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I. INTRODUCTION

During the summer of 1962 the Project on the Use of Computers in Engineering Education
at The University of Michigan sponsored a Study on the Use of Logic in Solving Engineering Pro-
blems. A conference held during the first week of this study was devoted to an intensive
discussion of alternative approaches to developing improved methods of teaching students how to
solve problems. At the end of the first week an initial project statement was written outlining
the proposed objectives of the study, and the remainder of the summer was devoted to Implementing

those plans by preparing typical sections of a programmed text in problem solving.

II. INITIAL CONFERENCE

During the first week of June, 1962, a conference was held in which the following persons

participated:
NAME RANK AND DEPARTMENT

B. Carnghan Assistant Director, Project on Computers in Engineering Education

I. M. Copi Profiessor of Philosophy

D. L. Katz Professor of Chemical Engineering and Director, Project on
Computers 1in Engineering Education

H. A. Luther Professor of Mathematics, Texas A. and M. College

S. 0. Navarro Associate Professor of Electrical Engineering and Director,
Computing Center, University of Kentucky

H. F. Rase Professor of Chemical Engineering, The University of Texas

R. G. Squires Assistant Professor of Chemical Engineering, Purdue University

F. H. Westervelt Assistant Professor of Mechanical Engineering

J. 0. Wilkes Instructor in Chemical Engineering

D. H. Wilson Lecturer in Industrial Engineering

R. C. Wilson Assistant Professor of Industrial Engineering

In discussing the ingredients required for successful problem solving it was found useful
to distinguish between scientific principles and problem solving techniques. Here, by scienti-
flc principles are meant such laws as that of conservation of mass, the gas laws, Ohm's law,
Hooke's Law, the laws of thermodynamics, and so on. Problem solving techniques include the use
of mathematical models, both algebraic and graphical, symbolic logic, flow diagrams, trial and
error solution techniques, computer programs, and so on.

Scientific principles were divided into three main types: first, Conservation Principles,
such as mass conservation, energy conservation, momentum conservation, flux conservation,
current conservation, and force balances, which relate quantities of the same type; second,
Transformation Principles, such as the gas laws, Ohm's Law, and Hooke's Law, which interrelate
different kinds of quantities and thus permit determination of one kind given another, as volume

given temperature and pressure, or strain given stress; and third, Restriction Principles, such
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as the second law of thermodynamics, which set limits to the ranges of some variables and thus
lead to the use of idealized models or postulated ideal states.

It was noted that different scilentific principles of a single type were appealed to in
various branches of engineering, and that the same problem solving techniques were often
applicable in different branches of engineering. It was decided to prepare problems in differ-
ent branches of engineering that appeal to the same type of scientific principle and can be
solved by the same problem solving technique. This similarity would be indicated to the student
(after he has worked through the problems independently) by displaying a single flow diagram
illustrating their common method of solution, and a computer program to implement that method.
It is hoped that this procedure will bring home to the student the unity of the engineering
approach to problem solving and the utility of the abstract or symbolic method of solving problems.

During the initial conference a selective bibliography of relevant books was prepared, and

finally, an initial project statement was written. (See Appendix A, page 11 .)

III. DEVELOPMENT OF TEACHING MATERIALS FOR A PROBLEM SOLVING COURSE

There are three main types of subject matter that college students are taught. Although
most college courses include all three types, one type 1s usually emphasized more heavily. The
first type consists of items of information to be mastered by being committed to memory, as
typically contained in courses in geography or history. The second type 1s intended to deepen
the students' comprehension and/or appreciation of material already somewhat familiar, as
typically contained in courses in philosophy or literature. The third type 1s intended to
develop or improve the students! skills in performing certain activities, such as writing,
speaking, using mathematics or foreign languages, or problem solving.

Different types of instruction are appropriate to these different kinds of course objec-
tives. Lectures and assigned readings in both ordinary and linear programmed textbooks are
appropriate methods of teaching items of information. Discussion or seminar groups are appro-
priate ways of stimulating students to reflect upon what they already know. But to-help students
develop skills, they must be led to practice those skills in ways that put increasing demands
upon them. The tutorial method is obviously most appropriate here, where the student must
continually use skills, with his mistakes corrected as soon as they are made and his correct
steps reinforced in a continuous fashion.

Every Engineering College department (at The University of Michigan) offers a problem
solving course as an early professional course, usually at the sophomore level, since the stu-
dent's freshman year is usually devoted to acquiring information in the basic sciences and skills
in language and mathematics. Such problem solving courses are expensive to teach because ideally
they should approximate the tutorial situation with a very low student-teacher ratio. They are

also difficult to teach because students tend to progress at very different rates. A given
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problem that is discussed in class might bore the quickest students and, at the same time,

bewilder rather than instruct the slowest students.
It was therefore decided that a programmed textbook would be very useful as instructional
material 1n a problem solving course. Among the various advantages of the programmed text can
be listed the following:
1. It will serve as tutor to the student, correcting his mistakes and reinforcing his insights.
2. It will decrease the student's dependence upon contact with the instructor, thus permit-
ting an increase in the student-teacher ratio.
3. It will permit the student to progress at his own rate without penallizing him with
boredom or bewilderment in the classroom.
L, It will improve the student's ability to solve problems of the sort presented simply as
a result of practice.
5. It will point out analogies and generalizations so that the student may apply his
knowledge of problem solving to new problems and unique situations which are not explicitly

presented in the text.

Because there are usually several different methods available for solving the typical
engineering problem, it was decided that a branched programmed text would be most useful, in
that it would permit each student to travel the path most congenial to him in moving towards
the correct solution to each problem. By directing his attention to an optimal method of
solution after he had achieved his own solution, the text would stimulate him to adopt increas-
ingly efficient methods of problem solving without imposing any penalty for using sub-optimal
methods at first.

It was agreed that the programmed text should contain a minimal amount of substantive
information, but that it should contain some, together with a list of references for those stu-
dents who require more than the minimal amount supplied by the text. It could not be decided
a priori how much, if any, information about subject matter and/or problem solving techniques
should be given the student before he i1s led into a problem solving situation. Hence two differ-
ent starts were made in constructing a programmed textbook in solving engineering problems.

In the first, prepared by I. M. Copi, R. G. Squires, and F. H. Westervelt, items of information

are introduced in the context of primarily Chemical Engineering problems that require the informa-

tion for their solution. It appears as Appendix B, page 19 . In the second, prepared by

S. 0. Navarro, information is presented prior to gilving primarily Electrical Engineering problems

that require the information for their solution. It appears as Appendix C, page 65. The appli-

cation of symbolic logic in solving engineering problems is discussed in Appendix D, page 85.
During the course of preparing the first text materlials, several problems which follow

were considered. Of these problems, the first four are included iIn the text (Appendix B), with

problems 1 and 3 being programmed in scrambled form. Problems 5, 6, and 7, being slightly more

difficult, will be the next to be included when the text is expanded.
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Our programmed text is, in effect, a method of programming the student himself to solve
problems of the sort considered, in the sense that a computing machine can be programmed to
solve problems of a given type. Since one of our aims is to familiarize the student with the
abstract, flow diagram approach to solving problems, we have included a typical flow diagram
solution for Problem 7, together with its actual computer solution (expressed in the computer

language, MAD).

Problem 1:

Water is fed into a storage tank by two inlet pipes. The first of these delivers 10
pounds of water per hour. The single exit from the tank removes water at the rate of
25 # water/hour. (In this text we use the symbol # to represent pounds.)

At noon the tank contains 500# water and at 2:00 p. m. i1t contains 600# water.

If all the flow rates are constant, at what rate does water enter the tank through the

gsecond 1nlet pipe?

A man puts $250 into his bank account on the second of each month. Both the man and his
wife may withdraw money. The bank balance on June 1 was $500 and on August 1 it was $514.
A semiannual interest payment was made on June 15 equal to 2% of the June 1 balance. If the
man withdrew $78 during June, and $86 during July, what 1s the average monthly withdrawal made

by his wife during this 2 month period?

Problem 3:
L567#/nr. of wet laundry, 39.6% Hy0 by weight, is fed into a dryer. If the dried laundry
contains 4% HQO by welght, determine the number of pounds of HEO removed from the laundry

per minute.

Problem 4:

An ailr purification unit for use in submarines 1s designed to absorb CO, 002, and HQO from
the air. In order to test this absorber, an analysis of a test alir stream, with a high per-
centage of CO and 002, was made at both the inlet and exit of the absorber. The results are

given below

Component % By Weilght

In Qut
Air (i.e., No and Op, 55.9% 84.6%
argon, etc.

Co, 21.5% 11.8%
Co 19.2% 3.49%
H,0 3.1% 0.2%

Determine the efficiency (% material absorbed compared to input material) of the absorber

for COQ, CO and H20.
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Problem 5:

Paper board is being dried in a single stage drier by means of hot air.

Wet Alr @— «— Hot Dry Air
180°F, 0.5 1b. gage

Wet Board —» — Dried Board

Wet Board: 28% dry solids

Dry Board: 90% dry solids

Dry Air: 1% water vapor by volume
Wet Air: 5% water vapor by volume
Molecular weight of air = 29

Five tons of dried board (10% water) is produced per hour.

Compute: a) Tons of water vaporized per hour.
b) Tons of dry (zero percent water) alr used per hour.
c) Standard cubic feet of entering air per minute (60°F, 1 atm.)
d) Actual cublc feet of entering air per minute (Bar. = 29.6 inches Hg)
Problem 6:

Tne air conditioning of a convention hall has been proposed, and the following are the

design specifications:

Inside Hall 75° dry bulb, 70% Humidity
Outside Fresh Air 90° dry bulb, 80% Humidity
(Extreme Summer Conditions)

Capacity 6000 adults

Alr Requirements 8 cu.ft./min. of outside air per person

30 cu.ft./min. of conditioned air per person

The air 1s to be dried by two silica gel dehumidifiers, one of which is kept on stream,

while the other is being regenerated. The air leaving the dehumidifiers has negligable HEO content.

Stale Air from.Hgll Conditioned Air to Hall
75°F., T70% Humidity EO CEM, TO°F. dry bulb,
i;?le By-Pass 0% Humidity
Vent < 70° F. Cooler
Y \ STlica
Fresh —
Outside > >
Air ® % Silica 5
8 CrM ‘

90°F., 80% Humidity
For the extreme summer conditions, and for maximum capacity (6000 adults), what % of the air

at (:) by-passes the dehumidifier?



Problem 7:
In the Casale process for making ammonia, nitrogen and hydrogen are fed to a catalytic
reactor at 600 atm. and 9300F. In the reactor, a 15% conversion to NH3 can be expected based

on avallable N, and H2 in the reactor. To prevent loss of valuable raw materials, the NH3 pro-

2
duced is condensed out of the gas stream by using a surface condenser. A portion of the
non-condensed gas containing 7% Argon, is recirculated, and the remainder is vented. The

surface condenser operates at 500 atm. and a liquid NH3 temperature of BEOF. If 75 tons/day of

NH3 are produced, calculate.

a. concentration of NH3 in vent gags stream,
b. pounds/day of NHy lost,
c. per cent conversion of N2 to NHB’
d. recycle ratio (ratio of recycle to feed stream on mol basis),
€. standard cublc feet of feed gas. Booster compressor
- /Recycle stream
Catalytic Valve
Reactor Refrigerated t——— vent gas - 7% A
600 atm. Condenser
930° F.
‘ l
o) 75 tons/day
Feed gas 100% NHz - liquid
No - 24.93% 500 atm
32% F.
oy - T4.82%
A - 0.25%

Flow Diagram for Problem 7:

KfTART 1

¥

Read in Data Compute total moles in
Mole fractions of No, H, and A in vent stream based on
inlet stream, mole fraction of A steady state operation
in vent stream, production rate and A percent in vent.

of NH; in tons/day.

The percent of the limiting com-
ponent converted per pass through ’
the reactor and the operating
pressure and temperature in the
condenser.

Compute total moles of
A and NH3 in vent stream.

Print out
the Data
to insure
correctness

Is the number of moles of
Hydrogen greater than or
equal to three times the
number of moles of Nitrogen?

Yes No




Flow Diagram for Problem 7, continued

e

This 1s the Nitrogen limiting This is the Hydrogen limiting
case, compute the excess Hydro- case, compute the excess Nitro-
gen and excess Nitrogen (0), gen and excess Hydrogen (0),
set C=2 and K=1 for later set C=2/3, and K=2 for later
calculation. calculation.

Print Print
"nitrogen "hydrogen
limiting e limiting

[ case" case

Compute the number of
moles of Ny and Hpo which
must be vented to main-

tain steady state
operation.

Compute the mole frac-
tions of the four
components in the vent
and recycle streams.

Compute the moles of
liquid ammonia in the
liquid stream from the
condenser.

Compute overall percent
efficiency based on the
limiting component

‘ Yes This means that
Is the percent . » the date were
efficiency > 100°? inconsistent,
print a
comment.
‘ No

Compute the recycle ratio,
the moles of feed per day,
the pounds of NH,; lost in
the vent stream per day,

and the volume feed rate.

Print
out the
pertinent
answers




Table of Symbols for Problem 7:

C A constant equal to 2.0 for the Nitrogen limiting case and 3/3
for the Hydrogen limiting case.

CONV Fraction of Np converted to ammonia per pass in the reactor.

FEEDM Moles of feed per day.

I An indexing variable, used for subscription.

K* Subscript (1 or 2) of the limiting component.

LOST Pounds of ammonia lost per day in the vent stream.

MOLIN(1)...MOLIN(3)* Moles of individual components per mole in feed stream.

MOLLIQ Moles of ligquld ammonla removed from the condenser per

mole of feed.

PCEFF Percent efficlency 1n conversion of nitrogen to ammonia for
the overall process.

PC Operating pressure in the condenser (psi).

RRATIO Recycle ratio, moles of recycle per mole of feed.

STOICH Moles of nitrogen and hydrogen present in stoich.
Ratio in the feed per mole of feed.

TC Operating temperature in the condenser (°F.).

TONNH3 Rate of ammonia removal from the condenser (as liquid
product) in tons/day.

VENTFR(1)...VENTFR(4)* Mole (volume) fraction of individual components per mole in the
vent and recycle streams.

VENTM Total number of moles in the vent stream per mole in
the feed stream.

VENTM(1)...VENTM(4)* Moles of individual components in the vent stream per
mole in the feed stream.

VFEED Volume rate of the feed stream (SCF/day).

VP. Subroutine which returns value of the vapor pressure of

ammonia (in psi) given the temperature in °F as the argument.

XSHYD Moles of excess hydrogen (above stolch. amount) in the feed
per mole of feed.

XSNIT Moles of excess nitrogen (above stolch. amount) in the feed
per mole of feed.

¥ The order of components is as follows:

Subscript Component
1 Nitrogen
2 Hydrogen
3 Argon
4 Ammonia



MAD Program for Problem 7:

£ CO
STAR

NEXT

$ DATA

MPIILE MADs EXECUTESs DUMPy PRINT O0BJECT

T

READ DATA MOLIN(1)eeeMOLIN(3)s VENTFR(3)}s TONNH3s CONVIPCsTC
PRINT RESULTS MOLIN(1l)eeeMOLINI3) o VENTFR({3) s TONNA3sCONVIPCHT
1C
VENTM=MOLIN(3) /VENTFR(3)
VENTI(3)=iMCLINI(3)
VENTMIL4)Y=VENTM*VP 4 (TC) /(14 7%PC)
WHENEVER MOLIN{2)eGEe34#MOLIN(L)
PRINT COMMENT 5 WNITROGEN LIMITING 3
K= 1
C = 2
XSHYD=1e=MOLIN(1)%44=MOLIN(3)
XSNIT=0e
OTHERWISE
PRINT COMMENT $ HYDRUGEN LIMITING
K =2
C = Ce666667
XSNIT=1e~MOLIN(2)%4%e/3a~MOLIN(3)
XSHYD=0Us
ENC CF CONDITIONAL
STOICH=VENTM=VENTHM({3)=VENTIH{&)=ASNIT=XSHYD
VENTM(1)=5TOICH/ 4
VENTM(2)=STOICH*Ue75
THROUGH NEXTse FOR I=lsleleGed
VENTFR{OTY=VENTM(T) /VENTH
VENTFR(1)=VENTFR(1)+XSNIT/VENTI4
VENTFR(2)=VENTER{Z)+ASHYO/VENTM
MOLLIws CRMOLINIQ)=VERTIH(K) ) =VENTM(4)
PCEFF=(MOLIN(LK)=VENTH(R))/M0LIN(K)*1UQ
WHENEVER PlcFFeGelCUs
PRINT COMMENT & INCONSISTENT CATA $
TRENSFER TO START
ZND OF CONOITIONAL
RATIO= (MOLLIGHVENTM (&) =MOLTN(K) ¥CONV#C) / (CtCONVHVENTFR(K) )
FEEDM = 200U «*TONNAS3/ (17 %MOLLIW)
LOST=VINTM{4 ) *FzEom*17e
VFEED=379 « *FEEDM
PRINT RESULTS VENTFR{4)sLOST9sPCEFFIRATIUSVFEED
TRANSFER TO START
DIMEINSION MOLIN(4)s VENTM(4)sVENTFR(4)
INTEGER [s K
Reesses THE FOLLOWING INTERNAL FUNCTION IS FOR TEST PURPOSES
R ONLY oeeee
INTERNAL FUNCTION VPe(XYZ) = &Ze&
END OF PROGRAM

€y

MOLIN{1)=Ce2493904748250+00259 VENTFR(3)=0407y TONNH3=T54
CONV=04159PC=500es TC=324%

MOLIN(L)Y

0e264435Ce753290e400259 VENTFR(3)=0e079 TONNH3=754

CONV=04159PC=500e9 TC=32e%

MCLIN(L)

$e259390473829040U259 VENTFR(3)=0407» TONNH3=T754

CONV=0e159PC=5C00es TC=324%
MOLIN(13=C42393904758290400259 VENTFR(3)=Ce079 TONNH3=T754
CONV=C0e159PC=500es T(=32=%



Iv. RECOMMENDATIONS FOR FURTHER WORK

We recommend that further work be done in the following four areas:

First, the programmed text in solving engineering problems should be expanded to include
more and 1ncreasingly difficult problems of the sort actually taught in courses in the Engin-
eering College; 1t should be further expanded to include flow diagrams and computer solutions
for whole blocks of its problems; and it should be altered in the direction of utilizing the
computer notion of "subroutines" in its programs.

Second, tests should be conducted to decide the relative advantages of the two types of
programmed textbooks 1llustrated in Appendices B and C (pages 19 and 65 ).

Third, tests should be conducted with enlarged versions of the programmed text to deter-
mine 1ts utility in college level courses in problem solving.

Fourth, further investigation should be conducted to determine the extent, 1if any, to
which the study of symbolic logic will improve the student's ability to solve engineering

problems.
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APPENDIX A

Initial Project Statement on

The Use of Logilc in Solving Engineering Problems¥*

The purpose of this study 1s to prepare procedures and materials for teaching students
to solve problems better than by the procedures currently being used in engineering schools.

Specifically, it 1s proposed that a master list of principles used by engineers to solve
problems be assembled and subdivided with the hope that thls 1list, when completed and developed,
could become the basis for the teaching of an engineering problem or design course. 1t is
assumed that the student would be taught science and engineering science through other courses.

A second objective is to choose a portion of the master list of principles and to pre-
pare material which might be utilized for teaching students the use of the selected principles.
In doing this a certain amount of knowledge would have to be presented to the student eilther
for the first time or as review material to refresh his memory. It is hoped that example
problems can be prepared which illustrate the similar applications of these principles in the
various engineering disciplines. The hope 1s that a single solution procedure (such as a
computer program or flow diagram) might evolve for solving problems in the various disciplines
when based on the same principle. In teaching the student to solve these problems, specific
tools would have to be presented and illustrated, including many topics related to mathematics
and logic.

The material prepared should emphasize the enhancement of knowledge and development of
intellectual skills involved in problem solving. A categorization of facts and skills in
increasing order of complexity or abstraction follows.**

Knowledge
Comprehension
Application
Analysis
Synthesis
Evaluation
All of these ought to be developed by the engineering student for all are need in solving problems.

Sometimes the solution of problems involves a series of steps such as described by Polyal,
Ver Planck and Teare2, and Rase3. Such a sequence of problem-solving steps might be:
Understand the statement of the problem.

Determine the relevant facts.

Classify and describe the facts.

Determine the applicable laws, principles, or theories.

Analyze the problem to be solved in the basis of these principles.
Determine whether or not additional facts are required.

Solve parts of the problem and possibly the whole problem.

Check the results to see if they are consistent.
Classify the results and see what new information might be synthesized from them.

O O~ Wl =W+

i This statement was dictated on June 8, 1962, following one week of intensive discussion.
Bloom, Benjamin, ed., Taxonomy of Educational Objectives. David McKay Co., 1956.
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This total problem-solving process may be considered as three basic operations:
decomposition (breaking the problem into its component parts), analysis (analyzing the individ-
ual parts), and composition (synthesizing the overall results from the analyzed parts).

In solving any problem, the ideas outlined above should be kept in mind.

Some scientific principles are used by engineers and scilentists in a dual capacilty.

These principles may be used to classify knowledge and to describe the physical behavior of
materials. The same principles may also be applied to solve engineering problems. In teaching
students, we desire to have them learn to apply these principles. In so dolng, we know that
the student will have to draw upon the fund of knowledge available. When he looks to this fund
he will find it already classified in certain ways. He must therefore understand the classifi-
cation system.
A general classification of these principles might be:
Accounting

Exchanging
Limiting

WMo+

An alternate for these three terms could be:
1. Conservation
2. Transformation
3. Restriction
The latter three might be termed principles of science, and the first three might be termed the
methods used 1in solving problems involving the principles. It 1s important to distinguish
between understanding a principle and applying it to solve a problem. It takes tools as well
as knowledge and a comprehension of the overall problem situation to produce a solution. The
comprehension of a principle and its application involve a higher level of effort than a mere
knowledge of fact.

Some conservation principles which might be listed are as follows: Mass Conservation,
Current Conservatlon, Force Balances, Energy Conservation, Momentum Conservation, Flux
Congervation, and so forth. By conservation principle, we mean the relationship between
quantities of like units, an accounting of the same kind of thing at various places or times.

Next, we consider the transformation principles. Sometimes one variable is avallable,
whereas another is needed to solve a problem. By using a transformation relationship or
principle 1t is possible to obtain the desired variable. Methods of representing data in terms
of variables through mathematical relationships such as equations of state are examples of
exchanging or transforming information. Graphical and tabular presentations are frequently
used methods of representing information as well as equations. Ohm's Law and Hooke's Law are
examples of transformations used in describing materials and their properties in terms of

measured varliables.
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Often one cannot solve the problem as stated but can arrive at a limitation or restric-
tion as to the maximum, minimum, or bounding condition. Such procedures are very valuable in
limiting the decisions which need to be made. For example, the Second Law of Thermodynamics
ylelds the maximum amount of work which may be obtained 1n a given process. The use of
restrictions or limiting methods often involves i1dealized models or postulated ideal states.
The restriction principles include the exclusion principle, uncertainty principle, quantum

relationships, etc.

Tools and Methods in Problem Solving

It should be recognized that certain mathematical and logical tools are used in solving
problems. Just as with the sclentific principles, these tools are also used in correlating
the physical behavior of substances. Accordingly these tools need to be understood from two
standpoints, one with reference to their use in solving specific problems and the other, from
the standpoint of examining the fund of knowledge avallable about the universe and selecting
the appropriate data in the form of a correlation. Some of the tools and methods which might
be identified are the following:

Mathematics
Symbolic logic
Mathematical models
Graphical procedures
Flow charting concepts
Iteration
Trial and error solution techniques.
Some topics which need consideration at thils point are loops, meshes, branches, topology

(especially as used by the electrical engineer), linearity and nonlinearity, duality and

equivalence.

Development of Model Material for Text to Teach Engineers

In preparing material for the engineering student, it is essential to present problems
to be solved. To prepare the student to solve a particular problem, information must be given
over and above that which he would be expected to bring with him from elementary chemistry,
physics, and mathematics. In presenting this knowledge, one may use some of the principles
and tools or methods of correlation by which the information was stored and made ready for
his use. Likewise, one probably would itemize the principles under consideration and describe
their utility for solving problems. Following such a presentation the student would be con-
fronted with the problem and there would be a discussion of the classification of information
and identification of the principle which applies. He then proceeds to apply the principle
and the knowledge available to him to arrive at the required conclusion. It would be hoped
that example problems could be given, along with thelr solution. If possible, it would seem
useful if some of the problems could be solved in the form of flow dlagrams. At this stage we
would expect the computer solution to be shown for at least some of the problems.
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One of the things discussed was that for a given principle, 1t would be possible to take
problems from the various disciplines of engineering (electrical, mechanical, chemical, and
material engineering) which illustrate that principle, for which the flow diagram would be
similar or even identical. One could thus offer the student a cholce of problems from which
he could select those for which he has motivation and background information. It 1s also
hoped that at the conclusion of a problem of this kind the student would be shown how to solve
the problem symbolically to illustrate the power of the general solution. It 1s belleved to be
essential to emphasize the importance of the symbolic solution and to give the students an
enthusiasm for this type of approach, as compared with one based on a specific situation with
which he is more familiar. We often use "situation" problems because the student has a motiva-
tion to solve them numerically. We recognize this need but to some extent this keeps the
teacher from using the more general symbolic solution which is in many cases preferable.

The solutions of problems should be presented in detail and discussed with special empha-
sis on points where decisions are made. The ultimate text might simulate the tutorial method
so that the student would learn his own procedures for attacking and solving problems.

In preparing the report, we might prepare a group of problems based on the same general
principle and then see how many of them are essentially identical in their solution. Those
that are not, might be removed from the batch and used later. It 1s suggested that we not set
our sights too high in terms of the number of principles which could be included in the report;
possibly two or three would be all that can be handled in the time available during the summer.
A selective bibliography is appended of engineering books which are used to introduce students
to problem-solving, books on the philosophy and logic of solving problems, and books on the
learning process, and testing.

It is expected that one outcome of the study would be a proposal for support for a two-

year study to prepare a complete textbook of the kind discussed.
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APPENDIX B

Example Problems Illustrating the Use of a

Scrambled Text in Solving Chemical Engineering Problems

The following pages are part of a text designed to help you learn to solve some engin-
eering problems. Your help 1s needed in order to make the text more effective. You can help
us in the following ways:

1. Even though you may have already seen the kind of problem presented here, please
do the work requested of you as you go through the text.

2. Record each page, before you turn to 1t, on your work sheets. It is most important
to record your mistakes as well as your correct moves.

3. Do not write your name on the work sheets. You are not to be graded on your work.
We only want your help and we hope this text may be helpful to you 1in return.

Your help is greatly appreciated. Now turn to page 20 and begin your work.
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Problem solving 1s an activity that is familiar to almost everyone. People of all ages
derive pleasure from solving problems, puzzles and brain-teasers of all kinds. Our everyday
lives present an unending successlon of problematic situations.

Some people are able to develop an ablility to solve difficult technical problems very
effectively. These people usually spend a large part of their professional lives exercising
this abllity.

In view of the foregoing, you may be surprised to discover that very little 1s known
about how p2ople actually solve problems. The psychological aspects of problem solving present
some fascinating and very difficult questions that have yet to be answered. Nevertheless, you
already realize that you ought to develop your problem solving talents as fully as you can.

The text you are about to begin may be able to help you develop these talents. In other
words, an objective of this text i1s to change your behavior in problem solving activities.

You are therefore entitled to know how this text is intended to do this, what 1s expected of
you, and what you should expect to be able to do as a result of your work.

This text is organized. as a 'scrambled text" of problems of increasing difficulty designed
to develop your problem solving abllity. The problems are presented in tutorial fashion. Some
of the exercises are presented in small steps to help emphasize key concepts. You will have
the opportunity to work at your own pace with continual monitoring of your progress. Your
errors will be quickly detected and explained, and your successful efforts will be immediately
verified.

This sounds fine but you must realize that your progress using this text depends upon

your active participation in the work. Somes problems, especlally the early ones, are very

easy. They are included so that you can have the chance to think about the solution process

wnile producing the solution itself.

As a result of your work you may expect to:

1. Acquire a technical vocabulary that is useful in problem solving.

2 Acquire some concepts and tools that are useful in problem solving.
3. Recognize the class of problems to which (1) and (2) may be applied.
4

Organize a procedure for solving problems of this general type.

Ul

Recognize golutions and be able to show that a proposed solution is really a solution.

Just a brief word about using this text and we will get started. First, get and use

an 8% X 11 inch pad of worksheets.
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Second, follow the page directions carefully. The path through the pages does not, in
general, follow the usual page ordering. (This 1s why we call it a "scrambled text.") Each
page will tell you what page you should turn to next. You can expect to jump back and forth
in a manner that may seem to be quite random. Therefore, it is a good idea to get a bookmark
to keep your place in the text. Some pages may direct you to return to the page you Jjust came
from, in which case your bookmark will keep you from getting lost in the text or from having
to return to the very beginning in such cases. We strongly recommend that you list on your
worksheets the sequence of pages which you follow 1in solving the problems. This will enable
you to review your reasoning at a later date and will also aild your instructor in correcting
your reasoning 1f you are unable to solve the problem yourself. If you are ready to get started

get your bookmark and your pad of worksheets and turn to page 23a.
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There 18 no page anywhere in this text that directs you to turn to this page.
Either you turned here by accident or you did not read the page directions carefully

enough. If you are just beglnning, turn back To page 20 and try again to follow the directions.

-0~



-23a-

Problem 1:

Water 1s fed into a storage tank by two inlet pipes. The first of these delivers 10
pounds of water per hour. The single exit from the tank removes water at the rate of
25# water/hr. (In this text we use the symbol # to represent pounds.)

At noon the tank contains 500 # water and at 2:00 p. m. it contains 600 # water.

If all the flow rates are constant, at what rate does water enter the tank through the
second inlet pipe?

To make sure you understand the problem, draw on your worksheet a picture that represents
the situation described in this problem.

When you feel you have done an adequate job of representing the problem situation by

means of a plcture, turn to page 39d.

_23b_
Basis: 100 # B. D. Laundry entering
Bone Dry Laundry Balance:
Let X be # B. D. Laundry leaving
Input - Output = Accumulation

100 # B. D, Laundry - X = O

This 1is a very simple balance and you might have done it in your head. But it is
important to realize what was happening. First of all, you note that since the amount of
material in the dryer is constant, the accumulation is zero. Such a process is called a
"steady flow" process. For a steady flow process

Input = Output
For your choice of material to balance, 100 # B. D. Laundry leaves for every 100 #
entering. Moreover, the B, D. Laundry appears in only two streams, one entering and one
leaving. Thus, this substance "ties" these streams together. The use of such a tie substance
will usually result in simple (even trivial, as above) mass balances and hence simple solutions.
Now you must choose some other material to balance in order to complete your problem.

Choose such a material and turn to page 64.
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Basis: 100 # wet laundry

Water Balance:
X is # dried laundry
Y is # H,0 to drain
Input - Output = Accumulation
(100)(.396) #8,0 - (Y + .04X) #H,0 = O
Note that since the amount of material in the dryer at any time is constant, the accu-
mulation term is zero. Such a process is called a "steady flow" process. For a steady flow
process, then,
Input = Output
Your choice of water balance does not allow you to solve directly for either X or Y.
A more direct route does exist which you will be shown later. However, your choice is certainly
a feasible one. You have one equation with 2 unknowns. In order to get another equation you

must put another materilal to balance. So pick another material and turn to page 29c.

Basis: 100 # dried laundry
Total Mass Balance:

Let X be # wet laundry

Y be # H2O

Input - Output = Accumulation

X # total mass in - (Y + 100) # total mass out = O
Note that since the amount of material in the dryer at any time is constant, the accumulation
term is zero. Such a process, called a "steady flow" process, can be described by

Input = Output
Your cholce of total mass balance does not allow you to solve directly for X or Y. A more
direct route does exist which you will be shown later. However, your choice 1s certainly a
feasible one. Note that you now have one equation with two unknowns. In order to get another

equation you must pick another material tc balance. So pick another materian and turn to page 48b.

-2hc-
Write the approprlate balance equation and then turn to the page indicated.

Page
00 c
Total Mass 32¢
Hydrogen 62b
Oxygen 4lc
Other 50b
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_25a_
You have fallen into a very common trap. You wrote:

(X+1O)#HO—25#H20:100#H20

2
All of the quantities on the left were taken on the basis of 1 hour. The accumulation (on the
right) was for two hours!

Before beglinning a calculation you must select and use a common basis. Either one hour

or two hours would have been all right, but you must be consistent.

(Return to page 30a and try again)

-25b-
You have chosen the material you wish to balance. Write the corresponding material

balance equation. Indicate the numerical gquantities and units of the terms of your equation
and define all unknown quantities symbolically.

Then, turn to the page obtalned from the following table.

Material to Turn to
Balance First Page
Water 24a
Bone Dry Laundry 62a
Total Mass 4oa
Oxygen 4lc
Hydrogen 62b
Other 50b

-25¢-
Basis: 100 #HQO entering
Total Mass Balance:
Let X be # dried laundry leaving
Y be #HEO to drain

Input - Output = Accumulation

100
.395

Note that since the amount of material in the dryer at any time is constant, the accu-

100 ( ) total mass in - (Y + X) total mass out = O
mulation term is zero. Such a process is called a "steady flow'" process. For steady flow
processes:
Input = Output
Choosing total mass to balance first does not let you solve directly for either X or Y.
A more direct route does exist and 1t will be pointed out to you later. Now, however, you
should realize that the present approach is feasible but requires another equation.

Pick another material to balance and turn to page 53a.
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Basis: 100 # wet laundry
Total Mass Balance:
Let X be # dried laundry
Y be # H,0 to drain
Input = Output
(100) # total mass in = (X + Y) # total mass out

H,0 Balance (from previous page):

39.6 #HEO = ,0Ux #HEO + Y #HQO

You now have two equations and two unknowns. Solve for ¥, which is the #HEO to drain
(based on 100 # wet laundry). Convert Y to #HEO to drain per minute and compare your answer

with that on page 4la.

-26b-
Basis: 100 # dried laundry

B. D. Laundry Balance:

Let X be # wet laundry entering

Input = Output

.604 X # B.D.L. = (.96)(100) # B.D.L.
and from the previous balance (water) you have

(Y is #H,0 to drain)

.396 X #H20 = (Y + .04 * 100)

And now you have two equations and two unknowns. Note, however, that if you had selected
B. D. Laundry as the material to balance first, you would have been able to solve each equation
directly.

The choice of B. D. Laundry as the first material to balance is recommended because this
material was present in only two streams, one entering and one leaving. B. D. Laundry, there-
fore, "ties" these streams together. The use of a tie substance usually leads to simpler, more
easily solved mass balances.

Now solve for Y (the #HQO to drain) and turn to page 40c..

-26¢-

Write the corresponding material balance equation and turn to the page indicated.

Material to Turn to

Balance Page
Water 50c
Oxygen 62b
Hydrogen 4ic
Total Mass 30b
Other 50b
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Basis: 100 # B. D, Laundry entering
Total Mass Balance:
Let Y be # HQO to drain
X be # B. D. Laundry leaving
Input = OQutput

100 * (%%QE) # total mass in = (Y + (l%%) X) # total mass out

but X is known from the previous balance (X=100). Thus, Y is found directly:
Y = 61.3 # HEO to drain
This is based on 100 # of B. D. Laundry entering. You must now express Y in the units
of # HEO/minute to satisfy the requirements of the problem. Convert your answer to these terms

and turn to page 58a.

-27b-
Now that you have chosen the material you want to balance, write down the appropriate

material balance equation. Indicate both the numerical quantities and units of the terms of
your equation. Define all unknown quantities symbolically. Turn to the page indicated in the

following table.

Material to Turn to
Balance Page
Water 35b
B. D. Laundry 23b
Total Mass 52a
Hydrogen 4c
Oxygen 62b
Other 50b

-27c-
Basis: 100 # B. D. Laundry
Total Mass Balance:
Let X be # dried laundry
Y be # H,0 to drain
Input = Output
(100)(6%g%) # total mass in = (X + Y) # total mass out

and from the previous water balance

(100)(%%) # 10 = (¥ + .OLX) # HLO

You now have two equations and two unknowns. Now solve these equations for Y and turn

to page 34b.
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Basis: 1 month

Let X = wife's average monthly withdrawal

Man's average monthly withdrawal = §Z§—%—§§§ = $82

Bank's average monthly interest payment = 2%/2 = 1%

Input - Output = Accumulation
Money Balance:

$250 + (.01)(500) - $82 + X 535%599

250 + 5 -8 -X =17
X = $166/month

When you have completed this problem, turn to page 55c.

-28b-
The common name for the type of equation you were asked to write 1s a mass balance.
Since, in thils particular problem, you are balancing the masses of water, it will be called a
water balance. Although water 1s the only mass which you need to balance in this problem, in
more complex problems you may have to balance several different types of materials. It is,
therefore, desirable to label each equation as to the material being balanced.
Compare your equatlons with those listed here and turn to the page indicated.

(Compare numbers and units!)

(X + 10) # H0 - 25 # H,0 = 100 # HL0 (page 25a)
(2X + 20) # H,0/2 hr. - 50 # H,0/2 hr. = 100 # H,0/2 hr. (page 332)
(X + 10) # H0 - 25 # H,0 = 50 # HL0 (page 32Db)
X + 10 - 25 = 50 (page 46a)
(X + 10) # H,0/hr. - 25 # HEO/hr. = 50 # H,0/hr. (page 39b)
(X + 20) # Hy0 - 50 # H,0 = 100 # H,0 (page 42a)
Other solutions. (page UT7a)
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Problem 2:

A man puts $250 into hils bank account on the second of each month. Both the man and his
wife may withdraw money. The bank balance on June 1 was $500 and on August 1 was $514. A
semiannual interest payment was madé on June 15 equal to 2% of the June 1 balance. If the man
withdrew $78 during June, and $86 during July, what is the average monthly withdrawal made by
his wife during this two-month period?

Draw the diagram for this problem, and indicate your basis of calculation. Write and solve
the applicable mathematical equations. Compare your solution to the sample solution given on

page 3la.

-29b-
Basis: 100 # wet laundry

Bone Dry Laundry Balance:

Let X be # dried laundry leaving

Input - Output

(100)(.604) # B.D.L. = X(.96) # B.D.L.
Total Balance (from previous page):

Let Y be # HEO to drain

(100 #) total stream in = (Y + X) # total stream out

It seems obvious now that you should have taken the B. D. Laundry balance first since you
could then solve directly for X. Knowlng X, the total mass may be solved directly for Y.
The choice of B.D.L. for the first balance is recommended because 1t 1s contalned in only

" these streams

two streams, one entering and one leaving. B.D.L. may therefore be used to "tile
together. Such a material, which is present in only two streams, 1s called a "tie substance."
The use of tie substances will usually lead to simple, easily solved, mass balances such as the
cne above.

Solve for Y, which is the # HEO to drain based on 100 # wet laundry. Convert Y to # water

to drain per minute and compare your answer to that on page 42b.

_290 -
Write the corresponding material balance equation and turn to the page indicated.
Material to Balance Turn to Page
B. D. Laundry 59b
Total Mass Balance 26a
Hydrogen L4lc
Oxygen 62b
Other 50b
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Now let's try to formulate a statement that expresses a relation between the quantities
in our problem.

We might say: The quantities of water that flow into the tank minus the quantity of
water that flows out during any period is equal to the water that accumulates in the tank
during that period.

This statement 1s certainly true for our problem but it is a bit wordy. The same idea

can be formulated as an equation:

Input (of water) - Output (of water) = Accumulation (of water)

If we insert the data of our problem in the above equation form we shall produce an equa-
tion whose solution will solve our problem. Write the equation, including the unknown x, on
your worksheet, being careful to include the units belng used.

Now turn to page 28b.

_BOb_

Basis: 100 # dried laundry
Total Mass Balance:

Let Y be # HEO to drain

X be # wet laundry entering

Input = Output

X # total mass in = (Y + 100) # total mass out
but you already know X (from previous balance) and so you now have

Y = 59 # H,0 to drain

This is still not quite the solution desired. You must get the drain flow in # Hgo/minute.

Convert your value of Y into these units and turn to page 53c.

-30c¢-
Now label your diagram if you have not already done so. Transfer the numerical values
and the units in which these values are given for all the known quantities. Include the units
as a part of the labeling. Use symbolic labels (say, X, y) for all unknown gquantities.

When this has been done, turn to page 4ldb.
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_313_
You chose 100 # dried laundry as your basis of calculation. This is all right. You can
certainly work the problem this way.
The main criticism of this choice 1s that the information for the total production
(that is, 4567 # wet laundry/hr.) is stated for the wet laundry stream. Your final result must
reflect the appropriate total flow. But this certainly can be done. So let's go!
You want to try using 100 # dried laundry as the basis of calculation. Let's see what

we know:

1. The basis of calculation is an arbitrary device designed to simplify your calculations.

The choice of 100 # is much more convenient than some other possible choices.
2. Using the dried laundry as the material, the percentages given allow the immediate

expression of the water and fabric amounts in the exit stream.

You are now ready to try to express the mathematical relationships between the streams.
The form of this relationship is:
Input - Output = Accumulation.
Since this problem deals with more than one kind of material, you must ask yourself,
"Input of what?', "Output of what?", "Accumulation of what?" In other words, which material do
you wish to account for (or "balance")?

Choose a material and turn to page 60Db.

-31b-

page 6lc.

TANK

‘ page 48a.
Both of these pictures represent the problem statement. Your drawing must be correct in
the number of inlet and exit streams. Check your drawing and correct it 1f necessary.
When your drawing agrees with the above in number of inlets and outlets, choose that

drawing more nearly like yours and turn to the page indicated beside it.
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Basis: 100 # dried laundry

B. D. Laundry Balance:

x - (200)(.96) _

5 159 # wet laundry

Total Balance:

Y

159-100 = 59 # HEO to drain
You have now solved for Y, based on 100 # of dried laundry.

drain per minute and compare your answer to that on page 53c.

_32a_

Now, convert Y to # H,0 to

Good! You wrote:

(X + 10) # H,0 - 25 # Hy0 = 50 # H0

You made a step, perhaps unconsciously, that needs to be expressed.

stating i1t you have selected 1 hour as the basis for your calculations.

habit of wrlting down your basls.
tion, then express the equation using this basis:

Basis: 1 hour
Water Balance: (X + 10) # Hy0 - 25 # H,0 = 50 # H,0

Let X be # HEO/hr. entering in second pipe

Now solve your equation for the unknown flow and turn to page 40b.

-32b-

Without specifically

You should farm the

The usual method is to write down the basis of your calcula-

Total Mass Balance:
Let Y be # H,0 to drain
Input = Output

100 # total mass = (60.4 # B.D.L.)

(100 # dried laundry)

100 = 62.9 + Y
Y =237.1# HQO to drain

(96 # B.D.L.)

+ Y # total mass out

Now compute the # H,O/minute to draln and compare your answer to that on page 42p.
2

-32-



»33a_
This is fine! You wrote:
Water Balance: Let X be # HEO/hP. entering in second pipe
(2X + 20) # H20/2 hr. - 50 # H20/2 hr. = 100 # H2O/2 hr.
In so doing you selected # H20/2 hr. as the kind of unit and 2 hours as the basis for the
calculation.

It 1s important to choose and make use of a consistent basis. The usual method 1s to
indicate your choice of basls and then express the numerical equation in terms of this basis, i.e.,
Basis: 2 hours
Water Balance:

(2X + 20) # H 0 + 50 # H,0 = 100 # H,0

Now solve for the unknown flow and turn to page 40Db.

-33b-
Eureka!
We hope we didn't cheer too soon. If your answer for the unknown flow was
X =65 # HQO/hr.

or an equivalent flow rate in different units, 1.e., 1.085 # Hgo/min., ete., you have solved
the problem. If not, check carefully for numerical mistakes and return here to check your
answer.

Now turn to page 56a and compare your solution to the two sample solutions to problem 1

that are given there.

_330_

Bagis: 100 # dried laundry
Water Balance:

Let X be # wet laundry

Y be # water to drain

Input = Output

X(.396) # HO = ¥ + (.0L)X # H,0
Total Balance {from previous page):

X # total mass in = (Y + 100) # total mass out

You now have two equations and two unknowns. Solve the equation for Y, which is # HQO

to drain based on 100 # dried laundry and compare your answer to that on page 55b.
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Solution for Problem 2:

Balance: Deposit 2% interest on
$250/month —1 AI- June 1 balance
June 1 = $500
Aug. 1 = $514 BANK
o L vicers us
Man's withdrawals Wife's withdrawals
78 in June X
86 in July

Basis: 2 months (For solution on 1 month basis turn to page 28a.)
Let X = wife's total withdrawal in 2 months
Input - Output = Accumulation
($250/month) (2 months) + (.02)($500) - ($78 + $86 + $x) = $514 - $500
500 + 10 - 164 - X = 14
X = $332
Therefore, the wife withdrew $332 in 2 months. Average monthly withdrawal = $166/month.

When you have completed this problem turn to page 55c.

-34p-
Basis: 100 # B. D. Laundry
Y = 61.3 # Hy0 to drain
Therefore 61.3 # H,0 does down the drain for every 100 # B. D. Laundry entering. Since there
is L4567 # wet laundry/hour or (4567)(.604) # B. D. Laundry/hour processed we may calculate

the # H,0 to drain/minute by

(61.3 # H,0 to drain) (4567) (.604) # B. D. Laundry Hour

(100 # B. D. Laundry) Hour 60 min.

28.3 # Hy0 to drain/minute
You should be aware of the fact that you did not need to solve simultaneous equations to
answer this problem. If you had selected B. D. Laundry as the first material to balance and

either H.O or total mass as the second balance, the solution 1s direct.

2
Return then to page 27b and redo the problem using the balance directions suggested above.
NOTE: Do not skip this step! There 1s important material that you need to know

which is discussed along the correct solution path. So dig in and find out about it.
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You have chosen an inconvenlent unit of time as your basis. In view of the previous
problems, we can understand your choice. In Problem 1, 1 hour was equivalent to 10 # HEO
entering in the first stream, 25 # HBO leaving or 50 # HEO accumulated. (To refer to problem
1, you may turn to page23a but be sure to return to this page.) These numbers, 10, 25, and 50
are all reasonably convenient numbers for purposes of calculation.

In this problem, however, 1 hour corresponds to 4567 # wet laundry and 1 minute corresponds
to Eggz = 76.116+ # wet laundry. You must agree that these are hardly convenlent numbers to
work with.

In problems of this kind the recommended method of choosing a basis, is to pick a conven-
ient welght such as 100 # of some material. Note that in any flow problem, picking 100 # of a
material (e.g., water, wet laundry, B. D. Laundry, dried laundry, etc.) is equlvalent to

choosing a unit of time. For instance, since 4567 # wet laundry are processed every hour,

100 # wet laundry corresponds to a time basis of:

100 # wet laundry 60 min.
= 1.31 minutes
4567 # wet laundry/hr. hr.

The answer, in terms of your basls, must be converted to the actual flow after your

calculations have been completed.

Choose another basis and return to page 57b.

_35b_
Basis: 100 # B. D. Laundry
Water Balance:
Let X be # dried laundry
Y be # H,0 to drain
Input - Output = Accumulation
(100)%%:—%) #H0 - (Y + .OMK) # HO = O
Note that since the amount of material in the dryer at any time 1is constant, the accumula

tion term is zero. Such a process is called a steady flow process and can be described by:

Input = Output
Your choice of a water balance first does not allow you to solve directly for either X or
Y. A more direct route does exist and you will be shown 1t later. Now, however, your choice
1s certalnly feasible, but since you have two unknowns and only one equation, you need another
equation.

So pick another material to balance and turn to page 63b.
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Based on 100 # dried laundry, you calculated that X = 159 # wet laundry.

However, the problem required L567 #/hour of wet laundry to be processed. Therefore you

4567
159

per hour. Of course, this must be divided by 60 min./hr. since you were asked to solve for

must multiply your answer by the ratioc of in order to solve for the actual # HEO to drain

# Hgo/min. to drain.
59 # HQO to drain 100 # dried laundry 4567 # wet laundry Hr.

. B P =

100 # dried laundry 159 # wet laundry Hr. 60 min.

28.3 # H2O/minute to drain.

As previously pointed out, if you had chosen 100 # wet laundry as your basls, the second
conversion factor, involving 159 # wet laundry, X, would not have been needed.

You should be made aware of the fact that you did not need to solve simultaneous equations
to answer this problem. If you had selected Bone Dry Laundry as the first material to balance
and then eilther HEO or total mass, the solution was direct.

You should now elther

1. Return to page 60a and try the problem with the same basis (100 # dried laundry)

but choosing B. D. Laundry as your first material to balance and then eilther
HQO or total mass for the second balance.

2. Return to page 57b and try the problem using 100 # wet laundry as your basis,

choosing B. D. Laundry as your first material to balance and either H20 or total

mass for the second.

NOTE: Do not skip this step!! There is important material that you need to know which is

discussed along the correct solution path. So dig in and find out about it.

-36b-
Basis: 100 # dried laundry
Water Balance:
Let X be # wet laundry entering
Y be # H,0 to drain
Input - Output = Accumulation
.396 X # H0 - (Y + .0k % 100) # H,0 = 0
Note that since the amount of material in the dryer at any time is constant, the
accumulation term is zero. Such a process is called a "steady flow" process. For a steady
flow process,
Input = Output
Your choice of a water balance does not allow you to solve directly for either X or Y.
A more direct route does exist and you will be shown 1t later. Your choice 1s certainly feasi-
ble, but since you have two unknowns and only one equation, you need another equation.
Pick another material to balance and turn to page 0la.
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Since every 4567 # of wet laundry entering is equivalent to the passage of one hour
in time, in effect then you have chosen one hour as the basis for your calculation.

Turn to page 35a.

_37b_
Good for you!

Basis: 100 # dried laundry
Bone Dry Laundry Balance:
Let X be # wet laundry entering
Input - Output = Accumulation
(.604 X) # B.D.L. - (.96 * 100) # B.D,L., = O
Note that since the amount of material in the dryer at any time is constant, the
accumulation term is zero. Such a process is called a "steady flow" process. In a steady flow
process:
Input = Output
604 X = .95 * 100
Your choice of a B. D. Laundry balance first was good because you can now find X
directly:
X = 159 # wet laundry
This happened because B. D. Laundry appears in only two streams, one entering and one
leaving. This material "ties" these streams together. The use of a tie substance usually
results in simpler, more easlily solved mass balances, as you have already begun to see.
Now you must still find the amount of HEO removed. You need another balance. Pick a

second material to balance and turn to page 26c.

_370 -
Write the appropriate balance equations and turn to the page indicated.

Material to Turn to

Balance Page
Water 5Ta
Oxygen 62b
Hydrogen L4lc
B. D. Laundry 43a
Other 50b
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Now that you have chosen the material you wilsh to balance, write down the appropriate
material balance equation. Indicate both the numerical quantities and the units of the terms

of your equation. Define all unknown quantitles symbolically. Then turn to the page indicated.

Material to Turn to
Balance Page
Total Mass 25¢
B. D. Laundry 59a
Water 41b
Hydrogen 41c
Oxygen 62b
Other 50b

-38b—

You have chosen 100 # Bone Dry Laundry as your basis. This is all right. You can
certainly work the problem this way.

The basis of calculation is an arbitrary device designed to simplify your calculations.
The choice of 100 # as an amount to work with is more convenient than the number of # actually
flowing.

In order to express the percentages of the different materials in the inlet stream, you
must multiply your basis by a ratio of percentages. If you had chosen 100 # wet laundry as
your basls, the amounts of HEO and B. D. Laundry entering would be immediately apparent with-
out resort to calculation.

In order to convert your final answer (which will be based on 100 # B. D. Laundry) to
the units of # HEO/ minute to drain, you willl make use of the total flow 4567 # wet laundry/hour.
Therefore, your cholce of B. D. Laundry a8s a basls forces you to make the conversion from
# B. D. Laundry to # wet laundry.

However, your basis will work, and you are now ready to try to express the mathematical
relationships between the streams. These relationships take the form

Input - Output = Accumulation.

In problems of this kind you must ask yourself, "Input of what?", "Output of what?",

"Accumulation of what?" In other words, which materials do you wish to balance?

Choose a material to balance and turn to page 27b.
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You are now ready to try a problem on your own. Pattern your work after the problem

you Jjust did. Don't get careless or sloppy.

Turn to page 29a and begin problem 2.

_39b_

This 1s fine! You wrote:
Water Balance:
Let X be # H,0 entering 1in second pipe
(x + 10) # HEO/hr. - 25 # HZO/hr. = 50 # HEO/hr.
In so doing you selected # HEO/hr. as the kind of unit and one hour as the basis of calculation.
It 1s ilmportant to choose and make use of a conslstent basis. The usual method is to
indicate your choice of basis and express your numerical equation using this basis, 1.e.:
Basis: 1 hour
Water Balance:
(X + 10) # HO - 25 # H,0 = 50 # H,0

Now solve for the unknown flow and turn to page 40b.

Bagsis: 100 # water entering -39¢-
Total Mass Balance:

Let X be # B. D. Laundry leaving

Y be # HEO to drain

Input = Output

100 (35g8) - ¥+ (+:3p) X

But X is already known from the previous balance (X = 152.5 # B. D. Laundry leaving) so you
may solve directly for Y.

Solve for Y and convert to # HEO to drain/minute and then turn to page 46c.

_39d_
Have you really drawn the picture as requested on page 23a?
If you have not, let's not kid ourselves. Unless you ACTIVELY PARTICIPATE in using
this text it will do you almost no good. Solving problems is not a spectator sport. You must
play the game!
When, and only when, you have finished drawing a picture of the situation described in

the statement of problem 1, page 23a, turn to page 31b.
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Basis: 100 # wet laundry

Total Mass Balance:
Let X be # dried laundry
Y be # H20 to drain
Input - Output = Accumulation
100 # total stream - Y + X) # total stream = 0
Note that since the amount of material in the dryer at any time is constant, the accumu-
lation term 1s zero. Such a process is called a "steady flow" process. For a steady flow
process, then,
Input = Output
Your choice of total mass balance does not allow you to solve directly for either X or Y.
A more direct route does exist which you will be shown later. However, your choice is certainly
a feasible one. You have one equation with two unknowns. In order to get another eguation,

pilck another material to balance and turn to page 58b.

-40b-
Is your result reasonable in terms of the problem statement? Can you think of any
way to verify your result?
Check to see 1f the unlts of your answer are the units of a flow quantity.
Always check your work. If you can use a different method to check your work, this is
probably best.

When you are satisfied with your answer, turn to page 33b.

-40c-
Basis: 100 # dried laundry

From the B. D. Laundry Balance:

¥ - =96 * 100 _
- T eonr T

From the Water Balance:

159 # wet laundry entering

Y = .04 % 100. + .396 * 159 = 59 # H,0 to drain
You have now obtalned a value for Y on the basis of 100 # drled laundry leaving. This is
S8till not quite the answer desired since we must know the drain flow per minute.

Convert your answer into # HEO to drain per minute and turn to page 53c.

iTe



-4la-
You should have found that
Y = 37.1 # H,0 to drain
Now you must convert this to the actual conditions. Your calculations were based on 100 # wet

laundry, while 4567 # wet laundry enter each hour.

Therefore
37.1 # H,0 removed | 4567 # wet laundry l hr. # Hy0 removed
= 28.3
100 # wet laundry

hr. l 60 min. min.

# H,0 removed
Answer = 28.3 ————-—ro
min.

You should be made aware of the fact that you did not need to solve simultaneous equa-
tions to answer this problem. If you had selected B. D. Laundry as the first material to
balance and then either HEO or Total Mass, the solution was direct. Return to page 52b and
try the problem this way.

(We're not being stuffy about this point! There is important material that you need

to know which is discussed along the correct path. So dig in and find out about it.)

~41b-
Basis: 100 # water entering

Water Balance:
Let X be # H,0 leaving in dried laundry
Y be # HEO to drain
Input - Output = Accumulation
100 # HEO -(y+X) # H20 =0
Note that since the amount of material in the dryer at any time is constant, the accumu-
lation term is zero. Such a process 1s called a "steady flow" process. For a steady flow
process:
Input = Output
Your choice of materlal to balance does not allow you to determine either X or Y directly.
A more direct route does exist and you will be shown it later. Now, however, you have two
unknowns and only one equation. You need another equation.

Choose another material to balance and turn to page 56b.

-4lc-

Turn to page 62b.

-4 -



-4og-
Good! You wrote:

Water Balance:

Let X be # H,0 entering In two hours

(X + 20) # HEO - 50 # HQO = 100 # HEO
You made a step, perhaps unconsclously, that needs to be expressed. Without specifically
stating it, you have selected two hours as a basis for your calculation. You should form the
habit of writing down your basis. The usual method is towrite down the basis of your calcula-
tion, then express the equations using this basis.
Basis: 2 hours
Water Balance:

(2X + 20) # H,0 - 50 = 100 # HL0

2
Now solve your equation for the unknown flow and turn to page 40b.

-liop-
You have now converted Y = 37.1 # HQO to drain back to the actual conditions. This is
necessary since Y 1s based on 100 # wet laundry (your basis of calculation), whereas the actual

amount is 4567 # wet laundry / hour.

37.1 # H,0 removed ! 4567 # wet laundry Hr. _ 28.3 # Hp0 removed
100 # wet laundry ’ Hr. ( 60 min. min.
28.3 # H,0 removed
Answer = .
min.
Turn to page 55a.
-hoe-

Basis: 100 # dried laundry
Eliminating X between the two simultaneous equations you should have found that
Y = 59 # H20 to drain.
This 1s not the desired answer yet because this is 1in terms of 100 # of dried laundry
and you must find the drain flow in # HEO/minute. Now you must convert your result to the

correct units. Do this and turn to page 55b.
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-43a-
Basis: 100 # B. D. Laundry
B. D. Laundry Balance:
X = # dried laundry
Input = Output
100 # B.D.L. = .96(X) # B.D.L.
Total Balance (from previous page):
100 (6%22) # total mass in = (X + Y) # total mass oub
It seems obvious now that you should have taken B. D. laundry for your first balance since
you can solve 1t directly for X. Knowing X you may then solve the total balance directly for Y.
The choice of B.D.L. for the first balance is recommended because it is contained in
only two streams, one entering and one leaving. B.D.L. may therefore be used to "tie" the
streams together. Such a material, present in only two streams, is called a tie substance. The
use of tie substances usually leads to simple, easily solved, mass balances such as the one above.

Solve for Y, the # HQO to drain, based on 100 # B.D.L. Convert this to # HQO to drain/min.

and compare your answer to that on page 53b.

-43pb-

Sample Solution to Problem 3:

4567 # wet laundry/hour dried laundry
39.6% Hy0 Ug5 H0

———t R ————
60.4% B.D.L.. DRIER 96% B.D.L.

H,O

Basis: 100 # wet laundry
B.D.L, Balance:

Let X be # B.D.L. leaving

60.4 # B.D.L. in = X (this balance is probably done mentally rather than on paper)
Hy0 Balance:

Let Y be # H,0 to drain

39.6 = ¥ + (60.4) (g2)

Y = 37.1 # H2O in drain

37.1 # HEO to drain ' L4567 # wet laundry I hour g # HEO to drain
= 28.3

100 # wet laundry [ hour I 60 min. min.

Now turn to page 44a and solve problem 4 by yourself, using the principles you have

learned thus far.
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-Uha-
Problem 4:
An air purification unit for use 1n submarines 1is designed to absorb CO, 002, and HQO
from the alir. In order to test thils absorber, an analysis of a test alr stream, with a high
percentage of CO and COE’ was made at both the inlet and exit of the absorber. The results

are given below

Component Percent by Weight

In _out_
Air (i.e., N, and O,, argon, 55.9% 84.6%
co, ere-) 21.8% 11.8%
co 19.2% 3.49%
H,0 3.1% 0.2%

Determine the efficiency (% material absorbed compared to input material) of the absorber

for 002, CO and HEO'

Solve this problem using the techniques you have just been developing.

When you have completed the solution, turn to page 45a to check the results.

-44p-
Compare your diagram carefully with the sample on this page. Be sure that your
units include the name of the material, (10#/hr. is not as good as lO#(HgO)/hr. Don't let

the simplicity of this problem prevent you from acquiring good work habits!)

1o#ygo/hr. X
Time Weight in Tank
TANK
Noon 500 # (H,0)
2 hrs.
25 #HéO/hr. 2:00 p.m. 600 # (HEO)

Correct your work, if necessary, and turn to page 30a.

k-



Solution to Problem 4:

Stale Alr In Fresh Air Out
B.D.¥ Air 55.9 84.6
co 21.8 11.8
2 ——™ABSORBER [———*
CO 19.2 3.4
HQO 3.1 0.2

Basis: 100 # Stale Alr in
Tie Substance B.D. Air

Input = Output (since B.D. Air doesn't accumulate)

55.9 # B.D.A. = 55.9 B.D.A. (you can do this balance mentally)

NOTE:

. Mall = . aft
Absorber Efficiency # material "A" in - # material "A" out (100)

# material "A" in

i

0 n n
# accumulation of "A (100)

- # of "A" in
CO, Absorber Efficiency = 21.8 - l%i88(55'9 84.6) (100) = 61t 3%
(this corresponds to CO, :
balance)
CO Absorber Efficiency = 19.2 - Sig é55'9 84.6)  (100) - 87.8%
(CO balance)
H,0 Absorber Efficiency = 3.1 - 0'23(:?5'9 84.6)  (100) - 95.8%

Turn to page 63c.

% B.D. in this case implies no 002 or CO, as well as no HQO.

_L,.Ba_

Basis: 100 # dried laundry
The value of Y is

Y = 59 # HQO to drain

-45p-

This is not quite the correct solution yet since the problem asked for the # HEO/minute.

Convert your answer into these units and turn to page 53c.
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You are Jjust the guy we want to see! Thls problem is simple (admittedly) but you
must not let this cause you to ignore the units for the fterms in the equation. If you think
that you can afford to wait until the problems are hard before you write in the units, you
will find that it will be too late then.

Form the right habits now! Go back to page 30a and try again.

-46b-

You have chosen 100 # of water entering as the basis for your calculation.

This is all right. The problem can certainly be based on this material.

The basis of calculation is an arbitrary device that should be chosen to simplify your
calculations. The cholce of 100 # as an amount to work with is more convenient than the actual
amount flowing.

In order to express the percentages of the different materials in the inlet stream you
will have to use ratios of percentages since the amounts are specified in terms of percentages
of the wet laundry and dried laundry. If you had chosen 100 # of wet laundry as your basils
the amounts of water and B. D. Laundry would have been apparent without any calculation.

In order to convert your answer, which will be based on 100 # of water entering, into the
units required by the problem (# HEO/min. to drain), you will need to use the total flow of
4567 # wet laundry/hour. So your choice of basis will require you to make a final conversion
to express # wet laundry in terms of # H,0 entering.

However, all of this does work! So let's get started. You are ready to try to express
the mathematical relationships between the various streams. The form of these relations 1is:

Input - Output = Accumulation
Now, however, you must ask yourself, "Input of what?", "Output of what?", "Accumulation of
what?" In other words, which material to you wish to balance?

Choose a material to balance and turn to page 38a.

-46¢-
Based on 100 # of water entering you have found that 93.7 # HEO go to the drain.
Now you must convert this into # HEO to drain/minute.
Since 39.6% of the wet laundry entering each hour is water, you need this rate of water
entering to determine the final answer. You should have written something like

93.7 # H,0 to drain I (.396*4567)#H20 entering l 1 hour

= 28.3 #HEO to drain/minute
100 # H,0 entering I 1 hour ‘ 60 min.

Turn to page &5
Lh A
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You have written an equation not listed on page 28b. Let's examine some possible

differences between your work and the equations given on page 28b.

1.

Is the difference merely that of a common factor? (If you can multiply every
term in your equation by the same constant to produce one of the equations on
page 28b, then reduce your equation to the equivalent form on page 28b and go
on from there.)

Look for an error in signs. (This 1s a common difficulty. But you must not
mix up input and output quantities without proper signs. If this 1s your
difficulty, reread the problem, fix up the signs and go on from page 28b.)

' Accumulation is the

Perhaps you didn't understand the term "accumulation.'
change in the amount of water in the tank during a specified period. (Turn
to page 30a and try again.)

Look for different units among the terms in the equation. (Every term in an

equation must represent the same kind of thing. Return to page 30a and try

again.)

If none of these suggestions help, see your instructor.

Basis:

-U47p-

100 # B. D. Laundry

B. D. Laundry Balance:

Let X be # dried laundry
Input = Output
100 # B.D.L. = (.96)(X) # B.D.L.

and from the previous water balance you have

Y is # H,0 to drain

(100)(%(9)—:%) # H0 = (Y + .ohxX) # H,0

Now you have two equations and two unknowns. Note that if you had selected B. D. Laundry

as the material to balance first you could have solved each equation directly.

The choice of B. D. Laundry as the first material to balance is recommended because this

material is present in only two streams, one entering and one leaving. B. D. Laundry therefore

"ties" these streams together. The use of a tile substance usually leads to simpler, more

easlly solved, mass balances.

Now solve for Y, convert to # HQO to drain/minute, and turn to page 58a.
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-48a-
Very good. You did not waste time in making elaborate drawings that are not needed.
In most cases, a schematic flow dlagram is all you need for problem solving.

Of course, your schematic flow diagram must be correct. Now turn to page 30c.

-48b-
Write the corresponding balance equation and turn to the page indicated.
Materilal to Turn to
Balance Page
Water 33c
Bone Dry Laundry 5Ua
Hydrogen 62b
Oxygen 41c
Other 50b
-48c-
Basis: 100 # wet laundry
Water Balance:
Let Y be # Hy0 to drain
Input = Output
4 # Ho0
100 (.396) # H,O = (60.4 # B.D.L.)(90 B.D.L_) + Y # Hy0
Therefore 39.6 = 2.50 + Y
.. Y=237.1# H,0 to drain
Now compute the # HEO/minute removed and compare your answer to that on page 42b.
-484-

Turn to page 35a.
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-49g-
Basis: 100 # water entering
Bone Dry Laundry Balance:
Let X be # HZO in dried laundry
Input = Output
100 % (252 = % (=2)
and from the previous balance
100 = Y + X
You have two equations and two unknowns. Note that 1f you had selected the B. D. Laundry
balance first, the water balance may be directly solved (since X 1s directly solved for first).
The choice of B. D. Laundry as the first material to balance is recommended because this
material 1s present in only two streams, one entering and one leaving. The B. D. Laundry thus
"ties" these streams together. The use of a tle substance usually leads to simpler, more

easlly solved balance equations.

Now solve for Y and turn to page 46c.

-49p-
Basis: 100 # water entering
B. D. Laundry Balance:
Let X be # dried laundry leaving
Input = Output
100 ('604) # B.D.L. = (—'—9—6) X # B. D. Laundry
395 Mt 1.00 - e

Total Balance (done just before this):
100 (%é%%) # total mass in = Y + X # total mass out
It should occur to you that the B. D. Laundry balance should have been done first, since
it can be solved directly. Then it would be possible to solve directly for Y, knowing X.
The B. D. Laundry for the first balance is recommended because it appears in only two
streams, one entering and one leaving. Thus, it may be used to "tie" these streams to each
other. Such a material, present in only two streams, is called a "tie substance." The use of

tie substances usually results in simpler, more directly solved balances.

Now solve for Y, convert the answer into # H20 to drain/minute and turn to page f@ﬁf
Sl o
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-50a-

Basis: 100 # B. D. Laundry entering
Water Balance:

Let Y be # H,0 to draln

X be # B. D. Laundry leaving

Input = Output

lOO*(%g—:g)#H20=(Y+—:—%*X)#HEO
but X is known from the previous balance (X = 100). Thus

Y = 61.3 # H,0 to drain.

This 1s based on 100 # B. D. Laundry entering. You must now express Y in the units of # HQO

to drain/minute. Convert your answer to these terms and turn to page 58a.

-50b-
You want to try something else as the material to balance. We hope you didn't come here
in desperation! Seriously, what else would you like to try? There are certainly some other
possible cholces. We admit it!
But you might consider whether thelr use will Justify your extra work. Don't take our
word for it. Try some of them out if you are still not convinced.
If you are convinced, choose another material to balance and return to the page you

came from.

-50¢ -

Basis: 100 # dried laundry
Water Balance:

Let Y be # H,0 to drain

X be # wet laundry

Input = Output

396 X # Hy0 = (Y + .04 * 100) # H,0
but you already know X (from the previous balance)

.396 ¥ 159 = Y + .04 * 100

Solve for Y and turn to page 45b.
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_51a_
X = 152.5 # B. D. Laundry leaving (based on 100 # Hy0 entering). Now write the

appropriate balance equation and turn to the page indicated.

Material to Turn to
Balance Page
Water 53b
Hydrogen 41c
Oxygen 62b
Total Mass 39¢c
Other 50b

-51b-
Basis: 100 # water entering
Y = 93.7 # HEO to drain
based on 100 # water entering. Now you must find the number of pounds of water entering per
minute in order to convert to the final desired answer.
Since 39.6% of the 4567 # wet laundry entering each hour is watey you should be able to
calculate the # HQO to drain by

93.7 # H,0 to drain | (4567%.396)# water entering i 1 hour

= 28.3 #HEO to drain/min.
100 # water entering l 1 hour I 60 min.

You should be aware of the fact that you did not need to solve simultaneous equations to
answer thils problem. If you had selected B. D. Laundry as the first material to balance and
elther water or total mass as the second balance, the solution is direct.

Return to page 38a and rework the problem using the suggestions given above.

DO NOT TRY TO SKIP THIS EFFORT!
There 1is important material discussed in obtaining the solution along the better path

that you need to know. So dig in and find out about it.
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Basis: 100 # B. D. Laundry
Let X be # dried laundry
Y be # H,0 to drain
Total Mass Balance:
Input - Output = Accumulation
(lOO)(B%g%) # total mass in - (Y + X) # total mass out = O
Note that since the amount of material in the dryer at any time is constant, the accumu-
lation term is zero. Such a process is called a "steady flow" process and may be described by
Input = Output
Your choice of total mass as the first balance does not allow you to solve directly for
either X or Y. A more direct route does exlist which you will be shown later. However, your

choice is certainly feasible. You now have one equatlon and two unknowns. In order to get

another equation, pick another material to balance and turn to page 37c.

-52b-

Good for you!

You have chosen 100 # of wet laundry as your basis. This is an excellent choice for the

following reasons:

1. The basis of calculation is arbitrary. Your choice of 100 # wet laundry as
opposed to 4567 # wet laundry, will simplify the subsequent calculations.

2. By choosing 100 # of wet laundry you have made more of the given information
immediately applicable. (i.e., # H,0 and # B. D. Laundry entering are obvious from
the corresponding given percentages. Note that no such advantage would be gained
had you chosen 100 # H,0 leaving by the drain.)

You are now ready to formulate the mathematical equation which relates the masses in the

different streams. Once again these relations are of the form
Input - Output = Accumulation
In problems such as this you must immediately ask yourself "Input of what?", "Output of
what?", "Accumulation of what?" In other words, you must decide what material you wish to
balance.

Choose a material to balance and turn to page 25b.
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Write the appropriate balance equation for the material you selected and turn to

..53&..
the page indicated.
Material to Turn to
Balance Page
Oxygen 62b
B. D. Laundry 4ob
Hydrogen 41c
Water 60a
Other 50b
_53b_

Basis: 100 # water entering
Water Balance:
Let X be # B. D. Laundry leaving
Y be # Hy0 to drain
Input = Output
100 = ¥ + %8% X
but X is already known from the previous balance (X = 152.5 # B. D. Laundry leaving) so you
may solve directly for Y.

Solve for Y and convert your answer to # Hy0 to drain/minute.

Then turn to page 46c.

_530_
Based on 100 # dried laundry, you calculated that X = 159 # of wet laundry. However,

the problem required 4567 #/hour of wet laundry to be processed. Therefore you must multiply

4567
159
Of course, this must be divided by 60 min/hr. since you were asked to solve for # HEO to

your answer by the ratio of in order to solve for the actual # H2O to drain per hour.

drain/minute.

(59 # H,0 to drain > <1oo # dried laundry> <4567 # wet laundry hour

100 # dried laundry 159 # wet laundry hour 60 min.

Answer = 28.3 # H,0 to drain/minute.
Note that if you had chosen 100 # wet laundry as your basis, your answer would have been

in the units of
# H,0 to drain

100 # wet laundry
and the second conversion factor in the above calculation ( # dried laundry

et Taundry ) would not be

necessary.

Turn to page 55a.
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Basis: 100 # dried laundry
B. D. Laundry Balance:

Let X be # wet laundry

Input = Output

X(.604) # B.D.L. = (100)(.96) # B.D.L.
Total Balance (from previous page):

(Y is # H,0 to drain)

X # total stream in = (Y + 100) # total stream out

It seems obvious now that you should have taken the B. D. Laundry balance first since
you could then solve directly for X. Knowing X, the total mass balance may be solved directly
for Y.

The choice of B.D.L. for the first balance 1s recommended because it is contained in only
two streams, one entering and one leaving. B.D.L. may therefore be used to "tie" these two
streams together. Such a material, present in only two streams, is called a tie substance.
The use of tie substances usually leads to simple, easily solved, mass balances such as the
one above.

Now solve for Y, which is the # HEO to drain based on 100 # dried laundry, and compare

your answer to that on page 32a.

4567 # wet laundry/hour Dried laundry -5hb-
39.6% H,0 — — 4% H,0
60.4% Bone Dry* Laundry 96% B. D. Laundry

'

H2O to drain

You have learned from problem 1 that a more elaborate flow diagram is not necessary.

Check your diagram with the one given above. Be sure that you have indicated both the
numerical quantities and the unlts in your labels.

Now, select a basis for your calculation and write 1t on your worksheet.

Turn to page 57b.

* By "Bone Dry" we mean completely dry (i.e., 0% HEO). This term 1s frequently abbreviated B.D.
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_55a-

4567 # wet laundry/hour 4l | I Dried Laundry
39.6% H,0 4% HL0

HEO to drain
Let's look more closely at the problem you Jjust solved. There are two components enter-
ing the dryer, HQO and B. D. Laundry. Therefore, we can take three material balances:
a. Hx0
b. B. D. Laundry
¢c. Total Mass
In your solution of the problem you must have chosen two of these equations. Let's write down
all three equations based on 100 # wet laundry entering.
Let X = # dried laundry
Y = # HEO to drain

Input = Output

a. Ho0 Balance 100)(.396) = (.04)x + ¥
b. B. D. L. Balance 100)(.604) = (.96)X
c. Total Mass Balance 100 =X+ Y

Note that the total mass balance 1s the sum of the H20 balance and the B.D.L. balance.
In other words, only two of the three balances are independent and there is nothing to be gained
by writing the third balance after you have written the other two. In later, more complicated,
problems you may be tempted to write equations which are not independent. You must be aware
of this trap and avoid it.

Turn to page 43b to compare your solution to a sample solution of problem 3.

_55b_
Basis: 100 # dried laundry

Y = 59 # H,0 to drain
In order to convert this answer to # HQQ/minute to drain, you must make use of the given

wet laundry feed rate, 4567 # wet laundry/hour. You must therefore calculate the # wet laundry

actual # wet laundry per hour
#wet laundry based on 100# dried laundry’

Therefore you must go back and solve your simultaneous equations for X (X = # wet laundry

(based on 100 # dried laundry) and then apply the ratio of

based on 100 # dried laundry). Note that, if you had taken 100 # wet laundry as your basis, you

could simply have multiplied your answer by ?827##wgitliiggg§y(gzgiggur and therefore would not

have had to solve for X.

After you solve for X, convert Y to #HEO to drain/minute and compare your answer to page 36a.

Problem 3: -55¢-
4567 #/hour of wet laundry, 39.6% H,0 by weight, is fed into a dryer. If the dried
laundry contains 4% HQO by weight, determine the number of pounds of HQO removed from the
laundry per minute.
Draw, on your worksheet, a labeled flow diagram representing the situation described
above. When you have completed this drawing, turn to page 54b.
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Solution to Problem 1:

10 # H,0/hour X
e T

25 # HQO/hour

Basls: 1 hour

Let X be # H,0

_56a_

Time Water in Tank
12:00 500 # HQO
2:00 600 # HEO

Input - Output = Accumulation
Water Balance:
~ 600-500
(10 + X) # H,0 - 25 # H,0 = —%=— # Hy0
10 + X - 25 = 50
X = 65 # H,0
Answer: 65 # HEO/hour

Basis: 2 hours
Let X be # HQO
Input - Output
Water Balance:

(20 + X) # H,0

= Accumulation

- 50 # H,0 = 600-500 # H,0

20 + X - 50 = 100

X = 130 # HQO
Answer:

Turn to page 39a.

( in 2 hours)

130/2 # H20/2 hours = 65 # HEO/hour

Write the appropriate balance equation and turn to the page indicated.

Material to
Balance

Hydrogen

B. D. Laundry
Oxygen

Total Mass
Other

Turn to

Page
bic
49a
62b
63a
50b

-56-
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_57a_
Basis: 100 # B. D. Laundry
Water Balance:
Let X be # dried laundry
Y be # HQO to drain
Input = Output
(100)(<320) # H.0 = Y # H.0 + .Ob X # H.0
60k 2 2 ‘ 2
Total Balance (from previous page):
(100)(6%9%) # total mass in = Y # total mass + X # total mass
You have two equations and two unknowns. Solve for Y, which is # HEO to drain based on

100 # wet laundry. Convert Y to # H,0 to draln per minute and compare your solution to that

on page 34b.

_57b_
Find the basis you have chosen and turn to the corresponding page.
Basis Turn to Page
100 # dried laundry 3la
1 hour 35a
100 # Bone Dry Laundry 38b
(entering or leaving)
L567 # wet laundry 3T7a
100 # water entering 461
1 minute 484
100 # wet laundry 52b
Other 58c
,570_

Basis: 100 # wet laundry
Water Balance:
Let X be # dried laundry
Y be # water to drain
Input = Output
(100)(.396) # HO = ¥ # H,0 + (.04)(x) # H,0
Total Balance (from previous page):
100 # total mass in = (Y + X) # total mass out
You now have two equations and two unknowns. Solve for Y, which is the # HEO to drain,
based on 100 # wet laundry. Convert Y to # water to drain per minute and compare your answer

to that on page 41la.
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Based on 100 # B. D. Laundry you have found that 61.3 #‘HEO go to the drain.
Now you must convert this into # HQO to drain/minute. Since the problem specified that
4567 # wet laundry enter each hour, you need the fractlon of this that is Bone Dry Laundry.
This 1s clearly 100 - 39.6 = 60.4%, so finally you should have written:
61.3 # H,0 to drain ‘ (.604 * 4567) # B.D.L. entering ' 10 hr.

= 28.3 # H,0 to drain/min.
100 # B.D.L. entering ! 1 hour I 60 min.

Turn to page 55a.

—58b—
Write the appropriate balance equations and turn to the page indicated.
Material to Turn to

Balance Page
Water 57¢c
Hydrogen Lic
Oxygen 62b
Bone Dry Laundry 29b
Other 50b

_580_

If you have chosen one of the materials mentioned in the table but have selected a
different amount, your basls will work. However, in order to simplify the calculations, it
is recommended that you choose a basis such as 1, 10, or 100 # of the material.

Throughout this book, wherever a quantity of material is chosen as a basis to simplify
numerical calculations, the book's choice will be 100 units. Certainly any other multiple of
10 will work just as well. You must agree that using, for instance, 62 # as a basis, is no
better than using the 4567 # that is mentioned in the problem.

If you have made some other cholce of material or time, it 1s doubtful that you under-
stand the problem. Reread the problem and pick a new basis in the light of the preceding

discussion.

Then turn to page 57b.
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Basis: 100 # H,0 entering
B. D. Laundry Balance:
Let X be # B. D. Laundry leaving

Input - Output = Accumulation

(1oo)(%g) - X=0

Since the amount of material in the dryer at any time 1s constant, the accumulation is

zero. Such a process is called a "steady flow" process. For steady flow processes:
Input = Output

Now you can solve directly for X. Solve for X.

Since B. D. Laundry appears 1in only two streams, one entering and one leaving, this
material "ties" these streams together. The use of tie substances usually leads to simple,
easily solved balance equations (as the one above).

Now you must choose some other material to balance in order to solve the problem, namely

the rate of water going to the drain. Choose another material to balance and turn to page 5la.

_59b_

Basis: 100 # wet laundry
Bone Dry Laundry Balance:

Let X be # dried laundry leaving

Input = Output

(100 * .604) # B.D.L. = (.96)(X) # B.D.L.
and from the previous balance (water) you have (Y is # H,0 to drain)

(100 * .396) # HO - (Y + .04x) # H,0 = 0
and you have two equations and two unknowns. But 1t should be obvious that you should have
taken the B. D. Laundry balance first and solved directly for X. Knowing X, the water balance
would have given Y directly.

The cholce of B. D. Laundry for the flrst balance is recommended because it 1s contained
in only two streams, one entering and one leaving. B. D. Laundry may therefore be used to "tie"
these streams together. Such a material (if present in only two streams), is called a
tie substance. The use of a tie substance will usually lead to simple, easily solved, mass
balances.

Now solve for Y (the # H,0 to drain) based on 100 # wet laundry. Convert Y to # H,0 to

drain per minute and compare your result with the answer on page 42b.
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-60a-
Basis: 100 # water entering
Water Balance:
Let Y = # H,0 to drain
X = # dried laundry leaving
Input = Output
100 = Y + 04X

and from the previous total mass balance

100 (l—é%g):_y+x

You now have two equationgs and two unknowns. Solve these equations for Y and turn to

page 8¢
-

-60b-
Now that you have chosen the material you wish to balance, write down the appropriate
material balance equation. Indicate both the numerical quantities and units of the terms in
your equation. Define all unknown quantities symbolically. Turn to the page indicated in the

following table.

Material to Turn to
Balance First Page
Water 36b
Bone Dry Laundry 37b
Hydrogen Lic
Total Mass 2Up
Oxygen 62b
Other 50b
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Write the corresponding material balance equation and turn to the page indicated.

Material to Turn to
Balance Page
B. D. Laundry 26Db
Total Mass 61b
Oxygen LJlc
Hydrogen 62b
Other 50b

-61b-

Basis: 100 # dried laundry
Total Mass Balance:

Let X be # wet laundry entering

Y be # HQO to drain

Input = Output

X # total mass in = (Y + 100) # total mass out
and from the previous (water) balance

396 X # Hy0 = ¥ # H,0 + .04 * 100 # HL0
and now you have two equations and two unknowns. Now solve these equations for Y and turn to

page 42c.

-6lc-

You made an artistic pictorial drawing for problem 1. This certainly represents the
problem beautifully.

But wailt a minutel!l..... Our objective here 1s to solve problem 1 and you have already
spent a great deal of time in just drawing the problem situation.

You should realize that you must match your efforts to the problem you are trying to
solve. A very simple problem should not require a very elaborate sketch. The time spent
should be Jjustified by the progress you make in solving the problem.

You should never draw a more elaborate picture than you need to solve the problem.

In most cases a schematic flow diagram is entirely sufficilent.

Now make a schematic diagram for problem 1 and, when you have finlished, turn to page 30c.
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Very Good Choice!
Basis: 100 # wet laundry
Bone Dry Laundry Balance:
Let X be # B. D. Laundry leaving
Input - Output = Accumulation
(100)(.604) # B.D.L. - X # B.D.L. = O
X = 60.4 # B.D.L.

Note that since the amount of material in the dryer at any time is constant, the accumu-
lation term is zero. Such a process is called a "steady flow process." TFor a steady flow
process, then,

Input = Output

Your choice of B. D. Laundry for the first balance was good because B. D. Laundry 1s con-
tained in only two streams, one entering and one leaving. B. D. Laundry may therefore be used
to "tie" these streams together. Such a material, which is present in only two streams 1s
called a tie substance. The use of tie substances will usually lead to simple, easlily solved
mass balances, such as the one above.

You still have not solved for the amount of HEO removed. You need to take another choice.

Choose a second material to balance and turn to page 2Uc.

-62b-

This choice of material to balance 1s poor for thils problem. You plcked an element as
the material to balance. In a process such as this, not involving chemical reactions, there
is no advantage in balancing the amount of an element rather than a compound or a mixture in
which the ratio of the elements is constant. However, in problems involving chemlcal reactions,
which we will consider later, balancing an element is often advantageous.

Note also that the bone dry laundry may contain some hydrogen or oxygen in its chemical
makeup. The % of these elements in the B. D. Laundry is, of course, not given.

Return to the page on which you selected the element to balance, and make another choice.
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-63a-
Basis: 100 # water entering
Total Mass Balance:
Let X be # H,0 leaving in dried laundry
Y be # HZO to drain

Input = Output

(100) (5528) = (¥ + (332) X)

and from the previous balance
100 = Y + X
You now have two equatlons and two unknowns. Solve these equations for Y and turn to

page 51b.

—63b-
Write the material balance equation for the material you chose and turn to the
page indicated below.

Material to Turn to

Balance Page

Bone Dry Laundry 47b

Hydrogen 4lc

Oxygen 62b

Total Mass 27c

Other 50b
_630__

Please write the present time on your worksheet.

This is the end of the present text. We hope that you have all "made it" here.

While the problems have been rather easy thus far, we hope that while working with this
text as a kind of tutor, you have been helped to discover some ways of solving problems by
yourself.

In order to help us extend this work further and to make the present text more useful,
please write your suggestions and criticisms on your worksheet and then turn your worksheets
and this text in to your instructor.

Thank you for your help.
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Write the appropriate balance equation and turn to the page indicated.

Material to Turn to
Balance Page
Water 50a
Total Mass 27a
Hydrogen Lic
oxygen 62b
Other 50b

6l



APPENDIX C

Example Problems Illustrating the Use of a

Scrambled Text in Sclving Electrical Engineering Problems

Lesson No. 1 - Conservation Principles

In the solution of problems there are many procedures which are based on conservation
principles. One of the most important of these is the "law of conservation of mass." This
principle states that mass cannot be created or destroyed, but only transformed.

Although the law of conservation of mass does not hold in certain atomic energy situa-
tions, 1t 1s very useful in many engineering and science fields.

Let us apply this principle to the flow of substances through pipes.

For example, suppose that 50 gallons of water are poured into the top end of a water
pipe as shown below:

50 gal. H2O

N 50 gal. H,0

Since water cannot be generated or destroyed inside the pipe, we can expect the same
water, 50 gallons of it, to come out at the bottom.
Of course, in practice some water will accumulate or stick to the walls of the pipe so
that the water emerging at the bottom will not be exactly 50 gallons. In this case we can write:
(Water into the pipe) - (Water out of the pipe) = (Water accumulated)
In terms of what we have sald, we would like you to answer the following question:
If, instead of 50 gallons of water, we pour 100 gallons/hour into the top of the
pipe, how many gallons will come out at the bottom in two hours? Assume that there
1s no accumulation of water inside the pipe.
Answer:
a. 100 gal./hr. Turn to page 69a.

b. 200 gallons Turn to page 68a.
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Your answer 1is:

200 gal. (oil) = 50 gal. (oil) + 25 gal. (oil) + Y gal. (oil)
3000 gal. (gas) =150 gal. (gas) + X gal. (gas)

This 1s correct! You probably realized that the law of conservation of mass applies
equally for each separate substance because oil cannot be changed into gasoline or vice versa
in this system. Therefore, we can write a separate input-output equation for each component
entering the boundaries of the system. Each equation uses conslstent units throughout so that
you are not adding gallons of oil to gallons of gasoline. Each equation has a single unknown
so that now you should be able to solve for the numerical values of X and Y.

Solve for X and Y and turn to page £2d to check your results.

-66b-
Your answer is: 40 gallons
Tnis is almost correct, except that the units are wrong. Notice that the problem was
concerned with rates of flow in gallons/hour rather than with the actual quantity in gallons.

Go back to page 68a and pick another answer.

-66¢-
You should now be ready to solve a multiple junction problem which involves more than
one unknown. One such problem is given in the figure below. Copy this figure so that you

will not have to comz back to this page to work with it.

In this figure the boxes represent electrical appliances - heaters, lamps, etc. The value
of the current is the same on both sides of the box.

Draw a system boundary so that I; is the only unknown current which cuts the boundary.

Then solve for Il‘

Go to page 8lb to check your results.
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Your answer 1is 12 = -3 amperes

This is correct!
negative!
that the

diagram. It 1s recommended, however,

the direction of 12. The negative sign of the
true direction.

Now draw a system boundary so that 13 is
for 13. Check your result by considering some

Answer:

a. I cannot find a boundary as
indicated above.

b. 13 = 5 amps
c 13 = 11 amps
d. I3 = -5 amps

_67a_

Apparently you were not confused by the fact that the answer came out

A negative answer means that the direction of 12 1s opposite to that shown in the

diagram be left as drawn rather than changing
answer 1s all that is needed to establish the
the only unknown current across 1it. Then solve
other boundary.

Go to

page TTc.

8pa.
83b.
68c.

Go to page

Go to page

Go to page

Your answer is 10 gal./hr.

It seems that you subtracted 15 gal./hr.

else you were trying to guess.

Notice that what comes out at the bottom has to be put in at the top.

—67b—

from 25 gal./hr. to obtaln your answer, or

The total rate

of flow at the bottom is certainly more than 10 gal./hr. since the flow in each one of the

lower pipes exceeds 10 gal./hr.

Go back to page 68a and try again.

_670_

Your answer is 200 gallons of water per hour.

You are violating the law of conservation of mass.

at the left and recovering water at the right.

Go back to page Tdc and try again.

You are putting oil into the system

-67~



-68a-
Your answer is 200 gallons.
This is correct. Your reasoning probably went as follows: If I pour 100 gallons each
hour (100 gal./hr.) the rate of flow at the bottom is also 100 gal./hr. Now, 1f I change the
rate of flow (gal./hr.) to actual flow by multiplying the rate times the time, 2 hours, I obtain:

100 gal. 2 {¥. = 200 gal.
HE-

Now suppose that you are given the system in the figure below.

[ AN
N
’&\
25 gal./hr. fx& 15 gal./hr.

Can you find the rate of flow in the pilpe at the top?

Answer:

a. 10 gal./hr. Go to page 67b.
b. 40 gal./hr. Go to page Thc.
c. 10 gal. Go to page T1b.
d. 40 gal. Go to page 66b.

~68b~
Your answer is 3 amperes.
You probably made an error in sign. The "current balance equation" about the proposed
boundary is
I, +9=5+1

Go back to page 8lb and choose the correct answer.

-68¢-
Your answer is I3 = -5 amps.
You must have made an arithmetic error. Check your results and pick the right answer

from page 67a.

-68d-
Your answer is 700.

Read the comment on page 77d.
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Your answer is 100 gallons/hour.
Your answer is given as a rate of flow rather than as the actual flow in gallons.
You will notice that we asked for the actual number of gallons emerging at the bottom in
one hour.

Go back to page 65 and answer the question again.

-69b-

Your answer is 200 gallons of oil.

Your units are wrong. You cannot add apples to apples and get pears. You added
gallons/hour to gallons/hour and gave your answer in gallons. Thils 1is a very common mistake
when you are a beginner at working problems. Unilts are very important in engineering, so you
must be very careful in handling them.

Go back to page Tle and try again.

—69C—
Your answer 1is:
200 gal.(oil) + 300 gal.(gas) = 150 gal.{gas) + 50 gal.(oil) + X gal.(gas)
+ Y gal.(oil) + 25 gal.(oil)
If you remove the words gas and oll from this equation your answer will be correct.
In such a case you are adding gallons to gallons so that the equation would express the
conservation of gallons. However, you should not add gallons of oll to gallons of gasoline

unless you are purposely generating a mixture of the two substances. Go back to page 73b.
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Let us generalize the law of conservation of mass in physical systems.
We all have an intultive notion of what a "system" is. A useful definition of a
system 1s:
"A system is a collection of components (parts or things) which perform a
function which cannot be performed by any of the parts by themselves.'
In practice systems are finite and have a boundary. ZEvery part of the system is within the
system boundary. The system boundary 1s usually indicated in a diagram by a dotted line

forming a closed loop enclosing the elements of the system. For instance

Tne system conslsting of Jjunctlons A and B is enclosed by system boundary number 1. Similarly
the system of junctions D E F 1s eanclosed by boundary number 2. Junction G 1s in system
boundary number 3.
We may now state the law of conservation of mass within a system:
"The sum of all the masses entering a system less the sum of all the masses leaving
the system is egual to the mass accumulated within the systen boundary."
In equation form we may write:
Input - Output = Accumulation
In all of the problems which we have golved up to now, we assumzd that there was no
accumulation of mass within the system. The equation which we applied was
Input - Output = O
or Input = Output

Turn to page 73D.
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Your answer is:
(200 + 3000) gal. = (150 + 50 + X + Y + 25) gal.
This answer 1s correct because 1t expresses the law of conservation of total mass.

The equatilon expresses the total mass balance. However, this turned out to be an equation

with two unknowns, X and Y. It is not a good equation for finding the values of X or Y.
It is perfectly good for finding the value of (X + Y).

(X + Y) = 200 + 3000 - 150 ~ 50 - 25 = 2975 gal.
Go back to page 73b and pick an answer which would permit solving for X gal.(gas) and

Y gal.(oil) separately.

-T1lb-
Your answer 1s 10 gallons.
It seems that you subtracted 15 gal./hr. from 25 gal./hr. to obtain your answer. Then
you were careless with the units and gave your answer in gallons rather than gal./hr.
Notice that what comes out at the bottom has to be put in at the top. The total rate
of flow at the top must exceed the individual rates of flow in each pipe at the bottom.

Go back to page 68a and try again.

-Tlc-

Your answer is: I am confused with this diagram.

You are probably confused with the symbol for a resistance (AAA_). This symbol may
represent any device which dissipates electrical energy when a current passes through it.
However, the current itself does not change in value when it goes through the resistance.

Only the energy carried by the current changes in value. In fact, even a good conductor has

a certain amount of resistance. The current behavior of a resistance is

50 amp.

50 amp.
This can be explained by the law of conservation of mass, since the particles (electrons)
entering the resistance must leave the resistance if mass 1is not created inside the resistance.

Go to page 77b and try to work the problem.
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-7e-

Lesgon 2 - The Principle of Conservation of Mass in Electrical Systems

Consider the hydraullc system of the figure below. This system consists of a water
pump and a water pipe. Let us assume that this system is in the horizontal plane, that is,
there are no differences in elevation between any parts of the system. In this case water
cannot flow unless the pump is operating and creating a pressure inside the pipe. Water flows
from polnts of high pressure to poilnts of low pressure. The pump must create differences in

pressure in order to transport water from one point to another.

. — Y

High pressure —»

Lt
( >'-—Pump Water flows from points of high
Low pressure __.;r pressure to points of low pressure.
\. J/
.. b a— J

There 1s a very close analogy between this hydraulic system and an electrilcal system.
In place of the water you may think of the electrons as flowlng from one point to another.
In place of the water pump you may think of an electrical pump called a battery or a generatcr.
(We are all familiar with the batteries and generators in the motors of automobiles.)

Water flows from points of high pressure to points of low pressure.

Electricity flows from points of high electrical pressure or "electric potential” to

points of low electric potential.

High potential ™%

o+
— <— Battery Electric current flows from points of
R high potential to points of low potential.

Low potential —»

A number of molecules of water which occupy a certain volume is called a gallon.
A number of electrons which may be thought to occupy a certaln volume is called a coulomb.
A coulomb is equivalent to more than 624 million electrons.

The rate at which water flows may be expressed in gallons/min., gallons/hr., ete.

(Continued on page 73a.)
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“73&*
The rate at which electricity flows may be expressed in units of coulomb/min,
coulomb/hr, etc.
In actual practice, the most common unilt for measuring the rate of flow of electricity
is the coulomb/sec or ampere. The name ampere is just a convenient name for the coulomb/sec.

The rate of flow of electricity is usually called electric current.

Answer the following question: If 240 coulombs of charge pass through point P of a

conductor every minute, what 1s the value of the current at point P?

Answer:
a. 240 amperes Go to page T77a.
b. 240 coulombs/min. Go to page 80a.
c. 4 amperes Go to page T8b.

_73b_
How would you express the conservation principle for the system below:
200 gal.(oil) 3000 gal.(gasoline)
150 gal. (No Accumulation) — 25 gal.(oil)

(gasoline) (No chemical transformations)

50 gal.(oil) X gal.(gas) Y gal.(oil)

Answer:
a. 200 gal.(oil) + 3000 gal.(gas) = 150 gal.(gas) + 50 gal.(oil) + X gal.(gas)
+ Y gal.(oil) + 25 gal.{oll)

Go to page 69c.
b. (200 + 300) gal. = (150 + 50 + X + Y + 25) gal.
Go to page Tla.

200 gal.{oil) = 50 gal.(oll) + 25 gal.(oll) + Y gal.(oil)
000 gal.(gas) =150 gal.(gas) + X gal.(gas)

Go to page 0Oba.
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Your answer is I = 13 amperes.
It seems that you added the two known currents to obtaln the unknown current. This
cannot be done because the two known currents are not in the same direction when they cross

the system boundary.

Go back to page T7b and try again.

-TUp-
Your answer is: I cannot find a boundary which is cut by I2 as the only unknown current.
A boundary which will cut 12 as the only unknown current i1s shown in the linear flow

graph below.

Solve for 12 and pick an answer from page 81b.

_740_

Your answer is 40 gal./hr.

This 1s correct! The sum of the rates of flow at the bottom is equal to the rate of

flow at the top.

Now let us try to develop a dlagramming scheme which will help us in solving problems.

For example, we may indicate the water pipe system in the previous problem as follows:

40 gal./hr.

25 gal./hr. 15 gal./nr.

This is a "line diagram", a "linear flow graph" or a "flow dlagram" in which the direction

of flow is indicated by the arrows.

You should be able to work the water flow problem whose linear flow graph is given below.

150 gal./hr.
of oil
X
50 gal/hr.
of oil
Answer: a. X = 200 gal./hr. of water Go.to page 67c.
b. X = 200 gal. of oil Go to page 69b.
c. X = 200 gal./hr. of oil Go to page T5c.
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_75a_

Your answer is 5 amperes.
This is in error. You probably used the equation
5+3=1+1+2
which disregards the directions in which the currents enter the system. Notice that the
5 ampere current enters the junction but the 3 ampere current leaves the junction.

Go back to page 79 and choose another answer.

_75b_

Your answer 1s: Cannot be solved with the information given.

If we had asked you to solve for all the currents flowing in the system, your answer
would have been correct. However, we are only asking you for one of the currents entering
the "system." By properly defining what the system is, it is possible to solve the problem.

Go back to page 77b and find a system whose boundaries cut the two given currents

(10a. and 3a.) and the unknown current (I) and no other current!

_750_
Your answer is X = 200 gal./hr. of oil.
This is the correct answer. Now you should be able to work with systems involving
the flow of more than one kind of substance.

For example, suppose that we have a system as shown below:

50 gal.(Hy0)/min. —e X gal. (Hp0)/min.

10 gal.(Hp0)/min. —»

-~ Y gal.(oll)/hr.
25 gal.(oil)/hr. —w

Assuming that the water and the oll never come in contact and that there is no accumu-
lation of either substance inside the box, the linear flow graph for the system is:
50 gal.(Hy0)/min.

P
>
[

60 gal. (HEO)/min.
10 gal.(H50)/min.

Y Y = 25 gal.(oil)/hr.

25 gal.(oil)/hr.

Now solve the system below. Go to page 82c¢ to check the results.
500 gal.(oil) 1000 gal.(gasoline)

750 gal.(gas) —50 gal, (oil)
-

200 gal.(oil) X gal.(gas) Y gal.(oil)
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Answer to the problem on page 82b:

This problem is solved in five steps shown below. The water balance equation and the

system boundary for which it was written are shown.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

NOTE:

F, = 400 + 1350 :
= 1750 # HEO/hr.
300 = F + F, R
Ll
= Fy + 1750
F, = 1250 # HZO/hr.
4oo + Fy = Fq -
400 + 1250 = Fy Ll
Py = 1650 # HEO/hr.
Fy = Fy + 1800

1650 = ), + 1800 1=t

F), =-150 # HEO/hr.
F), + 1350 = Fg
-150 + 1350 = F5 T
Fg = 1200 # H,0/hr. N

By choosing the corrct system boundaries, every unknown stream may be solved for

directly with Jjust one balance. Try to do this as an exercise.

Go to page 8la.

—76b-

Your answer is 1700.

This is the correct answer! You must have chosen the proper junction and solved for Fl'

You should also have noticed that this was the only junction with a single unknown flow. Now

that F, is known, find another boundary which is cut by only one unknown. Then solve for the
5000
unknown. Fe
Answer: Y
aAnswer 500 yF
a. I cannot find such a boundary. Go to page 80c. . Ir
W 1200 3
b. 3300 Go to page 8lha. - 2,
4 L
300 Go to page 83c. A 1000 g
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_7Ta_
Your answer is 240 amperes.
This would be correct 1f the coulomb and the ampere were identical. Remember, however,
that the ampere is the coulomb/second.

Go back to page 73a and try again.

~77b-
Your answer is 1 ampere.
This 1s the right answer! Now solve the following problem in which you should be very

careful when defining the system boundaries.

;gré NAAV < I-amf
Answer: Jamyp
a. I =27 I am confused with this diagram. Go to page Tlc.
b, I =7 amp Go to page T8a.
c. I =13 amp Go to page Tla.
d. Cannot be solved with information given. Go to page T5b.

~TTe-
Your answer 1is: I cannot find a boundary as indicated above.
A boundary which 1s cut by I3 as the only unknown current is shown in the linear
flow graph below.
5 _e¢
-
ﬂ\W‘P
Find the value of I3 by using this boundary, then go back to page 81b.
-77a-

Your answer is -700.
Comment: You probably have an error in the directlion of one of the flows. Check your

error and return to the bottom of page 8la for another answer.
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_78a_
Your answer is: I = 7 amperes
Very good! You found the right answer. You followed the hint about the importance of
defining the boundaries of the system. In this case you should define the system in such a

way that only one of the currents which cuts the system boundary is an unknown (below, left).

3mw\(
If the boundary is defined as shown above (right), it would cut other conductors, and

I cannot be solved for directly. With the boundaries defined as shown in the figure on the
left, you probably wrote the following equation:

I+3=10
and then you solved for I.

Go to page 66c¢.

-78b-
Your answer 1s 4 amperes.
This is the correct answer. You obtained i1t by remembering that the practical unit
of current is the ampere, and that an ampere is equal to a coulomb/sec. Since 240 coulombs

pase point P in onc minubc {60 sccoonds), the current 1o

240 lomb 1 in,
f { -l } ~ 4 anperes

Now we may continue our discussion of how to apply conservation principles to problems
in electricity.

One of the most successful electrical theories assumes that the electron is a particle
with a finite mass. This notlon leads to the solution of many problems in electricity by the
law of conservation of mass.

Go to page 79.
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For example, in the figure below 1s shown an electrical junction, that is, a point
at which two or more current-carrylng conductors are joined together to make electrical contact.
Charges which are moving under the influence of an electric potential cannot be accumu-
lated or stored in the Junction. Therefore, we may state the following form of the principle
of' conservation:
"The sum of the charges entering a junction in any prescribed period of time is

equal to the sum of the charges leaving the junction during the same interval

. n
of time. T d3

le—8ystem boundary

t
|

a

If, in the figure above, any three of tﬁe four charges are known, the fourth charge may
be found by using the charge conservation principle.

Since an ampere is equal to a coulomb/sec., the law of conservation of charge may be
rewritten as the law of conservation of current:

"The sum of the currents entering the boundaries of a system is equal to the sum

of the currents leaving the boundaries of the system."

For example, in the figure below the system boundary encloses two Jjunctions and is cut

by six currents.

R —11?//// system boundary

This rule is a version of what is known by the name of Kirchhoff's Current Law.

You should be ready for a problem. In the figure below compute the current labeled I.

3 amp.

\
rs—~~system boundary

1 am 2 amp.
Answer:
a. I =5 amperes Go to page Tha.
b. I = 11 amperes Go to page 80b.
c I = 1 ampere Go to page T7b.
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-80a-
Your answer is 240 coulombs/minute.
This answer is basically correct, but the units do not conform with current practical
units. The practical unit of current is the ampere rather than many of the other units of
rate such as the coulomb/min., coulomb/hr., etc.

Go back to page 73a and try again.

-80b-
Your answer is 11 amperes.
This is not correct, and it is possible that you may have forgotten to take into account
the directions of the currents. You probably wrote the equation
I=5+3+1+2
Some of the currents on the right side of the equation are entering and some are leaving the
system.

Go back to page 79 and try agaln.

-80c-

Your answer is: I cannot find such a boundary.

You are quite correct! Such a boundary does not exist. As a matter of fact, this
problem is such that it cannot be solved by moving from Junction to junction as was done 1n
the previous examples.

Whenever you find yourself in this predicament, you must solve the problem by using
simultaneous equations.

The solution of problems of this type by the use of simultaneous equations is discussed

in Lesson No. 3, page 8ib.
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-8la-
Suppose that we add a few more pipes to the problem which you have just solved and

that we change some of the flows. This gives us the figure below:

Fy 5000
Fy
500 ‘
1200 F3
F), - F
/ 00
Fq 1000 Fg

Find a boundary which will cut only one of the unknown flows. Then solve for the

unknown flow.

Answer:

a. I cannot find such a boundary. Go to page 82b.
b. =700 Go to page T7d.
c. 1700 Go to page T6b.
d. 700 Go to page 684.

-81b-
A system boundary which is cut by Il as the only unknown current 1is shown in the

linear flow graph below: - = = — = —

f
|

5 ! I? Tamp
am\os‘ |
|
|

From this graph we obtain I1 = ba.
Now draw a boundary which is cut by 12 as the only unknown current and find the value

of 12 for thils system. Do not assume that Il is known!

After you have found the value of 12 find another boundary which is cut by both Il and I

no

Using the value alreacy found for I1 check the result of the other calculation of IE‘

Answer:

a. I cannot find a boundary which is Go to page Thb.
cut by 12 ad the only unknown current.

b. I, = -3 amp Go to page 6T7a.

c. I, =3 amp Go to page 68b.
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-82a-
Your answer is I3 = 5 amperes.
You have probably used the wrong sign for one of the currents. If this is the case,
checking your results with another boundary should have caught the error.

Correct your mistake and pick another answer from page 67a.

-82b-
Your answer: I cannot find such a boundary.
Inspect each junction, one at a time, and see if at least one junction hag only one
unknown flow entering or leaving it.
If you cannot find one such junction, take junctions two at a time, then three at a
time, and so on.

Go back to page 8la and try again. If you still cannot find the boundary, go to page 83a.

-82¢-
Answer to the problem on page T5c.
The linear flow graph of the system 1s
500 gal.(oil) 1000 gal.(gasoline)
. 50 gal. X al
from WEE%Z the zgéwe 8 are: ? %} Egasg gis
X = 250 gal. of gasoline
Y = 250 gal. of oil
If your answers are wrong, correct your errors. In any case turn to page 70.
-82d-

Answers to the problem on page 66a.

Il

X = (3000-150) gal.(gas) = 2850 gal. of gas

Y

(200-50-25) gal.{oil) = 125 gal. of oil

Correct your errors, if any. Then turn to page 72.
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_83a_
An elaboration of how to find a boundary which is cut by only one unknown

will be included here.

Go back to page 8la.

-83b-

Your answer 1is 13 = 11 amps.

This is very good. You have completed a multi-junction problem!

By applying common sense in choosing the system boundaries you were able to solve
each unknown current independently. As you will see later this is not always possible.
In some cases you will be forced to solve for some of the unknowns by using the previously
computed values of other unknowns. Still in other cases you will have to solve a number of
equations simultaneously.

If, instead of having electrical currents, you had water flowing into pipes, would your
basic procedure change? Answer this question to yourself by working the problem below.
Check your answers on page 76a. HINT: You will have to solve for some flows in terms of

previously computed flows.

Fl 3000
400 Fy
Numbers are in # HEO/hr.
F3 F4 1350
1800 F5

-83¢-
Your answer is 300.
You are on the wrong track! Go back to page 76b, read this page again, and then
choose a new answer.

[This section will be expanded.}
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of the flows. (For example: 5000 = F

Your answer is 3300.

-8ha-

It seems that you wrote a balance edquation for the top junction and that you forgot one

1 + Fos Fy = 3300)

Go back to page 76b and answer the question again.

Other

Lesson No. 3 - Solution of Problems by use of Simultaneous Equations

Why are simultaneous edquations needed? Simple example.
How to determine a set of independent equations.
Examples of increasing complexity in Chemical Engineering, Electrical Engilneering;

perhaps an inventory problem (simple) in Industrial Engineering, etc.

Lessons 4 to N

conservation problems involving:

Energy Conservation

Momentum Conservation

Voltage Conservation (Kirchoff's Second Law)

etc.

Lessons N+1 to M

Concepts of iteration

Trial

and Error

Problems involving logic such as the analysis of questionnaires, assignment of students

to sections, design of a switching circuit, etc.

The concept of randomness

Linear programming - The simplex method

ete.

_8l-
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APPENDIX D

The Use of Symbolic Logic in Solving Engineering Problems

Experience suggests that the application of any branch of pure science in the practice
of englineering will have two results. It can be expected to stimulate the development of the
branch of scilence applied as well as to enhance the power of the engineer. Since engineering
is the art of applying scientific knowledge to achieve practical goals, an engineering problem
1s any problem that arises in the course of making such application. Thus an englneer may be
forced to assume the role of the scientist if he 1s to solve an engineering problem for which
the necessary scientific knowledge does not yet exist, for in such a case developing the
relevant branch of science 1s an indispensable means to reaching the engineer's goal. The
distinction between "scientist" and "engineer" is therefore not absolute, but only approximate
and administratively convenlent. And even 1if the engineer does not become a scientist and work
on scilentific problems himself, he may raise and formulate scientific problems because of his
engineering need for their solutions, thus stimulating the scientist to perform scientific
research that might otherwise be neglected.

Symbolic Logic (or Mathematical Logic) 1s a pure sclence with potential application to
many fields of engineering. It is less widely known by engineers, and less offten studled by
engineering students, than most other sciences, perhaps because its development has been more
recent, perhaps because its applications are less obvious. Logilc itself originated in ancient
Greece as an organon or instrument for distinguishing good arguments from bad ones. It developed
from an art of disputation into a scilence concerned with studylng the methods and principles
used in distingulshing correct from incorrect modes of proof. The use of special symbols in
the study of logic goes back to the time of Aristotle, who used letters as variables in repre-
senting subject and predicate terms in propositions. Modern symbolic logic makes use of many
more special symbols, to as great an extent as mathematics itself.

Symbolic logic is related to mathematics in several ways. They are both highly abstract
in conception and symbolic in formulation. Some of the same scientists have made original and
important contributions to both fields. In addition there are historical connectlons between
the two fields that go back to earliest times. The ancient Greeks developed the first scienti-
fic mathematics by organizing geometrical truths in the form of a deductive or axiomatic
system. Culminating in Euclid's Elements, the essence of the procedure was to define some
concepts in terms of others assumed to be understood, and to deduce some propositions (the

theorems) from other propositions (the axioms or postulates) which were assumed without proof.
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This axiomatic method has served as a model for all subsequent scientific thought. It has
pervaded mathematics to the extent that nothing 1s acceptable as a mathematical result,
conclusion, or theorem unless it is derivable by strict logic from clearly stated premises.
Here the notion of logic emerges as a central ingredient in the very definition of mathematics.
For mathematics really to be well defined it becomes necessary to state explicltly not
only what propositions are accepted as axioms, but also what logical principles can be appealed
to in deriving theorems from those axioms. With the development of new loglcal symbols that
permit adequate formulation of the logical principles used by mathematiclans, the need for
organization and systematization of logic itself becomes apparent. Clearly the method appro-
priate to the goal of introducing order into logic is the axiomatic method. An axiom system
for logic itself is required, which will define all logical concepts in terms of a small group
of primitive logical notions assumed to be understood, and will deduce all logical truths as
theorems from a small group of logical axioms or postulates assumed without proof in the system.
In an axiom system of logic itself the deduction of theorems from axioms must of course proceed
strictly according to a small number of explicitly stated rules of inference. An axiomatic

system of logic in this sense is called a logistic system. Logistic systems have been developed

for various parts of logic: the first, for the most elementary part of logic, tne propositional
calculus, was constructed in 1879 by the great German logician Gottlob Frege. Frege continued
to try to construct more and more comprehensive loglstic systems, which should encompass more
and more of the field of logilc. He worked also to construct an axiomatic system for all of
mathematics, in which all the logic used in the system would be stated explicitly, as rules
elther to be assumed or to be derived along with the mathematical theorems.

The axiomatizing of mathematics itself had been very largely accomplished already. The
program of "arithmetizing analysis'" had established that the basic concepts involved in classical
analysis (Theory of Functions of Real and Complex Variables) can be defined in terms of the
arithmetic of whole numbers. Then the Italian mathematiclan Gluseppe Peano showed how all of
the concepts of arithmetic can be defined in terms of Jjust three notions, those of zero, number,
and successor, and that all the classical truths of arithmetic can be deduced from just five
axioms. This reductionist drive reached i1ts culmination in the final work of Frege and 1in the
later but independent work of the English mathematicians and philosophers Alfred North Whitehead
and Bertrand Russell. In Frege's work, and later more satisfactorily in the monumental

Principia Mathematica (1910—1913) of Whitehead and Russell, it was shown that all of the con-

cepts of mathematics can be defined in terms of a small group of purely logical notions, and
that all of the truths of classical mathematics can be deduced as theorems from a small group
of purely logical axioms, using as principles of inference a small group of explicitly stated
rules. The view that mathematics can be thus reduced to logic has come to be called the

logistic thesis. In this sense mathematics can be regarded as being just a part of logilc.
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On the other hand, a system of symbolic loglc can be regarded as a little mathematical system
in its own right. As an abstract system of objects and operations it can be viewed as just
another branch of modern algebra, one among many others. In thils sense symbolic logic can be
regarded as being Jjust a part of mathematics. There seems to be no good reason for urglng one
of these points of view against the other. The two views complement each other by providing
two perspectives from which to observe the same complex situation. Regardless of one's
preference for one point of view or the other, it cannot be denied that symbolic logic and
mathematics are closely related parts of a single fast growing and important area of sclentific
knowledge.

There is no doubt about the usefulness of mathematics in solving engineering problems.
The applicability of mathematics in engineering, as well as in such exact sclences as physics
and chemistry, 1s well known and reasonably well understood. It will be helpful to review the
theory underlying 1ts application, because much the same considerations are relevant to the
application of symbolic logic.

The notation of mathematics can be regarded as a language in its own right, governed by
syntactical ruleg of varying levels of complexity. In the presence of these rules, some
expressions in the language of mathematics can be certified to be mathematical truths simply
on the basis of their notational features. For example, the well known rules governing the
use of the familiar symbols '+', '-', '='_ juxtaposition and exponentiation, enable us to
certify either by inspection or by elementary proof, that ‘(X2—Y2) = (X+Y)(X-Y)' is a mathe-
matical truth in ordinary algebra (the algebra of real numbers). It 1s not only eduations,
of course,. that are so certifiable by the rules of mathematical syntax: there are also
inequalities and more or less complicated conditionals, such as the theorem asserting that if
a function 1s bounded and continuous over a closed interval then it is uniformly continuous
over that interval. The art of mathematical calculation 1is based upon the recognition of the
equivalence of expressions the statement of whose equality 1s a mathematical truth. More
generally, it can be remarked that all mathematical inference is based upon the recognition of
conditionals ('if-then' statements) whose truth can be formally certified by reference to
syntactical rules that refer only to the notational features of those conditionals.

The preceding remarks were concerned with pure mathematics. Now, how does the language
of pure mathematics get applied so usefully to the phenomena dealt with by the empirical
sclences of physics and chemlstry? The answer to this questlon centers about the topic of
measurement. There are two aspects to the process of measurement that are not always clearly
enough distinguished. One aspect is the correlation of numerals with physical magnitudes such
as length, mass, temperature, or hardness. This correlation can be regarded as a semantical
interpretation of some of the vocabulary of the language of mathematics in terms of the physical
magnitudes that are being measured. It permits a situation to be described in the language of
mathematics by having some of its parts or features named in that language. And, because SO

_87_



many equivalences or identities are demonstrable in that language, there are many other
expressions that can consequently be used in describing the situation. The other aspect of
measurement 1s the correlation of mathematical operations (or symbols for mathematical opera-
tions) with physical operations such as laying lengths end to end or combining masses physically.
This correlation is a semantical interpretation of other parts of the language of mathematics
in terms of physical operations. Where both aspects of measurement are realized, a situation can
be described in the language of mathematics in many ways, both by having some of its parts or
features named in that language and by having combinations of its parts or features named by the
regult of mathematically combining the mathematical names of those separate parts or features.
In addition, mathematical or numerical descriptions permit the precise formulations of ‘natural
laws, which state the correlations of values for some parts or features of a situation with the
corresponding values for others. Thus, if numerical magnitudes for some volumes, temperatures,
and pressures can be attained by measurement, their relations can be generalized from those of
the specific values observed to algebraic or analytic equations from which new sets of values
for some magnitudes can be calculated if values for others are assumed to be given.

Symbollc logic has alrneady been given some applications in science and engineering, and
others can easily be envisaged. Thus 1t has been applied to insurancel, to psychology,2 to

biology3, to describing temporal passageq, to cryptography5

7

to electrical engineering’' . The last application named follows the classical pattern already

, to the theory of measurement , and

described in discussing the application of mathematics. Here propositional variables and their
negations (class variables and their complements) are interpreted as naming or describing wire
states. This interpretation permits a situation (a complicated circuit) to be described in the
language of logic by having some of 1ts parts (the wires) named in that language. In addition,
the and (A) and or (\/) operations (intersection X, and union + operations) are correlated
with physical operations on the wires, with series and parallel connections of those wires,
respectively. Thus a situation such as a series parallel switching circuit can be described

in the language of symbolic logic in a variety of ways, both by having its parts named in that
language and by having combinations of its parts named by the result of logically combining the

logical names for those separate parts. This application not only permits the logical

1. Berkeley, E. C., "Boolean Algebra and Applications to Insurance." Record (Amer. Inst.
of Actuaries), Vol. 26 (1937), Part III, pp. 373-L14.
2. Fitch, F. B., "An Application of Symbolic Logic to Behavioristic Psychology."

J. of Symbolic Logic, Vol. 4 (1939), p. 39; and Woodger, J. G. "The Formulation of a
Psychological Theory." Erkenntnis, Vol. 7 (1937), pp. 195-198.

3. Woodger, J. H., The Axiomatic Method in Biology. Cambridge, England, 1937.

L, Russell, Bertrand. "On Order in Time." Proc. Camb. Phil. Soc., Vol. 32 (1936),
pp. 216-228.

5. Stamm, Edward, "Zastosowanie algebry logiki do teorji szyfrdw (Application of the
Algebra of Logic to Cryptography)." Rozprawy Polskiego Tow., Mat., Vol. 1 (1921),
pp. 40-52.

6. Weiner, Norbert. "A New Theory of Measurement." Proc. London Math. Soc., Vol. 19
Vol. 19 (1919-20), pp. 181-205.

7. Shannon, C. E., "A Symbolic Analysis of Relay and Switching Circuits." Trans. Amer.

Inst. of Electrical Engineers, Vol. 57 (1938), pp. 713-723.
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calculation of simplifications for series parallel switching circuits, bubt also enables the
electrical engineer to design an optimal series parallel switching circult given the specifi-
cation of functions 1t 1s to perform. Here we describe the same situation in different ways,
moving from function to structure and back again by logical calculation. This permits us not
only to solve a design problem given a specified function to be fulfilled, but also to describe
the functions served by an object having a specified structure or design. Still another way
in which already existing parts of symbolic logic can be applied in solving engineering problems
i1s through the use of the propositional calculus and elementary quantification theory in the
case study method of studylng engineering. Here the various conditions to be met can be
symbolized using standard logical notation, and the solution - or the conclusion that no
solution is possible - can be derived by standard. logical procedures.

However, all of these applications of symbolic logic to scilence and to the solution of
engineering problems are only the beginning of what the total application is likely to be.

The words of the distinguished logician W. V. O. Quine deserve to be quoted in this connection:

"Mathematical logic has been applied, but the most important applications are surely
5till to come. The usefulness of a theory is not to be measured solely in terms of
the application of prefabricated techniques to preformulated problems; we must
allow the applicational needs themselves, rather, to play their part in motivating
further elaboration of theory. The history of mathematics has consisted to an
important degree in such give and take between theory and application. Much of

the promise of mathematical logic for science lies in its potentialities as a

basis from which to construct subsidiary techniques of unforeseen kinds in response
to special needs.”8
The realization of thils promise can best be achieved through the collaboration of experts whose
special knowledge includes symbolic logic, physical science, and engineering. Serious efforts
to apply symbolic¢ logic to scientific and engineering problems should lead to the growth and

development of all three fields.

8. Quine, W. V. O., Mathematical Logic, Cambridge, Massachusetts, 1947, p. 8.
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