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Copyright, Warranty and Equipment Return

Please—eel free to duplicate this manual
subject to the copyright restrictions below.

Copyright Notice

The PASCO scientific Model SE-9633 Gravitational
Torsion Balance manual is copyrighted and all rightg
reserved. However, permission is granted to non-
profit educational institutions for reproduction of any
part of this manual providing the reproductions are
used only for their laboratories and are not sold for
profit. Reproduction under any other circumstances,
without the written consent of PASCO scientific, is
prohibited.

Limited Warranty

PASCO scientific warrants this product to be free
from defects in materials and workmanship for a
period of one year from the date of shipment to the
customer. PASCO will repair or replace, at its option
any part of the product which is deemed to be defec
tive in material or workmanship. This warranty does

not cover damage to the product caused by abuse ar 0

improper use. Determination of whether a product
failure is the result of a manufacturing defect or
improper use by the customer shall be made solely
PASCO scientific. Responsibility for the return of
equipment for warranty repair belongs to the cus-

tomer. Equipment must be properly packed to prevent

damage and shipped postage or freight prepaid.
(Damage caused by improper packing of the equip-
ment for return shipment will not be covered by the
warranty.) Shipping costs for returning the equip-
ment, after repair, will be paid by PASCO scientific.

Equipment Return

Should this product have to be returned to PASCO
scientific, for whatever reason, notify PASCO scien-
tific by letter or phone BEFORE returning the product.
Upon notification, the return authorization and ship-
ping instructions will be promptly issued.

0 NOTE: NO EQUIPMENT WILL BE AC-
CEPTED FOR RETURN WITHOUT AN
AUTHORIZATION.

When returning equipment for repair, the units must be
packed properly. Carriers will not accept responsibil-
ity for damage caused by improper packing. To be
certain the unit will not be damaged in shipment,
observe the following rules:

[l The carton must be strong enough for the item
shipped.

Make certain there is at least two inches of packing
material between any point on the apparatus and the
inside walls of the carton.

Dy

[l Make certain that the packing material can not shift
in the box, or become compressed, thus letting the
instrument come in contact with the edge of the

box.

Address:  PASCO scientific
10101 Foothills Blvd.
P.O. Box 619011
Roseville, CA 95678-9011

Phone: (916) 786-3800

FAX: (916) 786-8905
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Gravitational Torsion Balance

Introduction

The PASCO scientific SE-9633 Gravitational Torsion

Balance reprises one of the great experiments in the hjs-

tory of physics—the measurement of the gravitational
constant, as performed by Henry Cavendish in 1798.

The torsion balance (see Figure 1) consists of two 15
gram masses suspended from a highly sensitive torsign

band, and two 1.5 kilogram masses that can be positigned

as required. The torsion constant of the band is deter-
mined by observing the period of oscillation of the tor-
sion balance, which is approximately 10 minutes. The
large masses are then brought near the smaller masses
and the gravitational force is measured by observing the
twist of the torsion band.

To accurately measure the small twist of the band, an pp-

tical lever is used, consisting of a laser or other light
source (not included) and a mirror affixed to the torsiorn

band. Three methods of measurement are possible. The
acceleration method requires only about 5 minutes of ob:

servation, and produces results accurate to within 15%.
With an observation time of up to 45 minutes, the end-

deflection method can be used, producing results that @r

accurate to within 10%. The method of equilibrium pog
tion requires the longest time of 90 plus minutes, but the
results are accurate to within 5%.

-
EE/Z\E

Figure 1: The Gravitational Torsion Balance

A Little Background

The gravitational attraction of all objects toward the
Earth is obvious. The gravitational attraction of every

However, in Newton's time every measurable example of
this gravitational force included the Earth as one of the

object to every other object, however, is anything but ob-masses. It was therefore impossible to measure the con-

vious. Despite the lack of direct evidence for any such
attraction between everyday objects, Isaac Newton was
able to deduce his law of universal gravitation:

_ Gmm,
F= RZ

where m) and nm) are the masses of the objects, R is the
distance between them, and G is a constant.

'PASCC .
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stant, G, without first knowing the mass of the Earth (or
vice versa).

The answer to this problem came from Henry Cavendish
in 1798, when he performed experiments with a torsion
balance, measuring the gravitational attraction between
relatively small objects in the laboratory. The value he
determined foG allowed the mass and density of the
Earth to be determined. Cavendish's experiment was so
well constructed that it was a hundred years before more
accurate measurements were made.
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Equipment

! ! Casing
| I d D |
Brass —  @&m | —-aa- ' ;
1
Thumb screw /B Knurled knob -‘- -r -6 O O
Slit
Set screw Small lead ball
(m,)
Large lead ball
(m,)
(To measure b = L /2, measure
15 gram L, with a caliper gauge.)
Torsion mass .
band Torsion Balance Geometry
Mirror

1.5 kilogram
mass

Large mass
swivel support

Set screw

(Mirror)

Height adjust D Mounti J
collar with philips—— T vounting ro

head screw Leveling

screws
Tripod / \ —— \

Spring

Hinge-handled Support peg
bolts

Small mass
leveling screw
(fits in notched casing)

Figure 2: Setting Up the Gravitational Torsion Balance
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Gravitational Torsion Balance

Equipment Parameters

(see Figure 2 insert—Torsion Balance Geometry)

Small lead balls
Mass: 0.015 kg
Radius: 7.5 mm
Distance to torsion axis: d = 50 mm

Large lead balls
Mass: 1.5 kg
Radius: 32 mm

Distance from the center of mass of the large ball
to the center of mass of the small ball when the
large ball is against the casing glass and the small
ball is in the center position within the casing:

b =46.5mm

Period of Oscillation of System :
T = approximately 10 minutes

Logarithmic damping decrement:
A = approximately 0.7

Torsion Band
Material: Bronze
Length: = 26 cm
Cross-section: 0.01 mm x 0.15 mm
Torsion Constant 8.5010~° NCm/rad

Setup

O IMPORTANT NOTES

» The Gravitational Torsion Balance is a delicat}
instrument. We recommend you set it up in a re|p-
tively secure area where it is safe from accidents
and from those who don't fully appreciate delicat
instruments.

» The first time you set up the torsion balance, (jo
so in a place where you can leave it for at least qe
day before attempting measurements. This alloy|s
time for the slight elongation of the torsion band
which will occur initially.

* Mount the torsion balance in a position so tha
the mirror on the torsion wire faces a wall or scrgpn
at least 5 meters away.

'PASCC 5
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Initial Setup

[J Remove the tripod from its box. Screw the two level-
ing screws into the tapped holes of the base as shown
in Figure 2. Insert the peg into the untapped hole and
secure it in place with one of the included hinge-
handled bolts.

[l Place the tripod on a flat, stable table, and adjust the
leveling screws until the tripod is approximately level.

[l Carefully remove the torsion balance, the large mass
swivel support and the height adjust collar from the
box. Slide the swivel support on the mounting rod so
the support columns are oriented upwards. Then slide
the height adjust collar against the swivel support and
secure it with the phillips head screw.

[ Insert the assembled mounting rod into the tripod and
secure it in place with the other hinge-handled bolt.

[l Place the two 1.5 kg lead balls on the swivel support,
as shown.
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Leveling the Torsion Balance Using an Incandescent Light Source

00 Unlock the small mass lever arm by loosening the | L1 Mount one of the included metric scales on a wall at

locking screws that are located at the bottom of the
casing.

[] Adjust the leveling screws of the tripod until the tor-

least 5 meters away from the torsion balance, facing
the mirror.

Stretch a thin thread over the aperture of your light

source, to use as a focusing aid (a piece of tape half
covering the aperture will also work).

sion band is suspended precisely in the center axis|of
the torsion band alignment holes.

Place the light source so the aperture is approximately
30 cm away from the mirror and so the light source is
tilted up at an angle and pointing toward the mirror.

Setting Up the Light Source 0

An optical lever is used to accurately measure the smal
angle of twist of the torsion band. The torsion balance|is
designed to be used with an incandescent light source, dd
the mirror mounted to the torsion wire is a spherical mir
ror with a 30 cm focal length. However, a laser can also
be used.

Adjust the distance and angle of the light source until
you get a sharp image of the thread on the scale that
you mounted on the wall.

Using a Laser

To set up the light source and scale (see Figure 3): [0 Mount one of the included metric scales on a wall at

least 5 meters away from the torsion balance, facing
the mirror.

Reflected 0

S beam Mirror

right \

Point the laser so that it is tilted upward toward the
mirror and so the spot is reflected onto your scale that
is opposite the mirror. This will give good results, but
the light spot will be enlarged by the spherical mirror.
This will make accurate measurements somewhat
more difficult then with a well focused spot.

OR

[1 Use a convex lens to converge the laser beam to a
point at the focal point of the suspended mirror. Shine
S-- the laser through the lens onto the mirror and adjust

S L the distance of the lens from the mirror until the light
, spot is sharply focused on the scale.
(Top View)
Screen with (Side View) Zeroing the Torsion Band
scale

After the torsion balance has been leveled:

Reflected n
beam Mirror

\

[1 After setting up and leveling the torsion balance, and
before zeroing the torsion band, leave the apparatus
standing for at least one day with the small mass lever
arm unlocked. The torsion band will elongate slightly
during this period. If you zero the band before this
elongation, you will probably have to rezero the band
after a day or two.

® -

] First lock the small mass lever arm in place with the
two locking thumbscrews, then unscrew the thumb-
screws to release the lever arm and start the torsion
balance oscillating.

Remove the large lead balls.

Light source

Figure 3: Setting Up the Optical Lever

. [PASCQ
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Gravitational Torsion Balance

(1 Turn on the light source and watch the movement g
the light spot. Note and mark the maximum points
deflection of the spot (&t and $;)- These limits of
the motion are determined by the small lead balls

striking the glass in the casing. The effective measur

ing range lies betweer;ig% and .

Let the balance oscillate for several more minutes g
observe the rest position the light spot tends toward
the system moves toward equilibrium. If this positio
deviates significantly from the midpoint qf Sand

ST
zggr%-adjust head through a small angle toward the (
sired zero point. Then retighten the zero-adjust loch

SCrew.

Repeat step 5 until the equilibrium position of the lig

spot is near the midpoint betwegp, &nd %ght'

loosen the zero-adjust lock screw, and turn the

f Preparing for a Measurement

)fAfter setup, leveling, and zero adjustment, place the large

lead balls on the swivel support. Move the support care-
fully until the large balls touch the casing wall. Leave the
apparatus undisturbed with the small mass lever arm un-
locked. In time, the light spot will come to rest. Leave
ndhe apparatus in this position. You're now ready to make
a8 measurement using either the acceleration method or
n the final-deflection method.

1}

le-

Measuring the Gravitational Constant

Overview of the Experiment

The gravitational attraction between a 15 gram mass an

a 1.5 kg mass when their centers are separated by a d
tance of approximately 46.5 mm—this is the situation
you will be investigating with the torsion balance—is
about 7 x 10'° newtons. If this doesn’'t seem like a sma

guantity to measure, consider that the weight of the sma
mass is more than two hundred million times this amoun

The enormous strength of the Earth's attraction for the
small masses, in comparison with their attraction for th
large masses, is what originally made the measureme
the gravitational constant such a difficult task. The tor-
sion balance (invented by Charles Coulomb) provides
means of negating the otherwise overwhelming effects
the Earth's attraction in this experiment. It also provide
force delicate enough to balance the tiny gravitational
force that exists between the large and small masses.
This force is provided by twisting a very thin bronze wi

The large masses are first arranged in Position |, as sh
in Figure 4, and the balance is allowed to come to equ
rium. The swivel support that holds the large masses
then rotated, so the large masses are moved to Positid
This forces the system into disequilibrium. The resultir
oscillatory rotation of the system is then observed by
watching the movement of the light spot on the scale, «

Any of three methods can be used to determine the gravi-
(ﬁe}xtional constant, G, from the motion of the small masses.
i sing Method I, the final deflection method, the motion
is observed for about 45 minutes, and the result is accu-
rate to within approximately 10%. In method Il the ex-
I periment takes 90 minutes or more and produces an accu-
acy of 5%. Using Method lll, the acceleration method,
he motion is observed for only 5 minutes, and the result
IS accurate only to within approximately 15%.

<

¢

Light beam

nt jof

Large Masses:
Position |

Mirror

Large Masses:
Position Il

Figure 4: Diagram of the Setup

the light beam is deflected by the mirror.

[PASC(
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METHOD I:
Measurement by Final Deflection

Observation Time= 45 minutes
Accuracy = 10%

disturbed. This is done by rotating the swivel support so
the large masses are moved to Position Il. The system
will then oscillate until it finally slows down and comes
to rest at a new equilibrium position. A graph of this
motion is shown in Figure 5. The position of the small
mass system is indicated 8ythe position of the light
beam on the scale.

[0 IMPORTANT—Pre-Lab Preparation:

[1 Before performing this experiment, the torsior]
balance should be set up, leveled, and zeroe
described in the previous section.

At least a few hours before the experiment, th
large masses should be placed on the swivel
support, and the support should be rotated sc
masses are in Position | (Figure 4), with the
large masses touching the glass walls of the
ing. The small mass lever arm should be un-
locked, so that the torsion balance can freely
come to equilibrium.

kh

Theory

With the large masses in Position | (Figure 4), the
gravitational attractiorf;, between each small mass,Xm
and its neighboring large mass Jris given by the law of
universal gravitation:

F=Gmm/b’.  (1.1)
This force exerts a torqueglg\) on the system:
T = 2Fd. (1.2)

grav
Since the system is in equilibrium, the twisted torsion
band must be supplying an equal and opposite torque.
This torque ) is equal to the torsion constant for the
band k) times the angle through which it is twist&dl, (

or:
Ty na= —KE. (1.3)

Combining equations 1.1, 1.2, and 1.3, and taking into
accountthat =-1_ gives:
grav band

k6= 2dGmm/b’.
Rearranging this equation gives an expression for G:
_ KBb?
G= 2dm,m, (1.4)

To determine the values @fandk — the only unknowns
in equation 1.4 — it is necessary to observe the oscilla
tions of the small mass system when the equilibrium is

6

AS

20

1)

S (cm) O

. 60
Time (min)

Figure 5: Graph of Small Mass Oscillations

At the new equilibrium position,3the torsion wire will still

be twisted through an andlebut in the opposite direction

of its twist in Position |, so the total change in angle is equal
to 20. Taking into account that the angle is also doubled
upon reflection from the mirror (see Figure 6):

25=5-3,
40 = AS/L, or
6= ASAL. (1.5)

The torsion constant can be determined by observing the
period (T) of the oscillations, and then using the equation:

T2 = 4rfl/k; (1.6)

wherel is the moment of inertia of the small mass
system. The moment of inertia for the mirror and support
system for the small masses is negligibly small compared
to that of the masses themselves, so the total inertia can
be expressed as:

I=2md. (1.7
Therefore:
k=8rmd/T%.  (1.8)
Substituting equations 1.5 and 1.8 into equation 1.4 gives:
G=TPASd® ) g)
T°“mL

[PASC(
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s S [ Rotate the swivel support so that the large masses are
‘ 1 AS 2 moved to Position 1l. Move the support carefully.

2 The spheres should be touching the glass case, but
take care not to knock the case, which would disturb
Scale the system.

U Immediately after rotating the swivel support, observe
the light spot. Record the position of the light spot (S)
and the time (t) every 15 seconds for the first few min-
utes and then every 30 or 60 seconds. Continue re-

_AS cording the position and time for about 45 minutes, or
26=tan(26) = 2L until the oscillations have stopped.

Analysis

[J Construct a graph of light spot position versus time,
with time on the horizontal axis, as in Figure 5.

20
[J From your data, measufsS, the change in position of

the light spot from its initial equilibrium position (S

Position | to its final equilibrium position (3.

U From your graph, measure the period (T) of the os-
cillations of the small mass system. For best re-
sults, determine the average value of T over several
oscillations.

[1 Use your results and equation 1.9 to determine the

Position 11
value of G.

Figure 6: Diagram of the Experiment [0 The value calculated in step 4 is subject to the follow-
All the variables on the right side of equation 1.9 are ing systematic error. The small sphere is attracted not
known or measurable. only to its neighboring large sphere, but also to the
_ more distant large sphere, though with a much smaller
d=50mm force. The geometry for this second force is shown in
b = 46.5 mm Figure 7 (the vector arrows shown are not propor-
m, = 1.5 kg tional to the actual forces).

L = (Measure as in Figure 6)

By measuring the total deflection of the light spBt)(
and the period of oscillatioT ], the value ofs can
therefore be determined.

Procedure

[ To begin, the masses should be arranged in Positio
(Figure 4), the balance should be leveled and zerogd
and the small masses should be at equilibrium.

>
o

U Turn on the light source and observe the zero point|o
the balance for several minutes to be sure the system
is at equilibrium. Record the zero poinf)(&s accu-
rately as possible, and indicate any variation over time
as part of your margin of error in the measurement.

Figure 7: Correcting the Measure Value of G

'PASCC ,

scirentific



Gravitational Torsion Balance

012-03599D

The forcef ' is given by the gravitational law, which
translates, in this case, to:

,_ Gmymy
Fo= 5"
(b“+4d9)

and has a component f that is opposite to the directiof

of the forceFO:

f = Gm,m;b =R,
(b*+4d?) (b*+4d?)2

This equation defines a dimensionless paranf&téat
is equal to the ratio of the magnitude ¢ that off
Using the equatioR , = Gmlmzlbz, it can be determined
that:

B - b3/(b2+ 4d2)3/2.
From Figure 7 ,
F=F,-f=F,-BF,=F,1-D),
whereF is the value of the force acting on each small

sphere fronbothlarge masses, a is the force of
attraction to the nearest large mass only. Similarly,

G=Gy1-P),
where G is your experimentally determined value for th

gravitational constant, and,@ corrected to account for
the systematic error. Finally,

G,=G/(1- .

Use this equation with equation 1.10 to adjust your
measured value.

(1.10)

METHOD II:
Measurement by Equilibrium
Positions

Observation Time = 90+ minutes

Accuracy =5 %

O IMPORTANT — Pre-Lab Preparation:

[1 Before performing this experiment, the torsion|
balance should be set up, leveled, and zeroeg
described in the previous section.

Q)
=

e

[l Atleast a few hours before the experiment, thg
large masses should be placed on the swivel
support, and the support should be rotated sc
masses are in Position | (Figure 4), with the
large masses touching the glass walls of the
ing. The small mass lever arm should be un-
locked, so that the torsion balance can freely
come to equilibrium.

Ithe

JAS-

Theory

When the large masses are placed on the swivel support
and moved to either Position | or Position Il, the torsion
balance oscillates for a time before coming to rest at a
new equilibrium position. This oscillation can be de-
scribed by a damped sine wave with an offset, where the
value of the offset represents the equilibrium point for the
balance. By finding the equilibrium point for both Posi-
tion | and Position Il and taking the difference, the value
of AS can be obtained. This method of determifi8g

is more accurate than Method | because it does not rely
on the assumption that the light spot is at rest when its
initial position is recorded. The remainder of the theory is
identical to what is described in Method .

204

0 60

Time (min) O

Figure 8: Graph of Small Mass Oscillations

Procedure

[J To begin, the masses should be arranged in Position |
(Figure 4), the balance should be leveled and zeroed,
and the small masses should be at equilibrium.

[J Turn on the light source.

[PASC(
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Gravitational Torsion Balance

[l Rotate the swivel support so that the large masses
moved to Paosition 1l. Move the support carefully.
The spheres should be touching the glass case, bu
take care not to knock the case, which would distur
the system.

[l Immediately after rotating the swivel support, obser|
the light spot. Record the position of the light spot
and the time (t) every 15 seconds. Continue record
the position and time for about 45 minutes.

[l Rotate the swivel support to Position |. Repeat tf
procedure described in Step 4. Although it is not
imperative that this step be performed immediate

[l IMPORTANT—Pre-Lab Preparation:

[ [1 Before performing this experiment, the torsion

balance should be set up, leveled, and zeroeq}, as
described in the previous section.

[®)
—

V9| [0 At least a few hours before the experiment, the
_S large masses should be placed on the swivel
"B support, and arranged in Position | (see Figurg
4). The large masses should be touching the

e glass walls of the casing, and the small mass E
ver arm should be unlocked, so that the torsig
ly balance can freely come to equilibrium.

perd

after Step 4, itis a good idea to proceed with it

soon as possible in order to minimize the risk that Theory

the system will be disturbed between the two me
surements. Waiting more than a day to perform
Step 5 is not advised.

Analysis

[l Construct a graph of light spot position versus time
both Position | and Position Il. You will now have
two graphs similar to Figure 5.

[ Find the equilibrium point for each configuration by
analyzing the corresponding graphs (the equilibriun
point will be the center line about which the oscilla-
tion occurs). Find the difference between the two
equilibrium positions and record the resul\&s

[1 Determine the period of the oscillations of the smal
mass system by analyzing the two graphs. Each g
will produce a slightly different result. Average thes
results and record the answer as T.

[1 Use your results and equation 1.9 to determine the
value of G.

[l The value calculated in Step 4 is subject to the same

systematic error as described in Method I. Perform
the correction procedure described in that section t
find the value of G

METHOD Il
Measurement by Acceleration

Observation Time 5 minutes

Accuracy= 15%

DD

With the large masses in Position | (see Figure 4), the
gravitational attractior;, between each small massm
and its neighboring large mass Jnis given by the law of
universal gravitation:

for F=Gmm/’.  (3.1)

This force is balanced by a torque from the twisted tor-
sion band, so that the system is in equilibrium. The angle
of twist, 8, is measured by noting the position of the light

, spot where the reflected beam strikes the scale. This posi-
tion is carefully noted, then the large spheres are moved
to Position I, as shown in the figure. This disturbs the
equilibrium of the system, which will now oscillate until
friction slows it down and a new equilibrium position is

| found.

2 pShince the period of oscillation of the small masses is long
(approximately 10 minutes), they do not move signifi-
cantly when the large masses are first moved from Posi-
tion | to Position Il. Because of the symmetry of the
setup, the large masses exert the same gravitational force
on the small masses as they did in Position I, but now in
the opposite direction. Since the equilibrating force from
) the torsion band has not changed, the total forget{&t

is now acting to accelerate the small masses is equal to

twice the original gravitational force from the large

masses, or:

F,=2F= 2Gmm/b".  (3.2)

Each small sphere is therefore accelerated toward its
neighboring large sphere, with an initial acceleratigh (a
that is expressed in the equation:

ma,=26mm/b’.  (3.3)

'PASCC o
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Of course, as the masses begin to move, the torsion wiré_! Rotate the swivel support so that the large masses are

becomes more and more relaxed so that the force de-
creases and this acceleration is reduced. If the system i
observed over a relatively long period of time, as in
Method |, it will be seen to oscillate. If, however, the a¢

celeration of the small masses can be measured beforg the
torque from the torsion band changes appreciably, equat
tion 3.3 can be used to determine G. Given the nature| o

the motion—damped harmonic—the initial acceleration
is constant to within about 5% in the first one tenth of an

oscillation. Reasonably good results can therefore be pk

tained if the acceleration is measured in the first minute
after rearranging the large masses, and:

G=ba/om  (3.4)

The acceleration is measured by observing the displace-

ment of the light spot on the screen. If, as is shown in
Figure 6:

As = the linear displacement of the small spheres,

d = the distance from the center of mass of the
small spheres to the axis of rotation of the
torsion balance,

AS = the displacement of the light spot on the screer;]

and

L = the distance of the scale from the mirror of thé
balance,

A1

moved to Position Il. Move the support carefully.
The spheres should be touching the glass case, but
take care not to knock the case, which could disturb
the system.

9
8 .
BEST FIT LINE
7 e /
~~~
6
£
N 5 P
V) /
< 4 P CURVE |
/ THROUGH
3 . DATA |
2 '//
1 » /
0 "900 3600 5625 8100 11025
225 2025
t? (sec?)

Figure 9 Graph — Light Spot Displacement Vs
Time Squared

Immediately after rotating the swivel support, ob-
serve the light spot. Record the position of the light
spot (S) and the time (t) every 15 seconds for about
two minutes.

then, taking into account the doubling of the angle on re- Analysis

flection,
AS =As(2L/d). (3.5)

Using the equation of motion for an object with a con-
stant acceleration (x = 1/2ptthe acceleration can be
calculated:

a,= 24/t = ASdL.  (3.6)

[] Construct a graph of light spot displacement

(AS =S - 9 versus time squared)(twith £ on the
horizontal axis (see Figure 9). Draw a best-fit line
through the observed data points over the first minute
of observation.

[1 Determine the slope of your best-fit line.

By monitoring the motion of the light spot over time, the¢ [ Use equations 3.4, 3.5, and 3.6 to determine the gravi-

acceleration can be determined using equation 3.5 and

3.6, and the gravitational constant can then be determined ) ) )
[l The value calculated in step 3 is subject to a sys-

using equation 3.4.

Procedure

[l To begin, the masses should be arranged in Positign |
(Figure 4) The balance should be leveled and zeroged,

and the small masses should be at equilibrium.

[1 Turn on the light source and record the zero point of

the light spot (9 as accurately as possible. Observe it

for several minutes to see if there is any initial drift of
the spot.

10

tational constant.

tematic error. The small sphere is attracted not
only to its neighboring large sphere, but also to the
more distant large sphere, although with a much
smaller force. The geometry for this second force
is shown in Figure 7 (the vector arrows are not pro-
portional to the actual forces).

You can correct for this error using the procedure that
is described in st of the analysis for Method |.

[PASC(
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012-03599D Gravitational Torsion Balance

Replacing the Torsion Band

Procedure [J Remove screw (a). Loosen the other screws fixing the

A faulty torsion band can be replaced by a new band glass plate until it can be removed (Figure 11).

which is supplied in a ready-for-assembly state (Repla:eRemoving the faulty torsion band
ment Part No. SE-9628).

The replacement is carried out as follows.

[} Loosen the grub screw (b
while holding the band
holder (b) tightly. Remove A
the band holder (Figure 12). (b) iﬁx\

Preparation

[l Assemble the torsion balance with the pendulum bg
locked. Turn the torsion balance so that the mirror
faces away from you. To ensure safe handling, sup- ~ 2fter Screw (g has been |
port the protective tube (with replacement torsion loosened (Figure 13). |

band inside) in a clamp (Figure 10). \i{@

Figure 12

d
E Remove the end piece (c)

Figure 13

Inserting the new torsion %

band -

J N

[J Loosen screw (y and re-
move screw (¥ while hold-
ing the band holder (B)
tightly (Figure 14).

Figure 10 Figure 14
IPASCC 11
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Gravitational Torsion Balance 012-03599D

[l Very carefully remove the arrangement from the
protective cover and thread it into the torsion bal-
ance until the end piece (C) hangs 1.0 to 2.0 milli
meters above the bore,)c Make sure the very sen
sitive torsion band does not come into contact with
the walls of the tube. Subsequently fix the pendullim
holder (B) by tightening screw (b(Figure 15).

Figure 16

[J Replace the glass plate.

After assembly has been carried out, unlock the torsion
pendulum and verify that the pendulum body can oscillate
freely; should it lie on the locking springs despite unlock-
ing, slightly raise the band holder (B), with screyy (b
loosened, and again carefully secure in place.

The torsion pendulum must hang undisturbed for at least
12 hours before the zeroing procedure described in Setup
can be performed.

Figure 15

[] Wait until the torsion band has settled and if necessary
use the leveling screws on the stand base to arrange
the torsion band so that the end piece (c) hangs verti-
cally above the bore.

U Loosen screw (B Hold the band holder (B) tightly
and lower it a few millimeters (without twisting it)
until the machine faced part of the end piece (C) ha
been completely guided into the borg.(do not re-
lease the band holder until it has been carefully fixed
in place by tightening the grub screw)(@Figure 16).
Finally, secure the end piece (C) with screyy. (c

[2)
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Technical Support

Feed-Back Contacting Technical Support

If you have any comments about this product or this Before you call the PASCO Technical Support staff it
manual please let us know. If you have any suggestions would be helpful to prepare the following information:
on alternate experiments or find a problem in the mandal o
please tell us. PASCO appreciates any customer feed- * T your problem is with the PASCO apparatus, note:
back. Your input helps us evaluate and improve our prod-Title and Model number (usually listed on the label).

uct. Approximate age of apparatus.

To Reach PASCO A detailed description of the problem/sequence of

For Technical Support call us at 1-800-772-8700 (toll- | €Vents. (In case you can't call PASCO right away, you

free within the U.S.) or (916) 786-3800. won't lose valuable data.)

Internet: techsupp@PASCO.com If possible, have the apparatus within reach when call-
ing. This makes descriptions of individual parts much
easier.

* If your problem relates to the instruction manual, note:

Part number and Revision (listed by month and year on
the front cover).

Have the manual at hand to discuss your questions.

[PASC(
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