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Jakob Kern, the founder of our company received his ’

education inthe local schools of Aarau, Switzerland. In
1802 he began his journeyman’s years, working and
traveling to acquire in-depth knowledge of geodetic-
and astronomic instruments, working with leading
European manufacturers of precision instruments. He
alsa spent much time with a leading physicist by the
name of Fraunhofer, a pioneer in optics-design.

Jakob Kern returned to Aarau in 1819, a master in his
field. The same year he opened his own mechanical
workshop which soon expanded to include all types of
physical instruments. In 1824 he received his first re-
quest to build a Theodolite. The growing reputation
which he earned in his field was confirmed by Dufour
when ordering a Kern-built theodolite for Switzer-
land’s first trigonometrie survey. Mr. Dufour later be-
came commander in chief of the Swiss army.

Soon, Kern’s clientele reached beyond Swiss borders.
The advent of railroad building increased the demand
for his surveying-instruments and his workforce had
grown to 42 when he decided to build his own factory.
Operations there began in 1857, at which time two of
his sons joined the company. In 1867 Jakob Kern died
at the age of 77, leaving his successful and growing
business to his sons and with it, establishing a Trad/-
tion which carries into TODAY, when the company is
led by the fifth generation of “Kerns".

The company continued to grow in both personnel and
plant space. In the 1920's Kern started to produce its
own optical components which formed the basis for
continued developments in technological progress.
Near the end of 1935, Dr. Heinrich Wild who had left the
firm in Heerbrugg in 1932, began designing new
theodolites—the so-called “Double Circle Theodo-
lites". The exclusive rights to manufacture these new
instruments were granted to Kern & Co., Ltd., as were
all ensuing new designs of Dr, Wild. He wrote about his
relationship to Kern as follows: “"The most carefully
designed instrument is worthless if it is not manufac-
tured meticulously in accordance with its specifica-
tions, to the last detail. Fortunately, the factory of Kern
& Co., Ltd., offers the fullest possible guarantee in this
respect, for the machinery, tools and special equip-
ment of this firm meetthe most stringent requirements
of modern industrial techniques™.

On theJob
Wherever
People
Planand
Build

TODAY, the product line of Kern & Co., Ltd., Aarau,
Switzerland includes a complete line of integrated Sur-
veying Systems to meet the top requirements of both
the surveying profession and industry, as well as a
complete line of photogrammettic eguipment. The
Electronic Surveying Instruments introduced in 1973
are made by Kern in their own electronics department
near the site of Jakob Kern’s first factory.

TOMORROW is a challenge to Kern. It is also a chal-
lenge to YOU. Just as the 1930's brought profound
changes to better serve the profession around the
world, in the same way Kern is responding in the
1980’s. Presenting the Modular Instrument System
was a first step. The introduction of Data Colfection
Peripherals and the all new Electronic Theodolite is
now at hand. Much of it may be integrated right into
your present system.

Over a century and a half of progress and reliability is
culminated by more than 130 sales and service offices
Around The World. Kern is looking forward to serve
YOU now and in the future . ..



Introduction To
Precision Measuring Instruments

Precise measurements have always played an
important part in scientific and technical work. Such
measurements are vital. As early as the last century
remarkable results were obtained as witnessed, for
instance, by the precision with which the Alps were
pierced by long railroad tunnels. At that time the
instruments were crude by modern standards,
which makes the results obtained even more
noteworthy.

KERN UNIVERSAL THEODOLITE FOR
TRIANGULATION

BUILT APPROXIMATELY 1313

Horizontal and vertical circle readouts to

1 second of arc with micrometer.

Graduations available with either 360° or 400
Telescope magnification 46-75x.

Theodolite had telescope illumination and
horizontal circle orientation-drive. Weight: 114 1bs.
Note balanced center of gravity of alidade to
achieve maximum instrument-stability.

55 YEARS LATER. ..

{Introduced in 1968,

coincidentally with 150 Years Kern)

THE STANDARD FOR TODAY'S
THEODOLITE TECHNOLOGY:

KERN DKM2-A UNIVERSAL THEODOLITE

The Kern DKM2-A theodolite has a convenience in
handling that has been unattained heretofore .

It has a wide range of applications because

of numerous accessories which are

available. Many special features contribute

to increased precision. They include a

digitized circle readout to the nearest second

and two-speed horizontal and vertical
slow-motion drives for convenience and

exact pointing.

Standard instrument is equipped with an
automatic compensator in a hermetically
sealed container. The'liquid is a special oil

on the surface of which the rays between the
two reading positions of the circle are reflected.
The compensator and the optical reading
elements are mounted on a steel plate in

the direct vicinity of the circle.

For special optical tooling applications such
instrument use in either a hanging or tilting
position, the automatic compensator is
replaced with a first surface mirrot.




Methods of Measurement

Relative and absolute measuring methods

Each measurement preblem in construction and
assembly, from instrument installation to the
construction of, for instance, a complete
hydro-electric plant with a range of 100 km (62
miles) or more, can be reduced to the determination
of the spatial coordinates of critical points. The
interrelationship of these points is generally most
simply defined in a Cartesian coordinate system.
The unit of length along the coordinate axes may be
arbitrarily selected or it may be expressed in
international units such as the meter. In the first
case, all lengths are referred to an arbitrary unit of
length; in the second they are referred to the
absolute standard of the meter. The layout of
straight lines does not require the use of absolute
units. In the case of large structures, however,
where layout is frequently based upon triangulation
and very much subject to independent
measurements, one must refer to an absolute unit
of length.

Direct and indirect measuring methods

A magnitude may be measured directly, for
example, length by counting units of length,
pressures by comparison with a standard pressure,
forces by comparison with other forces. It is also
possible to measure a magnitude indirectly by
measuring another magnitude which is a function of
the magnitude sought. Examples of indirect
measurement are amperage measurement by
rmeasuring the thermal effect of the current,
pressure measurement by measuring the deflection
of a metal membrane and length measurement by
measuring angles as in triangulation. Many of these
indirect methods depend upon constants which are
properties of a material. The functional relationship
between measured and reported magnitude is
always the same and it is, of course, the basis of the
design of the measuring instrument. In the case of
triangulation this is not true. The relationships
depend upon the particular problem involved. An
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error analysis can not be made once and for all. The
analysis must be continually performed anew for
each problem by means of the least-square method.
Indirect methods for determining the relative
location of points are preferable as soon as some
fixed bridging distance is exceeded. Direct
measurement of distance requires tapes, scales,
calipers, extensometers, micrometers, and,

in modern technology, eiectronic devices.

Indirect measurement of distance by angle
measuring is not restricted to great distances, but is
frequently used for short distances. The advantages
of triangulation are very high precision and almost
complete independence of obstacles of all kinds.
With a precise theodolite it is possible to detect
angle differences as small as 0.3"; 0.3" corresponds
to an offset of 1 cm (0.4 inch) at a distance of 6.37
km (4 miles) or an offset of 0.1 mm (0.04 inch) at a
distance of 64 m. (210 feet)

The National Astronomy and lonosphere. Center located in
Arecibo, Puerto Rico. Managed by Cornell University and
sponsored by the National Science Foundation, is the largest
Radic Telescope in the world. The antenna was recently
upgraded with 38,778 3' x 7' aluminum panels. For optimum
performance of the antenna the panels had to be accurately
aligned. The Kern Mekometer ME 3000 owned by the U.S.
Bureau of Reclamation, Sacramento, CA office and its
personnel accomplished the measurements with an overall
RMS of oniy 0.44mm {0.02in).



Geodetic methods

Geodetic methods determine the relative position
and elevation of individual points. Originalily, the
method was developed for the location of widely
separated points but today it is more frequently
used for the location of closely spaced points,
especially when very high precision is required or
when other methods are unsatisfactory. Direct
measurement of angles and distances yields the
essential quantities. Each geodetic method has a
definite limit of precision. This limit is fixed primarily
by the instruments used. However, it is also
influenced by climatic conditions. Geodetic methods
are very flexible; they place few, if any,
requirements on relative position or accessibility of
points. The magnitude of the distance that can be
bridged has no effect upon the cheice of method;
the desired precision alone is the controlling factor.
No other methods of measurement have as certain
an error evaluation as the geodetic methods.

A possible disadvantage of the method lies in the
great amount of effort it may require. However, this
effort should be considered in light of the fact that
the results are based on conditions which have no
relationship to the specific problem in point. The
results are, therefore, independent and reliable.

The three coordinates required for spatial location
are almost always divided into position coordinates
(horizontal coordinates} and elevation (vertical
coordinate). Position coordinates are determined
principally by triangulation, trilateration, and
traverse. Traverse is used when high precision is
required in the relative location of neighboring
points. Elevation is determined principally by
leveling and trigonometric leveling.

Measurements are made in two phases. In the first
phase controlling points that are of significance to
the entire project, are located. These points are not
principal points of the construction itself and their
selection is somewhat subordinate to the
requirements for the subsequent detail
measurement. They may be triangulation points on
a structure, fixed points on a machine shaft,
starting points in the building site for a tall

structure and the like. The skillful selection of these
points has a decisive influence on the precision and
convenience of all subsequent measurements;
points are usually marked by attaching a removable
target. In the second phase detail measurements,
starting from the previously located points, are made.



Adjustment of a plant

The geometric adjustment of a plant is the principal
task of a survey. The adjustment of a plant
component may be taken to mean the execution of
a movement, in order to bring the component from
its actual position into a theoretically required
position. The actual position can be determined by
geodetic methods. Suitable, easily measurable
correction quantitites are then calculated on the
basis of the deviations from the required position.
The required adjustment can then be made and
finally as a control the new actual position is
determined, which should agree within the given
tolerances with the required position.

Measurements of horizontal directionis and vertical angles
The DKM2-A theodalite has proven most satisfactory as a
measuring instrument. In case of extremely restricted spatial
conditions and high accuracy requirements, suitable auxiliary
equipment is of great importance,

The problem of the minimum focusing distance can be easily
solved with front lenses.

Required accuracy of the adjustment

The question of the required accuracy of the
adjustment is of great importance, however, it is not
always easy to give a satisfactory answer. In many
cases, requirements are put forward which are in no
way related to the precision of the mechanical
devices of principal machinery components or
which can not be achieved as a result of insufficient
adjustment equipment. Furthermore, the stability of
the construction does not always correspond with
the accuracy requirements. In view of these
difficulties it is to be decided if one has to put up
with a reduced accuracy of adjustment.

Difficulties often arise over defining in suitable
fashion the relative accuracies which are at the heart
of any survey problems. One can not expect, in
view of possible complex conditions, that anyone
will be able to simultaneously solve the accuracy
problems of a whole plant by means of a
comprehensive error theory.

DKM2-AC Alignment Theodolite with attached micrometer, reading
to 0.001 inch. Note counterweight at eyepiece - end of telescope
and 3V battery for illumination. Theodolite is mounted on

adapter for 3%:" x 8 tooling stand.



General Principles of the Adjustment of a Plant

A three-dimensional movement has six
degrees of freedom which can be selected and
defined in suitable fashion.

Definition of the required position

In order to be able to give the required position of a
body, agreement is first of all required an the
reference elements. The reference elements to be
considered are reference points, reference fines or
reference planes. The theoretical position of a body
can then be defined by giving the required position
of the reference elements. The reference elements
must determine the position of the body sufficiently
accurate. The quality of their finish and their mutual
position are of great importance. For an adjustment
operation a survey is necessary: the selection and
position of the reference elements are determined
by the available measuring methods. Finally the
adjustment can be more simply carried out, if the
reference elements are suitably located in relation to
the devices used for the adjustment. For these
reasons, corners, edges or planes can not be used
as reference elements in general. These primary
reference elements are replaced by secondary
reference targets.

For the definition of the position of a body we
require six quantities, the reference parameters.
When choosing reference elements it is preferable
to use quantities which can be easily determined by
geodetic means as reference parameters.

Reference Reference
element parameters
Point Coordinates in any desired

coordinate system

Straight line {Axis) (&) Coordinates of two points
(b} Coordinates of one point
and azimuth and vertical angle
of a direction; with an almost
vertical direction both
inclination components will be
used.

Plane (a) Coordinates of three points
{b} Coordinates of one point
and azimuth and vertical angle
of the surface normal; with an
almost horizontal plane both
inclination components of the
surface normal will be used.

Adjustment of quadrupoles. DKM 2-A with front ienses and elbow
eyepiece are used.

Considerations of accuracy play an important part in
the choice of the reference parameters. Furthermore,
it is to be borne in mind that, for example, two
points define a vector, for which six parameters are
necessary, whereas a straight {ine is determined
merely by four parameters. In practice this presents
virtuaily no difficulty.

Reference parameters
Point A-
coordinates X, Y, Z
Straight line (4, B):
; e azimuth a,
Fal vertical angle g
W Point C:
RS height Z

In the case outlined above the selection of 6
reference parameters is desirable: (48} is the
longest edge and the differential quotient dZc/dw is
greater than dXc/dw or d'Yc/dw.



Electronic Coordinate Determination System

Kern ECDS-1

Technical advancements in electronic measuring
and computing equipment have brought about the
development of new, versatile methods for the
determination of coordinates. This method makes
use of electronic automation to speed up the proven
process of triangulation.

Two angles are measured—polar coordinates § to-9-
from two known control points to a quantity of
unknown points; sufficient angular data is collected
to determine the coordinates. The process is based
on the principle of 3-dirnensional trianguiation with
the theodolites measuring both horizental and
vertical angles thus providing the data for an X, Y
and Z coordinate solution.
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Electronic technology has accelerated speed and
accuracy of both the measurement of angiles and
the subsequent computation.

The Kern Electronic Coordinate Determination
System (ECDS-1) uses two model E1Electronic
{Digital) Theodolites as the angle measuring
instruments. The measured angles are
simultaneously displayed on the theodolite itself in
digital form (both horizontal and vertical angles at
the same time) in both telescope positions. For
instant on the sight computational capability and/or
limited data collection, an HP41-C/V pocket
computer can be directly connected to any Kern
theodolite via the Kern Data Interface DIF 41.

For more extensive data collection on plant
locations where direct transmission to the computer
may not be feasible because of the absence of AC
power, a 48K Data Collector can be used.
Generally angle data measured by the Electronic
Theodolite is automatically transferred to the
Computational System.

Kern selected the Digital Equipment Corporation's
Model VT 103 Computer with the DSD 880 Mass
Storage Disc Drive. The system has a low cost
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Graphics capability. A special Software Package
includes all the Programs necessary for display of X,
Y and Z coordinates. Other Kern systems-options
include a Printer and an Automatic Plotting Table.

The Kern Electronic Coordinate Determination
Systemn ECDS-1 combines a number of advantages
over conventional methods. Results are nearly
instantaneous. The theodolite with its high
resolution telescope can be used in conjunction with
the same line of accessories used on Kern's
standard theodolites. They include

auto-collimation, front-focus lenses, micrometers
and, for expediting visual target pointing, the
theodolite can be equipped with a laser eyepiece.

The compact size of the instrumentation means easy
portability to your instrument-problems. The Kern
ECDS-1 System is simple to operate and does not
require extensive operator training. The modular
concept of the system allows you to expand as
required.




Industrial Measurements with Autocollimation

The use of geodetic instruments outside the field for
which they were originally designed is not new.
Leveling instruments have been used for many
years to set up large machines. In recent years the
theodolite and level have been introduced into a
wide variety of industries. As the size and
complexities of manufactured products or the
required precision increased, modern industry found
that the customary mechanical measuring
instruments no longer met their control and
measurement demands.

For many years, Kern instruments have proven to
be versatile for optical alignment, inspection and
any type of measuring procedures particularly in the
aircraft and-power industries, in rocket
manufacturing, in the construction of cyclotrons and
linear accelerators as well as the erection of large
machines.

Optical aligment uses two basic principles of optics
in addition to standard methods of general
surveying. One is the principle of refraction of

light used in optical micrometers attached to either
a level or theodolite. The second principle is the
reflection of light, utilized to precisely position
objects on reference lines, to set out accurate right
angles or, to measure deviations. This principle is
called autocollimation. It is an optical

procedure in which the projected image of the cross
hair is reflected back upon itseif. With the popular
Kern "bright-line” system (see Fig. 2), a bright cross
is to be alligned with the cross hair.

Fig. 1

Kern Lenses were used on several Apollo missions to the moon,

Basically, any ordinary measuring telescope can be
used as an autocollimator when it is equipped with
an autocollimation eyepiece. As mentioned above,
there are two types of autocollimation eyepieces
available: one using the “Gauss” system producing
a bright “field”, the other has a light-dividing cube
producing a bright cross (negative reticule).

Fig. 1 Autocollimation using the Gauss principle

1 Reflecting plane perpendicular to line

of sight

Reflecting surface sloping at an

angle a

Telescope objective

Reticule

Half transparent, half reflective plane

plate

Evepiece

Color filter

Light source

Direct and reflected reticule patterns

not in coincidence

B Direct and reflected reticule patterns
in coincidence

1
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Fig. 2 Autocollimation eyepiece with
light-dividing cube

1 Beam splitter

2 Light cross (negative reticule}

3 Reticule

4 Eyepiece

5 Color filter

6 Light source







































