Analysis of Collected Data on Electrical Components


The data included in the Data Sheets / Graphs section, which is discussed here, is intended to assist in predicting the results of adjusting dials, to illustrate the distribution of the magnetic field within the buoy area, and to show the photodiode output that corresponds to specific buoy positions.


The first group of data collected, shown on Data Sheet 1 as well as Graph 1, relates the voltage output at TP 2 to the position of the buoy.  The TP 2 output is simply the voltage result of comparing the currents of the upper and lower halves of the photodiode quadrant, and is eventually fed into the Gain, Coarse / Fine, and Direct / Invert controls before powering the solenoids.  The data was collected by suspending the buoy from a wire connected to a base of adjustable and graduated height and measuring the voltage output as it corresponded to each height.  Further data was taken within the range that the buoy passed through the scope using the distance markings on the scope.  This data allowed for greater detail in the crucial range near the z-axis center in which the slope is highest, and was simply converted to inches and combined with the first data in Graph 1.  As is illustrated there, the voltage, which is a largely negative or positive when there is a large discrepancy between the currents of the upper and lower halves, was nearly zero at the highest and lowest buoy positions.  These are the cases in which the buoy was out of sight of the photodiode, and was casting little to no shadow upon it to cause a discrepancy.  It should be noted that the voltage ended positively in each direction, which shows that the incoming light is not uniform, but rather favors one half of the photodiode.  Also of note are the large voltage swings within the visible scope range, spanning from saturation at -13.117 volts to 14.417.  This fact allows for a great deal of control by the system in this crucial range, as does the large slope, within this range, of –14.0261 volts per millimeter.  Though this data illustrates the general shape of the photodiode current output curve, it does possess a rather high level of error.  Possibilities for this error inlcude the fact that the wire from which the buoy was suspended was not fully stable, and an adjustment of one-fortieth of an inch on the instrument suspending the buoy does not exactly correspond to a similar adjustment in the buoy.  Error could also have derived from the fact that the casing, normally in place in experiments, was not used here, and would have reflected or refracted some of the incoming light before it reached the photodiode.  Also, the string suspending the buoy blocked a minor amount of light from above the buoy while leaving all of the light below the buoy untouched.  However, the collected data is more than sufficiently accurate for its purposes.


The next data set collected, shown on Data Sheet 2 and Graphs 2, 3 and 4, involved the panel dials and their effect upon the current read at TP 3, just prior to entering the solenoid.  Here, a steady current input was altered by the Coarse Adjustment, Fine Adjustment, and Gain dials to observe the corresponding changes in output.  The Coarse dial was shown to produce the desired linear changes in output current, in which each major dial unit produced a change of approximately 222.6 milliamps.  The Fine dial results were of a similar linear nature, excepting that the each major dial unit here only produced a change of 6.7 milliamps, yielding a Fine dial precision of nearly 33 times that of the Coarse dial.  The final dial that was tested was the Gain dial, which was tested at values of one, two, and four, and the relationship between input and output current at each setting was analyzed.  Ideal results for this dial would have produced three linear results with slopes that increase by factors of two.  The resulting three output current versus input voltage slopes of –4.43, -8.97, and –17.99 for gains of one, two, and four, respectively, showed that the three gain values corresponded with each other to within 1.5% of the expected values.  Data on the Gain dial is collectively graphed on Graph 4.  This data was collected with a relatively small error, as the voltmeter used to obtain the current value was precise to within the nearest hundredth of a milliamp.  The only significant source of error was the tendency of the resistor across which the voltage was taken to heat up as the current was raised.  This temperature fluctuation caused minor changes in the resistance of the resistor, and could have affected the data collected, particularly at high output currents.


Data Sheet 3 and Graph 5 correspond to illustrate the relationship between the Attenuation dial and the output current.  This Attenuation dial is used only for the driven oscillations of the viscometer.  The resulting slopes can be compared to calculate the actual difference in attenuation at different settings.  By doing so, the Attenuation dial factors of ten are shown to correspond to actual attenuation changes ranging from ten to eleven.  This trial involved the similar error considerations that were discussed concerning Data Sheet 2, as the setups were very similar.


The final data collected, Data Sheet 4, consists of various measurements of the magnetic field within the region of the buoy, both of the three permanent magnets above the system and of the two solenoids surrounding the sample.  The first piece of data is simply of the permanent magnets, which were set to the lower limit of their position adjustment.  With these in place and with no current running through the solenoids, a hall effect probe, attached to a base of adjustable, graduated height, was placed in the center of the system, and only the z-axis value was altered.  Corresponding magnetic fields were recorded for increasing heights.  Graph 6 shows the results graphed as the magnetic field versus the z-axis value.  It should be noted that for all of the graphs produced from Data Sheet 4, the z-axis values increase from zero, which occurs at the maximum height of the probe (nearest the permanent magnet) to 42 millimeters, which occurs at the minimum height.  A dipole magnet such as the three permanent magnets used here would be expected to produce a field that changed as the distance from the magnets increased by r-3, with r being the distance from the magnets.  This result was confirmed by fitting a polynomial line to the graph, whose expression, shown below, corresponded accurately to the results:




Field = 68000*(r in mm)-3

Trial 2 and Trial 3 of Data Sheet 4 show similar data taken with the permanent magnets removed and with current running through the solenoids.  In the two trials, currents of 200 milliamps and 500 milliamps, respectively, were used, in order to see if the different currents produced the linear changes in magnetic field.  In both cases, as can be seen in Graph 8, the magnetic field varied linearly with the position, to within a very large precision.  The results showed that for both trials the magnetic field was positive at the highest points of the buoy position, as was the case for the permanent magnets, and that, in both cases, the magnetic field was zero at the center.  By comparing the two slopes of the two trials, a direct relationship of 0.399:1 corresponded to the ratio of currents of 2:5, as was expected.


The final trial, Trial 4, was simply a combination of the previous trials, collected by inserting the permanent magnets at their lowest possible position and running 200 milliamps through the solenoids.  The result, shown on Graph 9, is as could be expected from simply adding together Graph 6 and Graph 7, and illustrates the desired relation between magnetic field and z-axis value that was explained in the section on General Theory.


The largest source of error for Data Sheet 4 was the result of the difficulty involved in measuring the position of the magnetic field probe with precision.  The position was monitored by following the markings on the elevated stand that held the probe.  These marking were accurate to the nearest fortieth of an inch.  While a more accurate stand could have improved the precision of the four trials, the magnetic field probe and solenoid current monitors were both very exact, and the results of the trials display sufficient uniformity.
