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PREFACE

Great changes are currently taking place in the teaching of
science to seccndary school children. The emphasis is moving from
teacher-centric activity involving student verification of princi-
ples explained in lectures, to pupil-centric work in which, through
guided experiments, the children endeavour to find out for them-
selves and in their own way the principles or lews relating to the
perticular topic they are studying. Demonstration follows, rather
than precede:, experimental work and ad hoe group discussion re-
places formal lecturing. Every seience lesson now needs to be
held in the laboratory, for in one period the activity may change
from student experiment, to discussion, to teacher demonstration,
back to experiment and finally, recapitulation, perhaps by film-

strip or brief talk.

These changes will inevitably be reflected in the nature of
the building accommodation and furniture that is provided for the
new science teaching. It is important, for example, that new lab-
oratories be designed not only to house laberalory benches but also
to provide space for discussions; initiatives that are encouraged
in the student by the new teaching methods demend muvable rather
than fixed furniture; facilities are required for group project
work and the need for display and visual aid aress is much greater
than was the case in the past.

This publication endeavours to provide information on the
functicns, furnishing and design of spaces for nhysics teaching
in lower and nigher secondery schools. It has been framed in a
regional context with physics syllabuses cf the Asien Region in
mind but varietions to the suggestions mede will sometimes be
necessary depending on locel conditions. For example. the furni-
ture shewn is intended for construction in timber because it is
the most readily obtainable and cheapest material available in
most countries of the Region. Some States in which steel is
cheap, may prefer to use light sections. Apart from considera-~
tions such as these, the general principles outlined by the
Consultant Fducationist who has participated in the preparation
of this document will be found valid in all countries.

The study has been approached in four stages. In the first
stage the situation as it affects physics teaching in the Region
was studied together with sizes of teaching groups and age ranges
of second level children in the countries of the Region. The
changes in teaching method that sre taking place in the Asian
Region in the field of Physics were identified. Standards of

accommodation, where they exist, were examined.

The first stage was followed by a systematic study of
setivities in the physics laboratory made by the Archicect in
collaboration with the Consultant, a specialist in this field, who
outlined the various teaching requirements, the material to be
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tanght wné the ciarges in teaching neshod eurvently talking place.
From this siudy, ‘urnituvre wza Seveloped end a vrcuotype of &
mowebie ghudent Lepuh nroduned in the Institubels workshop.
Finally, the sréce requirad ln the labovatory wae quantified.

The Aravingg of daberetay layoute shewn a2t the end of this
paper were ripiually oroduced 89 models belore reduction 4o the
o ciwensloned ford, |

The backixeual 1o the production of this paper is the urgent
need for = rewdy rzfeorence o the deriga of physics leboratories
in tke Apien Hopicos In tome comtrier where erchitectusal ser-
vie2e are not avaiisble 4he situation is difficult, for not only
is 41 impossible for bhuse respensible for desigs to translate
eduesatioral requirerents indo usefil ard economicael building
aseommodation, twh also Treqicnily they do not reelise the need
for the dialogue between the educator and the designer that ia
an assential prerecuigite o good school bullding.

Even whare an araluitect's sevvisog gre aveilsbic, then there
1p often insufficient “lme for ths protreched discussions with.
phyaics sweclalishe that cre so vitel to laboratory designe This
peper xay asged st in providing some vsefud background woterial in
thle contoxte
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SUMMARY
There is a change in emphasis in the new'physicé teaching

methods in the Asian Region from teacher-cemtric to pupil-centric
teachirg. Future laboratories will need to be designed to provide
fecilities for studeat experiments, discussion, demonstrations,
students' projmot work and greater use of visual aid materials.

This involves dringing the classroom into the laboratory and aban-
doning the separate physics lecture rooms; it requires easily movable
student work benches at which the children, through guided experi-
ments can find out for themselves and in their own way, the
principles relating to the particular topics they are studying.

These principles have lad to the design of essential furni-
ture to facilitate the practice of modern teaching methods in an
anvirorment which ensures reasonable illumination and thermal
comfort for the children. Emphasis is given to the correct
sizing of furniture in reletion to body sizes of Asian secondary
school children.

Designs suitable for use in either hot~=humid or hot-dry (or
cold) climates are given for laboratories for teaching groups of
20 and 40 children.

It ig concluded that the per place resquirements for larger '
laborstories are between 3.4 and B.Em and for smaller laboratories

of 20 places, 4.5m2. These areas include storage space, project

space and dark room. This is a more economical use of space than

is presently the cese in some Asian countries in which the laboratory
is used together with a lecture room, the combined areas of which

mey excsed 5m@ per place.
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COMMAIRE

Lars les régions d'Asie un chungement d'auccent g'est
effectué & pronos de nouveliss méthodes sdoptées pour 1l'enseige
nement de ia physigue. I'accent oui ftait cvr l'enseigrement &
ia méthode "teacher-centrie” (e'egi-d-dire l'instituteur ect le
centre de la classe) ect maintenant sur 1'enseignement "pupil~ .
centrie® (¢legt-f=dire les #lives sont le centre de lz classe).
A llaverir, il sera récessaire de dessiner les laboratoires Ae
meniére que les éiéves puissent faive des expfriences, avoir des
discussions et des démonssrasions. Er méme temps les labora-
toires doivent 8tre pourvus de fecilités pour le traveail de pro-
jet des &léves et de facilités pour 1l'msege d'aide visuel. Ceci
entrainera moyens 1!'absndornement des selles d'études séparées.
En fait, il faudra 'epporter” la salle d'études au lsboratoire
ce qui exige de . tabies d'expérimentation portatives ol les
é18ves puissent 7:ire des explriences et dfcouvrir individuelle-
ment les principes en rapport au sujet qu'ils zorb en train
d'étudier,

Pour cette vaison i) f-ut duessiner les meubles qui facili-
tent l'application de méthodes d'enseignement nouvelles dans un
environ 4'illunianation suffisante gui garantit un confort thermi-
qne aux enfants. L'accent est zis sur une construction bien
ajustée 3 la snille des €léves 4'€ccles necondnires d'Asie.

Ci=joini: vous iLrouverez i:s deseirs Je luboratoires pour
1'enseignencnt de 20 et 4C €ldves., 1lls sont cdaptés § la con-
struction dans les deux climate, soit chaud~humide, soit cheud=
sec (ou froid).

En eonclusior i) fant rappeler que ia place nécessaire par
€lve est de 3.Um? & 3.5m¢ s'il s'agit dc grondes luboratoires.
Une surface de 4,5m? 28t nésessaire si le laboratoive est con-
struit pour eccommoder 20 &ldves. Ceci comprend la place de
rangement, la chambre noire et la plece de projeta. Ce genre
d'utilisation de 1'espace & disposition est plus Economique que
celui en usage & présent dans quelques peys d'Asie oll ie leabora=
toire et la salle d'études sont construits séparément. Dans ce
cas la surface combinfe du-: laboratoire et de la salle 4'Etudes
peut surpasser 5m? pas &l&ve.




Ao

1401 Introduction

This paper is the result of a study made in order to be able
to suggest a suitable enviromment for the teaching of physies in
secondary achools in the Asian Region. There. are, of course, con-
olderable difficulties inherent in attempting this: conceptsof a
sultable laboratory will change with time; differing points of
i view may lead to differing concepis of what is or is not sultable,
’ it iz in any case almost impossible to provide one solution to
such a many faceted problem.

Whatever the solutions that are finally developed, 1t is firast |
necessary to define the design problem and identify the needs to |
which the design solutions must respond. Bagically the laboratory
will have to provide good conditions for both teaching and learn- |

o Good teaching encourages a ready understending not only of
- the concepts of a subject but also of its objectives. It nay in-
volve mony different teaching methods and techniques. 1In this -
contoxt. it will bo related to the genoral objectives of science
education which will be decided by the philosophy of general
education in each individuel country. |

Before designing a phyeics laboratory it is necessary briefly
to define the aims of physice teeching and the teaching methods
to be used.

' 1:02 Zho Maln Puspose of Jesching Pivsies

" 'The study of the natural sclences is common in ell countries
of the region and the reasomsfor which it is taught vary little J
-from country to country.. In general these are:-

a) To develop a responsive attitude towards science;
b) By means of scientific end technological develop-
ments, to impreve genere.l‘ living conditions.

Physics teaching is a part of science education. Within the
framework of general socience education, its specific objectives
may be said to be -~ ‘

1) to provide students with an opportunity to use the

' methods of science and to cultivate a scientific
attitude - that 1s to enable them to approach
physics and to use its principles in the context

of their own environment;
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ii) to give an wnderstandivg of ths saln brauches of
.phyosics without nacessarily attempiing & cot
prehensive suxvey of the subject and develop
an understandinog of physical principles and
thelr place in normal svepry day lifey

1i1) tc develop ir the atudent zeriain practical sikills
and accomplishuents suck as obsosvalion, reflec-
tive thinkicg and probles solving which will be
useful in further science studieg and in every
day life., Thesa acconplistments will be :
acquired in the process of laboratory work in
which the sbility o1t the stndeats to do things

| for themselves will be stre. .ed;

iv) to provide imspiration to “he poientially brilliant

gtudent who mey-find a future vecation in the
f | field of phyazics.

1.03 The Tegching Methods used in Phvaeica

The design of & teaching space should raflest the methods of
teaching that are to be used in it For exampie 2 university
lecture hell is vsed for lecturer-ceniric worke. The sudicnce is
| static and the sort of space that will emerge will probably be
1 fenwshaped on plan with the students arranged concentrically in
E front of a lecture table which will form the focus of attention,

In o primary eschool classroom where tho ectivities ere child-
rather than toacher-contric, the children will work in small
groups. A epacs that is square on plan sud with welie on walch
the children can drav end hang drawings would be mest suitable.

The physical difference between the university lecture hall
and the primery school classroom ere due to the different methods
of teaching for which they are provided.

It is importent thercfore, before atiempting to design a
physicae lsboratory to examine cexefuily the methods currently
in uso in teaching physics. They are:- -

a) labozatery Work

‘The lsboratory ie the core of all physlce
teaching and therefore, it is essentisl that it be
tailorad precisely to tho methode used. The firet.
and wost Amportant Leaching method is experimental i
worke In this the rtudents are encouraged to de-
velop a gense of enquiry, to use scientific methods
effectively and to develop certain manual ekills in
connection with their apparotuss The object of ex-
perimental work 1s o develop an uvaderstanding of
the feet and principles related to physice end to
inculeste systemetic application of thaee principles
in the minds of the students,
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 In these approaches to experimentsl work a number
of important pointe should be considered:-

1) The work requires to be developed by the
teacher and the students together. The
process of systematically planning an
experiunent is perhaps as important to the
students as the experiment itself, for
the designing of an experiment is an im-
portant part of scientific method. _

i1) The investigation by the student should be
a true experiment and not merely an ex-
ercises The students should attempt as
a result of the study of a problem to
find for themselves the soiution to it.

111) In planning experiments the students, as
indeed the teacher, will inevitaebly have
access to laboratory manuals and other
textbooks. It is of importance that
these texte not be copied in connection
with experinental work but rather used
as alds.

iv) The preparation of reports of experiments is
important as it gives the student oppor-
tunities to orgsnise the data and ideas
which he has obtalned from the experiment.
Where students are too young to prepere a
comprehensive written report, then an oral
report may be made to the class by an ine
dividual or a groupe In such a case the
report would be followed by a discussion.

The demonstration of certain aspects of physics is
an important complement to the laboratory work of the
studente It is of added importance when complex appa-
ratus is to be used and difficult processes are in-
volved. In this event the demomstration may precede
the student experiment. In general however, in order
not to remove the initiative from the student, the
lecture/demonstration will £ollow the experimental
attempte of the studeats and in this way, round-off their
experience with a particulay topic. Demonstrations are
not necessarily the work of the teacher. Students may
also participate individually or in groups in giving de-
mongtrations to the rest of the class. The function of a
demonstration may bese

1) to solve a problem .
ii) to explain a principle or a fact
1i1) to demonstrate a skill or technique .
iv) to evaluate. student achievement by commiti~
ing students to participate in demonstrations
v) to demonstrate objects or types of apparatuse




fhe design of the laboratory should be such as to
ageisy in aeking demonstrailons af{ective. To achieve
this the demonstration should bs cleerly visible. khere
B ' more than oue set of spparatns ie to bh. demonstreted in
a lecture, there must be storoge space close to the de-
wonstration table in whlch to keep spperstus not in use
on the tabls. |

[ Good teaching practice requires thai demonstrations
‘ »  wrled out in advance of the lesson and for this it
mey be useful %o provide a preparation area in a small
gtore or other spuce adjacent to the leboratory.

c) Ercject Method

The third function of the laboratory is to provide
space for student project vork. A student project may
involve the study of a problem by an individual or by -
amall groups of students. The study may last from a few
days to a period of several weeks. The project approach
presents 8 veal opportunity to encourage the studeants to
nge sclentific method: thal is fo define the provlem, to
vlan the work, to examine resources, to execute the plan,
and finelly to draw conclusions. 1% is in project work
that the student mey meke his most luportant discoverlese

Lasting &8 1t does for a period ranging from & few

1 deys to a faw weeks, project work requires a special ares
L iy the lsboratory in whick spparatus can remain standing
- untdl 1% is no Aanger reguired. Moreovex thare should be
gpeve in whieh to display to other students the project
Pesulia .

The wey 4n which projsct werk is fitied inte the
normal teuching programme will be conditioned by the
follewlog s~

homework in coecurriculsr activiyy.
43) For the very able students, project work may
- often form s substitute for normal labora-
b ' tory worke On the otiier hand the stimula-
L * tion provided to less able students by pro=-
: | ject vork maites it valuable to them aleo.
1ii) Projects provide an excellent opportunity to
introduce other agencies into the labora-
tory. Commercial firms may be willing to
lend apparatus ox demomnstrats their pro-
ducts, visiting lecturers may offer advice
apd help and, in eome countries, private
agencies may be persusded to give prizes
and scholerships for outstanding work on
individusl or group projects.

| 1) Project vork may relate laboratory work snd
| -
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It is salso true to say that the manner of conducting a
project will 1nev1tably reflect the breadth of acxentzfzc
knowledge and interest of the tweacher.

: . LR

The project method is sometimes called the “problem
solving" method. It imvolves the provision of time for
the student privately to study and to plan the project.

Where groups of students are concerned they cean be or=
ganized as research teams, the teacher becaming the
director of research.

d) Discussion Method

Discussion is ome of the most important teaching
techniques. Discussion between students and teacher will
lead to an understanding of the purpose of experiments,
demonstrations and projects. It provides for an exchange
of ideas and may initiate different approaches in tackling
e particular problem. The purpose of discussion may be:-

i) to initiate problems;

) to exchange ideas in planning projects;

) to formulate hypotheses from the information
collected;

iv) to draw conclusions;

v) to clarify and interpret experimental work.

ii
iii

- The role of discussion being extremely important in
the teaching process and the subject of the discussion being
- experimental work in one or other of its forms, it is impor-
tant that it be possible for all discussions to take place
in the physics laboratory itself. This requires careful con- °
sideration in the planning of a laboratory and in this con=
nection it is important to note the following:-

i) Discussion needs effective leadership either by
the teacher or by a student;

ii) Discussions mey be among a complete class or
betwveen amall groups of students. The
smaller the group the more effective is

~ likely to be the discussion, for every
student will then liave the chance to offer
his owvn views. However after small group
discussion is complete, a full class dis-
cussion is needed to unify the conclusiona
of the several groups.

* ¢) Directed Reading Method

It is extremely importent that students studying science
should have an opportunity to extend their knowledge beyond
the work that can be provided in the leboratory. This ex~
tension of experience can be obtained by guided reading and
it is important that the physics laboratory in f£ts capescity
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as thy core of physics work in the school should conteln &
shelf or two of current general books, reference works and
periodicals, Students should have full access to this
meterial and be provided with an opportuniiy to read it.
Periodicels may.provide an important source of meteriel
for astudents and help them to sslect and understand i

portant ideas whichk they may use in their worke.

. At the sanme time the student should be introduced to

' the school library aud permitted to learn from the i1ibrarian
the use of reference tools and indices and receive advice
on how to widen his reading.

| £) Quher Toaching Yethods | _
E { For the seke of completeness it may briefly be | '
mentioned that an additional and important aspect of i

physics studies are field excursions. This work has, of
course, no direct effect on laboratory design.

| 1404 Motdvee in Declin.

| It may be concluded from the foregoing that the design of physics
laboratories ashould be “"permissive®™. There should be sufficient flexi-
‘ bility to allow the use of any teaching method and to permit both the
teacher and student to solve probleus in waye which are not necessarily
those shewn in the textbooks but which spring from a desire to improvise
L and to experiment in the students® own way. This will zot result in
a rigid laboratory leyout but rather in the creation of an eavironment
4n which apparatus is conveniently stored, uhere benches can be pulled
here and there as occasion demends, where there 1s sufficient light
easlly to see what is being done and vhere the student is comfortable, ‘

be he sitting or standing, lisiening or active.
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CHAPTBRE 2

2,01 General

If physics teaching is to be successful then it must take place
in an enviromment which 1s conducive to learning. Adequate aural,
visual azd thermal comfort mmst bs provided end furniture must be
such that it facilitates the performance of the varied tasks for
vhich it has been designed. In creating this environment the most
important factor is the body size of the child. This fixes the
sizes and heights above floor level of the working surfaces to which,
in turn are related the cill heights of windows and other sources of
illumination. The arrangemeants to provide thermel comfori, parti-
cularly in hot, humid areas, will also depend on the standing height
of the child, Finally, the question of storage is related to the
hoights above floor level to which the child can reach both above
and below bench level. The heights are related to ihe body size.

The purpose of this chapter is to draw attention to those factors
affecting environment that have a direct bearing on the problems of
phyeics lavoratory design outlined in the chapters that follow.

2.02 GiAldren's Bodv Sizesl

Asian secondary school children range in age from 14 to 18 years
and in mean height from 1.46 to 1.57 metres:

Age Height
Seare - HMetres
14 1646
15 1451
16 1454
17 1455
18 157

L )

The girls do not differ eignificantly in heigh® from the boys and
there is only & + 3% difference in mean height emong children of secon-
dary school age from Ceylon, India, Indonesia, Pakistan, Philippines
and Thailand. North American children are 12% taller than Asian
children and 1t is important not to use the body siszes given in North-
Anericen or European books on gchool buildings when designing the en-
vironment for Asian schools. o ‘

MMore detailed referenc:, to this topic is contained in the Institute's
Occasional Papers, which are listed in the bibliography at the
back of this study. |
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0f courze, all children of s particular sge group are not pre-
cisely the same height. In & sauple of 14 year—olds, whilst the
mean height is 1.46m, 65% of the semple will range from 1.39 to
1.93 metres whilst if 957 of the semrle ie considered the total
renge will be from 1.30 to 1.63 metres. That means that some
children of 14 years = not many ~ will be taller than the average
18 year-old,

The danger in furniture design iz in meking chairs and tables
too high rather than too low, too big rather tha: too small. In
this pasper, therefore, the standing height used to calculate bench
and shelving height, bench depths and widtha, is thet of the 1k
yeer-old, 1.46m. This assumption will be convenient for the
majority of the 15, 16 ard 17 year~olds. It will result in rather
smell furniture for the few very tall students in the 18 year-old

group. .
Standing end Sitting

For most of the activities in physics laboratories the chila-
ren should be provided with facilities either to sit or to stand so
thet, depending on the activity they can lemrn to conserve as much
energy #s possible. Indeced it has been shewn that reaching, in .
certain circumstances, requireg more energy expenditure when
sitting dovn than standing upig

However, as the characteristic of work in a science lsboretory
is a change, depending on activity, from sitting to stending and

. ‘standing to sitting, most working surfuoces need to be arranged

at a height convenient for standing work and chairs or stools pro=-
vided to enable a child also to sit comfortadly at this height
both for experimental work and for note-writing. |

Stending workeor table-top height convenient for & 14 year-old
child is 76cm. and this can be regarded as a "datum level" above
or below which the heights of all other items of furniture, shelv=
ing and fittings es well as cill levels to windows, are fixed.

Just as the "datum" table height was determined by standing, so
the depth will be besed on the confortable distance that can de
reached forward horizontally, in thie. case, whilst sitting. Thie
depth is SOcm. '

L
2/

MeCraoken, E.C. and Riehardson, M., Hwnan Er.ergy Espenditures
ae Criteria for the Deaign of Household Storage Facilitiss,
Jowrnal of Home Eoonomieg, v.61, nmo.3 (March) 1969:

p. -0. = ’
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The length of work top that can be conveniently reached and used
by a 14 year=old is about 75cm. The resulting space required is
shown in Figure:1.

Pig.1 - Location of working surface

2.0, Seats

Having established the eize and location in relation to the
finished floor level of a work table-top for stending and ‘sitiing
vork, the size and position of seats suitable for use with the work
top need to be determined. :

! The area of a comfortable seat will have to be 28cm. deep and

! 3icm. wide in order to £it em 18 year-old whilst the height of the
N seat, if it is to be sultable for a 14 year=old, must be 54cm. with
a foot rest at 15cm. from the floor.

QK The distance from the working surfece to the top of the thigh

should be no more than 9cm; this means that there is no space for

a draver under the work counter at the place at which the student

sits. The projection of the child's knees under the work top will
be about 15 cm.

o S ;S AR W REC o

b o s s b

Figure 2. also shows the height of the work top to be con=-
venient for standing work. ~




.

Pig.2 - Standing and sitting at the working surface

Re 05 .Storagg

The MeCraken=Richardaon studyz/ indicates that from an
energy conservation viewpoint, there ure lower and upper
limits for shelving beyond which & very much greater effort
iz needed to place equipment tham is required in what might,
be called the "zone of convenience® The energy expenditure
data in the study suggests that if it 1s necessary to reach
forward .over & work top for items heavy or large enough to
be 1lifted with two hands, then these should be stored between
‘58cm. and 1.09m. above floor level, whilat items thet cen
be lifted with one hand should be atored within & sone hetwsen
39cm. end 1.25m. ebove the floor. Outside this zone should
be regarded as dend storage space, and used only for very
rarely used pieces of equipment.

Cp. cit. page 14
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It will be noted however that storage space down to floor level
1g uged in the case of students! book and beg units . (Figure 18).
This is beceuse the student only usees this spece (and thus only
bends down to it) twice - at the start and at the end of every
lesson.

The limits for usesble storege space are shown in Figure 3 vwhich
indicates also the standing work top datum.

It is, of course, possible for a child to reach above 1.250.
The 14 year-old student with a standing height of 1.46m and stand-
ing close to the plane of the front edge of the shelving, could
reach to 1.76m. : ‘

However, it is unwise to arrange shelves above .aye=level for the
gurface is difficult to see and thus difficult to keep clean. Eye-
lovel for & 1.46m. -nigh child would be at 1.36m above flcor level.

The width of shelving above fixed bench tops should be mot
greater than 25cm- or it will intrude into the useful area of the
bench below and may come into contact with the head of a student
leaning forward over the bench. o

For storage.

| ifloor level.

Fig.3 - 2ome of convenienoce for etorage
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- Two benches spaced 86cm apart give just enough space for a
student to puss sicdeways botween the backs of two other students
standing to work at the benches. In a science luboratory where a
student may be handling a delicate instrument or working perhaps
with hot liquids thie is insufficient space. In the laboratories
shewn in this paper therefore, a miaisum clear space of im. is
allowed (Figure 4).

* 76 cm.

~
e

\.0 A, *

Fig.4 - Spaces betwsen benchas

Poor lighting in a laboratory may lead to early tiredness and
lack of concentration se a result of which accidents, mistakes and -
breakages may ocour. Many of the sclance laboratories in dela are
poorly illuminated altbough realisation of this fact is not coumon
among those who use them dus to the extraordinary espacity of the
eye to adapt to conditions of under- or over~ Allumination.

Different minimm levels of illumination are required for
different tasks. Tho finer the task, the higher the illumination
level needed to perform it efficiently. 'Thus in a general scisnce
laboratory, much better lighting will bs required for dissection
work than for en experiment on, say, the triangle of forces.

s
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There are widely differing views on the minimum acceptable
illumination levels some of which are shewn in Table II.

Where illumination levels for the precise application given
are not regulated the. levels for the nearest similar application
are given in the Table. Thus for India, illumination levels for
laboratories are not listed; those for "sustained reading" have
been giveh instead.

TABLE II ~ Minimum required Illuminetion Levels (in lux)
in different Countries

Countnrny

ACCOMMODATION |S.Africa |-India |Japan | U.S.A.| U.K. | Sweden
B 74 5/ 6/ | ¥ [/

Classrooms 215 163 150 322 107 . 168

Laboratories 215 307 300 | 1076 166

5/

8/

A concensus of the results would suggest the fbllow1ng illu-
mination levels:=-

Classrooms ebout 180 lux
Science laboratories about 200 lux

- Of course, where electricity is available it can be used to
supplement daylighting to provide whatever illumination level is
required. Probably over 80% of Asia's schools are in rural areas
where electric lighting is often not available in schools. The
three sections shewn in Figure 5 indicate the levels of natural
illumination that could be expected on the bench tops in laboratories
with verandah, without verandah and with double-banked corridors.
In each case the illumination level has been calculated in front
of windows. Behind the columns between the windows it will of
course be lower. Cill heights have been taken in each case at
standing bench height, that is, Téem above floor level. -

/.Rennhackkamp, WM.H.;,  Selool iightiny. - South Afriea.
‘ National Butilding Research Imgtitute. School Buildi
Serieg; Report, no.10. Pretoria, 1964.

Indiar Centyal Building Research Institute. Building Digest,

no.40:  Fenestrations for Daylighting in the Tropies,
Part I - The Sky Compoment.

Japan. Ministry of Edueation. Educational Facilities Dzvzszon.
Sehool Bude%nqs in Japan Tbkyo, 1967.

4 Rennhackkamp | op.czt.
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It is clear thet less than half of a double~banked laboratory
cannot be used withcut supplementary electric light and in situs-
fions where electricity is not available, douvble~banked labora=—
tories should not be built. In addition to the poor illumination
thet results from their use they also present a very difficult
ventilation problem in hot-humid areas.

The laboratory with verandsh is commonly used in high latl-
tude regions with the verandah towards the equator forming & sun~
shede. 1In this case quite good illuminetion is available on the
side of the room away from the verandah but one third of the
space although suitable for other purposes could not be used for
deteiled measurement worke The verendah-less laboratory is the
most eultable of the three alternatives. Not only is it cheaper
but the illumdnation is more even over most of the section, at a
level suiteble for all purposes.

g Illumination cen be improved by as much as about 20% by the

use of as much gless and as few glazing bars as possible, by re=-

' gular cleaning of the glass and by the maintenance and regular’
re-painting or distempering of eaves goffites, cellings and walls
in light colours. ‘ ,

Perhape the most important aspect of thermal comfort ig that
it ig the child who is to be made comfortable and not the room.
In the humid tropics where cooling is by evaporation of perspi-
ration from the child's skin, the need is to direct the air-
currents that speed the evaporative process at the child and not,
as is so commonly observed, at the celllng above the child's
head, | : |

Asia presents three general thermal comfort problems:-
“1; the humid zone problem; | |
ii) the dry zone problem;

131) problems of the upland or cold zones.

It is only possible at present to generalise about these
probleme for first, there is littlé information on what people
in Asia find thermally comfortable and, secondly, there are a@o
many variable factors affecting thermal control such as wind
direction, wind speed, cloud cover, insulation, humidity and the
1ike thet to date, no very precise methods have been devised of
ensuring a therwally comfortable environment through building
design = that is, of course, without the aid of air conditioning.
Nevertheless, in both hot~humid end hot~dry zones certain simple
steps can be taken to reduce the effects of the asoler heat load.
Basically, the smgller the area presented to the sun, the less
the heat gained. This 1s compatible with present efforts to
economise in the per place areas of schools. Thus, schools in
low latitudes should be arranged with their narrow "ends® facing




the low, but hot, early morning and late evening sun. This means
the "long" sifes of the building will face north and south and, as
the mid-dey sun is high, its angle of incidence with the "long"
walls will be low and the solar gain small. In single storey
schools it may be. kept off the walls altogether by overhanging
reofs which are often, in eny case, needed to exclude direet sun-
shine from the lsboratory windows. (See Figure 5, middle seetion).
Where laboratories are st the end of a building then it is & good
idea to arrange the store op the end wall zo that any heat trang=-
P mitted will warm the store and not the teaching space (Figure 6).

_ End wal Ruing low, =
LABORATORY STORE carly moming swr. *o8

VERANDAH

LABORATORY  ARRANGED
EAST-WEST

! Fig.8 - Orientation of the laboratory

As far as possible external finishes should be in very light
colours as these in general reflect more radiant heat than darker
finishes. :

Brick and concrete work should be coloured white and, where a
selection of materisls ere available for roofs, the lightest
colour is to be preferred. Alwngnium vill transmit less heat,
even when dusty, than eclay tiles®/ although tiles are to be pre=
ferred from this viewpoint to old amd fungus—covered asbestos sheets.

There is one major difference between the design of labora=
tories for thermal camfort in hot~humid and hot-dry zones. In the
L hot-humid zones the cooling of the occupants of the leboratory is
- achieved by ensuring either that breeze vasses through the labora~
| tory or that turbulence is created; whereas in the hot-dry zones
thermel. comfort is betder achieved by sealing the building against
the sun.

8/

~ Koenigsberges, 0. and Lynn, R., Roofs in the Waym Humid Twopics
(Architectural Association. ~ Paper no.l. L on, Lu

Humphries, 1965.)

Aruntext provided by Eic
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This air movement speeds up evaporation at the surface of the
skin and gives a feeling of cooling. In order not %o impeds the
passage of the breeze from one side of the room to the other 1t
is essential that ventilation openings = ususlly windows = be pre-
sented to the breeze and that all high cupboards and division walls
be arranged normal* to these openings and thus parallel to the
breeze (Figure 7). '

Pig.? - Arrangement of furniture for good croes ventilation

On the other hand, in hotedry gones, where air temperatures
outside are so high that body heat cannot be reduced by respiration,
then thermal comfort is best achieved by sealing the building early
in the worning and reducing the rise of temperature inside by ex-
cluding solar heat. Tho location of furniture in a laboratory in
these circunmstances from a thermal comfort point of view is of
1ittle consequence, -

There is also e need in the winter months in upland countries
and countries with hot dry summer climates, to provide heating
‘ facilities for the winter. In Afghanistan, Korea and Nepal for

L exanmple, snow is common and below~zero temperatures are frequently

% experienced. In the North of India and in West Pakistan, children

I are often taken out intc the playground in the early morning to keep

i vara in the winter sun. Fortunately in these circumstances the

: "gealed® building, so essential in the very hot months when the heat

| need to be excluded, is also convenient in the winter when the heat

needs to be "kept in®, Various countries have various ways of heat-
ing classroons depending on the construction of the bullding and the
fuel available. - In the design suggestions given in Chapter 4, space
should be included for appropriate heating devices.

S - —— : g

S -

* at right-angles to
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CHAPTER 3

FURNITURE IN THE PHYSICS LABORATORY

3.01 General

Furniture in a pnysice laboratory has a more flexible rdle to
play than in u chemistry or biclogy laborastory where tables and
shelves rarely have eny function other than that of housing ser-
vices and providing a staeble, level based on which to stand
apparatus. Physice experiments, involving as they do, the study
of mechenics, heat, light and wave motion ete., require furniture
to vhich can be securely anchored, or from which can be hung, the
ends of wires, blocks, pulleys, trolleys, batteries and the like. .
Sometimes experimentel apparatus will be suspended fram the edge
of the table, on other occasions it mey be cramped to it, whilst
less frequently, smel) towers of equipment may be constructed re~-
quiring e firm fixing at the base. Physics experiments, perhaps
more than those of any other science taught in second-level
schools, lend themselves to invention and improvisation. The
furniture in the physics laboratory must be designed to facili-
tate this so that the student cen give free rein to his imagina=~
tion in investigating the natural phenomens included in the
physicis syllabus.,

3.02 Facilities required in the physics laboratory

A study of three physies teaching schemes shows the following
requirements ccnnected with furniture and services:-

TABLE III

Facility 3 of expwriments reaquiring the facility

Scheme 1 8/ Scheme 212/ Scheme 3-!-1-/

Heat 1 3 17
Elgetrie power * 20 44 19
Rurning water - 0. 0.5 0
Stable horiaontal work top 60 24 61
Edge fixing to work top 20 s 0 ]
Ripple tamk 9 13 /]
Cetling hooke 0 0.5 0
3

Floor space (no furniture) 10 10

&
maina, battery or accwmulator.

__

¥ Fducational Services Incozomted. Physical Soiences Study Committee.
Fhysice laboratory guide. Boetom, D.C.Heath, 1960,

174 Buffield foundation. Muffield Physiess guide to sxperiments. Pt 3.

labuses of instruction and schemese




The facilities listed, of course, overlape. Experiments requiring
heat or ‘electricity also require a table top. It is clear that the

- designers of physics schemes rely heavily on the facilitlies that are

available in the enviromment in which they worke Thus, for example,
in Ceylon, as in most Asien countries, in rural schools there is
frequently no main electric pover source. The use of electricity
hag, therefore, been limited to that provided by torch cells or
accumulators. The Nuffield Scheme on the other hand, makes consl-
derable demands on electric power in the sections dealing with light,
presumably because electricliiy is readily available in the areas for
which the schemes are designed to be used. : '

Despite these differences of emphasis and approach, all three
schemes have certain common requirements. Fhysice laboratories need
provieion for steble, horisontal tables atb which there should be good
facilities for clamping apparatus; electric power {rom cells, accu-
milators or from a main supply should be available atb the table;
there is evidently little nesd for running water and slthough heat
is required, its application is infrequent; the leboratory should
have floor space for general experimental work and for work with

rr.lyplo tanks.

From this it mey be concluded that there should be places for
all students at tables which are provided with electric power and
a fev extra places at which water and gas or oll for heat for ex-

* periments ere available when required.

The degres of Amprovisation and genuine experimentation required
of the students in the new schemes of physics teaching are such as
to suggest that the mejority of studeant work tables should be movabls.

There are, ap will be seen below, other compelling roupim for
mobile furniture if effective teaching &s to be made possible.

3.03 The laboratory

The traditional method of teaching physice involves a lecture
explaining a particular principle and, in the following period, an
experiment carried out by the students in which the principle ex~
‘plained in the lecture is verified. The lecture normally takes
plece in a clessroom and the experineatal work in the laboratory.

The new methods of teaching tend to reverse this process. The
students, working in small groups, or as individuals, commence study
of a particular topic through an experiment in which they endeavour
to £ind out for themsélves the principle or laws involved. Al some
‘suitable moment, when as much as is possible has been gained from
the experiment, the teacher will initiate a class discussion in -
vhich the results of the various student experiments are studied
and the outcomes of the experiment determined.




A good example of this type of Leaching is given delow:~

Young's Experiment:~ Interference of Light Waves:

Student Exveriments = looks through two slits in a

slide at a lemp.

- sees dark and light bars = why?

- gees bars near end of pattern
coloured - why?

- govers lamp buldb with red cello~
phane and puts ruler above it.

- how to determine Sin@?

= what is the .vavelength of red
light? etc.

Class Discussion . = Teacher decides thai time is
' ripe for discussion of
students’ work and results.

Teacher Demonstrates -~ The differences between measure- -
ments of the directions of
nodal lines using & ripple tank.

Tegcher shows £ilm <~ A brief film or talk recapitu-

or recapitulates lating the purpose of the
lesson brings it to a conclusion.

., Clearly it would be most inconvenient during such a lesson to
nove backvards and forwards between classroom gud laboretory bve-
cause the uature of the lessons alters - from experiment - to
discussion = to demonstration = to film. The students cen in
these circumstances best remain in the laboratory and arrenge
themselves, their chairs and their tebles as conveniently as
possible in relation to each change in activity as it occurs.

Every lesson will not necessarily follow the pattern outlined
above. Sone periods will simply comprise experimeat and discussion,
others o demonstration followed by a film or an experiment followed
by & demonstration. Whetever the variation, it will inveriebly be
found more convenient for the students to remain in the latoratory
and to adjust the position of the chairs and tables so that they
cen most effectively participate in each new activity.

To facilitate this it is important that the physics work tables
be designed so that they cem:easily be moved and the laboratory .
quickly arranged in the most sppropriste way to suit the veriaus
pheses of the lesson.

This is not to suggest that all physics teaching must be con-
dueted in a laboratory®. For example, a lesson on Total Ianternal
Reflection might involve no experimental work dut simply round off -
earlier lessons dealing with light at the boundery of two substances
and develop, possibly through graphical exercises, a qualitative
familierity with total internal reflection. The equation for eri-
tical change can then be esteblished.

‘It is worth noting, hovevew, that in the Nuffield Schemes for
Chemistry and Biology, all the programmed work is in the
laboratory.
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Such work can easily be undertaken in an ordinary classroon and
will occupy one or more poriods during which students will not find
it necessary to move either thenselves or thely desks.

Py

The design of the work-table to be provided for-all students in

the physics laboretory depends on the grouping of students for ex-
proiments and the minimum dimensions required for experimental worke.
Shape, stabillty, provision of services and the materials of con-
struction are also of fundamental importance. The type of Lensh
finally selected will, moreover, have & major influence on the
total area of the laboratory. '

a) Grouping of students

The ideal group for most physics experiments comprises
two students. Indeed many experiments would be difficult to carry

out single-handed.

On the other hand large classes of up to 50 coupled
with a shortage of apparatus ers, likely to remain s feature in
nany Asian schools for some time to come and in such situations
groupse of tvwo students per experiment would be impracticable. The

. maxioum sise of group that can work reasonably, with every student

given en opportunity to make individusl observations, may be put
at fouwr and it is towards such a grouping thnt this study assumes
most educational authorities will be directing thelr efforts in

respect of the supply of physics apparatus (Figure 8).

The class

O 0000
O 0000
0 0 O s

©C0 000
090 ©
divided into groups
O~ O O O O
OcC Opo O9°° 07 Qo Oé"
resolve a problem
through

exploration, cxperiment -

O
')O

‘o JNe)

Pig.8 - Grouping of studente in the Phyeics laboratory




b) The suspe of shveies excerimente and alse of workisg
surfzge

:  Biology work is charscterised by the almost equare
dissection tray, chemistry experimeuts tend to centre on bunsen
burners and beakers sad at elementary level are round in charac-
ter. Work in physice tends if anything to occupy long, thin,
rectangular areas of bench, Studies of liight, for exanples,

?;"e‘ nngg% involving sighting in straight linas through lenses
gur'e * ‘ )

Fig.9 - A typteai Phyvics experimsnt occupying the full bemch length

Studies of forces are also lineal in cheracter. An oxanination of
the three physics teaching soheaes referred to above shous six
student ~xporiments 1.5m in length and a number of others requiring

almost this longth of bench.

The dimension detersined for the worklag surface of the free~
‘gtanding students! bench is thus 1.5a x 750m {see 2.03 above).
This for 4 students in the 14 to 18 year=cld group, will be located .
at standing work table height, that is 76cn above finished floor

level (sse 2.071 above)(Pigure 10).




Pig.10 - The working surface for a movable student's bench

In addition to the space required for experimental work,
hovever, it will be necessary to provide surfaces at which the
students can record the results of the work they are doing.

No experiment will occupy the whole of the table and it may
reasonably be assumed thet two of the groups of four students
will find space on the table for their notebooks. The other
two atudents mey be provided with "pull out" shelves for writ-
ing - similar in character to those commonly found at typists'
desks (Figure 11). :

Fig.11 - Pull-out writing eurfaces

The projection of these shelves should not be such that students
can exercise sn overturning moment on the teble, vhich must be
stable.

IToxt Provided by ERIC

ERIC
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¢) iixing to the table

Lopanber of experiments - as

will be seen from Table IlI
require cramping to the edge of
the work surface. Small joiner's
cramps are often used for this
purpose. The work surface should
thus projact about 10em free of
any supporting rails all round
the table top (figure 12). Where
cramps are used then the table
top should be of bhard weod or
other materiel able to resist
indentetion,

d) Electricel services -

As has been explained in 3.02
above, the students' physics
table should be movable.
Fortunately the majority of
experiments involving the use
. of electricity require direct
current and this can most
eagily be provided from

3

Pig.13 - Acoumulator storage shelf

Fig.12 - Cramping to the working surface

accunulators or torch cells.
Torch cells can be used on
the work surfece but
sccumulstors can better be
stored under 1t and con=
nected by leads to the
apparatus on the work top
(FLgure 13).

Alternating ‘current, when it
is required, can be provided
by cables from outlets
erranged &t convenient points
either around the walls of
the laboratory or from sockat
outlets in the floor.

is part of this Study, & proto-~
type physics table incorporating
the features ocutlined above wii
made in the Institute and is
shevn in Plates 1 and 2.
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3.05 Wall=fixad work-tsbloa

Az hag been explained asbove, some experiments require heat,
water or mains electricity. They represent only & small percent
age of the total experimentel work but, nozetheless; provision
st be made for them and this is best arranged at wall benches
in which can be set sinks, ges taps and power outlets. Where gas
3o not avsilable then electric heaters or primus stoves will be
the usual alternetives. A primus stove is certainly best located
on & fixed bench where it is less likely to be kmocked over.

The work-table itself should not be wider than 50cms - this
being the maximum comfortable forward reach of a 14 year-old (aee
2,03 Sitting end Standing)e It will bo fixed to & croas vall or
along the length of the laboratory preferably, under a window, At
Jeast one eink (but preferably for a class of 40 about four)
should ba get in the table-top. Glass~fibre pinks are to be pre-
ferved to ceramic sinks as they are less likely to cauce damage
if glasgware ig dropped in them.

In schools vhere main water supply is nob available then a
tank, filled daily by hand, or by rainewvater from gutters in the
roof can be provided inside or outside the building at a level
sufficient to pr:-:de a head of water at the taps. If it ie not
dosired to provide expensive, piped water services then (as ie
suggested in Study No.3 of this geries, 8
Leboratories for Sacopd=leved Agian Schools) & 3-litre agpirae
tor can be placed by each sink and filled from tine to time with
2 bucket of water drawn from the nearest well.

 Vhere mains power is available, earthed, 13 amp. A.C, out~
lots should be provided on a scale of about one per four students
with gas outlets on the seme scale (Figure 14). |

v
" T
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I

+_ 1- O * 11OmM + o ‘ ‘ +___
Pig.14 - Continuous work-table fized to w;:lz

. The total length of fixed bench provided is difficult to
deternmine exactly. Most teachers, however, are of the view that
the more fixed benching available, the better and thus in this
etudy, it is suggested that el) well space not occupled by other
furniture, should have 50cm wide continuous vork=table £ixed to it.
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3406 Fixed worle-toble storpae univg

Sterage at the fined work-iables should be either above or
below the dable murface and within the Yzone of convenience"
(300 Fignre 3). Thie mesnp that wall cupboards can be bLang
above t0 & mexizwn heigbt(to bottom shelf of cupboard)of 1.25m
above finlahed flcor lavel and helow the table top %o 39cm above
finighed flcor level. Tigure 15 puggeste the pattern that might
regult, Iwe differont types of underebench units cen be provided,
ocune with drawerg, the other wvith e cuphoard. ‘

-

cvawer wmb |,
Fig.15 - Stérage ot the wall-fized work-table

it should be noted that the old type of full~depth cupboard under
the worketable is nod recomsended., Inspection of many of these
cupboarde in existing sechools shows that due Lo the difficulty of
reaching dcwn into thew, they are often, =% best, unused and at
worst, filled with rabbish. "Out of sight -~ out of mind* perhaps
bast descrives this traditionsl situation.

The under~beuch storage unlta, it will. be seen, dus to their
"modular® size, can be «lid in under tho fixed table-top at strategic
points. On the opening of a new laboratory there may dba 1ittle to
gtore other than those Ateme of ejquipment comprising the official
firegt lesue. Ap work in the laboratory proceeds, more equipment’
may be constructed by the students themselves, As this occurs and
the need for storage grows, new units cen be added either under or
over the bench.

3.07 mmmn.mu

Most of the equipment used in a physics laboratory will be kept
in a separate ptore adjecent to the leboratory. This etore will,
be linked to the laboratory by a door but it may be found more




convenlent for the teasher or where appointed, the laboratory
sttendant, to issue equipment throagh a hatch thue excluding the

students from the store itself., This will be found more importsnt
where classes sre lerge end where it would be imposaible for every

student or even for group leadere toc ender the estore without creat-
ing confusion, -

The hatch shouvid te provided with a coanter at normal bench
ievel (76cm. above floor level) which may bs part of a normal fixed
work table (see 3.05 abovej, The hatch ghould be 1@ wide and high
enough to provide a clear view for an adult from store to laboratory.
The hatch needs also to be provided with secure doors (Figure 16).

P — Land
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3.08 Proieot work-table

The space for indlvidup) or group project work should be
finished with a fixed wall«type unit with under-table-top cupboards
and drawers. Cas and A.C. ebould be aveilable. Above the table end
iixed to the wall & tackhoard will be found most useful in assisting
the students either to hung apparatus or to pin up the plen of the
| project or dete connected with it, such as graphs of readings {(Fgure ).
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ERIC ' Fig.17 - Project work tabile
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It should always be possible for those not actually working in

a project to obtain from inspection of it and

from material

posted on the tackboard, e clear idea of the aims of the project

and the progress achieved to date.

2.09 Utility table

Good physics teaching will encourage students constantly to
watch out for semples or newspapers and magezine articles connec-

ted with their lsboratory work. For example,

as interest deve-

lops in that pert of the syllabus dealing with electricity and

magnetism, they may, from time to time, bring

in parts from radio

sets and old cars. O0ld lenses and the like may be used during the
section dealing with optics. The skilful teacher who attempts to
relete the principles being taught to these everyday articles
gshould be provided with a small table and tackboard at which dis=
plays of the article and related literature can be arranged. In
addition to this student activity, the teacher will often arrange
e special exhibit of apparatus and literature connected with each
particular section of the physics syllabus as he teaches it.

Probably two or three bays of the standerd fixed work=teble
will be sufficient for this purpose, behind whieh an area of tacke.

board can be provided on the wall.

3.10 Areillary furniture

—— '\‘

X -~
e X

) Students' book and
bag storsge unit

Most students
will come to the
library with a
smell stack of
books or a case
or bag. The
rest cf their
books and bags
will be a nuisance
to them during
the physics period
and a book and bag
storege unit ‘shoul’
be provided near
the door of the
laboratory at
wvhich they can
leave those items
" not actually needed
for the lesson.

Fig.18 - Students' book and bag storage unit

+
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b) Book and periodical shelves

The importance of guided reading hae elreedy
been mentioned in Chepter 1. A simple movable
periodical rack is suggested. Thlis cen be arrang=
ed on a fixed table-~top &id & single shelf for
books slid in underneath (Figure 19).

i

Pig.19 - Book and pericdical shelving




- 36 - | |

c) Chart cabinet

Chartes and printed disgrams are of greet value as aids
to the teaching of physiecs. There are many storsge cabinets
available Tor this equipmert but the type illustrated in
Figure 24 has been found very convenient. The charts are
Hung from their rellers in a diawer-like frame from whieh it
is very easy to select the particular chart reguired. Above
the frame, cpportunity is taken to rrovide flannel or tack-
board for other visual aids, Sizes are not given in the
figure as these will vary from country to country depending
on the size of the charts used.

I SR T T e
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Fig.20 - Chart eabinet
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3o1 Zeachar's Degopstration Beneh

| Leboratory work fluctuates between student experiments, de-

" mongtration by the teacher or students and dlecussions. The de-
monstretion by teucher or students and the discussions will tend
to foous around the teacher's demonstration bench., This bench,
because of the compreheneive functions it hes to perform, must be
provided with all available services, i.0. gas, water,A.C. and
D.C. The beroch chould be slightly larger than would normally be
required for a gtudent experiment. It should also contain storage
space for ceverel medesup experiments as during the course of one
lesson, the teacher may give two or three demonetrations using
different sets of apparatus.

It is important that the demonstration bench be easily seen

i ; by the students who are watching the demonstration. This can be

| arranged in two wayss first by raieing the demcnstration bench on

‘ - a platfarm; secondly by erranging the bench at floor level with
space near to it for the students to gather eround it. The old
idea of putting the teacher up on a platform is fast dying and
most teachere find i% more conducive to good teaching to be in
closer contact with the students. The bench, which is shown in
Figure 21, is 2m iong and 75smwide and the height is the standard

| bench top height, i.e. 76cm. The surface of the table should con-

tain two sockets into which cen be screwed metal posts that may be

| used from time to time as fixed retort stands.

Another piece of equipment, shown in Figure 21, that is ex-
tremoly useful in the laboratory is a vheeled cart. This ehould
be 50cm x 75cm and its height should be the same as the stendard
bench height, 1.¢ 76cm. The cart mey serve several purposes.
ds shoun in the figure it may be used to provide additional
length to the demonstration table. I¢ may also be used to wheel
apparatus about the laboratory. Finally it provides a useful

_.stand for & file-strip or other projecter.

r
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Pig.21 . Taacher's demomstration bench
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CHAPTER &
The Design of ics laboratorie

4+01 The Degien Problen

The design of pbysics laboratories for the Asien Reglon is
& complex problem. In the first place the methods of teaching
currently in use in the Region vary greatly from country to
i country, In some states traditional methods of physice teachw
> ing are deeply entrenched whilst in others the most up=to-date
ideas are being useds In all countries the design of phyeics
. laboratories tends to, lag behind the changes in physics teache-
| ) ing and indeed those who are working in schools having tradi-
tional laboratories frequently find that the rigid laboratory
furniture layout seriously interferes with any attempts that
mey be made to introduce new teaching methods.

The second design problem which arises in considering the
-Asien Region as 2 whole 1s that of design for climate, Ilebora=
tories in hot-humid aress require good cross ventilation if the
students and teacher are to remain thermally comfortable. This
| means that all storege cupboards have to be placed on cross

. wvalls, parallel to the breeze in order for air to flow from cne
side of the laboratory to the other. In other climates, either
very hot or very cold, tut dry, the reverse is the cases In
such situations there is a nesd to exclude external breezes
from the laboratory in the winter in order to keep the occu=
pants as wvarm ag possible and in the summer, to exclude very
high temperature, air and dust.

The third problem concerns illumination and this is to
some extent linked with the.problem of design for climate. It
ie also connected with the urban-rural situation in Asia, 80%
of Agia's school-going population live in rural areas where
electric light is the exceptlon rather then the rule. In such
i situations the laboratory will have to be 1lit entirely by day=-
| light, This does not present & problem in the humld sones where,
by as described above, the demand for cross ventilation requires
windows on either side of the laboratory. In hotedry and cold
situations, however, where it is necesgsary to exclude the breezes
from the laboratory, then normally physics laboratories will form
h part of double-banked buildings, that is to say bulldings having
u . a central corridor with rooms on either side. These rooms will,
| therefore, be lit from cne aide only, receiving little other
+ than reflected light. Figure 5 in Chapter 2 suggests that to
obtain satisfactory illumination from daylight in such circum-
stences is extremely difficult. | :

Another problem in laboratory design is related to the
Apian pituation in vhich, as mentioned above, the majority of
physics laboratories ar:. unlikely to have electric power, gas
or piped wvater. :




Finally, it i necessary tc consider the diversity of class
olaes, In urben erees where science teaching is well developed
anid the opportunities for a child with education in science sub.

© Jects are obvicuely very mach greater, classes will be large.
Physice classes of frem 40 to 50 children ers very common ine
deed ix meny of Asimx's lapger cities. On the other hand, in
rural arecs wiere gcience teacking is still slowly developing
then 1t ray be on occasion difficult to find a cless of ag weny
a8 ten children in certain areas, whilst 20 is a very usuel
nuwber. There 1s thws 4 need in conasldering desiga for the
Aslan sitvaticn to provide for large and ewmall classes and in
thie paper laboratories are offered for teaching groups of 20
and 40 etudents. Most physics teachere would probably regaxd
20 students ax en ideal group from the point of view of sise.
As more scisnce toacherp are treined and more schools built then :
it may be confidently expected that the size of the very large
teaching groups will slowly reduce. Some of the laboratory dee
eigns for 40 students shown lator in this chepter may be thought
rather cremped, In this commection however, it should be remem-
bered thet if the pupil/teacher ratio decresses in the future,
then these suggestions for lexge laboratory designe will become
v:rug cgnfortable for smaller teaching groups of sey 30 to 35
8 ento.

4+02 Jhe Solutdon

| ' The leboratory ie little more than & ebell enclosing space
for physica teaching activities. The total space, in fact, needs
subdlvieion into smaller spaces such as stores, dark-room, pre=
paration cum project room and the laboratory proper. The sise
of these spaces will ho determined by the functicns they each
individually perform. Thus the store must be large enough and
of the right sbene to contain all of the standard phyeics appa-
ratus and to permit of eugy access to it. The darkerowum should
be pised to aliow o group of students end the teacher to carry
out eriments in optics and the development and printing of
filmp Yaken im ¢ nnectica with part of the syllzbus dealing with
| motion, ‘The teacher's room should provide space enough for the
z teacher o prepare materiel and to house a small group of stue
& dents working on prcjects. %The laboratory itself suut be the

o most flexible of all epaces for, ag indicated in Chapter 1, it
may be used for discupzions, demonetratiocns and & vide variety
of experimental work,

The actual dimensions of the spuaces wilil thus depend en the
activities. All of the activities invoive the use of furniture
the sises of vhich have been determined in the preceding chaptex.
Some notiou of the total sise of esch space can thus be gained
by considering furniture and making allowence for suttable
circulation about the varicus henches and chaire.

Rk g B e e W re .
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i) Space in the laboratory, excluding ancillary rooms =
for a teaching group of 40

10 group work-tables 43.8 sq.m.
40 chairs arranged for discussions .6 "
20 bays of fixed wall=bench 20,0 " "
1 teacher's demonstration teble 2.9 "
1 chalkboard, chart cabinet 4,5 " "
1 students' book and baeg unit 2.3 "
Allow 10% circulation space g.0 """
Total say 87.0 " "

.

This is & laboratory area of about 2.l sq.m per student
plece and compares favourably with the plans proposed in
this paper which range in area from 70 to 96 sq.m.

It ig of interest at this stege to compare these arees
with those from some of the standard physics leboratories
in the Region listed below:

India 1.49 eq.m. (1.99)
Hongkong 2.66 " " (3.09)
Ceylon 1.7¢ " " (2.24)
Singapore 00 " " (3.50)
Pakistan 2,17 " " (2.67)
China 2.17 " " (2.67)

The figures in brackets include an eddition of 0.5 sq.m.
for discussion space vhich is not included in any of the
plans studied, but vhich is essential for comparison with
the ares desired above. In fact the absence of a dis-
cussion space would mean that a classroom vould be re-
quired for this function and the resl area (clessroon
plus laboratory) would be larger than is suggested here.

As far as the shape of the laboratory is concerned, there
would appear to be no special requirements other than those im=
posed by the need to achieve effective illumination, with or
without artificial light and the need for thermal comfort.
Laboratories have been designed as circles, as regular polygons
and as trapezoids. Plan shepes other than rectanguler ususlly
require the duilding to be free-standing and this lesds to
greater expense. As ons of the purposes of this paper is to
suggest economical laboratories, the solutions given are all
rectangular and the spans and column spacings indicated sre
those already commonly in use in the Region. This will permit
the lsboratory to fit into any part of a normal building.

ii) spo,ﬁg in the store - for apparatus for teaching group
of W

The eppendices list the sort of equipment that would
probebly be found in a well=equipped physics laboratory.




3
i

i

3

AR

e oy e A e o

1i1)

iv)

With gome items stored in the laboratory (on the besis of
commen use) axperience shows that the separate store area
needed would be about 28 sg.m. or 0,70 8q.m. per place.
Thie ares compareﬂ most favourably with that actually pro-
vided bty a2 muber of couptries whose standard plans have
been menticned above, where the provision of gtorege space
ranges from 0.44 to 1.09 sqem. per place. The variation in
space from cne country to snother dspends on the amount of
equipment provided and it mey be significant thet those
with the 1argest groes investment in education bave the
largest siores,

Space in the darkercowm ~ for teaching groups of four gtudents
ard a teacher o

Experimental works=bench 2,25 8qel.
Printing and developing Le50 " O
Storage and circulation (say) 1.50 " ®

Total (say) 8.25 #

this is a per place area of about 0.20 sq.m. per pilace.
Regional compariscns are hardly velid in this cise as
only in twe of the examples of standerd plen gstwiled wes
& darkeroom provided.

Space for preparat¢on, far the teacher &nd for project
work e

Fxperimental work-bench 2025 sq.m.
Preperetion vench 4450 "
Teacherts degk 3.3 uw#
Storage and circuiation 1.00 # ®

Toted (say) 11,10 ® &

This is & per place aree of 0.76 sg.me 1t ia Gifficult to
compare it with other scheols in the Region, ag although
provision nay be wade for these eppential activities,
there ia no such indication in the plans studied.

The totel arse for a physics lahoretory fecility way thus
be summarised as followgse

The laboratery proper ' 2:40 ggem.
The store | 0.70 " ®
The dark-room De20 M 8

Preparation, project and tescher 0,25 * W
Totsl (may) 355 o °
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The study also clearly shows (as will be seen from the plans
that, follow} that the smallier the teaching group the rreater per

place area needed; 4.5 sg.m. par place for a group of 20 apd 3.k
to 1.8 for ho.

Some gugmestions a3 to ways in which these areas can be
arranged for convenient teaching sre given in the following pages.
Four types of leboratory plan are illustrated as follows:-

For the hot-humid zones & leboratory for 4D students.
(Figures 22 to 24 and _ R
31 to 3%} 8 laborstory for 30 students.

For the hot~dry or ccld zones a laboratory for 40 students.
(Figures 25 to 30}, & laboratory for 20 students.

iach plan is shewnwith fixed furniture only and in the ad-
joiring drawings esre indiceted fowr possible vays of arranging
moveble furniture in it depending on the nature of activity de-
sired. Thus there is & furniture arrangement for the laboratory
used for discussion, an arrangement for general experimental work,
ancther for use involving mains power and finally one for use of
the floor for ripple tank work. As two dimensional drawings are
sometimes difficult to read, each plan is sccampanied by a per-
spective outline showing the laboretory with all its furniture
except the chairs which have been omitted as in such small-scale
drawings, they tend to confuse. :

4Llso accompenying each plen is akdescription of the facility
explaining the layout in terme of climete, illumination and the

arrengement of furniture. An analysis of aress is slso provided.

The following key is used throughout the drawings:—

- Free-standing students' work-table (as in plate 1)

= Chert cabinet (as in figure 20)

~ Chalkboard.

- Hatch from store to laboratory (as irn figure 16)

- Book and poriodical shelves (as in figure 19)

- Project work-table (as in figure 17)

Ripple tank ‘ .
- Students' book and bag storage unit {as in figure 18)
- Storage cupboards

- Teacher's demonstration table (as in figure 19)

= Wall fixed bench with or without cupboerd over and
under (as in figure 1% and 15)

S nmd QG
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40 « PLACE LABORATORY

see Fig.2Z opposite

)
The figurs shows the laberatary, preparation room, dark room
and store with fixed furniture. Figure 23 overleaf indicates al-

Ternative arrangements of furniture for this laboratory which is
suitable for use in hot<hunid olimates. :

The windows on either side of the mein space will permit of
good cross ventilation provided the building is oriented to face
the prevailing breeze. The dark room should, where electricity is
availeble be ventilated by’ & light-proof extract fan on the exter=
nal vall drawing air through the preparstion, projects and teacher's
room. A fan of about 40em diameter will be edequate for this pur-
pose. Where electricity is not available then light~proof venti=-
lation blocks ecould be built in the walls of the derk room or
openable windows provided with shutters that mey be closed only
vhen darkness is essentiel.

The width of the laboratory, 8.0a., is the maximum possible °
if reasoneble illuminetion is to be obtained without supplementary
artificial lighting. Higher illumination levels will be obtained
nearer the windows which should rise from the devei of the top of
the backboard of the benches (Figure 1%) to the ceiling which need
be no higher then 2.7m above finished floor level. Windows should,
of course, be shaded to prevent direct sunlight from entering the
laboratory for the whole of %he schocl day.

B = Free stending students' work~table
C = Chart cabinet
Ch - Chelkboard

H = Hatch from store to labsratory

L - Book end pericdical shelves

P« Project worketable .

S = Students book and bag storage unit
St ~ Storage cupboards

= Teachers' demonstration table

=~ Well~fixed bench. |

gii
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AREA PER FLACE 3=

Ancillary spacoSceecceoo ledeSQeNe
Total area per place... 3e3¢%qeMe

PREPARAT
PROJECTS
TEACHER

LABORATORY
40 places

movable furniture
shewn in Flgure 23

to

STORE

al

S

- St

St}

St

I

|

B

path

access

FIGURE 22
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IABORATORY FURRITURE ARRANGEMENTS

showing how furniture can be moved as the subject
~matter and teachi rng methods change

{see Pigure 23 copposite omd Figure 24 overleaf)

Arrunged for General Experi- Arranged for Discussion
ments
For experiments not requiring The students' chairs (Fig.2)
pover, water or gas (Table ILI) are¢ gathered from the
the movable work-tables . . movable work-~tables and
(Plates 1 and 2) are arranged | arranged formelly or in-
in the body of the room and formally near the teacher's
away from the wall benches. demonstration teble
{Figure 21). This involves
The space in the middle prushing four benches to one
of the room is availesble for side.
experiments not requlrlng ;Y
| bench.
|
|
‘ Kej:

83 = Free-gtanding students'
work=table
R = Ripple Tank

| Arranged for Ripple Tavk Arranged for Use of A.C. Fower
"
H
’ Ripple tanks need to rest on Power outlets are arranged in
Lo e vibration free surface. The : the backboards of the fixed
Do best surface of this nature . wall benches (see figure 14 -
Pod is the floor of the laboratory and 15). In order conven=-
é or, where a lamp is required iently to use these outlets,
; under the tank, on e rigid the students' movable work- -
? stand. It is also necessary tables (Plate 1) are arranged
ta place the tanks (of which along the wall benclr s thus
% 10 are shown) in & good light avoiding wires trailing acroes
- and out of tle: shadow of the the floor. 1.0m is suffi-
: wall bench. A TS5em circula=- ' cient space between the
tion gangway is left for the movable benches.

teacher between "the wall
benches and the tanks.
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40 . FLACE LABORATORY

-~

(vee Figuve 25 opposite)

This laberatory, lit from one side only, is suitable
for hot-dry or for colder climates where crcss ventilation
is not only unnecessary “or even undesirable, The labora=
tory will nrobably be eutered from a main corridor on the
other side of which will be other teaching spaces.

Due to the fact that light is available on one side
of the leboratory only, the width of the unit hes been re~
duced to 7.0m so that it will be suitable for use in
situations where electric lights mey not be available.
Even with this reduced span, the illumination level near
to the corridor wall will be very low and this wall is
therefore used for storage cabinets. All experimental
work should be arranged as close to the window wall as
possible to obtain maximum illuminetion from windows
which should, however, be shaded from direct sunlight
in hot-dry areas. ‘
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Laboratory 2.2e8Q R0
Ancillery spaces 1¢2¢8Q.8
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LABORATORY
&0 places

Moveble furniture
shewn in
Figoe 26

corrido‘r
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LABORATORY FURNITURE ARRANGEMENTS

shewing k%umitm can be

movad as the tepic

teaching methods change

~ (see Figure 26 opposite and Figure 27 overleaf)

Arranged for Gemeral
Experimeats

Students' movable work-
tadbles have been arranged
as close to the window

as possible, avoiding the
under-illuminated area
near the corridor wall.
The tables are arranged
so that no student gits
with his back to the
light.

-

Arranged ‘for Ripple Tank
: Hork

Illumination in the centre
of the room will be adequate
for ripple tank work. To
make room for the tanks,

the movable tables have
been pushed back to the
valls and a central

passage left for the
teacher.

Arranged for Discussion

Tables have been pushed into
the gide and back of the
laboratory so that cheirs
may’'be grouped formally

or informzlly near the
teacheris demonstration
bench and chalk board which,
if the room is decorated

- with light reflecting -

colours, should receive
enough natural light.

Arranged for Use of A.C.
Powver

Five of the movable tables
have been pushed to the wall
bench in which power outlets
are loceted. The remaining
tables will receive power
from two floor sockets.







View of 40=-place laboratery lit from

. one side and arranged for genersl
A’ experiments (see Figures 25 & 26)
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20 = PLACE LABORATORY

{see Pigune 26 opposite)

The two 40-place laboratories shewn in Pigures 22
and 25 have total areas per place of 3.8 and 3.4 sq.nm.
respectively. This smaller laboratory requires 4.5 sq.m.
per place and illustrates the rule that the zmaller the

size of a teaching group, the more expensive it is to
acccmmodate it.

4 .

The laboratory is similar in charscter to that
illugtrated in Figure 25 and is suitable for use in hot-
dry or cold climates. It has only one exterral wall
vhich, in the absence of supplementary artificial light-
ing, forms the main source of illumination.

The equipment required for 20 students does not
justify the provision of a separate store in what is
elreedy a very expensive fecility. Storage cupboards
have thus been arranged along the corridor wall and
"over" and "under" storage cupboards would be provided
on the cross wall facing the demonstretion table.
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LABORATORY FURNITURE ARRANCEMENTS

ghewing how furmiture con be moved as the subjeot
matter and tecching methods change

(see Pigure 29 opposite and Figure 30 overleaf)

Arrange for (eneral
Experiments

The illumination is greater
nearer the window wall and
least at the corridor wall.
Tables, are therefore, placed
as close to the windows as
possible,leaving a free space
for movement round each table.
The students at the single
bench away from the window
might, for some experiments,
be located at the fixed window
bench .

Arranged for Ripple Tauk
Nork

Good light on the tanks, whieh
are located on the flour, ra=,
quires that they be pluced
near to the vindow tut out of
the floor shadow cast by %~
wall beneh. Circulation s.-ce
for the teacher is also
important .

Arranged for Discussion

Movable tebles are pushed
back and student chairs i

"grouped formally or infor-

mally eround the demonstra-~
tion bench

Arranged for use of A.C.
Power

All A.C. nutlets are located

in the fixed bench at the
window. The movable tables

are, in this case, pushed across
to the fixed bench to fecili~
tate electricel connections
without trailing wire.
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View of 20-plave laboratory 1Ll fxom
one gide and arranged for general
experiments (see Figures 28 % 26)

Figure 30




-

S

. 20 PLACE LABORATORY

(ece Figure 31 opposite)

This smaller leboratory has the same area as the: in
Figure 28, i.e. 4.5 sq.m. per place. It is thus more ex-
pensive rer place than a laboratory for 40 students.

The advantage of this laboratory is however, that it
is 1dét from both long side walls with & resuiting improved
distribution of illumination. As it can be cross-ventilated.
it is particularly suited for use in hot-humid climates, but
if the windows were semled and the external walls shaded it
would elso be fairly comfortable im hot, dry climates.

Ae in the laboratory shewn in Figure 20, a separate
store has been omitted. This might create difficulties in
e very vell-equipped school es there will be no above-
bench storege along the window walls. In these eircunm=
stances, it might be necessary to substitute storage cup=
bosrds for the work-bench along the short wall at the
opposite end of the laboratory from the chalkboard.
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AREA PER PLACE:

Laboratory 3.5.00.8
Aucillary spaces 1.C.sq.m

‘i‘aﬁalmuper <580
place be3.00.%

740m
—+

.+. -2 t

! < :

[ | ik .
0 :

".; LABORATORY Bt °

10.0m 2 places "

l! :

0 Novable furniture -

showmr in ]




ABORATORY PURIITURE ARRANGEMENTS

showing how furniture can be moved as the sub-
Jeet matier and teaching methoda ehange
(see Pigure 52 & Figure 33 overleaf)

ity er

experiments

7ke illumination, although highest

- nearer the windows, is above the

rinioum required at all points in ‘-

the leberatory. The movaeble
tables can therefore be located
in the central portion of the
inboratory. They should be
srranged so that light falls
along the table and so that no
nrtudent workas in . his own
3hadow.

Arranged for ripple tapk
. work

With good light coming from both
window. valls, the ripple. tank
can be placed alternately on
either side of the centrally
erranged tebles, leaving
adequate passeges for movement
of both teacher and students.

Arrenged for discussion

i

For discussion the movable
tables are pushed back a
little and the student
chairs grouped formelly
or informelly around the
demongtration bench.

Mfor use o A.C,
pover

Power is availeble st benches
on the loung, window walls and
to avoid trailing wires, the
movable tables are pulled
across to join the well
benches.
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View of 20~place laboratory, lit from
both sides and arrangsd for gensral
experiments (see Figures 31 & 32)
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CEAPTER 5

THE PHYSICS LABORATORY STORE

%.U1 Geperal

The problem of atorage of physlcs teaching asquipment is
gufficisatly complex to warrant a separate chepter in this study.
It iz pignificent that in every physice fecllity studied in the
Agian Region, whilst very few muke provision for e teacher’s room,
project room and dark room, &ll include a atore for physlcs appe-
ratuz. The average area of these stores is about 12% of the ares
of the leboratory although in soms cases it is substantially move
rising in one or two countries to a quarisr of the laboratory arcs.

The reazcns for this will be clear from a study of the eppen-
‘dices to this paper in which are listed the items of equipment
normally fouud in & very wellwgsupplied school and those in a
school working with & minimum amount of equipment. The list for
a wellesupplied school totais scme two thousand items. 4n ade
quately but less welle-supplied grcup of schools in the. Eegion had
some 224 items to be stored. | N ,

- Ona of the points o be noted in the design of storage space
for a laboratory ie that new equipment and appuratus ie always
being added either by incremsing the mumber of items issued from
-official sources ar by the lmprovisation and construction of
eguipment by the teacher and students. Thus, in a country
progseatly issuing 224 items of equipment for physics teaching,
it nay Ve assumed that ag time pesses and the amount of money
invested in education glowly increasges, equipment and apparatus
will also be supplied in greater guantity, Space ghould be pr«):.
ided in all new buildings against th:l.s eventuality. .

Mcst i;eachera pref.‘er to store apparat.us grouped for con=
venience ag follows i .

e) Commonly used items near ta the tablee in uhe labora-
tory or, if kept in the store, neer to the ipauing
bateh (Figure 16) or the door to the store where a
hetch is not provideds This saves labour end time.
Conmonly used items would include metre scales,

- connection wires, tools, retort stands, pins,
needles, rubber tubing and the like. Most of
thege i%ems can ugefully be stored in dravers and
thizs the bench on the store side of the issuing
hateh should be fitted with et least two drawer
unita of the type shewn in figures 15 and 16.




b} Cupboarde, drawers and shelves under subject head-
ings such as mechenics, heat, light, wave motion
and eleetricity.

¢) Shelves of essential chemicals.

In keaning the items lisbted in (b above, it will be found

- that they presont gewsral storage problisws. First, they will

fell, by slze, inbo two groups, some items such as lenses, belng
: sufficiently small 4o keep in drawers and othere such 3¢ agpie
I rators, balances, beukers and the like requiring shelves or cupw
boards., Secondly and in particalar in the humid itropies where
bumidity is always high, there will be items that need protection
from corrosion, from etching (in the case of lenses) and from '
more general fungus aund insect abtack in the case of paper. -

To some extent, cross-ventilation may retard fungus attack,
Ventilation will, on the other hand, provide a good gupply of
molst air which could increaue rather than decrease the corrosion
rate. .

- The problem can be solved somewhat by keeping lenses and
othar optical glasswear in dessicators stcred on open shelves,
E | by keeping correosionw-prong apparstus in cupboerds fitted with .
S 40 watt lampe ~ the heat from which will reduce the risk of con-
f ; - densation, and by keeping other items for . which there is insuffi-
' - clent wsrmed cupboard space, in large glass bottles with greased,
screw tops. JItems such as paper and cloth pade ean best be
stored on open shelves in the draught provided by cross-ventilation.

From the foregoing it will be geen thai storage fitmente in
tho humid troples will comprise & few warmed cupboards, two or
thrge drawer-units and a great deal of open shelving. The same
pattorn cun also usefully be followed in stores constructed in
; other clinates. Whatover the climete, the storage facility is
| likely %o he of leas importance as & factor assisting in the
majnienence of equipment than the constant care of the laborg=
tory atbendent. At best, a well designed atore will mske his
work a littlo casier. |

5.03 Purndture in the gtore
») Qpen sheiving
Equipment to be stored on open shelves would require

the following sreasie -

| 1) From Appendices I to VI inclusive, about

S : | 200 square feet of shelving.

L 2) From Appendix VII (the minimum list) about
. 50 square feet. :

A veriety of shelf widths and heighte should be
providad. :

i
1
O

ERIC

Aruitoxt provided by Eic
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Some 15cm wide shelving with a height of
about 15cm between shelves is useful for boxes
of small items such as slides, corks and the
like. 20cm sheives of the same height are use-
ful for bottles of chemicals. ULOem shelves with

‘s shelf height of 50cm will be suitable for

balances, transformers and other similar larger
itens.

Drewer units

The drewer units shewn in Figures 15 and 16
should be provided on a scale of six for a well
stocked store and two for a store with minimum
equipment. The work top over the drawer units
will be useful for assembling sets of equipment
prior to issue to the students.

Ordinary cupbosrds

Especially sensitive or particularly valuable
equipment should be kept in locked cupboards. Two
full-height cupboards would be needed for a well
equipped laboratory and one for a laboratory having
the minimum equipment.

Warmed cupboards

A warmed cupboard 1.80m wide and 60cms deep

‘with double doors should be provided. The back

and sides of the cupboards cen be lined with 30cm
vide shelves leaving o space in the centre in which
the air warmed by two LO watt lamps in the bottom
of the cupboard can ecirculate.

Henging boards

Certain items such as Fortin's barometer and
Young's modulus epparetus can best be hung up on
the wall of the store. A m square boerd with
strong hooks will provide storage for such items.




ﬁorers, cork
Brace, with ratchet

Brushes

Chisels .

Cold
Wood

Drill, electric
Drill, hand

Drill, press

Drills, set of carbon

Files

Flat
Round

Triangula?“
Glass cutter
Grinder, bench type
Hammers

Bﬁll peih

. Claw
i@ i . Knives '

g ~ Electrician's
E - Putty

Aruntoxt provided by Eric:

ERIC

TOOLS FOR REPAIRING AND MAXING APRARATUSu

" Nail set

Calipers, inside and outside

" Punch, center

- Sharpener, cork borers

APPENDIX 1

Level, carpehter's

0il cens ' N 4
Oilstone o

Paint

Plane, black

Pliers

Combination
Longnose

Ruler, bench

Saws, hand
Seissors
Scraper, hand

Screwdrivers; seleot for size,
typey,length of shaft |

Soldering tools,

Iron
Electric

Squere, carpenter's.
Toolboard, silhouetts
Vise, 4" jaws

Wrenches
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APPENDIX 2

APPARATUS FOR PHYSICS TEACRING

Ttem

Acceleration board, Duffs
Acoustic tubas, set
Adhesion disks, glass

Air pump end plates: select
Hand pump
Vacuun and pressure,
electrically driven, ‘-

Air pump plate with stopcock

- Air thermometer duld

Ammeters: gelect
for variety of ranges, A.C.
& D.C. A.C. porteble
laboratory type:
0-2 or 0=5 emp
0-10 or 0~15 amp
0=-1 amp

D.C. Millemeter
D.C. 0~2 or 0~5 amp
D.C. 0=10 or 0-15 eamp
D:C, Triple range

L4

Ampere's freme app.
Ampere's rule app.
Anemometer model

Balance: .
Beam, single, heavy duty,
cap. 2000 g,
* Beem, triple

cap.1610 g. sensivity 0.05 g

Flat face or linear
500 g. 16 oz,

Balance support for specific
gravity detezminaxion

Balls and ring, to shew
expansion

Balls white
Bar, compound

Bar, soft iron
Barograph

Phyaice

1
i
1
1

16

-—bd -l -l b oud mt el wd i wd

ko

b

32

Calorimeter: select

Item

Rarometer, sneroid 5 inch

Barometer, mercury

Barometer tube, ‘
glass with thick wall,
approx. 80cm long with
mercury cup and pipstte

Batteries and cells
Daniel cell
Demonstration cell
with porous cup and
. elements

Storage 45~volt.
Batt eryagars? 8e eat

4 pint

" Bell, electric

Bell in vecuo, with jar and
suspended bell

Bell jars: select
Open form _
Straight form, 2 to 4.1

Bloeks, wocden,
rectangulayr
vaterproofed

Loeded
Normal weight

Boyle's lew apparatus select
Flexible tube form
Iron

Bucket and cylinder,

Archimedes' principle

ettes: sﬁgaat Goissler 30m1
ers:

Alcohol or Bunsen

Calipers to |
Micrometer, 0.25mm
by 0.09mm
Vernier, 12cm metric

4

16
16

Aluninium or brass, polighed

with stirrer and cover
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Item | thsics

Camera,
Cemera obscura (pinhole)

Candle holders, to slide on
meter 4 candles stick
select

Capillary tubes, set

Cathode ray tube, demonstra-
tion form

Cathode ray tube, megnetic
effect

Catskin |
Center of gravity apparatus
Cart, dynamics

Charles' law tube,
Waterman form

Choke coil and resonance
apparatus

Clamps

°  Burette
Double
Mohr's (pinchclemp)
C=clamp (L"3"2")
Universal, swivel

Cloud chambers
Cobalt glass plates, 2 x 2"

Coil, introduction, primary
and secondary: select

Compasses, magnetic: seleet
25mm diemeter
hSmm diemeter

Composition of force apparatus:
Board, with spring balances

Table, gredustzd aluminium
top

Conductivity of solutions
apparatus

Connectors, double, bdrass

Constent level tubes: gelect
Communicating veasels

Convection apparatus, box with

chimneys

i6

16

16
16

16

16

1

APPENDIX 2 p.2

Item Physics
Convection of llqulds
apparatus

Crane boom apparatus
Crooke's tube

b eob = b

Cubical expansion apparatus

Cylinders: select
Aluminium
Brass
Copper 16
Steel
Water - proofed wood

Dewpoint apperatus’ ' | 1

Diffusion of gas apparatus 1
‘Diffusion of liquids

apperatus 1
Discharger, electrostatic
~ Jjointed type 1
Dishes
Evaporatxng
Porcelain 16
100mm diameter
Disks, acoustic 1
Disks, color : 1
Dosi meter (with adepter) = 16
Dynemo, hand-powered _ 1
dissectibdle 1
Dynamo and motor set 1
Electromegnets: select
Commercial form 1
=form - 16
Electroscope: select
‘ Metal box | _ 16
Electrostatic demonstration set !
Flashlight 16
Fluorescent tubes 2
Fluorscope 1
Gelvenometers: select
D' Arsonval 1
Demonstration 1
Portable ~ 16

Tangent 1
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Item

Gas engine, demounstration
model

Gasoline and Diesel engine
vorking model

Geigzer counter
Gyroscope: select type
Heoke's law apparatus
Hot plate, electric
Hydraulic press model

Hydrometers; with jar
Demonstration
Universal -

Hydrometer, wet eand dry buldb

Illuminstor

Inclined planes; select
Board with pulley

Index of refraction plates

Inverse square illustration
frame

Jack, screw model
Kilowatt hour dial
Lamps, electric, glow Neon

Lenses: select for type
diameter, and focal length
Double convex set, con-
sisting of concavceonvex,

76 = |

Physiee

o
—

—l

16

b - b wd - -—b

16

16

convexo=-concave; double con-

cave, double convex, plano
concave; and plano-convex

Levers: select
Simple (meter stick)

'Leyden Jar

Light source, parallel
reys, select

Lingar expansion apnaratus
select Cowan form

Megnets: select for type and
size
1l Bar, pair

HorgggﬁBe

Magnetic needle and support
Dipping
Horizontal

16

16

16

32
16

APPENDIX 2

p.3

Ttem Physics

fechanical equivelent of heat
apparatus 16

Meter, stick, English and
metric 16

Mirrors, geleect for material
and shape Cylindrical,

concave and convex, metal 1
Plane, glass, 10 x 15em ¢ 16
Spherical '

Concave and convex glass or
metal: for optical bench use 16

Demonstration, glass concave,

4Ocm diameter 1
Demonstration, glass concave,
4Ocm diameter 1
Monochromatic flame sttachment
for Bunsen burner 1
Motor -~ generator set i
Newton's ring apparetus 1

Optical bench, with accessories 16
Osmosis apparatus: select

Members bag . 1
Pack dry ice 32
Photometer: gelect

Bunsen form 1

Platinum wires, with glass handles?

Power unit, electric 4.c. input,

varisble output, a.c. and d:e. 1
Prisms: seleet

Equilateral . 16
Right angle, flat 16
., Protractors: select

Brass 12
Plastic 16
Pulleys: gelect

Single )

Double ) 16

Triple )

Quedruple)
Rectifiers: select

Dry plate 1

Tunger . 1

Refraction cube 1
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Ttem Physics . Item Prysies
Refraction tank, with Steam engine, select
‘ protractor 1 Demonstration, cut-away 1
Resistances, electrical, Stop watch, select 6
select o :
Resistance board 1 Stroboscope (hand) 42
Resistance box plug form 16 Support select )
(motor driven) 42
Resonance tube, red and
piston 1 lamp socket
(for meter stick) 6
Rheostats; (6-ohm) 16 ] '
Slide wire 16 Surface tension epparatus 1
Ring stands with three Switches, -electrical seleect
$] °
rings: select 16 Knife
. , Single pole
Rods for expansion apparatus: single throw 16
seZeqt_ Single pole
Aluminium ) deuble throw 16
Brass ) Double pole
Copper ) 16 double throw 16
Soft i . .
5 S:ezllron ; Tank, ripple (with stand) 16
E Screens, for light source: Telegraph set: key, sounder,
;3 gelect relays 2
Double slét i Telephone set; receiver,
Single slit 1 transmitter 2
cecond law for motion apparatus 16 Telephone inGuction coil g
; Silk pad 16 Thermostat, bimetallic
Sockets, electrical: select edjusteble !
Standard L8 Transformer, demonstration 1
Sonometer: select Tubes
Sprint tension, key tension, Resonance :6
or weight tension type ]
i Advancgd type yP 1 Tunlng forlfs, 83130‘&
: Simple type 1 one active, set i
| Specific gravity bottles: sympathetic, pair mounted on
select for size 1 resonance boxes 1
Z Spectroscopes, select Vacuum discharge tube 1
: Direct vision 1 Voltmeters: gselect
i . . A.C. Voltmeter to 300v
s t t 1
; Spectrometer with grating Single scale 1
| Spring, spiral, for wave Double sceale 1
| motion 1 Triple scale 1
9 Spring 2cm diametér by 15cm D.C. triple scale, portable,
long 16 laboratory type 1.5=3=30v 16
D.C. triple scale, portable
leboratory type 1.5-15-150v. 16
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Item | Physics

Watch glesses: select
by size 7.5cm diemeter . 32

Wave generator,
with .support 16

Weights: celect
General leboratory, in block

E 1 to 500 or 1 to 1000g, set. 5
Wheatsione bridge, slid wire form 16 i
Wheel and axle 1

k X-ray tube 1
|

o e a————— i
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APPENDIX 3

MATERIALS AND SUPPLIES

Air pump tubing
Aluminium foil
Asbestos, mats

Asbestos, rope, sheet, or
shredded

Battery, "B", U5v

Beakers, round and flat bottoms
select by size
250 ml.
600 ml.
1000 ml.

Bottles, glass:

select Balsem
Dropping; Barnes’
Schuster's
Nerrow mouth

2, 4, 8, 16, 32, oz.
Nerrow mouth glass
stoppers

L, 8, 16 oz.
Nerrow mouth glass
stoppers, regent
vottle, 4 oz. select
by number of sets.
Wide mouth

2, 4, 8, 16, 32, oz.

Belts and nuts, select
Variety of diameter and

lengths
Brush, beeker
Brush, test tubes
Carbon

Cellophane sheets, select
Clear
Coloured

Celluloid sheets

Cement, gelect
Airplane
Aquarium
DeKhotinsky
Household
Rubber

Clay, modeling
Clothes pins
Copper

Cord, cotton
Cord, pulley
Cork

Developer, photogrephic, select
Variety of formules

4

Dry =ells
Flashlight Ni.6:

Enlarging peper, photographic

Erlenmeyer flask
250 ml.

Volumetric
250 nl.

Files, triangular

Film, photographic, selsct by
camera availeble and purpese

Fixer, photographic

Flasks, pyrex, select
supplies purpose and size:
Boiling, flat bottem
250, 500, 1000 ml.

Foil
Aluminium
Gold

Friction tape

" Funnels, glass: selgct

diemeter
75mm diemeter
Fuse wire

Gauze, wire
With or without asbestos centre

Glass sheet
Insulating meterial, heat
Iron filings

A
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zndbela, gummed

Lamps, electrical
miniature i

Y
Lead
Medicine droppers
Membranes, osmosis

Metel sheet, select
Aluninium,copper, lead
zine

Nails, seleet by type and
size

0il

, Iubricating
Peint

Paint brushes

Paper gelget
Graph
Lens
White

Paraffin.
Paste
Plastic sheet
Print paper, photographie
Pumice péwder
Sandpaper
Scre?s, acleet by type and
" gize
Round~head and flat-head

Wood, machine, and .gglf~
threading

Serew eyes, assorted
Sealing wax
Soap

Sponges, se¢lect
Natural asd manufectured:

Steel wood
Stirring rods, glass

Stoppers, select by quality
aize
Cork, size 000 to 26
rubber, 00 to 13

-80 -

APPENDIX 3

Tacks .
Carpet and thumb

Tape

Cellophene and gummed
paper

Thread, cotton

Tubing. rubber seleet by
ingide diameter, quality,
thickness of wall ‘
Diameter & to "

Quelity: white, red, black
Wall thickness: thin, medium
heavy

Vaseline

Wex
Sealing
vacuum

Wire, select by quality, sise,
tnsulation stranding
Quelity: copper, iron, steel,
nichrome, German silver,

alluminium, brass,
Size, No.10 to No.36

Zine

©

ERIC

JAruitoxt Provided
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CHEMICALS FOR PHYSICS TEACHING

Acetamide, pure C Glue, quick~drying
Acid, citric, CP Ether, ethyl, pure
Acid, hydrochloric, CP | Lead metal, sheet
‘Aeid, sulphurie, CP Mercury metal, tech.

Methyl alcohol

L3

Alcohol, ethyl, denatured
- Napthalene flesks

Aluminium metal, 1.il and powder
Nickle ammonium sulphate, pure

Ammonium hydroxide, CP cone.
: Paraffin (liquid)

Ammonium nitrate, granular, CP
. Potassium pernienganate

dmmonium chloride pure
Potassium chloride

Calcium
Sodium chloride, white fine, pure

i Carbon disulphide, pure
| Oline acid, pure

Carbon Tetrachloride, pure
Sodium chloride, white fine, pure

| Copper metal, sheet
| Sodium nitrate, CP

i Copper (ic) sulphate, crystals, CP
: ‘ Strontium nitrate,’pure

Cupric Chloride :
. Zinc metal, sheet

gé Dry ice
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APPENDIX S

AUDIO-VISUAL FQUIPMENT AND SUPPLIES FOR PHYSICS TEACHING

Cameras: sclect

35mm

Box

Charts: select (the titles given are representative of a large nwnmber
cf single charts and sete)

Accustics

Astronomy

Atomic structure

Color

Electromagnetic radiations
Metric system

Physics

Exposure meter, photographic
Film splicer, 16mm
Filmstrips: select (the titles given are representative of a wide range)

Air, Ocean

Atmosphere

Atomic Energy

Cloud Formestions and Air Masses
Current Electricity
Electricity
Electromagnetism

Energy

Fire and Heat

Flight, Theory of,
Forest Conservation

How Young Birds Get Food
Liquid Pressure

Simple Machines

Microphones
Carbon .
Crystal

Models: select (the titles given are representative of a wide range)

Airplane
Engine, diesel, gas, steam
Planetarium




-

Motion Picture Films: seleot (the titles givenm are representative of

Projectlon cell,

Projectors;

Radio Receiver

Recorder, with ¢

Screen, Projecti

- 83 - APPENDIX 5

a wide rarge)

Atomic Energy

Mlectricity,. The Flow of Endocrine Glands
Energy and its Transformations

Matter and Inergy

Sound Waves and Their Sources

Uriverse, Exploring the Unszen Worlds
Vacuvun Tubes

+

What is Deience?

lantern siide

Filmstrip

Filmslide

Lartern slide
Microproiector

Mo%ion picture projector

Opsnue Projector

layvoock for recordsr and recordings

01

Slide-making set, Lantern

Slides, Lantern, sets; select (¢
wide range of sets cf lantern slides)

L

Atoms, Isotopes, end Redieactivity
Electricity, Fundamental: of Food
Heat and Fire

Li ght ‘

Light, Funcementels of

Machinery

Machines . Fundementals of

Sound '

Static Electricity

Specirents, Biological; select

Tackbhoards

Television Receiver

he titles given are representative of a

Bt o Ui

T
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JARKRQOM  EQUIPMENT

: Balences and weights
fnlarger, photographic
Film clips

Graduated cylinders
Lamps, darkroom

Print btox

Print drier

Print frame

Print roller

Stirring paddles

Suspension wire

Tank, developing, day-load

Thermometers

Timer, interval, with bell

Trays, developing

| Trimmer
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MINTMUM LIST OF EQUIPMENT FOR FHYSICS TEACHING

Deseription Detailed Specifications Standcrd
of Article Quant?ty
Balance Spring To weight 500gm, division of 5gm. 1
Balence Sliding weight triple beam, load 2kgnm,
with sensitively O.1gm. 1
Baiance Student:r' Méximum load 250gms; Sensitivity Smgms. 3
Berometer, Fortip - 1
Type
Barometer, Aneroid - . 1
- Burette SUcc. divided into 1/10cc 1
Cylinder Measur- ,
) ing Graduated 250cc 6 |
Hydrometer Universal type 1
Microscope,
Vernier - 1
Opisometer ~ 2
Spherometer ~ e
Hygrometer Daniell's type 1
‘Thermopile Comprising ebout 20 peirs of Bismuth,
Antimony
? Photometer Rumfords 2
Protometer Bunsen form 2
Spectrometer -~ 1
Ammeter Moving Coil, 0O-5 amps. 2
Dip Needles 4" long - 1
Electroscope Two pith bells 1
| Galvenometer Tanéent .2
! Gelvenometer Unipivot 2
: Magnetometer Vibration, ecylindrical megnet 2
i ) Magnetometer Virration, with brass torsion head 2
% Post Office Box - 1
3 Potentiometer Comprising 4 constantan or Nichrome wires 1
% Voltmeter Ono meter reading 0-5 volts |
% Wheatstone Bridge Moving coil. 2’
Z Burner Bunsen type . o .20
Model Set of Solids - Geometrical . 2 sets
Vernier Demonstration 1
Conductivity Searle's ' | 1

Apparatus
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Deseription of Detailed Specifications Standard
drtieal Quantity
Leslie's Cube - 1
Chart of the
Coloured eye - 1
Newton's Colour Mounted on metal stand with driving :
Disc. wheel and belt 1
Bench Hydrostatic - 1
Boyle's lLaw
Apparatus - 1
Here's Apparatus - ' 2 T
Pulley Double Aluninium, Tandem 2" & 13" 2 |
Pulley Triple Alurinium, Tandem 2" & 14" & 1" 2 " ;
fulley differ=- ]
ential Laboratory type !
Slide rule 12" high quality 1
5.G. Bottles 50ce 6
| Young's Modulus Searle's pattern 1
| ”Apparatus _ 5
Steam Heaters
| Glass cubes Glass thin-walled, hollow 6 x 6 x 6 enm 3
| Frisms Luted, hcllow, equilsteral L
i andt's Apparatus - 1
Organ Pipe Metsl 1
Tuning forks Get of frequencies - C.D.E.F. 3.A.R.C.(oct). 2 sets
fecumulators 2 volts, 60 A.H. Capacity 3
Butterfly lNet Fareday's 1
‘ | Calorimeter Joule's - 1
| : Condenser Air - 1
; LElectrophorus . - 1 .
i g Irduction Coil |
Lo Ruhmkorff's - 1
P Magnet Bell=ended 2
;, Electro=Magnet - 1
; Rod-Brass About 12" long 1
L Rod=Ebonite About 12" long 1
i Thermo Couple - 1
Unsppn Silk - 1 reel
Volta meter For decompeositiocn of water 1
Vimhurst Machine - 1
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4. LISTS OF EQUIPMERT FOR PHYSICS LABORATORIES
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v Oy -

S. THE PHYSICAL ENVIRONMENT IN TFE LABORATORY f{eontd.)

INDIA. Centrsl Building Research Institute, Roorkee.  Building
digest, no.40: Fenestrations for daylighting, in the tropics.
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ACOOMMODATI.ON
Standards see STANDADDS
Accommodation

AGE-RANGE
Second-level schools, 1

ANTHROPOMETRICS
Asian children, 13=1C

AUDIGVISUAL EQUIPMENT, 82-3

BATTERIES
Stcrage, 31
Use, 24, 3%

BENCHES sze DEMONSTRATION
TABLE, WORK-TABLES

BOCKS

' and Bags, 34, Pig.18
Shelves, 35, k-5, Fig.13
Storage, 3u4=5, 45, Figs.18-19

CART, Mobile see MOBILE CART

CHARTS AND DTAGRAME
Display, 34
Storage, 36, Wh=5, Pig.20

CIASSES
Grouping, 2T
20-place, 56-67
Y0-place, bi~54
Sizes, LO, L3

CLIMATE, 21~-3,36,43
Cold, 50-61
Dry, S0~€1 ‘
Humid, 4b=0 62-7

CRAMPING
Working surface for, 31,

CUPBOARDS
Ordinary, 69,71
Viell, 32,44-5,50-7,71
Yarmed, TC,T1

DARK ROOM, kO
Areas, 42
Requirements, L2

DEMONSTRATION TABLE, 37,kh-5, Fig.22
see also STUDENT PROJECTS
Work-tables

DEMONSTRATIONS , 1,9-10

DIMENSIONS
Areas, 40-3
Pody sizes, 13-18
Furniture, 13-18

DIRECTED READING, 11=-12
Shelves for, 12,35,Fig.19

DISCUSSION, 1,5,6,11,25,46-7,52-~3,
58~9,64=5

0ISPLAY
Board, 34
“able, 34

DRAWERS, 69=T1

EDUCATIONAL REOUIREMENTS, 2,5,6,
7-12,24-8,31,34,35-T,40,43

ELECTEICITY
Tighting, 19
Power, 24,25 46T ,52-3,58-0,6k4-5,
Tarle ITI

ENVIRONMENT, 12,13~23

EQUIPMENT,GO-87
Lists, 73=87
Preservation & protection, T0
Storage, 32-3,41-2,69-T0
Usage, 69-T0

TXPERIMENTAL WORK, 1,5,6,8-9,25,26,
28 ,u6~7 ,Fig. 9

FACTLITIES see SFRVICES




FIIMS, 1 :
‘quipment for, 82-3
Mobile ecart used for, 37

FURNITURE, 5

Arrangements, 26 ,L6~T 52-3,)8-9,r

645
Moveble, 1,25 .
Sizes, 5,13~18,28-37
Wheel cart, 37, Fig.21
Wooden, 1
see nlso DEMONSTRATION TABLE.,
W s uI{ "I' tBIJJ..n')

GANGWAYS see PASSAGE-WAYS
GROUP WORK, 1,2T,42, Pig.8

KEAT, 24,25,31
Protection against
Corrosion, 70
see 2lso  SOLAR HEAT

ILLUMINATION see LIGHTING

LABCRATORIES, 8,39-68
Dimensions, 41,42,44=67
Lit from both sides, WU~9,62-T
Lit from one side, 50~01
Shepe, 41

LAYOUTS
20-plece laboratory, 56=6T
ko-place leboretory, Lu-55
Flexibility, 12,40
Key to layouts, 43
Problems, 39-40

LECTURES, 9,25~6
Accommodation, 5

LIGHTING, 18=-21,39,41
Daylighting, 19-20,Lk4~5,49,50-67
Electric lighting, 19
Minimum requirements, 19

Table II
MOBILE CART, 37, Fig.2l

MOBTLE FURNITURE, 1,25,26,27-30,37

MOVABLE FURNITURE
see FURNITURE
Movable
MORILE FURNITURE
WORK TABLES
Movable

ORIENTATICN of buildings, 21-2
PASSAGE~WAYS, 18

PEYSICS

Syllabus see SYLLABUS
Teeching, 7~12,25

PLACES see CLASSES

PREPARATTION ROOM, 4O
Areas, W2

PROJECTS see STUDENT PROJECTS
RIPPLY TANKS, 2k h6-7,52-3,58-9 6L-5
RURAL SCHOOLS, 39

SCHCOLCHILDREN
Ages
Second-level, 1
Sizes, 13-1h

SEATS
Area, 15
Height, 15
In relation to working surface,15

SERVICES, 2h=5

SHELVES

Books and periodicals, 35 Fzg 19
Equipment storage, T0-1

SITTING, 15-16, Pig.2

SOLAR HEAT, 21-2
Resistant materials, 22

SPACES, 4i1-2
Class size, L0
Furniture spaeing, 13-18
- National standerds, 41~-2
Per punil place, L1=2
Relationshivs, W0

o
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STANDARDS
Accommodation .
Laboratories '
per place, 5
spaces, U0

STANDTIG, 14,16, Fig.2
Height of working surface,l4
ani Resching, 10-17

STORAGH ,15~17,32-3 42 56, 4.9~7"
Rags and hooks, 3h,uli~5 Fig, iR
Fixed work-tebles, 3¢,™g.1d
Locstion, 39,50-67
Provisicn for expansion, 68
Store-~room see STORE RGOM
Under-bench, 32
Well cupboards, 32,44-5,30-7

STORE ROOM, 32-3
Access hatch, 33,kb-5, ®in, 1€
Dimensions, 41=2

STUDENT PROJECTS, 10-11
Work tebles, 33,44=5, Pip.27

SYLLABUS, 1

TABLES
see DEMONSTRATION TABLE
WORK~TABLES

TEACHER'S ROOM, 40
Arens, 42

TYACHTYNG methnds
Demonstration method see
DEMONSTRATLIOND
Exner ' mantal method see
FXPERIMENTAL WORK
Furniture arrangements,
UG=7 523,500 ,6l=5
Punil-centrie, 1,5,6
Teacher-centric, 1,5,6

TYERMAL COMFORT, 21-3
Cnld areas, 21-3,50~61
Dry zone, 21~3,50~61
Humid zone, 21-3,44=k9

VERTIIATION, 22~3,39,62,70,Fig.7

WATER
Hon-~piped, 31
Punning, 24,25
Sinks, 31

WHEFRLED CART see MOBILE CART

WCRK~TARLES

Denonstration see DEMONGTRATION
TABLE

Depth, 14,31

Fixed, 31,k4=5

I'eight, 14,28

Length, 15,28

Movable, 26,27-30,hl 47 ,89,53,55,
59,61,65,6T

Prototype, 30 Plates 1 4 2
Student projects, 33, Fig.17




