APPENDX |

COIL DESIGIN

The thecry of coil design is based an the work of Cﬂmpbe“] {1957} and
others. Time varying magnetic flux, @m’ cutting o coil will induce an e.m.f.

acrass the coil terminals which accarding to Foroday's Law of inductien is

deb,

~e.m.f. = - I

la aur cose there are N terms, or N circuits in series so that the voltage ccross the’

coif terminals is

ddd

27/

é & [y
Since ®m = ;E . ds

LY
the voltage outpuf from a circular coil with area A is

' 4 db
f M
Assuming B to oscillate sinudoidally at frequency &
¥V o= NALB: (1)

This equation is generally true for induction coils so long s LJ is well below the
resonant frequency of the coil in a frequency range whare the coll azts as @ purely

resistance circuit element,

In practical units, the voltage can be expressed as

v = NA 107 2B (2)

! Campbell, ep. cit., p. 7.
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Where V is in H,V, Adsin cm?, ond 3 s Tn}’ []')/ = 1(}_5]
The coils that we Built eech had 20,100 turns on o twe-meter diameter circulor frame
30 that the NA product is §.315 x 10° 1'|_|rn—<:rr'n2 the £g.2 becomes

o :

LV = 396.B 1B LV (3)

We designed the coils to be sensitive Tn the Frequency range of Pc 1 and they can
detect the signals from 0,001 to 10 Hz.

The resonant frequency of the coail is flpproxi motely
j - ' 3
13r- £ = !
- ' LC

[=]

To fix mo well cbove the frequencies of interest, the coil inductonce or
copacitance must be kept resanably small. Decreasing of valus of L con aniy be
done by reducing the number of turns (L varies as NE} but this has the unfavorable
~ result of loss of semsitivity af the frequencies of interest. On the other hond, C can
be decreased, with no loss of sensitivity, by careful winding. Cne practice is to
keep small the numbzr of tums in a winding layer so that the numher of layers will
increase but the iIu:-}rer—h::rlt:l:,rer capacitance betwean ad{ocent loyer will decrease.
The totai capacitance also decreased because, in the cail, it looks like copaciters

connecied in series; so,

<
C = ™
where C = tatal copocitance of the coil
¢, = the individual layer—to-layer capacitance
M = the number of loyer -

Hence when M is larger the total capacitance will be a small value,



APPEMNDLA
COIL CALIBRATION

g
The calibration technigue used to determine the inductance, capacitance,

and resonant frequency consists of first measuring the cof! resistance {Rc} on ¢ bridge,
and then applying o voltege ¥, over o wide range of frequencies alternately Fo the
coi} and to a dummy resistor Rp: Rp =R.- The voltege drop V5 acress a resistor Rg

in series with the source is recorded at eoch frequency and a ploi of the rotic

Vz(coﬂ}
3 I Vz{aumm}ri (1)

From Hthis curve we cen estimate values of L and C, as described below. The meosur-

ing circuit used is shown in Figure 24

The ratio n can be shown egual to the ratio of two impedances. At any
frequency, €Y,

Rg + B2{ey)
n{tu} =
- : RQ CE RD
where Z is the coil impedance, and Rg is selected to be much larger than RC,
- 5 ‘”]i.
R
1+ ——
IEI - L - LU° L
Re © \ +(w|_-t{uc}
R
c
At frequaencies approaching DC, &2 =—sn Rc and
(1
1 + —I—f— 1 + R_C
n = g CH L=| LY 1
R - R -
We—=o 1 + -2 1 + — D
R R
g .2
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Qn the other hond, at very high frequencies ::011 |nducr|ve reactance olso

becomes very large so that

and 32"
|R ( ! )! (1 + —2—2—2—1
_ "7 REaC } R ™ C
Mo R _+R R
« 9 o 1+ )
®
g
S0 long es Rg is v.ew large
n 208N\
f)—be

Between these extremes there will exist apfrequency, the resonant frequency,
where ] Rg + £ | , and thus n, is o maximum. |F con be shown that £ tekes on its

largest value,

LA
==
c r
ot
514
L) = N JUNIVE Rc (2)
o C L
where :
_ _ L _
"7 fmox T 'Y RRT S

We find through simple algebraic manipulation that

Lt - (nmr:”c -1 RCRQC



= .
As td con be determined by finding the &3 ab which n is a maximum, the coil C

may now be faund using values of W, Rc’ and L in Egs. {2) and (3).

[{nmﬁ. I ]

C = —
';“"}_o(nmcx" ]} Rg

As Campbell paints out, in actual measurement there exists an effective
series rasistance of the voltage source and o shunt copacitance of the measuring
device. Thesc two citeuit parameters tend to couse n to become less than unity

ot high frequencies, but they do not change the L and C estimates.

L)



APPENDIX I

' CHOICE OF SAMPLING INTERV AL AND OTHER PARAMETER

The data te be cnalyzed is recorded continuouzly and must be digitized prior

to mazhine analysis.

Sampling Intervol; The sampling interval h = At is usually chesen such that

1

max

h =

Since ! is the smallest neriod thot can be observed in the record, h must be
max

chosen sufficiently small so that t;:li:::spir'”:_:;.I will not be a problem.

By difinition there will be only 2 points per cycle of the Fmr:lx oscillation, but if

signal frequencies of large amplitude exist neor Frn:r:-c’ one should choose h =

4fmax
|\F power spectra measurements are the prime cansideration, then choosing
2 1
= =/ is suffici For reazen [ my h = b
h T — 55U ficient, but.for s of computation econe Y oo, can be
chosen,

Number of Correlation Lag Values: The maximum number of correlation lag

values, m, ta be computed depends on the resolution bandwidth, Ee' desired in the

power spectra, as well as the sampling interval, h, chosen;

thus B_ will be smal! for o given b when m is large.

Sample Size N and Record Length Tr: In choasing sample size N we must

consider the standard error of the spectral calculation. In this case N is expressed as

] Bendet und Plamsol, op. cit., p. 23.



€ is the normalized siandard error desired far spectral colculations. As the

ossociated record length, Tr, is
Tr = Mh

we con easily express the eror of autocorrelation or power spectrum estimate in

terms of m and M,

€ = {0
™
Thus, € will be small for o given N when m is small. In practice it is desirable to

keep the maximum lag,

m Q 0.1



The Hanning method is one way of smocthing periodograms (raw estimates).

The power spectral density, Exl:l:], is given by equation:

G (B = 4f R (L) cos (2 T )d?
o
However, this is an inefficient estimate of the true spectral density and smoothing is

necessary.
o fkF
— —
- ' = G = G (_mc_:i)
Let .~ Gk x{ﬂ ® rm
- H * : ﬂ - L
when the index k is called the harmonic number, and Gk is the “raw" estimate of the
power spectral dermsity function at harmonic k, corresponding io the frequency f = %i.

Let GI-: represent the "smooth" eshﬁ}ui'e A harmon k, where the ~ reolaces the ~ .

Then at tha m + 1 frequencies f = -—%-G—E-; k=0,1,2,3 ..., mone chiains
G, = 0.5 Gy +0.5 G
Gk = 0.25 GL( l+ﬂ.5 +ﬂ 25 " k=1,2,3, ,m=1
and € =05%G , +0. 5"('.;"
m m-1 m

The upper equation is implemented easily on a binary digital computer compared to
other smoothing procedures. These other proceduras provide different bios uncertainly
errors which may be oreferred for certain applications. In general, the Hanning

method should be sotisfactory for our uses.
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