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Instruction Sheet ﬁ{gg
for the PASCO
Model ME-8949
EQUAL ARM BALANCE
Introduction For horizontal observations with applied forces:

The PASCO Model ME-8949 Equal Arm Balance was
designed to be used in a vertical position to compare
weights hung vertically from it to standard weights. Th
balance can also be used in a horizontal (or vertical) p
tion to show that torques about its axis of rotation must
of the same magnitude if it is to remain in an equilibriut
position. The Balance can be used with hanging weig
or with applied forces measured with spring scales.

Equipment

The ME-8949 Equal Arm Balance consists of a symme
ric molded plastic arm attached to a low friction, freely

rotating brass axle. Masses can be suspended from th
grooves on top of the plastic arm or from the loops on

bottom of the arm. If an outer loop or groove is used, &
mass difference of about 2% between the two ends of
balance is detectable.
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Figure 1: Equal Arm Balance
Additional Equipment Required:

Use a Base and Support Rod (ME-9451), or a Univers
Table Clamp (ME-9376B) rod for basic support. Then
a Right Angle Clamp (SE-9444) or Multi-Clamp (SE-944
to attach the Equal Arm Balance to the support rod.

For vertical observations with hanging masses:
— 2 SE-8703 Slotted Mass Hangers with SE-8726
Slotted Mass Set and/or
—1 ME-9348 Mass and Hanger Set and/or
— 2 SE-8705 Hooked Mass Sets

— 2 SE-8716 5N Metric Spring Scales or

— 2 SE-8715 2N Metric Spring Scale or
s —2SE-8714 1N Metric Spring Scale
DSTFheory

b . :
Prhe vector sum of torques with respect to the axis of rota-

éion of an object must be zero if the object is to remain in
a state of rotational equilibrium. If a force is applied to
the Equal Arm Balance at one of the grooves or loops the
torque exerted on the Balance can be calculated.
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Figure 2: Calculating Force

The magnitude of the torque,is given by the product of

the magnitude of the moment arm vecatognd the force

vector,F and the sine of the angle between the extension

of the moment arm and the line along which the force

vector acts. Thus,

T=rFsin@

Torque is actually a vector. Its direction can be found

from the moment arm and force by using a right hand

rule. The moment arm is defined as the vector pointing
L1 from the axis of rotation to the point of action of the

iséorce. Lay the fingers of the right hand alahgYour
?) thumb will point perpendicular to the plane containing

vectorsk andr. Curl your fingers towar8f. The direc-
tion your fingers curl is the direction of the torque.
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Fig 3: Using Right Hand Rule to Find
Direction of Torque

Suppose the balance is mounted vertically. A standarg
mass can be hung vertically from a groove or loop on ¢
side of the balance. An object of unknown mass can b
hung from a groove or loop at the same distance on th
other side of the Balance. If the balance doesn’t rotate
then the masses are equal. This is because the net to
caused by the gravitational forces on one side of the b
ance is equal in magnitude and opposite in direction to
net torque caused by the gravitational forces on the otk
side of the balance. Thus, the Equal Arm Balance can
used to determine a gravitational mass by comparison
with a standard mass. It can also be used to explore t
concept of torque as a vector quantity.

Setup
Vertical Setup

[l Set up a base and support rod and attach a right an
clamp to the support rod.

[1 Attach the Balance axle to the right angle clamp so

that the plane of the Balance is vertical.

For use as an Equal Arm Balance hang masses fro
loops at equal distances from the axis of rotation. A
ternatively, hang masses with light string or wire loo
attached to them on each side of the center of the E
ance using the upper grooves.

ONOTE For testing the torques that result from
gravitational forces, hang a standard mass from ang
of the grooves or loops on one arm of the Balance.
Place another mass at a groove or loop on the opp
site side of the Balance that is a different distance
from the center. How much more or less mass is
needed to achieve a balance? What is the torque
each side of the balance.
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Horizontal Setup

[l Set up a base or table clamp and support rod and at-
tach a multi-clamp to the top of the support rod.

[l Attach the Balance axle to the multi-clamp so that the
plane of the Balance is horizontal.

ONOTE For testing the torques that result from
applied forces, pull with a steady force on one of
the loops on one arm of the Balance. For simplict
ity, pullin a direction that is in the same plane as
the balance but is perpendicular to the bottom ed
of the Balance. Exert another force at loop on the
opposite side of the balance. This force should st
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: be in the same horizontal plane as the Balance, Qut
it can be at a different distance from the center or|in
rque a different direction. How much more or less force
L/ is needed to balance that standard torque? Can you
the Ccalculate the magnitude and direction of the torque
ey 0N each side of the balance?
0 CAUTION: The total mass hanging from the
ne  Balance should never exceed one kilogram and the| net

pulling force on the Balance shoulelver exceed 10 N.

Suggested Experiments

This experiment has been adapted from Unit 5: One
glBimensional Forces, Mass, and Motion

What is mass?

Philosophers of science are known to have great debates
about the definition of mass. If we assume that mass re-
mfers somehow to “amount of stuff’, then we can develop
|-an operational definition of mass for matter that is made
psIp of particles that appear to be identical. We can assume
bakhat mass adds up and that two identical particles when
combined have twice the mass of one particle; three par-
ticles have three times the mass; and so on. But suppose
we have two objects that have different shapes and are
made of different stuff, such as a small lead pellet and a
silver coin. How can we tell if these two entities have the
D- Same mass?

D
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Ideas about Mass and Its Measurement

o Attempt to definenassin your own words without
using the word “stuff”.

[l How many different ways can you think of to deter-
mine whether a lead pellet and a silver coin have the
same mass?
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[J Suppose you find that the lead pellet and the silver
coin seem to have the same mass. How could you
create “stuff’ that has twice the mass of either of th
original objects?

Using a Mass Balance

One time honored way that people have used to comp
the mass of two objects is to put them on a balance.
they happen to balance each other we say that the “for
of gravity” or the force of attraction exerted on them by

the earth is the same, so they must have the same mass

s[>5]°
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Fig. 4: A common method of determining mass that
assumes two objects have the same mass if they
experience the same gravitational force.

Using a Balance to Measure an Arbitrary
Mass

[l Explain how you might measure the passive gravitd
tional mass of an object using the balance, sand, af
standard coin.

[l Use the Equal Arm Balance with some masses of d
ferent sizes and shapes to test your ideas.

This experiment has been adapted from Unit 12:
Rotational Motion

The Rotational Analog of Force — What Should It Be?

If linear equilibrium results when the vector sum of the
forces on an object is zero (i.e. there ichangein the
motion of the center of mass of the object), we would li
to demand that the sum of some new set of rotational
guantities on a stationary non-rotating object also be z
By making some careful observations you should be a
to figure out how to define a new quantity which is ana
gous to force when it comes to causing or preventing r,
tation. For this set of observations you will need:

1 Equal Arm Balance

1 clamp stand (to hold the Balance)
2 spring scales, 5N

1 ruler

If
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Fig. 5: Equal Arm Balance & Spring Balances

Force and Lever Arm Combinations

[l Rotate the Equal Arm Balance horizontally on the
pivot. Try pulling horizontally with each scale when
they are hooked on loops that are the same distance
from the pivot as shown in Figure 5, diagram (a)
above. What ratio of forces is nheeded to keep the Bal-
ance from rotating around the pivot?

[l Try moving one of the spring scales to some other
loop as shown in Figure 5, diagram (b). Now what
ratio of forces is needed to keep the Balance from ro-
tating? How do these ratios relate to the distances?
Try this for several different situations and record
your results in Table 1 below.

q Table 1

N
Original Original Balancing Balancing
Force (N) Distance (cm) [Force (N) Distance (cm)

if-

AlWIN |-

[l What mathematical relationship between the original
force and distance and the balancing force and dis-
tance give a constant for both cases? How would you
define the rotational factor mathematicallgre evi-
dence for your conclusion.

erd) Show quantitatively that your original and final rota-
ble tionalfactors are the same within the limits of experimen-
0- tal incertainty forall four of the situations you set up.

°"The rotational factor that you just discovered is officially

known agorqueand is usually denoted by the Greek let-
tert (“tau” which rhymes with “cow”). The distance
from the pivot to the point of application of a force is de-
fined as thdever armfor that force.
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This experiment has been adapted from Unit 13:
Angular Momentum and Torque as Vectors

Observation of Torque whenF and ' are not
Perpendicular

In Experiment 2, you “discovered” that if we define
torque as the product of a lever arm and perpendicular
force, an object does not rotate when the sum of the
torques acting on it add up to zero. However, we didnl

consider cases whefeandr are not perpendicular, and

we didn’t figure out a way to tell the direction of the rota-
tion resulting from a torque. Let's consider these compli- _
cations by generating torques with spring balances and an F, b Holding torque: T,
Equal Arm Balance once more. For this activity you'll need:

e 1 Equal Arm Balance
e 1 clamp stand (to hold the Balance)
e 2 spring scales, 5N
e lruler
e 1 protractor
Torque as a Function of Angle

E

Fig 5: Torque at an angle

L] Within the limits of uncertainty, what is the most plau-

sible mathematical relationship betweemdr , F,
andg?

Limited Warranty

PASCO scientific warrants this product to be free from

Ll Suppose you were to hold one of the scales at an anglefects in materials and workmanship for a period of one

of 90 with respect to the lever arm), rand pull on it
with a steady force. Meanwhile you can pull on the
other scale at severaigles other than 8@rom its

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 defective in material or workman-

lever arm, 1, as shown below. Would the magnitudeship. This warranty does not cover damage to the product

of the balancing force be less than, greater than, or
equal to the force needed at®0Nhat do you pre-
dict? Explain.

Ll You should determinexactly how the forces com-
pare to that needed at & @Mgle. Determine this
force for at leadour different anglesandfigure out a
mathematical relationship between F, r, @hdSet up

a spreadsheet to do the calculations shown in Table2

below . Hint: Should you multiply the product of the
measured values of r and F bygsim by cogto get
a torque that is equal in magnitude to the holding
torque?

caused by abuse or 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 by PASCO scientific. Responsibility for the return
of equipment for warranty repair belongs to the customer.
Equipment must be properly packed to prevent damage
and shipped postage or freight prepaid. (Damage caused
by improper packing of the equipment for return ship-
ment will not be covered by the warranty.) Shipping
costs for returning the equipment, after repair, will be
paid by PASCO scientific.

Holding Table 2 Applied

Torque

Torque
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