Champlain College - St-Lambert Physics 203-NYA

Lab #8
Rotational kinematics

. Objective

+ To observe and analyze uniformly accelerated circular motion using both linear and circular
variables, and to verify the simple connection between the two approaches.

. Material

« Luctor air table

« Heavy steel puck

+ Counterweight

« Metal rod connecting puck and counterweight
« transparent hub with suction cup

« Hooked weights

¥Sparktimer setto 20 ms.

¥100g hookedweight hangingover pulley

¥ Stringwrappedaroundthe hubin clockwise
directionwhenviewedfrom above.

3. Theory

The motion of an object traveling in a circular path can be described in two simple ways:

1.

From the first point of view, we can keep track of the object by measuring the distancethat it
has travelledaround the perimeterof the circle. This is equivalent to one-dimensional linear
motion, and can be described by the usual kinematics variables (s, v, a, t)

From the second point of view, we can accomplish the same thing by measuring the angle
through which it has rotated about the center of the circle. In this case, we can develop a
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similar set of equations that describe the motion, but using the rotation variables (! , ®, o, f).
In this case 0 is expressed in radians, where T radians = 180°.

The connection between the two sets of variables is very simple, and given (in terms of the ra-
dius r of the circle) by:

s=1710 V=r® a=ro t=t

4. Procedure
« Set the spark timer to 20 ms.

 Use masking tape to hold the suction cup firmly against the air table.

« Wrap the string around the center hub, clockwise when viewed from above, and attach a
100 g hooked weight to the end passing over the pulley.

« Release the system from rest in the position shown above, obtaining a spark track of the
trajectory followed by the puck for slightly less than one complete revolution.

« Locate the center of the circular path, using the method described in the section How to
find the center of a circle

« Measure the radius of the circular path by measuring the distance from the center of the
suction cup to the initial position of the puck.

5. How to find the center of a circle

Here is a method using a ruler and a compass to find the center of a circle
without measuring anything. First select any three points around the circle
and connect them with straight lines as follow:

—

[ Using the compass, draw three circles of radii larger than half the lengths
ﬁ of the straight lines, and smaller than their full length, in order to have
three intersecting circles like in the following figure:

For each pair of intersecting circles, connect the intersection points in order
to find the two bisectors of the straight lines connecting the three
original. The two bisectors will intersect exactly in the center of the
circle.
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6. Analysis

1.

You may wish to skip the first few points if they are very close together. Select a point to
be the position of the puck at # = 0. Draw a thin line from the center to that point. If you
have skipped a few points, your choice means that at # = 0 the puck is already moving.

Repeat for the next 10 to 15 points.

With the zero angle line of a protractor positioned along the first line, measure the angu-
lar position of the following points. If you have a protractor calibrated in radians, this is
your opportunity to use it. Otherwise, measure 0 in degrees and convert to radians by us-
ing T radians = 180°.

Use the “staggered mid-point” method to determine the instantaneous angular velocity ®
in radians/second for each of the points starting with the second and ending with the 9th.
Recall that you cannot determine ® for the first and last point using this method.

In order to establish the relationship you need to measure the circular distance travelled
by the puck independently, i.e. without calculating it from the equation s = 0. The sim-
plest way to do this, is to measure the straight-line distance between points, As1, As2 etc.
To a very good approximation, this distance equals the length of the arc; if the angle sub-
tended is less than 20°, the difference between the arc length and the straight line is less
than 0.01 mm, well below the precision of the ruler.

Use the “staggered mid-point” method to determine the instantaneous tangential speed of
the puck for the same points used in step 4. For example, at the second point,
v = (As1 +Asy)/(2Ar), where At is the time interval between sparks.

Using Excel, plot a graph of 6 vs £. Make sure that you fit a quadratic equatiao the
points and print the equation in the form 6 = 6o + wor + (o?) /2, where ! ¢ should be

zero or a number very close to zero. Record the values of ®p and .

Plot graphs of v and ® vs ¢. Fit straight lines to both graphsFrom the equation of the !
vs ¢t graph, obtain values for ! 0 and o, and compare them with those from step 7.

From the equation of the v vs ¢ graph, obtain values for the tangential speed vy and the
tangential acceleration a. Use the equations v = r® and a = ra., to calculate ® and o.

In the logbook

« A first table should contain the angular position, angular speed and angular acceleration vs

time for the motion of the puck.

« A second table should compare the values calculated throughout the analysis, in such a way

that they are easily compared to one another. Never forget uncertainties.

« The graphs must be done using Excel, paste them into your logbook.
« Follow closely the analysis section described above. Make sure you did all steps and an-

swered all the questions in this section.
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