Gan
Phys 3700

LAB 4

The propagation of errors is a statistical tool used for estimating the uncertainty of a quantity that
is not directly measured. For a quantity represented by a function dependent on variables with
known uncertainties, the uncertainties can be propagated to calculate the total uncertainty in the
function.

Consider an example with a function, @, dependent two variables, x and y,

Q =0Qxy).

The uncertainty of Qis given by
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If x and y are uncorrelated, the formula is simplified to
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In this experiment, we demonstrate the concept of propagation of errors by measuring the
resistance of large number of resistor pairs. For each pair, three quantities are measured, R; and
R, and the total resistance,

R12 = R1 +R2.

By propagation of errors, the uncertainty of R;, is related to the uncertainties of the individual
resistances by

o2, = of + 0.

You will collect data on 200 pairs of resistors from five printed circuit boards (PCB) with each
PCB containing 40 pairs. Please keep track of the PCB number written on each PCB used to avoid
using the same PCB twice. Each pair of resistors is connected to a 4-pin connector. By inserting a
2-pin connector into the appropriate pair of pins, you can readily measure the three resistances.
The LabView program, Error Propagation, will record each measurement.

The experimental procedure is as follow:
1. Double click Error Propagation to open the program. Click the right arrow on the upper
left corner to start the program.
2. Plug the connector on one end of a banana cable into the red and black inputs on the upper
right-hand corner of a BK Precision 2831E multimeter (Fig. 1). The red input has five
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labels, including a “Q” symbol for resistance measurement. The black input is labelled as
“COM” for common or ground.

Insert the other end into the red and black connectors on a PCB (Fig. 2).

Turn on the power and push the white button labelled “C” to set the multimeter to measure
resistance (Fig. 1).

Insert the connector of a 2-pin cable into the 2-pin connector next to the red and black
connectors on the PCB.

Insert the other end of the 2-pin cable into the first two pins of the 4-pin connector to
measure R,. Start with the resistor pair labelled R1 and R2 on the upper left-hand corner.
If the measured resistance is ~ 1.3 k€, the measured value will be displayed and the button
under “Measurement Good?” will turn from red to green (Fig. 3), indicating that you are
ready to measure R,.

Move the 2-pin connector over by one pin to measure R,. The button will turn green if the
resistance is ~ 1.1 kQ.

Move the 2-pin connector over by one more pin to measure R;,. The button will turn green
if the resistance is ~ 2.4 kQ.

A dialog box to enter the file name will appear once you have completed 40 measurements.

Once you have completed the measurement of five PCB’s, histogram R;, R,, and R;, and fit each
distribution to a Gaussian to extract oy, 0,, and g;,. What is the y? and number of degrees of
freedom of each fit? Does the y? indicate that the distribution is consistent with a Gaussian?
Superimpose the fitted curves on the resistance distributions. Does the measured o;, consistent
with the expectation based on the propagation of errors?
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Fig. 1: BK Precision 2831E multimeter. The connector on one end of a banana cable should be
inserted into the two connectors inside the red box on the upper right-hand corner. Push the white
button labelled “Q” inside the red box to set the multimeter to measure resistance.



Fig. 2: A rendition of the PCB showing two columns of 20 resistor pairs. For each pair, the
resistor on the left corresponds to R, (labelled in odd numbers, R1 to R79).



Instructions:

1. Make sure the multimeter is turned on.

2. Click the white arrow above to begin.

3. You will have 3 seconds for each measurement.

4. Watch the array. As soon as the measurement appears,
move on to the next measurement.

5. If a measurement is out of range, the

“Measurement Good?" box will change from green to red.
You can then re-do the measurement, and have
unlimited tries.

6. Save your data at the end when prompted, with a .txt
extension.

7. Known bug: the coundown timer does not work for the
zeroth iteration; however you still have 3 seconds to

do the measurement.

VISA resource name

ICOM3 i

Serial Configuration

Meter ID check
2831E

| Do not change these settings |

Time Remaining

Lo e

Latest Measurement

I 2.35645435e3

Measurement Good?

output array

127762 1088.68 2366.42
127807 1082.68 2360.55
127874 1084.46 2363.05
1279.74 1085.98 2365.46
12792 1083.97 2362.79
127963 108034 2359.68
128158 1081.05 2362.4

1275.15 1084 2358.86
1280.44 107736 2357.47
128269 1085.19 2367.4

1277.84 108447 2361.81
1276.84 1082.06 2358.43
1279.2 1084.91 2363.59
128059 [1077.69  |2357.89
12807 1087.12 2367.27
127932 1079.77 2358.49
1279.01 1087.34 2365.82
1277.42 1081.79 2358.66
1277.88 10807 2357.87
1278.11 1079 2356.45

Fig. 3: A screen capture of the LabView program Error Propagation.




