LAB INVESTIGATION

MOMENT OF FORCE LAB - (TORQUE LAB)
STATIC EQUILIBRIUM

Obiective:To study the con ,
that must be staisifled for a pody to be

translational equilibrium.

cept of moment of force and the condlitlon
in rotational and

Method: The concept of moment of force 18 studied by applying known
forces to a meter at ick balanced at its center of gravity.
The forces and thelr moment arms or lever armg are

adjusted to place the gystem Into equllibrium. The
moments of force that that tend to produce clockwise
rotation are compared with those tending to produce
counterclockwise rotation. Other simllar exercises are
performed with different sets of forces and also where. the
axis of rotatlon is not at the center of gravity of the
meter stick. The observed data are tested to check the
"law of torgues", that is, the conditlon of rotational

equilbrium.,

Theory: The effect of a force In produclng rotatlon depends upon
two factors: the magnltude and direction of the force and
the location of the axlis of rotation. The factor that.

determines the effect of a given force upon rotational

motion is the perpendicular dlstance from the axls of -

rotation to the llne of actlion of the force, a distance
called the "moment arm" or "lever arm" of the force.

In consideratlons invelving rQﬁarY;moﬁion, the acting forces and thelr
moment arms are of equa]“lmpo:tanée; ‘The product of these two ¥
guantitles ls called moment cf force; also referred to as torque.

M=Fx L or T=Fx VL

Since torque is a product of force and a distance, its unit ls any
force unit times any distance unit.

The most common force acting upon a pbody is lts welght. For any
ordinary object, no matter how irregular its shape, there exlists a
point such that the entlre wieght may be consgidered as belng '
concentrated at that polnt. This polnt is called the tcenter of
gravity" of the body. - The center of ‘gravity may be elther within or
outside the body, depending upon the shape of the body. 1f a single
force equal to the weight of the body and actling vertically upward
could be applied at the center of gravity, 1t would support the body
in equllibrium no matter how the body might te tlpped about the center
cf gravity.

A knowledge of the posltion of the center of gravity |s very useful In
problems of equilibrium, for that place is the point of application of
the force vector representing the welght. When the axis of rotation
does not pass through the center of gravity the moment of force
produced by the welght of the body must be taken into conslderation.

The solutlon of problems involving atatic equllilibrlium 1s simplifled by
drawing a sultable diagram and the careful cholce of an axls of

rotation. The best cheolice l1s usually a point through which one or
mmre tnknawn forces act. This point may or may not be the actual



pivot, or the center of gravity of the body. Particular attention
must be given to the correct evaluation of the moment arms of the
various forces and to the algebral¢ signs of the torques.

Apparatug:The principal piece of apparatus is called a "demonstration
balance". 1t consists of a meter stick supported on a
"knife-edge" clamp in a heavy iron support. Weight
hangars provided with set screws for lightly clampling to
the meter stick, provide convenient methods for attachling
forces the balance.

1. Lotate the center of gravity of the meter stlck by placing it
in the clamp (do not tlghten the screw 'to tight, you may
damage the wood by over tlghténlng'*) and adjusting !t untl]
the stick 1s in equilibrium, Record thls position as the
center of gravity of the meterstlck system and the meter stlick
number . Draw: a.diagram of the set up in the space: below'nf

2. Attach a load of about. 200 gr§ms on the meter ‘stick at a
distance of about. 15 cm from the fulcrum. ‘Cinclude the: welight
of the clamp") Then attach a welght &f: about 100 grams to the
other side of the fulcrum and adJust ‘the poslition of 1ts clamp
until equilibrlum is restored. Draw a dlagram of the set-up
in the space below, label all distances and forces!!!t!



3, Calculate and record the clockwise tordque and the
counterclockwise torcue from procedure 2. Determine the
percentage dlfference bpbetween them.

Clockwise Torque = Counter Clockwise Torque % Difference

difference
= % D = x 100
Average

4. Sllide the meterstick as far as possible toward the zeroc end
through the knife-edce clamp (about to the 1 cm mark?. Record
this position as the axls of rotation. With a loop of string
and a spring balance apply a force near the 100 cm end of the
meterstick. Lift up on the sprling scale and record the force
exerted by the spring balance and its moment arm. The
opposing force In this case Is the welght of the meter stick
as previoulsy locatec at the center of gravity. Redord the
moment arm of this weight. From the law of moments(torques)
calculate the welght of the meter stick. Draw a dlagram of
this procedure In the space pelow! Label all units and
distances.

5. Weigh the meter atick on a preclision scale.

Meterstick number Meterstick welghs __ N

grams




6.

7.

In the space below determine the percentage of error between
the calcuated weight of the meter stick (procedure 4> and the
accepted weight of the meter stlick (procedure 5).

O-Ay100% = % Error

A

With the fulcrum arranged as in step 4, hang a force of about
300 grams at a distance of about 20 cm from the fulcrum. Then
use the sprlgg balance at a distance of about 75 cm from the
fulcrum to exert a force that will produce equilibrium.

Record the observed values. Takling Intc account the measured
weight of the meterstick (the accepted value In procedure S$3.
Check the law of moments(torques). Draw a diagram of thls
procedure, lapel ALL forces and distances!! Calculate the
percent difference!!!!



8. Use the same set up in this procedure as used in procedure 7.
Place the spring scale and the locop of string at about the
40 =m mark to support the meter stick. Place about S00 grams
at about the 90 cm pcsition on the meter stick. Raise the
spring balance until the meter stick ig horlzontal and record
ites reading. (You will have to hold the meter stick down with
your flnger at the pcint of rotation, do so carefully and
lightly so as to not add any addlitional torque).

¥ An alternative methoc is to attach a loop of string near the
zero end of the meterstick around a fixed object on the lab-
table then place the spring a¢ale and string at the 40 cm mark
and then attach the 00 grams at about the 90 cm mark. A

Draw a dlagram of this procedure in the space pelow. Label
all units and distances. Check the law of torques, using the
accepted or actual weight of the meterstick as found on the
scale. Determine the percentage difference!

.. Answer each. as completely as possible and in
{5 .complete.sentences!!t!!! . ' -

1. where Is the center of cravity of a doughnut? Cxplain your
reasoning.

2. what relationshlp exlsts between a force and lts lever(moment?>
arm when the force is vieried sSo as to maintain a constant torque?



Sk Describe two ways by which an experimenter could locate the
center of gravity of an lrregularly shaped object?

4. Use the data from the first part of procedure 2 of thls
experiment. What ls the upward force exerted by the fulcrum?
How did you get this value° o S

S. Well-made beam balances, or trip scales, are carefully
manufactured so that the lever arms are ldentlical. Suppose the
two-pan balance of a greocer’s scales are poorly made, so the
balance arm on the rlght is longer than that on the left. To
compensate for thls the grocer adds a lead welght the the
underside of the pan on the left. When grocerles are placed on
the 1=2ft pan balance by welghts on the right pan, |8 anyone
cheated? 1|f so, Who! lf not, why not?

6. Explaln why a dressmaker s stissors have long blades and short
handles and the reverse 'is true for a tinsmith‘s shears.

Score Welght

Name : 10 Lab Technigue
Partner: 24 Data/ Diagrams
Hour: _ _ _ Date e 12 Postlab

4 Clean up

S0 TOTAL



