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A macroscopic-oriented course in classi­
cal thermodynamics for all second-semester 
engineering -sophomores at Carnegie Tech 
is described. There was good agreement on 
course content; however mechanical engi­
neers tended to emphasize availability and 
irreversibility, while chemical engineers 
desired increased coverage of property esti­
mation and redufed correlations. Chemical 
engineers pref erred comparatively lengthy 
problems which closely reflect industrial 
practice and thus include engineering facts 
of life as well as basic principles. Other 
faculty recommended shorter, more mathe­
matical problems which often isolate and 
illustrate a single basic concept. 

Lectures in introductory concepts, work, 
and temperature were replaced by pro­
grammed material with approximately 20 
percent saving of time. Student reception 
was good and their depth of understanding 
compared favorably with that taught by 
conventional means. 

INTRODUCTION 

An introductory_ thermodynamic course com­
mon to all second-semester engineering sopho­
mores at Carnegie Tech was initiated in 1965. 
The primary objective was to present the student 
with as broad and general approach as possible 

*Presented at the Annual Meeting of ASEE, June 
19-22, 1967. 
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instead of the more conventional "denomina­
tional" methods which all too often are confined 
to a particular branch of engineering. Over 200 
students attend this one-semester, three-hour-a­
week course and in 1965, 1966, and 1967 these 
sophomores have been divided into: an honors 
section of 30,; a large section of 90 ; and three or 
four additional sections of 30. In addition, one 
or two evening-:school sections of 20 are handled 

. concurrently. The course is administered by a 
Course Chairman appointed by the Dean of 
Engineering and Science. Each section is taught 
by a single instructor who. handles all student 
contact for his section. All involved faculty­
typically 2 chemical, 1 civil, 2 mechanical, and 1 
metallurgy-meet at least once a week for about 
one hour. It js at these weekly sessions that all 
decisions on course content, home problems, tests, 
grades, etc., are '.reached. 

COURSE CONTENT 

Two years before this common course was 
initiated the course content was discussed exten­
sively. In general there was surprisingly close 
agreement on content. To satisfy the common re­
quirements of the Chemical, Civil, Electrical, Me­
chanical, and Metallurgy Departments, a tradi­
tional macroscopic-oriented approach was selec­
ted, thus de-emphasizing information theory and 
statistical aspects. 

Although this general approach has remained 
fixed, course content has been discussed frequently 
by the committee of involved faculty. At the start 
of each year, the Course Chairman proposes a 
general outline of topics with suggested times. 
This outline was never "rubber-stamped" by the 
committee; on the contrary, it was always criti­
cized in detail and modified. In general, mechani­
cal engineers argued for greater emphasis on the 
concepts of availability, irreversibility and dis­
sipation, while chemical engineers desired more 
coverage for heat effects and reaction, estimation 
of properties, and reduced correlations. Eventu-
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ally a satisfactory compromise was reached and 
Table I presents the final version of the 1967 
outline. 

As soon as all faculty have been assigned to 
this common course, the Course Chairman calls 
a committee meeting to assign class sections to 
the individual faculty and to select a text. The 
latter problem always presented difficulties and 
three different texts have been used in three years. 
In 1965 Sears's text1 was used. This book was se­
lected because: 

1. It represented a general approach and was 
not "denominational." 

2. It presented a classical, macroscopic view­
point. 

3. It was readily adaptable to a one-semester 
course. 

Sears's text suffered from three drawbacks: 
1. Engineering aspects were not emphasized. 
2. Students experienced great difficulty in 

converting from the metric system of 
units to the engineering system. 

3. No thermodynamic property data were in­
cluded. 

TABLE I 
General Outline of Topics 

E 12 THERMODYNAMICS SPRING 1967 

Tentative Schedule 

No. 
Weeks 

1 

2 

5 

4 

4 

12 

Topics 

Introduction, Temperature, and Thermometry 

Thermo Properties, and Work 

1st Hour Test 

Heat, First Law and Consequences U, H, Cp, Cv; 
isothermal and adiabatic processes; energy equa­
tion for steady-state flow; change of phase, P-T, 
P-V, In P-H diagrams; heat of reaction 

2nd Hour Test 

Second Law and Entropy 
efficiencies of reversible engines 
absolute temperature 
Clausius inequality 
T as an integrating factor 
principle of increase in entropy 

3rd Hour Test 

Combined First and Second Laws 
availability and irreversibility 
Maxwell relations 
computation of properties 
law of corresponding states 
reduced property charts 

Make-up Test 

Final Examination 

The lack of thermodynamic data was compensa­
ted for, at least partially, by handout material 
much of which has now been published.2 

In 1966 the committee adopted an engineering 
text by Van Wylen and Sonntag.3 This text pro­
vided sufficient coverage of all fundamentals and 
applications but students complained that some 
topics were covered at great length and this made 
the text difficult to read. Accordingly, in 1967 
another engineering text by Zemansky and Van 
Ness4 was used. This book was supplemented by 
the student edition of Canjar and Manning's data 
book. 2 Zemansky and Van Ness proved to be easi­
ly read by the students but the coverage of some 
topics was a little scanty. 

COURSE ADMINISTRATION 

A major undertaking for the Course Chair­
man is to ensure that the different sections of 
this common course are kept reasona~ly together 
while permitting individual faculty a satisfactory 
degree of autonomy. This was accomplished as 
follows. The Course Chairman proposed a de­
tailed outline for each major section of the course 
(as listed in Table I). As is shown in Table II, 
the coverage of "First Law" is described by : 

1. referring to appropriate passages in sev­
eral outstanding texts, 

2. enumerating the highlights, 
3. listing the topics for the homework prob­

lems. 
These detailed outlines received the same 

careful discussion and modification as did the 
general outline. Faculty autonomy was realized 
because the individual members prepared their 
lectures independently and no effort was made to 
influence their method of presentation. Of course 
whenever "rookie" faculty requested advice on 
student reaction to previous years' approaches, 
the "veterans" were only too pleased to cooperate. 

The individual sections are kept together by 
assigning common homework problems at least 
90 percent of the time and by giving common 
tests. This framework compels the instructor 
to follow the accepted schedule of topics reason­
ably closely. 

The character of any course is determined by 
the nature of the assigned homework, and this 
common course derives its uniqueness from the 
philosophy of its problems. In fact it is this topic 
which has ignited the lengthiest and most fervent 
debates. Two philosophies exist. Many instruc­
tors recommend a relatively short type of problem 
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TABLE II. 
Detailed Outline of One Topic 

E 12 THERMODYNAMICS SPRING 1967 
Suggested Course Content 

First Law and Consequences 

(a) Suggested Student Reading 

Text 
First Law, 

Batch 

p. 63-87 

February 22-March 24 

Steady-State 
Flow 

Pure Substance 
Properties 

Zemansky and Van Ness 
Van Wylen and Sonntag 
Keenan 

p. 80-92 honors 
p. 8-14 

p. 235-250 
p. 250-352 
p. 34- 40 

p. 194-224 
p. 48- 54 
p. 44- 57 

19-20 
Smith and van Ness 

(b) Suggested Topics 
1. Define heat, First Law in terms of Joule's experiments 
2. Internal Energy, enthalpy, and specific heats 
3. Isothermal and adiabatic processes 
4. Energy equation for steady-state flow 
5. Change of Phase, P-T, P-V, In P-H diagrams 
6. Heats of Reaction 

in which basic principles are isolated and illus­
trated. This "theoretical" type of problem is 
frequently characterized by : 

1. It illustrates some single principle and/ or 
equation. 

2. A major portion consists of a mathematical 
exercise. 

3. Simplifications are made with little regard 
for actual practice. 

4. All required data are usually supplied. 
An example is : "Compute the entropy change of 
the universe when m gm of water as T1 is adia­
batically mixed with m gm water at T2, Show 
that this entropy change is positive." 

The second "practical" type problem is de­
sig_ned to acquaint the student with engineering 
facts of life as well as illustrate basic principles. 
This type of problem is often: 

1. Based on an actual industrial process. 
2. Is comparatively lengthy in that it usually 

involves the interaction of several steps 
such as compression, condensation, throt­
tling, etc., 

3. Required data may not be provided. 
There is not enough lecture time in this course 
to permit detailed descriptions of batteries, fuel 
cells, power and refrigeration cycles, etc., so when 
these devices are incorporated into this type of 
problem the student is advised to read recom­
mended passages in prescribed texts. This prac­
tical type is thus the complete antithesis of the 
five-minute, hypothetical type which frequently 
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. p. 34-40 

(c) Problem Topics 
Heat exchanger 
Nozzles 
Refrigeration 
Power cycle 
Fuel or electrolytic cell 
Battery 
Solar cell 

p. 118-122 
137-143 , 

involves the reversible expansion of an ideal gas 
in a cylinder fitted with a frictionless piston. Be­
cause these practical problems are used as an in­
troduction to engineering technology, every effort 
is made to select numerical values that closely re­
flect actual practice. These problems are pre­
pared as follows : a faculty member elects a topic, 
develops a problem, presents it to the committee 
where it is discussed, modified, accepted or rejec­
ted. If accepted, he provides fell ow members with 
a solution-and this solution is not immune to 
criticism! 

A notorious example of the practical problem 
has been lurking in the Department of Chemical 
Engineering for about 20 years, and was first used 
by Dr. Robert York. This problem involves the 
proposed use of biphenyl in a power cycle (see 
Table III). The solution requires construction of 
the required T-S diagram using only scanty spe­
cific heat and vapor pressure data. Students must 
be given at least one week, and should be en­
couraged to ask probing questions in class before 
the problem is due. Now students can outline 
solution methods, identify missing links, etc., be­
fore pushing the slide rule. Without such inter­
action, this problem is too difficult for many soph­
omores-few will remember that the Clausius­
Clapeyron equation can yield the missing latent 
heats even though it has been mentioned in the 
lectures. The instructor must provide enough 
help but should not "give away" the problem. 

As a compromise, students are given both 
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TABLE III 
Biphenyl Problem 

In order to make a power cycle as efficient as possible 
in a thermodynamic sense, a double cycle is employed. 
The high temperature cycle uses biphenyl (C6H5 ) 2 which 
absorbs heat by vaporizing at the metallurgical limit of 
1000° F. The saturated vapor is then expanded through 
a turbine to some low pressure. It is then exhausted to 
a heat exchanger where it is condensed at 400° F and 
thereby boils water which becomes steam for an ordinary 
power cycle operating below 400°F. The condensed liquid 
biphenyl is then pumped back to "boiler" pressure and re­
peats the cycle. 

The properties of biphenyl are: 

cp (liq) = 0.320 + 0.001 t BTU/ lb°F, t in °F 

CP (sat. vapor at 1 atm) = 1.37 BTU/ lb ° F 
2653 

log
10 

P = 7.9020 - T , T in °K; P in mm Hg 

(a) What are the pressures in the biphenyl boiler and 
condenser? 

(b) Construct the saturated liquid and saturated vapor 
curves on a T-S diagram using the data above. 

(c) What is the temperature of the exhaust of the bi­
phenyl turbine? 

(d) Estimate the ideal work that can be produced by the 
biphenyl cycle in BTU/ lb. 

(e) What is the thermodynamic efficiency of this ideal 
cycle? 

types of problems with the emphasis on the prac­
tical type. Test problems are prepared in the 
same manner-the problem is submitted, dis­
cussed, modified and approved. Each instructor 
grades his own problem for all 200 students, re­
gardless of section. Because the faculty take 
turns in proposing and grading hour tests and 
the final exam, individual faculty differences in 
emphasis of lectures, etc., are averaged out. Final 
course grades are assigned as follows. A total 
score of each student's performance in all com­
mon hour tests and the final exam is calculated. 
The committee examines these scores and on 
this basis each section is assigned a quota of A, 
B, C, D and fails. The individual instructor now 
considers other factors such as homework per­
formance and non-common tests, etc. He is al­
lowed to change individual student grades but his 
final result must closely match his assigned quota. 

The honors section consists of students having 
a B average or better. The instructor is encou­
raged to consider, when possible, additional topics 
such as integrating factors for inexact differen­
tials, statistical aspects of the second law, etc.; 
however, the common tests and homework prob­
lems keep his section in step with the others. The 
honors instructor enjoys his assignment but fac-
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ulty assigned to other sections sometimes com­
plain about the poorness of their students. Stu­
dent response to the honors section is noncom­
mittal. 

In general, students dislike the large section 
apparently on grounds of previous experience. 
Specific complaints, such as no time to ask ques­
tions, can be reduced remarkably by assigning an 
excellent teacher. Then some students have even 
requested to be transferred to the large section 
during the semester. Student performance in the 
large section is just as good as other sections ex­
cept, of course, the honors. 

PROGRAMMED LEARNING 

To reduce the class time spent on formal lec­
turing, programmed-learning material was sub­
stituted for the lectures on "temperature" in 1966 
and for "basic concepts, work, and temperature" 
in 1967. These programs5 thus replaced one week 
of lectures in 1966 and three weeks in 1967. All 
students were expected to have the following 
background knowledge: 

1. Two semesters of freshman chemistry 
2. Three semesters of physics · (including a 

course on heat) 
3. Three semesters of mathematics (including 

partial derivatives and line integrals). 
Programs were designed to teach the students 

relevant basic nomenclature, definitions, and con­
cepts such as system, control volume, process, ex­
act and inexact differential, temperature, work, 
etc. A linear programming technique was used 
throughout. Direct testing of these programs was 
achieved by pre-test and post-test sections incor­
porated into the programs. Students were as­
signed these programs as home assignments. To 
facilitate program testing, students were asked to 
tabulate their own responses on supplied "score­
cards," which were returned anonymously. Stu­
dents were allowed to keep the programs. Dur­
ing these test periods class discussion of these 
topics was avoided. After collection of scorecards, 
students were assigned typical homework prob­
lems which were discussed fully a week later. 
Student performance in these problems and in 
hour test problems on work and temperature was 
judged to be at least as good as that exhibited 
in other areas where conventional lecture and 
problem discussion methods were used. 

Table IV summarizes some statistical data 
resulting from the scorecards. Notice that a 50-
minute lecture can be replaced by approximately 
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40 minutes' work of programmed material. Stu­
dent opinion was judged qualitatively. There were 
no complaints that they were being "cheated" out 
of lecture time. Complimentary comments out­
numbered complaints by a good margin. 

These experiments show that factual material 
can be taught by carefully prepared programmed 
material more efficiently than by lecture. The 
programs were confined to "black or white," yes 
or no situations such as open or closed systems; 
exact or inexact differentials; system or sur­
roundings. No attempt was made to program ma­
terial involving judgment between "different 
shades of gray" such as cases when numerical in­
tegration of work expressions is superior to ana­
lytical methods. 

TABLE IV. 

Summary of Programmed-Learning Experiments 

Program Introduction Work Temperature 

approx. lecture 50 min 50 min 100 min 
time replaced 

average student 37 min 36 min 81 min 
time 

E rror rate 
pre-test 43% 61 % 62% 
post-test 5% 21 % 16% 

SUMMARY 

This common course in thermodynamics offers 
the following advantages : 

1. Students appreciate the universal impor­
tance of thermodynamics from the start. 

2. The traditions and prejudices of individual 
departments do not escape unchallenged. 
Best aspects and techniques emerge. 

3. The participating faculty have a unique 
opportunity to widen their outlook. 

4. The practical-problem philosophy has been 
established. 

5. Feasibility of employing large sections has 

been demonstrated. 
6. Programmed-learning material can con­

serve valuable class time for problem dis­
cussion, etc. 

These advantages are not realized without 
cost. The Course Chairman's job is most time­
consuming; in particular, the weekly committee 
meetings require extensive preparation. The stu­
dents' dislike of large sections can be reduced re­
markably by assigning competent and experienced 
instructors. 

Further improvement can be realized by using 
films and models. These media would facilitate 
student comprehension of engineering devices 
such as turbines, etc.-a source of frequent 
trouble. 

The authors enjoyed the weekly discussions. 
There were differences at first, but the resultant 
friction when lubricated with constructive criti­
cism produced a highly burnished product. 
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