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- 1 INTRODUCTION
The work of the Electronics Department in the years 1973 and
1974 is reviewed in this report, which aims to convey information
to colleagues outside our institute, both in Denmark and abroad.
We have chosen a form in which each technical group giv^s an overview of their activities and illustrates their work in greater
detail by a description of one specific project or task.
The Department comprises two main divisions, one dealing with
the instrumentation of research projects and the other working on
fundamental research.
Fundamental research is carried out in plant protection and
plant reliability, both fields being of special interest to the
energy industry. A nuclear geophysical group develops methods for
uranium prospecting and also takes part in actual uranium searching
Irf the most northern area of Denmark - Greenland. Another group
works with applied^laser physics.
The main task of the instrumentation division is to take active
part in tue provision of adequate electronic equipment and the
development of methods for research workers at Risø, both in basic
physics and chemistry research, as well as in technological research and development. This division operates with a group of
scientific electronics consultants, a production group, a maintenance group, and a central instrument pool for the whole institute.
The staff of the department comprises some eighty persons.

- 2 PLANT PROTECTION
"Plant Protection" is the official title of the work carried
out by one of the research teams in the Electronics Department,
but should be considered in the light of the group's main interest
in the operational aspects of modern, highly-automated process
plant and especially in the control-room operator/process relationships resulting from the various operating conditions. These activities should be considered a natural complement to the work
on reliability techniques discussed elsewhere in this report.
Our interest in the process operator is based on a number of
factors. Trends in automation are changing the role of control-room personnel from that of direct "hands-on" participants in
the control of a plant to supervisors of process operations.
Where this trend ultimately will lead is a significant question.
The introduction of on-line, computer-based displays virtually
removed many constraints in the design of the display and controls
interface so that it is now technically feasible to adapt these
freely to human characteristics, limitations and goals. In addition, the current public interest in the question of industrial
safety emphasizes once again the pressing need for the establishment of and adherence to a set of acceptable risk criteria. Among
the factors that complicate the achievement of this goal are ways
and means of properly including the functions assigned to humans
in the evaluation of the overall reliability of a system. Experience demonstrates that human error under ordinary plant operation,
or while coping with non-normal situations, is an essential factor
in the anatomy of accidents, while, at the same time, the operator
is the least known and the most unpredictable component within
the system.
Therefore, over the past few years, the group has utilized
knowledge from the diverse fields of control theory, data-processing, cognitive psychology, ergonomics, etc., as input for a programme aimed at:
widening our knowledge of the human being as a vital ingredient
in complex and costly technical systems,
investigating the actual control-room work environment,
establishing the use to which computer-based support facilities
can be put.

- 3 These activities have also led to the development of advanced
methods and facilities for the gathering and analysis of information from "real-life" control rooms; for example, in the form
of quantitative computer-gathered data covering operator control
of Rise's research reactors as well as tape recordings of Danish
power-station operators "thinking out loud" while standing shift.
Operator modelling
As a typical example of the group's recent work, our modelling
of the human being as a data processor is briefly described. This
development grew out of a need that was recognized earlier during
analyses of tape recordings of control room personnel engaged in
the start-up of an oil-fired power station. This was a need for
a reference structure of some kind in a form usable by system
engineers that could describe, or adequately represent, the interaction between a human data processor and a physical system.
Furthermore, it should form a basis for further discussions and
study of the various modes of information processing employed as
a function of the external environment, the task and the relevant
goals.
As such, these models are clearly neither detailed physiological schematics nor do they include highly quantitative transfer
function descriptions. The first, in Fig. 1 , is a sketch of the
organization of the human data processor that attempts to take
into account the abilities of humans - in spite of their postulated
low data capacity - to successfully execute tasks requiring rapid,
high-capacity information handling.
The model is seen to consist of two basically different subsystems. The upper "conscious" processor is a programmable sequential machine with limited speed and capacity. It acts as a high-level coordinator or controller for the bottom processor and
functions in unique situations calling for improvisations, rational
reasoning and symbolic processing. As such, it resembles a digital
computer where the data processing is based upon the combination
of a constrained model of the relevant physical system underlying
the current problem together with a plan or procedure for causing
the model to operate on the current input data.
The bottom processor closely resembles a distributed parallel-processing analogue computer when seen from an engineering point
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5 of view. It operates mainly subconsciously and its functions are
distributed in a tightly woven network. It is able to decode information from the sensory detectors and, through very efficient
feature extraction and classification, utilize higher-level patterns for ultimately coordinating the actions of the integrated
motor system. This results Implicitly in a continuous dynamic
modelling of both the environment and the body whereby the model
is up-dated (trained) slowly, but operates in real time thus
synchronizing the body with the environment.
The allocation of tasks between these two processors depends
on the task and the degree of experience. The conscious processor
only takes care of the processing

for which the corresponding

dynamic model embodying the required and interrelated spatial-temporal patterns connecting perception and motor control has
not yet had an opportunity to evolve. Consider any task; for
example, learning to drive a car. This will require an initial
concentration and deliberate attention to all the minute details
of manipulating throttle, clutch, engine speed, gear shifts, etc.
However, this will be followed slowly but surely by the ability
eventually to take a single decision, "drive!", with the other
details coming along automatically, except for interrupts to the
conscious processor to manage suddenly changing situations that
do not behave as the model predicts.
A useful application of such a model is to facilitate the
matching of display formatting and coding to the different modes
of perception and processing used. To do this, however, also
requires a mapping of the operator's work situation. This assists
in identifying both the tasks to be performed as well as the
mental operations employed. Since experience has shown that performance in abnormal situations is strongly influenced by the
normal routine tasks that have to be performed, any attempt to
describe a diagnostic task must be imbedded in a general description. Figure 2 illustrates the sequence of human processing involved from the initiation of a task to the resulting action.
The diagram shows successive states of knowledge (circles) separated by the mental activity required (rectangles) to transform
one state to the next. Shunting and by-passing occur with training
and experience. Such a scheme can be useful, for example, when
considering forms for computer-based support, especially in crit.l-

- 6 cal, non-frequent situations where it may be necessary to counteract the operator's tendency to revert to his usual procedures.
The "ladder of abstraction" at the bottom of Fig. 3 is a more
pictorial representation of the suggested sequential processing.
This modelling work, combined with results from control-room
studies and other sources of "case stories", forms the basis for
the more theoretical side of our research. This will be supplemented
shortly by a series of laboratory experiments designed to investigate certain limited problem areas arising from this research.

CZ2

øøf lor ***ooc 9
criteria

Onto proc»%tinq
ac\*fA*9t
wKtch goat to ehoot*

O

Stat*« a« knowiødø*
rttulting fromttølo
practising
wh*ch ii !h*n
•wgoalfltat«?

what* tS» •!••«»»

whte* •» th# oppropriot«
ebariQ* i" optf concf

what« h«t b*htnd?

how to do it ?
FDPMULATt PROC£DU*E
pi on **i)u«r>c» of
action*
wfwt l gomg oft *

ACTIVATION
Of taction of n*»d
for dataprvctMtng

- r»t*oft« ot pr*t#t rvtponav -

EXECUTE
coordinate
maniputaiion*

Fig. 2
Simple model of the sequence of human processing activities.
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- 9 RELIABILITY TECHNIQUES
The objective of the group's work is to provide methods for
increasing reliability in process plant and for improving safety.
There are many ways in which such an objective can be pursued.
We have concentrated on three lines of attack:
Developing better methods for purely qualitative analysis,
Developing methods for probabilistic risk analysis,
Studying realistic failure incidents.
The "qualitative" methods were originally intended as an extension of the classical failure mode and effects analysis to
systems (such as safety systems) in which a considerable amount
of switching is involved. It proved convenient to combine the
diagrammatic techniques of fault trees and event trees. With
minor notational extensions it proved possible to take account
of a wide variety of different relationships between failure
causes and their effects, and to take account of coupling between
failures. The resulting "notational device" we have called the
cause-consequence chart.
More important than purely notational advances, however, is
the development of systematic procedures for the analysis of
failure event sequences. The concept of "critical events" provides
a technique for selecting the starting point for analyses, so
that particular failure sequences are not overlooked. The concept
solves the problems of "where to begin". The technique of "event
tracing" allows the consequences of a critical event to be followed
through a system.
For some, probabilistic analysis is the end result in reliability work. When used as a design tool, purely qualitative analyses can in themselves prove useful. Probabilistic analyses are
required when obviously unsuitable designs have been eliminated,
and design is reduced to comparison of a few good alternatives.
The group's work has centered on devising analytic descriptions of system reliability. This approach has the advantage that
the effects of parameter variations and sensitivity to data changes
can be more readily understood at the intuitive level. Such intuitive understanding becomes especially important in situations
where component reliability statistics are often uncertain.

- 10 Models for standby systems, for alternative surveillance test
plans, and for alternative power-station feed-pump configurations
have been developed, using the cause-consequence technique as a
basis. The range of "standard" probabilistic models is being
gradually widened.
The formal techniques of reliability analysis, such as fault-tree analysis, or cause-consequence analysis, are all based on
a number of assumptions. These assumptions concern the kinds of
component failure modes to be expected, the extent to which component interactions and coupled failures take place, the degree
of detail necessary before analyses become realistic, etc. To
check these assumptions we have studied abnormal occurrence reports from U.S. commercial reactors.
Various results, such as the unexpectedly large number of
multiple failure incidents (in relation, for example, to the number of double failure incidents) and the number of "coupled"
component failures occurring in practice, have caused us to change
emphasis in some of the analytical work.
A major problem with reliability analyses for large process
plants is the cost involved, especially if detailed analyses are
required, as in safety work. It has been possible to formalise
the process of cause-consequence analysis with a view to automation. It is hoped that the costs can be reduced by carrying
out at least part of the qualitative analyses by computer.
Cause-consequence analysis based on the concept of critical events
Of the various faults that can arise during operation of a
process plant, some will be relatively harmless, while others can
lead to "loss of production", "damage to valuable plant components",
"injury to persons", etc. Activities associated with the planning,
building, and operation thus include precautions against faults,
so that the probability of various fault consequences is acceptable.
There are many cases of insufficient or faulty protection
measures, or lack of protection, particularly when the plant is
complicated or untraditional. When such plants are planned, consideration must be given not only to safety rules, norms, and
procedures, but also to special plant conditions. Potential risk
should therefore be evaluated as part of a larger analysis of
operations.

- 11 Swift technological developments have implied that the designer
can implement new system solutions with far more freedom than
earlier- As a result he often has need of systematic and thorough
decision-making to supplement the gradual accumulation of experience possible with traditional systems. For such analyses, the
cause-consequence chart (CCC) provides the engineer w^th both an
analysis strategy and a notation for presentation and documentation.
The concept of critical events
When initiating cause-consequence analysis, the following
question arises: What is an expedient starting-point?
Starting the analysis with an arbitrary choice of an "independent" potential fault, which does not directly affect the process,
is inexpedient. Other faults may lead to the same consequences or
the consequences may be harmless. Much work may be wasted in this
way. The potential number of trivial failures in a large process
plant is huge.
For the high-risk faults (large potential cost of consequences),
the direct effects will be that energy or mass balances of the
main process are disturbed. This means that attention naturally
focusses on functional failures of process components that directly
affect these balances and cause parameter changes/transients. It
is here that the concept of a critical event becomes useful. A
critical event is an unintended function of a component directly
controlling or affecting main energy or mass balances that can
lead to significant consequences; or a breach of an energy or mass
retaining boundary that can lead to significant consequences.
By systematic use of the concept of "critical events", the
amount of work involved in systems analysis can be reduced, in
some cases by orders of magnitude. In addition, the information
for many event sequences can be presented concisely.
The designer often copes with several critical events by
designing protective actions ("designed protective actions") that
first occur when important process parameter limits are exceeded.
Thos means that in some cases it may be expedient to start by
selecting an event which is specified as 1) a radical abnormal
change of a process parameter, e.g. feed-water flow stops, or
2) a process variable exceeds a safety limit, e.g. "pressure
exceeds trip pressure".

- 12 The strategy and main steps of cause-consequence analysis,
based on the concept of critical events, are outlined in (4).
The cause-consequence chart
The display format used in connection with cause-consequence
analysis (based on the concept of critical events) i^s the cause-consequence chart (see symbols shown in the appendix).
A CCC for a critical event describes the causes of the critical
event and the different possible event sequences subsequent to it.
The structure of a CCC for a critical event in some process system
could be as shown in fig. 1.
A pump system consisting of two 100% full-load capacity pumps,
one being a standby, may fail so that an important process flow
stops. The critical event is "pump system fails".
In the consequence chart (below the focal node representing
the critical event in fig. 1) different possible event sequences
are described. Often a critical event can lead to different event
sequences that may depend on conditions within the process system;
in fig. 1 it is indicated that different event sequences can occur
if, for instance, one or more of the accident-preventing actions
("designed safety actions") does not occur as intended. As the
consequence chart provides the possibility for displaying the
logical connection between events and conditions, different event
sequences can be systematically identified.
An advantage of presenting sequences of events in a CCC is
that the analyst is invited to study sequence. The sequence of
events can be followed along the different paths in the block
diagram.
Several cause charts may be attached to a consequence chart.
A cause chart may be attached to describe possible causes of the
critical event, i.e. the alternative prior sequences of events
that can lead to the critical event, and the conditions under
which these sequences can occur. In this way a focal node, representing the critical event, will appear in the chart. The
initiating events that can lead to the critical event should be
traced so far back that they can be considered as spontaneous
and can be covered by statistical data.
Other cause charts attached to the consequence chart may be
conventional fault trees, expressing the combination of conditions
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- 14 under which a certain event sequence in the consequence chart
can take place.
Provided that the "basic inputs" of the cause charts are independent, the CCC displays the logical connection between a set
of independent faults and their consequences.
As a CCC for a critical event describes one or more sequences
of events, the time dimension is introduced in the chart. This
provides, of course, the possibility of taking into account random
faults that may occur in the time following the occurrence of the
critical event; often a system with accident-limiting function
is required to operate for a certain period (e.g. an emergency
core cooling system in a nuclear reactor). The various "independent" on-line faults of components that may occur during this
period can be displayed in the consequence chart itself, or in
an attached cause chart (i.e. a CCC can cope with more operating
phases of a system).
For a given limited system within a plant, thorough cause-consequence analyses will "generate" a set of CCC's. The outputs
of the CCC's for the system are significant consequences affecting
the greater whole of which the system is a part (e.g. effect on
production and economy).
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- 16 APPLICATIONS OF NUCLEAR TECHNIQUES
TO MINERAL EXPLORATION
Survey of activities
The group that is responsible for the Department's assistance
to the Geological Survey of Greenland comprises three graduates
and two technicians. The direct assistance rendered to the survey
includes the supply of instrumentation and manpower for ground
and airborne field investigations, the elemental analysis of
geological samples, and the processing of geophysical and geochemical data. Indirect support to the exploration programmes
is given in the form of research on selected topics in nuclear
analytical methodology.
The last two years have been characterized by tasks originating
from mineral prospecting in the central part of East Greenland.
A flight programme in which both radiometric and magnetic data
were acquired was accomplished, and extensive sampling of soils,
stream sediments and river water has begun. The airborne instrumentation, which comprises a four-channel gamma-ray spectrometer
(total crystal volume 11120 cm ) and a proton magnetometer, is
described on page 23-26 of this report. Much of the magnetic data
were recorded above the continental shelf, while the diurnal
variations in the magnetic field strength were simultaneously
registered by a stationary magnetometer. The aerial, gamma-spectrometric measurements cover more than 25000 km of flying distance. Several radioactive anomalies were disclosed, and steps
were taken to investigate these further by sampling and by field
gamma-ray spectrometry.
The laboratory instrumentation available for the analysis of
samples includes a delayed-neutron counting facility,and an energy-dispersive X-ray spectrometer. The delayed-neutron counting
facility^ permits tiateimination cf uranium and thorium in samples
after irradiation of these in a high flux of neutrons. At the
beginning of a measurement the sample is transferred pneumatically to a position at the edge of the core in the research reactor DR 2, where the thermal flux and the fast flux are 1 x 10
12
2
and 2 x 10
n/cm.s, respectively. After one minute the sample
automatically returns to a handling cell in which it is dropped
into a neutron detector. The counting of delayed neutrons begins

- 17 20 or 24 seconds after the sample leaves the reactor and lasts
for one minute. About 40 uranium assays, or 12-15 uranium-thorium
assays, can be made in one day, the detection limits being of
the order of 0.005 ppm U and 1-3 ppm Th. About 3000 uranium determinations and 1000 thorium determinations were made in 1974.
238
The X-ray measurement system consists of a 30 mCi
Pu ex2
citation source, a 30-mm Si(Li) high-resolution detector, and
a 512-channel multichannel analyzer. The K X-rays of the elements
from potassium to selenium are excited and recorded, after which
a least-squares data-reduction method is applied. In the conversion
of X-ray intensities into elemental abundances, the intensities
are normalized to the intensity of the back-scatter radiation
from the samples, by which the matrix effect is greatly reduced.
The system, whose detection limits are of the order of 10 ppm,
has proved very suitable for geochemical investigations.
The laboratory gamma-ray spectrometer has the advantage of
automatic operation. The instrument, which contains a 5" x 5"
Nal(Tl) crystal shielded by a 15 cm thick layer of antimony-lead,
is mostly used for the determination of thorium, uranium, and
potassium in crushed rock specimens. A spectrometer run of typically 40 samples takes as long as 4 days, the detection limits
being about 1 ppm Th, 0.5 ppm U, and 0.1% K. In 1974 a total of
250 samples was analyzed by gamma-ray spectrometry.
Data recorded in the field and in the laboratory are processed
at the Burroughs B-6700 computer located at the Risø Computer
Installation. Much work has been put into the development of
data files and programs, the preferred programming language being
B-6700 Algol (extended ALGOL). The signals recorded by the airborne instrumentation are registered in binary form on punched
tape, and about 60 reels of tape have been decoded and transferred
to magnetic tape as card images. Analytical results are stored
in card files arranged according to the names of the geologists
who collected the samples.
Research has been carried out on the applicability of energy-dispersive X-ray spectrometry to the analysis of manganese modules
from the ocean bed. Measurements were carried out on board the
German research vessel "Valdiva" during a cruise in the southern
Pacific. Otherwise, most research activities are centered on
calibration problems in connection with ground and airborne radio-

- 18 metric surveys. Calibration flights with the airborne gamma-ray
spectrometer were carried out at several places in Greenland and
on the island of Bornholm in the Baltic. A brief account follows
of the approaches taken in developing design methods and calibration procedures for radiometric field instruments.
Optimum design and calibration of radiometric field instruments
Radiometric field instruments detect gamma rays emitted by
K and by isotopes formed in the decay of
Th,
U, and
U.
The objective of a radiometric survey is to determine the horizontal distribution of potassium, thorium, and uranium in the
ground. In order to make such a determination it must be assumed
that thorium and uranium are in equilibrium with their daughters.
Generally one endeavours to survey the terrain in 2TT solid-angle
geometry of measurement. This naturally leads us to adopt a model
in which the ground-air interface is plane. If we furthermore
assume that the ground material (rock or soil) is homogenous with
evenly dispersed radioactive minerals, the gamma radiation field
in the air only depends on the distance z to the interface and
the polar angle 9 between the vertical and the direction vector
Q_, see fig.l . The field is fully described by the energy and
angular flux density F(z,E,9), defined as the number of gamma rays
with energy E travelling across a unit area perpendicular to £2,
per unit time, unit energy interval, and unit solid-angle element.
In the optimum design of a Nal(Tl) gamma-ray detector for
ground or airborne use, knowledge is required of F(z,E,6) at the
survey altitude z in question. Given F(z,E,9), the interaction
density P(z,E) in the detector can be written as
P(z,E) =

F(z,E,6) a(E,e)dfi,

(1)

4IT

where o(E,6) is the angular interaction cross section (counting
cross section) for the detector. In co-operation with the Computer
Installation we developed programs and data files for the calculation of F(z,E,8) above various materials with known abundances
of tho.ium, uranium, or potassium. Absorbed dose rates (exposure
rates) in the air can also be calculated. The calculation method
is based on the double-P. approximation, in which the flux directed
away from the ground (0 £ 3 < T ) and the flux directed against the
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- 20 ground (•=• < 6 <_ IT, "skyshine") are expanded into half-range,
spherical harmonics, after which only the zero'th and the first-order expansion terms are retained. The numerical techniques
used, the data processing system developed, and results obtained
are described in Risø Reports Nos. 303 and 317.
To date the radiation field model has been applied in developing a calibration procedure for portable gamma-ray spectrometers.
Near ground level the terrestrial radiation field is almost half-isotropic, which implies that formula (1) can be simplified into
P(z,E) : 4>(z,E) *oo(E) ,

(2)

where <f>(z,E) and a (E) are the scalar flux density and the average
counting cross section, respectively. Our standard detector size for
spectrometrie investigations is 3" x 3". a (E) was calculated for
these particular crystal dimensions. From the values of P(z,E)
thus derived, and from response-function data available in the
literature, the pulse-height spectra recorded one metre above
various geological formations were evaluated numerically. An example is given in fig. 2 that pertains to field spectrometric
assaying of large granite outcrops. Using a gamma-ray transport
model in which the radioactive material was confined to a cylindric
volume beneath the point of detection, the spectra produced by
concrete calibration platforms at Risø were also calculated. The
investigation showed that when the platforms are used for calibration of a portable, three-channel, gamma-ray spectrometer,
the detector should be placed 10-15 cm above the centres of the
platforms, after which the count rates recorded should be multiplied by a factor of 1.1 to compensate for the finite dimensions
(3 m in dia. x 0.5 m) of the platforms.
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- 23 AIRBORNE GEOPHYSICAL SURVEY SYSTEM "HUGIN"
The survey system HUGIN has now been in operation in central
East Greenland for two sunnier seasons (see page 16). During
more than 200 hours of measurements over 60 reels of paper tape
have been punched with results. The over 25000 km long flight
lires have been covered by more than 50000 photographs to be
used for the flight path recovery. The survey system was operated
by staff without technical training under rather difficult conditions. The aircraft, a twin-engined Britten-Norman Islander,
was operated from a natural air-strip at 73

40'N, where a tent

camp had been established. Since the aircraft was also used for
transport purposes, the instruments had to be dismounted and reinstalled a number of times.
The survey system was designed by the staff of the Department
with little knowledge of the special requirements imposed by the
severe environment. Because of the limited resources and time
available for the construction, a modular design based on the
use of standard NIM and CAMAC units was adopted. The ease with
which such a design may be changed and extended also spoke in
favour of modular design. A short record of experience gained
during the two summer seasons, and of the changes made in the
system, is given in the following.
The survey system comprises a four-channel gamma ray spectrometer, a proton magnetometer, analogue and digital recording
equipment, radar altimeter and a 35 mm navigation camera. Once
started, the survey system automatically performs measurements
and punches the results on paper tape with a period of, typically,
one second. A simplified block diagram of the system is shown in
Fig. 1. Further details may be found in the Electronics Departments Annual Report for 1972 (Risø-M-1632).
The gamma-ray detector comprising six 6" diameter by 4" thick
Nal(Tl) crystal-photomultiplier assemblies is contained in a temperature-stabilised housing. Originally, the temperature was
stabilized to within 0.5°C by an electronic controller during the
measurements. Experience showed, however, that the thermal insulation of the detectors was so good that the required stability
was obtained without the use of the controller provided that the
temperature of the detectors before take-off was raised to the

- 24 cabin temperature.
The majority of the electron!, o s mounted in the instrument
console (Fig. 2) placed behind thi: pilot's seat. We were very
much concerned about how well standard laboratory instruments
would be able to sustain the mechanical shocks and vibrations
encountered in a small aircraft. All the instruments were mounted
in the console with extra fixing screws on the back. The console
itself is fixed to the aircraft by means of four shock absorbers.
Actually, little trouble resulted from the vibrations and shocks.
Some diodes in the program modules cracked; they had been soldered
with too short leads because of the lack of space. This problem
will not exist in the future because we plan to replace the program modules containing the diode matrices with a single module
containing three 256 x 8 bit electrically programable read-only
memories. Hereby it will be easier to reprogram the controller
as a result of changes in the system, and some weight and space
will be saved too.
The two electromechanical units caused some difficulties.
The paper transport of the strip chart recorder failed occasionally. Though vibrations and note-taking on the paper made things
worse, the origin of the difficulty appeared to be a defect in
the transport mechanism. We hope that the replacement of the
defective part will remedy the troubles. The vibrations also affected the tape-handling of the paper-tape perforator, but not
seriously. Nonetheless, because it is very difficult to change
the paper tape during flights, we have considered replacing the
perforator by a magnetic cassette tape unit. However, magnetic
recording does not permit the immediate, visual control of the
recorded data such as possible with perforated paper tape.
A drawback of the NIM and CAMAC standards for an application
of this kind is the placing of the input and output connectors
on the front panels of the individual modules. In order to comply
with the demand for swift, easy installation and dismounting of
the system, all connections to the units located outside the instrument console are through a few connectors placed together.
Wiring inside the console make connections to the individual modules. It is very important that connectors of good, sturdy construction are used, and that great care is exercised in the mounting of the cables and connectors. We have had some bad experience.

- 25 In an airborne system such as HUGIN, which comprises instruments located at different places in the cabin, grounding constitutes a special problem. Initially, there were some difficulties on account of uncontrolled ground currents. To avoid interferences from the aircraft's electrical system, the ground connections of the instruments located outside the instrument console
were isolated from the aircraft skin. £ach instrument obtains its
power and ground from the instrument console through individual
cables. By also passing the signals along the same cables, ground
loops are avoided.
The application of laboratory instruments to airborne instrumentation raises the question of the power supply. For the first
year we chose the simple solution of purchasing a static inverter
with the required 220 volt 50 Hz output power. We then used the
standard CAMAC power supply for the NIM and CAMAC modules. This
system worked excellently but was much too heavy. Currently the
supply of the modules is based on the use of commercially available DC-DC converters with the required input and output specifications. A 6-volt and two 24-volt converters are used. The + 12-volt and -6-volt supplies are obtained from the +_ 24-volt through
simple voltage regulators because the drain on these voltages is
small. A small 50 Hz inverter is used for the strip chart recorder,
the only instrument now requiring a 220 volt 50 Hz supply. The
weight saved is approximately 40 kg.
A disadvantage of the modular design and the application of
laboratory instruments is the many controls scattered over the
front panels of the individual instrument modules. As only few
actually need to be operated, this is very annoying in particular
to the non-technical operators. Further, they could lead to erroneous operation of the system. In an attempt to overcome these
drawbacks,the power switches and all the controls and indicators
used during the normal operation of the system were assembled on
two panels ir the NIM bin. The controls not used are either hidden
behind a cover or by-passed by

iring. A few controls used only

during start-up or during adjustment of the system have remained
at their respective CAMAC modules.
It proved feasible to design and build a geophysical survey
system based in part on standard laboratory instruments, and to
operate it under rather difficult conditions. However, this was

- 26 only possible through very careful planning and use of well-trained
technicians to construct the equipment. It proved very valuable
that the technicians responsible for running the system in the
field were personally engaged in the building of the system. The
problems and failures encountered were all overcome so that the
planned survey programme was successfully accomplished.
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The Britten-Norman Islander aircraft taking-off
from the natural air-strip in East Greenland.
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Fig. 2. The "HUGIN" geophysical survey system
installed in the Britten-Norman Islander aircraft.

- 29 APPLIED LASER PHYSICS
The work of this group concentrates on the application of
laser light to physical measurements, especially in fluids, and
ranges from rather basic investigations (e.g. phonon scattering)
to very specific applications such as two-phase flow measurements
and measurements of wind velocity.
A considerable part of the work is concentrated on stochastic
processes relating to the systems investigated.
Simulation of a laser Doppler anemometer
A simulation project on the instantaneous detection of liquid/
gas velocity by the laser Doppler technique was started in co-operation with Dr. R.V. Edwards of Case Western Reserve University. The aim of the work is to establish the limits for the
space-time resolution, given by the random distribution of the
scattering particles and the finite size of the measuring volume.
The effect of a number of parameters is being investigated. (A
special description of this work is given following this section)•
The laser correlation anemometer
An analysis was made of the laser correlation anemometer (LCA).
This anemometer is based on the cross-correlation of the random
signals generated by scattering - and/or extinction - from two
small, spatially separated volumes. We determined how a particle
size versus particle velocity spectrum can be obtained.
The laser Doppler anemometer (DA) was compared with the laser
correlation anemometer. The LCA can be considered as a spatial
Fourier transform of the LDA. For a given set of constraints, we
found that the necessary spacetime averaging is smaller for the
LCA than for the LDA.
With an LCA set-up it proved possible to determine the velocity in air with a back-scattering configuration and no artificial seeding by cross-correlating photon sounts. The light levels
were so low that - on average - less than one photon was scattered
per particle transit through the illuminated volumes.

- 30 Pulse height distribution of a PMT
The pulse height distribution of a photomultiplier was investigated - the results are of importance for photon counting in
adjusting the threshold levels.
Optical homodyning
A generalized homodyne experiment (i.e. mixing of scattered
light with itself) was theoretically analyzed. The finite number
of particles in the measuring volume was specifically incorporated.
It was shown that the second-order autocorrelation function also
contains information about the number fluctuations.
Brillouin scattering
As a part of the work on collective phenomena in liquids and
gases, a set-up was constructed for determining Brillouin spectra
(phonon scattering). The system incorporates a large argon laser,
a high finesse Fabry-Pérot interferometer, and a photon-counting
detector. We succeeded in measuring a Brillouin spectrum of octane.
Remote measurement of wind velocity
The laser Doppler technique is tha basis for a project aimed
at remote measurement of wind velocity. We built an optical set-up
based on a very rigid construction and incorporating a simple
range adjustment. A signal processing system based on correlation
of photon counts is being constructed.

iSIMULATING A LASER DOPPLER ANEMOMETER
One of the techniques investigated in connection with flow
measurements using laser light is based on the detection of frequency-shifted laser light by light beating (e.g. (1)).
A basic problem in laser Doppler anemometry work is to establish the limits for spatial and temporal resolution. In order to
investigate this problem and a number of other phenomena given
by the stochastic nature of the laser anemometer signals, a simulation project was initiated on the Department:'s hybrid computer.
The primary reason for simulating the anemometer is that the
turbulence is known beforehand and can be controlled in a known
way. Also, certain important parameters, such as numbers of
fringes, particle sizes, and concentration, etc., are easily
controllable.
The simulated set-up
It is, of course, necessary to carry out the simulation as
closely as possible to the real physical process. He simulated
the LDA on an analogue computer; the signals generated were
processed on a digital computer.
The basic lay-out of the system is shown in fig. 1.
The Doppler signal is generated by a superposition of wave
packets, which for a given parameter setting have identical numbers of oscillations and, if all the particles are to be equal,
also the same amplitude. The wave packets are initiated by randomly distributed (in time) delta functions simulating the particles. The particle concentration and scattering cross sections
are controllable.
Uncorrelated electronic noise can be added so that the effect
of various signal-to-noise ratios can be investigated.
A turbulence signal is generated by adding a random, low frequency noise signal to a dc voltage.
Two kinds of detectors were constructed:

a phase-locked

loop (PPL) and a zero crossing counter (ZCC). The ZCC serves
mainly as a reference if there is no electronic noise. The parameters of the loop can be set to any values desired.
A commercial tracker was also connected to track the signal.
Adequate filtering of the tracker (or ZCC) output was per-

- 32 formed before the correlator in order to avoid aliasing and drift
problems.
The correlator permits the determination of the autocorrelation of the turbulence input, the Doppler signal, the tracker
or the ZCC output. Cross-correlation between input and output
is also carried out. A maximum of 1024 points of the correlation
function can be determined which gives 512 points of one spectrum.
The spectrum is computed on the digital computer, which also
controls the operational status of the correlator. The computer
can also calculate the mean and variance of e.g. the Doppler
signal, and make a curve fit for the computed spectra.
The effect of control volume size on turbulence spectral measurements
A number of experiments was specially performed to investigate
the effect of control volume size on turbulence spectral measurements .
Figure 2 shows the output from a multichannel oscillograph
for a typical experiment. The input turbulence is on the first
track. The output of the phase lock loop is on the second track.
The third track contains the output of the zero crossing detector,
and the fourth the output of the commercial tracker. All three
detectors seem to follow the turbulence fluctuations, but some
noise is superimposed on them. This noise is the so-called "ambiguity noise" first described for laser anemometry by George and
Lumley (2). Basically, this noise is caused by the extremely
rapid phase fluctuations that can be induced on the anemometer
signal by the random addition of the phases of the signal from
individual particles. This can be seen in fiTvre 3, which shows
a dual trace oscillograph of the Doppler signal on line 1 with
the detector output on line 2. There are approximately 200 particles in the sample volume. The turbulence level is zero. Note
that despite the fact that there are many particles in the sample
volume, the envelope of the Doppler signal can drop to a very
small level. When this occurs, the output of the detector peaks
sharply. This is exactly the behavior expected according to George
and Lumley; when the envelope of the Doppler signal drops to
zero, arbitrarily large fluctuations are obtained in the phase.
This appears in the detector outputs as a spike.

- 33 The spikes described above generate a spectrum (the ambiguity
spectrum) whose width and height are inversely proportional to
the number of fringes observed in the sample volume. To a good
approximation, this ambiguity spectrum adds to the spectrum of
the turbulence fluctuations. Figure 4 shows a typical spectrum
obtained from the tracker. It is a log vs. log plot. The turbulence spectrum is clearly visible at the low frequencies and a
part of the wide band ambiguity is visible as a "shelf" under
the turbulence spectrum.
A series of experiments was performed with a fixed turbulence
intensity and high particle densities (> 300 particles in the
sample volume). The size of the sample volume was changed and
the ratio of the power densities of the two spectra was measured
at zero frequency.
The variance, o , of the Doppler signal can be written (3)
„2

„2 _,_ 2

D

T

F

where a is the finite transit time width of the Doppler signal.
This term is proportional to the Doppler frequency for a fixed
geometry LDA.

°F

= e

o •

<?„ is the width of the Doppler signal due to turbulence. It is
equal to the product of the turbulence intensity, a, and the mean
Doppler frequency.
f
o_
T = ao
For an ideal detector, the power density of the ambiguity spectrum
at zero frequency is PN(o) = 0.368 x 2IT X O (radians/s) (cf. rets.
(4) and (2)). The turbulence signal was white noise, filtered by
a second-order low-pass filter of width A (Hz). The turbulence
power density at zero frequency was thus
(o T ) 2
P-(o) = 4 — J J —

(radians/s).

The ratio of the power densities at zero frequency is then
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Figure 5 is a log - log plot of P,_(o)/PN(o) vs. 1/8 for the experiments on the simulator using the phase-lock loop detector.
The solid line is the theoretical equation derived above. The
agreement between theory and experiment is excellent. This shows
(among other things) that a properly designed phase-lock loop is
a good approximation to an ideal detector. This result is not
obvious to us; because arbitrarily large phase gradients can
occur and the tracker necessarily has a finite response time,
lock-unlock-lock transitions must also occur. The noise power
generated by these transitions is apparently negligible.
The absolute value of the power density was also computed
for 1/8 = 87. The value was also measured using the phase-lock
loop tracker. The theoretical value is 119.7 (rad/s). The measured
value was 126. Again excellent agreement was obtained.
The effect of electronic noise
A series of experiments was performed with shot noise added
to the Doppler signal. These experiments have not yet been analyzed
in detail, but some general comments can be made.
Addition of noise has an effect analogous to decreasing the
number of fringes in the volume. The noise causes a wide band
spectrum to be added to the turbulence spectrum. These data will
be analyzed to find the relation of the signal to noise ratio and
the power density of the shot noise spectrum from the detector.
The zero crossing detector failed completely with very little
shot noise added. The commercial tracker had a better filtering
ability but had some of the same shortcomings as the zero crossing
detector. The phase-lock loop was able to find the signal and
track with a signal to noise ratio of 0 db.
Conclusion
The simulated set-up proved to be a very powerful tool in
analyzing the stochastic processes related to laser anemometry.
Among matters still awaiting investigation are: 1) Quantitative
analysis of the effect of noise, both incoherent and coherent;
2) the effect of particle concentration and variance on sizes;
3) some other detector configurations.
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Fig. 3: The Doppler signal (top) and output of the phase-lock
loop output in the case of a constant velocity.
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- 41 COMPUTER LABORATORY
Introduction
The computing facilities of the Department consist of a hybrid
computer EAI 680-PDP8/I, FPP12, together with a separate minicomputer PDP8 with a variety of peripherals. The laboratory serves
as an open-shop facility for general purpose simulation, production
of programs for minicomputer experimental facilities, and for
man-machine communication experiments. Five staff are connected
to this facility. They develop software and hardware tools for
users, produce user-specifled programs, and take care of hardware
services and modification.
Hybrid computer simulation is used for a broad spectrum of
engineering and research problems. This includes nuclear power
plant simulation as well as modelling of laser measuring systems
and study of diesel motor dynamics. With this background, increased
efforts were made to develop tools to aid the user in problem
solving (refs. 1 to 6). In this connection a semiautomatic programming system was designed for the analogue computer EAI 680.
In general, commercial systems are oriented towards large batch
processing computers and they are relatively expensive. The system developed here is designed for a mini computer PDP8/I and is
operated in a conversational way.
For appropriate realization of the above system, it was necessary to introduce standardized analogue computing modules (ref. 2).
A set of basic modules corresponding to fundamental computing
operations was defined. Each module consists of standard EAI 630
components as illustrated by the standard sheet, figure 1, and
the example, figure 2.
Semiautomatic programming system
The programming sequence is indicated by figure 3. The problem
equations and initial conditions are specified in symbolic notation
(figure 4) on a magnetic tape or a disk memory file. The equations
are solved by the program DIANA (ref. 3), which detects maximum
and minimum values of all variables during the solution. The output file is a copy of the input file content plus minimum and
maximum values. These data are used as input to HAPS (refs. 4 and
5) which carries out scaling and procedures on output file with a
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- 44 potentiometer table as well as static test values to be measured
in the model. In addition, a patching list is produced that is
used as a basis for manual patching of the model. The program
SETAN (ref. 6) carries out an automatic potentiometer setting
and static test.
If minimum and maximum values are specified by the user, programming can be carried out without DIANA. An input file prepared
for HAPS, however, can be used by DIANA because the inputs are
compatible.
Our PDP8/I with 12k words of core memory and 812k words of
disk can be used for the scaling of up to 100 equations with
HAPS. The present core memory with 12k words limits the number
of equations that can be solved by DIANA to 25.

.; DflSHPOl
V =V
V = - 1 2 * V - -løøø + V-t 50
T'=l
$
; I N I T I A L VftLUES
0.
0.
*

Fig. 4. Typical input data for DIANA.
Note Y* means dY/dT, V is dV/dT, etc.
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- 46 INSTRUMENT SERVICES
Instrument Services render assistance in connection with
instrumentation for experimental work at Risø in the following
areas:
1. Electronic instrumentation for experimental facilities
Close contact is maintained with the research staff in the
development of measurement techniques as well as in the planning
and specification of instrumentation. These co-operative efforts
are based on experience through wide contact with both users and
suppliers. In addition, of course, the "state-of-the-art" in
measurement methods, instrumentation systems and computer techniques is followed closely.
2.

Development and construction of equipment

Complete systems, as well as smaller instruments, are constructed as "turn-key" equipment and make use of both purchased
units and special items developed within the group. Wherever
possible the international NIM and CAMAC standards are used.
3. Consultancy, loan and maintenance of equipment via a central
depot
The purchase and subsequent loan of equipment through a central depot ensures improved service, better opportunities for
multiple use, greater flexibility and fewer spare-part difficulties. The instrument depot provides guidance concerning the
selection of instruments and makes equipment available for both
short and long loans. In addition, all depot equipment on loan
is maintained and repaired.
Moreover, similar support is offered to Danish scientific
research outside Risø through the services of FRIT a collaboration
arrangement with the Danish Science Research Council.
Support to experimental work carried out at Risø has included
participation in the development of measurement techniques, in
the planning and construction of instrumentation systems and the
expansion and maintenance of the many electronic systems and
instruments for which we are responsible. Many of the systems

- 47 are based on minicomputers and we have continued our support in
software development. Three new computer systems were designed
in the past year, and delivery has been started. This brings the
total number of minicomputers installed at Risø up to 22.
There has been an increasing demand for electronic measurement and control systems, especially from Risø's engineering
groups. Although most of these systems are conventional from the
point of view ef electronics, they represent a heavy workload in
planning, specifying, ordering and installing, particularly when
reactor safety aspects are involved.
Experimental work at Risø demands a continual evaluation of
measurement techniques. The marketing of complex integrated and
thin film circuits has made it attractive to us to develop new
transducer and signal conditioning instruments; e.g. for use in
temperature measurements and wind speed and direction measurements.
Other applications are under investigation.
various tasks are carried out in close, permanent collaboration
with the following experimental groups at Risø.
Solid_State_Physi.es
Seven neutron spectrometers are now in use at the reactor
DR 3. Some of the older spectrometers were modified, making scanning available of temperature and magnetic field strength. One
spectrometer computer was extended to include a magnetic tape
cassette system for data and program storage. The data collected
may be handled by cassette-stored BASIC programs and sent via
modem to the B 6700 computer of Risø's central data processing
facility.

5?S.£e2E2222y.
Ten new data channels with improved resolution were built and
installed in the sixty-channel clijnatological data-gathering equipment.
A wind-direction transducer was developed and eight of such
units were built. They are based on the resolver generator principle.
A telemetering system for long-distance data collection is
under evaluation by a Danish company.
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An investigation of an image intensifier is being carried
out* this instrument will be used in the control of frozen deuterium injected as pellets into the puffatron. Work on improvements for the cathode-heating of the Q-machine was continued.
The control electronics of the puffatron is undergoing a revision.

Development work was completed for the recording of time-varying optical spectra by means of an image converter and a
TV-camera. As this equipment is as yet not available a xenon
lamp was flashed heavily and photographs were taken showing spectra
of gases after irradiation.
An electronic calorimeter using a thermistor was built*this
measures the dose deposited by an electron-pulse in a sample.
The differential temperature accuracy is 100 p C.
Besides these joint tasks, quite a number of other projects
of an advisory or developmental character were handled for experimental groups at Risø.
Irradiation_FacilitY.
The transportation of samples between the Isotope laboratory
and the DR 3 reactor by means of pressurized air and the irradiation time for samples in the reactor are to be controlled.
The design of the control instrumentation was completed.

S2i5_3SHSl2B_§2U£ce
Both the testing of the electronic control instrumentation
and the installation work at the DR 3 reactor were finished.

d££AY3£i2D_5D5iX5if
Work on the central computer for the three multichannel analyzers in the Isotope Laboratory was terminated. The requirements
of the laboratory have altered since the PDP8 system was planned
several years ago. A terminal connection with cassette tape to
Risø's B 6700 will be used in the future.
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Investigations on the daughters of uranium are carried out
with a 5-parameter multichannel system based on a PDPll and CAMAC
interface. The system was purchased together with software, but
we have had to make several software changes ourselves. This is
done on our central PDP8 programming system for which a PDPU-assembler was written. Se also page 52.
Ganmja_Scanning_gf_Fuel_Elements
A PDP11/CAMAC system for automatic inspection of spent fuel
elements is under construction. Typical gamma energies will be
recorded along the rod, as well as the rod diameter. The equipment
will be used by the Department of Metallurgy in the Risø hot cells.

In co-operation with Danish electricity generating companies,
research was carried out on the shielding and grounding of cables
for electronic measurements in power stations. (See also page 57).

Furthermore, connection is maintained with several current
projects!
Test bench for checking the measurements of tubes,
High-pressure water loop - power supply and research instrumentation,
Pneumatic transmission system for the hot cells,
Fuel rod instrumentation,
Neutron guide tube.
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DEVELOPMENT AND CONSTRUCTION
Standardization
Experimental electronic instrumentation is required both to
undergo rapid changes and to provide a reliable system. The best
way of handling this problem is through standardization whereby
80-90% of all requirements can be met by well known solutions.
In the past year several standards have been used and some of
these are mentioned in the following.
19" rack standard
Systems are built into 19" racks with instruments at the
front, hinged doors at the sides, and a door at the rear. The
19" racks must be prepared for induced ventilation taking outside
air into the bottom of the rear panel.
A main-switch panel with fuses, hour meter and outlets for
socket strips placed in the lower and in the upper part of the
rack at the rear is used to supply 220 V, 50 Hz to the instruments.
Cabling from the 19" rack is taken through a cable-outlet at
the top of the rack at the rear.
The standardization of the rack, AC-distribution ventilation
and cabling give us the basis for all instrumentations.
Instrument standards
Use of the international CAMAC and NIM standards provides
much flexibility. A wide variety of modules can be purchased from
several different manufactures, and modules no longer neeced can
be easily removed and new units inserted.
Instrumentation that is not suitable for CAMAC and NIM is
made by using eurocard boards.
For special purposes, use is made of a series of 19" cases
with removable top, bottom, sides, front, and rear.
Consultancy, loans and maintenance of instruments through a central depot
Consultancy, purchasing and loan
Approximately 350 instruments of various kinds, totalling a
value of 3.3 million Danish kroner, were selected and purchased

- 51 during the past year. Most of these were acquired for special
projects. However, the instrument pool was also supplemented by
instruments chiefly intended for short loans including, for
example, a 1024 channel pulse-height analyzer.
Seventy-seven requests for instruments to a value of nine
million Danish kroner were evaluated from a technical point of
view in connection with the FRIT services. These requests resulted
in FRIT's acquisition of instruments for approximately 3.5 million
Danish kroner.
There were approximately 1200 loans of instruments from the
depot. Of these, about 90 were outside transactions, consisting
mainly of special equipment such as data loggers, analyzers,
X-Y plotters, etc.
Risø's close co-operation with Aarhus University has resulted
in the establishment of a uniform registration method which,
among other things, makes it possible to issue instrument catalogues
utilizing a common approach to instrument sub-groups, designations,
etc.
Incoming inspection
All instruments acquired via the central depot are tested on
coming into the pool. Experience has demonstrated the usefulness
of this form of control because approximately one out of every
five instruments delivered is faulty and/or inoperable.
Repair and preventive maintenance
Approximately 1000 inspections are made annually in connection
with the preventive maintenance program - mainly on electromechanical instruments. The results of these inspections can be seen
in a better operating status with fewer repairs. In 1974 approximately 2500 repairs were made on the depot's instrument pool.

- 52 FIVE-PARAMETER MEASURING SYSTEM
During the period under review the Department specified and
purchased a five-parameter measuring system for use in studies
on uranium fission.
The user required the equipment to convert five analogue
voltages to digital form and to store the results on magnetic
tape after a number of calculations.
At the time (in 1972) all like equipment we knew of was more
or less home-made by the users. Because the policy o' the Department is to purchase equipment when commercially available, offers
were invited from several companies working in this branch of
the electronics industry. Rough specifications of the focal functions were given to the companies, and three offers were received.
One offer, which fulfilled the specifications except for the
speed, consisted of a wired multi channel analyzer (MCA) and a
minicomputer. This company told us that a new system based only
on a minicomputer would be ready for sale in a year's time, but
this was not acceptable. Another company offered a new minicomputer
system, a standard MCA which should be extensively modified, but
we received the impression that this company much underestimated
the necessary software-modification work. The third offer was
given on the basis of stricter definition of the hardware, where
we prescribed the use of CAMAC and NIM standaids and products
from DEC. This system was more expensive than the other two, but
it was chosen because of its flexibility should the experimenter
wish to alter the equipment, and it was also generally applicable
should the experiment be abandoned. Furthermore, standardized
modular equipment provides the advantage of easier maintenance.
After taking this decision, a meeting was held with the company
which lead to a 6-page specification of the software.
The equipment was offered with either a PDP8 or PDP11 computer.
The faster PDPll was chosen because the number of calculations
carried out on the total data greatly influence the total transfer
speed. Initially the instrument was equipped with a CAMAC interfaced tape station, but this was changed to the computer manufacturer's standard tape station, again in order to increase the
speed, and also for maintenance reasons.

- 53 The analogue to digital converters (Wilkinson type) conform
to the NIM instrumentation standard and are housed in a single
NIM bin. The choice of these converters was based on an investigation of four different converters carried out at the Niels Bohr
Institute.
Infcaiation from the converters is read into the computer
memory via CAMAC registers and can be displayed on a CRT screen
driven by a CAMAC module. Live-time and real-time calculations
are carried out by means of a clock
housed in another CAMAC
module.
Figure 1 shows a block diagram of the five-parameter system.
The software specifications demanded 5 different modes of
data acquisition, the simplest being operation as a single-parameter, multichannel analyzer. In this mode, there is room for
4096 channels in the memory, but with a total of only 65535 counts
in each. The spectra are displayed simultaneously with their
acquisition. In "list mode" data from all the converters are
transferred to the tape station after data reduction. One parameter is shown on the CRT screen. "Multi mode" is similar but
the data are not stored on tape* thus this mode can be used during
adjustment procedures. "Bidimensional mode" splits the room available in the memory for data into a 2-dimensional array. The memory
cell to be incremented after a valid event is addressed by an "x"
and a "y" converter. Also included is a mode that permits analysis
of data stored on tape} this is "double mode" where both "list
mode" and "multi mode" are combined.
The calculations carried out are mainly masking operations
where unwanted signals can be suppressed. In general, "windows"
can be placed around each parameter in such a way that events
falling outside these windows art not stored every time they occur
but only once after a preselected number of times. In this way
events occurring very rarely can be extracted from an environment
with very frequently occurring events without the relation between
them being lost. By means of the windows, two regions of interest
can be extracted, namely a region of (primary) interest (RI) and
a region of secondary interest (RSI) .
Figure 2 illustrates the effect of windowing and scaling.
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Illustrates definition of RI and R£I in 2 dim. example, where
storage is decided by windows on only P, and P-. P,- is chosen
as P,. Only each 2nd count in RSI is stored, thus scaling down
RSI.
fig. 2

- 56 The scheduled time of delivery was April 1973. When the equipssent arrived in October 1973 the program and a Camac module had
not been developed. Instead, a design engineer accompanied the
instrument in order to complete it on site. As the 5-parameter
system contained our first PDP11 computer, programming had to take
place on the machine itself by means of a teletype only. Because
a program correction involved several read-ins and punch-outs of
very long paper tapes, it took hours to correct a single error.
As this problem would have much delayed completion we developed
a cross-assembler that could generate the PDP11 code on the Department's computer installation (equipped with background stores,
lineprinter, CRT-terminal, etc.).
The instrument was delivered without sufficient testing of
both hardware and software. Consequently several errors were discovered shortly after installation in the program, as well as in
two converters and in four Camac modules. In spite of considerable
support from the Department, the system was not free of errors
before February 1974. In general, the manufacturer was only willing
to correct errors detected by the user instead of carrying out a
thorough testing sequence.
In addition to these problems almost every unit in the system
failed once during this period.
The experience we gained showed that an extremely detailed
specification is required not only for the functions to be fulfilled but also for the programming techniques when purchasing
such a system. As an example, it was astonishing to find that the
built-in error-detecting features in the tape station hardware
(such as parity check) were not used by the program because this
point had not been specified. The shortest route was always followed
even if it degraded the performance of the hardware. As a consequence, several changes in software had to be made later on.

- 57 ELECTRICAL INTERFERENCE IN POWER STATIONS
Luvels of electrical interference in four Danish power stations
were measured in collaboration with the Research Association of
the Danish Electricity Supply Undertakings (DEFU). Different grades
of shielding and armoring of cables are used in the four stations
and the intention was to illuminate the merits of the different
forms of installation.
The three main types of interference: capacitive common mode
current/ inductive and galvanic common mode voltage, and inductive
series mode voltage were measured as shown in fig. 1.
The measurements were made on 40-50 m of ordinary, unshielded,
2
4 x 1.5 mm Cu plastic-sheathed power cable laid out for the purpose in cable races carrying similar circuits in the four stations.
The signal ground of the plant or an equivalent point was used as
reference in all the measurements.
Both steady-state noise, mainly 50 Hz, and transient noise
were measured. Only the measurements of the transient noise are
described here, as this noise is the most disturbing.
The transients were measured by means of a transient counter
for which the block diagram and specifications are given in fig.
2. During the measurements, the overall gain was reduced and the
discriminator level increased until a sensitivity giving no or
only few counts/day was obtained. The levels reported here correspond either to the highest sensitivity giving no counts, or to
a sensitivity 10 dB (3x) lower than that at which a few counts/day
was obtained. The values must only be treated as typical, and
larger values can occur both in other situations and if using
periods longer than the few days per value applied here.
The results are given in figure 3. Two sets of measurements
v;ere made in most positions, one with a 350 kHz bandwidth and one
with a 12 kHz bandwidth. The results from the Vestkraft Power Station
are very scanty due to technical and geographical (5 hours travelling time from Risø) reasons. However, the levels at the other
plant, the Amager Power Station, having armored cables, and/or
screened cables, are significantly lower (3-30 times) than those
measured at the Skærbæk and Stigsnæs plants where unscreened/unarmored cables are used.

- 58 Finally, the significant relation between the capacitive common-mode currents and the inductive and galvanic couaon-aode voltages must be mentioned. In all three cases, the voltage drop across
the 50 Q resistor used as a shunt for the currents is within one
step from the common mode voltage. This was not seen until after
the measurements were finished. It is probably due to the fairly
large capacitance ^ 4 nF between the test cable and the surroundings, which permits transients in the MHz range to reach the amplifier input with little or no attenuation (lower 3 dB limit - 700 kHz).
A series of measurements with a lower value of the resistor could
confirm this.
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