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§ 1 Introduction

In this laboratory you will discover the two conditions for a rigid body
to be in static equilibrium. In other words you will see how the forces must
be arranged on a solid object so that it does not fall down or rotate.

§ 2 Preliminary: units of force

In this lab we will be using the scale to measure force again. If the
scale reads 50 grams we know that the scale is pushing up with a force of

F = (0.050kg)(9.81
m

s2
) = 0.4905N

which will not be so convenient.
In order to make things easier we will use the unit of force

Γ = (0.001kg)(9.81
m

s2
) = 0.00981N

Then when the scale reads 50 grams we know that the scale is pushing
upward with a force of

F = 50Γ.

We will use this unit of force in this lab in order to allow us to use the
natural units of the scale.

§ 3 Measure the forces on a body in static equilibrium

Procedure 3.a

1) First find the long stick and tape measure that is in your DIY lab kit,
also get a pen.

2) The stick might have a slight curvature in it. You can find this by
placing it on a flat surface. Putting each of the four sides facing down
in turn, and see which orientation makes the stick arch upward in the
center away from the surface. With the stick in this orientation mark
the top of the stick “top”. This is the orientation that you will use the
stick.

3) Lay the tape measure on top of the stick and clip the tip of the tape
measure over the end of the stick. Draw vertical lines on the vertical
face of the stick every five centimeters starting at 2cm. There will be
thirteen marks in total at the positions 2, 7, 12, 17, 22, 27, 32, 37, 42,
47, 52, 57, 62 cm.

Label the first mark 0, the second mark 5 the third mark 10 and so
on.

Procedure 3.b

1) Now find the two small wooden dowels that are flat on one side, the
small wooden block and the scale. Set up the stick as shown below,
with the small wooden dowels making the contact with the stick at the
locations 5cm and 55cm.
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2) Find the 100 gram weight that came with the scale. Tare the scale
without the weight on the stick, so that the scale reads zero with just
the stick.

3) Now place the 100 gram weight at the location marked 0 and record
this position and the reading you find on the scale. Do the same for
the other 12 marked locations, putting the weight at the locations
from 5 to 60cm, and recording the reading on the scale. Be sure to pay
attention to the sign of the reading on the scale, there will be negative
weights. Be sure to indicate the negative sign when you write down
the readings. Label this table of data F1.

Procedure 3.c

1) Now exchange the position of the block and the scale so that the scale
is at 55cm and the block is at 5cm, as shown below.

2) Tare the scale again without the weight on the stick.
3) Place the 100 gram weight at the 13 locations from 0 to 60cm recording

the readings on the scale for each position and again being careful to
watch for negative values. Label this table of data F2.

§ 4 Evaluating the F1 and F2 data to find the first condition

Procedure 4.a
Get the application for this lab [macOS, MSwin] from the class website.
Run Lab5p1, it will open a blank data table which you should fill in with
your measured values of F1 and F2. Ignore the box at the bottom for the
x offset.

. Question 1

Look at figure 10 that the program produced. You should make a PDF of
this figure by clicking the “make pdf” button on bottom right of the data
table screen. F1 and F2 are both graphed versus the position of the 100
gram weight. Notice that F1 is greater when the weight was to the left
and that F2 is greater when the weight it to the right. A third graph is
also plotted of the sum of the three forces acting on the stick, the upward
forces F1 and F2 and the downward force −mg = −100Γ applied by the
weight. What do you notice about this sum of forces? Why does this
happen? This pattern about the sum of the forces is the first condition
for static equilibrium. In a general way state the first condition for static
equilibrium. Share your results with the instructor before going on.

§ 5 Evaluating the F1 and F2 data to find the second condition

. Question 2

There are two lines in figure 10 that we have not looked at yet, the red and
blue solid lines. These are best fit lines to your observed measured values
of F1(x) and F2(x). The form that was fit was

F (x) =
x− a

b− a
mg

with mg = 100Γ, with the constants a and b picked to make the function
fit your data as well as possible. Do the values of a and b look familiar?
What do a and b correspond to in your setup?

. Question 3

In order to check your idea about the significance of the constants a and
b. Consider the following. You wrote the labels 0 through 60 on the stick,
placing the origin of the coordinate system at the left most mark of the
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stick. If you had instead labeled them from -20 through 30, (placing the
origin at the fifth mark) would the measured forces have been any different?
Would your idea of the meaning of the constants a and b change? The “x
offset” box at the bottom of the data table screen allows you to retroactively
change the markings on the stick, placing the origin at different location,
and produces a new graph with the results of the experiment if you had
done the experiment with a different origin. For you convenience the graph
also shows the locations x1 and x2 on the new stick of the applied forces F1

and F2. Try some different offsets, and test your idea about the significance
of the constants a and b. Pay particular attention to what happens if you
place the origin at one of the places (x1 or x2) where force is applied.

. Question 4

If everything has gone write so far then your measurement of the forces has
lead you to the conclusion that the forces as a function of the position x of
the weight mg are the cryptic formulas,

F1 =
x− x2

x1 − x2
mg

and

F2 =
x− x1

x2 − x1
mg.

Sadly this is not a very good way to understand the result, so we want to
rewrite this is a way that is allows us to understand what is happening in a
physical way. Algebra will help you do this, so turn on your algebra brain.
• Take just the equation for F1.
• We do not like fractions, so multiply both sides by (x1 − x2).
• We like zero, so subtract the right hand side from both sides.
• Get rid of all the parenthesis by using the distributive law.
• Collect together everything that is multiplied by x2.
• Recall that we discovered the first condition for static equilibrium is
ΣFn = 0 so in our case F1 + F2 + (−mg) = 0 so that F2 = mg − F1. Use
F2 = mg − F1 to simplify the stuff in your equation that is multiplied by
x2.
• The resulting equation is the simplest way to express the second condition
for static equilibrium, and leads to the physical insight we are seeking.
• Now check figure 11. It should help you evaluate if your second condition
for static equilibrium is correct.
• Describe in words the second condition for static equilibrium. The quan-
tity xF is called a torque. Share your results with the lab instructor.

. Question 5

With your equation expressing the second condition for static equilibrium
in mind, consider again what happens if you place the origin at the location
of one of the three applied forces (F1, F2, or −mg).

§ 6 Understanding directions of torque

In the equation ΣFn = 0 some forces are positive and some are neg-
ative, we understand what this means, some are up and some are down.
In our second condition ΣxnFn = 0 it is clear that the must also be both
positive and negative values for the torques xnFn’s, but it is not at all clear
what this positive and negative mean. This section is intended to build an
understanding the the significance of the sign of the torque xF .

Procedure 6.a

1) Find the nut that you used to in the first pendulum lab to hold the
large washers on to the hook. Weight this nut.

2) Set up the stick, scale and block as shown in the image below.
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3) Tare the scale after everything is in place.
4) Now place the nut at the mark 60cm, and record the reading on the

scale, again noting if the reading is positive or negative.
5) Draw a free body diagram of the stick with the three forces acting on

the at their appropriate locations.
6) Label the locations of the forces, with the origin at the mark 20,

where the block is placed, this places the scale at x = −15cm and the
nut at x = +40cm.

7) Write the three forces including signs. You will need to use ΣF = 0.
8) Write the three positions including signs.
9) Write the three torques xF including signs.

10) Check to see if the sum of torques is zero, which torques appose each
other. Do these same forces appose each other?

11) Now thinking of the origin (the block) as a pivot point, does the stick
rotate clockwise (CW) or counterclockwise (CCW) if the force applied
by the scale was the only force applied? What direction would the stick
rotate if the force applied by the nut was the only force? Compare these
two directions with the sign of the corresponding torque xF .

12) Since both the position x and the force F can be either positive or
negative, there are two ways to get a positive torque xF (++ or −−)
and two ways to get a negative xF (+− or −+). Try each of these
four combinations ++, −−, +− and −+ by pushing and pulling on
the stick, with the origin at the block and the scale removed. Does it
rotate in a direction in accord with the sign of torque xF?

13) Describe in words the significance of the sign of the torque xF . Share
this with the instructor.

§ 7 Torque due to gravitational force on a distributed object

When we place the 100 gram weight or the nut on the stick, they were
small enough so that they more or less applied a force at one point. Up
until now we have ignored the gravitational force on the stick itself. We
did this by taring the scale after placing the stick. Gravity pulls on every
atom of the stick, so it seems that the computation of the torque on the
stick caused by gravity would be very complicated since each atom is at a
different position x. Fortunately in computing the torque caused by gravity
it is possible to treat the gravitational force as if all of the gravitational
force −mg is applied at a single point xcg. This point is called the center
of gravity. The next part of the lab will have you find the location of the
center of gravity of the stick.
Procedure 7.a

1) Weight the stick and record it’s weight.
2) Tare the scale with just the 100 gram weight and one of the dowels on

the pan.
3) Put the stick on top of the small wooden block and a dowel, so that

the 15cm mark on the stick is on the dowel.
4) Place the other dowel on the center of the scale and move the scale

under the stick so that the dowel is under the 0cm mark on the stick.
Place the 100 gram weight on top of the stick at the 0cm mark. This
will hold the stick down.

5) Record the reading on the scale including the sign.

. Question 6

page 4



SMC Physics 2020 Lab 5 - Static Equilibrium page 5

Now place the origin for this calculation at the the location of the block
(15cm). This means the scale is at -15cm. Since you already weighed
the stick we know the gravitational force (−mg), but we do not know its
location xcg. Use the second condition for static equilibrium to find the
location of the center of gravity. Mark where it is on the stick, don’t forget
that its location is relative to the origin (at the 15cm mark). Compare the
location of the center of gravity with the geometric center of the stick.
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