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Image artifacts

• Something seen on an image that are not 
present in reality 
– Or in different position, shape, size…

• MRI has many kinds of artifacts!
– Because the site is usually located at the basement?
– Because of complicated imaging physics…
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Example of MRI artifacts

Normal image Ghost image
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Visual artifacts

• The visual artifacts may influence interpretation 
of an MRI.

• So, it is important to avoid, minimize, or at least 
understand artifacts in MRI.
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Why is there artifacts in MRI?

• In the complicated procedure of MR imaging, 
any signal received in an unexpected way could 
cause artifacts.
– Could be tissue-related, signal-processing-related, 

or technique-related…
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Imaging procedure of an MRI

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat
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Inhomogeneity in B0 and B1 fields

• Inhomogeneous magnetization
• Inhomogeneous signal distribution
• In clinical routine, inhomogeneous signal in MRI 

can be almost neglected in visual perception, 
but still affect the quantization results.
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Comparison of RF coils
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Body coil Head coil 3” Surface coil



Intensity inhomogeneity in MRI
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Intensity inhomogeneity at high fields
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RF-related artifacts: flow void

• Spin-echo sequence: 90° + 180° pulses
• In case of blood flow, these two pulses might

tag different portions of spins.
– Depending on flow velocity and direction
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2D Spin echo
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Bright blood and dark/black blood

Bright blood in 
gradient echo

Dark blood in 
spin echo
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Flow void in spin echo

• 90° - 180° - data sampling
• Blood excited by 90° RF pulse could leave the

slice during inversion pulse.
– Not refocused spins signal drop

• Low signal for through-plane flow (flow void)
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Imaging procedure of an MRI

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat
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Artifacts of inaccurate spatial encoding

• Magnetic field – Resonant frequency – Location
– Linear relationship

• Unexpected change in frequency may cause
positioning error.
– Chemical shift
– Susceptibility
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Chemical shift

• The resonant frequencies of water and fat are
slightly different!
– Due to different molecular environments of nuclei,

which are shielded by electron clouds
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Chemical shift of 1H nuclei

O H C H

Water Fat

O: stronger affinity
to electrons pull
away more electron
clouds from H
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MR spectroscopy of protons

Pasanta D, et al. Body mass index and its effects 
on liver fat content in overweight and obese 
young adults by proton magnetic resonance 
spectroscopy technique. World J 
Hepatol 2018; 10(12): 924-933 

Reference: TMS (四甲基硅烷)
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Chemical shift artifact

• The resonant frequencies of water and fat are
intrinsically different.
– By 3.35-3.5 ppm

• Shift in resonant frequency leads to shift in
positioning along frequency encoding direction.

22



Chemical shift artifact

Horizontal freq. encoding Vertical freq. encoding
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Spatial shifting in chemical shift artifact

• The distance is directly related to sampling
frequency.

• Faster collection of data (higher fs) …
– reduce the difference of water and fat in waveform
– less spatial shift
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Chemical shift artifact and sampling

Fast sampling

Slow sampling
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Spatial shifting in chemical shift artifact

• Pixel bandwidth (BW/Px): bandwidth distributed
to each pixel
– Total BW divided by pixel number in FE direction

• Chemical shift (in unit of pixels):
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Pixel bandwidth
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Image = spectrum

Fourier
Transform

Pixel

Time-varying signals

Each pixel in image corresponds to a section of spectrum.
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Spatial shifting in chemical shift artifact

• Difference in water-fat frequency: ~220 Hz @1.5
Tesla

• Given fs = 32 kHz for a 256 matrix,
– Pixel bandwidth = 32k/256 = 125 Hz/Pixel
– Chemical shift = 220/125 ~ 2 pixels
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Chemical shift artifact and bandwidth
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32 Hz/Pixel 64 Hz/Pixel 128 Hz/Pixel

Also note SNR difference



Chemical shift artifact and SNR

• Higher sampling frequency: smaller shift but
lower SNR

• Slower sampling frequency: higher SNR but
larger shift
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Frequency and phase encoding

• So far, chemical shift is only shown in frequency
encoding direction.

• No chemical shift in phase encoding direction!
– Phase accumulation due to chemical shift is not

changed by phase encoding gradients
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Chemical shift of fat

• Fat usually appears in high intensity, especially
in T1WI
– T1/T2 = 260/80 ms @ 1.5 Tesla

• Bright and shifted lipid tissue could interfere
clinical diagnosis
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Solutions

• To remove fat signals
– Fat suppression (Fat SAT)

• To preserve fat signals as comparison
– Fat-only and/or water-only image
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Before and after fat suppression
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Bone tumor can only be observed after fat suppression.



How to do fat suppression?

• Making use of the facts that induce this artifact
– Difference in resonant frequency
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CHEmical Shift Selective method (CHESS)

• Frequency-selective 90° pulse: excite fat tissue
only and leave water intact

• Saturate the fat signal immediately by applying
strong gradients
– Spoiler gradient
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CHESS pulse sequence
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Fat suppression using CHESS pulse
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No Fat SAT With Fat SAT



CHESS: water excitation

• Frequency-selective 90° pulse: excite water only
(instead of fat tissue)

• Collect signal for imaging directly
• Narrow BW is required

– Or fat tissue gets partially excited
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CHESS: water excitation
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Requirement for B0 and B1 fields

• B1 field has to be homogeneous for uniform
excitation
– Homogeneous volume coil for excitation

• B0 field has to be homogeneous for uniform
resonant frequency
– Shimming
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Homogeneity in B1 field
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In-phase and out-of-phase image

• Phase effects of chemical shift
• Adjusting TE to acquire in-phase (water + fat)

and out-of-phase (water - fat) image
– Water image: in-phase + out-of-phase
– Fat image: in-phase – out-of-phase
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Dixon method

• Sum-difference problem
• Homogeneous B0 field is required
• Double scan time: in/out-phase images
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Water and fat images: brain
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In-phase Water image Fat image



Water and fat images: abdomen
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Out-phase Water image Fat image



How to do fat suppression?

• Making use of the facts that induce this artifact
– Difference in resonant frequency
– Difference in T1
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Short TI Recovery (STIR)

• Inversion pulse is applied first to invert
magnetization of all tissues

• T1 recovery…
• Acquire the image when fat signal is recovered

to the null point
– Inversion time (TI): 160-180 ms @ 1.5 Tesla
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STIR
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STIR image: lipoma
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T1WI STIR image



STIR vs FLAIR
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TI is chosen appropriately to suppress the specific tissue.



STIR

• Homogeneous B0 fields is not necessary
• Inverse T1-weighting

– Long T1 tissue: bright
– Short T1 tissue: dark 
– CSF > GM > WM
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Inverse T1 weighting

55

TI

Fat
GM

CSF 

Long-T1 tissue (CSF) recovers slowly, exhibiting strong signal at short TI



STIR Fat-SAT spin-echo
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1.5 Tesla
IR Spin-echo
TI = 150 msec
TR = 2000
TE = 20

Periorbital fat is suppressed



Comparison of fat SAT methods

• CHESS: Both B0 and B1 fields have to be
homogeneous

• Dixon: double scan time (?)
• STIR: inverse T1 contrast
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Artifacts of inaccurate spatial encoding

• Magnetic field – Resonant frequency – Location
– Linear relationship

• Unexpected change in frequency may cause
positioning error.
– Chemical shift
– Susceptibility
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Spatial distortion due to field interference

• Off resonance may cause error in spatial 
encoding
– The higher sampling frequency, the less shift in FE 

direction.
– Not only induced by chemical shift
– Distortion is proportional to the off resonance
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Macroscopic inhomogeneity by susceptibility
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An image voxel

Off resonance: diamagnetic sphere surrounded by paramagnetic tissues



Susceptibility-induced spatial distortion
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Not a circular boundary anymore!



Susceptibility-induced spatial distortion
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Glass tubes (diamagnetic) 
immersed in CuSO4
solution (paramagnetic)

1.5 Tesla
Gradient echo

From a circular shape to an arrow shape



Susceptibility artifact due to iron hairpins
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Spin echo Gradient echo



Artifacts of inaccurate spatial encoding

• Magnetic field – Resonant frequency – Location
– Linear relationship

• Unexpected change in frequency may cause
positioning error.

• Mismatch of frequency encoding and phase 
encoding
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Displacement artifact of flow

• Phase encoding and frequency encoding is not 
performed simultaneously

• Flow moving between applications of PE and FE 
gradients
– Mis-registration depends on the direction and 

velocity of flow
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2D gradient echo
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Displacement artifact
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Mis-registration of an 
in-plane flow, especially 
notable in diagonal 
direction.



Imaging procedure of an MRI

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat
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RF leakage

• Interference of external EM waves
– For example, FM bands

• RF shielding of the scan room
• The door of scan room should be closed tightly 

during MRI scan
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RF leakage
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Horizontal: frequency encoding direction
Vertical: phase encoding direction
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Inappropriate receiver gain

• MR signal has to be amplified during acquisition
• Automatic calibration
• A gain set too high or too low could introduce 

artifacts
– Too high: data clipping of low-frequency signals
– Too low: loss of high-frequency info, smoothing

71



Inappropriate receiver gain
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Aliasing artifact

• When sampling frequency is not high enough…
– Fail to obey sampling theorem 
– High-frequency components would be mistaken as 

low-frequency components
– Image signal beyond the FOV would be folded to 

another side
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Spatial-dependent frequency
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0.898794046299167

420.0

0.8660254037844388

0.7646550456261505

0.882947592858927

450.0

1.0

0.8660254037844387

0.8660254037844387

480.0

0.8660254037844392

0.7344311949024936

0.848048096156426

510.0

0.4999999999999998

0.41451878627752065

0.8290375725550416

540.0

3.67544536472586E-16

2.973497761959848E-16

0.8090169943749475

570.0

-0.49999999999999917

-0.3940053768033603

0.7880107536067219

600.0

-0.8660254037844387

-0.6634139481689384

0.766044443118978

630.0

-1.0

-0.7431448254773942

0.7431448254773942

660.0

-0.8660254037844392

-0.6229665410464983

0.7193398003386512

690.0

-0.4999999999999999

-0.34732918522949857

0.6946583704589973

720.0

-4.90059381963448E-16

-3.279137314050493E-16

0.6691306063588582

750.0

0.49999999999999906

0.32139380484326907

0.6427876096865394

780.0

0.8660254037844387

0.5331784777634264

0.6156614753256583

810.0

1.0

0.5877852522924732

0.5877852522924732

840.0

0.8660254037844384

0.48427526002164595

0.5591929034707468

870.0

0.5

0.26495963211660245

0.5299192642332049

900.0

6.1257422745431E-16

3.0628711372715505E-16

0.5000000000000001

930.0

-0.49999999999999895

-0.23473578139294493

0.46947156278589086

960.0

-0.8660254037844377

-0.37964054940545783

0.43837114678907746

990.0

-1.0

-0.4067366430758002

0.4067366430758002

1020.0

-0.8660254037844384

-0.3244188263233281

0.37460659341591196

1050.0

-0.5000000000000001

-0.17101007166283444

0.3420201433256688

1080.0

-7.35089072945172E-16

-2.2715501591938355E-16

0.30901699437494745

1110.0

0.49999999999999883

0.13781867790849917

0.275637355816999

1140.0

0.8660254037844377

0.2095105073209988

0.24192189559966767

1170.0

1.0

0.20791169081775923

0.20791169081775923

1200.0

0.8660254037844385

0.15038373318043533

0.17364817766693041

1230.0

0.5000000000000002

0.06958655048003276

0.13917310096006547

1260.0

8.57603918436034E-16

8.964401968643666E-17

0.10452846326765346

1290.0

-0.4999999999999987

-0.03487823687206264

0.06975647374412546

1320.0

-0.8660254037844376

-0.030223850723657148

0.03489949670250108

1350.0

-1.0

1.607871821796003E-16

-1.607871821796003E-16

1380.0

-0.8660254037844385

0.03022385072365707

-0.034899496702500955

1410.0

-0.5000000000000003

0.034878236872062686

-0.06975647374412533

1440.0

-9.80118763926896E-16

1.0245030821307034E-16

-0.10452846326765333

1470.0

0.4999999999999986

-0.06958655048003248

-0.13917310096006535

1500.0

0.8660254037844376

-0.15038373318043508

-0.1736481776669303

1530.0

1.0

-0.20791169081775912

-0.20791169081775912

1560.0

0.8660254037844386

-0.2095105073209989

-0.24192189559966756

1590.0

0.5000000000000004

-0.13781867790849953

-0.27563735581699883

1620.0

1.102633609417758E-15

-3.4073252387907496E-16

-0.3090169943749471

1650.0

-0.4999999999999985

0.17101007166283397

-0.34202014332566893

1680.0

-0.8660254037844393

0.3244188263233285

-0.37460659341591207

1710.0

-1.0

0.40673664307580026

-0.40673664307580026

1740.0

-0.8660254037844386

0.37964054940545827

-0.4383711467890775

1770.0

-0.5000000000000006

0.2347357813929457

-0.4694715627858909

1800.0

-1.22514845490862E-15

6.125742274543097E-16

-0.4999999999999998

1830.0

0.4999999999999984

-0.26495963211660156

-0.5299192642332048

1860.0

0.8660254037844374

-0.4842752600216453

-0.5591929034707467

1890.0

1.0

-0.5877852522924727

-0.5877852522924727

1920.0

0.8660254037844405

-0.5331784777634275

-0.6156614753256583

1950.0

0.5000000000000007

-0.3213938048432701

-0.6427876096865394

1980.0

-2.205050378401019E-15

1.4754666967513036E-15

-0.6691306063588582

2010.0

-0.4999999999999983

0.3473291852294973

-0.694658370458997

2040.0

-0.8660254037844392

0.6229665410464983

-0.7193398003386512

2070.0

-1.0

0.743144825477394

-0.743144825477394

2100.0

-0.8660254037844388

0.6634139481689384

-0.7660444431189779

2130.0

-0.49999999999999767

0.3940053768033591

-0.7880107536067219

2160.0

-1.470178145890344E-15

1.189399104783939E-15

-0.8090169943749473

2190.0

0.5000000000000012

-0.4145187862775217

-0.8290375725550414

2220.0

0.8660254037844373

-0.7344311949024923

-0.8480480961564262

2250.0

1.0

-0.8660254037844387

-0.8660254037844387

2280.0

0.8660254037844406

-0.764655045626152

-0.882947592858927

2310.0

0.5000000000000009

-0.4493970231495843

-0.898794046299167

2340.0

-1.960020687419295E-15

1.7905679958774253E-15

-0.913545457642601

2370.0

-0.4999999999999981

0.4635919272833919

-0.9271838545667873

2400.0

-0.866025403784439

0.813797681349374

-0.9396926207859083

2430.0

-1.0

0.9510565162951535

-0.9510565162951535

2460.0

-0.8660254037844389

0.8324770483674971

-0.9612616959383189

2490.0

-0.4999999999999979

0.4851478631379961

-0.9702957262759964

2520.0

-1.715207836872068E-15

1.6777264303962342E-15

-0.9781476007338057

2550.0

0.5000000000000011

-0.4924038765061051

-0.984807753012208

2580.0

0.8660254037844372

-0.8575973040867532

-0.9902680687415703

2610.0

1.0

-0.9945218953682734

-0.9945218953682734

2640.0

0.8660254037844407

-0.8639158094271063

-0.9975640502598242

2670.0

0.5000000000000011

-0.499695413509549

-0.9993908270190958

2700.0

-1.714990996437571E-15

1.714990996437571E-15

-1.0

2730.0

-0.4999999999999979

0.49969541350954577

-0.9993908270190958

2760.0

-0.8660254037844389

0.8639158094271046

-0.9975640502598242

2790.0

-1.0

0.9945218953682734

-0.9945218953682734

2820.0

-0.866025403784439

0.857597304086755

-0.9902680687415703

2850.0

-0.4999999999999981

0.49240387650610223

-0.9848077530122081

2880.0

-1.960237527853792E-15

1.9174016347385534E-15

-0.9781476007338057

2910.0

0.5000000000000009

-0.4851478631379991

-0.9702957262759965

2940.0

0.866025403784437

-0.8324770483674954

-0.9612616959383189

2970.0

1.0

-0.9510565162951536

-0.9510565162951536

3000.0

0.8660254037844408

-0.8137976813493758

-0.9396926207859084

3030.0

0.5000000000000012

-0.4635919272833948

-0.9271838545667874

3060.0

-1.469961305455847E-15

1.342876473509577E-15

-0.9135454576426011

3090.0

-0.49999999999999767

0.44939702314958146

-0.8987940462991671

3120.0

-0.8660254037844388

0.7646550456261506

-0.8829475928589271

3150.0

-1.0

0.8660254037844388

-0.8660254037844388

3180.0

-0.8660254037844392

0.734431194902494

-0.8480480961564263

3210.0

-0.4999999999999983

0.4145187862775193

-0.8290375725550415

3240.0

-2.205267218835516E-15

1.7840986571759093E-15

-0.8090169943749478

3270.0

0.5000000000000007

-0.3940053768033615

-0.788010753606722

3300.0

0.8660254037844369

-0.6634139481689368

-0.7660444431189778

3330.0

1.0

-0.7431448254773942

-0.7431448254773942

3360.0

0.8660254037844374

-0.6229665410464968

-0.7193398003386511

3390.0

0.5000000000000014

-0.3473291852294996

-0.6946583704589973

3420.0

-1.224931614474123E-15

8.196392339412049E-16

-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581

3510.0

-1.0

0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0

-0.4999999999999985

0.26495963211660173

-0.529919264233205

3600.0

-2.45029690981724E-15

1.2251484549086212E-15

-0.5000000000000004

3630.0

0.5000000000000004

-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16

-0.10452846326765336

3990.0

0.49999999999999406

-0.034878236872062374

-0.06975647374412558

4020.0

0.8660254037844367

-0.03022385072365761

-0.03489949670250165

4050.0

1.0

-1.83772268236293E-16

-1.83772268236293E-16

4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985

4320.0

-2.940356291780688E-15

-9.086200636775336E-16

0.30901699437494723

4350.0

0.5

0.1710100716628345

0.342020143325669

4380.0

0.8660254037844402

0.324418826323328

0.3746065934159111

4410.0

1.0

0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395

0.5299192642332047

4560.0

-0.8660254037844347

-0.4842752600216441

0.559192903470747

4590.0

-1.0

-0.5877852522924729

0.5877852522924729

4620.0

-0.8660254037844396

-0.5331784777634272

0.6156614753256585

4650.0

-0.49999999999999917

-0.32139380484326874

0.6427876096865386

4680.0

3.92004137483859E-15

2.623019662097559E-15

0.6691306063588585

4710.0

0.4999999999999936

0.34732918522949385

0.6946583704589966

4740.0

0.8660254037844365

0.6229665410464961

0.7193398003386509

4770.0

1.0

0.7431448254773942

0.7431448254773942

4800.0

0.8660254037844379

0.6634139481689376

0.7660444431189778

4830.0

0.49999999999999617

0.394005376803358

0.788010753606722

4860.0

6.860614507053775E-15

5.550353728061806E-15

0.8090169943749473

4890.0

-0.4999999999999966

-0.41451878627751787

0.8290375725550414

4920.0

-0.8660254037844382

-0.7344311949024929

0.848048096156426

4950.0

-1.0

-0.8660254037844388

0.8660254037844388

4980.0

-0.8660254037844362

-0.7646550456261478

0.8829475928589265

5010.0

-0.5000000000000056

-0.4493970231495884

0.8987940462991668

5040.0

-3.430415673744136E-15

-3.1338406565749383E-15

0.913545457642601

5070.0

0.49999999999999956

0.46359192728339327

0.9271838545667873

5100.0

0.8660254037844398

0.8137976813493748

0.9396926207859084

5130.0

1.0

0.9510565162951535

0.9510565162951535

5160.0

0.8660254037844416

0.8324770483674996

0.9612616959383187

5190.0

0.5000000000000026

0.48514786313800073

0.9702957262759965

5220.0

2.168404344971009E-19

2.1210195074541518E-19

0.9781476007338057

5250.0

-0.5000000000000026

-0.49240387650610645

0.9848077530122079

5280.0

-0.8660254037844345

-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0

0.49999999999999917

5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0

0.500000000000003

5940.0

4.902762223979451E-16

5970.0

-0.5000000000000021

6000.0

-0.8660254037844343

6030.0

-1.0

6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0

0.4999999999999928

6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0

0.4999999999999987

6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0

0.5000000000000034

6660.0

9.803356043613931E-16

6690.0

-0.5000000000000017

6720.0

-0.8660254037844412

6750.0

-1.0

6780.0

-0.8660254037844404

6810.0

-0.5000000000000004

6840.0

2.449863228948246E-15

6870.0

0.49999999999999234

6900.0

0.8660254037844357

6930.0

1.0

6960.0

0.8660254037844386

6990.0

0.49999999999999745

7020.0

8.330792652944119E-15

7050.0

-0.49999999999999534

7080.0

-0.8660254037844374

7110.0

-1.0

7140.0

-0.8660254037844369

7170.0

-0.5000000000000068

7200.0

-4.90059381963448E-15

7230.0

0.4999999999999983

7260.0

0.8660254037844392

7290.0

1.0

7320.0

0.8660254037844424

7350.0

0.5000000000000038

7380.0

1.5681249701526845E-14

7410.0

-0.5000000000000012

7440.0

-0.8660254037844337

7470.0

-1.0

7500.0

-0.8660254037844406

7530.0

-0.5000000000000131

7560.0

1.959803846984798E-15

7590.0

0.49999999999999195

7620.0

0.8660254037844426

7650.0

1.0

7680.0

0.866025403784446

7710.0

0.4999999999999979

7740.0

8.820852034907567E-15

7770.0

-0.5000000000000072

7800.0

-0.8660254037844372

7830.0

-1.0

7860.0

-0.8660254037844372

7890.0

-0.5000000000000072

7920.0

8.820201513604076E-15

7950.0

0.4999999999999979

7980.0

0.8660254037844318

8010.0
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0.05758992393439899

1320.0

-0.8660254037844376

-0.030223850723657148

0.03489949670250108

-0.06377184020122982

1350.0

-1.0

1.607871821796003E-16

-1.607871821796003E-16

-0.028227844180042885

1380.0

-0.8660254037844385

0.03022385072365707

-0.034899496702500955

0.026915933846358882

1410.0

-0.5000000000000003

0.034878236872062686

-0.06975647374412533

-0.19516579994884586

1440.0

-9.80118763926896E-16

1.0245030821307034E-16

-0.10452846326765333

0.05067874704492219

1470.0

0.4999999999999986

-0.06958655048003248

-0.13917310096006535

0.022955938413319825

1500.0

0.8660254037844376

-0.15038373318043508

-0.1736481776669303

-0.10911457892977143

1530.0

1.0

-0.20791169081775912

-0.20791169081775912

0.12541764291024177

1560.0

0.8660254037844386

-0.2095105073209989

-0.24192189559966756

0.002707254444271449

1590.0

0.5000000000000004

-0.13781867790849953

-0.27563735581699883

-0.11150902029204139

1620.0

1.102633609417758E-15

-3.4073252387907496E-16

-0.3090169943749471

0.10609661425627907

1650.0

-0.4999999999999985

0.17101007166283397

-0.34202014332566893

-0.02573816128713843

1680.0

-0.8660254037844393

0.3244188263233285

-0.37460659341591207

-0.048214600171073874

1710.0

-1.0

0.40673664307580026

-0.40673664307580026

0.10504645538911238

1740.0

-0.8660254037844386

0.37964054940545827

-0.4383711467890775

-0.14855035711824638

1770.0

-0.5000000000000006

0.2347357813929457

-0.4694715627858909

0.018643829377567308

1800.0

-1.22514845490862E-15

6.125742274543097E-16

-0.4999999999999998

0.060422899474389016

1830.0

0.4999999999999984

-0.26495963211660156

-0.5299192642332048

1860.0

0.8660254037844374

-0.4842752600216453

-0.5591929034707467

1890.0

1.0

-0.5877852522924727

-0.5877852522924727

1920.0

0.8660254037844405

-0.5331784777634275

-0.6156614753256583

1950.0

0.5000000000000007

-0.3213938048432701

-0.6427876096865394

1980.0

-2.205050378401019E-15

1.4754666967513036E-15

-0.6691306063588582

2010.0

-0.4999999999999983

0.3473291852294973

-0.694658370458997

2040.0

-0.8660254037844392

0.6229665410464983

-0.7193398003386512

2070.0

-1.0

0.743144825477394

-0.743144825477394

2100.0

-0.8660254037844388

0.6634139481689384

-0.7660444431189779

2130.0

-0.49999999999999767

0.3940053768033591

-0.7880107536067219

2160.0

-1.470178145890344E-15

1.189399104783939E-15

-0.8090169943749473

2190.0

0.5000000000000012

-0.4145187862775217

-0.8290375725550414

2220.0

0.8660254037844373

-0.7344311949024923

-0.8480480961564262

2250.0

1.0

-0.8660254037844387

-0.8660254037844387

2280.0

0.8660254037844406

-0.764655045626152

-0.882947592858927

2310.0

0.5000000000000009

-0.4493970231495843

-0.898794046299167

2340.0

-1.960020687419295E-15

1.7905679958774253E-15

-0.913545457642601

2370.0

-0.4999999999999981

0.4635919272833919

-0.9271838545667873

2400.0

-0.866025403784439

0.813797681349374

-0.9396926207859083

2430.0

-1.0

0.9510565162951535

-0.9510565162951535

2460.0

-0.8660254037844389

0.8324770483674971

-0.9612616959383189

2490.0

-0.4999999999999979

0.4851478631379961

-0.9702957262759964

2520.0

-1.715207836872068E-15

1.6777264303962342E-15

-0.9781476007338057

2550.0

0.5000000000000011

-0.4924038765061051

-0.984807753012208

2580.0

0.8660254037844372

-0.8575973040867532

-0.9902680687415703

2610.0

1.0

-0.9945218953682734

-0.9945218953682734

2640.0

0.8660254037844407

-0.8639158094271063

-0.9975640502598242

2670.0

0.5000000000000011

-0.499695413509549

-0.9993908270190958

2700.0

-1.714990996437571E-15

1.714990996437571E-15

-1.0

2730.0

-0.4999999999999979

0.49969541350954577

-0.9993908270190958

2760.0

-0.8660254037844389

0.8639158094271046

-0.9975640502598242

2790.0

-1.0

0.9945218953682734

-0.9945218953682734

2820.0

-0.866025403784439

0.857597304086755

-0.9902680687415703

2850.0

-0.4999999999999981

0.49240387650610223

-0.9848077530122081

2880.0

-1.960237527853792E-15

1.9174016347385534E-15

-0.9781476007338057

2910.0

0.5000000000000009

-0.4851478631379991

-0.9702957262759965

2940.0

0.866025403784437

-0.8324770483674954

-0.9612616959383189

2970.0

1.0

-0.9510565162951536

-0.9510565162951536

3000.0

0.8660254037844408

-0.8137976813493758

-0.9396926207859084

3030.0

0.5000000000000012

-0.4635919272833948

-0.9271838545667874

3060.0

-1.469961305455847E-15

1.342876473509577E-15

-0.9135454576426011

3090.0

-0.49999999999999767

0.44939702314958146

-0.8987940462991671

3120.0

-0.8660254037844388

0.7646550456261506

-0.8829475928589271

3150.0

-1.0

0.8660254037844388

-0.8660254037844388

3180.0

-0.8660254037844392

0.734431194902494

-0.8480480961564263

3210.0

-0.4999999999999983

0.4145187862775193

-0.8290375725550415

3240.0

-2.205267218835516E-15

1.7840986571759093E-15

-0.8090169943749478

3270.0

0.5000000000000007

-0.3940053768033615

-0.788010753606722

3300.0

0.8660254037844369

-0.6634139481689368

-0.7660444431189778

3330.0

1.0

-0.7431448254773942

-0.7431448254773942

3360.0

0.8660254037844374

-0.6229665410464968

-0.7193398003386511

3390.0

0.5000000000000014

-0.3473291852294996

-0.6946583704589973

3420.0

-1.224931614474123E-15

8.196392339412049E-16

-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581

3510.0

-1.0

0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0

-0.4999999999999985

0.26495963211660173

-0.529919264233205

3600.0

-2.45029690981724E-15

1.2251484549086212E-15

-0.5000000000000004

3630.0

0.5000000000000004

-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16

-0.10452846326765336

3990.0

0.49999999999999406

-0.034878236872062374

-0.06975647374412558

4020.0

0.8660254037844367

-0.03022385072365761

-0.03489949670250165

4050.0

1.0

-1.83772268236293E-16

-1.83772268236293E-16

4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985

4320.0

-2.940356291780688E-15

-9.086200636775336E-16

0.30901699437494723

4350.0

0.5

0.1710100716628345

0.342020143325669

4380.0

0.8660254037844402

0.324418826323328

0.3746065934159111

4410.0

1.0

0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395

0.5299192642332047

4560.0

-0.8660254037844347

-0.4842752600216441

0.559192903470747

4590.0

-1.0

-0.5877852522924729

0.5877852522924729

4620.0

-0.8660254037844396

-0.5331784777634272

0.6156614753256585

4650.0

-0.49999999999999917

-0.32139380484326874

0.6427876096865386

4680.0

3.92004137483859E-15

2.623019662097559E-15

0.6691306063588585

4710.0

0.4999999999999936

0.34732918522949385

0.6946583704589966

4740.0

0.8660254037844365

0.6229665410464961

0.7193398003386509

4770.0

1.0

0.7431448254773942

0.7431448254773942

4800.0

0.8660254037844379

0.6634139481689376

0.7660444431189778

4830.0

0.49999999999999617

0.394005376803358

0.788010753606722

4860.0

6.860614507053775E-15

5.550353728061806E-15

0.8090169943749473

4890.0

-0.4999999999999966

-0.41451878627751787

0.8290375725550414

4920.0

-0.8660254037844382

-0.7344311949024929

0.848048096156426

4950.0

-1.0

-0.8660254037844388

0.8660254037844388

4980.0

-0.8660254037844362

-0.7646550456261478

0.8829475928589265

5010.0

-0.5000000000000056

-0.4493970231495884

0.8987940462991668

5040.0

-3.430415673744136E-15

-3.1338406565749383E-15

0.913545457642601

5070.0

0.49999999999999956

0.46359192728339327

0.9271838545667873

5100.0

0.8660254037844398

0.8137976813493748

0.9396926207859084

5130.0

1.0

0.9510565162951535

0.9510565162951535

5160.0

0.8660254037844416

0.8324770483674996

0.9612616959383187

5190.0

0.5000000000000026

0.48514786313800073

0.9702957262759965

5220.0

2.168404344971009E-19

2.1210195074541518E-19

0.9781476007338057

5250.0

-0.5000000000000026

-0.49240387650610645

0.9848077530122079

5280.0

-0.8660254037844345

-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0

0.49999999999999917

5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0

0.500000000000003

5940.0

4.902762223979451E-16

5970.0

-0.5000000000000021

6000.0

-0.8660254037844343

6030.0

-1.0

6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0

0.4999999999999928

6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0

0.4999999999999987

6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0

0.5000000000000034

6660.0

9.803356043613931E-16

6690.0

-0.5000000000000017

6720.0

-0.8660254037844412

6750.0

-1.0

6780.0

-0.8660254037844404

6810.0

-0.5000000000000004

6840.0

2.449863228948246E-15

6870.0

0.49999999999999234

6900.0

0.8660254037844357

6930.0

1.0

6960.0

0.8660254037844386

6990.0

0.49999999999999745

7020.0

8.330792652944119E-15

7050.0

-0.49999999999999534

7080.0

-0.8660254037844374

7110.0

-1.0

7140.0

-0.8660254037844369

7170.0

-0.5000000000000068

7200.0

-4.90059381963448E-15

7230.0

0.4999999999999983

7260.0

0.8660254037844392

7290.0

1.0

7320.0

0.8660254037844424

7350.0

0.5000000000000038

7380.0

1.5681249701526845E-14

7410.0

-0.5000000000000012

7440.0

-0.8660254037844337

7470.0

-1.0

7500.0

-0.8660254037844406

7530.0

-0.5000000000000131

7560.0

1.959803846984798E-15

7590.0

0.49999999999999195

7620.0

0.8660254037844426

7650.0

1.0

7680.0

0.866025403784446

7710.0

0.4999999999999979

7740.0

8.820852034907567E-15

7770.0

-0.5000000000000072

7800.0

-0.8660254037844372

7830.0

-1.0

7860.0

-0.8660254037844372

7890.0

-0.5000000000000072

7920.0

8.820201513604076E-15

7950.0

0.4999999999999979

7980.0

0.8660254037844318

8010.0

1.0

8040.0

0.8660254037844426

8070.0

0.49999999999999195

8100.0

1.960454368288289E-15

8130.0

-0.49999999999998856

8160.0

-0.8660254037844406

8190.0

-1.0

8220.0

-0.8660254037844337

8250.0

-0.5000000000000012

8280.0

-1.2741110250180654E-14

8310.0

0.5000000000000038

8340.0

0.8660254037844353

8370.0

1.0

8400.0

0.8660254037844392

8430.0

0.5000000000000107

8460.0

-4.899943298330989E-15

8490.0

-0.4999999999999945

8520.0

-0.866025403784444

8550.0

-1.0

8580.0

-0.8660254037844445

8610.0

-0.49999999999999534

8640.0

-5.880712583561376E-15

8670.0

0.5000000000000098

8700.0

0.8660254037844386

8730.0

1.0

8760.0

0.8660254037844357

8790.0

0.5000000000000047

8820.0

1.666136846545374E-14

8850.0

-0.5000000000000004

8880.0

-0.8660254037844333

8910.0

-1.0

8940.0

-0.8660254037844412

8970.0

-0.500000000000014

9000.0

9.796850830579018E-16

9030.0

0.49999999999999106

9060.0

0.866025403784442

9090.0

1.0

9120.0

0.8660254037844465

9150.0

0.4999999999999987

9180.0

9.800970798834463E-15

9210.0

-0.5000000000000063

9240.0

-0.8660254037844367

9270.0

-1.0

9300.0

-0.8660254037844377

9330.0

-0.5000000000000081

9360.0

7.84008274967718E-15

9390.0

0.499999999999997

9420.0

0.8660254037844313

9450.0

1.0

9480.0

0.866025403784443

9510.0

0.4999999999999928

9540.0

2.940573132215185E-15

9570.0

-0.4999999999999877

9600.0

-0.8660254037844402

9630.0

-1.0

9660.0

-0.8660254037844343

9690.0

-0.5000000000000021

9720.0

-1.372122901410755E-14

9750.0

0.500000000000003

9780.0
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840.0

0.8660254037844384

0.48427526002164595

0.5591929034707468

870.0

0.5

0.26495963211660245

0.5299192642332049

900.0

6.1257422745431E-16

3.0628711372715505E-16

0.5000000000000001

930.0

-0.49999999999999895

-0.23473578139294493

0.46947156278589086

960.0

-0.8660254037844377

-0.37964054940545783

0.43837114678907746

990.0

-1.0

-0.4067366430758002

0.4067366430758002

1020.0

-0.8660254037844384

-0.3244188263233281

0.37460659341591196

1050.0

-0.5000000000000001

-0.17101007166283444

0.3420201433256688

1080.0

-7.35089072945172E-16

-2.2715501591938355E-16

0.30901699437494745

1110.0

0.49999999999999883

0.13781867790849917

0.275637355816999

1140.0

0.8660254037844377

0.2095105073209988

0.24192189559966767

1170.0

1.0

0.20791169081775923

0.20791169081775923

1200.0

0.8660254037844385

0.15038373318043533

0.17364817766693041

1230.0

0.5000000000000002

0.06958655048003276

0.13917310096006547

1260.0

8.57603918436034E-16

8.964401968643666E-17

0.10452846326765346

1290.0

-0.4999999999999987

-0.03487823687206264

0.06975647374412546

1320.0

-0.8660254037844376

-0.030223850723657148

0.03489949670250108

1350.0

-1.0

1.607871821796003E-16

-1.607871821796003E-16

1380.0

-0.8660254037844385

0.03022385072365707

-0.034899496702500955

1410.0

-0.5000000000000003

0.034878236872062686

-0.06975647374412533

1440.0

-9.80118763926896E-16

1.0245030821307034E-16

-0.10452846326765333

1470.0

0.4999999999999986

-0.06958655048003248

-0.13917310096006535

1500.0

0.8660254037844376

-0.15038373318043508

-0.1736481776669303

1530.0

1.0

-0.20791169081775912

-0.20791169081775912

1560.0

0.8660254037844386

-0.2095105073209989

-0.24192189559966756

1590.0

0.5000000000000004

-0.13781867790849953

-0.27563735581699883

1620.0

1.102633609417758E-15

-3.4073252387907496E-16

-0.3090169943749471

1650.0

-0.4999999999999985

0.17101007166283397

-0.34202014332566893

1680.0

-0.8660254037844393

0.3244188263233285

-0.37460659341591207

1710.0

-1.0

0.40673664307580026

-0.40673664307580026

1740.0

-0.8660254037844386

0.37964054940545827

-0.4383711467890775

1770.0

-0.5000000000000006

0.2347357813929457

-0.4694715627858909

1800.0

-1.22514845490862E-15

6.125742274543097E-16

-0.4999999999999998

1830.0

0.4999999999999984

-0.26495963211660156

-0.5299192642332048

1860.0

0.8660254037844374

-0.4842752600216453

-0.5591929034707467

1890.0

1.0

-0.5877852522924727

-0.5877852522924727

1920.0

0.8660254037844405

-0.5331784777634275

-0.6156614753256583

1950.0

0.5000000000000007

-0.3213938048432701

-0.6427876096865394

1980.0

-2.205050378401019E-15

1.4754666967513036E-15

-0.6691306063588582

2010.0

-0.4999999999999983

0.3473291852294973

-0.694658370458997

2040.0

-0.8660254037844392

0.6229665410464983

-0.7193398003386512

2070.0

-1.0

0.743144825477394

-0.743144825477394

2100.0

-0.8660254037844388

0.6634139481689384

-0.7660444431189779

2130.0

-0.49999999999999767

0.3940053768033591

-0.7880107536067219

2160.0

-1.470178145890344E-15

1.189399104783939E-15

-0.8090169943749473

2190.0

0.5000000000000012

-0.4145187862775217

-0.8290375725550414

2220.0

0.8660254037844373

-0.7344311949024923

-0.8480480961564262

2250.0

1.0

-0.8660254037844387

-0.8660254037844387

2280.0

0.8660254037844406

-0.764655045626152

-0.882947592858927

2310.0

0.5000000000000009

-0.4493970231495843

-0.898794046299167

2340.0

-1.960020687419295E-15

1.7905679958774253E-15

-0.913545457642601

2370.0

-0.4999999999999981

0.4635919272833919

-0.9271838545667873

2400.0

-0.866025403784439

0.813797681349374

-0.9396926207859083

2430.0

-1.0

0.9510565162951535

-0.9510565162951535

2460.0

-0.8660254037844389

0.8324770483674971

-0.9612616959383189

2490.0

-0.4999999999999979

0.4851478631379961

-0.9702957262759964

2520.0

-1.715207836872068E-15

1.6777264303962342E-15

-0.9781476007338057

2550.0

0.5000000000000011

-0.4924038765061051

-0.984807753012208

2580.0

0.8660254037844372

-0.8575973040867532

-0.9902680687415703

2610.0

1.0

-0.9945218953682734

-0.9945218953682734

2640.0

0.8660254037844407

-0.8639158094271063

-0.9975640502598242

2670.0

0.5000000000000011

-0.499695413509549

-0.9993908270190958

2700.0

-1.714990996437571E-15

1.714990996437571E-15

-1.0

2730.0

-0.4999999999999979

0.49969541350954577

-0.9993908270190958

2760.0

-0.8660254037844389

0.8639158094271046

-0.9975640502598242

2790.0

-1.0

0.9945218953682734

-0.9945218953682734

2820.0

-0.866025403784439

0.857597304086755

-0.9902680687415703

2850.0

-0.4999999999999981

0.49240387650610223

-0.9848077530122081

2880.0

-1.960237527853792E-15

1.9174016347385534E-15

-0.9781476007338057

2910.0

0.5000000000000009

-0.4851478631379991

-0.9702957262759965

2940.0

0.866025403784437

-0.8324770483674954

-0.9612616959383189

2970.0

1.0

-0.9510565162951536

-0.9510565162951536

3000.0

0.8660254037844408

-0.8137976813493758

-0.9396926207859084

3030.0

0.5000000000000012

-0.4635919272833948

-0.9271838545667874

3060.0

-1.469961305455847E-15

1.342876473509577E-15

-0.9135454576426011

3090.0

-0.49999999999999767

0.44939702314958146

-0.8987940462991671

3120.0

-0.8660254037844388

0.7646550456261506

-0.8829475928589271

3150.0

-1.0

0.8660254037844388

-0.8660254037844388

3180.0

-0.8660254037844392

0.734431194902494

-0.8480480961564263

3210.0

-0.4999999999999983

0.4145187862775193

-0.8290375725550415

3240.0

-2.205267218835516E-15

1.7840986571759093E-15

-0.8090169943749478

3270.0

0.5000000000000007

-0.3940053768033615

-0.788010753606722

3300.0

0.8660254037844369

-0.6634139481689368

-0.7660444431189778

3330.0

1.0

-0.7431448254773942

-0.7431448254773942

3360.0

0.8660254037844374

-0.6229665410464968

-0.7193398003386511

3390.0

0.5000000000000014

-0.3473291852294996

-0.6946583704589973

3420.0

-1.224931614474123E-15

8.196392339412049E-16

-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581

3510.0

-1.0

0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0

-0.4999999999999985

0.26495963211660173

-0.529919264233205

3600.0

-2.45029690981724E-15

1.2251484549086212E-15

-0.5000000000000004

3630.0

0.5000000000000004

-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16

-0.10452846326765336

3990.0

0.49999999999999406

-0.034878236872062374

-0.06975647374412558

4020.0

0.8660254037844367

-0.03022385072365761

-0.03489949670250165

4050.0

1.0

-1.83772268236293E-16

-1.83772268236293E-16

4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985

4320.0

-2.940356291780688E-15

-9.086200636775336E-16

0.30901699437494723

4350.0

0.5

0.1710100716628345

0.342020143325669

4380.0

0.8660254037844402

0.324418826323328

0.3746065934159111

4410.0

1.0

0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395

0.5299192642332047

4560.0

-0.8660254037844347

-0.4842752600216441

0.559192903470747

4590.0

-1.0

-0.5877852522924729

0.5877852522924729

4620.0

-0.8660254037844396

-0.5331784777634272

0.6156614753256585

4650.0

-0.49999999999999917

-0.32139380484326874

0.6427876096865386

4680.0

3.92004137483859E-15

2.623019662097559E-15

0.6691306063588585

4710.0

0.4999999999999936

0.34732918522949385

0.6946583704589966

4740.0

0.8660254037844365

0.6229665410464961

0.7193398003386509

4770.0

1.0

0.7431448254773942

0.7431448254773942

4800.0

0.8660254037844379

0.6634139481689376

0.7660444431189778

4830.0

0.49999999999999617

0.394005376803358

0.788010753606722

4860.0

6.860614507053775E-15

5.550353728061806E-15

0.8090169943749473

4890.0

-0.4999999999999966

-0.41451878627751787

0.8290375725550414

4920.0

-0.8660254037844382

-0.7344311949024929

0.848048096156426

4950.0

-1.0

-0.8660254037844388

0.8660254037844388

4980.0

-0.8660254037844362

-0.7646550456261478

0.8829475928589265

5010.0

-0.5000000000000056

-0.4493970231495884

0.8987940462991668

5040.0

-3.430415673744136E-15

-3.1338406565749383E-15

0.913545457642601

5070.0

0.49999999999999956

0.46359192728339327

0.9271838545667873

5100.0

0.8660254037844398

0.8137976813493748

0.9396926207859084

5130.0

1.0

0.9510565162951535

0.9510565162951535

5160.0

0.8660254037844416

0.8324770483674996

0.9612616959383187

5190.0

0.5000000000000026

0.48514786313800073

0.9702957262759965

5220.0

2.168404344971009E-19

2.1210195074541518E-19

0.9781476007338057

5250.0

-0.5000000000000026

-0.49240387650610645

0.9848077530122079

5280.0

-0.8660254037844345

-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0

0.49999999999999917

5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0

0.500000000000003

5940.0

4.902762223979451E-16

5970.0

-0.5000000000000021

6000.0

-0.8660254037844343

6030.0

-1.0

6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0

0.4999999999999928

6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0

0.4999999999999987

6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0

0.5000000000000034

6660.0

9.803356043613931E-16

6690.0

-0.5000000000000017

6720.0

-0.8660254037844412

6750.0

-1.0

6780.0

-0.8660254037844404

6810.0

-0.5000000000000004

6840.0

2.449863228948246E-15

6870.0

0.49999999999999234

6900.0

0.8660254037844357

6930.0

1.0

6960.0

0.8660254037844386

6990.0

0.49999999999999745

7020.0

8.330792652944119E-15

7050.0

-0.49999999999999534

7080.0

-0.8660254037844374

7110.0

-1.0

7140.0

-0.8660254037844369

7170.0

-0.5000000000000068

7200.0

-4.90059381963448E-15

7230.0

0.4999999999999983

7260.0

0.8660254037844392

7290.0

1.0

7320.0

0.8660254037844424

7350.0

0.5000000000000038

7380.0

1.5681249701526845E-14

7410.0

-0.5000000000000012

7440.0

-0.8660254037844337

7470.0

-1.0

7500.0

-0.8660254037844406

7530.0

-0.5000000000000131

7560.0

1.959803846984798E-15

7590.0

0.49999999999999195

7620.0

0.8660254037844426

7650.0

1.0

7680.0

0.866025403784446

7710.0

0.4999999999999979

7740.0

8.820852034907567E-15

7770.0

-0.5000000000000072

7800.0

-0.8660254037844372

7830.0

-1.0

7860.0

-0.8660254037844372

7890.0

-0.5000000000000072

7920.0

8.820201513604076E-15

7950.0

0.4999999999999979

7980.0

0.8660254037844318

8010.0

1.0

8040.0

0.8660254037844426

8070.0

0.49999999999999195

8100.0

1.960454368288289E-15

8130.0

-0.49999999999998856

8160.0

-0.8660254037844406

8190.0

-1.0

8220.0

-0.8660254037844337

8250.0

-0.5000000000000012

8280.0

-1.2741110250180654E-14

8310.0

0.5000000000000038

8340.0

0.8660254037844353

8370.0

1.0

8400.0

0.8660254037844392

8430.0

0.5000000000000107

8460.0

-4.899943298330989E-15

8490.0

-0.4999999999999945

8520.0

-0.866025403784444

8550.0

-1.0

8580.0

-0.8660254037844445

8610.0

-0.49999999999999534

8640.0

-5.880712583561376E-15

8670.0

0.5000000000000098

8700.0

0.8660254037844386

8730.0

1.0

8760.0

0.8660254037844357

8790.0

0.5000000000000047

8820.0

1.666136846545374E-14

8850.0

-0.5000000000000004

8880.0

-0.8660254037844333

8910.0

-1.0

8940.0

-0.8660254037844412

8970.0

-0.500000000000014

9000.0
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1.0

-0.7431448254773942
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0.8660254037844374

-0.6229665410464968

-0.7193398003386511
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0.5000000000000014

-0.3473291852294996

-0.6946583704589973
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-1.224931614474123E-15

8.196392339412049E-16

-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581
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0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0
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0.26495963211660173

-0.529919264233205

3600.0

-2.45029690981724E-15

1.2251484549086212E-15
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-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16
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0.8660254037844367
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-0.03489949670250165
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1.0
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4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985
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0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395
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4620.0

-0.8660254037844396
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-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0

0.49999999999999917

5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0

0.500000000000003

5940.0

4.902762223979451E-16

5970.0

-0.5000000000000021

6000.0

-0.8660254037844343

6030.0

-1.0

6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0

0.4999999999999928

6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0

0.4999999999999987

6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0

0.5000000000000034

6660.0

9.803356043613931E-16

6690.0

-0.5000000000000017

6720.0

-0.8660254037844412

6750.0

-1.0

6780.0

-0.8660254037844404

6810.0

-0.5000000000000004

6840.0

2.449863228948246E-15

6870.0

0.49999999999999234

6900.0

0.8660254037844357

6930.0

1.0

6960.0

0.8660254037844386

6990.0

0.49999999999999745

7020.0

8.330792652944119E-15

7050.0

-0.49999999999999534

7080.0

-0.8660254037844374

7110.0

-1.0

7140.0

-0.8660254037844369

7170.0

-0.5000000000000068

7200.0

-4.90059381963448E-15

7230.0

0.4999999999999983

7260.0

0.8660254037844392

7290.0

1.0

7320.0

0.8660254037844424

7350.0

0.5000000000000038

7380.0

1.5681249701526845E-14

7410.0

-0.5000000000000012

7440.0

-0.8660254037844337

7470.0

-1.0

7500.0

-0.8660254037844406

7530.0

-0.5000000000000131

7560.0

1.959803846984798E-15

7590.0

0.49999999999999195

7620.0

0.8660254037844426

7650.0

1.0

7680.0

0.866025403784446

7710.0

0.4999999999999979

7740.0

8.820852034907567E-15

7770.0

-0.5000000000000072

7800.0

-0.8660254037844372

7830.0

-1.0

7860.0

-0.8660254037844372

7890.0

-0.5000000000000072

7920.0

8.820201513604076E-15

7950.0

0.4999999999999979

7980.0

0.8660254037844318

8010.0

1.0

8040.0

0.8660254037844426

8070.0

0.49999999999999195

8100.0

1.960454368288289E-15

8130.0
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1.0
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8430.0
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8460.0

-4.899943298330989E-15

8490.0

-0.4999999999999945

8520.0

-0.866025403784444

8550.0

-1.0

8580.0

-0.8660254037844445

8610.0

-0.49999999999999534

8640.0

-5.880712583561376E-15

8670.0

0.5000000000000098

8700.0

0.8660254037844386

8730.0

1.0

8760.0

0.8660254037844357

8790.0

0.5000000000000047

8820.0

1.666136846545374E-14

8850.0

-0.5000000000000004

8880.0

-0.8660254037844333

8910.0

-1.0

8940.0

-0.8660254037844412

8970.0

-0.500000000000014

9000.0

9.796850830579018E-16

9030.0

0.49999999999999106

9060.0

0.866025403784442

9090.0

1.0

9120.0

0.8660254037844465

9150.0

0.4999999999999987

9180.0

9.800970798834463E-15

9210.0

-0.5000000000000063

9240.0

-0.8660254037844367

9270.0

-1.0

9300.0

-0.8660254037844377

9330.0

-0.5000000000000081

9360.0

7.84008274967718E-15

9390.0

0.499999999999997

9420.0

0.8660254037844313

9450.0

1.0

9480.0

0.866025403784443

9510.0

0.4999999999999928

9540.0

2.940573132215185E-15

9570.0

-0.4999999999999877

9600.0

-0.8660254037844402

9630.0

-1.0

9660.0

-0.8660254037844343

9690.0

-0.5000000000000021

9720.0

-1.372122901410755E-14

9750.0

0.500000000000003

9780.0

0.8660254037844347

9810.0

1.0

9840.0

0.8660254037844396

9870.0

0.5000000000000114

9900.0

-3.919824534404093E-15

9930.0

-0.4999999999999936

9960.0

-0.8660254037844436

9990.0

-1.0

10020.0

-0.866025403784445

10050.0

-0.49999999999999617

10080.0

-6.860831347488272E-15

10110.0

0.5000000000000089

10140.0

0.8660254037844382

10170.0

1.0

10200.0

0.8660254037844362

10230.0

0.5000000000000056

10260.0

-1.078022220102337E-14

10290.0

-0.49999999999999956

10320.0

-0.8660254037844327

10350.0

-1.0

10380.0

-0.8660254037844416

10410.0

-0.5000000000000149

10440.0

-4.336808689942018E-19

10470.0

0.49999999999999023

10500.0

0.8660254037844416

10530.0

1.0

10560.0

0.8660254037844469

10590.0

0.49999999999999956

10620.0

1.0781089562761359E-14

10650.0

-0.5000000000000056

10680.0

-0.8660254037844362

10710.0

-1.0

10740.0

-0.8660254037844382

10770.0

-0.5000000000000089

10800.0

6.859963985750284E-15



When sampling frequency is set too low...
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0.8660254037844385

0.15038373318043533

0.17364817766693041

0.13351919272882212

1230.0

0.5000000000000002

0.06958655048003276

0.13917310096006547

0.0016921839221631981

1260.0

8.57603918436034E-16

8.964401968643666E-17

0.10452846326765346

-0.13709126666780944

1290.0

-0.4999999999999987

-0.03487823687206264

0.06975647374412546

0.0998858564363618

1320.0

-0.8660254037844376

-0.030223850723657148

0.03489949670250108

-0.12674256487897212

1350.0

-1.0

1.607871821796003E-16

-1.607871821796003E-16

-0.06555207211935464

1380.0

-0.8660254037844385

0.03022385072365707

-0.034899496702500955

0.10198797668337874

1410.0

-0.5000000000000003

0.034878236872062686

-0.06975647374412533

-0.16479021352314804

1440.0

-9.80118763926896E-16

1.0245030821307034E-16

-0.10452846326765333

1.0775598116063516E-6

1470.0
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-0.06958655048003248

-0.13917310096006535

0.06989114672525756
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0.8660254037844376

-0.15038373318043508

-0.1736481776669303

-0.17857232297271744

1530.0

1.0

-0.20791169081775912

-0.20791169081775912

0.1512093732632008

1560.0

0.8660254037844386

-0.2095105073209989

-0.24192189559966756

0.005601834263781475

1590.0

0.5000000000000004

-0.13781867790849953

-0.27563735581699883

-0.11108116268415962

1620.0

1.102633609417758E-15

-3.4073252387907496E-16

-0.3090169943749471

0.19996475215951426

1650.0

-0.4999999999999985

0.17101007166283397

-0.34202014332566893

-0.09386945708950517

1680.0

-0.8660254037844393

0.3244188263233285

-0.37460659341591207

-0.015280389558104264
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-1.0

0.40673664307580026

-0.40673664307580026

0.12627938920904586
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-0.8660254037844386

0.37964054940545827

-0.4383711467890775

-0.056760127795367064

1770.0

-0.5000000000000006

0.2347357813929457

-0.4694715627858909

0.018227266333003443

1800.0

-1.22514845490862E-15

6.125742274543097E-16
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0.06636429647191676
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-0.26495963211660156

-0.5299192642332048
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0.8660254037844374

-0.4842752600216453

-0.5591929034707467

1890.0

1.0

-0.5877852522924727

-0.5877852522924727

1920.0

0.8660254037844405

-0.5331784777634275

-0.6156614753256583

1950.0

0.5000000000000007

-0.3213938048432701

-0.6427876096865394

1980.0

-2.205050378401019E-15

1.4754666967513036E-15

-0.6691306063588582

2010.0
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0.3473291852294973

-0.694658370458997

2040.0

-0.8660254037844392

0.6229665410464983

-0.7193398003386512
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0.743144825477394

-0.743144825477394

2100.0

-0.8660254037844388

0.6634139481689384

-0.7660444431189779

2130.0
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0.3940053768033591

-0.7880107536067219

2160.0

-1.470178145890344E-15

1.189399104783939E-15

-0.8090169943749473

2190.0
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-0.4145187862775217

-0.8290375725550414
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-0.764655045626152
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-0.9396926207859083
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0.9510565162951535

-0.9510565162951535

2460.0

-0.8660254037844389

0.8324770483674971

-0.9612616959383189

2490.0
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0.4851478631379961

-0.9702957262759964

2520.0

-1.715207836872068E-15

1.6777264303962342E-15

-0.9781476007338057

2550.0

0.5000000000000011

-0.4924038765061051

-0.984807753012208

2580.0

0.8660254037844372

-0.8575973040867532

-0.9902680687415703

2610.0

1.0

-0.9945218953682734

-0.9945218953682734

2640.0

0.8660254037844407

-0.8639158094271063

-0.9975640502598242

2670.0

0.5000000000000011

-0.499695413509549

-0.9993908270190958

2700.0

-1.714990996437571E-15

1.714990996437571E-15

-1.0

2730.0

-0.4999999999999979

0.49969541350954577

-0.9993908270190958

2760.0

-0.8660254037844389

0.8639158094271046

-0.9975640502598242

2790.0

-1.0

0.9945218953682734

-0.9945218953682734

2820.0

-0.866025403784439

0.857597304086755

-0.9902680687415703

2850.0

-0.4999999999999981

0.49240387650610223

-0.9848077530122081
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-1.960237527853792E-15

1.9174016347385534E-15

-0.9781476007338057

2910.0
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-0.4851478631379991

-0.9702957262759965
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-0.8324770483674954
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3030.0
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-0.4635919272833948

-0.9271838545667874

3060.0

-1.469961305455847E-15

1.342876473509577E-15

-0.9135454576426011
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0.7646550456261506
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0.734431194902494
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-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581

3510.0

-1.0

0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0
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0.26495963211660173

-0.529919264233205
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1.2251484549086212E-15
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-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16

-0.10452846326765336

3990.0

0.49999999999999406

-0.034878236872062374

-0.06975647374412558

4020.0

0.8660254037844367

-0.03022385072365761

-0.03489949670250165

4050.0

1.0

-1.83772268236293E-16

-1.83772268236293E-16

4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985

4320.0

-2.940356291780688E-15

-9.086200636775336E-16

0.30901699437494723

4350.0

0.5

0.1710100716628345

0.342020143325669

4380.0

0.8660254037844402

0.324418826323328

0.3746065934159111

4410.0

1.0

0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395

0.5299192642332047

4560.0
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-0.4842752600216441

0.559192903470747

4590.0
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-0.5877852522924729
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4620.0

-0.8660254037844396

-0.5331784777634272

0.6156614753256585

4650.0

-0.49999999999999917

-0.32139380484326874

0.6427876096865386

4680.0

3.92004137483859E-15

2.623019662097559E-15

0.6691306063588585

4710.0
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0.34732918522949385

0.6946583704589966

4740.0
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0.6229665410464961

0.7193398003386509
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0.7431448254773942

0.7431448254773942

4800.0

0.8660254037844379

0.6634139481689376

0.7660444431189778

4830.0
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0.394005376803358

0.788010753606722

4860.0

6.860614507053775E-15

5.550353728061806E-15

0.8090169943749473

4890.0
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-0.41451878627751787

0.8290375725550414

4920.0

-0.8660254037844382

-0.7344311949024929

0.848048096156426

4950.0

-1.0

-0.8660254037844388

0.8660254037844388

4980.0

-0.8660254037844362

-0.7646550456261478

0.8829475928589265

5010.0

-0.5000000000000056

-0.4493970231495884

0.8987940462991668

5040.0

-3.430415673744136E-15

-3.1338406565749383E-15

0.913545457642601

5070.0

0.49999999999999956

0.46359192728339327

0.9271838545667873

5100.0

0.8660254037844398

0.8137976813493748

0.9396926207859084

5130.0

1.0

0.9510565162951535

0.9510565162951535

5160.0

0.8660254037844416

0.8324770483674996

0.9612616959383187

5190.0

0.5000000000000026

0.48514786313800073

0.9702957262759965

5220.0

2.168404344971009E-19

2.1210195074541518E-19

0.9781476007338057

5250.0

-0.5000000000000026

-0.49240387650610645

0.9848077530122079

5280.0

-0.8660254037844345

-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0
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5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0
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5970.0
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6030.0
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6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0
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6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0
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6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0
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6660.0
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6720.0
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6780.0
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7350.0
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7380.0
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7470.0
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7560.0

1.959803846984798E-15

7590.0
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-1.0

8940.0

-0.8660254037844412

8970.0

-0.500000000000014

9000.0

9.796850830579018E-16

9030.0

0.49999999999999106

9060.0

0.866025403784442

9090.0
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0.7193398003386512

690.0

-0.4999999999999999

-0.34732918522949857

0.6946583704589973

720.0

-4.90059381963448E-16

-3.279137314050493E-16

0.6691306063588582

750.0

0.49999999999999906

0.32139380484326907

0.6427876096865394

780.0

0.8660254037844387

0.5331784777634264

0.6156614753256583

810.0

1.0

0.5877852522924732

0.5877852522924732

840.0

0.8660254037844384

0.48427526002164595

0.5591929034707468

870.0

0.5

0.26495963211660245

0.5299192642332049

900.0

6.1257422745431E-16

3.0628711372715505E-16

0.5000000000000001

930.0

-0.49999999999999895

-0.23473578139294493

0.46947156278589086

960.0

-0.8660254037844377

-0.37964054940545783

0.43837114678907746

990.0

-1.0

-0.4067366430758002

0.4067366430758002

1020.0

-0.8660254037844384

-0.3244188263233281

0.37460659341591196

1050.0

-0.5000000000000001

-0.17101007166283444

0.3420201433256688

1080.0

-7.35089072945172E-16

-2.2715501591938355E-16

0.30901699437494745

1110.0

0.49999999999999883

0.13781867790849917

0.275637355816999

1140.0

0.8660254037844377

0.2095105073209988

0.24192189559966767

1170.0

1.0

0.20791169081775923

0.20791169081775923

1200.0

0.8660254037844385

0.15038373318043533

0.17364817766693041

1230.0

0.5000000000000002

0.06958655048003276

0.13917310096006547

1260.0

8.57603918436034E-16

8.964401968643666E-17

0.10452846326765346

1290.0

-0.4999999999999987

-0.03487823687206264

0.06975647374412546

1320.0

-0.8660254037844376

-0.030223850723657148

0.03489949670250108

1350.0

-1.0

1.607871821796003E-16

-1.607871821796003E-16

1380.0

-0.8660254037844385

0.03022385072365707

-0.034899496702500955

1410.0

-0.5000000000000003

0.034878236872062686

-0.06975647374412533

1440.0

-9.80118763926896E-16

1.0245030821307034E-16

-0.10452846326765333

1470.0

0.4999999999999986

-0.06958655048003248

-0.13917310096006535

1500.0

0.8660254037844376

-0.15038373318043508

-0.1736481776669303

1530.0

1.0

-0.20791169081775912

-0.20791169081775912

1560.0

0.8660254037844386

-0.2095105073209989

-0.24192189559966756

1590.0

0.5000000000000004

-0.13781867790849953

-0.27563735581699883

1620.0

1.102633609417758E-15

-3.4073252387907496E-16

-0.3090169943749471

1650.0

-0.4999999999999985

0.17101007166283397

-0.34202014332566893

1680.0

-0.8660254037844393

0.3244188263233285

-0.37460659341591207

1710.0

-1.0

0.40673664307580026

-0.40673664307580026

1740.0

-0.8660254037844386

0.37964054940545827

-0.4383711467890775

1770.0

-0.5000000000000006

0.2347357813929457

-0.4694715627858909

1800.0

-1.22514845490862E-15

6.125742274543097E-16

-0.4999999999999998

1830.0

0.4999999999999984

-0.26495963211660156

-0.5299192642332048

1860.0

0.8660254037844374

-0.4842752600216453

-0.5591929034707467

1890.0

1.0

-0.5877852522924727

-0.5877852522924727

1920.0

0.8660254037844405

-0.5331784777634275

-0.6156614753256583

1950.0

0.5000000000000007

-0.3213938048432701

-0.6427876096865394

1980.0

-2.205050378401019E-15

1.4754666967513036E-15

-0.6691306063588582

2010.0

-0.4999999999999983

0.3473291852294973

-0.694658370458997

2040.0

-0.8660254037844392

0.6229665410464983

-0.7193398003386512

2070.0

-1.0

0.743144825477394

-0.743144825477394

2100.0

-0.8660254037844388

0.6634139481689384

-0.7660444431189779

2130.0

-0.49999999999999767

0.3940053768033591

-0.7880107536067219

2160.0

-1.470178145890344E-15

1.189399104783939E-15

-0.8090169943749473

2190.0

0.5000000000000012

-0.4145187862775217

-0.8290375725550414

2220.0

0.8660254037844373

-0.7344311949024923

-0.8480480961564262

2250.0

1.0

-0.8660254037844387

-0.8660254037844387

2280.0

0.8660254037844406

-0.764655045626152

-0.882947592858927

2310.0

0.5000000000000009

-0.4493970231495843

-0.898794046299167

2340.0

-1.960020687419295E-15

1.7905679958774253E-15

-0.913545457642601

2370.0

-0.4999999999999981

0.4635919272833919

-0.9271838545667873

2400.0

-0.866025403784439

0.813797681349374

-0.9396926207859083

2430.0

-1.0

0.9510565162951535

-0.9510565162951535

2460.0

-0.8660254037844389

0.8324770483674971

-0.9612616959383189

2490.0

-0.4999999999999979

0.4851478631379961

-0.9702957262759964

2520.0

-1.715207836872068E-15

1.6777264303962342E-15

-0.9781476007338057

2550.0

0.5000000000000011

-0.4924038765061051

-0.984807753012208

2580.0

0.8660254037844372

-0.8575973040867532

-0.9902680687415703

2610.0

1.0

-0.9945218953682734

-0.9945218953682734

2640.0

0.8660254037844407

-0.8639158094271063

-0.9975640502598242

2670.0

0.5000000000000011

-0.499695413509549

-0.9993908270190958

2700.0

-1.714990996437571E-15

1.714990996437571E-15

-1.0

2730.0

-0.4999999999999979

0.49969541350954577

-0.9993908270190958

2760.0

-0.8660254037844389

0.8639158094271046

-0.9975640502598242

2790.0

-1.0

0.9945218953682734

-0.9945218953682734

2820.0

-0.866025403784439

0.857597304086755

-0.9902680687415703

2850.0

-0.4999999999999981

0.49240387650610223

-0.9848077530122081

2880.0

-1.960237527853792E-15

1.9174016347385534E-15

-0.9781476007338057

2910.0

0.5000000000000009

-0.4851478631379991

-0.9702957262759965

2940.0

0.866025403784437

-0.8324770483674954

-0.9612616959383189

2970.0

1.0

-0.9510565162951536

-0.9510565162951536

3000.0

0.8660254037844408

-0.8137976813493758

-0.9396926207859084

3030.0

0.5000000000000012

-0.4635919272833948

-0.9271838545667874

3060.0

-1.469961305455847E-15

1.342876473509577E-15

-0.9135454576426011

3090.0

-0.49999999999999767

0.44939702314958146

-0.8987940462991671

3120.0

-0.8660254037844388

0.7646550456261506

-0.8829475928589271

3150.0

-1.0

0.8660254037844388

-0.8660254037844388

3180.0

-0.8660254037844392

0.734431194902494

-0.8480480961564263

3210.0

-0.4999999999999983

0.4145187862775193

-0.8290375725550415

3240.0

-2.205267218835516E-15

1.7840986571759093E-15

-0.8090169943749478

3270.0

0.5000000000000007

-0.3940053768033615

-0.788010753606722

3300.0

0.8660254037844369

-0.6634139481689368

-0.7660444431189778

3330.0

1.0

-0.7431448254773942

-0.7431448254773942

3360.0

0.8660254037844374

-0.6229665410464968

-0.7193398003386511

3390.0

0.5000000000000014

-0.3473291852294996

-0.6946583704589973

3420.0

-1.224931614474123E-15

8.196392339412049E-16

-0.6691306063588581

3450.0

-0.49999999999999745

0.32139380484326807

-0.6427876096865395

3480.0

-0.8660254037844386

0.5331784777634262

-0.6156614753256581

3510.0

-1.0

0.5877852522924732

-0.5877852522924732

3540.0

-0.8660254037844393

0.4842752600216463

-0.5591929034707466

3570.0

-0.4999999999999985

0.26495963211660173

-0.529919264233205

3600.0

-2.45029690981724E-15

1.2251484549086212E-15

-0.5000000000000004

3630.0

0.5000000000000004

-0.2347357813929456

-0.46947156278589075

3660.0

0.8660254037844368

-0.37964054940545766

-0.43837114678907774

3690.0

1.0

-0.4067366430758001

-0.4067366430758001

3720.0

0.8660254037844412

-0.3244188263233294

-0.3746065934159123

3750.0

0.5000000000000017

-0.17101007166283486

-0.34202014332566855

3780.0

-9.79901923492399E-16

3.028063471798518E-16

-0.30901699437494845

3810.0

-0.5000000000000034

0.1378186779085004

-0.2756373558169989

3840.0

-0.8660254037844349

0.2095105073209982

-0.24192189559966779

3870.0

-1.0

0.2079116908177598

-0.2079116908177598

3900.0

-0.8660254037844394

0.1503837331804354

-0.17364817766693033

3930.0

-0.4999999999999987

0.06958655048003229

-0.13917310096006494

3960.0

4.410100756802038E-15

-4.609810549640321E-16

-0.10452846326765336

3990.0

0.49999999999999406

-0.034878236872062374

-0.06975647374412558

4020.0

0.8660254037844367

-0.03022385072365761

-0.03489949670250165

4050.0

1.0

-1.83772268236293E-16

-1.83772268236293E-16

4080.0

0.8660254037844377

0.030223850723657325

0.03489949670250128

4110.0

0.4999999999999958

0.034878236872061874

0.06975647374412433

4140.0

6.370555125090327E-15

6.659043373875627E-16

0.10452846326765299

4170.0

-0.499999999999997

-0.06958655048003232

0.13917310096006547

4200.0

-0.8660254037844384

-0.1503837331804349

0.17364817766692997

4230.0

-1.0

-0.20791169081775943

0.20791169081775943

4260.0

-0.8660254037844359

-0.20951050732099816

0.24192189559966745

4290.0

-0.5000000000000051

-0.13781867790850066

0.2756373558169985

4320.0

-2.940356291780688E-15

-9.086200636775336E-16

0.30901699437494723

4350.0

0.5

0.1710100716628345

0.342020143325669

4380.0

0.8660254037844402

0.324418826323328

0.3746065934159111

4410.0

1.0

0.40673664307579976

0.40673664307579976

4440.0

0.8660254037844414

0.3796405494054601

0.43837114678907824

4470.0

0.5000000000000021

0.2347357813929462

0.4694715627858904

4500.0

-4.898425415289509E-16

-2.449212707644755E-16

0.5000000000000001

4530.0

-0.500000000000003

-0.26495963211660395

0.5299192642332047

4560.0

-0.8660254037844347

-0.4842752600216441

0.559192903470747

4590.0

-1.0

-0.5877852522924729

0.5877852522924729

4620.0

-0.8660254037844396

-0.5331784777634272

0.6156614753256585

4650.0

-0.49999999999999917

-0.32139380484326874

0.6427876096865386

4680.0

3.92004137483859E-15

2.623019662097559E-15

0.6691306063588585

4710.0

0.4999999999999936

0.34732918522949385

0.6946583704589966

4740.0

0.8660254037844365

0.6229665410464961

0.7193398003386509

4770.0

1.0

0.7431448254773942

0.7431448254773942

4800.0

0.8660254037844379

0.6634139481689376

0.7660444431189778

4830.0

0.49999999999999617

0.394005376803358

0.788010753606722

4860.0

6.860614507053775E-15

5.550353728061806E-15

0.8090169943749473

4890.0

-0.4999999999999966

-0.41451878627751787

0.8290375725550414

4920.0

-0.8660254037844382

-0.7344311949024929

0.848048096156426

4950.0

-1.0

-0.8660254037844388

0.8660254037844388

4980.0

-0.8660254037844362

-0.7646550456261478

0.8829475928589265

5010.0

-0.5000000000000056

-0.4493970231495884

0.8987940462991668

5040.0

-3.430415673744136E-15

-3.1338406565749383E-15

0.913545457642601

5070.0

0.49999999999999956

0.46359192728339327

0.9271838545667873

5100.0

0.8660254037844398

0.8137976813493748

0.9396926207859084

5130.0

1.0

0.9510565162951535

0.9510565162951535

5160.0

0.8660254037844416

0.8324770483674996

0.9612616959383187

5190.0

0.5000000000000026

0.48514786313800073

0.9702957262759965

5220.0

2.168404344971009E-19

2.1210195074541518E-19

0.9781476007338057

5250.0

-0.5000000000000026

-0.49240387650610645

0.9848077530122079

5280.0

-0.8660254037844345

-0.8575973040867505

0.9902680687415703

5310.0

-1.0

-0.9945218953682733

0.9945218953682733

5340.0

-0.8660254037844398

-0.8639158094271054

0.9975640502598242

5370.0

-0.49999999999999956

-0.4996954135095474

0.9993908270190957

5400.0

3.429981992875142E-15

3.429981992875142E-15

1.0

5430.0

0.4999999999999932

5460.0

0.8660254037844362

5490.0

1.0

5520.0

0.8660254037844382

5550.0

0.4999999999999966

5580.0

7.350673889017223E-15

5610.0

-0.49999999999999617

5640.0

-0.8660254037844379

5670.0

-1.0

5700.0

-0.8660254037844365

5730.0

-0.500000000000006

5760.0

-3.920475055707584E-15

5790.0

0.49999999999999917

5820.0

0.8660254037844396

5850.0

1.0

5880.0

0.8660254037844418

5910.0

0.500000000000003

5940.0

4.902762223979451E-16

5970.0

-0.5000000000000021

6000.0

-0.8660254037844343

6030.0

-1.0

6060.0

-0.8660254037844402

6090.0

-0.5

6120.0

2.939922610911694E-15

6150.0

0.4999999999999928

6180.0

0.8660254037844359

6210.0

1.0

6240.0

0.8660254037844384

6270.0

0.499999999999997

6300.0

7.840733270980671E-15

6330.0

-0.4999999999999958

6360.0

-0.8660254037844377

6390.0

-1.0

6420.0

-0.8660254037844367

6450.0

-0.5000000000000063

6480.0

-4.410534437671032E-15

6510.0

0.4999999999999987

6540.0

0.8660254037844394

6570.0

1.0

6600.0

0.866025403784442

6630.0

0.5000000000000034

6660.0

9.803356043613931E-16

6690.0

-0.5000000000000017

6720.0

-0.8660254037844412

6750.0

-1.0

6780.0

-0.8660254037844404

6810.0

-0.5000000000000004

6840.0

2.449863228948246E-15

6870.0

0.49999999999999234

6900.0

0.8660254037844357

6930.0

1.0

6960.0

0.8660254037844386

6990.0

0.49999999999999745

7020.0

8.330792652944119E-15

7050.0

-0.49999999999999534

7080.0

-0.8660254037844374

7110.0

-1.0

7140.0

-0.8660254037844369

7170.0

-0.5000000000000068

7200.0

-4.90059381963448E-15

7230.0

0.4999999999999983

7260.0

0.8660254037844392

7290.0

1.0

7320.0

0.8660254037844424

7350.0

0.5000000000000038

7380.0

1.5681249701526845E-14

7410.0

-0.5000000000000012

7440.0

-0.8660254037844337

7470.0

-1.0

7500.0

-0.8660254037844406

7530.0

-0.5000000000000131

7560.0

1.959803846984798E-15

7590.0

0.49999999999999195

7620.0

0.8660254037844426

7650.0

1.0

7680.0

0.866025403784446

7710.0

0.4999999999999979

7740.0

8.820852034907567E-15

7770.0

-0.5000000000000072

7800.0

-0.8660254037844372

7830.0

-1.0

7860.0

-0.8660254037844372

7890.0

-0.5000000000000072

7920.0

8.820201513604076E-15

7950.0

0.4999999999999979

7980.0

0.8660254037844318

8010.0

1.0

8040.0

0.8660254037844426

8070.0

0.49999999999999195

8100.0

1.960454368288289E-15

8130.0

-0.49999999999998856

8160.0

-0.8660254037844406

8190.0

-1.0

8220.0

-0.8660254037844337

8250.0

-0.5000000000000012

8280.0

-1.2741110250180654E-14

8310.0

0.5000000000000038

8340.0

0.8660254037844353

8370.0

1.0

8400.0

0.8660254037844392

8430.0

0.5000000000000107

8460.0

-4.899943298330989E-15

8490.0

-0.4999999999999945

8520.0

-0.866025403784444

8550.0

-1.0

8580.0

-0.8660254037844445

8610.0

-0.49999999999999534

8640.0
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Aliasing (wrap-around) artifact in MRI
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Aliasing Oversampling



Imaging procedure of an MRI

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat
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Motion artifact

• Signal inconsistency in the repeated process
• All k-lines are not corresponding to the identical 

object
– Periodic motion
– Non-periodic motion
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Pulse sequence and k-space
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Respiratory motion
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Imaging slice location

Signal changes in a period of respiration



K-space signal
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Motion-induced variation

• Periodic motion: clear ghost
– Modulation by a periodic function in k-space
– Appearance in PE direction

• Non-periodic motion: irregular overlapping of 
artifacts in PE direction
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Motion ghost due to periodic motion 
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Motion ghost due to periodic pulsation 
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Only moving part (aorta) 
has ghosts, which 
appears in PE direction.



Motion ghost due to non-periodic motion 
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No eye motion Irregular motion



Possible remedies to motion artifacts

• Minimization of motion
– Instruction for stabilization
– Breath holding

• Suppression of moving tissues (e.g., flow)
– Suppression of upstream flow
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Possible remedies for motion artifacts

• Motion compensation
– Gating for periodic motion, such as respiration or 

cardiovascular motion
– Special sequences: navigator echo, PROPELLER,…
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Cross talk

• Multiple excitations may occur on the same 
spins in one TR
– For example: multi-slice multi-angle imaging, 

imperfect excitation without inter-slice gap…

• Decrease of effective TR limits the T1 recovery
– Lower signal intensity
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Single slice
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Insertion of another slice
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Insertion of one another slice
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Cross talk
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Excited by both slices

 Effective TR is reduced 
to half



Cross talk
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Cross talk due to imperfect profiles
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Ideal slice profiles

Actual slice profiles

Cross talk Less cross talk

Slice gap



Cross talk due to imperfection profiles
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50% gap 0% gap

Spin echo (PDWI)
TR/TE = 2000/20 ms

Reference: https://mriquestions.com/cross-talk.html



How to reduce cross talk?

• Increase slice interval/gap 
– Better slice profile also helps at the cost of pulse 

duration

• Adjust the order of slice excitation: interleaving 
instead of sequential
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Imaging procedure of an MRI

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat

99



Discontinuity in k-space

• Spike noise in k-space
• Zero padding in k-space
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Spike noise in k-space: banding artifacts
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Spike (bright spot) at
(kx, ky) = (-29, -41)

k-space MRI



Correction of spike noise

• Only occur in few points in k-space
• Replaced by corrected values

– Complex conjugate symmetric
– Interpolation in k-space
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Discontinuity in k-space sampling 
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Full k-space Limited k-space

Discontinuity 



Gibb’s ringing (Ringing artifact)
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256 x 256 256 x 128



Gibb’s ringing

• K-space discontinuity due to zero padding
– Also known as truncation artifact
– Appear as fine lines parallel to interfaces
– Usually more prominent in PE direction

• Reduced by increasing number of encoding 
steps
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Gibb’s ringing
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Syringomyelia or pseudo-syrinx in spine?
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256 x 256256 x 128



Finished? There’re still more…

• Magnetization 
• RF excitation
• Spatial encoding
• Signal acquisition
• Image reconstruction

Repeat
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Intra-voxel phase dispersion

• Each voxel contains numerous H nuclei
• Signal intensity of each voxel reflects net 

magnetization
– Net vector formed by all nuclei

• What if off resonance occurs non-uniformly in 
single voxel?
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Intra-voxel phase dispersion

• Non-uniform off resonance in one single voxel
– Inconsistent resonance frequency
– Incoherent phase: intra-voxel dephasing
– Signal attenuation: low intensity in image
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A typical scenario…
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Off resonance: paramagnetic air space surrounded by diamagnetic tissues



Microscopic inhomogeneity by susceptibility
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An image voxel

Intra-voxel field inhomogeneity: T2* attenuation



Signal attenuation of intra-voxel dephasing 
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TE = 9 msec TE = 18 msec



Signal attenuation of intra-voxel dephasing 

• Described as shortened T2*
– Signal loss in gradient echo
– Attenuate more with longer TE
– Not only related to spatial distribution of tissues, 

but also the voxel size
– Recovered in spin echo sequence
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Field inhomogeneity at different dimensions
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Thick slice



Comparison of different thickness
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Remember these images?
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Spin echo Gradient echo



T2* loss in hemorrhage
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T1 PD T2 T2*
(Gradient echo)



Intra-voxel dephasing in water-fat interfaces

• Water-fat chemical shift: ~220 Hz @ 1.5T
• It takes only 2.27 msec from in-phase to out-of-

phase
• Intra-voxel dephasing happens at the voxel of 

the water-fat interface
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Water-fat chemical shift
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In-phase Out-of-phase



Other artifacts not mentioned…

• There are still more…
• Many of them can not be perfectly explained 

– Just like diseases of human

• What if a bizarre artifact is encountered?
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For example…
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More examples…
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Basic rules

• First of all, confirm reproducibility of the artifact
• Deduce or rule out possible factors by 

comparison of various parameters
• Usually costing lots of efforts
• Contact maintenance? 

– Usually cost more time or/and money…
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Artifacts in MRI
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