Use of a Window Comparator and Exercise Apparatus to Study Walking Gait Cycles
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Abstract- In this lab we monitored the change in the angles of knee motion as walking speed on a treadmill increased (beginning at 1mph increasing at intervals of 0.5mph ).  These angles, as measured by an exercise apparatus, were calculated two ways: first by averaging the maximum and minimum voltages over 10 steps using the Virtual Instrument DMM, then by hand calibrating the reference potentiometers on a window comparator circuit.  Both methods showed that increasing walking speed decreases the maximum angle and increases the minimum angle made by the knee.  As a result, the increased speed decreased the overall range of motion, and, therefore, decreased the work done by the knee.  Differences in the voltage values obtained by the DMM and window comparator are accounted for since the DMM values were averages, whereas the window comparator values were the absolute maximum and minimum.  The results of this experiment do not fully agree with prior experimentation, but this is probably caused by our observation of only one joint, whereas full walking gait cycles involve several other factors such as the angles of the hip and ankle and the frequency of steps.  Overall, the window comparator-exercise apparatus system is highly sensitive (sensitivity of .5º) and is not greatly affected by noise (frequency of 341kHz and peak to peak voltage of 14.6mV) and drift (none over 10 minutes), thus it appears to be an appropriate means for observing gait cycles.
Introduction

A University of Massachusetts study concluded that the range of motion of a runner’s leg increases with stiffer running surfaces.  This study thus relates the force of impact with knee flexion and extension.  The study concluded that the range of knee motion increases with increasing impact on the surface.  In addition, because the force of impact increases with higher speeds, we can infer that higher speeds provide the knee a greater range of motion when a subject is running1.

Data collected by the Cooper Union School of Engineering, which was used in the project proposal, motivates our hypotheses.  It remarked that “statistically significant increase in maximum knee flexion angle with increasing speed has been noted. With increasing stride length, greater knee flexion is necessary to clear the increasingly plantar flexed position occurring during pre-swing.”2
Drawing from this preliminary research, we predict that increased running speed increases the angle that the knee bends.  We hypothesize, therefore, that range of motion of the knee (in degrees) will increase with higher gait speeds. 

The window comparator is used to determine when a voltage is within certain limits.  Thus, when calibrated, it can monitor when the angle of an exercise apparatus is outside a predefined range.  In our experiment, the window comparator is connected to diodes that will light when the exercise apparatus is outside of a designated angle range.  By calibrating the device, we can test the sensitivity of the exercise apparatus, the circuit itself, and the entire mechanism as a whole.  The exercise apparatus will be attached to the subject’s knee and the circuit will be calibrated to the maximum and minimum angles of the knee a certain speed.  We will determine the increase in speed that causes the angle of the knee to increase enough to exceed the designated window.  Therefore, we propose that this experiment will properly test the accuracy and sensitivity of our circuit. The purpose of our experimental design is specifically tailored to measuring an increase in angle of motion.   A set up much like the one in our experiment could potentially be used in rehabilitation and sports medicine.

The goal of our project is to empirically develop a technique for studying gait cycles. By refining our experimental design and ultimately discover how change in range of motion occurs based on running speeds, we hope to discover the effectiveness of a window comparator to deliberate angle ranges in gait cycles.  Our specific aims are the following:
1. Create and utilize a workable circuit, which integrates an exercise apparatus and a window comparator (see Methods)

2. Discover a methodology for creating accurate, reproducible measurements of knee angle flexion ranges while running on the treadmill.

3. Use the collected data to support or negate our hypotheses, and provide additional or opposing evidence to the studies mentioned in our Background Research.

4. Assess potential error resulting from aspects of our experimental design

Materials and Methods

Materials
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To build the circuit outlined in diagram 1, the following materials are needed: two 10K potentiometers (to set upper voltage limit and lower voltage limit), exercise apparatus, two LM741C voltage comparators, one -12 voltage input and one +12 voltage input, two 515 Ω resistors, +5 voltage input (NC7800 voltage regulator), two light emitting diodes (green and red), a solderless breadboard, and wire strippers.  To facilitate the experiment more materials are needed including: a treadmill, athletic tape, and virtual instrument.  In order to ensure the circuit has been built correctly, a third 10K potentiometer is needed in place of the exercise apparatus.
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Building and Calibrating the Circuit

[image: image7.emf] Graph 3: Range of Motion vs. Walking Speed
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We built the circuit according to diagram 1, initially replacing the exercise apparatus with a third potentiometer.  After setting the potentiometers 1 and 2 to arbitrary upper and lower voltage values (approximately 4V and 3V respectively), potentiometer 3 was set to approximately 3.5V. We increased the third potentiometer voltage and observed any lighting of the upper diode.  The voltage output of the third potentiometer during diode lighting was observed.  Then, we decreased the third potentiometer and observed any lighting of the lower diode.  We noted the voltage output of the third potentiometer when the diode was lit. After assuring the diodes were lighting appropriately, we felt confident that the circuit was correct and potentiometer 3 was replaced with the exercise apparatus.

Calibrating the Exercise Apparatus


We set the exercise apparatus to known angles (30, 45, 60, 90, 120, 135, 150, 180 degrees) and read the corresponding voltages from the DMM.  Using this data, we made a calibration curve correlating voltage vs. angle.  We repeated calibration after the experiment to observe any changes in the calibration curve caused by drift.


Performing the Experiment

After calibration, we strapped the exercise apparatus to subject’s right knee.  When the leg was straight, the angle of the apparatus is 0˚.  All other angles will be measured using this as a reference angle.  Therefore the minimum angle corresponds to the knee angle at extension (picture 1), whereas the maximum angle corresponds to the knee angle at full flexion of the gait cycle (picture 2).

We started treadmill at 1mph and monitored the voltage readings of the exercise apparatus as the subject walks until the DMM readings stabilize.  Considering 10 consecutive steps with the least amount of variation, we calculated the average maximum and average minimum voltages using the voltage vs. time graph from the DMM. 

While the subject was still walking, potentiometers 1 and 2 were adjusted so that no diodes lit.  This tested the ability of the window comparator to accurately assess an upper and lower voltage.  

Then, the treadmill speed was increased to 1.5 mph and any lighting of the diodes was observed.  We repeated the above procedure to calculate the maximum and minimum voltages and recalibrated potentiometers 1 and 2.  This process was continued at increasing speed increments of .5mph until the subject was no longer able to maintain the speed with safety and ease (at about 4.5 mph).

Error Analysis

Drift, Noise, Repeatability

Set the exercise apparatus to a known angle (approximately 60 degrees) and monitor the corresponding voltage from the DMM for ten minutes.  This will show the drift when the exercise apparatus is not in continuous motion.  Next, connect the output of the exercise apparatus to the oscilloscope and measure the peak to peak voltage and the frequency of the noise due to electrical interferences.  To determine repeatability, the treadmill procedure is repeated and compared by a paired t-test to show experimental precision.  In addition, the exercise apparatus is calibrated once again after data is taken in order to test the deformation of the mechanism over time and stress. 

Sensitivity

Sensitivity of the exercise apparatus was calculated by first setting the apparatus to a certain angle, θ1 between 30° to 150°.  Then we adjusted both potentiometers to the point where both LEDs began to turn off.  Then we moved the exercise apparatus to the point where the red LED begins to light.  The angle of the exercise apparatus angle, r1, was measured with a protractor.  Then we moved the exercise apparatus to the point where the red LED begins to turn off again.  The angle of the exercise apparatus, r2, was measured with the protractor.  These steps were repeated with the green LED to obtain angles of the exercise apparatus, g1 and g2.  Repeat the entire procedure with another angle, θ2, to obtain a second set of angles r1, r2, g1, and g2.  The differences between r1and r2; g1, and g2; show the sensitivity of our entire circuit including the exercise apparatus.

Sensitivity of LM741C chip was measured by observing the smallest difference between the input and reference voltages needed to get a response from the chip.  Sensitivity of the DMM and the speedometer of the treadmill are assumed to be the smallest division of each of these instruments.  
Results

Calibration

Calibration of the exercise apparatus was done before and after the experimental procedures in order to observe any potential deformations in the apparatus due to the continuous movement during exercise.  Before the experiment, the calibration equation was Voltage(V)=.0209(V/°)*angle(°) + 1.9068(V).  After the experiment, the calibration equation was Voltage(V)=.0207(V/°)*angle(°) + 1.8446(V).  As seen in Graph 1, these lines are very similar, thus the calibration of the exercise apparatus was not affected by its movement during the exercising. 
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Walking only

At walking speeds ranging from 1mph to 4.5mph, (increasing at intervals of .5mph) the average maximum and average minimum angle of the knee were calculated.  The relationships between these angles and speed are shown in the graphs below.  Graph 2 shows the maximum and minimum angles of the knee at each speed for two trials.  For both trials, there is an inverse relationship between maximum angle and speed, and there is a direct relationship between minimum angle and speed.  As a result of these relationships, the overall range of motion of the knee decreases with increasing speed.  This is shown in Graph 3.  The trend levels off around 4mph, when the subject reaches maximum walking speed. The two trials were conducted in order to show reproducibility of the results.  In a comparison of the average angle ranges of trial 1 and trial 2, tstat=4.1 while tcritical=2.84.  Since tstat>tcritical we can reject the null hypothesis and conclude that there was a significant difference between the two trials.  However, as seen in Graph 2 and 3, both trials showed the same trends in angle change.
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Graph 4 displays decreasing work with increasing speed.  Work is calculated using the equation: Work = Wleg*Lcg*1-cosΘ.  The work decreases because weight and leg length is kept constant, and the only variable is the range of the knee.  Since the equation uses 1-cosΘ, as the angle decreases, the quantity 1-cosΘ decreases, thus decreasing work as well. This data is supported by prior experimental data and will be discussed further in the discussion section. 

	Table 1
	Walking
	Running

	Speed
	Ave. upper angle (degrees) 
	Ave. lower angle (degrees) 
	Ave. range 
	Speed
	Ave. upper angle (degrees)
	Ave. lower angle (degrees)
	Ave. range

	4
	24.14244
	6.397129
	17.72727
	4.5
	38.12593
	27.72488
	10.42105

	4.5
	24.17225
	7.114833
	17.05742
	5
	39.71053
	29.16029
	10.55024


Walking vs running

At 4mph, the subject reached maximum walking range of motion as seen by a minimum change in average range as the speed increased from 4mph to 4.5mph.  Therefore, the subject was tested while running to observe changes in range of motion between walking and running.  As seen in Table 1, the average range of motion decreased from approximately 17° to approximately 10.5°.  This decrease in angle shows that the amount of work performed at 4.5mph is larger when walking than when running (see Discussion). 

Window Comparator Data

Graph 5 compares the maximum and minimum voltages obtained from hand-adjusting potentiometers 1 and 2 to the virtual instrument. The blue lines show the voltages obtained by hand-adjusting the potentiometer so the diodes would not light.  The red and pink lines show the average voltages displayed by the virtual instrument.  The blue lines are outside the window of the virtual instrument’s voltage values because the window comparator must account for absolute maximum and minimum voltages. [image: image3.emf]Graph 5: Speed vs Voltage
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Error Analysis

Table 2 shows the sensitivity of the comparator circuit to angles.  The red LED lights at the upper limit and the green LED lights at the lower limit.   Assuming that the result for the red LED in trial 1 was an outlier, our exercise apparatus and the circuit can detect changes in angles as small as 0.5 degrees. 

Graph 6 shows the drift in the exercise apparatus at a set angle over 10 minutes.  There was basically no drift over this time (t=0 V=2.1, t=200 V=2.1).  There are a few instantaneous fluctuations in the graph, but the four spikes have an average amplitude of .03V, which is negligible in our experiment.  Noise was measured at a frequency of 341kHz and peak to peak voltage of 14.6mV.  This peak to peak voltage corresponds to an angle increase of only 0.7°  Although our sensitivity tests showed angle detections of 0.5°, the 0.7° noise should not drastically affect the experimental results.

Discussion

	Table 2: Comparator circuit sensitivity

	All readings in degrees

	Angle at which:
	Trial 1
	Trial 2

	Red lights
	83.5
	69

	Red unlights
	82.5
	69.5

	Green lights
	98.5
	73.5

	Green unlights
	98
	73

	Difference for red
	1
	0.5

	Difference for green
	0.5
	0.5



The main findings in this experiment were a) increasing walking speed decreases the maximum angle and increases the minimum angle of knee flexion, b) these relationships result in a decrease in the overall range of motion as speed increases, thus our original hypothesis is not supported, c) these angle-speed relationships can be observed using both the virtual instrument voltage vs. time output and hand-calibration of the window comparator reference voltages (potentiometers 1 and 2), but the upper and lower limits obtained by each methods differ, d) comparisons of the two trials show a significant difference in the individual angle values obtained, but the overall trend remains the same, e) there is a difference in the range of motion, and therefore the work done by the lower leg, when the subject changes from walking to running, f) the exercise apparatus and window comparator were subject to minimum error due to drift and noise, and both devices have high sensitivity, g) however, some results are supported by prior research, h) the window comparator-exercise apparatus system allows for the observation of changes in gait cycle, and therefore has many potential applications in clinical medicine.

Our experimental evidence shows that as walking speed increases, the maximum angle of flexion decreases and the minimum angle increases. This trend is displayed in Graph 2, which shows the averages of these angles for varying speeds. Neither trend was accounted for in our original hypothesis; however, because both trials marked the same clear trend, there is likely an overarching explanation for the data.


It is possible that the minimal angle of the knee increases to compensate for a change in gait cycle as speed increases. This assumption stems from the original hypothesis, which states that range increases as speed increases. However, since this increase in minimum angle corresponds to a decrease in maximum angle, the overall range decreases.  It was anticipated that the periodic function would shift up and increase in amplitude, but because our upper angle didn’t increase, this is a false description. Thus, the periodic function describing the gait cycle would shift up but would be reduced in amplitude. It can be hypothesized that as a necessary minimal angle would increase with increasing speed, the range would decrease because the knee wouldn’t have as much time to flex through a cycle.

When using the potentiometers to set the angle window, the maximum and minimum voltage values (and the corresponding angles) differ from the values obtained using the virtual instrument.  The maximum voltage obtained from hand adjusting the potentiometer was above the maximum value of the virtual instrument (25.9% difference).  The minimum value was below the virtual instrument value (10.6% difference).  Thus, the window comparator values were outside the calculated window using the virtual instrument data.  When using the virtual instrument, the average maximum and minimum voltages for 10 steps were recorded.  Therefore, approximately half of the actual values were above this average value and the other half were below.  When setting the potentiometers so that the diodes did not light, these voltages outside the window were accounted for.  This means that although the voltage values determined by adjusting the potentiometers are slightly exaggerated, this is still a valid method of determining an increase or decrease in angles.  

Adjusting the potentiometers by hand allows a change in knee angle to be observed visually from the lighting of the diodes.  For this purpose, it is more accurate to calibrate the potentiometers manually.  This calibration allows for the majority of the steps to be within the window at any given speed.  When using the virtual instrument, the majority of the steps are outside the window due to the use of averages.  Therefore, using only absolute maximums and minimums from the virtual instrument (instead of average values) to set the potentiometers would have the same effect as setting the potentiometer by hand.

To determine the repeatability of the results, two trials were performed and their ranges were compared using a paired t-test.  The results revealed a significant difference between the values obtained in the two trials (tstat(4.10)>tcritical(2.84)).  However, a graphic display of the results (Graphs 2 and 3 above) reveal similar overall trends.  Therefore, the exercise apparatus was still effective in showing the inverse relationship between speed and range of motion for the two trials.  The differences in individual angle values may be due to slight differences in the attachment of the apparatus to the leg (although an attempt was made to account for this by making markings on the leg), possible slight affects of fatigue, and human biomechanical variability.


The experimental results showed that at 4mph, the subject reached maximum walking speed.  As the speed was increased to 4.5mph, there was little change in the overall range of motion, and the subject had difficulty maintaining a steady walking pace.  Therefore, comparisons were made at 4.5 mph between the ranges of motion while walking and running.  The walking range of motion was 17.06º while the running range of motion was 10.42º.  This decrease in angle corresponds to a decrease in the work done by the lower leg.  Using the relationship: Work=Wleg*Lcg(1-cosΘ), the work performed while walking at 4.5mph was .1782J and the work performed while running was .0668J.  This implies that it is more efficient for an individual to run at such high speeds, than it is to walk.  These results, therefore, suggest that there is a significant difference between walking and running, which is reflected in each gait cycle.  However, we did not have the means to further investigate this.  

 
The ability of the window comparator-exercise apparatus setup to accurately measure angle ranges is of particular interest in this experiment.  

The circuit was shown to be sensitive to angle changes of 0.5°. This is more than adequate for our experiments since we had to measure angle changes between 0-45°.  

 
In addition, drift was found to be negligible.  When we left our exercise apparatus at a constant angle, there was no drift over 10 minutes (t=0 V=2.1, t=200 V=2.1).  This was most probably because there is negligible self heating on the most sensitive component of our circuit, the LM741C chip.   The maximum power consumption of the chip (50mW) is much less than the power dissipation of the chip (500mW).  

Even when we began to use our exercise apparatus in the experiment, there was no drift.  Looking at the calibration curves, we see that there is virtually no difference in our calibration curves done before and after the experiment (see Graph 1).  Therefore, there is negligible drift due to the mechanical deformation of our exercise apparatus during the experiment itself.  This is probably because the material and the joints of the exercise apparatus did not experience shear stress beyond the elastic limit, so permanent (plastic) deformation of the exercise apparatus did not occur.  The choice of materials and mechanical components of our exercise apparatus was appropriate for repeated and robust use.  
 
Noise, also a negligible factor, was measured at a frequency of 341kHz and peak to peak voltage of 14.6mV.  This peak to peak voltage corresponds to an angle increase of only 0.7°  Although our sensitivity tests showed angle detections of 0.5°, the 0.7° noise should not drastically affect the experimental results, given that the angle ranges calculated from the data are at least 10° in magnitude, which is bigger than the noise of 0.7°.  Also, since noise is a random error, by taking multiple sets of readings, we would have reduced the effects of noise to a minimum as well.

There are several possible explanations for why our data does not agree with prior experimental data.  Time constraints allowed for only one subject to be tested.  Therefore, the particular results of the one subject may not be representative of the entire population, although the exercise apparatus is still accurate enough to measure angle ranges of gait cycles.  Also, the exercise apparatus tests knee range of motion in a two-dimensional plane, while knee motion occurs in three-dimensions.  Our experiment looked solely at the range of motion of the knee; however, walking and running movement involves several other joints such as the ankle and hip.1  In addition, as the treadmill speed increases, so does the speed of movement, thus increasing the frequency of joint movement.  These are factors that need to be taken into account when making conclusions about the nature of gait cycles.


It can be observed visually, that an individual’s stride increases as the speed of forward motion increases.  However, one’s stride is influenced not only by the angle of the knee, but also by the angle of the hip.  In addition, as speed changes, touchdown of the foot can occur at different angles of the ankle.  A walker has a tendency to land first on their heel then push off with their toe.  A runner, on the other hand, lands and pushes off on the toe.  He also experiences a short period of time when both feet are off the ground, allowing the runner to cover a longer distance for less leg extension.  The movement of the hip, knee, and ankle joints, in combination, influence the stride length and frequency, and also the total amount of work done3.  This also explains the observed difference in gait cycles between walking and running.


It can be hypothesized that the observed decrease in the angle of the knee may be the body’s way of compensating for increased motion in other joints.  Both an increase in the angle of motion and the frequency of movement increase the total work done by the body.  Therefore, a decrease in the range of motion of the knee probably correlates to an increase in the range of motion of another joint and/or an increased frequency.  In 2000, Elsevier Science reported, “At the knee, there is increased net negative work with increasing speed, due to energy absorption as the knee flexes during early stance phase (esp. at faster speeds) and late stance phase (even at the slowest speeds).”3  Our data supported this finding (See Graph 4).  It seems that the work the knee performs at a given speed depends on the body’s natural way to maintain homeostasis by way of biomechanical work efficiency.


Overall, an extension of this experiment would include investigation into the motion of the hip and ankle, and the frequency of movement in order to gain a more complete understanding of the body’s gait cycles.

The exercise apparatus and window comparator system has a myriad of potential applications. These include direct applications in studies of flexibility changes and maximum running speeds following limiting injuries in the patellar membrane, knee ligaments, and other associated structures. In addition, the effects of angle ranges could help classify the difference between running on different surfaces, seeing as the angle one would need for efficient running would likely differ on a yielding medium like sand as opposed to a solid one like concrete. These studies would be useful is in designing synthetic materials for athletic shoes tailored for the specific surface/purpose or range of motion desired (for example, the range of motion of the knee is more limited in golf than it is in basketball).
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Appendix

DMM Results of Maximum and Minimum Voltages for Certain Speeds over 10 steps

	Trial 1
	Upper: Voltage (V)

	mph
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	2.635
	2.615
	2.61
	2.585
	2.62
	2.64
	2.645
	2.665
	2.635
	2.63

	1.5
	2.535
	2.57
	2.545
	2.565
	2.5
	2.58
	2.575
	2.555
	2.55
	2.45

	2
	2.53
	2.53
	2.535
	2.52
	2.55
	2.495
	2.54
	2.54
	2.535
	2.545

	2.5
	2.485
	2.495
	2.49
	2.48
	2.5
	2.49
	2.47
	2.48
	2.49
	2.48

	3
	2.49
	2.485
	2.49
	2.475
	2.475
	2.48
	2.465
	2.46
	2.475
	2.47

	3.5
	2.46
	2.455
	2.445
	2.45
	2.445
	2.45
	2.44
	2.445
	2.455
	2.435

	4
	2.415
	2.39
	2.415
	2.4175
	2.415
	2.4
	2.425
	2.405
	2.43
	2.3975

	4.5
	2.41
	2.415
	2.39
	2.415
	2.43
	2.41
	2.415
	2.42
	2.405
	2.41

	run 4.5
	2.7
	2.7
	2.69
	2.7
	2.712
	2.701
	2.7125
	2.72
	2.705
	2.7

	run 5.0
	2.7375
	2.7475
	2.735
	2.725
	2.7325
	2.7225
	2.735
	2.7425
	2.74
	2.75

	Trial 2
	Upper

	1
	2.69
	2.71
	2.705
	2.7
	2.725
	2.71
	2.705
	2.705
	2.72
	2.705

	1.5
	2.705
	2.66
	2.675
	2.655
	2.685
	2.68
	2.66
	2.655
	2.68
	2.685

	2
	2.615
	2.64
	2.63
	2.63
	2.625
	2.61
	2.64
	2.62
	2.615
	2.615

	2.5
	2.585
	2.565
	2.57
	2.595
	2.57
	2.575
	2.59
	2.59
	2.565
	2.58

	3
	2.55
	2.56
	2.56
	2.55
	2.56
	2.555
	2.555
	2.55
	2.54
	2.56

	3.5
	2.51
	2.515
	2.505
	2.52
	2.51
	2.51
	2.49
	2.5
	2.495
	2.515

	4
	2.48
	2.465
	2.48
	2.485
	2.48
	2.4825
	2.475
	2.4825
	2.48
	2.47

	4.5
	2.47
	2.475
	2.46
	2.4775
	2.465
	2.475
	2.48
	2.485
	2.48
	2.45

	
	
	
	
	
	
	
	
	
	
	

	Trial 1
	Lower: Voltage (V)

	mph
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	2.03
	2.015
	1.975
	1.925
	2.02
	2.045
	2.05
	2.01
	1.96
	2

	1.5
	1.94
	1.965
	1.93
	1.955
	1.965
	1.975
	2.005
	1.96
	1.95
	1.98

	2
	1.96
	1.95
	1.95
	1.98
	1.945
	1.96
	1.955
	1.955
	1.98
	1.97

	2.5
	1.96
	1.955
	1.98
	1.99
	1.985
	1.965
	1.975
	1.98
	1.95
	1.96

	3
	1.995
	1.99
	1.96
	2.01
	1.98
	1.965
	1.975
	1.965
	1.965
	1.975

	3.5
	2.025
	2.035
	2.03
	2.015
	2.01
	1.995
	2.03
	2.015
	2.005
	2.01

	4
	2.05
	2.025
	2.04
	2.065
	2.04
	2.05
	2.03
	2.03
	2.03
	2.045

	4.5
	2.06
	2.06
	2.08
	2.05
	2.06
	2.03
	2.055
	2.03
	2.065
	2.065

	run 4.5
	2.48
	2.48
	2.475
	2.485
	2.49
	2.465
	2.495
	2.51
	2.49
	2.4925

	run 5.0
	2.7975
	2.4825
	2.4925
	2.48
	2.485
	2.475
	2.515
	2.4825
	2.4775
	2.475

	Trial 2
	Lower

	1
	2.035
	2.045
	2.02
	2.015
	2.03
	2.05
	2.025
	2.01
	2.055
	2.0375

	1.5
	2.08
	2.055
	2.05
	2.065
	2.025
	2.015
	2.03
	2.01
	2.015
	2.025

	2
	2.01
	2.02
	2.03
	2.035
	2.005
	2.025
	2.04
	2.03
	2.025
	2.02

	2.5
	2.025
	2.025
	2.035
	2.04
	2.04
	2.025
	2.03
	2.02
	2.03
	2.025

	3
	2.07
	2.045
	2.055
	2.05
	2.065
	2.07
	2.06
	2.055
	2.05
	2.045

	3.5
	2.075
	2.075
	2.07
	2.085
	2.06
	2.075
	2.065
	2.07
	2.08
	2.085

	4
	2.085
	2.09
	2.075
	2.075
	2.1
	2.085
	2.065
	2.08
	2.075
	2.075

	4.5
	2.105
	2.105
	2.13
	2.09
	2.085
	2.1
	2.095
	2.11
	2.09
	2.1
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