Descriptions — Botany and Piant Pathology

of
Courses

865.  Advanced Growth and
Development
Fall. 3(3-0) BOT 415 or aspprovel of
department.
Advanced treatment of the physiological proc-
esses of growth and development. The mecha-
nism underlying these processes and the roles
played by hormones, light, ete., in controlling
them will be analyzed.

871.  Biology of Nematodes

Spring. 4(2-6) ENT 470 or approval o
department. Interdepartmental witﬁ and ad]-(
ministered by the Department of Entomology.
Ontogeny, taxonomy, morphology, pathology
and ecology of nematodes, with special refer-
ence to plant-parasitic and phytopathogenicspe-
cies.

878.  Comparative Limnology
(478.}) Summer of odd-numbered
years. 6 credits. Approval of department. Given
at W. K, Kellogg Biological Station. Interde-
partmental witf and administered by the De-
partment of Zoology.
Theoretical concepts and methods of analysis of
environmental parameters influencing produc-
tivity of freshwaters. Comparative field investi-
ations of lakes, streams, and other aquatic
abitats.

580.  Plant Virology

Fall of edd-numbered years. 5(2-6)
BOT 405 or approval of department.
External and internal symptomatology, trans-
mission, interactions, puritications, assay and
serology of plant viruses.

881.  Pathogenesis and Disease
Resistance
Winter of edd-numbered years. 4(3-2)
BOT 405 and BOT 415, or approval of depart-
ment.
Lectures, readings, and discussions on mecha-
nisms of pathogenicity and infectivity; physiol-
ogy and biochemistry of disease development;
tumorigenesis; metabolic consequences of infec-
tion; nature of disease resistance; and parasit-
ism.

882.  Genetics of Host/Parasite
Interactions
Winter of even-numbered years. 3(3-0)
ZOL 441, BOT 405.
Inheritance of resistance and susceptibility, vir-
ulence and avirulence; types of resistance, ag-
gressiveness in parasites; use of genetics in studies
of hest/parasite interactions, practical applica-
tion in disease control.

885.  Plant Diseases in the Field

Spring. 4 credits. BOT 405 and ap-
proval of department.
Diagnosis, distribution, and sequential develop-
ment of plant diseases in the Held. Field trips
permit observation of diseases in the natural set-
ting.

890.  Selected Topics in Plant Pathology
Fall, Winter, Spring. 2 to 5 credits. Ap-

proval of department.

Topics will be selected from the following areas:

parasitism, plant viruses, ecology, genetics, ne-

matology, fungicidal action, and soil microbiol-

ogy.

891.  Selected Topics in Botany

Fall, Winter, Spring. 2 to 5 crediis.
May reenroll for a maximum of 6 credits if differ-
ent topics are taken. Approval of department,
Topics may be selected from ecology, systemat-
ics, evolution, ph siolo%y, cytology, mycology,
bryologf/, phycology, lichenology, anatomy,
morphology, genetics, and others.
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899.  Master’s Thesis Research

Fall, Winter, Spring, Summer. Varia-
ble credit. Approval ofdgpartment.

Research in anatomy, bryology, cytology, ecol-
ogy, genetics, lichenology, morphology, myeo-
logy, palechbotany, pathology, phycology,
physiology, and taxonomy.

920.  Advanced Plant Taxonomy

Spring of even-numbered years. 4(4-0)
BOT 824, ZOL 441.
Consideration of the recent scientific develop-
ments affecting plant classification.

930.  Advanced Plant Ecology

Winter of odd-numbered years; Sum-
mer af even-numbered years, Given at W, K.
Kellogg Biological Station summer term. 3(2-4)
Approval of department.
Fundamental theories and modern research ho-
rizons.

999.  Dactoral Dissertation Research
Fall, Winter, Spring, Summer. Varia-

ble credit. Approval of department,

Research in anatomy, bryology, cytology, ecol-

ogy, genetics, lichenology, morphology, myco-

logy, paleobotany, pathology, phycology,

physiology, and taxonomy.

BUILDING CONSTRUCTION
MANAGEMENT

See Agricultural Engineering.

CHEMICAL ENGINEERING CHE

College of Engineering

300. Material and Energy Balances

Fall, Winter. 4(3-2) One year general
chemistry, MTH 214 or concurrently, CPS 120
or concurrently,
Chemical engineering calculations. Synthesis of
chemical process systems. Analysis of chemical
process systems by material and energy bal-
ances. Bel‘;avior of gases. Enthalpy calculations
for changes of temperature, phase changes,
chemical reactions.

311, Thermodynamics for Chemical
Engineering
Winter, Spring. 3(3-0) CHE 300 or ap-
proval of department.
First and second laws. Energy, enthalpy, en-
trophy, free energy, the mathematics of prop-
erty relationships. Energy conversion processes.
Thermoedynarmics of flow.

340.  Transfer Processes and
Separations I
Fall. 3¢(2-2) MTH 215, CHE 300 or
concurrently.
Thermodynamies of fluid flow. Treatment of
fluid flow as a momentum transfer process.
Laminar and turbulent motion of compressible
and incampressible fluids. Design of flow sys-
tems.

341,  Transfer Processes and

Separations IT

Winter. 3(2-2) CHE 340.
Design of heat exchange equipment. Heat trans-
fer in solids and flowing fluids. Multiple effect
evaporation. Radiant heat exchange, Interphase
transfer.

342, Transfer Processes and

Separations IIT

Winter. 3(2-2) CHE 340.
Design of stagewise separations. Binary and
multicomponent distillation. Graphical and nu-
merical methods of solution. Equilibrium stage
design and efficiency. Control schemes. Com-
puter aided design. Extraction.

343.  Transfer Processes and

Separations IV

Spring. 3(2-2) CHE 341, CHE 342,
Diffusion. Mass transfer coefficients. Design of
continuous contacting systems. Counter-current
processes. Fractionation. Contacting efficiency.
Simultaneous momentum, heat, and mass trans-
fer.

381,  Chemical Engineering Analysis
Fall, Spring. 3(3-0) Students may not
receive credit in both CHE 381 and MTH 341.
MTH 310. Interdepartmental with the Depart-
ment of Mathematics.
Formulation of ordinary and partial differential
equations describing chemical systems. Bound-
ary value problems, numerical methods, matri-
ces, and applications, to chemical engineering
systermns.

411.  Phase and Chemical Equilibria

Winter. 3(3-0) CEM 361, CHE 311 or
concurrently.
Properties in solutions. Deviations from ideality.
Liquid-vapor equilibria. Chemical equilibria in
the gas, liquid, and solid states. Electrochemical
and rreversible systems.

423, Chemical Engineering Laboratory
Fall, Summer. 3(1-6) CHE 307,
Assigned laboratory problems, requiring team
effort. Experimental work, invelving momen-
tum, heat and mass transfer; separation proc-
esses, such as distillation, filtration, and drying;
reactor kineties; automatic process control.

424, Tra Phenomena and

Physical Properties Laboratory

Winter, Spring. 3(1-6) CHE 306.
Exgeriments involving the transport processes
and measurement of physical, chemical and
thermodynamic properties of various materials.
C{fmparison of theoretical and experimental re-
sults.

428.  Chemical Reaction Engineering
Fall. 4(4-0) CEM 361, CHE 311, CHE

343

quantitative treatment of mechanisms and rates

of chemical reactions. Catalysis. Design and

analysis of flow and non-flow reactors. Hetero-

geneous catalysis.

442.  Polymer Science and Engineering
Spring. 3(3-0) One year organic chem-

istry. CEM 361

Structure of polymers. Polymerization reaction

kinetics. Polymer characterization. Solution

rheology. Polymer processing and fabrication.

Commercial polymerization processes.

443.  Chemical Engineering of the Solid
State
Winter. 3(3-0) CEM 361,
Structure and properties of inorganic and or-
ganic solids. Relation of bond type and steric
configuration to mechanical, electrical, ther-
mal, optical properties. Macroscopic structure
influence on physical properties. Surface phe-
nomena. Applications,



451, Process Systems Control
Winter, 3(3-0) CHE 307, CHE 428.
Foundation of control theary for chemical proc-

esses. Integration of Eresent and developing
practice with modern theory.

460.  Problemsand Reports

Fall, Winter, Spring, Summer. 1 t0 9
credits. Seniors, appraua?of epartment.
Library and laboratery investigations of prob-
lems relating to departmental research.

461.  Process Selection and Optimization

Winter. 5(5-0) CHE 307, CHE 428.
Ap(glication of chemical engineering principles
in design calculations. Selection of the optimum
design for equipment, functional units, and for
the overall process. Influence of design on capi-
tal investment, operating cost, product loss, and
product quality.

462.  Process Design

Spring. 3(1-6) CHE 461.
Integrated design of the complete chemical engi-
neering process. Process engineering, project en-
gineering, instrumentation, and layout.

465.  Process Optimization Methods

Fall. 3(3-0) MTH 310. Interdepart-
mental with Systems Science.
Methods for determining optimum design and
operating policies of systems of varying complex-
ity. [ncluges classical methods, mathematical
programming and modern methods.

470.  Theory of Nuclear Reactors

Winter. 3(3-0) PHY 288 and MTH 215
or approval of department.
Theory and design of nuclear research and
power reactors. Nuclear transformation, fission,
and energy conversion, Derivation of chain re-
action design criteria, and calculation of finx-
power distributions. Analysis of reactor safety,
reliability and economics.

481.  Transport Phenomena
Spring. 3(3-0) CHE 307, CHE 381.

Fundamental treatment of momentum, energy
and mass transport. Use of partial differential
equations and equations of change for chemical
engineering applications. Analogies among the
phenomena, dimensional analysis, and bound-
ary layer theory.

801.  Advanced Chemical Engineering
Calculations I

Fell. 3(3-0) CHE 307,

Chemical engineering applications of advanced
mathematica metho%s. Formulation and solu-
tion of mathematical equations which describe
physical problems. Computer solutions.

802.  Advanced Chemical Engineering
Calculations IT

Winter. 3(3-0) CHE 801.
Continuation of CHE 801.

§06.  Thermodynamics and Kinetics in
Chemical Engineering

Summer. 5(7-0) B.S. with a major in

chemistry, biochemistry, or a closely allied area.
Mathematics through calculus. Cellege level
physics. General physical, and organic chemis-
try. Not open to students with B.S, in chemical
engineering for graduate credit.
Mass and energy balances in batch continuous
and open systems. Process thermodynamics.
Cryogenics. Properties of substances and mix-
tures. Phase equilibria. Chemical reaction equi-
librium. Chemical reactor kinetics. Process
design orientation.

807.  Transfer and Separation Processes
Summer. 5(7-0) B.S. with a major in
chemistry, biochemistry, or a closely allied areq.
Muthematics through calculus. College level
physics. General physical, and organic chemis-
try. Not open to students with B.S. in chemical
engineering for graduate credit.
Momentum, energy, and mass transfer.
Laminar and turbulent flow. Fluid friction. Di-
mensional analysis. Heat through stationary and
flowing materials. Interchangers. Condensa-
tion. Boiling. Binary and multicompenent distil-
lation, absorption, extraction.

811.  Advanced Chemical Engineering
Thermodynamics I
Fall. 3(3-0) CHE 311, CHE 411, CEM
361
Advanced treatment of the laws of thermody-
namics. Cryogenic processes. Corresponding
state and higher parameters in computing prop-
erties of chemical compounds and solutions.

817.  Advanced Chemical Reaction
Engineering I
Spring. 3(3-0) CHE 428.
Treatment of absorption and catalysis and their
application to catalytic reactors. Heat, momen-
tum, and mass-transfer in fixed-bed and
fluidized-bed reactors. Noncatalytic heteroge-
nous reactions. Homogeneous chain reactions
and free radical mechanisms. Computer appli-
cations to solution of complex kinetic problems.

826.  Flowof Heat I

Spring. 3(3-0) CHE 307.
Steady and unsteady state heat transfer. Con-
duction and convection in flow and non-flow
systemns.

831.  Adcanced Distillation

Winter, 3(3-0) CHE 307, CHE 451 or
concurrently.
Stagewise calculation in distillation processes.
Computer techniques. Batch, continuous, bi-
naéy and multi-compenent calculatons. Tray
hydrodynamies and efficiency. Process controi
and energy integration.

&32.  Advanced Absorption and
Extraction
Spring. 3(3-0) CHE 307, CHE 451 or
concutrently.
Mass transfer in abserption and extraction proc-
esses. Continuous and stagewise phase contac-
tors. Column hydrodynamics and plate
efficiency. Design and control principles.

850.  Fluid Flow and Rheology

Fall, 3(3-G) CHE 481 or approval of
department.
Application of fluid dynamics to chemical engi-
neering systerns. Balance princigges for ﬂuigl:
Newtonian and non-Newtonian behavior; the-
ory and practice of [aminar and turbulent flows;
stability.

&851.  Mass Transfer
Winter. 3(3-0}) CHE 850.

Formulation of component material balances;
Fick’s first and second laws; convective mass
transfer; multicomponent fluxes; boundary
layer theory and interfacial mass transfer for
laminar and turbulent flows.

881,  Seminar

Fall, Winter, Spring. 1{0-2} May
reenroll for a maximum of 6 credits.
Detailed library investigation of one or more
specialized asEects of chemical engineering,
such as recent theoretical developments in one of
the unit operations; presentations of these studies
to a seminar group. Participation generally re-
quired each term of residence.

Chemistry — Descriptions
of
Courses

886.  Selected Topics in Chemical
Engineering
Fall, Winter, Spring, Summer. 3(3-0)
May reenroll for @ maximum of 9 credits if a
different topic is taken.
A newly developing area of chemical engineer-
ing selected by the department for offering each
term. Information on the specific topic to be cov-
ered should be obtained from the department
office before registration.

888.  Research Survey

Fall, Winter, Spring, Swummer, I to 3
credits. May reenroll for e maximnuen of 3 eredits.

Literature search, problem analysis, and lavout
of a complete research program.

893.  Special Problems

Fall, Winter, Spring, Summer. 3(3-0)
May reenroll for a maximum of 9 credits. Ap-
proval of department.

899.  Master’s Thesis Research
Fall, Winter. Spring, Sumnier. Varia-
ble evedit. Approval of department.

912,  Advanced Chemical Engineering
Thermodynamics 11
Spring of even-numbered years, 3(3-0)}
Approval of department.

Relation of thermodynamics to quantum theory
and statistical mechanics. Computation of
chemical engineering thermodynamic data from
spectral measurements. Irreversible thermody-
namics.

918.  Advanced Chemical Reaction
Engineering II
Fall of odd-numbered years. 3{3-0) Ap-
proval of department.

%uantitative treatment of current literature in
chemical kinetics and reaction engineering.

999.  Doctoral Dissertation Research

Fall, Winter, Spring, Summer. Varia-
ble credit. Approval of departmnent.

CHEMISTRY CEM

College of Natural Science
Credit cannot be earned in more than one course

of each.af the following groups: 141A and 1418
andW51: 433541 and 950 142 and 153; 242

and 352; 243 and 354; 244 and 355; 245 and 353;
361 and 383; 363 and 385; 384 and 461.

With department approval, students with ad-
vanced placement credit in CEM 151 and 161
may enroll in CEM 181H and 184H. Those with
advanced placement credit in CEM 152 may en-
roll in CEM 182H, and those with advanced
placement credit in CEM 153 may enroll in
CEM 183H. CEM 18111-182H-183H is a more
advanced treatment of material in CEM 151-
152-153. CEM 184H-185H-186H is a more ad-
vanced treatment of material in CEM
161-162-163. Students with credit in an honors
chemistry course may not earoll in the corres-
ponding nonhorors course.

139.  Selected Topics in Introductory
Chemistry
Fall, Winter, Spring, Summer. I to 3
credits. May reenroll for a maximum of 7 credits.
Previous college chemistry, approval of depart-
ment,
Self-instructional units from CEM 140, CEM
141A, CEM 141B {or equivalent) selected and
approved by the department for individual stu-
dents with special needs.
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