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Abstract
[bookmark: _GoBack]The objective of this experiment report is to show how to obtain static friction between the surface of a bench and a stick inclined by a coin. Over years science had studied the interaction between surfaces. One physicist established the laws of friction studying the dry sliding of two flat surfaces. The three laws of friction are analyzed as:
1. The friction forces oppose the movement of a block which slides on plane. 
2. The friction force is proportion to the normal force excreted by the flat on the block
3. The frictional force is not dependent on the apparent contact area between the two surfaces.
The ration of the force of friction (Ff) to the normal force (N) is called Coefficient of friction (µ) 


1.1 Aim
To determine the coefficient of static friction between two surfaces
1.2 Introduction
When two objects are horizontal to each and without any relative motion there is no frictional force. As the object are slowly raised up above the flat surface of the bench at an angle, the force of static friction increases from zero to counteract the component of the force of gravity that act along the interface. As the angle increases, the component of force of gravity exceeds the maximum value of the force of static friction and the top object start to slide off. 
1.3 Theory
The forces that act on an object determine its direction and acceleration when moving. The possible forces acting are weight, normal, tension, pulling pushing and friction forces. Friction force includes static friction and kinetic friction force. In this experiment, the static friction act on the on the object that is stationary. In this experiment the object is static and then starts moving. The direction of the travel is always opposite to friction force. 
If a graph of mass of the scale plan plus the musses placed in the scale pan against the mass of the block plus the mass placed on the block is drawn, the slope of the graph is used to determine the coefficient of the friction. 
1.4Materials Needed
The meter stick
A cloth button
A wooden toothpick
Procedure
i. Place the meter stick on the table
ii. Place a coin on the meter stick and slowly tilt the meter stick, increasing the angle slowly. When the coin just starts to slide down the meter stick at a constant speed, measure how the edge of the meter stick is above the table. 
iii. Enter the collected data in the table of result (table4)
iv. Repeat the experiment five times with coin, a cloth button and wooden toothpick and record the data on the table of the result. 
Table of results
	
	1st  height (m)
	2nd height (m)
	3rd height (m)
	 4th height (m)
	5th height (m)
	Average height (m)

	Coin
	0.1
	0.09
	0.10
	0.08
	0.11
	0.096

	Button
	0.20
	0.18
	0.19
	0.21
	0.21
	0.198

	Toothpick
	0.05
	0.06
	0.05
	0.05
	0.6
	0.054


1. Mean height calculated in the table above
2. Calculation on standard deviation
Standard height of height due to coin

0.1, 009, 0.1, 0.08, 0.11
(0.0466/5 -0.48/5) = 
0.01
Standard deviation of height due to button
0.1967/5 – (0.99/5)2 = 0.01
Standard deviation on height of toothpick
0.0147/5 – (0.27/5)2 = 0.01
3. Calculation on relative error
Standard error mean 2= s2/n 
SEM in coin = 0.1/ 2.22 = 0.044
SEM in button = 0.044
SEM in toothpick = 0.1/2.2 =0.044
4. The masses of coin, button and tooth pick
Mass coin = 2.5g
Mass of a cloth button = 0.8g
Mass of wooden tooth pick =6g
5. By drawing and using free-body diagram method, derive the equation for T for an object of mass m being slide an incline at constant velocity.
Figure 1: Inclined Free-Body Diagram
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In x direction, T = mgSinθ + f
Since it is moving at constant velocity,
F = µN = µ (mgcosθ) 
T = mgsinθ + µk mgcosθ
Where:
m for mass of the object,
g for gravity
		θ for and of inclination
6. Using the Pythagoreans theorem, the length if the meter and the measured height of the lamp calculate lamp base
Coin
Base = m
Base length for button
Base = = 0.53m
Base length for wooden toothpick
Base length= = 0.51m
7. Frictional coefficient is the ratio of length of meter stick to base length
Coefficient of coin on meter stick
µc = 0.5/0.9 = 0.4
µbutton = 0.3/0.9 = 0.3
µtooth ick = 0.51/0. 0.5
8. The coefficient fraction of:
Wood on wood=0.3,
Wood to plastic= 0.4, 
Wood to cupper =0.2
 From the internet. 
9. The percentage error
For coin, 0.2-0.4/0.2 x100 =50%
For wooden toothpick = 0.3-0.5/0.5 -40%
For a cloth button =0.4-0.3/0.3x100 = 33.3%
Part 2
1.1 Materials
i. Block of different masses
ii. Cotton thread
iii. Pulley
iv. Hanger
v. Procedure
1. Change the masses of each block seven time (wood on lab table)
1.2 Record the data in the table 1
2. For each combination of masses change the coefficient of friction between the block and the table three times and record your data.
3. Calculate the acceleration as you change the mass of each of the blocks as well as coefficient of the friction and how the acceleration of the system as you change the masses
1.3 Table of results and analysis
	Object mass (g)
	Weight before the block start moving (N)
	Acceleration (a)
a = f/m (m/s2)
	Static friction
(µs)

	636
	3.70
	5.81
	0.581

	555
	3.24
	5.83
	0.583

	378
	2.33
	6.16
	0.616

	322
	1.96
	6.09
	0.609

	260
	1.60
	6.15
	0.615

	174
	1.02
	5.86
	0.586

	100
	0.57
	5.57
	0.570


Table 1: 1 Wood on Lab Table
	Object mass (g)
	Weight before the block start moving (N)
	Acceleration (a)
a = f/m (m/s2)
	Static friction
(µs)

	636
	0.49
	0.77
	0.077

	555
	0.43
	0.77
	0.077

	378
	0.30
	0.79
	0.079

	322
	0.26
	0.81
	0.081

	260
	0.20
	0.77
	0.077

	174
	0.14
	0.80
	0.080

	100
	0.08
	0.80
	0.08


Table 2: Two Rubbers on Ice
	Object mass (g)
	Weight before the block start moving (N)
	Acceleration (a)
a = f/m (m/s2)
	Static friction
(µs)

	636
	4.50
	7.07
	0.707

	555
	3.70
	6.66
	0.666

	378
	2.70
	6.98
	0.678

	322
	2.16
	6.71
	0.671

	260
	1.72
	6.62
	0.662

	174
	1.19
	6.83
	0.683

	100
	0.70
	7.00
	0.700


Table 3: Glass and Glass
Different variables have different acceleration. Variables which required less force to overcome static friction accelerate slower as compared to the variables that require more force to overcome the static force. 
SI unit of coefficient of frictional force
The coefficient of friction is the ratio of the mass of the block to the mass of the hanged mass ("Friction Lab," n.d.). Therefore, the coefficient of friction is dimensionless.  

	Block and surfaces
	(µs)

	Wood to wood
	0.25-0.5

	Glass to glass
	0.9

	Plastic on wood
	0.7


Table 4: The Coefficient of Friction for Different Surfaces
If the mass of the block is tripled, the angle of response does not change it. It remains the same as the original mass since the angle is independent of the mass ("Friction Lab," n.d.). 
4. Consider the block being pulled horizontally at constant velocity. Derive the equation of force in term of m, g, µ,θ
When a block is pulled horizontally, the free body diagram is as shown
Figure 2: Free-Body Diagram (Horizontal)
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N = mg, 
F = µN,
F = µmg          since f= T, then 
T = µmg
In x direction, T = mgSinθ + f
Since it is moving at constant velocity,
F = µN = µ (mgcosθ) 
Where:
m for mass of the object,
g for gravity
		θ for and of inclination. 
From the online simulation, 
Fmaxi = 3N
Fn=0.3
FN = 23
1.4 Conclusion
The kinetic friction coefficient is smaller than the static one. But they usually do not differ by order of magnitude. These are purely empirical quantities. The experiment carried out confirms that the coefficient of friction depends on several factors. In the process of collecting data in the two experiments, the friction values depend on the weight of the object, relative speed and the nature of the material. The area of contact does not affect the friction. The result indicate that the friction decrease or increase with normal force. 
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