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Approach
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Abstract

We expand on the Fourier transform method of Monet (ApJ 234, 275, 1979)
to infer the orbital parameters of visual binary stars, and we present results
for several systems, both simulated and real. Although originally developed
to address binary systems observed through at least one complete period,
we have extended the method to deal explicitly with cases where the orbital
data is less complete. This is especially useful in cases where the period is
so long that only a fragment of the orbit has been recorded. We utilize
Fourier-series fitting methods appropriate to data sets covering less than one
period and containing random measurement errors. In so doing, we address
issues of over-determination in fitting the data and the reduction of other
deleterious Fourier-series artifacts. We developed our algorithm using the
MAPLE mathematical software code, and tested it on numerous “synthetic”
systems, and several real binaries, including Xi Boo, 24 Aqr, and Bu 738.

This work was supported at Lehigh University by the Delaware Valley
Space Grant Consortium and by NSF-REU grant PHY-9820301.
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Relationship Between True Orbit
and Observed Motion
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Operational Procedure

1. Begin with Observational Data Set
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2. Select Trial Orbital Period
P

3. Fit Data to Fourier Series
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4. Monet’s Method to Extract Orbital Parameters

{a,e,T,a),Q,i}
5. lterate Period for Best Fit
{a,e,P,T,a),Q,i}




Method of Monet

Fourier Series Representation of Data
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Fourier Series Representation True Orbit
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Method of Monet
Fourier Series Representation Keplerian Orbit
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Extract Orbital Parameters from n=0, 1 Fourier Coefficients
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24 Aquarii (ADS 15176)
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24 Aquarii (ADS 15176)

Fourier Fit to x(t)...

Fourier Fit to y(1)...
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24 Aquarii (ADS 15176)
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24 Aquarii (ADS 15176)
Fourier Fit to x(t)...
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Fourier Fit to y(1)...
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24 Aquarii (ADS 15176)
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24 Aquarii (ADS 15176)

Fourier Fit to x(t)...




BU 738
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BU 738

Fourier Fit to x(t)...
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P=120

BU 738
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BU 738

Fourier Fit to x(t)...
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BU 738
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BU 738

Fourier Fit to x(t)...
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Xi Boo (ADS 9413)
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Xi Boo (ADS 9413)

Fourier Fit to x(t)...




Xi Boo (ADS 9413)
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Xi Boo (ADS 9413)

Fourier Fit to x(t)...

Fourier Fit to y(t)...




Xi Boo (ADS 9413)
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Xi Boo (ADS 9413)

Fourier Fit to x(t)...




INPUT
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Synthetic Orbit

Fourier Fit to x(t)...
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Synthetic Orbit
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Synthetic Orbit

first 10 data points only
plus random “noise”
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x(t)=pecos@=a,+)  _a,cos(nM)+> " f3, sin(nM)

y(t)=psinf=y,+> "y cos(nM)+> " &5, sin(nM)

a, =a,(a,,b, ,A)
an = IBn(an’bn’A)

7/n :7/n(cn’dn’A)
o,=0,(c,,d, ,\)
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1.0000
151.5000
0.4865
0.148418046
0.707073508

4.876123901
0.5078125

3.710364508

> DD; QQ1 :=.05091480872

> FF; QQ2 := -.02393155327
21.11668587 OmEIl := 2.921896742
147.460603 QQS3 := .05625880179

QQ4 = .1458846664
QQp = 3.702628797
|EIl :=.7206531954
omEll :=-.3965104122
EEIl := .5005970848
AEIl := 4.940774159
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> DD:;

> FF;
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> DD:;

> FF;
48.63840268
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4.010570682
> DD:;

> FF;
48.63840268
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4.0000
140.0000
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0.70742865
4.913450835
0.4765625
4.010570682
> DD:;

> FF;
48.63840268
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> DD:;
> FF;
1.503553394
11.43874037
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QQ2 :=.02025174302
OmEll :=.4000000022
QQ3 :=.02823108801
QQ4 = .03555555615
QQp = 7.499999937
|EIl := .8999999909
omEll := .1999999931
EEIl := .4999999984
AEIl := 9.999999895
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QQ2 :=.02025175027
OmEll :=.4000000288

1.0000 QQ3 :=.02823109666
19185'2218 QQ4 :=.03555555690

QQp = 7.499999859
|EIl := .9000000605
omEll :=.1999997846

0.116005808
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12.3449798 EEIl := .4999999890
0.264648438 AEIl := 9.999999665
0.16109497

> DD:;

> FF;
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2.593276006
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