PURPOSE
  In the “Logger Pro Software and Electrostatics” experiment, there are two objectives to be met since the experiment is divided up into two parts. The first part introduces Logger Pro Software to us and how it is used for data collection and analysis. In our case, Newton’s second law (F = Ma) will be studied to see if an appropriate gravitational acceleration value can be achieved by weighing different masses and having the software calculate and record the force for the various masses. In the second part of the experiment, we are introduced to the subject of electrostatics which basically refers to the study of resting and slow-moving electric charges. This principle will be tested via two different instruments, an electroscope and an electrostatic probe (also identified as a charge sensor). The goal will be to compare and analyze measurement results each instrument gives when an electric charge is distributed on different objects.
THEORY

PART 1: LOGGER PRO SOFTWARE

   Logger Pro Software is an all-purpose data collection and analysis computer program which uses instruments of its brand to perform its main functions. In this experiment, a LabQuest MINI interface is connected to the computer the Logger Pro Software is operating on. This instrument is a sensor interface for data collection, which in this case will come from at least ten different masses. 
  This data collection will be established upon the basis of Newton’s second law. This law states that acceleration is produced when a force acts on a mass. The greater the mass, the greater the amount of force needed. The equation associated with this law is
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Equation 1
During the experiment you will balance different masses on a dual-range force sensor which will calculate and record the force as a function for each mass you weigh in Logger Pro. When at least 10 different masses are weighed, a linear fit should be displayed on the graph. This linear fit is displayed in the form of

[image: image2.jpg]




                Equation 2
In this graph which represents force vs. mass, the slope of the straight line is equal to the gravitational acceleration. You will take this value along with all the other measurements from the linear fit with their corresponding error values and perform a statistical test.
The statistical test is used to compare your gravitational acceleration result with the accepted value of 9.806132 ± 0.000015 m/s2. This accepted value was measured by Preston-Thomas et al. in Ottawa in 1960. The test uses the following equation to make the comparison.


   Equation 3
It is considered that the larger the t value is, the less consistent the two acceleration values are with each other. For this experiment a limit will be placed at t =2 meaning if t is equal to or less than 2, then the two values are consistent with each other. Otherwise, they are inconsistent. One last thing to keep in mind is the y-intercept should equal zero theoretically. In reality you probably won't get a definite value of zero, but if the y-intercept isn't approximately near zero, then in all likelihood an error has occurred.  
PART 2: ELECTROSTATICS

  Stationary electric charge, commonly known as static electricity to the general public, is defined as accumulation of an electric charge on an insulated body and it is a regular occurrence in our lives. The only problem is we don't actually get to examine this occurrence with the naked eye. This lab helps us visualize and analyze via this phenomenon via a plastic rod and fur. By rubbing the rod against the fur, a negative charge is displaced into the rod. This rod will interact with an electroscope first and then a electrostatic probe also known as a charge sensor. When the rod interacts with the electroscope, the charge will be detected by the electroscope causing the metal plates inside of the bottle (leaves) to repel with each other since the negative charge from the rod gives both plates the same charge. The formula that showcases this visual in a numerical form is known as Coulomb's law and is as follows


               Equation 4
Once the leaves repel, you will be able to then calculate the net charge by first calculating the angle and then the net charge itself. The following equations will help you do that.



       Equation 5


   Equation 6
If you do want to calculate the number of charge carriers present, you use the following equation


  Equation 7
The second part of this experiment will be to place the negatively charge plastic rod inside a metallic container and have a charge sensor make the measurements for you. Make the entire process run for 30 seconds. Once you have obtained the results and have a graph ready, you will be able to calculate the charge from the graph statistics. The mean will be equal to the charge value for that region and you will be able to calculate the error with the following formula



 Equation 8
Do this step for the high region and the low region for the graph and then just calculate the average to get the overall charge.
APPARATUS

PART 1: LOGGER PRO SOFTWARE

· Laptop with Logger Pro Software installed on it

· LabQuest MINI interface

· Set of Masses (ranging from 10g to 500g)
· Steel and rod clamp

· Cradle
· Dual-Range Force Sensor (± 0.01N)

PART 2: ELECTROSTATICS

· Laptop with Logger Pro Software installed on it

· Electroscope

· Meter Stick (± 0.05cm)

· 2 Metal Containers
· Plastic rod and Fur

· Electrostatic Probe/Charge Sensor (±10 V (± 100 nC))
                                                                                                                                                                      

OBSERVATIONS/CALCULATIONS

PART 1: LOGGER PRO SOFTWARE

TABLE 1 - Force as a function of various masses

* Graph is attached to the back of this page
Consistency Test
Preston-Thomas et al. gravitational acceleration value = 9.806132 ± 0.000015 m/s2 

t = |x1 – x2| / √σ2x1 + σ2x2

  = |9.74 - 9.806132| / √(0.00450)2 + (0.000015)2
  = |-0.066132| / √(2.025 x 10-5)
  = 14.69 

  = 14.7    ∴ the measurements are inconsistent since t>2
Consistency Test Results Explanation
  When I completed the Logger Pro experiment, I obtained a gravitational acceleration value of 9.74 ± 0.00450 N/kg and a zero of 0.00648 ± 0.00182 N. At first look, they seemed consistent with the given values but after performing the consistency test, they turned out to be quiet off. The first thought that comes to my mind regarding the inconsistency in my answers is not properly calibrating the equipment used in the experiment. Small things like waiting for the force sensor to zero properly and then not waiting long enough for the Logger Pro to give the proper force value for each mass most likely resulted in my inconsistencies. 
PART 2: ELECTROSTATICS
TABLE 2 - Charge as a function of time

* Graph is attached to the back of this page

ELECTROSCOPE QUALITATIVE OBSERVATIONS
  The goal of the electroscope in this lab is quite simple theoretically. You rub the plastic rod on the fur for about 20 to 30 seconds to make the plastic rod negatively charged, then bring the rod near the electroscope. The rod should then induce charges into the electroscope and make the leaves (plates) repel each other due to the electrostatic force. Unfortunately, none of this happened when actually performing the experiment. We rubbed the plastic rod on the fur for quite some time to create the negative charge, but when we brought it near the electroscope the leaves didn't repel. Different factors like the amount of rubbing and the fresh air flow in our surroundings most likely affected our experiment.
ELECTROSCOPE CALCULATIONS
The assigned distance value is d= 1.5 ± 0.1cm
d/2L = sin θ/2

(1.5)/2(3) = sin θ/2

θ = 30°   ∴ the angle is 30°   
Q = 4Lsin(θ/2) x √πε0mg x tan(θ/2)
    = 4(3)sin((30)/2) x √π(8.85 x 10-12)(0.1)(9.8) x tan((30)/2)

    = (2.2675 x 10-11 ± 0.0005 x 10-11) C
ELECTROSCOPE CALCULATIONS

QH = mean

      = 0.8623
QH error

σmean = standard deviation/√samples

          = 0.2610/√45

          = 0.0389

∴ QH = (0.8623 ± 0.0389) nC

QL = mean

      = -30.34
QL error

σmean = standard deviation/√samples

          = 1.438/√187
          = 0.1052
∴ QL = (-30.34 ± 0.1052) nC

Q = (QH - QL)

   = 0.8623 - (-30.34)
   = 31.2023 

σQ = √(σLm)2 + (σHm)2
    = √ (0.1052)2 + (0.0389)2
    = 0.1122

∴ Q = (2.2675 x 10-11 ± 0.0005 x 10-11) C
RESULTS
  After completing the "Logger Pro Software and Electrostatics" laboratory, I was able to come up with the following results. In the Logger Pro part of the experiment, I was able to come up with a gravitational acceleration value of (9.74 ± 0.00450) N/kg. When I used that value in the consistency test to see if my answer was consistent with the given value, it turned out that my answer was inconsistent by a large margin. In the Electrostatics part of the experiment, I obtained two charge values (one from experimenting with the electroscope and one with the charge sensor). From the electroscope, I obtained a charge value of (2.2675 x 10-11 ± 0.0005 x 10-11) C and from the charge sensor, I obtained a value of (2.2675 x 10-11 ± 0.0005 x 10-11) C.
DISCUSSION
  This laboratory experiment was divided up in two parts, each consisting of a different element of physics and it led to some quite interesting results. The Logger Pro experiment was to analyze Newton's second law which is a daily occurrence in our lives. By weighing different masses on a cradle with a force sensor attached, the software program calculated the forces for each mass and created a visual in the form of a graph for me and my partner to examine. From the measurements and results, we were able to come up with a gravitational acceleration value and then compared it to the value Preston-Thomas et al. measured in 1980. From the consistency test, it was proved our result was inconsistent with the given value. The main source of error here was the improper calibration of the equipment we used which I discussed a bit in my observations. Resetting the force sensor to zero and then letting the logger pro software calculate a definite fixture for the forces takes patience. We obviously didn't have that and that led to inconsistency in our results. All these small, marginal errors eventually caught up with us at the end and gave us an incompatible gravitation acceleration value. Another source of error here, albeit a small one, could have been the set up of the cradle and masses. While this error might seem foolish to an expert, it is possible that the mass wasn't set up properly to account for its actual mass as we were the ones entering the mass value in and not the software.
  In the second part of the experiment, we studied a common event in our lives called electrostatics. Using two different instruments, an electroscope and an electrostatic probe, we were able to see the transfer of a charge from one object to another and calculate charge from it. The experiment with the electroscope didn't work and we had to basically use assigned values to calculate the charge. The two main sources of error here were the amount of rubbing done and the surrounding air flow. There was no given amount of time we had to rub the plastic rod with the fur and no given technique of how to rub the rod, but we thought 20-30 seconds and no fancy technique would get the job done. Obviously it didn't work. Maybe a minute of rubbing the rod in "concrete" way would've made everything work, but there are no guarantees in this. The other source of error was the surrounding air flow. If there wasn't any fresh air and too much humidity in our area, the charge wouldn't have been transferred properly resulting in the plates not repelling each other. Since we were closer to the doors, we shouldn't have had this problem. Unfortunately we had no instrument to analyze the properties of the current air flow and it ended up costing us from doing the experiment. The experiment with the charge sensor was all about timing. While the experiment did actually work, we had to restart our data collection quite a few time since our graph was a bit crooked. The two sources of error here were the timing of placing and taking the rod out of the metallic container and once again rubbing the rod. Once we had rubbed the rod against the fur (again, probably wasn't done the right way) we had to press the data collection button on the logger pro software, then place the rod inside of the container, and then take it out halfway between the 30 seconds we had. All of these timings had to be accurate or else the value would be inconsistent. This is likely what happened with our result, which from the graph you can see is a bit off from what we wanted. The two charge values we came up were unlike each other, however we suspect the values from the electroscope are much more reasonable as we were actually given the values for that experiment.
 To get the best results for the entire laboratory experiment, I'd probably say that it should have been done in an open environment with 2-3 other people who have quick hands and have a consistent timing for each step. This lab also requires patience and accuracy with no error from the people performing the experiment since even the slightest errors can cause inconsistencies. That could be viewed as downfall of these experiments, as in essence you need to be perfect.
F = Ma        


Where F = force


M = mass


a = acceleration 





y = mx + b


Where m = slope


x = x-values


b = y-intercept


y = y-values











t = |x1 – x2| / √ σ2x1 + σ2x2


Where x1 = your gravitational acceleration measurement


x2 = Preston-Thomas et al. measurement


σx1 = your error value


σx2 = Preston-Thomas et al. error value
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F = 1/4πε0 x q1q2/r2


Where F = force


ε0 = permittivity in vacuum


q1,q2 = charges in the two point-like objects


r = distance in a vacuum





d/2L = sin θ/2


Where d = distance between tip of leaves


L= length of leaves


θ = angle between leaves





Q = 4Lsin(θ/2) x √πε0mg x tan(θ/2)


Where Q = net charge


m = mass


g = 9.8 m/s2





Ne = Q/e


Where Ne = number of electrons


Q = net charge


e = 1.602 x 10-19 C





σmean = standard deviation/√samples
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