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Common objects around you are made with
very precise measurements. Now look at the
slide in the park, there are many factors in-
volved in its design, like what happens if you
lower the angle or increase the height? Will
you still be let down so easily?

These little phenomena are not limited to
the playground but are used in our daily
life. For example, wheelchair ramps allow
easy movement, making buildings accessible
to everyone. Even in construction, ramps
are an effective means of transportation for
heavy objects. Understanding these princi-
ples helps us in everything from designing
playground equipment to building loading
docks and ramps. Let’s create a similar setup
in the lab and examine the factors.

ë ٔφıá̤ �Ƈ tφĩ ìţə �ɼφ̒ �ã Hʄ �φō å�ψĲ �Ě �Ŵ �Ǹ ÷áφȯ ŀφʼ êÿ �φĖ êÚٓ ùƙ �âÚٓ
ď Hʋ ŤφƘ pè ٔφĖēĈφū çţ �φʚŸφǎ å �Ůφİ ôéÿ �φĖ �âÚ åsŮH۔ φį ďŶٔφ˪ ŀٔφŃá �Ŧ �φĩ Ļ �φŁáφū ùƙ
öφİá φū öφİÚţȮ ùȅ �ã Hʄ �φō å �Ůφİ �å ٔφĲÚ �ņ�ψʱ çؕ ùƙ êÚ ،å �Ůφƒ Ļʰ �ψĖ ç
äó �Ě �Ŵ �Ǹ ŀƥÚó ù�ňŏφƠ ņ�φʱ êÚ éóÚ ŀٔφŃá �̣ �φłóÚ ،đ �ψĹ óÚ �é áƚφȖÚ Gϖ EϗûɕTűTφŪ،åsŮH φį۔å �Ů �φĕŸ �Ņ Uņ ٔφʱá �φĬ ņ�φʱ
ď Hʋ ʴ �φĕ  �äÚè �Ŧφǌ ùƙ ö �ŦȊφƝ �ðĚŊ ĚH ŋá �̢φȒ ùȅ ŀƥţʠƐφǎ đ �φĹ
õá̤Ɛ �žφǁÚ å �Ůφİ ŀφ˲ è �χĖ �é ŀφʼ ĒĚė �éóé čéá̤ Hφɸ đ �φĹ đˀƶ �φĖ åsŮH φį å �Ů H̥ �φō çóẹ̀φ̒
ŀٔφŃá �Ŧ �φĩ ϖüٔżϙώƑ ùƙ ĚŴٔ �ť �φŪ ö �Ŧ Hφǅó ó،ņ�φʱ éţφř ùƙ õá Ŧφǌ åsŮH۔ φį ÿ �φĖŸ Hφǰ
،ùH Ȅ á �Ŧ �ωĩ ç �â �éá �φŪÚ ŀφʼ �ýφy ŉφŜ �äáφūÚٓ �äÚţƭφĐçؕ ŀƥÚó ù�ňá �φŪ
äá H̥ �φō ùH۔ Ȅ ÿ �φĖá �Ŧ �φĩ ŀٔφŃáφūé ö �χĕá �φĬ ϖü�żϙώƑ ùƙ ďɔφʸ ĚH ŋ ŤφƘ äŤ �χńéá̤φɶ ţ �φʚ
đٔȝ �ψĳ é �ç ņ φʱŸٔφǎ ʴ �χĕÚ ϖ Gϗ ϘúٔżϙƬTŦϙφʸ äó �Ě �Ŵ �Ǹ čŉǖ �φŁ �ãʟ �ωŞ é ،å �Ůφİ Ě �ŴʡƐ �φĳ đφʻ ʴ �φĕ

�äÚè �Ŧφǌ ùƙ ö �ŦȊφƝ á �ŦȊ �̪ɯφƅ ŤφƘ äŤφƔŸφǛÚ �äÚ ۔ ùH Ȅ ö̤φɵ ó ö �̠ �φĳ
ëφ́ Úçؕ ǲ �χĕ çؕŤφƔ ŏφƘ ùƕ ùȅ ù�ňŏφƘ �å ٔφĲÚ �ņ�ψʱ çؕ ŤφƘ �äÿφİáφūó �éáφū ùƙ
ÿ �χĖŏφƘ çèφİ čéá̤ Hφɸ å �Ůφİ äŸφǎáφĥ �ñƭ �ƌ �ȿφ̒ ʴ �φĕ ù �ňá �Ŧ �φĩ �ãʟ �ωŞ é éóÚ
å�ψĲ ŏφƘ éá �Ŧ �φĩ �âÚ ãؕ �Ũφǁ ď Hʋ á̧�φıÚ ʴ �χĕÚ å �Ůφİ Ēáφ˧ đ �ψĹ ŉ�ɭ �φł ϖü�ż ٔϙϐĩ Úٓ ùH۔ Ȅ

å۔ �Ůφƒ Ē Uņ ٔφʱá �φŪ áφĥ öφİÚţȮ éóÚ
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Figure 1: A setup replicating an inclined surface.

Let’s make sure we have everything we need to make up a setup shown in Fig. 1.

1. Inclined surface

2. Ruler

3. A regular shaped object

4. Lab Jack

Video Analysis

In this experiment you will record an object as it slides down an inclined surface. Record the
object and the surface from the side, keeping the camera level with the surface. Maintain a
contrasting background for clarity (for instance, if the objects in the experiment are of a lighter
colour, set up a black chart paper in the background) Make sure the camera frame covers the
entire movement of the object.

Set up the inclined plane and place the object at the top. Gradually increase the angle of the
incline until the object just starts to slide. Record this critical angle (θc).

What does the data say?
When a block is sliding down an inclined surface, several forces act on it. The gravitational
force, or weight mg, pulls the block straight down towards the Earth. This force can be broken
into two components: one parallel to the incline, mg sin θ, which drives the block’s motion
down the slope, and one perpendicular to the incline, mg cos θ. The perpendicular component
is balanced by the normal force N exerted by the surface under the block, and acts at a right
angle to the surface. Additionally, there is a frictional force f that opposes the block’s motion
along the surface. This frictional force depends on the coefficient of friction µ, which is simply
a number representing the degree of friction between the block and the surface. The total force
in the direction parallel to the incline determines acceleration a down the incline.
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[Q 1] . What would happen to the block’s motion if there were no frictional force acting on
it? How would the block behave differently on an inclined plane with a higher or lower angle?

As the angle θ of the incline increases, the component of the gravitational force that acts parallel
to the incline, mg sin θ, increases. At a certain critical angle, the force due to gravity along
the incline will overcome the maximum static friction force, causing the block to start sliding.
Beyond this angle, the block will continue to accelerate down the incline, and kinetic friction
becomes the relevant opposing force.

Put the object on the inclined surface. Start recording as you slowing increase the angle of
inclination until you reach the critical angle and the object slides down.

[Q 2] . Note the critical angle.

The coefficient of static friction µs is defined as the ratio of the frictional force to the normal
force when the system is not moving.

[Q 3] . For your critical angle, calculate the value of µs.

[Q 4] . Sketch a rough graph for the relationship between the angle θ and friction?

Record videos of the block sliding down the incline at various angles greater than θc where the
block begins to slide.

[Q 5] . Plot a graph of acceleration a versus time t for different values of θ. Consider what
the shape of this graph might reveal about the block’s motion.

[Q 6] . Write down an equation for a∥ with respect to the block’s weight and the frictional
force. Plot a graph of the frictional force f versus the incline angle θ. Could you describe their
relationship by looking at the graph?
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