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CONTENT AND GAPS IN BSChE TRAINING*

Value and Mystique in Engineering Economics

JAMES B. WEAVER
Venture Services
Sarasota, F'L 3,235-8233

NGINEERING ECONOMICS is often taught to

chemical engineering students by other en-
gineering departments. Within ChE departments,
economics is usually introduced into a design course
as a major sub-topic and therefore receives student
attention only for part of a semester. AIChE is plan-
ning a survey to clarify the current extent of
economics training in BSChE curricula.

Thirty-eight texts on investment analysis from all
sources have been reviewed by the author, and cover-
age of these is compared. The books include engineer-
ing economics, chemical engineering design/
economics, cost engineering, and finance/business
school sources. While coverage of many topics is con-
sistent and adequate, omissions are remarkable. Some
patterns seem related to differences among the four
sources above. For instance, many engineering
economics texts still omit proper coverage of working
capital and corporate income taxes—apparently for
historical reasons. Chemical engineering-sourced
texts are consistent on these important topics, but
rate lower on other important factors of investment
analysis. Finance/business texts rate better overall.

The author believes engineers should receive con-
sistent training in these topies, as a first step toward
improving the image of investment analysis by top
executives. (Now, investment analysis is often treated

Jim Weaver retired in 1980 as Vice-
President for Venture and Capital Appraisal
from IC| Americas, Inc. He earned his BS
and MS degrees in chemical engineering
from MIT. He has authored many articles on
investment appraisal, including coauthor-
ship of sections on "Cost and Profitability
Estimation" for two editions of Perry's
Chemical Engineers' Handbook. He is en-
joying retirement in Florida, but continues
to write and speak.

*Paper presented at the AIChE meeting, Washington, DC, in De-
cember, 1988.

as a computer-dominated toy, or a sales tool for de-
sired projects.) Additional consistent training could
improve objectivity and appropriateness of invest-
ment analyses in corporations and the government.

DISCUSSION

Industry does not generally use objective en-
gineering techniques for investment appraisal. With
the availability of computers, executives ask for more
economic studies but usually use the many possible
scenarios on a project to further their own goals—to
fortify their intuition. Top management is playing
with economic analysis more, but they are using it
less. Unless curricula for analysts are improved, it
will be difficult to improve industry’s attitude.

Current practice and education for investment
analysis has dominated much of my time since my 1980
retirement, because I feel that the available economies
courses for chemical (and other) engineers are
haphazard and inappropriate for what is one of the
most important and all-encompassing aspects of en-
gineering. Project evaluation is not an engineering
specialty—it is a topic in which all specialties need a
background, so that freshly-graduated engineers can
(promptly) assist industry or government decisions on
major investments. Few engineers now receive the
proper education for this activity. And those that are
trained get inconsistent training.

Between October 1987, and November 1988, I read
38 texts currently offered for courses dealing with in-
vestment analysis.* I looked for the topics [1] that I
found unsettled and continually debated during my
40-year career in investment appraisal. I also looked
for important topics which I felt texts and courses
were missing entirely—or, conversely, were overem-
phasizing. I was seeking useful discussion which might
clarify unsettled problems for the student, not uni-
formity. Many non-economic engineering problems re-
main unsettled, and current status of studies is dis-
cussed in current engineering texts. As I feared, that

*Texts published before 1980 are included only for highly-rated vol-
umes not revised in this decade.
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Project evaluation is not an engineering specialty—it is a topic in which all specialties need a

background, so that freshly-graduated engineers can (promptly) assist industry or government decisions

on major investments. Few engineers now receive the proper education for this activity.

And those that are trained get inconsistent training.

was not the case in project-appraisal texts; each au-
thor has his own point of view, and only a few discuss
other views or say that topics are unsettled.

Texts I reviewed were not all by chemical en-
gineers—or even all by engineers. Investment
analysis has recently become just as important a topic
for business school students (in finance, for instance),
and I wanted to compare their coverage of these top-
ics. My conclusions are more favorable for the finance-
oriented texts than for those by engineers! Their
courses would probably be useful for chemical en-
gineering undergraduates.

Chemical engineering (ChE) texts do rate higher
than most traditional “engineering economics” (EE)
texts, based on my criteria. That doesn’t help ChE
students much, because most universities do not have
a full course on project analysis in the chemical en-
gineering department. In ChE, economics is consid-
ered part of design and is introduced into that
course—if it is taught at all. That means part of a
semester—usually less than half.

Many chemical engineering departments also offer
(or require) a course in ‘Engineering Economics’ for
their undergraduates (or graduates)—given by
another engineering department (usually civil or in-
dustrial engineering). That is why I claim that prob-
lems of ‘EE’ texts are problems for many chemical
engineering undergraduates.

Today, all we know about the current status of
requirements is that different universities may or may
not require any such courses. Others may require
either, or both. With the help of an AIChE survey we
expect to be more specific on current status in a year
or two. For over a decade, Ed Eisen of McNeese State
University has taken useful surveys on a wide range
of ChE unit operations (including design) for AIChE’s
Education Division. The 1989 survey will focus specif-
ically on courses in investment analysis, and results
should be available some time in 1990. The intent is
to include courses (and texts) in the business schools
at the same universities.

METHOD OF ANALYSIS

This is only a partial report on my survey, em-
phasizing strengths and weaknesses of ChE texts.
The complexity of the survey (31 topics in 38 books)

SUMMER 1989

TABLE 1
Chemical Engineering Texts
Author/Year
key Citation
A&R86 Axtell, O., and J. Robertson, Economic Evaluation in

the Chemical Process Industries, Edn. 1, Wiley (1986)

C&R86 Couper, J.R., and W. H. Rader, Applied Finance and
Economic Analysis for Scientists & Engineers, Edn. 1,
Van Nostrand/Reinhold (1986)

HW&WS83 Holland, F.A., F. A. Watson, and J. K. Wilkinson, Intro-
duction to Process Economics, Edn. 2, Wiley (1983)
PG&M84 Perry, R.H., and D.W. Green, Perrry's Chemical
Engineers' Handbook, (Sec. 25 by Holland, et al.,
"Process Economics”), Edn. 6, McGraw-Hill (1984)
P&T80 Peters, M.S., and K. Timmerhaus, Plant Design and
Economics for Chemical Engineers, Edn. 3, McGraw-
Hill (1980)
us4 Ulrich, G.D., Guide to Chemical Engineering Process
Design and Economics, A, Edn. 1, Wiley (1984)
va3 Valle-Riestra, F., Project Evaluation in the Chemical

Process Industries, Edn. 1, McGraw-Hill (1983)

means each journal article will be incomplete. I have
sent full draft reports to many authors. The American
Association of Cost Engineers has agreed to publish
complete results as a monograph.

Complete citations for the seven ChE texts are
shown in Table 1. The ‘Author-Year Key’ is used in
Tables 3-6 to identify each text. Tables 3-6 contain my
key judgments. Note that in these tables, minus [-] is
better than zero [0]. Table 2 discusses alphabetically
the 31 topics which I used in analyzing the texts; most
are covered in more detail in reference [1].

Unlike usual book reviews, my screening looked
only at the specific topics discussed in Table 2. I have
volunteered further specifics on my judgments to in-
terested authors and several have accepted.

SUMMARY OF RESULTS

Two of these seven ChE books were ranked high-
est in the survey. For extensive coverage, Peters &
Timmerhaus was best, although it is becoming out of
date. For good (brief) coverage, Axtell and Robertson
also ranked well. In fact, in spite of its brevity,
A&R86 only missed nine of my topics (fewer than any
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Accounting Systems « Engineers need background about financial accounting systems,
including product cost accounting and capital record-keeping. Accounting figures are
estimates, approximations of history within legal constraints for use by shareholders and
government authorities. However, approved systems permit wide variation in detail and
any set can be misused by newcomers, outsiders, or untrained engineers. Texts should
warm that such historical data is often not suitable as such for use in investment analyses.

Acquisition Analysls « Mergers and acquisitions represent important and frequent in-
vestments by major corporations. Texts should discuss whether or not the same in-
vestment appraisal techniques apply to them. Lack of discussion permits the inference
that the same techniques are applicable. Authors should say they are not applicable to
merger and acquisitions studies—or else discuss the many special considerations.

After-Tax Analysls « Because depreciation is tax deductible, capital investment alter-
natives must be compared after taxes. However, before-tax comparisons have not been
abandoned, nor clearly vetoed, in many texts. Even for preliminary screening, before-tax
comparisons may mislead. Many authors prefer the simplicity of deferring all
consideration of taxes until late in the text. If they do, eventual need for considering
taxes should be stressed jn early pages. Even then, the occasional user may dip into the
text and be misled by problem "solutions" in early pages which ignore taxes.

Alternatives « /nvestment appraisal must include alternative investments-not just a
single proposal. For instance, mutually-exclusive alternatives solve the same problem with
different capital investments. Choosing a process or the plant capacity represents this
type of alternative. Restricted funds may also require comparison of non-mutually-ex-
clusive alternatives which compete only for funds. All project forecasts should also be
compared to an alternative set of forecasts for the "zero-investment” case.

Break-Even Analysls « This accounting-based concept was widely used in project,
plant, and product studies before cash-flow investment analysis was widespread. It still
may be useful if cash-flow breakeven is considered, but many texts discuss only
breakeven at zero accounting profit. Limited usefulness of breakeven does not seem to
warrant extensive coverage.

Computer Short-Cuts « An early criticism of discounting procedures was the effort and
time consumed in calculation. Computers, large and small, and hand-held programmable
calculators reduce the problem tremendously.

Cost of Capltal - Average or Project? « Should all investment projects be compared
to the same hurdle rate, or should the hurdle be lower where special financing is available
to an investment project? Journal articles differ. Texts should discuss at least the author's
view.

Cost of Capltal vs. MARR « The hurdle rate (or minimum acceptable rate of retum,
MARR,) is clearly related to cost of capital — but is it equal or higher? Some companies
have higher hurdle rates (for some projects) to allow for risk. A higher hurdle rate might
also allow for some projects justified on bases other than profitability — for instance,
roads, office building, research facilities.

Depreclation « Several different concepts are included; the distinction may be par-
ticularly important for engineers who may think of the wrong meaning first. Estimates of
depreciation may refer to: physical life of the equipment, due to deterioration (often most
important to engineers); accounting allocations maintained in financial books for share-
holders; and, often, different tax-deductible allocations acceptable to IRS. All should be
discussed, including frequent IRS changes in the latter. Legality of

(in the U.S.) should be recognized. Few engineers seem aware of the
important distinction.

Documentation « For historical and legal purposes, records are needed about
justification of major investments. Such records supply feedback for later proposals, both
specific cost forecasts and from general approach to the justification. How detailed
should such documentation be? Should records cover all stages if changes are made in
project scope? Or in justification forecasts?

Equity Basls for Analysls — 100%? « (This relates to Cost of Capita-MARR above.)
For comparability, most authorities believe all projects should be analyzed and compared
on the basis of 100% equity, the full investment base, and financing should be considered
separately. Others recommend including interest as a cost and reducing the investment
base if borrowing is involved in the project or the company.

Feaslbllity Studles « For any large project, justification is a many-step procedure. How
should early studies be handled? What data should be available before the first formal
profitability calculation? How often should it be repeated?

Forecasting « Forecasts of key elements affect project profitability studies, and fore-
casts for 5 to 15 years are required. Are year-by-year forecasts useful? Are they

posssible?

Handling Inflation « Inflation affects some but not all aspects of project profitability
studies, so it should be considered. High inflation rates of the 1970s brought this factor
into almost every text; continuing attention is needed.

TABLE 2: Discussion of Topics Listed in Tables 3-6

Incremental Expanslon « Often a minor bottieneck can be broken to expand existing
facilities, delaying major investment. Sometimes a minor investment will permit activation
of larger, idle facilities. However, such alternatives introduce special hazards. The in-
cremental investment may put the producer deeper in unprofitable businesses, unless
some broader analyses are made.

Learning Curves « Corelations since World War Il showed patterns of cost reduction
on wide ranges of products as producers gained cumulative experience in manufacturing.
This provided a means of cost and price forecasting which could help project appraisal
studies in the 1950s and 1960s. However, cost reductions never approached high rates
of infiation in the 1970s, and the technique no longer seems useful.

Linear Programming of Rosters  If suitable data on single best-estimate forecasts
were available simultaneously on a roster of all foreseeable projects, and the projects
are independent (or relationships are specified), linear programming could be used to
choose the best set of alteatives. Data requirements are extreme, perhaps unrealistic.

Multiple Rates of Return « /n DCF internal rate of retun studies, unusual cash pat-
terns can cause multiple and meaningless solutions. Mathematics are understood, and
several means are available to avoid the problem.

Payout Time - This quick-and-dirty analytical technique remains a favorite with manu-
facturing companies. It has some advantages and many disadvantages. One overiooked
disadvantage — it ignores working capital. Discounted payout time is recognized as an
improvement and should be mentioned.

Plant Location « Costs differ by locality, so location has important (on occasion domi-
nating) effects on investment appraisal studies. The nature of the effects and importance
of analysis should be mentioned.

Plant Sizing « A key altemative (q.v.) is how big a plant to build, how much capacity,
presumably based on sales forecasts. Building in several stages may show a higher
profitability, even if total investment cost is higher. Some patterns of problems and solu-
tions exist.

Preliminary Englneering Approval « Major projects often involve millions of dollars of
engineering and design expenses — more than many other projects cost in total. If new
markets or technology are involved, or unusual risk of any sor, some special man-
agement approval seems warranted before such expenditures, even if it's only internal
engineering.

Presentation Formats  Standardized forms for project proposals are shown in some
articles and books. Some may be obsolete, based on a single scenario which may not
represent a management consensus. Multiple scenarios complicate the presentation but
seem necessary to permit a real decision at top company levels.

Project Audits « Many companies prescribe formal review of some or all capital pro-
jects, after implementation. Feedback is said to justify the cost. There are problems;
nature and extent of such audits should be discussed.

Reinvestment Assumption (DCF) - Although many feel the question has been re-
solved, some authors maintain that intemnal rate of return assumes that positive cash
flows during a project must be rei ] ject i j

retum to achieve the calculated retum. Ideally, both points of view should be discussed.

Replacement « Special techniques were devised after World War Il to assess re-
placement of existing facilities. Such problems can now be handled within more general
project appraisal techniques. Some texts still include excessive details of the older
special techniques.

Risk Analysls « This topic receives wide (if variable) coverage in engineering economy
texts and articles. While of theoretical interest, industry has considered and rejected
complex techniques. Detailed text coverage impinges on more important topics.

Sensltivity Analysls « Projects are often presented for corporate decisions based on a
single "best estimate™ scenario. Simple graphical and tabular means were developed to
show project sensitivity to major variables. As a minimum, these should be discussed. With
the computer, other possible scenarios can be calculated in full for further investigation
of sensitivities.

Sunk Costs + Past investments should not (in general) influence current decisions.
However, tax deductibility of depreciation means some past decisions affect timing and
amount of future cash flows.

Unequal Project Lives « Most "alternatives” (g.v.) can be considered at equal project
Iives, which simplifies comparisons. Some cases necessarily involve unequal project lives,
and several decision models have been developed.

Working Capital « Like a new company, almost every investment project requires initial
cash to get under way, until incoming cash flows are sufficient to pay curent bills.
Inventories and accounts receivable are assets, but they require initial cash, too, partly
offset later by accounts payable to others.
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other), and rated a “+” on thirteen topics (better than
any other).

Two other ChE texts also had satisfactory cover-
age. Couper & Rader was quite acceptable, in spite of
a few gaps. It contains outstanding coverage of a
couple of topics, as discussed below. The section on
“Process Economics” in the 6th edition of Perry’s
Chemical Engineers’ Handbook also rates satisfac-
tory for handbook coverage.

The other three ChE texts have coverage which I
feel is unsatisfactory, but each text had some strong
points that I will mention later. And some non-en-
gineering texts had better coverage on several topics.

The most flagrant omission, in all 38 books, was a
lack of attention to working capital and to the impact
of income taxes. Table 3 presents those results along
with my over-all judgments. All the ChE texts had
some discussion of both topics, unlike most of the EE
texts (all fourteen omissions of working capital were
in EE texts). Four ChE texts covered each of the two
major topics adequately—but not the same four!
Three tended to introduce taxes late and to give it low
emphasis, even though taxes can have a dominating
impact on choices. This makes the early examples and
homework problems in those texts misleading. Delay
in discussing taxes also prevents full discussion of sev-
eral other key topics, including sunk costs, payout
time, break-even analysis, and cost of capital, because
of the impact of taxes on each of them.

Table 4 groups the topics most often omitted in
texts on investment analysis. None of the seven ChE
texts covered more than three of the ten topics.

I ranked C&R86 “outstanding” on coverage of
feasibility studies. The sequence of early decisions on
projects is ignored in the majority of texts reviewed.
However, P&T80, A&R86, and V83 also covered
feasibility studies well, so ChE texts ranked above
the other engineering and non-engineering texts in

TABLE 3

Dominating Topics and Overall Judgment
(Chemical Engineering-sourced Texts Only)

« Author/Year Code -
A&R C&R HWEW PG&M P&T U \'

&85 8 84 80 4 83

Working Capital - + + + + - +
After Tax Analysis B - + + + - -
My Total Judgment OK- OK- Weak OK- OK- Weak Weak
(All Topics) and some for  extensive
brief gaps handbk

+ coverage which is adequate or better
- inadequate coverage

this respect. Are feasibility studies more important,
for some reason, in chemical engineering? I think the
answer is that the other specialties just have not seen
ChE texts and forgot to mention the problem.

Another strong point in C&R86 is its coverage of
computer short-cuts, and A&R86 also included the
topic well. None of the other ChE texts discussed the
important help that computers can give. Timing of
publication cannot be given as an excuse for ignoring
this topic; non-ChE texts as old as 1980 got good rank-
ings, but many others, more recent, did not.

Documentation of major investment decisions is
important in industry, but does not seem important to
textbook authors. Only two of the ChE texts bring it
up at all, and only one of the EE texts gives it
adequate coverage. Likewise, presentation of propos-
als for decision is important. Both C&R86 and P&T80
ranked high in this respect, but none of the other ChE
texts and only a handful of the other types did.

Note that three topics I would like to see covered
were not mentioned by any of the seven ChE texts.
One is acquisition analysis, a very important topic
nowadays. The authors could at least say whether or
not they feel the same techniques are applicable for
appraising acquisitions!

Table 5 summarizes results for other important
topics I felt were often inadequately covered. The
ChE texts did not rate well here, either. Three of the
books mentioned ten of the fourteen topics, but only
two adequately covered more than three of the topics
[C&R86 had 4, A&R86 had 7).

When texts mention audits of investment project

TABLE 4
Topics Often Omitted

» Author/Year Code -
A&R C&R HWEW PG&M P&T U V

&6 % & o4 8 84 83
Acquisition Analysis 0 0 0 0 0 6 0
Computer Shortcuts + 0 - - - -
Documentation 0 0 0 0: 0
Feasibility Studies + - 0 0] + 0 +
Forecasting 0 0 0 0 0 0
Incremental Expansion 0 0 0 0 0 0 0
Plant Location 0 0 0 0 + 0 0
Plant Sizing + 0 0 0 0 0 -
Preliminary Eng. Approval 0 0 0 0 0 0 . 0
Presentation Formats + 0 0 + 0 0

+ coverage which is adequate or better
++ outstanding coverage

- inadequate coverage

0 no coverage of important topics
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performance after implementation, they all say such
audits are important. But C&R86 was the only ChE
text to bring it up, and all but three of the non-ChE
texts also gave it short shrift.

How does one choose plant size to meet a given
forecast? Few texts discuss this at all. A&R86 is the
only ChE text with satisfactory coverage, although
V83 gives it some coverage.

Table 6 groups another set of topics—those I felt
were overemphasized in many EE texts. They are
topics of considerable mathematical and research in-
terest (or were at one time)—but I found that none

TABLE 5
Other Topics Often Poorly Covered

« Author/Year Code -
A&R C&R HW&W PG&M P&T U V

8 23] 8 84 8 84 83
Acctg. System Analsis - - - + - 0 -
Allernatives + + - 0 + - -
Cost of Capital - Average? 0 0 0 o 00
Cost of Capital vs MARR 0 0 0 (o IO
Depreciation + - + + -
Equity Basis for Analysis + 0 0 0 0o -
Handling Inflation + - - - + -+
Multiple Rates of Return - - 0 0 - Q-
Payout Time + $ - g & =
Project Audits 0 + 0 0 0 0 0
Reinvestment Assumption + - 0 0 0] o o)
Sensitivity Analysis + + + + 0 S E
Sunk Cost 0 0 0 + 0 0 -
Unequal Project Lives 0 0 (¢] 0 0 0 o

+ coverage which is adequate or better
inadequate coverage
0 no coverage of important topics
TABLE 6
Topics Often Overemphasized
« Author/Year Code -
A&R C&R HW&W PG&M P&T U V
86 &% 8 84 8 84 83

Break-Even Analysis + . + - - * -
Learning Curves * * - exag * ¥ +
Linear Programming of Rosters % * % * * * ¥
Replacement Analysis + 0 0 0 - 0= %
Risk Analysis 0 exag exag - 0 - exag

+ coverage which is adequate or better
- inadequate coverage
exag exagerated coverage, superfluous for real use in industry even if accurate
0 no coverage of important topics
% no coverage where topic is not important; no criticism intended

were widely used in industry. And I felt industry had
good reason to ignore them. I don’t believe academics
have made progress not recognized by industry. So,
for the first three items in this table, I feel that omis-
sion of any coverage is all right (an asterisk is used
instead of a zero).

At the other extreme, “exag” shows (for any of the
five topics) where I feel book space is wasted by ex-
tensive coverage. In all likelihood, valuable course
time is also wasted on these topics at the expense of
those topics in Tables 4 and 5.

ChE authors did better than the average from
other sources on the Table 6 topics—particularly on
break-even analysis. Nobody got carried away, and
coverage by three was adequate. Three other ChE
texts dealt only with accounting break-even concepts,
instead of including cash-flow break-even.

CONCLUSION

I hope this comprehensive review (admittedly, one
man’s judgment) will permit universities to improve
their choice of books for courses being given in chem-
ical engineering design-and-economics. But I must

TABLE 7
Top Ranked Texts

Author/Year
key Citation

Ty ics Text

B78 Bussey, Lynn E., The Economic Analysis of Industrial
Projects, Edn. 1, Prentice-Hall (1978)

GIl&L82 Grant, E.L., G. Ireson, and R. Leavenworth, Principles of
Engineering Economy, Edn. 7, Wiley (1982)
S87 Smith, G.W., Engineering Economy: Analysis of Capital
Expenditures, Edn. 4, lowa State University Press (1987)
S&W86 Sprague, J.C., and J. Whittaker, Economic Analysis for
Engineers and Managers, Edn. 1, Prentice-Hall (1986)
S&S87 Stermole, Frank, and John M. Stermole, Economic
Evaluation and Investment Decision Methods, Edn. 6,
Engineering Press, Inc., San Jose, CA (1987)
S83 Stevens, G.T., Economic Analysis of Capital Investments
for Managers and Engineers, Edn. 1, Reston Pub. Co.
(1983)
Busi Ei lal T

B&S88 Bierman, Harold, and Seymour Smidt, The Capital
Budgeting Decision Economic Analysis of Capital
Investment, Edn. 7, MacMillan (1988)

B&M84 Brealey, R., and S. Myers, Principles of Corporate
Finance, Edn. 2, McGraw-Hill (1984)

H82 Herbst, A.F., Capital Budgeting: Theory, Quantitative
Methods, and Applications, Edn. 1, Harper & Row (1982)
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sadly add that even the best is none too good for teach-
ing a consistent picture of the important elements of
investment analysis to graduate and undergraduate
students. The best I can say is that the chemical en-
gineering authors have been more perceptive than
many of the other engineering authors. The best
group of texts is from the finance/business school sec-
tor. ChE undergraduates might benefit from wider
use of those texts.

This paper cannot be stretched to cover the advan-
tages and shortcomings of the 31 texts from non-ChE
sources.

As a substitute, Table 7 lists the top ranked books
(in my opinion) in each category. All the engineering-
sourced books published since 1980 were included in
my study. Therefore, if a book is not listed in the
table, I recommend your school should not be using
it. However, my coverage of finance/business tests is
probably not so complete.
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FLORIDA STATE/FLORIDA A&M
ACCREDITATION ERROR NOTED

To The Editor:

With reference to our article, "General Education
Requirements and Chemical Engineering Curric-
ula," appearing in the Spring 1989 edition of Chemi-
cal Engineering Education, in Table 3 we referred to
Florida State/Florida A & M as having an unaccred-
ited Chemical Engineering program. This resulted
from using the 1986 Annual Report of The Accredita-
tion Board for Engineering and Technology, Inc.
(ABET).

After the article was submitted, the 1987 Annual
Report of ABET was released. Florida State/Florida A
& M now has an accredited Chemical Engineering
program. We humbly apologize for the mistake and
take full responsibility for the error in our article.

Walden L. S. Laukhuf
C. A.Plank

James C. Watters
University of Louisville
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CHEMICAL AND ENGINEERING THERMODYNAMICS, 2/E
Stanley I. Sandler, The University of Delaware

0-471-83050-X, 656 pp., Cloth, Available January 1989

A fully revised new edition of the well received sophomore/junior level thermo-
dynamics text, now incorporating microcomputer programs.

PROCESS DYNAMICS AND CONTROL

Dale E. Seborg, University of California, Santa Barbara,

Thomas R. Edgar, University of Texas, Austin,

and Duncan A. Mellichamp, University of California,

Santa Barbara

0-471-86389-0, 840 pp., Cloth, Available February 1989

A balanced, in-depth treatment of the central issues in process control, including
numerous worked examples and exercises.

REQUEST YOUR COMPLIMENTARY COPIES TODAY

Contact your local Wiley representative or write on your schools stationery to
Angelica DiDia, Dept. 9-0264, Jobn Wiley & Sons, Inc., 605 Third Avenue, New York,
NY 10158. Please include your name, the name of your course and its enroliment,
and the title of your current text. IN CANADA: write to Jobn Wiley & Sons Canada
Ltd., 22 Worcester Road, Rexdale, Ontario, MOW 1L].

@ JOHN WILEY & SONS, INC.
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WILEY New York, NY 10158
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