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Vol une || Chemistry
Vol une | 1,IPhysi cs

The following table refers only to the contents of this
volume, but the listing at the back of each volume provides an
al phabetical index to all three vol unes.

References within the text nornally indicate the vol une,
chapter and, nunber of the itemreferredto (e.g., CHEM V/ A3),
but where a reference is to anitemwthin the sane volune, the
reference indicates only the chapter and nunber of the item
(e. g.viA3).

Wthin this volune the contents of each chapter are
generally presented in a logical order in which itenms advance
fromsimple to conplex, froma point of view of both construction

and educational usage.
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FOREWORD

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 summer of 1968. Originally entitled
the Study of | nexpensive Sci ence Teachi ng Equi prent Worl dwi de (1 S- TEWor |S-2 Study),
the Project was to (1) identify | aboratory equi prent consi dered essential for student
investigations inintroductory biol ogy, chem stry and physics courses i n devel opi ng
countries; (2) inprovise, wherever possi bl e, equival ent i nexpensive sci ence teachi ng
equi pment; and (3) produce designs of this equipment in a Quidebook for use in devel op-
ing countries. Financial support was provided by the U S. Agency for International
Devel oprment t hrough t he Nati onal Sci ence 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 |ist of equipnent to be nade was conpil ed.
A start was al so nade on the witing of guidelines (theoretical designs) for the

construction of equipment.

Wrk on the development of the Gui debook itself got underway in 1970, with the

arrival of Reginald F. Melton to coordinate the work. Over 200 gui del i nes were conpl et ed
during the year by Donal d Urbancic (Biology), Chada Sanba Siva Rao and John Del ai ni
(Chemi stry), and Regi nal d Mel t on ( Physi cs). Ful | use was nade of project materials from

around the worl d which were available inthe files of the International C earinghouse'on
Sci ence and Mat hematics Curricul ar Devel opnents, which is |ocated in the Science

Teachi ng Center of the University of Maryl and. The gui del i nes were conpiledinto a
draft edition of the Gui debook which was circulated in Septenber, 1971, to sonme 80

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

The wor k of constructing and devel opi ng equi pnent fromthe guidelines, withthe
subsequent production of detaileddesigns, beganinalintedway in 1970, the ngjor
input at that tine being inthe field of chenistry by Chada Sanmba Siva Rao, who was
with the project for an intensive two-nonth period. However, the main work of de ¥el oping
detai | ed designs fromthe gui del i nes was undertaken between 1971 and 1972 by John Del ai ni
(Biology), Ruth Ann Butler (Chemistry) and Regi nal d Melton (Physics). Techni cal
assi stance was gi ven by student hel pers, with a special contribution fromDavid C fark,
who was with the project for a period of 18 nonths.
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Thanks are due to those graduates, particul arly Sanuel Genova, Melvin Sobol eski
and Irven Spear, who undertook the devel opnent of specific itens of equi pment while
studyi ng at the Center on an Academi c Year Institute program to student hel pers,
especi al Iy Don Kal | gren, Frank Cathell and Theodore Manneki n, who constructed the
equi pnent; and to Dol ores Al ui se and Gai| Kuehnl e who typed t he manuscri pts.

Last, but not |east, special acknow edgenent is due to those individuals, and
organi zations, around the world who responded sowi llingly to the questionnaires in
1968 and to the draft edition of the CGuidebook in 1971.

The Qui debook

The designs presented i n the CGui debook are based on the prenise that many students
and teachers i n devel oping countries will wishto nmake equi pment for thensel ves. Thi s
does not nmean that students and teachers are expected to produce all their own apparat us
requirements. It is recognized that teachers have specific curriculato follow and that
"class hours" available for such work are very linmited. It is also recognized that
teachers, particularly those in devel opi ng countries, are not well paid, and often
augment their salaries wth supportingjobs, thus placing severe limts on the "out-of-
class hours' that are available for apparatus production.

However, in designing equi pnent for production by students and teachers, two factors
have been kept in mind. One, project work i n apparatus devel opment can be extrenely
rewar di 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 isnot difficult for cottage (or small scale) industries to adapt these designs to
their own requirenents. The Gui debook shoul d therefore not only be of value to students
and teachers, but also to cottage industries which may wel | be the major producers of
equi prent for school s.

Al t hough al | the designs in the Qui debook have been tested under | aboratory
conditions in the University of Maryl and, they have not been tested in school situ-
ations nor produced and tested under | ocal conditions in devel oping countries. It is
therefore recomended t hat t he desi gns shoul d be treated primarily as |imted resource
materials to be subjectedtotrial and feedback. It is suggested that the first tine
that an itemis constructed it shoul d be nmade preci sely as described in the Gui debook,
since variations inthe materials, or the dinmensions of the materials, could alter the
characteristics of the apparatus. However, once this itemhas been tested the producer
i s encouraged to make any nunber of nodifications in the design, evaluating the new
products agai nst the original.
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Bef ore produci ng new equi pnent in quantity, it is recommended that educators
with experience inthe field of science education should be involved in determ ning
how best to make use of the Guidebook. They will wishtorelate the apparatus to their
own curricul umrequirements, and, where necessary, prepare rel evant descriptions of
experiments whi ch they recomrend shoul d be undertaken using t he sel ect ed appar at us.
They will want to subject the experiments and related equipment to trials in school
situations. Only then will they consider |arge-scal e production of apparatus fromthe
designs in the Quidebook. At this stage educators will wishto control the quality of
appar at us production, to train teachers to make the best use of the new apparatus, and
toinsure that adequate | aboratory conditions are devel oped to pernmit 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 inits usage, or the | aboratory
facilities have been i nadequate, or because t he apparatus avail abl e di d 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.

Apparatus devel opment, |ike any aspect of curricul umdevel opment, shoul d be
consi dered as a never ending process. This Quidebook is not presented as a fini shed
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 experiments utilizing the
apparatus coul d be added, and the desi gns thensel ves coul d be i nproved. No extravagant
claims are made concerning the Cuidebook. It is sinply hoped that it will contribute
to the continuing process of devel opnent.
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TOOLS AND RAWNMATERI ALS

The rawmaterial s required to make specific itenms of equi pnent are indicated at

the beginning of each item description.

whi ch are useful in any equipnent

Tool s
Chi sel s, Wod
3, 6, 12, 24 mm
(i.e., 18", 14", 12", 1")
Cutters
Bench Shears: 3 nm (1/8")
d ass Cutter
knife
Razor Bl ades
Scissors: 200 mm (8")

Sni ps (Tinmans), Straight:
Sni ps (Ti nmans
Taps and Dies:

Drills and Borers

Cork Borer Set
Count er si nk, 90°

However ,

construction workshop,

200 mm (8")
, Curved: 200 mm(*")
3to 12 mm (1/8" to 1/2") set

there are certain tools and materials
and these are |isted bel ow

Metal Drill Hol der (Electrically Driven), Capacity 6 nm (1/4")

Metal Drills: 0.5, 1, 2, 3 4 5 6, 7 nmm
(i.e., 1/32", 1/16", 3/32", 1/8", 5/32", 3/16", 7/32", 1/4") set
Wood Brace with Ratchet: 250 mm(10")
Wod Augur, Bits: 6, 12, 18, 24 mm
(i.e., 174", 172", 3/4", 1)
Files, Double Cut
Flat: 100 mm 200 nm (4" 8")
Round: 100 nm 200 nm (4', *")
Triangul ar: 100 nm (4")
Harmmer s
Ball Pein: 125, 250, (1/4, 1/2 1b)

Claw 250 g (1/2 | b)

Measuring Aids

Cali per, Inside

Cal i per, CQutside

Cal iper, Vernier (may replace above two itemns)
Dividers: 150 mm (6"), Tool nakers

Meter, Electrical (Miltipurpose

Meter Stick
Protractor
Scri ber

- volts,

ohms, anps, etc.)



Measuring Aids (Continued)

Set Square

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

Wod Snoot hing Pl ane

Pliers

Conbi nati on: 150 mm(6")
Needl e Nose: 150 nm (6")
Side Cutting: 150 nm (6")
Vise Gips

Saws, Metal
300 mm (.2") bl ades

Saws, Wbod

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

Cross Cut: 600 nm (24")

Hand Rip: 600 nm (24")

Key Hol e Saw. 200 mm (8")

Screw Drivers

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

Vi ses

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

M scel | aneous

Asbest os Pads

CGoggl es, d ass

al Can: U2 1liter (1 pint)

Q| Stone, Double Faced

Punch, Center

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

Raw Material s

Adhesi ves

Al Purpose Cenent (Elmers, Duco)
Epoxy Resin & Hardener (Araldite)
Rubber Cenent (Rugy)

Wod d ue (Wél dwood)

Cel | ophane Tape

Pl astic Tape

Maski ng Tape



Electrical Muterials

Bulbs with Holders: 1.2, 2.5, 6.2 volts
Dry Cells: 1.5, 6 volts
El ectrical Wre: Cotton or Plastic covered
Fuse Wre: Assorted
Lanps: 50, 75, 100 watts
*Magnet Wre:  #20, 22, 24, 26, 28, 30, 32, 34
Ni chrone Wre: Assorted
Paral |l el El ectrical Cording
Pl ugs
Swi t ches

d ass and Pl astic

Acrylic (Plastic) Sheets: 2 cmand 2.5 cmthick
Pl ates, d ass
Tubes, G ass: 3, 6 nm (1/8", 1/4") internal di aneter

Har dwar e

8olts and Nuts, Brass or Steel; 3 mm (1/8") diameter: 12, 24, 48 mm
C(y2n, 1, 2" Ienqths

Nai 1'42, 24mm (1/2", 1") 1 engt hs

Screws, Eye

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

Thunbt acks

Washers (Brass and Steel): 6, 9 nm (1/4", 5/16") di anet er

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

Lunber

Boxwood (Packing 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") thi ckness

Wood Dowels: 6, 12 mm (1/4", 1/2") thickness

*U S Standard Plate nunbers are used in this book to indicate the gauge of
different wires. Were wires are referenced agai nst ot her nunbering systens
appropriate corrections shoul d be made i n det erm ni ng t he gauges of material s required.
The foll owi ng conpari son of gauges may be of interest:

St andar d D aneter of #20 Wre
Brown & Sharp 0.08118
Bi r mi ngham or St ubs 0.089
Washburn & Moen 0. 0884
Imperial or British Standard 0.0914
Stubs' St eel 0. 409
U. S Standard Pl ate 0. 09525
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Met al Sheets

Aluminum 0.2, 0.4 nm (I1/100", 1/64") thi ckness.
Brass: 0.4, 0.8 nm(1/64", 1/32") t hi ckness.

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

Lead: 0.1 nmm(1/250") thickness.

Spring Steel, Packi ng Case Bands

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

Aluminum 3 mm (1/8") di aneter

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

Gal vani zed lron: 2 nm(1/16") di ameter
*Steel .  #20, 26, 30.

Paint Materials

Pai nt Brushes
Pai nt Thi nner
Var ni sh

Wood Fil |l er

M scel | aneous

Al umi num Foi |

Car dboar d Sheet i ng

Containers (Plastic or G ass)
Corks (Rubber or Cork)

H nges: Assorted

Machine Q|

Mar bl es

Mesh (Cotton, Nylon, Wre)
Mdelling Cay (Plasticene)
Paper Cips

Pens:  Felt (Marking Pens)
Pins and Needl es

Rubber Bands

Sol deri ng Lead

Sol deri ng Past e

Spool s

Steel Wol

Straws

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

Syringes: Assorted

Vax (Paraffin)

*See footnote on previous page.



. BALANCES

The bal ances present ed have been divided into three categories:

A. ELEMENTARY BALANCES

These are rel atively crude, but extremely easy to make, even for el ementary students,
and serve as an excel l ent introduction to an understandi ng of bal ances.

B.  EXPERI MENTAL BALANCES

These are somewhat nore exact and are useful for undertaking i nvestigations into
the properties of bal ance.

C.  FUNCTI ONAL BALANCES

These are rel atively sophisticated and designed prinarily for functional usage.



Al . Spring Lever Bal ance

(1) Base

a. Materials Required

Conponent s
(1) Base

(2)Scal e

(3) Spring Lever

(4) Scal e Pan

(5) Masses

h. Construction
1) Base

(2) Scale _

-2-

A ELEMENTARY BALANCES

Qu Items Requi red

1
1

1

wod (A)
wod (B)

Woden Strip (Q
Wi te Paper (D)

Packi ng Case Steel

(3) Spring

>// Lever

4) Scale
/( ) Ban

(5) Masses

Di mensi ons
13 cmx 6 cmx 1.5 cm
5cmx 2.5cmx 2.5 cm

20cmx 2 cmx 0.5 cm
15 cmx 2 cm

Band (E) 30 cmx 1.2 cmx 0.02 cm

Gal vani zed Iron Wre (F) 50 cmlength, #24

Al um num Sheet (G

Washers (H)

5.5cmx 5.5 cmx
0.02 cm approxi nately

Attach wood (B) to one corner
of wood (A) to support the
spring |ever above the base.



(2) Scale

(3) Spring Lever

Hol es
) had ;
AUt s 7 T
1.0 3.0 |

Steel Band (E)

Steel Band (E) ————

V- Shaped Support

«+—— Strip (C)

wod (B)

(4) Scal e Pan

|[4————— 12 5 ———b‘

Base (A)

Gal vani zed Wre (

Attach strip (Q vertically
to the adjacent corner of the
base, Gue astrip of white
paper (D) to the top front
surface of strip (C to serve
as a scale.

Take packi ng case steel band
(E) and make a snall V-shape
at one end to hold the scale
pan support wire. Drill two
holes in the other end to
take two small nails.

Attach the drilled end of

band (E) to the top of block
(B) on the base with two smal |
nails. Bend the band snoothly
over to form an el ongated

C shape as indicated.

Take the galvanized iron wire
(F) and nmaeke it into a double
Use hal f
of the new length to forma

strand 25 c¢cm | ong.

“figure 8" inthe wire.



Fold one loop on top of the

other, and then bend t he

remai ni ng strai ght portion of

the wire to the shape indicated.

You now have a scal e pan support
Scal e Pan whi ch may be attached to the
Support (F) spring |ever.

1.0 4.0

Make the panitself fromthe

@ al um numsheet (G. Hamer
it at the center to create a

T saucer shaped pan. Sit the
Pan (G pan on the loop of the scale

pan support.

(5) Masses Such itens as nails, washers
and paper clips may be used
for masses,

C. Not es

(i) Note the point of intersection between the spring |lever and the |eft side
of the scale, and record the position with a tenporary zero mark. Determ ne
the elastic limt of the spring |ever by addi ng successively | arger masses to the
scal e pan, and noti ng on each occasi on whether the spring returned to the same
zero point on removing the masses fromthe pan. INthis particular case it was
noted that the elastic limt was reached with a mass of 33 g.

(ii) Note the new zero point on the scale with a permanent mark. This will be
slightly belowthe temporary mark due to the spring being subjectedto a force
whi ch extended it slightly beyond its elastic limt. Now add masses 1 g at a tine
calibrating the scale accordingly up to 20 g.

(iii) A more sensitive balance, weighing fromO0 to 10 g, may be nade in an

i dentical fashion by using half the width of packing case band as the spring |ever,
Such a bal ance nade here was found to have an elastic linit of 27 g, and was

readily calibrated as described above.



A2. Rubber Band Bal ance

a. Material s Required

Conponent s
(1) Base

(2) Support

——
(4) Masses
i
L__,-
— «—— (3) Scale Pan Unit
)= NN
.——Jl—"’/ (2) Support
N
L—’J
(1) Base
[
Qu Itenms Required Di mensi ons
1 Wod (A) 15 cmx 10 cmx 1.5 cm
| Wood Strip (B) 45 cmx 4 cmx 2 cm
2 Screws (Q 2.5 cmlong
1 Wit e Paper (D 30 cmx 4 cm
2 Rubber Bands (E)



(3) Scale Pan Unit ! Nai | (F)
1 Rubber Band (G
1 Gal vani zed Wre (H)
1 Al um num Sheet (1)
3 Wre (J)
1 Adhesi ve Tape (K)

(4) Masses - - \Mshers

Construction

(1) Base

(2) Support

- upport.
Rubber < af————— Wiite Paper (D)
Bands (E)

(3) Scale Pan Unit

 — Nail (P

%X' Tape (K)

+———— Rubber Band (0§

«—— Ring (H)

+— Support Wires (J)

24. Scal e Pan (1)

7 cmlong approximtely

#20, 3 cmlong
6 cmx 6 cmx 0.02 cm
#24, 9 cmlong
10 cmx 1 cm

Use wood (A) to serve as the

base.

Attach wood strip (B)
vertically to the base with
two screws (C). Attach the
plain white paper (D) to the
front of the vertical support
(B) with rubber bands (E).

Drive nail (F) horizontally
into top of the vertical
support, and suspend a rubber
band (G fromits end. Take
the gal vanized wire (H and
bend it into the shape of a
ring which can be suspended
fromthe rubber band.

Hammer the al um numsheet (1)
at its center so as to create
a saucer shape, thus producing
a reasonabl e scale pan. Use
a hammer and nail to produce
three small hol es near the
perinmeter of the pan. Suspend
the pan fromthe ring by
means of the three lengths of
wire (J) bent over at both
ends to form suitable hooks.



To prevent the rubber band
) sli di ng backwar ds and f or war ds
. +—— Nail (F) . .
on the supporting nail alength
of adhesive tape (K) shoul d
""""" Rubber Band (G be w apped around the nail so

as to | eave a groove bet ween

the tape and the end of the
Tape (K) nai |, the rubber band being held
in position in the groove.

(4) Masses Such itens as nails, washers
and paper clips may be used
as MasSes.

C.Not es

(i) Note the point on the scal e corresponding to the position of the unl oaded
scale pan. Determine the elastic limt of the rubber band by | oadi ng the scal e
pan with increasing masses, noting I n each i nstance whet her the unl oaded pan
returns to the same zero point on the scal e. For the particular band used in this
instance the elastic limt was reached with a mass of 235 g.

(ii) Check the zero position on the scal e once nore, naking a per manent mark
opposite the scale pan, then calibrate the scal e by addi ng successive wei ghts to
the pan, keeping well withinthe elastic limts of the band.

(iii) A nonuniformscalew |l result.

(iv) The rubber band will deteriorate withtinme, and this will be particularly
rapid in tropical countries. However, the band can easily be replaced and the
scal e recalibrated so | ong as the teacher has a suitable set of weights avail abl e.

(v) Ifthe scale pan is suspended fromtwo parallel elastic bands, instead of
one, therange and the elastic limt will be increased. Wth two bands the elastic
l[imt increased in this particular case to 550 g. However, it was noted that if
masses of | ess than 500 g were left on the pan for any period of tine there was
still a tendency for the rubber band to be plastically deforned.



A3. Si npl e BeamBal ance

P>

L P

7

/ /ﬂ)

(1) Balance Arm

(2)-Pivot
a. Material s Required
Conponent s Qu Itenms Required
(1) Balance Arm 1 Meter Ruler (A)
(2) Pivot | Wood (B)
(3) Masses o Washers (D)

b. Construction
(1) Balance Arm

(2) Pivot

(3) Masses

(3) Masses

Di mensi ons
100 cm long

4ecmxdecmx2cm

Use the meter ruler (A) as a
bal ance arm

Round off one end of the
avai | abl e piece of wood (B)
Wi th sandpaper.

Use washers or heavy nuts (D
for masses.
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B.  EXPERI MENTAL BALANCES

Bl . Extending Spri ngBal ance

o— (2) Spring

/]
e

4

n——
S==)
N ST — (1) Support
i
[./\_____'
\\
\\\.
"_../’
— ///]
/
a. Mterials Required
Conponent s Qu Itens Required Di nensi ons
(1) Support 1 Rubber Band Bal ance (A) I/ A2
(2) Spring 1 Steel Wre (B) 0.09 cm di aneter,
225 c¢cm | ong
b. Construction
(1) Support Make the support (A) in

precisely the same way as the
rubber band bal ance descri bed



(2) Spring
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c. Not es

I
1

0.1

T

Taut Wire (B)

Cor k Borer

Qmmummmmn/D

il

End Loop

Spring (B)

under /A2,

Take a length of steel wire (B
(e.g. piano wire) and fasten
one end firmy in a clanp.
Attach the other end to a cork
borer or simlar device (see
notes). If the dianeter of the
axis of the cork borer used is
1.4 cm the dianeter of the
resul tant spring (when rel eased)
will approach 2 cm Keeping
the wire under tension w nd
some 30 turns of wire into the
spring, each turn being
separated fromthe next by

about 0.1 cm Use pliers to
twist aloopin each end of

the spring. Renove the rubber
band which supports the scale
pan in the rubber band bal ance
(A), and replace it by the steel
spring.

(i) Deternine the elastic limt of the steel spring, and calibrate the bal ance

in exactly the sanme way as for the rubber band bal ance.

(ii) Wth the material s descri bed above t he spring was extended until the scale

pan touched t he base of the apparatus without reaching the elastic limt of the

spring. The scale was calibrated fromO to 400 g (an extension of 19.6 cn), and

it was noted that the resultant

scale was uniform

(iii) Anore sensitive, or weaker, spring may be made by using thinner wire or

by meking the dianeter of the spring greater,

(iv) Avery convenient wi nding device for the springis a wooden dowel (inthis

Nai |

Hol e

case 1.4 cmdianmeter, 30 cm
long) with a hole (0.6 cm
dianeter) drilled at either
end to take a nail about

10 cm | ong.

A small hole (dianeter 0.2 cm
drilled through the center of
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the dowel holds the wire, and the latter nay be wound into a spring in much the sanme
way as With the help of the cork borer, inthis case windingthe wire spring onto
t he wooden dowel which is turned with the help of the protruding nails.
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B2. Conpressi on Spring Bal ance

a. Materials Required

Conmponent s
(1) Syringe

(2) Frame

(3) Support Block

(4) Upper Platform

/

\

(1) Syringe

Q Itens Required
Syringe (A)

—

Model ling Cay (B

1 Wood (Q
| Wod (D)
4 Wooden Dowel s (B

! Wood (B
1 Wood (Q
2 Bolts (H)

2 Wng Nuts (1)

(5) Scale Pan

(4) Upper Platform

(3) Support Bl ock

Di mensi ons

Col umm | ength approxi -
mately 6.4 cm internal
di aneter approximately
1.3 cm

14 cmx 9 cmx 2 cm
14 cmx 9 cmx 0.7 cm
12 cmlong, 1 cm

di anet er

2cmx 2cmx L cm
where L is dependent
on length of syringe
14 cmx 9 cmx 0.07 cm

2 cmlong, 0.3 cm
di anet er

0.3 cm di anet er
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(5) Scal e Pan 1 Gal vani zed Wre (J) 32 cmlong, 0.4 cm
di anet er
1 Al uni num Sheet (K) 12 cmx 12 cmx 0.05 cm
1 Wood (L) 5cmx5cmx2cm

b. Construction

(1) Syringe Take t he di sposabl e plastic

. Fl anges Rempved syringe (A) and renove the

Pl unger needl e and the top flanges.
Renove the plunger from the
colum, and snear the end
Column of the plunger with petrol eum
Lubrication jelly thus insuring a well
| ubricated plunger, and a

good airtight seal.

¢————————— Needl e Renoved

Insert the plunger about

———Column lcminto the colum, and

then seal off the open end

§e——— day Seal (B) of the colum with nodelling
Needl e Hol der clay with the help of the
metal needl e hol der.
(2) Frane Make t he base of the frane
fromwood (C) drilling holes

(1 cmdiameter) at the corners
to take the dowels (E). Use
wood (D) as a platform
drilling holes (1 cm dianeter)
Platform (D) at each corner to take the
dowels. Attach the base and
pl atformtoget her by nmeans of

'\Dowels (E) the four.domels-,fixing t he
latter firmy in position

with wood cement. Drill a

hole (1.4 cm diameter) through

the middle of the platform

meki ng it just | arge enough
Base (Q to take the plunger.
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(3) Support Block Insert the syringe colum through
the hole in the platform It

wi | | hang suspended with a gap

bet ween the bottom of the syringe
and the surface of the base.

Cut a small support block (F)
r————wringe Col um to fill this gap, and drill a
small inset into the top of

CL\

the block to hold the syringe

| 4
Support Bl ock (F) firmy in position. (The block

will also prevent the nodelling
clay seal in the bottom of the
syringe being readily broken
under pressure). Fasten the
support block to the base with
wood cement .

(4) Upper Platform Make t he upper platformfrom
wood (G to fit on top of the

Bolt Hole existing platformfor the frame.

Drill a hole (dianeter the sane
Platform (6) as that of the syringe plunger)
in the mddl e of the upper
platform and slide the latter
into position on the frane.
Drill two bolt holes (0.3 cm
di aneter) through both platforns,
and fasten them together by
nmeans of bolts (H and wing nuts
(1), thus holding the syringe
firmy in position.

(5) Scale Pan Moke a frame for the scale pan
out of alum num or gal vani zed
b Frame [J) wire [J),
NS |
8 —
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Cut the corners (2.5 cmx 2.5 cn
out of the al um num sheet (K),
and fold the projections as

Metal Sheet (K) illustrated so that they may be

bent over the wire frane to
forma suitable scale pan.

Fol d Lines

L3

NN

Wre Frame FoldedProjection

Take the wooden block (L),
and drill a hole (the same
di ameter as the plunger, and
1.5 cm deep) into the niddle
of the block. Nail the scale
Block (L) pan squarely on to the undrilled
surface of the block. Line
Hol e the inside of the hole in the
| ower surface with wood filler.
Lower the block onto the
plunger, The latter will be
Pan held firmly within the hole

%—*Block (L) once the wood filler dries,
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c. Notes
(i) The bal ance nmay readily be calibrated wi th known wei ghts by noting the | ength
of the trapped air colum for each given mass in the scal e pan

(ii) The variation of length of the air colum with mass is not |inear, as can be
seen fromthe plot bel ow showi ng the relationship of air colum length (L) to the
applied nass (M.

Mg Mg L = nmm
A

2000 500 47.8
600 44. 8
1500 ; 700 42. 4
800 41.2
900 40.0
1000 1000 38.8
1100 37.6
1200 36.4
500 1500 32.8
2000 28.0

Ll | 1 t 1 \ 1

30 36 42 48

(iii) Because of friction between the plunger and the sides of the col um, the
syringe tends to be insensitive to weights of | ess than about 500 g, but it readily
nmeasures wei ghts fromthis lower limt up to around 5,000 g.

(iv) The sensitivity of the bal ance appears to increase as the 1 ength and dianeter
of the syringe colum increases.

(v) Indesi gni ng new bal ances it woul d be of particular interest to consider the
use of a syringe as an extension spring, asillustratedin the diagram [t woul d
e appear that this balance m ght
have quite a different range

e

and sensitivity fromthat of
- i . .
Syringe the conpression spring bal ance.

Scal e Pan




B3. Pegboard Bal ance

Support Stand

(1)
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Pi vot

(2)

(3) Balance Arm

a. Material s Required

Conponent s
(1) Support Stand

(2) Pivot

(3) Balance Arm

(4) Hooks
(5) Masses
(6) Spring dips

Itens Required
Wod (A)
Pegboard (B)

wod (O
Nai | (D)

Bolts (E)
Wng Nuts (F)
Wod (Q

Al um num Sheet (H)

Paper Cips (1)
Washers (J)

Packi ng Case Steel
Bolts (L)

Wng Nuts (M

(4) Hooks

(5) Masses

(6) Spring dips

Bands (K)

Di mensi ons

50 cmx 10 cmx 2 cm
50 cmx 35 cmx 0.3 cm

8cmx3cmxlcm

5 cmlong, 0.3 cm

di anet er

2 cmlong, 0.3 cm

di anet er

0.3 cminternal dianeter

50 cmx 2.5 cmx 0.5 cm

2.5cmx 2.0 cm x
0.02 cm

8.5cmx 1lcmx 0.02 cm

1.5 cmlong, 0.3 cm

di aneter

0.3 cminternal
di anet er



b. Construction
(1) Support Stand

(2) Pivot

(3) Balance Ann

2.0
0.5 s le——ad

v
N Count er bal ance
1.0f| ia "

0.5

0.5

\Bolt(E)

Nail (D) Block (C) & Wng Nut (F)

Count er bal ance (H
Bal ance Arm (Q

(4) Hooks -

4.0

Hook (1)

.25

Attach the sheet of pegboard (B)
vertically on to wod (A) to
make the support.

Oill a snall hole (dianeter
0.2 cm through wood (C), and
make a small inset over the
hole. Drive nail (D) through
the hole so that the nail head
sits in the inset.

Drill two nore holes (dianeter
0.3 cm through the wood, close
to the edges, and use bolts (E)
and wing nuts (F) to attach the

bl ock to the pegboard support
stand. The newly attached

pivot nail should be at the
center of the pegboard and about
20 cm above the base.

Make the bal ance arm out of
wood (G. Drill holes (0.5 cm
dianeter) at regular intervals
in the armas illustrated, and
bal ance the armas required

on the nail pivot. Take a sheet
of alumnum (H and bend it into
a counterbalance. Set.it in an
appropriate position on the

bal ance arm to correct any
irregularity in the balance of
the latter.

Make each hook by straightening
out a paper clip (I), and
cutting off a length of about

6 cm Then bend the wire into
t he shape shown. Make six

such hooks.
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(5)Masses

(6) Spring dips

+~— Wing Nut (M)

G

\'S\ Bolt (L)

Stand (B)

Spring (K

C. Not es

(i) The position of the pivot in the horizontal

Use heavy washers (J) or nuts
for masses.

Take a length of packing case
steel band (K) and drill a hole
(diameter 0.3 cm through its
center. Then bend it as
indicated into the formof a
spring clip. This size of
spring clip is suitable for a
standard test tube. Attach
this to the support stand with
a bolt (L) and wing nut (M. Two
i dentical spring clips should
be made.

| ever can be changed at will

not only fromone end of the | ever to the other, but also fromthe | ower edge of
the l ever to the upper edge (changing the sensitivity of the bal ance). The

apparatus is particularly suitable for studying "monents".

(ii) Wth the help of the spring clips described the apparatus nmay be converted

into a general support stand.

@*9
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B4. Soda Straw Bal ance

(3) Masses
( L= D «— (2) Balance Arm
<~
”
- (1) Support
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Support 2 Wod (A) Becmx2cmx2cm
! Al umi num Sheet (B 6 cmx 2 cmx 0.02 cm
(2) Balance Arm 1 Soda Straw (Q 16 cm | ong approxinately
! Needl e (D 3 cmlong
(3) Masses 10 Paper dips (B
b. Construction
(1) Support Screw, or nail, one bl ock of
wood (A) on to the other so as
— Al uni num Support (B) to forman inverted sheet (B
f and bend this into a three
y [ —————— Hol e sided support to sit on top of
the inverted "T" support.
Drill a small hole through
- "T" Support (A) the base of the al uni num sheet
] / so that the latter may be
/ attached to the wood support
] by means of a nail or screw
(2) Bal ance Arm Pierce the mddle of the straw

(© with needle (D) making
sure that the latter is close



(3) Masses

c. Notes

Needl e

to the top surface of the
straw, thus lending stability
to the balance arm Use a
razor blade to cut small W
shaped slots in the top
surface of the strawat regul ar
intervals of 2 cm Bal ance the
straw on top of the support.

Use the paper clips (E) as
appropriate nmsses.

(i) This apparatus is suitable for individual student investigation of the

principle of

"monent s".
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B5. M crobal ance

]——(3) Scale
> ’

/

(2) Balance Arm

(1) Support

a, Materials Required

Conponent s Qu Items Required Di mensi ons

(1) Support 1 Wod (A) 15cmx2cmx2cm
1 Screw (B) lcmlong
1 Al um num Sheet (C 6 cmx 2 cmx 0.02 cm

(2) Balance Arm 1 Straw 16 cml ong approxi matel y
1 Bolt (E) lcmlong approximately
1 Needl e (F) 3 an | ong

(3) Scale 1 Wod Strip (Q 12 cmx 2 cmx 0.4 cm
1 Wi te Paper (H 10 ecmx 2 cm

2 Rubber Bands ) --

Construction

(1) Support Screw (8) ?end the al um r.1um sheet (C)
- — into a three sided support.
ZI '4/ Drill a hole (0.2 cm dianeter)
2] through the middie of the
B N support base, and then attach
2 the support to the end of

Al um num Wod (A
Support (C) (A wood (A) by neans of a screw
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(2) Balance Arm

Scale Pan

Straw

(3) Scale

c. Notes

through the hole.

Take the straw (D) and sel ect
a short bolt (E) which fits
tightly into the end of the
straw. Screw the bolt partway
into the straw. Cut the free
end of the straw with a pair
of scissors to make an
appropriate scale pan in the
bal ance arm  Pierce the straw
near to the top surface, and
sufficiently close to one end,
with the needle (F) so that the
latter will serve as a pivot.
Bal ance the straw on the
support. Afewtrials will

be necessary to obtain a
suitable position for the
needl e. )

Nai | the wood strip (Q verti-
cally on to the end of the
base (A), and attach the piece
of white paper (H to the
front surface wth rubber bands

(1).

(i) The position of the pivot and screw shoul d be adj usted so that the straw
points toward the top of the scale. Assunming the weight of alarge sheet of paper

(or several sheets together) can be determ ned, calibration may be ef fected by

placing a fraction of a sheet of paper (e.g.

lsquare cmor |ess) on the soda straw

scal e pan, and noting the depression of the strawon the scale. This balance is

sufficiently sensitive to determine the mass of extremely snall bodies such as

mosqui t oes, strands of hair etc.
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C. FUNCTI ONAL BALANCES

-
\
(3) Balance Arm /"
\ >

C. Equal Arm Bal ance©

(2) Support

\
r—'\

0 (4) Scale Pan
a. Materials Required
Conponent s Qu Jtems Required D mensi ons
(1) Base 1 Sof t wood (A) 38 cmx 9 cmx 2 cm
4 Bolts (B 0.2 cmdiameter,
3 cmlong
8 Nuts (O 0.2 cminternal
di anet er
(2) Support 1 Screw (D 3 cmlong
1 Wod (B 155 cmx 3 cmx 2 cm
| Razor Bl ade (F) T
(Doubl e Edge)
© From ReginaFhelton, Elenentary, Econonic Experinments in Physics, Apparatus Guide,

(London:  Center for Educational Devel opment Overseas, 1972), pp 5-8.



(3) Balance Arm 1

(4) Scale Pans 2

b. Construction

(1) Base
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Wod (G
| Needl e (H

1 Al uni numSheet (1)
1 Al uni num Sheet (J)

Al um num Wres (K)
2 Al umi numSheets (L)

1 Wi t e Paper (M

— 10 —f
2

Nut (c)

o]

| o
l

Hol e

Center

Base (A)

Level lina

/ Bolt (B)
N\

1.0——

N
N

(2) Support

\Nut (©
Si de View

38 cmx 2 cmx 0.5 cm

0.1 cmdianeter, 5 cm

| ong

19cmx 0.5 cmx 0.5 cm
4 cmx 1.5cmx 0.05 cm
50 cmlong, 0.3 cm

di anet er

13.5 cmx 13.5 cm
x 0.02 cm

4 cmx 2 cm

Make the base out of softwood
(A). Drill four holes (diameter
0.3 cm
four levelling bolts (B).

in the base to take the

Inset the nuts (Q into the
base above and bel ow the hol es
by hamering the nuts into the
wood surface. They may be
fixed permanently in position

W th epoxy resin.

Two nuts (C) on each bolt (B)
prevent the latter from wobbling,
and permt
of the bolt.

easy hand adj ust nent

Bore an additional hole (approx-
imately 0.2 cmdianmeter) at the
center of the base to facilitate

the attachment of the support.

Cut the support to the shape
shown from a piece of wod (E)
and cut slots approximtely 1cm
deep in the top surface with a
saw. Attach the support to the
base with the screw (D

inserted through the hole in
the center of the base, making
a strong junction with the help
Then,

of wood cenent. cut the
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L

:::==~ Slits

N o
N
)

Razor
=~~~ Bl ades

TN

(3) Balance Arm

Pivot
Hole

Notches

0.5

‘\‘\\ Pivot

Needle (H)

razor blade (F) in half, and,
after smearing the cutting

edges with epoxy resin, insert

the cutting edges of the blades
as deep as possible into the
slits. The less the bl ades
protrude above the wood the

less the strain that is possible
on the projecting bl ades.

Make t he bal ance armout of

sof twood (G, cutting a notch
(0.5 cmwide, 1.0 cm deep) at
3 distance of 1.5 cm fromeach
end of the arm

Drill a hole (0.1 cm dianeter)
horizontally through the mddle
of the armat a distance of

0.5 cmfromthe top of the arm
Drive the steel needle (H)
through the hole to serve as

a pivot, and glue it permanently
in position with epoxy resin
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Count er bal ance

Counterbalance (J)

- Pointer (1)

(4 Scal e Pans

7(
4
}.\

The needl e nust be sufficiently
strong not to bend, even under
heavy | oads.

Take the sheet of alunminum (1)
and bend it into the shape of
a pointer as illustrated.

Then attach the pointer to the

m ddl e of the bal ance arm

Compl ete the balance arm by
making a small counterbal ance
fromthe sheet of alumnum (J),
bending it to the shape
indicated. Sit the counter-
bal ance on the bal ance arm

Take the length of alunmi num or
gal vani zed wire (K) and bend

it into a support for the scale
pan. Make an identical support
in the sane way, and suspend
both supports from the notches
in the balance arm
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= |

——n —

Scale Pan
Support Scale Pan

N 7F

Cross Section

Make t he scal e pan fromthe sheet
of alumnum (L). Cut squares

(3 cmx 3 cnm fromthe sheet
corners to nmake four projections
on the sheet, and cut a slit

in one of the projections as
indicated. Fold the projections
along the dotted lines converting
the al um numsheet into a scal e
pan with sides. Sit the scale
pan on the framework of one of
the support wires. Mike a
second scale pan in an identical

manner .

Make a smal | scale froma piece

of white paper(M) by marking.
regul ar divisions (0.3 cm apart
approxi mately) on the paper.

Gue the scale tothe support
just behind the pbinter so that
when t he bal ance armis

perfectly horizontal the pointer
will be at the middle of the

scal e.
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c. hates

(i) The following tabl e gi ves approxi mate val ues for the sensitivity of such a
bal ance under varying loads. Sensitivity is neasured as the number of nmilligrans
required to cause the pointer to nmove one millineter under the given |oad.

Load in Each Pan Sensitivity
25 ¢ 25 g/ mm
50 ¢ 25 mg/ mm
100 ¢ 65 nmg/ mm
250 ¢ 200 mg/ mm
500 ¢ 335 mg/ mm
(ii) As seen in the illustration, the shape of the razor blade edge allows three

different points to be used
as fulcrums for the pivot
needle. Sensitivity is found
to be essentially the sane at

all three points for al
wei ght's

(iii) The centering point of the pointer is very stable under varying weight [|oads
However, if the weights are shifted drastically in position in the pans (that is, off
center) then shifts in the pointer position of up to 2 nmmay be noted



C2. Box of Masses©
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O OO D
O O o

S

™~

(2) Mass

a. Materials Required

b.

Conponent s
(1) Masses

(2) Box

Construction

(1) Masses

~

«—_UuUp

N

(1)

Qu Itens Required

1-3 Lead (A) (sheeting,
9 Eye Screws (B)

I Wod (Q

Screw

Di mensi ons

etc.) 2 kg approximtely

17 cmx 8 cmx 5 cm

Take a box of wet sand, and use
wooden dowel s, or sone such
simlar material, to make
cylindrical molds in the sand
according to the dinensions

gi ven below. Heat up some |ead
(A) in a can, and when it is
nolten pour it into the nolds.
Allowthe lead to solidify and
cool. Then screw into the top
of each lead cylinder a cup
screw (B) to serve as a handle.

The | ead cylinders may then be
filed down until each is the
desired mass. The nunber of
masses required, and the

© From Reginald F. Melton, Elementary, Econonic Experinents in Physics, Apparatus Guide,
Center for Educational Deveiopment Overseas, 1972) pp 9.10.

(Condon:




(2) Box

31 -

wl—\,Q

—

approxi mat e si ze of each nol d,
is indicated bel ow.

i ght Di amet er Dept h
500 ¢ 3.8 cm 4.0 cm
200 2.4 4.0
100 2.4 2.0

50 2.4 1.0
20 1.2 2.0
10 1.2 1.0

Take the bl ock of wood (C) and
drill holes, the sane size as
t he above nol ds, into the top
surface. These will serve as
suitabl e mass hol ders.
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C3. Single Pan Bal ance

(4) Scale Pan

(3) Balance Arm

«————(5) Count er bal ance

‘\\\\ (1) Base

(2) Support

a. Material s Required

Conponent s Qu ltems Required Di nensi ons
(1) Base 1 Equal Arm Bal ance Base (A) I/ d Conponent (1)
(2) Support 1 Equal Arm Bal ance I/ Cl Component (2)
Support (B)
(3) Balance Arm 1 Soft Wood (C) 42 cmx 2 cmx 0.5 cm
1 Needl e (D) 5 c¢mlong
1 Al um num Sheet (E) 19 cmx 0.5 cmx 0.05 cm
(4) Scale Pan l Equal Arm Bal ance Scale Pan |/ Conponent (4)
(5) Count er bal ances - Washers (F) Approximately 70 g total

Washers (G Approximately 12 g total
2 Paper Cips (H -

b. Construction
(1) Base Make the base (Conponent 1) of
the Equal ArmBal ance (1/Q)
and use it as the base (A) of




(2) Support

(3) Balance Arm

2
Hole

. Needl e (D)

\ HA
P = Z

0.5 I;l-—s.s—ﬁ

0.5

S

(3) Scale Pan

(4) Counterbal ance

of this item

Make t he support (Conponent 2)

of the Equal Arm Balance (1/Q)
and use it as the support (B)
of this item

Make t he bal ance armfromthe
soft wood (C). Drive the needle
(D) horizontally throughthe
arm9 cmfromone end and 0.5 cm
fromthe top surface. Cut a
notch (0.5 cmwi de, 1.0 cmdeep)
inthe top of the armand drill
a snall hole (0.2 cm dianeter)
through the corner of the wood.

Take a sheet of alum num (E)
and bend it into the shape of

a pointer as illustrated. Then
attach the pointer to the arm
just above the pivot.

Sit the balance armon top of
the support so that the needle
serves as a pivot.

Make the scale pan (Conponent 4)
of the Equal ArmBal ance (I/d),
and suspend it fromthe notch

in the balance arm

Ifit is desired to use the
bal ance to weigh the masses up
to 300 g, a standard 300 g
mass shoul d be placed in the
scal e pan and washers (F) shoul d
be suspended from a paper clip
(H to make counterbal ance (I).
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X Y Scal e z
| } S N
1 1 ] I 1 T —F + 4‘
[ii == Paper Clip (H) Washers (G)
? < Washers (F)
= |
=
—] ;1 | §  §
Count er - Count er -
bal ance || balance |
Si de View

The latter shoul d be such that
when it is suspended fromthe
end of the bal ance arm(position
Z) it will just balance the

300 g mass. (In this particular
instance two washers wei ghing
atotal of 70 g were found to

be ideal.)

The count er bal ance shoul d t hen

be noved to a suitable zero
position (Y) on the arm The
bal ance arm will not remain
hori zontal. Therefore make a
second count er bal ance |l from
the smal |l washers (G such that
when these are suspendedfrom
the end of the arm (position X)
they will just balance the arm
in a horizontal position with
counterbal ance lin the zero
position (Y). (Inthisinstance
washerswei ghing a total of 12 g
made a sui t abl e counter -

bal ance II).

You are now ready to calibrate
the scale. Stick a piece of

paper to the balance armwth
adhesive tape to facilitate

the marking of the scale. Then
place standard masses (50, 100,
150, 200, 250, 300 g) in the
scal e pan, and in each instance
determ ne the position of the
count er bal ance (l) whi ch bal ances
thearm A uniform scale should
be created, and this my be
subdi vi ded as desired.
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c. Notes
(i) Alternative scal es nay be produced in an identical manner sinply by altering
t he magni t ude of counterbal ance | (leaving the mass of counterbal ance Il the sane
as before). For exanple using only one washer (35 g) for counterbalance | a scale
from0O to 140 g was created on the same bal ance.
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C4. Spring Balance

a. Materials Required

Components
(1) Spring

(2) Inner Tube

(3) Outer Tube

b. Construction
(1) Spring

@© From Reginald F. Melton, Elementar
Center for Educati

(London:

- o
=

—
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(3) outer Tube

Items Required
Roll of Steel Wire (A)

Ro1l of Steel Wire (B)

Hollow Aluminum Tube (C)
Wood Stoppers (D)

Cup Screw (E)
Hollow Aluminum Tube (F)

Wood Stopper (G)

Cup Screws (H)

(2) Inner Tube

Dimensions

#26 gauge (for
10 Newton Balance)

#30 gauge (for

1 Newton Balance)

21 cm long, internal
diameter 1 cm

1 cm diameter, 2 cm
long

27 cm long, internatl
diameter 1.3 cm

1.3 cm diameter, 2 cm
long

The most important factor in
winding a spring is to keep
the wire taut at all times,
and for this the help of a

»_Economic Experiments in Physics, Apparatus Guide,

onal Deveiopmenf Overseas, 1972), pp 3i-33.




Free Moving
Nail
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Fi xed Nai |

Pliers

brace and two nails (10 cml ong
0.7 cmdianeter) is invaluable.
Drill a horizontal hol e about

3 cmdeep in the bench for the
free noving nail, and about

20 cmto the right of this drive
in a second (fixed) nail. danp
one end of the wire (A/B) al ong
with the head of the free nail
in the jaws of the brace, and
get your partner to hold the
other end of the wire in the
jaws of a pair of pliers,
keeping the wire taut with the
assistance of the fixed nail.
Turn the brace, winding the wire
firmy around the free nail,
The spring nay be cl ose wound
(each turn touching the next)
or open wound (each turn
separated fromthe next by a
fixed distance). Al though

the wire is wound on a nai

of diameter 0.7 cm on release
fromtensionit will tendto
expand to about 1 cm dianeter.

If a Newton bal ance is to be
made take the #26 gauge steel
wire (A (diameter 0.07 cm
and open wind it (0.1 cm

bet ween each turn) into a spring
approximately 8 cmlong and
0.9 cmin diameter.

Make a | oop on one end of the
spring (using dog nosed pliers)
and a straight piece on the

ot her end.
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(2) Inner Tube Make two stoppers out of the
wood (D). Fix a cup screw (E)
into one of the stoppers and

’ glue it pernmanently into one
end of the alunmi num tube (C).
Spring (A/B) Drill a small central hole

\ Stopper (D) through the other stopper (D)

I nner Tube (C) and insert the straight end

of the spring, bending the

end over to hold it in position.

d ue the stopper into the other

Stopper (D

Cup Screw (B
Cross Section View

end of the tube.

(3) Quter Tube Make a wooden stopper (G to
fit one end of the hollow
alum numtube (F). Fix cup
screws (H) in either end of

St opper (G
the stopper, and attach the

: L top of the spring to one of the
]‘ cup screws,

Now t ake the conbination of
stopper, spring and inner tube,

| nner Spring
Tube (O Cup Screws (H) and lower it into the outer
Det ai | tube (F) until the stopper
| odges in the top of the tube.
Que the stopper firmy into
t he tube.
C.Not es

(i) To calibrate the 10 Newton spring, hold the bal ance vertically, and nark the
i nner tube opposite the | ower end of the external tube (10 Newtons). Suspend
1,020 g fromthe spring and once agai n mark the i nner tube opposite the | ower end
of the external tube. Then subdivide the distance between the two marks into 100
equal divisions, thus permitting the balance toread from0.0 to 10.0 Newtons with

an accuracy of 0.1 New ons.
(ii) To calibrate the 1 Newton spring sinply suspend a mass of 102 g fromthe

bal ance and repeat the above process, calibrating the inner tube from0.00 to 1.00
Newt ons with an accuracy of 0.01 Newtons.

(iii) Spring bal ances are very easily damaged by over extension of the spring. It
is therefore useful to make some sinple device to prevent over stressing the spring.
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One such nethod is to tie a piece of magnet wire (dianeter 0.05 cn) around
the i nner cylinder, just above the final narking on the scal e, If thel ower
perineter of the outer tube is then tapped gently all around it, the nagnet wire

wi || be unabl e to nove beyond this point, thus preventing over extension of the

spring.
QL e o] O T e
/ Magnet Wire
Qut er Tube

Tapped Slightly In

Cross Section
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I 1. TIMNG DEVICES

Ti mi ng devi ces have been divided into three groups according to the length of time
i nterval s they woul d nost conveni ently measure. Thi s categorizationis somewhat arbi-
trary, and it follows that sone devices coul d, under certain circunstances, exist in
nor e t han one cat egory. The categories are defined as fol | ows:

A. LONG I NTERVAL Tl MERS

The intervals to be neasured may range froma day (nonth, year) down to an hour or

m nut e.

B. MEDI UMI NTERVAL TI MERS

The interval®to b neasured would range fromm nutes to seconds.

C. SHORT | NTERVAL TI MERS

The interval s to be neasured are subdivi sions of a second.
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A, LONG | NTERVAL TI MERS

Al . Sun D al

(2) Gnomon —— 5

True North

/>
/ t/ \)/ ~———— (1) Base

—
Y

e

a. Materials Required

Conponent s Qu |tensRequired Di nensi ons
(1) Base 1 Wod (A) 16 cmx 16 cmx 2 cm

(2) Gnonon 1 Met al Sheet (B) 10 cmx 8 cmx 0.1 cm

b. Construction
(1) Base

Cut the base fromthe wood (A).
Use a felt pen to nark off the

% surface of the base into four
Z equal portions. Draw a circle
4 (dianeter 7 cm) on the base
é wWithits center at the niddle
é of the base.

74

Ghonon
Posi tion
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(2) Gnomon Make the gnomon from the netal
shee (B). Bend the end of the
sheet at right angles to the
sheet so as to forma base

piece 1 cmwde. Drill two

Qut Avay screw holes in the base piece.
Portion Note the | atitude of your | ocal -
ity (e.g., 39°in Washington,
D.C.) and mark aout right-
angled triangle on the vertical
) portion of-the netal sheet such
.~ Latitude Angle . ]
- that the sloping side of the

triangle is inclined to its

base at an angle equal to the
Screw Holes | atitude angle. Cut off the

Base Piece sheet above the sloping side.
You now have a netal gnonon.
Attach the gnonon to the base

with screws.

C. Notes

(i) The base of the apparatus shoul d be placed on a horizontal surface with the
pl ane of the gnonon in a true North-South plane,thus making the sl oping side of
the gnonon parallel to the Earth's axis. Calibrate the sun dial against a clock,
marking in the positions of the shadowwi th a felt pen or paint.

()i At the North and South Pol es the shadow withl nove throug 15° every hour.
El sewhere the angle rotated per hour wiln be greater tha 15°in the early norning
and | ate evening, andhless tha 15°towards mi dday.

(iii) Since the rotation of the Earth is not exactly 24 hours, the sun will not
appear to be due North (or South, as the case may be) at noon, G eenwi ch Mean Ti ne.
Each month it will therefore be noted that the sun dial deviates further and
further from the conventional time. From5 to 30 minutes deviation will be noted
over a period of one nonth, depending on the season.

(iv) The apparent motion of the sun nay be used in even sinpler (but cruder)
ways to record the passage of time. It is thus possible to note the notion of a
spot of sunlight due to a ray of |ight passing through a hole in a roof, or due to
a ray of light reflected froma nmirror placed by a w ndow. The distance moved by
the sunspot in successive intervals of time on the same day will be noted to be
surprisingly regular. (See sketches on next page.)



Sunspot

Shadow of
Roof
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Sunspot

Mrror




A2. Water O ock

(4) Pointer System

AN
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(5) Scale 3 min

\\

@% |

N\

(2) Lower
Reservoir

\ (1) Upper

Reservoir

(3) Platform

a. Material s Required

Conponent s
(1) Upper Reservoir

(2) Lower Reservoir

(3) Platform

(4) Pointer System

Itens Required

Can (A
Can (B)

Pl ywod (O
Wod (D)

Woden Dowé (E)
Wood Strip (F)
Nai | (G

Washers (H)
Wod (1)
Strign (J)
Eye Screw (K)

D nensi ons

1 liter capacity

1 liter capacity
50 cmx 15 cmx 1.0
cm

20 cmx 3 cmx 3 cm
Bcmlong, 2.5 cm
di anet er

35cmx 0.6 cmx 0.4
cm

0.2 cm di aneter,
4 cmlong

4cmx4dcmx| cm
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(5) Scale 1 Pl ywod (L)
1 Wod (M
1 White Paper (N)

b. Construction

(1) Upper Reservoir

(2) Lower Reservoir

(3) Platform

Hole Plywod (0

Legs (D

40 ecm x 30 cm x 0.5 cm
30cmx3 cmx3an
30 cm x 40 cm

Take th tincan (A and drill
asnmall hole (0.1 cmdianeter
for exanple) in the mddle of
t he base.

The bi gger the can, and the
smal l er the hole, the greater
will be the period of tine for
whi ch the clock will run. This
may be checked now by filling
the can with water, and noting
the time for it to drain.

If youw sh to neasure smal |
intervals of time, you may

i ncrease t he nunber of hol es
in the base of the can.

Use can (B) which shoul d be of
the sane size as, or larger
than, the can used for the
upper reservoir.

Take pl ywood (C) to make the

pl atform bal ancing this onthe
three keg (D which should be
sufficiently long to permt the
| ower reservoir to be noved under
the platform without difficulty.
Drill a hole (1 cmdianeter) in
one end of the platform Place
t he upper reservoir over the
hole in the platformand t he

| ower reservoir underneathit so
that water can run fromthe

upper to lower reservoir.



(4) Pointer System

Upper
Notch
Hole — |
8 1
(]Ef% ; TN

N~ e
0.8 7\COunterbaﬂance-fP1vot Hole

Hole

Pointer (F)

~

Washers (H)

X—_ Nail (G)

—— —— Support (E)

«—— Can (A) Wl

@e— Count er bal amc ()

Make a support froma wooden
dowe (E) as indicated. Cut a

| ower notch in the support to
enable it to sit on the side of
the upper reservoir (A). Make
an upper notch to pernit the
full novenent of the pointer (E)
to be attached. Drill a hole
(0.2 cm dianeter) horizontally
through the upper part of the
support to permit passage of
the nai (G to serve as the
pivot for the lever

Make the pointer froma strip

= of wood, (F). Drill a small

hole (0.3 cmdi ameter) at one

end of the pointer to take the
string (J) from the counter-

bal ance, and 8 cm away fromthis
hole drill a second hole (0.3 cm
diameter), close to the top
surface of the pointer, through
which the nail (G is to be put

as a pivot.

Bal ance t he poi nter on the newy
made support by inserting the

nail (G through the appropriate
holes in the support and pointer.
Washers (H shoul d be pl aced
either side of the pointer to
serve as spacers. These prevent
unwant ed noti on of the pointer

on the pivot. The pivot may be
fixed permanently in positionin
the support with thehel pof
epoxy resin, since the pointer

can nove about the fixed axle on
its own pivot hole
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Take the small block of wood (1),
and attach it to the pointer by
neans of thegtrin (J) and a
screw (K) attached to the top of
t he bl ock.

(5) Scale Attach a sheet of dl ywoo (L)
to the block af woo (M
intended to hold the plywod in
a vertical position. Sit the
new y nade scal e on the platform
just behind the end of the
pointer, sufficiently close to
«— | — Pl ywood (L) avoi d parallax problens in
recordi ng the novenent of the
pointer. Screw the base bl ock
(M of the scale onto the plat-
Base Bl ock (M form Use a white sheet of
paper (N) attached to the sur-
face of the plywood with

t hunbtacks to actually record a
/ time scale.

Adjust the length of string (J)
on t he counterbal ance so that

when the upper reservoir is
full of water the pointer wll
be set towards the bottom edge
of the scale.

C. Not es

(i) The counterbal ance shoul d be wet all over prior to use so that it does not
tend to sink deeper into the water as it is used.

(ii) The water clock may be calibrated agai nst a watch. The scal e produced wil |
not be linear since the water pressure over the hole in the base of the upper
reservoir decreases as the water |evel drops. The initial rate of fall of water
level is therefore greater than the final rate.

(iii) The clock will be found to be surprisingly reliable, observations being
quite repeatable.



S
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(iv) Using an upper reservoir of 1.3 liters, a depth of 19 cmand a base hole
0.15 cmdianmeter, a five-mnute scal e was very conveniently created. Wen the
nunber of holes in the base was doubl ed the pointer traversed the scale in half
the tine (2 @in 3 sec),and when the nunber of holes was increased to three the
pointer traversed the scale in one third of the original time (i.e., in1mnmn 40
sec).
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B. MEDI UMI NTERVAL Tl MERS

Bl . Pul se

O
D)
~ (1) Pul se

a. Material s Required

Conponent s Qi Itens Required Di nensi ons

(1) Pulses - o - -
b. Construction

(1) Pulse Place two fingers fromthe left

hand over the pulse on the right
wist. The pulse beat can
easily be detected.
C. Not es
(i) The pul se beat may be cal i brated agai nst that of other individuals and
agai nst other tining devices. Under normal conditions it remins surprisingly

constant, but its rate varies according to the degree of exertion to which the
individual is currently subjected.

(ii) It is useful to note that if the pulse in the neck, just below the angle
of thejaw, is nonitored with one hand, the other hand is left free for other
functions.



B2. Si npl e Pendul um
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L1

a. Materials Required

Conponent s
(1) String

(2) Mass
(3) Support

b. Construction
(1) String

(2) Mass

(3) Support

/

v (2—; Mass

Qi lItens Required

1
1

10
2

String (A
Paper dip (B)

Washers (Q

Nai & (D)

> (3) Support

(1) String

Di nensi ons

1 nmeter long

3 cmlong

Take the length of string (A,
and attach a hook [ made fromthe
paper clip (B)] to one end.

Suspend waster (C fromthe
hook to serve as a vari abl e

mass.

Drive two nails (D) into the side
of atable, or intoawall, so
that the nails are at the sane

hei ght above the ground. Wap
the desired I ength of string

two or three tines around one

nail, and fasten the spare

l ength of string to the other

nail. This should insure that
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the stringis pivotedrigidly
at the first nail.

C. Not es

(i) If the length of the pendulum fromthe support to the center of gravity of
of the mass, is adjustedt 25 cm(or nore accurately to 24.8 cm the pendul um
will oscillate with a period of one second.



B3. O assroom O ock *

(1) Pendulum —mm8 ———»

Rod

B U N

a. Materials Required

Conponent s
(1) Pendul um Rod

(2) Mass
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Qu Itenms Required
1 Broom Handl e (A)

1 Metal Tube (B)

1 Nai | (C)
2 wod (D)
2 wod (E)
1 Wod (F)
1 Nai | (G)

Bricks, Rocks, etc. (H)

3) Support

Di nensi ons

120 cmlong, 2.5 cm
di anet er

2.5 cmlong, 1 cm
external dianeter;
approximately 0.7 cm
internal dianeter

15 cmlong, 0.5 cm

di anet er

2 cnmx 6 cmx 0.5 cm
30 cmx 6 cmx 0.5 ¢cm
31 emx 22 cmx 0.5 cm

10 cm long, 0.5 cm
di aret er

*Adapted from Nuffield Foundation, _Quide to Experiments |, Physics, (London:
Longmans/Penguin, 1967), pp 79431.
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(3) Support 2 Tables (1) -
2 Stod (J) -

b. Construction

(1) Pendul um Rod Make t he pendul umrod out of
the broomhandle (A). Drill
six holes (0.6 cmdianeter) in

one end of the rod at 4 cm

I '\I/ 115

intervals. Drill another hole
(1 cmdianeter) 1.5 cmfromthe
other end of the rod. Line this
with a short length of netal
tubing (B) to reduce friction

at the pivot, and insert along
nail (C) through the tube.

Construct a wooden tray to hold
the masses. Use one peec (F)
for the base. Nail the four

ot her pieces (D E) to the base
as shown. Drill a hole (2.7 cm
di aneter) in the mddle of the
tray base (F), and slide the
tray onto the pendul umrod by
way of this hole. Insert the
strong nail (G through one of

the six holes in the end of the
rod to hold the tray in posi-
tion. The bricks orsrock (H
may be placed n the tray tO0

serve as appropriate masses.
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Place two tables (1) fairly
and sit the

(3) Support
cl ose toget her,
stools (J) on top of both

(J) tables, sufficiently close to

one anot her so that the pendul um

St odd
may be supported by neans of its

pivot nail resting between the
tops of the stools. The nail
(G nust be held firmy in
position on top of the stools
hand, clanps, or any device

which will hold it firnmy.

[ Y

———— Tables (1)

C. Notes
(i) Wth the length (L) of the pendulumfrompivot to tray bottomfixed at

103.5 cmthe period (T) of the pendulum was noted to be two seconds.

Mass = 7,000g
L T
(cm (sec)
97.0 1.94
101.0 l.98
105.0 2.02
109.0 2.05
113.0 2.09
117.0 2.12

(ii) Theinitial displacenment of the pendul ummass has negligible effect onthe
Keepi ng the |l ength of the pendul umfixed at 105 cmand t he mass const ant
(T) and initial

period.

at 7,000 g the following correlation of peria di spt acenen (D)

was recorded.

D T
(cm) (sec)
5 1.99
10 2.01
15 2.00
20 2.00
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(iii) The period of the swingis virtually unaffected by variation of the mass.
Hence, keeping the pendul umlength constant at 105 cm the mass (M in the pendul um
tray was vari ed by increasing the nunber of bricks. The fol | owi ng observations of
the period (T) were recorded.

M T
(g) (sec)
1500 2,00
3250 2.00
5000 2,00
7000 2.01

(iv) The major effect of increasing the mass (M of the bricks carried by the
pendul umis to reduce the danping effect on the oscillations. Wth the | ength of
the pendulumfixed at 105 cm the pendul umnass was di spl aced a fixed di stance
(10 cm) and t he nunber of oscillations (N) recorded as the displacenent fell from
10to 5cm The following results were obtained

M N
(g) Damping Effect
0 51.0 High
1500 95.5 Moderate
3250 97.8 Moderate
5000 28.2 Moderate
7000 131,56 Low

(v)fl this timng deviceis to be used by alarge class, it mght be useful to
modify it slightly to make the counting of oscillations possible w thout continuous
visual observation. It is suggested that a metal container night be attached to
the top of the pendulumrod, and a 2.5 cmbal | bearing allowed to roll freely in
the container, sothat aclick will occur twice per oscillation as the ball bearing
hits the ends of the can.

Can-————e>/

Ball Bearing
(inside can)
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C.__ SHOR TINTERVAL TI MERS

©
Cl. Ticker Tape Ti ner
(1) Vibrator
Uni t
(2) Vvertical /
Support /

/ oy

(3)Base / D \

(4) Platform

a. Materials Required

Conponent s Q Itens Required Di nensi ons
(1) Vibrator 1 Househol d El ectric Bell
(2) Vertical 1 Wod (B) 7cmx5cmx2cm
(3) Base 1 Wod (C 16cmx6cmx2cm
2 Screw (D) 3 cmlong
(4) Platform 1 Wood (E) 6cmx5cmx2cm
2 Al um num Shest  (F) 6 cx 5cmx 0.05 cm
1 Car bon Pape (0 4cmx4cm
5 Thunbt acls (H -

© From Regi nalE Melton, El ementary, Economi ¢ Experinents in Physics, Apparatus
@uide,n d o n: Center for Educational Devel opnent Overseas 1972), pp 12-14.
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b. Construction
(1) Vibrator Unit

Base of Electric Bell

e

s AN

\
\ \Bell

Vibrator Unit

(2) Vertical Support

(3) Base
Hol es for Screws
! & 'K 1
; © o4
R /‘ _____ ; .
- - I Cent er
{ Li ne
1
I
LN\
Space for Space for
Vertical Support Pl atform

Top View
of Base (C)

Take t he househol d el ectric bell
(A), and renove the vi brator

(The bell
this instance was designed to

unit. utilized in

operate normally at 10 volts.)

Use the piece of wood (B) to
serve as the vertical support,
and attach the vibrator unit to

it with screws.

Use the wood @iec (Q as the

base. Place the vertical
support on the base in such a
position that the vibrator arm
will be parallel to, and
directly above, the line bi-
secting the length of the base.
Mark in the position of the
and then drill

appropriate holes in the base so

support, t wo

as to facilitate the attachnent
of the support with the screws

(D).
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(4) Platform
Gui des

Ticker Tape

— _
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(H
Carbon Paper (G

——— Wood (E)

Zr~— 2

Aluminum (F)

Vibrator Arm

—

Si de View

Attach the al um num si depi eces
(F) to wood (E) with nails to
makea platform Then with the
platformin position on the
base, bend the sidepieces at the
bottom to hold the platform
firmy in contact with the base.
(A loosely fitting platform

will result in a poor track
bei ng recorded on the ticker

tape.)

Cut a circular disc out of the
carbon paper (G
it may pivot
freely about a thimbtac (H in
the center of the platform

Pin four more thunstack (H in
the platformto serve as guides

and pierce the
center so that

for the ticker tape, which mnust
pass under the carbon disc.
There must be negligible
friction between the guides and

ticker tape.

Bend the vibrator arm downwards
so thateth
0.3 or 0.4 cmof the platform

endpieceis within

sur f ace.

C. Notes

(i) Two dry cells in series will generally operate the tiner, even though the
bell is designed for operation on a 10 volt supply.

()i Ifticker tape is difficult to obtain, cashiers' paper rolls (for cash
registers) are generally available, and may be cut into strips of suitable w dth,

so long as care is taken to obtain smoth straight edges.
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(i)i Ifthe ticker tape fromthe vibrating tiner is attached to a moving obj ect,
the motion of the object will be recorded on the ticker tape. It is thus possible

to determine the di stance noved by t he object during specific tineintervals. This
is the basis of a wide range of experiments to determine the relationship between
force and notion.
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[11. CARTS

A FORCE AND MOTI ON CARTS

The carts described inthis section are presented in increasing order of
sophi stication, ranging fromthe sinplest cart which can only be used for qualitative
observation to the nore sophisticated carts which can be used for quantitative
experinmentation of the relationship between force, nass and accel eration.
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A FORCE AND MOTI ON CARTS

Al . Elementary Cart *

(4) Spring

(Removable) —
) Bal | oon Support

( Renovabl e)
% (2) Vheel
o (1) Body
a. MaterialsRequired
Conponent s Qu ltems Required Di mensi ons
(1) Body 1 Cardboard Sheet (A) 15 cmx 14 cm
(2) Weels 2 Woden Spool s (B) Di aneter of spool ends
approxi mately 4 cm
2 Coat Hanger Wre (Q 8cmlong, 0.2 cm
di amet er
1 Drinking Straw (D) --
(3) Bal | oon Support 1 Car dboard Sheet (E) 4 cmx 7 cm
1 Bal | oon (F) T
(4) Spring 1 Packi ng Case Band (G 11 cm | ong, approxi-
mately 1.2 cm wi de
1 Washer (H Approximately 17 g

*Adapted fromN ck Oddo and Edward Carini, ExploringMtion, An Exploring Science
Book, (USA: Holt, Rinehart and Wnston Inc., 1964), pp 24-27.
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b. Construction

(1) Body

——
N-I-:n'-‘*

k2 13 2

Cardboard (A)

(2) Weels

Straw (D)
Cart Body

—

7

Car t Body Straw (D)

Cross Section

Draw dotted | i nes on the piece

of sturdy cardboard (A) and

make four slits and four axle
holes as illustrated inthe
diagram Fold the cardboard
along the dotted lines to nake

a box, fastening the free sides
toget her with the hel p of

adhesi ve tape.

Cut four equal sections (each
lcmlong) froma standard
drinking straw (D). Place each
section into an axle hole in
the body of the cart, and glue
firmy in position. The straw
sections act as bearings for

the axles as well as spacers
between the wheel s and the body
of the cart.
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Spool (8)

Wheel

New /\ |
— Wood Putty i

=) y in

Hole b @ 4 Original Hole

\Weel

Axle (C)

«—— Cart Body

Straw (D)

+—— Wheel

Cut the four wheels fromthe
ends of the two wooden spool s
(B). Fill the spool holes (0.5
cmdiameter) with wood putty
and allow the putty to dry hard.

Cut two lengths of wire (Q
from wire coat hangers to serve
as axles for the cart.

Dri1l holes, slightly less ‘than
0.2 cm in diameter, through

the exact center of each wheel,
and put alittle epoxy resinin
the hol es.

Tap the end of one axle into one
of these hol es, checking care-
fully toinsure that the axle

is at right angles (90") to the
wheel , thus avoi di ng subsequent
wheel wobbl e.

Insert the axl e through t he body
of the cart, and attach a second
wheel by the sane process. Re-
peat the procedure with the
remai ning two wheels and axle,
thus providing the cart with
front and rear wheels.



(3) Bal | oon Support

L
[ 4

2.5

|

Car dboard (B

(4) Spring

7\

2

K 100

8 -Spring

VWasher (H)

=1/

-—
o
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Cut the strong cardboard (E to
a "T' shape as shown. Make a
hol e (diameter 1 cn) in the
center of the top portion.

I nsert the support through the
pair of slits closest to the
end of the cart body. Use a
rubber bal l oon (F) to provide
acceleration for the cart [see
Note (i)].

Cut the packing case band (G

as indicated to make the spring.
To facilitate the throw ng of

the washers (H by the spring,
bend the top end of the packing
case band at an angle. Insert
the spring through the remain-
ing slits in the cart.
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c. Not es

(i) Spherical balloons, as opposed to sausage-shaped ones, may be held in the

bal | oon support (so long as the spring is renoved), and are capabl e of accel erating

Good
Position

Bad _
Position

the cart by the expul sion of
air. The cart will be acceler-
ated nost efficiently if the
open end of the balloon is held
insuch away as to prevent it
flopping fromside to sidewith
resul tant di ssipation of energy
in all directions.

Not only does the cart notion
illustrate action and reaction,
but it also denpnstrates

accel erated notion due to a force. Once the balloonis defl ated t he accel erati on

ceases and the cart decelerates to a stop

(ii) Take a length of strong thread (say 15 cmlong), and tie the top end of the
spring to the end of the cart in such a way that the top end of the springis

al nost horizontal. Place a washer on the top end of the spring. Ifa burning

Was her

match is applied to the thread, the spring will be rel eased and ej ect the washer

forward, while the cart will be propelled backwards, thus offering another denon-

stration of action and reaction
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©
A2. Lightwei ght Cart

(6) Wheel system

(5) Chassis

(2) spring
Devi ce
(3) Spring Rel ease

System

(4) Ticker Tape

Bracket
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Body 1 Wod (A) 15cmx 6 cmx 5 ¢cm
(2) Spring Device 1 Steel Wre (B 80 cmlong, 0.09 cm
di amet er
1 Wod Dowel (C) 10 cmlong, 1.2 cm
di anet er
1 Rubber St opper (D) Approximately 2.5 cm
diameter, and 1.5 cm
I ong
1 Screw (E) lcmlong
(3) Spring Rel ease 1 Metal Plate (F) 6 cmx 1.5 cmx 0.05
System cm

© FromReginald F. Melton, El ementary, Economic Experiments in Physics, Apparatus
Gui de, (London: Center for Educational Devel opnent Overseas, 1972), pp 39-46.
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2 Screws (G
Wod Dowel

1 Steel Wre (1)

(4) Ticker Tape 1
Bracket

Al um num Sheet

2 Bolts (K)

2 Wng Nuts (L)

(5) Chassis 2

Packing Case Steel

Bands (M

(6) Wheel System

N

2 Coat Hanger Wre (0)

[EY

b. Construction
(1) Body

58

INEEE

1.5 Hol es for
Masses

(2) Spring Device

Wooden Spools (N

Maski ng Tape (P)
Washers (Q

1.5 cmlong

3.5 cmlong, 0.8 cm
di amet er

#30, 3.5 cmlong
15 cmx 1.2 cmx 0.05
cm

0.2 cmdianeter, 2 cm
| ong

0.2 cminternal
di amet er

Approxi mately 15 cmx
1.5 cmx 0.02 cm

Approximately 4 cm
di amet er

10 cmlong, 0.2 cm
di anet er

1 cmwde

Bore a hole fromthe center of
one end of wood (A) to the
center of the other end, in
order to accommodate a spring
device. The dianeter of the
hole (1.5 cnm) should be
slightly larger than that of
the spring (1.2 cm.

Bore holes into the top surface
of the wood (A) to acconodate
si x masses (see I/Q), nanely

one 100 g mass (dianmeter 2.5 cnm,
four 200 g masses (dianeter

2.5 c¢cm and one 500 g mass
(diameter 4.0 cn). The hol es
shoul d not be so deep as to cut
into the horizontal hole for

the spring.

Wnd about 60 cm of the steel
wire (B) into an open spring
approximately 8.5 cm | ong,
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Spi ke

|

(I]}L

Rubber
St opper (D)

o

L]

Spring Loop
Wooden
Rod (C)

Screw (E)

Wi

Y

Rubber
St opper (D

Wboden
Rod (O

/ | F3.54

Spring

Cross Section
(Si de view)

1.2 cmin dianeter, and with
about 0.5 cm separation between
each turn. (A method of w nding
the spring is described under
[/ C4).

of the spring into a spike and

Strai ghten out one end

the other to a horizontal | oop.

Attach the spring of one end of
the wooden rod (C
the spike and epoxy resin.

Attach t he rubber stopper (D
to the other end of the rod.

by neans of

Bore a hole into the bottom of
the cart body so that it neets
the bore hole for the spring
3.5 cmfromthe end of the body.
Then insert the screw (B to
anchor the loop end of the
spring.

Ideally, two or three alterna-
tive springs of varying thick-
ness and | ength should be nmade
for trial purposes. The
ultimate spring selected will

be such that if two identical
carts (one carrying three times
its own weight) are placed end
to end, and the spring device
on one cart is then rel eased,
both carts will nmove apart a

sufficient distance at uniform
velocity to enable a nmeasure
of their initial separation

velocities to be recorded.
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(3) Spring Rel ease System

Metal Plate (P
) Cart Body (A)

screw (G)—+9

Hole for
Spring
Rubber
St opper (D
/ Wooden
Not ch Rod (O
Hol e for
Rel ease Rod
\\
N \
Metal \V
Plate (F)

Hole for
Spring \

Cart Body (A

Fasten the netal plate (F)
(brass, steel, etc.) onto the
front of the cart with two
screws (G so as to just overlap
the top of the hole for the
spring.

File a small notch around the
wooden rod (C) on the spring
device, close to the stopper.

It is thus possible to conpress
the spring into the hole, and
hold it in position by means

of the notch and netal plate.

Bore a vertical hole (diameter
0.5 cm into the top of the
cart, near the front end, so
that it neets the horizontal
bore hole for the spring. The
smal | wooden rod (H (rel ease
rod) inserted into this hole,
and pressed against the hori-
zontal rod of the spring device
itself, will release the spring
fromits state of conpression.
(The need to have the dianeter
of the spring bore hole slightly
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\ , W
% //////‘//

Cross Section

S

“— Wood Dowel (H)

Q_P-Steel Wre (1)
!

0.3
Rel ease Rod

-—
~ I

,.__.

(4) Ticker Tape Bracket

15

N3

—
[—

f |
f— 4.3—f—2.8p—4.3—41

Sheet Metal (J)

—r—y
-—
X

greater than that of the spring
and attached rod should now be
clear, for it is an essential
requirement if the spring is to
be rel eased).

Cut the wood dowel (H to the
dimensions illustrated. The

rod shoul d be capabl e of noving
freely in its bore hole, but at
the same time it should not be
so loose that it is easily lost.
To prevent losing it, thread a
thin piece of steel wire (I)
through the rod so that it acts
as a spring contact between the
sides of the rod and the bore
hol e.

Cut the ticker tape bracket from
the sheet of netal (J) (brass,

al um num whi ch shoul d be rea-
sonably rigid, Make slits

0.5 (0.1 cmwi de) near the end to

;ll
0 1—Ti—

0.7 take the ticker tape, and slots
(0.35 cm wide) along the bottom
to enable the bracket to be
attached to the bolts (K) at the
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Ti cker Tape Bracket

Cart Body (A)  Wng Nut (L)

Ti mer C anped To t
Edge of Table
Mut ual Repul sion

Cart \\\\

Ti mer C anped To
Edge of Plane
On Inclined Plane

(5) Chassis
Cart Body (A)
//
o [ Q € y C
St eel Band
Si de View (M

rear of the cart. Wng nuts
(L) should be used to fasten

the bracket in position.

The purpose of the bracket is
toinsure that ticker tape
attached to the cart is in
line with the guides of the
timer during any experinent,
thus reducing friction. Two
typical exanples areillustrated
when carts are nutual ly re-

pul sed fromone anot her, and
when a single cart runs down
an inclined plane.

Drill two horizontal holes (0.5
cmin diameter) through the cart
body to permt passage of the
front and rear axles. Mke
these holes 1.0 cm from each
edge of the cart body (A). Cut
the chassis from netal packing
case bands (M. Drill five

hol es along the length of the



-72-

Axl e (0)

\Wheel

Zil

(A

Cross Section

-

-

(6) Wheel System

)\ Cut Here .
j

m———

spool (N) !
Wheel
New /@:\ Wod Putty in
Hol e Original Hole

Weel

Cart

< “" Body (A)

strip, two (diameter 0.3 cn to
coincide with the centers of
the axl e holes and three to
enabl e the strip to be attached
firmy to the body with screws.

The axles of the cart will in
fact pivot in the chassis hol es
and not on the wooden hol es

Chassis (M through the cart, thus reducing

friction.

Cut the four wheels fromthe
ends of two wooden spools (N.
Fill the spool holes w th wood
putty and allowthe putty to
dry hard.

Cut two lengths of wire (0)
fromwi re coat hangers to serve
as axles for the cart. Drill

hol es, slightly less than 0.2 cm
indianeter, through the exact
center of each wheel, and put a
little epoxy resin in the holes.
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Tape (P

Axle (0)°

-Cart Body (A)

AAMRMERNAN

/Chass1s (M)

+«—-Wheel

Cross Section

Tap the end of one axle (0) into
one of these holes, checking
carefully to insure that the
axle is at right angles to the
wheel (thus avoi di ng subsequent
wheel wobbl e).

Insert the axle through the body
of the cart, and attach a second
wheel by the same process.

Repeat the procedure with the
remai ni ng two wheel s and axl e,
thus providing the cart with
front and rear wheels.

Make smal | spacers for all four
wheel s fromnaski ng tape (P), in
each case wapping it around
the axl e (nexttothe wheel)
until it produces a cylindrical
spacer 1cmlong and 0.5 cmin
di anet er .

Alittle soap applied to each
axle will serve as a | ubricant
bet ween t he axl e and chassi s
contact points.

Itis convenient to adjust the
mass of the conpleted cart to
the nearest 100 g. This may be
done by shavi ng wood off the top
or bottomsurface of the body of
the cart, or by addi ng washers
to the body of the cart. In
this casehol es were drilled in
the bottomof the cart, and
washers (Q fixed in the holes
with screws. In this way the
mass of the cart was adjusted to
400 g.
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c. Notes

(i) This cart will inevitably be affected by friction nore than a cart nade
with ball bearing wheels (I11/A3). However, a full range of force and notion
experiments may be perforned with the cart if aninclined planeis usedto com
pensate for friction affectingthe cart. Simply adj ust the inclination of the
pl ane prior to any experinent so that the cart runs down the plane wi th constant
velocity, the sl ope of the plane just conpensating for the effect of friction.
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(2) spring
Devi ce

a. Material s Required

Conponent s
(1) Body

(2) Spring Device

(3) Spring Rel ease
System

(4) Weel System

(5) Bunpers

(3) Spring Rel ease
System

Itens Required

Wod (A)
Pl ywood (B)

Wooden Dowel (Q

Rol | of Steel Wre (D
Rubber Stopper (E)

Screw (F)

Al um num Sheet (G
Bolt (H

Nuts (1)

Wooden Strip (J)

Bal | Bearing Weels (K

Wooden Dowel (L)

Nails (M

wWod (N

Di mensi ons

30 cmx 8 cmx 4 cm
30 cmx 8 cmx 0.5 cm
16 cmlong, 1.2 cm
di anet er

0.09 cmdi aret er

Approxi mately 2.5 cm
di amet er

4 cmlong, 0.2 cm
di amet er

8cmx 3 cmx 0.05cm

3 cmlong, 0.3 cm
di anet er

0.3 cminternal
di anet er

8cmx 2cmx 0.5 cm

Appr oxi mat el y
5 cmdi anet er

22 cmlong, 0.5 cm
di armet er

Approximately 2 cm |ong

12 cmx 2 cmx 2 cm
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b. Construction
(1) Body

Top (B) IIIIIIIIIIIIIIII
1.5
\ ,‘://
LN

Front

b~g & Body (A)
Rear
(2) Spring Device
Rubber ‘Wooden Screw (F)

Stopper (E) Rod (c)

Body (A)  Spring

Cross Section

Cut the body of the cart from
the pi ece of wood (A). Drill
hori zontal holes (diameter D.5
cm close to the front and rear
of the cart to hold the axles
of the wheel system

Using a saw and chisel, cut a
hori zontal slot in the top sur-
face of the cart to contain the
spring device, and a vertical
slot in the rear of the cart to
acconmodat e the rear wheel

Use the piece of plywod (B) to
make a top plate for the cart,
and nail it onto the main body.

Make the spring device accord-
ing to the instructions given
for the previous cart (I11/A2),
but according to the dinensions

i ndi cated here. The spring,

made fromthe steel wire (D),
should be 1.2 cmin diameter and
16 cmlong (excluding the

spi ke and | oop nade on the end
Nai | the rubber
stopper (E) onto the end of the

of the spring).

wooden rod (Q, and neke a notch
(0.2 cm deep) around the rod
about 0.5 cmfromthe end

Pl ace the spring device in the
appropriate slot in the cart,
and anchor it in position by
nmeans of the screw (F) inserted
through the top plate of the
cart in such a way as to pass
through the loop on the end of
the spring
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(3) Spring Rel ease System
Wooden
Nuts (1) Rod (C)
Wood (J) Bolt (H)
. Top (B)
pd
\ I g
AN
Y
\ 1
Rubber Met al Body (A)
St opper (E) Strip (G

Met al

Cross Section

Strip (G Spring Sl ot

(4) Vheel

System

Bend t he sheet of al unminum (G
into an "L" shape (8 cmwi de,
2cmtall, with a base of 1cnm.
Attach the sheet to the front of
the cart so that the base of the
sheet just overlaps the slot for
the spring device. Inthisway
the spring may be conpressed and
held i n position by neans of the
metal sheet and the notch in the
rod.

Use the bolt (H) and two appro-
priate nuts (I)to serve asa
rel easi ng device, and bore a

hol e through the netal sheet and
top plate of the cart, 1 cmfrom
the front, so as to expose the
rod of the spring device.

The di aneter of the hol e should
be I'arge enough to admt the
head of the selected bolt.

Drill a hole through the mddle
of the wood strip (J).The
diameter of the hole should be
just large enough to adnit the
bolt (H), but not the head of
the bolt. Place the bolt through
the strip with the bolt head
beneath the strip, such that it
sits in the newy drilled hole
in the body of the cart. Nail
the strip in position on the
front of the cart, and add the
two |ocking nuts (I)to the end
of the bolt.

Three ball bearing wheels (K
will have to be purchased
(possibly inported) for this
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g | I | | DY T

Front
Wheel (K)
Rear
'/ Vheel (K)
o / Axl e
[ B 1= 2= hai1 (v
Top Vi ew
(5) Bunpers

Bunper s

5.5 —] —5.5 —

o Q
] TN
'
e o
N

Si de View

cart. Cut two axles fromthe
wooden dowel (L). Make the
front axle 13 cm and rear 9 cm
long (both 0.5 cmin dianmeter in
this instance). The dianeter of
the dowel should be the same as
the internal dianeter of the
bal | bearing wheels, thus pro-
viding a tight fit.

Pass the axles through the axle
holes in the cart and fit the
wheel s appropriately on the
axles. Take the four small
nails (M, and drill holes of
the same diameter as the nails
through the axle ends. Insert
the nails through the holes,
thus securing the axles and
wheel s in position.

Use the two strips of wood (N
as bunpers. Nail themin posi-
tion on top of the cart in such
a way that they will hold a
second cart (placed on top of
the first) firmy in position.
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c. Notes
(i) The final weight of the cart will be of the order of 1,000 g. Wth ball

bearing wheels this will not produce too nuch friction, whileit will result in
the moving cart having hi gh monentum and the cart will be little affected by what
friction does exist.

(ii) Awhole range of experinents related to force and notion will be found in
many | aboratory books, for exanpl e The Physical Science Study Committee, Labora-
tory Guide, (USA: D. C. Heath and Conpany, 1965).
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V. WAVE MOTI ON APPARATUS

A. Rl PPLE TANK APPARATUS

There are many ways of introduci ng wave notion to students, through observations
of waves in water, heat radiation, acoustics, optics and el ectromagneti sm Each
approach requires a different set of equi prent. The naterials here are linmtedto.
presenting wave notion through the observation of waves on water, and the equi pment is
thus limted toripple tanks and accessories.
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A. RIPPLE TANK APPARATUS

Al. Rpple Tank©

(6) Lanp Support

/

(7) Vibrator Unit

Lanp Housi ng

(1) Basic Tank

+~—— (4) Legs

(2) Beach

LL’ ‘ Lb/

(3) Qutlet
a. Material s Required
Conponent s Q Itens Required Di nensi ons
(1) Basic Tank 2 Wo d (A 60 cmx 3.5 cmx 3.5 cm
2 Wo d (B) 57 cmx 3.5 cmx 3.5 cm
Gass Plate (Q 57 cmx 57 cmx 0.3 cm

—_

Rubber Based Cenent (D)

©From Reginald F. Melton, Elementary, Econom c Experinents in Physics, Apparatus
Qui de, (London: Center fo EJQUCalilonal Devel opnent Overseas J197Z), pp 82- 91.




(2) Beach 4 Soft Wod (E) 56.5 cmx 6 cmx 2 cm
4 Brass Discs (F) 0.05 cmthick;3 cm
di amet er
(3) Qutlet 1 Metal Tube (Q 5 cmlong, 1 cmdianeter
1 Rubber Stopper (H 2.5 cmdianmeter, 2.5 cm
deep
(4) Legs 4 Wod (1) 60 cmx 3 cmx 2 cm
Bolts (J) 3 cmlong, 0.4 cm
di anet er
4 Wng Nuts (K 0.4 cminternal dianeter
(5) Lanp Housing 1 Al um num Sheet (L) 35 cmx 16 cmx 0.05 cm
1 Pl ywood (M 11 cmdianeter, 0.4 cm
t hi ck
| Al um num Sheet (N 15 cmdi aneter, 0.05 cm
t hi ck
1 Lanp (0) 100 watt, straight
filament
1 El ectrical Socket (P) Fits above |anp
(6) Lanp Support 1 Wood (Q 65cmx3cmx2cm
1 Bolt (R) 4.5 cmlong, 0.3 cm
di amet er
1 Wng Nut () 0.3 cminternal dianeter
1 Wood (T) 48cmx2cmxlcm
1 Triangul ar Wood (U) 5cmk 4 cmx 3 cm and
1 cmthick
1 Packi ng Case Steel Band (V) 7cmx 0.5 cmx 0.02 cm
2 Al um num Strips (W 1.5 cmx 0.6 cm
x 0.02 cm
(7) Vibrator Unit 2 Packi ng Case Steel Bands (X) 30 cmx 1 cmx 0.05 cm
2 G ass Marbles (V) 1.5 cm di arret er
2 Wod (2) 7cmx 2cm2l cm
1 Bolt (AA) 2.5cmlong, 0.4 cm

b. Construction

-B2-

W ng Nut (BB)

di anet er
0.4 cminternal dianmeter

(1) Basic Tank Qut of each of the side wood
strips (A and B) cut a single
I ength approximately 2.0 cnx

2.0 cm (A smll circular
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Section of Upper
Frame (A/B)

Section of
Lower Frane (A/B)

g .

Joint in Lower Frane (A/B)

Glass
Plate (C)

Lower Frame (A B)

Upper Frane
PP Cenent

—~+—Glass Plate (C)

[ @ e

Cenent
Lower Frame

Cross Section of Frane

Tenporary Nai |

/“/
AN

dass Plate

Frame

Cross Section of Frame

saw i s useful in performng
this task). You now have four
| arge pieces of wood to nake
the lower frame, and four snall
pi eces to make the upper frane.

The end pieces of the shorter
lengths for the lower frame are
cut (as illustrated) so that
they may be firmy joined

toget her with wood cenent.

Set the glass plate (C) on the
| edge of the | ower frane.
Cover the edges of the glass,
and the inner edges of the

| ower and upper frane with a
wat er proof cenent (D) as
illustrated. An asphalt or
rubber based cenent i sideal .
Set the glass on the | edge of
the lower frame, and hold it
in position by placing the
upper frane ontop of i t.

The whol e frame may be held
toget her by clanps, or nails,
tacked tenporarily through
the two frames, until the
cenent is dry.
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(2) Beach

-

56.5

b

I \

Tank Frame Beach (E)

t
e

Pl an of Frame and Beach

1‘81 [\ o

L
|

| 4——— 6.0 —>|

You now have a basic tank with
an inner and outer frame
insuring the tank is |eak proof.

The beach is any device which
will cut out unwanted reflection
fromthe sides of the tank

One of the nost effective, and
durabl e of beaches is nade
from soft pine wood (packing
case material). Make the beach
rather like a picture frame
fromthe softwood (E) so that
it sits on the glass surface
of th