3 1.7 2.89
16 39.4 1.4 1.96
17 36.3 1.7 2.89
18 37.8 0.2 0.04
19 37.5 0.5 0.25
20 39.3 1.3 1.69
21 38.0 ---

7,891.0 46.71
Mean 38. 0 S = 'J 2. 335+

= :1: 1.53
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APPENDIX F

TEMPERATURE COMPENSATiON
OF THE SUBTENSE BAR*

An error to which the subtense bar is subject is the change in
length due to temperature changes and the subsequent variation in
tension of the component parts. Invar bars, tapes, and wires are
slightly affected by heat. This variable has to be examined before
the subtense bar length can be accepted without reservation. A

sketch of the Kern subtense bar is shown in Figure 18.

The coefficients of linear expansion for the various component
metals are:

Invar

Steel

Aluminum Alloy

0. 55 x 106/°F

6.5 x 106/°F

13. Ox 106/°F

(average
value)

Figure 18

* Abstracted in part from an article with the same name written by
Paul Hartman, Professor of Civil Engineering, The City College of
New York, and appearing in "Surveying and Mapping, " December
1959, page 475.



A 500 drop in temperature from the calibration temperature of
68° F to 18° F will give the following reduction in length between
targets:

Invar Z(91Z)(0, 55X106)(50) = 0. 0501 mm
Steel ( 76)(6. 5 )(106)(50) = 0. 0247 mm
Alum. (lOO)(13. O)(106)(50) = 0. 0650mm

0. 1398 mm

Reduction in length of the bar exterior which is greater than the
corresponding reduction of Invar and steel gives for half of the bar:

Invar 912 (13-0. 55) x 106 x 50 = 0.567 mm
Steel 38 (13-6. 5 ) x io6 x 50 = 0. 012 mm

0. 579 mm

With a spring constant of 1. 6 lbs. /mm. there is a decrease in
tension of 0. 579 (1. 6) 0. 925 lbs. Thus the tension in the wire is
relaxed and the wire is shorted still more.

The Invar wire with a modulus of elasticity of 34, 000 lbs/ sq. mm.
then will have a strain of

Z(p) (1) =A E

2(0. 925) (912) 0.0158mm
(2)2 3400

The total decrease in length between targets then becomes
(0. 1398 + 0. 0158) = 0. 156 mm. The corresponding error in distance
measurement is 0.156/2,000 = 1/12,900. This value may be larger
or smaller depending on the coefficient of thgrmal expansion of the
Invar which can vary from zero to 1. 1 x 10 1°F. This can lead to
a distance error of approximately 1/10, 000. Some bars come
equipped with compensators. A compensator is shown schemat-
ically in Figure 19.

1 79



Figure 19

The Invar wire is fixed at A and attached to the aluminum tube
at B. A second Invar wire is attached to the tube at C and held at
D by a spring. If the temperature rises, wire AB becomes longer
and the right end of the cylinder moves to B. The cylinder, having
a larger coefficient of expansion, expands more than the wire and
the left end moves to C'. The wire CD also expands to offset the
expansion of the tube.

It may be readily seen that, with given coefficients of expansion,
the length of the tube, which will just balance the expansion of the
wire, can be computed. The Kern subtense bar with the compensa-
tor is shown schematically in Figure ZO.

Figure 20



For a temperature drop of 50° F, the contraction would be as
follows:

Invar (912 + 600 + 567)6
x 0.55 x 10 x 50 = 0.0572mm

Steel 76 x 6. 5 x o6 x 50 = 0. 0247

Aluminum 100 x 13 x 10 x 50 = 0. 0650

Shortening due to decrease in
tension 0. 0207 mm

Total 0. 1676

The decrease in the length of the aluminum tube is

255 x 13 x io6 x 50 = 0. 1658 mm

Therefore, the influence of thermal exparsion upon the spacing
of the targets is fully compensated for all practical purposes, pro-
vided the coefficients of expansion used are correct. The only
deviation of any importance would exist in the coefficienlof the
Invar. This coefficient can vary from zero to 1. 1 x 10 per ° F.
With the compensator, such a variation would result in a change in
the spacing of the targets of about 0. 055 mm, for a temperature
change of 50° F as compared with 0. 106 to 0.205 mm, without the
compensator.

DISCUSSION

Unknown Voice: Are the automatic levels readily repaired?

Cato: If you think you can get into them like you did some of your
old ones, no. But they are readily repaired.

Bonner: What are the relative leak-proof and dust-proof qualities
of the more generally accepted manufactured automatic levels?

Cato: I feel that due to the enclosed system on this instrument it is
clean and dry. It has to be in order to operate.
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Unknown Voice: Does condensation affect these instruments?

Cato: Well, there are certain things that you will have in all instru-
ments. I feel that the automatic instrument is a tighter instrument,
taking equal conditions.

Unknown Voice: We have an automatic level and it was fogged up for
two days. We sent it back to the factory and they checked it and said
that as far as they know there is no automatic level that will keep
completely dry. I am making a point that the automatic as well as
other types of levels do not keep out the moisture. Because the auto-
matic levels are hard to get into if condensation occurs, you can't
clean it out like on the conventional type of instrument.

Branton: We have an automatic level and were using it in Spokane

a couple of years ago at subzero temperatures. We had this fogging
problem and found it necessary about every two hours to set it over
a fire and cook it a little bit. That was the only way to keep it run-
ning. The prisms also would tend to stick in real cold weather.

Cato: Yes, what type instrument did you use to replace.it at that

time?

Branton: We just, kept right with it. It was still faster than the con-

ventional instrument.

Dye: We used an automatic level in northern California and we worked

a normal 8-hour day in the rain and we had no difficulty with the
instrument. Now this could be a variation in each individual instru-.

ment that comes out to the field, and my experience has been with
this one instrument. In the evenings it was stored in the survey rig
out in the open and it was never taken into a warm room at any time.

We were using it on construction in the summer time and we never
noticed any dust in the instrument. It was about five years old at that

time and had received rather rugged use during the five years.

Tanielian: Are the principles of adjustment for the older levels such

as the peg method and double reversing equally applicable?

Cato: The only thing you adjust are the cross hairs. Any adjustments

of the compensator unit should be done by the manufacturer.
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Bis sell: W&ve been using an automatic level since 1961 and twice the
box bubble has gotten out of adjustment. It is possible to adjust it
without too much work. For the cross hair adjustment, there is
hardly any effort at all. In 15 minutes you can completely adjust the
whole instrument.

Brownson: What is the name of the unit which divides one complete
circle into 400 equal parts?

Dye: This is the grads system.

Thompson: In using the theodolite-subtense bar setup for traversing,
would you still have to read your vertical angles so that you could
correct to true horizontal distance?

Seaders: No, you would not need to correct for any horizontal angles
because you are always sighting in a horizontal plane, even if the
stations sighted are not at the same elevation, and the distances ob-
tained from the bar readings are the true horizontal distances.

Mealey: You list an error for a number of observations. I would
like to know whether this sighting error per individual observer
remains relatively constant with the different types of instruments
used. If you are using a one minute instrument, would this error
remain constant in relationship to the accuracy of the instrument used?

Schultz: If you have a telescope equivalent to the T-2 theodolite
telescope, you would still be making a sighting error of perhaps 0. 56
seconds in sighting on a target 500 feet away. However, when you
have a one minute instrument, the best you can read it to is one
minute so it's immaterial that at the start you have a sighting error
because of the relative magnitude 1-60.

Cunningham: Optical instruments were spoken of, and particularly
the directional instrument, in the same breath with an ordinary tran-
sit. They are similar to a point, but when you start to turn an angle
off with the directional instruments it is a great deal slower because
of the mechanical process than what you can do with an ordinary
instrument. If you have a number of angles to turn rather than a
number of angles to measure, then you should very carefully explore
this, because my men are not capable of turning these angles with
near the rapidity that they can with a conventional transit.
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Seaders: I will grant that it is a bit of a problem of learning how to
set off an angle on the directional theodolite.

Simpson: In discussing your measurement of sighting and reading
errors when using the theodolite, you said that you made these obser-
vations without adjusting for parallax in the instrument. Have you
tried this again when correcting for parallax, because your eye gets
tired, and blurry when reading?

Seaders: No, we have not made any changes during a set of observa-
tions in an attempt to keep condition8 constant.

Colcord: There are two comments that I would like to make. One
should check very carefully the type of target used. I happen to have
a report from the Boeing Company where they tested various types of
targets and, interestingly enough, a small circle on the field seemed
to be the best. Now of course this circle has to vary with distance as
to size, but the use of a V was found not to be as good. A second
thing, when you look at your errors that you have in pointing and
sighting and reading, etc. , you must realize that they combine and
therefore you have to be very careful how you treat them in direct
addition, because they do not combine directly this way. And this
would also explain where you take a longer distance in traverse and
you will eventually get a relatively good precision. Perhaps the error
is bigger, but the precision is pretty good. This may perhaps answer
this problem.

184



SURVEYING APPLICATIONS IN HIGHWAY ENGINEERING

William H. Tebeau

INTRODUCTION

Surveying applied to highway work consists of:

1. The operation of finding and delineating the ground contour
and the location of objects within a narrow strip along a proposed
route,

Z. Establishing the route location by survey lines,

3. The accumulation of data pertinent to drainage,

4. The determination of earthwork volumes necessary for
construction, and

5. Obtaining data for the necessary right-of-way.

The highway application makes use of both the direct method of
surveying, where all of the survey work is done on the ground, and
the indirect method where much of the preliminary work is accom-
plished by photographic means. The sequence of surveying operations
in highway engineering is listed as follows: reconnaissance surveying,
preliminary surveying, location surveying, and construction surveying.

RECONNAISSANCE SURVEYING

Many highway improvements make use of established routes and
little or no reconnaissance is necessary. For a new highway routing,
however, a reconnaissance is needed in order to make a widespread
study of the area possible for the location from which is determined
the most logical position for the new highway. As a result of this
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type of study, the tentative location is narrowed down to a single
route possibility upon which a more detailed survey is based. The
factors considered in route selection are:

1. Design standards, particularly as to grade and alignment,
which influence topographical control,

2. Grading, which is influenced by the geological features and
materials encountered,

3. Rights-of-way, which sometimes comprise the major portion
of the highway cost- -particularly in highly developed urban areas
(and some rural areas) where these costs can exceed construction
costs; a careful analysis is necessary from which an estimate is
made of properties to be acquired along with the damages to be
expected, and

4. The effect of the highway relocation upon the various com-
munities to be served.

To aid the engineer in these reconnaissance studies, maps from
various sources are utilized. USGS (quadrangle) maps are used
which are generally scaled to 1:24, 000 or 1:62, 500, having contour
intervals ranging from 10 feet to 80 feet; maps of a smaller scale
are sometimes used, but only as a guide in setting up flight maps
for aerial photographs. State, county, or city maps containing
pertinent data on existing roads and streets are also used. Other

maps comprise those from reclamation and irrigation districts,
public utilities, geology and soils, Metzger, Sanborn, and aerial
photographs. Overlapping prints of aerial photographs are viewed
with a stereoscope to obtain a three-dimensional effect of the terrain,
and photographs are also put together to produce a mosaic which is
used to study the overall picture of the area. Photogramrnetric maps
are prepared when other maps of a suitable scale are lacking. For
reconnaissance, a one-inch = 400 feet map (20-foot contours) is
generally prepared; to determine the extent of mapping to be done,
a general route (or routes) is sketched on small scale maps or aerial
photographs *

In addition to any maps made available for the reconnaissance
study, a field review is generally made to obtain details not shown on



the maps which may influence the route location. Surveying instru-
ments utilized on this review are the hand level, Abney level or
clinometer, compass, and barometer which are used to obtain
ground slopes, gradients, elevations of summits, and stream cross-
ings and serve to corroborate the accuracy of the maps being used.
In cases where the gradients are critical, a transit-stadia line is run
over portions of the route proposal.

PRELIMINARY SURVEYING

The preliminary survey is used to obtain the necessary data for
the final route selected from the reconnaissance study. Topographic
features and culture are tied to this traverse along with section
corners and property corners or monuments; accurate levels are
run and bench marks are established. The conventional ground
survey (direct method) is generally used to obtain these details;
more recently, however, photogramn-ietric maps are being used with
relative success toward alleviating much of th time-consuming
ground survey and map plotting, particularly as to the ground config-
uration, with field methods still being used to tie in man-made
culture and cadastral corners. When using aerial maps, the follow-
ing limitations are considered which govern, more or less, when
and where to use them:

1. Extent of ground cover and its effect on aerial mapping--if
the ground is completely obscured, supplementary field work must
be done; and

1. The extent to which an existing highway is to be used as part
of the proposed facility; aerial contour mapping is not suitable for a
widening project but it does prove satisfactory for a four-lane divided
highway where the existing highway is utilized for two of the lanes- -
provided the median (dividing strip) has sufficient width that tight
grade controls are not required. Where earthwork quantities are
very light and drainage controls the grade line, field methods have
been found to be more satisfactory than aerial methods. The aerial
method, therefore, finds its greatest use for entirely new work.

With the "on the ground" survey, a preliminary line ("P" line)
is run with a transit and tape utilizing, if available, geodetic data
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from the Oregon coordinate system (Lambert grid); where geodetic
coordinates are not available, the "P" line is closed within itself to
obtain a control line sufficiently accurate (degree of accuracy- -not
less than 1:5, 000) for the topographical map. Astronomical
measurements are made when:

1. Data concerning direction is lacking; and

Z. Checking the bearings determined from geodetic coordinates.

Where aerial topography is to be the source of information, the "P"
line serves as the horizontal and vertical control for the mapping,
with the traverse distances and ties to geodetic monuments being
determined with an electronic device such as the Electrotape, which
utilizes the speed of high-frequency radio waves; this instrument,
in conjunction with the theodolite, has saved considerable time in
developing accuracy in these control traverses not possible with a
transit and tape.

For firm vertical control, bench levels are run with bench marks
being established at convenient intervals--placed so as to serve as
semi-permanent control for the location and construction surveys;
from this control, profile levels and cross-sections are taken.
When the profile of the ground (or the cross-section) is not possible
by conventional methods, e. g., where water of considerable depth
is encountered, the fathometer has proved to be an efficient instru-
ment in areas where the route proposal lies adjacent to or crosses a
major body of water and cross-sections and/or profiles are desired.
To obtain a picture of how the fathometer is used for cross-sections,
a crew of about eight persons is used in the following manner: there
are two transitmen, each with a notekeeper, three men in the boat
with the fathometer, and a man on shore setting sights. The two
transits are placed on the shore some convenient (known) distance
apart; range poles are used on each side of the traverse center line
to aid the boat in maintaining a normal position with respect to any
given station on the center line; the soundings are made toward the
shore and several shots are made with the transits on each run to
cover any change in speed and/or direction--visual signs are used to
warn the transitrnen of an intended reading from the fathometer.
Elevations obtained by this instrument are comparable to conventional
methods on dry land.



Using the information obtained from the preliminary survey, a
"hard copy" or detail map is prepared on which the final alignment of
the route is projected. This map is plotted by using adjusted coordi-
nates of the "F" line traverse points. Contours (generally at 5-foot
intervals) are drawn on the map, using the leveling and cross-section
data obtained from the conventional field methods; when photogram-
metric methods are employed to develop the base map, the placing
of contours is not necessary. Making use of this detail map, a
possible center line is projected taking into consideration any align-
ment and grade controls which may be established by crossroads,
railroads, waterways, man-made culture, and other influencing
factors. The alignment and grades are adjusted to obtain as nearly
an economical earthwork balance as possible--the earthwork being
determined by picking cross-sections from the detail map with ref-
erence to the projected line. When this "paper" location is finally
resolved, the route is then staked on the ground.

LOCATION SURVEYING

The location survey is the staking on the ground of the center line
("L" line) of the proposal as determined by the "paper" location.; ad-
ditional data is obtained and classification of the materials is made.
The "L" line is a computed traverse line and is established on the
ground by calculated ties to the "F" line which provides, in theory,
a closed traverse. After the initial tie is made, the "L" line is run
independently of the "F" line, using the calculated ties to check
distances and bearings as the survey progresses; in this way, the
"L" line does not contain any of the idiosyncrasies of the "F" line.
Cadastral lines and monuments and other features are then tied to
the "L" line because once the highway is built, all evidences of the
"F" line are erased as are any important ties to it. The horizontal
curvature (calculated on arc basis) is run in and reference ties made
so that easy relocation of the center line can be made during all phases
of construction. In some cases, the located line is run in directly
without the aid of the "P" line and detail map for projection; this has
been found to be a satisfactory procedure when relatively minor
realignment of the existing facility is desired. A ground profile is
run, taking all prominent ground breaks, and cross-sections are
taken from which a more accurate determination of the earthwork
quantitIes is made.
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At structure sites, a more detailed survey is made so that a
vicinity map can be produced. This map is used for the design of

any structures that may be required. Contours are shown generally
to a 2-foot interval along with data relative to the location of the
stream banks, edge of water, depth of water, direction of flow, pro-
file of stream bed, and alignment of the proposed highway. Where

a structure crosses a street or other roadway, information is shown
pertaining to the profile and cross-section of the street or roadway

involved.

Aerial photographs are also employed on this final location,
which is generally restricted for use as a source of information for
right-of-way purposes. Through modern photographic methods, the

route proposal with its delineated right-of-way line is superimposed
upon controlled aerial photographs which then serve as an aid in
evaluating the property to be taken and in determining access control,

if any. Other uses of photographs for the location survey include the

depiction of drainage patterns and classification of materials by photo-
interpretation methods. In some cases in order to save time, staking

on the ground is omitted until construction begins; for this, the route
is carefully projected on controlled photographs.

CONSTRUCTION SURVEYING

The construction survey is done entirely by "on the ground"
methods using the transit and tape. The procedure consists of retrac-
ing the "L" line using field notes from the location survey, making

certain that curve points and stations are established. The final

plans, which represent the picture of the complete design of the
highway, are used along with the specifications to enable the engineer
to locate and construct on the ground the facility as visualized. After

the line is established, the first step is the setting of the clearing
stakes after which the grading controls such as slope stakes, drain-
age stakes, structure stakes, etc. are set. Upon completion of the
grading, the finish stakes are set. Permanent right-of-way markers
are also set (if not already done so on the location survey) and per-
manent bench marks are set.

The final step in the surveying sequence involves the setting of
the traffic control devices such as sight posts, guard rail, signs, etc.
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The project is then measured as to the completeness of the construction
and any changes noted on the construction plan, which then is placed
in a permanent file for future reference if all phases of the construc-
tion have been satisfactorily executed.

CONCLUSION

With highway engineering becoming more complex and the
demands of the public becoming greater for more and better highways,
the usual "on the ground" method of surveying has been supplemented
with the use of aerial photographs both in photo-interpretation and in
photogrammetry. Adoption of better measuring devices such as the
theodolite, the Electrotape, and the fathorneter has also proved
efficient in providing surveys of greater accuracy than can be
realized from conventional methods. The highway engineer could
not function without the data provided by surveying methods, both
old and new.

It might be mentioned, in closing, that data from the completed
highways are also being utilized by other governmental agencies and
private individuals interested in the survey control established.
Since highway surveys are widespread and more precise methods of
measurement are being employed, the various highway departments
are generally cooperating with the federal government in the accumu-
lation of geodetic data.

DISCUSSION

McCornack: We have availed ourselves of your information, your
coordinates, and have generally found them to be quite accurate.
There have been minor exceptions, and we would like to know at
what stage in your surveys the positions are added to your maps?

Tebeau: Generally speaking, our triangulation is added during the
"P" line stage, the preliminary survey stage.
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Porterfield: In your example you mentioned just one reconnaissance,
one "P" line, etc. In reality, can't you actually have as maiy as six

or more reconnaissance and "p" lines?

Tebeau: This presentation was a little overly simplified. In recon-
naissance we generally run several lines; they may run up as high
as six lines. Now as far as "F" lines are concerned; these lines
are placed in strategic areas. We may run a "F" line which would
closely approximate our "L" line in most cases, but maybe it might
be necessary for us to run a stub line off at right angles to get some
information that we need. Then we would run an auxiliary "F" line,
another "F" line, or what we would call a "P-Z" line.

Unknown Voice: If you made this information available at county
surveyor's offices, I think it would be very helpful for the practicing
land surveyor. Do you know if you do that now?

Tebeau: I don't believe we make an effort to furnish this information
to the county surveyor's offices; however, the information is avail-
able to you if you want to write for it.

Vaaler: When you only run an "L" line and purchase property, you
purchase the property on the "L" line?

Tebeau: Yes. If there are any revisions made in this line, we try
to hold the revision within the right-of-way that we have.

Taylor: You say that in establishing the "L" line you establish it
independently of the "F" line. Do you check back against the "P"
line to see if there is a chance you might have made a discrepancy in
one or the other?

Tebeau: I would make checks to see whether or not my "L" line is all
right.

McGinty: How do you re-establish your original "L" line, which would
then allow you to relocate the right-of-way line?

Tebeau: Generally speaking, if we have purchased right-ofway, we
have already established the line from which this right-of-way is
purchased.
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Schminky: I think a lot of this problem could be solved if the State
Highway Department was better in the monumenting of the location
line after construction. On your construction maps, we find, in the
City of Portland, that the center line relation to re-establish a
property line is not shown. Now if the center line of your constructed
right-of-way was monumented, the pipes that you set for property
lines would be offset references rather than points that are being used
as monuments to re-establish the center line of construction. 11
the highway itself were monumented with monuments that a surveyor
could pick up and recognize, I think 90% of the problem would be
eliminated.

Sturmer: One of the questions that comes up quite often is that the
right-of-way is purchased off the right-of-way center line and then
the construction center line is changed. In our city surveys we have
coordinates from the Lambert grid on the right-of-way center line
and we also have them on the construction center line. Now, the
construction center line is monumented because often the right-of-
way center line will be out in the center line of traffic, and on an
interstate freeway we are not allowed to block, that line of traffic.
In Portland, we figure a tie from the right-of-way center line to the
property corner and then correlate that to the construction center
line without too much trouble. It takes some figuring, but not too
much trouble in the field.

Schminky: In one of the talks it was mentioned that spiral curves are
hard to establish. Now spiral curves are constructed primarily for
traffic. Why does the right-of-way have to be bought on the spiral
curve when a simple curve could answer the purpose?

Tebeau: Well, I can agree with you because the spiral curve has
created a problem. As you know, the railroad has solved this prob-
lem, because all of their right-of-way is projected on simple curvature.

Swan: Does the State Highway have any policy of monumenting where
the section lines cross the right-of-way line? If there was a monu-
ment on each side of the right-of-way where the section lines cross
the right-of-way of the highway, the surveyor could take it from there.

Tebeau: This would solve a lot of things, and we used to do it that way,
which is one of the reasons we went to our extended center line de-
scriptions.
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NAME

Abernathy, B.G.
Ager, J. M.
Ala, Ray
Anderson, Sherman
Andringa, J.J.
Angermayer, Charles
Arndorfer, R. W.
Ascher, L.H.
Avery, M.H.
Azar, A.J.
Baich, R.A.
Banta, G.B.
Barbo, Robert
Barnes, R.G.
Barrows, H.P.
Bass, R.B.
Bennett, Z.V.
Berg, O.E.
Bergeson, KR.
Bergmann, R.W.
Beyerlein, M. L.
Bish, M. V.
Bissell, Fred
Blakesley, R.G.
Bochsler, Lawrence
Bodenstab, John
Bonner, J.J.
Bordeaux, Dick
Borgen, Arlen

Boutwell, P.D.
Boyden, M.E.
Bragington, L. P
Branton, D. J.
Brownson, L. D.
Bryan, HE.
Burdett, W. H.

REGISTRATION LIST

ADDRESS

Portland, Oreg.
Klamath Falls, Oreg
Astoria, Oreg.
Lakeview, Oreg.
Eugene, Oreg.
Eugene, Oreg.
Bend, Oreg.
Pendleton, Oreg.
Corvallis, Oreg.
Portland, Oreg.
Portland, Oreg.
Corvallis, Oreg.
Salem, Oreg.
Salem, Oreg.
Hillsboro, Oreg.
Albany, Oreg.
Roseburg, Oreg.
Salem, Oreg.
Westlake, Oreg.
Central Point, Oreg.
Philomath, Oreg.
Hilisboro, Oreg.
McMinnville, Oreg.
Portland, Oreg.
Salem, Oreg.
Medford, Oreg.
Portland, Oreg.
Seattle, Wash.
Newport, Oreg.

IBeaverton, Oreg.
Medford, Oreg.
Wldport, Oreg.
The Dalles, Oreg.
Astoria, Oreg.
Yreka, Calif.
Newport, Oreg.
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EMPLOYER

City of Portland
Oreg. Tech. Inst.
City of Astoria
15. S. Forest Serv.
Allum Bros.
City of Eugene
P. L. Surveyor
Hayes & Harris
City of Corvallis
Mult. Co. Surveyor
Pettijohn Engr. Co.
OSU Physical Plant
Bureau of Reclamation
P. L. Surveyor
Wash. Co. Surveyor
Jackson & Prochnau
Oreg. St. Hwy. Dept.
Bureau of Reclamation
Mt. Canary Lbr. Co.
Pacific P. & L.
City of Philomath
State Engineer
City Engineer
Met. Planning Corn.
Marion Co. Engrs.
City of Medford
Pettijohn Engr. Co.
Eugene Dietzgen Co.
Cornell, Rowland,
Hayes and Merryfield
P. L. Surveyor
P. L. Suveyor
U. S. Forest Serv.
Tenneson Engr. Corp.
Clatsop College
Piemme, Neill & Bryan
Lincoln County



Burns, D.G.
Butte, R.H.
Callahan, Dean
Carison, A. H.
Carison, Dennis
Carnegie, Burt
Carnegie, O.A.
Carty, J.E.
Caswell, 0. 0.
Ca swell, W. L.
Castleberry, R. S.
Chase, J.W.
Cheek, J.C.
Cheliquist, Clarence
Clark, K.M.
Clausen, B.J.
Clifton, D.R.
Cochran, V.W.
Colbert, J.L.
Cory, H.N.
Coskey, J.W.
Cox, K.W.
Crouch, Steve
Cunningham, R. 0.
Dahne, Robert
Daniels, H.C.
Danielson, Stephen
Darby F.M.
Davis, R.B.
Deeths, H.A.
DeLess, R.B.
Denison, C.A.
Denison, J.M.
Devnich, D. D.
DiLoreto, E.P.
Dortch, Bob
Doty, J.C.

Dull, Neal
Durham, R.L.
Dwyer, J.A.
Eggleston, Jerry
Ellison, W.fl.
Elsass, Leroy
Esslèr, C.A.
Estes, B.A.

Portland, Oreg.
Salem, Oreg.
Cathlamet, Wash.
Portland, Oreg.
Kiamath Falls, Oreg.
Portland, Oreg.
Albany, Oreg.
Forest Grove, Oreg.
Eugene, Oreg.
Beaverton, Oreg.
Monroe, Oreg.
Gresham, Oreg.
Portland, Oreg.
Crescent City, Calif.
HIllsboro, Oreg.
Hood River, Oreg.
Hebo, Oreg.
Portland, Oreg.
Portland, Oreg.
Eugene, Oreg.
Hillsboro, Oreg.
Corvallis, Oreg.
Salem, Oreg.
Astoria, Oreg.
Roseburg, Oreg.
McMinnville, Oreg.
Hillsboro, Oreg.
Roseburg, Oreg.
Crescent City, Cal.
Salem, Ores.
Eugene, Oreg.
Newport, Oreg.
Toledo, Oreg.
Portland, Oreg.
Portland, Oreg.
Kiamath Falls, Oreg.
Salem, Oreg.

Corvallis, Oreg.
North Bend, Oreg.
Salem, Oreg.
Salem, Oreg.
Seaside, Oreg.
Boise, Idaho
Portland, Oreg.
Salem, Oreg.
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Soil Cons. Service
Bureau of Reclamation
Crown Zellerbach
Soil Cons. Service
Oreg. Tech. Inst.
Oreg. Fish Comm.
Linn County
City of For. Grove
P. L. Surveyor
R.E. Meyer, Engr.
J. H. Quiner, P.E.
Marx and Chase
Pacific P. & L.
McClendon Surv. Co.
P. L. Surveyor
City of Hood River
U. S. Forest Service
Port of Portland
U.S. Geol. Survey
P.L. Surveyor
Self
Oregon State Univ.
Oregon St. Hwy. Dept.
Oregon St. Hwy. Dept.
Roseburg Lmbr. Co.
County Road Dept.
City Engineer's Off.
Douglas County
McClendon Surv. Co.
Clark and Groff
Oreg. St. Hwy. Dept.
P.L. Surveyor
Cascadia Lnibr. Co.
Oreg. St. Hwy. Dept.
P.L. Surveyor
Smith and Westvold
State of Oregon
Valuation Division
OSU Physical Plant
Menasha Corp.
Bureau of Reclamation
State Engr's Off.
Crown Zellerbach
Bureau of Reclamation
Kelly and Associates
Oreg. St. Hwy. Dept.



Farr, M.E.
Faulkner, H.M.
Flynn, R.T.
Foulon, C.F.
Fox, R.L.
Frey, George
Fultz, L.E.
Gaither, J.L.
Gearhart, J.B.
Gibson, A.G.
Gibson, Donald
Giering, A.C.
Gilman, Donald
Graham, A.D.
Graham, E.E.
Green, W.E.
Griffith, G.C.
Groh, Anton
Guile, C.W.
Gwinup, 3.0.
Hales, F.J.
Halsey, W.W.
Hambleton, James
Hammond, S. E.
Hanley, J.D.
Harmier, Vernon W.
Harris, W. 0.
Hart, Larry
Hartman, N. E.
Hawkins, O.M.
Hawthorne, J.E.
Helling, Robert
Hill, Lester
Hodam, Gordon
Holmes, H.H.
Holmes, L.S.
Hull, David
Hurlburt, F.T.
Hutchison, R.W.
Inman, J.D.
Jackson, R.M.
Jacobson, J.L.
James, W.P.
Jeppesen, Keith
Jeter, F. P.
Johnson, Jim
Johnson, W.R.
Johnstone, H. W.

John Day, Oreg.
Klamath Falls, Oreg
The Dalles, Oreg.
Kiamath Falls, Oreg
Portland, Oreg.
Hood River, Oreg.
Cloverdale, Oreg.
Salem, Oreg.
Coquille, Oreg.
Salem, Oreg.
The Dalles, Oreg.
Salem, Oreg.
Eugene, Oreg.
Salem, Oreg.
Corvallis, Oreg.
Astoria, Oreg.
McMinnville, Oreg.
Pendleton, Oreg.
Eugene, Oreg.
Salem, Oreg.
Coquille, Oreg.
Portland, Oreg.
Baker, Oreg.
Springfield, Oreg.
Baker, Oreg.
Portland, Oreg.
Pendleton, Oreg.
Toledo, Oreg.
Portland, Oreg.
Vancouver, Wash.
Bend, Oreg.
Eugene, Oreg.
Brookings, Oreg.
San Francisco, Cal.
Goleta, California
Portland, Oreg.
Kiamath Falls, Oreg
Albany, Oreg.
Eugene, Oreg.
Portland, Oreg.
Salem, Oreg.
Portland, Oreg.
Salem, Oreg.
Portland, Oreg.
Salem, Oreg.
Salem, Oreg.
Salem, Oreg.
Roseburg, Oreg.
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U.S. Forest Service
U.S. Air Force
Bureau of Reclamation
Oreg. Tech. Inst.
Soil Cons. Service
County Surveyor
Corps of Engineers
Oreg. St. Hwy. Dept.
Southwestern Oreg. Coll.
State Forestry
Oreg. St. Hwy. Dept.
Clark & Groff
City of Eugene
Marion County
Retired
State Forestry
Willamina Lmbr. Co.
City Engineer
Guile & Plants
Oreg. State Hwy. Dept.
P.L. Surveyor
Self
U.S. Forest Service
City of Springfield
Prof. Engineer
Water Bureau
Hayes & Harris
County Road Dept.
Pacific P. & L.
El Paso Nat. Gas Co.
P.L. Surveyor
City of Eugene
So. Coast Lmbr. Co.
Lietz Co.
H. Holmes Engrs.
P.L. Surveyor
Oreg. Tech. Inst.
Oreg. St. Hwy. Dept.
Cons. Engr.
Portland St. Coll.
State Engineer
Soil Cons. Service
Bureau of Reclamation
Soil Cons. Service
Oreg. St. Hwy. Dept.
State Tax Comm.
Bur. Land Mgmt.
Roseburg Lmbr. Co.



Jones, F.E. Salem, Oreg. Dept. Public Works
Jones, Norris McMinnville, Oreg. County Road Dept.
Jordan, W. F. Longview, Wash. Longview Fibre Co.
Judkins, D. H. Portland, Oreg. Bur. Public Roads
Kannasto, R. R. Salem, Oreg. Bur. of Reclamation
Keeney, C. R. Grants Pass, Oreg. Siskiyou Nat' 1 Forest
Kessler, Earl Kiamath Falls, Oreg. County Engr' s Off.
King, W.R. Boise, Idaho El Paso Nat. Gas Co.
Kisseil, F. W. Kiamath Falls, Oreg. W. L. Wales, Cons. Engr.
Krueger, 1-1. W. Silverton, Oreg. Oreg. State Univ.
Kuehn, Robert Portland, Oreg. Multnomah Co. Surveyor
LaFamme, Clarence Eugene, Oreg. Eugene Tech. School
Lanham P.R. Silverton, Oreg. Marion County
Larson, P. J. Toldeo, Oreg. Ga. Pacific Corp.
Larson, R. W. Pendleton, Oreg. Blue Mtn. Coil.
Latham, E. B. Portland, Oreg. Univ. of Portland
Laursen, H. I. Corvallis, Oreg. Oreg. State Univ.
Leavitt, Keith Oakridge, Oreg. Edw. Hines Lbr. Co.
Lee, S.E. Corvallis, Oreg. Oreg. State Univ.
Lelli, Querino Medford, Oreg. Pacific P. & L.

Ling, Glenn Pendleton, Oreg. City of Pendleton
Lodewick, Kenneth Eugene, Oreg. Oreg. St. Hwy. Dept.
McAndrews, K. M. Klamath Falls, Oreg. P. L. Surveyor
McBeth, C. L. Medford, Oreg. City of Medford
McCornack, D. L. Eugene, Oreg. Water & Elec. Board
McGinty, E.A. Medford, Oreg. P.L. Surveyor
McKay, W. R. St. Paul, Oreg. Marion County
McLane, Angus Salem, Oreg. Bur. of Reclamation
McVey, A. V. Klamath Falls, Oreg. Oreg. Tech. Inst.
Mahler, R. F. Carmichael, Calif. Surveyors Service Co.
Mahoney, Jeremiah Hood River, Oreg. County Surveyor
Malstrom, Arvon Eugene, Oreg. Eugene Tech. School
Mann, Michael A. C. Portland, Oreg. Automated Inf., Inc.
Mansfield, E. G. Redmond, Oreg. Central Oreg. Irrigation Dist.
Marcum, Melvin Eugene, Oreg. City of Eugene
Martin, D. R. Myrtle Creek, Oreg. Martin Engr. Serv.
Martin, F. E. Portland, Oreg. Soil Cons. Service
Mason, Bert Jr. Oak Grove, Oreg. P. L. Surveyor
Mason, B. J. Salem, Oreg. Bur. of Reclamation
Maxwell, J. S. Portland, Oreg. Soil Cons. Service
Mealey, W. R. Klamath Falls, Oreg. Oreg. Tech. Inst.
Mercer. R. H. Portland, Oreg. Halsey & Mercer
Meyer, J. R. Canby, Oreg. Bonneville Power Adm.
Mickelson, B. A. Portland, Oreg. City of Portland



Middleton, L.F.
Milhollin, Ray
Miller, Ervin
Miller, F. L.
Miller, Harry
Miller, O.R.
Mime, Dexter
Milton, Robert
Minnehan, Joe
Moon, V.R.
Moore, V.C.
'Morris, R.A.
Morton, William
Murray, H.E.
Mursell, F.W.

Nash, D.L.
Navin, C.A.
Neill, R.W.
Neubauer, Ed
Newhouse, H.J
Noyes, E.A.
Oliver, Keate
Oman, R. E.
Opdahl, Alfred
Orr, T.J.
Orsi, Vincenzo
Owen, D. M.
Owley, A.N.
Ozols, Vitauts
Pagh, T.L.
Pahi, Sam
Parker, P.L.
Pasley, J.L.
Paynter, Dick
Pense, G.E.
Percy, M. D.
Perry, A. E.
Pettijohn, N.W
Phillips, J.M.
Phillips, W.M.
Pine, Michael
Pinner, Don

Edrnonds, Wash.
Kiamath Falls, Oreg
Boise, Idaho
Hillsboro, Oreg.
Dallas, Oreg.
Longview, Wash.
Oregon City, Oreg.
Portland, Oreg.
Portland, Oreg.
Coos Bay, Oreg.
Albany, Oreg.
Forest Grove, Oreg.
Takilma, Oreg.
Portland, Oreg.
Corvallis, Oreg.

Milwaukie, Oreg.
Lake Oswego, Oreg.
Yréka, Calif.
Portland, Oreg
Wedderburn, Oreg.
Portland, Oreg.
Clatskanie, Oreg.
Maupin, Oreg.
Portland, Oreg.
Kiamath Falls, Oreg.
Hillsboro, Oreg.
Hood River, Oreg.
Seattle, Wash.
Salem, Oreg.
Portland, Oreg.
Salem, Oreg.
Eugene, Oreg.
Salem, Oreg.
Salem, Oreg.
Portland, Oregon
Kiamath Falls, Oreg.
Bend, Oreg.
Portland, Oreg.
Eugene, Oreg.
Boise, Idaho
Corvallis, Oreg.
Kiamath Falls, Oreg.
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Reid, Middleton, & Assoc.
Oreg. Tech. Inst.
Bur. of Reclamation
Soil Cons. Service
Boise Cascade Corp.
Longview Fibre Co.
City of Oregon City
Automated Inf. , Inc.
Univ. of Portland
City of North Bend
Self
Forestry Dept.
Consulting Engr.
N. W. Nat'l Gas
Cornell, Howland,
Hayes & Merryfield
City of Milwaukie
U.S. Forest Service
Piemme, Neill & Bryan
Oreg. Fish Comm.
Curry Co. Surveyor
City of Portland
Oreg. St. Hwy. Dept.
U. S. Forest Service
Crown Zellerbach
Weyerhaeuser Co.
H.A. Mohr &Assoc.
City of Hood River
Puget Sound Blueprint Co.
Oreg. St. Hwy. Dept.
Mu.ltnomah Jr. Cofl.
Bur. of Reclamation
Eugene Tech. School
Sverdrup & Parcel Inc.
Marion Co. Engr's Off.
Mult. Co. Surveyor
Oreg. Tech. Inst.
Deschutes County
Pettijohn Engr. Co.
Eugene Tech. School
U.S. Dept. of Interior
City of Corvallis
County Engr's Off.



Plaisance, D. E. Salem, Oreg. Bur. of Reclamation
Plants, L. C. Eugene, Oreg. Guile & Plants
Polehn, L.F. The Dalles, Oreg. Oreg. St. Hwy. Dept.
Pongracz-Bartha, G. Portland, Oreg. Aerial Mapping Co.
Porter, H.P. Brookings, Oreg. City of Brookings
Porterfield, C. R. Camas, Wash. P. L. Surveyor
Prahar, Louis Bandon, Oreg. Self
Quiner, J..H. Eugene, Oreg. Cons. Engr.
Randall, C. A. Springfield, Oreg. Merritt, Chapman

& Scott Corp.
Reade, A. C Eugene, Oreg. Engr. Services Co.
Repetto, H. R. Eastside, Oreg. Sell
Ritter, Erwin Kiamath Falls, Oreg. Smith & Westvold
Rogers, F. H. , Jr. Vancouver, Wash. Bur. of Public Roads
Rohde, D. J. The Dalles, Oreg. Tenneson Engr. Corp.
Rohweder, R. H. Agate Beach, Oreg. Retired
Rudeen, D. R. Portland, Oreg. Shannon & Co.
Satterwhite, Ray Salem, Oreg. Bur. of Reclamation
Schmidt, M.M. Baker, Oreg. Oreg. St. Hwy. Dept.
Schminky, H. B. Portland, Oreg. City of Portland
Seay, E. E. Salem, Oreg. Surveyor' s Off.
Sedgwick, T. E. Portland, Oreg. Portland Gen. Elec.
Seibert, L. M. Dallas, Oreg. Willarnette Vily. Lbr. Co.
Siegmund, F. L. Salem, Oreg. State Engineer
Simms, John Springfield, Oreg. City of Springfield
Simpson, J. A. Salem, Oreg. Salem Tech. School
Shade, W.R. , Jr. Portland, Oreg. Kelley & Asscc.
Shaner, B. A. Roseburg, Oreg. Shanners' s Engr. & Surv.
Skyles, R.K. Portland, Oreg. U.S. Army Engrs.
Smeltzer, D. A. Butte Falls, Oreg. P. L. Surveyor
Smith, A. D. Butte Falls, Oreg. Prof. Engr.
Smith, L. C. Kiamath Falls, Oreg. Smith & Westvold
Sorsdahl, Don Salem, Oreg. Bur. Land Mgmt.
Standiford, R. J. Kiamath Falls, Oreg. Oreg. Tech. Inst.
Stark, P.A. Portland, Oreg. U.S. Coast & Geod. Sur.
Statzer, C. E. , Jr. Fontana, Calif. Kaiser Steel
Stephens, C.A. North Bend, Oreg. P.L. Surveyor
Stevens, K. E. Portland, Oreg. Pacific P. & L.
Stevens, W. C. Spokane, Wash. Bur. of Reclamation
Stewart, Robert Longview, Wash. Longview Fibre Co.
Stewart, R.J. Canby, Oreg. Prof. Engineer
Stiverson, Fred Kiamath Falls, Oreg. 408 Fighter Group
Stone, Don Naselle, Wash. Crown Zellerbach
Strandt, Walt Albany, Oreg. Linn County
Stratton, L. M. The Dalles, Oreg. Oreg. St. Hwy. Dept.
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Stubbert, G. C. Sutherlin, Oreg. City Manager
Sturmer, D. E. Portland, Oreg. Oreg. St. Hwy. Dept.
Swain, Everett Kiamath Falls, Oreg. City of Kiamath Falls
Swan, H.T. Baker, Oreg. Surveyor
Tanielian, M. D. Klamath Falls, Oreg. 408 Fighter Group
Tatone, R. G. Canby, Oreg. Civil Engr.
Taylor, J. L. Aurora, Oreg. P. L. Surveyor
Teigen, M. H. Estacada, Oreg. U. S. Forest Service
Thomas, Ralph Jr. Eugene, Oreg. Oreg. St. Hwy. Dept.
Thompsen, L. M. Corvallis, Oreg. City Engineer
Thompson, Frank Corvallis, Oreg. Cornell, Howland,

Hayes & Merryfield
Thompson, R. M. Grants Pass, Oreg. Cons. Engineer
Trantow, Terry Portland, Oregon U.S.G.S.
Vaaler, A. W. Eugene, Oreg. Vaaler & Assoc.
VanCleave, H. J. Silverton, Oreg. Self
Van Dyke, M. W. Prairie City, Oreg. U. S. Forest Service
Van Dyke, Sidney Salem, Oreg. Dept. Pub. Works
Wagner, C. R. St. Helens, Oreg. Civil Engr.
Wallace, Dave Lakeview, Oreg. IJ.S. Forest Service
Wallace, R. C. Salem, Oreg. U. S. Bur. Reclamation
Walter, R. V. Eugene, Oreg. West. Engr. Consultants
Walters, S. F. Tangent, Oreg. Prof. Engr.
Warden, G. E. Salem, Oreg. Bur. of Reclamation
Weideman, G. A. Baker, Oreg. U. S. Forest Serv.
Wells, J. P. John Day, Oreg. U. S. Forest Serv.
West, Theodore Salem, Oreg. Bur. of Reclamation
Westvold, Joseph Klamath Falls, Oreg. Smith & Westvold
Whitcomb, G. E. Lebanon, Oreg. City Surveyor
Wille, C. R Portland, Oreg. County Surv. Off.
Williams, L. T. Salem, Oreg. County Surv. Off.
Willows, C. E. Lebanon, Oreg. Willamette Nat' 1 Lbr. Co.
Winterringer, T.L. Klamath Falls, Oreg. U.S. AirForce
Wolfe, R. L. Salem, Oreg. Oreg. St. Hwy. Dept.
Wood, D. A. Foster, Oreg. Willamette Nat' 1 Lbr. Col
Wood, H.W. Corvallis, Oreg. U.S. Forest Serv.
Worth, G. H. Eugene, Oreg. Oreg. St. Hwy. Dept.
Wyatt, G. W. Portland, Oreg. Eugene Dietzgen
Zaugg, L. S. Blue River, Oreg. U. S. Forest Serv.
Ziebell, R. H. Salem, Oreg. Oreg. St. Hwy. Dept.
Zygar, Leonard Salem, Oreg. Bur. Land Mgmt.
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OREGON STATE UNIVERSITY
ENGINEERING EXPERIMENT STATION

CORVALLIS, OREGON

PARTIAL LIST OF PUBLICATIONS
(For a co,,splete hstng write the Engineering Expersment Station.)

Bulkhn,-
No. I. Preliminary Report on the Control of Stream Pollution in Oregon, by C. V. Langton

and H. S. Rogers. 1929. 15t.
N, 2. A Sanitary Survey of the Willamette Valley, by H. S. Rogers, C, A. Moekmoce,

and C. D. Adams. 1930. 40g.
No. 3. The Properties of Cement-Sawdust Mortars, Plain and with Various Adsnixtures,

by S. H. Graf and R. H, Johnson. 1930. 40g.
No. 4. Interpretation of Exhaust Gas Analyses, by S. H. Graf, G. W. Gleeson, and W. H.

Paul. 1934. 25g.
No. 5. Boiler.Water Troubles and Treatutents with Special Reference to Problems in

Western Oregon, by R. K. Summers. 1935. None available.
No. 6. A Sanitary Survey of the Willamette River from Seliwood Bridge to the Columbia.

by G. W. Gleeson. 1936. 25g.
No. 7. Industrial and Domestic Wastes of the Willamette Valley, by G. W. Gleeson and

F. Merryfield. 1936. 50g.
No. 8. An Investigation of Some Oregon Sands with a Statistical Study of the Predictive

Values of Tests, by C. E. Thomas and S. H. Graf. 1937. 50g.
No. 9. Preservative Treatments of Fence Posts. 1938 Progress Report on the Post Farm,by T. J. Starker. 1938. 25g. Yearly progress reports, 9-A, 9-B, 9-C, 9.D,9-E, 9-F, 94;. 15.
No. 10. Precipitation-Static Radio Interference Phenomena Originating on Aircraft, byK. C. Starr. 1939. 75.
No. 11. Electric Fence Controllers with Special Reference to Equipnsent Developed forMeasuring Their Characteristics, by F. A. Everest. 1939. 40g.
No. 12. Mathematics of Alignment Chart Construction Without the Use of Determinants,

by J. R, Griffith. 1940. 254.
No. 13. Oil.Tar Creosote for Wood Preservation, by Glenn Voorhies. 1940. 254.
No. 14. Optimum Power and Economy Air-Fuel Ratios for Liquefied Petroleum Gases, byW. H. Paul and M. Popevich. 1941. 254.
No. 15. Rating and Care of Domestic Sawdust Burners, by K. C. Willey. 1941. 254.No. 16. The Improvement of Reversible Dry Kiln Fans, by A. Il. Hughes. 1941. 254.No. 17. An Inventory of Sawmill Waste in Oregon, by Glenn Voorhies. 1942. 254.
No. 18. The Use of the Fourier Series in the Solution of Beam Problems, by B. F. Ruffner.1944. 504.
No. 19. 1945 Progress Report on Pollution of Oregon Streams, by Fred Merryfield andW. G. Witmot. 1945. 404.
No. 20. The Fishes of the Willamette River System in Relation to Pollution, by R. E.Dimick and Fred Merryfseld. 1945. 40ç.
No. 21. The Use of the Fourier Series in the Solution of Beam-Column Problems, byB. F. Ruffner. 1945. 254.
No, 22. industrial and City Wastes, by Fred Merryfield, W. B. Bollen, and F. C. Kachel.

hoffer. 1947. 404.
No. 23. Ten-Year Mortar Strength Tests of Some Oregon Sands, by C. E. Thomas andS. 11. Graf. 1948. 254.
No, 24. Space Heating by Electric Radiant Panels and by Reverse-Cycle, by Louis Siegel.1948. 504.
No. 25. The Bsnki Water Turbine, by C. A. Mocknsorc and Fred Merryfield. Feb 1949.404.
No. 26. Ignition Temperatures of Various Papers, Woods, sod Fabrics, by S. H. Graf.'Mar 1949. 604.
No. 27. Cylinder Head Temperatures in Four Airplanes with Continental A-65 Engines, byS. H. Lowy. July 1949,
No. 28. Dielectric Properties of Douglas Fir at High Frequencies, by J. J, Wittkopf andM. D. Macdonald. July 1949. 404.
No. 29. Dielectric Properties of Ponderosa Fine at High Frequencies, by J. J. Wittkopf andM. D. Macdonald. September 1949. 404.
No. 30. Expanded Shale Aggregate in Structural Concrete, by D. 11. Ritchie and S. H.Graf. Aug 1951. 604.
No. 31. Improvements in the Field Distillation of Peppermint Oil, by A. D. Hughes.Aug 1952. 604.
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No. 32. . Gage for the Measurement of Transient Hydraulic Pressures, by E. F. Rice.
Oct 1952. 404.

No. 33. The Effect of Fuel Sulfur and Jacket Temperature on Piston Ring Wear as
Determined by Radioactive Tracer, by M. Popovich and R. W. Peterson.
July 1953. 404.

No. 34. Pozzolanic Propertie, of Several Oregon Pumicites, by C. 0. Heath, Jr. and N. R.
Brandenburg. 1953. 504.

No. 35. Model Studies of Inlet Designs for Pipe Culverts on Steep Grades, by Malcolm
B. Karr and Leslie A, Clayton. June 1954, 404.

No. 36. A Study of Ductile Iron and Its Response to Welding, by W. R. Rice and 0. 6.
Paasehe. Mar 1955. 604.

No. 37. Evaluation of Typical Oregon Base-Course Materials by Triaxial Testing, by
M. A. Ring, Jr. July 1956. 504.

No. 38. Bacterial Fermentation of Spent Sulfite Liqsor for the Production of Protein
Concentrate Animal Feed Supplement, by Herman R. Amberg. Oct. 1956. 504.

No. 39. Wood Waste Disposal and Utilization, by R. W. Boubel, M, Northcraft, A. Van
Vlit, M. Popovich. Aug. 1958. $1.00

Circulars-
No. I. A Discussion of the Properties and Economics of Fuels Used in Oregon, by C. E.

Thomas and G. D. Keerins. 1929. 254.

No. 2. Adjustment of Automotive Carburetors for Economy, by S. H. Craf and G. W.
Gleeson. 1930. None available.

No. 3. Elements of Refrigeration for Small Commercial Plants, by W. H. Martin. 1935.
None available.

No. 4. Some Engineering Aspects of Locker and Home Cold-Storage Plants, by W. H.
Martin. 1938. 254.

No. 5. Refrigeration Applications to Certain Oregon Industries, by W. 1-I. Martin. 1940.
254.

No. 6. The Use of a Technical Library, by W. E. Jorgenson. 1942. 254.

No. 7. Saving Fuel in Oregon Homes, by E. C. Willey. 1942. 254.

No. 8. Technical Approach to the Utilization of Wartime Motor Fuels, by W. H. Paul.
1944. 254.

No. 9. Electric and Other Types of House Heating Systems, by Louis SIegel. 1946. 254.

No. 10. Economics of Personal Airplane Operation, by W. J. Skinner. 1947. 254.

No. 11. Digett of Oregon Land Surveying Laws, by C. A. Mocksnore, M. P. Coopey,
B. B. Irving, and E. A. Buckhorn. 1948. 254.

No. 12, The Aluminum Industry of the Northwest, by J. Granville Jensen. 1950. 25c.

No. 13. Fuel Oil Requirements of Oregon and Southern Washington, by Cheater K.
Sterrett. 1950. 254.

No. 14. Market for Glass Containers in Oregon and Southern Washington. by Cheater K.
Sterrett. 1951, 254.

No. 15. Proceedings of the 1951 Oregon State Conference on Roads and Streets. April
1951. 604.

No. 16. Water Works Operators' Manual, by Warren C. Westgarth. Mar 1953. 754.

No. 17, Proceedings of the 1953 Northwest Conference on Road Building. July 1953. 604.
No. IS. Proceedings of the 1955 Northwest Conference os, Road Building. June 1955. 604.

No. 19. Review for Engineering Registration, I. Fundamentals Section, by Leslie A. Clay-
toO. Dec 1955. 604.

No. 20. Digest of Oregon Land Surveying Laws, by Xnneth J. O'Connell. June 1956. 754.
No. 21. Review for Engineering Registration, 2. Civil Engineering, by Leslie A. Clayton

and Marvin A. Ring. July 1956. $1.25.
No. 22. Review for Engineering Registration, 3. Mechanical Engineering, by Charles 0.

Heath, Jr. Feb 1957. $1.25.
No. 23. Research and Testing in the School of Engineering, by M. Popovicb. May 1957.

2Sf.

No. 24. Proceedings of the 1957 Northwest Conference on Road Building, July 1957. $1.00.

No. 25. Proceedings 0f the 1959 Northwest Conference on Road Building, Aug 1959. $1.00.
No. 26. Research Activities in the School of Engineering, by J. G. Knudsen, Nov 1960.

254.
No. 27. Proceedings of the 1960 Northwest Highway Engineering Conference, Dec 1960.

$1.00.
No. 28. Proceedings of the 1962 Northwest Roads and Street Conference, Mar 1962. $1.00.

No. 20. Proceedings of the Eleventh Pacific Northwest Industrial Waste Conferencg-1963,
Sept 1963. $1.00.

No. 30. Proceedings of the 1964 Northwest Roads and Streets Conference, June 1964 $1.00.

No. 31. Research Activities in the School of Engineering, by J. G. Knudsen, Sept 1964.

354.
No. 32. The Use of a Technical Library, by R. K. Waldron, Oct. 1964. 354.

No. 33. Proceedings of the 1964 Surveying and Mapping Conference, July 1965 ............
No. 34. Wood Residue Incineration in Tepee Burners, by R. W. Boubel, July 1965 354.
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R.print,-
No. 1. Methods of L;ve Line Insulator Testing and Results of Tests with Different

Instruments, by F. 0. McMilLan. Reprinted from Proc NW Elec Lt and Power
Assoc. 1927. 2O.

No. 2. Some Anomalies of Siliceous Matter in Boiler Water Chemistry, by R. E.
Sumniers. Reproted from Combustion. Jan 1935. lOt.

No. 3. Asphalt Emulsion Treatment Prevents Radio Interference, by F. 0. McMillan.
Reprinted from Electrical West. Jan 1935. None available.

No. 4. Some Characteristics of A.0 Conductor Corona, by E. 0. McMillan. Reprinted
from Electrical Engineering. Mar 1935. None available.

No. 5. A Radio Interference Measuring Instrument, by F. 0. McMillao and H. G. Barnett.
Reprinted from Electrical Engineering. Aug. 1935. lOt.

No. 6. Water-Gas Reaction Apparently Controls Engine Exhaust Gas Composition by
C. W. Gleeson and W. H. Paul. Reprinted from National Petroleum N'ews.
Feb 1936. None available.

No. 7. Steam Generation by Burning Wood, by R. E. Summers. Reprinted from Heating
and Ventilat,ng. Apr 1936. lO.

No. 8. The Pieso Electric Engine Indicator, by W. H. Paul and K. R. Eldredge. Reprinted
from Oregon State Technical Record. Nov 1935. lOt.

No. 9. Humidity and Low Temperature, by W. H. Martin and E. C. Willey. Reprinted
from Power Plant Engineering. Feb 1937. None avaiLable.

No. 10. Heat Transfer Efficiency of Range Units, by J. Walsh. Reprinted from
Electrical Engineering. Aug 1937. None available.

No. 11. Design of Concrete Mixtures, by I. F. Waterman. Reprinted from Concrete. Nov
1937. None available.

No. 12. Water.Wise Refrigeration, by V. H. Martin and R. E. Summers. Reprinted from
Power. July 1938. lOt,

No. 13. Polarity Limits of the Sphere Gap, by F. 0. MeMillan. Reprinted from AIEE
Transactions, Vol 58. Mar 1939. lOt.

No. 14. Influence of Utensils on Heat Transfer, by W. C. Short. Reprinted from Electrical
Engineering. Nov 1938. lOt.

No. 15. Corrosion and Self-Protection of Metals, by R. E. Summers. Reprinted fromIndustrial Power. Sept and Oct 1938. lOt.
No. 16. Monocoque Fuselage Circular Ring Analysis, by B. F. Ruffner. Reprinted from

Journal of the Aeronautical Sciences. Jan 1939. lOt.
No. 17. The Photoelastic Method as an Aid in Stress Analysis and Structural Design, by

B. F. Ruffner. Reprinted from Aero Digest. Apr 1939. lOt.
No. 18. Fuel Value of Old.Growth vs. Second.Growth Douglas Fir, by Lee Gabie. Reprinted

from The Timberman. June 1939. lOt.
No. 19. Stoichiometric Calculations of Exhaust Gas, by G. W. Gleeson and F. W.

Woodfield, Jr. Reprinted from National Petroleum News. Nov 1939. lOt.
No. 20. The Application of Feedback to Wide.Band Output Amplifiers, by F. A. Everest

and H. R. Johnston. Reprinted from Proc of the Institute of Radio Engineers.
Feb 1940. lOt.

No. 21. Stresaes Due to Secondary Bending, by B. F. Ruffoer. Reprinted from Proc of
First Northwest Phntoelasticity Conference, University of Washington. Mar
1940. lOt.

No. 22. Wall Heat Loss Back of Radiators, by E. C. Willey. Reprinted from Heating and
Ventilating. Nov 1940. lOt.

No. 23. Stress Concentration Factors in Main Members Due to Welded Stiffeners, by
W. R. Cherry. Reprinted from the Welding Journal, Research Supplement.
Dec 1941. tOt.

No. 24. Horirontal.Polar.Pattern Tracer for Directional Broadcast Antennas, by F. A.Everest and \V. S. Pritchett. Reprinted from Proc of The Institute of RadioEngineers. May 1942. lOt.
No. 25. Modern Meihods of Mine Sampling, by R. K. Meade. Reprinted from The Compassof Sigma Gamma Epsilon. Jan 1942. lOt.
No. 26. Brosdcast Antennas and Arra,ys. Calculation of Radiation Patterns; ImpedanceRelationships, by Wilson I ritchett. Reprinted from Communications. Aug andSept 1944. None available.
No. 27. Heat .Losaes Through Wetted Walls1 by E. C. Willey. Rq,rinted from ASHVE

Journal Section of Heating, Piping, and Air Conditioning. June 1946. lOt.No. 28. Electric Power in China, by F. 0. McMillan. Reprinted from Eleetrical Engineer.ing. Jan 1947. lOt.
No. 29. The Transient Energy Method of Calculating Stability, by P. C. Magnusson.Reprinted from ATEE Transactions, Vol 66. 1947. l0.
No. 30. Observations on Arc Discharges at Low Pressures, by M. J. Kofoid. Reprintedfrom Journal of Applied Physics. April 1948. lOt.
No. 31. Long-Range Planning for Power Supply, by F. 0. McMillan. Reprinted fromElectrical Engineering. Dec 1948. lOt.

205



No. 32. Heat Transfer Coefficients in Beds of Moving Solids, by 0. Levenspief and
J. S. Walton. Reprinted from Proc of the Heat Transfer and Fluid Mechanics
Institute. 1949. 104,

No. 33. Catalytic Dehydrogenation of Ethane by Selective Oxidation, by J. P. McCullough
and J. S. Walton. Reprinted from Industrial and Engineering Chemistry. July
1949. 104.

No. 34. Diffusion Coefficients of Organic Li0uids in Solution from Surface Tension
Measurements, by R. L. Olson and J. S. Walton. Reprinted from Industrial
Engiseering Chemistry. Mar 1951. 106.

No. 35. Transients in Coupled Inductance.Capacitance Circuits Analyzed in Terms of a
Rolling-Ball Analogue, by P. C. Magnusson. Reprinted from Vol 69. AIEE
Transactions, 1950. 104.

No. 36. Geometric Mean Distance of Angle-Shaped Conductors, by P. C. Magnusson. Re.
printed from Vol 70, AIEE Transactions. 1951. 104.

No. 37. Energy-Choose It Wisely Today for Safety Tomorrow, by G, W. Gleeson. Re-
printed from ASHVE Journal Section of Heating, Piping, and Air Condition.
ing. Aug 1951. 104.

No. 38. An Analysis of Conductor Vibration Fietd Data, by R. F. Steidel, Jr. and M. B.
Elton. AIKE conference paper presented at Pacific General Meeting, Portland,
Oregon. Aug 23, 1951. 104.

No. 39. The Humphrevs Constsnt.Compresaion Engine, by \V. H. Paul and 1. B. Hum.
phreys. Reprinted from SAE Quarterly Transactions. April 1952. 104.

No. 40. Gas-Solid Film Coefficients of Heat Transfer in Fluidized Coal Beds, by J. S.

Vs'atton, R. L. Olson, and Octave Levenspiel, Reprinted from Industrial and
Engineering Chemistry. June 1952. 104.

No. 41. Restaurant Ventilation, by SV. H. Martin. Reprinted from The Sanitarian, Vol

14, No. 6. May-June 1952. 104.

No. 42, Electrochemistry in the Pacific Northwest, by Joseph Schulein. Reprinted from
Journal of the Ekctrochemical Society. June 1953. 204.

No. 43. Model Studies of Tapered Iniets for Box Culverts, by Roy H. Shoemaker and
Leslie A. Clayton. Reprinted from Research Report lS.fl, Highway Research
Board, Washington, D. C. 1953. 204.

No. 44, Bed-Wall Heat Transfer in Fluidired Systems, by 0. Levenspiel and J. S. Walton.
Reprints from I-feat Transfer-Research Studies. 1954. lOg.

No. 45. Shunt Capacitors in Large Transmission Networks, by E, C. Starr and E. J.
Harrington. Reprinted from Power Apparatus and Systems. Dcc 1953. 104.

No, 46, The Design snd Effectiveness of an Underwater Diffusion Line for the Disposal
of Spent Sulphite Liquor, by H. R. Amberg and A, G. Strang, Reprinted from
TAPPI. July 1954. 104.

No, 47. Compare Your Methods with this Survey, by Arthur 1.. Roberts and Lyle E.
Weatherbee. Reprinted from Vestern Industry. Dec 1953, 104.

No. 48. Some Stream Pollution Problems and Abatement Measures Undertaken in. the Pa
dISc Northwest. by H. R. Amberg. Reprinted from TAPPI. Feb. 1955, 104.

No. 49, Fabrication of a Zirconium-Lined Reaction Vessel by 0. G. Paasche and A. J.
Kuhn. Reprinted from The Welding Journal. Fb 1954. 204.

No. 50, Heat Transfer Between Immiscible Liquids, by S. S. Grover and J. G. Knudsen.
Reprinted from Chemical Engineering, No. 17, Vol SI. 104.

No. 53. How Oil Viscosity Affects Piston Ring Wear, by M. Popovich and L. F. John-
son. Reprinted from Automotive Industries. January 1956. 104.

No. 52. Intermittent Discharge of Spent Sulfite Liquor, by Herman R, Amberg and Robert
Elder. April 1956. 104,

No, 53. Hydraulics of Box Culverts with Fish-Ladder Baffles, by Roy H. Shoemaker, Jr.
Reprinted from Proceedings of the Highway Research Board, Vol 35, 196,
254.

No. 54. A Numerical Solution to Dimensional Analysis, by 0. Levenspiel, N. J. Weinstein,
.[. C. R. Li. Reprinted from Industrial and Engineering Chemistry, Vol 48.
Feb 1956. 254.

No. 55. Thermal Conductivity of Liquid.Liquid Emulsions, by R. Ii. Wang and James G.
Knudsen. Reprinted from Industrial and Engineering Chemistry, Nov 1958. 104,

No. 56. Local Shell-Side Heat Transfer Coefficients in the Vicinity of Segsnental Baffles in
Tubular Heat Exchangers, by M. S. Guruthankariah and J. G. Knudsen. Re.
printed from Heat Transfer.Chicago issue of AIChE Symposium Series. 1059.
104.

No. 57. Hard-Water Scaling of Finned Tubes at Moderate Temperatures, by H. K.
McCluer and J. G. Knudsen. Reprinted from Heat Transfer-Chicago issue of
AIChE Symposium Series. 1959. 104.

No. 58. Heat Tranefr from Isothermal Flat Plates An Extension of Pohlhausen's Solu-
tion to Low and High Prandtl Number Fluids, by F. D. Fisher and J. G.
Knudsen. Reprinted from Chemical Engineering Progress Symposium Series
No. 29. 1959. 104.
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No. 59. Radio Interference Attenuation on Energized High-Voltage Transmission Lines:
Measurement and Appltration, by L, N. Stone, E .H. Gebrig, and K. S. Gens.
Reprinted from Power Apparatus Systems, Dec 1959. 104.

No, 60. EHV Siugte and Twin Bundle Conductors-Jntluence of Conductor Diameter and
Strand Diameter on Radio Influence Voltage and Corona Initiation Voltage,
by L. N. Stone. Reprinted from Power Apparatus and Systems. Dcc 1959. 104.

No. 61. Local Shell-Side I-teat Transfer Coefficients and Pressure Drop in a Tubular Beat
Exetsangel- with Orifice Baffles, by K. S. Lee and J, G. Knudsen. Reprinted
from AIChE Journal, Dec 1960. 104.

No. 62. Rates of Heat Transfer from Short Sections of an Isothermal Pipe, by A. A.
Faruqui and J. G. Knudsen. Repeinteti from Beat Transfer-Buffalo issue of
AICItE Symposium Series. Mar 1961. 104.

No. 63. Drag Coefficients at Low Reynolds Numbers for Flow Past Immersed Bodies, by
A. M. Jones and J. C. Knudsen. Reprinted from AIChE Journal, Mar 1961. 104.

No. 64. Persolfate Oxidizable Carbon and IQOD as a Measure of Organic Pollution in Water,
by C. M. Gilmour, F. Merryfield, F. J. Burgess, L. Purkerson, and J. K. Cars.weti. Reprinted from Proc of 15th Purdue Industrial Waste Conf, May1961, l0.

No. 65. Evaluation Criteria for Deep Trickling Filters, by F. J, Burgess, F. Merryfield,
S. K. Carswell, and C. M. G,lmour. Reprinted from Journ Water Pollution Con.
trol Federation, Aug 1961. 104.

No. 66. Effect of Negative Corona Upon Formation of Positive Corona, by G. A. Pearson.
Reprinted frsn, Posver Apparatus & Systems, Dec 1961,

No. 67. Design of the ESIAC Algebraic Computer, by J. C. Looney and M. L. Morgan.
Reprinted from IRE Transactions on Electronic Computers, Sept 1961. 104.

No. 68. Thermal Stresses in an Idealized Wing Structure by Mark Levinson. Reprinted
front Journ of Aerospace Sciences, 1961. 100.

No, 69. The ESIAC Potential.Plsne Analog Computer, by J. C. Looney. Reprinted from
Automatic Control May 1961. 100

No. 70. Wood Waste Incineration, by 1st. Polwsvich M. Northcraft, K, W. Boubel, and
C. F.. Thornhurgh. Reprinted from Tech eport A61.3, Robert A. Taft Sanitary
Erir Center, Public ljealth Service, U. S. Dept of Health, Education, andWelfare, 1961, 100.

No. 71. The Role of Current Distribution in Cathodic Protection, by R, K. Meredith. Re-
printed from Materials Protection, Feb 1963. 104.

No. 72. Local Rates of Heat Transfer and Pressure Losses in the Vicinity of Annular
Orifices, by P. S. Williams and J. G. Knudsen. Reprinted from The Canadian
Journal of Chenical Engineering, April 1963. 104.

No. 73. Convection Heat Transfer From Transverse Finned Tubes, by K. B. Pan and J. 0.Knudsen, Reprinled from Chemical Engineering Progress, July W63. 104.No. 74. Myoelectric Surface Potentials for Machine Control, by R. R. Michael and F. R,
Crawford. Reprinted from Electescal Engineering, Nov 1963. 104.

No. 75. Variable Width Pulse Generation Using Avalanche Transistors, by W. 0. Mag-
nuson. Reprinted from IEEE Transactions, Sept 1963. 104.

No. 76. Evaluating the Effective Resistances of Diaphragms or Electrolytic Separators, byR. E. Meredith and C. W. Tobias. Reprinted from Journal of the Electrochem.
teal Society, Dec 1963. 100.

No. 77. Oxides of Nitrogen and Unburned Hydrocarbons Produced during Controlled
Combustion, by R. W. Boubel and L. A. Ripperton. Reprinted from Journal of
the Air Pollution Control Association, June 1965. 104.

No. 78. Sonic Detection of Internal Decay in Wood Poles, by L, C. Jensen. Reprinted
from the Second Symposium on the Non-Destructive Testing of Wood. Wash.
ington State University, 1965. 104.

No. 79. Pressure-Volume Characteristics of Plastic Bags, by R. W, Boubel. Reprinted from
American luslustrial Hygiene Association Journal, May-June 1965. 104.

No. 80. Identification of Low-Flow Augmentation Requirements for Water Quality Control
by Computer Techniques, by J. L. Worley, W. W. Towne, and F. J. Burgess.
Reprinted from Journal of the Water Pollution Control Federation. May 1965.
104.
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