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The math - sorry about this.

We can now write the detected signal as

_1 ‘\T
ZAQ-i- Z Z A;A;jcos [k(z; — x;5) + (¢i — ¢5)]. (7)
i=1 j=i+1

If we use the signal intensity I; = A? this becomes

N-1 N

S(k) = ZL+Z > /L cos [k(zi — z5) + (¢ — 67)]. (8)

=1 j=i+1

Since visibility amplitudes are normalized, that is they have a value between zero and one,
the next step is to divide this signal by the mean intensity % Zf\zl I; resulting in

N (k) —1+Z Z T;j cos [k(xi — x;) + (¢ — ¢;)] (9)

=1 j=i+1

where we have introduced the transfer function

o (10)
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x; —x; = (v; —v;) t = t. (12)
It is also convenient to use the wave number Visibility Amplitude and Phase
1 k
TN o (13)
When we substitute Equations 12 and 13 into the#finge equation 1\ we get
N-1 N
N(o) =1+ >_ > T;Vijcos [zmuijy— ¢;) + Pij]. (14)
i=1 j=i+1

Phase Imposed by Optics and Atmosphere
The final step is to introduce a finite bandwidth and integrate the fringe equation across
this bandwidth. Let us for the sake of simplicity assume that the bandwidth is square,
centered on og and with a width of Ao. We then have

00+A.—2"
N(op,Ac) = E/ N(o)do

1 UO"I‘% N—-1 N
= _/ 1+ Z Z T;;Vij cos [2moviit + (¢; — ¢;) + @ij] | do
g0~ i=1 j=i+1

| N ootz
Z Z TUVU/ cos [2mov;it + (¢ — ¢;) + Pijl do. (15)
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N—-1 N
N(O’O, A(J‘) =1+ Z Z T,lJV’lJ sinc [WAO”UZ']'t] COS [27T0'()'l)z'jt + ((;')l - (;')J) + @L‘}] . (19)
1=1 j=i+1

This is the result we're all used to seeing: oscillating terms for the fringes from each baseline,
whose fringe period is a function of the central wavelength of the optical filter, modulated
by an envelope function, in this case a sinc function, whose size is inversely proportional
to the width of the optical filter. In this analysis we have assumed that the optical filter is
square, or a ‘top hat’ function, whose Fourier Transform is a sinc function, and as we shall
see, this works in general. That is, the fringe envelope function is the Fourier transform of
the filter function. This is the basis for Fourier Transform Spectroscopy, but that is beyond
the realm of this technical report.

Everything that now follows is now based on Equation 19, the generalized fringe equation
for an N-way beam combiner.
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FIGURE 1. Schematic of the optical layout of the CLASSIC beam combiner.

In this simple case of a two beam combiner the transfer function in Equation 10 reduces to

20T 1, 20)
L+

Ty =

¢11 =0, ¢r2 =, P21 =0, and ¢ = 0. (21)

We now have a m phase difference between the two outputs giving us the bright fringe on
one side and a dark fringe on the other, as we know it should be, for only then is energy
conserved.

We can therefore write the fringe equation for output i of CLASSIC as

N;(09,Ac) =1+ (=1)" Tj19 Vig sinc [t Aowt] cos [2mogvt + ®1s]. (22)

—GeorglaStatelh:ste?sny @E{ . II.@ @)) CQbservatolre

vaton'e: LESIA

de Paris




CHARA Collaboration Year-Eight Science Review

o\q’ \)\\
Beam Splitter O"‘Q Beam Spliuer o

Output 3 \ \ Input 3
Compemaloru
Input 2
Dither Mirror 2
Input 1
Dither Mirror 1 Compensator

FIGURE 3. Schematic of the optical layout of the CLIMB beam combiner.

so for output ¢ and input beams j and k we write

2/ 1;j Ly (23)

Lin + Lio + I3

Lijk =
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TABLE 2. CLIMB transfer functions for perfect optics. Note that beam 1 does not reach output
1 and so no phase is given.

Output ¢1 @2 @3

1 - 0 T
2 0 T by
3 0 0 0

We write the three outputs of the CLIMB beam combiner as

Nl =1 - T123 V23 sinc [2’/TAU'Ut] COS [47T0’0’Ut + @23] (26)
Ny =1 — Ty9 Vig sinc[3wAovt]cos [6rogvt + P1g]

+  Thog Vag sinc [2mrAovt] cos [Amogut + Pog]

—  Tygy Vay sinc[wAovt] cos [2rogvt + Pay] (27)

N3 =1 + T312 Vig sinc[3wrAovt]cos [6rogvt + P12]
T323 Vag sinc [2rAcvt] cos [4rogut + Pag)
+  Tha1 Va1 sine [rAovt] cos [2rogvt + P31 (28)
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and the power spectrum will therefore be

V2 f—opv [+ ogv 2
PS(f(1) = Tz [0 (5o ) + 1 (5 )| - 42
S(f(?)) AA0202 [ ( Acv ) + ( Aov )J .

The last step is to integrate this power spectrum, which since it is symmetric, we will only
do over the positive frequencies

s = [ Psunds
MVT;/Om 112 (f;—:l“') df. (43)

So, the total power S in the fringe power spectrum will be

V2
5= 4Aov’ (46)
which gives us our estimator for V2
5  4Ao
V2 = S””. (47)

This is the same as the result in Benson et al. (1995) except for a factor of 2. I do not know
why this difference exists and can only assume it derives from a different normalization of

the Fourier transform equations.
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There is one more correction that can be made to the visibility estimate. Because of
atmospheric turbulence, the visibility is changing consta,ntly and so can be considered to
be a random variable with some mean V and a variance (J'V Since we are measuring the
mean of the square of the visibility, we are actually measuring

(48)

and thus all estimates of the square of t are biased by the variance of the visibility.
Unfortunately, it is not possible to take the square root of S as, due to the statistical nature
of the measure, it is sometimes negative. It is, however, possible to square S, resulting in
an estimate of V4. If one assumes the statistical distribution of the correlation is normal,
one can then form the unbiased estimator for the correlation

|

_2 R
. [3v2 oV
V= 5 (49)

with the corresponding variance estimate

2

av_\/v (V2 oV Y (50)

In the data reduction pipeline this is known as the V_.NORM estimator.
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Since the real visibility can never be negative, it is sometimes better to use a log-normal
distribution, normally parametrized using the variables i and o2. These can be determined

using
—4
1, V2
H = Z In ﬁ (51)
and _
o 1. VA
(J'2 = —In — (52)
4 2
from which we get the unbiased correlation estimate
— 1 2
V =exp(p+ = 50 ) (53)
with the variance ‘ ‘ ‘
ot = exp(2u + 20%) — exp(2u + o2). (54)

In the data reduction pipeline this is known as the V.LOGNORM estimator.

In practice the normal and log-normal equations give virtually the same results during times
of good seeing, or high visibility, and typically diverge at very low signal to noise.
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' Phase — Consider One Segment
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ake the Fourier (DFT) of that Segment

Power Spectrum
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We really have fewer pixels 1in each segment.

Power Spectrum
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Most recent version of software:

http://dl.dropbox.com/u/13523232/2012 02 29 reduceir 32bit.tgz

http://dl.dropbox.com/u/13523232/2012 02 29 reduceir 64bit.tez

http://dl.dropbox.com/u/13523232/2012 02 29 reduceir MacOSX.tgz
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2 usage: redclimb [-flags] ir_datafile

Flags:

-a Toggle apodize for FFT (OFF)

-A Use only shutter sequence A (OFF)

-b Toggle redo background and bea

-B Use only shutter se OFF)

-C Toggle pi agree (ON)

-C confirm (ON)

-d[0,1,2] Set display level(1)

-D[Dir] Directory for results (Basename)

-e Toggle edit scans (ON)

-E[weight] Use fringe weight to edit for AMP (OFF)
-f[width_frac] Envelope width fraction (0.35)

-F Toggle filtering of signal (ON)

-g[0-1] Fraction of Gaussian to includ CP (0.1)
-G Toggle using AMP editing T P (ON)

-h Print this message

-i Toggle manual int ion range (OFF)
-I[12-12,23-23,31-31] Set 1 ration range

-m Toggle sa eans as text (ON)

-M Toggl nual data selection in scan (OFF)
-n e use noise instead of signal (OFF)
-Nndata orce data segment size (AUTOMATIC)

-0 Toggle skip overlap test (OFF)

-p Toggle plot closure phases (ON)

-P N _size] Change noise PS +-smooth size (4)
-r Toggle save raw data as text (OFF)

-R Toggle remote mode (OFF)

-s[n] Scans to skip after shutter chan

-S[smooth_size] Change +-smooth size
-t[start,stop] Truncate scan
-u To ither freqs for fringes (OFF)
-U[freq] DC suppression frequency (10.0 Hz)

-V Toggle verbose mode (OFF)

-w[weight] Set minimum fringe weight for CP (1.0)
-W[width] Set PS peak width for fit (10.0 Hz)
-Z[pixmult] Set pixel multiplier (2)

-#[start,stop] Sgt range of scan to include (ALL)
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Brackets show show
alternatives for
argument and should
not be included.

No space between flag
and argument.

Defaults shown here.

Verbose mode is
helpful to learn what is
going on, though is
very verbose.
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{di-centos:1078} calibir -h
usage: calibir [-flags] {0BJ CAL1,CAL2,CAL3...}
Flags:
-b[beta] Set intensity ratio (Cal/Obj) (1.0)
-B[Vis Type] Set Vis estimator for Object and Calibrator (V_LOGNORM)
-C Use CHARA number for identifier (OFF)
-C[Cal Vis Type] Set Vis estimator for Calibrator (V_LOGNORM)
-d Use change in calibrator for error (OFF)
-f[oif] Set OIFITS filename (From object)
-F Toggle saving OIFITS file (OFF)
-h Print this message
-H Use HD number for identifier (OFF)
-1 Use ID/Name for identifier (OFF)
-I[12]23|31] Select CLIMB baseline (None)
-n Use standard error of mean for error (OFF)
-0[0bj Vis Type] Set Vis estimator for Object (V_LOGNORM)
-r Print raw data (ON)
-s[diaml,diam2,...] Size of calibrators in mas (0.0)
-S Self Calibrate mode (OFF)
-V Verbose mode (OFF)
Visibility estimators available are:
V_CMB V_FIT V_ENV V_MEAN ENV PEAK
V_MEAN ENV_FIT BINARY V A BINARY V B BINARY ENV V A
BINARY ENV_V B V2 SCANS V_SCANS V_NORM
V_LOGNORM
a2l P o i @ 2 .
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