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FOREWWORD

Hi story

The | nexpensi ve Sci ence Teachi ng Equi pnent Project was initiated by Dr. J. David
Lockard, and got underway under his direction in the sunmer of 1968. Oiiginally entitled
the Study of |nexpensive Sci ence Teachi ng Equi pment Worldwide (IS TEWor |S-Z Study),
the Project was to (1) identify |aboratory equi pnent considered essential for student
i nvestigations in introductory biology, chem stry and physics courses in devel opi ng
countries; (2) inprovise, wherever possible, equivalent inexpensive science teaching
equi pnent; and (3) produce designs of this equipnment in a Guidebook for use in devel op-
ing countries. Financial support was provided by the U S. Agency for International

Devel opnent t hrough t he National Science Foundati on.

The initial work of the Project was undertaken by Maria Penny and Mary Har beck
under the guidance of Dr. Lockard. Their major concern was the identification of
equi pment consi dered basic to the teaching of the sciences at an introductory |evel.
An international survey was conducted, and a list of equipnent to be made was conpil ed.
A start was also nade on the witing of guidelines (theoretical designs) for the

construction of equipnent.

Work on the devel opnent of the Guidebook itself got underway in 1970, with the

arrival of Reginald F. Melton to coordinate the work. Over 200 guidelines were conpleted
during the year by Donald Urbancic (Biology), Chada Sanba Siva Rao and John Del ai ni

(Chemistry), and Reginald Melton (Physics). Full use was nmade of project materials from

around the world which were available in the files of the International C earinghouse on

Sci ence and Mat hematics Curricul ar Devel opments, which is |located in the Science

Teachi ng Center of the University of Maryl and. The guidelines were conpiled into a

draft edition of the Gui debook which was circul ated in Septenber, 1971, to sone 80

sci ence educators around the world for their comrents and advi ce.

The work of constructing and devel opi ng equi prent fromthe guidelines, with the
subsequent production of detailed designs, beganin alimted way in 1970, the najor
input at that tine being in the field of chem stry by Chada Samba Siva Rao, who was
with the project for an intensive two-nonth period. However, the nmain work of devel oping
detai |l ed designs fromthe guidelines was undertaken between 1971 and 1972 by John Del ai ni
(Biology), Ruth Ann Butler (Chem stry) and Reginald Melton (Physics). Technical
assistance was given by student hel pers,with a special contribution fromDavid C ark,

who was with the project for a period of 18 nonths.
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Thanks are due to those graduates, particularly Sanuel Genova, Melvin Sobol eski
and Irven Spear, who undertook the devel opment of specific itens of equi pnent while
studying at the Center on an Acadenic Year Institute program to student hel pers,
especially Don Kallgren, Frank Cathell and Theodore Mannekin, who constructed the
equi prent; and to Dol ores Aluise and Gail Kuehnle who typed the nanuscripts.

Last, but not |east, special acknow edgenent is due to those individuals, and
organi zations, around the world who responded so willingly to the questionnaires in

1968 and to the draft edition of the Guidebook in 1971

The Gui debook

The designs presented in the CGuidebook are based on the prem se that many students
and teachers in devel oping countries will wi sh to make equi pnment for thensel ves. Thi s
does not mean that students and teachers are expected to produce all their own apparatus
requirements. It is recognized that teachers have specific curricula to follow, and that
"class hours" available for such work are very linmited. It is also recognized that
teachers, particularly those in devel oping countries, are not well paid, and often
augnment their salaries with supporting jobs, thus placing severe lints on the "out-of-

class hours' that are avail able for apparatus production

However, in designing equi pment for production by students and teachers, two factors
have been kept in mnd. One, project work in apparatus devel opnent can be extrenely
rewardi ng for students, bringing both students and teachers into close contact with the
realities of science, and relating science and technology in the sinplest of ways. Two,
it is not difficult for cottage (or small scale) industries to adapt these designs to
their own requirenents. The Guidebook should therefore not only be of value to students
and teachers, but also to cottage industries which my well be the major producers of

equi pment for school s.

Al though all the designs in the CGui debook have been tested under |aboratory
conditions in the University of Maryland, they have not been tested in school situ-
ations nor produced and tested under |ocal conditions in devel oping countries. It is
therefore recommended that the designs should be treated primarily as linmted resource
materials to be subjected to trial and feedback. It is suggested that the first tinme
that an itemis constructed it shoul d be made precisely as described in the Gui debook
since variations in the materials, or the dinensions of the materials, could alter the
characteristics of the apparatus. However, once this item has been tested the producer
i s encouraged to make any number of nodifications in the design, evaluating the new

product s agai nst the ori gi nal
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Bef ore produci ng new equi pnent in quantity, it is recommended that educators
with experience in the field of science education should be involved in determ ning
how best to make use of the Cui debook. They will wish to relate the apparatus to their
own curriculumrequirenments, and, where necessary, prepare relevant descriptions of
experinments which they recommend shoul d be undertaken using the sel ected appar at us.
They will want to subject the experinents and related equipnent to trials in schoo
situations. Only then will they consider |arge-scale production of apparatus fromthe
designs in the Guidebook. At this stage educators will wish to control the quality of
apparatus production, to train teachers to nake the best use of the new apparatus, and
to insure that adequate | aboratory conditions are devel oped to permt full utilization
of the apparatus. Too often in the past apparatus has sat unused on many a cl assroom
shel f, sinply because the teacher has been untrained in its usage, or the |aboratory
facilities have been inadequate, or because the apparatus available did not appear to
fit the requirements of the existing curriculum Such factors are best controlled by
educators in the field of science education in each country. Clearly the science

educator has a crucial role to play.

Appar at us devel opnent, |ike any aspect of curricul umdevel opnent, shoul d be
consi dered as a never ending process. Thi s Gui debook is not presented as a finished
product, but as a part of this continuing process. There is no doubt that the designs
in this book could usefully be extended, descriptions of experinents utilizing the
apparatus coul d be added, and the designs thensel ves coul d be inproved. No extravagant
claims are made concerning the Gui debook. It is sinply hoped that it will contribute

to the continuing process of devel opnent.



TOOLS AND RAWNMATERI ALS

The raw naterials required to make specific itens of equipnment are indicated at
t he begi nni ng of each itemdescription. However, there are certain tools and material s

whi ch are useful in any equi pment construction workshop, and these are |isted bel ow.

Tool s
Chi sel s, Wod

3, 6, 12, 24 mm
(i.e., 18", 1/4", 1/2", 1)

Cutters

Bench Shears: 3 mm (1/8") capacity

d ass Cutter

Knife

Razor Bl ades

Sci ssors: 200 nm (8")

Snips (Tinmans), Straight: 200 nm (8")

Sni ps (Ti nmans), Curved: 200 mm (8")

Taps and Dies: 3 to 12 nm (1/8" to 1/2") set

Drills and Borers

Cork Borer Set
Count er si nk, 90°
Metal Drill Holder (Electrically Driven), Capacity 6 nm(1/4")
Metal Drills: 0.5, 1, 2, 3 4, 5 6, 7 mm

(_-si 1/32" 1/16" 3/32. }/8" 5/32", 3.16", 7/32", 1/4") set
Wod Brace with Ratchet: 250 mm (10")
Wod Auger, Bits: 6, 12, 18, 24 nun

(i.e., 1/4", 1/2", 3/4", 1)

Fi | es, Doubl e Cut

Flat: 100 nmm 200 nm (4", 8")
Round: 100 nm 200 mm (4", 8")
Triangul ar: 100 nm (4")

Hanmer s

Bal | Pein: 125, 250, (1/4, 1/2 Ib)
Caw 250 g (1/2 I'b)

Measuring Ai ds

Cal i per, Inside

Cal i per, Qutside

Cal i per, Vernier (may replace above two itens)

Dividers: 150 nm (6"), Tool makers

Meter, Electrical (Miltipurpose - volts, ohms, anps, etc.)
Meter Stick

Protractor

Scri ber



Measuring Ai ds (Continued)

Set Square

Square, Carpenter's: 300 nm (12") bl ade
Spoke Shave: 18 nmm (3/4")

Wod Snoot hi ng Pl ane

Pliers

Conbi nation: 150 nm (6")

Needl e Nose: 150 mm (6")

Side Cutting: 150 nm (6")
Vise Gips

Saws, Metal
300 mm (12") bl ades
Saws, Wbod

Back Saw. 200, 300 mm (8", 12")
Copi ng Saw. 200 nmm (8")

Cross Cut: 600 mm (24")

Hand Ri p: 600 nmm (24")

Key Hole Saw. 200 mm (8")

Screw Drivers
100 mm (4"), with 2 and 3 mm tips
150 mm (6"), with 5mmtip
200 mm (8"), with 7 mmtip

Vi se

Metal Bench Vise: 75 mm (3")
Wod Bench Vise: 150 nm (6")

M scel | aneous

Asbest os Pads

Goggl es, d ass

Ol Can: 1/2 liter (1 pint)

G| Stone, Double Faced

Punch, Center

Sandpaper and Car borundum Paper, Assorted grades
Sol dering Iron: 60 watts, 100 watts

Raw Materials

Adhesi ves

Al'l Purpose Cenent (El ners, Duco)
Epoxy Resin & Hardener (Araldite)
Rubber Cenent (Rugy)

Wod due (Wl dwood)

Cel | ophane Tape

Pl astic Tape

Maski ng Tape
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El ectrical Materials

Bul bs wi t h Hol ders: 1.2, 2.5, 6.2 volts

Dry Cells: 1.5, 6 volts

Electrical Wre: Cotton or Plastic covered
Fuse Wre: Assorted

Lanps: 50, 75, 100 watts

*Magnet Wre: #20, 22, 24, 26, 28, 30, 32, 34
Ni chrome Wre: Assorted

Paral |l el Electrical Cording

Pl ugs

Swi t ches

d ass and Pl astic

Acrylic (Plastic) Sheets: 2 cmand 2.5 cmthick
Pl ates, dass
Tubes, dass: 3, 6 mm (1/8", 1/4") internal dianmeter

Har dwar e

Bolts and Nuts, Brass or Steel; 3 nm (1/8") dianmeter: 12, 24, 48 mm
(12",1", 2") lengths

Nails: 12,24m(1/2", 1") |engths

Screws, Eye

Screws, Wod: 12, 18, 24, 26 mm (1/2", 3/4", 1", 1 1/2") lengths

Thunbt acks

Washers (Brass and Steel): 6, 9 nn (1/4", 5.16") dianeter

Wngnuts (Steel): 5 nm (3/16")

Lurber

Boxwood ( Packi ng Case Material)

Hardboard: 6 nmm (1/4") thick

Kiln Dried Wod: 2.5 x 15 cm(1" x 6") cross section
1.2 x 15 cm(1/2" x 6") cross section

Plywood: 6, 12 nm(1/4", 1/2") thickness

Wod Dowel s: 6, 12 mm (1/4", 1/2") thi ckness

* U S. Standard Plate nunbers are used in this book to indicate the gauge of
different wires. Wuere wires are referenced agai nst ot her nunbering systens
appropriate corrections should be make in determi ning the gauges of materials required.
The fol | owi ng conparison of gauges may be of interest:

St andar d Di ameter of #20 Wre
Brown & Sharp 0.08118
Bi rmi nghamor St ubs 0.089
Washburn & Mben 0. 0884
I mperial or British Standard 0.0914
Stubs' Steel 0. 409

U S. Standard Pl ate 0. 09525
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Met al Sheets

Aluminum 0.2, 0.4 mm (1/100", 1/64") t hi ckness.
Brass: 0.4, 0.8 nm (1/64", 1/32") t hi ckness.

Gal vani zedIron: 0.4 mm (1/64")t hi ckness.

Lead: 0.1 nm (1/250") t hi ckness.

Spring Steel, Packing Case Bands

Met al Tubes:

Al umi num Brass Copper: 6, 12 nm (1/4", 1/2") internal diameter.
Metal Wres

Aluminum 3 mm (1/8") di aneter

Coat hanger: 2 mm(1/16") di aneter
*Copper: #20 24

Gl vani zed I ron: 2 mm (1/16") di amet er
*Steel:  #20, 26, 30.

Pai nt Materials

Pai nt Brushes
Pai nt Thi nner
Var ni sh

Whod Filler

M scel | aneous

Al um numFoi |

Car dboar d Sheeti ng

Cont ai ners (Plastic or d ass)
Cor ks (Rubber or Cor k)

G ease

Hi nges: Assorted
Machine G |

Mar bl es

Mesh (Cotton, Nylon, Wre)
Model Iing O ay (Plasticene)
Paper dips

Pens:  Felt (Marking Pens)
Pi ns and Needl! es

Rubber Bands

Sol deri ng Lead

Sol dering Past e

Spool s

Steel Wol

Straws

String (Cord, Cotton, Nyl on)
St yr of oam

Syringes: Assorted

Wax (Paraffin)

*See footnote on previous page.
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. MAGNI FI ERS AND M CRCSCOPES

A MAGN FI ERS

Magnifiers are used for | ow power magnification. The three included here can
be enpl oyed wherever it is desirable to see alittle nore detail thanis obtain-
able with the naked eye.

B. M CROSCOPES

Where hi gh power nagnification is needed, microscopes can be used. The ones
inthis section can, for the nost part, be adapted to use water drop, glass bead,
or penlight bulb | enses. Magni fications up to around 60X - 80X may be gotten
usi ng these m croscopes. Al'l are designed for use with freshly and/ or permanently
mount ed gl ass sli des.

C.  SUPPLEMENTARY APPARATUS

These itens are essential for preparing the slides to be viewed with the
m cr oscopes.



A MAGNI FI ERS

Al. Water Filled Magnifier

(1) Flask
a. Materials Required
Conponent s Qu ltens Required Di nensi ons
(1) Flask | Spheri cal Body 50-500 m

Flask (A)

h. Construction
(1) Flask Sinply fill the flask (A)
with clear water up to the

neck.

C. Notes

(i) A250 M flask (about 7.5 cmin dianeter) will magnify approxi mately
the sane as a doubl e convex magnifying glass 4 cmin dianeter and 0.7 cmin
t hi ckness.

(ii) Smaller diameter flasks appear to magnify nore than | arger di aneter ones.



A2. Water Bulb Magnifying dass *

<«——— (1) Water Bulb Magnifying d ass

a. Materials Required

Conponent s Qu Itenms Required Di nensi ons
(1) wat er E_iul b 1 d ass Tubing (A) 0.3 cm dianeter,
Magni fyi ng d ass 10-13 cm long

b. Construction

(1) Water Bulb Use a Bunsen Burner or gas

Magni fyi ng d ass
burner and fuel system

Q (CHEM I'I/ A and 2) as a heat

sour ce. Fol l ow the gl ass-

bl owi ng i nstructions (CHEM I/ D6)
and bl ow at one end of the
gl ass tube (A) a bulb of

about 0.8 cm dianeter.

N
@ Provi de a gl ass or cup of
wat er and a wooden cl ot hespi n,

pi nch clanmp (CHEM | V/ A4) or a

few square centimeters of

cloth to serve as a holder.

(

Rotate the bul b near, but not
in, the flame to expand the

air in the bulb.

J

*Adapted from James E. Hanmesfahr and Claire L. Strong, Creative G assbl ow ng,
(San Francisco: W H. Freeman and Conpany, 1964), pp 108-9.




After a few seconds of

heating, quickly invert the

pi ece and put the open end
into the water. Allow the
piece to remain in the water

a few seconds. The air in the
bul b contracts and water is

drawn up into the tube.

Renove the piece fromthe

wat er and hold it, bulb down,
i n one hand near the open end
of the tube. Lightly flick
the bulb with the index finger
of the other hand. Continue
flicking until the water has
gone fromthe tube into the
bul b.

Next, grasp the tube with the
cl ot hespi n, pinch clanp, or

fol ded cloth, and again hold
the bulb close to the flane
until the water boils. Point
the open end of the tube away

from yourself and anyone el se.



WAt er

ﬁ%A r Bubbl e
Ay ——a
Water

Heat the bulb while steam
escapes fromthe tube for about
5 seconds. Then quickly invert
the tip of the tube into the
water. Allowthe tube to
remain in the water until the
bulb is full, or nearly full,
of water. If after a few

m nut es, the bul b has not
filled with water, repeat the

heating and filling process.

Remove the piece fromthe
water and invert it so that
any air renmaining in the

bulb can enter the tube.
Flick the bul b, as before, and
the bubble will rise to the

open end of the tube.

Hol ding the bulb with the

tube upright, heat the end of
the tube in the hottest part

of the flame to seal the tip.
As the tip seals, the expanding
air of the trapped bubble
blows a tiny bulb at the end

of the tube.



c. Not es

(i) The first heating of the bulb expands the air, which, when it contracts,
draws a small amount of water into the bulb. Converting this water into
steam expel s all the air and causes the bulb to fill conpletely with water as

t he steam condenses.

(ii) When this water-filled bulb is held about 0.5 cmfroman object, the
object will appear distorted around the edges, but clear and greatly enlarged

at the center of the bulb.



A3.

Il'lum nated Hand Magnifi er

-

a. Materials Required

""“\ (1) Eyepiece

(2

Conponent s
(1) Eyepiece

(2) Adapt or

(3) Barrel

Qu

[

Adapt or

~+——————— (3) Barrel

Iltems Required

Doubl e Convex Lens (A)
Si ngl e Convex Lens (B)
Cardboard Tube (O

Cardboard Tube (D)

Cardboard Tube (E)

1.5 Vol t Penli ght
Bul b (F)

Tin Sheet (G

El ectrical Wre (H

Di nensi ons

2.5 cmdi anet er
2.5 cmdi anet er

5 cmlong, 2.5 cm
i nside dianeter

5 cmlong, 2.8 cm
i nside dianeter

5 cmlong, 3.5 cm
i nside dianeter

2.2 cmlong, 1.0
cm di aneter

3.7 dianeter, 0.05
cm thick

10 cm | ong, #26 gauge
(about 0.05 cmin

di aneter); strip
insulation from1 cm
of each end



2 1.5 Volt Dry Cells (I) 3.2 cmdi ameter
5.7 cmlong

1 Steel Bolt (J) 2 cmlong, 0.5 cm
di amet er

1 Steel Nut (K) 0.5 cminside
di amet er

| Steel Strapping (L) 12.5 cmx 1.2 cm x
0.05 cm

| Car dboard (M 3.5 dianeter

1 Cardboard Tube (N 15 cmlong, 3.2 cm

i nside dianeter

b. Construction

(1) Eyepiece If a cardboard tube cannot be

found of the required size,

* one can easily be nmade from
¢——3,75—> 1. _
Y a pi ece of cardboard cut as
f<1.5+ shown. Roll the cardboard into

e ——— . — T— 5 a tube (D) 5 cmlong and

position the single convex

lens (B) in place with the
l edge on the dotted Iine. The

}: 9_0-———-————>{ I ens can be held in place with

Tube (D)

rubber cenent or simlar
fl exi bl e adhesi ve while the

tube (D) is held together with

% 5 % maski ng t ape. Be certain the

p > s 4 p S I S S i A S S bt o =

flat side of the lens faces
the front (notched) end of
the tube.

r—7 YT I TIXIX

Cross Section of

Tube (D)



Cross Section of
Tube (Q

(D) (C)

571 LY Ty Y Zr A T
HI D o T3

Cross Section

(2) Adapt or

i

oe————— 12

Adapt or Pattern

The second tube (C) may be
nmade the same way as the
first if a manufactured
cardboard tube of the correct
si ze cannot be found. Rol |
the cardboard into a tube and
posi tion the doubl e convex
lens (A) at one end with
rubber cenent . Fasten the
tube securely w th nasking
tape. This tube (Q should
fit rather snugly inside

tube (D), but still be able
to slide easily back and forth.

The adaptor can be nade from
a cardboard tube (E) by

not ching one end so that it
will interlock with the eye-
piece. The adaptor and eye-
pi ece can then be taped with

maski ng t ape. Al ternatively,
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Tube (C)\\\~

Tube (D) ~
Lens (B)

T Eyepi ece

Notch
~—— Adaptor (E)

(3) Barre

T
15
6
Ly
le——10.5—

the pattern for the adaptor
can be cut from cardboard
rolled into a cylinder, and
taped. Even if the two tubes
don't "mesh" exactly, they
can be taped well enough to

Oover cone i naccur aci es.

When bi ndi ng the eyepi ece and
adaptor together with tape

be sure that the notch in the
eyepi ece tube (D) is directly
over the adaptor tube

openi ng.

If a tube (N) of the correct
size is available, sinply
punch a small hole (0.2 cm
about 6 cmfromone end of
the tube. Oherw se, a tube
can be fashioned froma piece
of cardboard of the indicated
di mensions. Roll and tape

it sothat it is 15 cmlong
and has a 3.2 cminside

di ameter.
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3.5
Cardboard (M

Nt (K) ~—— Wire (H)

“—— Cardboard (M)
Si de View

P
G

v s I Y T X X T I I TX X ALY

Cross Section of

Tube (N

Slits
Ny
m 177
NN s

After Fol ding

0.7 cm Hol e
Bef or e Fol di ng

To seal off the end of tube
(N), use the circular piece
of cardboard (M. First,
punch a hole in the center of
the cardboard disc, and insert
the short steel bolt (J).
Fasten one of the pieces of
electrical wire (H) in place
with the nut (K). Pull the
free end of the wire through
the hole in the tube (N) and
glue the disc (M in place
to seal off one end of the

t ube.

Use the disc of tin sheeting
(G to nmake a reflector.
First, drill a hole in the
center of the disc of a

di anet er such that the pen-
light bulb (F) will screwinto
it securely (approxi mtely

0.7 cm dianmeter). Next, cut
slits in the disc (G as
shown. Fold the resulting

flaps up slightly so that
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Sol der

P @ e e v o ke e e > o e 90> o s i, e . e e

Cross Section

e

Switch (L)

Coi | ed Ends

£y
G o
Switch (L) .
Coil ~a Coil
P
L
[
[
/ AN
To Be Taped Tape

Side Views

the refl ector approxi nates

a cone in appearance.

Next, screw the bulb (F) in
pl ace, and sol der one end of
the second piece of wire (H
to the back of the reflector
Pull the free end of the wire
through the hole in the

barrel tube (N) and | eave the
refl ector assenbly | oose

tenmporarily.

The switch is nade fromthe
pi ece of steel strapping (L).
Gve it aslight bend in

the middle.

Coil the free end of the wire
which comes from the sealed
end of the barrel. Do like-
wise for the other wire.
Tape the switch to the barre
maki ng certain that one end
of the switch is taped
directly over one of the wire
coils and that the second

coil is directly under the
bent portion of the switch

but not touching it. In
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ot her words, when the switch
i s depressed, contact will

be made with the wire coil
and the circuit fromthe bolt

tothe bulb will be conpleted.

Finally, insert two dry cells
(1) into the barrel and push
the reflector assenbly into

pl ace.

The bul b nust make cont act
with the battery. The
refl ector assenbly shoul d

4 hold in place by tension, and
require no further fastening.
Cross Section of Conpleted When the switch is pressed,
Barrel the light should go on.
To conplete theillum nated
hand magnifier, insert the
barrel into the adaptor.
c. Notes
(i) The illum nated hand magnifier nust be held directly over the object
to be viewed. The light serves to concentrate the illumination of the object

whi | e focusing is acconplished by noving the eyepi ece tube (C) up and down

inrelation to the second tube (D).

(ii) This magnifier is excellent for observing detail on such itens as

i nsect parts, plant surface features, crystals, etc.

(iii) Cbviously, any variation in the |lens dianeter as given here wil|

necessitate changes in the dinensions of theitem If a lens is slightly

smal | er than the cylinder into which it nust be fit,

wr appi ng thin pieces of tape around its edge until

it can be built up by

it will fit snugly.



Bl. dass Stage M croscope

(1) Gass Plate

(3) Mrror

a. Materials Required

Conponent s Qi
(1) dass Plate !

(2) Lens Mount l

(3) Mrror 1

b. Construction
(1) dass Plate
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M CROSCOPES

(2) Lens Mount

|tens Required
W ndow G ass (A)

Metal Strip (B)

Mrror dass (Q

Di nensi ons

20 cmx 10 cm(at

| east)

12 cmx 3 cmx 0.1 cm

Approximately 5 cm
X 5 cm

Rest the glass plate (A) on
two books or other stable
supports. The glass plate
serves as the m croscope

st age.
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(2) Lens Mount Drill a hole through the
| center of the I ens nount (B).
o ! The di aneter of the hole

i will depend on the size and

!
1
1
!
{

f—a4 . 5—t= 3 4.5 —

Metal Strip type of |ens used [see Notes

(ii), (iii), (iv)]. Bend
the end of the | ens nount
down at a slight angle.

(3) Mrror Use the mirror (Q to reflect
enough i ght through the
specimen to pernmit it to be
seen well. If amrror is
not avail abl e, use polished
metal or other reflective
mat eri al

c. Notes

(i) Operating the glass stage mcroscope is exceptionally easy. Sinply
pl ace the glass slide containing the speci men under the | ens mount and refl ect
l'ight through the specinen with the mrror. Focusi ng i s acconpl i shed by push-
ing on the I ens nount so that the | ens noves closer to or further fromthe

speci men.

(ii) For maxi numsuccess in making water drop | enses, the hole in the lens

mount rust be properly prepared. First of all, this means that the hole should
be as nearly circul ar as possi bl e. Adrill will yield best results although
hol es can be punched with nails, punches, or other sharp inplenents. Addi-
tionally, the edge of the hole should be nade smooth and free fromburrs
This can be done with a file or tool nmade especially for this purpose. The
opti mumsize for the hole was found to be approxinmately 2.5 nm- 3.5 nmin
di amet er.

Once the hol e has been made, the area around the hol e shoul d be heated
and candl e wax nmelted onto both sides of the I ens mount around the hole. Be
certain that no wax gets into the hol e. Thi s coating of wax prevents the
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wat er drop fromspreadi ng out and def orm ng

When the hol e has been prepared, the water drop lens is made sinply by
carefully placing a drop of water in the middle of the hole so that it is
suspended fromt he edge. The drop is nost easily handl ed with a dropper.
It was found that a water drop with a slightly flattened side provided the
best image while a drop flattened on both sides was poor.

fow Y 1 r m i § (o 1 1
U/ J ~—
Excel | ent Good Poor

(iii) The object in making a glass bead lens is to formas nearly spherica

and cl ear a bead as possi bl e. This is nost easily done if soft glass rods
are available. |If harder glass is used, extrenmely hot flanes are needed to
work it.

First, evenly heat a portion of the glass rod in a flane until it
softens. When it is soft, pull the ends out until a long filament is forned
and continue to pull until the filanment breaks. Using the |l onger of the two
filaments, heat the tip until a bead begins to form Turning the filament
so that the bead forms evenly, continue to heat the bead until it reaches
t he desired si ze. Al l ow the bead to cool and then break it off along with
a portion of the stem

/\)r . | .
| J A é%

Heating t he Eﬁzmﬁqgaﬁgat Begi nni ng Conpl eting Bead
Rod t he Bead t he Bead with Stem

Beads can be nade fromapproximately 2.0 rmto 5.0 nmin di aneter,
al t hough those from2.5 nm- 4.0 mmwork best. Before nounting the bead on

the I ens nount, be certain that the hole in the mount is slightly smaller in
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di anmeter than the bead. Thisis extrenely inportant. The bead can then be
glued or held in place by a rubber band (see diagram.

LW\J —1 o, 1
Si de Views
S Rubber
Band

As the diagrans show, the bead stemshoul d be kept on the underside
of the | ens mount.

Al t hough gl ass beads can be nade fromglass tubing, it is al npst
i npossible to prevent air bubbles fromfornmng in the bead which cause great
distortion of the image. Therefore, use solid glass rods, if possible.

(iv) Penlight bulb Ienses are made fromthe penlight bulbs used in small,

fountain-pen sized flashlights (battery operated torches). Those commercially
available in the United States are approximately 2 cmlong andlicmin

di ameter at the widest point. The portion used as a microscope lens is the

thi ckened glass at the tip of the bulb (see diagran).

o Tip Used as Lens

\

The I ens can be renoved fromthe bulb by scratching the glass portion

Renove Here

of the bulb close to the metal part. This avoids scratching the tip of the
bulb itself, and is best acconplished with a small, triangular file. Once
the whol e gl ass bul b has been separated fromthe netal part, the lens will
break off quite readily; in fact, it may fly off and be danaged unl ess caution
i s observed.

The lens may be mounted to the lens nount nerely by drilling a hole
the sanme dianeter (or slightly smaller) as the lens. Then, apply a flexble
glue (e.g., rubber cement) around the edge of the hole and set the lens in
pl ace (see di agram. Al lowthe glue to set before using the mcroscope.
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d ue
Lens Munt ~. ¥

Qj VIV v L L

Cross Section

The penlight bulb | ens appears to work best when nmounted rounded side

up as shown in the diagram

(v) Because all the mcroscopes described here are single | ens types
with smal|l diameter | enses, the focal length is extrenely small, which neans
that the lens must be close to the object viewed and al so, the eye nmust be
kept very close to the |ens. This tends to cause a strain on the eye if the
m croscope is to be used for an extended period of tinme. Inaddition, it
means that the depth of field is extrenely linmted, requiring frequent
adj ustment s to focus.

(vi) Magnification power for the different lenses is difficult to determ ne,
but it appears that water drops and gl ass beads of the same dianmeter have
the sane power of magnification. Drops or beads with diameters of 2.0 mmto
4.0 mmgive magnifications of approximately 40X- 60X to 20X - 30X with
smal | er diameter beads yielding larger magnifications. The penlight bulb
lens is approximately 5 mmin dianeter and 3 mmthick, and gives magnification
of about 50X - 70X. Wth all lenses, the portion of the field in focus is
rather small.

(vii) Care should be taken to keep the | enses (except water drop) clean
withtissues. Al so, slides, mrrors, etc., should be kept as dust free as
possi bl e.

(viii) The best naterial for the | ens hol der seens to be al umi num sheeting
about 0.5 nmmt hick. QG her types of stiff, flexible metal sheeting al so work
well. Cardboard or strong paper can be used, but yields poor results.

(ix) Light toillumnate the specimen should be reflected through the
m croscope with a mirror or other shiny surface. A strong |ight source is
required with sunlight working as well as any.



B2. Hand- Hel d M croscope

Slide

(Not Part of ——— »

M croscope)

a. Materials Required

Conponent s
(1) Lens Mount
(2) Rubber Band

b. Construction
(1) Lens Mount
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Qu Itens Required
! Metal Strip (A)

! Rubber Band (B)

(1) Lens Mount

~<~——— (2) Rubber Band

Di nensi ons

8cmx 2.5 cmx
0.1 cm

Drill a hole in the netal
strip (A). The position of
the hole wi Il depend upon
where on the slide the
speci nen has been nount ed.

The di mensi ons given here are
for a lens mount to be used
with a standard 7.5 cmx

2.5 cm(3 inches x | inch)

gl ass slide.
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(2) Rubber Band W nd the rubber band (8)
around the slide and | ens
mount (A) to hold the two
together so they don't slip.
Be certain to position the
lens directly over the
speci men or portion of
specinen to be viewed. Take
care in noving the lens
mount that the edge does not

cut the rubber band.

c. Notes

(i) This sinple mcroscope works well with either glass bead or pen light
bulb | enses [see |/Bl, Notes (iii) and (iv)]. Using it with a water
drop lens is quite difficult inthat it is di fficult to prevent the watter
from touching the slide. In addition, this microscope works best when held

vertically rather than horizontally as is necessary with the water drop.

(ii) See the foll owi ng diagrans for positioning the glass bead and penli ght

bul b | enses on the | ens nmount.

- O —Lens munt (A)_ -
~_ , e
. dass Slide
Penlight Bulb d ass Bead

(iii) This nimcroscope should be used primarily with permanently prepared
slides as opposed to fresh nounts. Focusing is achi eved sinply by hol ding
the slide with one hand and noving the | ens mount back and forth with the

ot her.
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B3. Match Box M croscope *

g

k
= <=

(3) Lens Hol der

i o (2) Stage
7
|
-~ (1) Body
a. Materials Required
Conponent s Qu Items Required Di nensi ons
(1) Body 1 Mat ch Box Cover (A) 5 cmx 3.5 cmx
1.5 cm
(2) Stage 1 Mat ch Box Drawer (B) 5 cmx 3.5 cmx
l.5 cm
1 Metal Strip (Q 3cmx 1 cmx 0.1 cm
(3) Lens Hol der ! AlunminumStrip (D) 7.5 cmx 2.5 cmx
0.1 cm
b. Construction
(1) Body Wth a razor bl ade, make two
T T A
= ol slits in the back of the
mat ch box cover (A). These
11 slits need to be slightly

wi der than the width of the
I ens holder (2.5 cm.

e

*Adapted from African Primary Sci ence Program Mking Thi ngs Look Bigger,
(Nai robi, Kenya: Curriculum Devel opment and Research Center, 1967), pp 24-25.
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(2) Stage

A
§

(3) Lens Hol der

pt— 2.5 ——
1
Lens i B
Hol der (D) —
- Cover (A)

Cut out one end of the match
box drawer (B) so that
portions of the end 0.5 cm
wi de are |l eft on either side.
At the sanme end cf the drawer,
make a slit about 1 cmwide
with arazor bl ade. [ nsert
the netal strip (C into
this slit and glue it in
place. Usethis stripto
nove the stage up and down
when focusing.

Drill a hole in one end of
the alum numstrip (D), and
bend it at right angles. If
adrill is not available,
punch a hole in the netal
with anail. Insert the
metal strip through the slits
in the back of the match box
cover (A) toinsurethat it
will be held in place securely.
Then, renove the | ens hol der,
slide the stage into the
body, and repl ace the | ens

hol der.  The mi croscopeis
now ready for use.
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C. notes

(i) To use this mcroscope, place the slide or specinen on the stage
directly under the lens. Focusing is acconplished by noving the stage up
and down as the | ens hol der remmins stationary. As with all single |l ens
m croscopes, the eye nust be kept quite close to the lens in order to see

the i mage.

(ii) See I/B1, Notes (ii), (iii), and (iv) for conplete instructions in
adapting the I ens holder to use either water drop, glass bead, or penlight

bul b |enses.

(iii) Wth anitemthis small, it is found that there is some difficulty
in keeping a glass slide on the stage, especially when the stage nust be

noved i n focusing.

(iv) Since it is difficult to get sufficient |ight through the specinen,
it is suggested that the inside of the match box drawer be lined with |ight

col ored paper or netal foil to increase reflected |ight.

(v) This mcroscope was found to be good for inspecting such itens as

coins, newsprint, insect wings, crystals, etc.



B4. Adj ustable M croscope
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(3) Lens Mount ﬁ

(4) Adjustment
Knob

3
\

(5) Mirror

P

(2) Lens Mount
Holder

(1) Base and

’///,/ Stage Assembly

a. Materials Required

Conponent s Q ltenms Required Di nensi ons
(1) Base and Stage 1 Wood (A) 12 cmx 8 cmx
Assenbly 1.5 cm
2 Wod (B) 6 cmx 8 cmx 1.5 cm
1 Nut (C 0.5 cminterna
di anet er
(2) Lens Mbunt 1 Wood (D) 2.5 cmx 8 cmx
Hol der 1.5cm
! Bolt (E) 0.5 cm dianeter,

6 cm | ong



(3) Lens Munt 1

(4) Knob |

Adj ust ment

(5 Mrror i

b. Construction

(1) Base and Stage Assenbly

Nut (O
3 Over

St age (B)
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Wng Nut (F)

Nuts (G

Wood (ii)

Al umi num Sh
Wyod Spool
Bol t

(K)

Nut (L)

Mrror
Wood (N)

Met al Sheet
Nai | (P)

Tack (Q

d ued
Hol e

eet

(J)

(0)

(n

Gass (M

0.5 cm internal
di anet er

0.5 cm internal
di anet er
10 cmx 3.5 cmx
0.5 cm

9cmx 2cmx 0.1 cm

3 cmlong, 2 cm

di anet er

0.5 cmdi anet er,
6 cm | ong

0.5 cm internal

di anet er

3 cmx 3 cm

3cmx 3 cmx 0.5 cm

8 cmxXx 2 cmX
0.05 cm

5 cmlong, 0.2 cm

di amet er

1 cm long

Cut a notch 3 cmsquare in
one piece of wood (B) to

nmake t he stage. In this sane
drill

t he wood.

a hol e through
shoul d be

pi ece,
It
centered between the edge of
the notch and the edge of the
st age. Make this hole slightly
smal ler in diameter than the
bolt (K) used to make the

knob.

nut (C) over the hole in the

adj ust nent Pl ace the

wood. Gve it a sharp bl ow
with a hammer so that it

forns an indentation in the



==
Upright (A —T1—
|
Base and Stage
Assenbl y
(2) Lens Mount Hol der
Drill Hole

[ >
i
T

0.6 Wwod (D)

Base (B)

wood.  Renpve the nut, then
glue it back in place taking
care not to get glue in the
hole or in the threads of

the nut. It is best to allow
the nut to dry with the bolt

t hreaded t hrough both it and
the hole to assure proper
alignment. Nail or screw
this piece,

to the upright (A).

the stage (B),
Li kewi se,
nail or screw the base (B)

to the upright.

Cut a notch 0.6 cm deep and
4 cmw de in the piece of

wood (D). Drill
the center of the notch.

a hole in

This hole should be slightly
smal | er than the bolt (E
used to hold the | ens nount

in place.

Screw the wing nut (F) onto
the bolt (E) and run it to
the end of the bolt.
nut (G to hold the wing nut
tight to the end of the bolt.
(G over

Use one

Pl ace t he ot her nut
the hole in the piece of wood
(D) and strike it hard with
a hammer, taking care not to

split the wood. Renovethe
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o
Lens Munt Hol der
Bolt (E)
Wing § 1
Nut (F)—" )/
r "
Nuts (G
\/
Base and Stage
Assenbl y
(3) Lens Mount
<§§§§E§§:1Iif/
P2
3.5x9
1
B
Met al Sheet
\/

wod (H

(1)

nut fromthe i npression in

t he wood t hus forned, and

pl ace a drop of strong gl ue
inthe inpression and repl ace
the nut. Be sure not to

get glue in the threads of
the nut or in the hole

(this may be avoi ded by
allowing the nut todry with
the bolt run all the way
through the hole). Finally,
glue, nail or screwthe

I ens nount hol der to the
base and st age assenbl y.

Make a slit in the end of
the piece of wood (H, with
asaw. This slit shoul d be
about 1 cmdeep and slightly
wi der than the thickness

of the netal sheet (I)

used
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\/

Lens Mount

(4) Adj ustnent Knob

Spoct (J) Nut(L)  Bolt (K)

Side Vi ew
(5) Mrror

Mrror (M)\_

wood (N)

Bend the al um num sheet (I)
toaright angle 1 cmfrom
its end. Drill a hole

3.5 cmfromthe bend and
centered. The dianeter of
this hole will depend upon
the size of the water drop
desired, the size of the

gl ass bead used, or the

si ze of the penlight bulb

| ens. [See I/Bl, Notes (ii),
(iii), and (iv) for instruc-
tion in making and using
such | enses.] A uethe

al um numsheet (1) to the

pi ece of wood (H.

Run the bolt (K) through

the hol e in the wooden

spool (J). Secure the spool
tightly in place with the
nut (L). Screwthe end of
the bolt through the hole
and nut in the base and
stage assenbly.

Cut the metal sheet (0)

and drill two holes the sane
di aneter as the nail (P)
used. Bend the ends up at

ri ght angl es along the dotted
lines. Drill a hole through
the wood (N) which is about
the sane di aneter as the nail,
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’ ‘ Insert the nail (P) through
sz»—l sz this hole and glue it in
: ' I pl ace. Que the mrror (M

L—%-.SS——%—S? —5%4—2_5—7

to the wood. Nail or screw
Metal Strip (0) the metal strip into posi-
tion on the base directly
under the notch in the stage.
Insert both ends of the
nail through the holes in the

nmetal strip. There should

\ be enough friction to keep

the mrror at the desired

pa
\{ angl e.

Conpl eted Mrror

c. Notes
(i) The slide containing the specinmen to be observed is placed over the
hole in the stage. Light is reflected through the specinen and | ens by
nmeans of the mirror. Coarse adjustnent is obtained by varying the position
of the lens mount with the | ens nount hol der bolt. Fi ne adjustnent is attained
by turning the adjustment knob so that it noves the netal portion of the |éns

nmount up and down.

(ii) This mcroscope may be used with any of the three types of |enses :
wat er drop, glass bead, or penlight bulb |ens. See "I/Bl, Notes (ii),

(iii), and (iv) for details in nounting each type lens on the | ens nount.

(iii) Light is reflected through the Iens by use of the mirror. The mrror
need not be a real glass mrror - any snmooth, shiny surface (e.g., polished
nmetal) is acceptable. The source of light may be a bulb, roomlight, or

skylight, with skylight proving nost satisfactory.
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C__ SUPPLEMENTARY APPARATUS

. Gass Slide and Cover Slip

(2) Cover Slip
(1) dass Slide

a. Materials Required

Conponent s Qu Jltems Required Di nensi ons

(1) dass Slide ! G ass Plate (A 7.5cmx 2.5 cmx
0.2 cm

(2) Cover Slip ! Transparent Pl astic (B) 2.5cmx 2.5 cmx
0.05 cm

b. Construction
(1) Gass Slides d ass slides may be hand
cut fromplate glass (A,

but this is tedious and tine

consum ng.

(2) Cover Slip Cover slips can be cut from
stiff transparent plastic
sheets (B) with scissors.

C. notes
(i) Good quality slides may be purchased al nost as i nexpensively as they
can be handmade, or they nay be obtained for free fromhospital blood | aboratories

as they are often di scarded after use.

(ii) Consult a good general biology source book for information on preparing

ei ther fresh or permanently mounted slides.



C2. Staining Vessel

a. Materials Required

Conmponent s
(1) Can
(2) Rack

b. Construction
(1) Can

(2) Rack

Qu
1

1
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(2) Rack

(1) Can

Itenms Required

Tin Can (A

Wod (B)

Di nensi ons

8 cmhigh, 8 cm
di amet er

8cmx 2 cmx 2 cm

The di aneter of the can (A)
may be sonewhat |arger than
8 cm (it should not be nuch
| ess), and the height of
t he can shoul d be about the
sane as the length of the

slides used.

Cut notches in the wood (B)
about 1 cmdeep and j ust
slightly wider than the
slides used. Paint the wood
with a sealant (e.g., varnish,
shel lac) to prevent the

stain from soaking into it.

Push the rack down into the
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Slots
Can (A)

Rack

Top Vi ew

c. Notes

bottom of the can (A)
notches up. The rack holds
the slides upright and
prevents themfromtouching
each other. Always nake
the length of the rack equa
to the diameter of the can
toinsure that it will fit
tightly in the bottom of

the can

(i) Staining vessels are necessary when preparing slides for m croscopic

i nspecti on. Consul t a good standard bi ol ogy source book for instruction in

preparing slides and stains.



C3. Stain Bottle

(1) Bottle

a. Materials Required

Conponent s
(1) Bottle

(2) Dropper

b. Construction

(1) Bottle

(2) Dropper

Qu
1
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(2

Itens Required
Pill Bottle (A

G ass Tube (B)

Rubber Tube (O

One-hol e Cork Stopper (D

Dr opper

Di mensi ons

25-50 m capacity
12 cmlong, 0.75
cm di anet er

4 cmlong, 1.0 cm
di aneter

To fit nouth of

pill bottle
Wre (E) 5 cm | ong
Use a clear glass pill or
medi ci ne bottle (A).
Make the tube portion of the
dropper two at a time by
5 heating a piece of glass

tubing 20 cmlong in the

Heat Here
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m ddl e and drawing it out

to anarrow filanment when

¢ 1)
soft. Break the tube at
Draw Qut
Wien Soft the nost narrow part of
the constrictionto form
C S D two tubes (B).
Br eak

Force the gl ass tube through
the one-hol e cork stopper
(D). Push the piece of
M \,{ —_ r.ubber tubing (O onto th.e
A L wi de end of the glass tubing
\ \ \ \ and tieit off with the

Wre  Rubber Cork d ass wire (E to formthe dropper's

(§  Tube (c) (D) I;)be

suction cap. Adjust the

I ength of the glass tube

so that when the cork is in
place in the bottle, the
tip of the glass tube al nost
touches the bottomof the
bottle.

c. Notes
(i) If one-hole cork stoppers are not available, use a cork borer to nake

themfromregul ar corks or use one-hol e rubber stoppers.

(ii) Be sure to label the bottle with the nane of the type of stain it

cont ai ns.
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C4. Hand M crot one

(1) Block and Bolt

a. Materials Required

Conponent s Qu ltems Required Di mensi ons
(1) Block and Bol t ! Wod Bl ock (A) 3cmx 5cmx 6 cm
| d ass Tubing (B) 5 cmlong, | cm
i nsi de di anmet er
! Wood Dowel (C) temlong, 1 cm
di anet er
| Steell Bolt (D) 9 cmlong,

approxi mately
0.7 cmdi anet er

1 Nut (E) To fit bolt
'. b. Construction
(1) Block and Bolt Prepare t he wood bl ock (A)
by drilling or boring a
o 3 = e 6 g hole slightly larger in
T ] V // . di aneter than the outside
/ = j » 1.3 di amet er of the glass tubing
——  — _
5 O @ (B 4 cminto one end of the
0.77 % % » o5 block. Drill another hole
j ///;% ) (0.7 cm diameter) through

the same end of the bl ock.
End Vi ew Si de- Vi ew End Vi ew

. Thi s second hol e shoul d be
(Cross-section)



- 36-

=

-

| mpressi on of Nut

Vood Glass

Dowel (C) ()

)
i
N

Wood
~"Block (A)

—
" Nut E
Bolt (D) —— u (B)
— 1
Si de Vi ew

(Cross-section)

centered in the bottom of

the first, larger hole, and
be drilled through the

bl ock. Next, lay the nut (E)
on the end of the bl ock which
has the small holeinit.
Strike the nut sharpiy with

a hamrer to nmake an i npression
of the nut in the wood. (Be
careful not to split the
wood, and al so make sure the
hole in the nut aligns wi'th
the hole in the wood.)

After the i npression has

been made in the wood, glue
the nut into place with epoxy
resin cenent.

Shove t he pi ece of gl ass

t ubi ng (B) down into the

large hole in the wood (A),

and glue it in place. The end
of the tube should stick out
about 1 cm See that this end
is cut as evenly as possible
and fire polish it just enough
to renmove any possi bl e burrs.
Insert the short wooden dowel
(Q into the tube. Screw

the bolt (D) through the nut
until the end of the bolt
touches the wooden dowel .
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The microtome i s now ready
for use.

c. Notes

(i) To operate the hand nicrotone, screw out the bolt until the wood
dowel drops to the bottomof the glass tube. Then, insert the section of
pl ant stem (or whatever is to be cut for the mcroscope slide) into the glass
tube. Fill the space which remains between the speci nen and the gl ass tube
with melted paraffin and allowit to cool. Wien the paraffin is hard, screw
the bolt inuntil it begins to force the wood dowel to push the paraffin and
speci men out of the glass tube. As the speci nen cones out, use a single-
edge razor blade to cut off sections. Practice with the nicrotonme will

eventually allow very thin sections to be sliced fromspeci nens.

(ii) I't may be desirable to substitute netal tubing for the glass as gl ass
iseasily broken. Al'so, painting the end of the wood dowel with shellac

or varnish will prevent the paraffin fromsticking toit.
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11. DI SSECTI NG APPARATUS

A DI SSECTI NG APPARATUS

These itens will pernmit the student to do many of the di ssections normally
done in elementary biol ogy course work. |If possible, each student should have
each of the items in this section, but if cost and materials prohibit this,
then enough itens shoul d be produced to pernit students to work in groups of
two or three.
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A DI SSECTI NGAPPARATUS

Al . Dissecting Needl es

{ |

(1) Handl e ~< .4
(3) Binding (2) Needle
\

C —1%

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Handl e ! Wod Dowel (A) 10 cmlong, 0.6 cm-

0.8 cmdi amet er

(2) Needl e 1 Steel Wre (B) 5 cmlong, #20
gauge wire (approx-
imately 0.05 cm
di ameter)

(3) Binding 1 lron Wre (O About 10 cm of
#24 gauge wire
(about 0.025 cm
di ameter)
b. Construction
(1) Handle The wood dowel (A) serves as
the handle. Make a slit about
( — 2 cmdeep in one end to
S receive the needle. Sand the

two ends to nmake t hemsnoot h.

(2) Needle Break the wire (B) by bending
it back and forth instead of
4.7 > cuttingit withwire cutters

l<
{
;f as hard steel can easil
0.3 v \\ y

damage wire cutters. File one

end to a point.
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At a point 0.3 cmfromthe
unpoi nted end, grasp the
wire with two pliers and
slowy bend until a 30°
angl e has been reached. If
a "bent tip" dissecting
needl e i s desired, bend the
needl e to an angle of 130°
approxi mately I cmfromthe
poi nted end.

(3) Binding Insert the end of the needle
into the handl e about 1 cm
deep. Wap several turns of
binding wire (C tightly
around the handl e and twi st
the ends together.

c. Notes
(i) lron, rather than steel, wire nmay be used for the needle by first making
t he bends where needed. Then heat the wire until it becomes dull red and

imerse it incoldwater'to tenper it. The ironwire will become hard enough
so that it does not bend easily; however, it nmay be broken if pressed with too

much force.



A2, Strapping Scal pel
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(3) Bi ndi ng

4

e
) I

/

(1) Handl e

a. Materials Required

Conponent s
(1) Handle

(2) Bl ade

(3) Binding

b. Construction
(1) Handl e

It ens Requi red
Wood Dowel (A)

St eel Strapping (B)

Ilron Wre (O

C

(2) Blade

= = 7 ™
i SI
Ll

e e — —

L

//’/

Y.

4

M 1

(2) Bl ade

Di nensi ons

10 cmlong, ! cm
di anet er

6 cmlong, 1 cm
wi de

About 12 cm | ong,
#24 gauge (approx-
imately 0.025 cm
di anet er)

Make a slit in one end of
the dowel (A) with a saw for
the blade. Sand the ends to

make them snoot h.

Cut the piece of strapping (B)
into the shape of a scal pel

bl ade (many shapes are useful
for different purposes).

Taper one end so it will fit
the handle. File the edges
(as shown by the shaded areas)
to make the cutting edge.
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Insert the blade into the

(3) Binding

slit in the end of the
handle. Wap several turns
of #24 gauge wire (C
tightly around the handl e
and tw st the ends together.
This shoul d hold the bl ade
firmy in place.

c. Notes

(i) The bl ade shoul d be sharpened after the entire scal pel has been
assenbl ed in order to | essen the danger of being cut,

(ii) An equally good scal pel nay be made from a pi ece of strapping about

15 cm | ong. Sinply forma blade at one end as descri bed above, and let the

remai nder act as the handle. This portion should be wapped in tape to nake

it more confortable to handl e.

et )/ /] [ =
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(3) Fasteners

Construction

(1) Handle

2 Bolts (D)

2 Nuts (E)

/S]]

K

Tape (B)

Razor Scal pel
/] 2 o
/ \(3) Fasteners
1) Handl
(1) ndie (2) Blade
a. Materials Required
Conponent s Qu Items Required Di nensi ons
(1) Handl e 2 Steel Strapping (A 15 cm long, about
1.25 cmwide
! Tape (B) About 50 cm I ong
(2) Bl ade l Doubl e- Edged Razor 2.5 cmx 3.5 cm
Bl ade (O

1.0 cmlong, 0.4
cm di anet er

0.4 cm inside
di anet er

Fasten the two pieces of

strapping (A) together wth

tape (B). Drill two holes

(0.5 cm dianeter) in the
the bolts (D)

t hr ough.

ot her end for

to fit Locate
these holes so that the
blade (C) wll be held

in the desired position.

razor
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(2) Blade Insert the blade between

the tvo hal ves of the

— 7 scalpel handle so that the
M O O S two holes align over the
—> holes in the razor blade.

Razor Bl ade (0 Strapping (A)

(3) Fasteners Insert the short bolts (D)
through the hol es and screw
on the nuts (E). This
scal pel is now ready for

use.

c. Notes

(i) The razor blade can easily be replaced as it beconmes dull.



Ad. Scissors

(1) Body

a. Materials Required

Conponent s
(1) Body

(2) Fastener

b. Construction
(1) Body

o
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I tens Required

St eel Strapping (A)

Bolt (B)

Nut (Q

Heat and Twi st

Here

Di nensi ons

15 cmx 1.25 cm
at least 0.05 cm
t hi ck

0.5cmlong, 0.5
cm di anet er

0.5 cminside
di amet er

Hol d t he pi eces of strapping
(A) tightly together and
heat themat a point approx-
imtely 6.5 cmfromthe end
until they both glow dull
red. Then, twist thema
full quarter (90°) turn.

| medi ately pl unge theminto
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-7 300
’7 L~
] ).

A

Qutside — [ _|=<~Inside

cold water to restore their

t enper .

Drill a hole 0.6 cmin
di aneter about 1 cmfromthe
twist on the short (6.5 cm

end of both pieces.

Bend the long (8.5 cn) ends

up to form the handles.

Trimthe tips of the strapping
to the shape of bl ades.
Sharpen the shaded area of
the bl ade. File this area

on the outside edge only,

not the inside edge where
the bl ades neet, I n sharpen-
ing, file upward at an angle
of 30°.
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(2) Fastener

}/ Burred (roughened)

r_\rﬁ\"—ﬁ;ﬁ End of Bolt (B)

_
S

11

1

c. Notes

Fasten the two hal ves of

the scissors together wth
the short bolt (B) (a |ong

bolt may be cut to length)

and nut (C). Wen the

proper tightness is obtained,
burr the end of the bolt to
prevent the nut from | oosening

and falling off.

(i) Scissors constructed of strapping of 0.05 cmin thickness work fairly

well in cutting tissues as long as short cuts are nade, and the material being

cut is kept well back between the bl ades.

(i1) Scissors work better if the blades are slightly curved as shown bel ow.

Side View
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A5, Forceps

/-—’/\

o — — |

\

a. Materials Required

Conponent s Q |tens Required
(1) Strapping 1 Steel Strapping (A

b. Construction

(1) Strapping

/

.

Tenper This Bend

Si de Vi ew

(1)' St rappi ng

Di mensi ons

20 cml ong, about
1.25 cm wide

Cut each end of the steel
strapping (A) to a taper.

Bend t he strapping a full
180° at the midpoint. Make
certain the tops touch and
are in good al i gnnent. Heat
the bent area to dull red
and plunge i mediately into
cold water to tenper the
steel. Bowthe bl ades of

the forceps slightly
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A6. Dr opper

a. Materials Required

Conponent s Qu Itenms Required
(1) Tube 1 d ass Tubing (A)
(2) Cap 1 Rubber Tubi ng (B)

2 Soft Wre (C

b. Construction
(1) Tube

q‘ - Heat

N

|

Draw out

<« cut

(1) Tube

Di nensi ons

7 cmlong, about
0.6 cm di anet er

4 cmlong, 1 cm
out si de di anet er

4-5 cmlong

Hol d the gl ass tubing (A
over a hot flane, turning

it to heat it evenly. Wen
it begins to soften, draw

it out until the constriction
is the desired dianeter, and
allow it to cool. Wen cool,
cut the tubing at the con-
striction with a small

triangular file.
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(2) Cap Slip the rubber tubing (B)
over the end of the gl ass
tube. Wap a piece of wire

Rubber Tubi ng (B) Gass Tube (A) P P

\ (O tightly around the tubing

to hold it tight to the

: glass, and twi st the end of
the wire together. Ina
\ / sim |l ar manner, close off
Wres (0

the open end of the rubber

tubing so that it is airtight.

c. Notes
(i) Droppers may be made in many shapes and sizes to fit the various uses

for which they are needed.



AT7.

Di ssecting Pan

L
/{
(1) Pan
a. Materials Required

Cut

Conponent s Qu ltems Required
(1) Pan 1 Gl Can (A
(2) Wax Paraffin Wax (B)

Construction

here

(1) Pan

Pan

(2) Wax

Di mensi ons
Appr oxi mat el y
17 cmx 25 cmx 3 cm

Enough to partially
fill the pan (about
Lliter)

Rermove the handle froma
4 liter rectangul ar oil
(A). Cut off the sides about

3 cmfromthe edge. It is

can

best to put tape on the
sharp edges of the pan to
prevent students fromcutting

t hensel ves.
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(2) Wax Fill the pan about two thirds
full of nelted paraffin wax
(B), and allow the wax to
har den. Be careful in
heating the wax not to get
it too hot or it may ignite.
It is best to place the
paraffin block in a gl ass
jar, and put the glass jar in

hot water until the wax nelts,

c, Notes
(i) Any container like an oil can (e.g., waxed cardboard m |k contai ners)
can be used as long as a suitable pan can be nmade fromit. Alternatively,

pans can be made from sheet netal if there is sufficient technical help

avai |l abl e.

(ii) Cases for dissecting tools can be made fromheavy cloth material if

it is desirable to keep each student's kit separate from the others.
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111.  AQUATI C COLLECTI NG APPARATUS

These are a wide variety of itens used in collecting plant and ani ma
speci mens fromthe aquatic environnent. Rermenber to use wat er proof and wat er
resistant naterials wherever possible in the construction of this apparatus.

A. NETS AND DREDGES

Nets and dredges are easily made itens useful in collecting both plants and
animals. They are all made with some sort of netting or mesh.

B.  AQUATI CTRAPS

These two traps can be used to catch sone types of aquatic aninals.

C. SUPPLEMENTARY AQUATI C MATERI ALS

Material s i ncluded here are | ess necessary, yet still useful, items in
aquatic collection.



Al. Dip Net
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a. Materials Required

Conponent s
(1) Handl e

(2) Loop

(3) Net

b. Construction
(1) Handle

0.4
<~ A
0.3 %

End Vi ew

Itenms Required

—
=

Wood Dowel (A)

1 Heavy Wre (B)

I Stiff Wre (C

! Nyl on Bag (D)

4———7‘,..1

D

Si de Vi ew

~(2) Loop

Di nensi ons

100 cm | ong,

2 cmdi anet er

115 cm | ong,

0.3 cmdi anet er

About BO-90 cm | ong,
0.1 cmdi anet er

50 cm wi de,
60 cm | ong

The | ength of the handl e nay
be varied according to per-
sonal preference. cut two
grooves in one end of the
wood dowel (A), one opposite
the other. Mke these grooves
about 7 cmlong, 0.3 cmdeep,

and about 0.4 cm wide.
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Forma loop 30 cm in dianeter
fromthe heavy wire (B). Leave
about 7 cmof excess wire at
each end which will fit into
the grooves in the handle.
Bend these 7 cmportions to

90° angles. Fit the wire ends
Bi ndi ng of Loop into the grooves in the
to Handle handl e and bind themin pl ace

withthe stiff wire (Q.

(3) Net If a nylon laundry bag (D of
t he gi ven di mensions i s used,
cut it down sothat it is
only about 30 cmdeep rather
than 60. O her types of cloth
or netting can al so be used.

Use cloth or netting through
whi ch wat er can easily pass,

but renmenber that the size

of the net weave determ nes

the size of the snall est

organi sns which will be held

by the net. Make sure the
opening of the net is 5- 10
cmgreater incircunference
than that of the |oop. Sinply
sew t he open portion of the

net around the | oop with strong
t hr ead.

c. Notes
(i) The dip net is used to collect aquatic organisns of all kinds fromthe
shore or boat. Be sure to make its construction as sturdy as possible.
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A2. Hand Screen

(1) Frane o
and Screen

———sa =

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Frame and 2 Wood Dowel s (A) 45 cm | ong,
Screen 1.5 cm di aneter
| Stiff Wre (B) 35 cm | ong,
0.4 cmdi anet er
2 Stiff Wre (Q 50 cm | ong,
0.4 cmdi anet er
! Fine Wre Mesh (D) 35 cmx 50 cm
| Fine Wre Mesh () 30 cmx 15 cm
| Fine Wre (F) 150 cm | ong,

0. 05 cmdi anet er
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b. Construction

(1) Frame and Screen

T -
10 }'Handle
|==—Nails J|=ole
| 1
! [
35 | '
! Mesh (d |
i sh (d) |- Dowel
! |
|
| i
| Pl=*—Hole
| 50 I
Front Vi ew
od Dowel (A)

Hol e

(A)

Set the two wood dowel s (A)
so that they are 50 cm apart.
Take the wire mesh (D) and
secure it to the dowel s by
wrapping it around each dowel
once and then nailing it in
pl ace on t he dowel . Be sure
to leave 10 cmfree at one end
of each dowel to serve as
handles. Drill two hol es,
0.4 cmin dianeter, in each
dowel ; drill the first 1 cm
fromthe end with which the
wire mesh is even, and the
second, 12 cmfromthe end
which is to be the handle.

Bend the two 50 cmsections
of stiff wire (C into sem-
circles, each with a dianeter
of 30 cm Place one end of
one piece of wire into one
hol e of the wood dowel, so
that about 5 cmof wireis
protrudi ng out of each hole.
Bend these end pi eces around
the wood dowel until they
reach the main body of wire.
Follow this procedure for the
ot her piece of wire. These
two pieces of wire nowform
an outside frame to which the
wire mesh (D) is attached.
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L Stiff Wire (C)

Fine Wire (F)
Fine Wire Mesh (D)

Det ai |

© Oe—Dovel  (A)

Stiff Wire (B)

Wire Mesh (E)
TTT——stiff Wire (C)

Bott om Vi ew

Using the fine wire (F), in
nuch the sane way as one

woul d use thread in sew ng,
wire the wire nesh (D) to the
stiff wire frame, letting the
edges of the wire nesh
slightly overlap the wire
frane.

Take the | ast piece of stiff
wire (B) and run it between
the ends of the two wood
dowel s with which the wire
mesh is flush. Secure it by
bending about 3 cm of each
end around the wire frame.
Now, take the remaining piece
of wire mesh (E) and cut it
into the shape of a seni-
circle. Wrethis semcircle
onto the bottomof the hand
screen with the "sew ng"

met hod descri bed above.



-59-

c. Notes

(i) This sinple device is an effective neans of collecting small plants
and animals in streans. To operate, sinply hold it in the water and pernmit
the streamwater to flow through the wire mesh and renpve organi sns as they
arecol |l ected.

(ii) As an extra neasure, have soneone stand upstreamand disturb rocks,
t hus chasi ng out underlying organi sms.



A3. Dredge

a. Materials Required

Conponent s
(1) Can

(2) Net

(3) Wi ght

0 N W w

NS GRS )
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(3) Weight

Itens Required

Tin Can (A
Nyl on Bag (B)

Wre Strapping (C

Bolts (D)
Nuts (E)
Cords (F)
Corks (Q
Nai | (H)

Steel Bars (1)
Bolts (J)
Nut s (K)
Cord (L)

Di mensi ons
15 cmdi anet er,
18 cml ong

50 cm wi de,
60 cm|ong

50 cmlong, 1.5 cm
wi de, 0.05 cmthick
1.5 cml ong
To fit bolts
20 cmlong
3cmx 3 cm

0.5 cmlong

12 cmx 3 cmx 0.3 cm
1.5 cmlong
To fit bolts
100 cm | ong



b.

Construction

(1) Can

}‘/ 15

/Naﬂ Head (H)

Si de Vi ew of
Ri vet
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Cut both ends fromthe tin

can (A). Flatten one end of
the can to a rough rectangul ar
shape about 15 cmx 10 cm
Drill three holes in the round
end of the can, each about

4 cmfromthe ends. Space
these hol es every 120° and
meke themslightly larger in
di aneter than the bolts (D)
used. Make two nore hol es

the same dianeter at the

ot her end of the can. These
hol es shoul d be about 2 cm
fromthe edge and 9 cmapart.

Make a loop fromthe strapping
(O that will fit inside the
can (i.e., slightly smaller
than 15 cmin di ameter). To
do this easily, drill a small
hol e near each end of the
strapping. Cut the head off
a fl at-headed nail (H) and
insert this nail through the
hol es in the strapping.
Flatten the nail down like a
rivet to hold the | oop to-

get her.
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= Drill holes inthe strapping
which will alignwith the
holes in the round end of the
Rivet\/ can. One night wish to drill
t hese hol es before riveting
the | oop toget her. These
hol es shoul d be the sane di a-

neter as the holes in the can.

St rappi ng Loop (O

Sew t he open end of the nylon
Seam bag(B) around the strapping Ioop
B with stout thread. The net
. ~—~Rivet may al so be made fromnyl on
] netting if ready-made bags
are unavailable. Punch holes

<Hole through the nylon bag to
[

correspond to the holes in

the strapping | oop. Fasten
“— Nylon Bag (B) PPINg P

Si de Vi ew

the net and | oop to the can
with the three nuts (E) and
bolts (D).

Punch hol es through the six
corks (G and tie one of them
to each of the two cords (F).
Run each of the cords through
two of the renaining corks

and tie one cord to each

corner of the net (B). It
Detail of Cork (G Attachment may be necessary to sew around
each connection to prevent

the nylon fromtearing.
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(3) Vi ght

Can (A)_\~

’,Cord (L)

Weight (1)

Can (A)_._\A

Cord (L)

Weights (I)

Det ai |

c. Notes

Drill two holes slightly

| arger than the bolts (J)
used in each steel bar (I).
Make t hese holes 9 cmapart
sothey will alignwth the
holes already drilled in the
can. Insert the two bolts
(J) through the holes in one
of the steel bars and then
put the bolts through the
holes in the can so that the
steel bar weight is on the
outside of the can. Stretch
the cord (L) around the two
bol ts.

Pl ace the second steel bar

(1) over the two bolts and
fasten with the nuts (K)

The cord (L) should be firmy
hel d between the can and bar.
Tie the | oose end of the cord

together to forma | oop

(i) I'nuse, the dredge is tied to a |l ong rope and dragged al ong the bottom

of a body of water. Organisns [iving on or near the bottomare collected in

the net

(ii) The weights insure that the dredge will stay in the correct position

on the bottom Thecorks are to help keep the net off the bottomuntil it is
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filledwithcollected material. This prevents it frombeing torn.

(iii) Use water resistant materials wherever possible in construction of

this and al | aquatic apparatus.
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A4. Pl ankton Net *

(2) Bottle

(3) Tow Li

ne/ 4

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Net 1 Nyl on or Silk Stocking (A) About 50 cm | ong
! Met al Strappi ng (B) 40 cmlong, 1.5 cm

wi de, 0.05 cmt hick,
2.5 cmdi anet er

(2) Bottle ! d ass Bottle (O 2.5 cmdi aneter,
6 cmlong

1 Rubber Band (D)

(3) Tow Line 2 Cords (E) 60 cm| ong
1 Lead Wi ght (F) Wi ght is variable

b. Construction
(1) Net Drill four holes into the
netal strapping (A) at 13 cm

intervals. Make the hol es

-J-—.‘o

0
i 13 hi 13 LT 13

about 0.3 cmin dianeter.

* Adapt ed from Bi ol ogi cal Sciences Curricul umStudy, H gh School Biology:
St udent' s Manual, (Chicago: Rand McNal |y and Conpany, 963), p 157.
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< Cut Here

\ Sew

(2) Bottle

(3) Tow Line

First Cord (E)

o

Second Cord (E)—r

- Weight (F)

Hold the strapping in a ring
shape and sew t he open end
of the stocking (A) to this
ring. Cut off the foot of

t he st ocki ng.

Attach the glass bottle (C
to the end of the net by.

wr appi ng the rubber band (D)
tightly around it. Be sure
the opening to the bottle is
not clogged by naterial from
the net.

Punch small holes in the net
to correspond to the three
hol es in the strapping ring.
Tie one end of one cord (E)
to one of these holes, nake
aloopinthe nmddl e of the
cord, and tie the other end
to the hole forned where the
two ends of the strapping
overlap. Next, tiethe
other cord (E) to the re-

nmaei ning holeinthering. Tie
the middle of this cord to the
knot in the other cord, and
tie the free end to a | ead
fishing weight (F).



-67-

c. Notes

(i) The plankton net is best used by dragging it behind a boat near the
surface of the water. Organisns are trapped in the bottle as the water
washes through the net.

(ii) Use netting with as fine a nesh as possible. An old parachute is

an excel |l ent source of material for the net.
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A5. Two- Man Sei ne*

{2) Mesh
a. Materials Required
Conponent s Qu Itenms Required Di nensi ons.
(1) Frane 1 Nyl on Rope (A) 250 cml ong,
0.5 cmdi anet er
3 Cork Floats (B) 15 cm | ong,
10 cmdi anet er
2 Wod Dovel s (C) 150 cml ong,
3 cmdi anet er
| Gal vani zed Chain (D) 200 cmlong
(2) Mesh 1 Nyl on Cord (E) About 1000 cm | ong,
0.2 cmdi anet er
1 Nyl on Seine Net (F) 130 cmx 200 cm
b. Construction
(1) Frame Fasten the ends of the chain
J} o~ o~ J] (D) to the bottons of the
T - "} =~ > wooden dowel s (C). Tie one
Cork (B) end of the nylon rope (A to
Dowel (C) 130 the top of one dowel about

20 cmfromthe end. Run the
free end of the rope through

Chain (D)\_( the holes in the cork floats
LW*’W“W‘ (B) and tie it to the other
Le 200 -

¢

*Adapted fromJens W Knudsen, Biological Techni ques, (New York: Harper and
Row, 1966), p 326.
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(2) Mesh

T e
TINTT ——— o ) = o) = 1 )\ T agd
d 1 g 1. el — e 1 3
1, .3 1 % H T 1'l e by
11 HOE 81 MRS N i i LT
rem HORY 11 11 LR - AR
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LM 7“1 ey IRER Y 1 "I]'I T

Attachment of Mesh (F) to
Rope (A)

T

1gplisiismnanan]

Attachment of Mesh (F)
to Dowel (O

Tt

A\N

/
TN

HHIIH[

1.3
LA

Attachment of Mesh (F) to
Chain (D

dowel so that the distance
bet ween the two dowel s when
the rope is stretched out is
200 cm

Use a mesh (F) from0.25to
0.50 cmsquare. Fastenit
to the dowel (Q, chain (D),
and rope (A) as shown by
using the smal |l di ameter

nylon cord (E).



-70-

c. Notes
(i) Two persons are required to use the seine net. Each hol ds one of

the poles upright in the water and they both walk slowy toward the shore.
A great variety of organisns can be collected in this nmanner.

(ii) Wherever possible, use corrosion and rot resistant naterials for
the seine such as nylon rope, cord and nmesh and gal vani zed chai n.
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A6. Lift Net *

/(2) Spreader s

a. Materials Required

Conponent s Qu Itens Required
(1) Net 1 Nyl on Mesh (A)

4 Met al Washers (B)

(2) Spreaders 2 Heavy Wres (C)

b. Construction
(1) Net

&

Sew Washer

Corner Detail

(1) Net

Di nensi ons
50 cmx 50 cm
1.5 cmdi anet er

100 cm | ong,
0.3 cmdi anet er

Construction of the lift net
is quite sinple. Sinply fold
over each corner of the nylon
nmesh (A) and sew a washer (B)
to the doubl e t hi ckness of
material. Punch a hole

t hrough the center of each
washer and through the doubl e
 ayer of nylon.

*Adapt ed fromJens W  Knudsen, Biological Techni ques, (New York: Harper and Row,

1966), p 283.
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(2) Spreaders Roll each wire (Q to a
roughl y semicircul ar shape.
Insert one end of each wire
t hrough adj acent corners of
the net and bend up the ends
Insert the other end of each
wi re through the corner
di agonal |y opposite the first
corner and bend up the ends
again. Use a small piece
of wire to bind the spreaders
t oget her where they cross.

c. Notes
(i) Use the lift net to catch small fish and crustaceans. Place a suitable

bait firmy tied to a weight in the center of the net. Tie aline to the lift
net where the spreaders cross and | ower the net into the water. | ft he wat er
is clear, watch for fish or crustaceans to near the center of the net, and

when they do, quickly lift the net to trap them | fthe water is not clear
simply wait for one or two nminute intervals before quickly raising the net.

(ii) Small fish may be collected by floating food on the surface of the
water. As small fish cone to the food, the net may be raised, and the fish

col | ect ed.
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B. AQUATI C TRAPS

Bl. Piling Trap

(1) Suspended Traps

|

a. Material s Required

Conponent s Qu Itenms Required Di mensi ons

(1) Suspended Traps ! Wod (A) 24 cmx 24 cmx 4 cm
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4 Wod (B)
I Wre (Q

I  Metal Rod (D)

5  Nails (B

b. Construction

(1) Suspended Traps

L |
Large Block
of Wood (A)
© Bent Nail (E)

ﬂEE51 Nail (E)

Small Block
of Wood (B)

prancnsat

10 cmx 10 cmx 2 cm

120 cm |l ong,
0.1 cmdianeter

26 cmlong,
1.5 cmdi anet er

2.5 cmlong,
0.3 cmdi aneter

Pl ace a heavy staple or bent
nail (E) inthe center of the
| arge bl ock of wood (A).

Drill a hole 0.4 cmin dia-
nmeter through the center of
each of the snall blocks of
wood (B). Place anail (F
near each of the holes and
wap the wire (C) around these
nails as it is passed through
t he hol es. Bend the nails
down across t he hol es. The
smal | bl ocks shoul d be spaced
about 20 cmapart, with the
first block about 30 cmfrom
the | arge wood bl ock (A), and
the netal rod (D) about 30 cm
fromthe | ast block. Drill

a hole in the nmetal rod
through which the wire is
run, and connect the rod to
the wire. Finally, attach
the upper end of the wire to
the staple or bent nail on
the undersi de of the large

bl ock of wood.
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c. Notes

(i) Many aquatic animals attach thenselves to the bottomof boats and
piers. This trap utilizes this principle in capturing these organisms.
To operate, sinply place the apparatus in the water and renove approxi -
mately every 30 days and col |l ect the organi sns which have attached t hensel ves
to the bl ocks of wood.

(ii) The large wood bl ock may be substituted for by sone other type of
float. A watertight plastic container (e.g., an enpty plastic bottle of
bl each) can be used. This float can be painted a bright col or, thus making
it easy to see

(iii) Any type of weight nay be used provided that it is not heavy enough
to subnmerge the I arge bl ock of wood while still keeping the small bl ocks of
wood under wat er
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B2. Funnel Trap

(1) Body

a. Materials Required

Conponent s Qu Itens Required
(1) Body | Wre Mesh (A

1 Wre Mesh (B)
1 Stiff Wre (Q

i Stiff Wre (D)

1 Fine Wre (E)

(2) Funnel 1 Stiff Wre (F)

1 Spring (G

1 Wre Mesh (H
4 Wre Mesh (1)
1 Fine Wre (J)

b. Construction
(1) Body

4~ 25 Diameter

}:——45——»{

Cyli nder

(2) Funnel

Di nensi ons
45 cm x 80 cm
25 cm di anet er

85 cml ong,
0.2 cmdi anet er

50 cm | ong,
0.2 cm di anet er

0. 05 cmdi anet er,
about 300 cm | ong
85 cml ong,

0.2 cmdi aneter

2 cmlong

30 cm di arret er

17 cmx 17 cm

0. 05 cmdi aneter,
about 300 cm | ong

Make a cylinder 45 cmlong

and 25 cmin dianeter from

the rectangul ar piece of wire

mesh (A).

Wre the 45 cm

sides together with the fine
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Seam
L
Mesh (A)
Det ai |
(1 3
20
| |
10—
" Wre (D
2.5
Wire Handle (D) /

Mesh Circle (B)

wire (E) in much the same
way as one would sew a cloth
seam Let the edges of the
nesh overlap about { cmto
facilitate "sewi ng" them
together with the wire.

Next, bend the stiff wire (D)
to the shape of a "U" Make
two small holes 10 cmapart
in the cylinder. Insert the
U-shaped wire t hrough t hese
two hol es, and bend up the
ends | eaving about 2.5 cm of
the wire extending out of the
cylinder as a handle. Take
the 25 cmdi aneter piece of
wire mesh (B) and "sew' it to
one end of the cylinder with a
pi ece of fine wire (E) to seal
it off.
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Connection

»
Detail of
Connecti on

Hoop Made
fromWre (Q

Wire

Mesh (A) e Wire
Hoop (C)
\Fine Wire (E)
Det ai |
(2) Funnel

Mesh (H)
Cut out
l_- 30

Finally, make a 25 cmdi amet er
"hoop" fromthe stiff wire (Q
by hooki ng the ends t oget her.
Connect the wire hoop to the
open end of the cylinder with
finewireto stiffen the cylin-
der. This is best done by

fol di ng about 2 cmof the end
of the cylinder back over the
hoop and sewi ng the hoop
inside this flap for the full

ci rcunference of the hoop.

Cut a square 17 cmon a side
fromthe center of the circu-

| ar piece of wire nesh (H).

Al so, cut a V-shaped notch
2.5 cmdeep in one edge of the
pi ece of mesh.
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Cut the four pieces of wire
nmesh (1) into triangul ar-shaped
pi eces 17 cmat the base and

5 cmat the apex. Sew the
four pieces together al ong
their long edges with fine

wire (J) to forma pyram d-

shaped funnel.

"Sew" Along These
Edges
Mesh Funnel
Sew t he funnel to the cir-
4> /Funne] cul ar piece of mesh (H with
the square cutout.
"\Circular
Mesh

"Sew' Al ong
Thi s Edge
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Loop Spring (G)

~—— Hoop

/ Funnel

Ri dge

W re "V" Notch

Hop (F) Spring (G

c. Notes

Forma hoop fromthe stiff

wire (F) 25 cmin dianeter
with small | oops at both ends.
Connect these two ends of the
hoop with the spring (G§.
(Springs can easily be made

by wrapping stiff wre around

a pencil or other round object.)

Now, fold up aridge 2.5 cm
high all around the circum
ference of the circul ar piece
of nmesh (H).
(F) tothis ridge making

Wre the hoop

certain the spring (G on the
hoop aligns with the "V' notch
inthe mesh. Fit this funnel
assenbly over the end of the
cylindrical body by pulling
the spring open slightly.

Slip the funnel over the end of
the cylinder and |l et the spring
snap back. The tension of the
spring should hold the funnel
assenbly to the cylinder

relatively tightly.

(i) Use of the funnel trap is sinple. . Just renove the funnel portion of

the trap by spreading open the spring sl lightly and pulling the funnel off the

cylinder.
wat er, and place a suitable bait (e.g.,

Pl ace some rocks or other weiights inthe trap to hold it down in the
pi eces of fish, old cheese wapped in
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a cloth bag) in the cylinder. Repl ace the funnel, and tie a length of rope to
t he handl e. Drop the trap into a streamor pond, and tie the other end of the
rope to an object on the bank or a float (a plastic bottle nakes an excell ent
float). Check the trap periodically to renove captured aninmals and repl ace
baits.

(ii) The following two patterns can al so be used for the funnel:

AVAV/

f— 17 —>5+ " ks 17

The first pattern is used because it wastes | ess naterial while the
second is good because only one seamneeds to be sewn while the others are
merely folded.

(iii) \Wherever possible, use rustproof materials like alum num screeniing
in the construction of this item

(iv) The circular and other shapes can nore easily be cut fromthe wire
mesh if a pattern is first cut frompaper and taped to the mesh. Then cut
around the paper rather than attenpting to draw a pattern on the mesh as this
isextremely difficult to do.
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C.___ SUPPLEMENTARY AQUATI C MATERI ALS

C . Bottom Sanpl er

(2) Handl e

a. Materials Required

Conponent s Qu Items Required Di nensi ons
(1) Can ! Tin Can (A 12 cm | ong,

8 cmdi anet er
1 H nge (B) -

3 Bolts (Q 1.0 cmlong
2 Nuts (D) To fit bolts
3 Wood Screws (E) 1.0 cmlong
(2) Handl e 1 Wood (F) 5cmx 4 cmx 4 cm
| Wood Dowel (G 2.5 cmdi aneter,

I ength variabl e
| Eyed Screw (H --
| Wre (I) 18 cmlong



b. Construction
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°© \Hinge (B)

(1) Can
Bolts (C) |[——
,~Hole }
° QoS ]] o
Top Vi ew
(2) Handl e
Hi nge (B)

AN

/Hand]e (G

.~ Eyed Screw (H)

Can (A)

g fir Wre (1)

Si de Vi ew

Rermove one end of the tin

can (A). Punch a small hole
near the bottomof the can.

At the open end of the can
fasten one plate of the hinge
(B) tothe can with the bolts
(© and nuts (D). Holes wll
have to be drilled or punched
through the can for the bolts
to go t hrough. The hi nge may
be fastened to the can with
sheet metal screws if these

are avai |l abl e.

Drill or bore a hole the sane
di aneter as the wood dowel (G
through the mddle of the
wood bl ock (F). Insert one
end of the dowel into the

bl ock and screw or glue them
together. Wth screws (E),
fasten the plate of the

hi nge (B) to t he bottom of

the block. Screwthe eyed
screw (H) into the other

si de of the wood bl ock.
Finally, make a knot in the
end of the wire (1) and pass
the free end through the

hole in the bottomof the
can (the knot nust be inside
the can) and tie the free

end to the eyed screw.
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Can (A

Hi nge (B).
P {

Tol <] §

<

Dowel (G)

| ™ Wood Block (F)
— & —

./

Bot t om Vi ew

c. Notes

(i) To operate, sinply lower the sanpler into the water until the can hits
bottom Drag the can back and forth until it feels heavy, then pull it out
of the water and renpve the bottomsedinment. The wire prevents the can from
hitting bottomwi th the open end pushed agai nst the handl e so that no sedi-
ment can enter it. Col I ect bottomsanples in different ponds and streams to

check the sedinment for the various organisms living in each.

(ii) The length of the handle will vary according to the depth of the water
where the sanple is to be taken.

(iii) The details of design of this itemdepend mainly on the type of hinge
used.



C2. Grappl i ng Hook

(2) Sheath

a. Materials Required

Conponent s
(1) Prongs

(2) Sheath

b. Construction
(1) Prongs
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Qu Items Required

6

=

Stiff Wre (A)

Soft Wre (B)

Sheet Metal (C

Soft Wre (D)

(1) Prongs

Di nensi ons

40 cm | ong,
0.25 cmdi anet er

About 100 cm| ong,
0.05 cmdi anet er
12 cmx 8 cmX
0.05 cm

8 cmlong,
0.1 cmdi anet er

Bend each piece of stiff
wire (A) to the shape of a
hook with a | oop at one end.
Group the prongs together by

twos and bi nd t hemtoget her
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with the soft wire (B).

Then place the three resul ting
doubl e prongs toget her and

bi nd themso that the prongs
are about at angles of 120°
to each other.

(2) Sheath To finish the grappling hook
sinply wap the piece of
netal sheet (C) around the
m ddl e of the hook and bind
it inplace with the soft
wire (D).

c. Notes
(i) To use the hook, just tieit to the end of a rope or cord, drop it into
the water, and pull it up when it becones entangled in vegetation.

(ii) Be careful when handling this itemof the sharp edges of the sheet
netal and the points of the wire used in binding it together.

(iii) If heavy steel wire is available, only one piece is needed per hook
rather than two.



C3. Grappling Bar

a. Materials Required

Conponent s
(1) Body

(2) Handl e

(3) Wi ght

b. Construction

(1) Body
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Qu Itens Required

1
24

wod (A)
Nail's (B)

Soft Wre (Q

Nail's (D)

Lead Pipe (E)

Di mensi ons

25 cmx 4 cmx 2 cm
5 cm | ong,

0.2 cmdi anet er

50 cm | ong,

0.2 cmdi anet er

3 cmlong

8 cmlong,
1.5 cmdi anet er

Drive the nails (B) through
the wood (A) in two rows,
staggering themso that they
don't align directly above
one another. One rowof nails
is nailedthrough fromone

side while the other rowis
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—1 .\,

Side Views

Nail (D)~ F

Det ai

(3) Weight

c. Notes

nai |l ed t hrough t he opposite
si de.

\Were the nails have been
driven through the wood, bend
t hemupwar ds at approxi nately
45° angles as close to the
base as possible.

Hamrer one of the nails (D)
into the end of the body and
let it protrude about ! cm

Twi st one end of the soft

wire (Q around the nail,

then hammer it down conpl etely.

Slip the two pieces of |ead

pi pe (E) over the free end of
the handl e, and fasten the
free end to the opposite end
of the body. Bend the handle
at its mddle allow ng one
wei ght to slide down each
arm of the handl e

(i) To use the grappling bar, tie the end of a long, stout rope or cord to
the handle. Drop the bar inwater, allowit to reach bottom and drag it

along until resistance is-felt, then hau

it up. The bar works well for

retrieving plant specinens frompond and river bottons.
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(ii) Be certain the weights are sufficient to sink the bar easily, as wood
can be extrenely buoyant.
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C4. Water {d ass

(2) Frame
/(1) ad ass
|~
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Gass 1 G ass Plate (A 6.3 cmx 10.3 cmx

0.3 cm

(2) Frame 4 Wood (B) 20 cmx 9 cmx 2 cm



b. Construction
(1) dass Plate

(2) Frane

S

A\
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-+ Gr oove

RN

N /\

\
"~

%

~——Glass (A)

Cut the piece of glass (A
to the specified di mensions,
meki ng sure that all the
edges are smooth and free of
burrs.

Cut a groove, 0.3 cmwi de and
0.7 cmdeep, across the width
of each piece of wood (B),
1.2 cmfromone end. Fasten
two of the pieces of wood
toget her at right angl es

usi ng wat er proof cenent al ong
t he point of contact. Be
sure that the grooves are |ined
up and that they face to the
inside. Use nails or screws
to reinforce this joint. Gue
two sides of the glass plate
wi t h wat er proof cenent into
the two grooves, placingthe

| ong side of the glass plate
into the groove in the piece
of wood with awidth of 9 cm
The next piece of wood shoul d
be pl aced so that the groove
hol ds the larger of the two
free sides remaining on the
glass plate. The | ast piece
of wood then fits over the
final free end. These | ast
two pi eces of wood shoul d be
glued and nailed to the pre-
viously assenbl ed structure
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as they are put into place.
Seal the ends of the grooves
on the outside of the water
gl ass wi th wat er proof cenent.
Make certain all seams are
wat er pr oof .

c. Notes

(i) The water glass is designed to view the bottomorgani sms of a body of
water. \Wen the end with the glass plate is inserted into the water, glare
fromthe sun as well as surface ripples are elimnated.
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V. TERRESTRI AL COLLECTI NG APPARATUS

These itens are designed for use in collecting land invertebrates, vertebrates, and
plants. Instructions for killing, preserving, and stor ing these organiisns can be
found in a variety of books and journals.

A. | NSECT COLLECTI NG APPARATUS

Insects are the nost common, familiar organisnms everywhere in the world. [terns
described in this section are used in collecting and treating them

B. SO L ORGAN SM COLLECTI NG APPARATUS

Thesepi eces of equi pnent enabl e students to discover the nultitude and diversity
of living things in the soil.

C. SMALL VERTEBRATE COLLECTI NG APPARATUS

Smal | |izards, snakes, birds and mammals nay be captured alive using these devices.

D. PLANT CO.LECTI NG APPARATUS

The vascul um and plant presses in this section are used in collecting and pre-
serving plant materials.



A . Butterfly Net
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| NSECT COLLECTI NG APPARATUS

N

(1) Handl e

a. Material s Required

Conponent s
(1) Handl e

(2) Loop

(3) Net

b. Construction

Qu Itenms Required

| Wood Dowel (A)

1 Heavy Wre (B)

I Stiff Wre (0

1 Nyl on Bag (D)

(1) Handle
0.4 | ]
0.3 L
End View . )
Side View

(3) Net

Di nensi ons

100 cmlong, 2 cm
di anet er

115 cmlong, 0.3 cm
di anet er

About 80-90 cml ong,
0.1 cmdi anet er

50 cmwi de, 60 cmlong

The length of the dowel (A) from
whi ch the handl e i s made may be
varied accordi ng t o personal
preference. Cut two grooves in
one end of the handle, one
opposite the other. Make these
grooves about 7 cmlong, 0.3 cm
deep, and about 0.4 cmwi de.



Bi ndi ng of Loop
to Handl e

(3) Net

c. Notes
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Forma |l oop 30 cmin diameter
fromthe heavy wire (B). Leave
about 7 cmof excess wire at
each end which will fit into the
grooves i n the handl e. Bend
these 7 cmportions to 90°
angles. Fit the wire ends into
the grooves in the handl e and
bind themin place with the
stiff wire (Q.

Sel ect a finely meshed nyl on
laundry bag (D) or sew a net
froma piece of nylon cloth or
simlar sturdy cloth with a
relatively open weave. \Wether
a bag is used or a net sewn
specifically for the butterfly
net, make sure the opening of
the net is5 - 10 cmgreater in
circunference than that of the
loop. Sinply sewthe open por-
tion of the net around the | oop

wi th strong thread.

(i) Use the butterfly net to collect flying insects of all kinds. If it is

sturdily made,
in the grass.

and storing collected insects.

it can al so be swept through high grass to collect insects living

Consult a good source book for infornmation on preserving, nounting,

(ii) The material used for the net nust have a fine mesh through which insects

cannot escape.
easily pass throughit withlittle resistance.

for this purpose.

At the same time, the mesh nmust be open enough to pernit air to
Parachute nylon i s especially good
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A2. Killing Jars

(1) Stopper

- (2) Bottle

a. Materials Required

Conponent s Qu Itenms Required Di nensi ons

(1) Stopper 1 St opper (A) To fit bottle

(2) Bottle ! Gass Pill Bottle (B) Approxi mately 10 cm

I ong, 4 cmdi aneter

b. Construction

(1) Stopper Sel ect a cork or rubber stopper

(A) which will effectively seal
the bottle airtight.

(2) Bottle Use a gl ass bottle (B) with a
wi de nout h.
c. Notes
(i) Killing bottles for insects can be made in several ways. Sone are

exceptional | y dangerous and should only be used by the instructor. Be certain to
| abel all jars as to their contents.

(ii) The follow ng are met hods of preparing killing jars:

(A) Cyanide Killing Jar - This is extrenely dangerous and should only be
used by the instructor. First, put athinlayer (0.5 cnm of potassiumor sodi um
cyani de crystals in the bottomof the bottle. Cover this with a simlar |ayer of
fine sawdust or dry plaster of Paris. Finally, cover both |ayers with a | ayer of
wet plaster of Paris. The jar is ready to use when the plaster hardens. Be sure

to keep it tightly stoppered except to kill insects. Use only rubber stoppers.
(B) Ethyl Acetate Killing Jar - Put athin (0.5 cm |ayer of wet plaster
of Paris in the bottomof the jar. When it has dried, put sonme ethyl acetate over

the plaster and cover it with a small amount of tissue paper. This is also



-97-

especi al | y dangerous and shoul d be kept tightly stoppered.

(C) Carbon Tetrachloride Killing Jar (1) - Pin a small piece of blotting
paper or cotton to the bottomof the stopper. Saturate this with carbontetra-
chloride just before putting the insects in the jar. This is a nuch safer jar for
student use as the carbon tetrachl oride quickly evaporates

(D) Carbon Tetrachloride Killing Jar (2) - Use a one-hole stopper for the
jar with a short piece of glass tubing extending through the hole. Plug one end of
the tube with cotton. Place the insect in the jar, and replace the stopper. Then
carbon tetrachloride can be dripped through the tube onto the cotton plug where
the fumes will kill the insect.

(E) Carbon Tetrachloride Killing Jar (3) - Place several rubber bands in
the bottom of the jar and soak them overnight in carbon tetrachloride. Pour off
the excess liquid and put a tight-fitting piece of blotting paper over the bands to
keep themin pl ace. This jar is relatively long lasting inits killing power.

(iii) The cork or rubber stoppers may absorb the toxic funes fromthe jar so be
sure to destroy themwhen the jars are discarded. Be absolutely certain that no
fumes escape through the cork. It may be necessary to dip cork stoppers in nelted

paraffin wax to seal themconpletely.
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A3. Rel axi ng Jar

(1) stopper

\
N

(2) Bottle

a. Materials Required

Conmponent s Qu Items Required Di mensi ons

(1) Stopper 1 Cork Stopper (A To fit bottle

(2) Bottle 1 Gass Pill Bottle (B) Approximately 10 cm

[ ong, 4 cmdianeter

b. Construction

(1) Stopper Sel ect a cork or rubber stopper

(A) whichwill effectively seal
the bottle airtight.

(2) Bottle Use a glass bottle (B) with a
w de nout h.

c. Notes
(i) Relaxing bottles are used to make dead insects nore flexible so that they

can be mani pul ated into a desirable nounting position.

(ii) The following is a nethod for preparing a relaxing jar: Place sone npi st
sand in the bottomof the jar and add a few drops of carbolic acid to inhibit nold
growth. Cover the sand with a piece of noist blotter paper. Leave the insects in
the jar overnight to relax them
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M. I nsect Spreadi ng Board

(1) Platform

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Platform 1 Wod (A) 12 cmx 30 cmx 1.0 cm
2 Wod (B) 5.5 cmx 30 cm x
0.5 cm
2 Wyod (O 55 cmx lcmx 2 cm

b. Construction

(1) Platform Cut the two small pieces of
wood (C) in half diagonally,

yi el di ng four wedge-shaped

-

pieces. Gue two of the wedges
l,: 5.5 > to the backs of each of the two

slats (B). Turn the two slats
over and glue themto the base
(A). Leave a 1.0 cm gap between
the two slats.

30

5.5_5-/\4‘/

c. Notes

(i) Make the slats (B) fromthe softest wood available (e.g., balsa). Consult
a good bi ol ogi cal source book for details on preparing insects to be pinned and
prepared on the spreadi ng board.
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(ii) A sinple, inexpensive spreading board can be nmade froma cardboard box.
Renove the top and cut the ends as shown in the illustration. Then glue two pieces

of cardboard to the box to conpl ete the spreadi ng board.

Car dboard
Slats

Cardboard
Box
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A5. Beating Sheet *

a. Materials Required

Conponent s Qu Itenms Required
(1) Sheet and 1 Heavy Cloth (A)
Supports 2 Wooden Sl ats (B)

b. Construction
(1) Sheet and Supports

Sew -~

V/ Detail

(1) Sheet and Supports

Di nensi ons
100 cmx 100 cm
125 cmx 4 cmx 1.0 cm

Fol d back about 10 cmof the
heavy cloth (A (nuslinwll
wor k) at each corner and sew a
pocket into each such that the
tips of the wooden slats (B)
will fit intothem

*Adapted fromJens W  Knudsen, Biol ogical Technigues, (New York: Harper and Row,

1966), p 209.
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c. Notes
(i) The sheet is held under shrubbery and insects are shaken off onto it where
they can easily be captured.

(ii) Banboo, wooden dowel s, broomhandles, etc. can be substituted for the
wooden slats. |n any case, the crosspi eces can be renoved after use to permit

conpact storage
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AB. Aspirator

\\

"(3) Intake Tube

(2) Draw Tube g <—— (1) Receptacle

N

a. Materials Required

Conponent s Qu Items Required Di nensi ons
(1) Receptacle 1 Test Tube (A) 15 cmlong, 1.6 cm
i nsi de di amet er
1 2-Hol e St opper (B) To fit test tube
(2) Draw Tube ! d ass Tube (C) 6 cmlong, 0.2 cm
i nsi de di anet er
1 Rubber Tube (D) 35 cmlong, 0.3 cm
i nside dianeter
1 Gauze (E) lecmx 2 cm
1 Tape (F) 2 cmlong
(3) Intake Tube 1 d ass Tubing (G 16 cmlong, 0.3 cm

i nside dianeter

b. Construction
(1) Receptacle Pl ug the end of the test tube

(A) with a two-hol e stopper (B).



(2) Draw Tube
S
dass (C)— s

CTTTE%7

Tape (F)——>

- [

Det ai |

Gauze (E)

(3) Intake Tube

c. Notes
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Use the tape (F) to hold the
gauze (E) in place over the end .
of the glass tube (C). Be
certainair still flows freely
through the end of the tube.

Insert the end of the tube

t hrough one of the holes in the
stopper. Attach the end of the
rubber tube (D) to the glass tube

(0.

Bend the glass tube (G to an
120° angl e about 6 cmfrom one
end, and insert this endinto
the remaining holeinthe

st opper.

(i) The aspirator is a useful instrument when collecting insects which are too

smal | or too fragile to be collected by hand.
bet ween one's teeth and the intake tube near the insect to be collected. The

col l ector then sucks in and the insect is captured.

fromentering the drawtube.

To operate, place the drawtube

The gauze prevents the insect

(ii) Aglass bottle or vial may be used in place of a test tube, but in any case
The stopper may be either rubber or cork,

atight-fitting stopper is required.

and cotton may be used in place of the gauze.
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A7. Night Flying Insect Collector

a. Materials Required

W
% |

Conponent s
(1) Base

(2) Body

~/

|\

Qu Itens Required
1 Wod (A)

1 El ectric Lightbulb
Socket (Porcelain) (B)

2 El ectrical Wre (Q

1 El ectrical Plug (D

2 Wood (E)

2 Wood (F)

1 H nge (G

4 Fine Wre Msh (H

1 Thi ck Rubber Band (I)

1 d ass Container with Lip (J)
| Li ght Bul b (K)

2 Screw Eyes (L)

1 Wre (M

/(2) Body

(1) Base

Di mensi ons

20cmx 20 cmx 2 cm
12 cmdi anet er

50 cmlong, 0.3 cm
di amet er

22 cmx 50 cmx 1.0 cm
20 cmx 50 cmx 1.0 cm

20 cmx 17 cm
500 m
100 watts

2.5cmlong, 0.2 cm
di amet er

60 cmlong, 0.1 cm
di aret er



1 Thi n Sheet Met al
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| Wre (0

2 Wyod Screws (P)

b. Construction

(1) Base

(N

10 cmx 10 cm

10 cmlong, 0.1 cm
di anet er

I cmlong

The electric light bulb socket
(B) is centered on the base (A)
and two holes are drilled through
the base for the attachment of
the electrical wires (C) to the
termnals on the electric Iight
socket. Attachtheelectrical
wires to these terninals and
extend t hemthrough the base.
The socket is then screwed into
pl ace on the base using wood
screws. Attachtheelectrical
plug (D) to the wires to conplete

the base.

The two pieces of wood (F) are
nail ed into place on opposite
One of the

pi eces of wood (E) is nailed

si des of the base.

onto the third side of the base
where it overlaps the two ends
of the sides al ready attached.

It is then nailed to the other
two sides. Take the | ast piece
of wood (E) and attach the hinge
(G tothe bottomof it and to
the bottom of the base so that
it forns a door which opens

downwar d.
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w_—-Hinge (G)

Si de View

R 20—

2> 1
17
Wire Together
Along This Edge

o

Pattern

Nail These
Edges to Box

Conpl et ed Funnel

Col | ar

Take the four pieces of wire
nmesh (H) and cut themto the
pattern shown, then wire them
toget her along their edges to
forma square funnel. The
opening at the bottomof the
funnel (4 cmsquare) should be
the sanme width as the dianmeter
of the neck of the collecting
bottle (J) used. Nail three of
t he edges of the funnel along
the top edges of the fixed
sides of the trap. O course,
do not nail the fourth edge to
the door or the door wll not
open

Next, cut a collar fromthe piece
of sheet metal (N) so that it
will fit under the lip on the

gl ass container (J). Cut this
collar in such a way so that it
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Funnel
~

NONNN

{

Collar

Glass
Container
(3)

-

AONOANARNNNNN
S ASSNSAIANNNANNN

Si de Vi ew

Wre (M

 LCollar

411 Funnel

*\\*-—Rubber
Band (
o

Top View

[~

does not forma continuous
circle, but instead has a break
init. Now, wap the collar
tightly around the neck of the
gl ass container just under the
lip. Pull the two free ends

t oget her and overl ap them Then
punch a hol e through the ends
and pl ace the piece of wire (0)

t hrough the hol es and bend it so
that it holds the collar tightly
closed. The gl ass contai ner

can now be picked up by the

col lar without falling through
it. Renove the collar, force
the mouth of the gl ass container
up through the bottomof the
hole in the funnel, and repl ace
the collar so that it holds the
gl ass container in place.

Pl ace two screws (P), one on
the outside of the door about

2 cmdown fromthe top, and the
other in the sane position on
the si de opposite the door

Then, close the door and stretch
the rubber band (1) fromone
screw to the other over the top
to hol d the door closed

Finally, attach the two screw
eyes (L) to opposite corners on
the sides of the top and secure
the wire (M to them and screw
the light bulb (K) into the
socket .
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c. Notes

(i) To operate, sinply hang the trap at night outside froma fixture (e.g., a
tree linb), and attach the electrical wires to a power supply. Be sure to hangt
in an area where there are a |l arge nunber of night-flying insects. The light will
attract the insects and they will fall into the glass container. When a sufficient
nunber have becone trapped in the container, place a wad of cotton soaked in
carbon tetrachl ori de over the opening, thus killing the insects.

(ii) By placing two hinges on the side of the door, it can be opened to the side

if so desired.
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B. SO L ORGANI SM COLLECTI NG APPARATUS

Bl. Soil Organi smSieve

(1) Sieve

a. Materials Required

Conponent s Qu Items Required Di mensi ons

(1) Sieve 2 Wod (A) 30 cmx 10 cmx 2 cm
2 Wod (B) 26 cmx 10 cmx 2 ¢cm
1 Wre Screen (C 30 cmx 30 cm

b. Construction

(1) Sieve Sinply nail or screwthe four
wood boards (A B) together to
forma frane and nail the piece
of screen () to the bottom of
the frame.

c. Notes

(i) Use the sieve to separate out soil organi sns such as worms, grubs, etc.,
fromthe material in which they are |iving.

(ii) Carefully choose the size of wire nesh used in the sieve. A nesh or screen
with too fine a weave will becone cl ogged with soil and rendered usel ess. Arel a-
tively wide nesh will work well if the soil is coarse, allowi ng the organisns to
fall through the mesh while holding back the soil.
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(iii) Aframe for the sieve can al so be nade by knocking out the bottomfroman
ol d drawer or wooden box.
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52. Soil Insect Trap

(2) Funnel

N ———]

A
L
>

N

a. Materials Required

Conponent s Qu Items Required Di nensi ons
(1) Can 1 Tin Can (A 0.5 liter capacity
(2) Funnel | Wre Mesh (B) About 15 cmx 15 cm
b. Construction
(1) Can Renove one end froma tin can
(A).
(2) Funnel Cut a pattern for the funnel

fromthe wire mesh (B). The
out si de di aneter of the pattern
shoul d be approximately 2 cm

wi der than the diameter of the
can (A) used.

Connect the two edges of the
cutout portion of the pattern by
Edges "Sewn" "sewi ng" themtogether with
with Wire wire. Thiswill result ina
cone with a hole at the apex.

Conpl ete the soil insect trap
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by inserting the funnel in the

Wire \ open end of the can and fol di ng
Wire Mesh the excess wire mesh down around
Funnel
the outside of the can to hold

«+—=Can (A) it inplace. |If necessary, a

pi ece of wire wapped around the

out side of the can and tw sted
Side Vi ew tightly will help hold the
funnel in place too.

C. Notes

(i) Place the trap in a hole in the ground so that the top edge of the trapis
even with the soil Ievel. Thus, small insects and other ground organisms crawing
across the trap will fall through the hole in the funnel into the can. Check the

can periodically for captured organi sns.

(ii) The trap can be varied by making the funnel portion fromal um numfoil,
waxed paper, or other materials which are snooth and will help prevent the organ-
isms fromcraw ing out of the trap. Al'so, dusting the inside walls of the can with
fine powder (e.g., talcumpowder) will prevent organisms fromcraw ing up the

wal | s and out of the cage.
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B3. Baer mann Funnel

(2) Screen

P sesisTevaTe T
PSP IS S
XIS RS

(1) Funnel

a. Materials Required

Conponent s Qu I'tems Required Di nensi ons
(1) Funnel 1 d ass Bottle (A) About 7 cmdi aneter,
20 cm | ong
1 d ass Tube (B) 5cmlong, 0.5 cm
i nsi de di anet er
| | -Hol e St opper (Q To fit bottle opening
| Rubber Tube (D) 12 cm | ong
(2) Screen 1 Fine Wre Mesh (E) 7 cm di amet er
1 Stiff Wre (F) 16 cmlong, 0.3 cm
di anet er

(3) danp ! Screw d anmp (G Chent | VI A4
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b. Construction
(1) Funnel

— Cut Here

Soda Pop Bottle

(2) Screen

Ri ng

Fol d Edges of
Mesh Under

(3) Ganp

c. Notes

Cut the top of a glass soda pop
bottle (A) off (See CHEM I/ F2
Force a short piece of glass
tubi ng (B) through the one-hole
stopper (C) and seal the open-
ing with the stopper. Next,
attach the rubber tube (D) to
the glass tube.

Make a ring slightly smaller in
di aneter (i.e., about 5 cm

di anmeter) than the bottle with
the stiff wire (F). Fold the
edge of the circul ar piece of
wire mesh (E) under the wire
ring. The wire mesh will pro-
bably be stiff enough to hold
itself in place w thout being
wired to the ring.

Use the clamp (G to seal the
rubber tube airtight.

(i) The Baermann funnel is designed to extract soil nenmatodes fromsoil. To

use it, it must be supported by a ring stand.
end of the tube extend into a small vial or

C anp of f the tubing, and let the

Set the wire nesh disc into

the funnel, put a snall cloth bag of soil on the disc, and fill the apparatus

withwater. After an hour or so, release the clamp to collect a small sanple of

wat er whi ch can be exanined for soil nematodes.

(See illustration on next page.)
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Funnel

T

Cl ot h Bag of Soi l
Wre Mesh Disc

~—————— Support with Ring
Stand Here

Water

Glass

Tube (B) One- Hol e St opper (Q)

Rubber ———»{| «——Clamp (G Here
Tube (D)

- Bottl e

(ii) Ifcommercial funnels of the correct size are avail able and i nexpensi ve,
they can be substituted for the bottlefunnel. Al so, the end of the rubber tube
can be sealed off with a pencil stub or piece of wooden dowel if a good clanp is

not avail abl e.



B4. Berlese Funnel
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(1) Funnel

8 o (3) dass Jar

a. Materials Required

Conponent s

(1) Funnel 1
(2) Steel Wol 1
(3) dass Jar 1

b. Construction
(1) Funnel

-— Cut Here

(2) Steel Wol

Qu Items Required

G ass Bottle (A

St eel Wol

d ass Jar

(B)
(Q

Di nensi ons

About 7 cmdi anet er,
20 cm | ong

30 g

50 m capacity

Cut the top of a soda pop bottle
(A) off (See CHEM I/F2 to nake
the funnel. Alternately, use a
commercial glass or netal funnel,
or make one using metal foil or

heavy paper.

Pl ace the steel wool (B) inside
so that it bl ocks off

the opening.

t he funnel
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(3) dass Jar Fill the jar (C) about 1/2 full
of al cohol or formalin and pl ace
it directly under the funnel

Cc. Notes

(i) To use the Berlese funnel, a ring stand and |ight source are needed.
Support the funnel with the ring stand so that the neck of the funnel is directly
over the glass jar. Place a 25 watt light directly above the funnel and close
enough to the funnel that the heat fromthe bulb will warmthe contents of the
funnel. Place the soil sanmple in the funnel so that it rests on the steel wool.
Pick out the larger soil organisms with forceps. The snaller organisms will be
driven down by the light and heat of the bulb until they drop through the steel
wool into the preservative in the jar. The apparatus should be left in place
several days to insure that nost of the organi snms are coll ected.

Light Source

Ri ng '/l\

St and
\ /Funne1 (A)

“—————— S0i1 Sample

\\

Steel Wool (B)

H Jar (O with Preservative
e

f uat -
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SMALL VERTEBRATE COLLECTI NG APPARATUS
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G . Sinple Box Trap

Front View

a. Materials Required

Conponent s
(1) Body

(2) Trip

(3) Door

B S

|t ens Requi red

Wod (A
Wod (B)
Wood (Q
Wre Mesh (D)

Wood (E)
Metal Hinge (F)

Eyed Screw (G

String (H
Wod (1)
Round- headed Screws (J)

Construction Board (K)

Flat Metal (L)

Di nensi ons

60 cmx 20 cmx 1.0 cm
58 cmx 20 cmx 1.0 cm
5cmx 5 cmx 0.5cm
20 cmx 22 cm

17.5 cmx 55 cmx

0.5 cm

5cmx 5 cm

2 cmlong

85 cm

10 cmx 4 cmx 1.5 cm
Approximately 1.0 cm

| ong

19 cmx 20.5 cmXx

0.25 cm

15cmx 1.5 cmx 0.5
cm
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2 Bolts (M 1.25 cmlong
2 Nuts (N) To fit bolts
(4) Stop 4 Tacks (0) 1.0 cmlong
1 String (P) 7 cm
1 Rubber Band (Q --
1 Wod (R 6 cmx 2 cmx 2 cm
1 Bolt (9 5 cmlong
1 Nut (T) To fit bolt
b. Construction
(1) Body Begi n the body by cutting a
goove 0.3 cmwi de and 0.5 cm
. deep parallel to the end of
4 two of the pieces of wood (A).
Wood (A) —¥ This groove is 1.0 cmfromthe
// end. Nail or screwthese two
S boards to the third board (A).

Grooves

60

In the corner of the board (B)
to be used as the top, drill a
Wood (B \ hole 0.7 cmin di aneter about

T 3 cmfromeach edge, and drill

o «~ Holes \ 20 a hole about 0.5 cmin dianeter

° i through the other end of the

e 58—»{ top, 1.0 cmfromthe edge and
Top View centered. Set this board (B)

aside until the trip (2) is

conpl et ed.
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Seal off one end of the body by
nailing the wire mesh (D) toit.
Triangular Top Board (B) Reinforce the corners with tri-

Bl ock -

angul ar pi eces of wood gotten
by cutting the wood pieces (C

i nhal f diagonally. Again, do
(partvivarlelg/b?l:]t (g)vvay) not seal the end until the

trip (2) and top board (B) are

in place.
End View
/
T ,
/ <} _Cut Along
> 4 Thi s Line
:L s
/
F—5 —»
(2) Trip Screw the eyed screw (G into

one end of the wood (E) about
1.0 cmfromthe edge and cen-
tered. To the back of this
board, fasten the hinge (F)

~—Eyed Screw |- Hinge (F) whi ch al so shoul d be about 1.0
\f/ cmfromthe edge and centered.
T T I T T T IITIZIT I Z T T ZI2 727 Next, fasten the other half of
Si de Vi ew (Cross-section) the hinge to the bottomof the
body so that the board is

T ]
centered in the bottomof the

Detail body (i.e., it should be 2.5
cmfromeach end and 0.25 cm
fromeach side of the body).

H nge (F) Use round- headed screws (J) so

V/////?////f// that the hinge cannot close

completely flat. Inthis way,

Screw (J) Heads ——— the trip will be held up at a
slight angle, which is needed in

the design of thistrap. Alter-
nately, the length and tension
of the trip string (N) can be
adjusted to hold the tripin
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String (H

Top (B)

/

VISV IRENSINONTIAEN

Wire f
Mesh (D)

|. //II////[/l/l////[]ll[/II/;;;/

Si de Vi ew( Cr oss- sect ion)

Drill Hole
a

/WOOd Block (I)

[ LLLLIILI P 777777777777 7)

[ ///////7///ff‘\?ml!1111111/l

Si de Vi ew ( Cross-section)

the desired position wthout the
necessity of using this type
of hinge and screws.

Now tie one end of the string to
the eyed screw (G in the trip
(H). Run the other end of the
string through the hole in the
top board (B) of the body which
may now be nail ed or screwed
into place. Also, thewire
mesh (D) for the end of the

body may be fastened in place
after the top is finished.

To conplete the trip, cut a
notch fromthe bl ock of wood (I)
and attach the free end of the
string to the block by tying

it through a hole drilled in

t he bl ock.
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(3) Door
K----- lg —>
20.5
Hol e
\ 95>
—=
|8 ) 4"3
Bolt (M "Metal Bar (L)
/ Door
‘ g
\i I
Trip
Det ai |
(4) Stop

Hole I‘\ 3‘1

Cut a hole 4.25 x 1.0 cmin the
construction board (K) 3 cm
fromthe end of the board and
centered. Next, using the nuts
(N) and the bolts 90, bolt the
flat netal bar (L) into position
just under the hole. Holes wll
have to be drilled through the
board for the bolt to go
through. The door is now
finished and shoul d slide easily
up and down in the notches in
the sides of the body.

Cut the piece of wood (R) as
shown and drill a hole in the
wood slightly larger in dianeter
than the bolt (S) used.
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Hamrer a tack (0) into each side
of the stop (R), and run a bolt
(S) through the stop and the

-‘_'/____/’__T hole in the corner of the top.
Screw the nut (T) | oosely onto
Tacks (0) the bolt. Hammer two ot her
(‘ tacks (0) into the top of the
Rubber .
(P)/'\‘?/“/Band (Q) body, one to either side of the
Strin ;
g T stop and slightly behind it.
. !
Finally, tie the piece of
St op (R)/ A Door

string (P) between the tack in
the left side of the stop and
the tack to the left in the top,
and simlarly attach the rubber
band (Q on the right side.

Fix the tension in the rubber
band so that the stop will be
hel d out over the door when the
door is closed, thus preventing
t he door frombeing raised
after the trap has been sprung.

c. Notes

(i) To set the trap up, place it where small animals are 1 ikely to be found.
Push the stop out of the way and put the door between the grooves in a raised
position. Next, push the notched portion of the trip block through the hole in
the door to ho Id the door up. Release the stop, allowi ng the rubber band to pull
it against the door. At this point, the string attaching the trip block to the
trip should be taut. Finally, place a suitable bait in the extrene rear of the

cage on the trip.

Door
Trip Block 4

¥

! -}
7 v v 7 // .
L/A /77777 7777 7777777 200 n Si de Vi ew

(Cross-section)

Trap in "Set' Position

220 22 2282207 L2220 L ZZ L2 LD
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Because the round heads of the hinge screws hold the trip up at a slight angle, the
animal entering the trap nmust nove to the rear of the trap before the conbination

of its (the animal's) wei ght and | everage causes the rear of the trip to drop down,
pulling the trip block back out of the hole in the door. The door then drops down
in the grooves, the metal bar aiding in a faster drop. Finally, the stop is pulled
out over the top of the door once the door is out of its way, and is held over the

door because the rubber band pulls against the string.

R -~ Tl"]p B]OCk /.St op
T
| — I Side View
) (Cross-section)
- Door Trap in "Sprung"
(,\ Posi tion

(ii) I't may be desirable to nodify the construction of this trap by naking it
with wire mesh sides as many animals are difficult to entice into encl osed spaces

(iii) This design can be altered in nany ways, especially with respect to propor-
tion, dinensions, and materials used, including plywod or other thin but strong

constructionmaterials.



C2. Potter Bird Trap *

(2) Door
(Screen Not ———
Shown)

(3) Trip

a. Materials Required

Conponent s
(1) Frame

(2) Door

(3) Trip

*Adapt ed fromNuf fi el d Foundati on, Teacher's Gui de
(Engl and:  Longmans/ Pengui n Books,
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Itens Required

Wod (A)
Wod (B)
Wod (Q
Wre Screen (D)
Wre Screen (E)

Stiff Wre (F)
Stiff Wre (O
Stiff Wre (H)

Wre Screen (I)

"I Tack (J)
Stiff Wre (K)

(1) Frame
(Screen Not
Shown)

Di nensi ons

24 cmx 2 cmx 2 cm
50 cmx 2 cmx 2 cm
20 cmx 2 cmx 2 cm

23 cmx 49 cm

23 cmx 23 cm

125 cmlong, 0.3 cm

di aret er

60 cmlong, 0.3 cm
di anet er

27 cmlong, 0.3 cm
di anet er

22 cmx 22 cm

1 cmlong

25 cmlong, 0.3 cm
di amet er

The Mai nt enance of Life,

1966), p 20T.
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3  "U' Tacks (L)
I Hood (M

b. Construction

(1) Frame

/ Wood (B) ——20

0.5

Wod (A)—» o——-—- 23 ——d

p— 24 —
Top View

(2) Door

20

1

| em | ong
19 cmx 12 cmx 1.0 cm

Nai | and gl ue the basic franmework
t oget her as shown. Begin by

nai | i ng one pi ece of wood (Q to
the ends of two |ong pieces (B).
Najlfour of the remaining short
pi eces (C to the U shaped piece
already made. Nail one in an
upright position at each end of
each long piece (B) to formthe
coners of the trap. Next,

nail the two remaining pi eces of
both the short (C and long (D
wood to the ends of the four
upri ght pieces to conplete the
basic trap franmeworKk.

Drill holes the same dianeter
(0.3 cm as the stiff wire (F)
used for the door in the piece
of wood (A) to act as "seats"
for the door frame. Drill

these holes 1.5 cm deep. Nail
the four long pieces of screen
(D) to the sides, bottom and
top of the trap and nail the
square piece (E) tothe rear end
to enclose all but the front of
the trap in screening.

Bend the ends of two pieces of
wire (H over about 2 cmfrom
each end. Bend the ends of the
ot her two pieces (H aroundthe
first two pieces toforma
square framework. Fold two
edges of the wire screen (1)
around two sides of the frane
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50

~—— [oor

Screen (])

<4+—Guide (F)

l— Wood
Frame

Front View

\ "U' Tack
(J)

Si de Vi ew

and "sew' the screen together

withwre.

Bend the piece of wire (F) to a
"U' shape. Slip the ends of
this wire through the open ends
of the wires in the door frane.
The door should slide up and
down easily with the U shaped
wire acting as a gui de. Next,

i nbed the ends of the "U' into
the holes in the front piece
(A) of the wooden frane. They
may be glued in place if neces-
sary. \en the door slides
down the guide, it should
effectively bl ock the entrance
of the trap with little or no

gap.

Tack the end of the piece of
wire (G to the rear of the cage
with a "U tack (J) and bend

it down until it touches the top
of the door frane. Bend t he
remai ni ng end around the wire

(F) to help stabilize and sup-
port the door frame.
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(3) Trip Bend up 5 cmof the wire (K) to
a right (90°) angl e and bend 1.0
¥ .
5 cmof the other end of the wire
__L to aright angle in the opposite

! ’
HI 19 direction. Tack the wire to
the wood (M with the three"U

tacks (L) as near to one of the

T 12 cm edges as possi bl e.
Si de Vi ew
e 12 ——>
"U' Tacks () =
N>

C. Notes

(i) To use the Potter bhird trap, place it in a place where the desired type
of bird is known to congregate. It may be necessary to anchor the trap in some
manner in order to prevent it from being disturbed. The trap is set by pulling
the sliding door all the way up and placing the trip inside the trap at such an
angl e that, when the door is lowered, the |ower cross wire of the door rests on
the bent portion of the trip wire. The slight pressure of the door on the trip
shoul d both hol d the door up (and open) and keep the trip at a slight angle.
Finally, bait the trap with a suitable attractant for the particular type of birds
desired. A bird entering the trap for the bait will hop on the wooden part of the
trip causing the wire to be pulled out fromunder the door which will drop down in

pl ace and trap the bird.

(ii) This trap, unlike others, doesn't require the hunter to hide in a blind

waiting for a bird to enter..

(iii) The dinensions of thiis trap can be altered according to the size of the
birds being trapped. Also, the trap may be baited in such a way as to attract
ot her ani mal s besi des birds..



C3. Snare
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(1) Handl e

Pt , )
m "
\(2) Cord
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Handle 1 Wooden Rod ( A) 100 cmlong, 2 cm
di anet er
2 Eyed Screws (B) 1 c¢cm di amet er openi ng
(2) Cord 1 I nsul at ed Copper Wre (Q 250 cmlong, 0.3 cm
di amet er
1 Washer (D) 3 cmdi anet er

b. Construction
(1) Handle

NUH TaCk (E)

{

(2) Cord

Q Q
.}4——50——*—35 —>-15

0] ) 4

LongI//7\\\

End

f Long End

Short
End

A

U- Shaped
Tack (E)

1 cmlong

Screw one eyed screw (B) 15 cm
fromthe end of the wooden rod
(A) and screw the second screw
(B) 50 cmfromthe other end.

Tie the cord (C) securely to
the rod at a point approxi mately
10 - 15 cmfromthe end. The
short end shoul d be at | east

10 cmlong as it will be used
again to be tied to the I ong end.

Run the | ong end of the cord up
to the end of the rod and form
a loop. Holdthe loopin

place with a U-shaped tack (E).



c. Not es

Tie Ends Here

Long End

Long End
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At the end of the | oop, begin

wr appi ng the long end of the
cord tightly around the rod
until the short end has been
reached. At that point, tie

the I ong and short ends securely.

Extend the | ong end through the
| oop and then extend it back to
formthe snare. The I ong end

is kept in position by extend-
ing the ends through the eyes
on the rod. When the long end
of the cord extends through

the second eyed screw, tie the

| arge metal washer (D) to it to
make a pul |l ring.

(i) Use the snare to capture snakes, lizards, and other snmall animals which are

difficult or dangerous to capture by hand. The | oop nust be placed over the

animal's head, then pulled tight to hold it fast.

(ii) Bamboo or other naterials may be used i nstead of wood for the rod. Rope

can be used instead of insulated wire, but the wire is better since it is stiff

and this hel ps keep the snare | oop open instead of hanging |inp.
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C4. Reptil e Hook

(2) Fixed
Jaws

™~

(3) Movable

(1) Handle Jaws
a. Materials Required
Conponent s Qu  Itens Required Di mensi ons
(1) Handl e ! Woden Dowel (A) 100 cmlong, 1.5 cm
di anmet er
1 Nai | (B) 1.5 cmlong, about
0.2 cmdi anet er
2 Eyed Screws (C 2 cmlong, I cm
di arret er openi ng
(2) Fixed Jaws 2 Sheet Metal (D) 10 cmx 6 cmx 0.1 cm
2 Tae (B About 50 cm
(3) Mvable Jaw 1 Sheet Metal (F) 10 cmx 9 cmx 0.1 cm
1 Spring (G 12 cmx 0.5 cm
| Steel Wre (H 100 cml ong
| Washer (1) 3 cmdi aneter
1 Bolt (J) 0.4 cmdi anet er,
2.5 cmlong
1 Wng Nut (K) 0.4 cminternal
di anmet er
1 Tape (L About 50 cm
1 Rubber Tubing (M 7 cmlong, 1.0 cm
di anet er
b. Construction
(1) Handle Screwthe two eyed screws (C)
i nto the wooden dowel (A) so
that the opening of the "eye"
Eyed
l 30 -oon- .. 40 ‘——"“/Screw (9  faces the ends of the dowel.
1 Hammer the nail (B) into the

/'l‘— 15 ’_’{ opposi te side of the dowel at

Nail (B) t he angl e i ndi cat ed.



0.4 D|arreter 0
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(2) Fixed Jaws

\ I nner Edge

Bend —

(3) Movabl e Jaw
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Cut a notch into the end of the
dowel nearest thenail. This
not ch needs to be 3 cmdeep and
about 0.15 cmwide (i.e
slightly wider than the sheet
netal (F) used for the novable
jaw). Finally, drill ahole
0.4 cmin dianmeter | cmfrom
the end, and perpendicular to
the notch.

Cut the two fixed jaws to shape
fromthe sheet netal (D). Drill
or punch a hole 0.5 cmin dia-
nmeter through the wi de portion
of each jaw, centered, and 0.3
cmfromthe flat edge. Cut a
slit into each jaw about 0.7
cmlong and in approxi mately
the position indicated. Bend
the resulting point of netal in
on one jaw and out on the other
(i.e., inoppositedirections).
To conpl ete the jaws, cover at

| east the inner edge with tape
(E), cloth, etc., to protect

t he ani mal s bei ng col | ect ed
fromcuts.

The novabl e jaw, made from sheet
netal (F), is identical in shape
to the fixed jaws except that
one armis extended for 4 cm
Three hol es nmust be drilled or
punched in the jaw. The two

| ower holes need to be 0.5 cm
indianmeter while the third

need only be about 0.2 cmin
diameter. Pad the inner edge of
the novabl e jaw by slitting one



Rubber Tubing (M)
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Bent Poi nt 4 Bolt (J)
—, ~~Fixed
<——— Movable
-
- e [
~—Wing Nut (K) Fixed
Top View
Bent Point
= Attach
g =, Wire (H) Here
Attach
Spring {G)—*{°
Her e
Si de Vi ew

side of a 7 cmlong piece of
rubber tubing (M, and slipping
it over the edge of the jaw
Use tape (L) to hold the tubing
in place. Alternatively, the
jaw may sinply be padded with
cloth and tape or other nater-

ials.

Attach the jaws to the handl e
in this order: Run the bolt (J)
t hrough one fixed jaw, hal fway

t hrough the handl e, through the
m ddl e hol e of the novabl e jaw,
through the rest of the handle
and t hrough t he second fi xed
jaw.  Screw on the wing nut (K)
to secure t he whol e assenbl y.

Be certain that the "bent

poi nts" of the fixed jaws both
point in, rather than out. Fi x
tensi on on the wing nut such
that the jaws are not | oose,

but the movable jawstill can

be freely noved. The "bent

poi nts" of the fixed jaws pre-
vent themfromrotating back-
war ds about the bolt.

Next, attach the steel wire (H
to the upper hol e of the novable
jaw and run the free end through
both eyed screws ((C). Fasten
the free end to the washer (I).
Fast en one end of the spring (G
to the remaining hole inthe



c. Notes

(i) Oher naterials such as

handl e.

Al so, a strong rubber
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novabl e jaw, stretch out the
spring, and fasten the free end
tothenail (6). The novabl e
jaw shoul d be hel d wi de open,
and the reptile hook is ready
for use. [Note: If a spring
of the correct size and tension
is not avail abl e, one can

easi |y be nade by w ndi ng st eel
wi re (about 0.08 cmdianeter)
around a pencil or other cylin-
drical rod.]

banboo, broom handl es, etc., nay be used for the
band may be substituted for the spring.

(ii) If the sheet nmetal usedfor the jaws is sufficiently stiff and strong,

only one fixed jaw may be

required i nstead of two.
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D. PLANT COLLECTI NG APPARATUS

D . Vascul um

(2) Top

(3) Door_|

Mm .

a. Materials Required

Conponent s Qu ltenms Required Di mensi ons
(1) Body | Tin Can (A 4 liter capacity

(about 18 cmlong by
15 cmdi anmeter) or

| ar ger
1 Rope (B) 50 cmx 0.5 cm
T 1 Tin Sheet (C 15 cmdi aneter, 0.05
(2) Top (9 cm thick
(3) Door 1 Tin Sheet (D) 14 cmx 8 cmx 0.05 cm
1 Wood Dowel (E) 2.5 cmlong, 2.5 cm
di amet er
1 Nai | (F) 3 cmlong, 0.3 cm

di amet er
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b. Construction
(1) Body Use a hacksaw to make two slits

inthe side of the can (A).

Each slit is 6.5 cmw de. The
first slit is 5.5 cmfromthe

bottom of the can, and the
T_ second slit is 7.0 cmfromthe
5.5 7 —16. first. Also, around the top
edge (the top being the end

whi ch has been renoved) neke a
\ series of slits approxi mately
W 2 cmdeep and 2 cmapart.

After these initial slits have

|

been nade, renove part of the
can between the two slits

’I | eaving about 1.5 cmof netal
/// 1.5 to either side of the opening.
11—_ Further, bend down all of the

flaps nmade in the top edge of

the can except for three,

specifically those three which

\ are 90°, 180°, and 270° froma
Renove Shaded Portion . .
point directly above the door.

To make the guides for the door,
first bend the 1.5 cmflaps out
—1 until they touch the can, then
i doubl e them over so that the
$ door will slide between them
without falling out. This

second step is best done by

_J hol di ng the door in place and
Step 1 Step 2 bendi ng the flaps over it.
Detail of
Door Cui des Finally, drill or punch two

hol es (about 1 cmdiameter) in
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one side of the can. Pass an
end of the rope (B) through
each hol e and knot the ends
inside the can so that the
rope cannot pull out.

(2) Top Merely cut out a circular piece
of tin sheet (C) the sane size
Bent Over Flap
P as the end of the can. Pl ace
this piece on top of the bent
down flaps and bend down the
remai ni ng three flaps. The top

shoul d slide in and out easily.

(3) Door Rol | the sheet metal (D) slightly
until the slight curvature con-
forms to the side of the can
Make two slits 2 cmdeep and 2
cmwi de in one end, and bend

8~ 1s the fl ap down. Make the door
¢ ~Slits
handl e fromthe dowel (E) and

H_“ ]4‘-—)—‘ nail (F). Sinply drive the

nai |l through the end of the
A{/// dowel and through the door it-
self. Flatten the point of the

Handl e nail like arivet to hold the

handl e i n pl ace. Wen fi ni shed,
, the door shoul d slide easily

bet ween the gui des on the side

of the can. The flap on the
end of the door serves to help
hol d down the top as well as
preventing the top fromsliding
out by accident.



-139-

c. Notes
(i) The vasculumis used to keep plant naterials fromexcessively drying out
when col lecting in the field. Put the plants in the vascul umthrough the door

when col | ecting, and renove themby renpving the top.

(ii) If large tin cans withreplacable lids are available, these will do nicely
and will elimnate the need for cutting out the door and Iid. Al so, see VII/A2
(Sterilizer) for an alternate nmethod of making the lid for a tin can of this type.
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D2(1). Plant Press (Field Type)

-(1) Plates

™~ (2) Rubber Straps

a. Materials Required

Component s Qu Itenms Required Di nensi ons

(1) Plates 2 Wood (or Pl ywood) (A) 25 cmx 20 cmx
1.0 cm

(2) Rubber Straps 2 Heavy Rubber Bands (B) 2.5 cmwde, 15 cm
di anet er

b. Construction
(1) Plates Cut the wood (A) to size.

Snal l er or larger sizes may be
nade accordi ng to personal pre-

ference.

(2) Rubber Straps Cut the rubber straps (B) from
ol d automobile tire inner tubes.

Inner Tube

Section of
| nner Tube
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c. Notes

(i) Use the field plant press to hold plant materials until they can be returned
to the laboratory. Place the plants between several |ayers of newspaper, and
pl ace t he newspapers between the press plates. Wap the rubber straps around the
pl ates and newspapers to hold themsecurely until they are returned to the |abor-
atory.

(ii) Lengths of rope or belt-like straps can be used to tighten the press rather
than t he rubber straps.
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D2(2). Plant Press (Laboratory Type)

(3) TighteningHandl e

a. Materials Required

Conponent s gg Itens Required Di mensi ons
(1) Lower Plate 1 Pl ywood (A) 25 cmx 20 cmx 1.25
cm
2 Bolts (B) 15 cmlong, 0.7 cm
di anet er
(2) Upper Plate | Pl ywood (C) 25 cmx 20 cm x 1.25
cm
2 Wbod (D) 15 cmx 1.75 cm X
1.75 cm
(3) Tightening 2 Nuts (E) 0.7 cminside di a-
Handles met er
2 Wood (F) 15 cmx 1.75 cmx
1.75 cm
2 Washers (G 1 cmi nsi de di anmeter,

2 cmout si de di aneter

b. Construction
(1) Lower Plate Drill a hole through each end

of the plywood (A) (regular
wood may be used as well) 2 cm

fromthe end and centered. The

oummawan

hol es should be 0.8 cmin dia-

A

20 meter. Pass the bolts (B)

AN _J throu
gh these holes as far as
25 l they will

go.
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(2) Upper Plate

y —
~—
1.2
20 (1o o
10
- J
2.5
Y ]
Top Vi ew
x s
: ——li
25 !
Si de Vi ew
(3) Tightening Handl es
Bolt (B)
\i
Handle (F)
—L 11
washer T~~~ Nut (E)
Upper «— Wood Strip (D
Plate (C)— ~
‘Lower
Plate (
Slde Vi ew
c. Notes

Nai | or glue the two wood strips
(D) to the plywood(C) 1.2 cmfrom
the ends and parallel to the

edge. Drill a hole 0.8 cmin

di amet er through the wood strip
and pl ywood at each end. Put

the upper plate into position

by running the two bolts (B)

inthe | ower plate through the
holes init (the upper plate).

Drill a hole 0.8 cmin diameter
through the center of each
strip of wood (F). Then, place
a nut (E) directly over the
hole in the wood and give it a
sharp rap with a hamer. Re-
nove the nut fromthe depression
thus forned, put some epoxy
resin cenent in the depression
and glue the nut in placein

the depression. Wen the glue
has hardened, place a washer

(G over each bolt, and screw
on the tightening handl es. The
| aboratory plant press is now
ready for use.

(i) To use the laboratory plant press, place collected speci mens bet ween severa

| ayers of newspaper and tighten the two plates of the press together very tightly.

Leave the plants in the press until they are thoroughly dried out.
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V. AQUARI A AND TERRARI A

A. CLASSROOMDEMONSTRATI ON AQUARI A

This is the nost conmon type of aquariumand is used for student observation of
the various relationshi ps denonstrated by an ecosystem Therefore, this type of
aquariumis characterized by the use of glass.

B. BREEDI NG AQUARI UM

This is used to provide places for maintaining and growi ng a supply of aquatic
organi sms. Since the purpose is not primarily that of student observation, glass
si des are not necessary.

C. TEMPORARY AQUARI UM

This is useful for short-termstorage of fish and aquatic plants. Depending on
the materials used, the tenporary aquariumwi ||l suffice to hold plants and aninals for
approxi mately one to seven days, or much longer if care is taken in its construction.

D. TERRARI A

Any container in which plants can be grown will serve as aterrarium The chief
criterion for such a structure is that it be | arge enough to give the desired plants
roomto groww thout crowding.
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A. CLASSROOM DEMONSTRATI ON AQUARI A

Al . Quickly Made Denpnstration Aquarium

- (1) Jar
(——)
a. Materials Required
Conmponent s Qu Itens Required Di mensi ons
(1) Jar ! G ass Jar (A 2 liters or larger
b. Construction
(1) Jar Sinply clean out the jar (A),

add wat er and fi sh. Sand and
smal | plants nay al so be added.

c. Notes

(i) The nunber and size of fish which can be kept in a non-aerated aquarium
varies, but a general ruleis at least 2 liters of water per each centineter of
fish. Remenber that the amount of oxygen available to the fish depends on the
surface area of the water so that jars with narrow necks should be filled only
to the point where the neck begins to narrow.

(ii) This or any aquariummay be covered to prevent fish fromjunping out, but
remenber to allow sone air flow under the cover to insure that oxygen will dissolve
fromthe air into the water.
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A2. Jug or Carboy Aquarium

~— —— (1) Jug
a. Material s Required
Conponent s Qu It ens Required Di mensi ons
(1) Jug 1 dass Jug or Carboy (A) 3-4 liters or |arger
b. Construction
(1) Jug Renmove the top portion of a

jug or carboy (A) by either
nmet hod descri bed under item
CHEM | | F2.

Renove

AT T TN
l\——/\
C. Notes

(i) When the neck is renmoved, add water, sand, plants and fish. Remenber,

at least 2 liters of water is required for each centinmeter of fish.
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B. BREEDI NG AQUARI UM

>

Bl . Breedi ng Aquari um

- (1) Drum
a. Materials Required
Conponent s Qu Itenms Required Di mensi ons
(1) Drum 1 Gl Drum (A 100 liters or |arger
b. Construction
(1) Drum Renove the top froma large

oil drum (A) or any simlar
container. deanthe drum

t horoughl y bef ore addi ng wat er,
pl ants, sand and fi sh.

c. Notes

(i) Since many fish breed best or only when plants are present in the aquarium
a light source may have to be placed over the top of the drumto provide for
heal thy plants.

(ii) Most fish are extrenely sensitive to water containing a high concentration
of metallic ions, so the drumshould be lined with a plastic bag, or the inside
pai nted wi th non-| eaded pai nt or other non-toxic coating.
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C__ TEMPORARY AQUARI UM

d. Plastic Bag Aquarium

(3) Tape

(2) Plastic Bag \ (1) G
n

a. Muterials Required

Conponent s Qu Itenms Required Di nensi ons
(1) Can | Rectangular Tin Can (A) 4 liter capacity or

larger (at least 10
cmx 15 cmx 25 cnm

(2) Plastic Bag ! Pl astic Bag (or 50 cmx 60 cm
Sheeting) (B)
(3) Tape 2 Maski ng Tape (C) 30 cm
2 Maski ng Tape (D) 20 cm

b. Construction
(1) Can Cut the top and one side out of
afour liter rectangular tin
can (A) |leaving about 1.5 cm of
nmetal renmining to provide

rigidity. Such cans can easily
be cut with netal snips or
shears. Begin each hol e by
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Side View

(2) Plastic Bag

Pl ace Pl astic
(B) in Can

Fill Wth
Wt er

(3) Tape

hol ding the can firmy, placing
the edge of a screwdriver

agai nst the side, and striking
the screwdriver sharply with a
hamer. The sharp edges of the
nmetal should be taped to pre-
vent themfromcutting the

pl astic.

Use a | arge clear plastic bag
or piece of plastic sheeting
(B). Carefully placethe

m ddl e of the plastic on the
bottom of the inside of the
can (A) and spread the plastic
out so it fills up tfie inside.
Let the excess plastic extend
above t he can. Next, carefully
pour water into the center of
the plastic until the canis
filled to the | evel desired.

Use the four pieces of masking
tape (C D) that hold down the
excess pl asti c sheeting. Water -
proof plastic tape is recom
nended i nstead of nasking tape
if it is available.
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c. Notes

(i) Wth this design, fish and other aquatic organisms can be easily viewed
while the three sides of the can provide excellent rigidity. Gavel, plants,
rocks, etc., may be placed in the aquariumto provide a nore natural environnent.
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D. TERRARI A
D. Sinple Terrarium
(1)
\\
\
i
!
!
\\
"(3) Stand
a. Materials Required
Conponent s Qu Jltems Requi r ed
(1) Jar 1 dass Jar (A
(2) Cover | Plastic Sheeting (B)
1 Adhesi ve Tape (O
(3) Stand | Car dboard Box (D)

b. Construction
(1) Jar

(2) Cover

(3) Stand

Jar

(2) Cover
Di nensi ons
4 liters or larger
Approximately 12 cm
di amet er
40 cml ong

15 cmx 15 cmx 10 cm

Sel ect a wi de-nout hed gl ass
jar (A), the larger the jar and
the wi der the nmouth, the better.

Tape a circul ar piece of

pl astic sheeting (B) over the
nmouth of the jar with the tape
(CO tomake it fairly airtight.

Cut two semicircul ar pieces
fromthe cardboard box (D) so
the terrariumcan be set on it
Wi thout rollingoff.
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C. Notes

(i) Fill the bottomof the terrariumwith rich soil and add plants or seeds.
The plastic cover will prevent noisture loss and permt some gas exchange. The
jar lid may be used instead, but it has a tendency to rust.

(ii) Mre durable stands made fromnetal or wood nmay be constructed if desired.



D2.

d ass Terrari um

(1) Base

a. Materials Required

Conponent s Qu
(1) Base 1

(2) Plaster of Paris --

(3) Sides 2

b. Construction

(1) Base

I
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Itens Required

Pl aster of Paris (B)

gl

Tin Can (A

G ass Plates (O
d ass Plates (D)

Pl asti ¢ Sheet (E)
Tape (F)

Z

(2) Plaster of
Pari s

Di nensi ons
32 cmx 22 cmx 5 cm

30 cmx 20 cm x 0.3
cm

20 cmx 20 cmx 0.3
cm

35 cmx 25 cm

Cut the base froma rectangul ar
tin can (A) to the approxinate
di mensi ons gi ven. Adequat e
bases can al so be made from
wood, cardboard, sheet netal,

etc.



(2) Plaster of Paris

(3) Sides

Gl ass (C,D) —uh 7

Base (A)—>

PN ET RN EILEL]

ANNNN

Partial Cross-Section

c. Notes
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Pl ast er of
Paris (B)

M x about 1 liter of dry plaster
of Paris (B) with enough water
to make it workabl e but stiff.

Spread t he plaster of Paris (B)
thi ckly around t he sides of the
base (A). Set the plates of
glass (C,D) in the plaster while
it is wet. Tape the corners
where the gl ass pl ates cone to-
gether with tape (F) to hold
the sides upright while the

pl aster is drying. Cover the
terrariumwith the plastic
sheet (E) when plants are kept

init to prevent noisture |oss.

(i) The dinmensions of this terrariummay be varied in order to neet special

needs or to fit materials avail abl e.

(ii) Plants may be placed in the terrariumin pots or planted in soil. If

they are planted in soil, be certain that the plaster used is inpervious to water.



- 100-

D3. Pl ant G- owt h Chanber

a. Materials Required

Conponent s Q I'tens Required Di mensi ons
(1) Base 1 Wod (A) 25 cmx 25 cmx 2 cm
2 Wbod (B) 27 cmx 5 cmx 1.0
cm
2 Wood (C) 25 cmx 5 cmx 1.0
cm
(2) Frame 2 Soft Wre (D) 75 cmlong, 0.2 cm
di anet er
2 Soft Wre (E) 25 cmlong, 0.2 cm
di anet er
4 Wre (F) 10 cmlong, 0.1 cm
di amet er
(3) Plastic Cover 5 Transparent Plastic 30 cmx 30 cm

Sheeting (G
== Tape (H -



b. Construction

(1) Base

Det ai |

Bind This
Joint
with Hire
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Nai | or glue the four rectangu-
| ar pieces of wood (B,C to the
square piece (A). Drill four
holes, 0.2 cmdianeter, in the
square piece (A), one hol e near
each corner of the wood.

Bend the two | ongest pieces of
soft wire (D) into a "U shape,
and insert the ends into the
hol es in the base. Fasten the
shorter pieces of soft wire (E)
to the frame by bendi ng about
1 cmof each end around the
bends in the | onger wires (D).
Bind the joints together with
the short, thinner wires (F).
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(3) Plastic Cover Cut a piece of transparent
plastic sheeting (G to the
pattern shown or use five

separ at e pi eces of sheeting.
Whet her using the single or

separat e sheets, cover the frame

with plastic and seal the joints

bet ween the sheeting with tape
(H) . Leave one side of the

sheeting | oose to be used as a
“door" in order to easily
renmove t he plants.

c. Notes
(i) Plants may be placed in the chamber in pots or soil may be placed in the
base in order to hold the plants.

(ii) Dinensions for the plant growth chanber nay be altered in any way dependi ng
upon the purposes to which it will be put. Especially, the base needs to have
nmore depth than 3 cmif plants are to be grown in soil rather than pots.



M. CAGES

A. G ASS CAGES

These cages, nmade whol Iy or largely of gl aé8n be used to house a large variety
of small animals, frominsects to small nanmal s.

B. WOODEN CAGES

Two wooden cages are offered, one to house insects and the other designed for snal |
manal s or birds.Both are sonmewhat nore el aborate and permanent than their equival ent
gl ass cages.

C. TEMPERATURE CONTROLLED CAGES

The vivariumand egg i ncubator are heated with |ight bul bs to serve the needs of
ani mal s and eggs which require rel atively higher tenperatures to live or hatch,
respectively. Use a thernostat to control the internal tenperature of heated cages

and i ncubators, especially in classroons which are not thensel ves thernostatically
tenmperature controll ed.



- 159-

A. GLASS CAGES

Al. dass Jar Cage

(1) Jar
a. Materials Required
Conponent s Q Itenms Required Di mensi ons
(1) Jar | dass Jar (A 4 liters capacity
or | arger
(2) Top | d ass Jar Top (B) To fit jar
| Wre Screening (C Sanme dianeter as jar
top
b. Constructi 0N
(1) Jar Thoroughly cl ean the | arge

glass jar (A). Select one wth
as | arge a nouth as possi bl e.

(2) Top Cut out a circular piece from
the metal top (B) of the glass
jar. The di aneter of the hole
inthe top shoul d be about 1
cmless than that of the top
itself.
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Next, cut out a circular piece

of wire screen (C) the sane

di anmeter as the top. Insert

l l this wire screen inside the
top and glue it in place if it

@ does not stay in place by itself.

C. Not es
(i) If the wire screening is cut to a dianeter very slightly larger than that

of the netal top, it will tend to stay in place within the top, and doesn't need
to be cenented. Infact,once the topis screwed to the jar, the screen will be
hel d tightly between the glass and top, and no cenment i s necessary.

(ii) Gass, sand, soil, twigs, etc., can be added to this cage dependi ng on
what type of animal is to be kept. If small anphibians are housed init, lay it
on its side and partially fill it with water. Most anphi bi ans are best housed in

shal | ow aquaria, however.



A2. Jar Cage Shel f *

\\

(1) Frame

a. Materials Required

Conponent s Qu
(1) Frame 1
2
2
(2) Rests 1
1
b. Construction
(1) Frane
Wood (C)—
Plywood (B) -
Plywood (A)
Back View
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Itens Required

Pl ywood (A)
Pl ywood (B)

wod (O

wood (D)
wood (E)

\/

Di nensi ons

18 cmx 47 cmx 1.0
cm

18 cmx 15 cmx 1.0
cm

4 cmx 47 cmx 1.0 cm

4 cmx 45 cmx 1.0 cm
2 cmx 47 cmx 1.0 cm

Nai | or screwthe two snall
pieces of plywood (B) to the
ends of the large piece (A).
Nail one of the wood strips (C)
to the back with the lower edge
even with the back. Screw the
other strip (C) to the top to
act as a carrying handle,

| nnovati ons i n Equi prent _and Techni ques

*Adapted fromRi chard E. Bartheleny, et _al

for the Biology Teaching Laboratory, (Boston: "D

C. Heath, 1964), p 28.



(2) Rests
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10 7 Diameter
~ A~
4

-_—

45 g
Wod Strip (D)
6 Diameter 2
PN
L~~~ ¥
f 47 ~
Wood Strip (E)
 omm—
e N\
«——Jar
Side View

C. Not es

(i) Use this itemas a storage rack for several

(Cross-section)

Wooden rests are needed to pre-
vent the jar cages fromrolling.
Cut four arcs spaced 10 cmon
center fromthe w de piece of
wood (D). The diameter of the
arcs shoul d be the sane as that
of the body of the jar cages
(inthis description, the jars
used had a body di aneter of

7 cmand a neck dianeter of

6 cm.

Simlarly, cut four arcs of

the same di ameter as the neck
of the bottle (in this case,

6 cm fromthe narrow strip
(E), also 10 cmon center. Nail
the wide strip (D to the sides
and base about 3 cmfromthe
back strip. Nail the narrow
strip (E) tothe front withits
| ower edge even with the base.

jar cages (VI/A). The handle

permts several cages to be carried with little disturbance.

(ii) Al dinmensions given here are subject to change dependi ng on the size,
shape, and nunber of jar cages to be stored.
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A3. Cockroach Cage *

-<— (1) Cage

— - — .
~
- -~

QZa@

~

(2) Food Cont ai ner

"(3) Watering Device

a. Materials Required

Conponent s | tems Required Di nensi ons
(1) Cage 1 d ass Jar Cage At Iegst 1.0 liter
(M/7TA) (A capaci ty
(2) Food Cont ai ner 1 Jar Top (B) 2-3 cm di aneter,
1 cm deep
(3) Watering Device 1 dass Vial (Q 4 cmlong, 2 cm
di amet er
| Cotton (D) Smal | plug

b. Construction

(1) Cage Use the @ ass Jar Cage (VI/Al)
(A) as is.
(2) Food Cont ai ner Asmall jar top (B) will hold

the smal | amount of food
necessary for small insects

i ke cockroaches.

(3) Watering Device Insert the cotton plug (D) into
the open end of the vial (C
containing a small amount of

water. The cotton will stay

*Adapted fromRichard E. Bartheleny, et. al., l|nnovations in Equipment and Techni ques

for the Biol ogy Teachi ng Laboratory, (Boston: D. C. Heath, 1964), p 22-23.




- 164-

danp and provide water for the

i nsects.

c. Not es
(i) Ifdesired, the upper portion of the jar can be coated with tal cum powder

to prevent the insects fromcraw ing out when the jar is open.

(ii) Providing snall objects which the insects can clinb on or conceal them

selves inis recomended.



A4. Housefly Cage *
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(1) Cage

(2) Watering Device

(3) Food Cont ai ner

a. Materials Required

Conponent s
(1) Cage

(2) Watering Device

(3) Food Cont ai ner

(4) CQulture Medium

b. Construction

(1) Cage

(2) Water Device

*Adapted from Richard E. Bartheleny, et. al.,
in the Biology Teachi ng Laboratory, (Boston:

Q

1

Itens Required

G ass Jar Cage
(M/A) (A

G ass Jar

(B)
Absor bent Paper (Q
Jar Top (D

Cul ture Medi um(E)

(4) Culture Medium

Di nensi ons
4 liters or |larger

Approxi mately 25 ni
Approxi mately 10 cmx
3cm

4 cmlong, 2 cm
di amet er

50 m or enough to
fill the cage to a
dept h of approxi nately
2 cm

Use the G ass Jar Cage (VI/Al)
(A as is.

glass jar with as wide a nouth

Be sure to select a

as possible.

This is nerely a snmall gl ass

jar (B) or other small container
whi ch hol ds a "w ck" of absor-
Water in the
jar will soak into the paper

bent paper (O).

I nnovations i n Equi prent and Techni ques

D. C. Heath, 1964),

p 23.
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where it can be obtained by

flies and other flying insects.

(3) Food Cont ai ner Asmall jar top (D) will suffice
as a container for food for
the flies.

(4) Cul ture Medium This is a growth medi um (E)

for the insect |arvae, and
shoul d contain all the necessary
growt hingredients.

c. Not es
(i) For suitable growth nmedia for houseflies , see the foll owi ng BSCS publi ca-
tions: Bartheleny et. al., Innovations in Equi pnment and Techni ques for the

Bi ol ogy Teachi ng Laboratory; and @ enn, The Conplenentarity of Structure and
Functi on ( BSCS Labor at ory Bl ock).




A5. Cylinder Cage

a. Materials Required

Conponent s
(1) Cylinder Cage

b. Construction
(1) Cylinder Cage

c. Not es
(i) This is a good,
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~————— (1) Cylinder Cage

~_ ]

Qu |tems Required
Potted Plant (A)
1 Lanmp Chi mmey (B)

—

1 Cloth Mesh (C)
1 Rubber Band (D)

Di nensi ons

8 cmdianeter,
30 cm | ong

10 cm di aneter

This is a quickly made cage.
Simply put the | anp chi mey

(B) or other large dianmeter

gl ass tube over the potted
plant (A). Add the insects,
and cover the top with cloth
nmesh (C) or gauze held in place
with the rubber band (D).

sinmple cage in which to rear insects which feed on plants.



A6. Jar Wrnery

a. Materials Required

Conponent s Q
(1) Jdar 1
(2) Medium 1

b. Construction
(1) Jar

(2) Medi um

C. Notes

T
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Itens Required

dass Jar (A

Sand (B)
Leaf Mol d (C
Loam (D)

(1) Jar

(2) Medium

Di nensi ons
1-4 liters
1/4-1 liter
1/4-11liter
1/4-1 1liter

Thor oughl y cl ean t he gl ass
jar (A).

Each | ayer of the medi umshoul d
have a vol ume approxi mately
one fourth that of the total
for the jar. The bottomlayer
is sand (B), the middle is
leaf nold (C, and the top

layer is loam(D).

(i) Place the wornms in the wornery along with sone dead | eaves, |ettuce,

carrots, etc.

Keep t he cont ents danp.



A7. Jar Cage

a. Materials Required

Conponent s
(1) Jar

(2) Water Bottle

b. Construction
(1) Jar
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Qu Itens Required

|

1

- (2) Water

Large d ass Jar (A

d ass Tube (B)

Vial (O
| - Hol e Stopper

(D)

Bottl e

- | —— (1) Jar

Di nensi ons

4 liter capacity
25 cmlong, 0.5
cmout si de di anet er
50-100 m capacity
To fit vial

Use a | arge capacity gl ass
jar (A) with a netal or plastic
[id. Punch several holes in
thelidfor ventilation. Make
certain one of the holes is
slightly larger in dianeter
than the gl ass tube (B) used

inthe water bottle.
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(2) Water Bottle Heat t he gl ass tube (B) about
7 cmfromone end and nake a
slight bend in it (about 30°).
Fire polish this end until the
[ ‘_;:::::::::g 30° openi ng constricts very slightly.
- Insert the other end of the

G ass Tube (B) gg{fih tube through the one-hole

stopper (D), and plug the via
(C) withthe stopper. Insert

the conpl eted water bottle
through a hole in the lid of

the jar. Be sure the tip of

the glass tube is | ow enough for

the animals to reach

C. Not es

(i) This cage is designed for small manmals |ike mice or gerbils. Spread a
| ayer of sawdust or newspaper shreds on the bottomto absorb wastes. Fill the
wat er bottle and the aninals soon learn to lick water fromthe end of the tube
Pi eces of food can be dropped through the holes in the lid.

(ii) This cage is neant to be a tenporary, not pernanent, container for smal
mammal s.  Large jars of 4 liter capacity may be obtained fromrestaurants and

ot her places which buy food in large quantities.



-171-

A8. Box Wornery

(1) Box
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Box 1 Wood (A) 25 cmx 25 cmx | cm
2 Wod (B) 25 cmx 2 cmx 15 cm
1 Wod (Q 21 cmx 2 cmx 15 cm
(2) dass 1 W ndow G ass (D) 23 cmx 15 cmx
0.3 cm
b. Construction
(1) Box Wth a saw, cut a groove 1.0

cmdeep and 1.0 cmfromthe
end of the two pieces of wood

/ (B). These grooves shoul d be

/ slightly wi der (about 0.4 cm
Zf v than the glass (D) used. Nail
"\]5\4/ these two pi eces and the piece
(O to the base (D) to forman
open-ended box with the two
grooves facing each ot her,

(2) dass Insert the glass (D) into the
grooves in the sides of the
box. The box wormery is now
conpl ete.

¢. Notes

(i) Put a5 cmdeep layer of sand in the box, cover this with 5 cmof |eaf
mol d, and finally cover this with about 5 cmof loam  Add worms, dead | eaves,
pi eces of lettuce and carrots to the top. Cover the glass front with dark paper
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or cloth and keep the soil danp. After several days, worns and tunnels shoul d be
vi si bl e when the paper or cloth is renoved.

(ii) There is no real need for the glass plate to be renovable so all the joints
bet ween the wood and gl ass can be seal ed with waterproof sealant (e.g., pitch,
caul k) .

(iii) Ifit is desired to sinply raise worns rather than observe them then the

gl ass nay be omitted and any suitable box can be used for the wornery.
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A9. Ant (bservation Cage

(3) Cover —

,///’//\\\/r

-

a. Materials Required

Conponent s
(1) Body

(2) Support

(3) Cover

b. Construction
(1) Body

k\

QI Itens Required
2 Wod (A)

1 Wood (B)

2 d ass Plates (C

————(1) Body

(2) support

Di mensi ons
13 cmx 2cmx 0.7 cm
23 cmx 2cmx 0.7 cm

23 cmx 15 cmx
0.3 cm

6 Tape (D) 19 cmx 2 cm
3 Tape (E) 27 cmx 2 cm
2 Wood (F) 7 cmx 2 cmXx 2 cm
1 Wood (G) 19 cmx 2 cmx 0.7 cm
1 Nail (H) 4 cmlong, 0.3 cm
di anet er
G ue, nail, screwor otherw se
fasten the two short pieces of
wood (A) to the ends of the
| onger piece (B). Wien the
gl ue has dried, place the wood
/,,4 frame between the two pieces
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of glass (C) forming a "sand-
glass (C) wich". Use the six short pieces
< Body of tape (D) to tape each end
“~ dass (C) together and use the three | ong
pi eces of tape (E) to tape the

bott om

Tape

(2) Support Cut a notch 1.4 cmw de and
1.0 cmdeep into the center of
/‘\’51.4 each wooden support (F). Set
the body into place.

(3) Cover Drill a hole approximately 0.3
cmin dianeter through the
m ddl e of the piece of wood

Drill Hole (G. Cut off a snmall portion
ﬂ of each end so that the ends

are slightly tapered. This

cover shoul d noweffectively
seal the body, and the wedge
shape of the cover insures
that it need not be perfectly

L.

Det ai | accurate in order to seal the
cage. Conplete the ant obser-
vation cage by sticking the

Tr nail (H) in the hole.

Detail
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c. Notes
(i) Prepare the cage for use by filling it towithin2 - 3 cmof the top with
soil. The soil should be firm but not tightly packed. Add the ants (include a

"queen" ant), and feed themby droppi ng noi stened sugar, bread crunbs, etc.,
through the hole in the cover. Keep the cage covered when not actual |y observing
the ants as this will encourage their tunneling activity.

(ii) The soil ought to be kept npoist, so the cage shoul d be taped with water-
proof tape. Taping allows the cage to be easily dismantled, cleaned and
reassenbl ed.

(iii) Ant observation cages of different dinensions fromthose given here can be
made, but the basic design need not be altered.
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Al10. d ass Cage

e " 2
=
= v/ |
(2) dass /
(1) Frame
a. Materials Required
Conponent s Qu Itens Required Dinensi ons
(1) Frane 1 Pl ywood (A) 30 cmx 30 cmx
1.0 cm
4 Wod (B) 20 cmx 2 cmx 2 cm
d Wod (C 24 cmx 2 cmx 2 cm
(2) @ ass 32 Nai I's (D) 2.5 cmlong
4 d ass (E) 25.5 cmx 18.75 cm x
0.3 cm
1 dass (F) 25.5cmx 25.5 cmx
0.3 cm
b. Construction
(1) Frame ﬂ/ Wood (B) f’ Use the plywood (A) as the cage
base. Screwthe four short
- pi eces of wood (B) to the base
3 ﬂ 20  fromthe back side of the base
24/ Wood (C) so that each of their edges is
/ % 1.0 cmfromthe edge of the
B base. Nail four of the re-
24—

nmai ni ng pi eces (C) to the base
(A) and uprights (B), between

%
F\\L% the uprights and 1.0 cmfrom

30 \:/ the edge of the base.
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Drill three holes (0.2 cmin

di ameter) through each of the
Drill Halfway

\ four remaining pieces of wood
M‘ (C). Space the three hol es

about 6 cmapart and 0.5 cm

Drill Through

fromone edge. In one of these
pi eces of wood, drill two addi-
tional holes 0.2 cmin dianeter.
Drill themO0.5 cmfromthe sane
edge the other three holes are
near, but only drill them half-

way t hrough t he wood. Nail
these four pieces to the

uprights so that the holes are

parallel to the base, and the
hol es nust be cl osest to the

top edge of the wood rather
than the bottom These t hree

hol es serve to ventilate the

cage.

(2) dass Posi tion one of the glass
pi eces (E) against the side of
the frane so that it overlaps
the edges of the frane by about
0.75 cmon all three sides.

Bent Nail (p) Drive four nails (D), two per

Q/HO]E , vertical side, into the frane

5 Y.
L

as close to the glass as

Ul 1§ possible. Only drive themin
about hal fway and renove the

1 Glass (E) glass. Bend each nail over at
ri ght angles, and replace the

glass. The nails should over-

- lap the glass and hold it
Si de Vi ew upri ght against the frane.

Nail two nore nails (D) above
the gl ass and bend t hem down in
a simlar manner to keep the
glass side firmy in place. Be
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careful not to break the gl ass

Fasten the remaini ng pi ece of
glass (F) tothetopina
simlar manner as was done with
the sides. Nail six nails (D),
two per side, and bend them
over to hold the glass in place.

Put two nails in the holes in

G ass (F) the renaining side of the frane.
These two nails should slip
easily in and out the holes

so that they can be renoved and
the top glass plate renoved by
sliding it out fromunder the
bent nails. Do not bend these

| ast two nails.

Cc. Notes

(i) This cage is designed primarily to house snall reptiles (especially lizards
and snakes) and other small, non-gnaw ng ani mals. The bottom of the cage can be
filledwith 1.5 - 2 cmof clean sand or gravel. | fourrow ng ani mal s are to be

kept, build the bottomof the frane higher so that the sand or gravel may be made
deeper. Water may be provided in a jar lid and food sinply dropped in fromthe
t op.

(ii) The dinensions of this cage can easily be altered dependi ng on the nunber,
size, and habits of the aninmals to be housed init.

(iii) I'f it is so desired, a netal tray can be fashioned for the bottomof the
cage to hold the sand or gravel. This nakes the cage nuch easier to clean as the
tray can sinply be lifted out of the cage, the sand or gravel cleaned by running
it through a seive, and replacing it. The tray prevents the wood from absorbi ng
l'iquid wastes and spilled water and food. The pattern given here will fit the

cage as descri bed above. (See illustration on next page.)
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Fold the pattern along the dotted lines to the fol | owing Shape

Seal

«— Flange

Seal the inside corner joints with a waterproof sealant (e.g., pitch) and set the
portion of the frame.
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B.  WOODEN CAGES

Bl. Woden Frane Cage

(1) Frane

Screeni ng
(Omttedfor
clarity)

(3)

a. Materials Required

Conponent s Qu |t ens Required Di mensi ons
(D Frane ! Wood (A) 25 cmx 25 cmx 1.0 cm
6 Whod (B) 25 cmx 2 cmx 2 cm
2 Wod (Q 21 cmx 2 cmx 2 cm
(2) Door 2 Wod (D) 27 cmx 3 cmx 1.0 cm
2 Wod (E) 19 cmx 3 cmx 1.0 cm
2 H nges (F) About 3 cmx 2 cm
4 Nails (G 2 cmlong
2 Rubber Bands (H) -
(3) Screening 1 Wre Mesh (1) 24 cm x 24 cm
3 Wre Mesh (J) 26 cm x 24 cm
1 doth (K) 85 cmx 25 cm
1 Rubber Band (L) -



b. Construction

Wod (B)

(i) Frane

P
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/ Wod (©)

G ue, nail, or screw four of the
| ong pi eces of wood (B) to the
four corners of the square

pi ece (A) to formthe uprights
of the cage. Nai | the two
remai ni ng | ong wooden pi eces

(B) to the tops of adjacent
uprights. Then, nail the two
short pieces (C) into place to
conpl ete the basic cage frane.

G ue, nail, or screwthe short

pi eces of wood (E) between the

| ong pieces (D) to formthe
frame for the door. Attach two
smal | hinges (F) to the back

of the door.
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j;/ Next, fasten the door to the
r}j frame by use of the two hinges.
3

i

T3]

"'L%

\\l

Front View

To keep the door shut, hammer
nails (G at both top and

Frame \ Door bottomof the door and frane.
- When the door is shut, wap a
. trong rubber band (H around
Nail (G) S
Nail (G)—" Mf each set of nails to keep the

\\ door shut.
J Rubber Band (H)

(3) Screening Attach the three pieces of
screening (J) (cloth mesh nay
al so be used) to the three

sides and the fourth (1) to the
/Frame i u (n

top of the frame by gluing

|__— Screen (3) or tacking themin place.
Li beral use of gl ue hel ps seal

7 Tacks the joint between the screen

and wood, especially if cloth

nmesh is used instead of wire
Si de View mesh.
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o Sew the piece of cloth (K al ong
- 2 the short (25 cn) edge to neke
a kind of tube or "sleeve".
Sew Here
Then, gl ue one end all around
the insi de edge of the door,
k 85 (circunference) making certain there are no
gaps in the glue seam
Frame
Y
?r G oth Sleeve (K)
"G ue
Det ai |
To conpl ete the cage, close
Rubber Band (L) P g _
o and latch the door, tw st the
ot
1 protruding end of the cloth
4 \ | .
tube tight, and close it off
t >'( 'ththg bber band, (L)
Wi e rubber ban :
. \ !
» //
& «—Cloth
’ Sleeve (K)
Si de View

C. Notes

(i) The door can be opened to all owthe cage to be cleaned, rearranged, etc.
However, when the cage contains insects, items such as food, water, and the
i nsects thensel ves can be put into and taken out of the cage by undoing t he rubber
band, slipping one hand through the cloth sleeve into the cage, and hol ding the
cloth tightly around the armin the sl eeve with the other hand; this nethod pre-
vents the i nsects fromescapi ng.
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(ii) See insect cages VI/A3 and VI/A4 for making watering and feedi ng devi ces

for insects.

(iii) Since cloth is used for the sleeve and may be used for the sides, keep
only insects or other snall aninals which are unable to chewtheir way through
cloth in this cage.
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B2. Wre Cage
(4) Wre Mesh (Onitted
fromdrawing for clarity)
(5) \é\g:telre-“ _(3) Door

L "(2) Tray

(1) Frame/ ‘

a. Materials Required

Component s Qu Itens Required D nensi ons
(1) Frane ] Pl ywood ( A) 25 cmx 30 cm X
0.5 cm
4 Wod (B) 20 cmx 2 cmx 2 cm
4 Wod (O 21 cmx 2 cmx 2 cm
3 Wood (D) 26 cmx 2 cmx 2 cm
4 Wood (E) 16 cmx 2 cmx 2 ¢cm
(2) Tray 1 Sheet Metal (F) 30 cmx 30 cmx
0.05 cm
(3) Door 2 Wod (Q 28 cmx 3 cmx 1.0 cm
2 Wod (H I8 cmx 3 cmx 1.0 cm
1 Wre Mesh (1) 28 ¢cm X18 cm
6 Nai l's (J) 2.5 cmlong
(4) Wre Mesh 1 Wre Mesh (K) 23 cmx 62 cm
1 Wre Mesh (L) 23 cmx 28 cm
| Wre Mesh (M 20 cmx 26 ¢cm
(5) Water Bottle ! Vial (N 50- 100 m capacity

1 | - Hol e St opper (0 To fit vial
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! d ass Tube (P) 10 cmlong, 0.7 cm
outsi de di ameter, 0.5
cmi nsi de di anet er

1 Stiff Wre (Q About 20 cmlong

b. Construction
(1) Frane Nai | or screwthe four
20 cmpi eces of wood (B)

onto the four corners of
the pi ece of plywood (A)
used as the base. Make
certain they are even
with the edges of the
base. Next, nail the
four 21 cmpieces (C
i nto position between

the. upri ght pi eces, two
at each side of the cage.
Nai | the | ower ones to

N (A) both t he base and up-
rights. Nail the three
/ 26 cm pi eces (D between
25 20 the uprights, one at the
\\r// top front, and two in
the rear, top and bottom
Finally, nail the four
16 cmpieces (E) into

position at the two back
corners of the cage, one

on each side of each

upright.
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(2) Tray Cut the sheet netal (F) to the
5 gi ven pattern. Bend up the
24 ___" J ,,/2 sides along the dotted |ines
2/:t___l _______ tﬁj and bend down the flange at the

| front. Seal the corners with a
I wat er pr oof seal ant (e.g., pitch).
| The tray shoul d slide easily

\ 26 into the cage and protrude from
] the front for 1.0 cm
|

I

|

Seal
Flange
3) Door Make t he door fromthe four
pi eces of wood (GH by using
e hal f-lapjoints. Thissinmly
3‘[ i nvol ves cutting away hal f the
I"O‘S pi ece of wood where the two

pi eces to be j oi ned overl ap.
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28

/Mesh (1) 'Door
/ [4
&= l -l
L
Frama“*'m g— BBent,
Tr™Nail (J)
] x 1,
{
Tray (F) Straight
Nai | (J)
Front View
(4) Wre Mesh

-
]

"T'

Nail the wire mesh (1) to the
back of the door making certain
that it covers all wood portions
conpl etely to di scourage

gnawi ng aninal s l'i ke mice. If
possi bl e, use nmesh with openings
about 0.5 cmsquare rather than
regular wire screening that is
used i n house screens.

To forma hol der for the door,
first hammer two nails (J)

into the front of the frame at
a level even with the top of
the tray. Drive. themin

1 - 1.5 cmbut do not bend them
Set the door on these two nails
and be certain that it com
pletely covers the opening.

Nail two nails (J) on each side
of the door as close to it as
possi bl e and bend t hem over so
that they hold the door in an
upright position. The door
shoul d slide easily in and out
of position. Remove t he door
whi |l e conpl eting the cage con-
struction.

Fold the I ong piece of wire
nmesh (K) (again, usethe 0.5 cm
square size if possible) to the
shape shown.  Then, nail the
20 cmpiece (M into position
to seal off the rear of the
cage. Next, nail the folded

pi ece (K) into position so that
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Top Mesh (L) t he si depi eces cover the sides

of the cage conpl etely. The

% bottomof the screen will be

2 cmabove the floor of the

T
P

- Back cage (actually, it will be

: ,4// Mesh (M) ge _ 4

P 31352 &m;fl’I h (K) level with the top edge of the
ottom Mes

tray). Properlydone, wre

nesh shoul d cover the inside

Tray (F)\ of the cage so that no wood is

i Lkl L Ll Ll 7L LE LA L s ochomdondd st

'/,;=L LR 7 exposed. Finally, nai 1 the
.

] remai ni ng pi ece of mesh (L)
Cross Section View

onto the top of the cage.

(5) Water Bottle Begin the water bottle by
bendi ng the glass tube (P) in
the mddl e to about a 45° angle.
Fire polish one end until the

i 451‘0 opening constricts very slightly.
Insert the other end of the
Fire Polish tube into the stopper (0).
- Fill the vial (N) with water
and seal the opening with the

st opper .

— When the vial is upside down

wat er should flow down into

the tube and stop at the end.
«~—Vial (N) One may have to tap the tube

lightly with a finger to break

up air bubbles in the tube.

~—- Stopper (0)

4 Tube (P)
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To make a hanger for the water
bottle, use the piece of stiff
wire (Q. Twist thewre
m around the stopper, then bend
N\ / the | oose ends as shown. The
wat er bottle can then be hung
on the outside of the cage with

Hanger (0Q L
(Vial not shown the gl ass tube sticking through

for clarity) the wire nesh. Ani mal s such
as mice and gerbils soon learn
tolick the end of the tube to

obt ai n wat er.

C. Not es

(i) This cage is intended for long-termhousing of small mammals. Cover the
screen floor with shredded newspaper or sawdust. Wastes fall through the screen
floor onto the tray so they can easily be renoved. Food can be sinply put into

ajar lid or shallowtin can.

(ii) The basic design of this cage can be retained and the di nensions altered
to accomodate other aninmals, especially birds. Renenber to provide the basic
requirenents for each different type of animal (e.g., perches for birds).

(iii) If space is limted, these cages will stack one upon the other. However,
the door nmust be hinged to swing open if it is undesirable to unstack themeach
time a lower cage is to be opened.



C . Vivarium

(4) Screen
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C. TEMPERATURE CONTROLLED CAGES

(1) Ty ams /

a. Materials Required

(5 dass (Not shown)

Conponent s
(D) Frane

(2) Dividers

N I R N L e

N

N

It ens Required
Pl ywood (A)

Pl ywood (8)
Wod (O

Wood (D)

Wood (E)

Wood (F)

Sheet Metal (Q
Sheet Metal (H

Wood Dowel s (1)

(3) Heat Source

(2) Dividers

Di mensi ons

60 cmx 45 cmx 1.0 cm
43.5 cmx 20 cmx 1.0 cm
20 cmx 2.5 cmx 2.5 cm
38.5cmx 2.5 cmx 2.5 cm
56.5 cmx 2.5 cmx 2.5 cm
4 cmx 4 cmx 2 cm
5cmx 2l cmx 0.05 cm
40 cmx 5 cmx 0.05 cm

42 cmlong, 0.75 cm
di amet er

Coth (Cotton) (J) 38 cmx 25 cm



(3) Heat Source

(4) Screen

(5) 4 ass

b. Construction

(1) Frame

[ASTRN A ST AN TN ) TR I -

N
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Pl ywood (K)

Har dboard (L)
Pl ywood (M

Pl ywood (N
Wood (0

Wod (P)

Sheet Metal (Q
Pl ywood (R)

Li ght Bul b Socket

Light Bulb (T)

Electric Cord (U

Plug (V)
Bolts (W

Wng Nuts (X)
Wre Screen (V)
Wod (2)

Wod (AA)

Wood (BB)

Wod (CO)

W ndow G ass ( DD)
W ndow d ass ( EE)
Sheet Metal (FF)

44 cmx 16 cmx 1.0 cm
16.5 cmx 45 cmx 0.3 cm
20 cmx 44 cmx 0.5 cm
16.5 cmx 21 cmx 0.5 cm
20cmx 4 cmx 1.0 cm
36 cmx 4 cmx 1.0 cm
14 cmx 5 cmx 0.05 cm
44 cmx 15 cmx 0.5 cm

(S) Vari es

Varies

150 ¢cm | ong

Varies

8 cmlong, 0.5 cm

di amet er
0.5.cminside dianeter
20 cm x 45 cm
21cmx 3 cmx 0.5 cm
39 cmx 3 cmx 0.5 cm
45 cmx 3 cmx 0.5 cm
15 cmx 3 cmx 0.5 cm

50 cmx 44 cmx 0.25 cm
19 cm x 59 cmx 0.25 cm
12 cmx 4 cmx 0.05 cm

Not ches must be nmade in the two
si depi eces (E) into which the
dividers will be fit, Also,
hol es need to be drilled
through the end (D) and the

two uprights (C) through which
the bolts hold the frame, screen,
and heat source are put.
However, these hol es shoul d

be drilled when the three
conponents (frame, screen, heat
source) are held together in
place with clanps in order to
insure that the holes will be

al i gned.
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Cor ner Base (A .
Blocks () A Endpiece (B) Nai |, screw and/or glue the

endpi ece (B) to the base (A,

flush to one edge and 0.75 cm
/}/ fromthe other two edges. Nail
20 two uprights (C) to the base,
/L flush to the opposite end and
each 0.75 cmfromthe outside
edge. Nail the sidepieces (E)
i nto position between the
upri ghts and endpi ece, and al so
nail the end (D between the
two uprights.

Two square pieces of wood (F)
Cut __

T
Here Vs N
1

cut into triangular shapes are

Z used as corner blocks to provide
k< 4 | addi ti onal support and strength.

Cor ner Bl ocks (F)

To provide guides for the glass,
si x rectangul ar pi eces of

al um num sheeting (G H) (0.05cm
thick) are required. They are

Sheet Met al
d ass Guides (G H) fol ded to the shape shown.

Four (G are nailed to the
1.5 upri ght and endpi ece. The
remaining two (H) are nailed
Gass Guides (H) to the end and endpi ece. These
gui des shoul d be fastened in
sucha way as to provide
approximately a 0.75 cmgap
bet ween wood and netal so that

the glass can slide easily in

i,/ and out.

Qass Guides (G)
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(2) Dividers The dividers are sinply made
wi t h wooden dowels (I). A
= pi ece of cotton cloth (J) is
\ sewn around t he dowel, and hangs
Dovel (1) down to within 1 or 2 cmof the
base. The dividers (two are
needed) are fit into the notches

in the frame sides.
Cloth (‘_])

Heat Source Use the pi ece of plywood (K)

gase (K)

as the base of the heat source.
Fasten the two pl ywood pi eces
(N) to the ends of the base and
the third pl ywood piece (M to
the back. Nail two of the wood
strips (0) to the base and

ends, and nail the renaining

strip (P) between these two
Strip (P) pieces (0).

Nai | the piece of hardboard (L)
tothe top of the frame to
enclose it. This hardboard
shoul d be the perforated type
with 0.5 cmhol es spaced every
2.5- 3.0 cm If such hard-
board is not available, it can
easi |y be made by maki ng hol es
in regular board. Holes nust
al so be made i n the heat source,
but again, these shoul d be
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L
Ventilation Har dboard (L)

Board (R).

Plug (V)

(4) Screen

drilled when the frane, screen,
and heat source can all be held
together with clanmps to insure
al i gnnent of the holes. Drill
anot her hole in the back to
allowthe wire to the |ight

bul b socket to run through.

Two guides (Q are needed for
the ventilation board, and are
nailed to the sides of the heat
source. Make these like the

gl ass gui des described in
constructionstep (1). The
ventilation board (R) is nade
of thin plywood slightly
shorter in length and wi dth
than the top of the heat source.
I't should slide easily in and
out between the guides (Q.

Finally, fasten alight bulb
socket (S) in the middle of

the heat source. Wre a plug (V)
to the socket with the wire (U)
and lead it out of the box
through a small hole drilledin
the back. Screwa bulb (T) in

pl ace.

The screen is made with eight
pi eces of wood. Formtwo
rectangul ar frames. Mke one
by nailing two pi eces of wood
(CC) between the two pieces (BB),
and the second frane by nailing
two pi eces (AA) between the
shorter pieces (Z). The

al um num screening (Y) (wire
mesh) is fastened between the
two franes with nails, and the
frames are nailed and gl ued



(5) Glass

A
y A 4

o
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together. The four holes for
the connecting bolts (W will be
made when the three conponents
(frame, screen, heat source) are
cl anped t oget her, and t he hol es
are drilled through all three
parts at once.

The heat source, screen, and
frame are connected t oget her
with the bolts (W and wing
nuts (X).

Three gl ass pl ates are not

shown inthe mainillustration
inorder to preserve clarity.
However, the two side plates (EE)
are made from standard w ndow
glass (0.2 cmin thickness).

They fit between the gl ass guides
on the frane sides. The top
plate is al so wi ndow gl ass (DD).
The top plate of glass fits

bet ween the two gl ass gui des on
the top of the frane. Any of the
t hree pi eces of glass shoul d

slide easily in and out of place
when the other two are in position.
Addi tionally, air gaps should be
kept to a mninum

Finally, two pieces of alum num
sheeting (FF) can be folded to

t he shape shown and sl i pped over
the top edge of one of the side
pi eces of glass (EE). These

pi eces of alum numthen act as
stops to keep the top gl ass
plate (DD) fromsliding out.
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C. Notes

Heat Source><J
Chamber A <<

Chamber B

Chamber C

(i) The vivariumis a cage in which the cloth dividers are used to | oosely
partition the interior into three chanbers. The heat source enploys |ight bul bs
as the heating el ements. A desirable result would be to naintain an even tenpera-
ture gradient (i.e., 35°, 30°, 25° C) in the three chanbers so that animls placed
inthe vivariumcoul d seek their own optimal tenperature |evel. For instance, the
temperatures given above would inply that it was thought that the optimal environ-
mental tenperature for a given animal was 30°C (the tenperature naintained in
Chanber B). INnthis case, even if the vivariumwere placed out-of-doors and
subj ected to tenperature fluctuations of £ 5°C, one of the chanbers would still
mai ntain the 30°C level (e.g., tenperatures in the vivariumnight be depressed to

30°, 25°, 20° or elevated to 40°, 35°, 30° O). In order to insure that the desired
tenperature is maintained in at | east one chanber, it nmay be necessary to increase

the nunber of chanbers fromthe three used in this experinentation, In fact, all
the concl usions given here nust be qualified by the linmted nature of the experi-

nent ati on.

(ii) Follow ng construction of a vivarium experinentation was carried out to
det erm ne whi ch variabl es affect the establishnent of the tenperature gradient,
and how t hese variables affect this gradient, both separately and i n conbi nati on.
Variabl es found to influence the tenperature gradi ent included bul b size (wattage),
divider naterial, height of the dividers above the floor of the cage, use of a

reflector in the heat source and ambient (roomn) tenperature.

(iii) Generally, increasing the bulb size (wattage) caused a marked i ncrease in
tenperature in Chanber A, less so in Chanber B, and little or no change in
t enperature i n Chanber C. The result was that the tenperature gradient, rather



-198-

than increasing in equal increnents (i.e., 34°, 30°, 26° C), tended to increase in
unequal increments (e.g., 36°, 26°, 23°0C).

(iv) The material fromwhich the dividers are made was found to have little
effect on the tenperature gradient maintained in the cage, but the amount of space
| eft between the bottomof the dividers and the vivariumfloor did have a conpact-
ing effect on the tenperatures, i.e., bringing those in Chanbers A and C closer to
that in B.

(v) As mght be expected, using a reflector in the heat source caused an overal |
riseintenperature in the vivarium The | ast variable to be i nvestigated,
anmbi ent (surroundi ng) tenperature, was seen to have a profound i nfluence on the
internal tenperatures in the vivarium and is probably the nobst inportant variable
t o be consi dered. No doubt, the vivariumwalls will have to be altered using
better insulating materials (e.g., wood rather than glass) in order to reduce the
i nfl uence of the ambi ent tenperature,

(vi) Some other variabl es which were not investigated al so may have an effect on
tenperaturecontrol. Among these is the material in the screen between the heat
source and cage itself. It was al umi numscreening for all the experimentation
described here, but may well have different effects if it were made fromsteel rods
or other materials. The type and amount of ventilation will also be an influence.

The di mensi ons of the vivariumare al so inportant since a larger cage wl |l
obvi ously be harder to heat and naintain. The nunber and size of the chanbers are
variabl es to be reckoned with.

Finally, the nost inportant factor will be the animals and their require-
ments. Testing nust be done to see if a reasonabl e range of tenperatures can be
mai ntained for a variety of animals (e.g., baby chickens, mice, lizards, etc.). If
experiments are to be run involving the determination of optimal tenperature
requirements for a particular animal, the range of tenperatures provided nmust be
narrow enough so that there will be sone assurance that the aninal has indeed
chosen its favorite tenperature, and not sinply chosen the | esser of three evils.
For exanple, if the optimal tenperature for a certain lizard is thought to be
30°C, then the range should be 30°C plus or minus 2° or 3°C rather than plus or
m nus 6° or 8°.

(vii) Experinentation was al so done with the cloth partitions renmoved, making
the vivariuma single chanber. Three conditions were checked using three different
bul b wattages (60, 100, 175). Inthe first condition, the vivariumwas used as
descri bed above, only without the cloth partitions. Inthe second condition, one
hal f of the glass top was renoved and repl aced by wood, and in the third case, the
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entire top was wood, leaving only the front piece of glass. In all three instances,
the alumnumfoil reflector was used, and the ventilated top of the heat source

was fully cl osed. The results of this experinmentation are tabul ated bel ow.
Table |
Vivarium Room
Condi tion VWt t age Tenperature Tenperature
(°c) (o)
Top Completely 60 26 22
Glass 100 28 22
175 33 22.5
Top One Half 60 26 22
Glass, One Half
Wood 100 29 22.5
175 38 24
Top Completely 60 26 22
Wood 100 30 22
175 37 23

As the data show, there appears to be little significant difference in the
various tenperatures, although the additional wood does hel p hold the heat slightly
better than the all glass top.

The vivariumw || serve adequately as a controlled tenperature environnent

as long as the anmbient (room tenperature is kept relatively constant.

(viii) If the vivariumis to be used in a roomwhere the outside tenperature varies
greatly, it is desirable to control its internal tenperature nore accurately.
Therefore, use the thernostat, itemVI/C3. Wre the heat source to the thernostat
whi ch shoul d be mounted in the back panel of the vivariumif no wood is used in the
top. Keep the thernostat as far fromthe heat source as possible. In addition

a screen or other protective device nust be placed over the thernmpstat to prevent
the ani mals (and students) fromtouching the exposed portions of the thernostat

whi ch carry current of 110 volts



C2. Egg I ncubator

(1) Box

a. Materials Required

Conponent s
(1) Box

(2) dass Front
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(2)

st

d ass Front

=
:=======--""

RPN, [T l g

",) 3 Heat Reflector

J (4) Tray
(5) Heat Source:

Q ltens Requi r ed Di mensi ons
2 Wod (A) 23 cmx 20 cmx 1.5 cm
2 Pl ywood (B) 20 cmx 36 cmx 1.0 cm
| Pl ywood (Q) 25 cmx 36 cmx 1.0 cm
1 Wod (D) 23 cmx 2cmx 2 cm
2 Wood (E) 14 cmx 1.0 cmx 1.0 cm
! Wood (F) 23 cmx 1.0cmx 1.0 cm
| Pl ywood (G 19 cmx 25 cmx 1.0 cm
2 d ass (H 18 cm x 10 cmx 0.3 cm
2 Wood Strips (1) 10 cmx 0.5 cmx 0.5 cm
2 Wood Strips (J) 17 cmx 0.5 cmx 0.5 cm
2 Wood (K) 23 cmx 2.5cmx 2 cm
2 Wood (L) 15 cmx 2.5 cmx 2 cm
4 Screws (M Approxi mately 2 cml ong
2 Rubber Bands (N --



(3) Heat Reflector®

(4) Tray

(5) Heat Source

b. Construction

(1) Box

-240 -

! Pl ywood (O 23 cmx 15 cmx 1.0 cm
! Al um num Foi | (P) 28 cmx 20 cm
! Wre Mesh (Q 26 cmx 20 cm
4 Bolts (R) Approximately 2 cm
| ong
4 Nuts (S) To fit bolts
2 Bul b Sockets (T) 10 cmdi anet er (base)
4 Bolts (U Approximately 3 cm
| ong
4 Nuts (V) To fit bolts
1 El ectrical Wre (W Approxi mately 100 cm
1 Pl ug (X --
2 Bul bs (V) --

Nai | or screwthe two sidepieces

Top Piece (A) of plywood (B) to the two pieces
of wood (A) serving as the top

I and bottomof the box. Nai | or

screw the back (C) into position.

Smal | ventilation holes (0.4 cm

Back Piece (C) di ameter) should be drilled

along the tops of the sidepieces

(B).

— Si depi eces

(B)

Bottom
Pi ece (A
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Wood (E)

~—

™~ Cross-
piece (D)

2
i%ﬁ ,Wood (F)

Front
Panel (G)

Make certain the crosspiece

(D) fits very tightly, and nai

or screwit into place. Nai | or
gl ue the wood strip (F) to the
top (A), 2 cmfromthe front
edge of the top. Likew se,

nail or glue the other two wood
strips (E) to the sidepieces (B),
2 cmfrom their front edges
between the top (A) and cross-
pi ece (D).

The front panel (G is screwed
into place so it may be easily
removed to permit conpleting

the construction of the incuba-
tor, and to pernit changing the

l'ight bulb in the heat source.
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(2) dass Front

Hal f-1ap Joi nt

Wwood (K)
£
Wood (L)
—+—= Wood (| )
e
NN
Wod (J)
Front View
Wod (L) G ass (H Wod (L)

| A |
. "-T Y.

Wood (K)

Wod (1) Wod (1)

Cross Section

Make the frame for the gl ass
front with half-lap joints (see
Use this type of
joint to connect the two short

draw ng) .

pi eces of wood (L) to the two

| onger ones (K). Gue the two
wood strips (1) down the center
of the inner surface of the
short wood pi eces (L), and
simlarly, glue the | onger
strips (J) down t he center of
the inner surface of the long
pi eces (K). These thin strips
serve to separate the two

pi eces of glass (H which can
now be glued into place with
epoxy resin cenment.
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(3) Heat Reflector

Screw (M

Rubber /
Band (N

Pl ywood (0)

Al um num/ 11
Foil (P) 1

Front Vi ew

(4) Tray

Wre Mesh (Q)

Tray (Di agram

The gl ass front should fit
tightly in the recess in the
front of the box. To hold it in
pl ace, fasten one screw (M on
each side of the frame of the
gl ass front and each side of the
box adjacent to the glass front.
Rubber bands (N) stretched
tightly between adj acent screws
shoul d hol d the gl ass front
firmyinposition.

Cover the | ower surface of the
pl ywood (0) with the al um num
foil (P) and nail the heat
reflector into position as
shown. Be sure the rear edge
is touching the back (C) of the
box.

Use the wide (0.5 cmsquare)
wire mesh (Q for the tray and
fold it sothereis al.5cm
edge all around. Fastenit to
the inside of the box by pinning
the side edges of the mesh to
the sides of the box with the
nuts (S) and bolts (R).

Qobvi ously holes will have to be
drilled through the sides of
the box to permt passage of
the bolts. The rear edge of
the tray should touch the back
(C of the box.
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Top (A

N

Nut (S)
\ Tray

Bolt (R) —»§ /[

e

Front View

(5) Heat Source

Heat
Ref | ect or®

/-Socket (T

Bolt (U)

Front View

c. Notes

Drill four holes in the back of
t he box near the bottomthrough
which the bolts (U will be
passed to hol d the bul b sockets
(T) in position. Wrethe
sockets together in parallel
with short lengths of wire (W
and pass the renai ning wre out
of the box through a fifth hole
drilled in the back. Wre the
plug (X) in place, and tighten
the nuts (V) onto the bolts (U
now that the bulb sockets are
wired. Finally, place the
desi red nunber and power
(wattage) of light bulbs (V)

in the sockets.

(i) Use the egg incubator in the study of the enbryol ogy of chicken or other
eggs. The doubl e glass front pernmits visual observation of the eggs on the tray

wi t hout undue heat | oss.

(ii) The tenperature in the incubator will remain constant using varying
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wattages of light bulbs as long as the roomtenperature is relatively constant
(see the table)

Watts | ncubat or Room
Tenperature Tenperature
(°C) (°C)
40 37.5 23.0
60 46.0 25.5
80 51.0 23.0
120 67.0 23.0

(iii) The thernostat (MI/C3) should be used with the incubator to insure that the
internal tenperature naintains itself at the correct level. Munt it in the top
of the incubator, protected by a wire screen which will prevent hatchlings (and
peopl e) fromtouching the live wires. In fact, if the incubator is definitely to
be used with the thernostat, increase the height of the top above the egg tray to
insure that the hatchlings cannot touch the thernostat.



C3. Ther nost at
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h Q)@

(1) Platform

a. Material s Required

Conponent s
(1) Platform

(2) Bimetallic Strips

(3) Electrical
System

(2) Bimetallic
Strips

(3) Electrical

System

Qu I tems Required
1 Wod (A

1 Wod (B)

Wod Strip (Q
Wood Strip (D)

Bimetal |ic(Brass/Steel)
Strips (E)

PlatinumWre (F)
Bolts (G

Nuts (H)

Washers (I)
Bolt (J)

Nut (K)

Washer (L)
Plastic Tube (M
I nsul ation Tape (N)

Capacitor (0)
Rol | of Copper Wre (P)

Di nensi ons

10 cmx 10 cmx 1.0 cm
6 cmx 6 cmx 1.0 cm
3cmx 2cmx 0.5 cm
2cmx 1.5cmx 0.5 cm
Approxinately 3.5 cm
x 0.5 cm

#20, 3 cmlong

0.2 cmdianeter, 4 cm
[ ong

0.2 cminternal
di amet er

0.3 cmdianeter, 5 cm
| ong

0.3 cminternal
di anet er

1 cmexternal dianeter

0.3 cminternal
di ameter, 0.5 cmlong

0.01 microfarads
#20
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] Bolt (Q) 0.3 cm dianeter,
2.5 cmlong

2 Nuts (R 0.3 cminternal
di amet er

1 Doubl e El ectrical Cord (S) 300 cm | ong

1 Plug (T) 110 volt

b. Construction
(1) Platform G ue the snall er wood pi ece (B)

to the mddle of the |arger one
(A). Next, glue wood strip (D)
at one end of the other wood

(D)

strip (E), and glue this

(C) resul ting section near one edge
— of wood square (B).
(B)
L
(A)

(2) Bimetallic Strips Drill a small hole (0.2 cm
di aneter or smaller) in one end

. of each binmetallic stri E).

Brass Wre (P P (8

Purchase these strips locally
froma radio or electrical shop.

T V,\‘ Pl ace a short piece of the

Steell

platinumw re (F) through this
_ Sol der hole and with a hamer, flatten
Si de Vi ew each protruding piece of the wire
flat as if the wire were a tiny
rivet. Place a small drop of
sol der on the flattened portion
of wire on the steel side of the
bimetallic strip to insure good
el ectrical contact. Aterna-

tively, drill two very snall
> Hol es holes in the end of each bi-

Pax) . netallic strip, those in one

stripinline with the short

Binetallic

side of the strip and those in
Strips (E) P

the other inline with the |ong
side of the strip (see illustra-
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Wre (F) Brass
A i
=S5 7 5
\] St eel
Sol der Si de Vi ew
0 o]
Wre (F) <
= 5]
Top Vi ews

Nut (H)

Washer

(1)

‘____====,,,_Bolts (6)

C

S

-

i,

7
Bolt (6)—

LV“\

Side Vi ew

Washer (I)

Binetallic
Strips (E)

tion). Place one end of a short
pi ece of the platinumwre

t hrough each hole fromthe brass
side of the strip and sol der
these ends to the steel side of
the strip to provide good

el ectrical contact. Fl atten each
wire slightly with a hamrer to
hel p nake a greater surface area
for electrical contact. Regard-
| ess of the manner in which the
platinumis fixed to the end of
the bimetallic strips, drill a
small (0.2 cmdianeter) hole in

t he opposite end of each strip.

Al so, make certain no solder is
on the brass side of the bi-
nmetallic strips sincethisis
likely to contam nate the surface

of the platinumcontacts.

Next, drill two holes (0.2 cm
di aneter) through the platform
one through all four pieces of
wood and the ot her through all
but piece (D). Attach the
binmetallic strips to the platform
withthetw bolts (G, tw
nuts (H, and four washers (1)
as shown. The pl ati numcontact
poi nt of the | ower strip should
face up while that of the upper

strip shoul d face down.
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Posi ti on of
Adj ust nent
Boit (J)

Top View

Side View
— Sy Strips
= = ()

___——Bolt (J)

Pivot the free ends of the
bimetallic strips toward one
anot her so that the platinum
contact points will touch one
anot her when the strips are
pressed together.

Drill a hole (0.3 cmdianeter)
through the platformdirectly
bel ow t he mi ddl e of the | ower
binetallicstrip. Inset the

nut (K) into the outside wood

pi ece (A) directly over the

hole. Thread the bolt (J)

t hrough the nut and hole. Place
the pi ece of plastic tubing (M
on the end of the bolt (J) to
prevent el ectrical contact

bet ween the bolt and netallic
strip. Solder the washer (L) to
the notch in the bolthead and
cover both thoroughly with

i nsul ationtape (N). Make
absolutely certainthe bolt is
conpletely insul ated fromthe
bimetallic stripasit wll

carry 110 volt current.



(3) Electrical System

Capaci tor (0)

Top Vi ew

Binmetallic

Capacitor (0 Strips (F)

/

T om—

Terminal

m_...._.

T

Power
Source

Wring D agram

C. Not es

=211 -

— — — ——

Li ght
Bul bs

l--w__

Pur chase t he capacitor (0)

l ocal Iy, and connect it across
the binetallic strips. Cut a
hole (6 cmx 6 cn) into the top
of the container whichis to
be heat ed. The thernostat pl at -
formshould fit firmy in the
hole with the binetallic strips

beneath the platform

Use one pi ece of copper wire

(P) to connect one of the
binmetallic strips to one contact
of the bulb socket of the

heati ng source, and use anot her
pi ece of the wire to connect the
other binetallic stripto a
term nal [made frombolt (Q and
two nuts (R)] which nmust be put
in the back of the cage or

i ncubat or which is to be heated.
Then, connect the doubl e

cord (S), with the
plug (T) attached, to the ter-

el ectri cal

m nal and the remaini ng cont act
on the bul b socket. The wiring
circuit as shown in the diagram
i's now conplete, and the
thernmostat is ready for use.

(i) I't should be noted that due to | ack of time the thernostat described here

was tested out with the M croorgani smlncubator (VII/A4) only. Care should there-

fore be taken to test the thernpbstat carefully when used in conjunction with either
the Egg I ncubator (M/C2) or Vivarium (M /d).
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(ii) I't was noted that using the thernostat the tenperature of the Mcro-

organi smlncubat or took about 25 minutes to stabilize.

Ti me Cage Tenperature
M nut es °C
0 40.5
5 39.0
10 38.5
15 38.0
20 38.0
25 37.0
30 37.0 stabilized

(iii) Do not permt direct radiation fromthe heat source to fall on the therno-
stat, otherwise the thermostat will switch itself off before the air tenperature

Top View

has risen to the desired | evel .
Where there is a possibility

Shield—

=g

w of direct radiation falling on
the bimetallic strips of the

t her nost at make an appropri ate

shield to stop the radiation

Wit hout restricting the circu-

lation of air around the binetal -

|

lic strips.

Heat Ther nost at

Sour ce
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VI1. M CROBI AL GROATH APPARATUS

A. BASI C APPARATUS

I ncluded here are inprovised versions of the equi pnent necessary to perform
el ementary investigations inmcrobiology. Information on culturing nicroorgani sns
shoul d be obtai ned fromstandard texts on the subject.



Al . Culture Flask
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A. BASI C APPARATUS

ﬁ._—_——_—__—

B i T —

a. Materials Required

Conponent s Qu |
(1) Bottle 1
1

b. Construction

(1) Bottle

tens Required

Medi ci ne Bottle (A)

Cotton Plug (B)

(1) Bottle

Di mensi ons

About 100 m or
| ar ger

Sterilize the bottle (A) and
fill it 1/6 full of either
liquidor gelatinculture
medium  Stopper it with the

///////, *IE‘I)E;OI(]B) cot.ton.pl ug (B). fFgelatin
p - medi umis used, lay the bottle
F \\ onits side and allowthe
Medi um nmedi umto set. Store the
flask with the nediumon the
upper side of the flask so that
no noi sture filmwll formon
the medi um
c. Notes
(i) Consult a standard microbiol ogical text or source book for deta il inworking

wi th bacteria and ot her nicroorgani sns.

(ii) Use glass nedicine bottles with flat sides if these are avail abl e.

(iii) Petri

di shes are invaluable in working with microbes. SeeCHEM V/ A6 for

instructions in making petri di shes.



A2. Sterilizer

a. Materials Required

Conponent s
(1) Top

(3) Rack

Construction

(1) Top

Original ——n
Outline of

Sheet Metal (A) ~~
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It ens Required

Sheet Metal (A)
H nge (B)
Tin Can (C

Screws (D)

Sheet Metal (E)

L——(2) Can

(3) Rack (Not visible)

Di nensi ons

17 cm di aneter,
0.075 cmthick

3emx 2 cm
15 cm di aneter,
18 cmhi gh

1.5 cm | ong

14.5 cm di aneter,
0. 075 cmthick

Cut the top froma circul ar

pi ece of sheet metal (A).

Leave three tabs to be bent

down at right (90°) angles. The
tabs are 1.0 cmlong. Screw
the small hinge (B) to the top
directly opposite the middle

t ab.
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(2) Can Renmove one end fromthe tin can
(©. Attach the top to the can
Tab by neans of the hinge. Mst tin

/\ cans have a ridge around the

e Ra| edge so that when the top is

Hinge (B) cl osed, the three tabs should
Ri dge catch on this ridge and hold
can (C) _ the top down rather firny.
Si de View

Finally, screwthe four screws
(D) through the outside into the
i nside of the can, 9 cmfromthe
bott om and spaced about 12 cm

apart.

(3) Rack Punch a nunber of holes into
the sheet netal disc (E). Set
this disc inside the can so
that it is supported by the
four screws extending into the
can.

i nge (B)— &= 1 <—Top (A)
Rack (E
Screw(D)\EL / ack (E)
Si de Vi ew

(Cross-section)

C. Notes
(i) To use the sterilizer, sinply put 3 =4 cmof water in the can and place
the itenms to be sterilized on the rack. After the water has begunto boil, Ieave
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the itens in the steamfor about 90 m nutes.

(ii) Ifthe can used is large enough, two or nore racks can be made for it to
al low a larger nunmber of articles to be sterilized at the sane tine.

(iii) This sterilizer will kill nost, but not all, conmon bacterial contaninants.
If pure sterilityisdesired , an autoclave or ordinary pressure cooker is needed.
Pl ace the articles on a rack and autoclave or pressure cook themfor about 20

m nut es.

(iv) An alternate rack can be made by fastening a circular piece of wire mesh

toa frane of stiff wre.
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A3. I nocul ating Needl es

\ /

(1) Needle

a. Materials Required

Conponent s Qu Itenms Required
(1) Needle 1 G ass Tube (A)

1 Ni chrome Wre (B)

b. Construction

(1) Needle
Heat Here
& i
Qass Tube (A1 & I:l/iv(;r;rc()rg)a
Side View

c. Notes

Di mensi ons

0.3 cmdi aneter,
12 cm I ong

10 cmlong, #24
gauge

Use soft glass tubing (A) with
a smal | dianmeter bore. I nsert
about 2 cmof the wire (B) in
one end of the tube and heat
this end in a hot flame until
the end of the glass constricts

and hol ds the wire fast.

(i) The nichrome wire may be |eft straight or a 0.3 cmloop may be nmade in the
end by twisting the wire around a 0.3 cmround object with pliers.

(ii) Use inocul ating needles for transferring smal|l anounts of bacterial cu ltures

fromone nediumto anot her.
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A4. M croorgani smlncubat or

(1) Frame and Trays

N

~3
(2) Heat Reflector
(3) Heat Source
a. Materials Required
Conponent s Qu Items Required Di mensi ons
(1) Frame and Trays 3 Pl ywood (A) 35 cmx 32 cmx 1.0 cm
1 Pl ywood (B) 33 cmx 32 cmx 1.0 cm
1 Pl ywood (C) 35 cmx 36 cmx 1.0 cm
6 Wood Strips (D) 30 cmx 1.5 cmx 1.0 cm
3 Per f or at ed 32.5 cmx 31 cm
Har dboard (E) x 0.3 cm
(2) Heat Reflector 1 Pl ywood (F) 33 cmx 24 cmx 0.5 cm

1 Al umi numFoi | (G 37 cmx 28 cm



(3) Heat Source 1

(4)

b, Construction

Door

w O oo N

(1) Frame and Trays
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Egg I ncubator,
Heat Source (H)

Pl ywood (1)

H nges (J)
Screws (K)

Nails (L)

Rubber Bands (M)

Wod Strips (D)

|
1.5 |
4 6.5
e [ ] b
i
[ ;
| { §
/ !
5
1
¥
e 4 4.5
’(?-Z-- _-Z_= l_.:::‘_":.'_:l
Posi ti on of 18.5
Heat Refl ector
32 s

Pl ywood (A)

VI/C2, Conponent (5)

35cmx 36 cmx 1.0 cm
Approximately 4 cmlong
0.7 cmlong

1cmlong

- -

Nai | three of the wood strips (D)
to each of two of the pieces of
pl ywood (A) as illustrated to
meke the two side pieces of the
frame. Nail the bottomedges of
the conpl eted side pieces to

the wood (B) used as the base.

Nai | the back piece (C) into
position as well as the top piece
(A). Wien the frane is finished,
the pi eces of perforated card-
board (E) which serve as the
trays should slide easily into
the frame on the wood strips (D).
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Top (A
{

l

Strips (D)("L

|

L

o

Har dboar d (E)

Sides (A —

Back (C)

Base (B)

Frame and Trays

(Front view)

(2) Heat Reflector

Cover one side of the plywood (F)
with aluminumfoil (G to make the
heat reflector. Nail the reflec-
tor into place 13 cmabove the
base (B) of the frame with a

4 cmgap between the rear edge of
the reflector and the back (C) of
the frane.



(3) Heat Source

Front View
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Heat Refl ector

l

N
To Pl ug Heat Source
(Bul bs and
Socket s)
(4) Door
Door (1)

N3,

Nail (L)

Rubber Band (M)

H nges (J)

Use two |ight bul bs as the heat
source (H) exactly as described
for itemVI/C2, Conponent (5).

Fasten one edge of the plywood
(1) tothe side of the frame with
the hinges (J) and screws (K)
meki ng certain the door shuts as
closely to the frane as possible
Felt strips may be used as

i nsul ation between t he door and
frame i f necessary, both to
conserve heat | oss and prevent
the introduction of airborne
contam nants. The door may be
hel d cl osed by using rubber
bands (M which are stretched
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bet ween adj acent pairs of
nails (M in the frame and

door.

C. Not es

(i) Use the m croorgani smincubator to provide a proper environnent for
growing bacteria, nold, and other cultures. The di nensi ons of the incubator
as given are to enable each tray to hold nine (three rows of three) standard

petri dishes (9 cmdianeter).

(ii) Ifthe incubator is used in a constant tenperature room the
tenperature in the incubator can be held relatively constant. Using the
correct conbination of bulbs will yeild an internal tenperature close to
that desired. Rather than drilling ventilation holes to cool the
incubator if it is too hot, it might be better to paint part of the |light
bul bs with black paint to cut down their heat, Ventilation holes would
al l ow contanminants i nto the i ncubator. The fol  owing gives a few

exanpl es of tenperatures which can be naintained in the incubator.

Wat t age I ncubat or Room
Tenperature | Tenperature

(°c) (°c)

40 35.0 23.5

60 40.5 22.0

80 48.0 23.5

(iii) The thermostat(VI/C3) shoul d be used with the incubator to insure
that the internal tenperature maintains itself at the correct |evel. Munt
it inthe top of the incubator, protected by a wire screen which will
prevent persons fromtouching the live wres, if the incubator is

definitely to be used with the thernostat, increase the height of the top

In fact,

above the uppernost tray in order to insure that people placing cultures
inthe incubator have | ess chance of touching the thernostat,
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A5. Transfer Pipette
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a. Materials Required

Conponent s
(1) Pipette

b. Construction
(1) Pipette

Qu I tens Required

1 d ass Tube (A)

~——Pipette

| o—

_Rubber
9 Tube

~—— Syringe

Di nensi ons

35 cmlong, 0.4 cm
i nsi de di anmet er

Hol d one end of the gl ass tube
(o) ina flame until the opening
begins to constrict slightly.
Renove it fromthe flame and | et
it cool when the openingis
about 0.1 cmwide. To calibrate
the pipette, a 10 cc ()

syringe and short piece of

rubber or plastic tubingis
needed. Connect the ends of the
pi pette and syringe with the
short (4 = 5 cn) piece of tubing.
Fill the syringe and pipette
with 7 or 8 cc of water and
elimnate air bubbles by gently
tappi ng the pipette. Hold the
pi pette vertically (syringe at
the bottom) and withdrawthe



C. Not es
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syringe plunger until the water
enpties fromthe pipette. Note
the position of the syringe

pl unger on the scale and rein-
ject water into the pipette 0.5
m at atine until a total of
5m is reached. At each
injection, mark the position of
the water meniscus with atri-
angul ar file to forma pernanent

scal e.

(i) This pipette is used in transferring exact amounts of culture broth from

one cont ai ner to anot her.

Draw broth into the pipette with mouth suction and

force the liquid out by gently blow ng through the tube.

(ii) If desired, nunbers may be witten by the filed marks to indicate the capa-

city at that point.

These nunbers wl |

| ast longest if they are drawn with waxed

crayons or other types of pencils designed for witing on glass.
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A6. Transfer Chamber *

(2) dass ‘ \“‘

P (1) Body
a. Materials Required
Conponent s Qu Items Required Di nensi ons
{ (1) Body 2 Plywood (A) 60 cmx 40 cmx
1 0.75 cm
} 1 Pl ywood (B) 60 cm x 20 cm x
4 0.75 cm
2 Pl ywood (C) 40.75 cmx 40 cmx
0.75 cm
1 Pl ywood (D) 61.5 cmx 18 cmx
0.75 cm
2 Wod (E) 60 cmx 2 cmx 2 cm
2 Wod (F) 24 cmx 2 cmx 2 cm
2 Wod (G 36 cmx 2cmx 2 cm
2 Wod (H 16 cmx 2 cmx 2 cm
2 Wod (1) 37.25 cmx 2 cmx
2cm
2 wood (J) 28 cmx 2 cmx 2 cm
2 Wod (K) 15 cmx 2 cmx 2 cm
2 Wod (L) bcmx2cmx 2 cm
1 Wod (M 20cm x 2 cm x 2 cm
1 Al uni num Sheet (N) 25cmxl | cmx
0.05 cm
1 Al unmi num Sheet (0) 20 cmx 14 cmx
0.05 cm
*Adapted from Ri chard E. Barthelemy, et. al., |nnovations in Equipnment and Techni ques

for the Biology Teaching Laboratory, (Boston: D. C. Heath, 1964}, pp 12-14.




-227-

(2) dass 1 W ndow @ ass (P) 28.5 cmx 58.5 cmx
0.3 cm

b. Construction

Begi n the transfer chanber by

(1) Body
[ 30 l cutting two holes into one of

1— 3 the | arge pi eces of plywood (A).

_]f_ These will serve as ventilating

éS"‘ hol es when the chanber is
encl osed.
r 9~

T

11

& .

k— 25,5 —

Pl ywood (A)

Cut two holes in the piece of

p! ywood (B) to serve as arm
holes. The size and distance

apart of these hol es may be
‘ | varied to suit personal prefer-
b 20 ——12 8+ ences.

Pl ywood ( B)

Detail of Hol e



e—— 10.——
Hal f Cone
| |
I i
: 1.5 -4f
Pattern
1

7

b— 9 —~

Hal f Cyl i nder
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Cut the piece of alum num
sheeting (0) (other nmetal sheet-
ing may be substituted) to the
given pattern. Bend up the
strai ght sides along the dotted
lines to formtwo flanges, each
1.5 cmwi de.

Pol| the sheet metal (0) around
a round object (e.g., a broom
handl e) until it takes the
shape of a half cone.

Simlarly, bend up the two

11 cmsides of the other piece
of alumnum(N), and roll it
intoahal f-cylinder shape.
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Nai | the two al um num pi eces
into position on the piece of
pl ywood (A) in which the hol es
have been cut. Position the
hal f cone directly over the
triangul ar hole. Positionthe
hal f cylinder so that its edges

> are even with the edges of the
". rectangul ar hol e.

Nai | the two wood strips (F)
to the bottomedge of the back
(A). Nail this inturntothe
ot her plywood (A) used as the
base.

Wood (F)
Plywood (A)
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Cut the two pieces (C) as shown.
Use t hese pi eces as endpi eces

for the chanber.
40.75

—— 20 —A

Endpiece (C

Nail two strips (G), two strips
(1), and one strip (E) to the
back and base. Then nail the
two endpi eces (C) into position.
Nai | the two strips (K) to the
front edge of the end, being
careful to leave a 0.75 cm

overlap for the frontpiece to

fit into.

Frame
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1.0
Overlap
m~(L)
. F e 45°
R 16" ]
- 45° angl es
450
- 28 -]

Base (A)}

Cut away Vi ew of One End

-Front (B)

Next, nail the two strips (L),
and the other strip (E) and
strips (M to the back of the
front pi ece (B) as shown. Pro-
perly done, this piece can now
be nailed into the front of the
chanber. Be sure there is about
a 1.0 cmoverlap of the plywod

over the 60 cmstrip.

Cut one end of the wood strips
(H and wood strips (J) off at

Nai | one each of strips (dJ) and
(H to the endpieces (C) i nsur-
ing they fit as shown in the

dr awi ng.
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To compl ete the body, nail the
| ast piece of plywood (D} to be
the top, even with the edges of

» Top (D)

the back and sides

Front (B)

(2) Gass Sinply rest the glass (P) on
the frame made of the three
wood strips, one on the front
(E) and one each (J) on each
endpi ece. There shoul d be no
gaps between the glass and
frame

¢. Not es

(i) Use the transfer chamber when transferring microbiological cultures from
one container to another. Wth it, such techniques can be performed in adraft-
free environment, thus reducing the possibility of airborne contanination. The
students' or instructors' arns fit through the armholes in front while the glass
permits all operations to be viewed easily.

(ii) The holes in the back serve for ventilation when the chamber is used with
a bunsen burner.
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VII. PHYS OLOGY MATERIALS

A, KYM GRAPH

A wide range of,physiological experinents using larger organisns may be perforned
usi ng the kymograph.

B. VOLUMETER

In addition to identifying pressure changes, one may cal cul ate the vol ume of gas
exchanged with this equi pment.

C.__ FERMENTATI ON TUBES

Fermentation rate is measured indirectly by the measurenent of carbon dioxide

D MANOMETER

Thi s apparatus enabl es one to identify changes in pressure within a biologica
system

E. CHROVATOGRAPHY APPARATUS

Chromat ography gives students useful insight into the techniques scientists use
ininvestigating the biochem cal conposition of organismns.
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A, KYMOGRAPH

Al . Kynograph

N
Support
—— T
(4) Stylus ] L~ (2) Drum
Assenbl y N Assenbl y

— (3) Drive

Assenbl y
)
a. Materials Required
Conponent s Qu Items Required D nensi ons
(1) Support 3 Wod (A) 25 cmx 2 cmx 2 cm

1 Wood (B) 45 cmx 30 cmx 1.0 cm



(2) DrumAssenbly 1

(3) Drive Assenbly 'l

(4) Stylus Assenbly 1

b. Construction
(1) Support

Hole
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Sheet Metal (Q
Tin Can (D

Sheet Metal (E)
Stiff Wre (F)

Tin Can (G

Sheet Metal Screws (H)
d ass Tubing (I)

Wood (J)

Stiff Wre (K

Tin Can (L)
Sand (M
Stiff Wre (N

String (O
Tin Can (P)
Pencil Stub (Q

wood (R)
Stiff Wre (9)

2 cmdi anet er

4 liter (i.e., 15 cm
di aneter, 17 cm hi gh)
17 cmx 2 cmx 0.05 cm

30 cmlong, 0.2 cm
di anet er

5 cmdianeter, 6 cm
hi gh

1 an |l ong

0.4 cmdi aneter, 1.0
cmlong

3 cmdianeter, 0.5 cm
t hi ck

16 cmlong, 0.2 cm
t hi ck

1liter capacity
600 ¢

20 cm | ong, #20 gauge
(0.1 cm dianeter)

100 cm
4 liter capacity

25 cmx 2 cmx 2 cm

30 cmlong, 0.2 cm
t hi ck

Nail (T) 1 ecmlong, 0.2 cm
t hi ck
Rubber Band (U) 6 cmlong
Drill a hole through one of the

pi eces of wood (A) directly in

Wood (A)

its center. Drill another hole
inthe base board (B) directly
bel ow the hole in the upper

strip of wood. Each hole should

have a di aneter of about 0.3 cm
The hol e in the base should be
drilled only hal fway t hrough.
Nai | two of the strips (A) to
the base and nail the crosspiece

(A) so that the two holes are
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(2) DrumAssenbly

Holes

AN ; Screws (H)
H"*i Open
! | J‘E‘?7 4/End

smll can
(9 Erre e
®—Large Can
Si de view (D
(Cross-Section)
/Hole
- N
Q NE 1.0
F 15 >

Metal Strip (E)

Metal

Strip (E)
Sol der «—Large
Her e Can (D)

aligned. Finally, drill a0.3
cmhol e through the center of
the disc of sheet metal (C) and
nail the sheet netal to the
base so that the hole in the
base and the hole in the sheet

netal are aligned.

Try to select two tin cans (D, Q
for the drumassenbly which
have both ends nore or |ess
intact. O herwise, adj ustments
nmust be nade to conpensate for
the open ends. At any rate,
drill holes 0.3 cmin dianeter
inthe center of both ends of
each of the tin cans. Sol der
the two cans toget her making
certain the holes in each align.
If one of the ends of one or
bot h cans has been renoved, then
the two cans can be screwed
together with two sheet netal
screws (H. Here, the illustra-.
tions showthe situation when
the small can (G is intact and
the large can (D) has one end

renoved.

To sol ve the probl emof the
open end of the large can (D),
take the two sheet netal strips
(E) and bend a flap down 1.0 cm
fromeach end. Drill a0.3cm
hol e through each stripinits
center. Put the two netal
strips across the top of the can
so that they are at right angles
(90°) and their holes are
aligned. The flaps can be

adj usted so that the strips are
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Wire
1+ mel (F)
r — Support
=)
| | — Large
T Can (D)

Small ()
Can (G)—] |_t+— Screw (H
Glass( ) T ot |
Tube (I) =, .+ Metal

- IDisc (C)

Front View

(3) Drive Assenbly

Pul I ey (J)
0.3
p—3 —~
=105
Top View Si de View

~

4

Pul | ey Mount (K)

held tightly in place, or they
may be soldered to the sides of
t he can.

Screw a short sheet netal screw
(H partway into the snall can
(G to serve as an attachnent
point for the drive assenbly
string (0). Then, take the
stiff wire (F) and insert it
through the hole in the support,
t hrough the drumand t hrough
the glass tubing (1). Fire
polish the ends of the glass to
make t hemsmoot h. Final ly,

meke sure the end of the wire
rests in the hole in the base.
The exposed end of the wire
axle (F) nay be bent for safety.
The whol e drum assenbly shoul d
turn freely now.

Saw a groove all around the
circunference of the wood di sc
(J) tonake it act as a pulley.
Drill a hole 0.3 cmin dianeter
throughits center. Make t he
pul l ey nount fromthe stiff wire
(K) by bending it toa"U
shape.

Hammer the pulley nount into
position on the base of the
support after the pulley (J)
has been slipped into place on
the mount. It may be necessary
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/Drum

N
~

L «—Pulley

)

*

Top View

Support -+ [S

/Drum

Pulley
Si de Vi ew
/wire (N)
~—Can (L)

todrill small holes in the
base for the pulley nmount to
fit into. The pulley and nmount
nust be positioned at the front
of the base directly inline
with the drumassenbly, and
the pull ey nust extend beyond

t he edge of the base. The
pul | ey mount can be bent over
toinsure that the pulley will
extend out beyond the edge of
the base, or alternatively, the
hol es into which the mount is
inserted can be drilled at an
angl e.

Use the wire (N to make a
handle for the ! liter can (L).
Sinmply drill or punch two hol es
(0.2 cmdianmeter) near the top
edge of the can, insert an end
of the wire through each hol e,
and bend the ends up. Add the
sand (M to the can to act as
ballast. This much wei ght
shoul d cause the can to fl oat
with only about | cm sticking
above water | evel



Four Li ter Can (P)

\
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Pulley (3)

N

- 7
Screw (H)

Si de View

.-—aString (0)
Tin Can
Float (L)

Reservoir

=« (P} (Cross-
section)

" p1ug (q)

Make the 4 liter tin can (P)
into a reservoir by renoving
its top. Tape the cut edges to
prevent students frombeing cut.
Drill (0.15 cm

di aneter) hole at the bottom of

or punch a smal |
the reservoir. Plug this hole
with a pencil stub (Q or piece

of wood.

To set up the drive assenbly,
plug the hole in the reservoir
(P) and fill it with water.
Attach one end of the string
(0) to the handl e of the can
(L) and make a small loop in
the other end of the string.
Put this loop around the screw
(H in the snall

under the drum and wap one

tin can (Q

turn of string around the smal |

can. Runthe string across the
pulley (J), and float the tin

caninthe reservoir. Properly
done, the float shoul d | ower
gradual | y when t he reservoir
plug (Q is pulled and water
| eaks out. As the float |owers,
the string pulls on the drum

causing it toslowy turn.
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Rubber
Band (U) \

Stylus

p Drum

Support (R
PP l\

Stylus (s)”” 17

/Base

| -Support

Top View

b= 5 Oy 20 —

ﬁ/_\r*/
RN
T

Side View of Stylus (9)

L—

i - )

Top View
Rubbez' ) ] I
Band (U
. \\
Nail (T) \T
Stylus (S)/
Stylus /
Support (R) T
Front View

Nai |
(R) into position about 1.0 cm

or screw the stylus support

fromone edge of the base, and
7 cmfromthe other edge. Make
the stylus itself fromthe stiff
wire (S) by making a loop in it
Bend

about 1 cmof the other end to

about 5 cmfromone end.

a 90° angle to formthe point.
This point may be filed sharp
to make a finer line. Position
the stylus on the support by
(T) with a

| arge head through the loop in

driving a nail
the stylus. Drive the-nail in
only enough to allowthe stylus
to pivot freely without tw st-
ing a great deal. The position
of the stylus point on the
drum depends upon where on the
stylus support the stylusis

t he hi gher the

pi vot point on the support, the

nailed, i.e.,

hi gher on the drumthe point

of the stylus will strike.

tie the rubber band (U
(break it at one point) to the

Finally,

upri ght support and to the

m ddl e of the stylus. Adj ust
this rubber band so that the
stylus point strikes the drum
firmy, yet lightly enough not
tointerfere with the rotation

of the drum
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C. Notes
(i) To operate the kynmograph, the drumnust first be covered with a sheet of

17 cmx 50 cmgl ossy paper. Renmove the drumfromthe support and attach the
paper, glossy side out, to the drumwi th tape at the top and bottom See that the
seam where the two edges of the paper overlap is positioned in such a way that the
stylus point will not catch on it (the sean) as the drumrotates

Rotate the drum over a burning kerosene | anp. Hold the drum hi gh enough
so that the paper will not be scorched. Continue rotating it in the smke until
the drumis conpletely covered with carbon black. It takes about five mnutes
to cover the paper with carbon, requiringabout 10 m of kerosene. Handl e t he
drumcarefully since the carbon is easily scratched and rubbed of f.

Repl ace the drumin the support, holding the stylus out of the way until the
drumis in position. Wen the string to the float in the reservior is taut, the

apparatus i s ready to use.

(ii) One exanple of the use of the kynobgraph will be given here. Refer to the

drawi ng bel ow

Scribed

Balloon Path

[
1
//
Yeast

$p Ltioe— ) o A:—l- [

=]

el

Put some warmwat er, yeast, and sugar in a bottle or test tube and seal the end
with an expandabl e nmenbrane (a piece of balloon rubber works well). Place the
sol ution under the end of the stylus so that the tip of the stylus rests on the
bal | oon. Start the drumrotating by pulling the plug fromthe bottomof the
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reservoir. As the yeast respire, carbon dioxide gas is given off, gradually
causi ng the balloon to expand, pushing the tip of the stylus up and its point on
the drumdown, |eaving a scratch on the snoked paper.  The sl ope of the scratched
line indicates the rate of respiration of the yeast.

(iii) Use a clock, watch or other tinming device torecord tinme intervals (e.g.,
30 seconds) and record these intervals by naking a small mark on the drumeach
interval. These marks nust be made as the drumrevol ves since the drumdoesn't
turn at a constant speed. This is because the velocity of the drumdepends on
the rate of flow of water fromthe reservoir which is not constant since the water

pressure | owers as the depth lowers, thus causing the drumto sl ow down.

(iv) The stylus assenbly may be altered to conformto requirenments of other
experiments. For exanple, the following illustration suggests howthe stylus
m ght be connected for studies of the heartbeat of an anesthetized frog:

Pu]]ey\ /1\
( /Pivot
Sl

String——

Hear t
(Tiestringto
tip of ventricle)

—

Here, as the frog's heart contracts and expands, its notionis translated into up
and down nmovenents of the stylus. Remenber, the stylus acts as a | ever, and the
amount of novenent of the pointer depends upon the relative |l engths of the portions
of the stylus to either side of the pivot point.
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(v) The rate at which the drumrevol ves depends directly upon how fast the
float lowers in the reservoir. Therefore, in order to make the float, and thus
the drum go faster, it is necessary either to enlarge the reservoir outflow hole
or nmake several such hol es. Conversely, to nake the float and drumslower, a
reservoir with a large cross-sectional area is needed. In this case, even though
the float still drops the sane distance per one revolution of the drum nore water
nust flow out of the larger can to cause it to drop the sane distance as in a

smal | er can.

(vi) If,for any reason, it is necessary that the drumturn two or rmore con-
secutive revol utions, remenber that the reservoir nust be deep enough to allowthe
float to drop the additional distance required. To be precise, for each revol ution
of the drum the float nust |ower a distance equal to the circunference of the
smal | can which the drive string is wapped around.
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B. VOLUMETER

Bl . Vol uneter

/(3) I ndi cator and
Scal e
(4) Pressure a—» I ]'"l'”l | l' l " | ] ]"! l l

— >

Regul at or z —
(2) Stopper
=<— (1) Vessel
(5) Mesh
St and

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Vessel 1 Wde Muth dass Jar (A) Si ze depends on
organismto be
st udi ed
(2) Stopper 1 2-Hol e Rubber or Plastic To fit vessel
St opper or Screw Cap (B)
(3) Indicator and 1 d ass Tubing (O 30 cmlong, 0.75 cm
Scale outside diameter,
0.5 cminsi de di aneter
| Stiff Paper Strip (D 20 cmx 2 cm
(4) Pressure . 1 d ass Tubing (E) 4 cmlong, 0.75 cm
Regul at or out side di ameter, 0.5
cmi nsi de di anmet er
1 Rubber Tubing (F) 4 cmlong, 0.75 cm
i nside dianeter
1 Tapered Wod or d ass To fit rubber tubing

Rod Plug (Q
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(5) Mesh Stand | Wre Mesh (H)
b. Construction
(1) Vessel
(2) Stopper
Regul at cr
Lid ( | ndi cat or
o
- L Jar (A)
|
Si de Vi ew
(Cross-secti on)
(3) Indicator and Scale

'r 25

L |

\Scale (D)

<— Tube (C)

(4) Pressure Regul ator

To fit vessel

Al nost any container (A) froma
vial, to atest tube, to ajar
will suffice. It nust be a
conveni ent size for the organism
to be studied - a liter jar

woul d not be used for small

i nsects - and shoul d have a

tight-fittinglidor stopper.

Dependi ng on what vessel is
used, the stopper (B) could be
a two- hol e rubber stopper or a
tight-fitting screwcapwith
two holes drilled in for glass
tubing. Ifajar lidis used,
t he openi ngs nmust be sealed with
clay or paraffin after the

i ndi cator and pressure regul at or
have been inserted to prevent
gas |leak. Seal the underside,
al so.

Bend a pi ece of glass tubing
(C) at a 90° angl e as indi cat ed.
Cenent a paper scale (D) to the
long arm and add a drop of

col ored detergent solutionto

serve as an i ndicator.

This is a piece of glass tubing
(E), topped with a section of
rubber tubing (F) and a plug
(G. To regulate the position
of the indicator, one sinply
rel eases the plug for a short
period of tine.
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(5) Wre Mesh Cut the wire nesh (H) slightly
| arger than the dianeter of the
vessel . Bend the ends down to
forma support on which the

organi smwi || be pl aced.

Fold to
Thi s Shape

C. Not es

(i) If one wishes to study the oxygen uptake per unit tine of an animal, a
(302 absorber such as KOH shoul d be placed in the vessel under the wre nmesh
support. As the animal respires, 02 is taken up and pressure in the tube falls,
causi ng the bubbl e to nove toward the vessel . | fone knows the size boreinthe
t ubi ng, then one can conpute the vol une of gas being exchanged by noting the dis-
tance that the indicator noves per unit tine.

(ii) Transpiration may be nmeasured by rempving the pressure regul ator fromthe
top and inserting a broad-leaved plant cutting into the opening and sealing the
joint withclay. Fill the

lant &7 contai ner with water. Have t he
ant =——a. 1
P -;a /Ind1cat0r i ndi cator bubble start at the

open end of the sidearmtube.
Allowthe water to reach room
tenperature before setting the

Vessel Filled
with Water i ndi cat or bubbl e.

Vol uneter Used as a
Transpi r onet er
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C. FERMENTATI ON TUBES

Cl. Ball oon Fermentati on Tube

(2) Balloon
N1
-“—t— (1) Vial
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Vial 1 Medi ci ne Vial, Test Tube,

50 ml capacity
or Small Bottle (A)

(2) Balloon 1 Bal | oon (B) To fit vial opening

b. Construction

(1) Vial Any smal | container (A) with a
nmout h narrow enough to stretch
the open end of the balloon
over will suffice.

(2) Balloon Fit the open end of the balloon
(B) over the bottle.

C. Not es

(i) Fill the vial with a yeast-sugar sol ution before attaching the balloon.

As CO‘2 is given off, it collects in the balloon fromwhich it can be taken for
anal ysi s.



C2. Dur ham Fer nent ati on Tube

a. Materials Required

Conponent s
(1) Jar 1
(2) Vial 1

b. Construction
(1) Jar

(2) Vial

C. Not es
(i) Fill both the jar and
over the open end of the vial,

carbon dioxide is given off,

Qu Items Required
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(1) Jar

< (2) Vial

W de- mout hed d ass Jar
or Beaker (A)

Medi ci ne Vi al
Tube (B)

or Test

Di nensi ons
500 M capacity

50 m capacity

vi al
and invert

some wll

with a sugar-yeast sol ution.

it

be collected in the vial.

Any | arge wi de-nout hed jar (A)
or beaker will do. It must be
| arge enough so that the small
vial (B) can be covered com
pletely with fermenting sol u-

tion.

The vial (B) should easily fit
inside the jar where it can be
conpl etely subnerged in

sol ution.

Pl ace a finger

into the solution in the jar. As

This is useful

for measuring relative anbunts and rates of CO2 producti on.
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(3, Syringe Fernmentation Tube

<« (4) Syringe

g /(3) Vent Tube

) )
———(2) Rubber St opper

(1) Fernenting Bottle

P - -~ \\
a. Materials Required
Conponent s Qu Items Required Di mensi ons
(1) Fernenting Bottle 1 W de-mout h Jar (A) 300-500 m capacity
(2) Rubber Stopper 1 Z- Hol e Rubber Stopper (B) To fit fermenting
bott| e openi ng
(3) Vent Tube | d ass Tube (O 6 cmlong, 0.5 cm
out si de di anmet er
| Rubber Tube (D) 100 cmlong, 0.5 cm
i nsi de di aneter, 25-
50
1 Pl astic Syringe (E 25-50 m capacity
b. Construction
(1) Fernmenting Bottle Sel ect a large glass or plastic
container (A) with a wi de mout h.
(2) Rubber Stopper A two-hol e rubber stopper (B) is

needed to seal the bottle
openi ng.



(3) Vent Tube

(4) Syringe

c. Notes
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Bend the glass tube (C) to a
right (90°) angle and insert it
into one of the holes in the
rubber stopper (B). Attach the
rubber tubing (D to the other
end of the glass tube.

Insert the syringe nozzle (E)
into the renaining hole of the

st opper.

(i) One nethod of use for the syringe fermentation tube is as follows: Seal

off the vent tube with a clanmp or wood pl ug.

Put about 250 ml of yeast sol ution

inthe fermenting bottle and put a known amount and concentration (e.g., 25 m of

0.1 M of glucose solution in the syringe.

I nject the sugar water into the yeast

solution and col |l ect the carbon di oxi de given off in the syringe.

(ii) Sinceit is difficult to accurately nmeasure the anount of gas given off by

the method described in (i) above, a further refinenent is as follows:

Fer ment ati on Tube and
Manonet er Conbi nati on

Connect the free end of the vent
tube to a U-tube manoneter (see
Vilt/b). Fill the fermenting
bottle with yeast solution, and
add a neasured anount of sugar
water. As carbon dioxideis
given of f, continually raise
the syringe plunger so as to
keep the two col ums of the
manonet er equal hei ght. Con-
tinue this until gas is no

| onger evol ved. Wien the gas
has st opped evol ving, the
anount of gas trapped in the
syringe will be a very accurate

measure of the total amount of gas given off since use of the manoneter insures

that pressure in the rest of the systemis naintained at the original |evel.



DL.

Manonet er

a. Materials Required
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D._ MANOMETER

Conponent s
(1) stand

(2) "U Tube

(3) Scale

. (1) St'and
" ! (2) "U" Tube
Bag (3) Scale
ot
Qu Itenms Required Di nensi ons
| Wood (A) 75 cmx 8 cmx 2 cm
2 Wood (B) 30 cmx 4 cmx 2 cm
2 Wod (O 4 cmx 4 cmx 2cm
2 d ass Tubing (D) 60 cmlong, 0.75cm
outside dianeter,
0.5 cmi nsi de di aneter
1 Rubber Tubi ng (E) 50 cmlong, 0.7 cm
i nsi de dianeter
4 Fine Wre (F) 8 cmlong
1 G aph Paper (G 40 cmlong, 2 cmwide
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b. Construction

(1) Stand

75\

Drill
i ) Hol es

(2) "U Tube
e 4 o
T —=
-~ Glass
60 PTubes (D)

bl
U ~— Rubber

Tube (E)
Wre (F)
b G O
| e stand (A

o

™~ Glass Tube (D)

Top Vi ew

Nai | two pieces of wood (B)
together at right angles to
formthe base of the stand.

Nai | the square bl ocks (Q
under the upper board to pro-
vide stability. Finally, nail
the other board (A) into an
upright position on the base.
Drill four pairs of small holes
(0.2 cmin diameter) into the
upright in such a position that
each pair of holes will be in
linewith the position of the
"U" tube when it is in place.

Heat one of the pieces of glass
tubi ng (D) about 4 cmfromone
end and bend it to a right (90°)
angle. Attach the rubber

tubing (E) to the end of each

pi ece of glass tubing (D).
Fasten this "U' tube to the
stand upright (A) by passing the
fine wires (F) around the tubing,
through the holes in the upright,
and twisting the wires tight to
hold the tubes in place. Do
not fasten the straight tube

too tight inorder toallowit
to slide up and down to adj ust
the hei ght of the indicator
l'iquid,
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(3) Scale G ue or tape a piece of graph
paper (G between the two tubes
to serve as a scale. Suitable
scal es can al so be made by hand

with plain paper and a rule.

C. Not es

(i) Use the manonmeter to detect and neasure changes in pressure. To do so, it
must be half filled with an indicator solution like colored water (use food co lor=-
ing or ink) which serves as well as anything as an indicator. I n normal usage, a
rubber tube is used to connect the nanoneter to a closed systemin which the
pressure is changing (e.g., a jar containing a yeast-sugar solution or ajar con-
taining a respiring animal with KOH to absorb theCO2 given off. Wth the yeast
solution, pressureinthe jar will increase as the yeast oxidize the sugar. See
VITI/C3 for further detail. In the case of the respiring aninmal, pressure wll
decrease as it takes up 02 and gives up COZ which is taken up by the KOH. ). As
pressurechanges, the indicator solutionw 1! nove up or down depending on the
direction of the pressure change.

(ii) Adetailed, specific exanple of the use of the manoneter is as follows:
Drill a hole in the bottomof a plastic nmedicine vial. This hole needs to
be | arge enough to insert a short piece of glass tubing (5 cmlong). Attach a
pi ece of rubber tubing (100 cm to the glass tube, and insert the glass tube into
the hole in the bottomof the vial. Seal the joint with nelted wax froma candl e.
Stretch a rubber nenbrane or piece of toy balloon over the open end of the vial

and fasten it securely with a string or rubber band to hold the nmenbrane on the

vial.
Wax Vial fwi re
Rubber Tub %]SSS A ,
ubber Tube ube
™ \ — Rubber
) l i Membrane
Side View

Attach the end of the rubber tubing to the bent piece of glass tubing on the
manoneter "U' tube. Slide the straight tube up or down to make the hei ght of the
i ndi cator solution the same in both tubes. Pl ace the rubber nenbrane agai nst the
carotid artery of the throat. A pul se can be seen by the rythmc rise and fall

of the indicator solution. (See illustration on next page.)
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(ii i) The manoneter may be made froma single piece of glass tubi fig by bending it
ina flame to a 180° angle. Wile this elininates the need for a rubber tube, it

also elimnates the possibility of adjusting the heights of the indicator solution.

(iv) Further instruction in the use of the manoneter may be found in the
Nuf fi el d O Level Biology, Teacher's Guide 11,lp 34, and t he BSCS Bl ue Ver si on

text, p L8, L95, anobng other sources.



El . Chronmat ogr aphi ¢ Devi ce
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E. CHROVATOGRAPHY APPARATUS

(1) Test Tube

a. Materials Required

Conponent s
(1) Test Tube

(2) Paper Hol der

(3) Paper

(4) Solvent

b. Construction
(1) Test Tube

(2) Paper Hol der

TE

-

Itens Required
Test Tube (A)

| - Hol e Stopper (B)
Paper dip (Q

Filter Paper (D

Acet one (E)
Petrol eum Ether (F)

J@/(Z) Paper Hol der

(3) Paper

>
@——‘——(4) Sol vent

Di mensi ons
15 cmlong, 2 cm
di anet er

To fit test tube

1 or 2 cmshorter
than the | ength of
the test tube

2 n

23 n

Use a rack or hol der to support
the test tube (A).

Open up the paper clip (¢ and
cut it as shown. A short piece
of wire can be bent to the sanme
shape, too. Punch the U shaped
pi ece of clip or wre through
one end of the paper (D and
force the ends of the wire up
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into the one-hol e stopper (B)
until it is held fast.

(3) Paper Use standard filter paper (D) or
chromat ography paper if it is
available. Cut it about 1.0 cm
wi de.

(4) Solvent M x the acetone (E) and petro-
| eumether (F) and add the
m xture to the test tube.

C. Not es

(i) This chronatographic device is used to separate plant pignments. To prepare
the sanpl e of pignments, grind several heavily pigmented plant |eaves together with
some fine sand and about 5 ml of acetone. \hen thoroughly ground, filter this
m xture through filter paper. Aternatively, heat several finely chopped | eaves
in about 5- 10 mM of alcohol in a water bath. Do not heat the al cohol directly.
Heat this mixture until the liquidis dark green.

Avoi d both touching the surface of the paper with the fingers (oil affects
the results) and having the paper touch the table where the pignent's to be placed.
Thus, support the paper strip between two pencils or other small objects. About
I cmfromone end of the paper, place a snall drop of pignent. This is nost
easily done with a fine-pointed pipette or a hypodernmic syringe. \en the first
drop is dry, add another. Try to make the spot as small and as densely col ored
as possible. At least four drops should be placed one atop the other.

Make a notch in the paper on each side of the spot to mark its position.
Attach the paper to the wire and put the wire into the stopper. I nsert the paper
hol der in the test tube so that the end of the paper is in the solvent with the
spot about 0.5 cmabove the | evel of the liquid. It may be necessary to adj ust

t he paper hol der to keep the

paper at the proper | evel. Wen

I e

the upper |evel of the solvent
Pi gment Bands has soaked into the paper al nost

I

to the paper holder wire, re-
nove the chromatogram and al | ow
it to dry. The bands of color

- Ori ginal Spot of Pignent can be studi ed when the chrona-

11

togramis thoroughly dry. A
. nurmber of excellent references
Fi ni shed Chr onmat ogr am ) o o

exi st descri bi ng addi ti onal
exerci ses and i nformation for

chr onat ogr aphy.
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I X. MJILTI PURPOSE SYRI NGES

Di sposabl e plastic syringes afford a variety of uses in biological studies. A
feavof these will be given in this section. Additionally, syringes can be used as
pi pettes, burettes, etc., and for many of the functions normally taken by test tubes.
They are potentially one of the nmost useful itens in the laboratory. Al syringes in
this chapter are to be used without their needles. The categories given bel ow have
been arrived at according to the function of the syringe within the system

Readers with special interest in disposable syringes are referred to Paul D.
Merrick, Experinments with Plastic Syringes, and two articles by Andrew Farner in the

School Sci ence Revi ew.

A. 1 NJECTI ON AND EXTRACTI ON SYSTEMS

Inthese devices, disposable syringes are used for accurately injecting or extract-
ing precise anounts of materials into or out of closed systens.

B. COLLECTI ON_ APPARATUS

Here, syringes are used to collect gases in neasurable quantities.

C. REACTI ON CHAMBER

In theidevice, the syringe itself is used as the container for the reactions.

D. RESPI ROVETERS

Two versions of respirometers fashioned fromplastic syringes are given.

=


Chris Johnson
Due to copyrights portions have been removed.


-267-

B2. Seedling Gas Col | ection Device

a. Materials Required

Conponent s
(1) syringe

b. Construction

(1) Syringe

-

D

Qu Items Required
1 Syringe (A)

1 Beaker (B)
1 Rubber Tubing (C)

(1) Syringe

Di nensi ons
35-50 cc
50-100 m

5 cmlong, 0.4 cm
di anet er

10 Day- ol d Bean Seedlings (D)

Fasten the rubber tubing (C) to
the nozzl e of the syringe (A)
and pl ace the bean seedlings

(D) inthe barrel of the syringe.
Next, fill the beaker (B) with
wat er and put the end of the
tubing in the water to prevent
gas fromescaping fromthe
syringe.
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C. Not es

(i) Day-ol d bean seed lings carry on only respiration. Thus, the gas col | ected
inthe syringe after a period of six hours will be primarily carbon dioxide (COZ)'
This can be shown by injecting the collected gas into a solution of |limewater in
which a white precipitate will be found. No reaction will occur if normal air is

injectedintothelinewater. Thi s same experiment can be done using insects.
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Bl BLI OGRAPHY

A nunber of texts have proved to be extrenely val uable references to the
I nexpensi ve Sci ence Teachi ng Equi pnent Project, and these are |isted bel ow.

Aneri can Peace Corps, Science Teachers Handbook,
(Hyderabad, India: American Peace Corps, 1968).

Thi s handbook contai ns nany i deas for inprovising
sci ence teachi ng equi pnent.

Associ ation for Science Educati on, The School Science

Revi ew, (London: John Mirray).

A quarterly journal containing articles on
sci ence experinents and equi pnent in all the
sciences at all school |evels.

Associ ation for Science Educati on, The Sci ence Master's

Book, (London: John Mirray).

Part 2 of Series 1and 2, and Part 3 of Series 3
and 4 of The Science Master's Book contain articles
fromThe School Science Reviewdealing with
experinents and equi pnent i n bi ol ogy.

Knudsen, Jens W, Biol ogi cal Techni ques, (New York: Harper
and Row, 1966).
An excel l ent reference for those persons interested

incollecting, preserving, andillustrating animals
and plants.

Merrick, Paul D., Experinments with Plastic Syringes,
(San Leandro, California: Educational Science Consultants, 1968).

Thi s book and acconpanying materials forma
good basi s for devel oping curriculumnaterials
based on di sposabl e pl astic syringes.
Morhol t, Evelyn, Paul F. Brandwein, and Al exander Joseph,
A Sour cebook for the Biological Sciences, (New York: Harcourt
Brace, and World, 1966).

Thi s book gi ves many i deas and nmet hods concer ned
wi th t he day-to-day teachi ng of bi ol ogy.

The UNESCO Sour cebook i n Sci ence Teaching, (Paris, France:
UNESCO, 1972).

Thi s book, recently revised, contains many sinple
i deas for teaching science at arelatively
el enentary |evel.
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In addition to the above texts, the materials froma | arge number of projects
inthe files of the International C earinghouse on Sci ence and Mat hematics Curricul ar
Devel opments at the University of Maryland have al so been particul arly val uabl e.
Further details of these projects, and the three |listed below, may be found in:

The Seventh Report of the International C earinghouse on
Sci ence and Mat henatics Curricul ar Devel opnents 1970, (Col | ege
Par k, Maryl and: Uni versity of Maryland, 1970).

This is a source of information on curriculum
proj ects t hroughout the world including

project director, material s avail abl e, publishers,
etc. The Eighth Report will be availableinlate
1972.

Bi ol ogi cal Sciences Curricul umStudy (BSCS).

This is the mpjor United States project concerned

wi th the biol ogical sciences at the secondary

level . Onepublication, Innovationsin Equip-

ment and Techni ques in the Biology Teachi ng Laboratory,
(Boston: D. C. Heath, 1964) is especially useful

to those interested in equi pnent devel oprent.

FUNBEC, Sci ence Education Projects for Primary, H gh School
and Col |l ege Level.
A Brazilian project, FUNBEC has devel oped an

excel | ent series of inexpensive science kits
i ncl udi ng sone deal i ng wi t h bi ol ogy.

Nuffi el d Foundation, Nuffield Biology.

The Nuffield projects are the major British
curricul umprojects inscience. Expecially
interesting to the secondary biol ogy teacher
and adnministrator are the "O level" and
"A-level" material.
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ALPHABETI CAL | NDEX

Page
Ai r Conposition Device CHEM/266
Al cohol Burner, Mdified CHEM/40
Al cohol Burner, Sinple CHEM/38
Ammeter, Hot Wre PHYS/255
Amret er s ( See Gal vanonet er s)
Anest het i zi ng Chanber BIOL/261
Aperture/ Slit Conbination PHYS/113
Aquarium Breeding BIOL/147
Aquarium Jug or Carboy BIOL/146
Aquarium Plastic Bag BIOL/148
Aquarium Qui ckly Made Denonstration BIOL/145
Aspi r at or BIOL/103
Aspi rat or CHEM/117
Baer mann Funnel BIOL/114
Bal ance, Conpressi on Spring PHYS/12
Bal ance, Current PHYS/261
Bal ance, Equal Arm PHYS/24
Bal ance, Extendi ng Spring PHYS/9
Bal ance, Micro- PHYS/22
Bal ance, Pegboard PHYS/17
Bal ance, Rubber Band PHYS/5
Bal ance, Sinpl e Beam PHYS/8
Bal ance, Single Pan PHYS/32
Bal ance, Soda Straw PHYS/20
Bal ance, Spring PHYS/36
Bal ance, Spring Lever PHYS/2
Bal | - and-sti ck Mbdel s CHEM/193
Basket Sieve CHEM/127
Bat h, Sand CHEM/188
Bath, Water or Steam CHEM/189
Battery, Sinple PHYS/185
Beaker CHEM/109
Beat i ng Sheet BIOL/101
Beehi ve Shel f CHEM/173
Bel | Jar CHEM/111
Berl ese Funnel BIOL/117

Bi-metal Strip CHEM/59
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Bird Trap, Potter

Bl owpi pe for Charcoal Bl ock
Bottle, Specific Gavity
Bottl e, Wash

Bot t om Sanpl er

Box Trap, Sinple

Bul b Hol der with Bul b
Burette

Burette and Ring Stand with Attachnents
Bur ner, Candl e

Bur ner, Charcoal

Burner, Fuel System for Gas-
Burner, Gas

Bur ner, Mdified Al cohol -
Burner, Sinple Al cohol -
Butterfly Net

Cage, Ant Observation

Cage, Cockroach

Cage, Cylinder

Cage, dass

Cage, d ass Jar

Cage, Housefly

Cage, Jar

Cage, Wre

Cage, Wboden Frane

Candl| e Bur ner

Car bon Di oxi de Producti on Chanber
Cart, Elenentary

Cart, Heavywei ght

Cart, Lightweight

Cel I, Chemi cal

Cells, Dry Cell Holder with
Centrifuge

Centrifuge, Hand Dri | |
Chanber, Transfer

Char coal Burner

Charles' Law Vol une/ Tenper at ur e Devi ce
Cheni cal Cel

Chr omat ogr aphi ¢ Devi ce

Chr omat ogr aphy Appar at us, Li qui d- Col um

BIOL/126
CHEM/191
CHEM/69
CHEM/114
BIOL/82
BIOL/119
PHYS/191
CHEM/61
CHEM/90
CHEM/35
CHEM/36
CHEM/43
CHEM/49
CHEM/40
CHEM/38
BIOL/94

BIOL/173
BIOL/163
BIOL/167
BIOL/176
BIOL/159
BIOL/165
BIOL/169
BIOL/185
BIOL/180
CHEM/35

BIOL/269
PHYS/61

PHYS/75

PHYS/66

PHYS/177
PHYS/180
CHEM/153
CHEM/149
BIOL/226
CHEM/36

CHEM/252
PHYS/177
BIOL/235
CHEM/237
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Chr omat ogr aphy Devi ce, Horizontal Paper
Chr omat ogr aphy Devi ce, Horizontal Paper
Chr omat ogr aphy Devi ce Horizontal Paper
Chr omat ogr aphy Equi prent, Vertical Paper
Chr omat ogr aphy Equi pent, Vertical Paper Strip
Circuit Board

d amp, Wyoden Pinch

d anp, Woden Screw

d eaner, Test Tube

O ock, Cassroom

O ock, Water

Col | apsi bl e Heati ng Stand

Coil with Cores, Miltipurpose
Conposition of Air Device

Conduct ance Device

Conduct ance Devi ce, Constant Vol une
Condenser

Cone Si eve

Cover Slip, dass Slide and
Crystal |'i ne Packi ng Model s

Cul ture Flask

Current Bal ance

Decade Resistor

Def | agrating " Spoon"

Denonst rati on Ther nonet er
Dessi cat or

Di ffraction Hol es

Oi f fusi on Chanber

Di ffusion Device, Gas

Di ffusion Device, Liquid

Di sh, Petri

Di ssecti ng Needl es

Di ssecting Pan

Distillation Apparatus, Condenser
Distillation Apparatus, Sinple
Doubl e Bond Structures

Dredge

Dr opper

Dr opper

Dr opper/ Pi pette

CHEM/224
CHEM/226
CHEM/228
CHEM/230
CHEM/234
PHYS/185
CHEM/78

CHEM/80

CHEM/179
PHYS/52

PHYS/44

CHEM/88

PHYS/235
CHEM/266
CHEM/270
CHEM/273
CHEM/138
CHEM/126
BIOL/30

CHEM/217
BIOL/214
PHYS/261

PHYS/209
CHEM/177
CHEM/57
CHEM/181
PHYS/137
BIOL/258
CHEM/255
CHEM/254
CHEM/113
BIOL/39
BIOL/5S1
CHEM/138
CHEM/136
CHEM/207
BIOL/60
BIOL/49
CHEM/66
CHEM/242
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Dry Cell Holder with Cells
Dryer, Electric Lanp
Dryi ng Tower

Dynano/ Mot or

El asticity Device

El ectrol ysi s Apparat us

El ectroplating, Mrrors and
Enzymati c Reaction Chanber
Expansi on Devi ce, Gas

Fernent ati on Tube, Ball oon
Fernentati on Tube, Durham
Ferment ati on Tube, Syringe
Filter

Filter Flask, Suction-

Fl ame Test Wre

Fl ask Generator (Gas)

Fl ask, Light Bulb

Fl ask, Suction-Filter

Fl asks, Vol unetric

For ceps

For ceps

Fuel Systemfor Burners, Gas
Funnel , Baer mann

Funnel , Berlese

Funnel, G ass Bottle

Funnel , Separatory

Gal vanonet er, El ementary Moving Coi
Gal vanonet er, El enentary Tangent
Gal vanonet er, Myving Coi

Gal vanonet er, Repul sion Type

Gal vanoret er, Tangent

Gal vanoneter with Mul tipurpose Coils, Mving Coi
Gal vanonet er with Shunts, Moving Coi
Gal vanorret er wi th Shunts, Tangent
Gas Burner

Gas Burner, Fuel Systemfor

Gas Col | ection Device, Plant

Gas Col |l ection Device, Seedling
Gas Diffusion Device

PHYS/180
CHEM/185
CHEM/183
PHYS/217

PHYS/102
CHEM/145
PHYS/116
BIOL/263
PHYS/103

BIOL/247
BIOL/248
BIOL/249
PHYS/128
CHEM/129
CHEM/176
CHEM/165
CHEM/107
CHEM/129
CHEM/68

BIOL/48

CHEM/72

CHEM/43

BIOL/114
BIOL/117
CHEM/110
CHEM/132

PHYS/266
PHYS/246
PHYS/285
PHYS/249
PHYS/272
PHYS/292
PHYS/296
PHYS/276
CHEM/49

CHEM/43

BIOL/265
BIOL/267
CHEM/255
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Gas Expansi on Devi ce

Gas CGenerator, Flask

Gas Generator, Kipp's

Gas Generator, Sinple, and Coll ecting Apparat us
Gas Production and Col | ection Device

Gas Reaction Chanber

Gas Sol ubility Devicel/ Reaction Rate Chanber
Gauze, Wre

Generator, Micro-

Ceonetric Structures, Mdels

G ass, Measuring

d ass, Watch

G assware, Light Bulb

d asswar e Techni ques and Accessori es

G appl i ng Bar

G appl i ng Hook

G owt h Chanber, Pl ant

Heat i ng Shel f

Heating Stand, Coll apsible
Hol der, Multi - purpose Design
Hol der, Test Tube

Hydraulic Press

Hydr omret er

I ncubat or, Egg

I ncubat or, M croorgani sm

I ndi cator, Displacement Type Oxi dation
I ndi cat or, Menbrane Type Oxidation

| ndi cator, Oxidation Rate

I nocul ati ng Needl es

I nsect Coll ector, N ght Flying

I nsect Spreadi ng Board

Interference Strips

Jar, Bel

Killing Jars

Kinetic Theory Model

Ki pp' s Gener at or
Kymograph

Lenses and Prisns, Optical
Lens wi th Hol der

PHYS/103
CHEM/ 165
CHEM/167
CHEM/163
CHEM/245
CHEM/268
CHEM/250
CHEM/82
CHEM/249
CHEM/215
CHEM/64
CHEM/112
CHEM/109
CHEM/1
BIOL/87
BIOL/85
BIOL/155

CHEM/83
CHEM/88
CHEM/73
CHEM/76
PHYS/96
PHYS/108

BIOL/200
BIOL/219
CHEM/260
CHEM/258
CHEM/262
BIOL/218
BIOL/105
BIOL/99

PHYS/138

CHEM/TT1

BIOL/96

CHEM/220
CHEM/167
BIOL/234

PHYS/121
PHYS/130
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Li ght Bul b G assware

Li ght Bulb d assware, Rack for

Li ght Bulb G assware, Stand for

Li ght Source

Li qui d- Col umm Chr onat ogr aphi ¢ Appar at us
Li qui d Di f f usi on Devi ce

Magneti c Fiel d Apparatus

Magnetic Field Apparatus with Miltipurpose Coils
Magneti zi ng Coi | and Magnets
Magnet s

Magnets, Magnetizing Coil and
Magni fier, Il unminated Hand
Magni fier, Water Filled

Magni fying d ass, Water Bulb
Manonet er

Masses, Box of

Menbr ane-t ype Oxi dati on I ndi cat or
Measuring d ass

Met al Sheet Shel f

M crobal ance

M cr o- gener at or

M croscope, Adjustable

M croscope, d ass Stage

M cr oscope, Hand- Hel d

M croscope, Match Box

M crot one, Hand

Mrrors and El ectropl ating

Model , Kinetic Thoery

Model s, Bal | -and-sti ck

Model s, Crystalline Packing

Model Units, Ml ecular

Mortar and Pestle

Mot or / Dynano

Motor, Sinple

Movi ng Coi | Gal vanonet er

Movi ng Coi |l Gal vanoneter with Miltipurpose Coils
Movi ng Coi | Gal vanoneter with Shunts
Mul ti purpose Coil with Cores

Mul ti purpose Desi gn Hol der

Mul ti pur pose Stand

CHEM/107
CHEM/100
CHEM/102
PHYS/111
CHEM/237
CHEM/254

PHYS/238
PHYS/241
PHYS/231
CHEM/125
PHYS/231
BIOL/7
BIOL/2
BIOL/3
BIOL/251
PHYS/30
CHEM/258
CHEM/64
CHEM/74
PHYS/22
CHEM/249
BIOL/24
BIOL/14
BIOL/19
BIOL/21
BIOL/35
PHYS/116
CHEM/ 220
CHEM/193
CHEM/217
CHEM/198
CHEM/120
PHYS/217
PHYS/212
PHYS/2185
PHYS/292
PHYS/296
PHYS/235
CHEM/73
CHEM/98
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Needl es, | nocul ati ng
Net, Butterfly

Net, Dip

Net, Lift

Net, Pl ankton

Optical Screen with Hol der

Optical Board and Accessories

Oxi dation I ndicator, Displacenent Type
Oxi dation I ndicator, Menbrane Type

Oxi dation Rate I ndi cator

Pendul um Sinpl e

Pestle, Mrtar and

Petri Dish

Pipette

Pi pet t e/ Dropper

Pi pette, Transfer

Pl ankt on Net

Pl ant Growt h Chanber

Pl ant Press (Fiel d Type)
Pl ant Press (Laboratory Type)
Press, Hydraulic

Prisns and Lenses, Opti cal
Pul se

Punp

Rack for Light Bul b G assware
Rack, Bamboo Test Tube

Rack, Woden Test Tube

Rat e I ndi cator, Oxidation
Reacti on Chanber, Gas

Reacti on Rate Chanber/ Gas Sol ubility Device

Rectifier, Silicon

Rectifier (2 Plate), Sodi umCarbonate
Refracti on Model Appar at us

Rel axi ng Jar

Reptil e Hook

Resi stor (Carbon), Variable

Resi stor, Decade

Resi stor (Nichrone), Variabl e

Respi ronet er

BIOL/218
BIOL/94
BIOL/54
BIOL/71
BIOL/65

PHYS/124
PHYS/119
CHEM/260
CHEM/258
CHEM/262

PHYS/50
CHEM/120
CHEM/113
CHEM/67
CHEM/242
BIOL/224
BIOL/65
BIOL/155
BIOL/140
BIOL/142
PHYS/96
PHYS/121
PHYS/49
CHEM/243

CHEM/100
CHEM/103
CHEM/105
CHEM/262
CHEM/268
CHEM/250
PHYS/168
PHYS/162
PHYS/126
BIOL/98

BIOL/132
PHYS/202
PHYS/209
PHYS/204
BIOL/270
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Respi r onet er

Ring and Burette Stand with Attachnents

Ri ppl e Tank
Ri ppl e Tank Accessori es

Sand Bath

Scal pel, Razor

Scal pel , Strappi ng

Sci ssors

Screen, Hand

Screen wi th Hol der

Screw d anp, Woden

Sei ne, Two- Man
Separ at ory Funnel

Shel f, Beehive

Shelf, Heat i ng

Shel f, Jar Cage

Shel f, Metal Sheet

Shunts, Tangent Gal vanoneter with
Shunt's, Moving Coil Gal vanoneter with
Si eve, Basket

Si eve, Cone

Si eve, Soil Organism

Si ngl e Bond Structures

Slide and Cover Slip, dass
Slit, Adjustable Single

Slit/ Aperture Conbi nation
Slits, Fixed Single and Doubl e
Slits, Multiple

Snar e

Soil Organi smSieve

Sour ce, Light

Spat ul a

Spatul a, Test Tube C eaner or
Specific Gravity Bottle
Specific Gravity Device
"Spoon', Deflagrating

Spr eadi ng Board, Insect
Spri ng Bal ance

Spring Bal ance, Conpression
Spring Bal ance, Extending

BIOL/273
CHEM/90
PHYS/81
PHYS/90

CHEM/188
BIOL/43
BIOL/41
BIOL/45
BIOL/56
PHYS/124
CHEM/80
BIOL/68
CHEM/132
CHEM/173
CHEM/83
BIOL/161
CHEM/174
PHYS/276
PHYS/296
CHEM/127
CHEM/126
BIOL/110
CHEM/203
BIOL/30
PHYS/136
PHYS/113
PHYS/134
PHYS/133
BIOL/130
BIOL/110
PHYS/111
CHEM/178
CHEM/179
BHEM/69
PHYS/107
CHEM/177
BIOL/99
PHYS/36
PHYS/12
PHYS/9
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Stain Bottle

Stai ning Vesse

St and, Col | apsi bl e Heati ng

Stand for Light Bulb d assware

Stand, Ml ti purpose

Stand with Attachnents, Ring and Burette
Steamor Water Bath

Sterilizer
Stick Mddels, Ball-and-
Still, Water

St oi chi omet ry Devi ce

St rappi ng Tri pod

Strip, Bi-neta

St roboscope
Structures, Doubl e Bond
Structures, Geonetric
Structures, Single Bond
Structures, Triple Bond
Suction-Filter Fl ask
Sun Dia

Switch

Tangent Gal vanonet er

Tangent Gal vanoneter, El ementary
Tangent Gal vanonmeter with Shunts

Tank, Ripple

Techni ques and Accessories, G assware
Tenperat ure/ Vol ume Device: Charles’ Law
Terrarium G ass

Terrarium Sinple

Test Tube O eaner or Spatul a

Test Tube Hol der

Test Tube Rack, Banboo

Test Tube Rack, Wboden

Test Wre, Flane

Ther monet er, Denonstrati on

Ther nost at

Ti mer, Ticker Tape

Tower, Drying

Transformer, Iron Wre Core
(6 volt output, 120 volt mains)

BIOL/33
BIOL/31
CHEM/88
CHEM/102
CHEM/98
CHEM/90
CHEM/189
BIOL/215
CHEM/193
CHEM/141
CHEM/263
CHEM/86
CHEM/59
PHYS/93
CHEM/207
CHEM/215
CHEM/203
CHEM/213
CHEM/129
PHYS/41
PHYS/193

PHYS/272
PHYS/246
PHYS/276
PHYS/81
CHEM/1
CHEM/252
BIOL/153
BIOL/151
CHEM/179
CHEM/76
CHEM/103
CHEM/105
CHEM/176
CHEM/57
BIOL/207
PHYS/56
CHEM/183
PHYS/140
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Transforner, Sheet Iron Core PHYS/147
(12 vol t output, 120 volt mains)
Transformer, Variable Qutput PHYS/153
(120 volt nmains)

Trap, Funnel BIOL/76
Trap, Piling BIOL/73
Trap, Potter Bird BIOL/126
Trap, Sinple Box BIOL/119
Trap, Soil Insect BIOL/112
Triple Bond Structures CHEM/213
Tripod, Strapping CHEM/86
Tripod, Tin Can CHEM/84
Tripod, Wre CHEM/87
Tweezers CHEM/72
Units, Mol ecul ar Model CHEM/198
VacuumAppar at us PHYS/99
Vasculum BIOL/136
Vertical Paper Chromatography Equi pnent CHEM/230
Vertical Strip Paper Chromatography Equi pnent CHEM/234
Vivarium BIOL/191
Vol t net ers (See Gal vanonet er s)

Vol une Det er mi nat or PHYS/105
Vol urre/ Tenper at ure Device: Charles' Law CHEM/252
Volumeter BIOL/244
Vol unet ri ¢ Fl asks CHEM/68
Wash Bottle CHEM/141
Watch d ass CHEM/112
Water @ ass BIOL/90
Water or Steam Bath CHEM/189
Water Still CHEM/141
Wng Tip CHEM/54
Wre Gauze CHEM/82
Wre Tripod CHEM/87
Wor mery, Box BIOL/171

Vrnery, Jar BIOL/168
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