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The Topics for Today:

Some Fundamentals of Radio Astronomy

Noise, Temperature = Power
Janskys, Flux Density & Sensitivity

Some Fundamentals of Interferometry
What is an interferometer?
Resolution & Spatial Frequency
Heisenberg's Uncertainty Principle
The U-V Plane and Aperture Synthesis

How is VLBI Different?

Breaking the Wires and shipping the bits
Quasars and similar beasties

Closure Phase

Group Delay
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Some Simple Thermodynamics

Bandpass
Filter
BW =B

« Consider two isolated universes at two different
temperatures, T, & T, ,and let AT=T,-T,

* Ineach universe put either a resistor or an
antenna and connect them with a perfect
transmission line

+ If T,>T,, then power P = 2k-AT-B until the
temperatures equalize.
where k = Boltzman's constant = 1.38 103 watts/°K/Hz
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Power = Temperature
and the Mysterious factor of 2]

Radio
Receiver
with
detector
bandwidth

= B Power Meter

R\ AT L A A L O

* The receiver will see a delivered power
[P=kTB 7]
where the previous factor of 2 disappeared because the
receiver onhly responds to half the noise signal.

The noise has half it's power in each of two orthogonal (i.e.
sine vs cosine) components.

A second receiver, with its LO shifted by 90°, would see the
other, independent component which also has a power

P=k-T-B
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Flux Density & Janskys

* Flux Density is the measure of the amount
of power falling on a 1 m® surface area.

* Inradio astronomy, we measure the
brightness of a radio source in Janskys:

1 Jansky = 1 Jy = 1026 watts/m2/Hz %

* In geodesy, most sources of interest have
fluxes of 0.1 - 10 Jy

+ A lot of high sensitivity astronomy is done
on sources < 1 mJy (10%° w/m?/Hz)
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Sensitivity

We saw earlier that a receiver will indicate the total
power of P = k-T-B. Let's now consider what
temperature contributions are in T:

Tcmeg = Ccosmic microwave background ~ 3°K
+ T ,tm = atmosphere absorbs some of the signal
+ T 5ss = antenna ohmic losses
+ TepriLover = antenna feed sees trees, ground, efc
+ T, ya = Low Noise Amplifier in receiver
+ Tursc = other miscellaneous contributions

Tsys = the sum of all these contributions

Tsys must be compared to Tsoypee = The small
contribution from radio source that we want to

see:
S/N = Tsource’ Tsys
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Sensitivity cont'd

* In radio astronomy, our signal is random noise. It
can be shown that if we have noise with a Band-
width B Hz, then we obtain a fresh, independent
measurement of the noise every 1/B seconds.

R\ AT L A A L O

* Now add all these independent samples for T
seconds (called the integration time).

* The total number of samples collected will be
n=B-1
+ Statistics tells us that the uncertainty of an
average made up of n samplesis # 1//n
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Sensitivity cont'd
- Therefore we see that our noise measurement will
have an RMS noise level of

5T » TrS\/S P Yk

v (B1)

where p is a number typically in the range 1 to 77 depending on
the specifics of the radiometer

* To detect a source with good certainty, it is
desirable to strive for Teoypee > D 0T

» This is usually achieved by
- Integrate Longer to increase /<
- Build a new receiver with better Tgys
- Use a bigger telescope

(Y A A L LS O O R
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\

The Basic 2-Element Interferometer

Consider a 2 element interferometer with the elements separated by
a distance D operating at a wavelength A. Observe a distant source
S at an angle 8. We bring the signals together & measure the phase
@ = [2n(D/X) + sin(0)] by multiplying the two signals.

N

S Now let the source S move across

the sky, changing the angle 6. The
output of the multiplier (a.k.a.

correlator) will be of the form:

V(0) ~ cos(d) = cos[21T(D/X) sin(0)]

(D/A)esin(0)

D/ When the antenna is “"broadside”

. with small 6 we can use the
Multiplier 2

approximation sin(6) ~ 6 and
@ write
V(0) V(0) ~ cos [211(D/A) ¢ 0]
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The Concept of Spatial Frequencies

In the 2-element intferferometer, we saw that the output is of the

form V(0)~cos [2m(D/1)«0]. We have sinusoidal “fringes” on the sky
with a periodicity of

|| A (in radians) = 1./ D * ||

Example: Consider 2 small antennas spaced 4.2 meters apart at 70 cm
are spaced by a distance of 6 i, and will exhibit interferometer
fringes spaced 1/6 radians = 9. 5°,

This expression for V(8) is similar to the form of a cosine wave
V(t)~cos(2nft). We define the (spatial) frequency as (D/1) and its
orthogonal domain as 6, the angle on the sky (measured in radians).
An interferometer acts as a filter to isolate structure of the sky
that has a periodicity of A / D cycles/radian

If we have a complex pattern on the sky, then a series of baselines
with different D/ can be used to decompose the brightness
distribution of the source. This is the basis of Aperture Synthesis
which is the basis of much of modern Radio Astronomy!
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Two antennas separated by 6

9D 6

Equally
Spaced
“Bread
Slices”

Spatial
Frequency =
D/A
cycles/radian
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Some Interferometer Examples
Interferometer fringes for D=de(1,2,4,8,16)A
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		19		0		0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		20		0		0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		21		0		0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		22		0		0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		23		0		0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		24		0		0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		25		1		1		1		2		3		4		0.9960565719		1		2		3		4

		26		1		0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		27		1		0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		28		1		0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		29		1		0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		30		0		0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		31		0		0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		32		0		0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		33		0		0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		34		0		0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		35		0		0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		36		0		0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		37		0		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		38		0		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		39		0		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		40		0		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		41		0		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		42		0		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		43		0		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		44		0		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		45		0		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0625429096		0.876637112		1.766739844		2.6315290692		3.7939679428

		50		0		1.22514845490862E-16		1		2		3		4		1.16573417585641E-16		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0625429096		1.123362888		2.233260156		3.3684709308		4.2060320572

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		75		0		-1		1		2		3		4		-0.9960565719		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		-0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		-0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		-0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		-0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		-0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		-0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		-0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		-0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

						0				1

		1				0.05		0.9960565719		0.9958927352

		2				0.1		0.9823368949		0.9836316431

		1				0.11		0.9803760651		0.9802148076

		4				0.2		0.9361050947		0.9354892838

		1				0.21		0.9291736663		0.9290208309

		2				0.22		0.92105129		0.9222652619

		8				0.4		0.7633441266		0.7568267286

		2				0.42		0.7331042138		0.7340704661

		4				0.44		0.7110853808		0.7106175977

		16				0.8		0.2435374856		0.2338723209

		4				0.84		0.1826760737		0.1825559014

		8				0.88		0.1343031338		0.1331564596

						1				3.8997686524021E-17

						1.25				-0.1800632632

						1.5				-0.2122065908

		8				1.68		-0.1613525769		-0.1599749559

		16				1.76		-0.1289222245		-0.1238057451

						2				-3.8997686524021E-17

						2.25				0.1000351462

						2.5				0.1273239545

						2.75				0.0818469378

						3				3.8997686524021E-17

		16				3.36		-0.0892613434		-0.0857188679

						3.5				-0.0909456818

						3.75				-0.0600210877

						3.999				-0.0002500621





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13
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		13		13		13		13		13		13		13		13		13		13

		14		14		14		14		14		14		14		14		14		14

		15		15		15		15		15		15		15		15		15		15

		16		16		16		16		16		16		16		16		16		16

		17		17		17		17		17		17		17		17		17		17

		18		18		18		18		18		18		18		18		18		18

		19		19		19		19		19		19		19		19		19		19

		20		20		20		20		20		20		20		20		20		20

		21		21		21		21		21		21		21		21		21		21

		22		22		22		22		22		22		22		22		22		22

		23		23		23		23		23		23		23		23		23		23

		24		24		24		24		24		24		24		24		24		24

		25		25		25		25		25		25		25		25		25		25

		26		26		26		26		26		26		26		26		26		26

		27		27		27		27		27		27		27		27		27		27

		28		28		28		28		28		28		28		28		28		28

		29		29		29		29		29		29		29		29		29		29

		30		30		30		30		30		30		30		30		30		30

		31		31		31		31		31		31		31		31		31		31

		32		32		32		32		32		32		32		32		32		32

		33		33		33		33		33		33		33		33		33		33

		34		34		34		34		34		34		34		34		34		34

		35		35		35		35		35		35		35		35		35		35

		36		36		36		36		36		36		36		36		36		36

		37		37		37		37		37		37		37		37		37		37
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		51		51		51		51		51		51		51		51		51		51

		52		52		52		52		52		52		52		52		52		52

		53		53		53		53		53		53		53		53		53		53

		54		54		54		54		54		54		54		54		54		54

		55		55		55		55		55		55		55		55		55		55

		56		56		56		56		56		56		56		56		56		56
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		1				1		2		4		8		16		5		5		5		5		5

		100				0		1		2		3		4

		0		0		0		1		2		3		4

		1		0		0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255

		2		0		0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		3		0		0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		4		0		0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		5		0		0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		6		0		0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		7		0		0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		8		0		0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		9		0		0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		10		0		0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		11		0		0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		12		0		0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		13		0		0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		14		0		0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		15		0		0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		16		0		0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		17		0		0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		18		0		0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		19		0		0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		20		0		0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		21		0		0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		22		0		0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		23		0		0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		24		0		0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		25		1		1		1		2		3		4		0.9960565719		1		2		3		4

		26		1		0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		27		1		0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		28		1		0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		29		1		0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		30		0		0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		31		0		0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		32		0		0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		33		0		0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		34		0		0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		35		0		0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		36		0		0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		37		0		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		38		0		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		39		0		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		40		0		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		41		0		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		42		0		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		43		0		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		44		0		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		45		0		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0625429096		0.876637112		1.766739844		2.6315290692		3.7939679428

		50		0		1.22514845490862E-16		1		2		3		4		1.16573417585641E-16		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0625429096		1.123362888		2.233260156		3.3684709308		4.2060320572

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		75		0		-1		1		2		3		4		-0.9960565719		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		-0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		-0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		-0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		-0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		-0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		-0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		-0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		-0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

						0				1

		1				0.05		0.9960565719		0.9958927352

		2				0.1		0.9823368949		0.9836316431

		1				0.11		0.9803760651		0.9802148076

		4				0.2		0.9361050947		0.9354892838

		1				0.21		0.9291736663		0.9290208309

		2				0.22		0.92105129		0.9222652619

		8				0.4		0.7633441266		0.7568267286

		2				0.42		0.7331042138		0.7340704661

		4				0.44		0.7110853808		0.7106175977

		16				0.8		0.2435374856		0.2338723209

		4				0.84		0.1826760737		0.1825559014

		8				0.88		0.1343031338		0.1331564596

						1				3.8997686524021E-17

						1.25				-0.1800632632

						1.5				-0.2122065908

		8				1.68		-0.1613525769		-0.1599749559

		16				1.76		-0.1289222245		-0.1238057451

						2				-3.8997686524021E-17

						2.25				0.1000351462

						2.5				0.1273239545

						2.75				0.0818469378

						3				3.8997686524021E-17

		16				3.36		-0.0892613434		-0.0857188679

						3.5				-0.0909456818

						3.75				-0.0600210877

						3.999				-0.0002500621





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100
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		32		32		32		32		32		32		32		32		32		32
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		51		51		51		51		51		51		51		51		51		51

		52		52		52		52		52		52		52		52		52		52

		53		53		53		53		53		53		53		53		53		53

		54		54		54		54		54		54		54		54		54		54

		55		55		55		55		55		55		55		55		55		55

		56		56		56		56		56		56		56		56		56		56
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		61		61		61		61		61		61		61		61		61		61
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		72		72		72		72		72		72		72		72		72		72

		73		73		73		73		73		73		73		73		73		73
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		75		75		75		75		75		75		75		75		75		75

		76		76		76		76		76		76		76		76		76		76

		77		77		77		77		77		77		77		77		77		77

		78		78		78		78		78		78		78		78		78		78

		79		79		79		79		79		79		79		79		79		79

		80		80		80		80		80		80		80		80		80		80

		81		81		81		81		81		81		81		81		81		81

		82		82		82		82		82		82		82		82		82		82

		83		83		83		83		83		83		83		83		83		83
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		86		86		86		86		86		86		86		86		86		86

		87		87		87		87		87		87		87		87		87		87

		88		88		88		88		88		88		88		88		88		88

		89		89		89		89		89		89		89		89		89		89

		90		90		90		90		90		90		90		90		90		90

		91		91		91		91		91		91		91		91		91		91

		92		92		92		92		92		92		92		92		92		92

		93		93		93		93		93		93		93		93		93		93

		94		94		94		94		94		94		94		94		94		94

		95		95		95		95		95		95		95		95		95		95

		96		96		96		96		96		96		96		96		96		96

		97		97		97		97		97		97		97		97		97		97

		98		98		98		98		98		98		98		98		98		98

		99		99		99		99		99		99		99		99		99		99

		100		100		100		100		100		100		100		100		100		100
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		37		0		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.7146633945		0.07894871		2.089298841		2.9665341316		4.0622315551

		38		0		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6711135981		0.07894871		1.910701159		3.0334658684		3.9377684449

		39		0		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.6249152229		0.0934742391		1.7377144517		3.0921185965		3.8710777755

		40		0		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5762505927		0.1222962209		1.5812081099		3.1279824146		3.9240715904

		41		0		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.5253117648		0.1649601157		1.4510160029		3.1321850931		4.0475532717

		42		0		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4722997713		0.2207930882		1.3553185794		3.1036869456		4.126889044

		43		0		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.4174238265		0.2889146192		1.3001288605		3.049538033		4.0884278278

		44		0		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.3609005004		0.3682503915		1.2889146192		2.9831340729		3.9678749551

		45		0		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.302952865		0.4575492325		1.3223804877		2.9209025178		3.8771452525

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.243809613		0.5554028461		1.3984236822		2.8782386231		3.9004673137

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1837041559		0.6602680224		1.5122661292		2.8656968662		4.0161901869

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.1228737023		0.770490975		1.656754689		2.8863799104		4.1168829582

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0615583225		0.884333422		1.8228106141		2.9351710467		4.1090678549

		50		0		1.22514845490862E-16		1		2		3		4		4.03717463500057E-17		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0615583225		1.115666578		2.1771893859		3.0648289533		3.8909321451

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.1228737023		1.229509025		2.343245311		3.1136200896		3.8831170418

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1837041559		1.3397319776		2.4877338708		3.1343031338		3.9838098131

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.243809613		1.4445971539		2.6015763178		3.1217613769		4.0995326863

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.302952865		1.5424507675		2.6776195123		3.0790974822		4.1228547475

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.3609005004		1.6317496085		2.7110853808		3.0168659271		4.0321250449

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.4174238265		1.7110853808		2.6998711395		2.950461967		3.9115721722

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4722997713		1.7792069118		2.6446814206		2.8963130544		3.873110956

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.5253117648		1.8350398843		2.5489839971		2.8678149069		3.9524467283

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5762505927		1.8777037791		2.4187918901		2.8720175854		4.0759284096

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.6249152229		1.9065257609		2.2622855483		2.9078814035		4.1289222245

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6711135981		1.92105129		2.089298841		2.9665341316		4.0622315551

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.7146633945		1.92105129		1.910701159		3.0334658684		3.9377684449

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.755392741		1.9065257609		1.7377144517		3.0921185965		3.8710777755

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.7931408975		1.8777037791		1.5812081099		3.1279824146		3.9240715904

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.8277588892		1.8350398843		1.4510160029		3.1321850931		4.0475532717

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8591100948		1.7792069118		1.3553185794		3.1036869456		4.126889044

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.8870707853		1.7110853808		1.3001288605		3.049538033		4.0884278278

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.9115306126		1.6317496085		1.2889146192		2.9831340729		3.9678749551

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.9323930451		1.5424507675		1.3223804877		2.9209025178		3.8771452525

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.9495757482		1.4445971539		1.3984236822		2.8782386231		3.9004673137

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9630109096		1.3397319776		1.5122661292		2.8656968662		4.0161901869

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.972645507		1.229509025		1.656754689		2.8863799104		4.1168829582

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9784415169		1.115666578		1.8228106141		2.9351710467		4.1090678549

		75		0		-1		1		2		3		4		-0.9803760651		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9784415169		0.884333422		2.1771893859		3.0648289533		3.8909321451

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.972645507		0.770490975		2.343245311		3.1136200896		3.8831170418

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9630109096		0.6602680224		2.4877338708		3.1343031338		3.9838098131

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.9495757482		0.5554028461		2.6015763178		3.1217613769		4.0995326863

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.9323930451		0.4575492325		2.6776195123		3.0790974822		4.1228547475

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.9115306126		0.3682503915		2.7110853808		3.0168659271		4.0321250449

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.8870707853		0.2889146192		2.6998711395		2.950461967		3.9115721722

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8591100948		0.2207930882		2.6446814206		2.8963130544		3.873110956

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.8277588892		0.1649601157		2.5489839971		2.8678149069		3.9524467283

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.7931408975		0.1222962209		2.4187918901		2.8720175854		4.0759284096

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.755392741		0.0934742391		2.2622855483		2.9078814035		4.1289222245

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.7146633945		0.07894871		2.089298841		2.9665341316		4.0622315551

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6711135981		0.07894871		1.910701159		3.0334658684		3.9377684449

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.6249152229		0.0934742391		1.7377144517		3.0921185965		3.8710777755

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5762505927		0.1222962209		1.5812081099		3.1279824146		3.9240715904

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		-0.5253117648		0.1649601157		1.4510160029		3.1321850931		4.0475532717

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		-0.4722997713		0.2207930882		1.3553185794		3.1036869456		4.126889044

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		-0.4174238265		0.2889146192		1.3001288605		3.049538033		4.0884278278

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		-0.3609005004		0.3682503915		1.2889146192		2.9831340729		3.9678749551

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		-0.302952865		0.4575492325		1.3223804877		2.9209025178		3.8771452525

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

				11

				0.9803760651

				0.92105129

				0.7110853808

				0.1343031338

				-0.1289222245





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100
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1.9980267284
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Resolution of source = 21 «d/100Radians

P
SFurce = 21d/100 Radians

2.4 Tom Clark — Whatis VLBI ? Haystack — April 30, 2007




Resolution

		0		0		0		0		0		0		0		0		0		0

		1		1		1		1		1		1		1		1		1		1

		2		2		2		2		2		2		2		2		2		2

		3		3		3		3		3		3		3		3		3		3

		4		4		4		4		4		4		4		4		4		4

		5		5		5		5		5		5		5		5		5		5

		6		6		6		6		6		6		6		6		6		6

		7		7		7		7		7		7		7		7		7		7

		8		8		8		8		8		8		8		8		8		8

		9		9		9		9		9		9		9		9		9		9

		10		10		10		10		10		10		10		10		10		10

		11		11		11		11		11		11		11		11		11		11

		12		12		12		12		12		12		12		12		12		12

		13		13		13		13		13		13		13		13		13		13

		14		14		14		14		14		14		14		14		14		14

		15		15		15		15		15		15		15		15		15		15

		16		16		16		16		16		16		16		16		16		16

		17		17		17		17		17		17		17		17		17		17

		18		18		18		18		18		18		18		18		18		18

		19		19		19		19		19		19		19		19		19		19

		20		20		20		20		20		20		20		20		20		20

		21		21		21		21		21		21		21		21		21		21

		22		22		22		22		22		22		22		22		22		22

		23		23		23		23		23		23		23		23		23		23

		24		24		24		24		24		24		24		24		24		24

		25		25		25		25		25		25		25		25		25		25

		26		26		26		26		26		26		26		26		26		26

		27		27		27		27		27		27		27		27		27		27

		28		28		28		28		28		28		28		28		28		28

		29		29		29		29		29		29		29		29		29		29

		30		30		30		30		30		30		30		30		30		30

		31		31		31		31		31		31		31		31		31		31

		32		32		32		32		32		32		32		32		32		32

		33		33		33		33		33		33		33		33		33		33

		34		34		34		34		34		34		34		34		34		34

		35		35		35		35		35		35		35		35		35		35

		36		36		36		36		36		36		36		36		36		36

		37		37		37		37		37		37		37		37		37		37

		38		38		38		38		38		38		38		38		38		38

		39		39		39		39		39		39		39		39		39		39

		40		40		40		40		40		40		40		40		40		40

		41		41		41		41		41		41		41		41		41		41

		42		42		42		42		42		42		42		42		42		42

		43		43		43		43		43		43		43		43		43		43

		44		44		44		44		44		44		44		44		44		44

		45		45		45		45		45		45		45		45		45		45

		46		46		46		46		46		46		46		46		46		46

		47		47		47		47		47		47		47		47		47		47

		48		48		48		48		48		48		48		48		48		48

		49		49		49		49		49		49		49		49		49		49

		50		50		50		50		50		50		50		50		50		50

		51		51		51		51		51		51		51		51		51		51

		52		52		52		52		52		52		52		52		52		52

		53		53		53		53		53		53		53		53		53		53

		54		54		54		54		54		54		54		54		54		54

		55		55		55		55		55		55		55		55		55		55

		56		56		56		56		56		56		56		56		56		56

		57		57		57		57		57		57		57		57		57		57

		58		58		58		58		58		58		58		58		58		58

		59		59		59		59		59		59		59		59		59		59

		60		60		60		60		60		60		60		60		60		60

		61		61		61		61		61		61		61		61		61		61

		62		62		62		62		62		62		62		62		62		62

		63		63		63		63		63		63		63		63		63		63

		64		64		64		64		64		64		64		64		64		64

		65		65		65		65		65		65		65		65		65		65

		66		66		66		66		66		66		66		66		66		66

		67		67		67		67		67		67		67		67		67		67

		68		68		68		68		68		68		68		68		68		68

		69		69		69		69		69		69		69		69		69		69

		70		70		70		70		70		70		70		70		70		70

		71		71		71		71		71		71		71		71		71		71

		72		72		72		72		72		72		72		72		72		72

		73		73		73		73		73		73		73		73		73		73

		74		74		74		74		74		74		74		74		74		74

		75		75		75		75		75		75		75		75		75		75

		76		76		76		76		76		76		76		76		76		76

		77		77		77		77		77		77		77		77		77		77

		78		78		78		78		78		78		78		78		78		78

		79		79		79		79		79		79		79		79		79		79

		80		80		80		80		80		80		80		80		80		80

		81		81		81		81		81		81		81		81		81		81

		82		82		82		82		82		82		82		82		82		82

		83		83		83		83		83		83		83		83		83		83

		84		84		84		84		84		84		84		84		84		84

		85		85		85		85		85		85		85		85		85		85

		86		86		86		86		86		86		86		86		86		86

		87		87		87		87		87		87		87		87		87		87

		88		88		88		88		88		88		88		88		88		88

		89		89		89		89		89		89		89		89		89		89

		90		90		90		90		90		90		90		90		90		90

		91		91		91		91		91		91		91		91		91		91

		92		92		92		92		92		92		92		92		92		92

		93		93		93		93		93		93		93		93		93		93

		94		94		94		94		94		94		94		94		94		94

		95		95		95		95		95		95		95		95		95		95

		96		96		96		96		96		96		96		96		96		96

		97		97		97		97		97		97		97		97		97		97

		98		98		98		98		98		98		98		98		98		98

		99		99		99		99		99		99		99		99		99		99

		100		100		100		100		100		100		100		100		100		100
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		19		0		0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		0.8639238262		1.5028366011		1.8173239263		3.0202628243		3.9777577165

		20		0		0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		0.8836966701		1.4317598246		1.825921225		3.0950281816		3.9149395704

		21		0		0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		0.8999819669		1.3538739379		1.8454565334		3.1462848363		3.9310869687

		22		0		0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		0.9127154461		1.2704072477		1.8747023762		3.1613525769		4.0112095323

		23		0		0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		0.9218468544		1.1826760737		1.9118211295		3.1365038457		4.0809257668

		24		0		0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		0.9273401543		1.0920639889		1.9544804855		3.0778858868		4.0755148562

		25		1		1		1		2		3		4		0.9291736663		1		2		3		4

		26		1		0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		0.9273401543		0.9079360111		2.0455195145		2.9221141132		3.9244851438

		27		1		0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		0.9218468544		0.8173239263		2.0881788705		2.8634961543		3.9190742332

		28		1		0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		0.9127154461		0.7295927523		2.1252976238		2.8386474231		3.9887904677

		29		1		0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		0.8999819669		0.6461260621		2.1545434666		2.8537151637		4.0689130313

		30		1		0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		0.8836966701		0.5682401754		2.174078775		2.9049718184		4.0850604296

		31		1		0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		0.8639238262		0.4971633989		2.1826760737		2.9797371757		4.0222422835

		32		1		0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		0.8407414697		0.4340166561		2.1797951629		3.059515285		3.9387755933

		33		1		0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		0.8142410907		0.3797958087		2.1656170608		3.1245701079		3.9121463613

		34		1		0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		0.7845272741		0.3353559519		2.1410326296		3.1588079504		3.9670757394

		35		1		0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		0.7517172868		0.3013979287		2.1075865997		3.1537588276		4.0525702366

		36		1		0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		0.7159406147		0.2784572776		2.067380508		3.1106718251		4.0892613434

		37		1		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.6773384522		0.2668957862		2.0229406511		3.0402060917		4.0430870025

		38		1		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6360631442		0.2668957862		1.9770593489		2.9597939083		3.9569129975

		39		1		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.5922775855		0.2784572776		1.932619492		2.8893281749		3.9107386566

		40		1		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5461545779		0.3013979287		1.8924134003		2.8462411724		3.9474297634

		41		1		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.4978761476		0.3353559519		1.8589673704		2.8411920496		4.0329242606

		42		1		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4476328276		0.3797958087		1.8343829392		2.8754298921		4.0878536387

		43		1		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.3956229054		0.4340166561		1.8202048371		2.940484715		4.0612244067

		44		1		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.3420516403		0.4971633989		1.8173239263		3.0202628243		3.9777577165

		45		1		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.2871304536		0.5682401754		1.825921225		3.0950281816		3.9149395704

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.2310760942		0.6461260621		1.8454565334		3.1462848363		3.9310869687

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1741097831		0.7295927523		1.8747023762		3.1613525769		4.0112095323

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.1164563401		0.8173239263		1.9118211295		3.1365038457		4.0809257668

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0583432972		0.9079360111		1.9544804855		3.0778858868		4.0755148562

		50		0		1.22514845490862E-16		1		2		3		4		8.45884209238214E-17		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0583432972		1.0920639889		2.0455195145		2.9221141132		3.9244851438

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.1164563401		1.1826760737		2.0881788705		2.8634961543		3.9190742332

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1741097831		1.2704072477		2.1252976238		2.8386474231		3.9887904677

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.2310760942		1.3538739379		2.1545434666		2.8537151637		4.0689130313

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.2871304536		1.4317598246		2.174078775		2.9049718184		4.0850604296

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.3420516403		1.5028366011		2.1826760737		2.9797371757		4.0222422835

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.3956229054		1.5659833439		2.1797951629		3.059515285		3.9387755933

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4476328276		1.6202041913		2.1656170608		3.1245701079		3.9121463613

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.4978761476		1.6646440481		2.1410326296		3.1588079504		3.9670757394

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5461545779		1.6986020713		2.1075865997		3.1537588276		4.0525702366

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.5922775855		1.7215427224		2.067380508		3.1106718251		4.0892613434

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6360631442		1.7331042138		2.0229406511		3.0402060917		4.0430870025

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.6773384522		1.7331042138		1.9770593489		2.9597939083		3.9569129975

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.7159406147		1.7215427224		1.932619492		2.8893281749		3.9107386566

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.7517172868		1.6986020713		1.8924134003		2.8462411724		3.9474297634

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.7845272741		1.6646440481		1.8589673704		2.8411920496		4.0329242606

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8142410907		1.6202041913		1.8343829392		2.8754298921		4.0878536387

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.8407414697		1.5659833439		1.8202048371		2.940484715		4.0612244067

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.8639238262		1.5028366011		1.8173239263		3.0202628243		3.9777577165

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.8836966701		1.4317598246		1.825921225		3.0950281816		3.9149395704

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.8999819669		1.3538739379		1.8454565334		3.1462848363		3.9310869687

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9127154461		1.2704072477		1.8747023762		3.1613525769		4.0112095323

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.9218468544		1.1826760737		1.9118211295		3.1365038457		4.0809257668

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9273401543		1.0920639889		1.9544804855		3.0778858868		4.0755148562

		75		0		-1		1		2		3		4		-0.9291736663		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9273401543		0.9079360111		2.0455195145		2.9221141132		3.9244851438

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.9218468544		0.8173239263		2.0881788705		2.8634961543		3.9190742332

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9127154461		0.7295927523		2.1252976238		2.8386474231		3.9887904677

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.8999819669		0.6461260621		2.1545434666		2.8537151637		4.0689130313

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.8836966701		0.5682401754		2.174078775		2.9049718184		4.0850604296

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.8639238262		0.4971633989		2.1826760737		2.9797371757		4.0222422835

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.8407414697		0.4340166561		2.1797951629		3.059515285		3.9387755933

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8142410907		0.3797958087		2.1656170608		3.1245701079		3.9121463613

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.7845272741		0.3353559519		2.1410326296		3.1588079504		3.9670757394

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.7517172868		0.3013979287		2.1075865997		3.1537588276		4.0525702366

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.7159406147		0.2784572776		2.067380508		3.1106718251		4.0892613434

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.6773384522		0.2668957862		2.0229406511		3.0402060917		4.0430870025

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6360631442		0.2668957862		1.9770593489		2.9597939083		3.9569129975

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.5922775855		0.2784572776		1.932619492		2.8893281749		3.9107386566

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5461545779		0.3013979287		1.8924134003		2.8462411724		3.9474297634

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

				21

				0.9291736663

				0.7331042138

				0.1826760737

				-0.1613525769

				-0.0892613434





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100
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= Putting These Interferometers Together to
make a One-Dimensional Visibility Function
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x Points sampled for baselines
D=d+(1,2,4,8,16) A & sources
of size (5,11,21)
sin(1rx)

S|NC(X) = (11X)
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2.4 Tom Clark — Whatis VLBI ? Haystack — April 30, 2007




Resolution

		0		0		0		0		0		0		0		0		0		0

		1		1		1		1		1		1		1		1		1		1

		2		2		2		2		2		2		2		2		2		2

		3		3		3		3		3		3		3		3		3		3

		4		4		4		4		4		4		4		4		4		4

		5		5		5		5		5		5		5		5		5		5

		6		6		6		6		6		6		6		6		6		6

		7		7		7		7		7		7		7		7		7		7

		8		8		8		8		8		8		8		8		8		8

		9		9		9		9		9		9		9		9		9		9

		10		10		10		10		10		10		10		10		10		10

		11		11		11		11		11		11		11		11		11		11

		12		12		12		12		12		12		12		12		12		12

		13		13		13		13		13		13		13		13		13		13

		14		14		14		14		14		14		14		14		14		14

		15		15		15		15		15		15		15		15		15		15

		16		16		16		16		16		16		16		16		16		16

		17		17		17		17		17		17		17		17		17		17

		18		18		18		18		18		18		18		18		18		18

		19		19		19		19		19		19		19		19		19		19

		20		20		20		20		20		20		20		20		20		20

		21		21		21		21		21		21		21		21		21		21

		22		22		22		22		22		22		22		22		22		22

		23		23		23		23		23		23		23		23		23		23

		24		24		24		24		24		24		24		24		24		24

		25		25		25		25		25		25		25		25		25		25

		26		26		26		26		26		26		26		26		26		26

		27		27		27		27		27		27		27		27		27		27

		28		28		28		28		28		28		28		28		28		28

		29		29		29		29		29		29		29		29		29		29

		30		30		30		30		30		30		30		30		30		30

		31		31		31		31		31		31		31		31		31		31

		32		32		32		32		32		32		32		32		32		32

		33		33		33		33		33		33		33		33		33		33

		34		34		34		34		34		34		34		34		34		34

		35		35		35		35		35		35		35		35		35		35

		36		36		36		36		36		36		36		36		36		36

		37		37		37		37		37		37		37		37		37		37

		38		38		38		38		38		38		38		38		38		38

		39		39		39		39		39		39		39		39		39		39

		40		40		40		40		40		40		40		40		40		40

		41		41		41		41		41		41		41		41		41		41

		42		42		42		42		42		42		42		42		42		42

		43		43		43		43		43		43		43		43		43		43

		44		44		44		44		44		44		44		44		44		44

		45		45		45		45		45		45		45		45		45		45

		46		46		46		46		46		46		46		46		46		46

		47		47		47		47		47		47		47		47		47		47

		48		48		48		48		48		48		48		48		48		48

		49		49		49		49		49		49		49		49		49		49

		50		50		50		50		50		50		50		50		50		50

		51		51		51		51		51		51		51		51		51		51

		52		52		52		52		52		52		52		52		52		52

		53		53		53		53		53		53		53		53		53		53

		54		54		54		54		54		54		54		54		54		54

		55		55		55		55		55		55		55		55		55		55

		56		56		56		56		56		56		56		56		56		56

		57		57		57		57		57		57		57		57		57		57

		58		58		58		58		58		58		58		58		58		58

		59		59		59		59		59		59		59		59		59		59

		60		60		60		60		60		60		60		60		60		60

		61		61		61		61		61		61		61		61		61		61

		62		62		62		62		62		62		62		62		62		62

		63		63		63		63		63		63		63		63		63		63

		64		64		64		64		64		64		64		64		64		64

		65		65		65		65		65		65		65		65		65		65

		66		66		66		66		66		66		66		66		66		66

		67		67		67		67		67		67		67		67		67		67

		68		68		68		68		68		68		68		68		68		68

		69		69		69		69		69		69		69		69		69		69

		70		70		70		70		70		70		70		70		70		70

		71		71		71		71		71		71		71		71		71		71

		72		72		72		72		72		72		72		72		72		72

		73		73		73		73		73		73		73		73		73		73

		74		74		74		74		74		74		74		74		74		74

		75		75		75		75		75		75		75		75		75		75

		76		76		76		76		76		76		76		76		76		76

		77		77		77		77		77		77		77		77		77		77

		78		78		78		78		78		78		78		78		78		78

		79		79		79		79		79		79		79		79		79		79

		80		80		80		80		80		80		80		80		80		80

		81		81		81		81		81		81		81		81		81		81

		82		82		82		82		82		82		82		82		82		82

		83		83		83		83		83		83		83		83		83		83

		84		84		84		84		84		84		84		84		84		84
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Sheet1

		1				1		2		4		8		16		5		5		5		5		5

		100				0		1		2		3		4

		0		0		0		1		2		3		4

		1		0		0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255

		2		0		0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		3		0		0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		4		0		0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		5		0		0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		6		0		0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		7		0		0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		8		0		0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		9		0		0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		10		0		0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		11		0		0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		12		0		0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		13		0		0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		14		0		0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		15		0		0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		16		0		0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		17		0		0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		18		0		0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		19		0		0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		20		0		0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		21		0		0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		22		0		0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		23		0		0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		24		0		0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		25		1		1		1		2		3		4		0.9960565719		1		2		3		4

		26		1		0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		27		1		0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		28		1		0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		29		1		0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		30		0		0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		31		0		0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		32		0		0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		33		0		0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		34		0		0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		35		0		0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		36		0		0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		37		0		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		38		0		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		39		0		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		40		0		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		41		0		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		42		0		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		43		0		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		44		0		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		45		0		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0625429096		0.876637112		1.766739844		2.6315290692		3.7939679428

		50		0		1.22514845490862E-16		1		2		3		4		1.16573417585641E-16		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0625429096		1.123362888		2.233260156		3.3684709308		4.2060320572

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		75		0		-1		1		2		3		4		-0.9960565719		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		-0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		-0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		-0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		-0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		-0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		-0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		-0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		-0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

						0				1

		1				0.05		0.9960565719		0.9958927352

		2				0.1		0.9823368949		0.9836316431

		1				0.11		0.9803760651		0.9802148076

		4				0.2		0.9361050947		0.9354892838

		1				0.21		0.9291736663		0.9290208309

		2				0.22		0.92105129		0.9222652619

		8				0.4		0.7633441266		0.7568267286

		2				0.42		0.7331042138		0.7340704661

		4				0.44		0.7110853808		0.7106175977

		16				0.8		0.2435374856		0.2338723209

		4				0.84		0.1826760737		0.1825559014

		8				0.88		0.1343031338		0.1331564596

						1				3.8997686524021E-17

						1.25				-0.1800632632

						1.5				-0.2122065908

		8				1.68		-0.1613525769		-0.1599749559

		16				1.76		-0.1289222245		-0.1238057451

						2				-3.8997686524021E-17

						2.25				0.1000351462

						2.5				0.1273239545

						2.75				0.0818469378

						3				3.8997686524021E-17

		16				3.36		-0.0892613434		-0.0857188679

						3.5				-0.0909456818

						3.75				-0.0600210877

						3.999				-0.0002500621





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100
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2.2486898872

3.4817536741

4.8443279255

0

-0.9921147013

0.7513101128

2.4817536741

3.8443279255

4.9048270525

0

-0.9822872507

0.6318754473

2.6845471059

3.9980267284

4.1253332336

0

-0.9685831611

0.5182463259

2.8443279255

3.9048270525

3.2294867572

0

-0.9510565163

0.4122147477

2.9510565163

3.5877852523

3.0489434837

0

-0.9297764859

0.3154528941

2.9980267284

3.1253332336

3.7513101128

0

-0.9048270525

0.2294867572

2.9822872507

2.6318754473

4.6845471059

0

-0.87630668

0.1556720745

2.9048270525

2.2294867572

4.9822872507

0

-0.8443279255

0.0951729475

2.7705132428

2.0177127493

4.3681245527

0

-0.8090169944

0.0489434837

2.5877852523

2.0489434837

3.4122147477

0

-0.7705132428

0.0177127493

2.3681245527

2.3154528941

3.0019732716

0

-0.7289686274

0.0019732716

2.1253332336

2.7513101128

3.5182463259

0

-0.6845471059

0.0019732716

1.8746667664

3.2486898872

4.4817536741

0

-0.6374239897

0.0177127493

1.6318754473

3.6845471059

4.9980267284

0

-0.5877852523

0.0489434837

1.4122147477

3.9510565163

4.5877852523

0

-0.535826795

0.0951729475

1.2294867572

3.9822872507

3.6318754473

0

-0.4817536741

0.1556720745

1.0951729475

3.7705132428

3.0177127493

0

-0.4257792916

0.2294867572

1.0177127493

3.3681245527

3.3154528941

0

-0.3681245527

0.3154528941

1.0019732716

2.8746667664

4.2486898872

0

-0.3090169944

0.4122147477

1.0489434837

2.4122147477

4.9510565163

0

-0.2486898872

0.5182463259

1.1556720745

2.0951729475

4.7705132428

0

-0.1873813146

0.6318754473

1.3154528941

2.0019732716

3.8746667664

0

-0.1253332336

0.7513101128

1.5182463259

2.1556720745

3.0951729475

0

-0.0627905195

0.8746667664

1.7513101128

2.5182463259

3.1556720745

0

-2.45029690981724E-16
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A 27-element Interferometer
The VLA in N_ew Mexico

111']__.

b By ) ). y | ‘
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"The VLA conss’rs of 27 85' telescopes
ina “Y" shape spanning a total of
nearly 40 km west of Socorro, NM.

(Sometimes a 28'h element 52 km west
of the VLA at Pie Town, NM is added
for more resolution)

\| 27 elements yield (27)(26)/2 = 351
simultaneous 2 element inter-
ferometers.
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2-Dimensional Spatial Frequencies

As the earth turns, the orientation of all 351
baselines rotate as seen from a source on the sky,

synthesizing the equivalent of a ~40 km diameter
dish:

= This example shows _— . _

_ -The eql“valen.‘. s Point Spread Function
. 'Aper"rur'e Synthesis v '

| o dish” formed by

_aobserving a source at

| :8:45° for 12 hours.

= At the right, we see
‘.’rhe "beam” formed by
¢ = Fourier Transforming |
Y = the U-V spatial
. = coverage.
=
8.4 Tom Clark — What is VLBI ? Haystack — April 30, 2007
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12 Hour Synthesis Observation




More VLA "u-v" Plane Coverage

—
| Full Synibesis UV Coverage & = 60°

| Full Synthesis UV Coverage

8= 30° |

y 1
| Full Syntbesis UV Coversge

5

1=

- i . it
Full Synthesis UV Coverage

(4] 25 km

L P T L2 1 |l 4 &
Tracks: elevation > 10 degree

5

4 Tom Clark — Whatis VLBI ?

Haystack — April 30, 2007




-
-
=
>
-
-
-
-
-
-
-
-
-
-
e
-
-~
-
-
-
-

-—
=
—_—
—_—
—
—
—
—

Vo

Fourier Transforms and Antennas

Just as frequency/time are related by a Fourier
transform, the (voltage) distribution of signals
across an antenna array is related to the (voltage)

pattern of the antenna on the sky

Input Signal V(t) Frequency (cycles/second)

Aperture i i Spatial Frequency
lHlumination \/(D/)\) : (cycles/radian)

Or 2D: V(u,v) | | AN Or 2D: Image
Our earlier One-Dimensional interferometer example
yielded a SINC(X) = ™™ yisibility function.

— ()

= The Fourier Transform F{SINC(X)} is a "boxcar”,
lusf like the d+(5,11,21)/100 model we assumed.

2. -4 Tom Clark — What is VLBI ? Haystack — April 30, 2007 19




A Factoid to Remember™

If we have two domains that are related by a
Fourier Transform like we just described:

Input Signal V(t) \ / Frequency (cycles/second)
W W
-If a “signal” is \ ! : ‘ 7| EE

in one domain, then it is am)w in the other.
‘Big Antenna —> Small Beamwidth } A (radians)

I L ) I, B P

-Sharp Pulse —> Wide RF Bandwidth Af ~ 1/1
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QUANTUM MECHANICS'?*3;55;

THE UNCERTAINTY
PRINCIPLE

The more precisely the position is
determined, the less precisely the -
momentum is known 1in this ApAq=h/4m

mstant, and vice versa.
--Heisenberg, uncertamty paper, 1927

At>h/4m

4 ] knew of [Heisenberg's] theory, of course, _ _ _
# but [ felt discouraged, not to say repelled, by The more I think about the physical portion

It]:ua methods of transcendental algebra, which ~ of Schrddinger's theory, the more repulsive I
appeared difficult to me, and by the lack of ~ find 1t... What Schrodinger writes about the

visualizability. visualizability of his theory 'is
-Schrédinger in 1926 quite right,' m other wordg 1t's crap. 1

—-Heisenberg, writing to Pauli, 1926




The Uncertainty Principle
in The Real World

What Schrédinger didn't understand is that Quantum
Mechanics is intimately related to Fourier Transforms.

One of the Heisenberg's fwo expressions for the
uncertainty principle is

- AEeAt > h/2«w ,

where Planck’'s Constant h = 6.626x10-34 Joule-seconds

We have learned that the change in Energy associated with
an atomic transition between two levels AE is associated
with the emission of a photon of frequency Af as

AE =heAf.
Substituting for AE & dividing by h, we get the equivalent
expression for the Uncertainty Principle

- AfeAt > 1/2n %

R\ AT L A A L O

\
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Some _implications of AfeAt > 1/2x

Measuring Frequency with a Counter

If we measure the frequency of an oscillator with a counter,
we count the number of cycles N that occur in a time At as
defined by a clock in the counter.

But because the At window can start & end anywhere in the
sine wave, we have an uncertainty in the measurement of
AN=+[0-2] counts. By averaging several measurements, we
can determine N+AN to better than +1 count.

The oscillator's frequency is then determined to be
| f= (N+AN) /At with an uncertainty Af e At ~ 1 count |

If we had actually measured the phase of the at the start
and end of the At measurement, we could have achieved the
Heisenberg limit Af e At ~ 1/2xw even if the S/N is poor.

If the (S/N) is improved and the phase is measured more
accurately, then the uncertainty will become

‘ Af o At ~ 1/[2ne(SIN)] H
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The Uncertainty Principle
in Radio Astronomy

Interferometers have an antenna pattern with sinusoidal peaks
spaced AB=(A/D) radians so measuring the position of a source to by
counting fringes, we achieve a measurement precision of

[ 806e(D/1) =~ +1 fringe |just like the frequency counter).
If the S/N is poor and we use fringe phase as the observable, then
we reach the Uncertainty Principle limit of

| 50 o (D/A) > 1/2m |

If you have a reasonable (S/N), you can measure the phase of the

sinusoidal fringe and infer the position with an uncertainty 56 of
fraction of a radian:

| 80 ~ (A/D) o (SIN)"' e 1/2n |
For an intermediate VLA baseline (~8km) @ 15 GHz (A=2cm) we have
fringes spaced A6=%/D = 5x10-7 radians = 3 arcsecond and it should
be possible to measure source positions to 66 < .02 arc sec, assuming
all measurement errors (including atmospheric path delays) can be
calibrated.
VLBI baselines as long as 12,000 km (Hawaii to South Africa) at
1=3.8 cm. (D~3x108 1) yield fringes of A8<1 milliarcsecond in size.

-
-
e
>
’.
>
- -
-
.
-.
S
-
'.
e
e
-
-
_-'
-
B
-
-
- .
=
| =
-

Tom Clark — What is VLBI ? Haystack — April 30, 2007




Properties of the Fourier Transform
(or, Fourier's Song)

Integrate your function times a complex exponential.

It's r'eallgi not so hard, you can do it with your pencil.
And when you're done with this calculation
You've got a brand new function - the Fourier Transformation.
What a prism does to sunlight, what the ear does to sound,

Fourier does to signals, it's the coolest trick around.

Now filtering is easy, you don't need to convolve:

all you do is multiply in order to solve.

Every operation in the time domain,
has a Fourier analog - that's what I claim.
Think of a delay, a simple shift in time -
It becomes a phase rotation - now that's truly sublimel
And fo differentiate, here's a simple trick,
%]us‘r multiply by j omega, ain't that slick?
Integration is the inverse, what you gonna do?
Divide instead of multiply - you can do it too.

From time into frequency --- from frequency to time

Let's do some examples... consider a sine.
It+'s mapped to a delta, in frequency - not in time.
Now take that same delta as a function of time,
Mapped into frequency - of course - it's just a sinel

Sine x on x is handy, let's call it a sinc.

Its Fourier Transform is simpler than you think.
You get a pulse that's shaped just like a top hat...
Squeeze the pulse thin, and the sinc grows fat.
Or make the pulse wide, and the sinc grows dense,
The uncertainty principle is just common sense. -

Tom Clark — What is VLBI ? Haystack — April 30, 2007

http://eceserv0.ece.wisc.edu/~sethares/mp3s/fourier.ntml

Stolen from Bill Sethares @
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Quasars and other beasties

+ In the mid 1960's it was noted that some “radio
stars"” were variable on time scales ~weeks to

months. It is hard to envision any source that is
larger than ~1 light-month in size that can vary

that rapidly.
For one of these "quasars” (3€273), old

photographic plates (like from 1929) tell that the
optical "star” is also variable.

+ If we assume that these object are extragalactic,
then the sources must have sizes and/or structure
measured in milliarcseconds (i.e. ~10-8 radians).

+ If the sources are this small and this far away,

then the equivalent brightness temperatures must
be ~ 1014 to 101> °K Wl

I L ) I, B P
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Quasars and other beasties

In order to measure the size a source 10-8 radians in size, we need a
baseline > 108A.

At a wavelength A = 10cm, this requires baselines > 10’m = 10% km
6000 miles.

- [an aside: The meter was originally defined as 10-7 times the distance from pole to
ec(])ua‘ror' along the meridian of Paris. This leads to the circumference of the earth =
40,000 km and the radius of the earth & 40,000/2m = 6370 km]

In 1967, groups in the US and Canada succeeded in breaking the 1000
km barrier using atomic clocks and tape recorders.

- US = Mark-1 with 800 BPT 7-track computer tape 860 kHz, 720 kb/s, with one tape
lasting 3 minutes): Greenbank-Arecibo = 2550 km @ 610MHz = 5.2 MegaA => 38
milliarcsec fringes.

- Canada = Analog studio video tape recorders (4 Mhz): Algonquin-Penticton = 3074 km
@ 448 MHz = 4.6 Megal => 44 milliarcsec fringes.
After about 1968, all systems migrated to digital recording using
Computer Ta]Pe (Mk1 & DSN), Video Tape (Mk2, Canada, Japan),

Instrumentation Tape (Mk3 & 4) and now RAID-like Computer Disk
Arrays.

By 1971 well-sampled visibility curves of 3C279 showed a well defined
double source

- Haystack-Goldstone baseline @ A=3.8 cm (100 MegaA => 2 milliarcsec fringes.

- These measurements were repeated a few months later and showed apparent
superluminal motion ( velocity # 10c).
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Galactic & Solar System Objects

Also in 1967 (with Mark-1) were the first observations of
OH Masers at 1665-1667 MHz (A = 18 cm). These objects
exhibit numerous small, narrow bandwidth “hot spots”.

Later, other Maser sources associated with methanol, H,O,
SiO, NH; and other chemicals have been detected.

At frequencies below ~ 1 GHz pulsars have proven
Interesting.

The planet Jupiter radiates "bursts” at frequencies below
38MHz. VLBI on Jupiter dates back to the early 1960's,
predating the Quasar VLBT!

Interplanetary spacecraft have been tracked with VLBI,
using differential measurements between the spacecraft
and quasars for navigation.

The Apollo "Lunar Rover” was tracked (A = 13 c¢cm) with
respect to the LEM "home base”.
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Phase in Interferometry

We noted earlier that
the image of a source ,
observed by an the s 2
interferometer array

can be related to the _ ,
observed visibility | ’/'/x{
function via a Fourier a4

A
transform. % SN N T =l R

R\ AT L A A L O

- or +

\

* This assumes that each data point is a complex
phase (& sign) and amplitude.

» In VLBI, we have independent phase/frequency
standards (H-masers), so we have lost track of the
absolute RF signal phase

(X ’
Tom Clark — What is VLBI ? Haystack — April 30, 2007
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Resolution

		0		0		0		0		0		0		0		0		0		0

		1		1		1		1		1		1		1		1		1		1

		2		2		2		2		2		2		2		2		2		2

		3		3		3		3		3		3		3		3		3		3

		4		4		4		4		4		4		4		4		4		4

		5		5		5		5		5		5		5		5		5		5

		6		6		6		6		6		6		6		6		6		6

		7		7		7		7		7		7		7		7		7		7

		8		8		8		8		8		8		8		8		8		8

		9		9		9		9		9		9		9		9		9		9

		10		10		10		10		10		10		10		10		10		10

		11		11		11		11		11		11		11		11		11		11

		12		12		12		12		12		12		12		12		12		12

		13		13		13		13		13		13		13		13		13		13

		14		14		14		14		14		14		14		14		14		14

		15		15		15		15		15		15		15		15		15		15

		16		16		16		16		16		16		16		16		16		16

		17		17		17		17		17		17		17		17		17		17

		18		18		18		18		18		18		18		18		18		18

		19		19		19		19		19		19		19		19		19		19

		20		20		20		20		20		20		20		20		20		20

		21		21		21		21		21		21		21		21		21		21

		22		22		22		22		22		22		22		22		22		22

		23		23		23		23		23		23		23		23		23		23

		24		24		24		24		24		24		24		24		24		24

		25		25		25		25		25		25		25		25		25		25

		26		26		26		26		26		26		26		26		26		26

		27		27		27		27		27		27		27		27		27		27

		28		28		28		28		28		28		28		28		28		28

		29		29		29		29		29		29		29		29		29		29

		30		30		30		30		30		30		30		30		30		30

		31		31		31		31		31		31		31		31		31		31

		32		32		32		32		32		32		32		32		32		32

		33		33		33		33		33		33		33		33		33		33

		34		34		34		34		34		34		34		34		34		34

		35		35		35		35		35		35		35		35		35		35

		36		36		36		36		36		36		36		36		36		36

		37		37		37		37		37		37		37		37		37		37

		38		38		38		38		38		38		38		38		38		38

		39		39		39		39		39		39		39		39		39		39

		40		40		40		40		40		40		40		40		40		40

		41		41		41		41		41		41		41		41		41		41

		42		42		42		42		42		42		42		42		42		42

		43		43		43		43		43		43		43		43		43		43

		44		44		44		44		44		44		44		44		44		44

		45		45		45		45		45		45		45		45		45		45

		46		46		46		46		46		46		46		46		46		46

		47		47		47		47		47		47		47		47		47		47

		48		48		48		48		48		48		48		48		48		48

		49		49		49		49		49		49		49		49		49		49

		50		50		50		50		50		50		50		50		50		50

		51		51		51		51		51		51		51		51		51		51

		52		52		52		52		52		52		52		52		52		52

		53		53		53		53		53		53		53		53		53		53

		54		54		54		54		54		54		54		54		54		54

		55		55		55		55		55		55		55		55		55		55

		56		56		56		56		56		56		56		56		56		56

		57		57		57		57		57		57		57		57		57		57

		58		58		58		58		58		58		58		58		58		58

		59		59		59		59		59		59		59		59		59		59

		60		60		60		60		60		60		60		60		60		60

		61		61		61		61		61		61		61		61		61		61

		62		62		62		62		62		62		62		62		62		62

		63		63		63		63		63		63		63		63		63		63

		64		64		64		64		64		64		64		64		64		64

		65		65		65		65		65		65		65		65		65		65

		66		66		66		66		66		66		66		66		66		66

		67		67		67		67		67		67		67		67		67		67

		68		68		68		68		68		68		68		68		68		68

		69		69		69		69		69		69		69		69		69		69

		70		70		70		70		70		70		70		70		70		70

		71		71		71		71		71		71		71		71		71		71

		72		72		72		72		72		72		72		72		72		72

		73		73		73		73		73		73		73		73		73		73

		74		74		74		74		74		74		74		74		74		74

		75		75		75		75		75		75		75		75		75		75

		76		76		76		76		76		76		76		76		76		76

		77		77		77		77		77		77		77		77		77		77

		78		78		78		78		78		78		78		78		78		78

		79		79		79		79		79		79		79		79		79		79

		80		80		80		80		80		80		80		80		80		80

		81		81		81		81		81		81		81		81		81		81

		82		82		82		82		82		82		82		82		82		82

		83		83		83		83		83		83		83		83		83		83

		84		84		84		84		84		84		84		84		84		84

		85		85		85		85		85		85		85		85		85		85

		86		86		86		86		86		86		86		86		86		86

		87		87		87		87		87		87		87		87		87		87

		88		88		88		88		88		88		88		88		88		88

		89		89		89		89		89		89		89		89		89		89

		90		90		90		90		90		90		90		90		90		90

		91		91		91		91		91		91		91		91		91		91

		92		92		92		92		92		92		92		92		92		92

		93		93		93		93		93		93		93		93		93		93

		94		94		94		94		94		94		94		94		94		94

		95		95		95		95		95		95		95		95		95		95

		96		96		96		96		96		96		96		96		96		96
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Sheet1

		1				1		2		4		8		16		5		5		5		5		5

		100				0		1		2		3		4

		0		0		0		1		2		3		4

		1		0		0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255

		2		0		0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		3		0		0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		4		0		0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		5		0		0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		6		0		0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		7		0		0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		8		0		0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		9		0		0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		10		0		0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		11		0		0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		12		0		0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		13		0		0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		14		0		0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		15		0		0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		16		0		0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		17		0		0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		18		0		0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		19		0		0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		20		0		0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		21		0		0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		22		0		0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		23		0		0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		24		0		0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		25		1		1		1		2		3		4		0.9960565719		1		2		3		4

		26		1		0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		27		1		0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		28		1		0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		29		1		0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		30		0		0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		31		0		0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		32		0		0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		33		0		0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		34		0		0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		35		0		0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		36		0		0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		37		0		0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		38		0		0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		39		0		0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		40		0		0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		41		0		0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		42		0		0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		43		0		0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		44		0		0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		45		0		0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		46		0		0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		47		0		0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		48		0		0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		49		0		0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745		0.0625429096		0.876637112		1.766739844		2.6315290692		3.7939679428

		50		0		1.22514845490862E-16		1		2		3		4		1.16573417585641E-16		1		2		3		4

		51		0		-0.0627905195		1.1253332336		2.2486898872		3.4817536741		4.8443279255		-0.0625429096		1.123362888		2.233260156		3.3684709308		4.2060320572

		52		0		-0.1253332336		1.2486898872		2.4817536741		3.8443279255		4.9048270525		-0.124838991		1.2447802695		2.4518637185		3.6457870761		4.2207949938

		53		0		-0.1873813146		1.3681245527		2.6845471059		3.9980267284		4.1253332336		-0.1866423898		1.36233732		2.6420750218		3.7633441266		4.0305836905

		54		0		-0.2486898872		1.4817536741		2.8443279255		3.9048270525		3.2294867572		-0.2477091965		1.4741800944		2.7919423901		3.6920600385		3.811980128

		55		0		-0.3090169944		1.5877852523		2.9510565163		3.5877852523		3.0489434837		-0.3077984081		1.5785447656		2.8920491054		3.4495695428		3.7679241387

		56		0		-0.3681245527		1.6845471059		2.9980267284		3.1253332336		3.7513101128		-0.36667288		1.6737854401		2.9361050947		3.0958615486		3.9393149421

		57		0		-0.4257792916		1.7705132428		2.9822872507		2.6318754473		4.6845471059		-0.4241002615		1.7584001158		2.9213421581		2.7184386879		4.1670425012

		58		0		-0.4817536741		1.8443279255		2.9048270525		2.2294867572		4.9822872507		-0.4798539131		1.8310543686		2.8486879053		2.4106703342		4.239696754

		59		0		-0.535826795		1.9048270525		2.7705132428		2.0177127493		4.3681245527		-0.5337138005		1.8906023976		2.7227074702		2.2486942663		4.0898293857

		60		0		-0.5877852523		1.9510565163		2.5877852523		2.0489434837		3.4122147477		-0.5854673634		1.9361050947		2.5513166668		2.2725811994		3.8565692297

		61		0		-0.6374239897		1.9822872507		2.3681245527		2.3154528941		3.0019732716		-0.6349103541		1.9668448553		2.3452846096		2.4764218254		3.7564625144

		62		0		-0.6845471059		1.9980267284		2.1253332336		2.7513101128		3.5182463259		-0.6818476436		1.9823368949		2.1175570505		2.8097886967		3.8824429495

		63		0		-0.7289686274		1.9980267284		1.8746667664		3.2486898872		4.4817536741		-0.726093992		1.9823368949		1.8824429495		3.1902113033		4.1175570505

		64		0		-0.7705132428		1.9822872507		1.6318754473		3.6845471059		4.9980267284		-0.7674747792		1.9668448553		1.6547153904		3.5235781746		4.2435374856

		65		0		-0.8090169944		1.9510565163		1.4122147477		3.9510565163		4.5877852523		-0.805826694		1.9361050947		1.4486833332		3.7274188006		4.1434307703

		66		0		-0.8443279255		1.9048270525		1.2294867572		3.9822872507		3.6318754473		-0.840998379		1.8906023976		1.2772925298		3.7513057337		3.9101706143

		67		0		-0.87630668		1.8443279255		1.0951729475		3.7705132428		3.0177127493		-0.8728510277		1.8310543686		1.1513120947		3.5893296658		3.760303246

		68		0		-0.9048270525		1.7705132428		1.0177127493		3.3681245527		3.3154528941		-0.901258932		1.7584001158		1.0786578419		3.2815613121		3.8329574988

		69		0		-0.9297764859		1.6845471059		1.0019732716		2.8746667664		4.2486898872		-0.9261099792		1.6737854401		1.0638949053		2.9041384514		4.0606850579

		70		0		-0.9510565163		1.5877852523		1.0489434837		2.4122147477		4.9510565163		-0.9473060933		1.5785447656		1.1079508946		2.5504304572		4.2320758613

		71		0		-0.9685831611		1.4817536741		1.1556720745		2.0951729475		4.7705132428		-0.9647636231		1.4741800944		1.2080576099		2.3079399615		4.188019872

		72		0		-0.9822872507		1.3681245527		1.3154528941		2.0019732716		3.8746667664		-0.9784136716		1.36233732		1.3579249782		2.2366558734		3.9694163095

		73		0		-0.9921147013		1.2486898872		1.5182463259		2.1556720745		3.0951729475		-0.9882023683		1.2447802695		1.5481362815		2.3542129239		3.7792050062

		74		0		-0.9980267284		1.1253332336		1.7513101128		2.5182463259		3.1556720745		-0.9940910818		1.123362888		1.766739844		2.6315290692		3.7939679428

		75		0		-1		1		2		3		4		-0.9960565719		1		2		3		4

		76		0		-0.9980267284		0.8746667664		2.2486898872		3.4817536741		4.8443279255		-0.9940910818		0.876637112		2.233260156		3.3684709308		4.2060320572

		77		0		-0.9921147013		0.7513101128		2.4817536741		3.8443279255		4.9048270525		-0.9882023683		0.7552197305		2.4518637185		3.6457870761		4.2207949938

		78		0		-0.9822872507		0.6318754473		2.6845471059		3.9980267284		4.1253332336		-0.9784136716		0.63766268		2.6420750218		3.7633441266		4.0305836905

		79		0		-0.9685831611		0.5182463259		2.8443279255		3.9048270525		3.2294867572		-0.9647636231		0.5258199056		2.7919423901		3.6920600385		3.811980128

		80		0		-0.9510565163		0.4122147477		2.9510565163		3.5877852523		3.0489434837		-0.9473060933		0.4214552344		2.8920491054		3.4495695428		3.7679241387

		81		0		-0.9297764859		0.3154528941		2.9980267284		3.1253332336		3.7513101128		-0.9261099792		0.3262145599		2.9361050947		3.0958615486		3.9393149421

		82		0		-0.9048270525		0.2294867572		2.9822872507		2.6318754473		4.6845471059		-0.901258932		0.2415998842		2.9213421581		2.7184386879		4.1670425012

		83		0		-0.87630668		0.1556720745		2.9048270525		2.2294867572		4.9822872507		-0.8728510277		0.1689456314		2.8486879053		2.4106703342		4.239696754

		84		0		-0.8443279255		0.0951729475		2.7705132428		2.0177127493		4.3681245527		-0.840998379		0.1093976024		2.7227074702		2.2486942663		4.0898293857

		85		0		-0.8090169944		0.0489434837		2.5877852523		2.0489434837		3.4122147477		-0.805826694		0.0638949053		2.5513166668		2.2725811994		3.8565692297

		86		0		-0.7705132428		0.0177127493		2.3681245527		2.3154528941		3.0019732716		-0.7674747792		0.0331551447		2.3452846096		2.4764218254		3.7564625144

		87		0		-0.7289686274		0.0019732716		2.1253332336		2.7513101128		3.5182463259		-0.726093992		0.0176631051		2.1175570505		2.8097886967		3.8824429495

		88		0		-0.6845471059		0.0019732716		1.8746667664		3.2486898872		4.4817536741		-0.6818476436		0.0176631051		1.8824429495		3.1902113033		4.1175570505

		89		0		-0.6374239897		0.0177127493		1.6318754473		3.6845471059		4.9980267284		-0.6349103541		0.0331551447		1.6547153904		3.5235781746		4.2435374856

		90		0		-0.5877852523		0.0489434837		1.4122147477		3.9510565163		4.5877852523		-0.5854673634		0.0638949053		1.4486833332		3.7274188006		4.1434307703

		91		0		-0.535826795		0.0951729475		1.2294867572		3.9822872507		3.6318754473		-0.5337138005		0.1093976024		1.2772925298		3.7513057337		3.9101706143

		92		0		-0.4817536741		0.1556720745		1.0951729475		3.7705132428		3.0177127493		-0.4798539131		0.1689456314		1.1513120947		3.5893296658		3.760303246

		93		0		-0.4257792916		0.2294867572		1.0177127493		3.3681245527		3.3154528941		-0.4241002615		0.2415998842		1.0786578419		3.2815613121		3.8329574988

		94		0		-0.3681245527		0.3154528941		1.0019732716		2.8746667664		4.2486898872		-0.36667288		0.3262145599		1.0638949053		2.9041384514		4.0606850579

		95		0		-0.3090169944		0.4122147477		1.0489434837		2.4122147477		4.9510565163		-0.3077984081		0.4214552344		1.1079508946		2.5504304572		4.2320758613

		96		0		-0.2486898872		0.5182463259		1.1556720745		2.0951729475		4.7705132428		-0.2477091965		0.5258199056		1.2080576099		2.3079399615		4.188019872

		97		0		-0.1873813146		0.6318754473		1.3154528941		2.0019732716		3.8746667664		-0.1866423898		0.63766268		1.3579249782		2.2366558734		3.9694163095

		98		0		-0.1253332336		0.7513101128		1.5182463259		2.1556720745		3.0951729475		-0.124838991		0.7552197305		1.5481362815		2.3542129239		3.7792050062

		99		0		-0.0627905195		0.8746667664		1.7513101128		2.5182463259		3.1556720745

		100		0		-2.45029690981724E-16		1		2		3		4

						0				1

		1				0.05		0.9960565719		0.9958927352

		2				0.1		0.9823368949		0.9836316431

		1				0.11		0.9803760651		0.9802148076

		4				0.2		0.9361050947		0.9354892838

		1				0.21		0.9291736663		0.9290208309

		2				0.22		0.92105129		0.9222652619

		8				0.4		0.7633441266		0.7568267286

		2				0.42		0.7331042138		0.7340704661

		4				0.44		0.7110853808		0.7106175977

		16				0.8		0.2435374856		0.2338723209

		4				0.84		0.1826760737		0.1825559014

		8				0.88		0.1343031338		0.1331564596

						1				3.8997686524021E-17

						1.25				-0.1800632632

						1.5				-0.2122065908

		8				1.68		-0.1613525769		-0.1599749559

		16				1.76		-0.1289222245		-0.1238057451

						2				-3.8997686524021E-17

						2.25				0.1000351462

						2.5				0.1273239545

						2.75				0.0818469378

						3				3.8997686524021E-17

		16				3.36		-0.0892613434		-0.0857188679

						3.5				-0.0909456818

						3.75				-0.0600210877

						3.999				-0.0002500621





Fringes

		0		0		0		0		0		0		1

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33

		34		34		34		34		34		34

		35		35		35		35		35		35

		36		36		36		36		36		36

		37		37		37		37		37		37

		38		38		38		38		38		38

		39		39		39		39		39		39

		40		40		40		40		40		40

		41		41		41		41		41		41

		42		42		42		42		42		42

		43		43		43		43		43		43

		44		44		44		44		44		44

		45		45		45		45		45		45

		46		46		46		46		46		46

		47		47		47		47		47		47

		48		48		48		48		48		48

		49		49		49		49		49		49

		50		50		50		50		50		50

		51		51		51		51		51		51

		52		52		52		52		52		52

		53		53		53		53		53		53

		54		54		54		54		54		54

		55		55		55		55		55		55

		56		56		56		56		56		56

		57		57		57		57		57		57

		58		58		58		58		58		58

		59		59		59		59		59		59

		60		60		60		60		60		60

		61		61		61		61		61		61

		62		62		62		62		62		62

		63		63		63		63		63		63

		64		64		64		64		64		64

		65		65		65		65		65		65

		66		66		66		66		66		66

		67		67		67		67		67		67

		68		68		68		68		68		68

		69		69		69		69		69		69

		70		70		70		70		70		70

		71		71		71		71		71		71

		72		72		72		72		72		72

		73		73		73		73		73		73

		74		74		74		74		74		74

		75		75		75		75		75		75

		76		76		76		76		76		76

		77		77		77		77		77		77

		78		78		78		78		78		78

		79		79		79		79		79		79

		80		80		80		80		80		80

		81		81		81		81		81		81

		82		82		82		82		82		82

		83		83		83		83		83		83

		84		84		84		84		84		84

		85		85		85		85		85		85

		86		86		86		86		86		86

		87		87		87		87		87		87

		88		88		88		88		88		88

		89		89		89		89		89		89

		90		90		90		90		90		90

		91		91		91		91		91		91

		92		92		92		92		92		92

		93		93		93		93		93		93

		94		94		94		94		94		94

		95		95		95		95		95		95

		96		96		96		96		96		96

		97		97		97		97		97		97

		98		98		98		98		98		98

		99		99		99		99		99		99

		100		100		100		100		100		100
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4.9822872507

0

-0.8443279255

0.0951729475

2.7705132428

2.0177127493

4.3681245527

0

-0.8090169944

0.0489434837

2.5877852523

2.0489434837

3.4122147477

0

-0.7705132428

0.0177127493

2.3681245527

2.3154528941

3.0019732716

0

-0.7289686274

0.0019732716

2.1253332336

2.7513101128

3.5182463259

0

-0.6845471059

0.0019732716

1.8746667664

3.2486898872

4.4817536741

0

-0.6374239897

0.0177127493

1.6318754473

3.6845471059

4.9980267284

0

-0.5877852523

0.0489434837

1.4122147477

3.9510565163

4.5877852523

0

-0.535826795

0.0951729475

1.2294867572

3.9822872507

3.6318754473

0

-0.4817536741

0.1556720745

1.0951729475

3.7705132428

3.0177127493

0

-0.4257792916

0.2294867572

1.0177127493

3.3681245527

3.3154528941

0

-0.3681245527

0.3154528941

1.0019732716

2.8746667664

4.2486898872

0

-0.3090169944

0.4122147477

1.0489434837
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4.9510565163

0

-0.2486898872

0.5182463259

1.1556720745

2.0951729475

4.7705132428

0

-0.1873813146

0.6318754473

1.3154528941

2.0019732716

3.8746667664

0

-0.1253332336

0.7513101128

1.5182463259

2.1556720745

3.0951729475

0

-0.0627905195

0.8746667664

1.7513101128

2.5182463259

3.1556720745

0

-2.45029690981724E-16
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Phase in VLBI (1)

VLBT people have come up with 3 main ways to solve
the undefined phase dilemma:

1. Rapidly switch between the source of interest
and a nearby “point" source. Then do the mapping
W.R.T. the reference source. The sources need
to be close enough so that phase errors caused
by the atmosphere are the same.

- If you are really lucky, the reference source
is in the same telescope field of view. This
has been used extensively for mapping of OH,
H,0 etc. maser sources.

The switching needs to be fast enough so
that phase drifts in the H-Maser and
atmosphere are small.
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Phase in VLBI (2)

=2. If we observe a source with 3 (or more)
stations with different baselines, then we

can use | closure phase”. |

If the source is symmetric then the 3 observed
phaSeS @AB + @BC + @CA = 0.

If the source is not symmetric (like a core+jet),
then the triplet phase z O.

Models containing the observed closure phases
and amplitudes can be “observed” in the
computer and iterated until the observations
from the model match the data.

- Then the paper is sent to Ap.J.
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Phase in VLBI (3)

Especially for Geodesy and Astrometry, the principa
observation type is called the

” “Group Delay” = T, = A%,/ Af. ”
- Usually, fringe phase &;is measured in a series of

separ IF) that cover a
wider |"spanned bandwidth"” |in a technique nameo
| "bandwidth synthesis". | A common example is the

use of 8 IF channels at X-band spanning more
than 700 MHz.

- We earlier saw that the Uncertainty Principle
predicts Af o At ~1/[21e(S/N)]. Therefore a
spanned bandwidth Af~500 MHz & S/N~30 woulc
have an RMS uncertainty ~11 picoseconds.
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FINIS

Thank you for participating in this marathonl
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Any Questions (or are you ready for coffee?)
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