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A QUALITATIVE AND QUANTITATIVE MEASURE OF
AUFWUCHS PRODUCTION!

DarrerrL L. King? Anp RosBerT C. BaLn
Department of Fisheries and Wildlife, Michigan State University, East Lansing

ABSTRACT

Aufwuchs production was measured from its accrual on plexiglass substrates sub-
merged in a stream. A method was developed for separating autotrophic and
heterotrophic aufwuchs production and for separating this production from organic
and inorganic sediments. The average aufwuchs production in the entire river during
the summer of 1961 was 281.8 mg organic weight M~ day™, with the autotrophic
organisms contributing 212.8 mg and the heterotrophic 69.0 mg.

The rate of accumulation of organic material on artificial substrates has been
used to estimate production within streams and to estimate the well-being of
natural waters. In the past these measurements have included all of the organic
matter which accumulated on the substrates and little thought was given to the
origin of this material. The method given here allows the separation of this
material into the components that are formed on the substrates and those trans-
ported from elsewhere and deposited.

The technique of collecting aufwuchs communities from natural waters by
means of artificial substrates has been employed for many years in a wide variety

1 This research is part of a thesis for the degree of Ph.D. presented to the Graduate Faculty
of Michigan State University by the senior author and was supported by a grant (WP-00011-06)
from the National Institute of Health.

2 Present address: Department of Civil Engineering, University of Missouri, Columbia,
Missouri.

TraNs. AMER. MIcrosc. Soc. 85(2): 232-240. 1966.
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of ecosystems. Hentschel (1916) generally is credited with being the first to
use this method; but Butcher (1932), Ivlev (1933), Newcombe (1949, 1950),
Patrick, et al. (1954), Castenholz (1960), Grzenda and Brehmer (1960), Kevern
(1962), Sladeckova (1962), Wetzel (1963), and many others have used artificial
substrates to study aufwuchs growth, production, and succession. Cooke (1956)
reviewed the history and general methods of collecting aufiwwuchs on artificial
substrates.

Direct microscopic examination of the exposed substrates has been used by
many workers, but Newcombe (1949) was the first to deal with the production
of total organic matter, in contrast to the earlier work that was concerned chiefly
with species composition. Grzenda and Brehmer (1960) developed a method
of estimating aufwuchs production on artificial substrates from phytopigment
extracts, and our method employs an expansion and modification of their
procedure.

A study was conducted during the summer of 1961 on a 30-mile section of
the Red Cedar River, a warm-water stream located in the south central portion of
the lower peninsula of Michigan. This study was originated to determine the
energy exchange in a warm-water stream, with special attention to changes in
primary and secondary production with variation in stream ecology. The ma-
terial presented here represents a portion of that study. This section of the river
drains 355 square miles of rolling farm and suburban land and for purposes of
this investigation was divided into five different ecological zones. The Red
Cedar is representative of many midwestern streams in that it receives industrial
and domestic wastes and inorganic sediments from agricultural areas.

METHODS

Artificial substrates consisting of flat plexiglass plates, % in. thick, having
a total exposed area of 1.4 dm> when attached to the supporting racks, were
used to measure the rate of growth and accrual of the aufwuchs community of
the Red Cedar River. The supporting racks were made of a wood crossbar
bolted securely to a steel fence post driven into the bottom of the stream.
Number 125 Acco clamps were attached with screws to the crossbar, and sub-
strates were held securely in these pinch clamps. Both horizontally and vertically
placed plates were oriented with the % in. edge facing into the current.

The exposure depth of the substrates was maintained at 0.6 of the distance
from the water surface to the bottom of the river to assure representative
illumination of all units and make possible the comparison of the aufwuchs
accrual rate in different areas of the river.

Six different exposure periods were allowed for the accrual of aufwuchs;
these being three, six, nine, 12, 15, and 18 days. All substrates were placed in
pairs; that is, two were placed on the rack for each of the exposure periods.

When the substrates were removed from the river, they were placed indi-
vidually in plastic freezer bags and frozen. Freezing ruptured the plant cells
aiding in the removal of the accumulated material and in the extraction of
phytopigment. After freezing, the macrofauna were removed and the attached
material was scraped from the substrates with pieces of hard rubber and rinsed
with 95% ethanol. The hard rubber did not remove any of the plexiglass. Bottles
containing the sample along with 50 ml of 95% ethanol were placed in a refrig-
erator for at least 48 hrs to permit the extraction of the phytopigments
from the periphytic algae. Grzenda & Brehmer (1950) found that samples
can be stored in this manner for at least 30 days without decomposition of the
phytopigment.

The ethanol-soluble phytopigments were separated from the remainder of
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the sample by filtering through a membrane filter with a pore size of 0.45 ..
The absorbancy of the phytopigment was determined in a Klett-Summerson
colorimeter using a 4 cm solution depth and a red filter (640-700 mp).
Grzenda and Brehmer found that the absorption of broad spectrum light is
not linearly related to the concentration of ethanol-soluble phytopigment extracts
except at low concentrations. Therefore, due to this deviation from the Lambert-
Beer law, the measured absorbancies must be corrected. Since Grzenda and
Brehmer based their method on work done in the Red Cedar River, their cor-
rection graph was used in the present study to correct for this deviation. The
corrected absorbancy measurements are designated as phytopigment units.
The ethanol-phytopigment extract was then recombined with the membrane
filter and the accompanying residue in a tared evaporating dish. The sample
was evaporated to dryness and the dry weight and ash-free dry weight (organic
weight) were determined by gravimetric procedures using an analytical balance
accurate to the nearest 0.1 mg. Although the filters did not contain a measurable
amount of ash, it was necessary to weigh each filter used in the dry weight
determination because they were found to vary as much as = 1 mg.

ResurLTs AND DiscussioN

SUBSTRATE PLACEMENT AND ORGANIC LOSS ON REMOVAL: The algae present in
the aufwuchs of the Red Cedar River were almost exclusively diatoms and the
most common genera were Gomphonema, Navicula, Fragilaria, Cymbella, Cyclo-
tella, and Synedra. Peters (1959) found that the plexiglass substrates were not
selective, but supported the same dominant organisms as did the natural sub-
strates. This observation has also been reported by Butcher (1932) and Patrick
et al. (1954) for colonization of algae on glass slides.

The organic weight of material collected from vertical and horizontal sub-
strates placed in the Red Cedar River was in a ratio of 1:1.15. This ratio for
a Washington lake was estimated at 1: 6.2 (Castenholz, 1960) and agreed well
with Newcombe’s (1949) estimate of 1 : 6.6 for the ratio of organic weight from
vertical and horizontal substrates placed in a Michigan lake. Both Castenholz
and Newcombe used horizontal placement and indicated that they felt that this
placement was better than the vertical. Newcombe further indicated that the
loss of organic matter upon removal of the substrates from the water was greater
on the vertical than on the horizontal in Sodon Lake. In the Red Cedar River
the opposite was found to be true; there being a greater loss from the horizontal
than the vertical substrates when they were removed from the water.

The Red Cedar is a turbid stream and the algae colonize in and on the silt
settling on the horizontal substrates; whereas they grow directly attached to the
plexiglass of the vertical substrates. The net result is that upon removal of the
substrate from the water, less of the accumulated material is lost from the ver-
tical, where the algae adhere directly to the plexiglass, than from the horizontal,
where the algae are not attached directly to the substrate. Because of these
differences in attachment, more of the outer, actively growing portion of the
diatom colony is lost from the horizontal than from the vertical substrates.

The organic weight fractions of the aufwuchs collected in 1961 from all
vertically and horizontally placed substrates from the Red Cedar River were
subjected to a matched pairs “¢” test to test for differences in accumulation of
organic matter on the two types of placement. The results of this test indicated
no significant difference at the 0.05 level in the accrual of organic material
between the horizontal and vertical substrates. It was then assumed that the
aufwuchs production rate was equal on vertical and horizontal substrates, and
that the small observed differences were due to the greater rate of organic
sedimentation on the horizontal plates.
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ORGANIC PRODUCTION OF AUFWUCHS: The material which accumulated on the
artificial substrates was composed of inorganic sediments, inorganic material
produced on site, organic sediments, and autotrophic and heterotrophic growth.
The inorganic matter can be separated from the organic quite easily, but the
difficulty lies in separating the three different organic fractions.

The dry weights of the aufwuchs samples collected from the vertical sub-
strates were designated as A, while those from the horizontal substrates were
designated A;,. The respective designations for the ash-free dry weight of the
samples collected from these two substrate placements were B, and B;. Ash-
free dry weight approximates organic weight and is equal to the dry weight
(A) less the weight of the ash.

The inorganic content of the accrued material is then represented by A, — B,
for the vertical substrates and by A, — B, for those placed horizontally. These
values include all inorganic material accumulating on the substrates, both that
from inorganic sediment and that produced on site. Because the algae found
on the substrates were almost exclusively diatoms, a correction was made for
the weight of their silica frustules. Burlew (1953) found diatoms to be from
35% to 46% inorganic material, while Castenholz (1960) found the diatoms of
Washington lakes to range from 42% to 55% inorganic matter. Strickland (1960)
suggested that 50% be used for the inorganic percentage of diatoms, and that
value was used in this study. Therefore, the inorganic accrual rate due to the
production of diatom frustules is roughly equal to the organic accrual rate, so
this value (B) substracted from the total inorganic accumulation rate (A —B)
yields the rate of inorganic sedimentation. Inorganic sedimentation on the
vertical substrates is then equal to A, —2B,, and for the horizontal placement
it is Ah —-ZB]L.

Average measurements of the dry weight and ash-free dry weight fractions
of the aufwuchs collected from the Red Cedar River during the summer of
1961 are given below.

283.8 mg organic weight M2 day™* = Average accrual rate of organic ma-
terial on the vertical substrates (B,)

326.5 mg organic weight M2 day® = Average accrual rate of organic ma-
terial on the horizontal substrates

(Bh)

817.3 mg dry weight M2 day' = Average accrual rate of all material
on the vertical substrates (A,)

1,252.0 mg dry weight M2 day™® = Average accrual rate of all material
on the horizontal substrates (A;).

The total inorganic fraction of the average aufwuchs sample from the vertical
substrata was calculated to be 533.5 mg M2 day™* (A,—B,), while for the
horizontal placement it was 925.5 mg M2 day™ (A, — B;). Correcting for inor-
ganic material produced on site gives inorganic sedimentation rates of 249.7 mg
M2 day™ (A, —2B,) for the vertical placement and 599.0 mg M2 day™ (A, —
2B,;,) for the horizontal placement.

It is assumed that organic sediments accumulate at the same ratio to the
inorganic sediments on the vertical as on the horizontal substrates; i.e., that the
organic and inorganic fractions of the total sediment are independent of substrate
placement. This assumption then permits the establishment of the following
relationship:

1) Av—2BU _ A]L_Q‘Bh

X X + (By,—B,) '
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Fic. 1. Standing crop of organic matter accrued on the artificial substrata during the
summer of 1961 plotted against the six exposure periods.

Where
X = Organic sedimentation on the vertically placed substrates

B, — B, = Organic sedimentation on the horizontally placed sub-
strates in excess of that which settled on the vertically
placed substrates. (Assuming organic production is
equal on both substrate placements, this excess is en-
tirely sedimentation.)

X + (B, —B,) = Organic sedimentation on the horizontally placed sub-
strates

A, — 2B, = Inorganic sedimentation on the vertical substrates
A;, — 2B;, = Inorganic sedimentation on the horizontal substrates.

Then, solving for X, equation 1 becomes
X = (A, —2B,) (B;,—B,)
~ (A,—2B;) — (A, —2B,)

Using equation 2 and the above weight measurements determined from
aufwuchs samples collected from the Red Cedar River, total organic accrual
was separated into organic sediment and organic aufwuchs production. The
amount of organic debris settling on the vertical substrates (X) was calculated
to have been 30.5 mg M2 day™, and the organic sedimentation on the horizontal
substrates (X + (B, —B,)) was 73.2 mg M= day™. The net production of
organic matter by autotrophic and heterotrophic growth was then equal to
283.8 —30.5 (B, — X) or 326.5—-732 (B, —[X + (By—B,)]) or 253.3 mg M2
day™.

o
~
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Fic. 2. Standing crop of organic matter accrued on the artificial substrata during the
summer of 1961, corrected for organic sedimentation plotted against the six exposure periods.

A further indication of the validity of this correction was shown in the com-
parison of the ratios of phytopigment to organic weight of the accrued material
on the two types of placement. During the summer of 1961, the ratio of phyto-
pigment to total organic weight was 8.27 for the horizontal substrates and 10.06
for the vertical, giving a relationship of 8.27 : 10.06 or 1:1.22. After correction
for organic sediment, the ratios of phytopigment to organic aufwuchs production
were 10.63 for the horizontal and 11.27 for the vertical substrates, giving a rela-
tionship of 10.63 : 11.27 or 1 : 1.06.

If autotrophic and heterotrophic production were the same on both the ver-
tically and horizontally placed substrates, this corrected ratio would be 1: 1.
The corrected ratio is in fact quite close to the theoretical value, indicating that
aufwuchs production proceeded at about the same rate on the two types of
placement.

COLONIZATION RATE VS. SUBSTRATE PLACEMENT: Colonization by the aufwuchs
began soon after the substrates were placed in the river (Figs. 1, 2). Following
the initial colonization, aufwuchs production proceeded at a nearly constant
arithmetic rate for exposure periods up to 15 days. At this point the colonies
stabilized and the new growth was equal to the organic material sloughed off
from the substrates. The accumulation of total organic matter is given in Figure
1, while Figure 2 illustrates the accumulation of organic matter corrected for
organic sedimentation. This second growth curve represents the organic matter
actually produced on the plexiglass substrates by heterotrophic and autotrophic
organisms. The rate of colonization and aufwuchs community growth is essen-
tially the same for the vertically and horizontally placed substrates (Fig. 2).
Organic matter, due to on-site growth, from three- to 15-day exposure periods
accumulated at a rate of 0.2533 grams organic matter M2 day™. Therefore, this
value is an estimate of the production rate of the aufivuchs in the Red Cedar
River for the summer of 1961.

ORGANIC SEDIMENT: One of the five river zones lies below a dam maintained
to power a small generator. During periods of low summer discharge, the gates
of the dam are closed until the impoundment fills, and during this time the
stream discharge below the dam is very low. When the impoundment is filled,
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the gates are opened and the flow below the dam is increased two to three times.
This sudden surge of water washed some of the aufwuchs colony from both
natural and artificial substrates, and the estimate of organic sediment for that
period was negative. A negative estimate of organic sediment indicated that
some of the organic material produced by the aufwuchs had been removed from
the substrates.

This loss of aufwuchs was not considered in the calculation of the aufwuchs
production rate of 253.3 mg organic material M day™. Therefore, a better
estimate of the aufwuchs production rate over the entire 30-mile study section
is the average of the production rates in each of the five zones. Thus, the
production rate of aufwuchs over the entire study section was estimated at
281.8 mg organic material M~ day™.

AUTOTROPHIC AND HETEROTROPHIC GROWTH: It was assumed that the the
organic sediment which accumulated on the artificial substrates contained no
phytopigment. This implies that all of the phytopigment present in an aufwuchs
sample was produced by the aufwuchs, and that none was added with the organic
sediment. Work by Grzenda (1960) substantiates this assumption in that he
noted that extractions from suspended materials obtained by filtration of water
samples from the Red Cedar River showed a virtual absence of phytopigments.
This assumption allowed the ratio of phytopigment to total organic accrual to
be corrected for organic sedimentation so that it was then the ratio of phyto-
pigment to organic aufwuchs production.

This correction was accomplished in the following manner. The total amount
of phytopigment (PU) produced per square meter per day was computed by
multiplying the ratio of phytopigment to organic weight (PU/B,) by the
weight of total organic accumulation (B,). This value was then divided by
aufwuchs production (B, — X) and the result represents the average amount of
phytopigment per mg of aufwuchs. The above discussion refers to vertical sub-
strates but the same reasoning is applied to the information obtained from the
horizontal substrates.

After the correction for organic sedimentation was made, the remaining or-
ganic matter was due to heterotrophic and autotrophic production. The auto-
trophic members contain chlorophyll and other phytopigments enabling them to
synthesize their own chemical energy source from inorganic material and solar
energy. The heterotrophic organisms do not have these light sensitive phyto-
pigments and must rely on energy-rich organic matter. The autotrophic com-
munity in the aufwuchs of the Red Cedar River was made up almost exclusively
of diatoms. The flow of the river precluded the buildup of large numbers of
micro-crustacea and all macrofauna were removed from the substrata before
the sample was processed. Thus, the heterotrophic aufwuchs community was
composed largely of bacteria, fungi, and protozoa.

Therefore, the higher the ratio of phytopigment to organic aufwuchs produc-
tion, the greater the amount of phytopigment per unit organic aufwuchs, and
the greater the percentage of autotrophic organisms.

The aufwuchs community with the greatest amount of phytopigment was
assumed to be composed entirely of diatoms. This assumption is not strictly
true since in natural waters there is always some heterotrophic growth.

This assumption is considered valid, however, since the greatest amount of
phytopigment per unit organic production was encountered in the zone farthest
from a known source of pollution which would encourage heterotrophic growth.
The maximum phytopigment content of the aufwuchs was 13,112 phytopigment
units per mg of organic aufwuchs. This value (PU;) represents the ideal phyto-
pigment content of the autotrophic aufwuchs.
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TaBLE I

Summary of All Components Contributing to the Total Accrued Material on the
Artificial Substrata. All Units Are mg M~ day™

; Inorganic . .
River Zone . . . Autotrophic ~ Heterotrophic
and {gnc()ll.ganut: é\/laéerlall Soégamgt Production Production
Placement eQimen gr)l éliigc edime (organic) (organic)
Thoriz. 318.8 298.8 154.8 141.6 2.4
Iyert. 60.3 173.3 29.3 141.6 2.4
IThoriz. 461.1 299.3 49.8 221.3 28.2
IIyert. 233.2 274.7 25.2 221.3 28.2
IThoriz. 762.8 267.6 -128.3 166.3 229.6
Ilyert. 519.1 308.6 -87.3 166.3 229.6
IVhoriz. 942.6 385.8 103.3 261.9 20.6
IVyert. 352.1 321.1 38.6 261.9 20.6
Vhoriz. 524.0 379.8 42.6 273.1 64.1
Vvert. 52.3 341.4 4.2 273.1 64.1

The ratio of observed to ideal phytopigment content (PU/PU;) allowed the
separation of aufwuchs into autotrophic and heterotrophic fractions. The average
observed pigment concentration (PU) of the aufwuchs collected from zone I
during the summer of 1961 was 12,894 phytopigment units per mg organic
weight (B, — X). The ratio of observed to ideal pigment content (PU/PU;) was
12,894/13,112 or 0.983. Thus, 98.3% of total aufwuchs production in zone I was
due to autotrophic growth. The average aufwuchs production rate in zone 1 for
this same period was 144.0 mg M day™ (B, — X). Thus, the autotrophic pro-
duction rate in zone I was 0.983 X 144.0 or 141.6 mg M2 day™.

The heterotrophic production rate was equal to the total aufwuchs production
rate less the autotrophic production rate. During the summer of 1961, the average
production rate of heterotrophic aufwuchs in zone I was 144.0 — 141.6 or 2.4 mg
M2 day™.

A summary of the rates of accrual of all components contributing to the total
accumulation of material on the artificial substrates in the five river zones during
the summer of 1961 is given in Table I. The average aufwuchs production rate
for the entire study section of the Red Cedar River was 281.8 mg organic weight
M™ day™ of which autotrophic growth produced 212.8 mg, and heterotrophic
growth produced 69.0 mg.

PRECISION OF METHOD: Collection of aufwuchs communities on plexiglass sub-
strates is an accurate method of measuring the accumulation of organic material.
The 95% confidence limits for the rate of accumulation of organic matter on the
horizontal substrates were = 28.65 mg organic weight M2 day™?, or = 8.77%
of the mean value of 326.5 mg organic weight M2 day™ and for the vertical
substrates they were = 22.42 mg organic weight M2 day™?, or = 7.90% of the
mean value of 283.8 mg organic weight M2 day™. The 95% confidence limits
tor the rate of accrual of organic matter for any sample regardless of type of
placement, time of summer, or area of the river were + 41.04 mg organic weight
M= day™, or = 13.48% of the mean of 305.2 mg organic matter M2 day™.

LiteERaATURE CITED

ABpiN, G.  1949. Benthic algal flora of Aswan Reservoir (Egypt). Hydrobiology, 2: 118-133.

BurLew, J. S. (ed.) 1953. Algal culture: from laboratory to pilot plant. Carnegie Inst. of
Wash., Pub. 600, 286 pp.

Burcuer, R. W. 1932. Studies on the ecology of rivers, II. The micro-flora of rivers with
special reference to the algae on the river bed. Ann. Bot., 46: 813-861.



240 DARRELL L. KING AND ROBERT C. BALL

CasteNHOLZ, R. W. 1960. Seasonal changes in the attached algae of freshwater and saline
lakes in the lower Grand Coulee, Washington. Limnol. and Oceanogr., 5: 1-28.
Cooke, W. B. 1956. Colonization of artificial bare areas by microorganisms. Bot. Rev., 22:
613-638.

GrzenDA, A. R. 1960. Primary production, energetics, and nutrient utilization in a warm-
water stream. Unpub. Ph.D. thesis, Mich. State Univ., 99 pp.

GrzenDA, A. R. & Breamer, M. L. 1960. A quantitative method for the collection and
measurement of stream periphyton. Limnol. and Oceanogr., 5: 190-194.

HentscHEL, E. 1916. Biologische Untersuchungen iiber den tierischen und pflanzlichen
Bewuchs im Hamburger Hafen. Mitt. Zool. Mus. Hamburg, 33: 1-172.

Iviev, V. S. 1933. Ein Versuch zur experimentellen Erforschung der Okologie der Wasser-
bioconosen. Arch. Hydrobiol., 25: 177-191.

Kevern, N. R. 1962. Primary productivity and energy relationships in artificial streams.
Unpub. Ph.D. thesis, Mich. State Univ., 132 pp.

Newcomsg, C. L. 1949. Attachment materials in relation to water productivity. Trans.
Amer. Microsc. Soc., 68: 355-361.

1950. A quantitative study of attachment materials in Sodon Lake, Michigan. Ecology,

31: 204-215.

Patrick, R., Houn, M. H., & WaLracg, J. H. 1954. A new method for determining the
pattern of diatom flora. Notulae Naturae, No. 259, 12 pp.
PeTERS, J. C. 1959. An evaluation of the use of artificial substrates for determining primary
production in flowing waters. Unpub. M.S. thesis, Mich. State Univ., 106 pp.
SLADECKOVA, A. 1962. Limnological investigation methods for the periphyton (“Aufwuchs”)
community. Bot. Rev., 28: 287-350.

StrickLAND, J. D. H. 1960. Measuring the production of marine phytoplankton. Fish. Res.
Bd. Canada, Bull. No. 122, 172 pp.

WeTzEL, R. G. 1963. Primary productivity of periphyton. Nature, 197: 4871.










PUBLICATIONS OF THE ENGINEERING REPRINT SERIES

Copies of publications may be secured from the Director of the Engineering Experiment Station, University
of Missouri. Single copies may be obtained free unless otherwise indicated until the supply is exhausted.
Requests for additional copies will be considered upon further inquiry.

Reprint No.

BT

68.

68

70.

Tk

2

(3"

74.

75.

76.

.

78,

79.

80.

Creep of Concrete: Influencing Factors and Prediction by A. M. Neville, Chairman, Division of
Engineering, University of Alberta, Calgary, and B. L. Meyers, Assistant Professor of Civil
Engineering, University of Missouri.

Effect of Creep and Shrinkage on the Behavior of Reinforced Concrete Members by A. Pauw, Pro-
fessor and Chairman of Civil Engineering, and B. L. Meyers, Assistant Professor of Civil Engi-
neering, University of Missouri. Reprinted from Symposium on Creep on Concrete, Publication
SP-9, The American Concrete Institute.

A Method of Data List Processing with Application to EEG Analysis by C. M. Philpott, Control Data
Corporation, St. Paul, Minnesota, and G. B. Lago, Professor of Electrical Engineering, University
of Missouri. Reprinted from Communications of the ACM, Volume 8, Number 5, May, 1965.

Method for Obtaining the Trees of a v Vertex Complete Graph from the Trees of a v-1 Vertex Com-
plete Graph by G. W. Zobrist, Assistant Professor of Electrical Engineering, University of
Missouri, and G. V. Lago, Professor of Electrical Engineering, University of Missouri. Reprinted
from the Matrix and Tensor Quarterly, Volume 15, Number 3, March, 1965.

Treatment of Livestock Waste-A Laboratory Study by E. A. Jeffrey, W. C. Blackmann, Jr., and
Ralph Ricketts. Reprinted from Transactions of the ASAE, Volume 8, Number 1.

The Electronic Position Indicator by Richard P. Covert, Associate Professor of Industrial Engineering,
University of Missouri. Reprinted from The Journal of Industrial Engineering, Volume XVI, No. 4,
July-August, 1965, pages 255-259.

The Reflected Impedance of a Circular Coil in the Proximity of a Semi-Infinite Medium by David H. S.
Cheng. Reprinted from IEEE Transactions on Instrumentation and Measurement, Volume IM-14,
Number 3, September, 1965.

Irrotational Flow Over Spillways of Finite Height by John J. Cassidy, Associate Professor of Civil
Engineering, University of Missouri. Reprinted from Journal of the Engineering Mechanics Division,
Proceedings of the American Society of Civil Engineers, Volume 91, Number EM6, December, 1965.

Experimental Investigation of a Magnetically Balanced Arc in a Transverse Argon Flow by T. W.
Myers, Visiting Research Associate, Thermo-Mechanics Research Laboratory, Wright-Patterson AFB,
Ohio, C. N. McKinnon, Instructor of Mechanical Engineering, University of Missouri, and J. C. Lysen,
Associate Professor of Mechanical Engineering, University of Missouri. Reprinted from Journal of
Engineering for Power, January, 1966.

A Study of the Effects of Paced Audio-Rhythm on Repetitive Motion by John A. Conte, Undergraduate
Industrial Engineer, University of Missouri. Reprinted from The Journal of Industrial Engineering,
Volume XVII, Number 3, 1966.

Measured and Computed Stresses in Three Castellated Beams by Richard T. Douty, Associate Pro-
fessor of Civil Engineering and James W. Baldwin, Professor of Civil Engineering, University of
Missouri. Reprinted from AISC Journal, January, 1966,

A Method of Obtaining a Uniform Electric Field by A. V. Dralle and D. L, Waidelich, Reprinted from
1966 IEEE International Convention Record, Part 7.

The Use of the Flux Plot in Traffic Control by Robert J. Wheeler, Associate Professor of Civil
Engineering and Elmer M. Tory, Associate Professor Mathematics, Mount Allison University.
Reprinted from the Traffic Quarterly, July 1965.

A Statistical Definition of Perfect Mixtures of Solids of Different Sizes by Kun Sup Hyun, Graduate
Student in Chemical Engineering, and L. E. Marc De Chazal, Professor of Nuclear and Chemical

Engineering, University of Missouri. Reprinted from I & EC Process Design and Development,
Vol. 5, April 1966,

A Qualitative and Quantitative Measure of Aufwuchs Production, by Darrell L. King, Assistant
Professor of Civil Engineering, University of Missouri and Robert C, Ball, Professor of
Fisheries and Wildlife, Michigan State University. Reprinted from Trans. Amer, Micros.
Soc. 85 (2): 232-240. 1966.



e e -,

,B...? =il
B




University of Missouri Libraries
University of Missouri

MU Engineering Experiment Station Series
Local Identifier KingBalll966
Capture information
Date captured 2018 May
Scanner manufacturer Ricoh
Scanner model MP C4503
Scanning software
Optical resolution 600 dpi
Color settings Grayscale, 8 bit; Color, 24 bit
File types Tiff

Source information

Format Book

Content type Text

Notes Digitized duplicate copy not retained in collection.
Derivatives - Access copy

Compression LZW

Editing software Adobe Photoshop

Resolution 600 dpi

Color Grayscale, 8 bit; Color, 24 bit

File types Tiffs converted to pdf

Notes Greyscale pages cropped and canvassed. Noise removed from

background and text darkened.
Color pages cropped.



