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ABSTRACT

A method is presented for rapid calculation of the damping and natu-
ral frequency of a galvanometer or any other linear, damped, one-degree-of-
freedom system. Two equations are derived which relate the steady-state
amplitude of response to the natural frequency and the damping. The solu-
tions to these equations for a useful range of measured amplitudes are pre-
sented in tabular form. The technique involves measurements of steady-
state amplitude of response at two different frequencies and is accurate to
within two percent.

INTRODUCTION

Galvanometers and similar linear, damped, one-degree-of-freedom systems are frequently
used as measuring and recording instruments. The damping and natural frequency of a galva-
nometer must be known to assess the accuracy of the data recorded by the galvanometar. .A
method, presented here, for determining the damping and natural frequency of a galvanometer
has been found to be both accurate and extremely rapid in execution. With practice, we.can.-
estimate galvanometer damping and natural frequency at the rate of one galvanometer a min-
ute. This particular method involves three direct measurements and the use of a table of

constants computed by an IBM 7090 computer. This technique has an inherent error of less
than two percent.

MATHEMATICAL ANALYSIS
We assumed that the galvanometer motion is described by the differential equation
Z+2@nf)cé + (2nf)2z = @nf)?1 (1

where z is galvanometer deflection,
f is galvanometer natural frequency in cps,
¢ is the ratio of the galvanometer damping to critical damping, and
I is current through galvanometer in units of d-c trace deflection.

If the current is a steady-state oscillation, / = ¢27¢F¢ then

z = Ae2mift

is a solution to the differential equation [1] provided that
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where 4 is the complex amplitude, and
F is the input test frequency in cps.

The magnitude of 4 is
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If |A| is measured at constant current for two different input frequencies Fand F,,
then two equations relate the parameters of natural frequency and damping to the amplitudes

|4, and |4
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Equations (3] and (4] can be solved simultaneously for the natural frequency f, and the

damping ratio c.
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Therefore, if the two test frequencies F, and F, and their corresponding amplitudes
|4,| and |4,| are known, f and ¢ may be determined from Equations {5] and (6],
Tables 1 and 2 show solutions of Equations [5] and [6] for the special case F,/F, =

APPLICATION

First, note that the amplitudeslAI' and |A 2lin Equations [5] and [8] must be measured
in terms of unit current. This unit current is that current whose amplitude will produce a
static galvanometer deflection of one unit.

Establish unit current at a frequency F, low enough so that Fy/ f is less than 0.1
(i.e., at a frequency less than one-tenth the expected natural frequency of the galvanometer).
Then, the amplitude predicted by Equation (2] for damping between 0.5 and 0.7 is within 1
percent of unit amplitude. Note that if F/f is 0.1 and the damping ratio is 0.5, the ampli-
tude is 1.0101. Accuracy improves with increased damping: if F,,/f is 0.1 and the damping
ratio is 0.7,|A|is 1.0002.

The response produced by the unit current at F, is noted or measured and succeeding
measurements are in terms of this amplitude and at the same value of the current.

After a convenient measuring unit of response has been determined, a galvanometer
may be tested in the following way.

The galvanometer is driven by an input test frequency F, and the amplitude produced,
|4,1, is measured in terms of the unit amplitude. |4,| should be between 0.95 and 1.10 times
the unit amplitude to use the frequency table, Table 1, and between 0.90 and 1.10 times the
unit amplitude to use the damping table, Table 2.

Next the galvanometer is driven by another input test frequency F, chosen as equal
to 2F, for calculating convenience. The amplitude produced, |4,], is measured in terms of
the unit amplitude, |A2l should be between 0.40 and 0.90 times the unit amplitude to use the
damping table and between 0.50 and 0.80 times the unit amplitude to use the natural frequency
table.

These tables are useful only for recording instruments having damping between 0.50
and 0.70 if an accuracy of 2 percent is desired. This range of damping is generally provided
for galvanometers, accelerometers, and similar instruments in an attempt to obtain maximum
flat frequency response.

In general, the ranges included in both tables are large enough to accomodate the most
common situations, and the values outside of the range are usually unacceptable in galva-
nometers.

After |4,| and |A4,| have been measured in terms of the unit amplitude, the tabular value
corresponding to |4,| and |4, | on the natural frequency table is //F, . Multiplying by F,
gives f. The tabular value corresponding to |A2| and 1Al| on the damping table is c.



The zeros at the lower left corner correspond to incompatible values of‘Azland|A1|.
Brief instructions for use of the tables are in Appendix A.

CONCLUSIONS

If the damping and natural frequency tables are used accor ling to instructions, a quick
and simple method is available for use in calibrating galvanometers,



APPENDIX A

INSTRUCTIONS FOR USE OF TABLES FOR MEASURING DAMPING
AND NATURAL FREQUENCY OF A GALVANOMETER

1. Drive the galvanometer at low frequency F, (frequency less than 1/10 of the nominal
natural frequency of the galvanometer). Adjust the current so that the amplitude of galvanom-
eter response is a convenient measuring unit,

2. Drive the galvanometer at a higher frequency, F, , keeping the current the same, and
measure amplitude 4, of response using units chosen in Step 1.

3. Drive the galvanometer at frequency F, = 2F, (double the previous frequency), keeping
the current the same, and measure amplitude of response 4, using units chosen in Step 1.

4, Read the damping ratio from the damping table at the intersection of the column repre-
senting 4, and the line representing 4,.

5. Read the frequency ratio from the frequency table at the intersection of the column rep-
resenting A, and the line representing 4,. Multiply this frequency ratio by F, to obtain natu-
ral frequency of the galvanometer,

6. If no pair of frequencies F, and F, = 2F, can be found which produce amplitudes falling

within the range of the tables, the galvanometer has damping 0.50 of critical or less.
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1 CDR, NAVSHIPYD NYK (Material Lab)
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