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Lab 4: Newton’s 2nd Law 
Objective of the Experiment
The primary focus of this experiment was to examine Newton’s 2nd law of motion. In particular, the experiment involves four parts that makes numerous objectives of the experiment. The objectives was to compute the acceleration, measure the acceleration, calculate the friction force, and finally computing the acceleration considering the friction. 
Experimental Set-Up
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In the first part of the experiment, the 2nd law of motion (F = ma) to compute the acceleration of the two masses attached together in fig. 1 above. The setup involved attaching two masses using a string over a pulley. The experimental materials and equipment used includes carts that were dynamic with attached strings, levels, weight set, pulleys, cart weight sets, motion detector, balance, capstone, 850 interface, and a foam board. Part 2 of the experiment was to measure the acceleration by placing the cart at a location of not less than 20 cm from the motion detector. 
Principles
An experiment to show that F = ma, a statement derived from the definition, because you’re not testing anything. Newton’s 2nd law says that, in linear kinematics at constant mass, we’re going to use the work “force” as a label for the product of mass and acceleration (Kamalov 17). The key feature here is the use of the word “force” as a label. It’s just a naming convention: it’s what physicists have mutually agreed to call the rate of change of momentum (Katsikadelis 27). No one is going to do an experiment to show superconductivity requires electrical conduction as zero resistance, because that’s what the word “superconductivity” means. In the same way, there’s no experiment to prove Newton’s 2nd law - it’s just the definition of the word “force”.
Test the effect of changing F on acceleration of a constant mass system and the effect of changing mass on a system with constant accelerating force (Katsikadelis 28). Graph the data from the two experiments and determine the relationships by determining the equation that fits the data. The acceleration vs. force data will be linear and you can verify that the slope of the line should be approximately the inverse of the constant mass of your system. The acceleration vs. mass data will show an inverse relationship (Katsikadelis 28). This data can be linearized by graphing a vs. 1/m, and you will find that the slope of the line is the constant accelerating force.
It defines the word “force” - for the purposes of physics - as the rate of change of momentum. If we write this mathematically, we have F ≡ m dp/dt.  Since acceleration a = dp/dt, we could write F = m a (Katsikadelis 28). However, this mathematical statement misses three critical things: Newton’s 2nd law is a definition, not a calculation. It’s not a theorem; it isn’t derived from anything. Neither is it an axiom, assumed to be true (for example, Euclid’s in plane geometry, two points uniquely determine a line). It is not possible for Newton’s 2nd law to be false because it makes no claim of truth. Instead, it merely sets a ground rule: it says what the word “force” means for the purposes of discussions in physics. Newton never wrote F = m a. What he actually wrote was that force is the rate of change of momentum. If he wrote this in a modern equation the equivalent to what Newton said, written as a modern equation, is F ≡ m dp/dt.
Data
Part 1: Calculating Acceleration
The mass of the cart and rectangular masses were measured and recorded in kilograms (see table 1).
	Mass of Cart
	0.5031 kg

	Mass of bar 1
	0.4929 kg

	Mass of bar 2
	0.4929 kg

	Mass of (cart + bar 1 + bar 2)
	1.4935 kg

	First hanging mass
	0.050 kg


Table 1: Part 1 Data Table
A force diagram was drawn using x and y directions for both the cart and bar mass. Fig. 2 below shows the directions of the force in the bar and cart masses.
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Figure 2: Force Directions
With the friction force as fk, total mass of the cart and the bar as M, x and y direction force can be represented using the second law as;











Part 2: Measuring Acceleration
In this part, the acceleration of the cart was measured by placing the cart at no less than 20 cm from the motion detector. The sample rate was set to 10 Hz and a capstone used to make the graph shown in fig.3 below.

Figure 3: A graph of velocity against time
Three measurements of acceleration were taken and recorded in table 2 below.
	Acceleration, a1
	0.24 m/s2

	Acceleration, a2
	0.25 m/s2

	Acceleration, a3
	0.23 m/s2

	Acceleration, a-average 
	

	Standard deviation
	0.010


Table 2: Measured Acceleration at 10 Hz



Part 3: Friction Force Calculation
Using the measured acceleration, the friction force that caused the difference between the experimental acceleration and the calculated acceleration can be computed using the measured acceleration to determine the friction force acting on the cart. 





Part 4: Computing Acceleration with Friction Force
Using 100 grams as the hanging mass, acceleration can be calculated as follows;




After adjusting the rate of sample for the motion detector to 25 Hz, acceleration measured in the capstone is presented in table 3 below.
	Acceleration, a1
	0.57 m/s2

	Acceleration, a2
	0.54 m/s2

	Acceleration, a3
	0.55 m/s2

	Acceleration, a-average 
	

	Standard deviation
	0.015


Table 3: Measure Acceleration at 25 Hz



Conclusions
In summary, the purpose of this experiment was to determine the relationship between force and acceleration, which articulates Newton’s 2nd law of motion. The difference in the percentage error portrays that a friction force existed. Based on the results obtained, it is quite evident that the percentage error is more when the friction force is ignored. Both the predicted or rather, calculated value of the acceleration does falls under same standard deviation due to the error between the values. The difference in the values is believed to have resulted from the friction force.
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