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CHAPTER I
STATEMENT OF THE PROBLEM

gtatement of the problem. How can a chemistry

laboratory in the Junior college be designsd and organized
80 that there may be achleved a maximum of efflciency and
minloum of time lost to the student in implementing the
"selentific method"?

At Modaesto Juniorx College the building which houses
the chemistry laboratory at the present time was an air-
craft shop during World War II. In 1946, as a result of
increased enrollment, this building was converted intoc a
chemistyy laboratory. This was intended to be & temporary

— ——arrangements; —wWith the expanslon of program and further
Increases in enrollment, 1t became apparent that this
building would not be adequate for this purpose.

There are certain aspects of this building that
strike one wlth compelling force even on casual observation:
(L) the laboratory cannot be readily adaptable to changes
in curricula, (2) the instructor cannot discuss procedures
with & single class because of physical limitations or
i poor organizational practices, (3) the student must spend
much time collecting supplies and equipment in oxder to

| perform his task, and (4) it is difficult to read the etched

—
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lines of burettes, volumetric flasks, and other calibrated
equipment because of poor lighting.

Tnere will follow in the ensuing chapters a brief
list and definlition of terms and the histoxy, growth,
purpose, and phiIOSOp?y of the chemlstry laboratory will
be explained, How the laboratory achleves its purpose
through the scilentific method will be examined; also, the
laborxatory manual nov being used will be evaluated.
Another chapbter will anaslyze the inadequacies of the
physlcal plant, item by item, Plctures, diagrams, and
tables willl substantiate the statements regarding present
conditions., A chapter will be devoted to & comparative
study of design and organlzation of ten northern

California Junior colleges., The chuaracteristics and a

plan of 4 desirable laboratory will be followed by a
summary, conclusions, and recommendations.

The sources of data and information used in this
report are the literature, visitations by the investigator,
8 meeting of chemlstry teachers, and an interview, The
sources of literature were the libraries of the College of
the Pacific, Modesto Junior College, and the University of
Californie, Ten noxthern Callfornia Jjunlor college general
chemistry laboratorlies were visited., In each case a

meubexr of the chemlstry stalf of the college visited served
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as gulde. A meeting of the Pacific Southwest Assoclation
of Chemlstry Teachers was held January & and 9, 1954, at
California State Polytechnic College in San Luis Obispo,
California. On January &, G. Ross Robertson, of Univer-
sity of California at Los Angeles, addressed the group on
fundamental problems in chemistry bullding design. On
January 9, a slx-man panel discussed the usual problems
faced in the construction of new sclence buildings. An
Interview was conducted by the investigator with Karl M.
Roth, heating and ventilating expert.

The method of procedure employed is what Whitnaey
refers to as the research survey method. "The survey,
according to recent social sclence terminology, 1is an

oxganized attenpt to analyze, lnterpret, and report the

present status of a soclal institution, group, or area,
As & result of the findings 1in this report,
structural and organizational changes vwere made in the
present laboratory at the Modesto Junlor Collsge, and ideas
acquired will be used in the new laboratoxry which is now

In the planning stage.

lprederick Lemson Wnitney, The Elements of Research
(New York: rrentice-Hall, Inc., 19?3‘67.%_‘%. 161,



CHAPTER II
THE DEVELOFMENT OF THY CHEMISTRY LABORATORY

The laborxatory, ineluding the chemlstxy laboratory,
enjoys a prominent place in all institutions of lesarning
today. Its dual purposse of tralning students to observe
and to think has been unimpeachably established., How this
came about is a matter of great interest to teachers of
science,

The first chemistry loboratory of which there 1s
any recorxd was established by Johannes Hartmen at the
Universlity of Marburg in 1609.l Laboratory work consisted

of practical exercises in pharmaceutical preparations.

The-firet modern laboratory was established by Friedrich
Ge Stromeyer In the year 1806 at CGottingen University in

uermany.z Students, the majority of whom ware tzalning for
medicine, psrforme& experiments in quaelitative and quanti-

tative analysis. Each student gave & written and oral

raport about his anelysls.

lGaorge Lockemann and Relph E. Oesper, "Friedrich
Stromeyer and the History of Chemloeal Laboratory Instruc-
tion," Journel of Chemlcal Hducation, 30:203, April, 1953.

%1bid., p. 202,



The first professor of chemistry in this country
vwas appolnted in 1766 at the College of the Province of
New York.® chalrs of chemlstyry vere establlshed at
Princeton in 1798, at Columbia In 1800, at Yale in 1803,

t Bowdoin in 18086, at Soath Carolina and Dickinson in
1811, at Williams in 1812, and thereafter at most
recognized aniversities.* Instruction wes almost entizrely
by lecture demonstration with very few laboratories, and
these were for the ilnstructor and his assistants,
Presidént Eliot of Harvard wrote in 1904

when I was a student in the Harvard College there

wag not & single laborxratory open to the gtudents in any
subject, elthexr chemistry, physles, or blology. The
only trace of such instruction open to students was in

the department of botany and that was only for a few
waeks with a single teacher, the admirable botanlst,

Ao

LY

Asa—Ggray, and he had nelther apparatus nor asslstanis,
and 1t was a hopeless job which he undertook for a few
waaeks in May and June. I was the flrst student who
ever had the chance to work in the laboratory in
Haxvard College and that wag entirely due to the
personal friendship of Professor J. P. Cook, who fitted
up & laboratory in the basement of Unlversity Hell,

Syrank Plerxepont Graves, A iistoxry oif iducation in
Modern Times (New York: The Macmillan Company,
p. 047,

4pavia Je Blick, "The Purpose and Character of

Laboratory Instruction,® Journal of Chemical Education,
321264, May, 1955,



entirely at his own expense, That was the situatlon
of the colleges in the country--for Haxrvard was by no_
means peculiar in this respect--only sixty years ago.

Another early chemlstry laboratory established in
this country was at Rensselaer Polytechnic Institute in
1825.6 Students vere required to lecture and pexrform
experiments before the class. It was not until the
beglnning of the twentieth century that inaividusl labora-
tory work became commuone.

Then, as now, the objsctives of the laboratory were
to teach students the art of accurate cobservation and how
to think, In 1906 Hliot wrote,

There are then two quite distinet functions which

gchool and college laboratories perform. [They tend to
raise the observational powers of the average, and they

give chance to meq of remarkshle capaclities to develop
these capacities,’ -

In 1935 sechlesinger wrote, "Hvexry teacher of elementary
science knows that the average human being must leaxn how

to see correctly and observe objectively."® And in 1962

50. Wo Iiliot, "Laborxatory Teaching," fchool Sclence
and Mathematics, 6:703, November, 1906,

Splick, op. cit., p. 264,
Tgliot, op. glt., p. 704,

84, 1. schlesinger, "The Contribution of Laboratoxy
Work to (enexral Lﬁucation." Journal. of Chemicsl FEducation,
12:525, November, L93b5.




4

Nechamkin wrote, "A primsry funetion of the chemistry lab-
oratory is to encoursge lmpartiul observation and
raecoxding of factg, ¥

A8 content inecreased and classes became larger,
teachers began to lose sight of the purpose of the labor-
atory. Too many teachers began to feel that the main
purpose of the laboratory vas to support classyoom work by
illustration and example. The objectives of observation,
planning, application of sclentific method, and drawlng
sound conclusions were ignored. ‘These difficulties of
teaching laboratory technique encountered by Ellot in his
day are stlll pregent, namely, using the laboratory for

illustration and to verlfy statements, 19

There is meagey litersiture concerning the develop=-

ment of the physical plant of the chemlstry laboratory.
The following description tells about the type of
laboratory that was common around the turn of the century.
They were very much like the bulldings 1ln use today.
Floors vere somatimes made of wood, despite the

current opinion of the time that asphalt ox lithoplast,

9yoward Nechamkin, "Laboratory Meetings Should
Teach Too," Journal of Chemlcal Education, 29:98,
February, 190%.

10gi0t, op. git., p. 705.
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& mixture of parafined saﬁdust. sand, and megnesie cement
was moxe suitable, Sinog asphalt gives way under pressura,
desks and other heavy pleces were supported on wood framing.

waste lines were made of high carbon cast lron,

lead, and glazed earthenware, vater plpe of galvanized
lron or lead-lined black iron was considered to be most
desirable, Sinks vere ggnarally a%parene stona which was
considared to be the bééézmaterial for that purpose., Stone-
ware was used by some, howaver., whltewash and a mixture of
lithopone (zine sulfide and zinc oxlde) were the surface
coverings used for protection of walls and other surfaces,
Asphalt, chrysolite, and pltehy coatings were used on pipe.

nalls were constructed of red brick, yellow brick,

or brick with white glazed facing. Plaster was rejected

because it cracked, peeled, and broke away leaving patches
of exposed lath, Matched wood varnished in its natural
gtate was acknowladged to be the ideal ceiling.

Hoods were designed, for aesthetic effect, with
backing of glass tile. The square or rectangular hood
ducts were made of wood, iron lined with glazed tiie set
in tar, asbestos composition, or other speclally desligned
material. Baskervillell deslgned a duct which consisted

llgcharles Baskerville, "Some pPrinciples in Labora-
tory Construction," gelenge N. S., 20:666, November 13,
1908,
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of a frame of galvanlzed iron lined with a lattice work of

expanded metal bands. This lattice lining vas riveted to
} the frame, thereafter being covered with approximately
five eightns inch laysx of cement contalning some plaster
and sodium silicats,.
Desks and desk tops vere made of wood, Concerning
desk tops Gill wrote,
Speaking from wlde observation and the experience
. of others, the writer is convinced there is no better
S WSIE R s e el
The different types of wood advocated were northern pine,
whitevwood, cedar, and Callifornla redwood. An anilline
black formula mixed with an equal part of linseed oll was

/ used to finish and proteet the table tops. This formula

L consisted of two solutions, The first solution composed of
one hundred grams aniline hydrochloxride, and forty grams of
sal ammoniac dissolved In 650 cublc centimeters of water
was applled to the tables top. When this coating was
thoroughly dry, the second solutloﬁ containing one hundred

'grams of copper sulfate, and fifty grems of potassium

laAugustus He Gill, "Suggestions for the¢ Construce
tion of Chemical Laboratories," gclence N, S., 30:5660,
Octobexr 28, 1909,
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chlorate dissolved in 650 cublic centimsters of water was
appliad.13 This type of protective coating applied in the
same manner 1s used today. |
f Laboratories were heated by steam radiator. Ven-
tilation was affected -by an exhaust fan, Baskervillel?
describes the "push-pull® system of ventilation., By this
he means a;r was filtered and then drawn. over tempering
colls by a laxrger motor-driven fan, It was then carrled
by the ducts and driven into the upper poxtion of the room,
A fan in the attic pulled the aix from the bottom of the
room through another set of ducts. '
The safety measures provided.in the early labora-
torles were palls of sand with scoops, small fire hose,

— —éportablaAiina_extlnguisnaxa,4§nQ_SQQWQ£§ggg,__

Lighting was glven a gbod deal of thought.
Baskerville says,

The width of the building, in my opinion, should at
no point be more than sixty feet except where the
i lecture theater ls located. This will provide an ample
| corridor of about ten feet and laboratories not too
| deep for good light throughout, from without. To
| secure the latter, cellings should be at least fifteen
feet in the cleax from the fluox,.lS

| 131pid.
l4paskerville, op. cit., p. 667,

181pid., p. 666,

VR W
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Pertaining to plumbing, the thinking then as now
was that it should be exposed where it 1s easily accessible.
Plpes were hung from the ceiling or conducted through

vertical raceways where they could be easily repaired, or

taken down, or where new lines could be installed.

Some materials used in the constructlon of labora-
tories today, such as alberene stone desk tops, or oakwood
furniture, or plaster walls, were utterly repudlated in
the ploneer laboratorles, For instance, Gill wrote,
"Quartered~-oak desks and alberene stone tops seem almost as
maenh out of place amid the fumes and acids of & chemical
laboratory as dress sults for the students. 6 GL1l1 had
this to say about plaster, ". . . plaster of any kind is

inadmissible in a celling on account of its disintegration

by acid fumes,"t? Today the composition of plaster is such
that it no longer disintegrates in the manner described by
(Gil1l. Also, alberene stone is found to hold up better

than any other desk top materlal on the market today.

Summary. This history indicates that the purpose
of conducting & laboratory even from the tlme of 1its crude

beginning has changed appreciably little through the years.

1646111, logc. cit.
171bid., p. 549.
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The validity of the sclentific method, the concept upon

which the laboratory was developed, has not changed, Only
the physical plent hes undergone some changes, Develop=-
ment of new materials and changes in design and organiza=-

tion are the only ldeas that have changed with respect to
the chemistry laborxatory.




CHAPTER IIX

DEFINITION OF TERMS USED, AND THE PURFOSE AND CONTENT OF
THE GENERAL CHEMISTRY LABORATORY

The search for truth in the field of seclence has
been golng on for centuries. 'The methods used in pursuit
of this search has very often determined the valldity of
rasults, Because this is so, scientists have for
centurles attempted to defline "the sclentific method.”
The following definitions tell about soms of the most

commonly used methods,.

I, DEFINITION OF TERMS

— Selentific method. It is dAifficult to pin the

scelentific method down to a step-by-step series of thought

‘processes as many authoritles do. Blick says:

It should be borne in mind that much that has been
written about the scilentiflic method is sheer verbal-
ism, and that the sclentiflc method does not follow a
series of steps but consists of the use of lnnumerable
and almost unclassified techniques.t

However, it 1s helpful to an lndividual to have & step-
wise outline of the scientifle method for & pattern,

lpavia J. Blick, "The Purpose and Character of
Laboratoxy Instruction," Journal of Chemical Hducation,
32:265, May, 19586,
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yealizing that 1t is flexlble and adaptable to different
sltuaticns, One such stepfby—stap definition of the
sclentific method is by Gerrett, Haskins, and Sisler:

(1) observing a phenomenon, (2) collecting and organlzing
facts regarding the phenomenon, (3) devising an hypothesis,
(4) testlng the hypothesls experimentally, and () alter-
ing or rejecting the hypothesls or accepting it as

tneory.g

pDeductive method. Bossing defines the deductive

method of problem solving as, (1) clear recognition of the
problem, (2) the search for a tentative hypotheslis, (3) the
formulation of a tentative hypothesis that appears to have

promise as a posslble solution, and (4) verification of

1935, pp. 467-70.

the hypothesis.3 Bliek gilves a slmplified definition
which i1s more applicable to problem solving in chemistry
as, "In the deductive approsch the student starts with a
prinelple and mekes observations or psrforms experiments to

verify what is already known."® An aexample of & chemistry

Zp1fred Benjamin Garrett, Joseph Fredric Haskins,
and Harxy Hall sisler, REssentlsls of Chemistry (Boston:
Ginn and Company, 1951), pe 4.

BNelson L.Bossing, Progressive pethods of Teaching
in Secondary Schools (Boston: Houghton MALflin Gompany ,

4p1ick, loc. cit.
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experiment perxformed using the deductive method would be
the usual laboratory preparation of oxygen after it has
bgen discussed Iln class, Here the student knows in
advance what to look for, and performs the experiment to

merely verlfy what he has read orx heard discussed.

Inductive nethod . Bossing's definition is (1) clear

recognition of the problem, (£) the search for data,

(3) the careful sifting, comparing, and abstracting of the
significant data collacted, and (4) ganaralization.5

A simplified definition would be the formulation of
concepts and principles based upon carefully sifted data
and facts, Uslng the above experiment as an example, if

the student performed the experiment, preparation and

properties of oxygen, before it is dlscussed or assigned, =

and detailed instructlons omitted, the student probably
will not know what to look for in advance, and must observe

carafully in order to advance sound concluslons.

I, AIMS, OBJECTIVES, AND SHORTCOMINGE OF THE
LABORATORY TODAY

The objectives of the laboratory, to which most
chemistry teachers agree, are;

SBossing, op. cit., pp. 470-72,
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To davelop interast. Carmody6 rates this
objective first in relative importance because
without it othexr objectives cannot be
attained,

To train students in the recognition and
solution of problems by means of the sclen-
tifiec method.

To illustrate and clarify principles discussed
In the classroom, The laboratory is a meang
by which the student comes in actual contact
with chemicals and equipment. It glves real
meaning and clarification to concepts.

To develop habits of accuracy, honesty, self-
reliance, ingenulty, cleanliness, and keen
observatlo Ghemistry is an axact sclence
which requiras accurate measurements,
calculations, and precise definitions of
prineclples and laws., Schlesinger states,
"teachlng students how and what to see is
Just as much & paxrt of well-rounded curgiu~
ulum as is teaching them how to think,"

To develop laboxsatory technique and skill in
the use of equipment. Such skills as bending

6.

of glass, use of the burette, analytical
balance, pipette, volumetric flask, and
barometer,

To develop the ability to write a satisfactory
report; that 1s, to organlize and express
¢leayly what took place in the experiment.

6y, n. Carmody, "Elementary lLaborstory Instruction,®
Journal of Chemieul FHducation, 12:233, May, 1935,

00 & Schlesinger, "The Contribution of Laboratory
Work to General uduoation," gournal of Chemical Education,

12:524, November, 1935.
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The shortcomings of the laboratoxy are:
1, Experiments asre sometimes performed in cook=-book

fashion where the student follows printed directions,

teken from the text. It is not uncommon for a student to
have his experiment written up before coming to laboratory
by copying tihne work of a previous student ox by using
information derived from the text.

2, Too much emphasis is placed on the deductive
method where the student knows what to look foxr before
going into the laboratory, and not enough on the inductive
method, In other vords, the sclentific method of solution

to problems 1s ignored, resulting In vexry little experi-

-ence in formulating and developlng plang, observation, and

conclusions from observations. Thus, ilnterest in labora-

tory work lags, and very little learning takes place.

III, HOW THE LABORATORY ACHIEVES 1TS AIMSE AND HOW
THE SHORTCOMINGS ARE FLIMINATED

fo resolve the shortcomlngs enumerated above, some

chemistry teachers recommend that the lecture-demonstratlon

method be used., Arenson® recommends that this method be

8saul B. Arenson, "Demonstrations vs. Chemistry
Laboxatory foxr Freshman Englneers," Journal of Chemical
Educatlon, l8:241-42, May, 1941,
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used for students in the field of engineering (except
chemical engineering). Hunt? describes & method of
lecture demonstration which is used for freshmen chemistry
students, The demonstrations are glven at rsgularly
schedaled two-hour perlods, and do not consist of the
spectacular demonstrations used with the formal lecturae.
The student is graded on written tests which follow the
demonstration., The advantage of thlis method is that it
saves time and money to the student and the school. AS
a general practice, for all vwork in chemistry, the lecture-

demonstration method 1s not considered to be the best nox

doas it produce the best results in carrying out the

objectives of the laboratory. There are times, however,

—_when the lecture-demonstration method 1s more practicabla:

experiments where there is an element of danger, where
agcurate results are difficult to attain, or where
elaborate equipment is needed. |

Most of the shoxtcomings of the laboratory may be
resolved by the indlividual laboratory method. Accoxding to
Thomes,1©0 most shortcomings can be resolved if the

experiment provides for an unknown, if detailed

9Herschel Hunt, Demonstrations as & Substitute for

Laboratory Practice in General Chemistry," gournal of
Chemical Education, 12:73-75, February, 1935,

10y, B. Thomas, “"Leboratory Work and the Scientific
Tg&%od," Journal of Chemleal lLducation, £20:379, August,
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instructions are avolded, if results are not given in
advance, and 1f results are needed to plan further work.
The use of unknovwns makes it lmpossible for a student to
copy from his neighbor, or to write up the axperiment from
the text, By leaving the detalls of the experiment up to
the student he must plan, develop, and make keen, accurate,

impartial observations in ovder to galn good results.

1V, EVALUATION OF THE LABORATORY MANUAL UEED AT
MODESTO JUNIOR COLLEGE

The toples covered in the laboratory manual presently
being used at the Modesto Junlor College are: welght
relations in chemical formulae and equations, gaseous

. atates of matter, concentrstion, aclds, bases, salts,

electrolytes, lonization, and chemical equillbrium. This
ls essentially the same material that is covered at the
University of Califoxnia, '

The good features of the manual are; (1) the
content, illustrations, and safety precautlons are vexry
good; (2) the questions are of the type that require
considerable thought and instructlons preceding each exper-
| lment are clarifying; asnd (2) the write-up contains a
; saction uhicn requires the application of principles to

problems or to new situations.



=0

The unsatisfactory features of thls manual are;
(1) only sleven of the first thirty experiments provide for
an unknown or the taking of measurements to make calcula-
tions, This 18 not enough, With few exceptions every
experiment should be of this tyba. Also, since this
manual is the interlinear type (by interlinear is meant
the fill-in type), the student gels very little training in
organlzing his experiment and describing the results of
his observations and his conclusions in a clear, concise
form. He is, in effect, sclentifically inarticulate., A
survey conducted by Hart'l reflects this. A personal lettex
was addressed to the directors of technical personnel
procurement of fifty-three natlionally known companies,
research institutions, and government sgencies that employ
sclentists. 7These men were &sked to comment upon specific
omissions in the sclence tralning backgrounds df recent
college graduates, From this group thirty-three replies
ware received, They were practically unanimous in their
exiticism that recent graduates cen neither read nor write,
nox can they think in logical fashion or present ldeas
verbally; (2) the term formality 1s used instead of

1lyilliam F, Hart, "Evaluation of an Undergraduate
Chemistry Curziculum,*" Journal of Chemical Lducation,
511363, July, 1954.
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molarity to express concentration. This can cause
confusion in the minds of students beceuse molarity is
more commonly used by most authors; (3) experiments are
sometimes presented in improper order. YFor instance,
oxidation-reduétion is placed too early in the manual;
before students have had an oppoxtunity to bulld up a
sufficient background. This can be discouraging to

students, and so, they mey lose interest.
V. ESUMMARY

Although the laboratory may undergo periocds of
deterioratlion under the individual. laboratory metnod, it
is still the best method of instruction if used properly.

- Interest is maintained bescause most students have a natural
curlosity and desire to know about things golng on about
them. The students also take pride in individual accom-
plishment, Also, concepls are more clearly pin-pointed
by the individual laboratory method, and thus they are
better understood, If the Instructor fully understands the
purposes of the laboratory and what the sclentific method
attempts to achleve, the individual laboratory method does

accomplish its purpose most effectively.



CHAPTHR IV

THE PHYSICAL PLANT OF THE CHEMI STRY LABORATORY
AT MODESTO JUNIOR COLLEGE

Structure of bullding. The freme building housing

the chemistry laboratory is 110 feet long, 47 feet wide
topped by an axched roof with a maximum and minimum height
of nineteen and twelve and one-half feat, respectively.

The arched roof, which is constructed with one-inch by six-
inch pine boards covered with roofing paper has a surface
area of 5,790 square fest, The wall surface covers &n area
of 3,687 square feet, 986 square feet of this is single
glass vindow, and the remaining area is stucco on the out=-

slde and plagter board on the inside. There are 5,264

sqQuare feet of concrete floox divided as follows: 704
square feat for lecture room, 992 square feat for store-
room, 768 squaxe feet for advanced laboratory work, 132
square feat for two offices reserved for three instructors.
Figure 1 shows the division of floor space &as descrlbed

above,

Heating system. There are two Fraser gas flred

forced air furnaces each having an output of 67,500 British
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thermal unitsl

per hour., This means that actually 135,000
British thermal units of heat flow through a room of
approximately 69,000 cublc feet of space per hour.

Temperatures were recorded at various times baetween
the hours of 9:0C A.M. 8nd 5:00 P.M. during the five~day
pexlod from December 15 to Dacember 19, 1952, Three
Fahrenheit thermometers were placed along the vwest wall
near the door, in the center of the room, and along the
north wall of the laboratory. The lowest temperature
recorded was sixty degrees and the nighest temperature
recorded was sixty-elght degreas.

Table I shows the recoxrd of temperatures taken. It

ls to be noted that only the thermometer placed in the

center cf the room recorded temperatures of sixty-eight —

wnich 1s considered to be the desirable temperature by

health authorities. The filrst reading was taken at 4:30 P.M,.

on the twelfth of December and then again at 3:30 P.M. on
the fourteenth of December anﬁ most of the afterncon of the
following day. It is to be noted that the laboratory
closes at 5:00 P.M. At no time during thet week did the

other two thermometers reach sixty-eight degrees,

lThe British thermel unit is the quantity of heat
required to raise the temperature of one pound oif water
through one Fahrenhelt degree,.



TABLE 1
TEMPERATURES, IN DEGREEE FAHRENHELIT, OF THE CHEMISTRY

LABORATORY FROM DECEMBER 15 TO
. DECEMBER 20, 1952

e e e S S e s R S R s Ty

Thermomater Numbexr

pate Time - No. L No. 2 No. &
Dec. 16 2100 PeMe 62 6% 62
3:00 P.M. 66 67 65

4:30 PoMe 67 68 66

Deec, 16 9100 AeMe 61 62 62
10:30 A.M. 64 64 63

12130 PoMe 65 66 64

3100 Poile 63 66 64

Dec. 17 8130 AMe 61 62 61
11:00 AJMe - 61 62 61

i} 300 PelMe 64 64 63

) e BB Rl 67 66 66
pec. 18 9:00 A.Me 64 gk v T e
11:30 AoMe 67 68 66

2130 PeMe 66 68 66

4:30 PoMe 65 68 66

Dec, 19 9:00 AMe 60 61 60
11:00 AM. 61 63 68

*#ylndow open.
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Calculations were made to determine the heating
requirements for a bullding of this size., Two different
forms were used: (1) the Coleman Company, Incorporated,
gondensed method which 1s based on the funiemental code of
the Natlonal Waxm Air Heating Assoclation, and (2) the
Servel Incorporated method based on the Amexrican Soclety
of Heatlng and Ventllating Engincers. According to the
Coleman method calculations, & minimum of 234,678 British
thermal units per houx are requlred to heat this room
adequately. DBased on the Servel method calculations a
minimum of 316,742 British thermal units pexr hour are
required to heat this xoom comfortably. These calculations
do not take into consideration the discharge of conditioned
alr by two exhaust fans located in the roef,; and three
hood fans, These fans withdraw vast quantities of heat,
When any or all of these fans are In operation the heat
requlirements are considerably larger. The deficlency of
heat 1s fell wost in the storeroom where one small duct
must supply heat for a room of approximately 140,000 cubie
feet (992 square feet of floox space).

The gaseous conditions that exlst at various times
cause the thermostatic controls of the heater to corrode.
This renders the furnaces inoperative necessitating the

bother and delay of getting a repairman to get the furnaces



27
back in working order. Msanwhile the students suffsr from

extreme cold.

Lightinge. The chemistry laboratory 1s 47 feet long
by 47 feet wide making the floor area a total of 2,209
square feet, There are 142 square feet of window area on
each of the east and vwest walls of the laboratory, making
a total of 264 square feet of window. The windows, which
are not shaded in any mannexr, start at 4 feet above the
flooxr and rise to a height of 11l feet. (See Figures & and
Be)

The balance room runs parallel with the windows
along the east wall, (See Figure 1, page 85.) At a dls-

tance of five and one~halfl feet wast of the sast wall of

the building is located the west wall of the baslance room.
(See Figure 1, pege 23, ard Figure 4, page 30,) This
further obscures the admission of light. The chenlistry
laboratory building is surrounded entirely on all sides by
other buildings, light from the west belng s