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Friction is a very important concept. Without friction, it would not be possible for us to walk
or drive cars. However, friction is also the cause of energy loss and we would like to reduce it
for higher efficiency in machines. In this experiment, we will study the forces of friction when an
object is stationary and in motion. We will calculate the coefficients of static and sliding friction
using a smartphone’s built-in accelerometer along with video analysis. We will then correlate
the results and determine the relative effectiveness of these methods.

Essential pre-lab reading: “Physics for Engineers and Scientists : Extended 3rd Edition” by
Ohanian, H.C. and Markert, J.T. (W.W. Norton and Company, 2007); (Sections 5.1-5.6 and 6.1)

1 Test your understanding

1. What are the forces acting on a stationary body when it is placed on an inclined plane?
Draw a free-body diagram and show all the forces.

2. Does the coefficient of static friction change when the angle of the incline is varied?

3. What are the forces acting on a body sliding down the inclined plane?

4. Derive an expression for calculating the coefficient of kinetic friction in terms of acceleration
and angle of incline. This expression will be used in the following experiment.

2 The Experiment

A smartphone is attached to a small aluminium block place on an inclined plane. The incline
angle is gradually raised until the block (along with the smartphone) slips. The motion is recorded
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(a) Top view

(b) Sample video frame (c) Camera/Tripod placement

Figure 1: Experimental set-up

on video and data is also recorded on the smartphone accelerometer. The two sets of data are
then exported to the computer for quantitative analysis. So let’s begin the experiment now.

Place the camera on a tripod and adjust the height until it is level with the set up. Move the
retort stand about 5-6 feet far from the set up and zoom in. Try to adjust the camera so that
you have negligible perspective distortion in the frame.

2.1 Measuring Static Friction

Ensure that your set up looks like Figure 1. Place the smartphone in the special case and attach it
to the aluminium block and place them on the inclined plane. Raise the inclined plane gradually
in steps of 1 cm and note down the readings on the Accelerometer Data Grabber app on the
smartphone in your notebook. Repeat until the block starts to slide down the inclined plane.
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Leave the inclined plane at this angle for the next section.

Q 1. How do you calculate the angle of the incline?

Q 2. Use your noted values to calculate the coefficient of static friction? Plot your results,
showing the variation of static friction with the angle of the incline.

2.2 Sliding Friction

Attach a colour marker object on the smartphone casing and place the block and smartphone back
on top of the inclined plane. Press the start button on the Accelerometer Data Grabber app
and simultaneously start video recording on the digital camera and then release the smartphone
so that the block slides down. Repeat the last step if the slide down is not nearly in a straight
line. As soon as the block reaches the bottom of the incline, stop video recording and stop the
data collection from the smartphone accelerometer. Now, transfer the collected data and video
to the computer for quantitative analysis.

3 Analysis

3.1 Video Analysis

Make sure the video is in the same folder and then run the MATLAB function “trackmob.m”.
This function automatically tracks the position of the marker placed on the smartphone case
frame by frame and returns the time and tracked position data in cartesian coordinates. The syn-
tax for using this function is “[time, position]=trackmob(‘filename.mov’, knownDistance);”.
Identify two points of known distance (in metres) on the first frame. Also make sure that the
value of knownDistance is correct and in metres. When you obtain the results, plot the position
data only and estimate the region of interest (RoI).

Q 3. What is the region of interest in your collected data? Why have you selected this range
of frames?

Extract the position data in RoI and store it in a different variable. Also extract the corresponding
timestamps and store them in a separate variable.

Q 4. You will fit the position data to a model function. Write down this function.

Using your selected region of interest, run the function “processdata.m” to get the displacement
relative to the starting position of the marker. The syntax for using this function is “d =
processdata(position);”.
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Q 5. Why do you get only a single column matrix for the position data and not two separate
sets of x and y coordinates?

We now need to fit the processed data to a mathematical model. For this experiment a suitable
model function is the general quadratic function which is

f(t) = c1t
2 + c2t + c3. (1)

Use the least-square fitting function “lsqfun.m” to fit the processed data to this model. The
syntax for using this function is “c = lsqfun(xdata,ydata);”. The variable “c” stores the three
unknown parameters in the model described above.

Q 6. Use the model function above and the values of the three parameters to interpolate the
time and position data by a factor of 10.

Now, compute the first and second derivatives using “deriv.m” to obtain velocity and accelera-
tion. The syntax for using this function is “[xd, yd] = deriv(xdata, ydata, order)” where order

is 1 for computing a first-order derivative and 2 for a second-order derivative.Plot your results.

Q 7. What is the value of acceleration of the slide down the incline?

Q 8. Use the value of acceleration to calculate the coefficient of sliding friction. (Hint: Use
the expression from pre-lab exercise Q4.)

3.2 Accelerometer Data Analysis

Now, import the accelerometer data to MATLAB. The accelerometer records data along the
fixed x, y and z axes. Plot the accelerometer data and try to identify the region corresponding
with the slide down the incline. Now, extract data from this region of interest and store it in a
different variable. Try to estimate the acceleration of the sliding block.

Q 9. Calculate the average value of acceleration for the selected region of interest. (Hint:
Look for the abrupt changes in acceleration.)

Q 10. Is this average value of acceleration the same as the value obtained through video
analysis?

Q 11. Compared with the accelerometer, is video analysis a better option for collecting data
in this experiment? Explain your answer.
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