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Abstract - Although software testing comprises a large body of knowledge and is extensively used in verification and
validation (VSrV) of software and software systems, the need to verfiy engineering software posses unique challenges.
Electromagnetic programs fall under the category of so-called non-testable programs, a group that includes
numerical computation and most other programs that use floating point operations. There are, however, certain
techniques that can be used to check for program correctness in the context of expected behaviour and results.
The approach to testing by multiple methods, multiple codes and multiple algorithms is well known as an effective
tool in testing of scientific software. In addition, testing against canonical and known solutions, evaluation of
programs based on properties of the computation performed and error analysis are all common techniques used to
verify computer programs. Their use in the context of the TEAM series of problems and workshop is used as an
example for a unique method of verification of programs and to underscore the needs of both users and program
developers in this important issue of code validation.
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Introduction

Although it is intuitively understood what the
terms testing, verification and validation mean,
it is useful to define them here, especially
because they are often used interchangeably.
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Testing is the process by which programs are
checked to ensure that they perform the
intended functions. Verification is formally
defined as the process by which a program is
evaluated during each life cycle phase to ensure
it satisfies the requirements set forth in the
previous phase, while validation is usually
understood as testing of the software at the end
of the development phase to ensure it satisfies
its requirements. It is commonly understood that
verification and validation must be an integrated
process.
For this reason, this work uses the term
verification to describe the whole, integrated
process.
Verification of computer programs takes many
forms and varies with the type of programs that
require verification. The intended use of
programs often dictates the type, extent and,
indeed, the need for verification. Some
programs only require the execution of a preset
sequence which, once tested, cannot result in
faulty output. For example, some computer
games or controllers are of this type. Others,
because of their critical nature require that all,
or many, of the possible of the paths through the
software be tested and verified to ensure against
catastrophic outcomes. Examples of this type
are air traffic control, some financial software,
life support systems and the like.
Electromagnetic programs cannot be seen as
very large or extensive in comparison with some
other software systems. Also, because they
often rely on existing subroutines and libraries
the development of a new program may actually
be an extension of an existing program. It would
seem therefore that verification of these
programs should be a relatively simple
proposition. However, by using numerical
methods we have traded in the exact theoretical
result for an approximation as a means of
extending the range of solvable physical
problems. Therefore, our results cannot be
‘correct’ in the true sense.
The only thing we can assume with certainty is
that our results are a ‘good’ approximation,
often to an unknown result.
This aspect of scientific computation dictates
the main concern in all numerical computation,

including electro - magnetics: how can we
verify the correctness of the programs and the
accuracy of the results. These concerns are
based on two premises:
1. The result is not in general known. This must
be so, otherwise there would be no need for a
program in the first place.
2. All floating point computation introduces
errors. Because of this, correct programs, used
on correct data, produce inexact results. In this
context the purpose of verification is to ensure
that the results are a good approximation.
These two aspects of scientific computation
mean that testing methods must be found which,
in the absence of known results, can still
provide a measure of program correctness.
This paper discusses the subject of program
verification as it relates to computational electro
– magnetics programs. No attempt is made to
dwell on the theoretical subjects of testability
but rather to discuss the general subjects of
verification of program correctness as it relates
to scientific, numerical calculations and the
issues associated with it. After a short review of
general concepts of verification and testing of
software, we discuss general testing methods
applicable to general electromagnetic programs
followed by discussion of the TEAM experience
in testing of electromagnetic software.
TEAM (Testing Electromagnetic Analysis
Methods) is an ongoing experiment in software
and model verification undertaken more than
ten years ago for the specific purpose of
verifying electromagnetic formulations and
computer programs.

Some Aspects of Program Verification
and Testing
Verification of a program means different
things to different people. For a programmer
who is not involved in the development of the
model or the whole software, verification may
mean simply that the program is free of syntax
and run-time errors. For the designer of a
computer game, verification means that the
program yields the intended results for intended
inputs. Verification of numerical programs has
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all of the above requirements but also requires
that the results obtained are accurate: that is,
verification also means that the program
produces accurate (but not necessarily exact)
results.
Because there are different types of programs
and different requirements, verification also
varies from one program to the other. However,
it is understood that program verification is the
process by which the program is deemed to be
‘correct’ in some, yet undefined, sense. To
verify a program’s correctness we must test the
program, that is, the program must be subjected
to a series of tests, that will either show that the
program is ‘correct’ or otherwise detect
possible errors in the program which can then
be corrected.
There is little disagreement that programs
should be tested. Even the best software
designer will agree to this, and certainly the
user will. But there is wide disagreement as to
what constitutes program testing and how
extensive testing should be. Should one try to
exhaustively test a program to ensure that no
errors of any kind exist? If so, are we willing to
invest the resources needed to do so?
Postulating a trade - off between exhaustive
testing and resources may be a middle of the
road solution but then the question is: when do
we stop testing, and what are the consequences
of incomplete testing? These are subjective
arguments. There are also objective arguments:
can software be tested to ensure that it is
entirely free of errors, are there differences
between different types of software, and who
should do the testing? In addition, there are
other complicating factors in software
verification.
There is an almost universal dislike for testing
of software on the part of all involved.
Developers and users dislike it mainly because
it takes time, sometimes more than half of all
development time. Many are humbled by the
testing experience but, most important, we feel
that bugs in software are somehow the result of
our own failure. That is, we feel that if we were
more careful, thought a little more about it, or
were more adept at coding, bugs should have
never occurred in the first place.

Fortunately, software bugs, while certainly
important in electromagnetic software, are
almost never the main issue in program
verification: the model on which the program is
based and numerical errors are the main target.
To answer some of these questions, it is
important to first classify both programs and
testing methods and to relate these to
verification of electromagnetic (or more
generally, numerical) software.

Types of Programs
For the purpose of this paper, programs may be
classified as (1) non-numerical and (2) numerical.

Non-numerical programs
These programs are understood to perform
operations which lead to known, exact
solutions. That is, for any given set of inputs a
known output or outputs are obtained. In
controlling traffic lights, any sequence of inputs
will result in an exact (even if incorrect or
catastrophic) sequence of outputs.
The question of accuracy has no meaning.
Although there are different types of nonnumerical programs, this general description
should suffice.
Numerical and scientific programs
The main difference between numerical and
non-numerical programs is that in numerical
programs the results are often unknown and are
never exact. This means that testing of
numerical programs must rely on different
techniques. Firstly, we cannot rely on
comparison with exact, known values for two
reasons: these are usually not known (otherwise
there will be little need for the program); if
results are known, such as from an analytic
solution devised for comparison, the program,
which
is
almost
always
based
on
approximations, cannot be expected to
reproduce exact results. However, we can say
that if the two results are close (by whatever
measure we wish), the numerical program
approximates the exact results ‘well’ or ‘very
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well’ or ‘satisfactory’. Thus, the test we just
performed has served in increasing our
confidence in the program. But will it perform
similarly well on some other problem for which
we do not know the results? Perhaps not, but if
we perform a number of such tests, an
acceptable level of confidence will have been
reached to the point that we may consider the
program to be ‘correct’.
This classification leads to another: that of
testable and non-testable programs. [1 - 2].
Testable programs are those for which the
correct results can be determined. Non-testable
programs are those for which the exact results
either cannot be determined or it is not practical
to do so. Clearly numerical programs fall under
the second category. This is a revealing point:
our purpose in verifying electromagnetic
programs is trying to test the non-testable. That
is not to say that we cannot verify program
correctness and accuracy. We can but we must
also remember that because of the inherent
numerical errors involved we can never be sure
how close our solution is to the exact solution.
For this reason, much of the effort in
verification of electromagnetic programs is
based on multiple coding and comparison of
results with experimental and analytical results
and with results from other programs.

Testing Methods
Testing methods can be classified in two very
broad categories: [3 – 6]
1. exhaustive testing
2. partial testing.
In exhaustive testing all possible routes in the
program are tested. Once these are all found to
be correct, the program is said to be correct.
This is easily done on small, simple programs,
but is very difficult and expensive on large
programs. In numerical software, extensive
testing can only guarantee that the program is
correct, not that its results are accurate. In most
cases, only partial testing can be performed, in
which case, we infer the correctness of the
program from the tests performed. Clearly this

cannot guarantee program correctness but can
increase our confidence in the program.
There are two general methods of testing:: [4,
7]: Black box testing: The program is viewed
as a black box with inputs and outputs only.
The internal structure of the program is either
not known or is disregarded in the testing phase.
Tests are performed by providing inputs and
analysing outputs. The outcome of these tests
then tells the user whether the program is
‘correct’ or ‘incorrect’. This type of testing
method is also called
specification based testing or functional testing
and is most often performed by outside users of
the programs rather than by the developer of the
program. For example, the user will only have
an executable code and therefore the structure
of the program itself, its language or, for that
matter, the computer itself must all be
disregarded and attention focused on inputs and
outputs.
2. White box testing: The internal structure of
the program is known to the user. While black
box testing may still be performed, the user will
often use knowledge about program structure to
design tests which are most likely to reveal
errors. This type of testing, also called
program-based testing or structural testing, is
often performed by the developer of the
program rather than by an outside user. In this
type of test, the tester has much more freedom
in taking into account program structure, and
other parameters.
In general it is believed that black box testing
can reveal all errors in a program but this would
require an infinite sequence of tests and
therefore cannot, in general, ensure program
correctness.
White-box testing is a finite process but cannot
detect all errors in the program.[8]. Either way,
in the context of numerical programs, neither
can guarantee correctness or accuracy.

Verification of Electromagnetic
Programs
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In light of the preceding discussion, how can we
test electromagnetic software? No single answer
to the problem exists: once we have traded the
exact solution for an approximation, we can
only hope for an approximate solution.
Therefore, since an exact solution cannot exist
it is also not possible to assume that testing will
tell us that the solution is correct in the absolute
sense. However, there are
a number of methods that can be used to
decrease the possibility of incorrect results:
1. Standard methods of path traversal should be
used to ensure program constructs are correct.
These will usually be based on flowcharts of the
program and should eliminate all bugs which
cause software failure. Indeed, we may view
this step as part of the development stage since
it is common to all software development.
Before this is done, the software is not usable
and the special issues associated with the
numerical aspects of the software cannot be
addressed. On the other hand, software bugs can
affect numerical results. This means that
throughout the verification process we may
have to look for software bugs.
2. There are some additional steps that can be
taken by the developer to ensure program
correctness, at least to some degree. One is to
check physical laws associated with the
computation: is the circulation of the magnetic
field correct, is the energy in the system correct,
does power propagate in the required direction,
are the divergence conditions satisfied: These
will often point to problems in the program, the
mathematical model (formulation) or both, and
should give a good indication on how to
proceed.
A second useful indicator is the rate of
convergence in iterative algorithms. Often,
errors in the program will cause a lower rate of
convergence rather than causing a catastrophic
fault.
A third step that may be taken is to use
perturbation methods to verify program
correctness even in the absence of known
results. Perturbation methods assume that the
same calculation, done in a perturbed way,
should yield the same results if the program is
correct. For example, various calculations may

be done in a different sequence, or subroutines
may be called in different orders. Any variation
in results may indicate faults. Different
compilers may also detect errors by virtue of
their use of different paths through the
programs.
A fourth step is to vary the precision of
computation. Some indication on errors may be
had by simply reducing or increasing the
precision of the calculation. Excessive
sensitivity on computer precision may indicate
a problem with the program, the algorithms
used, or both.
3. After the program seems to be working, the
program should be tested on data for which the
solution is known: analytical solutions,
simplified artificial problems, or perhaps related
subject problems which use the same
mathematical
equations
(pressure
or
temperature instead of electric potential, for
example) may be used for this purpose. In this
step, correctness and accuracy can be evaluated,
although inferences from these simplified
problems to others should be made cautiously.
4. One simple method of verifying programs is
to use a second program to solve the same
problem.
This method, sometimes known as dual coding
[1] is useful only if the second program was
written independently of the program that is
being verified and only as a comparison. That
is, if both programs provide identical (or more
often, very similar) results, then we may assume
the program being verified is correct. Just as
well, it may be that both programs are wrong. If
the results are different, there is nothing that can
be said about either program unless one is
known to be correct.
The latter is a very dangerous position to take:
no program can ever be assumed to be correct
in absolute terms. Dual coding is seldom
practical as a general technique because of the
effort involved, but there are instances where it
may be done, at least partially. For example,
one may already have a previous code which
can be used for this purpose. Or, perhaps, in the
development process the developer may decide
to implement two or three different
formulations in the same program. While this
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cannot guarantee that the results obtained with
any one formulation are correct, comparison of
the different results may reveal errors and
inaccuracies that can then be used to correct or
improve the program.
There is, however, one particular form of dual
coding that is useful in electromagnetics, and in
particular in static fields: that of dual
formulations. The advantage of these is that
they bound the solution in terms of energy.
Because dual methods approach the solution
from below and from above, it is possible to
decide on how accurate the solution is even in
the
absence
of
comparison
data.[9].
Unfortunately it is not always possible to do so.
5. Verification can be done against
independently produced results by different
programs, different formulations and, if
appropriate, against experimental results. This
method, while not always possible, ensures
against the possibility of bias which can occur
in dual coding (if the same person
or group develops both codes). It also provides
comparison across a wider sample of results,
increasing the confidence in the program.
Comparison with experimental results, if these
are available, provides some measure of
absolute accuracy which is not available in
comparison with numerically produced results.
That is, with experimental results we have a
means of evaluating different programs against
absolute (if not exact) results. This method is a
modified form of a voting system' and is the
basis for the TEAM approach to testing.
In all of these, either black-or white-box testing
may be used. In most cases related to
electromagnetic programs, it seems that whitebox testing is more common as the developer
often does the testing.
Although it is normally not advisable that the
developer of the program also does the testing,
it is often a necessity, especially with white-box
testing.

The TEAM Experience

A successful model for verification of
electromagnetic computation methods and
software is afforded by the TEAM series of
workshops. The TEAM series of workshops
originated in 1985 as a means of comparing
eddy current codes, but it later expanded to
include other aspects of computational electro magnetics including static and high frequency
applications.'' The basic idea behind these
workshops is a series of 'problems', each geared
towards some aspect of computational electro magnetics.
In this model, a person or group defines a
completely specified problem. That is, the
proposers choose the subject and extent of the
problem, compile, generate, measure or
compute the results one should expect of a
correct computation, write a detailed statement
of the problem, and present the final statement
to the TEAM group for possible adoption.
Although TEAM has a governing board,
problem adoption is done in a forum open to all
participants in TEAM activities. Once a
problem is adopted it is published and available
to anyone interested in using the problem, its
results and any results that may be generated by
participants. The problem definition contains
comparison results, tables or plots that the user
may compare to, and references to the sources
of the problem and available published results.
Workshops are scheduled at various intervals,
ranging from a few weeks to a few months, in
which participants present, discuss, and
summarize their experience with their own
software. Results and methods are compared in
informal presentations which are normally only
finalized on the day of the presentation or
shortly before. TEAM workshops are normally
held in conjunction with other relevant
meetings and conferences, and are organized in
rounds, each round lasting about two years. The
number of workshops in each round varies from
about two to five. Each round is concluded with
a final or global workshop, normally in
conjunction with the Compumag conference.
Most decisions regarding TEAM problems,
such as adoption of new problems, closure of
old problems, location of new workshops and
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the like are taken at this workshop in an open
forum.
To encourage open discussion TEAM publishes
all presentations in a proceedings of each
workshop but does not review any of the
results. Formal papers are discouraged, while
discussion of risky, questionable, and incorrect
results as well as partial solutions is
encouraged. All discussion related to given
problems is encouraged including software
issues, formulations, presentation of results, and
errors. After presentations on a specific
problem, the results are summarized, and
differences, trends in results and errors are
analysed. There will usually be no conclusions
associated with these summaries: the
conclusions are left to the code user.
After a particular problem has been solved by
many groups, using as many formulations and
programs as is practical, and over the course of
perhaps ten or more workshops, the participants
may deem a problem to be adequately solved.
At this point it is understood that little is to be
gained in additional solutions and the problem
is closed. A complete summary is prepared
including all relevant results, comparisons,
errors, and any experience that has
accumulated, and the summary is submitted for
publication in a journal for the benefit of the
computational electro - magnetics community.
All problems remain in a sense open since
anyone may decide to revisit a particular
problem at any point in time, especially if there
is something new to be learned about the
problem or the results.

Table I. TEAM problems
The purposes of the problems in TEAM are:
1. to test both formulations (that is, the
mathematical models) used to build the
program and the programs themselves.
Although the stated goal is the testing of
analysis methods through comparison of results,
they also verify program correctness and, more
importantly, program accuracy. For this reason,
problems are chosen to encompass all or most
of the important aspects of computational
electro - magnetics. Participation in TEAM
activity, which does not carry any ‘reward’ such
as formal refereed publications is, to a very
large extent, based on the value participants
place on their ability to gain confidence in their
own software or software supplied by software
vendors.
In the latter case, TEAM problems supply
independent testing of the programs under
realistic conditions
2. to detect formulation and program
characteristics which must be modified and
improved. Often these characteristics are not
necessarily errors but have, perhaps, slow
convergence, inefficient algorithms or methods
of presentation, for example
3. to encourage unbiased testing with multiple
formulations and multiple programs by as many
different programs as is practical
4. to share experience gained in solving various
problems or in the development of programs
5. to create a repository of solved problems
which can then be used by developers to verify
new
programs,
and
extensions
and
modifications of existing programs.

TEAM Problems
To ensure a balanced approach to testing of
various electromagnetic problems, TEAM has
adopted
a variety of problems. Some are intended to test
static fields programs. Others are useful for
quasi – static applications and still others for
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time-dependent fields. Within these, there are
various levels of difficulty.
Results provided with the problem are either
experimental or analytical, and in some cases
numerical. Emphasis is on verifiable results,
and some problems have been verified
experimentally or analytically by more than one
source. To date a total of 21 different problems
have been adopted, some that have been closed
and some that are still open. Table I summarizes
the TEAM problems, their levels and topics,
and their status, together with some reference
material.
Although the TEAM approach to verification is
very broad it may be viewed as a modified form
of white-box testing, combined with multiple
coding. Unlike many dual coding techniques,
which are often written by the same designer or
design group, the multiple codes participating in
TEAM are written by independent groups,
ensuring unbiased testing. The very longevity of
TEAM points to the considerable success of its
stated purpose.

Team Workshop Problem 15
Inversion of eddy-current data and the
reconstruction of flaws is the pre - eminent
problem in electromagnetic non - destructive
evaluation (NDE). This places a premium on
developing good forward models for computing
field-flaw interactions, because all inversion
algorithms must, of necessity, rely on such
calculations. There has evolved in recent years
several sophisticated computational models for
the forward problem [15-18], but these models
differ significantly in their theoretical and
numerical approaches. For example, [15-17] use
a volume-integral approach that incorporates
fast Fourier transforms with conjugate gradients
to solve the resulting linear system of equations,
whereas [18] uses finite-elements.
Because of this diversity of theoreticalcomputational approaches, it has become clear
that there is now a great need to present
experimental data from benchmark problems,
whose purpose is to not only validate individual
models and codes, but to also allow

comparisons between competing models and
codes. In this paper we present two such
problems for the calculation of impedance
change, ΔZ. These problems,
1. Rectangular slot in a thick plate (900 Hz)
2. Rectangular slot in a thick plate (7 kHz),
have the common feature of being based on
practical eddy-current testing techniques, and of
utilizing simple geometries.
Additional problems of this genre, including
cracks in a thin plate, cracks in a double plate
system, and cracks in a thin plate with a tangent
coil, are collected together in [20]; further
details of each experiment can be found in the
references cited in this paper.
PROBLEM NO. 1
The experimental arrangement is shown
schematically in Figure 1. Here, a circular aircored coil is scanned, parallel to the x-axis,
along the length of a rectangular slot in an
aluminum alloy plate. Both the frequency and
the coil lift-off are fixed and ΔZ is measured as
a function of coilcenter position. The
parameters for this test experiment are listed in
Table 1. This problem is completely described
in [21], and is also included in [19]. Solutions
appear in [17,22], where a volume-integral
equation is used. Preliminary calculations for
this case were first reported by Dunbar [23].
PROBLEM NO. 2
The rectangular slot geometry for this problem
is identical to that of Problem No. 1. The
experimental arrangement uses a larger coil, at
a higher frequency. The skin depth at this
frequency is one-fifth of the slot depth, which
makes this problem differ from No.1 by nearing
the thin-skin limit. Theoretical calculations for
this problem have been published [22].
OBJECTIVE
The objective is to compute the change in the
inductance and resistance of the driving-point
impedance of the coil (compared to its value
over an unflawed portion of the plate) as a
function of coil position, and compare the
computed results to the experimental results.
This is to be done for each problem. In addition,
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the computed and experimental results are to be
compared by plotting the magnitude and phase
of each versus coil-center position. Plot the
magnitude and phase (in degrees) on separate
graphs, for each test. The magnitude and phase
are given by:

where ΔXL=ωΔL.

Figure 1: Schematic configuration for the
measurement of Z due to a surface breaking
slot.

Conclusion
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Testing of electromagnetic programs has unique
challenges resulting primarily from the
numerical nature of the algorithms involved and
the unavailability of reliable test data for
verification. Although algorithm correctness
can be ensured by standard testing techniques,
the accuracy of the solutions cannot be tested
using these methods. The latter challenge is met
by comparison of results produced by multiple
codes and multiple formulations. The role of
benchmark problems available through the
TEAM series of problems and workshops was
emphasized as a successful model for program
verification.

References
1. E. J. Weyuker, ‘On testing nontestable
programs,’ Compuf. J., 25, (4), 465-470 (1982).
2. J. H. Fetzer, ‘Program verification: The very
idea,’ Commun. ACM, 31, (9), 1048-1063
(1988).
3. J. Voas, L. Morel1 and K. Miller, ‘Predicting
where faults can hide from testing,’ IEEE
Softw., 8, 4148 (1991).
4. B. Marick, The craft of software testing,
Prentice Hall, Englewood Cliffs, NJ, 1995.
5. B. Beizer, Software system testing and
quality assurance, Van Nostrand Reinhold
Company, NY, 1984.
6. N. Harrington and M. Popper, Understanding
sofrware testing, Ellis Horwood Limited,
Chichester, 1989,
7. P. Gilbert, Software design and development,
Science Research Associates, Chicago, IL,
1983.
8. B. Beizer, Software testing techniques, Van
Nostrand Reinhold Company, NY, 1983.
9. J. Penman and J. R. Fraser, ‘Dual and
complentary
energy
methods
in
electromagnetism,’ IEEE Trans. Magn., 19, 231
110. L. R. Turner, K. Davey, C. R. I. Emson, K.
Miya, T. Nakata, and A. Nicolas, ‘Problems and
workshops for eddy currennt
11. COMPEL, 7, (1). (1988), special issue.
12. COMPEL, 9, (3), (1990), special issue.

13. T. Nakata, N. Takahashi and K. Fujiwara,
‘Summary of results of banchmark problem 10
(steel plates around a coil)’,
14. T. Nakata, N. Takahashi and K. Fujiwara,
‘Summary of results for TEAM workshop
problem 13 (3-D nonlinear magnetostatic
model)’, COMPEL, 11, (3), 345 – 369 (1992).
15. J. R. Bowler, L. D. Sabbagh, and H. A.
Sabbagh, "A Theoretical and Computational
Model of Eddy- Current Probes Incorporating
Volume Integral and Conjugate Gradient
Methods," IEEE Trans. Magnetics, Vol. 25, No.
3, May 1989, pp. 2650 2664.
16. H. A. Sabbagh, L. D. Sabbagh, and J. R.
Bowler, "A Volume-Integral Code for EddyCurrent Nondestructive Evaluation," COMPELThe International Journal for Computation and
Mathematics in Electrical and Electronic
Engineering, Vol. 9 (1990), Supplement A, pp.
67-70.
17. J. R. Bowler, S. A. Jenkins, L. D. Sabbagh,
and H. A. Sabbagh, "Eddy-Current Probe
Impedance Due to a Volumetric Flaw," J.
Applied Physics, Vol. 70, No. 3, 1 August
1991, pp. 1107-1114.
18. W. Lord and R. Palanisamy, in G. Birnbaum
and
G.
Free,
eds.,
Eddy,
Current
Characterization of Materials and Structures,
ASTM STP722 (Amencan Society for Testing
and Materials, Philadelphia, 1981), pp. 5- 81.
19. H. A. Sabbagh, ed., "The ACES Collection
of Canonical Problems: Set 1," The Applied
Computational
Electromagnetics
Society,
Spring 1990, pp. 3-8.
20. Applied Computational Electromagnetics
Society Newsletter, Volume 6, No. 1, March
1991, pp. 17-34.
21. S. K. Burke, "A Benchmark Problem for
Computation of DZ in Eddy-Current
Nondestructive
Evaluation
(NDE),"
J.
Nondestructive Evaluation, Vol. 7, Nos.
1/2,1988, pp. 35-41.
22. D. McA. McKirdy, J. Nondestructive
Evaluation, Vol. 8 (1989), pp. 45-51.
23. W. Scott Dunbar, J. Nondestructive
Evaluation, Vol. 7 (1988), pp. 43-53.

