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ELECTRONICS AND INSTRUMENTATION
TECHNIQUES FOR CHE GRAD STUDENTS

KENNETH R. JOLLS
Polytechnic Institute of Brooklyn
Brooklyn, New York

A course in basic electronics and instrumenta-
tion techniques has been developed in this depart-
ment for graduate students interested in experi-
mental research. Notwithstanding the single
“gervice” course in electrical engineering that
most undergraduate engineers take, the majority
of those who go on to graduate study are ill-
prepared in even the most elementary of instru-
mentation techniques. The modern trend away
from analog devices with vacuum tube circuitry
toward digital devices with solid state circuitry
has compounded the problem even more. Inevit-
ably this has resulted in good research often going
undone, or at best, done poorly through the im-
proper use or understanding of measuring instru-
ments by research personnel.

One might argue that training of this sort
need not be an essential part of a chemical engi-
neer’s preparation for a career in research. In-
deed, industrial research organizations and many
universities, as well, maintain a staff of con-
sultants in the area of electronics and instru-
mentation to provide “know-how” and relieve the
principal investigator of concern with problems
that might seem secondary to his actual research.
Clearly, this is the “task force” approach whereby
a team of specialists collaborate, each contribut-
ing in his particular area of specialty.

Although this has presented a workable
scheme in many important instances, one senses
an immediate handicap to the researcher who
must rely solely upon instrumentation consultants
who, by virtue of their specialty, are probably un-
familiar with the essence of his research. Consider
the kineticist interested in minute variations in
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the heat evolved by a certain reaction. To the
instrumentation engineer such a system origi-
nates simply as resistance fluctuations within a
thermistor bead. Think further of the materials
engineer interested in the dielectric properties of
a new polymer yet unable to characterize fully
its possible applications in electronics.

The only sound solution to this problem, in
the author’s view, is the education of our research
students through exposure to practical electronics
and basic instrumentation systems at a level con-
sistent with their general scientific capability.
For many years chemistry departments have
faced similar problems and have responded with
courses in electronics and instrumental techniques
geared to those operations of particular import-
ance to the chemist. It is, therefore, the objective
of this paper to underscore the need for similar
training for our own engineering graduate stu-
dents.
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IMPLEMENTATION OF A COURSE VIA THE
"“STATION” CONCEPT

In response to the growing need for training
in instrumentation a number of books have ap-
peared' 22679 each directed toward research
applications in some field of science or engineer-
ing. Inasmuch as this paper calls for a “practical
exposure” to electronic instrument as well as
training in the theoretical concepts, the need for
laboratory work becomes of the essence. Fortu-
nately, our chemistry colleagues have laid much
of the groundwork in this area as noted at a con-
ference on the “Teaching of Electronics to Chem-
istry Students” which was held at the 1966 East-
ern Analytical Symposium in New York City®.
Three significant points emerged from the dis-
cussion :

® There is a definite need for instruction of research
students in basic electronics with an emphasis placed
upon modern instrumentation. $

® There is a distinet advantage in this training being
offered by instructors with backgrounds similar to the
students’ as opposed to its being given, for example, by
electrical engineering instrumentation people.

® Irrespective of the classroom presentation, the
laboratory should incorporate the “modular” concept of
instrumentation design. In this way the student first
becomes familiar with the basic electroniec, electrochemi-
cal and electromechanical principles common to all in-
strumental devices and then proceeds to synthesize com-

plete measurement systems based upon these building
blocks.

The PIB course is based upon the Heath/
Malmstadt-Enke system ®*¢7 which offers the
convenience of being commercially available.
Chemistry departments in many schools have
equipped their laboratories with moderately-
priced instruments, Kkit-form instruments and
even through prudent selections among surplus
electronics. Any department initiating such a
course will surely proceed with consideration
given to economics, staff availability, and per-
haps, staff experience in a field somewhat peri-
pheral to chemical engineering.

Regardless of the mechanics involved in
acquiring the laboratory and scheme of experi-
ments suggested here, experience teaches that the
student benefits most when he works individually
at a laboratory ‘“station.” This requires, there-
fore, that there be available several positions or
desks, each equipped as a complete experimental
unit within the scope of the course. Clearly, this
presents an economic disadvantage when com-
pared with the more traditional approach wherein
only the low to medium-priced instruments would
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be provided at each desk with the more delicate,
high-priced items being centrally available in the
lab. Reasoning in the traditional sense, one might
provide each student with a power supply, a
vacuum-tube voltmeter, a basic laboratory oscillo-
scope, ete., and retain operational amplifiers,
digital voltmeters and potentiometric recorders
as central lab equipment with the rationale that
one of these more expensive instruments for every
two or three desks should provide ample service.

Economics notwithstanding, however, one sees
an immediate disservice done to students who
must wait their turn to use a particular instru-
ment. In order to develop a sense of independence
in electronics the student must be placed “on his
own” in the laboratory. Providing him with a
complete experimental unit guarantees the flex-
ibility desired. He may proceed at his own speed,
diverge at will from the prescribed experimenta-
tion, and even repeat earlier work. He develops
an acquaintance with his station that opens new
doors to investigation. One frequently finds stu-
dents exploring experimental techniques quite
different from those suggested.

Still more important is the student’s respon-
sibility for the precision and accuracy of his
equipment. Techniques of standardization and
calibration become firmly implanted in contrast
to the situation in which the calibration accuracy
of an instrument is ‘“accepted” on no sounder
basis, perhaps, than a statement by the instruc-
tor. A typical laboratory station need only include
one secondary voltage standard. Time is devoted
early in the course to practicing the calibration
techniques that the student will need in using the
standard.

THE WORKING MODEL

We call our course “Research Instrumenta-
tion,” and although it carries three graduate
credits in both Chemistry and Chemical Engi-
neering, it is administered completely by the
latter. At the beginning of the semester each stu-
dent is handed a package of descriptive and sup-
plementary material to guide his study and work
in the lab. Samples of this material may be ob-
tained by writing to the author. Physically, the
laboratory comprises twelve student stations and
a work station for the instructors. Blackboard
space and storage for tools, hardware and demon-
stration instruments make the lab a complete
teaching unit.

The first half .of the semester is devoted to
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there is a need for instruction of research
students in basic electronics with emphasis placed on
modern instrumentation.

basic electronics. Lectures, demonstrations and
training films are presented each week to supple-
ment the students‘ reading, and the laboratory
experiments are performed by each participant
during a single weekly session. An extensive
reference shelf is also maintained as an added
source of information.

Although our course does follow the Malm-
stadt-Enke text, the topics considered are typical
of those treated in any ‘“first exposure” to elec-
tronics. The outline for the first seven weeks is

as follows:

1. Weeks one and two are devoted to basiec circuit
analysis with Ohm’s and Kirchhoff’s laws introduced
for the solution of both resistive and reactive net-
works. The oscilloscope is studied in the laboratory
together with the common meters (VOM, VTVM,
ete.), and demonstrations illustrate the loading of a
system with improper instrumentation.

2. Power supplies are treated during the third week
with consideration given to both thermionic and
semiconductor rectifiers. Various configurations of
filtering networks are constructed, tested and evalu-
ated in terms of the well-known theoretical correla-
tions. The theorems of Thévenin and Norton are
discussed with the concepts of “ideal” voltage source,
“perfect” current generator and intrinsic source
resistance introduced.

3. Amplification is the subject of the next three weeks.
The notion of a “controlled source” is discussed, and
vacuum tube and transistor characteristics are re-
corded with the idea of predicting their performance
in triode circuits constructed subsequently. Further
experiments deal with frequency response, phase
shift, harmonic distortion and stability in multistage
amplifiers. In conclusion, each student builds a per-
manent, two-stage audio unit for use in experiments
on feedback.

4. The seventh week is set aside for the study of
oscillators. Both feedback and negative resistance
oscillators are discussed in class and in the laboratory.
Information transmission on a modulated carrier
wave is treated, and experiments enable the student
to view an RF carrier enclosed by an AF envelope.
Group demonstrations illustrate the occurrence of
sidebands and elementary frequency modulation.
The lecture/demonstration. Each week the

entire group meets for a two-hour session during

which lecture material and demonstrations of the
more complex or specialized instruments are pre-
sented. Typical among the latter might be the
demonstration of an oscilloscope with a delayed
time base or, late in the course, the setting up of

differential equations on an analog computer. In
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general, those techniques which require consider-
able practice are withheld for presentation to the
group as a whole. Certain bridge techniques,
differential amplifier methods and automatic
curve-tracing procedures fall naturally into this
category.

The lecture topics are chosen to supplement
the text material and stimulate group discussion.
In this context the similarity in backgrounds
between instructor and students offers an advan-
tage in terms of certain analogies and pedagogi-
cal techniques which can be called into play. For
example, the chemical engineer is well versed in
thermodynamics and readily understands the use
of partial derivatives to characterize property
changes along a given path on a P-V-T surface.
He needs only be shown that the operating vari-
ables of a triode (plate voltage, plate current, and
grid voltage) form a similar “equation of state”
to be able to understand the performance char-
acteristics of the tube. Plate resistance, ampli-
fication factor and transconductance become the
“new” partial derivatives, and the path is pre-
scribed by the circuit configuration.

Discussions of servomechanism response and
operational amplifier applications are also facili-
tated by the engineer’s mathematical background.
Most chemical engineers have sufficient experi-
ence with differential equations that much of the
introductory material on the use of operational
amplifiers in simulation becomes unnecessary.
Similarly, in the area of digital instrumentation,
the concepts of finite sampling, logic networks
and binary operations are well known.

Instrumentation systems are the subject of
the second half of the semester. A variety of
signal forms are measured and recorded; instru-
ment performance is evaluated, and existing cir-
cuitry is modified to fit new needs. Specifically,
the time divides as follows:

5. Comparison measurements are made during the
eighth week. Several null detectors are evaluated,
and chopper modulation and demodulation is studied.
The student experiments with the Wheatstone bridge,
while other configurations such as the Wein, Hay and
Schering are considered in class. The complex nature
of impedance is discussed with emphasis placed upon
dissipation and storage factors.

6. Servo systems are studied during weeks nine and ten.
The response of the Heath Servo Recorder to step
and ramp commands, its zero suppression, dead zone
and damping are among the characteristics investi-
gated. Servo-controlled constant voltage and current
supplies are also constructed, and operational feed-

back is introduced in reference to an electromechani-
cal system. Finally, the monitoring of continuous pH
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in solution is demonstrated using a recorder equipped
with an electrometer input.

7. During the eleventh and twelfth weeks the electronic
operational amplifier is studied. Voltage and current
control as well as impedance matching are considered
first with the final emphasis placed upon integration,
differentiation, and the other mathematical operations
needed for equation solving. An elementary simula-
tion problem is carried out in the lab, and more
sophisticated problems are set up in class on an
EAI TR-48.

8. Digital instrumentation is the subject of the last
two weeks of regular laboratory work. The new
Malmstadt-Enke text on digital electronics” has broad-
ened this area into virtually a course in itself, and
we are emphasizing switching circuits, counting sys-
tems and discrete measurement devices accordingly.
Semiconductor logic gates (AND, NAND, OR, etc.)
are described, and the various multivibrators are
constructed for application in storage and triggering
circuits. Both A to D and D to A conversions are
discussed in class with laboratory experiments illus-
trating these and other signal processing techniques.
For those students who complete the labora-

tory with time remaining, a special project re-
lating to the individual field of research is rec-
ommended. In addition to providing the oppor-
tunity for him to further his own work, the
project offers a logical transition for the student
from the restricted framework of the course to
the general field of research instrumentation.

GENERAL COMMENTS

We feel that there are three principle objec-
tives involved in this work.

® That the student become sufficiently familiar with
the field to be able to assess future instrumentation re-
quirements, choosing the best measurement system from
among many possibilities.

® That he become able to evaluate the performance of
an instrument in terms of its stated specifications, thus
eliminating guesswork from the analysis of measurement
system failure.

® That he acquire a sufficient understanding of instru-
mentation fundamentals to be able to talk intelligently
with design engineers and instrumental consultants when
a problem arises to which there is no immediate solution.

It has been the author’s experience that stu-
dents in their second or third year of graduate
study profit most from this course. Clearly, with
a scope such as has been outlined, one must cover
considerable ground in one semester. First-year
graduate students and even the most able senior
undergraduates have difficulty in committing
themselves to this extent. However, for the more
advanced student who has much of his course
work behind him, the program works quite nicely.
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A WORD ABOUT STAFF REQUIREMENTS

The successful presentation of a course simi-
lar to the one outlined here will depend largely
upon staff interest. Neither an extensive back-
ground in electrical engineering nor lengthy ex-
perienc in practical electronics are felt to be es-
sential. Experience with one’s own thesis re-
search combined with that gleaned while direct-
ing graduate students can frequently provide an
excellent basis for starting such a program. A
further boost in staff competence can be obtained
through attending one of the Summer Institutes
given at various schools. Many of these programs
offer support to faculty members and require only
a few weeks of the professor’s time*. Assuming
a reasonable period for course development
(which may include attending a summer pro-
gram), an effective instrumentation course could
easily become operational within a year after
approval.

It is interesting to note that electrical en-
gineering departments rarely object to this ap-
parent “intrusion” into their discipline. On the
contrary, they frequently welcome being relieved
of another service course and even offer their
facilities to the instrumentation people in return.
This has, indeed, been the case here at Brooklyn,
and our work in the course has benefited accord-
ingly.

Teaching assistants play a vital role in the
operation of the laboratory, the setting up of
demonstrations and the grading of lab reports.
Once the program is under way, the course is
self-generating insofar as teaching assistants
are concerned. The first run, however, can cause
problems, and the author sought help within the
Analytical Chemistry Division and the Depart-
ment of Electrical Engineering. The normal se-
mester’s registration of 25 students is handled
by one senior staff member and two teaching
assistants.

CONCLUDING REMARKS

It has been the purpose of this discussion to
indicate the need for training in the fundamen-
tals of electronics and applied instrumentation
for chemical engineering research students. It

*During the summers of 1968 and 1969 the course
here at Brooklyn was offered on this basis with the latter

being supported by NSF under its College Teacher
Programs.
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has been pointed out that the interplay between
instructor and student is enhanced in such a
course when a sound basis for communication
exists between them. The problems associated
with establishing a laboratory facility consistent
with the instructional level have been outlined
and a workable scheme suggested. A syllabus
drawn from one of the standard texts has been
described, and a number of variations and peda-
gogical techniques found to be successful in the
author’s presentation of the course have been
outlined. Typical objectives that one might
realistically hope to achieve in a course of this
kind have been set forth and a student body
capable of realizing these objectives noted. Fi-
nally, the suitability of this course for presenta-
tion by chemical engineering faculty members
has been pointed out with suggestions for course
development and staffing.

The author welcomes questions and comments
from those interested in such a program or
already involved in its presentation.
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problems for teachers

DOES THE ENTROPY OF A COMPOUND SYSTEM
ALWAYS MAXIMIZE IN THE EQUILIBRIUM STATE?

ALAN J. BRAINARD
University of Pittsburgh
Pittsburgh, Penn. 15213

T IS CONVENTIONAL in thermodynamics to
introduce two different types of walls which
are impermeable to matter — adiabatic and dia-
thermal. An adiabatic wall is used in introducing
the first law of thermodynamics and also is re-
quired in developing the concept of isolation.
In the strictest sense, no real material does form
an adiabatic enclosure, but rather approximates
one to varying degrees. A Dewar flash is a well-
known example of an enclosure that approxi-
mates adiabatic behavior to a very high degree.
A diathermal wall is used in the statement of the
“zeroth” law, the condition of thermal equilib-
rium.
Excellent discussions of the properties of both
types of walls are available'—*. It is not the pur-
pose of this paper to improve on those discus-
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This provocative paper elicited considerable
interest when presented at a recent AIChE meeting.
CEE publishes it with the expectation that it will

stimulate discussion and response from our readers.

sions. Rather its purpose is to point out a fact
which is felt to be too little appreciated in appli-
cations of the subject — the presence of an
adiabatic wall constitutes a constraint on equilib-
rium. The following question will bring this last
statement into sharp focus. Do examples exist
of systems which can be treated using classical
thermodynamics for one type of wall (i.e. dia-
thermal) and not the other?
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