Nick Oliver
Monday, March 04, 2002
LAB 5.2: FRICTION
Friction Part # 2
PURPOSE
To explore the properties and relationships among different factors relating to Friction. More specifically, to study the value of the coefficient of static friction (a moving object) where the “coefficient” represents “Mu”.

HYPOTHESIS

This lab is somewhat different from lab # 5.1 because now the block that was being pushed from 5.1 is now going to be sliding down an elevated plank of wood. I believe that as the Mass of the block increases, the angle at which the plank must be set to will have to be increased as well.

MATERIALS & EQUIPMENT

Block of wood

Various masses

Pulley & clamp

String

Newton Spring Scale

Wooden board

Protractor

Textbooks (to elevate the plank)

PROCEDURE

1.) Gathered all materials and placed wooden board on flat surface.

2.) Placed textbooks under the plank as to elevate the piece of wood.

3.) Tied a piece of string to the block of wood.

4.) At the end of that string, attached the Newton Spring Scale.

5.) To the other end of the Newton Spring Scale, attached a weight (to pull the wood).

6.) Attached the pulley and clamp.

7.) Placed string, wood, Scale, etc. onto the board and aligned with pulley and clamp

8.) Elevated the plank of wood to the exact instance when the block started to slide down.

9.) Measured Friction value from Newton Spring Scale.

10.) Took down all necessary measurements.

11.) Recorded interior angle of the plank relative to the base.

12.) Repeated experiment numerous times with differing masses.

DATA

	TRIAL #
	MASS & ANGLE
	W=MG
	CALCULATIONS
	MU VALUE

	1
	< = 26° 

mass = 0.2368
	W = 0.2308 (9.8)

= 2.32 N
	cos 25 = Fn / 2.32

       Fn= 2.10

Sin 25 = Ffr / 2.32

FFr = 0.98 N

FFr = (mu)(2.10)

0.98 = (mu)(2.10)  (divide both sides by 2.10)

(mu) = 0.47
	(mu) = 0.47

	2
	< = 23°

Mass of block w/weight = 0.5067 kg

	W=(0.506)(9.81)

W = 4.97


	Cos 23 = Fn / 4.97

Fn = 4.57 N

Sin 23 = FFr / 4.97

FFr = 1.94 N

FFr = (mu) (Fn)

1.94 = (mu) (4.57)

(mu) = 0.424
	(mu) = 0.424

	3
	< = 25º

Mass of block = 0.757

	W = mg

 W = 0.757 (9.8)

 W = 7.436
	Cos 25 = Fn / 7.426


= 6.73

Sin 25 = FFR / 7.426


= 3.138

FFr = (mu)(Fn)

3.138 = (mu) (6.73)

(mu) = 0.466
	(mu) = 0.466


UNCERTAINTIES

This experiment involved some sources of error and uncertainties, they were:

a) Not being able to measure the total Mass of the weights pulling the block because they had to be tied together at their ends, the pull therefore wasn’t always the same.

b) The plank of wood that was used seemed to be rougher in some areas and smoother in others, therefore affecting the force of friction.

c) When trying to pull the object by hand, it was difficult to maintain constant speed.

d) Measuring the angle at which the plank was elevated could not be measured to an exact value (estimation was needed)

e) Often the block needed a push for it to start moving.

f) Often, in order to get the block to move somebody had to touch it and this added more force, which may have produced inaccurate calculations.

g) The Newton Spring Scale did not always produce the same results, and it was not always set to zero, as it’s starting point.

OBSERVATIONS

Contrary to the expected outcomes for the experiment, some calculations and demonstrations seemed to produce irregular outcomes. The most notable examples were involved such things as the elevation of the plank and the needed push to get the block to start sliding. Contrary to the hypothesis, the results showed that to get the block to move, did not necessarily mean a larger angle was required. The three angles that were needed to cause the block of wood to start sliding were 26°, 23°, and 25°. These angles are stated in the order they were used. The interesting fact is that each time the experiment was carried out, the total Mass of the block was increased, but as you can see, the angles seemed to decrease. Another interesting observation was that a push was often needed to make the block slide. Often, the plank would be raised quite high, and the block did not move. At one point, the plank must have been raised at an angle of +35°, but the block would not move. A small push was needed to start the block’s descent. 

ANALYSIS

Law of Friction is one of the most important types of Force in Physics. Simply put, the Force of Friction is basically resistance against an object. In more scientific terms, Friction is defined as “Resistive force caused by microscopic irregularities in object surfaces.” There are three basic types of Friction, but the two most important types are Kinetic and Static. The purpose of this lab was to learn about the principles involved with Static Friction and also develop concepts relating to Static Friction such as the “Mu” value, Ffr, the relation to the trigonometric ratio Tan and the angle theta, etc. Static Friction is involved when an object is not moving, that is why it applied to this lab. The block of wood would slide down the elevated plank by weights. As it was pulled down the plank at an angle (usually about 25°) Static friction was acting against it. Little microscopic irregularities in the plank acted like a resistor against the motion of the plank, causing it to move slower than if there was no friction. Once again, like in Lab 5.1, the same example applies; if the plank were greased up with lots of oil and lubricants then there would most likely be no friction at all. In theory, if the block slid down the plank, because of the oil, the block would never stop. This lab demonstrated this theory and also showed the relationship between Mass and FApplied (N). The results proved that as the Mass of an object increases, the FApplied (N) increases, as does the FNormal (N). However the lab did not prove the idea that the angle must be increased when the Mass of the block is increased, possibly a result of the sources of errors outlined above.

DISCUSSION

1.) Tan x = Mu:


[image: image1.png]ADJACENT

OPPOSITE





Therefore, Tan x = Mu.

2.) The lab proved that the Mass of an object does affect the value of the coefficient, or Mu, because as the Mass increases, the FNormal increase, therefore, your adjacent side from the above diagram will also increase affecting your tan ratio.

3.) The value of the coefficient of Static Friction is larger than the value of the coefficient of Kinetic Friction. This fact can be explained using the following example: when you push on a heavy cabinet or refrigerator, it is hard to move and sometimes you cannot get it to “budge”. This is because the Mu value is greater on objects at rest rather than on objects that are moving. After you get the cabinet or refrigerator to move, it is easier to keep it going because it is already in motion so the Normal Force is greater and you’ve surpassed Static Friction.

4.)  The uncertainties listed above, may have produced inaccurate results because of the errors involved. Since some of the uncertainties had a direct influence on the outcome and procedure of the experiment, the affects may have been quite influential. Factors such as the degree of the angle and the Mass of the block were large contributors to any errors in the experiment.

CONCLUSION

This lab successfully demonstrated the laws and principles of StaticFriction. This real-life demonstration provided great examples, proving the theories of Static Friction and the laws that apply. Specifically, the lab concluded that Mu is equal to Ffr/Fn, which in turn, is equal to the trigonometric ratio of Tangent. The above FBD proves that Tan x = Mu because of the triangle created. Also, the lab showed that as the Mass of an object increased, so did the coefficient of Static Friction (explained in FBD). 
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