. 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 _
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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.



-24-

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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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
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(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:
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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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CA. Spring Bal ance

a. Materials Required

Conponent s Q Itens Required Di nensi ons
(1) Spring 1 Roll of Steel Wre (A) #26 gauge (for
10 Newt on Bal ance)
1 Roll of Steel Wre (B #30 gauge (for
1 Newt on Bal ance)
(2) Inner Tube 1 Hol | ow Al umi num Tube (C) 21 cmlong, internal
diameter 1 cm
2 Wood St oppers (D lcmdianmeter, 2 cm
| ong
1 Cup Screw (E) -
(3) Cuter Tube 1 Hol I ow Al umi num Tube (F) 27 an long, internal
dianeter 1.3 cm
1 Wood St opper (G 1.3 cmdianeter, 2 cm
| ong

2 Cup Screws (H -

b. Construction
(1) Spring The nost inportant factor in
winding a spring is to keep
the wire taut at all tinmes,
and for this the help of a

© FomReginald F. Melton, Elementary, Econom c Experinments in Physics, Apparatus Quide,
(London: Center for Educati omar—evelapient—overseas—1972—pp—31+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



