Algebra Based PhysicsDMechanicsLab 4
CONSERVATION OF MECHANICAL ENERGY

DISCUSSION OF PRINCIPLES

Kinetic Energy

Kinetic energy (K) is the energy a body has because it is in motion When work is done on an
object, the result is a change in the kinetic energy of the object. Energy of motion can be transla-
tional kinetic energy or rotational kinetic energy.

Translational kinetic energy(Ky) is the energy an object has because it is moving from
place to place, regardless of whether or not it is also rotating; Ky is related to the mass (m ) and
velocity (V) of the object by

Ky = 5mv2 1)

Rotationalkineticenergy( Kg) is the energy an object has because it is rotating, regardless of
whether or not the body as a whole is moving from place to place. Kg is related to the moment
of inertia (| ) and angular velocity (! ) of the object by

Kg =510 )

The total kinetic energy —of a rolling ball, for example—is the sum of the translational and
rotational kinetic energies. Stated mathematically,

1 1, 2
Kiotal = KT+KR=Emv2 +>lo 3)

Since you will be using a solid ball in your experiment, we will elaborate on Eq. (3) somewhat.

The angular velocity of a rolling sphere is the velocity (relative to the center of the sphere) of a
point on the circumference, divided by the radius (I ) of the sphere, that is,
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Just as the mass m of a body is a measure of its resistance to a change in its (translational)
velocity, the momenbf inertia / of an object is a measure of that object’s resistance to a change
in its angular velocity. The moment of inertia depends not only on the mass of the body, but also
on how the mass is distributed throughout its volume. When the object is made up of point
masses M; located distances I; from the axis of rotation, the moment of inertia can be calculated
using



n
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For a continuous body (like a solid ball), Eq. (5) is replaced by an integral over the volume of the
body. The result of carrying out that integral for a sphere rotating about an axis through its cen-
ter is simply

I= %MRZ 6)

where M and R are the mass and radius of the sphere, respectively.

Potential Energy

An object may have energy by virtue of its positionon account of the work done to put it there.
The object is said to have potential energy (U ). Gravitational potential energy, which we will be
concerned with in this experiment, depends on the mass of the object, the acceleration due to
gravity, and its location. It is important to remember that potential energy is only defined rela-
tive to a location, which can be chosen arbitrarily (that is, for convenience) without affecting the
body’s subsequent motion. For example, if a ball is held 1/2 meter above a table top, and the ta-
ble top is 1 meter above the floor, the potential energy of the ball has one value relative to the
table top, and a larger value relative to the floor.

The potential energy of an object near the surface of the Earth is given by

U =mgh @)
where g is the acceleration due to gravity, m is the mass of the object, and h is the height above
the chosen reference level (the tabletop, where the potential energy is zero by choice).

If we drop an object, it will lose height and gain velocity as it falls. Looking at Egs. (1) and
(7), and assuming the object is not rotating, we see that the object is gaining kinetic energy and
losing potential energy. At the instant just prior to hitting the floor the object will have lost all of
its potential energy, since the height is zero. The total energy is conserved. The lost potential
energy has all been converted into kinetic energy in such a way that

TU+!K=0 ®)

The conservation of energy equation for this experimental situation reads as follows:

2

(loss of U) Mgh = %MV +%1/ 2 (gain in K) 9

Substitute for I from Eq. (6) and for o from Eq. (4), then solve for v. (Do this short bit of al-
gebra yourself and include it in the Analysis section of your Report.) You will get
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= [—= 10
v 7 (10)

Note that both the mass and the radius of the ball have dropped out!

PROCEDURE

You will roll a small ball down a ramp and measure the horizontal and vertical distances that the
ball travels after leaving the end of the ramp. You can calculate the velocity at the bottom of the
ramp using two different methods. (A) Use the equations of kinematics together with those two
measured distances to calculate the speed of the ball as it left the ramp. (B) Alternatively, you
can calculate the speed of the ball as it leaves the end of the ramp from a measurement of the
vertical distance traveled while on the ramp, using the conservation of energy principle. You
will compare the two values obtained for the speed at the end of the ramp. If the two values ob-
tained are in agreement, then you will have demonstrated the energy conservation principle.
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Figure 1 Apparatus

The apparatus consists of an inclined ramp whose height (y) you can vary by means of the
adjustable clamp, as shown in Figure 1.

(A) Setting up

1.) Tape several pieces of notebook paper to the top of the table, extending out from the edge of
the ramp about 1 m. Set the ramp so that it rests on the paper (i.e.,so that y=0). Mark the po-
sition of the lower edge of the ramp on the paper.

2.) Adjust the ramp so that the lower edge is about 10 cm above the table. The ramp should be
adjusted so that the lower section of the ramp is level, as indicated by placing a small bubble
level there. If the lower edge of the ramp is not level, ask your lab instructor for help with this



adjustment.

3.) Place the ball on the lower edge, then measure and record the vertical distance (y) from the
tabletop to the bottom edge of the ball.

4.) Place a piece of carbon paper face down on top of the paper on the table, about 5 to 10 cm
from the end of the ramp.

(B) Making the measurements
5.) Place the ball near the top of the ramp, and release it. Be careful not to push it down the
ramp.

6.) Remove the carbon paper. You will see a small spot on the underlying paper marking the
point where the ball landed. Measure and record the horizontal distance ( X) from the line drawn
earlier marking the end of the ramp to the point of impact. Once you have measured the position
of the dot, draw an “X” through it, and write a “1” beside it so that you will be able to distinguish
it from later marks.

7.) Repeat steps 2 through 6 four more times with the ramp at different heights above the table
each time. Slide the ramp upward on the post in even steps to the greatest height possible. You
may have to move the carbon paper out farther as the ramp gets higher. Label the impact points
sequentially 2 through 5 as they are produced.

8.) Determine and record the uncertainty in the vertical and horizontal distance measurements.
9.) Complete the data table on the worksheet.

ANALYSIS

(Al) By Kinematics

From the position of each mark you can calculate the horizontal velocity that the ball had as it
left the ramp. After the ball leaves the ramp, there is no force acting on it to change its horizon-
tal velocity (neglecting air resistance). But gravity is pulling the ball down from the instant it
leaves the ramp. The distance Y that the ball has fallen in time 7 is given by

2
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y=-9t (11)

where g=980cm/s’is the acceleration due to gravity. Since you measured Y (it is the vertical dis-
tance from the top of the table to the top of the lower section of the ramp) you can find the time

t that it took for the ball to travel from the end of the ramp to any given mark. Solve Eq. (11)
for t.



= |2 (11a)
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You also have the horizontal distance ( X) from the end of the ramp, which allows you to calcu-
late the horizontal velocity (V) from

X
X=vt or, V:T (12)
Substitute from Eq. (11a) into Eq. (12).
V=X |— (13)

Use Eq. (13) to calculate the velocity from the position ( X,Y) of each mark. Record the values in
your data table.

Explain why the five values should all be the séwithin experimental error).

Average the five velocities, and record the average on the worksheet.
(A2)Trajectory of free-falling ball

The motion of the ball in flight should be a parabola. Using the kinematic equation

n 1
Yi=Y," S0t
where y, is the y that you measured and recorded in the data table(the height of the ramp above
the table). Recall that t=x/v from Equation (12), so t*= x*/v>. The resulting equation is

)

sz-i_yf (14)

y:

where VY is the height above the tabletop when the ball is a horizontal distance X from the end of
the ramp, and V is the speed when the ball leaves the ramp. Please note that y, should be the final
height of the ball after it falls from the ramp to the table, thus y,should be approximately zero.

One way to check if your data shows this relationship is to plot y versusxZ. This should
yield a straight line that resembles equation 14. Draw this plot using your data (i.e., from the

fifth column of the Summary of Measurements data table). Include this plot in your Report.

Record the slope on the worksheet(include units!).



Calculate the velocity from the slope of the line and record this on the worksheet. (Note: The
slope does not equal the velocity, however the slope can be used to calculate the velocity— see
Eq. (14) for a clue.)

Does this velocity agree with the velocity that you found from the data table? Should it?

(B) By Conservation of Energy

When the ball was at the top of the ramp, it had potential energy given by Eq. (7), where h is the
vertical distance from the point on the ramp where the ball was released to the top of the ramp’s
lower level. Just as the ball gets to the bottom of the ramp, all of the potential energy has been
converted into kinetic energy, given by Eq. (3).

Measure and record the distance h on the worksheet.
Again the conservation of energy equation for this experimental situation reads as follows:
2

(

(lossof U) Mgh = %MVZ +%1/ gain in K)

Use Eq. (10) to calculate the velocity that you would expect for the ball as it leaves the ramp.

Compute the percent difference between the average velocity from the data table (Procedure A)
and this calculated velocity (Procedure B) and record this on the worksheet.



Consenation of Energy-Worksheet

(Al) By Kinematics

Summary of Measurements

Vertical | Horizon- | Velocity X’
Mark Distance tal (cm/s) (cm®)

# (cm) Distance
(cm)

1

2

3

4

5

Average velocity (from data table) = + cm/s(by kinematics)

(A2)Trajectory of free-falling ball

Slope

Velocity

(B) By Conservation of Energy

= +

(cm/s)

cm.

Calculated velocity

Percent difference

cm/s(by energy conservation)

%




