Report of Tests on Joseph Newman's Device

Report of Tests on Joseph Newman's Device

TABLE OF CONTENTS

BACK to Title Page

NBS Form 114A: Bibliographic Data Sheet

FACT SHEET
FOREWORD

STATEMENT OF FINDINGS

1. Introduction

2. Experimental Approach
3. Results

4. Consistency Checks

5. Uncertainty Estimates
6. Conclusions

7. References

APPENDIX

n/a
n/a

n/a

14
18
20
24

20



1. Introduction

BACK to Contents

This report describes results of tests performed between March 1986 and June
1986 on Joseph Newman's device. The purpose of the testing was to determine if
the output power from the device was greater than the power which was put into
the device from the battery pack. This report describes the experimental tests
which were performed and summarizes the results.

This report describes a set of test results on a single device. NBS was not requested
to examine the theory behind the operation of the device.

A photograph of the device which was tested is shown in figure 1. The system, as
tested, consisted of a battery pack, a commutator which was mechanically
connected to a rotating permanent magnet, and a coil of wire. The National Bureau
of Standards provided the resistive load which was connected in parallel with the
coil. Figure 1 does not show the battery pack and the load. The commutator
reversed the polarity of the battery connection twice during each rotation of the
magnet. In addition, twenty-four times during each rotation it connected the battery
to and disconnected it from the coil of wire and the load. Consequently the output
waveform was a series of pulses as is shown in figure 2.

The tests consisted of electrical measurements of the net power drawn from a
battery pack by the device under test coupled with separate as well as simultaneous
measurement of the power dissipated in a resistive load connected in parallel with
the coil of the device.

Section 2 of this report describes the design of the tests and the selection of
instrumentation used. Section 3 presents the measurement results. Sections 4 and 5
outline the consistency checks which were performed and provide estimates of the
uncertainties associated with the various measurements performed. Section 6
presents conclusions and section 7 is a list of references cited in the report.
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2.1 Introduction



Because this device was tested as a unique device, one element of the experimental
approach was to assure the validity of the results by providing at least two
independent, or nearly independent, measurements of both the input and the output
power. To select the appropriate instrumentation, it was necessary to carry out
preliminary investigations of the input and output waveforms. For both the input
and the output, the waveform consisted of a series of twenty-four pulses, with the
series repeating at approximately one-to two-second intervals. In addition, the crest
factor (i.e. the ratio of the peak pulse amplitude to the root-mean-square value of
the waveform) was found to be as large as about ten. Many types of
instrumentation do not respond correctly over the observed frequency range and
crest factor range, so the

[[11]

Figure 1

Photograph of Joseph Newman's device which was delivered to
the National Bureau of Standards

Click on image to see larger version.
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Figure 2

Photographs of two examples [(a) and (b)] of output waveform
of device under test as measured using an oscilloscope

Click on image to see larger version.
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selection of the measurement equipment was especially important. The
measurement approaches which were used at the National Bureau of Standards to
acquire the data reported were appropriate for the waveforms measured.

A further consideration is that the waveforms changed with time, both in terms of
the shapes of the individual pulses and in terms of the repetition interval. This
variation results, at least in part, from the erosion of the tape (see section 2.2) on
the commutator.

2.2 Brief Description of the Device under Test

The system which was evaluated consists of three primary components: the power
source, a battery pack; the commutator, which is mechanically connected to a
magnet which rotates during normal operation of the device; and the coil. The
battery pack consists of 116 nine-volt batteries arranged in five sets of twenty
batteries and one set of sixteen batteries. The batteries in each set are connected in
series and external wiring is used to connect these various sets in series. The
battery pack was provided by Mr. Newman.

During the testing, it was determined that one of the batteries in one of the sets was
defective. After this battery was removed, the battery pack operated reliably.



Testing was performed at two different voltage levels. One of these levels was a
nominal open circuit voltage of 1000 volts (the maximum available from the
battery pack) and the other was a nominal open circuit voltage of 800 volts. These
voltage levels decreased by about 50 to 150 volts when the battery pack was
connected to the device.

A drawing of the commutator is shown in figure 3. The body of the commutator
wheel is constructed from a plastic material. The outer edge of the wheel is
covered by a metallic strip. This strip is split into two semicircles which are
separated by small plastic spacers. Twelve pieces of tape are attached to one of the
semicircles. These pieces of tape are arranged so that alternate, approximately
equal, segments of the semicircle are covered and exposed. Two brushes contact
the wheel about 180* apart. Each of these brushes is connected electrically to one
of the two leads of the coil. There is a small slip ring on each side of the wheel.
The sliding contact on one of the slip rings is connected to the grounded side of the
battery. This slip ring is connected to the semicircle which does not have tape on it.
The sliding contact on the other slip ring is connected to the positive terminal of
the battery pack. This slip ring is connected to the semicircle which does have tape
on it.

This commutator operates so that during one half of a revolution one side of the
coil is connected to the anode (positive terminal) of the battery pack while the
other side is connected to the grounded cathode (negative terminal) of the battery.
During the other half of the revolution, the side of the coil which had been
connected to the cathode is now connected to the anode and the side which had
been connected to the anode is now connected to the grounded cathode. During
each half cycle, the twelve pieces of tape alternately cause the battery anode to be
connected to and disconnected from the coil.
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Schematic drawing of commutator

Click on image to see larger version.
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The commutator wheel is mechanically connected to a permanent magnet which is
rotated by the magnetic field of the coil. The permanent magnet is supported along
its axis of rotation by bolts which pass through holes in the wooden support
structure. The device vibrated as its magnet rotated. A small spark is produced
each time either of the sliding contacts passes from a conducting surface to a tape-
covered surface or a plastic spacer. After a period of operation, it was noted that
this spark burns the insulating material. For this reason, one of the plastic spacers
had to be replaced during the course of the testing and the tape had to be replaced
frequently with fresh, cellulose acetate tape. It was noted that the efficiency of the
device under test was dependent upon the condition of this tape (i.e. as the tape
eroded, the efficiency of the device decreased). Two consequences of this behavior
were that the device is not characterized by a single efficiency -- its efficiency is
variable -- and that it was necessary to replace the tape frequently because the
highest efficiency was obtained with fresh tape. The coil appears to be constructed
of many turns of fine wire. To characterize the coil, the impedance of the coil as a
function of the frequency (when sinusoidal signals were applied) was measured.
The resulting data are consistent with an interpretation that below about 100 hertz
the coil acts as an inductor, with an inductance of about 2500 henries, while above
about 1000 hertz it acts as a capacitor, with a capacitance of about 850 picofarads.
The structure of the response between 100 hertz and 1000 hertz is presumably due
to the combination of resistance, capacitance, and inductance within the coil.

2.3 Input Power Measurements

The input power measurement system, as shown in figure 4, consists of a voltage
divider (R and R»), a current shunt (R¢s) and appropriate instrumentation to obtain
the product of the voltage and current waveforms. The voltage divider has a high
impedance network which consists of a 5-megohm resistor and a parallel
capacitance of 6 picofarads. The low impedance arm of the divider is a 50-kilohm
resistor. The load on the divider is approximately 6 meters of coaxial cable to a
low-pass filter and to two measuring instruments, each having an input impedance
of 1 megohm. The resistance of the high impedance element was selected to
minimize the power dissipated in the divider. The parallel capacitance was then
chosen to obtain a uniform frequency response, to within +/-2%, for frequencies up
to 5000 hertz.

A current shunt having a resistance of 100.1 ohms was selected to provide
appropriate signal levels. Measurements showed that for both direct current and



50-hertz alternating current signals, the shunt maintained its nominal value to
within a few tenths of a percent for currents in the range from 1 to 50 milliamperes.

The output signals from the divider and shunt were measured using both a
sampling wattmeter and an analog-multiplier wattmeter. The sampling wattmeter
was a wideband precision meter developed by the National Bureau of Standards
[1]. A block diagram of the wattmeter 1s shown in figure 5. The instrument has two
voltage input channels, and it can calculate and display the average of the product
of the two input voltages. One of these input voltages, V>, is derived from the
current shunt and the other, V1 is derived from the voltage

Figure 4

Schematic drawing of Newman device and input and output
power measurement circuits

Click on image to see larger version.
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Block diagram of sampling wattmeter

Click on image to see larger version.



[[81]

divider. The displayed value, with proper scaling, shows the amount of power
drawn from the battery. Using appropriate software, the sampling wattmeter can
also be used to measure either the average or the root mean square (rms) value of a
signal applied to either channel.

Each input channel consists of the three circuit elements shown schematically in
figure 5. First, the input-amplitude-conditioner circuit scales the input signal to a
level which is appropriate for the remaining circuitry. Second, the track-and-hold
circuit samples an instantaneous value from the input circuit and holds that value at
its output. Third, the analog-to-digital converter transforms the value of the analog
signal to an appropriate digital signal. As soon as the digital signal is determined
and transmitted to the following circuitry, the track-and-hold circuit takes a new
sample of the input signal which is transformed into the next digital value. Thus, a
sequence of digital signals flows from each channel and the value of a specific
digital signal is proportional to an instantaneous sample of an input signal.

The digital signals from each channel are applied to the inputs of a digital
multiplier. The multiplier calculates the product of the two signals. These product
values are transmitted to a digital averager which determines the average value of a
large number of these inputs. The average values, which are proportional to the
power drawn from a source or delivered to a load, are displayed on the front panel.

The analog-multiplier wattmeter is a commercial instrument which was modified
so that it could accommodate an external current shunt. Originally, the instrument
had a voltage-input channel and a current input channel. The input current was
passed through an internal current shunt to generate a voltage signal of the proper
amplitude. The signal on the input voltage channel was scaled using a voltage
divider.

As shown in the schematic diagram of this instrument in figure 6, these two signals
are applied to the input terminals of an analog multiplier circuit. The output of the
multiplier is proportional to the product of the two input signals. This signal is
filtered using a low-pass filter and applied to the input of an analog-to-digital
converter. The. digital output is simultaneously directed to both a front panel
digital display and to a digital interface circuit. For most of the data taken during
this investigation, the digital output was recorded using a computer to "read" the
signal at the digital interface connector. This digital signal is proportional to the
power drawn from a source or delivered to a load.

As figure 6 shows, the instrument was modified for this application by
disconnecting the voltage signal from the internal current shunt to the multiplier



circuit. In place of the signal from the internal shunt, the signal from a new voltage
attenuator is applied to the multiplier circuit. This attenuator receives its input

V> from the external current shunt Res. Thus, with proper scaling, the value of the
display shows the power drawn from the battery.

Because of some very large spikes in the current waveform, a low-pass filter was
used on the current signal to both the sampling wattmeter and the analog-multiplier
wattmeter. The filter prevented the spikes from producing a
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Figure 6
Block diagram of analog-multiplier wattmeter

Click on image to see larger version.
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significant measurement error. The use of the filter results in the determination of
the input power which is lower than the true value. To determine the signal loss
due to this circuit, matching sets of high-pass and low-pass filters were
constructed. The results of measurements using these filters are given in section
4.2. Figure 7 is a schematic diagram of the high-pass and the low-pass filters. The
filters were constructed using a resistance of 1000 ohms and a capacitance of 20
nanofarads.

2.4 Output Power Measurements

The output power was the power dissipated in a resistive load R connected in
parallel with the coil of the device under test, as shown in figure 4. Two values of
resistive load were constructed: nominally 50,000 ohms, and 200,000 ohms. By
using series and parallel combinations of resistors of these values tests were run at
nominal loads of 400,000 ohms, 200,000 ohms, 150,000 ohms, 100,000 ohms, and
50,000 ohms. Most of the data, however, were taken at 200,000 ohms or 50,000



ohms. The 200,000-ohm level was selected because at this point the power
dissipated in the load and the power dissipated in the device under test were
approximately equal. The 50,000-ohm level was selected as the smallest value of
the resistance that could be used routinely without potentially damaging the device;
one of the goals of the test program was to perform only nondestructive
measurements. A significant source of potential damage was the vibration of the
device, which increased as the value of the load resistance decreased.

To determine the power dissipated in the load resistor Ry, three different
approaches were used. The first was the differential active attenuator diagrammed
in figure 8. This attenuator, which was constructed at the National Bureau of
Standards, produced a signal at its output which was proportional to the voltage
difference across the resistive load. This output voltage was measured using a
commercially available digital voltmeter. This voltmeter incorporated a thermal
element. A thermal element [2] is among the basic tools used in the determination
of the rms (root-mean-square) value of a voltage waveform. The thermal element
consists of two primary components: a heater which changes' temperature with
changes in the current being passed through the element and a thermocouple to
produce a voltage which is proportional to the temperature. The power dissipated
in the load is the square of the rms voltage across the load resistor divided by the
resistance value of the resistor.

The second approach uses a thermal element which is not a part of a commercial
instrument. In this case, a shunt resistor Rrs, nominally 100 ohms for a 50,000-
ohm load, is placed in parallel with the thermal element. This combination is then
connected in series with the load. In this configuration, the thermal element is
"floating", i.e. depending on the instantaneous position of the commutator, the
thermal element may be near ground potential or it may be near the maximum
voltage of the battery. The output from the thermocouple in the thermal element
was passed through a low-pass filter and was measured using a digital voltmeter.
This thermal element is calibrated by applying a known voltage signal across the
thermal element and its associated resistor and recording the output voltage from
the thermocouple. The voltage across the load resistor is calculated by recording
the output from the thermocouple, computing the voltage across the thermal
element and the associated resistor from the calibration data, and calculating the
voltage
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across the load resistor by multiplying the thermal element voltage by the
resistance ratio of the load resistor to the parallel combination of the shunt resistor
and the resistance of the thermal element. The power is then obtained by squaring
this voltage and dividing it by the value of the load resistance.

The third measurement technique used is shown in figure 9. This resistance
configuration had the advantage of being convenient to use and conceptually
simple. Because one side of the coil was nearly always connected to ground,
significant current would flow only through the 200,000-ohm resistor which was
connected to the side of the coil which was not connected to ground. Thus, as the
commutator reversed the connections to the coil, the two resistors would
alternately carry current. But, as is discussed in section 5.3, because the switching



sequence of the commutator disconnected the coil from ground once each rotation,
this measurement technique always produced a value of the output power which
was too large so that the measured value of the efficiency was always greater than
the true value. This configuration was called the BI-200 because it was composed
of two load resistors Rr1 and Rz each having a resistance of 200,000 ohms.

[[141]
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The results of the various measurements of the input power and the output power
are summarized in Table 1. The efficiency is defined as the ratio of the output
power to the input power expressed in percent and the internal loss is defined as
the difference between the input power and the output power. It should be noted
that the efficiency and the internal losses are two related measures of the
effectiveness of the device.

The two measured values of the input power were averaged to obtain the
uncorrected efficiency data and the internal losses. In the remarks column in Table
I, "Atten." indicates that the output measurement was made using the active
attenuator, "TE" indicates that the output measurement was made using the thermal
element and shunt, and "BI-200" indicates that the output measurement was made
using the BI-200 load, in parallel with other resistors as necessary. The quantities
"800 V" and "1000 V" are the nominal open circuit voltages of the battery pack.
The entries in the column labeled "uncorrected efficiency data" are the ratios of the
measured powers while the "corrected efficiency results" have been corrected for
the known offsets. This column shows the estimated uncertainty of the
measurements.

The corrections and uncertainties associated with these measurements are
discussed in section 5. For convenience, the results of that discussion are
summarized here. For the active attenuator, it is estimated that the true efficiency is
within +/-4% of the measured value. The values measured using the thermal
element are estimated to be 5+/-4% larger than the true value. Similarly, the values
measured with the BI-200 load are about 10+/-6% larger than the true values. This
means, for example, that if the value of the efficiency measured using the active
attenuator is listed as 41% the true value is between 37% and 45%. If the value
taken using the thermal element is listed as 54%, the true value is between 45%



and 53%. Finally, if the value was measured as 77% using the BI-200 load, then
the true value is between 61%
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Schematic diagram of measurements using BI-200 load

Click on image to see larger version.

[[15]]

and 73%. No corrected efficiency is given for the two measurements made using
the BI-200 as a load and the attenuator to measure the voltage across the load
because no experimental data were taken to provide direct support for any
corrections or uncertainty estimates. From other data and from a knowledge of the
circuit, it is estimated that the uncertainty is no smaller than was obtained for the
attenuator measurements using other loads and that the offset should be smaller
than that obtained using the BI-200 alone. The variation of the efficiency under
nominally identical conditions is greater than would be expected due to
measurement uncertainty because, as was mentioned in section 2.2, the efficiency
1s not constant.

Table 1

Summary of Measurement Results

Uncorrected  Corrected

Load Efficiency Efficiency Internal

Resistor Data Results Losses

(Ohms) (Percent) (Percent) (Watts) REMARKS
400,000 29 29 +/- 4 2.5 Atten., 800 V

30 30 +/-4 2.5 Atten., 800 V



200,000

150,000

34
35

39
45
44

27

38
27
39
27
45
39
44
39
45
42
45
42
35
33
35
33
41
36

34

45
39
46
41
45
40

48
33
37
32

29 +/- 4
30 +/- 4

31 +/-6
29 +/- 6
35+/-6
34 +/-6

28 +/- 6
27 +/- 4
29 +/- 6
27 +/- 4
35+/-6
39 +/-4
34 +/-6
39 +/-4
40 +/- 4
42 +/- 4
40 +/- 4
42 +/- 4
30 /-4
33+/-4
30 /-4
33+/-4
31+/-6
36 +/-4

35+/- 6
29 +/- 6
41 +/- 4
41 +/- 4
40 +/- 4
40 +/- 4

34 +/-6
38 +/-6
33 +/-4
32 +/-4
32 +/-4

24
23

3.0
3.9
24
24

3.1

2.7
3.0
2.5
3.0
2.6
2.6
2.5
2.7
23
23
2.2
23
2.5
2.6
2.5
2.6
2.6
2.9

3.1

24
3.9
24
2.7
2.5
2.7

3.0
3.7
3.4
3.2
3.3

TE, 800 V
TE, 800 V

BI-200, 800 V
BI-200, 800 V
BI-200, 800 V
BI-200, 800 V

BI-
200 + Atten., 800 V

BI-200, 800 V
Atten., 800 V
BI-200, 800V
Atten., 800 V
BI-200, 800 V
Atten., 800 V
BI-200, 800 V
Atten., 800 V
TE, 800 V
Atten., 800 V
TE, 800 V
Atten., 800 V
TE, 800 V
Atten., 800 V
TE, 800 V
Atten., 800 V
BI-200, 800 V
Atten., 800 V

BI-
200 + Atten., 800V

BI-200, 800 V
BI-200, 1000 V
TE, 1000 V
Atten., 1000 V
TE, 1000 V
Atten., 1000 V

BI-200, 800 V
BI-200, 1000 V
Atten., 1000 V
TE, 1000 V
Atten., 1000 V



37 32 +/-4 3.1 TE, 1000 V

100,000 54 49 +/- 4 23 TE, 800 V
46 46 +/- 4 2.6 Atten., 800 V
53 48 +/- 4 23 TE, 800 V
46 46 +/- 4 2.6 Atten., 800 V
52 47 +/- 4 2.7 TE, 1000 V
50 50 +/-4 3.0 Atten., 1000 V
50 45 +/- 4 3.1- TE, 1000 V
47 47 +/- 4 3.1 Atten., 1000 V
50,000 53 53 +/-4 3.1 Atten., 800 V
55 50 +/-4 3.0 TE, 800 V
52 52 +/-4 3.3 Atten., 800 V
54 49 +/- 4 3.4 TE, 800 V
50 50 +/-4 3.2 Atten., 800 V
54 49 +/- 4 3.1 TE, 800 V
51 51+/-4 3.2 Atten., 800 V
55 50 +/-4 3.0 TE, 800 V
59 59 +/-4 2.6 Atten., 800 V
63 58 +/-4 24 TE, 800 V
59 59 +/-4 2.6 Atten., 800 V
64 59 +/-4 23 TE, 800 V
53 53 +/-4 3.0 Atten., 800 V
59 54 +/-4 2.7 TE, 800 V
53 53 +/-4 3.0 Atten., 800 V
59 54 +/-4 2.8 TE, 800 V
59 59 +/-4 2.6 Atten., 800 V
64 59 +/-4 24 TE, 800 V
60 60 +/- 4 2.5 Atten., 800 V
64 59 +/-4 24 TE, 800 V
40 40 +/- 4 4.9 Atten., 1000 V
54 49 +/- 4 3.7 TE, 1000 V
41 41 +/- 4 4.9 Atten., 1000 V
55 50 +/-4 3.6 TE, 1000 V
73 63 +/-6 2.9 BI-200, 800 V
77 67 +/- 6 24 BI-200, 1000 V

When the 50,000-ohm load resistor was used with the BI-200, the load on the
device was a parallel combination of the two systems. Therefore, the value of the



load was 40,000 ohms during most of the cycle and 44,000 ohms when the
commutator disconnected the ground from the coil without disconnecting the
battery.

[[16-17]]
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4.1 Introduction

In the development of measurement techniques, it is necessary to provide certain
checks to verify that unanticipated errors have not corrupted the data. For
conventional measurement systems, an experienced metrologist will identify any
deviations from the normal behavior for a particular class of device. For one-of-a-
kind devices, it is customary to make some explicit checks to provide additional
assurance that the measurement results are correct within the stated uncertainties.
The following paragraphs describe such consistency checks for measurements
made on the Newman device.

4.2 Assessment of the Frequency Dependence of the Input Power

As mentioned previously, the input power was measured using a low-pass filter on
the input current channel. To determine the effect of the filter, matched sets of
filters were constructed. One set was a pair of high-pass filters; the other set was a
pair of low-pass filters. Both sets had 3-dB points (50% reduction) at 8000 hertz.
Thus if one were measuring the power using the low-pass filters, one would be
measuring approximately the power at frequencies below 8000 hertz and when
using the high-pass filters, the power above 8000 hertz. The results of such
measurements are summarized in Table 2.

Table 2

Effect of high-pass and low-pass filters on input power measurements using
the sampling wattmeter on various ranges for the current channel

CURRENT RANGE POWER
FILTER (Arbitrary Units) (Watts)

High Pass 10 66 x 107



20 84 x 107

50 108 x 1073

100 110x 1073
Low Pass 20 3.7

50 39

Two observations can be drawn from these data. First, the power measured using
the high-pass filters is less than 3% of the power measured using the low-pass
filters. This result shows that the measured efficiency should be less than 3% larger
than the true efficiency of the device under test. Second, the measured power using
the high-pass filters increased as the current range increased. This trend suggests
that, in this frequency range, there are high amplitude signals which saturate the
input circuit and produce measurement errors at the lower ranges. It is not feasible
to measure power using the higher current ranges because most of the signal is at
lower
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amplitude and large measurement errors can occur if low amplitude signals are
measured using a high amplitude range. Thus, to minimize and to control
measurement error, the data were taken using a low-pass filter.

4.3 Approximate Determination of the Input Power

Because the battery voltage is nearly constant (implying that the average voltage is
nearly equal to the rms voltage), the product of the average current and the voltage
should nearly equal the input power. To test this relationship, measurements were
made using the sampling wattmeter to determine the input power, the rms voltage,
and the average current. The results, which show that the product of the voltage
and the current approximates the measured power, are summarized in Table 3.

Table 3

Comparison of power measurement to the current-voltage product in the
determination of the input power

VOLTAGE CURRENT MEASURED

RANGE RANGE  Vims Lave POWER Vims X Lave
(Arbitrary  (Arbitrary

Units) Units) (Volts) (Amperes) (Watts) (Volt-Amperes)



2 2 806 52x10° 3.9 4.2
2 5 805 53x10° 4.1 4.3
2 10 802 53x10° 4.3 4.3
2 20 801 5.6x107° 4.4 4.5

4.4 Measurement of the Input and the OQutput Power Using the Sampling
Wattmeter

In addition to the various tests, calibrations, and consistency checks performed, it
is good practice to demonstrate that no systematic offsets occurred between the
instrumentation used to measure the input power and that used to measure the
output power. Measurements, therefore, were made to identify any significant
offset. These consisted of input measurements using the sampling wattmeter and
the analog-multiplier wattmeter followed by measurements of the output using the
active attenuator. The signal from the attenuator was measured using the digital
voltmeter (DVM) which was used in subsequent measurements and also by the
sampling wattmeter. These measurements, summarized in Table 4, demonstrate
that the various instruments gave about the same indication under the same
conditions.

Table 4

Measurement of the input and the output using the sampling wattmeter

MEASURED POWER (Watts)
NOMINAL Input Output
LOAD
Analog Sampling Sampling
(Ohms) Multiplier Wattmeter bVM Wattmeter
00 3.5 35-42 -- --
500,000 - - 0.7 0.7
50,000 8.2 7.7 4.2 4.2
[[191]

4.5 Spectrum Analysis



A commercially available spectrum analyzer was used to measure the frequency
content of the output voltage. This measurement was made using an NBS-
developed divider which had a submicrosecond response time. The divider was
attached to one terminal of the coil and the spectrum of the divider output voltage
was measured. This measurement showed that most of the energy in the signal was
in the frequency region below 50 hertz. At 500 hertz, the signal level was 1% of
the low-frequency level.

These results were not used directly in the analysis of the data, but taken in
conjunction with the other measurement results help to corroborate the observation
that the power flow in the device is primarily a low frequency phenomenon.

4.6 Direction of Power Flow

The sign of the measured input power indicated that the battery pack was
supplying net power to the device or, equivalently, that the device was not
charging the battery pack. That is to say, power was flowing from the battery to the
device-under-test and not from the device-under-test to the battery. To demonstrate
that the signs were correct, a nominal 1-megohm resistor was placed in parallel
with the device-under-test and the appropriate commutator brush was lifted so that
no power was able to flow into the device. In this configuration the power was
clearly flowing from the battery to the resistor and the measured polarity of the
power flow was the same as it was when the battery powered the device-under-test.

4.7 In Situ Measurement of the Output from a Signal Generator

To assure that there were no unanticipated errors due to the arrangement and
interconnection of the various measurement systems in the laboratory, an in situ
calibration check was performed. All of the measurement systems were connected
with cable runs in the same position used for measurement, except that no
connections were made to the device-under-test. A signal generator was used to
apply a signal to a parallel combination of the voltage divider with the current
shunt, a shunt used with the thermal element and a 200,000-ohm load resistor, all
connected in series. The power delivered to this combination was measured using
the sampling wattmeter, the analog wattmeter, the thermal element, and the
voltmeter used to measure the output from the active attenuator. Measurements
using these systems differed by less than 1%.
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5.1 Introduction

In this section, the primary sources of measurement uncertainty are identified and
their magnitudes are estimated. Two different kinds of uncertainty limits are
discussed. One is an offset and the other is variations in the repeatability of the
measurements which are represented as random errors. The sign convention used is
that a positive offset produces a measured result which is larger than the true value
of the parameter while a negative offset produces a measured result which is
smaller than the true value. The
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basis for the estimation of the offsets is described below. The limits for random
variation, designated "+/-", are bounds which will include almost all repeated
measurements. The following five measurements are evaluated: the input power
using the sampling wattmeter; the input power using the analog-multiplier
wattmeter; the output power using the active attenuator; the output power using the
thermal element; and the output power using the BI-200 load.

5.2 Uncertainty and Offset in Input Power Measurements

The input power was measured using the sampling wattmeter and the analog-
multiplier wattmeter. The primary sources of measurement error and their
estimated magnitudes are listed in Table 5.

The low-pass filter introduces error because the higher frequency components of
the power are measured with a consistent offset. As discussed in section 4.2, this
error is such that the input power is consistently underestimated. The data support
an estimate of -3% for this error.

The power dissipated in the voltage divider is between 0.1 and 0.2 watt depending
upon the voltage level used. The percentage of the input power represented by this
quantity depends on the load and the condition of the tape on the commutator. For
this reason, this error was identified as being partially a systematic offset and
partially a random error.

Table 5

Estimated offsets and uncertainties in input power measurement



ERROR SOURCE

Low-pass filter

Power dissipated in the voltage divider

Scale factor calibration

Frequency response of the voltage divider

Voltage dependence of the voltage divider

Averaging duration errors

Frequency response of the current shunt

Amplitude dependence of the current shunt

Induced signals

SAMPLING
WATTMETER

-3%

+3%+/-2%

+/-0.4%

+/-0.2%

+/-0.2%

+/-1.0%

+/-0.2%

+/-0.2%

+/-1.0%

ANALOG-MULTIPLIER
WATTMETER

-3%

+3%+/-2%

+/-0.2%

+/-0.2%

+/-0.2%

+/-1.0%

+/-0.2%

+/-0.2%

+/-1.0%

The calibration of the scale factors for both the sampling wattmeter and the analog
wattmeter was performed by applying known signals from a commercially
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available calibrator to the input terminals of the instruments. The values listed are
the residual errors which were not accounted for in the calibration of the devices. It



can be seen from Table 5 that the error due to this source was small compared to
errors arising from other sources. This observation underscores the fact that a
knowledge of the scale factors is necessary, but not sufficient, for a reliable
measurement.

As noted in section 2.3, the calibration of the voltage divider indicated that
variations in its frequency response are less than +/-2% up to 5000 hertz. Because
the bandwidth over which significant power is drawn is smaller than 500 hertz, a
smaller error is estimated.

As a portion of the voltage divider calibration, the voltage dependence of its
response was measured. These measurements indicated that the divider ratio
changed by less than 0.1% as the voltage was increased from 300 volts to 1000
volts and was maintained at 1000 volts for five minutes.

To determine the average power, one must average over exactly one or an integral
number of cycles or must average over a very large number of cycles so that the
effect of any fractional cycle is negligible. The averaging duration error was
estimated by noting the variation of successive measurements taken within a few
minutes of each other. Since the averaging intervals are uncorrelated with the
operation of the device, a major contributor to the difference in successive readings
can be attributed to the averaging error. The measurement results obtained support
an estimate of +/-1% for this uncertainty.

The current shunt was a 100-ohm, non-inductive resistor. The stray capacitance is
below the value which would affect the measured value of the input power by
more than 0.2%.

As a portion of the calibration of the system, the amplitude dependence of the
response of the current shunt was measured. The data obtained indicated that, over
the range from 1 to 50 milliamperes, the response did not change by as much as
0.2%.

By use of appropriate grounding and shielding techniques, the induced signals, or
"noise", did not contribute more than 1% of the measured input power. As will be
seen in section 5.3, "noise" was a more significant factor in the output
measurement.

5.3 Uncertainty and Offsets in Output Power Measurement

The output power was measured using an active attenuator, a thermal element, and
a special resistive load called the BI-200. The estimated uncertainties for each of
these measurement approaches are listed in Table 6.



The power dependence of the various loads was measured using a commercially
available calibration source. No resistance value changed by as much as 0.6% from
very low power to the maximum power measured in these tests.

The active attenuator was connected by short, shielded leads to the load. These
shielded leads combined with a shielded attenuator and operation at relatively high
voltage made this device less sensitive to induced signals
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than other approaches. It is possible that the induced signal contribution is even
smaller than estimated, but the short-term instability of the device under test makes
it difficult to demonstrate that a smaller effect has been achieved. During some of
the tests using the thermal element, the input to the thermal element was shorted
and the device still indicated a power which was 3% to 8% of that which was
measured without the short, indicating that this effect always gives rise to a
measured value which is larger than the true value. That measurement is the basis
for the induced signal offset and associated uncertainty estimates. The induced
signal component using the BI-200 200 load results from the fact that during one
polarity reversal of the commutator (and not both) the ground is disconnected from
the coil before the battery is disconnected. In this situation, the coil has 400,000
ohms rather than 200,000 ohms in parallel with it. This contribution, will always
yield a measured value of the output power which is larger than the true value.
From photographs of the waveform and from comparison measurements, it is
estimated that the offset is about 10% with an uncertainty of +/-5%.

Table 6

Estimated offsets and uncertainties in the output power measurements

ACTIVE THERMAL
ERROR SOURCE ATTENUATOR ELEMENT BI-200
Power dependence of the load +/-0.6% +/-0.6% +/-0.6%
Induced signals +/-2% +5+/-3% +10+/-5%
Averaging duration errors +/-1% +/-1% +/-1%

Scale factor errors +/-0.6% +/-0.6% +/-0.2%



Frequency response of loads +/-0.3% +/-0.3% +/-0.3%

The considerations which contributed to the assignment of averaging duration
errors and scale factor errors are the same as those for input error measurement. In
addition, an in situ check of the thermal element and the active attenuator was
performed by applying a known voltage to the resistive load with the device-under-
test disconnected. Each measurement system agreed with the input value to within
1%.

The contribution of the frequency response of the loads was estimated from
comparisons of the direct current and 50-hertz calibration of the systems. These
data showed that the frequency dependence was less than 0.3%.

5.4. Offset and Uncertainty in Efficiency Determination

Adding the systematic offsets and calculating the square root of the sum of the
squares of the random errors provides an estimate of +/-2.5% for the uncertainty of
the measurement of the input power for each instrument. Using the same approach
to calculate the output offset and uncertainty yields an estimate of +/-2.5% for the
active attenuator, +5%+/-3% for the thermal element, and +10%+/-5% for the BI-
200. To estimate the uncertainty in the efficiency determination, the square root of
the sum of the squares of the random
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components of the input and output uncertainties is computed and added to any net
offset. In this way, the following offsets and uncertainties in the efficiency
determination are obtained:

o active attenuator, +/- 4%;
o thermal element, +5% +/- 4%;
e BI-200, +10% +/- 6%.

It should be emphasized that the uncorrected values of the efficiency in Table 1
obtained using the thermal element and the BI-200 are larger than the true values
of the efficiency.
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6. Conclusions
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The device's efficiency -- defined as the ratio of output power to input power --
varied depending on the voltage, load on the device, and the degree of degradation
of the tape on the commutator of the device. If the device simply transferred the
power from the batteries to the load, its efficiency would be 100 percent; in no case
did the device's efficiency approach 100 percent.

At all conditions tested, the input Power exceeded the output power. That is, the
device did not deliver more energy than it used.
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