
NOTES TO AUTHORS: 

P.S. We have a few words of instruction for fu­
ture authors. Because of the limited amount of 
space available, the articles, papers or reports 
submitted to CEE should be concise, lucid and 
also brief. Follow nomenclature of standard text­
books or write equations or formulas clearly. Use 
consistent units of measurement and give dimen­
sions for all terms. 

Assume your reader has some expertise in the 
field and minimize the amount of historical back­
ground included. Avoid tables and graphs which 
involve duplication or unnecessary data. Fre­
quently a graph or a few typical results may be 
substituted for a lengthy table. 

Two copies of a paper are sufficient for review. 
After a paper has been accepted for publication, 
the author should send the editor a short biog­
raphy and photo of himself to use with the 
article. M.T. 
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from the READERS 
Correction from Lih 

Sir: The beginning of the article on Stu Churchill (CEE 
Spring 1969) clearly illustrates what the chemical engi­
neering teacher has to do these days. You have to stand 
on your head to catch the attention of students. Perhaps 
this is why Professor Churchill has been so successful 
and has had to engage in all sorts of athletic activities 
to keep it up. 

The Japanese (and Chinest as well) character for 
HYO (leopard) is upside down. 

Statistical Study 

Marshall M. Lih 
Catholic University 

Sir: We have made a study which attempts to relate 
mathematically the number of staff members of profes­
sional rank requir ed in a chemical engineering depart-
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ment to the numbers of bachelors, masters and doctors 
graduated per year. No similar study could be found 
in the literature. 

One purpose of this study was to analyze the relation­
ship between the number of persons of professorial rank 
required in a chemical engineering program and the num­
b:'!r of students to be graduated per year at various degree 
levels. In light of the rapid expansion currently taking 
place in most universities it is important that this rela­
tionship be understood in order that intelligent admin­
istrative and educational decisions and forecasts may be 
attempted. In the present study this relationship is 
analyzed only for chemical engineering programs since 
this case was of immediate concern to the author s. The 
main problem involves estimating how much of the total 
variability in the number of professors of chemical en­
gineering from university to university is due to the 
different numbers of degrees granted, and how much is 
due to "other factors" such as 

Different emphasis on research activities 
Different policies concerning the amount of admin­
istrative work to be performed by the professors 
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Different professor-student ratios 
Different student attrition or "drop-out" rates 
Different amounts of teaching done by non-profes­
sional staff members 
Different numbers of students per class 

Henceforth, these "other factors" will be referred to as 
educational, administrative and research policies. 

If it is assumed that the departments of chemical 
engineering in our American colleges and universities 
have the same educational, administrative and research 
policies, the following equation will hold. 

P = A 0 + A 1 B + A 2M + A 3D (1) 
where P is the number of full-time teaching schedules 
required in the professorial ranks (total of Assistant, 
Associate and Full), B, M, and D are, respectively, the 
number of bachelor's, master's and doctoral degrees 
granted per year, and A1 , A 2 and A 0 represent respec­
tively the additional numbers of professors needed for 
each additional bachelor's master's or doctoral degree 
granted per year. 

However, as would be expected, deviations from Eq. 1 
are observed, presumably because universities do not 
have the same educational, administrative and research 
policies and are at considerably different stages of devel­
opment. In order to estimate the proportion of the total 
variation due to the different numbers of degrees granted 
and how much is due to the difference in educational, 
administrative and research policies, the technique of 
least squares was used. 

Data from accredited chemical engineering depart­
ments of 97 universities for the academic year 1964-1965 
were gathered from Chemical Engineering Faculties of 
Canada and the· United States, which is compiled annu­
ally by the Chemical Engineering Projects Committee of 
AIChE. For each of the 97 universities, the number of 
professorial schedules in chemical engineering was ob­
tained along with the number of bachelor's, master's 
and doctor's degrees granted. By calculations performed 
on an IBM 7040 digital computer, the least squares 
estimates of A0 , Al' A 21 and A 3 were found to be 3.40, 
0.06, 0.15 and 0.43 respectively, yielding the equation 

P = 3.40 + 0.06B + 0.15M + 0.43D (2) 
Thus we can estimate that for every additional pro­

fessor employed, schools can grant, on the average, an 
additional 16-2/ 3 bachelor's degrees, or 6-2/ 3 masters 
degrees or 2-1/3 doctors degrees per year and conversely. 
It should be emphasized that these figures are estimates 
of average behavior and that the situation in any one 
school may depart markedly from these estimated 
averages. 

The multiple correlation coefficient was found to be 
0.79. Accordingly, one may estimate that 0.62 (which is 
0.79 2 ) of the total variation in the number of professorial 
schedules in chemical engineering from university to uni­
versity may be explained by the different numbers of de­
grees granted while the residual 0.38 (which is 1.00-0.62) 
of the variation may be attributed to the different edu­
cational, administrative and research policies prevailing. 

A second objective of the present study was to deter­
mine changes with time in the coefficients such as those 
calculated and presented in Eq. 2 in the light of the very 
rapid educational growth rates and rapid changes in 
student degree objectives currently occurring on the 
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American educational scene. 
Data for 70 departments of chemical engineering for 

the year 1962-63 had been analyzed and reported in a 
previous study.* 
The least squares equation for these data had been found 
to be 

P = 2.2 + 0.10B + 0.lM + 0.45D (3) 

It is interesting to speculate on the results of the two 
studies. A multiple correlation coefficient of 0.83 obtained 
from the 1962-63 data against the value of 0.79 in the 
current study indicates a reasonable degree of year-to­
year stability despite the relatively rapid changes cur­
rently occuring in Academia. The large change from 
2.2 to 3.4 in the constant terms of Eqs. 3 and 2, may 
indicate that in the 1964-65 period, considerably more 
professorial time was allotted to administrative and 
other non-teaching activities than in the 1962-63 period. 
We come next to the coefficients of B. If we assume a 
Gaussian distribution, the difference between the coeffi­
cients of B in equations 2 and 3 does not (at the 10% 
level) turn out to be statistically significant. However, 
since there is no a priori basis for assuming a Gaussian 
distribution, the observed difference may be significant. 
It is interesting to note that if the difference is signifi­
cant in fact, then it is in the expected direction; i.e., 
downward, indicating that fewer professors were required 
per bachelor degree granted during the 1964-65 period 
than were required during the 1962-63 period. The trend 
towards larger lecture sections requiring fewer professors 
per student as well as an increase in instruction by 
graduate assistants has certainly been observed during 
recent years. Finally, with regard to the coefficients of 
the M and D terms in Eqs. 2 and 3 one can only say 
that the agreement is indeed striking and beyond what 
one might expect. To determine to what degree the above 
conjectures are correct would of course require direct 
corroboration in depth from the institutions involved. 
At any rate, the implied stability of the results of these 
studies is gratifying. It indicates that similar analyses 
in the future may be desirable and useful. 

Because of radical differences in the procedures, 
policies and manpower requirements of graduate and 
undergraduate programs, it was decided, as a third ob­
qective of this study, to try to analyze separately a group 
of schools heavily oriented toward graduate work as 
distinct from a group that is not. To distinguish between 
them the following purely arbitrary criteria were set up. 
For each institution the ratio of the combined number · 
of master's and doctoral degrees (in ChE) to the number 
of undergraduate degrees was determined. If the ratio 
was greater than 0.4, or if there were five or more doc­
toral degrees granted in ChE for the year the school was 
considered to be graduate-inclined. On this basis the 
97 schools subdivided into 40 graduate-inclined and 57 
undergraduate-oriented schools. 

In both groups, a least squares analysis was per­
formerd as in the case for all 97 schools with the follow­
ing results: 

*Schmidt, A. X. and Pfeffer, R., CEE, p. 13 (October 
1965). 

(Continued on page 143.) 
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GENERAL " FOR M OF THE SPECIF{C HEAT EQUATION 
CP = A + B*T + · C*ITl**2 + D*(Tl**3 

CONS T ANTS fN THE SPECIFIC HEAT EQUATIO NS FOR THE REACTING 
CP UNITS AR E CAL / GMMOLES~DEG~ KELV{N 

HYDROCARBONS. 

B C D 
CH4 
C2H6 
C3H8 
C4Hl0 

A 
0 . 47500E 01 
0 . 94400E 00 

-0 . 96600E 00 
0. 94500E 00 

0 . 30000E- 02 0.33630E-06 -0.16450E- 09 
0.422DOE-0 8 
0.75 BOOE-08 
0 . 83600E-08 

] 0 . 37350E-Ol -D .1 9930E-04 Input Va.ta. 
0 . 72790E- Ol -0 . 37750E-04 
0 . 88730E- Ol -D.43800 E-04 

THE DATA DESCR!Bf NG ALL 
HEAT • F D1ss n c . ENT. TEM P 

CAL/ GMMO L E KELVI N 
HZO 0 . 57830E 05 50 0 . 0 0 
CO2 0 . 679 60E 05 500.00 
HZ o. o 500.00 
02 o. o 500.0 0 
N2 o. o 500 . 00 
co o.o 500 . 00 

0 THER CO MPOUNDS IS 
A 

O. 832 OOOE 0 1 
O. 770000E Ol 
o. 664 000[ 01 
0 . 673000E 01 
0 . 6 73 OOOE 01 
O. 6 73 OOOE 01 

TA BULATE D BE LOW 
i3 

-0 . 653DOOE -03 
0.530000E - 02 
0 . 4920DOE-03 
0 . 40 8 000E-03 
0.408000E-03 
0.408000E-03 

C 

0.2700 00E - 05 
- D. 8 30000E- 06 

0 . 3 1'l00Dc- 06 
0.4 8600 DE-D 6 
0 . 4 86000E-06 
0 . 486000E-06 

I) 

- D. 6 14 500 E- 09 
o. o 

- 0 . 74000DE- tO 
- 0 . 12"3',0DE- 09 
-0 . l 2 34 00 1=- 09 
-o . 123400E- 09 

TOTAL MOLES IN THE EQUILIBRIUM MIXTURE 
15.90913 

FINAL MIXTURE COMPOSITION, MOLE PERCE NT 

CO2 
7. 22799 

H20 
19.89369 

co 
0 . 04454 

H2 
0 . 0 1 823 

PERCENT DISSOCI ATION OF CA RBON DIOXIDE 0. 61 
PERCENT O!SSOC!ATION OF WATER= 0 . 09 

ACTUAL K = 0.264E 04 COMPOSITION K 0 . 265E 04 

02 
4.23272 

N2 
6 8 . 58292 

TH EO RE T !CAL FLAME TEMPERATURE = 2016.619 DEGREES KELVI N 

4. The fuel contains only hydrocarbons and nitrogen. 
The air contains exactly 79 mole o/o N 2 and 21 mole 
o/o 0 2. 

5. The properties of the reactant and of the product 
gases are calculated as mixtures of ideal gases. 

6. The flame temperature must be between 2500° K 
and 1900°K. This range includes the flame tem­
peratures of all major hydrocarbons likely to be 
in a fuel gas. 

The accuracy of the results obtained with this pro­
gram is limited only by the validity of the above assump­
tions and the accuracy of the input data. The program 
user should try to insure that his specific heat data is 

LETTERS JContinued from p. 109) 
For the 40 graduate-inclined schools 

P = 4.07 + 0.00B + 0.17M + 0.51D ( 4) 
and for the 57 undergraduate schools 

P = 2.56 + 0.llB + 0.08M + 0.27D (5) 
One immediately notices that in Eq. 4 the coefficient 

of B is zero. This result may not be as outlandish as it 
appears at first blush. It indicates that in graduate­
oriented programs the number of undergraduates may 
not appreciably affect the number of full-time profes­
sorial schedules. One may speculate that this is the 
result of a growing and perhaps r egrettable practice of 
relegating undergraduate instruction to persons without 
professorial rank; i.e., instructors and graduate assist­
ants. This practice may be dictated by necessity in 
rapid-growth situations. 

If one compares the coefficients of D in Eqs. 4 and 5, 
one notices that graduate-inclined schools require more 
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valid for the temperature range of the problem he is 
doing. 

The results of computation for the above problem are 
shown in the figure. The input data read from cards is 
printed on the output as indicated. The other results 
are calculated by the program except for the specific 
heats of the output gases which are · stored in the 
program. 

Further information about the program can be ob­
tained from Dr. David H. Chittenden, ChE Department, 
University of New Hampshire, Durham, New Hampshire 
03824. 

professional time per doctoral degree granted than do 
undergraduate-inclined schools. The situation is reversed 
in the case of bachelor's degrees. 

In conclusion, we wish to remind the reader that no 
great accuracy is claimed for this study. It represents 
a first attempt to analyze the relationship between the 
number of full-time professorial schedules and the num­
ber and kinds of degrees granted. Considering the nature 
of the variables, it is indeed surprising that the indicated 
degrees of correlation and stability exist. It would be 
interesting to follow the study with future ones, not 
only in chemical engineering but in other disciplines as 
well. 

A. X. Schmidt 
Robert Pfeffer 
Leonar d Cohen 
The City College of the City 
University of New York 
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